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medasound.

It is known to clean components using uwltrasound in the most
varied of technological fields. Herebky, the components to be
cleaned are brought inte contact with a liguid medium, usually
15 being dipped therein, and are exposed to ultrasocund for a2 cer-
tain periocd of time in order te detach the impurities. Ultra-
sonic cleaning is alsoc a recognized technigue in the field of
wafer and mask production and is already used in very many
different ways.
20
An ultrasound system generally consists of 2 generator and an
ultrasonic transducer, wherein the generator converts an al-
ternating weltage into an appropriate cperating voeltage for
the wltrasonic transducer. In turn, the latter converts the
25 electrical energy inte mechanical wvibratiosns which cause posi-
tive pressure and negative pressure phases to develop in a
liguid medium in contact therewith., So-called cavitation bub-
bles are produced by the alternating positive pressure and
negative pressurs phases and as & result wvery high local pres-
30 sures and temperatures are created for a brief periocd when
they implode, The cavitation bubbles form the basis for the
ultrasonic cleaning technigue. At & fregquency above 400 kHz

one speaks of ultrasound, and from a frequency of 700 kHz up-
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Yhr tpn' 2 wards, of negasound. In the range covered by the negasonic
frequencies, the cavitation energy is conparatively small so that destruction
of mcrostructures is avoided. At the same tinme however, the cleaning
efficiency for the smallest size of 5 particles is very high in the negasonic
frequency range. In consequence, negasound is usually used when produci ng

waf ers and nmasks. In one known ultrasonic cleaning systemsuch as is described
10 in DE-A-197 58 267 for exa sem conductor wafers are inserted as a
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parallel tg the sgrfaoe of the wafer and the entire surface of the wafer

shoul d be 15 FEF BN Sils PANPT SYISF TUAFFER T, AUAIH4E bASi §hefsafigch a state of

the art, thenobjoesteof tthl‘éECDé@ﬁﬂ'@ dfAvendidn tbs £0 opdinkse sds agound and in
partlcugar asound treatgent esses. 20 For the achievenent of this
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substratescomﬂmamen@eﬁidagaubdnéiignds&aiﬁwrUﬁidonhanlﬁ%ﬁﬁddﬂn@owgﬁk¥% surface area
of the subsH{ate requiring treatnment by neans of a nozzle unit which 25
conpri ses At Ieas? one el ongated nozzl e arrangenent and an ultrasonic
transducer and in particular a megasonic transducer arrangenent arranged

adj acent thereto mhenﬁ:n at one part of the ultrasonic transducer

t
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arrangenment i's brou
uItras@@ndimuﬂi—ﬂﬁ197 58 267 for example, semiconductor wafers are in-

serted as a batch into a treatment basin filled with liguid
and then exposed to 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 intc 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



30 particul ar negasound is introduced into the so fornmed liquid film The

nmet hod in accordance with the invention is suitable for the enpl oynent of
ultrasound, wherein it is preferred that sound in the nmegasonic frequency
range be utilised. This 3 nethod enables surface areas of a substrate
requiring treatnment to be treated in a locally limted manner using liquid and
ul trasound so that the treatnent can be optimsed for this particular surface
area. Furthernore, a treatnment can be ef- 5 fected with just a small quantity
of liquid due to the local application of a liquid film wherein consunption
of the mediumcan be mnimzed. It should be noted hereby, that the surface of
the substrate can be at |east partly qnistened with a liquid even prior to the
| ocal application of the liquid 10 fil'm and that additional liquid can be
deposited on the substrate in addition to the formation of a local liquid film
by the nozz rangenent . _Furt her nor it _should alsp be nentioned that after

le a ,
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| ar ger partkat tar eastagutepossia 1toably ltimétedtdarmesun$aee 1lofjutde substrate.
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well as by a nediumin the supercritical state.” 1n"a preterred enbodi nent of
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base st ucture. of,;thesNazal gl 2R e rsuld ACe qaLed, afht hg-substrate to be
treated in order to enable a well defined, honogeneous liquid filmto be

formed, andPPhi®@tiAntef it adsisd SSilR, t Weysiovi BP6t ol defPAcEtreat ment with

ul trasoundg;dn Hreberfiei-aql eldt isMeuIPRMERtLelwes], thatnegzl e unit and the
substrate is Eroduced in order to enable the liquid filmto be deposited on

di fferent SUFF3(Se Cdr B DPSERRTS TSt PRt 2RESE PATHY oBRicE *Re i asound into
the liquidafilaidetbesei30 aseas 13BL5 dppeteby @nabl ese ailaige area of the
surface an(%,gossi bl% the entire sgr,facg areg o% t he sgbstr te to be treated
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wher ei n'% t &M poRE bPE® 10 pE P s e RS 1578 a PSFERYt He HFqtitd and t he
ul t rasound stoszdiifnf esentisutbatie: dbeast idhn ofda apidati $agwioh fafmtidy s type i s,
for e%eunﬂ %hepgggglglgrp HQQ%EXLPQ Furthermore, it should alsoc be men-
' tioned that after the local formation thereof, the liquid film
can spread out and thus cover larger partial areas and possi=-
15 bly 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 ligquid
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



the relative novenent between the nozzle unit and the substrate, wherein the
time period for which the liquid filmand the ultrasound are effective is
altered, and hereby, the speed 5 of the relative novenent is preferably
altered in dependence on the position of the nozzle unit relative to the
substrate. As a further possibility for the optimsation of the treat- nent,

it is possible to vary the introduction of the ultra- 10 sound into the liquid
filmduring the treatnent. Hereby for exanple, the introduction of the

ul trasound can be varied in dependence on the position of the nozzle unit
relative to the substrate. Thus, in one enbodi nent of the invention, the
intensity and/or the frequency of the ultrasound introduced into 15 the liquid
filmcan be altered in order to corredpondingly change the effect of the
ultrasound on the surface area. Here, what is nmeant by a change in frequency
is arelatively small deviation with respect to the resonant frequency of a

t ransducer °PRIBrdEL R P idétifet ¥ife LFat §87 egAEP Hon®esal bt hEapoinef f ecti veness

profile of thberdinansdusienchd wedidehhede eobodd nment ehatde isoyention, the angle
of inci- dence of the ultrasound on the substrate can preferably be varied by

posi ti oni ng tAES UMt FEROhITE St F s @FCePY datigEmerit cat * 25t i LARAE wit h respect
to a surfaceeoflddecsubsircat etecHigecangl g tetet NCindieneecwf, tthe sddgsasound wit h
respect .to %h quﬁgggvommggg éuq%trgég i%lgrgﬁgra Iynv riedq between 105 and
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and al so the thamgeiofornt e ahglrezaflei neidentetofe 30 the wlckrasiound can be
utilised for deliberately producing cavitation directly on the surface of the
substrate. Neverthel ess, intentional detuning of the effectiveness profile is,
for exanpl és al Butpessidsisébiihitr der toe prdduteatiavi patton takar 5 di st ance
avay from the. surface,ofsiihe sybstiate. $0.3544& RLOLeChSeRgLLi ve surface
structures for exanple. Optimsation of the treatnment can then be effected
mjtfunulode§PP69i%ﬂ§°tﬁ%esk%qHéﬁu?%%m during the treatment. Hereby for

example, the intreoduction of the ultrascound can be wvaried in
dependence on the position of the nczzle unit relative to the
substrate. Thus, in one embodiment of the invention, the in-
tensity and/or the frequency of the ultrascund introduced into
15 the liquid film can be altered in order to correspondingly
change the effect of the ultrascund on the surface area.
Here, what is meant by a change in frequency is a relatively
small deviation with respect to the resonant freguency 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 preferabiy be
varied by positicning the ultrascnic 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 is,

