Met-hod for the treatnent of a sem conductor wafer The invention relates to
a nmethod for the treatment of 5 a seniconductor wafer with a sol ution
cont ai ni ng hydrogen fluoride, drying and subsequent oxidation of the
surface of the semiconductor wafer with an ozone-containing gas. -10 A
series of cleaning nethods have been devegl.oped for cleaning sem conductor
wafers, e.g. silico fers. One of these ¢l eaning nethods is based on the
treatment of the NRHRSE So &g ﬁFFﬁtﬁﬁnﬁqﬁgo%ss%ﬂﬂQRQqﬁ?ﬁﬁF medPBgen
fluoride (HF) and subsequently with ozone (03). During 15 the treatnent

with HF, the patl %gn%;]tqgn' ee&s@etetofrorﬂéﬁ%dsgotagﬁy 5%%1%' Ldg gl ayer

IS thereon fornmed e treatnment wth ozone Rertn partlcles
and ot her ?npéri tﬁ%c@ﬁlﬁlu?ﬁé’ifebwatf@rreﬂﬁ@d ﬁoﬁqm?é%feﬁ%ar@eég The

aci di ¢ treat neRtirbehV fheeibe, NSkt and 28useeyuaid eekiyeriehbyal of

metal ions fromthe wafer %yrégce 52714203 describes. a method in which a
silicon wafer TS AW I nto an 0zOoRe gas at nosphere d|rect?y PFERTa 25

liquid tank fPPhédlﬂ#@@ @gmsHP solution. In this case, the silicon surface
IS conpletely freed of the surface oxide in the HF solution and when the

silicon fer_is mnthdagyn énto t he oz%ng at nosphere, |I|§og waf er is
si mul t an § FFEFSarff hGurspHiY i 26 RatldvE tFe5h %@B PRE a*REW oxi de
| ayer is produtedn:mgt$mm3cmﬂ@uﬁ£ofﬂwaﬁﬁnHA3e1gheseﬂhconnweﬁerace0netside

the |iquid tagk t:ﬁeéla"‘@iéaﬂiﬂéeﬁé’éﬂoéé! a0 pxkde tey%e IP@aEEéHQd has the

di sadvantage that it can onl used once or a few tinmes_when used Wi t hin
a conpl ete baf%ecW@gﬁ¥nﬁuﬁgaFﬁsWéFPaFPoﬁq%FPHSdFPtBFeﬁ% ef eBHARgoen
:solut i ons, S|f&mbmﬂm@rwnsp thé pubsegaendbiyswhehoneoheo (bkgh Leostg of the

addi i ongl { ays ADCL GHIH Al 4P B OGESS RS b 1§ 0P8OS AR A0

becones even nor I'n"the ‘case of Sil er s havrl ng aneters
of greater 40-hhaFnEooemA AGUraHse disyad dnt afereent Rarmefieby 2the

undesi r abl e mﬁwtﬁ@rﬁi‘ fLunr Icﬂﬁ)ﬂeﬂ thexeﬁiyce@heetﬁgcgaaeeewlesl Nadddi S
net hod. Nbreov thls | ead to an I ncreased cror s and to’

t.hod
the arising ot Haze dr@ﬁ; it SR TR HY 3RF ecefrgo(sdon}cacfnf %‘gl%%%ﬁ zed
light scatterdmgface.l She EBriddicngreatoenthdni Hyealbonbseks tabgriow de an

-i nprovedzgl eaniry BREBSLI WSI REMRYENOUSH flekani densol BELRN AR pzane which:
does not Iead g the bi nding of fluorine to the surface of -the

seni conduct or® to the increase in mcroroughness and to t he arising
of. haze and |i ght scattering defects and which - even upon multiple

appl i cat i on ugsg1dibghi REutaheddy RO o' 962951 L ITES AN ArdRlderspace

reqU|renent of the installations.” According to_an aspect t he 1 nventi on,
there is pro&ﬁdéﬁ“ﬁﬁhe&?ﬁﬁl?%rOFﬂBetﬂéétﬁeﬁpaﬁpegeséﬁF@SﬁéMcﬁerwéfer in
'mhlch t &5 semigoddudizok Waifldred with an HF solution. In this case,

the silicon surface is completely freed of the surface
, oxlde in the HF solution, and when the silicon wafer is

M

withdrawn into the ozone atmosphere, the silicon'wafer

is simultaneously dried and hydrophilized, that is to

30 say that a new oxide layer is produced on the surface.
- Therefore, the silicon surface outside the liguid 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 compieter bath cleaning

35 installation with different cleaning solutions, since
otherwise the process costs become too high (costs of

the additional tanks and 'cumulative pProcess times).
This cost disadvantage becomeg even more relevant in

the case of sgilicon wafers having diameters of greater

40 than 300 mm. 2 further disadvantage is that the



is treated in a liquid container filled at |least partly with a solution
cont ai ni ng hydrogen fluoride, such that oxide situated on the surface of
t he sem conduct or wafer dissolves, is transported out of the solution
along a transport direction and dried, and is treated with an
ozone-contai ning gas after drying, such that the surface of the

sem conduct or wafer is oxidized, wherein one part of the surface of the
sem conductor wafer already conmes into contact with the ozone-containi ng
gas while another part of the surfac& 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 conemdegiabledntding ofiflubrion® thaaillven .sutfacet dveunseh hind natiear ddreosten t he

i nventiqp,. ¢ m, conduct or fer is treate Lth .a solytion t ai ni ng
yar ogen T TR BB 8l s SadP iR oo Raterait ot huilloR B e ind Rkt o
case, t heatkesifh dofecty Cdoosaliv@BEalzaM lighttsbaterdr”, digped conpletely into the

solution or be transported through the latter. In the latter case, either
the entire sem conductor wafer can cone into 5 contact with the solution

si mul t anggibalidfentO'or 4hd fiﬁfeﬁﬂﬁn rs@% R Pridet B i ngv&f %%ﬂﬁﬂlgrm%&? fusfile®
brought into contact with the solution successively I n the course“of

t r ans porydrogero fyeridensolitionuand aont ahivbrdocninbhised td the bémting ef Sesrireanduct or
waf er bej kn.c Wt he 10 sol.ution at.any tine. The |iquid
cont ai ngirlyglggaggé)?g%eﬁ%nﬁlg (g\nlctoﬁ ke ?‘i" Ihey NGRS Iy Fgrorp Vedih® Beeani ng
ef f ect : atiSinFlo€hddcqud dighDsthaédigr defat Adnviathn—des GRa hdlfiplabpRdush ng
megasound,. so-CﬁI(Led transducers. Megasound supports the cleaning effect.
An angl & Gptnggisheq,by; shoryprpcseHmes adsdwmall preceapiEsmenhel te atadatiens.
propagation direction is preferably set in order to counteract the 20.
entrai nment-of particles in the transport direction of the sem conductor
waf er . Tveondingde ennepept offhg ivertiqne theemid ipowidad aymetbod foe ther teenspartof di r ect i on
at an a nd l.argel ositely.to the transport direction at
an angl g&h&;ﬁ%%@t ageggﬁv{ Ké]?tgle%eslgis% Ill(ﬁ&oé“)égersrral | conponent perpendi cul ar
to the transpottatell ireatliqail andaindruliqespendimutlavitha td@iguedaeinef t he

sem Conﬂ%rtogern ucl;r? e, sﬁbéhf ﬁllgitt inﬁe \élatlga{tgdﬂl E)n Qﬁeoglir%%g off %{e gzrmoigoun%lucr:]tgr %gger
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 of 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



30 introduci ng gas bubbles of varying size and density into the liquid
container. This can be done with the aid of punps that. intermx liquid and -
gas, or with the aid of mcro-gas bubbl e producing devices (so-called
mi cr o- bubbl ers). Mvenent of the bubbles counter to the 35 transport

direction of the sem conductor wafer is,advantageous. - 4 - for which
purpose it is possible to use devices for the targeted introduction of

gases (for exagple axygen °£1?Dét ggsn) 1He | Qi8I Q0 06GAESI NPan5 Al

t he abovenentlone neasur es urt her i np rOV|ng%the cl eaning effect can -
be inpl enent 84th6r thr AEBREDSICEEPELLERY rHHC sHiR SPHheBefcoffuct or
waf ers, but macahtspulraéay tpﬁ;ea‘u@mabtyefqratlmtrh sitleshel M aftteersokdbépn i s

preferably an.aqu solu i on of r fl uo-' acid).
The concent r &t gﬁ Srﬁ%e ﬁyﬁ?ogenemﬁ uél(ral%%gcﬁrsqgérfqurgg%( %Jx% /oby
wei ght (per Gentaby w&tghﬁba1BQMM§19§mS@Gﬁd¢@P@PuﬁéYerOrsdééﬁﬁég@@ of

silicon. Therééléﬁbutdf?ntﬁ@n éé?cﬁtc@n@ufcb&btrheﬁaﬁ@ﬁsbh:teuaﬂicﬁ;gﬂtt isto
~particularly preferre rogen chl ori & lB 8]Breferably
r

concentratloﬁoﬁFaﬁtZW%BhSEQ%yséig iﬁﬁ??(ﬁﬁ%%l &r 58151 ?% 2% by
wei ght . Th|sthasspheteﬁﬂﬁmmghfothexahpbamithantBLOﬂrnSVbémmat r@nbved from

