WO 2011/ 054405PCT/ EP2010/ 001629 1 Met hod and Apparatus for Treating
Substrat es The present invention relates to a nethod and an apparatus for
treati ng Wokstwesg4®s, wherein a liquid is supplied to at PCEaPRo18/opwee i al
area of the substrate and radiation is 5introduced into the liquid. In the
field of sem conductors it is known thay for exanple photo masks have to be
exposed to different treatnent steps, in particular cleaning steps, both
during their manufacture and during their use in the field. It is in
particul ar known to expose the io masks to a wet cleaning process. For such

a wet cleaning prOCESMéthou%uﬁﬂxgahf’e&ae%r'rrieétttlﬂ_; Subk@rateg 0 be cl eaned has
hydrophilic surface characteristics, tn order to enable better wetting of
the surface to be cleaned by the process nedia applied thereto. Due to
differen enonen h e S
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to a fet ntTodaeedteRe Ba¥idwi th UV radiation, while the mask is in a gas

at nosphere such as nitrogen or an oxygen atnDsphere. In this process often
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surface of the substrate his may lead to stress forces and/or rel axatlon
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t he subspriet ® its cleaning, which may on one hand be caused by the orientation of

15 absorbed water molecules and on the other hand by thin organic layers.

Thus it is known in the field to irradiate the masks prior to a wet cleaning thereof with
UV radiation, while the mask is in a gas atmosphere such as nitrogen or an oxygen
atmosphere. In this process often UV radiation having a wavelength of about 172 nm

20 is used.

Such a UV radiation in a gas atmosphere may initiate several different processes
such as an oxidation of hydrocarbons at the surface by atomic oxygen, an oxidation
of metals at the surface of the substrate by atomic oxygen, the removal of hydrophilic

25 molecular wet layers by photons, and the activation of adsorbed lons by UV energy.
In particular, a hydrophobic surface area may be changed into a hydrophilic surface
area. The photons of the UV radiation, however, often impact unimpeded with high
energy on the surface of the substrate. This may lead to stress forces and/or

relaxation processes in the substrate, in particular in fine structures on the substrate.



It is further known to provide a wet treatnent after such a preparation of
the surface, 5in which aliquid filmis at least locally fornmed on the
subst r at ewendiidgs40adi ation is introduced into the |iqui ecrigeoeiolomeehi s
process, the liquid and the UV radiation are matched such that a majority
of the W/ radiation is absorbed in the Liquid filmin order to generate
radicals therein. In particular, it is Known to generate hydroxyl radicals
in for exanple diluted hydrogen peroxide water or ozone water 03-H20. Such
hydroxyl ioradicals cause selective dissolution of organic materials from
the substiipd Ria§YhligfRadbthe displideméit dTRtraklurés Uit tnAUReddtRer inflidmee i f
they are present. Such a nethod is for exanple disclosed in US 2006/ 0207629
Al . I n pahe usabilily ofdhe Rubstratgui d fi | m nade of for exanpl e ozone water,
hydr ogen peroxi de water, ammoni a 15water, a hydrogen peroxi de sol ution,

sul furic acid, organic acids and m xtures thereof is applied. Then, W
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liquid film made of for example ozone water, hydrogen peroxide water, ammonia

15 water, a hydrogen peroxide solution, sulfuric acid, organic acids and mixtures thereof
is applied. Then, UV radiation is introduced into the liquid film via a window which is
generate radicals. Again the UV radiation source and the liquid film are matched such
that many radicals are generated, such that a high absorption rate, if possible a

20 complete absorption, of the UV radiation occurs in the liquid film.

After the removal of the contaminations mentioned above, in particular of organic
contaminations, it may be useful to also remove residual ions from the substrate
surface. Known methods for this purpose usually use heated liquids, in particular de-
25  ionized water (D! water) to rinse the surface. Here, the problem may arise that for a
complete removal of residual ions either a longer application time of the liquid or a
high temperature of the liquid is required. High temperatures may be problematic in
that the heating process for the liquid may lead to contaminations therein. This is in
particular true when the temperature is raised close to the boiling point of the

30 respective liquid. In the treatment of temperature sensitive substrates or substrate



WO 2011/ 054405PCT/ EP2010/ 001629 3 layers it is furthernore possible that
the solubility of the lons is below the desired val ue. Prol ongi ng

appl i cat iwo 2vimBs406or conpensating for reduced tenperat RCEEPRGI000L629
desirable in view of efficiency considerations. 5Starting fromthe known
treatment nethods it is an object of thg present invention to provide an

| nproved apparatus and an i nproved nethod for the treatnent of substrates.
In accordance with one aspect of the invention the generation of a
hydrophilic substrate surface should be inproved. In accordance with a
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to clains 27, a nmethod according to claim32, a rrethod according to claim
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bef ore ap yrng t e su ate, suc at at least a portion
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the liquid prior tag t he sanetot bst I

ensuréd #AY eﬂﬁﬁﬁﬁ?tégl?ﬁ%ﬁyteﬂ%n’tBﬁﬂSWé’H?EO §8% r8§1 @?o?ﬂ?s rraéezg‘éﬂ?yoyed or
subst ant gabliy Yeeifiiegedef ore the |iquid reaches the substrate surface. By
generating the radicals directly before applying the liquid to the
substrate it can be ensured by a targeted direction of flow of the nmedium

having agf L2 §ancdhihidhe present invention one or more of these aspects may solved by
a method according to claim 1, a method according to claim 14, a method according
15 to claims 27, a method according to claim 32, a method according to claim 37 or a
device according to claim 42. Further embodiments of the invention are claimed in

the respective dependent claims.

In particular, a method for cleaning of a substrate is provided, in which a liquid is

20 applied to at least a partial area of said substrate, wherein prior to applying the liquid
to the substrate, radicals are generated therein by means of UV radiation, and
wherein the generation of said radicals occurs directly before applying the liquid to
the substrate, such that at least a portion of the radicals reaches the substrate. At the
same time, by pre-treating the liquid prior to applying the same to the substrate, it

25 may be ensured that unwanted reactive components such as ozone are destroyed or

substantially reduced before the liquid reaches the substrate surface.

By generating the radicals directly before applying the liquid to the substrate it can be
ensured by a targeted direction of flow of the medium having activated radicals

30 therein, that at least a portion of these radicals reach the substrate and thus an



30therein, that at |east a portion of these radicals reach the substrate
and thus an WD 2011/ 054405PCT/ EP2010/ 001629 4 i nproved cl eani ng of the
subst r at eveunfiasetosay be achi eved. Preferably, UV radi aPCoEPasy/oaiedd be
introduced into a liquid filmon the substrate formed by the activated
liquid applied to the substrate and confaining the radicals or precursors
for radicals, in order to maintain the activation of the radicals and/or to
generate further 5radicals. In so doing, the effective duration of the
radicals in the liquid my be prolonged, |leading to an i nproved cl eani ng of
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wr e}gl atp'a?t?all?%%rgr%ittemeyrt%lensa%]e radiation source, thus simplifying the method. For a
localized cleaning of surface areas of the substrate it is possible to limit the liquid

containing the radicals to selected surface areas of the substrate to be cleaned.

For generating the radicals UV radiation having for example a wavelength in the

15 range of 140 nm to 280 nm, depending on the liquid in the range of 140 nm to 200
nm may be used, which has a high absorption rate in most of the liquids. Preferably,
the UV radiation in the cited range of waveiengin shouid be maiched to the iiquid
such that at least 50% of this UV radiation, and in particular 80% thereof is absorbed
in the liquid.

20
In one embodiment UV radiation is introduced into the liquid prior to applying the
same to the substrate while the liquid flows along a UV radiation source, wherein on
the one hand, the UV radiation is chosen such that it causes a destruction of the
molecular structure of the liquid, in order to facilitate the directly subsequent

25  generation of radicals possibly by UV radiation. The liquid is thus prepared for an
efficient generation of radicals and undesired reactive components in the liquid are
reduced or destroyed prior to the application of the liquid. Thus these components do
not contact the substrate surface or do so only in a weaker form. This occurs for
example by generating suited precursors and intermediate products while the liquid is

30 in motion, because this dynamics facilitates and homogenizes the respective



t he one hand, the UV radiation is chosen such that it causes a destruction
of the nolecular structure of the liquid, in order to facilitate the

di rect |y WokRed(Ie49s 25generati on of radicals possibly bpCO¥Pe@Edioatszdn. The
liquid is thus prepared for an efficient generation of radicals and
undesired reactive conponents in the liguid are reduced or destroyed prior
to the application of the |iquid. Thus these conponents do not contact the
substrate surface or do so only in a weaker form This occurs for exanple
by generating suited precursors and internediate products while the liquid
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acids may be used, wherein the decomposition of the media dlrectly before the

generation of the radicals may make superfluous the use of chemicals which require

mask for the manufacture of semiconductors, a semiconductor, in particular a Si-

15 wafer, a Ge-wafer, a GaAs-wafer or an InP-wafer, a flat panel substrate and a multi
layer ceramic substrate, or any other substrate to be cleaned which may for example
be used in ine manufaciure of semiconduciors. Such subsiraies may have differeit
shapes and sizes. During the cleaning at least one of the following is at least partially
removed from the substrate by the help of the radicals: carbon, hydrocarbons,

20  organic contaminations as well as organic functional layers, such as positive resist,
negative resist and ion implanted resist, embossing and imprint material, stress buffer

and underfill materials, lacquers, dyes, bio materials and also bacteria,

In accordance with a further aspect of the invention, a method for removing ions from
25 the surface of a substrate and near surface layers of said substrate is provided,
wherein a liquid which is heated above ambient temperature is applied onto said
substrate, in order to form a liquid film on at least a partial area of said substrate, and
wherein electromagnetic radiation is introduced into said liquid film such that at least
a portion of said radiation reaches the surface of said substrate. The electromagnetic

30 radiation thereby causes increased ion mobility when it hits residual ions on the



mask for the manufacture of sem conductors, a sem conductor, in particular
a Si- ts wafer, a Ge-wafer, a GaAs-wafer or an InP-wafer, a flat panel
substr at evanrdiizosmest i | ayer ceram ¢ substrate, or any orh@mEpPsubsdireat e to be
cl eaned which may for exanple be used in the manufacture of sem conductors.
Such substrates may have different shapgs and sizes. During the cleaning at
| east one of the following is at |east partially renoved fromthe substrate
by the help of the radicals: carbon, hydrocarbons, 20organic contani nations
as well as organic functional Iayers such as positive resist, negative
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for exanmm&ebe used: ozone water, hydrogen

In one embodiment UV radiation, in particular UV radiation having a wavelength

above 190 nm is introduced into the liquid, at least 50% of which, in particular at least
20 80% of which reaches the interface between a surface of the substrate and the liquid

film. Alternatively or additionally IR radiation may be introduced into the liquid film,

which may for example be used for an in-situ heating of the liquid film. In this case at

least 50% of the IR radiation should reach the interface between the surface of the

substrate and the liquid film. The UV radiation and the IR radiation may be introduced
25  via the same radiation source. At least a portion of the radiation may generate

radicals in the liquid film.

