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The invention relates to a device and a net hOd mMI"I”"“m

treating a flat disc-like substrate, such as

senmi conductor wafers, flat parel displays or conpact?®!s®
discs. If inthe following the termwafer is used

such disk-1ike substrates are nmeant. More specifically
the invention relates to a device for wet treatnent
utilizing ultrasonic wave energy. Wenever herein the

termultrasonic is use1%§$ ?ﬂﬁégnge'understood t hat
megasonic is included & eing a specific form
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[005] Another object of the invention is to apply ultrasonic wave energy to a wafer for
sufficient cleaning but however avoiding to high local ultrasonic energy.

[006] Yet another object of the invention is to treat a wafer with a very low amount of
liquid because of environmental and cost reduction purposes.
Disclosure of Invention

[007] The invention meets the objects by providing a device for wet treating a flat plate-
like substrate comprising:
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a first plate TELEELE FEEE EYERD LR el 111111111
111 *000002* 2 a second plate substantially
parallel to said first plate holding neans for
hol di ng a wafer between said first and said second
plate substantially parallel to said plates. first

di spensing neans for introducing fluid into-a first
gap between said first plate and a wafer when being
treated second dispensing nmeans for introducing fluid
into a second gap between said second plate and a
waf er when being treated at |east one vibrating
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[012] Anocther advantage of the invention is that the wafer is moved in the field of
ultrasonic wave energy, which leads to equalizing the ultrasonic waves applied to the
wafer.

f013] Although not necessary in an advantageous embodiment said plates are sub-

stantially horizontally arranged, which leads to the advantage that the wafer can easier
be brought into the device.

[014] In another embodiment means are provided for rotating at least one of said two
plates. Such means may be able to rotate the first or the second plate.

[015] In the case said means are for rotating the first plate they may be simultaneously the



be brought into the device. [014] In another

enbodi nent neans are provided for rotating at | east
one of said two plates. Such nmeans may be able to
rotate the first or the second plate. [015] In the
case said neans are for rotating the first plate they
may be sinmultaneously the 3 neans for rotating said
hol di ng means and sai d second plate relative to each
ot her about an axis substangially perpendicular to
sai d second plate when the hol ding neans are attached
to the first plate. In this case holding neans are
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during treating the wafer. Such first spacer means can be gripping pins. Providing a
small gap gives the advantage that only a very small amount of liquid is needed for
treating the wafer.

[024] In a preferred embodiment second spacer means are provided for keeping the
second plate and the holding means in certain distance during treating the wafer to
form a gap between the wafer and the second plate of 0,1 mm to 10 mm preferably 0,5



during treating the wafer. Such first spacer nmeans can
be gripping pins. Providing a small gap gives the
advantage that only a very small anount of liquid is
needed for treating the wafer. [024] In a preferred
enbodi nent second spacer neans are provided for
keeping the second plate and the hol ding neans in
certain distance during treating the wafer to forma
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[030] When an opening in at least one of said first and second plate does not include the

rotational center liquid will be vertically move over the rotational center between the
plate and the wafer. This avoids a possible zone of dead volume.
[031] If at least one vibrating element is arranged to cover the area of the rotational axis



[029] Additional gas dispenser for at |east one of

said first and second gap can be provided for

di splacing liquid fromthe respective gap to dry the

wafer imediately after wet treating. Gas di spenser

for both said first and said second plate may be

provi ded. [030] Wen an opening in at |east one of

said first and second plate does not include the

rotational center liquid wilg be vertically nove over

the rotational center between the plate and the

wafer. This avoids a possible zone of dead vol une.
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and Eh%fvlla?&taﬁ&ithg %%S&HPSI&X,)wmch enhances cleaning efficiency. However, al-
ternatively said second plate may rotate.
[037] During term of processing substantially the second plate may at least temporarily
cover all parts of one wafer side.
[038] Advantageously said second liquid is inserted into said second gap through an
opening offset to the rotation axis. -
[039] Yet another aspect of the invention is a device for wet treatment of wafers

comprising



ultrasoni c waves. [036] In one enbodinent a wafer is
rotating, which |leads to additional shear rate between
the wafer and the adjacent plate, which enhances

