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WO 2004/ 074931 PCT/ US2004/ 003179 METHOD AND APPARATUS
FOR MEGASONI C CLEANI NG OF PATTERNED SUBSTRATES by
wo poogfot498s 5 John M Boyd, M chael Ravkin, FrePlCT2US2004/003179
Redeker, Randol ph E. Treur, and WIliam Thie
BACKGROUND OF THE I NVENTION 1. Field of the Invention
[ 0001] The present invention relates generally to
surface cleaning and, nore particularly, to a nethod

MEEHOR ANDAEPARAFUSTORMuGASONIC
br oY Py A RTNGOF A PTERNED ' SUBS TRATES

Megasonic Cleaning I's "W y ‘used 1 h sem conduct or
manuf act uri ng operations and can be enployed in a
bat ch cl eani ng process orbydnsdnngse wafer cl eani ng
process. For a batch cleaning process, the vibrations
J6hn B m?a;smmhaatnaaznﬁg BERIC. Reiek@sR amtvlsh PrBest) ked Waillesn Thie
in the 15 liquid of the cleaning tank which contains a
batch of sem copduSteROTHAS bFPERE INCENTIBNE Waf er
nmegasoni ¢ cl eanmg—mm% y small
transducer abpove a rotating wafer, wherein the
1. Fieldofdhedayentionscanned across the wafer, or in the case
[OOOﬁfTﬂe“}léIJesén?Weﬁﬁ&{‘rél‘at§§ BB Qlurth@NKears b théreUs@tbularly, to a
n each case, the main particle renoval nechani sns .
methwdl t indmagparetus cfoc| magisngic gleenidgeof @ semiconducter gnbptrate following
.acoustic streamng. Cavitation is the rapid formng
fabricqfign PEESSGEi ng of 20 ni croscopi ¢ bubbl es gener at ed
rom di ssol ved (E:;as when sonic energy is applied to a

f
2. DPﬁcﬁWi@ntﬁ]P ‘T_lgp%Ff col I apse, the bubbles rel ease
[000@”@% offai CE 2 n@%ﬁh Sidell VsRPfnt deHliCnUBEBY RlaniiAERHAR operations and can

reaking t I ous adhesion forces which adhere the
be employed lie a battlhelesvingtpratass oAcosingiecwalst cleaninggpriosessheFor a batch
fluid notjon.i nduce(% b1¥1 t he .acoustic wave thr.ough the i th
clean PrCqie e RIS eSS TP acsr P SPE PRy ire Waves in the
liquid bR AKERIMng sk WARAZbnflGW itdfof enicsnababRbitBtriiefghadihgle wafer
of a batch nmegasonic cleaning system Tank 100 is i
megaspiit etaningipracess bsesiavglasivelytsmeatl tranggeger abo et rotating wafer, wherein
incl udes a batch of f e U UG er
the PR Bt Bl weTLFbE of i BF it CR 1A kRl e water tank
systefil BAI4EMNC e Sachake, thﬁhﬁmi«Zle rérivbizal methds emp methsmegasonic cleaning
waves, in concert with the appropriate chem stry to )
are dge e elitafian eRE pEOUSC SUEARERS. onavitigh iy heraud fomaine agd collapsing of

: i . | ' i i r .
i QS B 4D 105 000G 08 ARSI a i
medigfof. oUpen belltpsd ebnbiidessiettasmersirgygivhichalkssts ¢h @articlegremoval through

brealgspéygs téﬁgglarlj{;@? : %{&‘ie}t%?fpgﬂee(s: rvglﬁghe &é@qerg] % lpa{"ltlsé?eg ?d tlllen %labes k.

streaming is the fluid motion induced by the acoustic wave through the fluid when RF power is

Acoustic

applied to a piezoelectric transducer.

[0003] Figure 1A is a schematic diagram of a batch megasonic cleaning system. Tank 100 is
filled with a cleaning solution. Wafer holder 102 includes a batch of wafers to be cleaned.
Transducer 104 creates pressure waves through sonic energy with frequencies near 1 Megahertz
(MHz). These pressure waves, in concert with the appropriate chemistry to control particle re-
adhesion, provide the cleaning action. Because of the long cleaning time required for batch
cleaning systems, as well as chemical usage, efforts have been focused on single wafer cleaning
systems in order to decrease chemical usage, increase wafer-to-wafer control, and decrease

defects in accordance with the International Technology Roadmap for Semiconductors (ITRS)
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defects in accordance with the Internationa
Technol ogy Roadmap for Sem conductors (I TRS) WD
wQe00Ppan31 2 PCT/ US2004/ 003179 requi r ement SPCBESIN4/003179

systens suffer from another di sadvantage in that the

delivery of megasonic energy to the multiple wafers

in the tank is non-uniformand can result in " hot

spots' due to constryctive interference, or, cold )
requigiioAnds.  qHaIchosYERH, STy BOMn @BPPeF diraavariageh imdiiggthe delivery of

| . 4 i 3 H

megdRAMiE gg?gy 5‘? gf‘e mrg@elpaw&rs D e BPAR Hoh Gun¥BMA Snd ea&m&&% kh *hot spots

s and fromthe 5 negasonic tank.
due Gocmtstructivevimtérferancet eoe fmdd cpots’c dus ¢o dastagéve dnterference, each being

sepsitive fe res or pattern on .the wafer. substrate,
causBY e on otaer Sp@sefiE i enEin g SHorBIRS eATear i from the
megdRBic Mk, SEsBusiR inRefeRicd Bt ChasR@anidert8 38itthe teftures or pattern on
cases of cold spots, insufficient cleaning occurs, and
the wafierr subsirase, angl thizg Hher avieraga Soegy rewsé bgylo th @ngipplang dot-spots are
in order tp reachrall reqi f .t he. waf.e ' r
below By e T8, iiped SR Spolt, DBt Bl B and therefore,
a high@a@bgdohie ity thie bl appad intdirlie t6trédch allkBgiphowut thengafers in wafer
hi gh enough average energy to enabl e cleaning. [0004] ) .
holdgri ﬂlzf eln pithey ¢ase,chepmpiogieh BYsRe s9ached f griainyigg damage while still

' is..filled with a
prov@%nggﬁ%ﬁgnéu%ﬂétv ?%Ig. g‘%ﬁ@?%{‘%@@ Cisea%lgg'rt ed by carrier
[0004108iguies1B up aBchaaticndibdgrem of ® singlegwafel uleaning afinkt. ablere, tank 106 is

.. 106. Transducer 104 lies the energy to cleap fer
fillody Wigh aleaniogesintag. s BYalen bifs skpeoresobe &prigr JO8; frspmeseed in the

cleaﬁ%&alg?&ﬁ‘ Bf ﬁ%‘i@ld@i@t?{é{l&rcﬁkep% b fheSeHef AC@Sc18n WRfer 110. The

er and a particle renoved fromthe Surface of
cleanisesolafiers drbtypichilyt desigaed trs modifg ik gsta peoteppihli baiwbsn the surfaces of

transducer 104 to prevent, part.icl e-attachnent. The .
the BTG RBIA oM Ve BT UTHSE QHOGI B AN Bf dgaustio cnergy
supphéd Nyn tenkdickt Y104 90t predepdriicler sekittdcRmeRd. Nt Ah@ @eaning solution
suitable zeta potential between the surfaces. o .
conceirebiva rshotildrbef maintpinss wiikin afiily Hight rapphimerdst tes prbdain a suitable