20 the surfagg ggg o Fﬁﬁags{:oksvﬁ(fteradﬁé’_{ﬁ)@dlﬁg%‘dﬁtgatt he ir R

Overall, the addition o rogen chloride leads to nore effectlve met al
cleanlndi3ThéO%BFH??oﬁthEMé¥%%iy contains no surfactants. 25 The drying
of the sem conductor wafer dlrectly after transporting it out of the

hydr agen flugﬁéd%J_ %%eggn H'Q&gdegﬂ?%ggﬂsﬂﬁﬁﬁl'ngfli i ned

state. |In this case, ows awa mt he waf er surface on
dg?ount of th@aﬂ@rthﬁtﬁlﬁﬂﬁﬂﬁﬁjﬁhelFlﬁ§naP§oe§§e%BSS|bIe to withdraw the
senlconductor waf er vertically fron1the hydr ogen fluoride sol ution, such

t hat th§J§ t|on rea y run% % | et el fron1tp sugface q; t he
sem con ctoT PREEFCERdr afial t NeFES wi PRouE |nplenent|ng
further rreasm?esocﬁlmnsi rmbg,astgmd,t aosomlelfee?r rtegnshosever , Mégrsered dryi ng-
~of the sem conductor vRLek:Lonbe aé§f§£:€d BY% angas bei n@< ad, vione or
nore nozzles In a flow directed %
between transport dlrectlon and megasound propagation -
direction is preferably set in order to counteract the
20- entrainment -of particles in the transport direction of
the semiconductor wafer. The megasound propagates
perpendiculafif 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
. 25 small component perpendicular to the transport
(; direction and thus perpendicular to the surface of the
semicondﬁctor wafer.
A further wvariant provides for producing and
" 30 - introducing gas bubbles of varying size and density
into the ligquid container. This can be done with the
aid of pumps that intermix ligquid and gas, or with the
aid of micro—-gas bubble producing devices (so~called
micro~-bubblers). Movement of the bubbles counter to the
35 transport direction of the semiconductor wafer is .

advantageous.

Furthermore, it is advantageous to set the gas quantity
dissolved in the liquid within the liguid container,



- 5 - surface of the semi conductor wafer. An inert gas (for exanple

ni t'rogen 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 availability and costs. The gas is fed e.g. with the aid of a series of
nozzles fitted perpendicularly to the transport direction, with sufficient
density to enabl e conpl ete drying. So~calTed flat jet nozzles are

appropri ate, f_example,. It _is al ssi hl e . u a nti nuous
slot arr ange&b%e\é\%‘\éﬁgi Eﬂlrggg?ol{:h%st %g%glr?pgcaq ru%’cet idt)e%}-%fg‘ls %gléegfs‘:%r y, it
is possible tarbeted phiralducyiof odf igxsed hbzz|esenpla pkyded i ey of

slots one behjsnd anas her £9;therdsansraidasdiingction in order to achieve a
better drying effect. An angle 15 between gas flow direction and wafer

transport direction of between 90 (perpendicular) and 180 (antiparallel)
i s preferabl plietthepadtidwemeati yorpraef eeadbyepeforeefiutiReandmdp8Sying or der

to repel the.gal ion;ipr & AIAC LUR! Yo Adpildhletbal Y-0hndagtiow 20
rate is not necessary srnce the |iquid can nmove easily on_the hydrophobic
surface. |n &ddet PSnthexeeast isdRicofoh HbayReHFoaducteh tafent soPPe

provi ded. Thpa0Z90b6 &N} gbie MgrgslSy CRIT @los® bedéed in an 25 anal ogous
manner via one or nore nozzles in a flow directed to the surface of the
sem conductor wafer. This is. |ikew se preferred. As an alternative,

i nst ead I8F aTheursdiutiaf sioot paeficoeblys ar aplans | splotigerias of

nozzl es, a Igg&% openi ng13sr$88N i n (hharderhsansportagidiect i onran al so
be used in order ?o increase the s |y of ozone.to the wafer rface and
thus to achi PR A Bt f 8Lt i eoi’%ﬁ%?%. r&?Snel-scoﬂF‘af‘ﬁ Yas is
referably sttuatwesd i1d ab$5 wepgbn t hedr | segpathal Iweighgar atéd the a
partition. 'Qeﬁf&én&g&%r.thﬁafsm cquductpinosaber di thedigh stahg is
transported rnto sald region in the transport direction through an opening
in the g&rtisPHatiohe ¢Aeni RGNERIPr efBEEBFY oRPYSEITYARNSy | dgeriS han the

nﬁXinUﬂ1CFOS§arti&hlarly preferred to add hydrogen chloride (HCI1)
preferably in a concentration of 0.2 to 5% by weight,
particularly preferably 1 to 2% by weight. This has the

effect, for example, that iron is better removed from

20 the surface and that copper is not adsorbed again on

the sutface. Overall, the addition of hydrogen chléride.

leads to more effective metal cleaning. The solution

preferably contains no surfactants.

- 25 The drying of the semiconductor wafer directly after
(ﬂ transporting it out of the hydrogen fluoride-solution
| | can beﬁachieved by transport in an inclined state. In
this case, the sclution  flows away from the wafer

surface on account of the force of gravity. It is also

30 possible to withdraw the semiconductor wafer vertically

from the hydrogen fluoride sclution, such that the

solution already runs away completely from the surface

of the semiconductor wafer during the withdrawal

thereof, without Implementing further measures for

35 drying.

It is preferred, however, for the drying of the
semiconductor wafer to be assisted by a gas being fed
via one or more neozzles in a flow directed to the



section of the -sem conductor wafer as seen in the transport direction, in
order to mnimze diffusion or conwection of ozone through the opening. 5
Addi ti onal nmeasures are preferably inplenented in order to prevent ozone
from penetratinng into the liquid container and into the region in which

hydrogen fluoride solution is still situated on the wafer surface. By way
of exanpl e, when gas nozzles are used for dryi ng said nozzles are
fitted between the Ii iner th rt| i Ohedd dSs PeBSible to
provi de at | 888 f%n prg’ er %%r\%f%?lr?ug |tw(;%r$gt§o e noezz e(js di ?ect ed

counter to thzampler a¥regsort odi ractidn)e a%én%‘é‘%f dfoz 2ZFE8N0r%% sl otted

nozzl e whi chypyodHesstRedsn9as ifd Qdrerina ydinseat Eep ehishpuppeséng, such

t hat gasflovvsthrouhthe openi t theoone ont ai ni.ng. s
region, - and ROETYPER \%’r sas BPHa gc”b?a Anpt &, elﬁ?CF fe:s f %a\l/vsq’prsg%ced by

these nozzl esvaﬁnalﬁﬁmzanaad\gbesbﬁ b&hwe ey J(parfaﬁl &l-p-and o the
(per pendi cul 9%216 @ W thet c}zrzfi%%poﬂtx%d eﬁéfﬁ&hdi’&iﬂa&ll@ angl es of

bet ween 22 an are pre erre series of ZZ es or, contl nuous

slotted nozztes fhians®ogés p‘éhﬁ‘?%%’r%ﬁr t Fifthe FRFEICIFHNSHSPE Y retion are
| i kewi se usegniwre f e6dhgrd hérpirane- sontal idigt gas, jethemotdilms aaee fitted

25 on the other_side of th tifi pref erab r uch a
way that no %%% ?Ifowtcfar cfed%l; éj% &;Qal rectlgén I%‘Jﬂ P gﬁ%% gtof)roduced

By way Of0 exasml @ céret frsoys owlptooﬁkz‘e@qgﬁtﬁ@g@em% c&R 1H&wi se -
form an ang'@::&l{ ﬁfveanr@c{ﬂ@ﬂ al el Inansb 2y30 {tpetpendiseilbae) wth t he

waf er transp rt cti rein, angl el ween gggj
preferred. Qi ?f‘d’ﬁafﬁié %rgp%?]éﬁ%n fngzﬁ%?eeg \(I:%nt alzél jag
h{dr ogen f1l us)laamhe o ubéluind sandichers sist the by rauspeib: edgfaafé'a@tqlhcltﬂ on of

~the two gases, é €. Pf a&ﬂfegés disefd cf-an da¥yﬂﬂgarz&f@fctt heagzaniggeont ai ni ng
gas for hydrop i zati on) d%t/ suction. Thu % ext I’éiCtl on aof the
ozone- cdift ai PR HEEYhs. 89S sudtio®h c%ﬁr%%t’c%f?rl E\‘B out"3h%h athPHHRY Vacuum

pressure. -d:_7rec’d3l’bri hefiretdeasleanic 09@i°ng (Perphadioavbat) onand he1&0r eat nent
e raeCOP Tl e 8 vt L angré@&ggf@t MegL: Wi t hpRZeNga LANIAI Ni Ng
gas takes place ’i'n spati
_ : preferably between 1 2° and 135°, in order to repel the
solution more . effectively. A particular high. gas flow
20 rate is not necessary since the liguid can move easily
on the hydrophobic surface. In addition, extraction of

the gas by suction can also be provided.

