
I  A method and a device for treating substrates and a nozzle unit for this
purpose The present invention relates to a method and a device for 5
treating substrates as well as to a nozzle unit for this pur- pose. In
particular, the present invention relates to a  method and a device for the
surface treatment of substrates  and especially substrates in the
semiconductor field using a  liquid in combination with ultrasound, and in
particular, 10 megasound. It is known to clean components using ultrasound
in the most  varied of technological fields. Hereby, the components to be
cleaned are brought into contact with a liquid medium, usually 15 being
dipped therein, and are exposed to ultrasound for a cer- tain period of time
in order to detach the impurities. Ultra- sonic cleaning is also a
recognized technique in the field of  wafer and mask production and is
already used in very many  different ways. 20 An ultrasound system generally
consists of a generator and an  ultrasonic transducer, wherein the generator
converts an al- ternating voltage into an appropriate operating voltage for
the ultrasonic transducer. In turn, the latter converts the 25 electrical
energy into mechanical vibrations which cause posi- tive pressure and
negative pressure phases to develop in a  liquid medium in contact
therewith. So-called cavitation bub- bles are produced by the alternating
positive pressure and  negative pressure phases and as a result very high
local pres 30 sures and temperatures are created for a brief period when
they implode. The cavitation bubbles form the basis for the  ultrasonic
cleaning technique. At a frequency above 400 kHz  



one speaks of ultrasound, and from a frequency of 700 kHz up Literal
translation of International Application PCT/EP20051011533 (WO 2006/048185)
2  wards, of megasound. In the range covered by the megasonic  frequencies,
the cavitation energy is comparatively small so  that destruction of
microstructures is avoided. At the same  time however, the cleaning
efficiency for the smallest size of 5 particles is very high in the
megasonic frequency range. In  consequence, megasound is usually used when
producing wafers  and masks. In one known ultrasonic cleaning system such as
is described  10 in DE-A-197 58 267 for example, semiconductor wafers are
in- serted as a batch into a treatment basin filled with liquid  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 liq- uid film is formed on a locally
bounded surface area of the  substrate requiring treatment by means of a
nozzle unit which 25 comprises at least one elongated nozzle arrangement and
an ul- trasonic transducer and in particular a megasonic transducer
arrangement arranged adjacent thereto, wherein at least one  part of the
ultrasonic transducer arrangement is brought into  contact with the liquid
film and thereafter, ultrasound and in 30 particular megasound is introduced
into the so formed liquid  



film. The method in accordance with the invention is suitable  for the
employment of ultrasound, wherein it is preferred that  sound in the
megasonic frequency range be utilised. This Literal translation of
International Application PCT/EP2005/011533 (WO 2006/048185) 3  method
enables surface areas of a substrate requiring treat- ment to be treated in
a locally limited manner using liquid  and ultrasound so that the treatment
can be optimised for this  particular surface area. Furthermore, a treatment
can be ef 5 fected with just a small quantity of liquid due to the local
application of a liquid film, wherein consumption of the me- dium can be
minimized. It should be noted hereby, that the  surface of the substrate can
be at least partly moistened with  a liquid even prior to the local
application of the liquid 10 film, and that additional liquid can be
deposited on the sub- strate in addition to the formation of a local liquid
film by  the nozzle arrangement. Furthermore, it should also be men- tioned
that after the local formation thereof, the liquid film  can spread out and
thus cover larger partial areas and possi 15 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 liquid  film to be formed, and this in turn assists in the
provision  of a defined treatment with ultrasound. 25 Preferably, a relative
movement between the nozzle unit and  the substrate is produced in order to
enable the liquid film  



to be deposited on different surface areas of the substrate  and to
introduce the ultrasound into the liquid film in these 30 areas. This
thereby enables a large area of the surface and  possibly the entire surface
area of the substrate to be  treated wherein it is possible to optimise the
treatment with  the liquid and the ultrasound for different surface areas.
An Literal translation of International Application PCT/EP2005/011533 (WO
2006/048185) 4  optimisation of this type is, for example, possible by
varying  the relative movement between the nozzle unit and the sub- strate,
wherein the time period for which the liquid film and  the ultrasound are
effective is altered, and hereby, the speed 5 of the relative movement is
preferably altered in dependence  on the position of the nozzle unit
relative to the substrate.  As a further possibility for the optimisation of
the treat- ment, it is possible to vary the introduction of the ultra 10
sound into the liquid film during the treatment. Hereby for  example, the
introduction of the ultrasound can be varied in  dependence on the position
of the nozzle unit relative to the  substrate. Thus, in one embodiment of
the invention, the in- tensity and/or the frequency of the ultrasound
introduced into 15 the liquid film can be altered in order to
correspondingly  change the effect of the ultrasound on the surface area.
Here, what is meant by a change in frequency is a relatively  small
deviation with respect to the resonant frequency of a  transducer in order
to detune the latter and hence alter the 20 effectiveness profile of the
transducer. In a further embodiment of the invention, the angle of inci-
dence of the ultrasound on the substrate can preferably be  varied by
positioning the ultrasonic transducer arrangement at 25 an angle with
respect to a surface of the substrate. The an- 