cl eaning efficiency. However, al- ternatively said
second plate may rotate. [037] During term of
processing substantially the second plate nay at | east
tenporarily cover all parts of one wafer side. [038]
Advant ageously said second lgquid is inserted into
said second gap through an opening offset to the
rotation axis. [039] Yet another aspect of the

i nvent i on aifsstglagevi ce for wet treatment of wafers
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of transducers with at least one ultrasonic generator to separately agitate said plurality

of transducers in a phase-shifted way in order to generate an ultrasonic wave directed
from said array of transducers at an angle a’ of less than 89° (advantageously less than
85°). This means that the wave front is slanted by an angle a of more than 1°
(advantageously more than 5°). Preferably wave front is slanted by an angle a. of 20° to
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[045] If such adjustment-elements comprise an array of a plurality of transducers such
array may be arranged parallel to the plane provided f‘or the wafer when treated.

[046] In a preferred embodiment said array of transducers is a two dimensionally
arranged plurality of transducers (e.g. minimum 5 by 5).
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[053] Another method for wet treating a single wafer further comprises
. ~ providing a second plate having a plane C facing the wafer thereby creating a
second gap of a distance d2
. inserting a second liquid into said second gap thereby substantially completely



filling said first gap applying ultrasonic energy to
said first plate so that ultrasonic energy is applied
to said plane B in an angle a of |ess than 89
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[Ogé']e Fig. 9 shows an enlarged view of a one dimensionally amranged array of transducers.

[067] Fig. 10 shows a schematic side view of an array of transducer with an illustration of
phase shift.
Best Mode for Carrying Out the Invention

[068] Fig. 1 shows a wet treatment device 1 according to the present invention. On a

horizontal mounting plate 41 with a central opening 42 a hollow shaft motor 8 with a
vertical rotation axis A is mounted. The hollow shaft motor comprises a stator 8s, a
rotor 8r and a hollow rotating shaft 23 fixed to said rotor 8t.



invention. [063] Fig. 6 shows a schenmatic perspective
side view of a part of a fifth enbodi nent of the
invention. [064] Fig. 7 shows a schematic perspective
side view of a part of a sixth enbodi nent of the
invention. [065] Fig. 8 shows an enlarged view of a
two di nensionally arranged array of transducers.
[066] Fig. 9 shows an enlarged view of a one
di mensi onal ly arranged array oof transducers. [067]
Fig. 10 shows a schematic side view of an array of
transducer with an illustration of phase shift. Best
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liquid collector. The liquid collector conprises an
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applied. The multi port valve may be a cascade of

single solenoid valves. [074] The upper di spense

system conprises two coaxially arranged tubes 21 and

22 |eading 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

di spensing 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 holl ow shaft

23. To introduce liquid to the inner tube 21 aliquid
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speed, spin t he r or specl
soun g %ﬂbﬂﬁoﬂ‘%’m /8¢ ‘BEIE%A%)“GPg thi &ime; the grippingsteyentp 34 are open
waf e |the| vgafer giag toely bamothted darduigh ite Hauigun gaplC, (wehidh is rotated by the

dei ondizied MRLRE)3L B dQIaﬁ&ecnsﬁq @%Rfﬁyghne%éb&afgr]xo&% Qith about
gap Blgtvveeré @he f @E@"ﬁqe 1 an er

t her eg%lf/ WP fREH astth% uireAEer ge diiancei4leand g gre, the

t ot ahigperfis the ishegr lgarbe@bﬁn ik evafen asdtihe pldtek,i whidtofudRer ieshances
feedcregm mglﬁ | ower di spenser 6 into gap & between

