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 gleanlng net hods is based on the

treatment of the ¥RHASRS G &be KreRtRAREGRE R SSTHIRTBICESE FedPSgen
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seni conduct or® &=- to the increase in nicroroughness and to t he arising
of. haze and light scattering defects and which -~ even upon multiple
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reqU|renent of the installations.” According to_an aspect t he 1 nventi on,
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' - oxide in the HF solutlon, and when the silicon wafer is

{ ' withdrawn into the ozone atmosphere, the silicon wafer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



di ssolves, 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 sem conductor wafer is oxidized, wherein one
part of the surface of the sem conductor wafer already conmes into contact
wi th the ozone-containing gas while another part of the surface of the
sem conductor wafer is still in contact wwth the solution, and wherein the
solution and the ozone-containing gas are spatially separated in such a
way that they do not come into contacgk with one another. In the nethod
according to the invention, the sem conductor wafer is treated with a

sol ution containing hydrogen fluoride and situated in aliquid - 3 -

cont ai nemdedinbleHisdicgn o€ flubtiee wet cdivdoctudicewakans ia s endiel Migesticpped
conpletely into th olution or be transported thraugh tgﬁéat r. In the
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advant ageous

1s 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



- 4 - for which purpose it is possible to use devices for the targeted

i ntroduction of gases (for exanple oxygen or nitrogen). or for targeted -
degassing. 5 Al the abovenenti oned neasures for further inproving the

cl eaning effect can be inplenented for the front side or the rear side of
t he sem conduct or wafers, but particulaély preferably for both sides. 10
The solution is preferably an aqueous sol ution of hydrogen fluoride
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bei ng fed via one or more nozzles in a flowdirected to the - 5 - surface
of the conduct CL A% i,nert 9as (foro xaqgle nltrg en fr a nobl e
gas suc t uFELLPABFEOf ) Co s prétabl y ddESF or
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nozzles fitted ‘perpendicularly transport direction, with sufficient
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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,



15 between gas flow direction and wafer transport direction of between 90
(perpendicular) and 180 (antiparallel) is preferably set, particularly
preferably between 112 and 135, in order to repel the solution nore
effectively. A particular high, gas flow 20 rate is not necessary since
the liquid can nove easily on the hydroghobic surface. In addition,
extraction of the gas by suction can also be provided. The

ozone-cont ai ni n as.can_also be fed_in anal o n ia one or
nmore nozzl esrﬂoﬁggr%leB\/\Paf?ng?eﬁgt 6gt ﬁ%sghrjf%gceo o%et %%l‘lrgg%?cgﬁ%ut\é{'%r waf er .
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slotted nozzles Bhef) PLUM 8L 1 ¥aRle 88l | fya2fsiRgz2zl €s, a | onger opening as
seen in the 30 transport direction can al so bé used in order to increase

t he supply of ozone to the wafer surface and thus to achieve a nore
ef fectives oxpdat itare divevarenciood ansangregasios puetkeeabliypsovimged in a

35 region thapl s 903kl |¥eAEAArBLAC LAY AuBAUKLLLAN e 4l Scease, the
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the transpor 6idpr et tba ERESUEH N WpdhithFIH PREVEEPE| VRERTS T peni ng

i s preferabl yaenk yushi Ghtdvefargery tian bt gRdesuUM cross - 6 - section
of the sem conductor wafer as seen*in the transport direction, in order to
m nim ze diffusion or convection of ozone through the opening. 5

Addi ti oddl nBhsureslurienr diser galefenaplymear ecrqueicdesclytpprvert ozone
fron1penetra5§@goé@50 theil,bguisd contiaiyaessdndridit 0 tHg d)egi on Tre Whi ch
hydrogen fluoride  solution is %iilbigjtuategﬂpn_tﬁe mafer.sgrf e. By way
of exanple, GARFCRHHSANSER| QL Ar u¥GTREC o EAVAG, Shi B Rb22 Y are

f@'t ed betweenlt he | ilgui dycoweéagher Gk t lmenparkbytivweighit) i $fpodsi ble to
provide at |gast (and.gy.ef epably insaddiddcho tde nozal&s, di rag ed
counter to.the wafer transport direction) a series; of nozzles or, a slotted
nozzl e W9 chSptdetRies @05 g§astaiBw FHYERET di FRREFHHD St-he Wpenithg, such
that gas fl opertiviough v herepentrag Bt addhehwhanercothmmideg EpEl)i al

region, and noledige vefea, Boan. b exATBEen bNeOas, Mowprgdyced by
t hese nozzl can torman angle of between Ppa(a |l el’) "and :
(per pendi Cu|mgticularly 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 surface. 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



20 with the waf-er transport direction, wherein angles of between 22 and 67
are" preferred. |If series of nozzles or continuous slotted nozzles fitted
perpendi cular to the wafer transport direction are |ikew se used for

freedi ng the ozone-containing gas, then they are fitted 25 on the other
side of ‘the partition and preferably oriented in such a way that no gas
flow directed in the direction of the ogpeni' ng i s produced. By way of
exanpl e, the _gas_fl ow_.produ . n ) n sl jkew f egm. an angl e
of between osgﬁi‘?‘é‘ﬁ 8If) tglﬁd%%g‘l%n%ggiggn%?ﬁ ar )%Elvmlt é&?:hegsﬁs/af gf&%ransport
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suction. SThusya®lgbiliey extd acbsba. offhiehegaw obe- €66t &-9i-ngrigds Bye suction

can be carri §?%OBE v t Do py Dl OReT NAGUWE PSS Eperperddicdlarile #@t hod
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e

and the treathenttRAPEFonSLERFE M nd1gds FRk SSh¥ti Iy
separated 5 &ghDNScofgfldtd e Pingdf $dhecsliiddicelaf jdie semloondarct or waf er
is brought into contact w 0 e hj i has, fully
dried and t h&¥%&™ mh%c ’p\r/%gg%p"’an %y%?%%%fn@? P{J%rjl'%eéggc})a??on ojﬁ'@ie{? It has
been fourfd twee fal upphhinuenshoghatt AEfRNgad f ReePErdiFela &&nitRhduct of
vafer only whem, dyehoganrétunsh de Tanthzaie @t 5 mikt araedsily ow t he.

