| A nethod and a device for treating substrates and a nozzle unit for this
purpose The present invention relates to a nethod and a device for 5
treating substrates as well as to a nozzle unit for this pur- pose. In
particular, the present invention relates to a mnethod and a device for the
surface treatngnt of sybstrate and gcially substrates in the
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t hey i npl ode. The cavitation bubbles formthe basis for the wultrasonic

cl eani pg technigie: oA, 8. 5" 8aHEBRYn 20 8: 400K asound in the most

varied of technclogical fields. Hereby, the components to be
cleaned are brought into contact with a liquid medium, usually

15 being dipped therein, and are exposed to ultrasound for a cer-
tain period of time in order to detach the impurities. Ultra-
sonic cleaning is also a recognized technique in the field of
wafer and mask production and is already used in very many
different ways.

20
An ultrasound system generally consists of a generator and an
ultrasonic transducer, wherein the generator converts an al-

- ternating voltage into an appropriate operating voltage for

| the ultrasonic transducer. In turn, the latter converts the

25 electrical energy into mechanical vibrations which cause posi-
tive pressure and negative pressure phases to develop in a
liquid medium in contact therewith. So-called cavitation bub-
bles are produced by the alternating positive pressure and
negative pressure phases and as a result very high local pres-

30 sures and temperatures are created for a brief period when
they implode. The cavitation bubbles form the basis for the
ultrasonic cleaning technique. At a frequency above 400 kHz

one speaks of ultrasound, and from a frequency of 700 kHz up-
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one speaks of ultrasound, and froma frequency of 700 kHz up Literal

transl ation of International Applicat&on PCT/ EP20051011533 (WD 2006/ 048185)
2 wards, of megasound. In the range Covered by the nmegasonic frequencies,
the cavitation energy is conparatively small so that destruction of

m crostructures is avoided. At the sane tinme however, the cleaning
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of the wafer should be 15 treated substantially u EY thevasi s of
such acensteguehcehe negiesouhe dlsj estiadfl vt heedpwaeent ricavenhigomaifertso opti m se
uItras%%%d an Sin particul ar nmegasound treatnent processes. 20 For the

achi evénent"“&f Sthi s object, the present invention pro- vides a nethod for
the treatnment of substrates, wherein a lig- uid filmis forned on a locally
bounded surface area of the substrate requiring treatnment by neans of a
nozzl e linicRewknenn28 lggaprindes caeandagt systecnl sngat ed nozzlescarbadgenent and
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ul t r aseeire etir assduger car angeaeRtreb$mbheUBAL 1hNtFQ 1 16aNtLA¢H ‘Migﬂihhe l'iquid
filmand thereafter, ultrasound and in 30 particul ar megasound is introduced
into t R®ds&Nesr REBOPPGuite ultrasound. Hereby, the ultrasonic sound

waves are directed substantially parallel to the surface of
the wafer and the entire surface of the wafer should be

15 treated substantially uniformly.

On the basis of such a state of the art, the object of the
present invention is to optimise ultrasound and in particular
megasound treatment processes.

20
For the achievement of this object, the present invention pro-
vides a method for the treatment of substrates, wherein a lig-
uid film is formed on a locally bounded surface area of the
substrate requiring treatment by means of a nozzle unit which

25 comprises at least one elongated nozzle arrangement and an ul-
trasonic transducer and in particular a megasonic transducer
arrangement arranged adjacent thereto, wherein at least one
part of the ultrasonic transducer arrangement is brought into
contact with the liquid film and thereafter, ultrasound and in

30 particular megasound is introduced into the so formed liquid
film. The method in accordance with the invention is suitable
for the employment of ultrasound, wherein it is preferred that

sound in the megasonic frequency range be utilised. This
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film The nethod in accordance with the invention is suitable for the

enpl oynent of ultrasound, wherein it is preferred that sound in the
megasoni ¢ frequency range be utilised, This Literal translation of

I nternational Application PCT/EP2005/011533 (WD 2006/ 048185) 3 nethod
enabl es surface areas of a substrate requiring treat- nent to be treated in
a locally limted manner using liquid and ultrasound so that the treatnent
can bemephbdi spdbles thrfacparateenl af sustihseratearcfulitrheymoreata treat nent

can be ef 5 fected with just a.sm antjty of Ili id.due_.to t |
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t her eo || ca b i I e_su [y st at a ferred
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of the _substrate to be treated in order to enable a |1 defined
ho geﬁégﬁs PpauFBaFfFﬁﬂ%FbOB@?fEFﬂEag SAB PRi SePRSEHFA 88siF8EsSPRt he
provi skep,+0f i dahinednt EgatABNEoYER i Bht basqundc,251Phehar abhy, pg rel ative
novenent between the nozzle unit and the substrate is produced in"order to
Qnablethhenbtqﬁbdatrhngement. Furthermore, it should also be men-
tioned that after the local formation thereof, the liquid film
can spread out and thus cover larger partial areas and possi-
15 Dbly the entire surface of the substrate. The liquid film can

be formed by liquids in the classical sense thereof as well as

by a medium in the supercritical state.

In a preferred embodiment of the invention, the liquid film is

20 formed between a substantially closed base structure of the
nozzle unit and the surface area of the substrate to be
treated in order to enable a well defined, homogeneous liquid
film to be formed, and this in turn assists in the provision
of a defined treatment with ultrasound.

25
Preferably, a relative movement between the nozzle unit and
the substrate is produced in order to enable the liquid film
to be deposited on different surface areas of the substrate
and to introduce the ultrasound into the liquid film in these

30 areas. This thereby enables a large area of the surface and
possibly the entire surface area of the substrate to be
treated wherein it is possible to optimise the treatment with

the liquid and the ultrasound for different surface areas. An
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to be deposited on different surface areas of the substrate and to
introduce the ultrasound into the liquid filmin these 30 areas. This

t hereby enables a |large area of the surface and possibly the entire surface
area of the substrate to be treated%hereinit is possible to optim se the
treatment with the liquid and the ultrasound for different surface areas.
An Literal translation of International Application PCT/EP2005/011533 (WO
2006/ 0481 8h) s4tiopt bfi sAL EoBypé 1B| sfrobypextspléprpexanple, bpossihlggby
varying the_relative novenent between the nozzle unit and the sub- strate,
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effectiyeats ahhereds and henebye 1be sppeghcaf chbeifaliahi ve, roxagent is

preferably altered in dependenc on the position of the nozzle un

rel ati vbetolthessubdt aatecffdstaveéuisheitposg} bahilt getobyt hehepspaedati on of
the treat- nment, jt is possible,to vary the introdugtion of the ultra 10
souhd PhtSPERESHFoAFD TETRTBUF | Ao PHECEFeat hent ForEReh) FOPehaRaRSl o ¢ he
introdyst tpB PhstbecH! braspundosancbgnyarbedat Dvedepepdencgpen bhg position
of the nozzle unit relative to the substrate. Thus, in one enbodi nent of

the invention, the in- tensity and/or the frequency of the ultrasound
introdyced iinto, 15 the liquid fi.lmcan be altered in order to

cor r eshantl RgF " EhRRGE: PRETEYT EGF GRCt REC BTt FRE0aNA 0N tRe: SaPFace area.
Here, wbat,i stneanpobyiplehangeakn thequebeydihstaohebat tMel M1tshal |

deviation with resgect.to_the,resonant frequency of a transducer in order
t ol®let GABNEheNFat £8P Ahduhenéélal deFinfetRe EBFfetRPrlEnesEepebYi ferof the

Lransdugero  Li anbuihbepqgabedhmeat (oL Lbe Lovgnkl o0, bheyangky of inci-
0 |y be

dence e Ul trasound on the substrate can prefera vari ed by
posi ti dapagdeheeubhr asenpesttanadufethar nangéaenhiat rébaanvangbetiket h
respect to a surface of the substrate. The an- , , ,
substrate. Thus, 1n one embodiment of the invention, the in-
tensity and/or the frequency of the ultrasound introduced into
15 the liquid film can be altered in order to correspondingly
change the effect of the ultrasound on the surface area.
Here, what is meant by a change in frequency is a relatively
small deviation with respect to the resonant frequency of a

transducer in order to detune the latter and hence alter the

20 effectiveness profile of the transducer.

In a further embodiment of the invention, the angle of inci-
dence of the ultrasound on the substrate can preferably be
varied by positioning the ultrasonic transducer arrangement at

25 an angle with respect to a surface of the substrate. The an-
gle of incidence of the ultrasound with respect to the surface
of the substrate is preferably varied between 105° and 75°.
Both the change in the intensity and/or the frequency of the
ultrasound and also the change of the angle of incidence of

30 the ultrasound can be utilised for deliberately producing
cavitation directly on the surface of the substrate. Never-
theless, intentional detuning of the effectiveness profile 1is,

for example, also possible in order to produce cavitation at a
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gle of incidence of the ultrasound with respect to the surface of the
substrate is preferably varied between 105 and 75. Both the change in the
intensity and/or the frequency of the wultrasound and al so the change of the
angl e of incidence of 30 the ultrasound can be utilised for deliberately

producing cavitation directly on the surface of the substrate. Never-
t hel es915FATeht #6RAI THeTURRRgSBFLeRR eff elRei vehesEaprofP| 85i 8O PFBT exanpl e,
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away foebnthaetseatmert ofabhehsubseratféesbedswiohpud-deetrogéngi thee surface
structures {or exanple. Optimsation of the treatnent can then be effected
wi t hout “H85tP0ying the structure. 5 In a particularly preferred embodi nent
of §he invention, the wultrasonic transducer arrangenent is built up froma
plurality of ultrasonic transducers which are controlled individually

and/ or IRnagpaupschhabtdeprebeproducebdiinerenef appanisventipniotheasoni c

ounded T FauTH:Fi Free s aoEnprt aBbhEhErEs bEEHEro Lk BB ee Tl

extendsfouvetrasbai getrsusfiacersanrachf atbecsnbsbr ate, isdehiagaover the
entire wwdth of the substrate for exanple. The individual or group-mﬁse
cont r ofN4506f 1R h@r QvPF asBnPEIEF ahedREefece hdihl EpEpNesaBpEnifsed Bievat nent

OvRy the wdih ﬁéuﬁ@eaﬁggﬁéﬁééefuf¥ﬂ¥£S%88ai§%gééﬁf&ﬁgéﬁtg?ggtmEHEsthe

transducers to have di rent resonant freque S an arranged
ei t herwithhanroeotocallhebbondedf laguiatirtx1mn Dhderapplpesvidepkoeal |y

differin reatnents, Hereby, the 20 ultrasonic trapnsducers are preferably
controFFgHi%F'dV??%rEﬂ? EFﬂgéﬂs?f%@seéﬁﬁwg? PYequén ?EganSBFH@tho enabl e

indivigdual of the substrate, such as over the entire width of the
substrate for example. The individual or group-wise control
15 of the ultrasonic transducers then enables optimised treatment
over the width of the substrate. Provision is preferably made
for the transducers to have different resonant frequencies and
to be arranged either in a row or in the form of a matrix in
order to provide locally differing treatments. Hereby, the
20 ultrasonic transducers are preferably controlled at different
intensities and/or frequencies in order to enable individual

optimisation and/or matching of the transducers.