Vi.as ef c. ef i ned a surface t tr :
zcta Yl e Pt e rroP oty it S SeL kBhGgs, spaces. vis
etc., Siohisdd ot & slittact oftihe siskalid, ithe/ plubicltbinBy abdepasi pAGhE isarface of the

cl eani ng solution concentration, .i.e., . replenish the .
subsgate iientp Ss inabdiy tat mekEin A spEific slipringatdution eprcgalation, ie.,

L o . dafi . o 2 -
el h Ok S PP UL LS BT ened by
the featinst rMairtes un tleecense pAs tiansducad oripneedt Eanpendgis daitlee substrate surface

.systen), high-aspect ratiqQ features shadow, Qqr )
(as iR 3 Epgic-13 CEB0F Swgapbﬁgg%fsmﬁferaﬁeg%ws fgihadow, or shield, the
lowel"RAGHRNhE PEHTY g n‘%ggéoihfbt ey &R cRithfiGH) SHYCE ransducer oriented
oriented 25 parallel to the wafer surface, cavitation
paralésto dcwafenistiifidos, cdvitafieatar escubwtithirchedtatures butezooistey streaming is

is, not in th st .favor.abl.e directio o facil.itate
not ol G0% ALV CUTSSHPT 16 IEFIALR, TV Bt ¢ RitacasshBespigleniway from the
substriR¥e VEbwetdn] thif 0Bhfididtdinl Qilis&ALHRS] IGRRS bdthAan ¢héd edspefive crystals.
the respective crystals. One other shortcom ng of

One pfties shertrongng &f ithin cpafigurationgispbaty gaps iresultninr egiopm oh being supplied
with l%%'o ﬁa%@aﬁigkz?ldof aﬁ%ﬁstﬁc %P‘?f%gf%%ﬁ e Lcﬁﬁ | te(afnaﬂﬁg WP teCacoustic energy

I ¢ C
ener o the col ature of the acoustic
suppB&Eb@ihe piezo electric crystals. Consequently, certain regions of wafer 110 do not see a

uniform acoustic energy, resulting in uneven cleaning.
[0005] Additionally, electro-deposition operations, in particular electroless plating, is

commonly used for the deposition of a film on a substrate. For example, a copper film may be
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30 supplied by the piezo electric crystals.

Consequently, certain regions of wafer 110 do not see
W@2004007498r m acousti c energy, resulting in unevB@I/US2004/003179

cl eani ng. [0005] Additionall y°’ el ectro-deposition

operations, in particular electroless plating, is

comonly used for the deposition of a filmon a

substrate, For exanple, copper film be WO .
depositpsagn #Agstrale pepheiRolslen A Hene. o 038 the Shoricomings of electroless

platiIZ% Rsirhatie RENER NG BubBleeRPmMH INthe £BRIQf off DPatterned substrate

ortcomngs of electroless plating is that the
undepgoisse pleetraessapipting) whll deddotonmeids mn isnbseheenft qidtingespeavitiams. Another

shorfgpE Leriecti o PULine O RE RS o PGS SpEhas fedort of the fresh
reactAMOERAT theSBAItHoRARIWe Pat@te Ghil PhRS SraRdpRlt SXbypidduch cﬁiﬂ gf the same

aspect ratio features is nass transport of the fres
featurgsact ants fromthe solution into the features, and

1000BEE i BT eRolshesPing O Eln oo  BeuleB b Biapss tp proyice a single

wafef @Rgadodic deditddheshfipnehtidnidtad tiipable dirreplegichide $idafing chemistry into
_waf er magasoni c cleaning configuration that 1s capable .
regiops defiprdehy $lha Frgtuse dmerdey te WEgHeRt  partislorerp@gr diysthe acoustic energy
fiped. RoRtHGE ; | jon i
o SELAREH R (15 8L 15 Slon a1 o BN UGB bk Fomasion i
the vidinityhef feafueds. uridergailcy dlecirvlest ipiatiag iopemtinreahd mitproving mass transport

control ] ing bubble formation in the vicinity of

of repciafs, bXJI%’d’é‘P@tBFTHa agf %Ett‘}fgligé’ﬁp‘?ﬂt a&mﬂrfga@&ér ations and
i mprovi ng mass trg ARy I&qd by- product s
into and out of h s. SUMVARY OF

THE | NVENTI ON 15 [0007] Broadly speaking, the present
invention fills these needs by _Er ovi ding a nethod and
[000ZbBeadkyuspeplong stheprrgsent inveotign fils dhgse gygedn by prordding a method and

seoapf B wlrBho RRSRe ey L I T8 8 locyng  paicte and for
replenB@in@hé oleasiap Shemdidy Retortbetiaaire edgistetoambigdin the removal of detached

particles, In addition, the invention provides a )
partigloss ¢ di agdiione o dnvestion: pFAVidas| 3 systernpBIdemethod igr jcghtrolling bubble
formfith pAPSAMRMRRS: AR oIS, BLIR Bifaiqns, 1t should be
apprédiecd thas ¢t picsane ihvedrion @an be implehenesal @dnumerousTenpd)dncluding as a

ys, including as a _net qod, a system or an : ,

methgh 2 SICIE OF 8B PBPHRIUS  TEYRTVE B BPHBRSTi Ol th Prosent invention arc
descibBRdw i nvention are described below. [0008] In one

enbodi ment, a nethod for cleaning a seniconductor
[0008Llnsenezmebddsmenton intktlshd foh eleamipg egmicrindiietbe subsirate is provided. The

nerating.acousti.c energy oriented in .a substantiall .
metnd il il o185t e TREhLE sl oGl B BUBAARY bitpendicutar
direcBiBA t6 0N QUAFARS of WDSentiddiRiuctbh RAbstAEN USTHes, ABAIsHY energy oriented in a

oriented in a substantially parallel direction to the

subsignii#lbycraraliel directinanio demeiitace ot thetssmicondugter gibsatatieaenerated. Each
iR ok SRR BsBl AT BTl TRY (Brabg) o shemacty

generated (out of phase).

