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ultrasonic wet treatnment of a single plate-Ilike
article, conprising: - a solid elenent connected to a
transducer for treating the plate-like article with
Bsoni ¢ energy, wherein a gap is fornmed between the
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plate-llke artlcle or only a part thereof. If only a part of the plate-hke article
is covered the plate-shaped solid element can be pie shaped.

[0004] However, such a solid element may also be an elongated probe (i.e. rod or
shaft), to which ultrasonic transducers are connected.

[0005] If in the following the term wafer is used such plate-like articles are méant.

[0006] Such plate-ike articles can be disc-like articles such as semiconductor
wafers, or compact discs as well as polygonal articles such as flat panel
displays or reticles. . |

[0007] Whenever herein the term ultrasonic is used it shall be understood that
megasonic is included herein as being a specific form of ultrasonic i.e.
above 1MHz.

Background Art

[0008] W0O2004/114372A1 discloses a megasonic cleaner wherein the plate-like
article is held between twa plates {one plate holds ultrasonic transducers),
the plate-like article and the transducer plate are rotated against each
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transducer plate are rotated agai nst eachother. [0009]
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[0012] The solid element is connected to the transducer for treating the plate-like
article with ultrasonic energy so that ultrasonic energy is transmitted by the
solid element towards the plate-like article through a treatment liquid. Such
connection can be sintering or gluing solid element and transducers
together or the transducer is coupled to the solid element by a coupling
liquid.

[0013] Such liquid dispensing means can be selected from different
embodiments. If the solid element is a plate substantially parallel to the
plate-like article a liquid pipe with an opening close to the centre of the
plate-like article. Close to the centre in this respect means that the centre
of the opening is not more than 20 mm apart from the centre of the
plate-like article.

[0014] If the solid element is a rod or does not fully cover the plate-like article

liquid can be dispense to the plate-like article in a free-flow manner.
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and calculates the needed distance adjusting signals.

[0018] With such an apparatus a plate-like article such as semiconductor wafers
can be treated (e.g. cleaned) using a process which is optimized and
permanently or periodically monitored and can be adjusted if necessary.

[0019] The distance adjusting means may comprise a linear motor, a spindle
driven by an electric motor (e.g. stepper motor, servo motor), a hydraulic
motor a pneumatic motor, hydraulic cylinder pneumatic cylinder and/or
piezo-electric motors or drives.

[0020] If parallelism between the plate-like article and a plate-like solid element or
a rod-like solid element is sufficient there is only one distance adjusting

means necessary.

[0021] If parallelism is not sufficient and shall thus be corrected — so that the



[0019] The di stance adjusting nmeans may conprise a
linear notor, a spindle driven by an electric notor
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surface of the solid element facing the plate-like article, reflected by the
plate-like article and detected by another element attached to the surface.
Preferably the emitting as well as the detecting elements are not disturbing
the smoothness of the surface of the solid element facing the plate-like
article; in other words neither the emitting nor the detecting elements shall
project or reject from the surface plane more than 0.2 mm.

[0024] Preferably the means for measuring the distance d2 comprise ultrasonic
measuring elements comprising an ultrasonic transducer for sending the
distance measuring signal (e.g. half wave, wave, sinus or rectangle shape
or a pulsed signal) and an ultrasonic detector for detecting the distance
measuring signal.

[0025] The ultrasonic transducer for sending the distance measuring signal can



Preferably the emtting as well as the detecting
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article; in other words neither the emtting nor the
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surface of” a plate-like article so that a gap is
f or neetween the solid element and the plate-like article, the gap having a
distance d2 between 0.1 mm and 15 mm, wherein this gap is filled with a
liquid, and
- controlling the distance d2, by measuring the distance d2, comparing the
measured distance with a desired distance d0 and adjusting the distance
accordingly.

[0030] The gap can be filled by dispensing liquid for filling the gap between the
solid element and the plate-like article. Alternatively the gap results when
the plate-like article is immersed into a tank.

[0031] In one embodiment of the method the means for measuring the distance
d2 comprise optical measuring elements. Alternatively distance measuring

can be carried out with capacitive or inductive measuring means. If



between the solid elenent and the plate-like article,
the gap having a distance d2 between 0.1 nm and 15 mm
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controlling the distance d& by neasuring the distance
d2, conparing the neasured distance with a desired
di stance dO and adjusting the distance accordingly.
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[0037] In yet another aspect of the invention the apparatus for ultrasonic wet

treatment of a plate-like article comprises:
- a solid element connected to a transducer for treating the plate-like
article with ultrasonic energy, wherein a gap is formed between the solid
element and the plate-like article, the gap having a distance d2 between
0.1 mm and 15 mm
- liquid dispensing means for introducing liquid into the gap between the
solid element and the plate-like article when being treated
- means for measuring ultrasonic waves comprising an ultrasonic detector.
[0038] The ultrasonic detector can be selected from piezoelectric transducers, or
hydrophones.
[0039] The means for measuring the ultrasonic waves can be elements for

