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Claims

A methed for treating substrates comprising the fgllowing
method steps:
forming a liquid film on a local surface area Af the sub-
strate to be treated using a nozzle unit whifh comprises
at least one elongated nozzle arrangement #nd an ultra-
sonic or megasonic transducer arrangemen¥ arranged adja-
cent thereto, said ultrasonic or megasgnic transducer ar-
rangement being formed by a plurality of transducers,
said plurality having transducers gf different resonance
frequencies; )
bringing at least one part of yhe ultrasonic or megasonic
transducer arrangement into gontact with the liquid f£ilm;
and
introducing ultrasound oy megasound into the formed lig-
uid £ilm using the ultyasonic or megasonic transducer ar-
rangement, wherein t transducexrs are excited individu-
ally and/or in groyps using different intensities and/or

frequencies.

The method i
that the 1li
closed b

area of/the substrate to be treated.

accordance with Claim 1, characterised in
uid film is formed between a substantially

e structure of the nozzle unit and the surface

The/method in accordance with Claim 1 ox 2, characterized
b¥ the production of a relative movement between the noz-
zle unit and the substrate for the purposes of depositing
the liguid £ilm on different surface areas of the sub-

strate and for introducing the nltrasound into these ar-

eas,
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The method in accordance with Claim 3, characterised i
that the speed of the relative movement between the Hoz-

zle unit and the substrate is varied.

The method in accordance with Claim 4, charact€rised in
that the speed of the relative movement is altered in de-
pendence on the position of the nczzle uniy relative to

the substrate.

The method in accordance with any of/the preceding
Claims, characterised in that the imtroduction of the ul-
trasound into the liquid f£ilm isvaried during the treat-

ment,

The method in accordance with Claim 6, characterised in
that the introduction of Ahe ultrasound is altered in de-
pendence on the positi of the nozzle unit relative to
the substrate.
The method in acgbrdance with Claim 6 or 7, characterised
in that the intensity and/or the frequency of the ultra-
sound introdyt€ed into the liguid film is altered in at
least a suly’region of the transducer arrangement.

The metiicd in accordance with any of the Claims 6 to 8,
charafdterised in that the angle of incidence of the ul-
ftragound on the substrate is varied by an inclined posi-
oning of the transducer arrangement with respect to a

surface of the substrate.

The method in accordance with Claim 7, characterised in

that the angle of incidence of the ultrasound with re-
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spect to the surface of the substrate is varied betweln
105° and 75°.

The method in accordance with any cne of the ppeceding
Claims, characterised in that the transducery are ar-

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

The method in accordance with any of the preceding

Claims, characterised in that the liglid £ilm is formed
substantially along a straight lineg over the entire width
of the substrate, and the ultras
the liguid film substantially

the entire width of the subsfzate.

nd is introduced into

ong a straight line over

The method in accordance Avith any of the preceding

Claims, characterised that the intrxoduction of the ul-
trasound is conitrollegd in different manners over the
width of the substpyate.

The method in gccordance with any of the preceding
Claims, chargcterised in that the composition of the lig-
vid forming the liguid film is controlled.

od in accordance with any of the preceding
Claiwxfs, characterised in that the nozzle arrangement con-
sigts of a plurality of nozzles which are controlled in

ifferent manners.

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

purposes of forming the liquid film.



10

T

15

20

25

17.

18.

20.

21.

22,

25

The method in accordance with any of the preceding
Claims, characterised in that the liquid film is agplied
by means of at least two nozzle arrangements whi are
arranged on opposite sides of the transducer afrangement.
The method in accordance with Claim 17, chdracterised in
that different liquids are supplied to tHe nozzles ar-
ranged on opposite sides of the transddcer arrangement.
The method in accordance with any Af the preceding
Claims, characterised in that ar/average spacing of from
0.2 to 2.0 mm and in particul of from 0.7 to 1.4 mm is
maintained between the transflucer arrangement and the
surface of the substrate be treated during the treat-
ment process.

The method in accordance with Claim 19, characterised in
that the average stance is varied during the treatment.
The method in/accordance with any of the preceding
Claims, chagacterised in that the liquid forming the lig-
uid f£film gontains a developer or an etching agent.