[0009] In another embodiment, an apparatus for cleaning a semiconductor substrate is
provided. The apparatus includes a base and at least one sidewall extending from the base. The
sidewall is substantially perpendicular to the base. A first megasonic transducer affixed to the

base is included. A second megasonic transducer affixed to the sidewall is also included. The
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generated (out of phase). [0009] In another

enbodi nent, an apparatus for cleaning a sem conductor
waogorase is 30 provided. The apparatus i ncl BdBEBESR04/003179

base and at |east one sidewal'l extending fromthe

base. The sidewall is substantially perpendicular to

the base. A first negasonic transducer affixed to the

~ base is included, A,secdond nmegasoni ¢ transducer
first egAsoRtF {BnINESTs {ScRNRITE 1% aapdhstanRie, qEROZORRE Tggner to the second
mega%ngél/tngsAcﬁgér, 4 PCT/ US2004/ 003179 first megasonic
transducer 1s oriented in a substantially orthogonal
[00107slinnyet anathdrleembedinmmd, a sysgasioncleating p sempendudi@Osb}irdtais provided.

he YEhrRRIES o MROBATRLliRe A bREe By ST oy st oo sidewan
exterld #dRFrom.t AMK thiky is”@)n;ﬁgui‘eﬂrts Mret@AVh WyluaeS bN@dighld dithin the inner
base and at |east one sidewall 5 extending therefrom

cavitfhé substiate supporifiogligerdd tosupporiand sotetelasgmieomdyctpr spbsgate about an

. WEhin the.inner.cavity. bst r at.e - -
axis V\%ﬂmpisgwcgad?c OISWB{%F? 1%H18ﬁ1f1§<§{a§{ele gﬁbssggmfégsgﬁé%% t1so$urther configured to
supp&t bidr dtete RO Wenddbndatos sQbstialte i ahe Gamdgulvity of the tank. A first
substrate is included. The substrate support is .
meggsoRie Hsansgusier | (upled toothesbgsgoist inglided. ot At Ot suface of the megasonic
oGP AHEAT BEHEESF d Bl MRS oE ) DBl ffr s
secoBb seeghsonion abnndackr 8 donpledunf the eat déast loae rvbdpassatini Thd Girst megasonic

transducer is substantially parallel to bottqom | .
transdver 4% EORISW k% 8FAENH ackustie eagisy prclatedawitBcr gifeetion substantially
perpés’@g%?\gr}bcthé HRRsHUSEfact Df (Y RlEdod dictdr GuBltrdi€aSthe WeBond megasonic

I'1. The first negasonic transducer 1S
transdooef iiguoitbuwral geparatie aanBtis Ehergy resagiatak withi atlieectiont substantially

di rection subst iall, erpendi cular to the bottom
pat a@% 9 ﬁ@g’_‘)gf’mtsﬁég%ﬁeﬁ%% W%?'Hﬁ'céog B‘g:lspﬁ'iee . The second
[001TEGASANIE: ahbBAS SM6Edinicht, COMIHH B E10ctARARN Abng of a substrate is

acousti ¢ energy associated with a direction _ _
provislgts The tieghiddyinitiag:s pathannedrsing atshestiaés intng platings@lutien. Then, a film

. the sem conductor. substrate., [ 00 | il .

s cehiFeR SR AT e BN 6 g Bl s wffilfpmed o the plating

solut@n. a The bsbiidiceeriefoy BRI divictkeidat hBesuRatdof thenisiibsdias tarkdiitrol bubble
i mrersing a substrate into a plating solutijon.

Then, a
formptipmaet the Seégse i thsas bt de dsiag prtaeduser enrnted pibpiagtially parallel to the
w35 ML SN0 LA o P
surfaselbf thesubitradi® igpicta @mbs ttansfeo of thelredotdnid andA)-products at the surface

formation at the surface of .the. substrate using a
of the PUEAIEABINSGH T BRIEET SUBSeL TP ARGY Y PRRRAGHIEF I thedvafer surfac.

o ¢ . ; . ' '
[001t fen éancouste?g)%g%n(%ng’gﬁli ?Idi regcg%gtgléggotﬁ%bﬁgﬁg f% gggqgf t hleS provided.
The spbahtat mcludes mprankecordiguradr emgéein of platieg rsolittoanted a transducer
and -praoducts at the surface of the substrate using
Conflﬁu’feldgﬁ%‘gﬁﬁgrra%\‘ﬁt’érﬁng’@y% g?t@?‘fmgaglowloﬁer pendi cul ar to
[0013]©theRh§ect Wnll A8 antade§ O Ble ihVen®iBAWIR beETRO dpPFERENt frodf the following
apparatus for electroless plating of a substrate is
detaifpddgisetrétion2 Bikathin eqaicsion svithnibe geompanyiagidresings.glipgenting by way

of extaglpieet'hg ipﬂn@lppels 3k {h%%‘;e%'ti%.i on and a transducer

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The present invention will be readily understood by the following detailed description in
conjunction with the accompanying drawings, and like reference numerals designate like

structural elements.
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configured to transfer acoustic energy to the plating
solution. [0013] O her aspects and advantages of the
WO pwent49en Wil | becone apparerg fromthe foll oRETYS2004/003179
detail ed description, taken i“n conjunction with the
acconpanying drawi ngs, illustrating by way of exanple
the principles of the inventi on 30 BRI EF DESCRI PTI ON
THE DRAW NGS [ 00 Th inyention will be
[001§Fe‘2i811‘i‘3yl%ﬁc?e%°§?18%‘& ‘?B?/éf %fa aFC ﬁ‘*ﬁj‘s%‘f g]FP‘éHg system.
(00161 THNE A ScRem BRI NRELI A sHicldwhiPREGRERARY | NG
raw ngs, and like reference nunerals desfgnate Iike
[001E}t FiguteuRalis el eimeplified WOg2004/ OR4A0IBE Bpparatus in accordance with one
PCT/ O4/OOQ179 [0015] Figure IAis a schematic
embaging léﬁ%?ﬁnﬁmﬁﬁpth megasoni ¢ cl eaning system [0016]
[00187 BiBGR 3153 dn%lt@nﬁﬁb‘@@iﬁbécﬁn@hﬂﬁﬁﬁ@hﬁ&as@nﬁ:‘ dlcﬁﬂnﬁlg\/‘@fpﬁfatus illustrated in
cl eaning tank. [0017] Figure 2 is a sinplifi
Flngé@asonlc cleanlng apparatus in accordance mnth one
f t:he | nt | ]
[OOIQ?E?HS:M 18 A ﬁ;@gr&ed Y& se& n%IB mggxgégnal {:negéj é)ﬁlnc clegmﬁg apparatus in

accorpfid vaitl Sné éﬂab@dlmaht&cf thmmVEﬁtgin[ e 2. [0019] Fi gur e d4is
an_enl arged cross-sectional view of a negasonic

[002¢] E)ﬁ\ﬂﬁerﬁglséﬁ pemative grabodimensiof ircmesasehic slveniggian ahdgure 4.
0026 R 8 DRl 46l e g BORANE o claning o

semiddhdpEio? kpbshiagutheoughi me@stnhlowlaahmgt indicagmdance with one embodiment of
illystrating the nmethod operations for cleaning a

the inyeRii®®Nduct or substrate through megasoni ¢ cl eaning in

[002?]01‘31%{1 aNe & MihdpLifeg s@rhpdl HﬁgFan?Bf a H%ga adoRiaRins@kber being used in an
[0022] Figure 7TAis a sinpli d schematic di agram of

electmlese plasing ioperatiam faccerdate with orseznbadiment of Itlmamwcntems

latin era ion in.a cor lance h. one _enbodi . of
(0028} BepfvatB i 2a GURE ieP TR e e 74,
[002?"@@@1‘6“@@% finpieal &Hérﬁz@ticefﬁégrﬁﬂnaéﬂ DeleMBES 8ppRitusirWhRh acoustic
0024] Figure 8Ais a sinplified schematic

energjf lagmﬁp@ﬂeaa acsub%tmtenlg aamfdmw@ lygth onemhsilinaens of thecnvention.

