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Claims 

1.  A method for treating substrates comprising the f. lowing 

method steps: 

5 forming a liquid film on a local surface area of the sub-

strate to be treated using a nozzle unit whi h comprises 

at least one elongated nozzle arrangement 	nd an ultra- 

sonic or megasonic transducer arrangernen 	arranged adja- 

cent thereto, said ultrasonic or megasonic transducer ar- 

10 rangement being formed by a pluralit. of transducers, 

said plurality having transducers ..f different resonance 
.•-• 
,..... frequencies;  

bringing at least one part of , e ultrasonic or megasonic 

transducer arrangement into contact with the liquid film; 

IS and 

introducing ultrasound o' megasound into the formed liq-

uid film using the ult.-sonic or megasonic transducer ar-

rangement, wherein t - transducers are excited individu-

ally and/or in gro •s using different intensities and/or 

20 frequencies. 

2.  The method i 	accordance with Claim 1, characterised in 

that the l'ouid film is formed between a substantially 

closed b--e structure of the nozzle unit and the surface 

25 area o 	the substrate to be treated. 

3.  The method in accordance with Claim 1 or 2, characterized 

bi the production of a relative movement between the noz-

zle unit and the substrate for the purposes of depositing 

30 the liquid film on different surface areas of the sub-

strate and for introducing the ultrasound into these ar-

eas. 



23 

4.  The method in accordance with Claim 3, characterised ' 

that the speed of the relative movement between the 	oz- 

zie unit and the substrate is varied. 

5 5.  The method in accordance with Claim 4, charact-rised in 

that the speed of the relative movement is a•tered in de- 

pendence on the position of the nozzle uni 	relative to 

the substrate. 

10 6.  The method in accordance with any of the preceding 

Claims, characterised in that the 'ntroduction of the ul- 

trasound into the liquid film is 	aried during the treat- 

ment. 

15 7.  The method in accordance w',.11 Claim 6, characterised in 

that the introduction of 	he ultrasound is altered in de- 

pendence on the positi. 	of the nozzle unit relative to 

the substrate. 

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

in that the in -nsity and/or the frequency of the ultra- 

sound introd 	ed into the liquid film is altered in at 

least a su. region of the transducer arrangement. 

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

chara terised in that the angle of incidence of the ul-

tr..ound on the substrate is varied by an inclined posi- 

Zoning of the transducer arrangement with respect to a 

surface of the substrate. 

30 

.0. 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 betw.-n 

105°  and 75'. 

11.  The method in accordance with any one of the preceding 

5 Claims, characterised in that the transducer- are ar-

ranged along a row or in the form of a mat,  x. 

12.  The method in accordance with any of t e preceding 

Claims, characterised in that the l'.. id film is formed 

10 substantially along a straight lin. over the entire width 

of the substrate, and the ultras. nd is introduced into 

.... the liquid film substantially . ong a straight line over 

the entire width of the substrate. 

15 13.  The method in accordance 	ith any of the preceding 

Claims, characterised 	that the introduction of the ul- 

trasound is controlled in different manners over the 

width of the substrate. 

20 14.  The method in .ccordance with any of the preceding 

Claims, characterised in that the composition of the liq-

uid formint the liquid film is controlled. 

15.  The me• od in accordance with any of the preceding 

25 Clai,s, characterised in that the nozzle arrangement con--

si=ts of a plurality of nozzles which are controlled in 

.ifferent manners. 

1.. The method in accordance with Claim 14 or 15, character- 

30 ised in that locally different liquids and/or differing 

quantities of liquid are applied to the substrate for the 

purposes of forming the liquid film. 
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17.  The method in accordance with any of the preceding 

Claims, characterised in that the liquid film is a•plied 

by means of at least two nozzle arrangements whi' 	are 

arranged on opposite sides of the transducer a rangement. 

5 

18.  The method in accordance with Claim 17, c =racterised in 

that different liquids are *supplied to t e nozzles ar-

ranged on opposite sides of the trans•ucer arrangement. 

10 19.  The method in accordance with any •f  the preceding 

Claims, characterised in that a 	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 tran -user arrangement and the 

surface of the substrate 	• be treated during the treat- 

15 meet process. 

20.  The method in actor•-nce with Claim 19, characterised in 

that the average • stance is varied during the treatment. 

20 21.  The method in accordance with any of the preceding 

Claims, characterised in that the liquid forming the liq-

uid film iontains a developer or an etching agent. 

22.  The 	thod in accordance with any of the preceding 

25 Clams, characterised in that the liquid film contains a 

r-nsing and/or a cleaning fluid. 