distance measuring and/or ultrasonic imaging systems.
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[0044] Another aspect of the invention is a method for ultrasonic wet treatment of
a plate-like article comprising:
- bringing a solid element, which is connected to a transducer in close
proximity to a surface of a plate-like article so that a gap is formed
between the solid element and the plate-like article, the gap having a
distance d2 between 0.1 mm and 15 mm, wherein this gap is filled with a
liquid, and
- detecting ultrasonic waves.
[0045] The gap can be filled by dispensing liquid for filling the gap between the
solid element and the plate-like article. Alternatively the gap is filled when
the plate-like article is immersed into a tank.

[0046] In such a method for ultrasonic wet treatment the detecting ultrasonic
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at  ap bRV thePOY@pmenPB4/lagBe GRE BI18-Iike aPide ETBEHREY or before
of the nethod for ultrasonic wet treatnment the

det ethei equipment loseas driabilitpiesciugl tealr (eegl aran)phé ptatedike

ultra .ori c wet treatnment when the gap between the
sol i @"&%nment and the plate-like article is not filled

[00419) hAHixémbgeoJél' $he SethodTriitYasiiewkPtrebBReAtNg phlS\ﬁ%%d

equi pnent {the tunction of the transducers as wel

t he wheysen theodeleictign vbultiasosisl waves isrmantigd oThgmefitaneously
e BB A8S WL R Gl el s B e RaER e Eof glpmen
s coTHOLR DA RN 8101 180T AL Y i pplocos
Adv agerdtpling agd phecesstrhoaitdring. Uheretyouliresorit wavestwizinh are
's pﬂgé/ci Po?%ltrasonic treatment of the plate-like article are detected and/or
additionally emitted pulsed or non-pulsed signals are detected.

[0050] Preferably the detection of ultrasonic waves is used for monitoring
ultrasonic power i.e. the power of the ultrasonic waves, which have been
coupled into the cleaning liquid by the cleaning transducers. For such
monitoring it is not necessary to have a specific ultrasonic signal (e.g.
pulsed signal) applied to the cleaning liquid. Simply ultrasonic waves are
detected and monitored, which have been emitted by the cleaning
transducers and then reflected and/or deflected by the system. Depending
on the monitored ultrasonic power parameters of the cleaning process can
be adjusted manually and/or automatically.

[0051] Advantageously the distance d2 is changed until the monitored ultrasonic
power becomes as low as possible. Therefore PRE can be maximised,

without increasing the power of the ultrasonic generated, which feeds the



wherein the detection of ultrasonic waves is carried

out sinultaneously with the ultrasonic wet treatnent
wob@e/184125 gap bet ween the solid el ement and t hBCT/EP2008/054974

plate-like article is filled wth liquid. This is

merely for process controlling and process nonitoring.

Thereby ultrasoni c waves which are used for ultrasonic

t r eatleeningdfartsdecetsat e- 1 i ke article are detected

.apd/ or . addi tignal |y t ed. pul sed or non-pul sed
Brigl (StriPtianer agaisdn 176 BESUIOR: of or bl vt ho- et act i on

[OdEfZ‘]AE#Fgr Q%Béisé‘@t}éﬁ%l ‘sﬂetkﬁﬁxg df &h SPRBbAIRTINSf Hh%{ﬁ%{%@éﬁ%

ower ul'trasoni c waves
haveadmmdmgdopthemwermtlont(hblnd?lgaﬁ) ng liquid by the

10056 S P AR T Sigeclir B! A AR oA P pargUS

pul s ni ng I|qU|d Si mpl y
ul t r§§coozlag1@atgzltr£ﬂ§)régﬁegt(géi.@g.gn noni t ored, which

[OGﬁd‘]/eFlgeérd@aﬂetd weawif selstior lleamirigg 1t r ansducer s and then

o8 BT LTI RR A kol ™

cl eaﬁﬂrﬁﬂg@rﬁ@ﬁ%so? cﬁ@éhnb%tr%ﬂt&'@é&g é\?ﬂé‘@énﬂn@“ﬁéﬁéducers and
automatical ly. [0051] Advant ageously the di'stance d2

i s ctieleghog tranhsdludare. noni t ored ul trasoni ¢ power

[00%%2 EFS é?pSrOW §ﬂ%mr%? ﬁ@legvlég\{v ﬁ;gF he {@j{eg%@e@/;%?p Bf)aig]beent wherein
ul { ' RRAATCIBBEREY B thelWafd ih 2Rge HIBRC! eani ng

transducers. Brief Description of Figures in the
[00B7hwFigg® { D0BRIssHiagtionalsides yieyeot analernsitide e wimentwherein

enbo f an a rat cordln to t i nvention
el Sk et 555 R5 e S i Sl bl WAt & Shart.