gle of incidence of the ultrasound with respect to the surface  of the
substrate is preferably varied between 105 and 75.  Both the change in the
intensity and/or the frequency of the  ultrasound and also the change of the
angle of incidence of 30 the ultrasound can be utilised for deliberately
producing  cavitation directly on the surface of the substrate. Never-
theless, intentional detuning of the effectiveness profile is,  for example,
also possible in order to produce cavitation at a Literal translation of
International Application PCT/EP2005/011533 (WO 2006/048185) 5  distance
away from the surface of the substrate so as to pro- tect sensitive surface
structures for example. Optimisation  of the treatment can then be effected
without destroying the  structure. 5 In a particularly preferred embodiment
of the invention, the  ultrasonic transducer arrangement is built up from a
plurality  of ultrasonic transducers which are controlled individually
and/or in groups in order to produce different amounts of ul 10 trasonic
sound and hence further locally optimised treatments  within the locally
bounded liquid film. This applies in par- ticular, when the liquid film
extends over a larger surface  area of the substrate, such as over the
entire width of the  substrate for example. The individual or group-wise
control 15 of the ultrasonic transducers then enables optimised treatment
over the width of the substrate. Provision is preferably made  for the
transducers to have different resonant frequencies and  to be arranged
either in a row or in the form of a matrix in  order to provide locally
differing treatments. Hereby, the 20 ultrasonic transducers are preferably
controlled at different  intensities and/or frequencies in order to enable
individual  



optimisation and/or matching of the transducers. Preferably, the liquid film
is formed substantially along a  25 straight line over the entire width of
the substrate and the  ultrasound is introduced into the liquid film
substantially  along a straight line over the entire width of the substrate.
This enables treatment to be effected over the entire surface  of the
substrate with highly localised optimisation of the 30 treatment process by
means of a single movement of the nozzle  unit over the substrate whilst
appropriately controlling the  nozzle unit arrangement(s) and the ultrasonic
transducer ar- rangement. Hereby, the introduction of the ultrasound is
Literal translation of International Application PCT/EP2005/011533 (WO
2006/048185) 6  preferably controlled in different manners over the width of
the substrate so as to provide local optimisation of the  treatment process.
5 For a further matching or optimisation of the treatment proc- ess, the
composition of the liquid forming the liquid film is  controlled. For the
purposes of local optimisation, the noz- zle arrangement preferably
comprises a plurality of nozzles  which are controlled in different manners,
this thereby ena 10 bling a local alteration of the treatment process to be
ef- fected along the nozzle arrangement. Hereby, different liq- uids and/or
differing quantities of liquid are preferably ap- plied 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, liq- uids having different concentrations of a constituent. In
the preferred exemplary embodiment of the present inven- tion, the liquid
film is applied by means of at least two noz- 20 zle arrangements which are
arranged on opposite sides of the 



transducer arrangement in order to ensure that the liquid film  is formed
very homogeneously in the vicinity of the transducer  arrangement. In one
embodiment of the invention, different  liquids are supplied to the nozzles
arranged on opposite sides  25 of the transducer arrangement. Preferably, an
average spacing of from 0.2 to 2.0 mm and in  particular of from 0.7 to 1.4
mm is maintained between the ul- trasonic transducer arrangement and the
surface of the sub 30 strate to be treated during the treatment process.
Hereby for  example, the spacing can be varied during the treatment in or-
der to produce, in turn, a change of treatment, and in par- ticular, local
changes thereof. Literal translation of International Application
PCT/EP2005/011533 (WO 2006/048185) 7  In a particularly preferred embodiment
of the invention, the  liquid forming the liquid film contains a developer
or an  etching agent, wherein in this case the ultrasound ensures 5 good
contact between the surface of the substrate to be  treated and the
treatment medium so as to prevent particles  being deposited on the surface.
Furthermore the ultrasound  causes the developer to be well mixed so that
local saturation  of the liquid can be prevented. 10 In a further embodiment
of the invention, the liquid forming  the liquid film preferably contains a
rinsing agent and/or a  cleaning fluid, the ultrasound thereby assisting the
effi- ciency of the cleaning process. 15 The object of the invention is also
achieved by a device for  treating substrates which comprises a nozzle unit
including at  least one elongated nozzle arrangement and an elongated ultra-