The thod in accordance with any of the preceding
Claims, characterised in that the liquid film contains a

nsing and/or a cleaning fluid.

The method in accordance with any of the preceding
Claims, characterised in that at least one of the trans-
ducers is controlled at least on occasion during the
process of introducing the ultrasound into the liquid

film in such a manner that it works as a sensor.
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An apparatus for treating substrates with a liquid
ultrasound or megasound, sald apparatus comprisin
a nozzle unit including at least one elongated ndzzle ar-—
rangement for producing a liguid £ilm on the sdbstrate

and a transducer arrangement arranged adjacefit to the

nozzle arrangement for introducing ultras
megasound intoe a liquid film disposed op/the substrate,
vherein the transducer arrangement is Aormed by a plural-
ity of ultrasonic or megasonic trangflucers, saild plural-
ity of transducers having transdugérs of different resec-
nance frequencies, and wherein Fhe at least one nozzle
arrangement and the transducey arrangement point in sub-

stantially the same directi

e

a moving device for the sybstrate and/or the nozzle unit
for positioning them adjacent to a surface of the sub-
strate in such a manngr that the at least one nozzle ar-
rangement and the uXtrasonic or megasonic transducer ar-~
rangement are dirdcted toward the suxface of the sub-
strate at a defined distance therefrom, and the trans-
ducer arrangefient contacts a liquid film formed on the
surface of £he substrate; and

a control/device for exciting the plurality of transduc-

ers inddvidually and/or in groups.

apparatus accordance with Claim 24, characterized by
control device for controlling the moving device in
such a manner that the nozzle arrangemeni and the ultra-
sonic transducer arrangement are moved over the surface

of the subsirate at a defined distance therefrom.

The apparatus in accordance with Claim 24 ox 25, charac-

terized by at least one further elongated nozzle arrange-
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ment, wherein the transducer arrangement is arranged/be-

tween the at least two elongated nozzle arrangeme

The apparatus in accordance with Claim 26, chafacterised

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

rangement.

The apparatus in accordance with any of Claims 24 to 27,

characterised in that the transduglrs in the plurality
thereof are arranged adjacent t¢’ one another, in a row or

in the form of a matrix.

The apparatus in accordange with any of the Claims 24 to
28, characterized by a gontrol device for varying the

frequency and/or the gnergy applied to the transducers,

The apparatus in dccordance with any of the Claims 24 to
29, characterizéd by a device for setting an angle be-
tween a surf

face of th

e of the transducer arrangement and a sur-

substrate.

ratus in accordance with Claim 30, wherein the

angle’ is adjustable between 0 and +15°.

e apparatus in accordance with any of the Claims 24 to
31, characterised in that the defined average distance is
adjustable between 0.2 and 2 mm, and in particular be-

tween 0.7 and 1.4 mm,.

The apparatus in accordance with any of the Claims 24 to
32, characterized by a device for supplying liquid to the

at least one nozzle arrangement.
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The apparatus in accordance with Claim 33, charactegized
by a control device for supplying different liquigs to
different nozzle arrangements and/or different

nozzles of the nozzle arrangement (s).

The apparatus in zccordance with any of t Claims 24 to

34, characterised in that the at least e nozzle ar-
rangement and the transducer arrangemeft are disposed
in/on a common main body and form a Aubstantially clcsed

base structure.

The apparatus in accordance wifh Claim 35, characterised
in thet the substantially clésed base structure protrudes
relative to the remainder 4f the base structure in the

region of the transducer/arrangement.
The apparatus in acgdrdance with any of the Claims 24 to
36, characterised An that at least one nhozzle arrangement

and the transdugér arrangement extend substantially par-

megafound or as generators for ultrasound or megasound.

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

ing transducers cof different resonance frequencies,
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wherein the nozzle arrangement and the transducer ar-

transducers individually and/or in groups.

The nozzle unit in accordance with Claim B89, character-
ized by at least one further elongated Aftozzle arrange-
ment, wherein the transducer arrangempént is arranged be-

tween the at least two elongated ngZzle arrangements.