Be¥! Wd@ffoﬁﬁaﬁ/??ﬁgcbﬁﬁﬂb IAferibrappar at us accord| ng to the

I nvention Fig. 1) [0054] Fig. 3 detailed view
[0058] skigt |1oﬁlg RlaridhFigi g. ShDV\{ 0Bsremirgent dppardtuget ac¢ading to the

Vi ew_base owi ng,al ternative eme

ot Copearihis Enlat il aont HoGhNG se AR

and Qﬁérﬂﬁ%; 1490 ﬁblﬁﬂﬁ @Hﬁﬁrrﬁotof 8% a FeBicabrotation axis A is

cross-sectional side view of an alternative enbodi nent

wher eionntadyUing hadlow shm‘hm@@brmommsasea etatomBs af iokey 8r and a

fl o%?lw\,ﬁg{th gﬂ%’g&? g‘i%@desoﬁméonal si de vi ew of

[0059] The lower end of the hollow shaft 23 projects through the central opening
of the first mounting plate 41 and is connected to a first plate 31
perpendicular to said hollow shaft 23. Said first plate 31 has the shape of a
circular disk and the central axis A of the hollow shaft 23 goes through the
centre of the plate 31. The first plate 31 is part of a gripping device (spin
chuck), which further comprises eccentrically movable gripping pins 35.
Such pins 35 are eccentrically moved through a tooth gear (not shown)
e.g. as described in US4903717. Alternative pin movement mechanisms
are disclosed e.g. in US5788453 or US5156174. The shown embodiment
comprises six pins. Alternatively only three pins can be used, of which only
one pin is eccentrically movable for securely chucking the wafer. If other
gripping (clamping) elements are used the number can be reduced to two

with one moving element. The first plate 31 is facing downward thus the



the solid el enent supplying the ultrasonic sound to
the wafer is a shaft. Best Mdde for Carrying Qut the

wO poosnss7eh [ 0058] Fig. 1, Fig. 2 and Fig. 3 sShPUI/EP20e8/054974
treatment apparatus 1 acconaing to the present
invention. On a horizontal nmounting plate 4 1 with a
central opening 42 a hollow shaft notor 8 with a
ver t pinal35rarea1rb';mtiag idewAwasdlydanheldingTthe viafel ¥wusderfreath the

tor. 8r

"ot alTehBIAE A 144 PInciinybF LRFREd ERRS £ Blna fusoermplgo device
| ovve{ aﬁf}ﬂe%owbﬂea{?% EQM%@B%FOI%??% ePéde%“f]Héto? laf %HEHﬁJhlﬁgrough a

cent openi ng of t Irst ntin ate

conneaigedtic ewiclh) hhethpfeatsealbwﬂeqo@rf[miw rfloal betwee nsaiodfluid
hol | ow shaft 23. Said first plate 3 1 has the shape of
a ci P&N'AS-di sk and the central axis A of the hol | ow

[OG@@?”\ &30A8 Phatk O O\hB@ch %@fHV\'i Sn@fsubg‘%nﬂélﬂl ﬁar%llél to WA first

plate 3 1 1s ppi ng devi ce
chuckl)ate @hi tihe Bemrmbplatmﬁﬁmlasébe sbapabdf amuyarrdml@arhcbthe

L I SO e
U_S49$I§?e1§2 @élﬁesré%%hti tBIJD BRYBORMEr eﬁﬁﬁﬂ}?&ﬁ&%dﬁoeby an

di sclosed e.g. I n US5788453 or US515617 The shown
enboainmsat Ilmocmolle@ter $0 xwhichsnay\atserbeatalies gu o owl, or

BB Sl PP et i
| f Oé&%rctd}rv\/lprpbﬂ@ ﬁﬁg%@ﬁl sﬁb\ﬁlﬁ?BF ﬁwc—%&:dﬁ%e&atter@z is part of

nunber can be reduce one novi ng el enent.
The merlmulcpbali®tdr 1 heshqﬂsttq:cvi@cdmmwmrceesrarsammm;aw digct3= for

cingetBsio e K5 g’ the Wefer dlatng WP tghimnt and the
opengslid iy H%é@ffﬁéu@gaﬁ I@)%eﬂfddo(woﬂghg\ﬁﬁ) ﬁ@ar(tﬁegbott‘bpr?of the

tooth gear is agitated through a servo hotor or each
pi n ammwagduct %gﬂnetllqwlctwltwtr)r fur‘tbemacbreprlsss ah laowe thrigas

freel fI oat t hi -
Cecotetnaiizas 12 S Bt nva e B L SimUBDAvELT3 (pr receiving
par ahinglerit @againd rhist %br|9||ngtfﬁ)n3 \Aﬂet trERENERE TS iRh&! Gladreter of
has the shape of a circular disk and the central axis