sonic transducer arrangement disposed adjacent to the nozzle 20 arrangement
and in particular a megasonic transducer arrange- ment, wherein the at least
one nozzle arrangement and the ul- trasonic transducer arrangement point in
substantially the  same direction and wherein there is provided a moving
device  for the substrate and/or the nozzle unit for positioning them 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. Literal
translation of International Application PCT/EP2005/011533 (WO 2006/048185)
8  Preferably, the device comprises a control device for control- ling a
moving device in such a manner that the nozzle arrange- ment and the
ultrasonic transducer arrangement are moved over  the surface of the
substrate at a defined distance therefrom 5 in order to successively enable
different surface areas of the  substrate and in particular, to enable the
entire surface of  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- trasonic transducer arrangement is arranged between at least 15 two
elongated nozzle arrangements. The provision of two elon- gated nozzle
arrangements on opposite sides of the ultrasonic  transducer arrangement
assists in the formation of a defined  



liquid film in the region of the ultrasonic transducer ar- rangement. For
the purposes of a well defined formation of 20 such a liquid film, the at
least two elongated nozzle arrange- ments are preferably directed towards a
longitudinal central  plane of the ultrasonic transducer arrangement. For
local optimisation of the results of the treatment, the  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 Literal translation of International
Application PCT/EP2005/011533 (WO 2006/048185) 9  power or excitation power
of the ultrasonic transducers is  variable. For setting the parameters of
the treatment process, a device  5 is preferably provided for adjusting the
angle between a sur- face of the transducer arrangement and a surface of the
sub- strate. 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 to between 0.7 and 1.4 mm. In a preferred
embodiment of the invention, a device is pro- 15 vided for supplying liquid
to at least one nozzle arrangement  for the purposes of forming a liquid
film on a surface of a  substrate to be treated. Preferably hereby, a
control device  



is provided for supplying different liquids to different noz- zle
arrangements and/or different outlet nozzles of the nozzle 20
arrangement(s), this thereby enabling local adjustment of the  treatment
over the entire length of the nozzle arrangement.  In a particularly
preferred embodiment of the invention, the  at least one nozzle arrangement
and the ultrasonic transducer 25 arrangement are provided in/on a common
main body of the noz- zle units and form a substantially closed base
structure.  This assists in the formation of a liquid film between two
facing closed structures, i.e. the surface of the substrate  and the closed
base structure of the nozzle unit. Hereby, the 30 substantially closed base
structure protrudes relative to the  remainder of the base structure in the
region of the ultra- sound arrangement, this thereby producing good contact
between  the ultrasound arrangement and a liquid film which is formed
Literal translation of International Application PCT/EP2005/011533 (WO
2006/048185) 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 least one elongated nozzle arrange- ment and
an elongated ultrasonic transducer arrangement ar- ranged adjacent to the
nozzle arrangement, and in particular a  megasonic transducer arrangement,
wherein the nozzle arrange- ment and the ultrasonic transducer arrangement
point in sub 10 stantially the same direction and form a substantially
closed  base structure of the nozzle unit. A nozzle 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 also enables selective and de 15 fined introduction of
ultrasound into a liquid film formed in  



such a manner. Preferably, at least one further elongated nozzle arrangement
is provided, wherein the ultrasonic transducer arrangement is  20 arranged
between the at least two elongated nozzle arrange ments so that a liquid may
be supplied from both sides of the  ultrasonic transducer arrangement
thereby assisting in the  formation of a homogeneous liquid film. Hereby,
the at least  one elongated nozzle arrangement is directed towards a central
25 plane of the ultrasonic transducer arrangement in order to as- sist in
the selective and defined formation of a liquid film  in the region of the
ultrasonic transducer arrangement. In a preferred embodiment of the
invention, the ultrasonic  30 transducer arrangement is formed from a
plurality of ultra- sonic transducers wherein the transducers are preferably
ar- ranged directly adjacent to one another, in a row or in the  form of a
matrix. This enables the ultrasonic transducers to Literal translation of
International Application PCT/EP2005/011533 (WO 2006/048185) It  be
separately controlled and thus allows local adjustment of  the parameters of
the treatment during a process 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 embodiment taken with reference
to the drawings; in the drawings: Fig. 1 shows a schematic perspective
illustration of a  10 nozzle unit in accordance with the present inven- tion
in relation to a substrate to be treated; Fig. 2 a schematic sectional view
of a nozzle unit in  accordance with the present invention; 15 Fig. 3 a
schematic view from below of a nozzle unit in  