According to a further aspect, a method for changing the surface characteristics of a
substrate having an at least partially hydrophobic substrate surface is provided, in

30  which at least a portion of said hydrophobic substrate surface gets an hydrophilic



15 water, DI water, H202, CO2-H20, DI water having 02 gas dissolved therein
or m xtures thereof. In one enbodinent UV radiation, in particular W

radi at i orwbavimgs@swavel engt h above 190 nm i s i ntroduce@Cirmroomioelsks qui d,

at | east 50% of which, in particular at |east 20 80% of which reaches the
interface between a surface of the substpate and the liquid film
Alternatively or additionally IR radiation may be introduced into the
liquid film which may for exanple be used for an in-situ heating of the
liquid film In this case at | east 50% of the IR radiation should reach the
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forcqé in the area of the substrate surface nmay be substantially reduced or
conpletely overcone. The liquid also facilitates the renoval of the
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liquid, tBeafi6sdRhRT S8idredBERinta EIRIEHIIS raigd Sitodly réadH @l Udce ctlinye
190 nm wherein at | east 80% of the UV eveien-ti,esis-tUJ s 1.4+l ke.el the
substrate. As the liquid at least one of the following may be used: ozone water,
15 hydrogen water, DI water, CO,-water or mixtures thereof. Other liquids may also be

used. In particular, DI water may also be used.

The different methods described above, may advantageously combined to a
complete method, wherein individual ones of these methods are conducted

20 sequentially and/or in parallel in the same or also changing liquids. In particular, it is
possible to conduct these methods in a single apparatus without the need to handle

the substrate between the individual methods.

In accordance with another aspect, an apparatus for treating substrates is provided,

25  comprising a substrate holder for receiving the substrate, a housing defining a flow
chamber having an inlet and an outlet, a first radiation source, and a unit for
generating a relative movement between said substrate holder and said housing. The
first radiation source is arranged to emit radiation into said flow chamber and is
further capable of emitting UV radiation. The unit for generating the relative

30  movement is capable to arrange said housing with respect to said substrate holder
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bet ween e individual methods. In accordance with another aspect, an
appar at uthe outlatdirectinfowaloste asubstiratepprothedutbstrabe Bedder si ng a substrate
hol der for receiving the substrate, a housing defining a flow chanber
having an inlet and an outlet, a first radiation source, and a unit for
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It is possible that the first radiation source is arranged such that it also emits radiation
through said outlet out of the housing. This enables introduction of radiation into the
liquid not oniy prior to the appilication thereo
maintain an activation of radicals or to generate further radicals. Also, further heating
15 of the liquid or maintaining the liquid at a temperature may be achieved. Furthermore,
the same radiation source, which is used to introduce radiation into the liquid prior to
the application thereof onto a substrate, may aiso be used in a simpie manner to
achieve changing a hydrophobic surface to a hydrophilic surface, or for the removal
of ions from the substrate surface.
20
In one embodiment, the first radiation source is at least partially arranged in said flow
chamber. The housing may for example have an outlet opening in which the first
radiation source may be at least partially arranged in the outlet opening, in particular,
substantially in the middle thereof. The outlet opening and the first radiation source
25 may have an extension in length which is greater or at least equal to an extension in
width of the substrate to be cleaned, in order to enable a complete cleaning of the
substrate during a single scanning movement of the housing relative to the substrate.
In one embodiment, the first radiation source comprises a first lamp, which emits
radiation in the UV range, wherein the first lamp may additionally emit radiation in the

30 IR range. The first radiation source may additionally comprise at least a second lamp



5into a liquid applied to a substrate via the first radiation source. This
may for exanple be used, as described in the above nethods, for generating
pr ecur sorwoant/dshiosr nedi at e products for the generati onpofi/pragiiooade9 or
directly for generating radicals in the liquid. It is, however, also
possible to heat the liquid during the gpplication thereof onto the
substrate. 10 It is possible that the first radiation source is arranged
such that it also emts radiation through said outlet out of the housing.
This enables introduction of radiation into the liquid not only prior to

the appl igmittingradlgioaah agirimarilp diffisteat wateslength rahge thdiefRAirsElamp. (A& nt ai n
an activation of radicals or to generate further radicals. Al so, further

heating BXampigdheisgarrd lmpman @nitilRgadiation, ig sage dhe frstdamerdaesmot @it be
achi eved ea%‘n

I nt roduceRra gaQtS{igEn’ﬁfmag%héi‘%ﬁaf gtrul\g%c?% t ﬁa&mlef{hattrléo#é ﬂereof onto a
subst r at eyaveigngihsd Hﬁeradsamnlsmmce; mqyl tbusrhermeatched a@theamwnem@tslgf a
hydrophoblc surface to.a Xdro {1 or, for t renoval

Y om Bhe Rrdesit A ESob iSRRG tk Fll 48T Saadild fafins' s SRS acHsie shet"®

source IQhéﬂrréteédibnmgbu@lelhasafurtﬁégﬁﬁ\ps‘] sai d flow chanber. The housi ng may
for exanple have an outlet opening in which the first radiati on source nmay

be at least partially arranged in the outlet opening, in particular,

subst ant 'A?écb)’dlhgté gﬁe ’é}rﬂégo‘?méhie e Qver E“EroQWeheéetWQEH 'tﬁ@{]%?%nﬁnﬁ sfe'cbﬁél

radi ation sourc ve an extension In reater or at
| east equarhptamdatheébwemamhen in the tobsing, wheresrmtm adeestt@webeovﬂreaned in

o et TR ESTE R EA A Lot Y 2L Lo b e

enbodi merdf indivi@uéli lasips withodit tred smgyerasf mmsmrcmeeoraaﬁmatonbamo the/rﬂouh emts
radlatlonlntheUVrane wherein the fi i

addi t ;i onal | m t
radi ati orf ?mneﬁénébnsmeﬁa%}ethwer iCPQ'lplertﬁHlsé‘l"oé'ﬁd§6rﬂé/8é°‘t ﬁ&?’%{&&CPﬁ%?ﬂPPy
conpri se Riedsefsbnd pheOMfc! AR ial of the cover may for example be quartz.

15 The first and/or second lamp may be a longitudinal or rod lamp, which may extend
through the flow chamber and which may provide homogenous radiation throughout
the same. The first iamp may inter aiia emit UV radiation in the waveiengin range
between 140 nm and 280 nm, depending in on the liquid between 140 nm to 200 nm,
and in one embodiment primarily, i.e. more than 50% of UV radiation in this

20 wavelength range. The second lamp may for example emit radiation in the
wavelength range over 180nm and/or IR radiation. Hereby different process results
may be achieved. The radiation above 180 nm may for example primarily cause a
decomposition of certain liquids in the flow chamber, in order to subsequently
facilitate a generation of radicals in the flow chamber by the radiation in the range

25  between 140 and 280 nm, depending in on the liquid between 140 nm to 200 nm.

Additionally, at least one second radiation source may be provided outside the flow
chamber of the housing such that it emits radiation into an area adjacent to the outlet
of the housing. Such a radiation source would not primarily emit radiation into the flow

30 chamber, but, if applicable, into a liquid film formed on a substrate by liquid exiting



WO 2011/ 054405PCT/ EP2010/ 001629 9 emtting radiation in a primarily
different wavel ength range than the first lanp. As an exanple, the second

| anp may woi2o11ldR440adi ation, in case the first | anp doesPOowtEP2Mii016BY
radiation, or it may for exanple emt UV radiation in a different range of
wavel engt hs. The radi ati on source may tﬂys be matched to the requirenents
of a 5process by respectively controlling the first and second lanps. It is
al so possible that the first radiation source has further |anps. According
to one enbodi nent, a cover is provided between the first and/or second | anp
and the #honogGhaahteri Thd BEcAiRHEdMtion§iIre: Pdy\SrirRhrily @asit raigticromed | S
iosubstantially transparent to at |east WV radiation. Such a cover enables
r epl acemgifferent wavglengthaange ihan thet fiisUradiationsovges. eyenithewahiids algo

cont am nat | i : . I . e %ﬁmg etely
surround?’b%EﬁqI%a{r%tsdﬁhéﬂ@ﬁ@'ggg%gg%nﬁgﬁﬂé;ﬁ'ﬁ% Zg&g ﬁ?’?%@naté{l']% I%’S\r{r?és e.af +k
r. rs? "sadiation sdurce,mavs&init @Y radiation H {Hle wWavdlendithirahge Gbb@ 1BQhmland/at |V
L.A11/V1 1l Ray RIIVAQ | WG IJV 4LACII 15 The first and/or second |anp
may bé alR&AGRHO™ nal or rod |anp, which may extend through the flow
chanber and whi ch may provi de honbgenous radi ation throughout the sane. The
first ianp may inter aiia emt UV radiation in the wavel ength range between

140 nm addcars®! wnijt narsple arevided vaich isecapahle af individually pad independeidlynm  and
in one e | i i | i . %% f.: LA LR this 20
wavel enggﬁﬂﬁéﬂﬁ@%%@géﬁ’:8§8°’|’%ﬁ%d'%‘5*?%‘?‘3%)?3‘%%%%’&/?{ @QW a"{aﬁ)cl)rhn'hp?\ t he
wavel engttiereahJhiograblésdratclaing tos intfeduatiombf cadiatider iaby the Ifqfuéd appliget toczs s
results may be achieved. The radi ati on. above 180 nm nmay, for exanple

or P | $UBsivale 18 ageeEiapEe WindRe SPSRERNERROFRSSURAU PR IS 1 ow chanber, in
order to subsequently facilitate a generation of radicals in the flow
chanber gy the radiation in the range 25 between 140 and 280 nm dependi ng
in on t hdheiigventionevilderexpiainedin mope detaih hesgim helowayithreference de theyne

second radi atiqn. rce.may. be provided outside the flow chanber of the
housi ng ?g%@%b%dp%lﬂ? Ogg‘nm{ﬁg)é'r adiation into an area adjacent to the outlet of

the housing. Such a radiation source would not primarily emt radiation
Isﬂfogtlfs gte ig|b§1W|s 8@? i‘@rg)(:%[a{riaﬁgtbpIvflevx(’?1 BP 1& Itrceaa rlnght 'ar%aora%sl éc %'réjlné 'té ERJ BFerggﬂt on a
invention;
Fig. 2 shows a schematic sectional view of the apparatus of Fig. 1 aiong iine i-i;
Fig. 3 shows a schematic sectional view similar to Fig. 2 according to an alternative
embodiment of the invention;
20 Fig. 4 shows a schematic sectional view similar to Fig. 2 according to a further
alternative embodiment of the invention;
Fig. 5 shows a schematic sectional view similar to Fig. 2 according to yet another

embodiment of the invention.