surface. Thgfefore, t he ﬁ%ﬁgf#ﬂgsg%p%l?g? iggzéfeézoervxgzgi?%ﬂ_{ e,£an be

reliably avotHed®bplihat I on-accordihg to the Invention of
h{dr ogen f| usléide smd ubelindnanotiere-instkent aensPerigadireqiidmstn
~addi tional |y, faund -t hatat he $RF-eNdyelong Wafiectan- ReH Beqld y et ched

if Ozone dissolves in the (@/drogen_ fluoride soluti Oa& since the
si mul t adouPTNeRR | 0F28f dZOWe PRI TYen2PPuordEY eads® ¥ P hoval not
only of the @xidate idayerofbutbeaiveenof o0e Iprirpendictbariatard al18Q%el f.

When ozone agadng%%rrcﬁ%%lf)l uor, de a% £ X800 § ogetber , lﬁgﬁiid’uf&ﬁlffr ent
oxi dati on anug oXi‘de renoval rates ten_occur, which :
: preferably between 112° 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



25 |ead to a nonuniformmaterial renmoval and thus to an increased

m cr or oughness and-to the arising of haze and |ight 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 de5|éed however, for effective

hydr ophi li zation. By way of exanple, an ozone gas fIOM/of 200 liters/ hour

and an ozonesg%%lgg COPCERd allh CBE%ES{:&@E’BT@L%I&‘”QS]-OQ&Q"{ m§ par gp@r oduced

with the aid™or "‘an ozone generat emis addltlonally
i ntensified ﬁ:ﬁfanﬁéoh?dﬁégéﬁtwﬁorP6e0§61Iet§t iton "1igigdeq FoFfustet abFvel y

long tine, sSiBEQeARLEnABE HBSE 0BOEdH S3 WeeniiAgt he sol ution over the -
8 - course of time. Arelatively long use is desirable for cost reasons,

however. Through the spatial separation of ozone and hydrogen fl uoride,
the invensi oAdgétdbsl bothsthes usee opréfgrairbrigpdencanedatinonsdend a 5

relatively | ppg yseyof th%dBkgr%Q%ﬁifb%ﬁ%tggtﬁﬁ%lﬂlﬂﬁb (1 el@ﬁ@i@ with

filtration and recirculation_of the_sol utian. g E ggﬁ
separati on of°Ry@EREEN #P%or FHEC10 §8IuFF8ﬁ°8nd1820H +EBnt Fﬂ%e%as al |
of the nethodlﬁbepsetakﬁamﬁfmne|IB£1s&ﬁgd(uxﬁﬁuma&dspane tbachwefet when

the sem condygleL, La troqsns OYndl e Byskagensd ugside
SO|UtI0n II’S re |ono t evvafer sur aceareaycorres into
contact Lﬁthf@hedrylng, said nozzles are fitted between thée liguid

container and the partition. It is possible to provide

at least (and preferably in addition to the nozzles

(:i ' 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.



15 ozone-cont ai ni ng gas when other regions of the wafer surface are still
‘in contact with the hydrogen fluoride solution. A plurality of effects are
abt ai ned simultaneously in this way: 20 The tinme duration during which the .
dry surface of the sem conductor wafer is hydrophobic and therefore very
sensitive to renewed contam nation wi+hyparticles is very short,
preferably within the range of 1 to 5 seconds. The risk of the hydrophobic
surface being 25 contam nated with particles again is therefore | ow. The

particle cleay gﬁrae{n\%\kﬁbﬁng(XCSk&ﬁ‘?g AeieStilfencln PrAcCssdunabion | s

very short over roves the econom ¢ vj abil g he nmet hod. A
devi ce i nt endd@hf SydEapeyi rféu@ﬁ%d? heokBther E@‘éth‘%tS@a @%W zEHtIFn an 30

extrenely Spé§6n§a&bﬂﬂaiﬁ§ﬂi@ O%las e onsa@again dpeadalle sephppteved

bilit d.. E t | t f th
ﬁ;?ﬂg? Ct :aaﬁ!ﬁglfﬁg% dur &l‘frbn aﬁ?@%‘}ﬁ\éegﬁ ggnir—'%qgle?se% %%gol %gtl ?ﬁ%%)easeeto

such a great semiemdidizer t mefert hodbrouglt ndntongentaet 38ithar pEeRE out
econonlcal|yongy'@ﬁeﬂe§ﬁiéF%é&!bdﬁhéé“bééﬂﬁﬂﬂiiy dried EhﬂuﬁﬁeieSﬂQWB a

hori zontal section throu a devi ce for the tr ment of, se nduct or
waf ers in ack9r 4aneer \/\FP% preregedndt B?E‘T‘%‘? %ﬁf‘%ﬁ%l%njt nhFOIEﬁﬁ

shows a vertbeah semidorhdn fhediorgiitsudiovald dior ébei snrfaceugh thwe deV| ce
fromfi gy € Jemicofdfiie: 3,80Q8S anpr lifedl 86100, | IAlughag dayd ce for

the tre sem conductor wafers in accordance first
preferred enﬁé@ﬁlwt st ensdib O R SYSEaCRe TRGERE PR a?}ée
descri bed bejbg\wuié Aot i rstucnbedi Nt tole t hefervestirfaceés tadusigated in