accordance with the present invention; Figs. 4 a and b schematic sectional
views of a nozzle unit  20 in accordance with the present invention having
different alignments with respect to a substrate; Fig. 5 a schematic
illustration of an ultrasonic trans- ducer arrangement in the form of a
planar matrix  25 in accordance with one embodiment of the inven- tion; Fig.
6 a schematic sectional view of a nozzle unit of  the present invention in
accordance with an al- 30 ternative embodiment. Fig. 1 shows a perspective
view of a nozzle unit 1 which is  useable for the treatment of a substrate 2
with liquid and ul- Literal translation of International Application
PCT/EP2005/011533 (WO 2006/048185) 12  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 megasound in particular 5 The nozzle unit 1
comprises a 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 to a plurality of outlet
bores 20 and 22 Literal translation of International Application
PCT/EP2005/011533 (WO 2006/048185) 13  which open out at the lower surface 6
of the main body 4. The  respective outlet bores 20 and 22 are each a
component of noz- zle arrangements which are arranged on opposite sides of
the  ultrasonic transducer arrangement 10, as is readily apparent 5 from
Fig. 2. The nozzle arrangements 24, 26 and the ultrasonic transducer
arrangement 10 have a linear dimension which corresponds at  least to the
width of a substrate to be treated in order to 10 enable the entire surface
of the substrate to be treated in  the course of just one pass over the
substrate. 1r.. As is apparent from Fig. 2, the ultrasonic transducer
arrange- ment protrudes with respect to the outlet openings of the re- 



15 spective outlet bores 20 and 22. The lower surface 6 of the main body 4
and the ultrasonic transducer arrangement together  form a closed base
structure of the nozzle unit 1. As is further apparent from Fig. 2, the
respective outlet  20 bores 20 and 22 are inclined with respect to a
longitudinal  central plane of the main body 4 and extend toward the longi-
tudinal central plane from the supply lines 16 and 18. In  consequence,
liquids emerging from the respective outlet bores  20 and 22 are directed
towards the longitudinal central plane. 25 The respective outlet bores 20
and 22 are each part of a noz- zle arrangement 24, 26 which is formed by a
plurality of out- let bores 20 and 22 arranged one behind the other in the
plane  of the paper. As an alternative, it is also possible to pro- vide one
or more slit-shaped nozzles in place of the outlet 30 bores. A cooling agent
channel for the passage of a cooling  agent is provided on the back of the
ultrasonic transducer ar- rangement 10 in order to cool the ultrasonic
transducers. Literal translation of International Application
PCT/EP2005/011533 (WO 2006/048185) 14  However, cooling could also be
effected by a liquid film  formed between a substrate to be cleaned and the
nozzle unit.  Fig. 3 shows a schematic view from below of the nozzle unit 1,
5 wherein the nozzle arrangements 24, 26 and the ultrasonic  transducer
arrangement 10 are schematically illustrated in the  Figure. As is apparent
from Fig. 3, the ultrasonic transducer  arrangement 10 consists of a total
of 9 rectangular ultrasound  radiation elements which are controllable
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 dif-
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- trasonic transducer arrangement 10
with respect to a surface  of a substrate 2 to be treated, as is indicated
by the angle a 25 shown in the Fig.. This angle is preferably adjustable be-
tween 0 and 10, as will be described in more detail herein- after. Fig. 5
shows an alternative type of arrangement for an ultra- 30 sonic transducer
arrangement wherein a plurality of ultrasonic  transducers is arranged in
the form of a matrix in the x and  y-directions. Literal translation of
International Application PCT/EP2005/011533 (WO 2006/048185) 15  Operation
of the nozzle unit 1 is described hereinafter. The nozzle unit is first
moved over a surface area of a sub- strate to be treated, in this case, a
semiconductor wafer that  5 is being subjected to a development process. A
distance of between 0.7 and 1.4 mm is set up between a lower surface of  the
nozzle unit 1 and an upper surface of the substrate 2.  Subsequently, a
developer liquid is introduced into the media  distribution chamber 12 from
the media supply unit and is then 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 a known manner. 