25 Any directional references used in the following description, such as above, below,
left or right refers to the drawings and is not to be construed as limiting the

application, even though it may be a preferred arrangement.

Fig. 1 shows a schematic top view onto an apparatus 1 for treating substrates 2,

30  while Fig. 2 shows a schematic sectional view of the apparatus 1 along the line | —I.



WO 2011/ 054405PCT/ EP2010/ 001629 10 the fl ow chanber. The second radiation
source may primarily emt radiation in a different wavel ength range than

t he firstwoadiiasi49s source, even though it is al so cont @cplERe@Ed/ootea? it
emts substantially the sane radiation. In particular, the second radiation
source may emt UV radiation in the wavgl ength range above 180nm and/or 5IR
radi ation. A control unit may be provided, which is capable of individually
and i ndependently controlling the first and second radi ati on source and
possi bly of individual lanps thereof. This enables matching the

| nt r oductihgmpparatadi1abdsidallybonsisteof 4 mdeiveriior ihedsubstratd, aghitts wilbe calfed
accordance with the respective process requirenents. The i nvention will be

expl ai ne@ substfateehelé%iqr apaarpligatien ot & THe ISHP'étF%tﬁd'é"@Qf 488d hF&wi ngs. In
the draw, Bgﬁcatt%ﬁ':drﬁr 6 ern ﬂ%})fé\ssg?é’ﬁHérﬁWewarﬁcﬁ [ty Rpar at us

accordi ng e present | nvent ows a schematic sectional view
of the ammraalpssmf/elérgﬁsulearamyglatlmpressuran@ylIBshmteﬁ by Appigpriate
sectional viewsimlar to Fig. 2 according to an alternative enbodi nent of
the i AveMS®: 20Fig. 4 shows a schematic sectional viewsinilar to Fig. 2
according to a further alternative enbodi nent of the invention; Fig. 5

shows a schematic sectional viewsimlar to Fig. 2 ac&ordl n% P ? z%not her
embodi nefhedubstrate heldak 4 is, as may be seen in the drawings, a flat rectangular plate

receiving the also rectangular substrate 2. The substrate holder 4 may have other
shapes, which may be matched to the shape of the substrate 2 to be treated. The

10  substrate holder 4 has a drainage, which is not shown, for liquids, which may be
applied via the application unit 6 onto the substrate 2.
The application unit 6 consists of a main part 8 and a support part 10, which supports
the main part 8 in a movable manner, as is shown by the double-headed arrows A

15 and B. In particular, the support part 10 has a support arm 12, which is connected on
one end to the main part 8, and the other end of which is connected to a drive, which
is not shown. As is shown by ihe doubie-headed arrows A and B, the drive may for
example provide a pivotal movement of the support arm 10 and thus the main part 8
and/or a linear movement. In this manner, the main part 8 may be moved across a

20  substrate 2, which is received on said substrate holder 4, in order to enable treatment
of partial areas or the complete surface of said substrate. Furthermore, it is also
possible that the support arm 10 conducts a lift movement in order to adjust a
distance between the main part 8 and the surface of a substrate 2 received on the
substrate holder 4.

25
Alternatively, or additionally it is also possible to provide a moving mechanism for the
substrate holder, in order to provide relative movement between the substrate 2 and

the main part 8.



25Any directional references used in the foll ow ng description, such as
above, below, left or right refers to the drawings and is not to be

const r uedwvaolosu4osng t he application, even though it megThP2@0powsierred
arrangenment. WD 2011/ 054405PCT/ EP2010/ 001629 11 The apparatus 1 basically
consists of a receiver for the substrat which will be called a substrate
hol der for an application unit 6. The substrate hol der 4 and the
application unit 6 may be arranged in a pressure chanber, which is not
shown, in which a positive pressure or a negative pressure nmay be generated

by appr oghedh&inPpde8tonsistieinSubsidndbofAohslfing 14 5a flaRl pary 16@ndesradiatidne
drawi ngs, a flat rectangular plate for receivi nﬁ the al so_rectangul ar

subst r at sogrceTHe Thepkaysng 14 bagan elonagted suboist eshRedys20.\wiieh defife e

mat ched t 0. J { §|:ﬁ1§¥r 4T

hol der 4Hrﬁg%m§g§pg'ﬁ§5§)g?h& e |scﬁ%§]bsf1%?/\h\?'ﬁ%c Or|ﬁlépggﬁagg,9%ﬁ1%ba?ra§/§’%g
appl i ed \rheacoﬂn_ela?)lmigctlm obthelbddy Z).g'ritecfldvhehambet Rathasa lehpth extphsioat i on
unit 6 consists o main.part 8 an suppor t rt 1 i ch th
i 0 Bar SN g e & Wil sensit R SRR TR 21b dlenitbe A i as A
15and B. |ihiidRathé Subdtfate dtfossthBWompletet witith thasedt, a8 MAIPbE expided invhbe i s
connected on one end to the main part 8, and the other end of which js

connect edetail hergin Ralowwlicalsppossible Higithe flewichagberhas? shall)iHimessivdaded
arrows A ri ' i [ I xernt of the
support g?‘ %qageraén%cgug\{ﬁ%ga%ha({h%%art lggjn ,ggxrédgslr?axgaérlﬂﬁgvrgﬂgﬁm :Mn this
manner, padicumdrwitharaspécintayUVeadiatien, whiledssragi@aubay batsubdtantiaillgh i s

recei vedégggé)ai d substrate holder 4, in order to enable treatnent of

part il €dr the conplete surface of said substrate. Furthernore, it is

al so possible that the support arm 10 conducts a |ift novenent in order to

adj ust a_di stance between the main part 8 and the surface of_a substrate 2
recei ved T8 flomechamber 29 bap @ substaptially round cross-sectional shape. The flow

the body 20, such

chamber 22 is open towards the bottom side o ch that the body
defines an outlet opening directed towards the substrate 2 to be treated. In an upper

15 portion of the flow chamber 22, a conduit 24 is provided in the body 20, which
extends in substance parallel to the flow chamber 22. The conduit 24 is fluidly
connected to the flow chamber 22 at a piuraiity of iocations, in order to conduct fiuids
into the flow chamber 22 via the conduit 24. In this respect it is noted that the conduit
24 is capable of conducting fluids into the flow chamber 22 substantially over the

20 complete length thereof. The conduit 24 is also connected to the fluid port 16.

The fluid port 16 is connected to a conduit, not shown, via which one or more fluids
may be conducted to the fluid port 16. It is possible, that a plurality of fluids may be
simultaneously or sequentially conducted to the fluid port via this conduit. it is also

25  possible to provide a plurality of conduits, via e.g. different fluids may be conducted
to the fluid port. As fluids, e.g. liquids may be taken into consideration, but it is also
possible to conduct gases to the fluid port, which may e.g. be mixed with a liquid in
the fluid port 16 and the conduit 24, before they are conducted to the flow chamber
22. In Fig. 2 arrows are shown, which indicate the flow of a fluid from the fluid port 16

30  via the conduit 24, into the flow chamber 22 and out of the housing 14.



25 Alternatively, or additionally it is also possible to provide a noving
mechani sm for the substrate holder, in order to provide relative novenent
bet ween twe 28ubsi4sate 2 and the main part 8. WO PCT/EP2010/001629

2011/ 054405PCT/ EP2010/ 001629 12 The main part 8 consists in substance of a
housing 14, a fluid port 16 and a radi a4 on source 18. The housing 14 has
an eIongated cuboi d shaped body 20, mhléL defines in its | ongitudinal
extension a flow chanber 22, which in substance extends across the conplete
| enat hs of the body 20. The fl ow chanber 22 has a | ength extension, 5which
is larger than a width extension of the substrate 2, in order to be able to
apply a liquid to the substrate across the conplete w dth theyeaof w | |

be expl ailhedadiqtiap sauese: 18 haﬁ@r@ngitlwémaimewagg ahare god $45 StéHa'Bgf f1ow
chanber %@1 fots Tl ﬁ{an%épﬁf?' ?Psta-ﬁlﬂglh} iMRe rﬁfdﬁfe?ﬂ;l@régf The récﬁlgﬁ\bﬁgémé%r 22

i s designed’to have a hi eflectivity 1n particular with respect to W
radi ati o8 hasid eod IBMa30, a/f/lmoh isvsyrrogndagoly acovar 32, wivahipswesiantiily f 1 ow

chamber has a, su sta tlaII roun 1QSS- i O

chanber grgn?gargagfsgt% @§'°P d:?g ﬁ}?erogjﬁgh?e'gg’igi&%? suﬁ:lﬁ %rhg%’a% he
body def ig:Rs Lmnraauitioeutmw@ua@rmumaﬁa&@etafw@slehgm au@stsroa;b@ssmlemdnehe
treated. In an ua per. 15portion of the flow chanb a conduiit 24 is

provi ded fQ%laﬂ"'Pfé3 @ﬂ?ﬁtSQr@d"’WﬁP(ﬁFr‘é&sc abaeaqd ppecingn E’@Vﬁéﬁ’%ﬂth%?” dthe flow
chamber 'b‘?e?ﬂ&dyvtraaétlbﬁ nldqqua)g,aq@H_nect ed to the flow chanber 22 at a
o]

pl urallty o cations, 1n order to conduct fluids into the flow chanber 22
via the conduit 24. In this respect it is noted that the conduit 24 is

he- 3bconbpaRuet Shgffch mEfirisile! bR BIRE Ue e HAA G Tl o R
i 82’2“5%@‘%?‘%%fV{ET‘SS“ﬁE°Wb‘;‘%?2?;%'?'“§;é‘?F§“i‘ﬁ2”ﬁ et e

possi bl eln thedtows champer 22 yTlﬂﬁ COY&[iraY FRILXFERIS fiand rb?“@é‘@ﬁ'&fﬁh%l ly
conduct edql.QHahesdrldd & tRBkke ¥bay BRI $hieQpslul tenable ddtedt $9 the rod lamp 30, f

hartber'22 cutht! the Body 20! the rod lamp 30, for

example for replacement or maintenance purposes, without having to access the flow

15 chamber 22. Due to its arrangement in the flow chamber 22, the cover 32 forms
together with the inner walls of the flow chamber 22 a flow path for fluids conducted
into the fiow chamber 22 via the conduit Z4. Such fiuids fiow around ihe cover 32 and
thus as a whole around the radiation source 18. Radiation emitted by the rod lamp 30
is thus introduced into any fluid flowing along the flow path. Furthermore, the cover

20 32 extends beyond the bottom surface of the body 20 and thus partially extends into
an outlet opening of the body 20. Thus it is possible that radiation emitted from the
rod lamp also exits the flow chamber 22 towards the substrate holder 4 or onto a
substrate 2 thereon. In particular, the radiation may be introduced into a liquid film on
the substrate 2, which is for example formed by a liquid, which flows through the flow

25 chamber 22 onto the substrate.