for example, also possible in ordexr to produce cavitaticn at a



5 1n a particularly preferred enbodi nent of the invention, the ultrasonic
transducer arrangenent is built up froma plurality of ultrasonic transducers
whi ch are controlled individually and/or in groups in order to produce
di fferent amounts of ul- 10 trasonic sound and hence further locally optimsed
treatments within the locally bounded liquid film This applies in particul ar,
when the liquid fil mextends over a |arger surface area of the substrate, such
as over the entire width of the substrate for exanple. The individual or
group-wi se control 15 of the ultrasonic transducers then enables optim sed
treatnment over the width of the substrate. Provision is preferably nmade for
the transducers to have different resonant frequencies and to be arranged
either in arowor inthe formof a matrix in order to provide locally
differing freatnents. Hereby, the 20 ultrasonic transducers are preferably
cont r ol | SAUSEHTT FPUnE PRt OHsi b T B8 il GPoT T UGUCREFeS® | TF GFUBFOto enabl e
i ndi vi dualteept sensiativensantir smatehimg abrt feadransdogensisaRiefierably, the
liquid filmis forned substanti al n 25 .strai,ght |ine er the entire
w Qth of (e BEbATErE At s NESTI PF Ao T M ea PHIS SHE 1 i quid fi1 m
subst ant i altlrycahong a straight line over the entire width of the substrate.
Thi s er}abl es treatnent to be effected over the entire surface of the substrate
with highly | ocalised optinm sation of the 30 treatnent process by neans of a
si ngl e nmovienmenpaofidilerhpzziefaumietl everdimhet substheatievehiist, appropriately
controllin he_nozzl e unif arran t(s nd, .t h [trasaoni - ansducer
arrangerreﬁ‘tq.ttr?@?lg C?/?trt%ﬁgg‘il% T S %8??%%&0% l%heuhjf‘{ rug)sglﬁ%‘é ?élu%agégﬁfer ably
control | edbfi nldidd@rient ramsmerey soveicit keewcdb tr ofl edhéndubsiuadtle so as to
provi de | o6al, (0PL] WARELON, Of dde cbr eA IRl APEPEASS: RofRL, & WiLher matching
or optimsation o e "t reat ment process, the conposition of the liquid
form n t Healsbgue dsdunidnend omter ghkeltkr Rocat he puripdsed ofedtoeaksopti m sati on,
t he nozzl e .arrtangengnt preferahl vy rd $85,2 phirality; of nozzl.es which are
controlle J'?nﬁgi ?‘fergﬁta ngnner s,e tglgglpltclwre y ena- fg%ll?ngl a%)l ocal alteration
of the tredcwent, priceesset bide efifévtedcaksngvehe dozzke wrfasgenent. Hereby,
different Jiguids andiabediilerdng guanidtihs ofcdiddyldeqres piglerably applied
locally to the substrate al ong the ength of the nozzle arrangenent for the
pur poses ofubtsératagidathexkinglg d flinemingifidual or group-wise control
15 of the ultrasonic transducers then ensbles optimised treatment

over the width of the substrate. Provision is preferably made

for the transducers to have different resonant freguencies 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 f£ilm 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 nezzle
unit over the substrate whilst appropriately controlling the
nozzle unit arrangement{s) and the ultrascnic transducer ar-

rangement. Hereby, the introduction of the ultrasound is



15 ferent liquids are also neant to include, in particular, |iquids having
different concentrations of a constituent. In the preferred exenplary

enbodi ment of the present invention, the liquid filmis applied by neans of at
| east two noz- 20 zle arrangenents which are arranged on opposite sides of the
transducer arrangenment in order to ensure that the liquid filmis forned very
honogeneously in the vicinity of the transducer arrangenent. |In one enbodi nent
of the invention, different liquids are supplied to the nozzles arranged on
opposite sides 25 of the transducer arrangenent. Preferably, an average
spacing of from0.2 to 2.0 mmand in ggrticular of from0.7 to 1.4 mmis
mai nt ai ned between the ultrasonic transducer arrangenent and the surface of
the sub- 30 strate to be treated during the treatnment process. Hereby for

exanpl e, the spacing can varied during the treatnment in order to produce,
in turn, aP%ﬂ%ﬁ6§&6chF€ﬁ$§§ﬂt%néﬁéfﬁﬁe%gﬁppéﬁFﬁr?v?%é%P YhAHY&E thereof. 7
In a partiewd aubytpief era ed egbodivienat 1021 betinvedionort beel i quid form ng
the liquid filmcontains a devel oper or an etching agent, wherein in this case
t he uItras%ﬁﬁﬁmgﬂguyig§ﬁfsgood contact between the surface of the substrate to
be treated and the treatnment nediumso as to prevent particles being deposited

th . Furth the ult d the devel to be well
i xed sb tHat 4 GCAF SartrGTEBA Bf PHETTHUIG Chn Be PIEVERTEdF0 In a furt her

enbodi nentewf, tthe towgrdiitdop dhecHd quipdid ofommaggt ties [liquid £ilamipr ef erably
Com e B ROy S LB B BRL P L L LT eRgl e ey
zle arrangement preferably comprises a plurality of nozzles
which are contrelled in different manners, this thereby ena-
10 bling 2 local alteration of the treatment process tc be ef-
fected along the nozzle arrangement. Hereby, different lig-
uids and/or differing guantities of liquid are preferably ap-
piied locally to the substrate 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 arrancements which are arranged on opposite sides of the
transducer arrangement in order to ensure that the liquid film
is formed very homogeneously in the wvicinity of the transducer
arrangement. In one embodiment of the invention, different
ligquids 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 thereotf.



The object of the invention is also achieved by a device for treating
substrates which conprises a nozzle unit including at |east one el ongated
nozzl e arrangenent and an el ongated ultrasonic transducer arrangenent di sposed
adj acent to the nozzle 20 arrangenent and in particular a negasonic transducer
arrangenment, wherein the at |east one nozzle arrangenent and the ul- trasonic
transducer arrangenent point in substantially the sanme direction and wherein
there is provided a noving device for the substrate and/or the nozzle unit for
positioning them 25 adjacent to a surface of the substrate in such a nmanner
that the at | east one nozzle arrangenment and the ultrasonic transducer
arrangenent are directed toward the surface of the substrate at a defined

di stance therefrom This device enables a liquid filmto be produced |ocally
on a surface area of a sub- 30 strate to be treated and sinultaneously enabl es
subsequent treatnent of the liquid filmby neans of ultrasound. 8 Preferably,
the device conprises a control device for controlling a noving device in such
a manner that the nozzle arrangenent and the ultrasonic transducer arrangenent
are noved 6Vet RREISuUrFAYePstltEdsamzrtiacet af ahdetivradidhstidifce therefrom 5

in order to;iguccesshme) nhenabhe dick ferentasys face a1 of Lhe substrate and
in partlcular to enable the entire surface of the substrate to be treated

successi veP§Siiilfe PEFH 1 B CSEER s iTHLS 5385t RRnt ICARSPET GRAPFSS adapted i n each
case byst akbty doateceansivden athi OB ut hecds wirf a@@ ssibrsu@wé &Phbet he substrate 10
and/ or the desi red éeﬁb % of th%'trﬁatnent greferred enbodi nent of the
i nvention, “ht°1°¢ast ar & He e BAG A &4 ﬂ%£¥1@ VPAngaTrent3% provi ded,

wher ei n theeukxmmsomimaimansmmcﬁwfabéangﬁmenémmﬁeathangﬁdabemMﬁen at least 15

two el ongated nozzle arn %ggges o% ?ﬁff J_rog|3| n I%%%%ﬁ ?ngg}ed nozzl e

arrangement's on op 05|te fFasthie? ‘dfigenent

assi sts |nOﬁh@Ki@nqatiamnobeamdehmned liquid filn1in the region of the

ul trasqggi c transducer arrangenent. For the purposes of a well defined
formation of 20 such a liquid film the at |east two el ongated nozzle
arrangenents arfgrphef amiplyndiy ect sde tiowardsom Itbagltadicndbproiert ral pl ane of

the ultrasenécllwu@asﬂm@@réfémwaatmgr | oGAl; ngPLE M SaLkes, of the results
of the-treatnent, the ul trasonic transducer arrangenment 1s preferably

f or med froﬁi%@%ﬂqﬂrﬁiﬁvy dheurtisonnre theanBdureris twhd ctheacéfpref erably ar-

ciency of the cleaning process.
15
The object of the invention is also achieved by a device for
treating substrates which comprises a nozzle unit including at
least one elcongated nozzle arrangement and an elongated ultra-
sonic transducer arrangement disposed adiacent to the nozzle
20 arrangement and in particular a megasonic transducer arrange-
ment, wherein the at least one nozzle arrangement and the ul-
frasonic 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
25 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-
30 strate to be treated and simultaneously enables subsequent

treatment of the liquid film by means of ultrasound.