figure 3. In t asaev}Oldp r}J&} veht%uasl alsc%rglc%g% %Qg_owag%ri ?djr]!%?cgerabl y in

verti cal p%SI ai ner with a
sol-ution 91- ﬁmtammm*glmydﬁﬁgbmd#f@%@l ﬁéuoﬂ'h‘ées A ebiRiucirt QEfRE— 5 20 i s
subsequant | you¢di;awn foom the solution 91 in a preferably perpendicul ar
transport direction 81, such that the solution 91 already runs away
conpletely fromthe surface of the sem conductor wafer 5 during the
wi t hdr awal tihereea$, adidtithdohalipl &went i faprfdirtialy 2Be neasicerddeorr yi ng,

which is pr r e hi;
085714203. ?&ﬁ%f%a%“bé e e %2@%‘:2%%”’%% o e from

comi ng i nt o REHRER™ wi Ct*%i‘éieny(?to&Plt&SPvc &¢PGes ol afi oﬁ CHIE abl y
i mpl emegped.ackhiese cnmaéwre@ snd | hpér SPemleStudbidke f Leddrertdetavevdlf

necessary, 'rnatt hi énfybogkner?:the to@x:ﬂiegaslggefanbgg alsec of the
' o 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
ozone 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



fed-via one or nore nozzles 35 in a flowdirected to 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 nore continuous slotted nozzles.gAa angl e between gas fl ow
direction and wafer - 10 - transport direction 81 of between 90

(per pendi cul argumased B8R iqent i Daraldelveliys Jjunef ersablis sﬁs,irparuai calkcar | y
preferably be e d o] el ol Ju e
effectively. ngec délztl?oon? &{é?%‘é ?on&g&%&?héﬁg Spégggi épta%%nqg%n also
be provi ded. Gmeomeare@nhafdﬁpggngééuggldgr pl":gﬁerlélma?tﬁéﬁ PEEM3RE or nore

nozzl es 36 i pAH | @wedi a6t e@ft Oh&BQ saﬁéﬁ@e @nddift saTicpenduetor awaf er 5.

For this purpo IS possi,bl use e 4I0TE series of
nozzl es a raﬁ&i&tﬁgﬁggnéf%‘?& aﬂ'setoo he'§ r %é’é:ﬁ &n 81 u%?.sf’nbne or
nor e sl ott ed floazzédsesuples whthl tidriakitien iamst emwcwlqﬁl@malcvif ytbé slotted
nozzl es or agphytabhty of series of nozzles, it is also possible to use a
| onger opening 15 as seen in the transport direction 81 in order to

i ncrease the supply of ozone to the wafer surface and thus to achieve nore

effective oxDdapios.” thHie czeng=donsaparaigi gaso¥3 hedpsedrer dhhygrsdéuated in
- a 10 sclution and ozone-containing gas, all of the method
steps take place in a very confined space, such that
when the semiconductor wafer is trénsported 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 regioné of the v&afer
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



20 region that is spatially separated by a horizontally arranged partition
33: In this case, the sem conductor wafer 5 in the dry state is
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 maxi num cross section of the sem conductor wafer
5 as seen in the transport direction-8%, -in order to mnimze diffusion or
convection of ozone through the opening 34. In this enbodi nent, the
partition 3Fiam=ilt hehossmal tlamebusitpl30seonsen t theowdle appvilseundary
(cover) of the liguid-container Lerichanaddit ;9pald vidild&asd abrye the

upper boundary of the li1quid caontainer 1 .. The latter variant iIs

i |lustrated T¥FHi Eﬁﬁ(???onﬁh@rﬁgffFﬁg BPPA}IMGedi ng t he ozone- cont ai ni ng
gas 93 are in any case fitted 35 above, preferably directly above, the
parti 1108 3% JLal o ahdys o8 ¢35 L0ed sae*ag&%ng%eralé V1 s i gaventi on,
addi ti onal ures i'n or revent rom
penetratlng‘i#ﬁﬁ?ﬁ#ﬁ?lﬁhﬁﬁqgh Ebﬁtéﬁﬁégeaﬁ%Pmrﬁkﬁqﬂﬁe reglon in which

hydrogen fluoride solution is st|II situated on the wafer surface. 5 1In a
second, part cuIarI referred i ment illustrated in figures
1 and 2, alé' orit &1 frer® 1154 l%? (feﬁﬁﬁ%ﬂ1q1roughnatﬁg opponge si de

wal I's, an erﬁhﬁan@@eapetﬁnhg Sl ssthigpnerictovperifnys32ivacirdordegcbel ow t he

surfacelgf gngjhxgkpgggsklgggkggrgglgﬁgéwgﬁgntﬁo Li quid containers of this
type are described in EP817246A2. The liquid container 11 can be filled

either conpletely or only partly with the hydrogen fluoride solution 91.
The sem conduciferreaf eembodindntanspdr tegce t hnoeghidathealkequisdcxdbedi ner 11
ong a 15 tgngport direction 81 by transport devices 21, 22. In
particul ar, t e senlconductor wafer 5 is transported by a first transport
device 21 in the transport direction 81 to the entrance opening 31 of the
l'i quid ment@nwﬂréﬂ emﬁodhmgughosatﬁeoﬁmmbnglbntQsthﬂlh&thdedomhainer 20