Fig. 3 shows a schematic side view similar to fig. 2 of an alternative embodiment of
the apparatus 1 for treating substrates 2. When describing this embodiment, the
same reference signs are used as previously inasmuch as the same or similar

30 elements are provided.



25 possible to provide a plurality of conduits, via e.g. different fluids
may be conducted to the fluid port. As fluids, e.g. liquids nmay be taken

i nt o conswoOenHtisemns but it is also possible to conduct gasaEP2e10/00tee9 fl ui d
port, which may e.g. be mxed with aliquid in the fluid port 16 and the
conduit 24, before they are conducted to the flow chanber 22. In Fig. 2
arrows are shown, which indicate the flo‘bv of a fluid fromthe fluid port 16
30 via the conduit 24, into the flow chanber 22 and out of the housing 14.
WO 2011/ 054405PCT/ EP2010/ 001629 13 The radi ati on source 18 has a

| ongi tudi nal | y extendi ng shape and extends al ong the conplete flow chanber
22, substantially in the mddle thereof. The radiation source 18 has a rod
| anp 30, Theiapparatus Uragainssebstaptiallceansists of awbstiaieshalderst émtrlegewgﬂga
Stranspare ype,

whi ch em PEStéétglaggs?'{gﬁ}l’fcghgﬁ ”%téfﬁ%%b%gfa E(?Irdnéﬁegl y?cgg;déea%r?émve | engt h.
It is al saneomanhéreas ascribed befdrd ‘&ihm)réﬁpe@trtdﬂguraslﬂaand)ﬁ across a broad
spectrum of wave lengths and in particular emts UV radiation and IR

radi ation. io The cover 32, which may consist for exanple of quartz gl ass
sur roundgpphg, I|€§|d@ﬁﬁt égg‘émﬁéébfw rﬁQinrbérhg ahb%@d’tﬁfmﬁért AghidAds not

i solates the sanme wth respect to ds in the flow chanber 22. The cover
may for ehawplue Figki3e Md\IQmm@MglhD\aﬁVQ!nhaV@me ggme ﬁi@srgnow Riexiavsly gescsipedof

t he body npl e for
repl acenﬁ‘ﬁ@ r8§p m c%?cgureg@%g{?ﬁﬁnsﬁ %fmﬁgglb%@ﬁpa%g%%isg’%tsﬁg flow 15
chanber R3usiPgel4, a fluid pertridgehamadiation beufceolg, wmarlrblerthéllpusimg Thard g2
forms together th’lthe i nner walls of the fl 22 a f OE/.$a h for
fluide cOHeRarmavhays ihe Sa dreisnas Provigrsly RECHRRNID TospectRhioR: I as
flow aroypd 2 he cover 32 end thus as a whole around the radiation source
18. Radiation emtted by the rod lanp 30 is thus introduced into any fluid
flowing along the flow path. Furthernore, the cover 20 32 extends beyond

e r ot S HaERER 58l B8, e A SIchBH RS o RE 88 E s BarRfinoL | oY

openi ng of St Rgeh8dy 30 I's pOSS radration em t fromthe
rod | anptred Btbdcﬂeltmrs)ughehé I‘IowaHaarbmrzzzz hecediation shercubs trr thissemblodienent or

t bst t | th t t.rod d
Chto 13 | PaRrad s Bh SRenbiharB RLeoaRfbyia favef o biih Petyiab i) e
liquid, wahePakhPwSthleaaktibnidiehd leNadpSER BRI TR ratfagngs B0, 30 e 8BhewnFi g.

3 shows a schematic side viewsimlar to fig. 2 of an alternative
enbodi ne@bo¥E eppie OHRFAR KIS, DUt H\ethéﬁﬁlﬁng%ﬁ'ﬁéﬂQ%ﬁ sa diffey@rlMaRaRY i bi ng

this emomnitPiNe: cdar352Fe 64 RIMTRS fay t¥5f e SaMREEr BFdiRERIH Atlsy WheRGRYCh

as the same or sim
at least one of them emits UV radiation in a predetermined range of wave length. In

20 particular, it is possible that both rod lamps 30, 30’ emit UV radiation in different
ranges of wave length. The upper rod lamp 30’ may for example at least partially or
primarily emit UV radiation in the wave length range above 180 nm, while the lower
rod lamp 30 at least partially or primarily emits UV radiation in the wave length range
of 140 to 280 nm, depending in on the liquid between 140 nm to 200 nm. One or both

25 of the rod lamps 30, 30’ may also emit an amount of IR radiation or other radiation.

The cover 32 surrounds the rod lamps 30, 30’ completely within the flow chamber 22

and isolates the same with respect to fluids in said flow chamber 22. In this respect,

the cover 32 may have the same design the cover previously described with respect
30 to Figs. 1 and 2. Furthermore, it is also possible that further rod lamps are received



30 elenents are provided. WD 2011/ 054405PCT/ EP2010/ 001629 14 The appar at us
1 again substantially consists of a substrate holder 4 for receiving a
subst r at ewendiians44@ppl i cati on unit 6. The substrate hol decTmegolbeodesi gned
in the sane manner as described before with respect to figures 1 and 2. 5
The application unit 6 again consists ofga main part 8 and a support part,
which is not shown in Fig. 3, which nmay, however, have the sane design as
previ ously described with respect to Figs. 1 and 2. The main part 8 again
substantially consists of a housing 14, a fluid port 16 and a radiation

source 1§ithi@lecddiel BY, WAILHI May éécﬁ%%idﬁﬂ‘eﬂé?\tfrédlbﬁorﬁ)@f bls@&he&am the sane
design as previously described with respect to Figs.

radi at i oma@@mrm&ylmea@'aangqﬁ@@tmdeme@@mp@pﬂd@@ps@Oem 2 G@S%%aqu% ly

o o A o0 G fng oL RBLGE FACSE i 801

whi ch i s genbrdtedhiwithin thetfloansip@mbet 22 anttbeypeaditke sameofia theeouﬂm dpemjreg @fo
30'. The rog lLapps 30, 30" are shown above each other in Fig. 3, but they
may afso R 8‘?’¥gﬁged in a different manner within the cover 32. The rod

| anps nmay be of the same or of different types, wherein at |east one of
thememts WY radiation in a predeterm ned range of wave |ength. In

20part i ciiigard shaws 8 sgberiali erassaseational view SI"HWstO:ﬁJQ 30f a@q;ﬁhpr aNernativat i on
in dlffer r exanpl e
at | east par Jﬁ'?ﬁ?&éﬂ a&%ﬂff‘%rj}rﬁﬁ{ﬁ@ %ﬁéﬁsﬁ \}l\’ﬁgﬁﬁ%@ﬁ%@gﬁ ﬂft‘a%gt h range
above 18@mtmd|m/anl ¢he bemlecaETenmjsﬂgasprBbealsedmslreplausllyalriaﬁrrmchm therily

emts UV radi atlg\ﬂgl 0 thetvvave Ieg%cﬂ range of 140 to 280 nm depending in
on tHE | PNEPHRTRBRRCTI HAIG BN m One or both 250f the rod I anps 30,

30" may also emit an anmount of IR radiation or other radiation.

The apparatus 1 again substantially consists of a substrate holder 4 for receiving a

and

('I)

substrat

be
same manner as previously described with respect to Figs. 1 and 2.
15
The application unit 6 again consists of a main part 8 a support part, which is not
shown in Fig. 4, bui which may have the same design as one previousiy described

with respect to Figs. 1 and 2.

20 The main part 8 again consists substantially of a housing 14, a fluid port 16 and a
radiation source 18. Additionally, two further radiation sources 40 are provided. The
housing 14 may have a similar design as the one previously described with respect to
Figs. 1 and 2, having an elongated cuboid body 20. A flow chamber 22 and a conduit
24 in the body 20 have the same design as the ones previously described with

25 respect to Figs. 1 and 2. This is also true with respect to the fluid port 16.