Preferably, the liquid film is formed substantially along a

25 straight line over the entire width of the substrate and the
ultrasound is introduced into the liquid film substantially
along a straight line over the entire width of the substrate.
This enables treatment to be effected over the entire surface
of the substrate with highly localised optimisation of the

30 treatment process by means of a single movement of the nozzle
unit over the substrate whilst appropriately controlling the
nozzle unit arrangement(s) and the ultrasonic transducer ar-

rangement. Hereby, the introduction of the ultrasound is

Literal translation of International Application PCT/EP2005/011533 (WO 2006/048185)



optim sation and/or matching of the transducers. Preferably, the liquid film
is formed substantially along a 25 sgraight line over the entire wdth of
the substrate and the wultrasound is Introduced into the liquid film
substantially along a straight line over the entire width of the substrate.

Thi s enables reatnent to be,effected over the entire surface of the
subst r REETGEER LN R '8N 8d ddteresat MERANEE St RFSI0 thceatifeMt ofr ocess by

means ohed s5bagla CBDGEMRRt of e 1ezabe.1uRbL 1Sh iy %Lfb%f ate whil st
appropriately controlling the nozzle unit a rangenent and the ul trasonic

t ransdécertaentr pngereist.. Hereby, the introduction of the ultrasound is
Literal translation of International Application PCT/EP2005/011533 (WD
2006/ 048185) 6 preferably controlled in different nmanners over the w dth of

t hessulbpglr at ¢ugenas HAtRhavigde rl egali raRkikAbsabirorhef tthe trlhealyyent. process.
5 For a further matching or optimsation of the treatnment proc- ess, the
conposﬁﬁﬁ@ntbﬁ EREPPISGELENf Ofnithg Lhquiidgdpdmingmtbs le@muﬁoﬁhém iBor the

f. | opt t t bl
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this theeebyremeﬂn@nbl pig farkeedl cakbernakison efiutrhe itkeattnepl; peecess to be
ef- fected along the nozzle arrangenent. Hereby, different |ig- uids and/or
d|fferWﬁ@C&uéﬁﬁlFP§§r@ﬂlﬁ@q&“ddéﬁ epeeterapPerap- thiiised NegelM $rEg t he

subgtrateal ang the | £ zl r.ang f.or, r poses of
forﬁlng ?ﬁg OEE ?QQE%|?Of5%?e?g%t Fagﬁ'%@ ?g%g%gg %éh%% %g i nclude, in
partlcﬁbamedlaQonQ|dﬁehammagedettem@eme@mnceHbmabwonﬁldﬁeaemmnshqtuent I n

the preferred exenp ry enbodi nent of the present inven- tion, the liquid

fil mi &i85pPPad OBy IR 160 Suapsdddesns néiquzé & BreLRgékent $PGhi ch are
arranged ;@@ apRashie sl 482 QLpkR®ate along the length of the nozzle

arrangement for the purposes of forming the liquid film. Dif-
15 ferent liquids are also meant to include, in particular, lig-

uids having different concentrations of a constituent.

In the preferred exemplary embodiment of the present inven-
tion, the liquid film is applied by means of at least two noz-
20 zle arrangements which are arranged on opposite sides of the
transducer arrangement in order to ensure that the liquid film
is formed very homogeneously in the vicinity of the transducer
arrangement. In one embodiment of the invention, different
liquids are supplied to the nozzles arranged on opposite sides

25 of the transducer arrangement.

Preferably, an average spacing of from 0.2 to 2.0 mm and in
particular of from 0.7 to 1.4 mm is maintained between the ul-
trasonic transducer arrangement and the surface of the sub-

30 strate to be treated during the treatment process. Hereby for
example, the spacing can be varied during the treatment in or-
der to produce, in turn, a change of treatment, and in par-

ticular, local changes thereof.

Literal translation of International Application PCT/EP2005/011533 (WO 2006/048185)



transducer arrangenment in order to ensure that the liquid film is f
very honogeneously in the vicinity of the transducer arrangenent. |
enbodi ment of the invention, different |I|iquids are supplied to the nozzles
arranged on opposite sides 25 of the transducer arrangenent. Prefer

average spacing of from0.2 to 2.0 mmand in

or ned
n one

abl y,

mmis mai ntai ned between the ul- trasonic transducer arrangenent and the
surface of the sub 30 strate to be treated during the treatnment process.
Hereby for exanple, the spacing can be varied during the treatnent

der torprod ] , n d in _par- ticular,
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iquid formng the liquid filmcontains a devel oper

I | ng
or an SEERATAGRAGRAt, "RREFENnIPntRhFsCRa8et bReuhF FRBCBOAJSBAYERES 5 good
cony ackobgt wegathepsbyfagerRt thersubstratgt o 8 (LEgatgd and the
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effi- ciency of the cleaning process. 15 The object of the invention is also
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i ng udi ng at

15
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30

In a further embodiment of the invention, the liquid forming
the liquid film preferably contains a rinsing agent and/or a
cleaning fluid, the ultrasound thereby assisting the effi-

ciency of the cleaning process.

The object of the invention is also achieved by a device for
treating substrates which comprises a nozzle unit including at
least one elongated nozzle arrangement and an elongated ultra-
sonic transducer arrangement disposed adjacent to the nozzle
arrangement and in particular a megasonic transducer arrange-
ment, wherein the at least one nozzle arrangement and the ul-
trasonic transducer arrangement point in substantially the
same direction and wherein there is provided a moving device
for the substrate and/or the nozzle unit for positioning them
adjacent to a surface of the substrate in such a manner that
the at least one nozzle arrangement and the ultrasonic trans-
ducer arrangement are directed toward the surface of the sub-
strate at a defined distance therefrom. This device enables a
liquid film to be produced locally on a surface area of a sub-
strate to be treated and simultaneously enables subsequent

treatment of the liquid film by means of ultrasound.
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soni ¢ transducer arrangenent di sposed adjacent to the nozzle 20 arrangenent
and in particular a negasonic transdycer arrange- nent, wherein the at |east
one nozzl e arrangenent and the ul- trasonic transducer arrangenent point in
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into

gﬁg}%ggtﬁgedggé%ggefggﬁggtg e of {pﬁ%gﬁg§£fate 10 and/or the desired

at

one fur- ther elongated nozzle arrangenent is provided, wherein the

asoni ¢ transducer arrangenent is arranged between at |east 15 two
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sint ormation of a de
trasonic transducer arrangement is arranged between at least

two elongated nozzle arrangements. The provision of two elon-
gated nozzle arrangements on opposite sides of the ultrasonic
transducer arrangement assists in the formation of a defined
liquid film in the region of the ultrasonic transducer ar-
rangement. For the purposes of a well defined formation of
such a liquid film, the at least two elongated nozzle arrange-
ments are preferably directed towards a longitudinal central

plane of the ultrasonic transducer arrangement.

For local optimisation of the results of the treatment, the
ultrasonic transducer arrangement is preferably formed from a
plurality of ultrasonic transducers which are preferably ar-
ranged directly adjacent to one another in a row or in the
form of a matrix. Furthermore, a control device is preferably
provided for controlling the plurality of ultrasonic transduc-
ers individually and/or in groups in order to enable the
treatment processes to be suitably adapted to local condi-

tions. Preferably hereby, the frequency and/or the drive
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liquid filmin the region of the ultrasonic transducer ar- rangenment. For
the purposes of a well defined formation of 20 such a liquid film the at

| east two el ongated nozzl e arrange- qfnts are preferably directed towards a
| ongi tudi nal central plane of the ultrasonic transducer arrangenent. For

| ocal optim sation of the results of the treatnent, the 25 ultrasonic
transducer arrangenent is preferably fornmed froma plurality of ultrasonic
transdpoees whi ekcaretpoefprabkyoféirtheanyjedadonict tyaadfacents e one anot her
inarowor inthe formof a matrix. Furthernore, a control device is
preferXBF§ab%?ovided for controlling the plurality of ultrasonic transduc 30
ers individually and/or in groups in order to enable the treatnent
processes to be suitably adapted to |local condi- tions. Preferably hereby,
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sub- sﬁFé@Ee Théhangrelef ofnéraéAeeCef of hehal vt GEeAPRIS0BRENAaEESS0on t he

surf ace,ofpLhe,sybsLr atecpanshesadiust edt her by, T rABOLE,iS preferably

adjusta et ween and n one enbo the inv ntlon t he
defrnedngnstascpreﬁeradﬂys&dbhethblbemeeaeﬂ.G aadd114°nm In a preferred
enbodi nent of the invention, a device is pro- 15 vided for supplying liquid
toat | east one nozzle arrangenent for the purposes of formng a liquid

filmoRnyacsur EAEEdPhedt §Eb§héa&ﬁvEHt98ntr@ﬁéeéeffﬁ@BeHQQanhérQQy, a
control device

adjustable to between 0.7 and 1.4 mm.

In a preferred embodiment of the invention, a device is pro-
15 vided for supplying liquid to at least one nozzle arrangement
for the purposes of forming a liquid film on a surface of a
substrate to be treated. Preferably hereby, a control device
is provided for supplying different liquids to different noz-
zle arrangements and/or different outlet nozzles of the nozzle
20 arrangement(s), this thereby enabling local adjustment of the

treatment over the entire length of the nozzle arrangement.