A of thehaomluaowféhaﬂlqu@taccglee@rﬂlﬁ)rlamﬁy sorpewont laggesfthan the

ol S Pl Bl By e irsbRea T ) Tf! Bhistaief qan be inserted
col | ped e Hflid B’Bllé‘diom}évi%bsé)cﬁa&rﬁ@ré%l S4B, of*@PWL 5.0fnm. The

spl ashguard respectively. The second pl ate S
seal @@ abali hetsmdlecnaughi te seal the wafer against the ambient during

treatment but big enough to avoid friction between the first plate 31 and
the liquid collector 10 during the first plate being rotated.

[0061] The liquid collector 10 is connected to a second mounting plate 43. The
second mounting plate 43 is connected to the first mounting plate 41 via
lifting means 45. The lifting means are for altering vertical position of the
two mounting plates 41 and 43 towards each other. If the second mounting
plate 43 is connected to the machine frame (not shown) the lifting means
45 are able to lift and lower the first mounting plate 41 together with the
spin chuck comprising the gripping means 35 and the first plate 31. If the
first mounting plate 41 is connected to the machine frame the lifting means

45 are able to lift and lower the second mounting plate 43 together with the



collector wth an Oring seal (not shown) or the
second plate 32 is part of the liquid collector. The
WO p@aisB7edl | ect or conprises an annul ar duct 14PEEP2008/054974
collecting liquid, which ig1flung of the wafer during
wet treatnment and the liquid is drained through an
openi ng (not shown) near the bottom of the annul ar
duct lidiAd cotector fidiadddbe lsecomna pfatie SBel he vepiidas sovament is
annu ar 9%? suct i 02 nozzle 12 directed i nwardly above
t he RAIGAEH PYGEOM4 for receiving ambient gas and m st
[00%?2)' Yhe 5r%qmé/e\§|'iftn|‘1§; ?r?édﬁ%m @“v%é&ék?fha@'tﬁ’é@?s%ndéf V%Bétween
upper part of ector 10 1s only sone
| ar gédve waf@n VW Iﬁ[elatmhleaf aldlcla}ar@rthefse'cbed folate 32pdeatt lze Bhdnged at
so t

o e GfestatromBa Civey Bot e ARE MiEce das06¢ riptg 32 are
QoﬂWEuﬁTéi@nt%ﬂlﬂ’atScﬁg|d||st§ﬁc§3§|cbn‘H?eoéi'garhgte% |ﬁ%"f‘5%rt tg%ave the

waf er agai nst t'he anbient during treatnent bu
enoudistancealatbIf poiots wrhhlbéhweleelre@earﬁger Sonslegtientdy the three

bei niftna et 44 G0 dfieniSedtSDol e gionBrBoliment cact
conn@ﬁﬁh@d.fﬁ% r’ﬁe%ﬁ% AW §ifrhit dlnfotibs. THE iReG@idtion is for

mount i n e 43 is connected to the first nounting
pl at Ie‘tmg lhe/wafen ffarn nige reasducEs.platee3d infardagpleearise sarader into

bt 300 16 wRR € Wit FradBe nbAraundror thi e BeligRine lting
rmunﬁnle%as Rhall %e%da%lé@f"&]%g@ﬁb fHe Jth%nEfEQJé't\K)éerﬁ [@Tﬁ/afer and

(not shown) the lifting neans 45 are able to |ift and
| owethet thendducst platﬂu by iab tegst Atamn 4THe segmtchienction bf thedifting

in chuck the grippi 5 and_t
P omea e AU etisRed of R T s HRaddioetiete n
conngiep o havé e HREHIRS BEABPLIAR WithihitRE JEBRES ré‘r5ge For this

are able to li1ft and | ower the second nounting plate

43 t sepmnideiunaiiomthenliting mebnsahaddieocadablatmiadibet bhectistance
late.32. Th tigal di t b

D G683 SRSt redeT OrinRh PrelebR 4ie Aty Bou et least

t hat +L o fhih aﬂﬁ@ro‘éﬂaf@@r‘{‘&%ﬂ‘o? QGCH\’ﬁftlﬁ r’?‘ﬂéérﬁ% §|teel1r{éél’<‘?notors

article) and the second pl ate can be changed at

t hr egpiddlesevitmsteppenmotors peeumata@ litser asberbivatiomdofisush
second plate 32 are both sufficiently flat the

di stgr%% d2 can be changed in order to have the

(00833 AT@ ity T Thsare Yibrfund horko? (RanIEfdniaRers) are
sepaaizhadﬂqd tolthe tsegondh plaie St di cavity iefushplate BAon the side
f : Ig' ”8g@a%%§ﬁé?%ﬁ}e fﬂrswolaﬁje ?ﬁl?sngelfnldna%tou Pc?ally-%%%pled to the
second plate 32. The vibrating elements 4 are arranged in a way to
substantially totally cover the whole diameter of the part of the second
plate 32 which covers the wafer during wet treatment or vibrating elements
4 are spread all over the second plate. The vibrating elements 4 are
typically piezoelectric transducers.