ese ate3 the. wafer Wthereby wettin
m%ﬂe | o SP‘é‘é g E%I”e'ttﬁ'ée giRPEe © gﬁﬁmﬁ gresigssd "F%aI“I (Ifﬁlgeygﬁrﬁ been
Q. OPm@\ﬁeﬁ gasgaiptraiucediglthe gpps Gil lahdG2 wi dibpldde dighid. To support
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are suqagg tll al I ot alg UetLtrasonl% oun
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vi br &t 3090 mep torapintoff any liguid gesiube Faelinthie dewiegs odened hgain (Fig. 2)
vi br akd mbaleaamﬂfécsor@rcﬁs Rk mfzeeed in away so that each
emen overs a waf ers surf
0Fe " vari 3 FRFS E Setnd bfithiper: Rwe MDEHIS. BUEh e dnn ot
ot hefmppdiment pefollows. dhe fitss Platetdil ahd e ghippingotans 85isdparaeed from
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the O R anE ane Pl Araiiep st Pl Bhipriieaenea Second pic

gri pp? Ay t@h@mﬂldgnth(sotn@Q ambhfgap@n@d; mepconnected to liquid collector 10.
In this embodiment both the first and the second plate 31, 32 carry ultrasonic vibrating

elements 4. The vibrating elements of the first plate 31 and those of the second plate
can be agitated alternatively to avoid unwanted interferences, which would occur if the




that the wafer is freely agitated by ultrasonic waves
W t hout being inpinged or danped by any el enent
touching the wafer. During the tinme the gripping
el ements 35 are open the wafer may only be rotated
through the liquid in gap G, which is rotated by the
rotating first plate 31. If distance dl and d2 are the
same the wafer rotates with about half the spin speed
as the first plate 31. The |wer the distances dl and
d2 are, the higher is the shear rate between the
waf er and the plates, which further enhances cl eaning
ef f i ibatingelenieang2f bethplates gpply alsonic wevegnerento théwafer.
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fo spregiied o Sppalinth PRE Tyl 2 RS ebe b Tl g, <
opendegeribga with rafgrance 9 Figahandz?. Adbehed trtbe sdcouskplae 3P are kibrating
: Ee slexhents 4, W& lareFir@nged i?h@ﬂb&% gmfaﬁ@eggmg{m%é%@gf ava,ﬁtt 12°to
e | i ffers.ta. ir e I, men
s £ PR Srou 661 ot ishlink o 3 ae SSRGS ped 0
35 sRIpEPAtTdE apqusiinally seupling ¢aarbedane direstitbinthe weref glejng or
sepawaeltilag khefviiragr aesbnank ttheplalt®ats. be HonSinWadcay bY@ an in-