, The ozone-containing gas can also be fed in an

— 25 analogous manner via one or more nozzles in a flow
(-- . directed to the isurface of the sesmiconductor 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

- 30 transport direction can also be used in oxder to
inczi*ease 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
35 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 is
preferably only slightly larger than the maximum cross



5 regions. Each region of the surface of the sem conductor wafer is
brought into contact with ozone only when this region has been fully drijed
and there is no | onger any hydrogen fluoride solution on it. It has been
found that fluorine is bound to the surface df the 10 sem conductor waf er
only when hydrogen fluoride and ozone_aﬁt_sinultaneously on the surface.
Therefore, the binding of fluorine to the wafer surface can be reliably

avoi ded by tRg 3pahi 8l SAHA! allnl BREARALRY dLrdiNeabNVaN OOl chydr ogen
fluoride sol ati’on"and 0zone- 5 contarning gas. It has additionally been
found that th&aseapebndisestinnf edinc SFASEHG A RymeEeh8dIfrsEppne~r

di ssol ves i ncbRechyds006n &iaws i dersaiutden opshnag. t he simul taneous 20 °
action of ozone and hydrogen fluoride |leads to renoval not only of the

oxi de | ayer but also of the semi conductor material itself. \Wen ozone and
hydr ogen %1 uadddeianal nixesutegeciherprébevally dirtllementedxidaerdsr and

oxi de renovak raﬁgévégggybigﬂgnyffgm Chedathg8adng 0 Emthonenief ol yapseri al
renmoval and thus to an increased m crorou hness,and.bo bhehar|5|q9 of haze
and |ight sc&PRBRIMGT defBetsinFRist Poblr&?ﬁmPoo,lni s¥85Fhed B PR spat i al
separ ati on oflazpihee ansbhycimgenid | uorilde. SGBdkeh r psksthee wpafercul arly
high i1 ahigh-pzone eoneqt (Al Qi i or esell ol 5824 Sodlegid edsedronever,
for effective ﬁydrophl i zat'i on. % y of exanple, an ozone gas fl ow of
200 |ite¥&/ héor dnning: ogehd BagzidsscéheerdtitberoRebyedet iRent88uhd 100

g/ B ‘are progusesint hahderabdpartagieaongtgenepassibldheo ppobvide i s
T one) Yeho Eiak i oo Te IO LA, SOL horyeed for 2
oagr t he directed counter to the wafer transport direction) a
. series of nozzles or a slotted nozzle which produces a
15 gas flow in the direction of the opening, such that gas
floﬁs through the opening into the ozone-containing
spatial region, and not vice versa. By way of example,
the gas flow produced by these nozzleé. can form an
- angle of between 0?-(parallel) and 90° (perpendicular)
20 with the wafer transport direction, wherein angles of
‘between 22° and 67° are preferred. If series of nozzles
or continuous slotted nozzles fitted perpendicular to
‘the walfer transport direction are likewise used for
feeding the ozone-containing gas, then they are fitted
. 25 on the other side of the partition and préferably
(“ ' oriented in such a way that no gas flow directed in the
direction of the dpening is produced. By way of
example, the gas flow produced by these nozzles can
likewise form an angle of between 0° (parallel) and 90°
30 (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
35 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 wvacuum pressure.



- 8- course of tine. Arelatively long use is desirable for cost reasons,
"however. Through the spatial separation of ozone and hydrogen. fl uoride,
tthe invention peimts both the use of high ozone concentrations and a 5
relatively long use of the hydrogen fluoride solution, for exanple with
filtration and recirculation of the selpt4ion. Despite the spatial
separation of hydrogen fluoride 10 solution and ozone-containing gas, all
of the nmethod steps take place in a very confined space, such that when

the sem Cond bty Zhe V\g&%oasa&&éﬁf&q aﬁe r Su%%gowdrtage%rgguﬂéwe

sol uti on, |rs on o ce already cones into
cont act MAthWﬂﬁé h5d§?§ﬁ@ éﬁ?ﬁ#ﬁ?nﬁOQQElﬂheﬁngtﬁB? FEGRBAR™Bf WiHR waf er

surface are shbhb-tfneoiaed yid hedihes yiHagem fdpsariadeysekpbirated A

plurality, of eftects ar btalned si nmul_tanepusly i S 20, The tinme
dur ati on dur FR§*RRTch tﬁaeq'ﬂry ¥ 5ce 8%' tthesem clgrnécﬁrﬁ]:ct o\rN%vvaf th

hydr ophobi c aﬁmmmmmle wef§r séasbroveht olﬁ‘éﬁeVXEGt%@#\t‘aﬁ-ha@?Ww th

particles is¥elYuREQMEni P £LSI DI na MYl ftdlqyr ARged0hnd tﬁeéeswonds
The risk of the’ hydrophobi surface eln nt am nat ed V\ll](te IrEj)lartlcles
again is theRefoP g?B\AFth YBEPEFRI & E?Eg‘?\?na FETE Mty T sk

result. The p@@nessummmaionfhmnderw isharaurol écalthe whi€ace npgf otles t he

econoni ¢, yi abLhi tomflcddie mRled o ewhf‘e%lpgsfgggnf%u%%ew Nghput the

met hod used can |n an’ extrenely space-saving fashion. This
once agai n | @a@Re tF s ARRPUSIOh &F EhA a"b*illflaP? of hERet AR hot?® Even
upon repeat @1%@ caj# ornfxfordiie: n&tchOd;het herzfeecesardacat i canm arnsk t he

Jpace T eaul SIPNL 19 ML dNEISASh Qaich R eal cenhegtobbaled e, et hod

ld no | onger: %b VIS ed Srori-ca escription of the
figures - Othe Fugmretz.ﬂ_msh@ﬁ\shndm@mﬁilwrs@%t%hmﬁilcﬁlb@da%réﬁﬁ"ce for
the treatgrentoofa SEHASL ictor wafers in accordance with the second
preferred enbodi nent. Figure 2 shows a vertical section in the

| ongi tudi nal direction through the device fromfigure 1.
' It has additionally been found that the semiconducter

V'Qafer'Gan”be-locallyietched i1f ozone dissclves in the
hydiogen flﬁoride solution, since +the simultaneous

20 action of ozone and hydrogen fluoride leads to removal

not only of the oxide layer but also of the
semlconductor material 1tself When ozone and hydrogen

‘fluoride are mixed together, locally different
oxidation and oxide removal rates often occur, which

. 25 lead to a nonuniform material removal and thus to an
(: incxeaséd 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.

30
Both risks are particularly high if a high ozone

concentration is present, which is desiréd, -however,
for effective hydrophilization. By way of example, an
oéone gas flow of 200 liters/hour and an ozone gas
35 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 in the solution over the



Figure 3 shows a vertical section through a device for the treatnent of
sem conductor wafers in accordance 10 with the first preferred enbodi nent.
Preferred enbodi nents of the invention are described below 15 A first
enbodi nent of the invention is illustrated in figure 3. In this case, an

I ndi vi dual sem conductor wafer 5, preftegably in a vertical position, is
dipped into a liquid container 11 filled with a solution 91 containing
hydr ogen f | uo;’duie;e 'Elfe tSierd cmdmlﬁlmj}erloag%hsies isuhkedueabiky foict hdr awn

fromthe sol yd :[9| adhsy {18{.1868?' yTH?EV\gﬁ'd]tﬁgl Ilans%%rr%tar%ltESﬁt'on 81,

such that the so ready runs a fromthe surface of.
t he sem cond@dt ovzaie eandg Mﬂpfﬁgeﬂhélwptfhéﬁavﬁhet H@F’@é‘ﬁlow Pesmits

i npl ement i ng go#tht h%e25u§easwfes nkgh dbybﬁ@ dw@éhﬂﬁtmo@fseraga ghis
procedur e corrg r@ nd[sL 3 t he teac%r}%éeo 571422% ?t her hand,

addi ti onaP né&sarédetRat OPfeviitt & fq’yo E5hi ”ioﬁtlgecﬁr? Y5O th the
hydr of | uori c fagi cessoinite onithe forldfretdbhy dndpl enwin@ad.atloeseofresbares wil |
be 30" descrihed, typhher below |f necessary, in this enbodinent, too a gas
92 can be fed via one or nore nozzles 35 in a flow directed to the surface

of the sem conductor wafer 5, in order to 35 assist the drying of the
sem conduct opewplee ‘&heThsmagz s8pdegt org. ofi thydeyeai d fohoohde or nore