At the bottom side of the body 20, recesses 42 are provided which extend along the
length of the body on both sides of the outlet opening. The recesses are dimensioned

to at least partially receive the further radiation sources 40. The surfaces of the



The cover 32 surrounds the rod lanps 30, 30" conpletely within the flow
chanber 22 and isolates the sane with respect to fluids in said flow
chanber 2%02pn/askd0§ respect, the cover 32 may have t he PaWEPAES/0G1$22 he
cover previously described with respect 30to Figs. 1 and 2. Furthernore, it
is also possible that further rod | anps;@are received WO

2011/ 054405PCT/ EP2010/ 001629 15 within 1 e cover 32, which may each emt
different radiation or also the sane radiation. By the arrangenent and the
choice of rod |anps 30, 30" a desired radiation profile (wth respect to
em tted W@H@sslegr)@tr‘ﬁﬁg%vé RAveiattinl Strfadifor @ik EMRAtRAT of thBYabiationReURIeed
within the fl ow chanber 22 and beyond the sane via the outlet opening of 5
the body 480. Fig. 4 shows a schematic cross-sectional viewsinmlar to Fig.
2 of another alternative enbodi nent of an apparatus 1 for treating
substrates 2. Wen describing this enbodi nent, the sanme reference signs

wi || be U$edradiatipnesouotssll§ maylssveiitle ssné Hesigossmnendesigmiasamecdesoebed ar e
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......... Fid $Hu"Li kStrate cl nd an app-liu-ation u"nit 6. -r. he substrate |
iu,ual -r TI 1Q uwucolyi luu Il. u ie same manner as previously described
with respect to Figs. 1 and 2. 15 The application unit 6 again consists of
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and 2. 2®bdg 26awhigheare réceigad in ttensspestivuteceases 42 lof thef bedyhd0skven 14, a

fluid port 1 nd. a radi ati.on.source 18.. Additiongll t further
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el ongated cuboi d bod fl ow chanber 22 and a conduit 24 in the body 20

20. A
have t he isiatesdieg r@ﬂw?/aarsp with resrect 1o &g ambisntdafartighar with fespect to any
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liquids exiting the flow chamber. The rod lamps of the radiation sources 40

may o€ O
the same or a different type and they can also be of a different type to the rod lamps
15 30, 30' of the radiation source 18. Instead of providing two radiation sources 40, as

shown in Fig. 4, it is also possible to provide only one radiation source 40.

Fig. 5 shows a schematic sectional view similar to Fig. 2 of a further embodiment of
an apparatus 1 for treating substrates 2. In the description of this embodiment, again
20 the same reference signs are used as previously, inasmuch as the same or similar

elements are provided.

The apparatus 1 again consists substantially of a substrate holder 4, for receiving a
substrate and an application unit 6. The substrate holder 4 may be designed in the

25 same manner as previously described with respect to Figs. 1 and 2.

The application unit 6 again consists of a main part 8 and a support part, which is not
shown in Fig. 5. Inasmuch as the main part 8, which will be described here in below

is capable of completely covering the substrate, a movability of the support part may



25respect to Figs. 1 and 2. This is also true with respect to the fluid
port 16. At the bottom side of the body 20, recesses 42 are provided which
ext end al\wO@otis4408ngt h of the body on both sides of th@&CHEPREV/00I2NI Ng.
The recesses are dinensioned to at |east partially receive the further

radi ati on sources 40. The surfaces of t{eg WO 2011/ 054405PCT/ EP2010/ 001629
16 recesses 42 nmay have a reflecting surface for the radiation of the

radi ati on sources 40. The radi ation source 18 may have the sane design as
one design as one described 5 with respect to Figs. 1 and 2 or it may al so

have the t@diisgéhsiﬁamth Iy & dlbtaheerwmstment:im,y b reﬁlm&edaaﬁ wellas sour ces 40
each conprise a rod | anp extendi ng over i}; ngth of the body 20, which
are receHK}%YPqtuim%"qeé&)%?'t'?é usitate beloyy t 20. Even io though
this is not shown in Fig. 4, the radiation sources 40 may each conprise a
cover which is substantlally transparent to the radiation of the rod | anp,
whi ch coﬁehe meinl paré§ conesistwin smstanmetof g beysing 1doa phualitiief d4id ports 16 and

d f h d
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radi ation _source 18. Instead of prov di at 40
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enbodi ment of an apparatus 1 for treati n%asubst rates 2. In the description
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appar S1'S | al R sUDSLT
recei vi ng1eae)$ubstrate and an application unit 6. The substrate hol der 4 may
be designed in the 25sane manner as previously described wth respect to

Figs. 1 and 2

ion scurces 18 (six are shown here) is provided within the flow
chamber 22, which radiation sources extend in a longitudinal or transverse direction

15 through the flow chamber 22. Thus, different flow paths are formed between the walls
of the flow chamber 22 and radiation sources 18, as well as between the individual
radiation sources. The radiation sources 18 may nave ine same design as ine ones

described with respect to Figs. 1 and 2 or as described with respect to Fig. 3.

20  Additionally, two further radiation sources 40 are provided. The housing 14 has a
similar design as the one previously described with respect to Figs. 1 and 2, having
an elongated cuboid shaped body 20, a flow chamber 22 and a conduit 24 in the
body 20 have the same design, as previously described with respect to Figs. 1 and 2.
This is also true for fluid port 16.

25
The rod lamps described above are each connected to a control unit, which is
capable of controlling or driving the rod lamps individually and independently of the
others. Rather than using rod lamps it is also possible to use other lamps/radiators
which should, however, be capable of providing a substantially homogeneous

30 radiation profile across the length of the flow chamber.



The application unit 6 again consists of a main part 8 and a support part,
which is not shown in Fig. 5. Inasmuch as the main part 8, which wll be
descri bedwepu/isgobel ow i s capabl e of conpl etely coveri RGTER20180DB2Y at e, a
novability of the support part may WO 2011/ 054405PCT/ EP2010/ 001629 17 be
di spensed with. Only a di stance adj ust t my be required, as well as a
novability in order to position the substrate below the main part. The main
part 8 consists in substance of a housing 14, a plurality of fluid ports 16
and 5a plurality of radiation sources 18. The housing consists of a body
20, which is matched to the shape of the substrate to be treated. In the
body 20, a flow chanber 22 is formed, whi IS open to the bottomS|de of
the bodyn W@Owlmh@péﬁé'ﬁﬂrﬁt%ﬁp%f@éﬁﬁﬁ W"hbglﬁi§§9'&bﬁ,cé"‘t'60f%€e@i ME¥si ons of
t he subs I ted. The inner walls of the flow chanber 22 are
reflect|5é$%e$ﬁ th%q:'bﬁ'ge%de of the flow chanber 22 is ioconnected via a
plurality of condwts 24 to a plurality of f|UId ports 16 (six are shown

her e) . pl yrali of radiation_source X are s rovi ded
TN Chin FRe e skatnet ok 3 Salacghr Bt bifiuad o M it oS hehbuttidh

| ongi t udyRgle Wil Hermasefdebe@r dsuesttaterp d@tﬁéﬂémﬂaté heldier awfahabaplete. Thus
different flow gat s are forned between the walls of the fl ow chanmber

and radi éutfaee sbihecbsirate sikould be tipatedthemain Rartidvaay ibguaPveddHERY 8}?

sour ces pnes
descri beH EP%ﬁ?dee%tChB?d%g%ﬁ’egel 1 andS shl%})éfsdbfé gegcr:ﬂ‘rﬁ f%%?h@%nﬁ??%@%gct to
Fig. 3. aﬁcaﬁmmgtbdﬁgw}s usecbvsihnhmaycromtolatelyom\muheesbﬂtmtare provi ded. The
housi ng 14 has a simlar design as the one previously described with
respéft to Figs. 1 and 2, having an el ongated cuboid shaped body 20, a flow

chanber 3Reand flgid Qﬂﬁé‘ﬁ%u%ﬂ al liquidie d?ﬁﬁﬂéd 26 abget tHees it st shg Bubstsate to

previously descri bed with respect to g{ 1 and 2. This |s aés‘g érue for
flui d poPg tregitedwia the fluid ports 16, the condu its 24 and the fiow cham adiation
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is introduced into said fluid via the first radiatio

sources 40. The radiation is chosen such that it directly acts on the substrate, in

15 order to treat the same and/or to act on the fluid for changing the characteristics
thereof, in order to conduct the desired treatment. In so doing, different treatment
possibilities for the surface of the substrate are given, which may be iocaiiy iimited or

may be conducted on the complete surface of the substrate.

20 In the following, some of these treatment possibilities are explained in more detail
without being limited to these examples. The treatment of a photo mask will be given

as an example.

First changing of a surface characteristic of a substrate 2 having an at least partially
25 hydrophobic substrate surface to a hydrophilic substrate surface is described. To
achieve the same, a liquid such as DI water will be applied as a fluid via the flow
chamber 22 onto the substrate surfaces to be treated, in order to form a liquid film on
the substrate 2. UV radiation will be introduced into this liquid film via the radiation
sources 18 or 40, wherein the liquid and the wave length range of the UV radiation

30 are matched to each other, such that a substantial portion of the UV radiation



The rod | anps descri bed above are each connected to a control unit, which
I's capable of controlling or driving the rod | anps individually and

I ndependeNDI291145440Re ot hers. Rat her than using rod | anp®CIrEPRE0ADHR9

possi ble to use other |anps/radiators which should, however, be capabl e of
providing a substantially honpgeneous 3fgadiation profile across the |ength
of the flow chanber. WD 2011/ 054405PCT/ EP2010/001629 18 In the foll ow ng,
operation of the apparatus 1 will be described in nore detail with respect
to the Figures. 5For the treatnent of a surface of the substrate 2, the

mai n par re&ches thbdnterﬂabé betwean the liquid and thésubairatel scmface ar a1 bt madiadiod on

t he substrate hol der the c | et urfac f bstr te shoul d be
{reatod (AW #RlS 1P ERROSRRreHOUR BB R i SRRt suftRes {0 BLYErOREE her e i n
bel ow acipfacd he substrate, unless the enbodi nment accordlng to Fig. 5is
used, which may conpletely cover the substrate. 10 Then, a fluid, in
particul ar a quuid Is applied to at | east the surfaces of the substrate to
be treat oui C I h er 22.
Ract at o PO BBicih BaB R hiskion pfhs G tHlilo futh e o e DS 23
and/ or t lavedengthirange ofitheeldVV4@dialibe usedihetre anfor exallmp@abs\m:mgm hat. Int
directly acts on the substratekﬁgph15order to trgﬁt th or. t.o act
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the surface of the subsirate are given, which may be locally |imted or may
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being i esee wll be
gi ven as tiereek &theeliquids may also be used.

apo

of substrate surface will be described which substrate surface was for
example treated to have a hydrophilic surface as described above, and which has

15 contaminations, which may be better removed by interaction with radicals.
Here, again, a liquid is appiied o ihe suifaces of the subsiraie 2 10 be cieaned via the
flow chamber 22. While the liquid flows around the radiation source 18, UV radiation
is emitted into the liquid by the radiation source 18. This radiation causes inter alia

20 the generation of radicals in the liquid. This generation occurs directly before the
liquid is applied to the substrate, such that at least a portion of the thus generated
radicals, which have a very short decay time contact the substrate 2. Since a
radiation of the radiation source 18 is not limited to the flow chamber 22, it is also
introduced into a liquid film which is formed by the liquid on the substrate 2 and thus

25  generates further radicals and/or partially maintains the activation of the already

generated radicals.