be r@m‘édﬁqerﬁ&ﬂrﬂ%cgfg%@rﬂt e 31 when securely hel d

bﬁﬁ grippl ngq.m_eans econd plate 32 can be _ .
(0864 g e peld cherviargring slements aggadirsctly eqppled do the platst32@ad e dntexanediate
]tc _Or Linnthrd h;;&a}ialﬂ: mﬁﬁagu@pﬂ ro;t)dgﬁtiﬂé"\ieﬁ)é:e&jﬂc Mr ; ¢ ﬁ%l er:rg (llglE_d ie@ecessary
[ g?eﬂg : u i
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fir st"i“ﬁ Jltrgonic Have{ieEsigh takp &itd dhepprierpprg the same e Fe)- If
agi t pleed2 abrhpispad mveband, whicheephraissbeinetnediate medium and the
| Nt enfREER 6, M hARendOU i QF6N hnd/dr r&fﬁ_@ti(‘]r?thro‘ﬁél’pﬁ@iﬂ {{9nay be
el emenﬁ S gf both plates apply ultrasonic wave energy
to t K& hfer. [084] The third enbodi nent according to
0%ilg. 4lfditrdtiae slefenspreldiregyconpledtotiooilare A2 theyecesdary angle a,at
pl ac@hih tHein@ikddcdr Bl deisRRted, Fith RRRE 108 Sesitd D& & | KSEh the
pl atHUSSlonarw tpre tsgéf)%{gl | .at e 3%[ c{or [i aé,ll d insertion .
Care SetOff The axrs A® ‘?’6@3@’]& vafey; depend g xung-pronagation velocity
cr os8f plued7 iswlfde.c taamipemt c 000 més)fandiefithe evaboeit tiguid (e.g. diluted
whi fﬁtmeb\{s salﬁﬂ&ﬂ k %‘sls(f:b sy, 55['his eBhasidnRal bd Edécﬂ}jatehgats ﬁ&llowe‘lsilna /
par ot 0 . .b. are as W :
r ef eglg%c_ecl ? G é?q%r?‘t%fe ilgﬁ%d?}reéﬂggec%é)g ?f’%rt{hﬁgla’?egg??& ansducer
pl at Plaggordheviratgrsaresongion) shallerslanted by Wh. Efransducerptatnig eldnted
. ﬂ sb3aweﬂra@dna¢we5v_e§g gﬁé&i@dm@ﬁﬂﬂvaﬁf ol & aia/g%fa’ BB (42 1), In the
t he . provi ded. f.or, .t er. Vi brating
el en%}a?[@%f’%g?‘gg gc_oﬂs_t |1ic aY”‘P‘?/h %8‘!\?%? 8@1_.13 0 plate 32. The
08/ oust AkematiyelydBisl $ribe weaondipiand 84 eardifingetbe vVipralipg ¢leraensempay have
0}‘ Oh biirfage fating WelvwhifdtGoinPasing 26t@ind bf SantAPMa8E Ps. $ueh b PSite may
pl at Fol rectl. usir n in-
Per noaf & dusite SRR | UAbER o, Mo 15k Sl s et o
vi br Beshptedrlargs 3os Adibeughraly twetvibrating slsmsats axg shown thbmtreay be
32 andlitidn® vitthtaipreRaieatsan allBEésidras t he same
und- Rr, b v, it he.treatnent. .liquid the
O o o bl RORE Lt % hlSy L BERBREY ey Sphodinen:
s| anTeeplatisirveredbiet membrape Hbandsemovade &y asidewall ring 51.
Membrane 50 and sidewall ring 51 are welded together and glued onto transducer plate
32. Thus above each slanted plane 325 an intermediate chamber 52 is formed. The in-
termediate chambers 52 are filled with sound propagating (ultrasonic transmitting)




whi ch the ultrasonic wave front shall take with the
wafer, are the sane (a, = a 2 ). If plate 32
conprises a nenbrane, which separates the internediate
medi um and the treatnent liquid, the influence of
refraction and/or reflection through the plate may be
neglected. [087] If vibrating elenents are directly
coupled to the plate 32 the necessary angle a , at

whi ch the transducer shall begzslanted, with respect to
a desired angle a , which the wultrasonic wave front
shall take with the wafer, depend on sound- propagation
vel ompdiym, whicheasthe soipl, peloélifuid ée.g oilar waier) UFynsequeBhO@irasonic

n's) erﬁfgjr gheritB®by Vlmtd]i%gﬁméﬂtﬂm (tFhnécRic&s) 1Qinhh'$c?l§ coupled to the
aque s..correlatio
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angl é‘wg‘er fsepyrated frem engampther| n t he exanple of Fig. 5
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e con
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vvaf epf @%mﬁmpn@e%@@ ﬂ@mce& ofghe:epmtess qfIrwipediacepigranguctrs is 1
a pI ainewh@yas tﬁdmaﬂmrmmhamsayréfm&dﬁbérag aboft B85 Hr@p ped
[091] i egﬂg Fﬁ"#f&%ﬁﬁce ea%ﬁﬁgﬁ b% nr?ﬁlg%s%%rc \agerlg?aé?r hﬁ&lnc Igteleast 8
el enehpnge %Pégg%ea% fipedd ﬂi&raygbo%s) 05%@@% differdnby oAl mapsducer
el enmindssird agitatbd wilk the sae rbquens. anfl @@3hmAahplithde but with different
tegog aB?sEtIh hifp Eiy %Fﬁ]?hérﬁm %Qﬁagneg B lgel?rgguao p&l%geeslu% angle of
G g TS e By ) Gane e P Wi s
Menb signa tHsOransices ilide 8#&islagititertthSil with 2 phusd <hifd pttagelbetine 87
and gleHed aIQTHont T}mgié%@ bt WA} Be wate fr%rg &é%la%%g\(@th@ Gk ducer
slantggﬁgl 0?anln rgg(ri)dlatec
f or rrgg IEHPD §f e vy L 1ance,of thejcpRigy ofif,
sounddipeeniseagsduicery d(and threapbasei shift @ betwrént tvb RdjpcehBtransducers and can

medi gatalMMisd bsGaiibwae sol i d, gel of liquid (e.g. oil or
&‘ﬁt er) SmoCL:onse gnt Iy ultrasonic energy generated by