S series ofqnoggh ga: 8h! Anged ?&é@%‘&l&féﬁnﬁr of %gddre L gﬂn%@réhglﬁgﬁa@n 81, or
one Oor nore contl nuous s nozz I’ld| e bet ween
direction angt@ﬁf,e,take g}ace in a very confined space, such that
when the semiconductor wafer is transported out of the
C\ hydrogen fluoride solution, a first (dry) region of the
wafer surface already comes into contact with the
15 o=zone-containing gas ;when other regions of the wafer
surface are still in contact with the hydrogen fluoride
solution. A plurality of effects are .obtained

simultaneously in this way:

20 The time duration during which the dry surface of the
semiconductor wafer is hydrophobic and therefore very
sensitive to renewed contaminatioﬁ'with-parti_cles is -
very short, preferably within the range _of 1 to 5
seconds. The risk of the hydrophobic surface being

25 contaminated with particles again is therefore low. Ther
(" particle cleaning efficiency rises as a result. The
process duration is wvery short overall, which improves
the economic viability of the method. A device intended
for carrying out the method used can be realized in an

30 extremely space-saving fashion. This once again leads
to an improved economic viability of the mei‘:hwod. 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

35 carried out economically.

Brief description of the figures



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 nore effectively. In addition,
extraction of 5 the gas 92 by suction can al so be provided. The
ozone-containing gas 93 is preferably fed via one or nore nozzles 36 in a
flow directed to the surface of the sem eonductor wafer 5. For this
purpose, too, it is 10 possible to use one or nore series of nozzles
arranged perpenugieul ashbest lre honimpordl deeecidrontBiougr enalericsore

slotted nozzt8s. ¢S @ AASNYH WRmiiReHRRL 00l wRr DL B i 4 PladlRt t ed

nozzles or a plurality of series of nozzles, it is also possible to use a
| onger openi'Hgishes R d RTERETERANSPRYE Bt ecti on 81 in order to
i ncrease the supply of ozone to the wafer surface and thus to achieve nore

effective oxi.datio zgne-.cant.ak ni i r : . Shkhtuated in
a 20 reg?on)%t?ﬂcg{fel snZ s;p}g?‘fsgl gy%gggg%g?ecfg%;ggﬁhg% z%lne?aﬁrggtlgﬁir%ﬁgeld
partition 33ingstians tgweeght feesepyEendiEt®rii@Ier 15 in the dry state is

transported into said region in the transport direction 81 through an

opening 34 in the rtition 33. The openi.ng 34.i s preferabl.y 25 only
slightly | arfglegrurte}'ugﬁ TR Sk T F0s & e |no%h§f9utghe asg%véoﬁd%é’for waf er
5 as seen i rthehetireanwpott off r seriiopngicton oraf@rst oini rdgriomslagickf usi on or

convect hgn Qfi @z tAMrQ¥Ib LheroReNLAg-@hnedtn thi s ermbodi ment, the
partition 33 can either simultaneously 30 constitute the upper boundary

(cover) of the liquid container 11 or be additionally fitted above the
upper boundamefefrrchle emigodtherord apfierthel. ifhent bt erreardesgtc ibsd
i(Ttustratedj fj.gure 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 above generally for the invention,
addi ti opal pmeasiFes aneodimdeirest edhin ioreatibn pseviadnusazeanedf tam

penetratingf&%h%et%? l&HUiéLis case, an individual semiconductor .
wafer 5, preferably in a vertical position, 1is dipped
into a liquid container 11 filled with a solution 31
containing hydrogen fluoride. The semiconductor wafer 5
20 is subsequently withdrawn from the solution 91 in a
preferably perpendicular - transport direction B81, such
that the solution 91 already runs away completely from
the surface of the semiconductor wafer 5 during the
- withdrawal thereof, without implementing further
— 25 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
30 described further below.

If necessary, in this embodiment, too a gas 22 can be
fed via one or more nozzles 35 in a flow directed to
the surface of the semiconducter wafer 5, in order to
35 assist the drying of the semiconductor wafer 5, The gas
92 is fed e.dg. 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



container and into the region in which hydrogen fluoride solution is stil
situated on the wafer surface. 5 In a second, particularly preferred
enbodi nent, which is illustrated in figures 1 and 2, a liquid container 11
is used, which has, in two opposite side walls, an entrance opening 31 and
an exit opening 32 each |lying below the surface of the hydrogen fluoride
solution 91. 10 Liquid containers of-tilos type are described in
EP817246A2. The liquid container 11 can be filled either conpletely or
only partly tsiadspcre hyidreagen | 8br pe kedlmeenor? 091, (FRhepszeiiicodadict or

wafer 5 is tipnspart edddizaugh the hilauideeosta) nate 1LAkang 313

transport direction ¥ ransgort devices 21, particul af, the
senlconductdF*ﬁﬁﬁéply PETHREASpOF f eBRBY L3514 rist QW%%%56¥F€@§9|5§621 in the
transport msamﬂﬁumniﬁbﬁd)éﬂ&e&ﬁ&ﬁ@ﬁ¢e Dppeaddgt 3dn pf ekbeatt fion: do€ont ai ner

11 and t %i rgugﬂggnglngckgécoﬁgg.giégﬂé% %@E@d gr 20 11 It is then

t ranspor | " qui i ner ronlt € entrance opening 31
to the eX|t opening 32 and, finally, it is transported away fromthe

entrance Op@Mengaziﬁaecﬁcotnft@lhilggi GaeodAi ner pdrérudhne £aNsPQr bndi rection
81 by the second trans V|ce In order_t ensure a re i abl e

t
spatial sep&fati®dit BPzégéﬁe oﬁ?a?n%%ﬁwgg - Shdh @Fb&@ﬁ fFGofT de
sol uti on 91 theasemisopdeterabvyfenken For erfsiy eovdrmiset, hgohydibgéa fl uori de

sol uti ony 91 daesynet t%m%r Qe ol 4gh3Q the- 5% toforel%wzngs%rrihsésf ore, the
exit opening 32 is, preferabl nly slightly, larger than the maxi num cross

section of ﬁ€p§BﬁFEBHEECF8r¥RﬁféFagsﬁgrge@ﬁr?ﬂg%%% ? anShoPEedPfecti on
81. Moreovempreheslsgmecdondurctlas walerad bitprediereadl yidsansporfed in a

gubstanti al Ly ,,35; Bopi 20NtAlo RS tiWyidd) 413 §33a11dlp §At Lapegs3L and
of nozzlés, it is also possible to use a longer opening
15 as seen in the transport direction 81 in order to
increase the supply of ozone to the wafer surface and
thus to achieve more effective oxidation.

The ozone—-containing gas 93 is preferably situated in a
20 region that is spatially separated by a horizontally
arranged partition 33. In this case, the semiconductor
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
.. 25 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
30 constitute the vupper boundary (cover) of the ligquid
container 11 or be additionally fitted above the upper
boundary of the liquid container 11. The latter wvariant
is illustrated in figure 3. Thé 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 above generally for the
invention, additional measures are implemented in order

to prevent ozone from penetrating into the liqguid



exit openings 32 are slots which are arranged substantially horizontally
and the height of. which is preferably slightly greater than the thickness
of the sem conductor wafer 5 and the length of which is - 12 - slightly
greater than the width of the sem conductor wafer 5. The energence of
hydrogen fluoride solution 91 can be prevented nore easily in the case of
a horizontal arrangenent of the exit.ogpening 32. 5 In addition, the
measures described in EP817246A2 can be inplenmented in order to prevent
hydrogen fl ussritde rgel utdnen Yhtfo oraremergiqigor r am t héniesti t openigeg 32 and
to ensure that the sen1 t or. e r 1Q,the

cont ai ner 1ﬁiﬁ?tﬁe dr agggﬁé *ﬁlsg?%l%re$§£g%?jidg%% 8§1a ags 32 bei ng
fed via one srimsee nozzles 35 in aflowdirected to the surface of the
sem conductor wafer 5, in order to assist the 15 drying of the