L1t is thengansported Bioughophe L auisconat nefed diamphe

entrance openlng 3 6Xi t “opehi ng i s transported
away fron1tW@ﬂ%ﬂriﬁuﬁﬁﬁﬁﬁﬁﬁbky32ﬂoﬁ Wﬁétppaél@Oééﬁﬁaﬂneﬁslﬁlpﬁeﬂhe

transport d'lh%%tlé)nlgajubﬁ thatseaend 1t3.r afisQid - wheati ce& 231u2boknsorder to
ﬁ;;?ggeﬁ ¥F&é% én§§ bygﬁ gargg?gg% preogsaqﬁggéﬂqz %Fg%éﬁgﬁrgn?hat the
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



hydrogen fluoride solution 91 does not energe through 30 the exit opening
32: Therefore, the exit opening 32 is preferably only slightly larger than
t he maxi mum cross section of the seniconductor wafer 5 as seen in the
transport direction 81. Mreover, the sem conductor wafer 5 is preferably
transported in a substantially 35 horizontal position. In this case, the
entrance 31 and exit openings 32 are-slimts which are arranged
substantially horizontally and the height of which is preferably slightly
greater t hartzidwzesgdritckdﬁe:sa:iﬁfort hel seli dartdeenordOfaf repaamtd cler) engt h of

which is - 169 gﬁdt&p%rr‘é‘lﬂéi)t Q”pEQEe}_“éﬁi@ Qi 1 3%1%%’&1@%@@ yetor

waf er 5. The energence of ? uor| de solution can be Rrevented
nore easi | y Baefeie éé(s?eéf“’eﬁnhé £ ZoRP4l 1 3 r anferRiteroft o KEP&R £R8peni ng
32. 5 In addidigient heoreeasafest asoy bed =adEPBAM246ARreanide bipl enent ed

I n ordersto ev%ptgggggogggti%ﬁo%éf afggtgn %Qgg&dggon1energ|ng fromthe

exit openlng 2 95hd nsure sem<c uctor wafer 5 energes from
10 the liquid container 11 in the dry state.
The ozone~containing gas 93 1is preferably fed wvia one

or more nozzles 36 in a flow directed to the surface of
the semiconductor wafer 5. For this purpose, too, it 1is
10 possible to use one or more series of nozzles arranged
perpendicular to the transport direction 81, or one or
more slotted nozzles., As an alternative, instead of a
(; plurality of slotted nozzles or a plurality of series
of nozzlés, it is also possible to use a longer opening
15 as seen 1in 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

C? 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



This is preferably done by a gas 92 being fed via one or nore nozzles 35
in-a flowdirected to the surface of the sem conductor wafer 5, in order
to assist the 15 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 perpendicul ar
to the transport direction 81, or one or nore continuous slotted nozzles
(as illustrated in figure 1). An angl e jbetween gas flow 20 direction and
waf er transport direction 81 of between 90 (perpendicular) and 180

(anti par al | elgntias mairef emmabl yirget , partimadisod y dpr efwdriaddl y hetnween 112 and
135", in ordgr.t epel ol ution, more i vel n s 35 are
preferably ff%%%£}4%1 fglggﬁggt %%ox?ﬁ??% tgi%ﬁgﬁ%iifx%pggghgqégkgln
addi ti on, exauzf@deon of the gas 92 by suction can al so be provided. The
ozone-containing gas 93, too, is preferably fed via 30 one or nore nozzles

36 in a flowdirected to the surgacg of_t. segi%%ﬁp%ptor maf%p 2. For
this purpose® tBo3eFP s FESEGHEAFSY udd GTETS Sd8FPEs 8P 155221 es
arranged perigendilodtaratiegl tihre ficuwsport aideéti en 18huidr comdadnenor e
slotted nozzlses; {ags3p ifhpstrated in kL8ureplkitdhgigzonai16ant ahni ng gas
93 is-preferably situated in a region that is sgatLaégy segarated by a
hori zont al | PP PRG§e PHHFRAPCt i HE 3% BREE CRERING hd<sERFBorddefor ™ - 13

- wafer 5 imetlhe dhy statecesotr ahspbytiedgemt dlsaiidle egilonion Bhe
”a”Spoﬁg dipfigelilon C%Jn]t%l%gﬁgh aF ORENISNG gve' nthe pRibi-thap 33, The
4 is pr y on l'y | arger

openi ng i ef erab y_ slight . t han the maxi mum.cross
section of SREAd246AFconBiiet okiqitdr rERSeEN Lh tFRP t Rehspdiededi rection

81, in orderitt®eri NntdgEethI§ UsironoAl yCopaecty owieh ozZiene hikireggh t he
Ber 19,34 s TR o) hepper LA RT | et sdgon o
f eedi ng t he txaosposbadaitirnygiastde drieniid aagneabeey i e g hat si de of
the paribti @Rad3pwbtclikectenpved byomhepbirguibdveeatapngr 221. thhe
R AR R G R R L S
' 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



15 fitted between the | ateral boundary of the liquid container 11 and the
partition 33. Additional neasures are preferably inplenmented in order to
.prevent ozone from penetrating into the liquid 20 container 11 and into
the region in which hydrogen fluoride solution 91 is still situated on the
surface of the sem conductor wafer 5. It is possible to provide at |east,
and preferably in addition to the nozzjes 35 directed counter to the wafer
transport direction, a 25 series of nozzles or a slotted nozzle (not

i 11 ustrat ed) swhietl pr gdesesr a thhaw e gasdS? off the: dseetddmiuadort he

openi ng 34, sugch that_.gas 92 fl h e | .t Q the
ozone-contaiﬁ?%@rs%af¥%h %ﬁﬁﬁQ§4%gZﬁ§h%g§ge %g'5g$§§%&%%§%%%#%ﬁ%'3Eanp|e,
t he gas fl owdt oder edPbveaO-ahedeofoz Aassi lyan ifor ralen &@dgice 6ff 0a

(paral lel) anekB{her pendngehaht Wethd hextd anshpanly drection 81, wherein

angl es of between 22 and 67 are preferred. If series of nozzles 36 or

continuo&% slotted nozzl es 36
In addition, the measures described in EP817246A2 can

be implemented in order to prevent hydrogen fluoride
solution %1 from emerging from the exit opening 32 and
to ensure that the semiconducter wafer > emerges from

10  the liguid conmtainer 11 in the dry state.