[0064] Additionally three detector transducers 82 are attached to the second
plate. Each detector transducer corresponds to a lifting means 45. The
signal detected by the detector transducer is used for calculating the
distance between the wafer and the second plate. It is feed into a

controller (computer) for separately controlling the lifting means.



lifting the wafer fromthe transducer plate 32 in
order place the wafer into and to pick the wafer from
W@ b@sagyiay at us. For this first function the |iPCI/ABR2008/054974
nmeans shall be capabl e of abangi ng the distance
bet ween the wafer and the transducer plate by at | east
2 cm The second function of the lifting neans is to
[0068] uhe distantesin@asering signal isgirevided hyhtbettremssldoeres. It is a

late in, order to have, the distance d2 at a oLnts,, .
b ¢ B el PP e Sette ARG et st Tkes BRGNP fis
i ftaigﬂaﬂé‘ée}ﬂéamdfsigﬁalct%(??@é g?ﬁ@ bafirdshe hﬁ%s@h%?@&ﬁng
with an accuracy o t least +/- 0.1 mm Preferably

t he prresadystagedtsol tbasthewdistadc® 2nmalrapgy eyithirathe desired
drives for, such Iiftiréﬁtarre ns are |inear

Spi nanGs B PR RSP o Cas Bl aieanng T1pEs! s damages to
conmbipaadth ARk cHURB Vel BSn tbb%?@\'férlmtéd RIndrabkiurRf

ultrasonic vibrating elements 4 (cleaning transducers)
ar e partisheinavaleffecisexyorah ipé seodacibly achiemgd.y in the

100gef Erckntica hodBe gitonn 9 Auabed iichiEe bistieiB A1 &

pl at gidblel RBoWeP HRbeAge s RBIR chel B RBhEFNMIEBI Shdopens to
way to substantially totally cover the whole di aneter

of tthe npant betweenefirseamthdepdrat plag23hhd2 T heolowres didpenser 6 is

waf er durin t treatnent.or vibrating el nts 4 ar

opr eI SRR RIspRESE b IL L SaT e B Tawer sioé of a

el engatey W_téﬁ@l;lmpﬂhéaqqdd’eg'b%mééﬁ‘%é E6cdHPPREISEE the wafer W,
[0064] Additionally three detector transducers 82 are

at t athiredouples tee sasndicplaas. gdrmr htedidyevibmatingrelasentes to the
corresponds-to a lifti nmeans .45. The, signa et ect.ed :
by ¢ HeaTb8 oPeP et Iie IO diSeensea BaL Al 0s fjoienl axis
di st ARE@nRBIEQbratiey ¥Rhdnt BRthd BPasGEPLMIBs&bFoximity t& the
feed into a controller (conputer) for separately

cont wefarg egntraeThus all ageaseeirtbe veesinayHe iashead by ultrasonic

e O BB BB A i
si gnghowdy, WidHRki fMRh¥r &N ieci $IRACIBaSEGTdNY sBLERANd to at

can be send before the ultrasonic cleaning process is
st ar leadt se ghatsourne. dhetefneedifferdns lighidsddeaningwgentsleand

e AR e B S S b BRE i mpioon
vaf egai¢ammBeod bR HRBEEE oR B gIEBXbIEHAN valves.
particle-réenoval -efficiency can be reproducibly
[00&dhi Ehedpper dispense system comprises two coaxially arranged tubes 21
and 22 leading through the hollow shaft 23 attached to first plate 31 and
opening to the room between first and second plate 31, 32. The inner tube
21 is for dispensing liquid and the space between inner tube 21 and outer
tube 22 is for dispensing gas. Both tubes 21, 22 are rotatable together with
the hollow shaft 23. To introduce liquid to the inner tube 21 a liquid rotary
connection 5 is provided. Gas is feed in the space between the tubes 21
and 22 through a gas rotary connection 7.
[0068] As can be seen in Fig. 3 (detail view Ill of Fig. 1) the transducer 4 used for
cleaning the wafer is also the ultrasonic signal emitting element and
transducer 82 is the ultrasonic signal detecting element. The detecting

transducer 82 detects the echo reflected from each boundary layer.



[0066] Eccentrically to the rotational axis A, about

which the first plate 3 1 is rotatable, a | ower
wele@pastses 6 is attached to second plate 32 aneiCDPRIIS8/054974

to the room between first amd second plate 3 1, 32.