senlcond ctgékmafer 5. The i i? fed.%ig. ﬁﬁth tﬁg alg of waQne or nore
'series z?eEEQPPgnggﬁ'%éFB RAFEUPEE TS Fhe FPRTLBSPE” di"8&t on 81,
or one or nore Tontstmedesl siot fegunezy 7l eand ad, i bl Udtuddedantefinggre 1). An

angl e betwean gas §ioyw 20, dix eﬁééonlﬁn‘Ei,wWao%Fno%'i@QSB@Lﬁé Qz'a'i@%t' an 81 of
bet ween 90 (perpendi cul ar) and 180 (antlgara | el efera éy set,
parti cul ar | FPrePEFamBriEdtwetn A FhdSE3sE! OPFH Pac inghe’

sol ution nom&ﬂeﬁfe@bl%ﬁkiac@hefnczelB§d35gameflumﬂxﬁaﬂﬁqﬁuﬁubhe@lhn 25
di rect RHOXinichi ol O JNEPHLLOPS NGr32 1y RAdILI0N e BEH! 08n0f the
gas 92 by suction can e prov
EP817246A2. The llqu1d container 11 can be filled
either completely or only partly with the hydrogen
(:? . fluoride solution 91. The semiconductor wafer 5 is
transported through the ligquid container 11 along a
15 transport direction 81 by transport devices 21, 22. In
particular, the semiconductor wafer 5 is transported by
a first transport device 21 in the transport direction
81 to the entrance opening 31 of the liguid container
11 and through said opening into the liguid container
20 11. It 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 liguid container 11 in the transport

direction 81 by the second transport device 22.

25
(;’ In order- to ensure a reliable spatial separation of
czone-containing gas 93 and hydrogen fluoride solution
91, care is preferably taken to ensure that the
hydrogen fluoride solution 91 does not emerge through
30 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 is preferably transported in a substantially
35 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 thicknesg of the

semiconductor wafer 5 and +the Ilength of which is



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 5.
-For "this purpose, too, it is possible to use one or nore series of nozzles
arranged perpendicular to the transport direction 81, or one or nore

slotted nozzles (as 35 illustrated in figure 1). The ozone-contai ni ng gas
93 is preferably situated in a region tshat is spatially separated by a
horizontally arranged partition 33. In this case, the sem conductor - 13

- wafer 5 insihghidry staseets thhanspw teddtint efsaik r eghdrbndudifoe
transport directi t hr ough i i - part it 33., The
openi ng 34 ivéafber%?%'r gljbtfey eénnﬁl%eﬂ%lgg%{%f %F%Péé? ?%gﬁgjf(g% éréajkl‘l{%% %rloss
section of 5cathe Ben poerrisst iR Sasdldeerdh n e tI@@®spert &irection
81, in orderndHi BN %Qr@h@fehi&h@noﬁrtﬁ@r%ﬁpﬂing:!br@fngOZBQUe t hrough the
opening 34. In this enbodinent, the partition 33 is fitted in addition to
the | ateral boundary of the liquid container 11. The 10 nozzles 36 for

f eedi ng t he bzoaddtoitai nthg gessfBcar desprahydcase HHRU7/@d 684 tdaat si de of
the partitiqfy 33,Whicbnisy " eAPVEdidy om t BeelbAi &Rl @hnef ykl-i gthe
nozzles 35 used, If appropriate, for assisting thé drying of .the

seni conduct SO MHFIEOR 5 lard 9th SRF Cae 15T | e FHdt fe Farefal
boundary of tdeehsas diicont ahaesehi canduther paefeti 6n <3&rgAddiftromna

nmeasur es ar f. VAR . nt ed. | t revent ozone from
penetra?Pngqﬁﬁ{ngﬁggl¥8h?g£§%§c%ﬁt%%23?£%%5%n a&ﬁfo the region in which

hydr ogen fluoride solution 91 is still situated on the surface
! This is preferably done by a gas 92 being fed via one
: (:f or more nozzles 35 in a flow directed to the surface of

the semiconductor wafer 5, 1in oxder to assist the
15 drying of the semiconductor wafer 5. The gas %2 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 (as
illustrated in figure 1). An angle between gas flow
20 direction and wafer transport direction 81 of between

8p°© {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
(r¢ 25 direct proximity to the exit opening 32. In addition,
- extraction of the gas 92 by suction can zalso be

provided.

The ozone-containing gas 93, too, is preferably fed via
30 one or more nozzles 36 in a flow directed to the
surface of the semiconductor wafer 5. For this purpose,
too, it is possible to use one or more series of
nozzles arranged perpendicular to the transport

direction 81, or one or more slotted nozzles (as

35 illustrated in figure 1).

The ozone-containing gas 93 is preferably situated in a
region that is épatially separated by a horizontally
arranged partition 33. In this case, the semiconductor



of the semi conductor wafer 5. It is possible to provide at |east, and
preferably in addition to the nozzles 35 directed counter to the wafer
transport direction, a 25 series of nozzles or a slotted nozzle (not

bl lustrated) which 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-contai ning spatial region, and-npt vice versa. By way of exanple,
the gas flow produced by 30 these nozzles can forman angle of 0
(parallel) amgdf&0 (Gpeipendiculday) sidtet s ttamsporttad r éotoorsd8 wherein
angl es of be ; 7 ef gr - Lfaser] z - or
cont i nuous s#%ﬁ%%og%eg?ﬁsﬁﬁte é:réa?gér? i 33 girlf?%% hcré}?t%%eﬁfglg%?t

di rection 813hr én3%he |RAG S igded3 3 or Thee@PRYLPHe 3dzoife-REMERAHI WYY gas 93,

then they argnfy tiedgion ¢ heaojdercisdrdesiod mbeinal tdtdan sSwnch pref erably
OrientedSSu%nngh%%m@%o%hgg%gi WHE 5 as seen in the transport
direction 81, in order to minimize diffusicon or
convection of ozone through the opening 34. In this
embodiment, the partition 33 is fitted in addition to
the lateral boundary of the liguid container 11. The
10 nozzles 36 for feeding the ozone-containing gas 93 are
in any case fitted on that side of the partition 33
which is removed from the liquid container 11. The
(:‘ nozzles 35 used, if appropriate, for assisting the
drying of the semiconductor wafer 5 are in any case
15 fitted between the lateral boundary of the liguid
container 11 and the partition 33.

Additional measures are preferably implemented in order

to prevent ozone from penetrating 1into the liquid

20 . coﬁtaiﬁer 11 and into the region in which hydrogen

fluoride solution 91 is 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

( . 25 series of nozzles or a slotted no;zle (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 inte the ozone-containing spatial region, and not

vice versa. By way of example, the gas flow produced by

30 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 8L are

35 Jlikewise used for feeding the ozone-containing gas 23,
then they axe 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 producéd. By way of example, the gas flow



containing gas 93 directed in the direction of the opening 34 is produced.
By -way of exanple, the gas flow - 14 - produced by these nozzles 36 can

| i kewi se forman angle of between 0 (parallel) and 90 (perpendicular) wth
the wafer transport direction, wherein angles of between 22 and 67 are
preferred. Suitable extraction 5 of the ozone-containing gas 93 by suction
can |ikewi se contribute to avoiding diffusion or convection of the
ozone-contai ning gas 93 through the opening 34 in the partition 33. 10 A
fl ow of the hysiwgen 3y udid=de neelzukisoB coppasiLi ket Dsd h&oAn ais Eardledi recti on

81 is preferapl r ced in Lk qui Al _ P rder f.
counteract the éﬁ ?%%ﬁn@nt(8F&%§%?Fg!égmfgﬂ%heﬂg%ﬁ%%gggﬁﬁﬁg?3fh% t he
| iquid contafrer wdfeThj sraesPdel achi REH By nmeERTedh 15ngeesesPéndi ngl y

ori ented nozzd@sdNoizd | Aust 6a¢ edye Wol-BEBr+ 6@, | SEHgbIGONdRiRIcibh. It 1S

additionally preferred for the hydrogen oride solution 91 ta flow away
t hr ough ?he %ﬁt?lé%c%z%%%_rﬁ?{gtafﬁl % oﬁmja%i TG tHINFHRE 11 qui d
cont ai ner llcdntribeite ciani éyobdindhedenfranee opeminyegiion nofhitdecase, it

can be coll egted. filit8hed and oF eS3r Rl t ke | bash theont aiperptl. 1f a

plurality of liquid contalners are connected in series, the hydrogen 25
f1uoride solRAFIOF4o% glef erably col | ected separately

10 A flow of the hydrogen fluoride solution opposite to

the transport direction 81 1is preferably produced in

. the ligquid container 11 in order to counteract the
(;- entrainment of particles to the exit opening 32 of the
liquid container 11. This can be achieved by means of

15 correspondingly oriented nozzles {not illustrated)

within the liquid container 11.