ranged directly adjacent to one another in a rowor in the formof a matrix.
Furthernore, a control device is preferably provided 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 | ocal
conditions. Preferably hereby, the frequency and/or the drive 9 power or
excitation power of the ultrasonic transducers is variable. For setting the
paranmeters of the treatnent process, a device 5 is preferably provided for
adjusting the angle between a surface of the transducer arrangenent and a
surface of the substrate. The angle of incidence of the ultrasonic sound waves
on the surface of the substrate can bé adj usted thereby. The angle is

pref erably adjustable between 00 and 100 . 10 In one enbodi nent of the
invention, the defined distance is adjustable to between 0.7 and 1.4 nm In a
pref er r ed F&RBBEI Heht L6 THELGNFERPTHIES & deViEd IS vhFe- LAk apngestf or suppl yi ng

l'iquid toiahgl easdvieReqsezed arakhangenmihet Ofndthe nRURPRSES Qfahgem ng a |iquid
filmon a surface of a_substrate to be treated. Preferably hereby, a control

f
devi ce is“EPBV?H%d*FbFlEEQﬁﬂ%ﬁCnérﬂP?q%ﬁqénﬁrf?%ﬂﬁqi§ttBrﬂiWQ%ﬁdeﬁFeﬁozzle
arrangenenhs angife disf fes enfoseubbetanezakesned dikeanezztier2@ranr angenent (s),
this thereby enabling | ocal. adjustnent the treatnment over the entire length

. adj of
of the ’nozZi 8TaFT atﬁ’g RERESSHYE Y ﬁﬁ?ﬂ%&%??ffe‘ﬁr eTér-AER EMfodicireh® of t he
i nventi on,subBerate la@@stnoperfiezzke, atd angenenthancttibe sihifaso0BEC transducer

the substrate to be treated successively, wherein the succes-
sive treatment can be locally adapted in each case by taking
into consideration the surface structure of the substrate

10 and/or the desired result of the treatment.

In a preferred embodiment of the invention, at least one fur-
ther elongated nozzle arrangement is provided, wherein the ul-
trascnic transducer arrangement is arranged between at least

15 two eiongated 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
ligquid film in the region of the ultrasonic transducer ar-
rangement. For the purposes of a well defined formation of

20 such a liquid film, the at least two elcngated 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

25 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-

30 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



25 arrangenent are provided in/on a common nmain body of the noz- zle units and
forma substantially closed base structure. This assists in the formation of a
liquid filmbetween two facing closed structures, i.e. the surface of the
substrate and the cl osed base structure of the nozzle unit. Hereby, the 30
substantially closed base structure protrudes relative to the remai nder of the
base structure in the region of the ultrasound arrangenent, this thereby
produci ng good contact between the ultrasound arrangenent and a liquid film
which is formed 10 between a surface of the substrate being treated and the
base structure. The object of the invention is also achieved in the case of a
5 nozzle unit including at |east one el ongated nozzle arrange- nent and an

el ongat ed ul trasoni c transducer arrangenent arranged adj acent to the nozzle
arrangenment, and in particular a megasonic transducer arrangenent, wherein the
nozzl e arrangenent andtthe ul trasoni trqpsducer arrangenent ,point in sub- 10
stantialIprﬁ%réﬁhﬁxa%r%ﬁﬁ?ﬁoﬁoﬁﬁﬁjogog?ﬁaf‘5655?%&ﬁi9§??§ 9%Sed>base structure
of the nozzhkeialiiet.. A nozzle unit of this type enables a defined liquid film
to be formed between a surface of the substrate and the cl osed base structure
of the nozzle unit in a sinple manner, and al so enabl es sel ective and de- 15
fined intrdductétonnof thd reasoewrts pfotke |trgatwefi brptessed davswch a manner.

Pr ef er ah)| y,isa,if;ré&%m@r&oweweforelaegﬂggéi d eﬂgzdrﬁ_%%r Lendanent %&15- provi ded,

wherein the ultrasonic transducer arfangenent is arranged between the at
| east two EPBRAGHT EdenbEaAIs6luaRT aiyereAren s grehat S flrcque thgy She supplied from

both sidess@fatdl® The angle of incidence of the ultrasonic sound waves
on the surface of the substrate can be adjusted thereby. The
angle is preferably adjustable between 0° and 10°.
10
In one embodiment of the invention, the defined distance is

adjustable toc between 0.7 and 1.4 mm,

In a preferred embodiment of the invention, a device is pro-
15 wvided for supplying ligquid to at least one nozzle arrangement
for the purposes of forming a liquid f£ilm on a surface of a
substrate to be treated. Preferably hereby, a control device
is provided for supplying different ligquids to different noz-
zle arrangements and/or different outlet nozzles of the nozzle
20 arrangement (s}, this thereby enabling lccal adjustment cf 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 commeon 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 nczzle unit. Hereby, the
30 substantially closed base structure protrudes relative to the
remainder of the base structure in the regicn of the ultra-
sound arrangement, this thereby producing good contact between

the ultrasound arrangement and a liquid film which is formed



ultrasoni c transducer arrangenent thereby assisting in the formation of a
honogeneous |liquid film Hereby, the at |east one el ongated nozzl e arrangenent

is directed towards a central

25 plane of the ultrasonic transducer

arrangenment in order to assist in the selective and defined formation of a

liquid filmin the region of the ultrasonic transducer arrangenent.
preferred enbodi nent of the invention,
arrangenent

the ultrasonic 30 transducer
is formed froma plurality of ultrasonic transducers wherein the

In a

transducers are preferably arranged directly adjacent to one another, in a row

or in the formof a matrix.
separately controlled and thus allows_ | ocal

This enables the ultrasonic transducers to |l be
adj ust nent of the paraneters of

the treatnment during a process of treg{ing a substrate surface with a liquid

and ultrasound. 5 The present invention is described in nore detai

herei nafter on the basis of an exeng%ar embodi rent taken with reference to

the draw ng§ 55" ehavdrdii Ags- FisyP

4% CHERRET Pl 8petdive

illustrati eareftuaelOnozzl e unit in accordance with the present inven- tion in
relation to a substrate to be treated; Fig. 2a schematic sectiona
nozzle unit in accordance with the present invention; 15 Fig. 3a schematic
vi ew from Betosiektachazdzl énuemiticnniactodanceswid hint tlee present a nventi on;

5

10

15

20

25

30

nozzle unit including at least one elongated nozzle arrange-
ment and an elongated ultrasonic transducer arrangement ar-
ranged adjacent tc the nozzle arrangement, and in particular a
megasonic transducer arrangement, wherein the nozzle arrange-
ment and the ultrasonic transducer arrangement point in sub-
stantially the same direction and form a substantially closed
base structure of the nozzle unit. A noczzle unit of this type
enables a defined liquid film to be formed between a surface
of the substrate and the closed base structure of the nozzle
unit in a simple manner, and aiso enables selective and de-
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
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 homogenecus liquid film. Hereby, the at least
one elongated nozzle arrangement is directed tcwards a central
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 cf the invention, the ultrasonic

transducer arrangement is formed from a plurality of ultra-
sonic transducers wherein the transducers are preferably ar-
ranged directly adjacent to cne another, in a row or in the

form of a matrix. This enables the ultrasonic transducers to

view of a



Figs. 4 a and bschematic sectional views of a nozzle unit 20 i n accordance
with the present invention having different alignments with respect to a
substrate; Fig. 5 a schematic illustration of an ultrasonic trans- ducer
arrangenment in the formof a planar matrix 25 in accordance with one
enbodi nent of the invention; Fig.

11

be separately controlled and thus allows local adjustment of
the parameters of the treatment during a prccess of treating a

substrate surface with a liquid and ultrasound.