The | ower dispenser 6 is configured to dispense either

liquid or gas towards the | ower side of a wafer Wto

f ul | @ohsédueartly rpdpn2thieatistaene tReofdbe sadomd gap Gihbetween the

e o o R A Y S B o
the heuelrdd SRISShLd ils%év%@td b thé'?@strq%ﬁ{ﬁémn Q]&ioﬁd'?blate

to enable a vibrating el ement being ar ged 1 n close
pr ox38triany the wdier Waflhissydenraan dithes bel Usea feasesbingtthe

f b hed ul t [ . T I
G s pRRREPIE WESR i BBl dS PEPSENLAT BPoBora" Sri B UERSLor
Shov‘ﬁ@nit&ﬁﬁh&Bna%gfn%FliH?rthég%t%%%?d to at |east one
[ to at le

liqu source an st one gas source.
[O0BR¢r lef am eltelinbtiee emidd ihgulelsct{ng tamsduress8Rtas$ atsodused as

di fferent es, (e.g. nitrogen) may be selectively

appl siggel qrﬂ@t?%}r%ps%&qrs.vm ve may be a cascade of
Mo%bg@)'fsréahggl?@éut’ﬂ#e\/lﬁ%nti&%?] The upper dispense

syst'em conprises two coaxially arranged tubes 2 1 and

[0072] | Baskkdhgntdetailigibwt IHen frig. | alterhafive a®dastadchegingoout the
first glﬁte 3 % and gpegi ng to7the room bet ween first
and CUEBIRN prexdisclesed B519STRe f-nner tube 2 1 is for

[00;#;39?@ h%o‘v\}s%*%gstiégﬂwh&%ir? BRC SeteeliMg BRns A& i$ BRsurted in the

outer tube for dispensing gas. Both tubes 2
1, 2frshpkate 3t awalohds opgesitethensedondndatecd? comphaing the.

ot aPeoR OGS dReB 4 o B a5 eckdtes? Betecken Midronic signal,
spacgnhRetiveenskited WS%%%’g]ﬂe gé@@?tﬁ@%@m\/aarﬁ%tfhg gaf 1. The

rotary connection 7. | can be seen in
( det sighalis @iffratiedodefanglindldn theeino pedarwesef the diftederitonaterials

| eapi ng the, wafer is als@ the ult S
gm'e? {Hr%ao'%‘ie: Secans Prts i2alindr 3R G i nspeond gap
si gnab AR Satd-ke SHRIEMY. THOGySRhPEAh BROBANSA R tedtihg the

detects the echo reflected fromeach boundary
| ay eap@atsguben the waferdhlis nohprasiest.ance d2 of the

10ZRE Bl 3Bt BT ey BRGSO e [ sending the
reesHALNS SR foa et ot bond ety
can kansduceb81umeltheateteeing tignadusen g aratelsneanicof thadirst
waf err)laieSB ro%?)ggi e fhe g\ggﬁi% tPa{ns%aQerbglaPeS&%cfoRcri plate 32). The
detecting transducer is simultaneously used for detecting the echo from
the ultrasonic waves emitted by signal transducer 81 and for monitoring
the ultrasonic waves emitted by cleaning transducers 4.
[0073] Alternatively both the sending transducer 81 and the detecting transducer
82 can be element of the second plate 32 (transducer plate) as shown in
Fig. 6. This configuration can also be used if there is no first plate used
(similar to the embodiment as shown in Fig. 8).
[0074] Fig. 7 shows a system where the signal emitting transducer is element of
the first plate 31 and detecting transducer 82 is element of the transducer

plate 32.



nmoni toring and controlling the process. [0069] In an
alternative node the detecting transducers 82 are al so
W@ e®d/13852%5i gnal em tting transducers. Mde(s) PCI/EP2008/054974
Carrying Qut the Invention1§0070] Based on detail view
Il in Fig. 3 alternative nodes of carrying out the
invention are disclosed in Figs. 4 - 7. [0071] Fig. 4

[00315d wEiga Ssheena epsersi whetethéevaiet iW]@ Itleldlhyo@rmm'ng pins 71
mounted in the first osite th
secotach ateanasnted i A rmZOEHée o s TorRGdnRg: ety (rotor)
Thefﬁff é’henaﬁfsﬁ‘éft%otg? ts%hﬁ]t)ﬂcsey whwhatﬁe%ﬁe?bél gré'r\%ated.