[002%] 1g§yﬁb§£ ';éélea?[ g?at eb%r& t| the c‘?«% H@gﬁp%%%gfs ré’vg}\h

[@(E@]FlFlghﬁe@(Dﬁt}et mmnemeﬁmi&lt bihtpe eleafin AEpARDPA bﬁFigarsﬂA.
Filg e 8A. 50026] Figure 8C is l%{}et anot her enbodi nent
[0025k Figpes &7 tsastilliegt ansyblaer smbedignent-phifie legping pppqrajgp of Figure 8A.

[()(D2@I lgig{n% SR s 'hhleb sé’t @%ﬁ%%??%@aﬁn‘%{__@pgz\raﬁﬁgmavmg two acoustic

ni ng apparatus of ki gur ure
energ»l gepbiafore th &chelomdd witldowgeralbodident of Itlmmwﬁgloappar at us

[OOZ%B%lgu niedg H%%S%%éhﬁe%ﬁ&qq%ﬁf: grfﬁgg?%ﬁgo ac egnﬁllcéc%&)gr%?lfseconﬁgured to

clean opposing sides of a substrate in accordance with one embodiment of the invention.

[0030] Figure 10B is a simplified schematic diagram of an alternative embodiment of the
cleaning apparatus of Figure 10A.

[0031] Figure 11 is a flow chart diagram illustrating the method operations for applying
acoustic energy to clean a surface of the substrate in accordance with one embodiment of the

invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0032] An invention is described for a system, apparatus and method that provides a megasonic
cleaning scheme optimized for providing acoustic energy directly into a defined feature of a

patterned substrate and for replenishing the region defined by the feature with cleaning
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[0029] Figure 10A is a sinplified schematic di agram of
a cl eaning apparatus configured to clean opposing

WG @em74981 a substrate in accordance with one ePdDUB2B4003179
of the invention. 25 [0030] 4 gure 10B is a sinplified
schemati c diagram of an alternative enbodi nent of the
cl eani ng apparatus of Figure 10A. [0031] Figure 11 is

a flaw chart_djiagramillustrati the net

chenyyg éﬂ%efoé?’m‘& pIoyyeNgs: © %%?ﬁé‘tﬂrf% ig,ihs @‘?f tgét the prgseny invention may
: t r r e
be plzééngéé?:ﬁgﬁ{)utoﬁﬁné Bpalhngfte ﬁltey; SRERRS 84, aétms 1 Dlzeggaf%%ge&\lwell known
proc@ oﬁbiﬁumRﬁD betBaBIchENI B t[le@ﬁBﬁj omlnr notvendrinecessaily obscure the
I hed f yste a and

prescif SUNCaHET o THEYES I 0 LPaR, Grg LA et PRk Bt g the Tnvention”
sectiff.ovi di ng acoustic energy di rect ly into a defined

feature of a patterned substrate and for repl enishing
[0033hEhe egbedimgntsiofidle pgsant emfeemrup@vmtawsyste@amdqgleﬂod for optimizing

the clMB LIRS SRt ERy T RapeltRaTHE e, A el bl substace

and W&feS %tmﬂefa:vl@ﬁgda@le BYsuppKing tdethégdomt tlafiduce@Beiefted orthogonally,
all of these specific details. In other instances,

whergeing tiapgsiger @r%b@é@la&ma&lhebﬁsa Rerfase P2 Bbaate deingdlesged and the
otheﬂpfg%ngg%c[% !IS élﬁ)s?j{ﬂa{y Efiq-get{d(i)cu Zg G ﬁ?{%’cé bt ggﬁﬁéﬁa?%f)%ﬁ% cleaned, both

Inventi on ures are descri

cavithiien 'eBactk ganau acbustic td&Ethm\geBifedDm are Dpgifitddon. TI{aOG&B}he megasonic
The enbodi nents of t present_invention provi

transgyer S nERORBTREL) PEHIGAGD i DG of We SBPFé%ﬂtﬁ i e £ supply acousti
ener@f %ﬂ&:’tl Bith ¢ fégﬁﬂéss&fﬁ at&h%%h@ﬁra@é PRd E ?nergy suéaphed directly

tes. As used el n strate
into thetfeatotzanybrbd eav1ﬂa§101$ n;[p;iisy]dgg any\pamelga%thm the features. On the other
t ransducer.s orient eg art

hand, 15 SeRpRaRS Fenscie BHP SRPed Sidusion g e PERFdigdergpanger relative

to thé @E’ﬁi&e%‘f C) ﬁ%ht&ge %ﬁgléfe‘in@cﬂ ds htle t&ﬁr&idéeicoﬁﬁtﬁ:nﬁféﬁﬁﬁ{g patallel to the
substanti al I'y perpefdi cul ar to surface of

wafeg lamiaqeatﬂwomongtlct plecamang 1rt§tut:¢s ectdmsu arauitetense ﬂ@élnesr&gmm around the

reas g Gl S HRTRUAR &roFben il Cobte iRl JBapd Prig e fosture s

enhah@ditb ensuls Ea@icaicldanesyilish tatfeatufe. abl e to supply
acoustic energy directly into the features of a

[003k¢ deitinaallys tha tomeitgimanie dsewibsd | hereinerrgyidsup pivstem and method for
1mprg4/15§ ‘flgégéepgﬁfﬁltog é.]?.l?ﬁté'f @nﬁl?ﬁm’lé@? %fa?@é%?)ufratggh t%(} %lﬁ éhe application of

meg@bhieendrigyhdihd applivation gﬁﬁr&gasmnicreaag@liﬁ@rces batitatisn which assists in the
orie te n a supstanti al per pendi ¢ manner

collapggs £ 'twgb et domprel SuiEa @s pé%mg PSS 1 é"?le Sk&i g™ iFk dhrelubbles grow

beforeS ?cﬁfﬁbﬁe 8&eREOBh dfe & c:ycoﬁtth[e a@&m@% gjé/ei gh@dt M&erefore, the

er surflace. The ac ust c str ng I ndu di es
formetiort off tbibéas e thersuiface um@rgnnngﬂn@nimgmeratleatrmyebemmhtrolled through

i NS t he feat tl h |
the apf5isBEn B mefibgniz eiay By AAURERPYRNST e enhanced to
[0038TRi2LiR 2hedMaCaImBkfRRN niGanidicleahih@ hFFMGE.in accordance with one

embodiment of the invention. Megasonic cleaning apparatus 110 includes a tank having side

walls 118 and 122, both of which extend from base 120. The tank contains cleaning solution
112. Cleaning solution 112 may be any suitable cleaning solution used for megasonic cleaning
and has properties which facilitate removable particles as well as inhibit re-deposition of
particles on a surface of substrate 116. As used herein, cleaning solution and cleaning

chemistry are interchangeable. As can be seen, substrate 116 is immersed in cleaning solution
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20 [0034] Additionally, the enbodiments described