5 The present invention is described in more detail hereinafter
on the basis of an exemplary embcediment taken with reference

to the drawings; in the drawings:

Fig. 1 shows a schematic perspective illustratiocn of a
10 nozzle unit in accordance with the present inven-

tion in relaticn to a substrate to be treated;

Fig. 2 a schematic sectional view of a nezzle 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 nczzle unit
20 in accordance with the present invention having

different alignments with respect to a substrate;

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

tion;

Fig. & a schematic sectiocnal view cof a noczzle 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-



6 a schematic sectional view of a nozzle unit of the present invention in
accordance with an al- 30 ternative enbodinent. Fig. 1 shows a perspective
view of a nozzle unit 1 which is 12 trasound. Whereas ultrasound is used
predom nantly in this application, it is pointed out that this termis

i ntended to cover negasound and the invention is nmeant for the surface
treatnent of substrates using negasound in particular 5 The nozzle unit 1
conprises a substantially parallel epi ped main body 4 having a | ower surface 6
(al so call ed base hereinafter), in which a plurality of outlet nozzles is
formed, as will be described in nore gﬁtail herei nafter. On the upper

trasound. Whereas ultrasound is used predominantly in this
application, it is pointed out that this term is intended to
cover megasound and the invention is meant for the surface

treatment of substrates using megascund in particular

The nozzle unit 1 comprises z substantially parallelepiped
main body 4 having a lower surface 6 (also called base herein-~
after), in which a plurality of outlet nozzles is formed, as
will be described in more detail hereinafter, On the upper

10 face of the main body 4, there is provided a media supply unit
8 which is connected to a not illustrated media supply 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 connected 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 te a plurality of ocutlet bores 20 and 22



10 face of the main body 4, there is provided a nedia supply unit 8 which is
connected to a not illustrated nmedia supply source, as will be described in
nore detail hereinafter. The nozzle unit 1 is adapted to be noved over the
substrate 2 in the direction of the arrow A by a not illustrated noving device
such 15 as a linear noving device. An ultrasonic transducer arrangenent 10,
whose construction will be described in nore detail 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 upper section of Fig. 2 and this conprises a nedia distribution chanber
12 into which different nedia can be ihtroduced and mi xed for exanple. The
medi a dis- 25 tribution chanmber 12, which is disposed substantially centrally
above the parallel epiped maiin body 4, is connected to respective supply |ines
16 and 18 vhath eptentisuyiisthnt iaisry spefasendi elltdel paielzdyvé. t Thehe | ower
surface 6 ofstdig iRBi H.DRAY 4 ¥d B o aapest ivel ¥ GPLr esSRONAINTkings 14 which
extend in 30 inclined manner in the main body 4. The supply lines 16 and 18
extend i n PataATERIRREH % WL ehpiSed FOFSPAePRIF it ReStRASN Choth 4. The | ower
ends of thaltesPRcti vearppkyY dimesedbnand, 18s are reqpiectedatona plurality of
outl et bores 20 and_22 13 which open out at the | ower surface 6 of the main
body 4. °Thé*PBspéctfve outlet bores 20 and 22 are each a conponent of nozzle
arrangenments which are arranged on opposite sides of the ultrasonic transducer
arrangenent,, 10, as is readily, a rept_5from Fi.g. 2..The nozzl e arrangenents
24, 26 andtr{lﬁeﬂou Trason ef“reé%ss%@er%aarnrc{aﬁggn%in PG have A >FI'Rear di mension
whi ch corr espangseat ledstvet @ 1iteaw ditersfioa shulydt catestprbe é¢treated i n order
to 10 enablig,Lhe LORLIE AU £ACE lhokhe SURSELAL G LaabE, I gated,Tn the course
of just one pass over {he subsirate. i's apparent from Fig. %, t he

ul t r asoifli c enphs dbcernarreangehern ofr bhe I®S okt toespekreatedt he outl et

openi ngs ofi,the, &z 4P ARGCLLYE QUL Lot hofes B0 and 22. The lower surface 6 of
the main body 4 and the ultrasonic transducer arrangenment together forma

cl osed. base structure of the nozzle unit 1. As is further apparent from Fig.

2, the respgctivppauthetr2@ boges 20nand 123 sah & iMehkheg Wal-hafi@spect to a
| ongi tudi nal central plane of the main body 4 and extend toward the |ongi-

ment protrudes with respect to the cutlet openings of the re-
15 spective outlet bores 20 and 22. The lower surface &6 of the
rmain 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 cutlet bores 20 and 22 are each part of a noz-
zle arrangement 24, 26 which is formed by a plurality of ocut-
iet 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.



tudi nal central plane fromthe supply lines 16 and 18. |In consequence, |iquids
energing fromthe respective outlet bores 20 and 22 are directed towards the

| ongi tudi nal central plane. 25 The respective outlet bores 20 and 22 are each
part of a nozzle arrangenment 24, 26 which is forned by a plurality of outlet
bores 20 and 22 arranged one behind the other in the plane of the paper. As an
alternative, it is also possible to provide one or nore slit-shaped nozzles in
pl ace 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. 14 However, cooling
could also be effected by a liquid filmfornmed between a substrate to be

cl eaned and the nozzle unit. Fig. 3 sifows a schematic view from bel ow of the
nozzle unit 1, 5 wherein the nozzle arrangenents 24, 26 and the ultrasonic
transducer arrangenent 10 are schematically illustrated in the Figure. As is
appar ent f PO g, cRLiMRecartt 4¢6Ai b t5TARSHYESY &r +EHYEhEAL™10 consists of a

total of 9rsecdapgulasn ul bhasounrd tadiatiemel emantse Wizehe agg ccontrol | abl e
separately and/or in 10 groups by a control device that is not illustrated in
detail. In consequence, it is possible for the ultrasound to take different
fornms override 3 ehgth ofschbestnazzkew uitdcn belas ofi bhe herdescunidred,in nore

detail bhereinafte 5 Figures 4a_and each sh a_different arrangenent of
t he noz?lew%%ﬁJjﬁEaf&Hmfggp%%¥nﬁgm3p%%g§frg é”%lgp% %@%ﬁ? ance with Fig. 4a,
t he nozzl etwimigdutef sararangaygect iMd suehsdiemapherllyhat lesimwwerd surthace of the

ul trasonic S- 1.1Q i [ : i y parallel to
an upper fg%%@%'f' aggudilt% ?E? g(g‘&@{}%gg‘eaﬁfgr'egf egﬁeaél;ggg%?lflatggt% 1icgjg%'dgd%elib shows an
i nclined pasraiashieng O canbbwey ofunfaef@lobit heraglterrasom eltrasmddcer

ar r angenent.d0, diohhe [ &RRESL uh LA 24T {4201 1 SURSLERALA 2 oy e st eatted, as i s

i ndi cated by the angle a 25 shown in the I's angle is preferably

adj ust dBI ebetVREN B ¢ 20, Jas R Fhabe sdeseriPedtratebre detail- hereinafter.
Fig. 5 shows a&h=@htesdat iive:t e sebiariangagent: Hebusd dd thRe dir-

ferent forms over the length of the nozzle unit 1, as will be

described in more detail 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-
trascnic 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.



30 sonic transducer arrangenent wherein a plurality of ultrasonic transducers
is arranged in the formof a matrix in the x and y-directions. 15 Operation
of the nozzle unit 1 is described hereinafter. The nozzle unit is first noved
over a surface area of a substrate to be treated, in this case, a

sem conductor wafer that 5 is being subjected to a devel opnent process. A

di stance of between 0.7 and 1.4 mmis set up between a | ower surface of the
nozzle unit 1 and an upper surface of the substrate 2. Subsequently, a

devel oper liquid is introduced into the media distribution chanber 12 fromthe
medi a supply unit and is then 10 fed via the lines 14 and the supply lines 16
and 18 to the respective outlet bores 20 and 22 of the nozzle arrangenents 24
and 26. Hereby, the devel oper is a deVel oping sol ution having a pre-deterni ned
concentration which is set by the nedia supply unit 8 in a known manner. 15 In
the follow ng description, we assune first of all that the |ower surface of

t he transdYE&F2EPaf§ehtnorels it gnkd J5araibesd heseimef afgper surface of the
substrate 2. Aliquid filmis now fornmed between the cl osed base structure of
t he nozzle %0 unit and, the surface of the substrate by the Iiquid energing
from the nd2gl % Fahgemertt $129° ™8 qn?E s dfHasc 84°8 cWarrd8Ya | ongi t udi na
central axissrofe tthebaozzdedni tn khifheadd, qui defiddndcenpt ety fidd s the space
bet ween .t he t.he, subst at?OZ aqg t he base _structure of the nozzle

! seLiace i dhe substia epase, St
unit 1. "Due 25°1'0 thelfact” that THe GriTas8nPE® 1T ansduiter®4fr 3hgenent 10
protrudes wetheerespécend d .tthemrsneeni ng Heoween sairifoaee ofridee advzzle unit 1,

full contagt b n ul.tr,a rang Q and the Iiquid filmis
achi eved. §0e8§'%§%ug%?$f)a%ﬁeéﬁﬂggggoélc ?ggﬁé ué%ﬁug??gﬁﬁé%ént 10 is excited
in a contrdlbeeyratdgr suEvel hpgr dligpag oundnihédireds idt s edteedepisr pendi cul arly

onto the surtacs, ofi ohhensuhst iate 4 bRe IUAAdUecsd J BLe: they hiauid, film Due to
the cavitation effect 16

10 fed via the lines 14 and the supply lines 16 and 18 to the re-
spective outlet bores 20 and 22 of the nozzle arrangements 24
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 a2 known manner.