In a particularly preferred embodiment of the invention, the
at least one nozzle arrangement and the ultrasonic transducer
25 arrangement are provided in/on a common main body of the noz-
zle units and form a substantially closed base structure.
This assists in the formation of a liquid film between two
facing closed structures, i.e. the surface of the substrate
and the closed base structure of the nozzle unit. Hereby, the
30 substantially closed base structure protrudes relative to the
remainder of the base structure in the region of the ultra-
sound arrangement, this thereby producing good contact between

the ultrasound arrangement and a liquid film which is formed
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is provided for supplying different liquids to different noz- zle
arrangenents and/or different outlet nozzles of the nozzle 20
arrangenent (s), this thereby enablinq | ocal adjustnment of the treatnent
over the entire length of the nozzle grrangenent. In a particularly
preferred enbodi nent of the invention, the at |east one nozzle arrangenent
and the ultrasonic transducer 25 arrangenent are provided in/on a conmon
mai n bbdyweént hesuozacel ef uhhéssandttatem e suhpst aabtatll yndl osedbbase
tructug This assists in the formation of a liquid film between two

faci ng>tFBSEW Structures, i.e. the surface of the substrate and the cl osed
base structure of the nozzle unit. Hereby, the 30 substantially cl osed base
structure protrudes relative to the remainder of the base structure in the
regionTbe @héegtt®é tb@uhdvantéﬂgehénalSQhashih@e@bynptbducaag gbod contact
bet ween %asou d.,arran

Li ter al'® %ra%s?a% on"6 u?ﬁ?%rﬁgsge af %B%I?%%?g%ﬁ %cﬁ?é%gﬁo%fﬁiﬂgés (VWO

2006/0&8&85éndoanb@lMﬂ@@tédSUEﬁﬁggo@icthﬁaﬁg@ﬁééﬁtQrb@hﬁgméﬁeaégd and the
base structure. The object of the invention is also achieved in the case of

a 5 né2pPedupfiacmelubiPnghatnPeast enearyengat edaRdzinerarkafgéarnegnt and
an e'OﬂggéggnyétE?§89&§cé£aQ§9g§§ QBEanﬂﬁgPQRna£ﬁer§89§ agkégﬁgé to the

nozzl e arrangenent i'n par a negasonic trans cer angenent ,
wher ei mehheandzzhe altaageniUEﬂtaasdutée attsasentntt pansducer sabrangenent

point in sub 10 stantially the same direction and forma substantially
cIH%edStBQEéa%%YuE?%réaE? gﬁéeHB%QPeaﬁﬂlgor%‘ﬁo%%?étﬁﬁF%a$%ytﬁﬂ§S?9pe

enabl eﬁaéedgxf.meguk%qyfdtﬁél 591 beyf of medy bet yeep n%raiw@hlgf tggnpl .

substrate and the cl osed base structure of the nozz unit 1n a
manner enandeal sodehabtdésl sghedt Fvémand de ﬁérmédeUetweeodacsumﬁaoé

ultrasound into | iguid fi formed  in
og ghe substrage and ng ciosed base structure of the nozzle
unit in a simple manner, and also enables selective and de-
15 fined introduction of ultrasound into a liquid film formed in

such a manner.

Preferably, at least one further elongated nozzle arrangement
is provided, wherein the ultrasonic transducer arrangement is
20 arranged between the at least two elongated nozzle arrange-
ments so that a liquid may be supplied from both sides of the
ultrasonic transducer arrangement thereby assisting in the
formation of a homogeneous liquid film. Hereby, the at least
one elongated nozzle arrangement is directed towards a central
25 plane of the ultrasonic transducer arrangement in order to as-
sist in the selective and defined formation of a liguid film

in the region of the ultrasonic transducer arrangement.

In a preferred embodiment of the invention, the ultrasonic
30 transducer arrangement is formed from a plurality of ultra-

sonic transducers wherein the transducers are preferably ar-

ranged directly adjacent to one another, in a row or in the

form of a matrix. This enables the ultrasonic transducers to
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such a manner. Preferably, at |east one further el ongated nozzl e arrangenent
is provided, wherein the ultrasonic tjjansducer arrangenent is 20 arranged
between the at | east two el ongated nozzle arrange nents so that a liquid may
be supplied fromboth sides of the wultrasonic transducer arrangement

thereb a55|st|ng in the formation of a honbgeneous liquid film Hereby,
t he at PFed&§P2r8h l@lGﬁ@éF@&lﬁgzipé ShPangehenf iLecailr 8808 tR6RAr @5 a central

25 p'a@%eOEaEQﬁeHEE%aéanﬁetE%@%@H%%E @EEQHQGQEBEob@sgr@?rtE%a%%n si;st in
the selective and defined formation of liquidfil in the reglgn of the

ul trasenbstrerénsducérncear vanheaedti quin anpreﬂemaeduedbodlnent of the
invention, the ultrasonic 30 transducer arrangenent is fornmed froma
plurality of ultra- sonic transducers wherein the transducers are preferably

ar-srangedpédekeat! Y nadhacent ik0deBerapetihen, mbReade@Wiar neiteting ftker m of a
matri X. ThIS enabl es the ultrasonic transducers to Literal transl ation of

Intern@ﬂléhélbAﬁpB|@étﬁ@neP@WPEPZ@O@NQ9@5@3“@V€ﬁ2@06ﬁ@&818§ﬁeﬁﬁncﬁe
separaE%I¥hgoa%59hh§g g Eﬂ%sd§ﬁb?%§ l.ocal adjustment of the paraneters of
a

t he treat ment process 0 tlng a substrate surface with a
liquid and ul trasound. 5 The present invention is described in nore detai
hereinafter on the basis of an exenplary enbodi nent taken wth reference
to theFdPawilngs; inSBEAESARafFhg82tFFgPeISBRGEVE sEhBRREPELPBr Spedti ve

Il hystration of a %QZQQéZhﬁlHn&B 58c89§959@”&§ W LRt E?eBEﬁ%eEEvbﬂve”' tion

inrelation to a substrate to be treate a schematic sectional view
of a nozzle unit intiaccondaatetwbhhtbhe pubsén&tenhenbeonreaﬁeﬁbg. 3 a
schematic view from bel ow of a nozzle unit in

G

Fig. 2 a schematic sectional view of a nozzle unit in
accordance with the present invention;
15
Fig. 3 a schematic view from below of a nozzle unit in

accordance with the present invention;

Figs. 4 a and b schematic sectional views of a nozzle unit
20 in accordance with the present invention having

different alignments with respect to a substrate;

Fig. 5 a schematic illustration of an ultrasonic trans-
ducer arrangement in the form of a planar matrix
25 in accordance with one embodiment of the inven-

tion;
Fig. 6 a schematic sectional view of a nozzle unit of
the present invention in accordance with an al-

30 ternative embodiment.

Fig. 1 shows a perspective view of a nozzle unit 1 which is

useable for the treatment of a substrate 2 with liquid and ul-
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accordance wth the present invention; Figs. 4 a and b schematic sectional
views of a nozzle unit 20 in accordapce with the present invention having
different alignments with respect to a substrate; Fig. 5 a schematic
illustration of an ultrasonic trans- ducer arrangenent in the formof a

planar matrix 25 in accordance w th one enbodiment of the inven- tion; Fig.
6 a schERBPIRd secthORaRS viehWF 3FC AN oYS | RSeMi BT HOME MR bt Bs&ht ERhTent i on in

accordgpgﬁl%woﬁn 8- 1§3ﬁé§ﬁ£‘@&'é’§te€@9€“@ﬁ{‘§ ‘%é:hg id §H€$ﬁd§dp%spect' ve

view of a nozzle unit 1 iIs useable for the treatnent of a substrate 2
with | ¢qued mm@au®un@|@@datherangéatl@m o$ maa@tnémronae fppfacation

PCT/ EP 005{011533 (VK£2006§048185% tra # {eas ultrasound i s used
pr edont haAtTS F n°t hP SPSBhpiF & al T oY ??g?ioﬁ% n{%dp%ﬁ LeWhELthis termis

i ntegnded to cover megasound and the invention is meant for the surface
treatnent of substrates using negasound in particular 5 The nozzle unit 1
conpr i Ees %Qéﬁb%t%%%tall90@9¥a$$él@p$%@@ta®%}®lbbd@aﬂathlﬁglﬁedomer sur f ace

6_(al sp. el dedy base.peri 0y glLerdy, EDcuhich, a0l uial Ly, of optLet ;nozzl es

i s fornmed, scr n nore de herelnaf e upper 10

face Oéft@ﬁ)nﬂiﬁ biotlyh4a pherelisypoovodetet med:desuppl Jounedl, 8swhich is
connected to a not illustrated nedia, supply source, as wll be described in
nore déthi|PRefePrhiper. l?hﬁoﬁ%zgﬁéalhnm?r%l?%f%%épte@ntBh%euﬁBQéd over the

Supptrales ofntﬁgemg%n £6GL1 #n ofelhbey QrﬁP&bfd$M 2 ROk k! LUshi at gd; povi ng
device such 15 as a linear” noving device. An ultrasonic transducer arrange-
nent 19, whhoselisonshinectedntai &l nbe debestibedted medie deppll source,
‘ as will be described in more detail hereinafter. The nozzle
unit 1 is adapted to be moved over the substrate 2 in the di-
rection of the arrow A by a not illustrated moving device such
15 as a linear moving device. An ultrasonic transducer arrange-

ment 10, whose construction will be described in more detail

hereinafter, is provided in or on the base 6.