I"lbrating elements 4 (transducers) is indirectly
%33 upl e§orssquendy thawedsssarnicoiBe: shiftifof destred angherip cjénldterkas follows.
[ogd]eani @g:ddlmcg/mnto the wafer. If a chanber is

'l ed | ated th h
Oh8) o e TS A i -
(coofa @r)me@m@csat eBd 5 ho ¢ weter a heombiemp&arute(RHIE with ¢ =
[ I‘1|t et S%nlﬁtihd vdaﬁﬁéf@&lh is |1tén21fx ropu@h a%kzél@ﬁgﬁ@ 1 ﬂnﬁrhyueﬁ@(ﬁﬁer
i nter e ..chanber e._connect e
anot va)lr s((iels%?cat edé? r omn%aeg)ﬁlﬁ%jt an %b\(g%‘e Rf‘ia %gt ¢ =025
sh oméphaw saify @g@@ﬁ(\/) Eor B¢ saane mestivm mm:,amg}y batr digtarged = 1
?L I ayhm®4 piede sHift 8NG OCFE(pBase @hlff&hglb % 1@@") 15} r@(ﬂx’ﬁ@&' Q@Jvﬁevgxlﬂl this
ro aspect .,
i nve g%@ a§§c¥)§f% slaﬁr%%ia\ﬁﬂg%ro?lt Ertpggara wor#x ay ﬁgle g %0 g]{f SIE% second
adj a®ew front shadlchg @ueided distance gryhallbherselgered ns nwrealﬂhm IBLDGE the
t he amvashgdi the transducer i s about 7,5 mm [091]

IS a [ ted an ulfrasonic
Oa—fg F 1e a&stﬁg @@?&?&WW g an n’éﬁmélaﬁyo%fg?‘fa%y é’gg fblong
| i ne tfewuqefﬁr(ah gwoug P8y which arpsuerb@r enegiispeictofdhg inyentish | Such an
t r anadajCefloblong transducer covers the same area as the array shown in Fi g. 8. In this

case each channel of the ultrasonic generator only agitates one transducer of on array.

[097] No matter which kind of array of transducers is used numerous arrays may be



~lines are agitated with the sane frequency and the
sane anplitude but with different phases. The phase
shift p = 1 shall herein be defined as being a phase
shift angle of 360. Fig. 10 illustrates how a phase
shift leads to a slanted wave front F. Wth a first
signal the transducer line 88 is agitated then with a
phase shift cp transducer Iine 87 then 86 and so on.
The angle a, at which the wame front is slanted to the
transducer plate is a function of the wave length A,
the nmean di stance of the centres of two adjacent
t r andFErneesis orPn aFpsduser phtveake device for st eatmens of wolers.
[O}m}i{ Iac EFi. mrSH(b\ﬁsiﬂmm’rﬁatﬁ@ﬁle QR of A8 a€H of tlamdd@ebr &6th an illustration of
0 n
nece ar y pﬁg’]é‘éﬁéﬁgﬁ gﬂ%}eﬂﬁég %Qge%longﬁ%?]eelﬁé‘igm Alyy angl% o.
calculated as follows. [094] p = (d x sins) / % |[095]
Wave length ti is a function of sound-propagation
velocity ¢ and frequency f (A = c/ f). For negasonic
at e.g. f = 1,5 MHz) in water at roomtenperature
(25C) with ¢ = 1,5 km's the wavelength is 1 mm For
such a wavelength (a, =1 m), a transducer array
with a distance d = 0,5 mmand a desired angle a = 30
the phase shift p = 0,25 (phase shift angle = 90).
For the same nedium and desired angle but distance d =
1 mma phase shift of cp = 0,5 (phase shift angle =
180) is required. However, in this case a second
sl anted wave front appears with an angle of a = - 30.
I f such a second wave front shall be avoi ded distance
d shall be selected not nore than half of the
wavel ength. [096] Fig. 9 shows an enlarged view of a
one dinensionally arranged array of 8 obl ong
transducers (91 through 98), which are used for one
aspect of the invention. Such an array of oblong
transducer covers the sane area as the array shown in
Fig. S. Inthis case each channel of the ultrasonic
generator only agitates one transducer of on array.
[097] No matter which |and of array of transducers is
used nunerous arrays may be 14 arranged in or on a
transducer plate of a device for wet treatnent of
wafers. [098] Fig. 10 shows a schematic side view of
an array of transducer with an illustration of phase
shifted wave fronts generating a wave front plane F
slanted by angle a. Cains [001] Device for wet
treatment of wafers conprising a first plate a second
pl ate substantially parallel to said first plate
hol di ng nmeans for holding a wafer between said first
and said second plate sub- stantially parallel to said
plates. first dispensing nmeans for introducing fluid
into a first gap between said first plate and a wafer
when being treated