15
In the fcllowing 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 ¢f the ncozzie

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 ultrascnic 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 liguid film is achieved.

30 Subseguently, the ultrasonic transducer arrangement 10 is ex-
cited in a contrclled 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



descri bed above, the ultrasonic sound waves now cause particles to be rel eased
fromthe surface of the substrate 2 thereby ensuring uniform devel opnent of
the surface of the substrate 2. In particular, detached resist or coating
parti- 5 cles are whirled up by the ultrasonic agitation so that good and

uni form contact of the devel oping solution with undissolved resist or coating
| ayers can be achieved. This leads to an inprovenent in the uniformty of the
result of the process independently of the size of the structures and the den-
10 sity distributions of the structures on the substrate surface. Furthernore,
the processing tine can be shortened by the inproved exposure of the

devel oper, which also nakes it possible to decrease consunption of the nedi um
15 After a pre-determ ned treatnent tie in this position, the nozzle unit 1
is now noved over the substrate 2 in order to allow the ultrasound-assisted
treatnment with the devel oping solution to be applied successively over the
entire surPECE OFYt AROCUDSEF at & 12 SORET FeaPfyayss PeY atasepBasibl e for the ul -
20 trasoundiefssi sStetkld:gatinendn WhthsWensekbopf nheselibtionet 0 be effected only

in selecteg su&jace ar.eas of .t he sub tratg. %qurder to prodHce a specific and
di fferenti ab e CoREFOTSF WERECTT S5 RETRT Br 0Res P AEF1$%Pént"Sur face areas of
t he sub- 25ulsttmtte, 2t heme parei @dnatrr ofie et hodse Gfstt he amstingapdad-t ype which

can be enpl.oyed w }Jﬂi{]ﬂ% Bg% &{eoﬁffégs%%ige%f{tia% nabove. For gxample, it is
possible to control the ditferent ultrasonic transducers in The ul trasonic
t ransducer 2ad ravigeme ntont@ ciino i fhee e vyl apdnaes s, utvber el vh tuhéis+ ansducers may be

30 arranged,as.d Rebige o} @batihddyers fQh SXAMiRveler 8y, héadﬁrpossi bl'e for

some of the ultrasonic transducers'to be used as sensors in or to detect
the anount tBfaRAEPEyvHENgiBupH vedlewnitheof i g depil ndfr he arjascent

ul trasoni ceobt ansduesisnt1yldeNatdrsakl Yohenebyy mideul-8sal %0 thesgdpl e to swap the
ul trasonic transducers between an ultrasound transmtter node and a sensor

nmode sd®t hat tulIdissriphid aipt PASHIR StFPEE@scer Shcafuer Ateaguskifsor s and
transm tt ersrovainode PedHeO@rofeddif®. tOne can be shortened by the im-

proved exposure of the developer, which also makes it possible

to decrease consumption of the medium.

15 After a pre-determined treatment time in this position, the
nozzle unit I is now moved over the substrate 2 in c¢rder 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.



Due to the different manners of controlling the ultrasonic transducers,
differing results for the treatnent can be obtained over the width of the
substrate. It is possible hereby, for control to be exercised by using
different frequencies 10 as well as exercising control by the use of different
excitation or drive powers. Thus, for exanple, the individual ultrasonic
transducers are controllable at a power level of 0% to 100% of their maxi nmum
power and the ultrasonic frequency is preferably adjustabl e between one
nmegahertz and five nega- 15hertz. As further control parameters for the
surface treatnent, it is possible to supply different |iquids and/or different
quantities of liquid over the length of the nozzle arrangenent(s) 24 20 and/or
26. For exanple, a devel oping sol uti of’ can be used in boundary regions of the
substrate which has a different concentration as conpared with that in a
central region of the substrate. It is also possible to change the applied
liquid (th8aEYEElYcBRtEhtr &fi bh drogaahtitty thet@6f Fhonehi 1a8%ishg 25 over the
substrat e. tConplekel yoalidekbar emtureasbisd freknbhe tereabd®nindot the surface of

the substrate ca thua1q§ g?ta'qﬁp I9cal| .over _the length of the substrate.
I n additi o’ tHetre *Ray be 2 c%#‘rp St 8T EHETGA ST W AWE AR YT (1A"hEFRY used, for
exanpl e, i tsisepessi bhe ttranseptace dvher devekdpd g sohait i on by a 30 rinsing
agent. .18 waves on the substrate, which, as is illustrated in Fig. 4, is
effecteé by an inclined positioning of the nozzle unit with respect to the
surface of Duhetsulyst date2ntonbearseaf ethntint binaltha, uttmmsionpat of energy into

a |iguid filo.by,dhe ulifay: B, saia.soud wevessanqel o, e controlled I, for

exanpl e, the rasoni c transducers are not pped conpletely into the liquid
fil m sinceteiaedmivesi ve ofidthectultheaseps tdagdund wdvesoedPi6nhyreoccur where the

ul trasoni c ut,r apsdueREsoCant Bt etdieilb@uid sk hin kG Achurdiglemanner of control
lies in the setting of the relative sgeed bet ween the nozzle unit and the

substraltle @fridlt i25s SHATEEGEI VI LheP B ISt Pt 0f WHEFRTF T RECHWRT | times of
the Iiquiddibhmandivhedidr®. of Taxfosyr eexladpt Be Wi HagoM Gasound 15 waves are
| ocal | y adj ustab] e.

trasonic 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 cf 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. 1In 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



Al of these different manners of control

enabl e a process of adaptation, and

in particular optimsation of the surface treatnent of the substrate in

dependence on the nature of the 20 |ocal
dependence on a desired result fromthe process.

secti onal

alternative em 25 bodi nent.
enbodi ments are used in Fig. 6 insofar as identical

surface of the substrate or in
Fig. 6 shows a schematic

view of a nozzle unit of the present invention in accordance with an

The sane reference synbols as in the preceding
or simlar elements are

bei ng descri bed. The nozzle unit 1 showmn in Fig. 6 again consists of a main 30
body 4 having a | ower surface 6. An ultrasonic transducer arrangenent 10 is

arranged in a recess in the I ower surface 6. Furthernore,
conprises a nedia supply unit 8 havini§

which different 19 nedia can be introduced and m xed for exanple.

dis- tribution chanber

the nozzle unit 1
a nedia distribution chanber

12 into
The nedi a

12, which is disposed substantially centrally above the

mai n body %2V§SsORoHHeSRATTA & a Pl El-aldst ¥S ofl 10§haARTES B0FMAi h éftend in an
inclined mnapnetetinog hen FAEDN R:DRdYidionlRg €ndser esDiw: fuhom fhe medi a
di stribution chanber_each form an outl%t nozzl e which opens into a side face

31 of the HEIRThoby 4'° AR*bHiF %6 piatk

55T 25 énds ?ﬁﬁ§?§ﬁ?$alﬁ§'parallel to

the side faee allaj ncisudhpat nereerghainthi gulidiedeegimngyf teendieanozzles i s

directeg
which p

10

15

20

25

30

ultrasonic transducers are not dipped completely into the lig-
uwid f£ilm since transmission of the ultrasonic sound waves can
only occur where the ultrasconic transducers contact the liquid

film.

A further manner of control lies in the setting of the rela-
tive speed between the nozzle unit and the substrate during
its passage over the substrate, wherein the dwell times cf the
iiguid film end the time of exposure to the ultrasonic sound

waves are locally adjustable.