The construction of the nozzle unit 1 will now be described in

20 more detail with the aid of Fig. 2 which depicts a schematic
sectional view through the nozzle unit 1. The media supply
unit 8 is depicted in an upper section of Fig. 2 and this com-
prises a media distribution chamber 12 into which different
media can be introduced and mixed for example. The media dis-

25 tribution chamber 12, which is disposed substantially cen-
trally above the parallelepiped main body 4, is cohnected to
respective supply lines 16 and 18 that extend substantially
perpendicularly relative to the lower surface 6 of the main
body 4 via respectively corresponding lines 14 which extend in

30 inclined manner in the main body 4. The supply lines 16 and
18 extend in parallel with the opposed long sides of the main
body 4. The lower ends of the respective supply lines 16 and
18 are connected to a plurality of outlet bores 20 and 22
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hereinafter, is provided in or on the base 6. The construction of the nozzle
unit 1 will now be described in 20 nore detail with the aid of Fig. 2 which
depicts a schematic sectional view through the nozzle unit 1. The nedia
supply unit 8 is depicted in an uppdd section of Fig. 2 and this com
prises a nedia distribution chanber 12 into which different nmedia can be

i ntroduced and m xed for exanple. The nedia dis 25 tribution chanber 12,

whi ch waidhsppegdogsubstanhealbyeeeBurthakl § aboveet heipabaklelepi pad main
body 4, is connected to respective supply lines 16 and 18 that extend
subst akESRPFY1VBePpERBILcBPERPY 2Pepatli ¥é fdet RaChodeFoBgPNgaé 6fofoghe main

body 4_viLa I y e ndi Lpes.1 Lch_ext i i nclined
nannerz¥% ?%ggﬁgghéﬁgéywﬁge#hégguggﬁgn F§e§n1§p§§59@f8éggggn8?iEQSaralIeI
with thétepposéd kengsdudes afrrthgemmnn 1bpdys4isTheadower appdseat t he
resgective sugpl lines 16 and 18 are connected to a plurality of outlet
bores 36°%nd192 Biteral translation of International Application

PCT/ EP2005/ 011533 (WD 2006/ 048185) 13 which open out at the | ower surface 6
of the main body 4. The respective outlet bores 20 and 22 are each a
conpon&he obzmrde- azkengemangendnt s2@whiacH &he aitangediontoppesiucersi des of

t he ugtrasonic %rﬁgs ucer a%ran%e nt 10, as hs eadilg agggren 5 from

Fi g. 22 TREBYREZ 2 e rrﬁﬁﬁeﬁe t8°37, SBCBRYCEnE PP §85ATEPPP s Blcer
arrangesest 6 havewadkhnedr adsiBRSraReWBbCheCOREaSRANAS Blrdeleast to the
w dth of a substrate to be treated in order to 10 enable the entire surface
of 1§ heesabser Ahe esBthact pafagei Af the evhpssabt fasbeohEcpass éver the

subSt I gfe. clfycAScl 3.8RPARENDLLORLEL: 2 Sle yhirasoni ¢ transducer

arrange- e protrudes w espect e outlet openings of the re-
-

As is apparent from Fig. 2, the ultrasonic transducer arrange-

ment protrudes with respect to the outlet openings of the re-
15 spective outlet bores 20 and 22. The lower surface 6 of the

main body 4 and the ultrasonic transducer arrangement together

form a closed base structure of the nozzle unit 1.

As is further apparent from Fig. 2, the respective outlet

20 bores 20 and 22 are inclined with respect to a longitudinal
central plane of the main body 4 and extend toward the longi-
tudinal central plane from the supply lines 16 and 18. In
consequence, liquids emerging from the respective outlet bores
20 and 22 are directed towards the longitudinal central plane.

25 The respective outlet bores 20 and 22 are each part of a noz-
zle arrangement 24, 26 which is formed by a plurality of out-
let bores 20 and 22 arranged one behind the other in the plane
of the paper. As an alternative, it is also possible to pro-
vide one or more slit-shaped nozzles in place of the outlet

30 bores. A cooling agent channel for the passage of a cooling
agent is provided on the back of the ultrasonic transducer ar-

rangement 10 in order to cool the ultrasonic transducers.

Literal translation of International Application PCT/EP2005/011533 (WO 2006/048185)



15 spective outlet bores 20 and 22. The |ower surface 6 of the main body 4
and the ultrasonic transducer arrangenent together forma closed base
structure of the nozzle unit 1. As ig further apparent fromFig. 2, the
respective outlet 20 bores 20 and 2 Aare inclined with respect to a

| ongi tudi nal central plane of the nmain body 4 and extend toward the | ongi -
tudinal central plane fromthe supply lines 16 and 18. In consequence,

| i qui dsowesres ) n@ocslnmqtdikeul@sqnbmi}v@ @ﬂfé@ttedbdmeSa P0gahd 22lare directed
tomard; t he Iongltudlnal central ne 25 tﬁg pectlve outl et bores 20
and 228 AFBERATPATE %fs%lb?lBEat‘%lg 98° WhPER F sURbt ned by a
plurality of out- let bores 20 and 22 arranged one behind the other in the
pl ane of the paper. As an alternative, it is also possible to pro- vide one
or norkigli?-shaped n$)<212¢@@ti¢1 placef odmthrel outd 2t ti39 horzse wWntboli ng agent

nel. for th assa a_coolin vi ded, on_the back of the
uI??aso%? e%?ans%uce §§% %%%%ngﬁo??hn%éd%?g gh%o%ftf%%oﬁf?rasonic
tranSdUﬁ@Iﬁ§ducLéfe&ﬁfaﬁcﬁ@rﬁéﬂm@tl@na@é senennei coney APPhé€LtO in the
PCT/ EP2005/ 011533 (WD 2006/ 048185) 14 However, cooling could also be

ef fectedIByea 12guid FPPHT SR br FEeM bel feeh atBebal FAE 80RHC el 2P 8AWSRT and t he
nozzl e S i r unit 1,
5 wner 3 IO AL SPPReGnoki o 2 Eak Gher (R TR ALAL APE RO o

arr angea@hét 16n a& resehesathCahl yré | tast ral esbia mﬁar&tguy eandgot simppar ent
fromFig. 3, the ultrasonic transducer arrangenent 10 consists of a total

of 1 GEeERYUP A2 UFPF aSDhNde v+ St Bh% bril el Rffert oL WHF EHC 31 oL B ORE FoF | abl e
separ aj £l Yoa0dh0int g, 10: 01 QUBSs BY 8o CODL T Ohe dovi CEsLNAY 5 Bokel LSt rat ed

n-consequence, I'S possi or trasound to take dif-
ferent L& oems ﬁwemst@eeten@ehl@ﬁgtheoﬁothéen@nxle1unas W | &sbeildeseri bed in

nore detail  herejnafter.
gescrlbed in more detall hereinafter.

15 Figures 4a and 4b each show a different arrangement of the

nozzle unit 1 with respect to a substrate 2.

In accordance with Fig. 4a, the nozzle unit 1 is arranged in
such a manner that a lower surface of the ultrasonic trans-

20 ducer arrangement 10 is aligned substantially parallel to an
upper face of a substrate 2 to be treated. By contrast, Fig.
4b shows an inclined positioning of a lower surface of the ul-
trasonic transducer arrangement 10 with respect to a surface
of a substrate 2 to be treated, as is indicated by the angle a

25 shown in the Fig.. This angle is preferably adjustable be-
tween 0° and 10°, as will be described in more detail herein-

after.

Fig. 5 shows an alternative type of arrangement for an ultra-
30 sonic transducer arrangement wherein a plurality of ultrasonic
transducers is arranged in the form of a matrix in the x and

y-directions.
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15 Figures 4a and 4b each show a different arrangenent of the nozzle unit 1
Wth respect to a substrate 2. In accordance with Fig. 4a, the nozzle unit 1
is arranged in such a manner that a | ower surface of the ultrasonic trans-
20 ducer arrangement 10 is aligned suUSstantially parallel to an upper face
of a substrate 2 to be treated. By contrast, Fig. 4b shows an inclined
positioning of a |ower surface of the ul- trasonic transducer arrangenent 10
Wi th r &ppact: ibe @ fsthkacezz0k andubgt rat dedcrabka hreeatied.fras i s i ndicated
by the angle a 25 shown in the Fig.. This angle is preferably adjustable be-
tween 0 and 10, as will be described in nore detail herein- after. Fig. 5

shows & ealiernat g tt ¥Re faf- 3 kAR f r a4 ful tr 8-+ 30 goni ¢ fransducer
arrangenent wherein a plurality of ultrasonic transducers is arranged in

t he fomsmreftea twabei X riemtielkde X nardisycdiseecti crsui cointbercalort marfelrattihan of
| nt rn%ﬁi%nal Apg%LcaEi%n PCT/gPZO&S/Oll 33 &mo 2006/ 048185) 15 COperation
of the 'RoZsrEURPPIECEE WdSefi BEY SHEPEERAT PEPCSPRe ndzAlstamice ©of fir st

moved @eefieansurfagadanea @i asSubt sif dke@uk@nbe tksatedydm ddicy case, a
sem conductor wafer that 5 is being subjected to a devel opnent process. A
di st ané@conogétlgednit. 7 and Bn4uppers ssetfagp bdt when sablsewertes@r.f ace of the

I ' f f. th trate 2., .S tly,
Qovel opSPPET N VS FePQRICHE Y ALS Che hedla: HLSEA HaCon EnEF 12 1 r om

t he nediigtsupply ounichaabeéri 92t Fedml@hkedeviia hephiynes k4 aard itlshe hewppl y
lines 16 and 18 to_the re- spective outlet bores 20 and 22 of the nozzle
ar t&ngdrentd a24hegddnes. ldepaly thensugevdl dpaesi 4 6a aaéydiBosion§heolreti on

havi ng @ Rl Gedeleningd caneantral Lan BNLER 13,556 By LG MR Y- PlY

and 26. Hereby, the developer is a developing solution having
a pre-determined concentration which is set by the media sup-
ply unit 8 in a known manner.

15
In the following description, we assume first of all that the
lower surface of the transducer arrangement 10 is aligned par-
allel to the upper surface of the substrate 2. A liquid film
is now formed between the closed base structure of the nozzle

20 unit and the surface of the substrate by the liquid emerging
from the nozzle arrangements 24, 26 which is directed towards
a longitudinal central axis of the nozzle unit 1. The liquid
film completely fills the space between the surface of the
substrate 2 and the base structure of the nozzle unit 1. Due

25 to the fact that the ultrasonic transducer arrangement 10 pro-
trudes with respect to the remaining lower surface of the noz-

zle unit 1, full contact between the ultrasound arrangement 10

and the ligquid film is achieved.