herein provide a systemand nethod for inproving the
waeleaeni4Bson quality of an el ectrol ess plati ng POEUSI000003179

through the application of rfegasonic energy. The

appl i cation of megasonic energy induces cavitation

whi ch assists in the collapses of bubbles forned

during t | ati ng The size to ich t

, rQcess.
112 a@éwwog%ﬁy CHErH. g‘bwpléb% BPRIEE %@%@%@éﬂﬁ%ﬂﬁ@}%w suitable
f
mearf fof A RRA T abay FREMAudIPL 2, 8f She h8usdiic cleaning tank
may pé akadrﬁgprmp&‘hamagmsomwclmmg)mlkmd taypladoonegasonihdransducers 124 and

lication asoni ¢ ner WLt h at|
126. JBasbi waneucirens gurues prpdiidisnlp i uftofh g 107 of substrate
116. C’r&@n AfsRBRAT Y povides assRti8 3REAnink tharallBBto MIRIHORE Bhrface 117 as
of the invention. Megasoni ¢ cl eani ng apparatus 110

will ben s:hqsrdvebelam avikgalsenic rb@nglucer 124gis |ogiented paf?élleh@botm gurface 117 of

substeqfé\;ﬁbhgT egF nd f ! O@cg&i% é%g\gﬁ%hgcoil ﬁe‘%% %fgéh is a‘%le to access

featufddyi. @uvfra@hio@esctre@hb@ @t OloUh e dﬂﬁﬁﬁl(ﬁl&ﬁltﬁiﬁ@ﬁ@s@ﬁbﬂuws That is, the
cleanlng and has properties which facilitate

honzpéﬁ#b@acb vertisal eransiucersy Eelaiiste) tofhe wabrbiuefage Olglakien peryides acoustic
strea rgeM Itlllal%:sl(etga}lsﬁ(;h stfslf ;Dgxgl%?ea% ov eagltrc]llr&ﬁlteﬁnc]a% (ﬁwdsa?)}d)};lﬁg%eto the wafer
surfatdirey Gﬂvﬁm@nﬁﬂbldﬁlodﬁ and melheveslmtﬁk;leﬁbdjﬂbd af the kdlstdage surface.
i.mersed in cleaning solution WO 2004/074931 7
[003¢idnews 0t 4nGd3mrave epbegienepisiodhp psgasenicts)eanie appprajus4llustrated in
Flgulle 2 Wi ﬂg{-:rebgul%%@r fﬂf id Brided $id {/&Eczﬂ npdshﬁ)nafatthér h@kn 3 horizontal
means for supporting substrate 116 in
pos1tnjnecaannggre£21I Ut ivalh b Bppant meonee@almlmthelmthan gu.bsmatc 116 may be

ma e used e. The ne asonlc cl eani ng tank
ool R L s SAER ba%h SR VBB Sarier, rolers, <t
Subs{'\@lﬁ"ﬁ@ Ré fmhEALS FQEnidL& lhtfordhi 18N AHCIPRIBAAMIcAUL Alcali®y defined by
he bottom surface 117 of substrate 5 116. Thus,

base tl 2@ nnd sisewalio 1% pard, | 2 of ﬁl@dn%ﬂﬁ@n% ﬁk@laﬁg papkpali ahoudd be gppreciated
m sur f.ac

that g GBarepnua cean g s b wuoR St o hgvide the wranster o

acouff ér@%;ﬁf%lﬁdﬁﬁsdh%@rs@ﬁ a SdhRst Whdre odd Granstinesrgfrovides acoustic energy in
transducer 124 provides acoustic energy which is able

a subsgangialbe perpendigilerr directjongto the pyrgace iy |tlées sulqspg@cqgg§he other transducer
provﬁltgé: acfcﬁléﬁc Eor ggonz? %s{a b@}g %ﬁ‘afla cﬂlieuq&f‘ the %hffﬁ@ﬁsoft T|£€ gﬁbstrate. In

cal transducers rel a
one dm‘bddilﬁelwaﬂerpespmﬂﬁubr direativhaf itienaqonstid ehesgyeis bestden abOut 5 degrees

stream mass transport asls article reno
of neiah SRl & SR RSB ARG BOFRA 1476 Iy 4o teipiace gt B gqubstrate. Tn
anotl‘ﬁeﬁ%hpo@g'n%t iRe éﬁ#&%@ctﬁﬁ%ff tﬁg@é’(ﬁlsf?@éﬁérgﬂé %ZDSW%%OEPS degrees of

t he subst rate ace |gure
paralddlt ee.n@tt Yedepndeod ivirerzin thr phrelletedisesting ds qlasdlel ty the surface of the

sobst§8 5% & rie et foehs Surtie 4R befte oot R 2 e hpse may be

rectah@ilhZ QQhat, oPeddnt Livdulf Whef IR dde Malldidrd cBBfigRBAr ®Nillow for the
to one skilled in the art that substrate 116 may be 15

placesugnp ooft edmiggasaniy ransduedre whishs transfers sagopeiia eAelghisin an orthogonal

orlen%if%n ag %Oﬁl#esg é(g hl% a% srélac;]%lrnﬁr&g/?ra}ﬁ{u?fg% %Sr & a?g%efg%ﬁén?% transducer. It

shoulkobd apprecated tiat Qﬂéahing soRftioA€ld 2layay be any commercially available cleaning

solution such as cleaning solutions available from DUPONT Electronic Technologies, EKC

Technology, Inc., or ASHLAND Corporation.
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base 120 and sidewalls 118 and 122 of the negasonic
cleaning tank. It should be appreciated that the
WG h@pe74981 megasoni ¢ cl eani ng tank rmay be any sP@p®S2004/003179
suitable to provide the trangfer of acoustic ener gy
fromtransducers in a manner where one transducer
provi des acoustic energy in 20 a substantially
er pendi cul ar direétion to.the surface of the

[003 8} Figtieat os i RIARECHI P -SPTNaL Y of gr BIFERoRICaElGHYPE @pparatus in

accotddfrdedWith rbfn@ e%‘t‘&)?ﬁ ti Rlthe/ iRefddd. eliefll gﬁt‘férh&f‘ strBicbN87 of substrate
surface of the substrate.. In one enbodi nent, the

116 isshpendn mdradetdil rigc,t the feabfres dictha pettienéed swefeee gie illestrated. Substrate
bet ween aboyt 5 degrees,..of normal, i.e. .90 5 . ,

116 Gagiuced Frrisme TS or7aM IS 1 Epiieinod it h vty fefingd bevween

sidev?fll g SdBWhN al22- akd badNP2BIQF BEDACEABAL . cléenP ARl | ¢ should be
direction of the acoustic energy is between about 5

appreféajedebst sfbszge Jap adydie rofated about i axégjiheaigh agvétplle substiate support.

veghE: ook 124, A 2 RS sl Mot 4268 g 1RBE. respectvety

and RbdRtdrali@nentN2gb ahd26b)apgeetivelyle Mrpasoni@itatdducers 124 and 126 may
rectangul ar, square, or even cjircular, where the side

be anyajuitgblarrecgaseiiic arsycercommargilly ayailehle. Niegasenie fanyfucers typically
r r i r i .