! This is preferably done by a gas 92 being fed via one

: (:3 or more nozzles 35 in a flow directed to the surface of
the semiconductor wafer 5, 1n oxrder to assist the

15 drying of the semiconductor wafer 5. The gas 32 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

W 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 spatially separated by a horizontally
arranged partition 33. In this case, the semiconductor



fitted perpendicular to the transport direction 81 are 35 |ikew se 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 fl ow of
ozone- 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 |ikewi se forman angle o between O (parallel) and 90
(perpendicular) with the wafer transport direction, wherein angles of

bet ween 22 awglf&y &r eipr efley r ddy Ssiidtabl 6 sextrawctpartdd ofinthe said

ozone- cont ai i : | | L | rlbu v ol di ng

di ffusion orB% njﬁ??}gﬁ“%¥3¢ gﬁ%ﬁghggggﬁF§?ﬁ1§g 822&%%§t%$dﬁ%ﬁﬁ¥ﬁ% openi ng
34 in the pat?i tRohss rPagikidrowtdf The RpP&réegen 3 uist i BleekdTaR,Yon
opposite to dhey tsRNGPOrY THiRet | thaBlehs pieimirabi oy adiagdn vt he

liquid centai,ner 11.in qrder to counteract the._entrai nen% of particles to
t he exi t'%opgtrﬁengsgﬁllgfmg Sg?fqu"{a “Contai Ter Sf%n . I}stggn %?%S Cl'retved by
neans of 15 dloreasipanditigl y oF i eprdalr nozz| esifhoizd | |dstietied) Wt hin the
liquid contaidifecdklion tofS Rddict | O loh Prabergreiker 3he hydragen
fluoride solutlgf 91 to_gIOM/ama. Ihro%gh.th%.ﬁgtrance %ﬁfnLngfzo 31 or to
be di schar gedRALAFrhe NS AT Torfthi ner 131 fhtEHe Wi A9 Y OBt Hhe
entrance operiiengl3tierah bbhiisdeageofi ttlvanlbeutdl keotetnefi Lier dtheand
rEturneqotorkﬂ%les 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
(i 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

(ml 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 likewise 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 produced. By way of example, the gas flow



liquid container 11. If a plurality of liquid containers are connected in
series, the hydrogen 25 fluoride solution is preferably collected
separately for each liquid container, filtered and returned to the
relevant liquid container. Figure 2 schematically illustrates an

associ ated collecting.trough 64 that collects the hydrogen fluoride
solution 91 draining 30 fromthe liquigdscontainer 11. Fromthe collecting
trough 64, the hydrogen fluoride solution 91 can be conducted into a
supply cont apneduddd and e geetndrzredst a6t hanl Likedi sont@aimem Ehogtiea a punp

62 and a filter . B a f .t filt | oN ?gﬂ . he .particle 35
concentratid%gcg%§%%e%eg$ gga%a %%ﬁPeGEC{?%% a'f'o 5%?#%%&afhe%gg%arate
col l ection, %hetreafon apterwperh fOiredetPli qUIRETEsHt aidfgilelss of

advant ageous,Siwie, 27° LS BRY, afe PpEbEcHled] YshDwaay td:al e andnnret al
Concentr%tlqgfcggebgzgggfgéﬂg§¥%£Jétgé%|§§tb§lslgé£on can likewise
contribute to avoiding diffusion or convection of the
ozone-containing gas 93 through the opening 34 in the

partition 33.

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 is 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



- 15 - containers 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
inpairing 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 perpendi cular to the transport
direction 81 of the sem conductor wafer 5 is preferably greater than its

| engt h neasurettdimetrise thrangpowhidhr dbei ean8dondurtyar tadwirar paske |iquid
contalner 1l s;di frRsi ghedi sUENLbNAbabtRol BhD Le pieal eieLhal Lhe width

of the. 15 sem caonduct or ) reated therein, such that _the

seni conduct ot Geifderf 15 iingd Srdide £ s R¥GrRIH! %U&trﬁdﬁn SPRECEPRUPY

contai ner llis ByompDétenyt, ekbeahgegtmgﬁidrmmiuhnum copihrihes thein the
transpor d|re ti.on th uc i ref b | ess
than 20 The e%bl%' E%Fﬁgtseﬁfgg g 8 % ¥ﬁ%§{”§%ﬁ%?ﬁ%? %%ﬂ b

sem conduct Gﬁﬂmf"@ld 5given t féedi $@é¢| &amgf intenvedgt hforasoRedefebe
situated comgicgt@lge.Within the liquid container 11. If the semn conductor
wafer 5 is substantlally round, "length" and "width" of the 25

sem conductor wafer 5 should in each case be equated with its dianeter
These prefefMhed siizdlr el afi ordte psligkiel i t cposaimtre tdldi swesveedi th gui de

el ement gpar ranged MLk p tﬂ? |ﬂh%u' dr30s608t aidectionsigite & sepbconduct or
waf er 5 transpqQrted through the (_;Lwd contal ner 11 can at any,tine be

hel d and tr &SEPSPPEHCERFt K& Sy %t PedteTGTERHY (HEAWRS t?%‘?ﬁp&)FF‘ devi ces
21, 22 adjoilenaght haebsqoed cont aiteer thdnsbrat dhwediegimnnisng ofnt he

et hod, theggeg%eapgycteﬁew@igﬁlé Eont kel froma ﬁ%ﬁ%&%ﬁe&o ufXanpl e and

p5|t|oned Irst transport device . This 1s erab effected
aut omat i cal thaBy atgobeidtht 3% ﬁHﬁ?@@&enFP?n -thg Wlﬂt@f ePabl §1'€i xed
per pendisul aeniechigctoanspdet di recteconr@htby therkinst shenngpett device