30 Subsequently, the ultrasonic transducer arrangement 10 is ex-
cited in a controlled manner such that ultrasound which is di-
rected perpendicularly onto the surface of the substrate 2 is

introduced into the liquid film. Due to the cavitation effect
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15 In the follow ng description, we assune first of all that the | ower
surface of the transducer arrangenent 10 is aligned par- allel to the upper
surface of the substrate 2. Aliquid éiln1 is now formed between the cl osed
base structure of the nozzle 20 unit '&nd the surface of the substrate by the
liquid emerging fromthe nozzle arrangenents 24, 26 which is directed
towards a longitudinal central axis of the nozzle unit 1. The liquid film
conpl etlesyribéd sabbee spalce hbtmeeonihessmmdan£v®§ hbe csubstpatei2 and the
base stiucture of the nozzle unj to the fact that _the ultrasonic

Due
transdote? &P rB3ngERERtS1® pbF ol F?%d%%rﬁﬁ?% ?%sb@%ts?%sFﬁ%t?e%alnlng | ower

surfacenofet eeﬁgarlg euHDférﬁlf dé%io&@@ﬁ@%fb@ﬁéﬂegurwee%%réﬁgund
arrangenment 10 and e liquid filmis achieved. 30 Subsequently, the

uItras@nb@trabﬁsaucefnapaaﬁg@wbar 1@etaclkexd césedtiaraccaninogl bedtianner
suqy thﬂ% ul trasoun endi cul ar | t he ,surface of
r

d
t he' substrate® 2w?§r9?%hr%du%e Tn ogfégon%u o ??Fh?nDﬁé ?gggh% 8%V|tat|on

ef f ect ahiit eratotmanshastoncof th@t@éﬁ@lbﬁﬂﬂé Appht cahi Pt PGITAEPZ2005/ 011533
(WD 2006/ 048185) 16 described above e ultrasoni c sound waves now cause

part|-S@légdt6e%éSFe@éa@@@tiﬁ@ni@h%r§u@@@c@eo@cbh%V%@bst?5%§ Peadper eby
f h
ensurng HH'%H@ ﬂ8%8£9pf§nﬁh8 uﬁ?f?ﬁgiégcﬁf %hé 9es§9@séﬁfﬁﬁedpr$9—

partlcu resist or coa Cles are up by the
ul trasesscinagepabdeontsp dhathgostlzeant théef ot mecontast anfi the denel opi ng

solution with undis- solved resist or coating |ayers can be achieved. This
| ellis S%ByaﬂlFﬁﬁ%%V%h%%§ Ph the Bhrrerniey of the Pekafrabe FHéfﬁF%c- ess

'ndepeEQ?@Bé¥m8£eth@hé'ﬁfogésébﬁ%s£iﬂétHéﬁSanQhSPgeHQB 59 ShEYim-

distributions of the structures on the subsirate surface.” Furthernore, the
procesprogedi egpcanrdeo §hohe ededebypehe wiich also makes it possible

to decrease consumption of the medium.

15 After a pre-determined treatment time in this position, the
nozzle unit 1 is now moved over the substrate 2 in order to
allow the ultrasound-assisted treatment with the developing
solution to be applied successively over the entire surface of
the substrate 2. Naturally, it is also possible for the ul-

20 trasound- assisted treatment with developing solution to be

effected only in selected surface areas of the substrate.

In order to produce a specific and differentiated control of
the treatment process in different surface areas of the sub-
25 strate, there are control methods of the most varied type
which can be employed with the basic procedures described
above. For example, it is possible to control the different
ultrasonic transducers in the ultrasonic transducer arrange-
ment 10 in differing manners, wherein the transducers may be
30 arranged as in Fig. 3 or in Fig. 5 for example. Hereby, it is
possible for some of the ultrasonic transducers to be used as
sensors in order to detect the amount of energy being supplied

to the liquid film from adjacent ultrasonic transducers.
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proved exposure of the devel oper, which also makes it possible to decrease
consunption of the medium 15 After a pre-determned treatnent tinme in this
position, the nozzle unit 1 is now npved over the substrate 2 in order to
al | ow the ul trasound-assisted treatmeht with the devel oping solution to be
applied successively over the entire surface of the substrate 2. Naturally,
it is also possible for the ul 20 trasound- assisted treatnent with

devel opehgrsdl yt henebp, bet e&fettedponbybia sel ewtpdtrerhaceaappas of the
substrate. In order to produce_a specific and dlfferentlated control of the
tr eat mEAENPFBERES PRCHP PR orBriL56r AL ar 6AESHI CTRE Sage 254 sfr&fB there

are cogbpohodBt B9dsnQft Lhe Bestn¥ani edab¥Rec WOk GhsGaBPE &AR! Qyedewi th the
basi ¢ procedures described above. For exanple, it is possible to control

t he di ffesensorsgl endsbnagsnihhsdacevsri a paeialfit pAsbhine.t ransducer arrange-
nen 10 in differing manners, wherein the transducers may be 30 arranged as
i ig. 3or in Fig. 5 for exanple. Hereby, it is possible for sonme of the

ultrasgﬁthbranédaggféréﬁtbﬁaﬂﬁegsaéf S6NEPHS1iAgOtHer ut erdebaet the anount
of energy being supplied to the liquid filmfrom adjacent ultrasonic
transdtigenrsducprer afli fFansnat FoAUSFS| APEr KAEI bBAaR CAPPFi €aRi b ob-

PCT/ EP2Q05(Q11533 (VO 2006L048108) 17, Nolucal Iy hereRy. ibyfoyglgo possible

to swa trasonrc ransducers EWeen-an urtras ransm ter node
and a Ben- £fsor condeosotbhae akbroﬂséhebylheaﬁgndmfféaesduceeaueaalserve as
sensors and_transmtters over a period of time. 5 Due to the different
mahther 8SoNeebnef of KERGIERBIUFPRAEBAI BY FFﬁngﬁﬁc@ﬁsdléﬁ?F@PFn@XFéEEFts for

the tr@%&ﬂg@& Sgﬂer BQerE@'“?ﬂuQVGEthéxﬁthQ °£h5h§n899§HPQ&eulLt i's

possi bl'e re- r control to'be exercised by using different
frequenceesnic transducers are controllable at a power level of 0%

to 100% of their maximum power and the ultrasonic frequency is
preferably adjustable between one megahertz and five mega-

15 hertz.

As further control parameters for the surface treatment, it is
possible to supply different liquids and/or different quanti-
ties of liquid over the length of the nozzle arrangement(s) 24

20 and/or 26. For example, a developing solution can be used in
boundary regions of the substrate which has a different con-
centration as compared with that in a central region of the
substrate. It is also possible to change the applied liquid
(the type, concentration or quantity thereof) when passing

25 over the substrate. Completely different results for the
treatment of the surface of the substrate can thus be obtained
locally over the length of the substrate. In addition, there
may be a complete change in the medium being used, for exam-
ple, it is possible to replace the developing solution by a

30 rinsing agent.

A further control parameter in accordance with the present in-

vention is the angle of incidence of the ultrasonic sound
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10 as well as exercising control by the use of different excita- tion or
drive powers. Thus, for exanple, the individual ul- trasonic transducers are
controllable at a power level of 0% to 100% of their maxi num power and the
ultrasonic frequency is preferably éﬁjustable bet ween one negahertz and
five mega 15 hertz. As further control paraneters for the surface treatnent,
it is possible to supply different liquids and/or different quanti- ties of
i qui dwowes dihechengiths ofatde wiozah g @ rangemed{ s3ted 20 mBhgll o, 26s For
exanpl e, _a devel opi ng, sol ution can be used in boundary regions of the

subst rat G E P haAD &%‘F#%%‘?grﬁo%worbjé?ﬂ r&t | O RO Ephparett Wikt hat in a

centraleLegion of fdies, sphsd rat e nd tshiss @ $0 POSSH bﬁg@ %egbé@ge, the applied

liquid (the type, concentration or quantity thereof) en passing 25 over
t he substrates, Compl stelly of féeeregy Iresuld sligrid hellnrlent teatubfrdhe

f f the substrat hus_be obtained, Jocall he l.ength of
The SUBRTTGUEUTh UM G T oY o ray” bR B Chrit o1 £ LHENGRP 151  HEE meai urm

bei ng wsekhsdwic exisPheerd tats ROSSIEd ol &€l hendevehopi Ng- sol ution
by a 30 rinsing agent. A further control paraneter in accordance with the

presentidnfilensivee i sramembpglen of f | Hes dehceapiniheselind asavee svund

Litera ra i e I i cation PCT, 05/ 011533, (WO
200610421%}1%5‘?%‘3} ”@g‘?/lggs %lpnét‘%g@}s% é‘ﬁ%fﬁlf’%?a%,r%f?‘ﬁ%ﬂ% a{lleﬁu%‘% Fig. 4,
is effephed by an inclined positioning of the nozzle unit with respect to
the surface of the substrate 2 to be treated. In- ter alia, the input of

endkgy into aliquid filmby the ultra 5 sonic sound waves can al so be
cont roh! ed-ifer TPLn@XAMDE Cooft o) U] LLASANT Cnd T AOSAHGET 5¢ AL e NPL1 £l Pped
conpletely info the I'Tg- ui ITmsince transm ssion of the ulfrasonic sound
waves thame speed between the nozzle unit and the substrate during

its passage over the substrate, wherein the dwell times of the

liquid film and the time of exposure to the ultrasonic sound

15 waves are locally adjustable.

All of these different manners of control enable a process of

adaptation, and in particular optimisation of the surface

treatment of the substrate in dependence on the nature of the
20 local surface of the substrate or in dependence on a desired

result from the process.

Fig. 6 shows a schematic sectional view of a nozzle unit of

the present invention in accordance with an alternative em-
25 bodiment. The same reference symbols as in the preceding em-

bodiments are used in Fig. 6 insofar as identical or similar

elements are being described.

The nozzle unit 1 shown in Fig. 6 again consists of a main

30 body 4 having a lower surface 6. An ultrasonic transducer ar-
rangement 10 is arranged in a recess in the lower surface 6.
Furthermore, the nozzle unit 1 comprises a media supply unit 8

having a media distribution chamber 12 into which different
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only occur where the ultrasonic transducers contact the liquid film 10 A
further manner of control lies in the setting of the rela- tive speed

bet ween the nozzle unit and the subswate during its passage over the
substrate, wherein the dwell tinmes ot”the liquid filmand the time of
exposure to the ultrasonic sound 15 waves are locally adjustable. Al of
these different manners of control enable a process of adaptation, and in
parti cwdra optn Meatntomdfcddeasiinfiacel foradtmnlof tTee subsid ades+n

dependence on the nature of the 20 |ocal surface of the substrate or in
depe_ndteﬁlgréugnona Cgbaé?at%eeﬁ 12t rign Wﬁecie%‘ébsqﬁ@t.l%l%%o%%“h schemati c
secti ongd 1 M e Ofe a0z o Whdy of, theqifsandq invent i on i aegagdance with

an alternative em 25 bodinent.” The same reference synbols as i'n the
pr ecedi oA ot mertah eaxtarsbdin miFignclinasofamers idente owior siml ar

el ement s, are bei,ng descrjbed. The naozzle upit 1 shown in Fig. again
cogsi g%osd)gff'a ﬁfa}}e?] eﬁﬁ oraeym%%a%\]ﬁon Ot;hﬁ 5nv§eﬁpla§ statcrel\,%?tJA?‘P ucgiar ic
transcicei Birm rangenEt kbd slarfrangedbddh Bcess 4 ud headover surface 6.
Furthernore, the nozzle unit 1 conprises a nmedia supply unit 8 having a

medi a @t Butisty chantfer baffiig PlHicBdigftandt 1uhsrantiabhsl ati on of
| nt ' li,cat P P2005/ 011533 006/,048185) 1 di
ot bl el Aot . PELEROCS QAES, (IRAORAEIER, 49 et car

be intro and m xe rexanp di a n Chanmber 12,
whi ch énsext isppsacbrs isd andd Alldy tenditddidd aboyveHheamie hodyred, is
connected via a plurality of conduits 30 which extend in an inclined manner
i 0% he@ i It B DRI Y. 1 the nd®e e AR Frooms (37 meth SRRt f Rk 6h chanber

each form s autd i NPzl & whi & ARENs d @& & 48 4 40831 be-

tween the side face 31 and the baffle plate 32. Liquid emerg-
ing from the nozzles therefore flows down over the baffle
plate and forms a substantially uniform curtain. The outlet

15 nozzles in the side face 31 together with the baffle plate 32
form a nozzle arrangement. Hereby, the lower end of the gap
between the baffle plate and the side face 31 of the main body
4 serves as a fluid outlet opening for the nozzle arrangement.
The nozzle arrangement and the ultrasonic transducer arrange-

20 ment thus point in substantially the same direction since a
liquid emerging from the nozzle arrangement and also the ul-
trasonic sound emitted from the ultrasonic transducer arrange-
ment are directed substantially perpendicularly relative to
the lower surface 6 of the main body.