sncROGRAR, SRSl SO AT TEIOTIES W SUEES A, 1w

be apdeisstto corenskiliyd i dresart tliae dhd partticalab assentg abaseh dor the megasonic

transducer. It 30 should be appreciated th cl eanj n, ,

transggqeatwlélndngmﬁggh%éregﬁ@pcgotﬁﬂgf g?lggal}tvs. av%pqag% @atenafs 1%clude piezo

electfb GRS arfiQliddol @PinsiH Hﬁt&ﬁﬂs‘} E%e@hmz,%ﬁa e%ﬂggagg. ke

aval | abl e from DUPONT El ectronic Techno
[0038 Ehnokientytion mf . megasoriSHEahbincED rIdr @tativa. to\MBegasonic transducer 126

2004/ 074931 8 PCT/ US2004/ 00317 0037].Fiqure 4 is a
llovgofok QA rEEE3s B0 ORBIONEN BE nagin CORPEE FapagH patiemed
subs@RPaN & UiedaBoni@ HENINERA24 WrbNdARo8IHRAFNFBNhatak chpdle of accessing
invention.  Here, patterned surface 117 of "substrate

the faateres of sasn 1L ofrewbstratetld bl Heie, dhe aqomsticf energir will iptlugeneavitation in

i R ATEREHRAGE 52 M T B B8 S s 17

In ordér tBipiev@nEavattaghiieit oTeartiatd 19266 the Gindewafdce, Ih€gasonic transducer 126
sidewal | 122 and base 120 of the negasonic_cleaning
providgm Acostics BRIEY Weich Hapves cradlls sHaIMBghat iysEaedebypgprows 130.

r bout.c i P i | ir .
scofc 4 RO Sy AERLRD e SRR A i when
subjdcteaintd aestie leagrent Adbtatiasteadhdifg,is rachmetion vé lfyequermydand delivered
. resonator .elenent 124b and_126h, respectiyvel )
intengRy 480, FeY i U S8 B0 O SACRE SoptGihhe shes dorce is the
prim b Gerhb A SPHGC THROMHR 'cahab! l%r ¥ akb@lcSire MBARAS A ilfustrated by

transducers typically 10 generaté energy In the
arrovs €3 enusesraidgs 1G4 &0DinKhé ddaturey défididd) ont suracklddheliddies 134, also

).l i1l . be apparent to ane skjlled in_.the ar .
refefeip s {rbplinE GRS VeRaTs Par o Beend ot Hbe el igwing fresh
cleardifi @BSIHHEE ko W | ihtr6@iced Fhtbahd Méatire e oMol 80@&e 117 and also sweeps

generated. Suitable materials include piezo electric

awayrgme rempeeda partipies Aisledged niremnthe eieptyres, theough, cayifatiery caused by the
d e - Lentat | f I C

o L RERPIN g TR TR SRR IR hofBBREED ¢,

[0039] Arrows 128 of Figure 4, represent the acoustic energy delivered inside the features of

bottom surface 117 from megasonic transducer 124. As mentioned above, acoustic energy 128

induces cavitation to dislodge particle 132. It should be appreciated that turbulence or eddies

134 helps to improve reactant/byproduct transfer into and out of the features, especially high
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15 allows for optimal energy and mass transport

benefits for inproved cleaning of patterned substrate
wai@4/oMegasoni ¢ transducer 124 provi des acoustPCT/ER®0g§03179

that is capabl e of accessing9 the features of surface

117 of substrate 116. Here, the acoustic energy wll

i nduce cavitation in order to dislodge particle 132

whi ch is adhered to an inner sgrface of the feature of
aspejyipli featurasy, Hopgveyy dpetegersy dy Srlivered e henfeatyye gy order to provide

cav1t?£?(§a nsrgiugeérglél% Zléﬁlé)ggle THE theé Widi&fm 5@9191@52%6}1& ransducers parallel and

provi des acoustic ene
perpadicsbs tacosisface of tthe amfarprawded bmhtth@ﬁadctbgneagy fonscleaning features

cefiog) o e VBRGRPE ¥ SaPle AL o R Eherp ek i L ez

[0046]°Flgﬁlgu§t1é Gn IR Sive A hé&nt S(ifrtﬁ@rfhé@sdnﬁc 21darifet 18R of Figure 4.
of frequency and delivered intensity and provides a

Herestsnntigtel dd@l iszederftedvinod vettizahipogition| tathey nthmO&éloslh@aal position.

oGt SR PRob S GBS, BT LAy gl 12

for di#lddg‘ﬂfg cle A3 RS Fekhes ddfdtbdvent dtirfacé Ne7 bedbbitagk 116. Megasomc
defined on surface 117. Eddies 134, also referred to

transgiacer 2% prevides, the mpeustie §tfﬂm1§gtlﬂla%ﬁ@ﬁﬁ§lrby QWS 4B vaigh eruses eddies

134 1Itnh(%er §E:Se 831? n\{vggl @%ﬁ’ E uar%ggntr 41.1%9?11 ng ﬁl%glllljl#é s&ﬂh&ri ]}HS the features

of bafith slSreSWTEPAs olstmngasfuticanDzed spamﬁlcalﬂ}eﬁesﬂgﬁﬂdoﬁdg @ckingle wafer
fromthe features through cavitati on caused by
cleanish QRETAROML HE sEYUId die drecdatpchthpt tageth Féa%qﬁ%@yméﬁ?t concentration of

cleang?%%?igﬁ‘étf 112 ‘?@5%%35 t%g%ieaﬁﬂé[c@l%%len%é Qgﬁ i&gwﬁg change. That is,

, represe e acousti c energy |vere
cleanims soletidind 12 eamde dsghobspettotationfesturesaeg., 1the featores on surface 117 of

ne ni.c transdycer nmenti oned above,  acoust
subsEHE g0, USSP JUUES OF B bigh RoRel G GRBiTge bt RN occurs, the
conc&ﬁ?anoh bor§ho Hieﬁlmﬁg sBRADE Gh #a FeatliB tmdyUEbE RS él’{angmo the interface
dies 134 helps to i nprove reactant/ byproduct

propmlamfcbzeta mtgntmlx betieen die paiclé erd wb@tsate @gﬁm aifhwclmngﬁ may allow

04/ 074, PCT/ US2004/.00317.
partiflg 3 s 40B0E, Br & B0t Bty 16 AR Ot Ry solpign may not
mainif b Wiable oPESHRTstdn® z$th PYiclBal HeBVdchahé mrf@eg oPpdrtitie! 182 and surface
renoval . Thus, the orientation of nmegasonic