21 and transported L0 hhe. LLanspor o dhigel i A1 160 (Lh5seRE" Aagen OPeNi Ng
31 of the first Ie Pa-¢ontai ner rll
in the llquld 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. If the semiconductor wafer 5 1is
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



5 and through said opening into the first liquid container 11. Wiile 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 into
contact exclusively with the hydrogen fluoride solution 91 since the
liquid container 11 preferably contal ng no gui de el enments that support the
15 sem conductor wafer 5 and would therefore shield it fromthe hydrogen
fluoride solpidfradlyi n pirees. pBipsndscpdsasi bliew whehet he danggiodtcont ai ner
11, as descrj.hed_ above,.i L]l er h t 1.Gon fer as seen
in the transC\pore[ P recg%oﬁbgnachseuc {wanss%ggrgtemggg%éé%c}:%r war er 5,
during its tyzamspertethr éoghthhe Frquﬁﬁoé%ntQﬂﬁﬁ#t¥EP Fdn &°c amfeti ne be

fixed per perg‘lt%léxln%'é tpddigd r ansper teyd rfﬂiét@”lga}um thachinst 21 or
second trans evi ce 22 or by both and,b | t aneousl y .t.ransported
further Pn t tréhﬁﬁﬁéh i r eBPFOHBL. L Vﬁ? nﬁﬁe Sém® &u@?&? waf er 5
is transporkemtbhmemghlthe I|qU|d container 11, it can 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 traniport devi ce 2% 30 situated
on the oppoditidesiiiiei8f LERESPPEHRPY LB at Mer ST 205 RREEBPY PilxES t he
sem conduct athenafidrr Dponde g rtmﬁmndjmlfasrﬁs)t tld cuhie tooanspoet
directiop 8%Jend ﬁéagggertgf tavay. £ 9 %HH%O Q@ngngﬂgﬁﬂpf sLhe liquid
cont ai ner 'n ransport girec 'l on second I qui d
cont ai ner i $ipuasedt , wiReant hehq r drisivdek G@VFéen?Q tFandpEiesabhy
sem Conduct Qfoni&ﬁf erln%ot 0 ddd}ﬁ:a%’tt I aea ueReBILRY Qrflthhlet&écom@dhbeth
ontalner a t hr. ug sal d. o ng_Lnto the sec I takner. - 17
Dependln SHIF g re ?F%ﬁﬁ? anﬁhﬁc%erqbrngngﬂgd' éﬁﬂﬁé(ﬂé} %?
enbodlnent @&eﬁheabhyeﬁpnbﬂlnanyOdeﬁﬂﬁeded@ﬁ§etsoﬁhéFe§HPﬁgrEan@ (liquid

contai ness Walf ceAnhesnendiditdr ¥i nehdlewbaes, ﬁr@@f@&ed%m&lfﬂt the
ozone- 5 contalnln gg_ and transpaort dexlges ) ﬁan be connechg in
series, wherd%n tERcEYSPIRY 1HArgE T AGnE- UL Belri MBnPAPCES t K8*&conomi ¢
viability add gossibdt eheal Ithen ldppriccicaisite inepr diement descrihbed| eani ng

performance,,khe nu ?egmgheke ahd &%t%ehﬁc%%@{é‘?' y]a%@rats | gast two
and at nost ten, four to e| cl eani ng unlts of i cal é pe are

t
particul arl y’FeSF‘ef’eﬁ‘r dde | F‘rénﬁPBF*él |‘ibyr%‘ft3(ﬂreaﬁ| ng ﬁ‘ﬁ?kf‘s t hen
t hey areoar sengednalobgr avhfanspordupaid ors wWiatstidre $&wnughduheor waf er s
are transpo&ggglahrggghﬁéggr151QeV|Q%_'ﬂg%tr p0££mgatp?neegxggt

necessarily strai g route; it can be cur ener a &Q‘r at specific
| ocations. PREPERARSEIRE pet h the JBFRMEBROEY tqaefepitégapd &bnt?xi neP€ and the
transport d@&kﬁesz$1dﬁﬂéﬁbdﬁﬁcxﬁhd§ﬁbﬁﬂrdﬁvﬂdannm @ﬁﬂb@lheth beiwveen two
20 respectiye li,quid_containers_an r S i er. The
EXpFESSIOHS% %Pegaaﬁauﬁayteransgggﬁégefgpggr?v% g§n$5%89%8k9
equenc%5|ndmhﬁehl@he %enlc@hdh@tothﬁwﬁ%ﬁ@ﬂQﬂﬂﬁqﬂﬁ@ﬁspUﬁ?éé throhgh the

'ndi vi dual , ¢khauh8rcoat aiMQigh bhe t NAYLALE &SeEhfrodr t he, 25 tdegghi ption of

a spatial agagggggegg'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.