second di spensing neans for introducing fluid into a
second gap between said second plate and a wafer when
being treated at | east one vibrating el enent
acoustically coupled to at | east said second plate
rotating neans for rotatimy said hol ding neans and
said second plate relative to each other about an
axi s substantially perpendicular to said second plate.
[ 002] Device according to claim1 wherein said plates
are substantially horizontally arranged. [003] Device
according to claim1l wherein nmeans for rotating at
| east one of said two pl@jqgpmg 004] Device according
to claim1 wherein holding means and first plate are
[0@dupl ed Rewice &uatet Bediaent phwilers gpmpigngli ng unit. [ 005]
Devi ce aggaplikdlg to claim 1 wherein gripping means are
provi de or ur . @i R a waf e [ 006] Device
accor di %é’gctogdﬁﬁgﬁ Sr‘rlwg#%\?ﬁ r%aipﬁ‘legtgggﬁ mﬁlpé%ee i s not
r ot at ablheldinpgueaps fos boldias a ebr Betwgen seiddfirstiand aidiieernd plate sub-
l'i qui d cehtigktpatallelso edid gdgd.erential ly surroundi ng
sai d holj ting.d.iguid that flows.
ot a welp e sl rof b il M i fipg beovp . o
Devi ce &btordiarivaierovhen bping treafiider ei n sai d second pl ate
is seg! 8ekofd dispeising ariedns fbrl ifttiodicing FluRIGhO a sedoB@BIp HoBMeR Gaid
accordi el .conpri.sing neans for
varyi ng%%ﬁoégg%%:%n fﬁvﬁa?&%glﬁﬁﬁr%@ﬁiate to the second
pl at e t &t leakd @pg vibratipg elpmeng agonticalinequpled 14 34 dagstisai wesend plate
[sgilg | t Waotatiny @cana il rétatingishil Aoidikgansand £id shifl 8¢cehd FIEk relative to
C risin
rot sptdind SRk Bl e A bipuiaiclo SRIPoSad.
[00He nol drevigeesording 1o cdaipd fihared seidpkates age fubptantiaH e harizarfally
t he waf esranged. f orm a gap between the wafer and the
063jr st plidyRe AfcoPd; ' i
[ m%w duri ngait r eatoigcrl1uég tt@t?émv\é%glf f&%%ﬁffﬁeﬁ% aglgg%%érfggmé two
to clai MA*further conprising second spacer neans for
[0REepi ng Davive aseadingitopllameé venertint toddimginclins gndviiatydate are coupled to
certai n Gsétadrqs fddH Rdfidergal i Ng the wafer to forma
p between the fer anfthe.second |late of Q, 1. mMm
0P 10 mivertee ieatEk SR R FiroR eem Ay R arba Mg
t he waf egrippipg 22afgdevi ce according to claim | wherein
[084] | eastDANR aBdor&ing th AMim!1&@BteiDREond gt nBGotaBbRMENT

s arranged with.re ¢t .tg the surface of. the secon

00 ar'e £ s Spyoading RRTemd sheielts fitid eligeiprs gikpmtergpat
subst antsiEpynding saiddhobiing eeaphier oplieetinaviquid that flows effia wafer
t aki ng afucagbtife Reatddf wiltbigud. 60 to the pl ane provi ded

r the fer 1 Vi according .to. claim.il1 . :
OfE]y hor Biekeecrile A heR RGPy ey Sl hagine s
| east orlisuigkcoliegter. f i r st and second gap.
[009] Device according to claim 1 further comprising means for varying distance from

the first plate to the second plate to insert a wafer to the space defined between
said two plates and to withdraw a wafer therefrom.