All of these different manners cf control enable a process of
adaptation, and in particular optimisation of the surface

treatment of the substrate in dependence on the nature of the
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-
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
pody 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

e?g%rgzbc; %%ur@c?fv;alveespég‘rg eal]s'g Q‘Qdcofnltgg\?ledcpvﬂ,i %61: AéXSarr[TlBitla, C::%B' Il ar y gap,



expands slightly in the dowmward direction, is provided between the side face
31 and the baffle plate 32. Liquid energing fromthe nozzles therefore flows
down over the baffle plate and forns a substantially uniformcurtain. The
outlet 15 nozzles in the side face 31 together with the baffle plate 32 forma
nozzl e arrangenent. Hereby, the lower end of the gap between the baffle plate
and the side face 31 of the nmain body 4 serves as a fluid outlet opening for

t he nozzl e arrangenent. The nozzle arrangenent and the ultrasonic transducer
arrange- 20 nent thus point in substantially the sanme direction since a liquid
energing fromthe nozzle arrangenent and al so the ultrasonic sound emtted
fromthe ultrasonic transducer arrange- nent are directed substantially
perpendicularly relative to the | ower'?surface 6 of the nmain body. 25 The
construction of a nozzle arrangenent including an baffle plate is, for

exanmpl e, known fromthe not prior published DE-A-102 32 984 bel onging to the
present ApPidicafts Pendnterdufics end dHtxefef et &feBPris- mdde PHEReddSTn order to

avoi d repetiitu@hon 3Mahber SUDj a6l cireld @i s@fsddFs0nd02,:321984ds i ncor por at ed
herein by ref c 0 A nozzle unit of this type has the advantage that the

rence. :
lTquid f11TASApSITETS 578 BUBSPPAY el cari BEmRSHPRetis HoPLes  WithSat any
subst ant i atondset of 3¢f ehéeh anctehdr Lhemminel indd enabdesmtheqidid filmto be

appl i ed, even to the sybstrate to be treated. 5 ain, different |iquids and
PP oar it cural (1 quls RUDT TR Pt Rt cBaLEn e T PHR Ysp “WE6E oper “or an

et chi ng agemth Vibthian auchet irerzzILe guiidhcaperbe iappl 2 eddevéscd e bength of the
baffle pl a%heeF?}\éinghc?ocR;' yrali %’3?%}%' p%%e:g?z ik SQgQub%@'a?{téPﬂgiglo baffle plate

is shown in a“secon ate can, for exanp provi ded on the
si de face prowated oppdsi $&de Hecsi de ifmageciBle imanoederhatolioriv a second nozzle

arr angenenémer-gﬁﬁg aﬂigmt 'tQ@aljloé%qfegl €s FHiQE@tQ@LanobghéLthg%]ygtteh a fluid via

10 and flows down it. A small capillary gap, which preferably
expands slightly in the downward direction, is provided be-
tween the side face 31 and the baffle plate 32. Liguid 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 cpening for the neczzle 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 crder to aveid repetition.

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

by reference.



suitable lines corresponding to the lines 30. This enables 15 the nozzle unit
to be noved over the substrate in different directions by using an appropriate
control schene and hence it is possible to forma liquid filmin both
directions of novenment. Furthernore, different liquids can be applied to a
substrate via the nozzle arrangenents. For exanple, a developing 20 sol ution
can be applied via a |l eading nozzle arrangenent, which is |ocated at the front
in the direction of novenment of the nozzle unit, whilst a neutralizing
solution can be applied via a trailing nozzle arrangenent, which is |ocated at
the rear in the direction of novenent. 25 The nozzle unit 1 in accordance with
Fig. 6 is substantially operated in the sane as the manner as the nozzle unit
descri bed hereinbefore with respect t& 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. 21 The

di fferent aspezrals ofilt e ith¥entyrenhaenthconddaairave tbah e fiieeld i nt er changed

and conbln t h t been
Gascr i bod eoui R0 AUl BEhet Al IoM o ABn Pl &P PRy L8 SO0 188, O0°To thi s

speci fi cal Fy°¥eprésented cenboarhent. ﬂPﬁmeéwaﬁblét ERabkengt lh@ciessary for the

nozzl e unit;apdd BePagiiicul 8tetine (BOZZ & BEE axgemRNLs 24226, and the
ul trasonic transducer arrangenent to extend over the entire width of a

substratfe to be treated. It 10 is al so possible for exanple, to have only one
of the nozazheims rlangerdid 3ihasef ahdasn thrgitsl sufifigei @nthavangf@rsd ng a defined
l'iquid filg10n a substrate to %f treated. |nstead OE aSS|n t he arrangenent
linearly ov&FRh&CRERTTHEEN tHi & dEVFPPa st bE® F58t ?ﬁ%@ course of a

pi votal noweset o esredxer 13qanplen Natapmliky, ovdr |tseahao;tpxossm{ee to nove the

substrate past, th zI uni n add i.on of .the nozzle unit is not
limted to% §% éﬁﬁeﬁt %hSIE#%ﬁ”ﬁtHev ]6ﬂ F g#hegﬁgggf ﬁﬁ%? ¢in al so be
used, i pamffmlpalaj:efm sebehi hrg reéessescand kaffdienglaired/cen, cieani ng

Processes. e&gmﬁf%,akgopfgvided on the side face located cpposite the

- 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 liguid 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 sclution 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 accerdance with Fig. 6,

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

baffie plate is not provided.



20 sible for such processes to be effected successively using one and the sane
nozzle unit. The nmethod in accordance with the invention is particularly
suitable for sem conductor wafers, masks for use in the manufacture of

sem conductors and LCD displays. 25 22 Clains 1. A nethod for treating
substrates conprising the follow ng nethod steps: 5formng a liquid filmon a
| ocal surface area of the sub- strate to be treated using a nozzle unit which
conprises at |east one elongated nozzle arrangenent and an ultrasonic or
megasoni ¢ transducer arrangenent arranged adjacent thereto, said ultrasonic or
megasoni ¢ transducer ar- 10rangenent peing forned by a plurality of
transducers, said plurality having transducers of different resonance
frequenci es; bringing at | east one part of the ultrasonic or megasonic

transducer,arr. nt .Lntg cont with the liquid fil 15and,_i ntroduci ng
uItrasoungh%rdﬁ%%ggggﬁnas??ﬁﬁf Pﬁegg%r%ﬁg nF%%ﬁi?FqilPﬁFﬁs?éﬁf%I%gnuP?rasonic or
nmegasoni ¢ fireahg duterchangay ementeminirerdewith hend raanstacers are excited

i ndividually and/or in groups using different intensities and/or

20f requencies. 2. The nethod in accordance with Claim1, characterised in that
t he |i qui élthbngh Shieopreskepetingent fors best aatt aldsyrébedeoh basebsstuict ure of the

nozzl e unife ang,dhg ;SULEAGH 232 ea. of the substIAte te; be,frgated.

cally represented embodiment. For example, it is not neces-
sary for the nozzle unit and in particular the nozzle arrange-
ments 24, 26 and the ultrasonic transducer arrangement to ex-
tend over the entire width of a substrate to be treated. It
10 is also possible for example, to have cnly one of the nozzle
arrangements insofar as this is sufficient for forming a de-
fined liquid film on a substrate to be treated. Instead of
passing the arrangement linearly o¢ver the substrate, this
could also be done in the course of a pivotal movement for ex-
15 ample. Naturally, it is also possible tc move the substrate
past the nozzle unit. In addition, the use ¢f the nozzle unit
is not limited to a treatment involving a developer. The nocz-
zle unit can also be used, in particular, for etching proc-
esses and rinsing and/cor 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 semiconducters and LCD
displays.
25



3. The method in accordance with Claim1l1 or 2, characterized by the production
of a relative novenent between the nozzle unit and the substrate for the

pur poses of depositing 30the liquid filmon different surface areas of the
sub- strate and for introducing the ultrasound into these areas. 23 4. The

met hod in accordance with daim3, characterised in that the speed of the

rel ati ve novenment between the nozzle unit and the substrate is varied. 5 5. The
met hod in accordance with Claim4, characterised in that the speed of the

rel ati ve novenent is altered in dependence on the position of the nozzle unit
relative to the substrate. 10 6. The gethod in accordance with any of the
preceding Cainms, characterised in that the introduction of the ultrasound
into the liquid filmis varied during the treatnent. 15 7. The nethod in
accordance with Caim6, characterised in that the introduction of the
ultrasound is altered in dependence on the position of the nozzle unit
relative to the substrate. 20 8. The nethod in accordance with Claimé6 or 7,
characterised in that the intensity @aéfor the frequency of the ultrasound
introduced into the liquid filmis altered in at |east a sub region of the

transducer arlj..a‘ng.gqn%@;ldd for treating substrates comprising the following

method steps:

5 forming a liquid film on a local surface area of the sub-
strate to be treated using a nozzle unit which comprises
at least one elongated nozzle arrangement and an ultra-
sonic or megasonic transducer arrangement arranged adja-
cent thereto, said ultrasonic or megasonic transducer ar-

10 rangement being formed by & plurality of transducers,
said plurality having transducers of different resonance

- frequencies;
bringing at least one part of the ultrasonic or megasonic
transducer arrangement into contact with the liquid film;
15 and
introducing ultrascund or megasound intc the formed lig-
uid film using the ultrasonic or megasonic transducer ar-
rangement, wherein the transducers are excited individu-
ally and/or in groups using different intensities and/or

20 frequencies.