15 In the following description, we assume first of all that the  lower
surface of the transducer arrangement 10 is aligned par- allel to the upper
surface of the substrate 2. A liquid film  is now formed between the closed
base structure of the nozzle 20 unit and the surface of the substrate by the
liquid emerging  from the nozzle arrangements 24, 26 which is directed
towards  a longitudinal central axis of the nozzle unit 1. The liquid  film
completely fills the space between the surface of the  substrate 2 and the
base structure of the nozzle unit 1. Due 25 to the fact that the ultrasonic
transducer arrangement 10 pro- trudes with respect to the remaining lower
surface of the noz- zle unit 1, full contact between the ultrasound
arrangement 10  and the liquid film is achieved. 30 Subsequently, the
ultrasonic transducer arrangement 10 is ex- cited in a controlled manner
such that ultrasound which is di- rected perpendicularly onto the surface of
the substrate 2 is  introduced into the liquid film. Due to the cavitation
effect Literal translation of International Application PCT/EP2005/011533
(WO 2006/048185) 16  described above, the ultrasonic sound waves now cause
parti- cles to be released from the surface of the substrate 2  thereby
ensuring uniform development 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 uniform contact of the developing
solution with undis- solved resist or coating layers can be achieved. This
leads  to an improvement in the uniformity of the result of the proc- ess
independently of the size of the structures and the den 10 sity
distributions of the structures on the substrate surface.  Furthermore, the
processing time 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 1 is now moved over the substrate 2 in order to
allow the ultrasound-assisted treatment with the developing  solution to be
applied successively over the entire surface of  the substrate 2. Naturally,
it is also possible for the ul 20 trasound- assisted treatment with
developing solution to be  effected only in selected surface areas of the
substrate. In order to produce a specific and differentiated control of  the
treatment process in different surface areas of the sub- 25 strate, there
are control methods of the most varied type which can be employed with the
basic procedures described  above. For example, it is possible to control
the different  ultrasonic transducers in the ultrasonic transducer arrange-
ment 10 in differing manners, wherein the transducers may be 30 arranged as
in Fig. 3 or in Fig. 5 for example. Hereby, it is  possible for some of the
ultrasonic transducers to be used as  sensors in order to detect the amount
of energy being supplied  to the liquid film from adjacent ultrasonic
transducers. Literal translation of International Application
PCT/EP2005/011533 (WO 2006/048185) 17  Naturally hereby, it is also possible
to swap the ultrasonic  transducers between an ultrasound transmitter mode
and a sen- sor mode so that all of the ultrasonic transducers can serve  as
sensors and transmitters over a period of time. 5 Due to the different
manners of controlling the ultrasonic  transducers, differing results for
the treatment can be ob- tained over the width of the substrate. It is
possible here- by, for control to be exercised by using different
frequencies 



10 as well as exercising control by the use of different excita- tion or
drive powers. Thus, for example, the individual ul- 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 of the
substrate which has a different con- centration as compared with that in a
central region of the  substrate. It is also possible to change the applied
liquid  (the type, concentration or quantity thereof) when passing 25 over
the substrate. Completely different results for the  treatment of the
surface of the substrate can thus be obtained  locally over the length of
the substrate. In addition, there  may be a complete change in the medium
being used, for exam- ple, it is possible to replace the developing solution
by a 30 rinsing agent. A further control parameter in accordance with the
present in- vention is the angle of incidence of the ultrasonic sound
Literal translation of International Application PCT/EP2005/011533 (WO
20061048185) 18  waves on the substrate, which, as is illustrated in Fig. 4,
is  effected by an inclined positioning of the nozzle unit with  respect to
the surface of the substrate 2 to be treated. In- ter alia, the input of
energy into a liquid film by the ultra 5 sonic sound waves can also be
controlled if, for example, the  ultrasonic transducers are not dipped
completely into the liq- uid film since transmission of the ultrasonic sound
waves can  



only occur where the ultrasonic transducers contact the liquid  film. 10 A
further manner of control lies in the setting of the rela- tive speed
between the nozzle unit and the substrate during  its passage over the
substrate, wherein the dwell times of the  liquid film and the time of
exposure to the ultrasonic sound  15 waves are locally adjustable. All of
these different manners of control enable a process of  adaptation, and in
particular optimisation of the surface  treatment of the substrate in
dependence on the nature of the 20 local surface of the substrate or in
dependence on a desired  result from the process. Fig. 6 shows a schematic
sectional view of a nozzle unit of  the present invention in accordance with
an alternative em- 25 bodiment. The same reference symbols as in the
preceding em bodiments are used in Fig. 6 insofar as identical or similar
elements are being described. The nozzle unit 1 shown in Fig. 6 again
consists of a main 30 body 4 having a lower surface 6. An ultrasonic
transducer ar- rangement 10 is arranged in a recess in the lower surface 6.
Furthermore, the nozzle unit 1 comprises a media supply unit 8  having a
media distribution chamber 12 into which different Literal translation of
International Application PCT/EP2005/011533 (WO 2006/048185) 19  media can
be introduced and mixed for example. The media dis- tribution chamber 12,
which is disposed substantially cen- trally above the main body 4, is
connected via a plurality of  conduits 30 which extend in an inclined manner
in the main 5 body 4. The ends remote from the media distribution chamber
each form an outlet nozzle which opens into a side face 31 of  