25
The construction of a nozzle arrangement including an baffle
plate is, for example, known from the not prior published DE-
A-102 32 984 belonging to the present Applicant, and to this
extent reference is made thereto in order to avoid repetition.

30 The subject matter of DE-A-102 32 984 is incorporated herein

by reference.
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the main body 4. An baffle plate 32 extends substantially parallel to the
side face 31 in such a manner that liquid energing fromthe nozzles is
directed onto the baffle plate 10 and flows down it. A snmall capillary gap,
whi ch preferably expands slightly iR0the downward direction, is provided
be- tween the side face 31 and the baffle plate 32. Liquid energ- ing from
the nozzles therefore fl ows down over the baffle plate and forns a

SUbStaﬂth@&EYeUBhiQrHECHﬁﬁélBypghﬁaQUEhgtaé5aﬂ€ééee§hhﬂ the sidgiface 31
together with the baffle plate 32 forma nozzl e arrangenent. reby, the

| oner éndmofrprhécgapo betukenreahe bahfbe ppbaléednthehetsi déthave 3nyof the

mai n bod 4 servyes _as f|UId outI t ening for . the zzI|l e arrangenent.
The nozz atgPﬁéﬁéeﬁgﬁtoangofﬁ rggSﬁ?%r??gﬁSducanQE?Sﬁgg ; %t t hus

poi nt Emlmubstaethpbuyeaheveamg dbreﬁéi@abgtngeeatolbQUt@eeﬁeaglng fromthe
nozzl e arrangenent and also the ul- trasonic sound emtted fromthe
ul t¥asoni ¢ transducer arrange- nent are directed substantially

perpengggygarh¥fkggggkvgl BldEhtho i CFE%BS?a? QEgp?ﬁs”ﬂbglﬁ le25 The

constructioh of "a nozzl e arrangenen for
exanpl €erknownohrentiheinat pfierdpubﬂbpbedoBEanAeieﬁlﬁa Qaénbelonglng to
the present Applicant, and to this extent reference is nade thereto in
order P6tA¥Bid Féﬁé%??léhquéé A8 BEbpEELIRHL PEFLof "BELRNY6D 92 6B% s

i ncor Ny..,b e e rapsl a I n oha
P R e e e ST LA R N R A L g

tyue hasffhe pdiwant ageshhat ttheFlipgéi da Eebnndpbhfédetplateubahuaﬁercan be
plied theﬁeto w t hout a su stantlal use_of force and furtgernore

enable?xémp §ui B¢ PFPHFFSQbBHaE Fi 8498vEAFS L8°RREYSABBPPALE £8%be treated.

— side face 31 in order to form a second nozzle arrangement.
The additional baffle plate could be supplied with a fluid via
suitable lines corresponding to the lines 30. This enables

15 the nozzle unit to be moved over the substrate in different
directions by using an appropriate control scheme and hence it
is possible to form a liquid film in both directions of move-
ment. Furthermore, different liquids can be applied to a sub-
strate via the nozzle arrangements. For example, a developing

20 solution can be applied via a leading nozzle arrangement,
which is located at the front in the direction of movement of
the nozzle unit, whilst a neutralizing solution can be applied
via a trailing nozzle arrangement, which is located at the
rear in the direction of movement.

25
The nozzle unit 1 in accordance with Fig. 6 is substantially
operated in the same as the manner as the nozzle unit de-
scribed hereinbefore with respect to Figures 1 to 5, wherein
in the case of the nozzle unit 1 in accordance with Fig. 6,

30 liquid is only applied along a single line insofar as a second

baffle plate is not provided.
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5 Again, different liquids and in particular liquids having dif- fering
concentrations of a developer or an gfching agent within a carrier liquid
can be applied over the length of the baffle plate by the plurality of

i nes 30. Although only one 10 baffle plate is showm in Fig.6, a second
baffle plate can, for exanple, be provided on the side face |ocated

opposi Tiee thef fereet fagRedls | of ofltlerineioion dnetbitehozdee agrangenment . The

correspand g 1o TReT rde il LR AR A BoREe unit 1o be moved

over the substrate in different directions by using an appropriate control
schenme_and hence it is possible to forma liquid filmin both directions of

move- MERECUFr HHervET ¥ Hi FHEPRROT i kit dee A b apptf et t B RadlSstrate
vi & thee né)zggg@?flf{@n&%@cﬁlf entOr 1 £XAID) & ﬁvﬁ%ﬁé iotgé lr‘%}é%%)e%}?éyifﬁﬂ can be

applied via a l[eading nozzle arrangenent, at the front in
t he dice&lLlyorepfesmvesdnemnioddindiet noz2dée emanplaehiistia meutmatet ng

solution cap be applied. via a trailing nozzle arrangenent, which is |ocated
at the®*F¥arof n"ihe’ o 6t 1oht o?nﬁp%réﬁt.l%l%et%ﬁ%%i ARG
accordgaces Wi h 56 0an® 15 subst andh 8 | yraReI & £da § Paf HenSAEL @Set he manner
as the nozzle unit de- scribed hereinbefore with respect to Figures 1 to 5,

wher ei fend novére thgecnfitdhevndilz| @f uni suldstratecor damcerewtedFi glt 6, 30
liguid.is only applied along a single l.ine insofar as econd affle plate
 sTthot - Brab T AR ST ET afOF 1 SFTRE T on B T FE 6T hnY | Ohal O AppiT CALFBRE
PCT/ EP20P5/ §driS38s (MR 2P/ H4848b3 24 sdheididderent pspechs ofashe

i nvention nentioned above can be freely interchanged and conbi ned with one
anot hefined liquid film on a substrate to be treated. Instead of

passing the arrangement linearly over the substrate, this
could also be done in the course of a pivotal movement for ex-

15 ample. Naturally, it is also possible to move the substrate
past the nozzle unit. In addition, the use of the nozzle unit
is not limited to a treatment involving a develcoper. The noz-
zle unit can also be used, in particular, for etching proc-
esses and rinsing and/or cleaning processes. It is also pos-

20 sible for such processes to be effected successively using one
and the same nozzle unit. The method in accordance with the
invention is particularly suitable for semiconductor wafers,
masks for use in the manufacture of semiconductors and LCD
displays.

25
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Al t hough the present invention has been described on the basis 5 of a
specific enbodinent, it is not limted to this specifi- cally represented
enbodi ment. For exanple, it is not ngces- sary for the nozzle unit and in
particul ar the nozzle arrange- nents 24, 26 and the ultrasonic transducer
arrangenment to ex- tend over the entire wwdth of a substrate to be treated.
It 10 is also possible for exanple,.to have only one of the nozzle
arrangenents insofar as this is s %nt for formng a de- fined Iiquid
filmon a substrate to be treated. Instead of passing the arrangenent

i nearly over the substrate, this could also be done in the course of a

pi vot al - noVemsithddrf aax tis: adriplce . s Ulstturadid sy ,camp 1 iss ial s o hpp s bl v itng nove t he
substrate %ﬁ&x§ﬂﬁxf%52|e unit. In addition, the use of the nozzle unit 1is
not limte 0 A tyeatnent i nvol ving a devel oper. The noz- zle unit can al so

besused, |irrfqaridcy ariqdial &t1GNiIdHY PrietaleKes AW Jidsidy @/ am-l eani ng
processes. It is also pos 20 sible for such processes to be effected
successi velSEafsing ok iRk kate WHfE o272 Iiun i tTTHe et Hedn R H S&scor dance

with the inventl i rtj I it f 1.CO tor fers,
masks for uarsjceell%nésﬁﬁedrfreanu C;a{{ urega[ooz?eirﬁ (;aa?)ﬁln &c#gﬂezlet;nna&{%? |tsp ays. 25
Literal trangliad ican nefgdadreraattaorsad uAppld raadn geEmd?ET/ BR2005 D 1:6iE33- (WO
20061048185) 22 Cdainms 1. A nethod for treating substrates conprising the
fol l owing GRRthId'S&H&y: 5 fornming a liquid filmon a local surface area of

the sub- styate Lo, ba trealedusinga ozale winils ahich comydses, at | east
one el ongate 0zZl e arrangenent "‘and an ultra- sonic or negasonic transducer
arr angenentamrarayegechadjrazo contact with the liquid film; and

introducing ultrasound into the formed liquid film using

ey

the ultrasonic transducer arrangement.

15 2. The method in accordance with Claim 1, characterised in
that the liquid film is formed between a substantially
closed base structure of the nozzle unit and the surface

area of the substrate to be treated.

20 3. The method in accordance with Claim 1 or 2, characterized
by the production of a relative movement between the noz-
zle unit and the substrate for the purposes of depositing
the liquid film on different surface areas of the sub-
strate and for introducing the ultrasound into these ar-

25 eas.

4, The method in accordance with Claim 3, characterised in
that the speed of the relative movement between the noz-
zle unit and the substrate is varied.