By means of a corresponding movement of the application unit 6, it is possible to
selectively clean partial areas or the complete surface of the substrate.

30



First changing of a surface characteristic of a substrate 2 having an at

| east partially 25hydrophobi c substrate surface to a hydrophilic substrate
surface 1WOQeslis#498d. To achi eve the sanme, a |iquid sucRCREPDIIOMOLRY W | |
be applied as a fluid via the flow chanber 22 onto the substrate surfaces
to be treated, in order to forma liquigyfilmon the substrate 2. W
radiation will be introduced into this Tiquid filmvia the radiation
sources 18 or 40, wherein the liquid and the wave | ength range of the W
radi ati on 30are matched to each other, such that a substantial portion of

the W radieaiguinand\Re2@lidtidpinitamicd diRerdiA/00 4 8@ ritcheaabeachighériher f ace

between the liquid and the substrate surface. The UV radiation now acts to
change t loedgrrteachievethe desoeth effect. Eobthe aereration gt eadieals, inpartiphan WY

surface. L | r Iy | a1 t hr ough
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exanpl e @3M@rﬁ$ﬁ0 Ir1m tdmvx?h)mﬁs shﬁepr'blvédlﬁ/sadaﬁt‘ ioa iw&lvecirt]ed]gmlverlm;gb,rzage
correspondi ng rod | anp, ich emts in thi \Y engt : e
contrdl | @&Pyo'?‘ Rﬁﬂl%ﬁf?@,\mqt@%@g&ﬂm%e t"rqé‘lldsﬂ\é&b@ag?g'%ﬁﬂ é@%ﬁ‘fefrtg% or
driven. YhagisshRg if particliaf ovaHRré6NstehsargRy. one of the following io may
be used as the l'iquid: ozone-water, hydrogen-water, DI water or m xtures

thereof. G her liquids nmay al so be used. Next, cleaning of substrate
surface w || d i I ] r - t ted
o have SARSARDSRTT s REr Kl IS yRRerAR (THpUaR Ha Pl b tetiRatea sy
15cont amihaindansd debormpositign lof theliqued, which\nealy bgcurnteledbeilignidfiavss r adi cal s.
Here, again, iiquid is appii ty tile surlau of .tile su rate 2 tu be
O eane - araindiben B iaionasbie 16 Faninis s BR T Fciorss g befsén

radi at i ognIAEORE hhd SdéhItAdH adesftuttfored theeRolebllar sthectuielof thellguidie

radi ati on source 18. This radiation causes inter alia 20the generation of

radi cal s cRasedhdn ordgrita fadiitate gdirecty falewinagereratior ef radigals glse hyhmeans

by UV radiation. UV radiation having a wave length above 180 nm is particularly
suited for such decomposition. In the embodiment of the radiation source 18 shown
15 in Fig. 3 it could thus be advantageous, if the upper rod lamp is one, which promotes
the decomposition, i.e. emits UV light having a wave length above 180 nm, while the
lower rod lamp is one, which promotes the generation of radicais, i.e. emits UV iight
having a wave length between 140 and 280 nm, depending in on the liquid between
140 nm to 200 nm. Taking Dl-water as an example, the wavelength range between
20 140 nm to 200 nm may be suited for the generation of radicals, while for other liquids,

a higher range of wavelength between 140 nm to 280 nm may be suited.

These wave length ranges are obviously not binding and may vary depending on the
liquid, but are applicable for many of the usually used liquids for cleaning photo

25 masks such as: ozone-water, hydrogen-water, DI water, H,0,, CO2-H,O, DI water
having O,-gas dissolved therein, NH;OH, organic acids, TMAH, HNOj3, HCI, H>SO,4 or

mixtures thereof.



liquid is applied to the substrate, such that at |east a portion of the

t hus generated radicals, which have a very short decay tinme contact the
substr at ewd.208/03e@s5a radi ati on of the radiation source ?8TiEP2010t0016R97i t ed tO
the flow chanber 22, it is also introduced into a liquid filmwhich is
formed by the liquid on the substrate and thus 25generates further

radi cal s and/or partially maintains the activation of the already generated
radi cal s. By neans of a correspondi ng novenent of the application unit 6,

it is possible to selectively clean partial areas or the conplete surface

of the s Fhﬁéll?aé Freatr{¥hta0 HoLOUPRRETICR AL A0 M2 nidethfomithyisdrfasel of he

radi ation I ntroduced therein are again matched to each other in order to
achi eve nher swfacedayersiefdhe spbstratae, yerieh wesder exarmelgiteqated asdesarlbetul ar
WV radi aék%\z in the wave | ength range of 140 to 280 nm depending in on the
liquid b %n 140 nmto 200 nmis suited. The W radiation in the cited
wave | ength range Smay in particular be mat ched to the used liquid such

t hat at 50% of th dj at | 80%th f
abor bedFoDUYe REPIEE? (ot uaih i hired e ARueal iRty & SBREehE il oo
be facil el ch%m%eWZ'd?%‘ﬂﬂéjs&%iﬁdl@qmdrdékﬂto%rrh@Ilddlmﬂlndon\mlléd’st ey occur

whil e the |1 qui | ows toaround the radiation source 18. For this purpose,
the UV r pdftial iacfra @fﬁbewbs@amd%aﬂlahpn isdintspdusrchinte this iqwid dilg Viat legst i on
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such deconposit In the enbo nt of the radiation 8 wn 15
T . Suliece e ereriemengi A elisereRaced lar MoB Y, HshiLRghe,

whi ch pr essd@f idMEon BrOsMstHHte 8Urfate. 6=urﬁ1”érirﬁ)réJ\fhélr§d3\bt|bﬂV391©ng asavis | engt h
above 180 nm while the lower rod |anp is one, which pronotes the

gener at i 8hsobeddatheliquidimay alspicaysen tPWaW%IW%SW\@OT tegenasatioRen
140 and 280, pays Qﬁmeg?%gsg%aﬂ [RBriohe i fthSli 8} RNl A8tk Ahé MGurahaf aki ng
Dl -wat er "as an exa engt range between
be heated dlrectly during the application thereof, for example by means of radiation
15 source having a high IR portion. Inasmuch as an increased temperature of the liquid
also increases the solubility of the ions in the liquid, the liquid may be heated up to

the boiling point thereof.

As a liquid for example one of the following liquids may be used: ozone-water,

20 hydrogen-water, DI water, H,O,, CO>-H,0, DI water having O»-gas dissolved therein,
or mixtures thereof. DI water is particularly suited for higher temperatures. As the
radiation, in particular UV radiation in the wave length range above 190 nm is suited,
which is not so strongly absorbed and which promotes the desired effect of mobilizing
and removing ions. IR radiation is also well suited, inasmuch it may provide an in-situ

25  heating of the liquid.

The above treatments may be combined as desired and may be conducted

sequentially as described or in part or completely simultaneously.



20140 nmto 200 nmmay be suited for the generation of radicals, while for
ot her liquids, a higher range of wavel ength between 140 nmto 280 nm may be
suited. Thee1vBy®sl ength ranges are obvi ously not bi ndipag/repelomais2yary
depending on the liquid, but are applicable for many of the usually used

| i quids for cleaning photo 25 masks su as: ozone-water, hydrogen-water,

DI water, H202, CO2-H20, DI water havi 02-gas di ssol ved therein, NHACOH,
organi ¢ acids, TMAH, HNG3, HCl, H2SO4 or m xtures thereof. WO

2011/ 054405PCT/ EP2010/ 001629 21 Finally, a treatment is described in which
ions are ; : i he

bt 1 &t 4T o B B B B B P

t r eat menwitholf beind limiieddh the preciseedmblodinentsbi ent tenperature is applied
via the flow chanber 22 onto the substrate, in order to forma liquid film
on at |east a partial area of the substrate 2. Radiation is introduced into
this liquid filmvia at |east one of the radiation sources 18, 40, wherein
the radiation and the liquid are matched to each other, such that at | east
a portion of the radiation reaches the substrate iosurface. The

el ectromagneti c radi ati on causes increased ion nobility, when it hits
residual ions on the substrate surface. Furthernore, the radiation, as |ong
as it is absorbed in the liquid may al so cause a tenperature increase

and/ or the generation of radicals, which may both pronote the renoval of
ions. in particular, the liquid my be heated directly during the
application thereof, for exanple by neans of radiation 15source having a
high IR portion. Inasnmuch as an increased tenperature of the liquid al so
increases the solubility of the ions in the liquid, the liquid my be
heated up to the boiling point thereof.



As a liquid for exanple one of the followng |Iiquids may be used:
ozone-wat er, 20hydrogen-water, DI water, H202, CO2-H20, DI water having
02- gas diweabuddg440her ei n, or m xtures thereof. DI wat er PCS/BEPartbioaiskar | y
suited for higher tenperatures. As the radiation, in particular U
radiation in the wave | ength range above, 190 nmis suited, which is not so
strongly absorbed and which pronotes the desired effect of nobilizing and
renoving ions. IR radiation is also well suited, inasnuch it may provide an
in-situ 25heating of the liquid. The above treatnments nmay be conbi ned as
desired and may be conducted sequentigldithsas described or in part or
conpletely sinmultaneously. 22 The inveniron was descri bed here in above
with respect to several enbodinents, without being limted to the precise

enbodi nent s. /[ P ; 9 j ; d for
cl eani ngqat fo‘e%‘gr%gjl%érg@%a aﬁég%ﬂ?ao égélggért%%a?fég s@alﬁll ﬁeﬁ@ﬁ%ﬁ%ri sing the
steps of: Sapphprisipgaheistgpsioft o at | east a partial area of said substrate;

generating radicals |n.said, |iquid by nmeans_of. UV radjation prior to
appl ying ¢ neBRne a iy e gt bt anpIERER A Erig HERERITT on of sald radi cal s
occurs dir ecgbm@hgr@di@a@!ma lidifd by e dhst 6f W\eaginbieh pabeto spplfingfiaé  at
| east a portion of the radicals reaches the substrate. .
same to the substrate, wherein the generation of said radicals occurs directly
before applying the liquid to the substrate, such that at least a portion of the
radicals reaches the substrate.
10
2. The method of claim 1, wherein the liquid applied to the substrate forms a liquid
film thereon, into which UV radiation is introduced, to maintain the activation of

the radicals in said liquid film and/or to generate further radicals.