Is transmtt hrough
and Therefare [Quidrban begimensedmrfofosuucted bjegiepeinsegnazele 90.

the JI'E‘%@ S‘{[}:\CI&S féneirgs?cqqs; I;{”s orrﬂe Ieglléfé)eg {fir ftgI al ?erW
' n SBEWtMa@? virRdrgisdiuget bl'é?e 8o tid plaedlin cU%% p??zb?lhﬁtm 0.5 -

can al so be used tfor testing the apparatus
waf eftd Yiim} tanidie \pafes MtA pluraliitg]of Fnagsd&ca’sdv\areaacz;tstleaﬂy

wherein a rans for .sendin
moasuriigd BF B fls Bt B2 dng g crp B0 Reganpected
the gemdidigiol bﬁﬂﬁedh’&% Shalft mortlﬂﬁhfﬂﬁ %Qééd'& not shown)
transducer 82 are elenent of the Tirst pl ate
oppo‘s?herebtyhbe cigtamiend2 betweeiuther wplea i a@sléberhr@nptiacer plate 32
32). tectln transd r is sinult ousl y used
for ot BecTREoEheNd At dn iee W esanu ARE YA S
em th&sdhikafy 60 Ied taRRMEREd et pRtE. TI96 gHPTBZ RIMIRA with liquid
the ultrasonic waves emtted by cleaning transducers 4

[ O@7BTought @spamser@ 1y Affer the bleasigdimgess ﬁmgﬂn:@ﬁ |8 cileared

o0 3R BB WA IR T ] 1 e

Thi sqigpahsgrgat i on can al so be used if there is no
first plate used (simlar to the enbodi nent as shown
[0G76] FT be de)ectcpr(scBPA§caergtecVu&ﬂa@welcasm@te@mtaﬂ dydrartsducers 4.

o1 ot £ra Seledy DAY e bl BTG skt Brmont oy oetect e
the éérﬂf‘éﬂé‘%@fseﬂhﬂir&sé’%ﬂc &Q@Eﬁbnﬁt& b rBS¥asts Y Thalthis

where the wafer Wis gri ppi ng pins
ar e sigoatean e used |f¢rgneasurlm‘ethe| digtanoeid?, whiaft ean fugther be

el O GrPbbBE ddRld gy shrt motor (not

[0077] For the modes as shown in Fig. 4 or Fig. 7 when the signal emitting
transducer 4 or 81 is opposite the signal detecting transducer 82 it has to
be taken into consideration that emitting and detecting transducer may
move against each other when the first plate 31 and the second plate 32
rotate against each other. Good measurement conditions can be achieved
if emitting transducer and detecting transducer stand very close to each
other — not more than 2 cm apart from each other.

[0078] Fig. 9 discloses an ultrasonic cleaning apparatus according to another
mode of the invention based on the apparatus shown in US5365960. The
wafer W can be mounted on a spin chuck with a chuck plate 75 facing the
wafer. The spin chuck can be a vacuum chuck, an edge contact only
gripping chuck, or a so called Bernoulli-chuck. Alternatively the wafer can

be floated and rotated on a cushion of liquid or gas. Liquid is dispensed



Therefore liquid can be di spensed unobstructed by
di spense nozzle 90. Thereby a liquid neniscus L 1 is

wo 200838705 t he upper side of the wafer W Bel oRCT/BER2008/054974
wafer Wa transducer plate132 is placed in close
proximty (0.5 - 15 m) to the wafer W A plurality of
transducers 4 are acoustically coupled to the
t r anschodbe wHfart and;?neréhys fd:rrra'nng ddigerd pleaissus2-1i. &\ rod-like probe
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t hrough "t he sane 'di spenser [007 e detectors
82 cirFige8ect ultrasonic signal emtted by transducers
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Liquid is dispensedonto the wafer and thereby form ng

a | i cgnteal dighidsdiagenser (n@t shoxvn;isimilpr toldiguid dispenser 91 in Fig. 8).
As the chuck plate is rotatable the distance to the rod-like probe can only if
the transducer assembly 81, 82 is located underneath the rod-like probe.
The measurement can be carried out before the cleaning process is
started or if the chuck plate 75 rotates once a revolution when the
transducer assembly passes the rod-like probe.

[0081] Fig. 11 shows an alternative mode based on the mode shown in Fig. 10,
wherein for the signal emitting transducer the cleaning transducer 4 is
used and a plurality of detecting transducers 82 (this sectional view shows
two detecting transducers 82) are located in the chuck plate 75.
Measurement is carried out when the rod-like probe is in close proximity to