30
5. The method in accordance with Claim 4, characterised in

that the speed of the relative movement is altered in de-
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cent thereto; 10 bringing at |east one part of the ultrasonic transducer
arrangenent into contact with the liquid film and introducing ultrasound
into the formed liquid filmusing the ultrasonic transducer arrangenent. 15
2. The nethod in accordance with C a]izgn 1, characterised in that the liquid
filmis formed between a substantially closed base structure of the nozzle
unit and the surface area of the substrate to be treated. 20 3. The net hod
in accordance with Claim1l or 2, characterized by the production of a

rel ati ve nvamsnicehetwedre tives Hozen zife the themndl ¢ henstubisé Tat evd oro t he

pur poses ofthdeeposbistti na% the liquid filmon different surface areas of the
sub- strate and tor ihtFoduci ng the ultrasound into these ar- 25 eas. 4. The
met hod in accordance with Claim3, characterised in that the speed of the
rel ative novenent between the noz- zle unit and the substrate is varied. 30
5. Theb net MGt i xbridamec W dana® & i, arsharfacthes isertéding hat t he speed

of <« he rel atj.v veeny i S . red j.n.de- Literal translatiaon of
I ntser nat i o?léaJlal Srpr’f)i cati ocnﬂ%d%%gzlgb%%ﬁ%? (]\}%%@@8(% %@e Lblﬁrndence on
t he positi arrasfourtee inozzlthaini tquiel atinme 10 vaheduhsting echd.t dhe et hod in
accordance wth any of the preceding 5 Cains, characterised in that the
i ntroducti 8¥Tf- the ul- trasound into the liquid filmis varied during the
treat- nment. 7. The nethod in accordance with Claim®6, characterised in 10
that the introduction of the ultrasound is altered in de-

7. The method in accordance with Claim 6, characterised in

10 that the introduction of the ultrasound is altered in de-
pendence on the position of the nozzle unit relative to

the substrate.

8. The method in accordance with Claim 6 or 7, characterised
15 in that the intensity and/or the frequency of the ultra-
sound introduced into the liquid film is altered in at

least a sub region of the transducer arrangement.

9. The method in accordance with any of the Claims 6 to 8,

20 characterised in that the angle of incidence of the ul-
trasound on the substrate is varied by an inclined posi-

tioning of the transducer arrangement with respect to a

surface of the substrate.

25 10. The method in accordance with Claim 7, characterised in
that the angle of incidence of the ultrasound with re-
spect to the surface of the substrate is varied between

105° and 75°.

30 11. The method in accordance with any of the preceding
Claims, characterised in that the transducer arrangement
is formed from a plurality of transducers which are con-

trolled individually and/or in groups.
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pendence on the position of the nozzle unit relative to the substrate. 8.
The nethod in accordance with Claim6 or 7, characterised 15 in that the
intensity and/or the frequency of the ultra- sound introduced into the
liquid filmis altered in at |east &%sub region of the transducer
arrangenment. 9. The method in accordance with any of the Clains 6 to 8, 20
characterised in that the angle of incidence of the ul- trasound on the
substrate is varied by an inclined posi- tioning of the transducer
arrangepgent_with respect to a surface of the substrate. 25 10. The nethod
in accé?dan@%emW?ﬁh@?aiﬁ1?CC%HQ@%Q?eWiEQdClﬁlmthht @h@raﬁgﬁéléﬁdlhnldence of

the ul trasoung: wi4h £ 30 spect Loatbe. sbEface olohhe, substpatei s yari ed

between 105 and 75. nmet hod 1 n”accor dance w h any

preceding Obannef zhazacierasedthatthainsdeceransduces aifaeg@ﬂent i's
foryoed froma plural of transducers which are con- trolled individually
andl or in gF%ﬁ%@?nfltﬁgﬁ CREL7S| AFF ORTOYL19®E er nat i onal Application

PCT/ EP2005/ 011533 (WD 20061048185) 24 12. The nmethod in accordance with
Claim 11, characterised in that the transducers are arranged along a row or
in thel3forfefnathedrix @m@or@@mcerahSMu@basmhhyi@g tef fenentct&rs esonant
frequenci es, arg frOVIded met hod_in accprdance aim1l or 12,

character- 13 Fhak Y%% FF%B%%%%%?% Are exctte F% @?F%%?%%F
intensitiesianghoit{eequeacsestrduddeidhe method in accordance with any of

the preceding Cains, characterised in that the liquid filmis forned
14. The method in accordance with any of the preceding
Claims, characterised in that the liquid film is formed
substantially along a straight line over the entire width
of the substrate, and the ultrasound is introduced into
15 the liquid film substantially along a straight line over
the entire width of the substrate.

15. The method in accordance with any of the preceding
Claims, characterised in that the introduction of the ul-
20 trasound is controlled in different manners over the

width of the substrate.

16. The method in accordance with any of the preceding
Claims, characterised in that the composition of the lig-

25 uid forming the liquid film is controlled.

17. The method in accordance with any of the preceding
Claims, characterised in that the nozzle arrangement con-
sists of a plurality of nozzles which are controlled in

30 different manners.

18. The method in accordance with Claim 15 or 16, character-

ised in that locally different liquids and/or differing
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substantially along a straight Iine over the entire wwdth of the substrate,
and the ultrasound is introduced i nt? 15 the liquid filmsubstantially al ong
a straight line over the entire wid h of the substrate. 15. The method in
accordance with any of the preceding Cains, characterised in that the

i ntroduction of the ul- 20 trasound is controlled in different manners over
the w dth @fanthietisthsef atequild.afheapetholl it Hoe osdasicea v t foanyhof t he
preceding Cains, characterised in that the conposition of the lig- 25 uid
form ng thepkflf%‘iﬁéosf‘?fnj‘?‘?%mcrb%t&b?l Juld l%{‘é met hod in accordance with any
of the preceding Cains, characterised in that the nozzle arrangenent con-
sists of a plurality of nozzles which are controlled in 30 different
manner 9 . 18herhee tdoldh | aceeedrmizgoal Wi tanyd &l s preasdichar acter- i sed

inghat locally different. liquids. and/or differin iteral translation of
I ntser nat i on@fa S|o(I iéc}éaf |%%t$6%eég21665%5 (W%G#b%lﬁ%)a%aﬂ% antities
of liquid ase reppld esk tar theastbsis atezf 108 dheangumgposeswiof cf ogré ng the
liquid film 19. The nethod in accordance with any of the preceding 5

C ai s, chaABeIEFTS N iPRIBCE heldeHuild The i Tan Shpte et r BRNFRIERIE of at

| east two nozzl e arrangenents which are arranged on opposite sides of the
transducer arrangenent. 20. The nethod in accordance with C ai m 18,
charac2@ri SHtk inetHe tiatadidfdarend itgui disaian el Suppha egdctort ded nozz|l es ar -
ranged on opposite sides of, the transducer_ arrangenent. 21. The nethod in

aclbr dance Witth &hyt vfethe Pecedi Hy® TIRR S char'att ef9%e T P ihat an
average Spagifige #lod 190 B9- 21405 20 WR AN SR | 84 #gShed £0m 0.7 to

1.4 mmi

21. The method in accordance with any of the preceding
Claims, characterised in that an average spacing of from
15 0.2 to 2.0 mm and in particular of from 0.7 to 1.4 mm is
maintained between the transducer arrangement and the
surface of the substrate to be treated during the treat-

ment process.

20 22. The method in accordance with Claim 20, characterised in

that the average distance is varied during the treatment.

23. The method in accordance with any of the preceding
Claims, characterised in that the liquid forming the lig-

25 uid film contains a developer or an etching agent.

24. The method in accordance with any of the preceding
Claims, characterised in that the liquid film contains a
rinsing and/or a cleaning fluid.

30

25. The method in accordance with any of the Claims 11 to 24,

characterised in that at least one of the transducers is

controlled at least on occasion during the process of in-
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mai nt ai ned between the transducer arrangenent and the surface of the
substrate to be treated during the thgat- ment process. 20 22. The nmethod in
accordance with Claim 20, characteriSed in that the average distance is
varied during the treatment. 23. The nethod in accordance with any of the
preceding Cainms, characterised in that the liquid formng the lig- 25 uid
fil m cont ai AsC@A1eene| bperubirasoerdhi mgo ageat 1 i@aid Thelmethodutch accor dance

wi th any ofmgggepr@gggiyg wgig%n§$ ghgrsg%grised inthat the liquid film
g d i ¥

contains a rinsing and/or a cleaning uid: 30 25. The nethod in accordance
with any of the Clainms 11 to 24, characterised in that at |east one of the

transducers is controlled at |east on occasion during the process of in-
Literab®trah3| 2RP3RABES | heEr hBeRbhaY AP T Eate o PEY EPRDOBLB1a533 (WD

20@@/048185&1@Pas$£ﬁ9U8£“ﬂeéggoHﬁaaaégg@da%géPaE@§ cofptdlhtmin such a

manner that It works as a sensor. 26. An apparatus for treatrng substrates
with a |iquadnandleSunltrasouading aegasastdonsad oappacdt uszedbapitsi ng: a
nozzle unit including at |east one elongated nozzl e ar- rangenent for

produci ng afFPEERe i FAT oRT PRRC DSt rat @ Ant H0t PANSHEcEFP A FahGenent

ar r anged adm&egtt£9n§@@_ceBoaﬁgn@élﬁ@ﬁgeg?f@n%@a Lot redyei pg phtrasound or
10 negasound into a liquid filmdisposed on the substrate, wherein the at

| east one nozziée azroageerent ahdrt het rodansdgcel t aasangénent point in
suﬁftantiall% t he sane tdire tion; ﬁn a anin% devicg forbtge gubstrate
ant/ or  t he™n22¢ 2" Untt-Fo? et oht i Thaky 38 atBnt "R oS BP8hF218/ face of
the substrafgeidiSUERe 32 FBDBLEL AL £HL-28¢ LEAShgement and the
transducer arrangement point in substantially the same
direction; and a moving device for the substrate and/or
the nozzle unit for positioning them adjacent to a sur-
15 face of the substrate in such a manner that the at least
one nozzle arrangement and the ultrasonic transducer ar-
rangement are directed toward the surface of the sub-
strate at a defined distance therefrom, and the trans-
ducer arrangement contacts a liquid film formed on the

20 surface of the substrate.

27. The apparatus accordance with Claim 26, characterized by
a control device for controlling the moving device in
such a manner that the nozzle arrangement and the ultra-
25 sonic transducer arrangement are moved over the surface

of the substrate at a defined distance therefrom.