15 3. The method of claim 2, wherein said UV radiation, which is introduced into the
liquid prior to applying the same to the substrate and into the liquid film on said

subsiraie are at ieasi partiaily emiited by ine same radiaiion source.

4. The method of any one of the preceding claims, wherein the liquid containing

20 the radicals is limited to selected surface areas of the substrate.

5. The method of any one of the preceding claims, wherein for generating the
radicals in substance UV radiation having a wavelength in range of 140 nm to
280 nm, depending in on the liquid between 140 nm to 200 nm is used, wherein

25 at least 50% of this UV radiation is absorbed in the liquid for generating radicals.

6. The method of claim 5, wherein at least 80% of the UV radiation having a
wavelength in range of 140 nm to 280 nm, depending in on the liquid between
140 nm to 200 nm is absorbed.
30



10 The method of claim1l, wherein the liquid applied to the substrate
forms a liquid filmthereon, into which UV radiation is introduced, to

mai nt ai n WHeoHsS#40at i on of the radicals in said |iquid PCrmPANENGI622 O
generate further radicals. The nethod of claim2, wherein said W

radi ati on, which is introduced into th?‘{iqui d prior to applying the sane
to the substrate and into the liquid fiTmon said substrate are at ieast
partiaiiy emtted by the sane radiation source. The nmethod of any one of

t he preceding clainms, wherein the liquid containing the radicals is limted
to sel ectzed UM REMOAIRRPIM 5 BPE, WHERA ﬁf&abé@?ﬁtiéf?ts%ié\fe@tﬁ&’nﬁ&ﬁwiﬁ%éﬁe
precedi ng clains, wherein for generating the radicals in substance

radi ati on haubed liquiddo dhe nged waveleagifeindhe ebovarited ragge.nm depending in on
the liquid between 140 nmto 200 nmis used, wherein at |east 50% of this
UV radiation is absorbed in the liquid for generating radicals. The nethod
of cl ai mgs, WhemeéthodtoflamgsineS8dithe prédealind/claans avheneirhtie WY radmtioelisengt h i n
range of 140 nmto 280 depending in on the |iqui et ween 140 nmto 200
5 absor bENOdugEA 3 Inb AaTBmer AEepBy Biobe e e ¥ IHE Mg APPE af m
5 or 6, whergiUntriGafd$ebiceon is achieved by matching the used liquid to
the used wavel ength in the above cited range. 8. The nethod of any one of
the preceding clains, wherein the UV radiation is 5introduced into the

|'i qui d pry or | Wi . §g@ ' 1§ Ui
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generation of radicals also by means of UV radiation.
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The method of
one of the following is used: ozone water, hydrogen water, DI water, H,O2, CO»-
15 H,O, DI water having O; gas dissolved therein, NH;OH, acetic acid, citric acid,
TMAH, HNO3;, HCI, H2SO4, H3PO4 or mixtures thereof.

11. The method of any one of the preceding claims, wherein said substrate is one
of the following: a mask, in particular a photo mask for the manufacture of
20 semiconductors, a semiconductor, in particular a Si-wafer, a Ge-wafer, a GaAs-

wafer or an InP-wafer, a flat panel substrate, a multi layer ceramic substrate.

12. The method of any one of the preceding claims, wherein at least one of the
following is at least partially removed from the substrate by the help of the
25 radicals: organic contaminations as well as organic functional layers, such as
positive resist, negative resist and ion implanted resist, carbon, hydrocarbons,
embossing and imprint material, stress buffer and underfill materials, lacquers,

dyes, bio materials and also bacteria.



generation of radicals also by means of WV radiation. oin The nethod of any
one of the preceding clains, wherein as the. liquid is at |east one of the
f ol | ow ngwo=o0ussat0sozone wat er, hydrogen water, DI wat ePCTHPORV/0QG29 15H20,
DI water having 02 gas dissolved therein, NHAOH, acetic acid, citric acid,
TVAH, HNG3, HCl, H2SO4, H3PO4 or mi xturgs thereof. 11. The nethod of any
one of the preceding clains, wherein said substrate is one of the
following: a mask, in particular a photo nask for the nmanufacture of

20sem conductors, a sem conductor, in particular a Si-wafer, a Ge-wafer, a
GaAs- wafigr omhaméthBd\wihay.one dfltaé ppeceiing tlashs, aviseretn thiel liguid Byappliedtan c
substrate. 12. The nethod of any one of the preceding clains, wherein at

| east one of {af@l awasdaibecleaned of hessubsiiate.al 1y renoved from the substrate
by the help of the 25 radicals: organic contam nations as well as organic
functional l|ayers, such as positive resist, negative resist and ion

i mpl ant ed4r edi methoddobmemovipg iarsirborat, leastipastiEl ageamaf themuriacemiteri al |

stress buffer and,underfill terials. .lagquer d . hi I d
o 50 Bacter i aubNR BT ricns suBRPEIIRES bt b0 T BS Gatsh ¥4 mBlRd Bifiblng vy
one of the pegreedfng clainms, wherein the liquid is applied to local areas
to be cleaned of the substrate. 14. A nethod for renovi ngrrli ons, from at

| east parti aPPBIES? tauid nehichiisthrated pbave amientdewPeRiviR o9 ace |ayers
of said subsgfplitate SR HdBEIBINCPRRUIE FIrR Ontdlfeast @RFarfthf area of said
substrate; and
10 introducing electromagnetic radiation into said liquid film such that at least a

portion of said radiation reaches the surface of said substrate.

PR | Sy £ mirmm A A sarba sl H H H
The method of claim 14, wherein the liquid is heated by means of

.U‘I

electromagnetic radiation during the application thereof onto the substrate.
15
16. The method of claim 14 or 15, wherein the liquid is pre-heated before it is

exposed to the electromagnetic radiation.

17. The method of any one of claims 14 to 16, wherein the liquid is heated to a
20 temperature in the range between ambient temperature and the boiling point of

the liquid.

18. The method of any one of claims 14 to 17, wherein the method is conducted
under increased pressure.
25
19.  The method of any one of claims 14 to 18, wherein as the liquid at least one of
the following is used: ozone water, hydrogen water, DI water, H,O2, CO,-H;0,

DI water having O, gas dissolved therein or mixtures thereof.



applying a liquid which is heated above anbient tenperature onto said
substrate, in order to forma liquid filmon at |east a partial area of
sai d subswoavsyosased 10i ntroduci ng el ectromagneti ¢ radi aPCOEPRMDOIHY d
liquid filmsuch that at |least a portion of said radiation reaches the
surface of said substrate. 15. The net of claim 14, wherein the liquid
I s heated by neans of el ectromagnetic diation during the application
t hereof onto the substrate. 15 16. The method of claim 14 or 15, wherein
the liquid is pre-heated before it is exposed to the el ectronagnetic
radiatiogg 3fe rﬂ-&ﬁo%;gﬂg ofb hiRRE Lo 19, AHEreHUV adiatioNiiCintroButée
liquid is heated to a tenperature in the range between anbi ent
t enper at ur e bl thehkuidfilni.ng point of the liquid. 18. The nethod of any one
of clainms 14 to 17, wherein the nethod is conducted under increased
pressure. 25 19. The nethod of any one of clains 14 to 18, wherein as the
| i qui d ap1l eaThe @Rgthel of RRirhcld owiengini =t letse dJV cadiatiorvhaving alwavaleregthwat er ,
DI water, H202, CO2-H20, DI water having 02 gas, djssolved th in or
m xtufes ther abeve 9onpoisinteduesseT Bs2istt Riteyacsy Qb'?aﬁidtﬁé}r}ﬁ&fi of any
?.r‘f of cl ai ms A Jtatibf re¥BRESIHR i rfaR@! GEtiveEN tife SMFARIYCHE Jubktratenand | qui d
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the liquid film.

22. The method of claim 21, wherein at least 80% of the UV radiation having a

10 wavelength above 190 nm reaches said interface.

23. The method of any one of claims 14 to 22, wherein IR radiation is introduced

into the liquid film.

15 24. the method of claim 23, wherein at least 50% of the IR radiation reaches the

interface between the surface of the substrate and the liquid film.

25. The method of claim 20 and 23, wherein the UV radiation and the IR radiation

are introduced via the same radiation source.

20
26. The method of any one of claims 14 to 25, wherein at least a portion of the
radiation generates radicals in the liquid film.
27. A method for changing the surface characteristics of a substrate having an at
25 least partially hydrophobic substrate surface, such that at least a portion of said

hydrophobic surface gets an hydrophilic surface characteristic, wherein said
method comprises the following steps:

applying a liquid to at least the partial area of the surface, whose surface
characteristic is to be changed; and

30 guiding UV radiation of a predetermined range of wavelength through said liquid



21. The mghf,r1 of rlairn 90, wherein at |east UV radiation having a

wavel engt h 5above 190 nmis introduced into the |iquid, and wherein at

| east 50%vof0sm@isisosV radi ati on reaches the interface beroe@mpiteomsey f ace of
the substrate and the liquid film 22. The nethod of claim 21, wherein
at | east 80% of the UV radiati on havi ng-a i owavel ength above 190 nm reaches
said interface. 23. The nethod of any one of clains 14 to 22, wherein IR
radiation is introduced into the liquid film 1524. the nmethod of claim 23,
wherein at |east 50% of the IR radiation reaches the interface between the

surface of thRoHSidt M panrdl hra bf tAEistirfate Bf sgfe subdtrate istedurical m 20

and 23, wherein the U/ radiation and the IR radiation are introduced via

t he same radtharaeterisicisde. bexehargedThe et hod of any one of clains 14 to 25,
wherein at |east a portion of the radiation generates radicals in the
liquid film 27. A method for changing the surface characteristics of a
subst r at 28havihg nasthad oRblaéa 27, phieteialthe praditenhioed evavelestgtatangsur f ace,

h that at | t ti f id hyd hobi t
hycr obhi | ¢ <SAERSLHYAEAR AEVES SEVERATL PV 988 omr 1 cos the

followi ng steps: applying a liquid to at |east the partial area of the
surface, whose surface characteristic is to be changed; and 3(,)%_ui di.ng W

radi at i 0R9.0f The prabed of alaife @8 whgeeinat least BEHyeHhers ¥ radiatien withingaid

predetermined wavelength range reach the surface of the substrate.