The liquid in the second liquid container is always contam nated with
particles and netals to a |l esser extent than the liquid in the first
liquid container. 30 The particle and nmetal 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 pyerall a thicker layer is renoved
35 fromthe surface of the sem conductor wafer, the netal purification is

l'i kewi se i nppev&eiiBy sasensl ng@irécﬁaéleémgﬂl@fﬁdﬁta%t@ps ief drdenti cal

type which procee ar uid containers, the cleaning effect
can therefore® %ecg %rﬂ??%{\%%eﬂﬁoy fn%? qla %?/t P gy c% Cg ﬁ t he
prior art, wihckgriosesmnidy atliigmidnclhatgedeovevath. Cdimﬁxﬂﬂndymgng of a

plurality Ofdf*fﬂﬁd agﬂiéégersféeﬂhhaouhkﬁﬂﬁkﬁﬁ'a?&ﬂ | gRai ridyg,ie
econom c _vi abi met - 1S an made 5 pos I ble by this
enbodi ment ‘?Orﬁ?elqlﬁ\gerﬁaisorﬁ F@an’?ﬁ?%cc%?ﬁﬁ 1o ERIEA of t he

i ndi vi dual tqu|$bxxHHﬁurmhexetIn&xspax@egsﬂnﬁhyﬂnﬂﬁrg@ve&ahbedoeasnot_
| nor ease or n@ﬁ]%}thonw Lohan JcasbARk! | 6N BXLPNLnaAladdle 9B tine,

t he smal | e I ndivi dual _ ‘
ail an appreciable improvement in the cleaning

performance. The number of cleaning units is preferably
16 at 1least two and at most ten, and four to eight
cleaning units of identical type are particularly
N preferred. If a plurality of cleaning units are used,
(: then they are arranged along a transport path on which
the semiconductor wafers are transported through the
15 device. The transport path need not necessarily be a
straight route; it can be curved generally or at
specific locations. The transport path is defined by
the liguid containers and thé transport desvices
situated before the first ligquid container, between two
20 respective ligquid containers and after the last liguid
container. The expressions "befcore" and "after" are
merely derived from the temporal sequence in which the
semiconductor wafers are transperted throughl the
individual liquid containers, but they are used for the

(:' 25 description of a spatial arrangement.

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



10 liquid containers makes it possible to transport the sem conductor
wafers w thout guide elenents within the liquid containers. Since the

sem conductor wafers are treated individually and, noreover, are not
shi el ded by guide or hol ding devices within the liquid containers, 15 the
cleaning efficiency again increases - w thout increasing the treatnent
duration or the space requirenent. Theirgret hod according to the invention
can be operated continuously, which has a positive effect on the

t hr oughput . dbmpowviescn fwidrdt Shelepaiwdr raat, svideh 20 pfoddms séwnroguct or

waf ers can be, }E]%egg O;}egglmden{,ﬁgal Irg%%@ggl Abfurthgiuggygmg#agpf of this

enbodi nent st It can a be app t o "sem conduct or ers having a
| arge 25 di akhEterd ofoBbBlngR Or ~notidhousr BRAANIEPA50 RGPt
appr eci abl e é@ﬂg;tnl{h_ej’ll ngatbflltlltq pb@CE$:ﬁedenét:hOcﬂ Theis racmsmrtmadﬁw ces 21,

22 used are pref ra anspor ol l&rs NPOSE, a,.S | e naterial
(e.q. 30%pol c\’/slsn:L rﬁc pre era‘?jventl 1"h(La!“J’lr?%l%s’t < at e, :

slightly pre@%cqmet s@fn @bﬁdm@l V\h@Fmtl‘B ef Bdeh Jsﬁcﬁéfsldallﬁd mev@id  furt her

in the transaﬁfﬁaldie&%ct | QReBlsphtd theqnai wbnefntd BREek11! naddd s mybodi nent,

the liquid container 11 (or_the plur |t% of liquid. ontraflner |s 35
preferably S (’?ne?f t o heEd Cflhﬁﬁ Tl % as PRy "Fonduct or
waf er 5, in Ardehet batei ndimg, dudie rehdkl pangsh( ode ot | Erdigbigir@land t he

other below {15, sentsenductar wakes I bsLosd, Aande sl tehnkBerti G
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



container 11 or between the plurality of liquid - 19 - containers are
sufficient to enable at any tinme a sufficient support of the sem conductor
wafer 5 and thereby a contactless transport of the seniconductor wafer 5
within the liquid container 11. This enbodinment 5 is illustrated by way of
exanple in figure 2. A transport device can also conprise two or nore
roller pairs; preferably, however, in each case precisely one roller pair
is used before and after the liquid container 11 or between two respective
liquid 10 cotdmrtdiisss Abrkeashfoneiswt | @o oknealé tamnsperttodeyi ge has to

be driven by t.or .in_grder. tao be_ahle tran rt .t sem caonduct or
waf er. The o?ﬁ%frtpcrlo qterguggg%e ?flr)aﬁgf)orstetm é:\?flcél%ggﬁ el h.%err i l?er\ﬂ se be
driven by a Wptxabwand aanbadtlassansporipatie sénitdendeenbroridiakmirer, or it

i Sf possi bl e %@Eexlt @[ﬂiﬁfﬂir{ Q:hhéti‘ lqrdu\i@ntc%gifﬂaﬂﬂ.%l’ i9. gpéié hf‘m&?&fﬂnﬁé‘?s{ﬁduc'[ or
waf er per_pendi cul.ar e.transpor irection. er. transpor

nmechani sis cah b]eﬁﬁ’é)écfa%secgnbfo &eer Rt §§a?‘8f?hel’i‘ol Y Thus? the
sem conduct crrameirens chrviatessocdme passedonprbye meehapircalorgr iygphdres on both

si des of thedi,qui ¢,,cONAING/ . AR Vi e@@tﬂsec%&%%lgs RSO
possi ble, in the case of whi'ch the sem conductor wafers lie on a liquid
filmand ar 155 adfdrced Swi ti5eChebsarer #8%z| @5tens tidie t H knal )

oxi dation ofcdarhaisem cobtjucter wakekechhe twdt eresperenvyed lurefier abl y
Cont act hgssidbrila Bk keashew LDaLhe SR 1830 R0SEED] EacontathBuge. Thus,

30 the sem conductor wafer can bé renoved é Wth ai a so-called
ul trasoni ¢ §iSVEser hawi the tife Hiiesf Bihiscialies danmicgsisdudrobenabde | oats

(c(gnt actl esslyy tAlahspherdeser isbed cbypesrof L48MSPOrte dHLESNAakrRe 35

erated at nstant_or vari.abl e speed. .The seni conductor wafers are
Ot oy bl v (it il 1801 Fo *BERT saliRs: e Sfieh kel attieisan ng.