o

[010] Device according to claim 1 further comprising first spacer means for keeping
the first plate and the holding means in certain distance during treating the wafer
to form a gap between the wafer and the first plate of 0,1 mm to 10 mm
preferably 0,5 mm to 5 mm during treating the wafer.

[011] Device according to claim 1 further comprising second spacer means for keeping
the second plate and the holding means in certain distance during treating the

wafer to form a gap between the wafer and the second plate of 0,1 mm to 10 mm



[014] Device according to claim1 wherein an opening
in at least one of said first or second plate does
not include the rotational center. [015] Device
according to claiml wherein at |east one vibrating
element is arranged to cmver the area of the
rotational axis. [0161 Device according to claim1l
further conprising neans for opening and cl osi ng
hol di ng el enents of said hol di ng neans during
treatnment of the wafer. [017] Device according to
claim1l wherein at |east one plate at |east partly
conpri secyeiermhlyd:} mm th § wimduringgyretig the wafer.

[0ERUNd- priogagaictRting & et Yvibedie it 1edA0onR Y sdiP 5t SeakQnk Mbrating

specific nd- pro i_on | ocity of ter.. [018].
vothod rAsaiRs PnRRaRb kBl BE birtefhr i ina gl fbing we
hol di ng %afey sedhas uiggasaaic wayesarp sehsani@llyrdirgétet] togheawaterrwiien
pl at e havdattg takigy @I’mgléa]t 6C¥5R o bdreo ’ﬂﬁfl ebfﬂﬁfdg@ﬁbr the wafer.
eatin first . tance. roviding a
[Og%cond rngngtléee arﬁg?/rfl_lﬁ @d%f]alne @F %%lﬁrrﬁséng( q,glgl%ql e @W&?Sgbﬁ?m
cr eat i ngfe#t onsf spid N pndecond @Rt ance d2 inserting a
[0f4]r st | i Dienick dcbdr@ing & dlhithilivierh@n bR DY argerdisdnd 0f dadd finée or
conpl et ?éexoxfd'sdlité Bks nc?t"%‘%p‘i'ud‘ia'tﬁs%ta%‘xgal'c”ﬁeft' ng a second
liquid into sard second gap eiﬁjere y %nersstantl ally
[Onpl et eP§iceseroming toshaia Lvehegsip atdeast enspiiBrating element is arranged to
ul t r asoncoverthe gy oft the eatioha @xiond pl ate while | ess than
% of tRe.: SO & I i.d_secon .
O e SDEretcblARRN a1t BBRUNAHE hip By Bp 3R ciosing
r ot at i ngPUBRS Flemprys efsaidhgldmedneans duing reamgatpf gherviafer.
[0dHout a Detied dcosrdink icsclaimdswieméin af least Oerdanstiict partiyldmprises
t he waf er. s .maj L £ di t
cl'ai m 16 R A Hng (AR Eouna bl VR VOB ASERL PR 1o e
accor di n{PeHHC SPuRfpropasaAR YAPAYPE MalsE t er m of
[0plocessi Mgthed istvaen treating y single wafeacersprisingone waf er si de

are at | gaghs b SRR WAk tnh figas ed by the second plate.
[021] Met hod. acc ing to cl ?i méng wherein said second
ang ec'dnine

rd
liquid iB° ratEEFP:"“h VERR® B72{eR 5 TEE R cgRfng a first
openi ng pffafatdistapcedle rot ati on axis. [022] Device for

vet treabRiingQf sedal E?& h@ﬂﬂgab‘%shag_fa&lg the $hfePth&t6y creating 2

hol di ng gette:gndsgor gfg déen a wafer in a certain

di st ance’ su’bs%gr?tfia. "y parallel to 17 said first

pl at e. fnpertingid Ssehaidigtorsaid disstfizep thereby subsientialy Eéropletely filling