The nozzle unit in accordance with Claim 392 or 40, char-
acterised in that at least ope elongated nozzle arrange-
ment is directed towards a/central plane of the trans-

ducer arrangement.

The nozzle unit in gfcordance with any of Claims 39 to

41, characterised An that the transducers in the plural-
ity thereof are Arranged adjacent to one another, in a
row ox in the Aorm of a matrix,
The nozzleg/ unit in accordance with any of the Claims 39
aracterised in that the tramsducer arrangement
least one nozzle arrangement are substantially

parg@llel to one ancther.

A methed for treating substrates comprising the following
method steps:

forming a liquid f£ilm 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
are applied over the longitudinal extent of the nozzle

arrangement; and
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intreducing ultrasound or megasound into the liquid
by means of an ultrascnic or megasecnic transducerar-
rangement, which is formed by a plurality of trahsducers,
said plurality having transducers of differeny resonance
5 frequencies, wherein the transducers are exgited indi-
vidually and/or in groups using different/intensities

and/or frequencies.

44 in combination
f Claims 1 to 23.

45, The method in accordance with Clai

with the features of one or more
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Claims

1. A method for treating substrates comprising the following steps:

forming a liquid film on a local surface area of the substrate to be treated using a
nozzle unit which comprises at least one elongated nozzle arrangement and an ultrasonic or
megasonic transducer arrangement arranged adjacent thereto, said ultrasonic or megasonic
transducer arrangement being formed of a plurality of transducers, said plurality of
transducers having different resonance frequencies;

bringing at least one part of the ultrasonic or megasonic transducer arrangement into
contact with the liguid film; and

introducing ultrasound into the liquid film using the ultrasonic or megasonic
transducer arrangement, wherein the transducers are controlled individually and/or in groups
using different intensities and/or frequencies, and the introduction of the ulirasound into the
liquid film is varied during the treatment in dependence on the position of the nozzle unit

relative to the substrate.

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.

3. The method in accordance with Claim 1 or 2, characterized by the production of a
relative movement between the nozzle unit and the substrate for the purposes of depositing
the liquid film on different surface areas of the substrate and for introducing the ultrasound

into the surface areas.

4. The method in accordance with Claim 3, characterised in that the speed of the

relative movement between the nozzle unit and the substrate is varied.
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5. The method in accordance with Claim 4, characterised in that the speed of the
relative movement is altered in dependence on the position of the nozzle unit relative to the

substrate.

6. The method in accordance with any one of Claims 1 to 5, characterised in that the
intensity and/or the frequency of the ultrasound introduced into the liquid film is altered in at

least a sub region of the transducer arrangement.

7. The method in accordance with any one of Claims 1 to 6, characterised in that the
angle of incidence of the ultrasound on the substrate is varied by inclination of the

transducer arrangement with respect to a surface of the substrate.

8. The method in accordance with Claim 7, characterised in that the angle of incidence

of the ultrasound with respect to the surface of the substrate is varied between 105° and 75°.

9. The method in accordance with any one of Claims 1 to 8, characterised in that the

transducers are arranged along a row or in the form of a matrix.

10. The method in accordance with any one of Claims 1 to 9, characterised in that the
liquid film is formed substantially along a straight line over the entire width of the substrate,
and the ultrasound is infroduced into the liquid film substantially along a straight line over the

entire width of the substrate.

11. The method in accordance with any one of Claims 1 to 10, characterised in that the
introduction of the ultrasound is controlled in different manners over the width of the

substrate.
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12. The methed in accordance with any one of Claims 1 to 11, characterised in that the

composition of the liquid forming the liquid film is controlled.

13. The method in accordance with any one of Claims 1 to 12, characterised in that the
nozzle arrangement consists of a plurality of nozzles which are controlled in different

manners.

14. The method in accordance with Claim 12 or 13, characterised in that locally different
liquids or differing quantities of liquid are applied to the substrate for the purposes of forming

the liquid film.

15, The method in accordance with any one of Claims 1 to 14, characterised in that the
liquid film is formed by means of at least two nozzle arrangements which are arranged on

cpposite sides of the transducer arrangement.