the main body 4. An baffle plate 32 extends substantially  parallel to the
side face 31 in such a manner that liquid  emerging from the nozzles is
directed onto the baffle plate 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. Liquid emerg- ing from
the nozzles therefore flows down over the baffle  plate and forms a
substantially uniform curtain. The outlet 15 nozzles in the side face 31
together with the baffle plate 32  form a nozzle arrangement. Hereby, the
lower end of the gap  between the baffle plate and the side face 31 of the
main body  4 serves as a fluid outlet opening for the nozzle arrangement.
The nozzle arrangement and the ultrasonic transducer arrange 20 ment thus
point in substantially the same direction since a  liquid emerging from the
nozzle arrangement and also the ul- trasonic sound emitted from the
ultrasonic transducer arrange- ment are directed substantially
perpendicularly relative to  the lower surface 6 of the main body. 25 The
construction of a nozzle arrangement including an baffle  plate is, for
example, known from the not prior published DE- A-102 32 984 belonging to
the present Applicant, and to this  extent reference is made thereto in
order to avoid repetition. 30 The subject matter of DE-A-102 32 984 is
incorporated herein  by reference. Literal translation of International
Application PCT/EP2005/011533 (WO 2006/048185) 20  A nozzle unit of this
type has the advantage that the liquid  film applied to a substrate can be
applied thereto without any  substantial use of force and furthermore, it
enables a liquid  film to be applied evenly to the substrate to be treated. 



5 Again, different liquids and in particular liquids having dif- fering
concentrations of a developer or an etching agent  within a carrier liquid
can be applied over the length of the  baffle plate by the plurality of
lines 30. Although only one 10 baffle plate is shown in Fig.6, a second
baffle plate can, for  example, be provided on the side face located
opposite 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 liquid film in both directions of
move- ment. Furthermore, different liquids can be applied to a sub- strate
via the nozzle arrangements. For example, a developing 20 solution can be
applied via a leading nozzle arrangement,  which is located at the front in
the direction of movement of  the nozzle unit, whilst a neutralizing
solution can be applied  via a trailing nozzle arrangement, which is located
at the  rear in the direction of movement. 25 The nozzle unit 1 in
accordance with Fig. 6 is substantially  operated in the same as the manner
as the nozzle unit de- scribed hereinbefore with respect to Figures 1 to 5,
wherein  in the case of the nozzle unit 1 in accordance with Fig. 6, 30
liquid is only applied along a single line insofar as a second  baffle plate
is not provided. Literal translation of International Application
PCT/EP2005/011533 (WO 2006/048185) 21  The different aspects of the
invention mentioned above can be  freely interchanged and combined with one
another. 



Although the present invention has been described on the basis  5 of a
specific embodiment, it is not limited to this specifi- 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 only 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 over the substrate, this  could also be done in the course of a
pivotal movement for ex 15 ample. Naturally, it is also possible to move the
substrate  past the nozzle unit. In addition, the use of the nozzle unit  is
not limited to a treatment involving a developer. The noz- zle unit can also
be used, in particular, for etching proc- esses and rinsing and/or cleaning
processes. It is also pos 20 sible for such processes to be effected
successively using one  and the same nozzle unit. The method in accordance
with the  invention is particularly suitable for semiconductor wafers,
masks for use in the manufacture of semiconductors and LCD  displays. 25
Literal translation of International Application PCT/EP2005/011533 (WO
20061048185) 22  Claims 1. A method 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; 10 bringing at least one part of the ultrasonic transducer
arrangement into contact with the liquid film; and  introducing ultrasound
into the formed liquid film using  the ultrasonic transducer arrangement. 15
2. The method in accordance with Claim 1, characterised in  that the liquid
film is formed between a substantially  closed base structure of the nozzle
unit and the surface  area of the substrate to be treated. 20 3. The method
in accordance with Claim 1 or 2, characterized  by the production of a
relative movement between the noz- zle unit and the substrate for the
purposes of depositing  the liquid film on different surface areas of the
sub- strate and for introducing the ultrasound into these ar- 25 eas. 4. The
method in accordance with Claim 3, characterised in  that the speed of the
relative movement between the noz- zle unit and the substrate is varied. 30
5. The method in accordance with Claim 4, characterised in  that the speed
of the relative movement is altered in de- Literal translation of
International Application PCTIEP2005/011533 (WO 2006/048185) 23  pendence on
the position of the nozzle unit relative to  the substrate. 6. The method in
accordance with any of the preceding 5 Claims, characterised in that the
introduction of the ul- trasound into the liquid film is varied during the
treat- ment. 7. The method in accordance with Claim 6, characterised in  10
that the introduction of the ultrasound is altered in de- 