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.



- 20 - The invention can be applied to all types of sem conductor wafers,
to'nmulti- or polycrystalline sem conductor wafers (which are used for
photovol tai c applications, for exanple), and |likewise to 5 nonocrystalline
sem conductor wafers (for exanple mcroel ectronics). The sem conduct or

waf ers can be conposed of any desired sem conductor materials which are
oxi di zed by ozone and the oxides of whmgh-are dissolved by hydrogen
fluoride, such-as silicon for 10 exanple. -21 - Patent Clains 1. A

net hod for tTree tréatraphionf a@asembeondustoredvafes, bBhlwhitghethe of

sem conduct g | e icn acliqui zont al.ne i Ehgg] t, .l east
partly with %e%%oﬁqdo%%%nggﬁ%fﬁé h;/:ar oglggtfc(l uorglkde?og%{:: t agltllé% de

si tuat ed on YHE FIFEEETof v FRr S e AV RBFRIVEEST UReCerf el sRBP R 1tad c
transport ed 1 ifattikessol utfen al epgmaiéy anspant di negkivoBeand dri ed, and
s treated wih an gzane;containing gas Af ter, dLying. c3Uch Lhat, the
iurface of the sem conductor Waler 1e oxidi ze%, whergitiTone part of
t he surf ace mfcnded esdmiondeduct ofheaf eemarerddyteonmesmfianso cem ade with t he

ozone-cont aidﬂnl&&%is_a\bi bﬁ aﬁﬁsh%%dpaéémi@oﬁd@%t%w fr@%%_r@.fal%h%zhich _
sem conductor wafer is sti in contact with the. solutio ,%%d wherein the

I

sol ution and%the®5:8hEeCorthi FFRGSgad Gr &1pabtifts Sdpa¥ i“fSsuch a
way that thelisdolived cope hyttmwoeont Btiomiddy, osechnatshesili@on THernmet hod as
clai ned4{phn claipl, wherein the ozone-containing gas is situated in a
region that 1s Spatially separated by neans of a partition, and wherein
the sem conductor wafer in the dry state is transported into said region
in the transport direction through an opening in the partition. 3. The

thod as clainmed in either of clainms 1 and 2, wherein the drying of the



sem conductor wafer is assisted by an inert gas being fed via one or nore
nozzles in a flow directed to the surface of the sem conductor wafer. 4.
The method as clainmed in either of cl @hm; 1 and 2, wherein the ozone
containing gas is fed via one or nore“nozzles in a flow directed to the
~surface of the senm conductor wafer. 5. The nethod as clained in either of

clains 1 Epg'ﬁ ‘ﬂﬂﬁreln t he sem conductor wafer is transported through the
liquid co f er ong a transport direction by transport devices wherein
the liquid container has, in two opp03|te side walls, an entrance opening

and an eX|t op wth f Lution. -22 -
6. The rrethod %ﬁ%‘fﬁé& q\:eag'g'SPﬁwS%@@ﬁ {0? ﬁlgfege%%%%ﬁctor wafer is
t ransport eemiconductubgfeant i al |y horizontal position, and wherein the
entrance and exit en| s. are sl ot j ch_.ar I .substantially
hori zontally aﬁdre? & 1n 8 gHid Sl il ec\#\ml ?‘?ﬁﬁlﬁ"g‘aﬁg@g" han t he

t hi Cknessc@itahihg hymgémﬂlcbﬂﬂeosuomﬂwaromwsﬂdaed amihe lsudhcanbiitbh i s slightly

greater than. t EeﬁOf t he sem conductor wafer, and which is configured
to prevent® Tﬁ@"%&ﬁ' dss98PPde sol ution fromenerging therefrom 7. The

net hod as -cl ai ge@nsporedaiutrobthe wokition aldnge tsarisport directionand driedws  awvay

t hrough the entrance opening or is discharged within tthe liquid container
in the vi chlty of the entrance opening, and is subsequently collected,
filtered and r:etmemedvimcartdsmanleicw'tghin@gaaiammrying,&chmma@rfaxﬂetdnod for
t he treat pont of - onduct or wafer The invention relates to a nethod
for the tv‘@a?PP?é“r?P orayv s O or wafer 5, in which the seniconductor

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.



wafer 5 1is treated in a liquird container 11 filled at least partly with a
solution 91 containing hydrogen fluoride, such that oxide situated on the
surface of the sem conductor wafer 5 _gisssolves, is transported out of the
solution 91 along a transport direction 81 and dried, and is treated

W th an ozone-containing gas 93 after drying, such that the surface of the
sem conduét or Waé efethod 85 GhaintBdzia dlaimibewherirothe spaidondlictbhwaferisf ace of the

senm conductor wafer 5 alrea cones .intg contact w th the ozone-containin
oot 69 whiPESRoHaH T SHBHANGY PRGHETA PASEOT EE e B OGRS AATE: & 16

still in epéiiRgd ardisldis WARKSRE birhAgedsubsRftialiyorigirallynendtat bikiganoO1 and t he
ozone-cont aj ni.ng. gas 93 are spatially s? arated i,n such. a V\@}/ t hat they do
not core PRI i Sl oreatarinem Bedisknss o egemjconductor wafer and the length

of which is slightly greater than the width of the semiconductor wafer, and which is
configured to prevent the hydrogen fiuoride solution from emerging therefrom.

7. The method as claimed in claim 5, wherein the solution

- flows away through the entrance opening or is discharged within the liquid
container in the vicinity of the entrancé opening, and

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