It is additionally preferred for the hydrogen fluoride
solution 91 to flow away through the entrance opening

20 31 or to be discharged within the liguid container 11
in the wvicinity of the entrance opening 31. In this
case, it can be collected, filtered and returned to the
~ligquid container 11. If a plurality of liquid
containers are connected in series, the hydrogen

(fg 25 fluoride solution 1s preferably collected separately
for each liquid containex, filtered and returned to the
relevant liguid container. Figure 2 schematically

illustrates an associated collecting trough 64 that
collects the hydrogen fluoride solution 81 draining
30 from +the ligquid container 11. From the collecting
trough 64, the hydrogen fluoride solution 91 can be
conducted into a supply container 61 and be returned to
the liquid container 11 via a pump 62 and a filter €3.
By means of the filtration and return, the particle
35 c¢onecentration can be kept at a low level for a long
time. The separate collection, filtration and return
for each liguid container is advantageous since, in
this way, a particularly low particle and metal

concentration can be maintained in the last liquid



for each liquid container, filtered and returned to the relevant |iquid
container. Figure 2 schematically illustrates an associated col |l ecting
trough 64 that collects the hydrogen fluoride solution 91 draining 30 from
the liquid container 11. Fromthe collecting trough 64, the hydrogen
fluoride solution 91 can be conducted into a supply container 61 and be
returned to the liquid container 11 wviis & punp 62 and a filter 63. By
means of the filtration and return, the particle 35 concentration can be
kept at a | owrdteelerfsothacughgwhilnb. thhesseparadestto! IWedisiren pafisl-t rati on

and return f fécJah&é qybgsfgféahae&ehatﬁgﬂaeﬁégggyﬁéé Ngeeei Brthis way, a
partlcularly artlc e and concentration can be_maintained in the
| ast 1iquid 14 filling until the hydrcocgen fluoride solution 91

is completely exchanged again, without impairing the
5 cleaning result. Conversely, the cleaning result can be

improved given the same time intervals for complete

exchange.

The width of the 1ligquid container 11 measured

10 perpendicular to the transport direction 81 of the
semiconductor wafer 5 1is preferably greater than its

_ length measured in the transport direction 81. 1In
(, particular, the liquid container 11 is dimensioned such
that its width 4is greater +than the width of the

15 semiconductor wafer 5 to be treated therein, such that
the semiconductor wafer 5 finds space in terms of width

in the liguid container 11. By contrast, the length of

the liquid container 11 in the transport direction 81

of the semiconductor wafer 5 is prefefably less than

20 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 1ligquid
container 11. I£f the semiconductor wafer 5 is
substantially round, "length" and "width" of the

25 semiconductor wafer 5 should- in each case be equated

™

with its diameter.

These preferred size relationships make it possible teo
dispense with guide elements arranged within the liquid
30 container 11, since a semiconductor wafer 5 transported
through the liguid container 11 can at any time be held
and transported further by at least one of the two
transport devices 21, 22 adjoining the liquid contaliner
1.
35 '
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 is preferably
effected automatically by a robot. It 1s subsequently



contai ners through which the sem conductor wafers pass. It is thus

possible to I engthen the service life of aliquid filling until the

hydrogen fluoride solution 91 is conpletely exchanged again, w thout

inmpairing the 5 cleaning result. Conversely, the cleaning result can be

i nproved given the sane tinme intervals for conplete exchange. The w dth of

the liquid container 11 neasured 10 pergendi cular to the transport

direction 81 of the sem conductor wafer 5 is preferably greater than its

| engt h measusegdrantipe tfﬁﬂécﬁ)or tpedipeedti cabaB8l. don pandéi cWmainspble |iquid

container 11..is di.nension h t s r 4-ha he w dth

of the 15 SGW]CO% ucto?9ma qgl ?%%Str3%%%%&Qh§reg%$§%§cﬁhthgnh

sem conduct diramsbertsdf i ads §bacetrﬁnﬁe¢ﬁ% odixgaitien n 8lhe toi qihe

tcont ai ner élen&%én%@ntd in th§1| %@gtﬂhde()fjtfif@ﬂ%ﬂb}hgdceﬂh@h?ﬁéréllllln the
ranspor irecti e, sen conduct or, wa efera ess

t han 20 %he*?%%gt %W“¥he %%h?coﬂﬂ%%%%ﬁ warky S%Bgucﬁif%%t ?ﬁgu 13

sem conduct aronwafierr51ilin the direction of its |ength, can never be

situated conpletely within the liquid container 11. |If the sem conductor

wafer 5 is substantially round, "Iength" and "wi dth" of the 5?

sem conduct S IdEF &t 5SsheaPEPPRTEACRT WRsEND SHRASH RRECHFt S1dF et er .

These pref erthed esdize dpedndtricoreshiyisraumpe tide phissitblle dudddicopendeewi th gui de
el ement g,arr,;gng in ot |k qui 0. sontainer Sign emi,conduct or

waf er 5 rang or%-l %%r gu %Pt ﬁ:(}el I |gerr’[%ldp cont%o%r Zﬁ car? gtﬂngcn}f/ tgllsrre be
hel d and tréﬂ@ﬁ@ﬁ?éd WHFBh@r %ﬂﬁznlﬂqgégt gretainehe tlo AEARSEBILY devi ces
21, 22 adj oiddiree thetld quichteot aidiyluklvedy Awithe b@glnmwﬁgogénthe

thod, th ductpr. yalery;s Ly Laken ] le and
feinod, Lhe ERERpELEr el ony® Laplakon " amAsResasita Ly Sxam e ar

autonatlcalmyeﬁyrabimbgpntaanssn@u@@é@@e#ﬂ@@enisl6hatpﬁ§P§Pébl?hﬁlxed

per pendi gul anli@chAgctbansRTdr dEr agld oRoBiabytHde hirestsiianspeet device
21 and trans orteg in the tran portddlre tion Bé to th entrange openi ng
31 of the fiFSF ERGuY EEFER; °f1% 3R uFﬁPBu f %ﬁl& 58ﬁ|ng Ffito the

first |iqui dsconisaibée ¥hen the licuid container 11, as described
above, is smaller than the semiconductor wafer S5 as
seen in the transport direction 81, such that the
20 semiconducter wafer 5, during its transport through the
liquid container 11, can at any time be fixed
perpendicular to the transport direction 81 by the
first 21 or second transport device 22 or by both and
be simultaneously transported further in the transport
25 direction 81. While the semiconductor wafer 5 1is
transported through the liguid container 11, it can

Ty

already be accepted by the second transport device 22
as long as it is still in contact with the first
transport device 21. The second transport device 22,
30 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 81. If a
35 second liquid container is present, then the transport
device 22 transports the semiconductor wafer 5 to the
entrance opening of the second liguid container and

through said'opening intc the second liguid container.



VWiile it is transported fromthe entrance opening 31 to the exit opening
32-through the first liquid container 10 11, the part of the sem conductor
wafer™5 which is situated within the liquid container 11 preferably cones
nto contact exclusively with the hydrogen fluoride solution 91 since the
liquid container 11 preferably contains no guide elenments that support the
15 sem conductor wafer 5 and would thefefore shield it fromthe hydrogen
fluoride solution 91 in places. This is possible when the liquid container

11, as descrpdesh@heyeon | 6hé NBbgel rdédadl dhei ke peondutiok  Wakersne as seen
in the trans ort{gir ct#on 1%H§uq? that the 20 senigondu%%or fer 5,
during its t %%%Ib rTth %‘lﬁjﬁ t 1_T'EC'1ujrliliv%la)ffftogi’nearn}le,esclz’ﬁfia t tinme be
fixed perpendf coleaning turg s adsporid diondetnens8dibly therdsrmidiat or

second transpoginevies;22s07 Bbohl andhieesi nukganeeys! y dianpsport ed
further in the transport 25 rection 81. Wiile the sem conductor wafer 5

d
i s transpor t¥PtHHh Be qq%u@ﬂ“&?ﬁﬂ% MFVICES) (CafarP Sl FEERFH5E accept ed
by the seconihtrsmsiport déwme 22h asetomgeiaselit ilsarst | Indmdbeeontiact With

the first Lransna ey e 2 Mecsenond Lianenont deul cq.o2. 30 situated

on the opposite side of t quid cont ai ner , era i Xxes the

seni conduct FiMh@Efler 3 oRPRTEFAFR Ber pBREPEGTAR Ty 1t t idRSpdng

direction 8k@mﬂb$fmm&pomh§ hugam@yofr@mgahen?xﬁﬁimpeniQgﬁﬁ%r@klyhe liquid

contain 11 .in,t transport . directi 1. 1 5.seco i_qui

containgp igﬂbré§ggf, én ?ﬁ% f?anéﬁ%?t %%%ﬁcégfg ??%ﬁsgﬁ?t§&@hg _

seni conduct crlegafiag 5updteheodnt idpbbliepeni hypdf atre swedndUWliagdivd

cont ai ner angd-dfaeudh sa&i di OpeRi-Ati 4t Ort BeesgeRgduhi gyi dreontagner. - 17
Dependlnq?Pn %pe'rgﬂglre cle%gég% per f rnance,tln %He secgnd