.into a fidishirsPgdp between said first plate and a wafer

when being treated at |east .one vibrati el ene

acoust i Cg‘?ﬁ'@‘“%_%ﬁeﬁ i @8?%}815?%‘# gapﬂag?"réh%rs%}l?sgﬂ“f‘%& completely

means f ofillingsaid seegndgapd hol di ng means and said first

pl ate rekpHlyiN@uitBsoR@hergy to said second plate while less than 10% of the
ulirasonic energy applied to said second plate is applied to said first plate.
relatively rotating wafer and second plate against each other about a rotation axis
substantially perpendicular to the wafer’s main surfaces.

[019] Method according to claim 18 wherein the wafer is rotating.

[020] Method according to claim 18 wherein during term of processing substantially all
parts of one wafer side are at least temporarily covered by the second plate.

[021] Method according to claim 18 wherein said second liquid is inserted into said
second gap through an opening offset to the rotation axis.

[022] Device for wet treatment of wafers comprising
a first plate

holding means for holding a wafer in a certain distance substantially parallel to



ot her about an axis substantially perpendicular to
sai d second plate. adjustnent-elenents are provi ded
in order to direct ultrasonic waves at an angle a' of
| ess than 89 to a wafer when treated. [023] ' Device
according to claim 22 wherein adj ustnent-el enents
conprise a slanted plane or slanted planes wherein at
| east one of said at |east one transducers is placed.
[ 024] Device according to claim23 wherein said at

| east one transducer placed in a slanted plane is
acoustically coupled to an internediate |iquid
chanber, ﬁ%ﬁsgﬁlﬂﬁﬁ termediate liquid chanber is further

acoust i Cﬂis{ &ispéﬂéiﬁ)é faéhnk for %ﬂioduélhg fikid Rlté Brst é%lwéa? !d]@ﬁrst

accordin aid internediate liquid
chanber ate%g%%ﬂwelgw nvi% %Teat idcircuit. [026]

Devi ce attdensiing gibrasing Plamnmtzgou@he@e icoupled to said first plate

a ]91 ;Jst Mefvtatiah ﬁﬁ?@tmf& roRe saﬁitenoacnngﬂihea&y af sajPrird i z[ta{e:'tlétﬁée to each
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Device according to claim 26 wherem the width D of the array of transducers is
at least three times as big as the distance d1 of the first plate to the wafer surface
facing said first plate (D > 3*d1).

[031] Device according to claim 22 a second plate substantially parallel to said first
plate and second dispensing means for introducing fluid into a second gap
between said second plate and a wafer when being treated.

[032] Method for wet treating a single wafer comprising

holding a single wafer in a plane B

providing a first plate having a plane A facing the wafer thereby creating a first
gap of a distance d1



to said plane B in an angle a' of less than 89
relatively noving wafer and first plate against each
other along a direction sub- stantially parallel to
the wafer's main surfaces [033] Method according to
claim 32 wherein said rel agi ve novenent of wafer and
first plate against each other along a direction
substantially parallel to the wafer's main surfaces
is carried out by relatively rotating wafer and second
pl ate agai nst each other about a rotation axis
substantially perpendicular to the wafer's main
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gap.

[035] Method according to claim 32 wherein during term of processing substantially all
parts of one wafer side are at least temporarily covered by the second plate.

[036] Method according to claim 32 wherein said ultrasonic energy applied to said first

plate so that ultrasonic energy is applied to said plane B in an angle o’ of less
than 89° is generated an array of a plurality of transducers with at least one
ultrasonic generator to separately agitate said plurality of transducers in a phase-
shifted way in order to generate an ultrasonic wave directed from said array of
transducers at an angle o’ of less than 89°,

[037] Method according to claim 32 wherein angle o’ is varied during the wafer being
treated with liquid.