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

25 area of the substrate to be treated.

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

30 the liguid film on different surface areas of the sub-
strate and for introducing the ultrasound into these ar-

eas,



25" 9. The nethod in accordance with any of the Clains" 6 to 8 characterised in
that the angle of .incidence of the ultrasound on the substrate is varied by an
i nclined positioning of the transducer arrangenment with respect to a surface
of the substrate. 30 24 spect to the surface of the substrate is varied

bet ween 105 and 75. The nmethod in accordance with any one of the preceding
Cl ains, characterised in that the transducers are arranged along a row or in
the formof a matrix. The nethod in accordance with any of the preceding
Clains, characterised in that the liquid filmis formed substantially along a
straight line over the entire width the substrate, and the ultrasound is
introduced into the liquid filmsubstantially along a straight Iine over the
entire wwdth of the substrate. The method in accordance with any of the
preceding Cains, characterised in that the introduction of the ultrasound is
controlled in different manners over the width of the substrate. The method in
accordance with alfy BIheRelhreesdrhtf CLa FBaitRar doresieréded ant hat t he

conposi tion of theuaki e dpdear B nGet hA ak i GUnBvdiich M HeSweaNthOlded. The nethod in

accordance with any of,t ggd %gc?qgisggatfg gg B iecdhar acterised in that the nozzle

arrangenent consists of a plurality of nozzles which are controlled in
different manners. The nethod in accordance with C aim 14 or 15,
character-jised i nrHehadtioacal bycaichies @nin lcigin ds andierediif eri ng quantities
of liquid are appljed.,to.th %rate for the rposes of formng the liquid
film 25 17. The ret h&dsﬁg ne%agggr?‘ ance Wt H"‘éer'f‘g?ggf S ﬁgteersc’é‘dF%‘g d ai s,
characterised i n RErdenchen |Ghqupepift¢mmef stheppdizdd wyitnedlasiof tat | east two
nozzl e arrangenendns wWhisehawr.e arranged on opposite sides of the transducer
arrangenent .
10 6. The method in accordance with any of the preceding

Claims, characterised in that the introduction of the ul-

trasound into the liguid film is varied during the treat-

ment.

15 7. The method in accordance with Claim 6, characterised in
that the introduction of the ultrasound is altered in de-
pendence on the position of the nozzle unit relative to

the substrate.

200 8. The method in accordance with Claim 6 or 7, characterised
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.

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

30

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

that the angle of incidence of the ultrasound with re-



5 18." The method in accordance with Claim17, characterised in that different
liquids are supplied to the nozzles arranged on opposite sides of the
transducer arrangenent. 10 19. The nethod in accordance with any of the
preceding Cains, characterised in that an average spacing of from0.2 to 2.0
mm and in particular of fromO0.7 to 1.4 mmis maintai ned between the
transducer arrangenent and the surface of the substrate to be treated during
the treat- 15nment process. 20. The nethod in accordance with C aim 19,
characterised in that the average distance is varied during the treatnent. 20
21. The nethod in accordance with any of the preceding Cains, characterised
inthat the liquid formng the quubg filmcontains a devel oper or an etching
agent. 22. The nmethod in accordance with any of the precedi ng 250 ai s,
characterised in that the liquid filmcontains a rinsing and/or a cl eaning
fluid. 23. The nethod in accordance with any of the preceding d ains,
characterised in that at |east one of the trans- 30 ducers is controlled at

| east on occasi onswhgti frg thheupfaosess th suhstededisngatike hetvesamsound into t he
liquid filmin sucdscaadmnper that it works as a sensor. 26 24. An apparatus
for treating substrates with a liquid and ultrasound or negasound, said
apparatus conprising: a nozzle unit including at | east one el ongated nozzle
arrangenent fé¥- pFrrdieiheg B Prepridands Fhttoany ivee sfbshe arecsBarml a transducer
arrangenments arr angednadjcieeittet el that the transducers are ar-

ranged along a row or in the form of a matrix.

12. The method in accordance with any of the preceding
Claims, characterised in that the liquid film is formed
10 substantially along & straight line over the entire width
of the substrate, and the ultrasound is introduced into
the liquid £f£ilm substantially along a straight line over

the entire width of the substrate.

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

width of the substrate.

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

uid forming the liguid film is controlled.

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

different manners.

16. The method in accordance with Claim 14 or 15, character-
30 ised in that locally different liguids and/or differing
guantities of liguid are applied to the substrate for the

purposes of forming the liquid film.



nozzl e drrangenent for introducing ultrasound or negasound into a liquid film
di sposed on the substrate, wherein the transducer arrangenent is formed by a
plurality of ultrasonic or negasonic transducers, said plural- 10ity of
transducers having transducers of different reso- nance frequencies, and
wherein the at | east one nozzle arrangenent and the transducer arrangenent
point in substantially the sanme direction; a noving device for the substrate
and/ or the nozzle unit 15for positioning them adjacent to a surface of the
sub- strate in such a manner that the at | east one nozzle arrangenent and the
ul trasoni c or negasoni c transducer arrangenent are directed toward the surface
of the substrate at a defined distange therefrom and the trans- 20ducer
arrangenent contacts a liquid filmforned on the surface of the substrate; and
a control device for exciting the plurality of transducers individually and/or
in groups. 25 25. The apparatus accordance with C aim 24, characterized by a
control device for controlling the noving device in such a manner that the
nozzl e arrangéhenthrafdthidiel ulerasoniec Vi ftansd wéetheaprensgerent are noved over
the surface of thelSubstahatetatisadadef inad e stancesihetefapemed30 27 nent,

wherein the trans %@gnsac;&am@gagsr_;tmﬁﬁsnégzl@naqr%gngeme peennihe al least two

el ongat ed nozzl e arrangenents aratus I n accordance with O ai m 26,
characterised 5 i ﬁr”caﬁé?d &b Ireastteofisiesfo h‘%e SFBTRFAE o AREFPPRENEr r angenent s i S
directed towards a central plane of the transducer arrangenent.

18. The method in accordance with Claim 17, characterised in
that different ligquids are supplied to the nozzles ar-

ranged on opposite sides of the transducer arrangement.

10 19. The methed in accordance with any of the preceding
Claims, characterised in that 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 transducer arrangement and the
surface of the substrate to be treated during the treat-

15 ment process.

20. The method in accordance with Claim 19, characterised in

that the average distance is varied during the treatment.

20 21. The method in accordance with any of the preceding
Claims, characterised in that the liquid ferming the lig-

uid film contains a developer or an etching agent.

22. The method in accordance with any of the preceding
25 Claims, characterised in that the liquid film contains a

rinsing and/or a cleaning fluid.

23. The methed in accordance with any of the preceding
Cialms, characterised in that at least one of the trans-
30 ducers is controlled at least on occasion during the
process of introducing the ultrasound into the ligquid

£ilm in such a manner that it works as a sensor.



28. The apparatus in accordance with any of Cains 24 to 27, "10characteri sed
in that the transducers in the plurality thereof are arranged adjacent to one
another, inarowor inthe formof a matrix. 29. The apparatus in accordance
with any of the Clainms 24 to 1528, characterized by a control device for

varying the frequency and/or the energy applied to the transducers. 30. The
apparatus in accordance with any of the Clains 24 to 29,
characterized by a device for setting an angl e be-20tween a surface of the
transducer arrangenment and a sur- face of the substrate. 31. The apparatus in
accordance wth Caim 30, wherein the angle is adjustable between 0 and 15. 25
32. The apparatus in accordance with any of the Cains 24 to 31, characterised
in that the defined average di stance6i s adjustable between 0.2 and 2 mm and
in particular between 0.7 and 1.4 mm 30 33. The apparatus in accordance with
any of the Clainms 24 to 32, characterized by a device for supplying liquid to
the at | east one nozzle arrangenent.