the detecting transducer 82. The measuring signal comes from the



(solid elenment) 65 is brought in close proximty and
parallel to the wafer surface so that it partly
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is acoustically coupled to1an ultrasonic transducer 4
A second liquid may be di spensed into the gap &
bet ween the wafer and the chuck plate 75 by a centra
| i qucldadingpgearseucéndandhswemittad by Itlee radlike grobe 65.
dispenser 9 1 in Fig. 8). [0079] An ultrasonic
measuring signal emtting transducer 8 1 and an
ul trasoni ¢ nmeasuring signal detecting transducer 82
are elenent of the rod-like probe and facing the wafer
W The wires for the power supply to signal emtting
transducer 8 1 as well as for the detected signa
comng fromthe detecting transducer 82 are | ead
through the rod-1i ke probe. Both transducers 8 1 and
82 are pressed into cavities of the rod-1ike probe.
Provi ded that the probe (solid elenent) is
sufficiently parallel to the wafer only on transducer
assenbly 8 1, 82 for neasuring the distance d2 between
the solid element and the wafer is needed. If also the
paral l el ism shall be corrected a second transducer
assenbly 8 1, 82 is useful. [0080] Fig. 10 shows an
alternative node based on the node shown in Fig. 9,
wherein both the signal emtting transducer 8 1 as
wel |l as the detecting transducer 82 are |located in the
chuck plate 75. A second liquid is dispensed into the
gap & between the wafer and the chuck plate 75 by a
central liquid dispenser (not shown; simlar to liquid
dispenser 9 1 in Fig. 8). As the chuck plate is
rotatable the distance to the rod-1i ke probe can only
if the transducer assenbly 8 1, 82 is | ocated
underneath the rod-1i ke probe. The nmeasurenent can be
carried out before the cleaning process is started or
if the chuck plate 75 rotates once a revol uti on when
the transducer assenbly passes the rod-|i ke probe.
[0081] Fig. 11 shows an alternative node based on the
node shown in Fig. 10, wherein for the signal emtting
transducer the cleaning transducer 4 is used and a
plurality of detecting transducers 82 (this sectiona
vi ew shows two detecting transducers 82) are |ocated
in the chuck plate 75.



Measurenent is carried out when the rod-like probe is
in close proximty to the detecting transducer 82. The
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and is emtted by the rod-litke probe 65.C ains 1.
Apparatus for ultrasonic wet treatnment of a plate-Ilike
article, conprising: - a solid elenent connected to a
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Apparatus according to claim3 wherein the ultrasonic
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measuring signa /. Apparatus according to claim3
wheeasiing the distanaesdnsitndtaneously thetramsdycer fagwehéeatment of
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Apparatus according to claim 3 wherein the ultrasonic transducer for
measuring the distance is not the same transducer as for wet treatment of the
plate-like article.
Apparatus according to claim 3 wherein the ultrasonic detector for measuring
the distance is simultaneously the ultrasonic transducer for sending the
distance measuring signal.
Apparatus according to claim 3 wherein the ultrasonic detector for measuring
the distance is simultaneously the transducer for wet treatment of the plate-like
article.
Apparatus according to claim 3 wherein at least three ultrasonic transducers
for measuring the distance are provided.
Method for ultrasonic wet treatment of a plate-like article comprising:

- bringing a solid element, which is connected to a transducer in close



8. Apparatus according to claim3 wherein at |east
three ultrasonic transducers for neasuring the
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15. Method according to claim 12 wherein the ultrasonic detector for measuring
the distance is simultaneously the ultrasonic transducer for sending the
distance measuring signal.

16. Method according to claim 12 wherein the ultrasonic detector for measuring
the distance is simultaneously the transducer for wet treatment of the plate-like
article.

17. Method according to claim 12 wherein at least three ultrasonic transducers for
measuring the distance are provided.

18. Method according to claim 9 wherein the means for controlling the distance
further comprise a controller for automatically controlling the distance d2.

19. Apparatus for ultrasonic wet treatment of a plate-like article, comprising:

- a solid element connected to a transducer for treating the plate-like article

with ultrasonic energy wherein a gap is formed between the solid element and



measuring the distance are provided. 18. Method
according to claim9 wherein the neans for controlling
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automatically controlling tthe di stance d2. 19.
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27. Method for ultrasonic wet treatment of a plate-like article comprising
- bringing a solid element, which is connected to a transducer in close
proximity to a surface of a plate-like article so that a gap is formed between the
solid element and the plate-like article, the gap having a distance d2 between
0.1 mm and 15 mm, wherein this gap is filled with a liquid
- detecting ultrasonic waves.

28. Method according to claim 27 wherein the gap is filled by dispensing liquid for
filling the gap between the solid element and the plate-like article.

29. Method for ultrasonic wet treatment according to claim 27 wherein the
detecting ultrasonic waves is carried out prior to ultrasonic wet treatment.

30. Method for ultrasonic wet treatment according to claim 27 wherein the
detecting of ultrasonic waves is carried out prior to ultrasonic wet treatment

when the gap between the solid element and the plate-like article is filled with



- detecting ultrasonic waves. 28. Method according to
claim27 wherein the gap is filled by dispensing
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and the plate-like article2029. Method for ultrasonic
wet treatnent according to claim27 wherein the
detecting ultrasonic waves is carried out prior to
uliguidhsoni ¢ wet treatnment. 30. Method for ultrasonic
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