16. The method in accordance with Claim 15, characterised in that different liquids are

supplied by the nozzles arranged on opposite sides of the transducer arrangement.

17.  The method in accordance with any one of Claims 1 to 16, characterised in that an
average distance 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 treatment.

18. The method in accordance with Claim 17, characterised in that the average distance

is varied during the treatment.
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19. The method in accordance with any one of Claims 1 to 18, characterised in that the

liquid forming the liquid film contains a developer or an etching agent.

20.  The method in accordance with any one of Claims 1 to 19, characterised in that the

liquid film contains a rinsing and/or a cleaning fluid.

21. The method in accordance with any one of Claims 1 to 20, characterised in that at
least one of the transducers is controlled at least on occasion during the introduction of the
ultrasound into the liquid film in such a manner that the at least one of the transducers works

as a sensor.

22, An apparatus for treating substrates with a liquid and ultrasound or megasound, said
apparatus comprising:

a nozzle unit including an elongated nozzle arrangement for forming a liquid film on
the substrate and a transducer arrangement arranged adjacent to the nozzle arrangement
for introducing ultrascund or megasound into a liquid film on the substrate,

wherein the fransducer arrangement is formed of a plurality of ultrasonic or
megasonic transducers, said plurality of transducers having different resonance frequencies,
and wherein the at least one nozzle arrangement and the transducer arrangement point in
substantially the same direction;

a moving device for the substrate and/or the nozzle unit for positioning the nozzle
unit with respect to a surface of the substrate in such a manner that the at least one nozzle
arrangement and the ultrasonic or megasonic transducer arrangement are adjusted to a
distance defined on the surface of the substrate, and the transducer arrangement contacts a
liquid film formed on the surface of the substrate; and

a control device for controlling the plurality of transducers individually or in groups

and for varying frequency and/or energy applied to the transducers.
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23. The apparatus in accordance with Claim 22, characterized by a control device for
controlling the moving device in such a manner that the nozzle arrangement and the
transducer arrangement are moved over the surface of the substrate at a defined distance

along an upper surface of the substrate.

24, The apparatus in accordance with Claim 22 or 23, characterized by at least one
further elongated nozzle arrangement wherein the transducer arrangement is arranged

between the at least two elongated nozzle arrangements.

25. The apparatus in accordance with Claim 24, characterised in that at least one of the
elongated nozzle arrangements is directed towards a central plane of the transducer

arrangement.

26. The apparatus in accordance with any one of Claims 22 to 25, characterised in that
the plurality of transducers are arranged adjacent to one another, in a row or in the form of a

matrix.

27. The apparatus in accordance with any one of Claims 22 to 26, characterized by a
device for adjusting an angle between a surface of the transducer arrangement and a

surface of the substrate.

28. The apparatus in accordance with Claim 27, wherein the angle is adjustable between

0° and +15°.
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29, The apparatus in accordance with any one of Claims 22 to 28, characterised in that
the defined average distance is adjustable between 0.2 mm and 2 mm, and in particular

between 0.7 mm and 1.4 mm.

30. The apparatus in accordance with any one of Claims 22 to 29, characterized by a

device for supplying liquid to the at least one nozzle arrangement.

31. The apparatus in accordance with Claim 30, characterized by a control device for
supplying different liquids to different nozzle arrangements or different outlet nozzles of the

nozzle arrangement.

32. The apparatus in accordance with any one of Claims 22 to 31, characterised in that
the at least one nozzle arrangement and the transducer arrangement are disposed on a

common main body and form a substantially closed base structure.

33. The apparatus in accordance with Claim 32, characterised in that the substantially
closed base structure protrudes beyond a region of the nozzle arrangement in the region of

the transducer arrangement.

34. The apparatus in accordance with any one of Claims 22 to 33, characterised in that
the at least one nozzle arrangement and the transducer arrangement extend substantially

parallel to one ancther.

35. The apparatus in accordance with any one of Claims 22 to 34, characterized by a
device for controlling the transducers as an ultrasonic sensor or megasonic sensor or as an

ulirasonic transmitter or a megasonic transmitter.