24, BAn apparatus for treating substrates with a liguid and

ultrasound or megasound, said apparatus comprising:
a nozzle unit including at least one eleongated nozzle ar-
rangement for producing a liguid film con the substrate
5 and a transducer arrangement arranged adjacent to the
nozzle arrangement for introducing ultrasound or
megasound into a liquid film disposed on the substrate,
wherein the transducer arrangement is formed by a plural-
ity of ultrasonic or megasonic transducers, said plural-
10 ity of transducers having transducers of different reso-
nance frequencies, and wherein the at least one nozzle
arrangement and the transducer arrangement point in sub-
stantially the same direction:
a moving device for the substrate and/or the nozzle unit
15 for positioning them adjacent to a surface of the sub-
strate in such a manner that the at least one nozzle ar-
rangement and the ultrasonic or megasonic transducer ar-
rangement are directed toward the surface of the sub-
strate at a defined distance therefrom, and the trans-
20 ducer arrangement contacts a liquid film formed on the
surface of the substrate; and
a control device for exciting the plurality of transduc-

ers individually and/or in groups.

25 25. The apparatus accordance with Claim 24, characterized by
a control device for controlling the moving device in
such a manner that the nozzle arrangement and the ultra-
sonic transducer arrangement are moved over the surface
of the substrate at a defined distance therefrom.

30

26. The apparatus in accordance with Claim 24 or 25, charac-

terized by at least one further elongated nozzle arrange-



28 34. The apparatus in accordance with C aim 33, characterized ™y a control
device for supplying different liquids to different nozzle
arrangenents and/or different outlet 5nozzles of the nozzle arrangenent(s).
The apparatus in accordance with any of the Clains 24 to 34, characterised in
that the at |east one nozzle arrangenent and the transducer arrangenent are

di sposed in/on a common main body and forma substantially cl osed base
structure. The apparatus in accordance with Caim 35, characterised in that
the substantially closed base structure protrudes relative to the remi nder of
the base structure in the region of the transducer arrangenment. The apparatus
in accordance with any of the d ai ne’ 24 to 36, characterised in that at |east
one nozzl e arrangenent and the transducer arrangenent extend substantially
parallel to one another. The apparatus in accordance with any of the Cains 24
to 37, characterized by a control device for controlling the transducers to
serve as a sensor for ultrasound or negasound or as generators for ultrasound
or megasound. A nd#2tevihcinitiel tigratrcat dreartemene iel vmgeasddearozzl e

arrangenent, an ulthé&somnd GtOlealE Qa8 lichgd eaNsddCelaraidangr=30 nent arranged
adj acent to the nozzle arrangement, said ultrasonic or negasonic transducer
arrangenment being formed by a plurality of transducers, said plurality hav-
ing transducer2§ of "I PPRIEHE FedtiraftEsf tidhueidn ks, chpgacterised

in that at least one of the elongated nozzle arrangements
is directed towards a central plane of the transducer ar-

rangement.

28. The apparatus in accordance with any cof Claims 24 to 27,
10 characterised in that the transducers in the plurality
thereof are arranged adjacent to one another, in a row or

in the form of a matrix.

29. The apparatus in accordance with any of the Claims 24 to
15 28, characterized by a control device for varying the

frequency and/or the energy applied to the transducers.

30. The apparatus in accordance with any of the Claims 24 to
29, characterized by a device for setting an angle be-
20 tween a surface of the transducer arrangement and a sur-

face of the substrate.

31. ‘The apparatus in accordance with Claim 30, wherein the
angle is adjustable between 0 and *15°.
25
32, The apparatus in accordance with any of the Claims 24 to
31, characterxised ir that the defined average distance is
adjustable between 0.2 and 2 mm, and in particular be-
tween 0.7 and 1.4 mm.
30
33. The apparatus in accordance with any of the Claims 24 to
32, characterized by a device for supplying liguid to the

at least one nozzle arrangement.



wherein the nozzle arrangenent and the transducer arrangenent poinf
substantially in the sane direction and forma substantially cl osed base
structure of the nozzle unit, and a control device for exciting the plurality
of 5Stransducers individually and/or in groups. 40. The nozzle unit in
accordance wth Caim39, characterized by at |east one further el ongated
nozzl e arrangenent, wherein the transducer arrangenent is arranged be- 10tween
the at | east two el ongated nozzle arrangenents. 41. The nozzle unit in
accordance with Claim39 or 40, characterised in that at |east one el ongated
nozzl e arrangenent is directed towards a central plane of the trans- 15ducer
arrangenent. 42. The nozzle unit in_accordance with any of Clains 39 to 41,
characterised in that the transducef® in the plurality thereof are arranged
adj acent to one another, in a 20row or in the formof a matrix. 43. The nozzle
unit in accordance with any of the Clains 39 to 42, characterised in that the
transducer arrangenent and at | east one nozzle arrangenent are substantially
25parallel to one another. 44. A nethod for treating substrates conprising the
fol | owi ng metHod SCepPATF Ot AgCEOTIGER d'LFD | Treh 34 | oBarctsiiteace area of the
sub- 30strata by weansnokola daezzl ectiBbpplyavd RGfadreheasiuonetel ongat ed nozzl e

arrangenent, whergicd fltf 61,800 Jd:Ghlds.ar 6nBRR! dBLURT obfig.! ongi t udinal
extent of the nozzle arrangenent; an
5 nozzles of the nozzle arrangement (s).

35. The apparatus in accordance with any of the Claims 24 to
34, characterised in that the at least one nozzle ar-
rangement and the transducer arrangement are disposed

10 in/on a common main bedy and form a substantially closed

base structure.

36. The apparatus in accordance with Claim 35, characterised
in that the substantially closed base structure protrudes
15 relative to the remainder cof the base structure in the

region of the transducer arrangement.

37. The apparatus in accordance with any of the Claims 24 to
36, characterised in that at least one nozzle arrangement
20 and the transducer arrangement extend substantially par-

allel to one another.

38. The apparatus in accordance with any of the Claims 24 to
37, characterized by a control device for controlling the
25 transducers to serve as a sensor for ultrasound or

megasound or as generators for ultrasocund or megasound.

39, A nozzle unit including at least one elongated nozzle ar-
rangement, an ultrasonic or megasonic transducer arrange-
30 ment arranged adjacent to the nozzle arrangement, said
ultrasonic cr megasonic transducer arrangement being
formed by a plurality of transducers, said plurality hav-

ing transducers of different resonance frequencies,



30 introducing ultrasound or megasound into the liquid filmby nmeans of an

ul trasoni ¢ or negasoni c transducer _arrangenent, which is fornmed by a plurality
of transducers, said plurality having transducers of different resonance 5
frequenci es, wherein the transducers are excited individually and/or in groups
using different intensities and/or frequencies. 45. The nethod in

accordance with Claim44 in conbination 10with the features of one or nore of
Clains 1 to 23.

29

wherein the nozzle arrangement and the transducer ar-

rangement point substantially in the same direction and
form a substantially closed base structure of the nozzle
unit, and a control device for exciting the plurality of

5 transducers individeally and/or in groups.

40. The nozzle unit in accordance with Claim 39, character-
ized by at least one further elongated nozzle arrxange-
ment, wherein the transducer arrangement 1s arranged be-

10 tween the at least two eleongated nozzle arrangements.

4]1. The nozzle unit in accordance with Claim 3% or 40, char-
acterised in that at least one elongated nozzle arrange-
ment is directed towards a central plane of the trans-

15 ducer arrangement.

42 . The nozzle unit in accordance with any of Claims 39 to
41, characterised in that the transducers in the plural-
ity thereof are arranged adjacent to one another, in a

20 row or in the form of a matrix.

43. The nozzle unit in accordance with any of the Claims 3%
to 42, characterised in that the transducer arrangement
and at least one nozzle arrangement are substantlally

25 parallel to one another.

44. B method for treating substrates comprising the following
method steps:
forming a liquid film on a local surface area of the sub-
30 strate by means of a nozzle unit having at least one
elongated nozzle arrangement, wherein different liguids
are applied over the longitudinal extent of the nozzle

arrangement; and



ra
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45.

30

introducing ultrasound or megasound into the liquid f£ilm
by means of an ultrasconic or megasonic transducer ar-
rangement, which is formed by a plurality of transducers,
said plurality having transducers of different resonance
frequencies, wherein the transducers are excited indi-
vidually and/or in groups using different intensities

and/or frequencies.

The method in accordance with Claim 44 in combination

with the features of one or more of Claims 1 to 23.