pendence on the position of the nozzle unit relative to  the substrate. 8.
The method in accordance with Claim 6 or 7, characterised  15 in that the
intensity and/or the frequency of the ultra- sound introduced into the
liquid film is altered in at  least a sub region of the transducer
arrangement. 9. The method in accordance with any of the Claims 6 to 8,  20
characterised in that the angle of incidence of the ul- trasound on the
substrate is varied by an inclined posi- tioning of the transducer
arrangement with respect to a  surface of the substrate. 25 10. The method
in accordance with Claim 7, characterised in  that the angle of incidence of
the ultrasound with re- spect to the surface of the substrate is varied
between  105 and 75. 30 11. The method in accordance with any of the
preceding  Claims, characterised in that the transducer arrangement  is
formed from a plurality of transducers which are con- trolled individually
and/or in groups. Literal translation of International Application
PCT/EP2005/011533 (WO 20061048185) 24  12. The method in accordance with
Claim 11, characterised in that the transducers are arranged along a row or
in the  form of a matrix and that transducers having different  5 resonant
frequencies are provided. 13. The method in accordance with Claim 11 or 12,
character- ised in that the transducers are excited with different
intensities and/or frequencies. 10 14. The method in accordance with any of
the preceding  Claims, characterised in that the liquid film is formed  



substantially along a straight line over the entire width  of the substrate,
and the ultrasound is introduced into 15 the liquid film substantially along
a straight line over  the entire width of the substrate. 15. The method in
accordance with any of the preceding  Claims, characterised in that the
introduction of the ul- 20 trasound is controlled in different manners over
the  width of the substrate. 16. The method in accordance with any of the
preceding  Claims, characterised in that the composition of the liq- 25 uid
forming the liquid film is controlled. 17. The method in accordance with any
of the preceding  Claims, characterised in that the nozzle arrangement con-
sists of a plurality of nozzles which are controlled in  30 different
manners. 18. The method in accordance with Claim 15 or 16, character- ised
in that locally different liquids and/or differing  Literal translation of
International Application PCT/EP20051011533 (WO 2006/048185) 25  quantities
of liquid are applied to the substrate for the  purposes of forming the
liquid film. 19. The method in accordance with any of the preceding 5
Claims, characterised in that the liquid film is applied  by means of at
least two nozzle arrangements which are  arranged on opposite sides of the
transducer arrangement. 20. The method in accordance with Claim 18,
characterised in  10 that different liquids are supplied to the nozzles ar-
ranged on opposite sides of the transducer arrangement. 21. The method in
accordance with any of the preceding  Claims, characterised in that an
average spacing of from  15 0.2 to 2.0 mm and in particular of from 0.7 to
1.4 mm is 



maintained between the transducer arrangement and the  surface of the
substrate to be treated during the treat- ment process. 20 22. The method in
accordance with Claim 20, characterised in  that the average distance is
varied during the treatment.  23. The method in accordance with any of the
preceding Claims, characterised in that the liquid forming the liq- 25 uid
film contains a developer or an etching agent. 24. The method in accordance
with any of the preceding  Claims, characterised in that the liquid film
contains a  rinsing and/or a cleaning fluid. 30 25. The method in accordance
with any of the Claims 11 to 24,  characterised in that at least one of the
transducers is  controlled at least on occasion during the process of in-
Literal translation of International Application PCT/EP2005/011533 (WO
2006/048185) 26  traducing the ultrasound into the liquid film in such a
manner that it works as a sensor. 26. An apparatus for treating substrates
with a liquid and  5 ultrasound or megasound, said apparatus comprising: a
nozzle unit including at least one elongated nozzle ar- rangement for
producing a liquid film on the substrate  and a transducer arrangement
arranged adjacent to the  nozzle arrangement for introducing ultrasound or
10 megasound into a liquid film disposed on the substrate,  wherein the at
least one nozzle arrangement and the  transducer arrangement point in
substantially the same  direction; and a moving device for the substrate
and/or  the nozzle unit for positioning them adjacent to a sur 15 face of
the substrate in such a manner that the at least  