10 30. The method of one of claims 27 to 29, wherein as the liquid is at least one of the
following is used: ozone water, hydrogen water, DI water, H202, CO2-H2O, DI
water having O, gas dissolved therein, NH,OH, organic acids, TMAH, HNOs,

£
I

HCI, H2SO4 or mixtures thereo

15 31. The method of claim 30, wherein the liquid is DI water.

32. A method for treating a substrate, in which at ieast two of the foiiowing meinods
are sequentially conducted: a method according to one of claims 27 to 31, a
method according to one of claims 1 to 13 and a method according to one of

20 claims 14 to 26.

33. The method of claim 32, wherein at least two of said methods are conducted

sequentially in the above cited order.

25  34. The method of claim 32 or 33, wherein two of said methods are conducted in

parallel.

35. The method according to any one of claims 32 to 34, wherein the methods are
conducted in the same apparatus.

30



WO 2011/ 054405PCT/ EP2010/ 001629 27 onto at |least the partial area of the
surface of said substrate, whose surface characteristic is to be changed.
The net hostoebiwdsaiom 27. wherein the predeterni ned wavel eqgiEP2618006529
conprises WV radiation having a wavel ength above 190 nm The nethod of
claim 28, wherein at | east 80% of the radi ation within said

predet erm ned wavel ength range reach the surface of the substrate. The

met hod of one of clains 27 to 29, wherein as the liquid is at |east one of
the following is used: ozone water, hydrogen water, D water, H202,

CO2- H20, APl i aci ds,
Cro- 10, 3B YhbShebB R Snsudianahustothacoenat ik apganigeocl ds.

the liquid |beMeammducmWalﬁmeﬂmdst reating a substrate, in which at

| east two of the follow ng nethods are sequentially conducted: a nethod
according to one of clains 27 to 31, a nethod according to one of clains 1
to 13 andra mhbmd)daféﬁﬁédilm‘gyatsobgmateofn whighrat [dabt two 26 thel fadlomindhoetraddsc| ai m

32, wherein at Ieast two of said ne ds ar conduct II in the
aboveScited areiepndugied Rarglelop ee P& n @O%Bfg’? qagq sa.y

met hods are ﬁ%?ﬁé%%@é’orﬂﬁ\g%r&{e' & claimfie T@ﬂ@%ﬂd@ﬁ@[rﬁhmﬁcé&dm@}tom otf

clains 32 to 34 erein"the nethods are conducted in the sane apparatus.
WO 2011/ 05440BPaT/1BRQR2E0/ 001629 28 The nethod of claim 35, wherein the
substrate remains in said apparatus between conducting said nethods.

38. The method of claim 37, wherein all methods are conducted in parallel.
10
39. The method of claim 37, wherein two of said methods are conducted

sequentially in the above cited order.

40. The method of claim 39, wherein the methods are conducted in the same

15 apparatus.

41. The method of claim 40, wherein the substrate remains in the apparatus

between conducting said methods.

20 42. An apparatus for treating substrates, said apparatus comprising:
a substrate holder for receiving the substrate;
a housing defining a flow chamber having an inlet and an outlet;
a first radiation source, which is arranged to emit radiation into said flow
chamber, wherein said first radiation source is capable of emitting UV radiation;
25 and
a unit for generating a relative movement between said substrate holder and
said housing, said unit being capable to arrange said housing with respect to
said substrate holder such that the outlet is directed towards the substrate
holder such that a liquid exiting the outlet directly flows onto a substrate on the

30 substrate holder.



A method for treating a substrate, in which at |least two of the foll ow ng
nmet hods are conducted in parallel: a nmethod according to one of clains 27
to 31, a wethodsamsording to one of clains 1 to 13 and acwatrhad/oewesr di ng
to one of clains 14 to 26. The nethod of claim 37, wherein all nethods are
conducted in parallel. The method of clyg m 37, wherein two of said nmethods
are conducted sequentially in the above cited order. The nethod of claim
39, wherein the nethods are conducted in the sane apparatus. The net hod of
clai m 40, wherein the substrate renmains in the apparatus between conducting
said nethods. An apparatus for treating substrates, said apparatus

conpri si ng: a substrate hol der for receivi n(‘; t he substrate; a housi

def i ni ng4d- f Taeapparates oheldimg2awhergiethe fiet saaigian seurcy s PF%FQ‘?&;&P&? i on
source, Whi cfok & AMd SRS PadiBtiGTMrrolgh said St BLPofRkthdusty. chamber , wher ein
said first rag‘l atton source 1Is capable of emtting UV radiation; 25and a
unit for generating a relative novenent between said substrate hol der and
sai d housi ng,, said unit in a e .to ar Y i i espect
o said SpeTpaspPatiiueet Sal 42REE ReBefhf MY rfblo SHBicRl M ik
substrate hopgtiallpHFBngédin Saidiflew chavbén ng the outlet directly flows onto
a substrate on the 30substrate holder. WD 2011/ 054405PCT/ EP2010/ 001629 29
The apparatus of claim42, wherein the first radiation source is arranged
such thapgit ] | Bhé g i i i @e§i ng.
The appa?g't ugﬁ%% Bgﬁgtﬁﬁgéﬁ 664]%?% tgp giu%hto ﬁﬁ%lh%tga?g??ﬁﬁg ggﬁ]rﬁge is at

| east parti ahhyputletrepeping and saidffirst tadiatiangmirce is at least partially arranged in

10 said outlet opening.

46. The apparatus of claim 45, wherein the first radiation source is substantially

15 47. The apparatus of claim 45 or 46, wherein the outlet opening and the first
radiation source have an extension in length which is greater or at least equal to

an extension in width of the subsirate to be cieaned.

48. The apparatus of any one of claims 42 to 47, wherein the first radiation source

20 comprises a first lamp, which emits radiation in the UV range.

49. The apparatus of claim 48, wherein the first lamp emits radiation in the IR

range.

25 50. The apparatus of claim 48 or 49, wherein the first radiation source comprises at
least a second lamp emitting radiation in a primarily different wavelength range

than the first lamp.



The apparatus of any one of clains 42 to 44, wherein said housing conprises
an outlet opening and said first radiation source is at |east partially
arranged W0 20u/034498t | et openi ng. The apparatus of cl ai mPCH/EPAIS0EIoRI t he
first radiation source is substantially arranged in LHG M UU e of LHG UULI GL
esesoNrsirtr. The apparatus of claim43sor 46, wherein the outlet opening
and the first radiation source have an extenS|on in length which is greater
or at least equal to an extension in width of the substrate to be cl eaned.
The apparatus of any one of clains 42 to 47, wherein the first radiation

source CWpthﬁieépﬁ‘arfathséf dIARP48 YW 50 hwhREdis af RAEBON®BoVEY it Ipeovibied Bagwenlhe
apparatus of claim4 wherein the first lamp enmits radiation in the IR

range. The apg:fratm/@fs@pandama and the floyhehampet ndereindhe ahlgast PBR sour ce
conprises at ?Eﬁ%%@s ﬁ%q)c} ﬂgB?r%Wtié Uwapgaqn%ay % inawprimrily

di fferent wa?Pe 1 rst
2011/ 054405PCT/ EP2010/ 001629 30 51. The apparatus of claim48 to 50,
wherein at | east one cover

rovi d bet the first /.pr | a
And the $4-ov] R GPRRELUS, Bl S ez trcat eae drever Souiidel e ' o™
transparent ga ﬁfg{gm,agédgad |2%4-in bhe pidgmar atus of claim 51, wherein the at
| east one cover conpletely surrounds the first and/or second |lanp in one

pl ane. 53. The apparatus of any one of clainms 48 to 52, wherein the first

ng{ gr 53@’5%%%?&8?@%5?%%& +rgér:gf ?Iéﬁnss% td 89, @HEPélﬁ‘ih@f £ aﬁ@bbr%@@oﬁ’ci claims

altaemts ifation in the
wavel engt h rlanges letoddampl40 nm and 280 nm depend| ng | n on the liquid
bet Wleoen 140 nmto 200 nrn.
54. The apparatus of any one of claims 48 to 53, wherein the first lamp inter alia
emits UV radiation in the wavelength range between 140 nm and 280 nm,

depending in on the iiquid between 140 nm to 200 nim.

15 55. The apparatus of claim 48, wherein the first lamp emits primarily UV radiation in
the wavelength range between 140 nm and 280 nm, depending in on the liquid
between 140 nm to 200 nm.

56. The apparatus of any one of claims 48 to 55, wherein the second lamp emits

20 UV radiation in the wavelength range over 180nm.

57. The apparatus of any one of claims 50 to 56, wherein the second lamp emits IR

radiation.

25 58. The apparatus of any one of claims 42 to 57, wherein at least one second
radiation source is provided outside the flow chamber of the housing such that it

emits radiation into an area adjacent to the outlet of the housing.

59. The apparatus of claim 58, wherein the second radiation source emits primarily

30 in a different wavelength range than the first radiation source.



1555. The apparatus of claim48, wherein the first lanp emts primarily W
radi ation in the wavel ength range between 140 nm and 280 nm depending in
on the |iwgoi2diisg4e8en 140 nmto 200 nm 56. The appamxeus/oofe2any one
of clainms 48 to 55, wherein the second lanp emts 20UV radiation in the
wavel engt h range over 180nm 57. The apparatus of any one of claims 50 to
56, wherein the second lanp emits IR radiation. 25 58. The apparatus of any
one of clains 42 to 57, wherein at |east one second radiation source is
provi ded outside the fl ow chanber of the housing such that it emts
radiation into an area adjacent to the outlet of the housing. WO

2011/ 054405PCT/ EP2010/ 001629 31 60. The apparatus of claim 58 or 59,

wher ei n BRe Ibe@naaraius of Flgim S8L0TRS. Mvhareiniije s8apRg rafiation sAWCRAMRIIEHY! h
range above 183Qnm iﬁtgé-v@fel tatdsadvefgoRe of clainms 58 to 60,
wherein the second radration source emts radi ati on. 62. The apparatus
of any one of clains 58 to 61, wherein a control unit is provided, which is
capabl e 8]:1 adin ib\élﬂdﬁ’%%l&%}ﬁ%%?g“i’ %ﬂg%ef‘rc]:?aei‘rrﬁtsl% t%oéH, Wléréiﬂ%&'&%a%& %dig{?gn

| osecdnd
source emits IR radiation.

62. The apparatus of any one of claims 58 to 61, wherein a control unit is provided,
which is capable of individually and independently controlling the first and

10 second radiation source.