embodi ment G The IS &S H -0 i1éd PSFLCPBERI /G WRAEE (1 quid

cont ai ners wheh senieypbrdioly dayeng dew cesansmediary deviegs ftbe t he

ozone- 55COR{RIiRNY ﬂ?é_@fgnéﬁswpﬁafchd%\@eae%at cREcbs Lonnected,in

series, where an excessively ]large nunber is detrinental.  to the econonmc
viability aﬁ&I@&QQtnoFOEF?éiII%ncéﬁbréﬁiaSP§VF§prQﬁ¥§ﬁﬁﬁlﬁ n®Fhe2El eani ng
per f or mance spthd fnoniercaofictiseanting umrehspost ppafcer ald yddOimdd | Bast two

and at most hen AithilOUr R S, O SaR ngnuN L3 aRGpLAEN! [Egh bxpe are
particularly preferted. 153 plurality of c eanlng,uﬁlts are used, then
they are ar Fangedcdl BRECESt FARSPOFEL phl Bt S cH e $EFE6RIEYPOr wafers

are trapsporkeedethionghitiiedleodeniaers Thadt adaspotrhepabbtneedunat
necessarily %‘ﬁt?iﬁ&ai i r%%bgésig gan e, q{]eu.edaggne,raagtl LOr _at specific
TRe T [ i's°d 1 i

| ocati ons. ansport pat efined e lrquid con_ain%?% and the
transport deeireéy derdHeddfpemoitéet hempiorstl Sequedceohtahésh Bbeween two

20 respecti vemhkcgHhdc£ORt akREESsandraf t et rdheodasda | | ewksu@ont ghger. The
expressiopsi" gfoge" and "after" are ner hx?ﬁ?rived fromthe t or al
sequence | nifHFEASERb SoH EOnTtET O it ertard % ATEpSrEad Ohr BGh ¢ he
ilndi vi kil , desquidttomt @af nerspathitl tahreypngesented for the 25 description of
a~spatial arrangenent.
The 1liguid in the second liguid container is always
contaminated with particles and metals to a lesser
extent than the liguid in the first liquid container.
30 The particle and metal concentration decreases further
in any further liquid container. Since, a number of
times, the oxide is removed at the surface of the
semiconductor wafer and a new oxide layer is produced
again and therefore overall a thicker layer is removed
35 from the surface of the semiconductor wafer, the metal
purification 1s 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



The liquid in the second liquid container is always contam nated with
particles and netals to a | esser extent than the liquid in the first
liquid container. 30 The particle and netal concentration decreases
further in any further liquid container. Since, a nunber of tines, the
oxide is renoved at the surface of the sem conductor wafer and a new oxi de
| ayer is produced again and therefore oyerall a thicker layer is renoved
35 fromthe surface of the sem conductor wafer, the metal purification is
l'i kew se i nmpeovsaridyn casdadiing atideastt t weith eanpnocst epdwoftiatent i cal
type which pﬁr?%k?%gqécp. %:?é@ré?fﬁ?r abite | 1WA Gagt abpers, Hifeagieanidyg ef f ect
can therefore be significantly inproved by - 18 - conparison with the
prior art, widd pFeRERLNeRR ari o UredaRRYSVePar| 1mRfd éadcdditg of a
plurality ofeddmiit Confadiinany - ofi t oyt Appheai abl yis npeily ngnddee
econom ¢ Vi a]g?éslsl':fﬁ/leOfb3; htetu'_rrs?tgr&go&izﬁesntonéfl mde;  ention since, on

account of the small length of the individual 1liquid

containers, the space regquirement overall does not

increase or increases only to an insignificant extent.

At the same time, the small length of the individual

10 liquid containers makes it possibie to transport the

semiconductor wafers without guide elements within the

liguid containers. Since the semiconductor wafers are
(: treated individually and, moreover, are not shielded by

guide or holding devices within the liquid containers,

.15 the cleaning efficiency again increases - without
increasing the treatment duration or the space
requirement. The method according to the invention can
be operated continuously, which has a positive effect
on the throughput. Moreover, front side and rear side

20 of the sémiconducter wafers can be treated in an

identical manner.

A further advantage of this embodiment is that it can

also be applied to semiconductor wafers having a laxge
(:* 25 diameter of 300 mm or more, for example 450 mm, without

appreciable lengthening of the process duration.

The transport devices 21, 22 wused are preferably
transport rollers composed of a suitable material (e.g.
30 polyvinyl aleohol, 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 liguid containers) is
35 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



5 possible by this enbodi nent of the invention since, on account of the

smal | length of the individual liquid containers, the space requirenent
overall does not increase or increases only to an insignificant extent. At
the sanme time, the small length of the individual 10 Iiquid containers

makes it possible to transport the sem conductor wafers w thout guide
elements within the liquid containers.i&ince the sem conductor wafers are
treated individually and, noreover, are not shielded by guide or holding
devi ces Wi t htontdtihddgjuiattecoBtidfDeisnt 15t hengbeaniatg ehki ﬁtﬂﬁ@y sagai n

i ncreases - out_i.ncreasing t at nent ration or.the_.space
requirenent.&#ﬁglﬁ§¥ﬁbd53§§8ngﬁggt%ﬁ h§¥%H§€%#F8%°5aﬁﬁggubpérg?%%

cont i nuous| ythegdlvh hRascerimsgilidsse efdronin ehe thier osghpernduiceover ,

front side apdrdeay sida PG tikgiger-eendHetorivatels Satbdedneated in
an |dent|cal.nanﬁgf. A furthg{ advantage of this enbodénent i,s that it can
al so be appli%ed o Shet&uor “Relf ePS hEYPHBLR | HF get B dmet &r of 300
nm or nore, fmanspoarnplaeviste: nman welboutoappieei dbbe oremgirkermaldeaf t he

process durgldQn; The AdARSROT hJRWGES il ot USRE AL AILhG 2Dk
transport rollers conposed of a suitable material (e.'g. 30 palyvinyl

al cohol , PVACKIGTchPapref éfablypech PRECHBI stndt ateteSlilght | Y 15udds  t he
sen conduct arontafieerS oblbotdr si tbeswand nowe i t reaptbeivén tlieutiansport

dir ECf[ I 9@ 81!:0?4’&5}11’11’9@@ .ai gtof %@ag‘?t 0(51'162 I Otlrj.ie eg?Od%ér&[Dt ’tg}aﬁ'l% ! irgUi d
containér 11 (or the plurali of liquid confainers)y s 3 pré?érably
di mensi oned A7 s€ héss tohdre HET¥veads Moy e arhd s @fdesndgcbsr afdber 5, in

%ider that iedigHa@lddort the semiconductor wafer. The other rollers
of the transport device can either likewise be driven

by a motor and actively transport the semiconductor

15 wafer, or it is possible for them not to be driven and

only to fix the semiconductor wafer perpendicularly to

the transport direction.

Other transport mechanisms can be used as an
20 &alternative to the rollers. Thus, the semiconductor
wafers can also be passed on by mechanical grippers on
~both sides of the liguid container. Transport via water
cushicns is also possible, 1n the case of which the
semiconductor wafers lie on a liquid film and are

(f 25 advanced with the zid of nozzles.