28. The apparatus in accordance with Claim 26 or 27, charac-
terized by at least one further elongated nozzle arrange-
30 ment, wherein the transducer arrangement 1is arranged Dbe-

tween the at least two elongated nozzle arrangements.
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one nozzl e arrangenment and the ultrasonic transducer ar- rangenment are
directed toward the surface of the sub- strate at a defined di stance
therefrom and the trans- ducer arraﬁ&enent contacts a liquid filmformed on
the 20 surface of the substrate. 27. The apparatus accordance with C ai m 26,
characterized by a control device for controlling the noving device in

such a2fmnn€het hppatheunozzl ecacranagesenitandlthe pBirandbasenirestgansducer
arrangenent , are,_npved 8ver the surface of the substrate at a defi ned
di stance thePefPdm 228leqRE apparit hlei AlaredtaaneezdlehacraraePenss 27,

charac- terized;by-atyql eags e,f e t z - .30 nent,
wherein the traﬁsdﬁce? a?r%ﬁggn%n?éﬁgﬁé%r %ggg gg ?&ée%§?ﬁéagggfe%gt t wo

el ongat ed nozrgemantangenents. Literal translation of International
Appgication PCT/ EP2005/ 011533 (WD 2006/ 048185) 27 29. The apparatus in
accordance wwth Caim 28, characterised in that at | east one of the

el ongaged nogal gppatrangsneAt sccbsddheechednt vards ancepisahsphangsof the
transducer ar- rangenent. 5 30. The apparatus in accordance with any of the

Clainms 26 té9,20haghararieedsed thathbbetheansdusducerrangamgeihens is

formed by a.plurality of,ultrasoni¢c or_negasonic trans- ducers. 10 31. The
apparatug i385§%§r%%%%ep%Pf%£tf§iﬁf36¥t5%g?%%?e?Fs@ﬁgaFﬂnfﬁa TfRansducers of

different resesast frequencies are provided. 15 32. The apparatus in
accordance with Claim30 or 31, charac- terised in that the transducers in
th& plurality thereof

31. The apparatus in accordance with Claim 30, characterised
in that transducers of different resonant frequencies are

provided.

15 32. The apparatus in accordance with Claim 30 or 31, charac-
terised in that the transducers in the plurality thereof
are arranged adjacent to one another, in a row or in the

form of a matrix.

20 33. The apparatus in accordance with any of the Claims 30 to
32, characterized by a control device for controlling the

plurality of transducers individually and/or in groups.

34. The apparatus in accordance with any of the Claims 30 to
25 33, characterized by a control device for varying the

frequency and/or the energy applied to the transducers.

35. The apparatus in accordance with any of the Claims 26 to
34, characterized by a device for setting an angle be-
30 tween a surface of the transducer arrangement and a sur-

face of the substrate.
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are arranged adjacent to one another, in arowor inthe formof a matrix.
20 33. The apparatus in accordance mﬁ%h any of the Clainms 30 to 32,
characterized by a control device forcontrolling the plurality of
transducers individually and/or in groups. 34. The apparatus in accordance
with any of the Clainms 30 to 25 33, characterized by a control device for
varyi ng°t heTher egpereyuandnoscehedeneegyiappCieint 85t hehtransduners. 35. The

apparatus ipg ordange W an f the,.d ai 6 to 34, characterized by a
device for Se g%n%gaﬁgiﬁékég%%-gggw?ﬁge% 3n§3$}§ce of the transducer
arrangenment and a sur- face of the substrate. Literal translation of

I nternati onal Application PCT/EP2005/011533 (WD 20061048185) 28 36. The

appar atlis | hP&ceBPYBREES Wi PhaCFarfArBSe Whehernyt A& Bhgl 6lesmadpestabl e
betyeen 0 a@@,1§ha§gctJP§888pfﬁa§ﬁ§t'9?8C88£93889a$éEQgggﬁ%gE?the Claims 26

to 5 36, characterised in that the defined average df 3°Califust abl e
bet ween 0. 2adndsRalpie aedwéanpar?i sutiap he; smeepinOpirandulad pmy 38. The
appar at us iQ accordance m&th any of the Clainms 26 to 10 37, characterized
by a devi ce"¥oF stppl §#fgit fglifd to the at |east one nozzle arrangenent.
39. The apparatus in accordance with Caim 38, characterized by a contro
device for supplying different liquids to 15 different nozzl e arrangenents
and/ or 38i f f Bhrentppat dets nozzéesooflatbe wozizl #narofingeaeol éshs 26. tdhe
aER?ratus ig accordance wt ains 26 to characterised in
t ha

I h any of the g% o 39,
the at>[eaStobhe nbysFe BY 209¢hhgRmEPt SWePt¥EN? r hheHLeeFo aFpangement
are di sposegt i&ion @n§0ﬁapﬁ1@aéﬁr§@gym@@g.forn1a substantially cl osed

39. The apparatus in accordance with Claim 38, characterized
by a control device for supplying different liquids to
15 different nozzle arrangements and/or different outlet

nozzles of the nozzle arrangement (s).

40. The apparatus in accordance with any of the Claims 26 to

39, characterised in that the at least one nozzle ar-

20 rangement and the transducer arrangement are disposed
in/on a common main body and form a substantially closed

base structure.

41. The apparatus in accordance with Claim 40, characterised
25 in that the substantially closed base structure protrudes
relative to the remainder of the base structure in the

region of the transducer arrangement.

42. The apparatus in accordance with any of the Claims 26 to
30 41, characterised in that at least one nozzle arrangement
and the transducer arrangement extend substantially par-

allel to one another.
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base structure. 41. The apparatus in accordance with C aim 40, characterised
25 in that the substantially cl osed se structure protrudes relative to

t he remai nder of the base structure T'/h the region of the transducer
arrangenment. 42. The apparatus in accordance with any of the Cains 26 to
30 41, characterised in that at |east one nozzle arrangenent and the

t ransduter Téreraim@rremu%ﬂtrem:@mrmﬂ ivelltdhy qrar -ofaldred Gleiowe ZaE'ndId”uer

Literal tr Iatlon |nt atlonal i cat.i on PCT/ EP2005/ 0115
2006/ 048185 nzs &S i apﬂ{oaqor atus” |nt@gogcod?d7ance Wt 4h 5#ljtrhge al s 26

to 42, Chart&ﬁrﬁidu?cﬁﬁ'sb}’ccﬁ Lonfd ols dewWassdrorfgonfrddddichd her transducers to
serve as a sensor for ultrasound or negasound or as generators for

ul t r asound RRHIFFEEGHSD .2 S AR G957 Tt GafRaWud iy atedasdinbne

el qngat ed nozzl e ar- rangenent and an ultrasonic or negasonic transducer ar-
rangenent arranged adjacent to the nozzle arrangenent, wherein the nozzle
arr angehentad and 2lee drriansiduderdiarg Hx rlasegemmente paiatgstdstrasddlad lar4 n t he
sanme direction and forma substantially closed base structure of the nozzle
unit. 45. TROIREFA A B0 i adorduie € WGP a8 A if 44 3RS 45 15 i zed by

at |east ongfquidhar £longaled pozad b ald angendBile Meleidnddie transducer

arrangenent 1s arranged be- tween the at |east two el ongated nozzle
arrangenentwhe Zin Titee mozzd lee unitarigersocoratehcehen tterGdier d4or 45, char-
20 acterised in that at, | east one eI ated ozzl e ar ange-. ment ds directed

toWards a CEt9SHISbt et o THRS 14 Hn S affemehiitection an

form a substantially closed base structure of the nozzle

unit.

45. The nozzle unit in accordance with Claim 44, character-
15 ized by at least one further elongated nozzle arrange-
ment, wherein the transducer arrangement is arranged be-

tween the at least two elongated nozzle arrangements.

46. The nozzle unit in accordance with Claim 44 or 45, char-
20 acterised in that at least one elongated nozzle arrange-
ment is directed towards a central plane of the trans-

ducer arrangement.

47. The nozzle unit in accordance with any of the Claims 44
25 to 46, characterised in that the transducer arrangement
is formed from a plurality of ultrasonic or megasonic

transducers.

48. The nozzle unit in accordance with Claim 47, character-
30 ised in that the transducers in the plurality thereof are
arranged adjacent to one another, in a row or in the form

of a matrix.
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47. The nozzle unit in accordance with any of the Clains 44 25 to 46,
characterised in that the transducer arrangenent is forned froma plurality
of ultrasonic or nmegasonic transducers. 48. The nozzle unit in accordance
with Claim47, character- 30 ised in3(;hat the transducers in the plurality
thereof are arranged adjacent to one another, in arowor in the form of a
matrix. Literal translation of International Application PCT/EP2005/011533
(WD 20061048185) 30 49. The nozzle unit in accordance with Claim47 or 48,
char &kt eri®ed naralifatuntiranisd dearar dfnadi ffidrrerftl alesodhlamr f4%- aheenci es are

provided. 5 50. .The, nqzzl.e .unit in accordanc i th any of th aims 44 to
49, char actaecrsclesréLdS%ldn thh;tthatthenc ]:[arnasndsu ucer rdgLnégee qﬂat %ﬁ?am}ﬁneﬁ edast one ‘

nozzl e arr angsiEnds ane substiadd.al ly parallel to one another. 10 51. A
met hod for treating substrates conprising the followi ng nethod steps:
formng aliquid filmon a |ocal surface area of the sub- strate by neans of

a nRozz und \J l.ea 0 : I e , erein

di Pferge(ﬁ't Pﬂl%euir}gjséég% gIrnelthlp i% orvogrnoc%%g}ﬁecgin& U(f?fngﬁrﬁegﬁe%#%mhe nozzl e
arrangementto artd idttaeditci migsad tirasdiad tdfe regasalindge i drheendrgqui d film
52. The nethod in accordance with Claim51 in conmbination 20 with the
features ofdTohé forlGfotte BIe HF QAT NIFNE ) ST R4 215 er al
translation, of; Intiernatd onal, Applyi cation PCT/ EP2005/ 011533 (WD 2006/ 048185)

10 51. A method for treating substrates comprising the following
method steps:
forming a liquid film on a local surface area of the sub-
strate by means of a nozzle unit having at least one
elongated nozzle arrangement, wherein different liquids
15 are applied over the longitudinal extent of the nozzle
arrangement; and

introducing ultrasound or megasound into the liquid film.
52. The method in accordance with Claim 51 in combination

20 with the features of one or more of the Claims 1 to 17

and 19 to 24.

Literal translation of International Application PCT/EP2005/011533 (WO 2006/048185)