one nozzle arrangement and the ultrasonic transducer ar- rangement are
directed toward the surface of the sub- strate at a defined distance
therefrom, and the trans- ducer arrangement contacts a liquid film formed on
the 20 surface of the substrate. 27. The apparatus accordance with Claim 26,
characterized by  a control device for controlling the moving device in
such a manner that the nozzle arrangement and the ultra 25 sonic transducer
arrangement are moved over the surface  of the substrate at a defined
distance therefrom. 28. The apparatus in accordance with Claim 26 or 27,
charac- terized by at least one further elongated nozzle arrange- 30 ment,
wherein the transducer arrangement is arranged be tween the at least two
elongated nozzle arrangements.  Literal translation of International
Application PCT/EP2005/011533 (WO 2006/048185) 27  29. The apparatus in
accordance with Claim 28, characterised in that at least one of the
elongated nozzle arrangements  is directed towards a central plane of the
transducer ar- rangement. 5 30. The apparatus in accordance with any of the
Claims 26 to  29, characterised in that the transducer arrangement is
formed by a plurality of ultrasonic or megasonic trans- ducers. 10 31. The
apparatus in accordance with Claim 30, characterised  in that transducers of
different resonant frequencies are  provided. 15 32. The apparatus in
accordance with Claim 30 or 31, charac- terised in that the transducers in
the plurality thereof  



are arranged adjacent to one another, in a row or in the  form of a matrix.
20 33. The apparatus in accordance with any of the Claims 30 to  32,
characterized by a control device for controlling the  plurality of
transducers individually and/or in groups. 34. The apparatus in accordance
with any of the Claims 30 to  25 33, characterized by a control device for
varying the  frequency and/or the energy applied to the transducers. 35. The
apparatus in accordance with any of the Claims 26 to  34, characterized by a
device for setting an angle be- 30 tween a surface of the transducer
arrangement and a sur- face of the substrate. Literal translation of
International Application PCT/EP2005/011533 (WO 20061048185) 28  36. The
apparatus in accordance with Claim 35, wherein the angle is adjustable
between 0 and 15. 37. The apparatus in accordance with any of the Claims 26
to  5 36, 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. 38. The
apparatus in accordance with any of the Claims 26 to  10 37, characterized
by a device for supplying liquid to the  at least one nozzle arrangement.
39. The apparatus in accordance with Claim 38, characterized  by a control
device for supplying different liquids to  15 different nozzle arrangements
and/or different outlet nozzles of the nozzle arrangement(s). 40. The
apparatus in accordance with any of the Claims 26 to  39, characterised in
that the at least one nozzle ar 20 rangement and the transducer arrangement
are disposed  in/on a common main body and form a substantially closed  



base structure. 41. The apparatus in accordance with Claim 40, characterised
25 in that the substantially closed base structure protrudes  relative to
the remainder of the base structure in the  region of the transducer
arrangement. 42. The apparatus in accordance with any of the Claims 26 to
30 41, characterised in that at least one nozzle arrangement  and the
transducer arrangement extend substantially par- allel to one another.
Literal translation of international Application PCT/EP2005/011533 (WO
2006/048185) 29  43. The apparatus in accordance with any of the Claims 26
to 42, characterized by a control device for controlling the  transducers to
serve as a sensor for ultrasound or  megasound or as generators for
ultrasound or megasound. 5 44. A nozzle unit including at least one
elongated nozzle ar- rangement and an ultrasonic or megasonic transducer ar-
rangement arranged adjacent to the nozzle arrangement,  wherein the nozzle
arrangement and the transducer ar 10 rangement point substantially in the
same direction and  form a substantially closed base structure of the nozzle
unit. 45. The nozzle unit in accordance with Claim 44, character- 15 ized by
at least one further elongated nozzle arrange- ment, wherein the transducer
arrangement is arranged be- tween the at least two elongated nozzle
arrangements. 46. The nozzle unit in accordance with Claim 44 or 45, char-
20 acterised in that at least one elongated nozzle arrange- ment is directed
towards a central plane of the trans- ducer arrangement. 



47. The nozzle unit in accordance with any of the Claims 44  25 to 46,
characterised in that the transducer arrangement  is formed from a plurality
of ultrasonic or megasonic  transducers. 48. The nozzle unit in accordance
with Claim 47, character- 30 ised in that the transducers in the plurality
thereof are  arranged adjacent to one another, in a row or in the form  of a
matrix. Literal translation of International Application PCT/EP2005/011533
(WO 20061048185) 30  49. The nozzle unit in accordance with Claim 47 or 48,
char acterised in that transducers of different resonant fre- quencies are
provided. 5 50. The nozzle unit in accordance with any of the Claims 44  to
49, characterised in that the transducer arrangement  and at least one
nozzle arrangement are substantially  parallel to one another. 10 51. A
method for treating substrates comprising the following  method steps:
forming a liquid film on a local surface area of the sub- strate by means of
a nozzle unit having at least one  elongated nozzle arrangement, wherein
different liquids 15 are applied over the longitudinal extent of the nozzle
arrangement; and introducing ultrasound or megasound into the liquid film.
52. The method in accordance with Claim 51 in combination 20 with the
features of one or more of the Claims 1 to 17  and 19 to 24. Literal
translation of International Application PCT/EP2005/011533 (WO 2006/048185) 