After the (final) oxidation of the semicohductor wafer,
the latter is removed preferably contactlessly or at
least with the smallest possible contact arsa. Thus,
30 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 transport devices can be

35 operated at a constant or vwvariable speed. The
semiconductor wafers are preferably transported one
directly behind another with a small spacing.



roller pairs (one roller above and the other bel ow the sem conductor wafer
5) *before and after the liquid container 11 or between the plurality of
liquid - 19 - containers are sufficient to enable at any tine a
sufficient support of the sem conductor wafer 5 and thereby a contactl ess
transport of the sem conductor wafer 5 within the liquid container 11.
This enbodinment 5 is illustrated by waysof exanple in figure 2. A
transport device can also conprise two or nore roller pairs; preferably,
however, in Bech tagsenpieci seky ome r dpwriqghi rtés vded hebese arfd after
the liquid ¢ Al r en cti | L. qui iners. At
| east one ro e%?dcg?{ueac rot r“g%tse\g%(t g\g\?i (E:ngﬁlralgs t}égbebgﬁ(\g@%&%&&q&_mt or in
order to be EBHEaWuGtatsporfeithe (bl oAgGcGEMNFET . PHPC B S ol | er s
of theI transdqgﬂtidgt\ﬁiﬁﬁﬁ,can @@%herekhﬁﬂ\és,}s beadni Vellil]);)éwasa‘oi)l()lﬁt;o?nd ]
actively_transport t sem conductar, 15 wafer,.or it ,i.S_possi or them
not to be5 drnllo&g)r?rgr%aon ly?eto ?@lcf%neduscg:nqlrcon‘ﬂ%% of V\éfféF peerxﬁé”r? i“cul ar | y
to the transpomesdiaadaondes) @ h&het r aapporndueehani wiisisan dse ubed as an
20 al ternatidgmdddddesf Obher sieskihds, JdG cpeRBdUGR ARl er saam al so be
passed on by mechani.cal g;klhgpers on both %lﬁdes pof the Ilﬁi%?cont ai ner.
Transport visd SnaP8r9taghi CEORFs A Os 1l e0%1 et hetca Wii€ch t he
sem conduct aliswafleres | be drvdrddgequi lieteandsark (a5satvemcedon th t he
ai d of @gzzleg{%mp@g_er the (final) oxidation of the sem conductor wafer,
the latter is renoved preferably contactlessly or at least with the

smal | est possible contact area. Thus, 30 the sem conductor wafer can be
removed e.g. with the aid of a so-called ultrasonic gripper, with the aid
f which the sem conductor wafer floats contactlessly.



Al'l the described types of transport devices can be 35 operated at a
constant or variable speed. The sem conductor wafers are preferably
transported one directly behind anot h(ig with a small spacing. - 20 - The
i nvention can be applied to all types“of seniconductor wafers, to nulti-
~or polycrystalline sem conductor wafers (which are used for photovoltaic

applicati xanple), and |ikew se to 5 monocrystalline
sem condu%ger"tb?%@r%s (for exanple m. croel ectronics). The seniconduct or

waf ers can be corrposed of any desi red sem conductor naterials which are

oxi di zed y 0zQ e OX|des r o hydrogen

fluoride, such f@?‘fﬁ"&@ﬁ tf%ﬂ*’“?ﬁ‘ fa?%" ggnc%c§£9}aﬁe% b \{ﬁﬁ i s . A
nmet hod fosemhenduc&ﬂwmt of a sem conductor wafer, in which the

sem conduct or wg {d S treﬁt ed, i.n ﬁ‘lli idstﬁ%ﬂfﬁ],@e sélhﬂ%ed at | east
partly with a $Jf%t9 4R 2 dIgHIEoRaier Uﬁ?gﬁsﬂ rrde t hat oxide
si tuat ed esntaihiag diydrogeeflwdride! suctethiat ik situatediaf the siifasobites, s

transported out the solution along a transport direction and dried, and
i s treat edW° P'?F""&{?r geﬁg' SEOE%i ni ng gas after drying, such that the

iurface of- theistenssmeduct of theabtution alomgiadrarsgort directionrand dried,

. and
- is treated with an ozone-containing gas after drying, such that the surface of
the semlconductor wafer is oxidized,
wherein one part of the surfaoe of the semiconductor wafer aiready 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

info contact with one another

2. The method as claimed in claim 1, wherein the ozone-containing gas is
situated in a region that is spatla!ly separated by means of a partition, and wherem
the sem:conductor warer in the dry state is transported into said reglon in the
transport direction through an opening in the partition.

3. The method as claimed in either of claims 1 and 2, wherein the drying of the
semiconductor wafer is assisted by an inert gas being fed via one or more nozzles in

a flow directed to the surface of the semiconductor wafer.

4.  The method as claimed in either of claims 1 and 2, wherein the ozone
containing gas is fed via one or more nozzies in a flow directed to the surface of the

semiconductor wafer.

5. The method as claimed in either of claims 1 and 2, wherein the
semicbndu_ctor wafer is transported through the liquid .container along a transport
direction by fransport devices wherein the liquid container has, in two opposite side

walls, an éntrance opening and an exit opening each lying below the surface of the

solution.



wherein one part of the surface of the sem conductor wafer already comes
into contact with the ozone-containing gas while another part of the
surface of the sem conductor wafer istill in contact with the solution,
and wher.ein the solution and the ozone-containing gas are spatially
separated in such a way that they do not cone into contact with one
another. 62. Thrge feithedlasslaibheti |(Fjﬂdhlrhlfo wheniem the ﬁmmﬁnctbmaflelr is .
ozone- cont ai ni as is s ed in.a r on t hat S i a separ.at e
by means h %P?W?useﬁfaaﬁVhﬁ@%fﬂ pPﬁ' @W@WW%Q&EPB‘? ﬁ?ll ®¥he dry
state i s bpemsgOireeibts MhRhsRé drré dnsnbs@nt.él@ Hoﬁﬂﬂﬁ@lqréndihéﬁéi‘ghﬂdif thr ough
an openlngﬁgg t he ﬁartltlon igﬁd as chalned n elbﬁ? cl ai ns
1 and 2 &3 # %Qfﬁaﬁrﬁﬁa'b?‘etth'ék"ﬁéﬁl FFETEH" H;étpéwaeéaag by an

i nert gasobRhiBigisl Fighit) gre8fe? titdin tﬁ@%tﬁ@iﬁlb%%mmndu&tbmaﬁr ratuitH i the
surface of the sem conductor wafer hod as clained in either of
claims 1 Senfigyredindreient thedvdeges ﬂHB'Pﬂ%?‘?\WWQ%Q?W?@%“‘W f%8he or nore
nozzles in a flow directed to the surface of the sem conductor wafer. 5.
The nethod as clained in either of clains wherein the

sem conduft or B8 Brethad a5 ¢laigieg,ip s@inp ﬁr‘@ﬂ%{ﬁ"‘ttﬁ%swmﬂ d container along a
transport dir eﬁéw.@aw@yttﬁ'éﬁrﬁﬁ@rehtr&%é' RPN lidischafged Withih theaRiigi ner  has,

in tw opposite side walls, an entrance opening and an exit opening each
| yi ng bel ERDtRIRY I8 ihe Yeiaithpf hRENYBNGRAGRSAING. 25 ~ 6. The nethod as cl ai med
in claimb5, whglsghSeduaftiy 8ollcerRiad Hifdrd aN@fciimbd td thamgaiaIcofthinen 2
substantlally horizontal position, and wherein the entrance and exit
openings are slots which are arranged substantially horizontally and the
hei ght of which'is slightly greater than the thickness of the
(senlconductor wafer and the length of which is slightly greater than the
‘W dth of the sem conductor wafer,.  and which is configured to prevent the
hydr ogen fl uoride sol ution fron1energ|ng therefrom 7. The nethod as
claimed in claim5, wherein the solution fl ows away through the
entrance opening or is discharged within the liquid container in the
vicinity of the entrance opening, and is subsequently collected, filtered
and returned to the liquid container. ¢

r



-23- Abstract Method for the treatnont of a sem conductor wafer The

invention relates to a nethod for the treatnent of a sem conductor wafer
5, in which the sem conductor wafer 5 is treated in a liquid container

| east partly with a solution 91 containing hydrogen fluori de,

such that oxide situated on the surface of the sem conductor wafer 5

filled at

di ssol ves,

direction 81 and dried, and is treated with an ozone-contai ning gas 93

is transported out of the sghution 91 along a transport

after drying, such that the surface of the sem conductor wafer 5 is

oxi di zed, wherein one part of the suhbateaoct the sem conductor wafer 5

11

al ready cones into contact with the ozone-containing gas 93 whil e anot her

part of the surface of the sem conductor wafer 5 is stil

in contact wi.th

the sol ution 91, ¥akBodhEPsi Hee Hereafimaatowfor SRBLEABABS - %I ni ng gas

93 are spatially separated in such a way that they do not cone into

contact wth £m§ fﬁ@gﬁ%ganﬂéhaQES to a method for the treatment of

a semiconductor wafer 5, in which the semiconductor
wafer 5

- is treated in a liquid container 11 filled at
least partly with a solution 91 containing hydrogen
fluoride, such that oxide situated on the surface of
the semiconductor wafer 5 dissolves,

- is transported out of the solution 91 along a
trangport direction 81 and dried, and

- is treated with an ozone-containing gas 93 after

" dryving, such that the surface of the semiconductor

wafer 5 is oxidized,

wherein one part of the surface of the semiconductor
wafer 5 already comes into contact with the ozone-
containing gas 93 while another part of the surface of
the semiconductor wafer 5 is still in contact with the
solution 91, and wherein the sclution 91 and the ozone-
containing gas 93 are spatially separated in such a way
that they do not come into contact with one another.

Fig. 1