2 	. The method in accordance with any of the preceding 

Claims, 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 liquid 

film in such a manner that it works as a sensor. 
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24. An apparatus for treating substrates with a liquid - 

ultrasound or megasound, said apparatus comprisin.. 

a nozzle unit including at least one elongated 	.zzle ar- 

rangement for producing a liquid film on the 	bstrate 

5 and a transducer arrangement arranged adjac- t to the 

nozzle arrangement for introducing ultras. nd or 

megasound into a liquid film disposed o 	the substrate, 

wherein the transducer arrangement is 	ormed by a plural- 

ity of ultrasonic or megasonic tran •ucers, said plural- 

10 ity of transducers having transducers of different reso- 

nance frequencies, and wherein 	e at least one nozzle 

.... arrangement and the transducer arrangement point in sub- 

stantially the same directi. 

a moving device for the s .strate and/or the nozzle unit 

15 for positioning them ad'acent to a surface of the sub-

strate in such a manner that the at least one nozzle ar-

rangement and the u trasonic or megasonic transducer ar-

rangement are dir-cted toward the surface of the sub-

strate at a defined distance therefrom, and the trans- 

20 ducer arrang- ent contacts a liquid film formed on the 

surface of 	he substrate; and 

a contro 	device for exciting the plurality of transduc-

ers in. vidually and/or in groups. 

25 	25. Th., apparatus accordance with Claim 24, characterized by 

- 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. 

3,  

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

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

tween the at least two elongated nozzle arrangeme 	s. 

27. The apparatus in accordance with Claim 26, ch- acterised 

5 in that at least one of the elongated nozzl= arrangements 

is directed towards a central plane of th. transducer ar-

rangement. 

28. 

JO 

,..... 

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

characterised in that the transdu.-rs in the plurality 

thereof are arranged adjacent t. 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 	ontrol device for varying the 

frequency and/or the 	nergy applied to the transducers. 

30. The apparatus in .ccordance with any of the Claims 24 to 

29, characteri -d by a device for setting an angle be- 

20 tween a surf- e of the transducer arrangement and a sur-

face of th. substrate. 

31. The ap!=ratus in accordance with Claim 30, wherein the 

angl 	is adjustable between 0 and -±15°. 

25 

32. ' 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. 

3+ 

33. 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. 



28 

34. The apparatus in accordance with Claim 33, characte-ized 

by a control device for supplying different liqui•s to 

different nozzle arrangements and/or different • tlet 

5 nozzles of the nozzle arrangement(s). 

35. The apparatus in accordance with any of t - Claims 24 to 

34, characterised in that the at least • e nozzle ar-

rangement and the transducer arrangem. t are disposed 

10 in/on a common main body and form a 	ubstantially closed 

base structure. 

36. The apparatus in accordance w' h Claim 35, characterised 

in that the substantially c •sed base structure protrudes 

15 relative to the remainder .f the base structure in the 

region of the transduce 	arrangement. 

37. The apparatus in ac .rdance with any of the Claims 24 to 

36, characterised 	n that at least one nozzle arrangement 

20 and the transdu -r arrangement extend substantially par-

allel to one - other. 

38. The appar- us in accordance with any of the Claims 24 to 

37, char-cterized by a control device for controlling the 

25 trans..cers to serve as a sensor for ultrasound or 

mega-ound or as generators for ultrasound or megasound. 

39. - nozzle unit including at least one elongated nozzle ar-

rangement, an ultrasonic or megasonic transducer arrange- 

30 meat arranged adjacent to the nozzle arrangement, said 

ultrasonic or megasonic transducer arrangement being 

formed by a plurality of transducers, said plurality hav-

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

rangement point substantially in the same directio 	and 

form a substantially closed base structure of the nozzle 

unit, and a control device for exciting the p1 .ality of 

5 transducers individually and/or in groups. 

40. The nozzle unit in accordance with Claim '9, character- 

ized by at least one further elongated 	ozzle arrange-

ment, wherein the transducer arrange,- t is arranged be- 

10 tween the at least two elongated 	a zle arrangements. 

.— 	41. The nozzle unit in accordance 	.th Claim 39 or 40, char- 

acterised in that at least o'e elongated nozzle arrange-

ment is directed towards a central plane of the trans- 

15 ducer arrangement. 

42.  The nozzle unit in a cordance with any of Claims 39 to 

41, characterised in that the transducers in the plural-

ity thereof are =rranged adjacent to one another, in a 

20 row or in the 	orm of a matrix. 

43.  The nozzl= unit in accordance with any of the Claims 39 

to 42, 	• aracterised in that the transducer arrangement 

and a,  least one nozzle arrangement are substantially 

25 par• 	lel to one another. 

44.  A 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 liquids 

are applied over the longitudinal extent of the nozzle 

arrangement; and 



30 

introducing ultrasound or megasound into the liquid 	ilm 

by means of an ultrasonic or megasonic transducer ar-

rangement, which is formed by a plurality of t - saucers, 

said plurality having transducers of different resonance 

5 frequencies, wherein the transducers are exited indi-

vidually and/or in groups using different Intensities 

and/or frequencies. 

45. The method in accordance with Clai 	44 in combination 

10 with the features of one or more .f Claims 1 to 23. 
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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 liquid 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 ultrasound 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 introduced 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 method 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 

opposite 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 ultrasound or megasound into a liquid film on the substrate, 

wherein 	the transducer 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 another. 

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 

ultrasonic transmitter or a megasonic transmitter. 