117. Thrs dile excqusiisr SGeBlingrt mpwsr eRian eidissol 3¢ sapseddy the acoustic

strea.%l %ﬁge\%ﬂ e htltia :ﬁg)}éﬂ %géqetﬁﬂ'}ghb% hﬁp%:lé/ {111@%{: gxrag%b E'th{md replenishing the

cbmﬁm@ﬁﬂmﬁﬁﬁnamﬁ&ﬁmmethe chemical transfer into the
features. 0040 Flgure5|s an agterntwe

wméh%l@ﬂlienérw %oflophehare dirgsnim dllestBHAS e tagthod PRt for, cleaning a
semi ctoP Qﬁﬁs&fa&t ﬁloaﬁlg?ont aﬁf)fu@ & ﬁnlnaac\’ﬁf(fag&alv RQsHe! dr¥bdiment of

rather t positio Accor |ng
the imegtismnThe tretdneldoitiates 18t qpeomtiod d40 wierda cleating Nessgly coupled to two

illustrated 128, for |slod arti
sepatpig st it Mogiefe T ot i laut SeroehAisted it rference to
Figured 8- th/agRS Qﬁﬁyooe profidedHEs! The theR{dAMhéleSdviaheesa6 @pshtion 142 where a
streaming il l'ustrated by arrows 130 whi ch causes

substgaidiie smmerse@4ntorn elearing solutior epntained impgret ¢ledning 3osselndlt should be

L atr g fre th | sol ut i
R BB el L B AR s
subsapedliy p&alldlrode singavecof by cRasddN@t eheMeftBtrate and the second megasonic

transducer is substantially perpendicular to the surface of the substrate to be cleaned. In other

words, the transducers are oriented in such a way that the respective acoustic energies

transferred to the cleaning solution from each transducer are approximately orthogonal to each
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cl eaning operation, it should be appreciated that as

the reactant/byproduct concentration of cleaning
waeluo74s1 112 i s changed, the cleani ng charactPCT/551008003179

will |ikew se change. That i 0 ¢l ean ng solution 112

I nsi de high aspect ratio features, e.g., the features

on surface 117 of 15 substrate 116, cleans the inside

of the high aspect ratio feature. As the cleanin
otherg &g Pglen&eaét aggwc%ﬁg Langds t‘bPaq}h%thE‘W e&i REBEd %eﬁe,.the cleaning

solutiod@ha e}{ @@édfﬁrﬁe bﬁ%‘f‘e clEzhHlF’g \Aﬁgl'e gcﬂieﬁl &Es?g‘ﬁfeé?gr gle-wafer

properties an ta potenti article an
cleam‘;ngaatdr aiscemayrefvam: be dehorszahwage ifhg/ rrwlthqok/\thelp @rdqecdseto]di)zratlon 144

re-adhere to rface substrate 11 S|n t he .
whert L SHRGUEST T MEFAB SSHEF RO OSIUUFS S5PRSbAY Sitable moans
knowsGAhe4gNt zeta potential between the surfaces of
particle 132 and surface 20 117. Thus, the acoustic
[004%]t Theamethgd ob Fighte & theo cugves & gperaliin k6 vilzre eequstiel esygy is generated

in a %@&Pﬁb S/\Sﬁe#%ngétgf??ﬂ%cﬁgs (§$ %1%‘1; %tesoég eeszllbs | ngﬁt%lﬁeo ?he acgustlc energy

dlrecﬁ%r e@Ping8s BighUishedh ratld fArirdsciatard®- to[ROAAd chviguibs f6r p&ticle removal
ow chart di a%ram illustrating the nmethod operations

duringgleaningaefi the high aspestaatieliratues. stk method then adigmees to operation 148

wherg?l%a%g)ﬂ%tg e&lle%glln %éﬁgteqﬁlg Q's :re %—glalﬂk ﬁ’?ﬁ‘@?ﬁ d ?J\gﬂ?ﬂ L ®M surface of the

substeper didéron thb4£bowl§te:r enagy Icaases regdiee seteth helpu phpnd»vb Creiiol\a]lt/byproduct

eparate tran IS VI ded. _For, exa
trans{er anif Hgoufedhe- ﬁ}a% BRPL AP0 ARS8 OfheR BT ~°o th?:.ag?}}seg streaming
helpsirg@féﬁ%ﬁ%eﬁu YinR& Q" tgvﬁ% g%ﬁles% Yy 1t§ &n a surface of the

ances to operation 14 re a substrate
wafer beeg skanedit ddditioneldyithg) asmistic lsmanmngteahmds thm stport of particles

| eani ng, vessel., |t oul d be reciated that th
one. fihae dfhaeREs ik shovd e pamEGared DB T b Sne S cppmerated in
substﬁﬁt?d‘l'ﬁldb’é‘rﬁéndﬁﬂa}odl%ﬁéﬁ afdi Ak dobdicabletly kencRat8d'iha®€ substantially
bé cl eaned on the substrate and the second

paralleé glirsetincmay bgresgubancondy snpléadaeit they Imaspls plerdately applied or some

Combélilé}%lé)rljle[h\el\lg?ff IQ/Fotn?~| gpetc%gcre]l @% tl%Bg uggrg %’rﬁ Jpe: ﬁn\l%%feguart] t%he same time or

alterﬁMy,tﬂé@tthd fighsHespeRhy beirasaus bl dut anpmé es transferred
he cl eaning _sol ution from each transducer are

[@@"'iﬂplf}g@tﬁﬂﬁhtsea sjmplified grhamptic giagmanolgmperseniy trrgeducepbeing used in an
electro ggﬁ %%9%4619&5’[%9 in. %&)ﬁﬂﬁncé Avgith ofit 'e‘?rmogﬂg%{év(gf)ﬁ{té}qgl@entmn. Here,

to ea ment i one
electmllesa platigg vesdel 1 5@ vontaiyis patingsoiation 462y Savstidt@abb4 is supported inside

eani_.ng sol ut specifically designe
elect@h%wa RN A§ nerardly KL lest it ogars by the
lmmé’iﬁbﬁ‘ fof chfoEdD oA tﬁlﬁ@@ E&ﬁﬁ&gsl“ l{eog)lgﬁﬁ% 861880 béflerally consists of a

where the 'substrate 1s 1otated he substrate
solubdamnetné salbarat ereduting agénta ﬂ“jae setal abilserereetiused Bntkaowpridenfree surface.

he 0042] The neth of .Fi 6 th
Thusy ddp@ht Gtk 754 b dPeoSTen 10t 7 Suigiss? fueo Oppen il e Haprever, any

bubbiUBshaidn & bﬂne@?ﬂﬁ%ﬂﬁh&éﬂnﬂﬁm@h fRGhétaINs ldepasited) rﬁlé‘ﬁ €8¢ voids in the
the substrate. Here, the acoustic energy direct

resul{ipghmetpd £ilmi élPhug,stp)g@quphgg imegasoaio fransduger d ol éo elegtrol)e/:ss plating vessel
150, QEOQl\éhg %ngrgy 1[56“1& Qibagfy fq?erﬁg' 81 eet‘:terdetrgotﬁglsurface of substrate 154, through

plating solution 152 which is in contact with the megasonic transducer and the substrate, in
order to collapse any bubbles that might be present. Accordingly, a more reliable and uniform

film may be deposited on surface 155 of substrate 154.
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during cleaning of the high aspect ratio features. The

met hod then advances to operation 148 10 where the
W@emust4981 energy i s generated, jn a substanti al PgT/US2004/003179

paral l el direction to the su”‘ace of the substrate.

Here, the acoustic energy causes eddi es which help

i nprove reactant/byproduct transfer into an

- of -t he-hi gh aspect o f ures. her
[004%%%%0{@ ff A ARy ﬂﬁboq?r'é‘f“ﬂ)ts"f? @ﬁ USRSHESE R ngtwsql r& Figure 7A.
HereQ4 S8&0nd dph &N raRahder W Bfoli@DsiBsARRAS phipRAdieMatio substrate 154.
surface of the wafer being cleaned. Additionally, th
Thusatrenssiticer 158radlamis figr aohstivcsaming tortensspdte clehr peat anyl [Etl;tlcles from
.t shoul be ap r eci

the 7R F SRS oF Lo BRLRIRS e PREGHe QT o acousti

streaR@{gPEOAN ©aHsaticed 158 GinbRVed Rfdsd HEnBGAUIShe CeRPBFsIING by-products at the
generated in the substantially parallel direction may

surfapge of isbstrasndSths| i shpdi edappredisfed thatyelpairadgss drlatmgelvgssel 150 may
includ® Qlllé Qpa% tg %n:fﬁ ci:r Lﬁ?{e (%t 1le fsﬁé{lgtgn SOM?tEO% ]'rﬁ%e inlet 164 may
S peC| rans power e t

provﬁla s ipliEing soludibh &6 platieg Yessel 0, w‘hﬂe ohﬂﬁnliﬁ@li@ aseal ﬂasayhe removal of
in phase or out of phase. 20 [0043 gure 7Ais

dlsplgqeépnlatmgew wicmerfa ikt by .aa@q«r%rrhtepna Slﬁ%ls%s Hhcart thahtiebading solution
| r

may BELCBGUSEC o S USEROPA L THEAHLD 4 e pos sy

In o embodiheats patatg swuties 382 id blerflont dumpedptatriastg collection or drain.

Furtiobes SabSrion Dol 1 8BRS G0 b7 Sy ofpaing vese

may 8 &R} S@ik#S pHNiddd GQslﬁfaé: %s};e@ﬁ(vetl 18n o!rdg?% %bﬂ@m‘i’fthe electroless plating
conponent s |n a plating solution. The plating solution

operajener al | y consists of a 25 soluble netal salt and a

[OM@ili(rjngfgllrrrn?%rg 218 Iapg-%hgesg%%sinv%ltllt?ﬁt ‘gr Eﬁf?d e gln LI%S %%B describes a

meth6@R@dl 4 @gston forSetin@sRe Be LleandfRP BHiciendy CIK? Ipatt€h6d substrates. By
However, any bubble formation on or near the surface

orienfing WP dhegaﬁ@lwtaasdup@s d@i}@d@l 2 berizogta) ogiguigon gnggnether in a vertical
onen%a!r?g)rnlsf E%iéure tég%&{i%&%lf) r setgzgeug b Xlegﬁ)elﬂp ﬂenfrga ﬂﬁ%ﬁ?%ﬁi fhe acoustic

streamU ptoperties ezsg)mai&i)whtﬁ tﬁa@@éghﬁ)r@cf ehr@g;n gred bpi@ized. tThe horizontally
the surface of_ substrate 154, through 30 platin

orienisg) 1egagpNig SRR 1.¢- somwt%dowba@tmw prralisd 1—%‘@&&%‘4&%@ surface, has 2
1

line df's ﬁﬁgg ‘%I'ées %tg. gét anthgﬁ%g%tﬁ:pe?lgr gr}naj,pl%égg%l fl%r(]lg )9’ tﬂg ?e%,[t)ure to provide

cav1tat:ain aHeecasitatiamrwifllodistoddei anmpamcldsensi@ﬂxs if¢tatateon surface

of su rate 154. WO 2004/ 074931
[004%%31; 6‘%? %‘ﬁ%“l MEBRFART tEANgIHCET A %“eé‘F?dasr”Pé'iaWé%lg’ perpendicular
to th@ @@&%‘af@ﬁirfa@é &éh@reﬁ'a%@ﬁs&i@'s%&ﬁmﬁigaﬁdrﬁl%l ‘f@%l%@kurpé‘ce Rr 4he Qafer. The
Here, a second megasoni ¢ transducer is introduced
acousmte@mm&bweqoecif:b@nmdcmrlaﬂencg feutesavangethesisiodgrdugarticle and also
or a st C Sstr

repie ol SErut? almy PRy EA PERHBE F o BN ek R Teatpe, o furthe

assur lﬂmtth@tlﬁlougéd pattitRalobN ot &EthdiPloes surflcatwifhin fHedB@Efe. In essence,
That is, the acoustic 5 stream ng fromtransducer 158
the sepysticvatearming allevin Spiehegmical eleaning wathins thin fpature by replemshmg the
r f
o RS 31 60 0T SHRAIEIAT e bt cccried
herei sbhynaso be apphed to applications where it is de31rable to enhance a chemical reaction.

For example with respect to resist stripping the embodiments described herein will assist the
mass transport of reactants to remove reacted material. That is, the acoustic streaming

described above will enhance mass transfer.
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include the capability to re-circulate or replenish
plating solution 152. Here inlet 164 may provide
w0 e@sh749Brt i ng solution to plating vessel 150, P@iUEm®04/003179
outlet 166 is used for the r val of displaced
plating solution. It will be apparent to one skilled
in the art that the plating solution 10 may be
re-circul ated, through inlet 164 and qutlet 166 as. an_ . X
[004%) Figpigefh V52 o0 lftsﬁéehe@%% @9&%\# a Fanifg apASHH iLbich acoustic
ener@J Fét b ROLiEA ANsubeRatk SinOXEEALAYW AHAPGE ERALYRRRt of the invention.
ol lection or drain. Furthernore, the position of
Cleaning @ppattds 28l congidteof 166 228 sndweidewalds 23eetradimg frbmt the base. Inner

coi] BRGS0 g BhugHBR 1 iclues
acouRiAéreRYy cQRRAG 2PN whikh dGER]of | tRanSABERNY4 JFfde0¥Sonator 226. Tn
described invention, with reference to Figures 2-7B,

one ¢labediinbrts agoustie tenery sgeeratos 228 egenergtes opegasPuit regetgliel.e., transducer

224 %Lﬁelg‘%aigﬁfb‘g Itf i gfilf@gr;g%%ﬁ%ﬂ? E%%? g(gigtreé Y05 Lv&ehellfeﬁtﬁ% efbodiments described
hereifl Ofeffet Ot aleg@ion@NeAdrp@NttRNEhvamin edayi Be appkéd it6any acoustic energy.

orientation, relative to a_surface of the substrate to
Acoystic ehergy aancratpe 28h 8 Resitionad ahe lawes cqensy of icleanigg appgpig 218. One

. ti .as i i g i C.: ..
sindf BPOE LEISGHELSLE A TR0 RSNGERY Bhror 22 i i
contdct anthciiclesning salutiomr Thud, et sobsticastictgy is\trapafieatd eéirobgh the cleaning

the substrate surface, has a |line of sight into the
solutqufp (heesubsirats it orderioassist 1 s GSANREPIBEESEel i vered into
3 . ol V e I o
00451 518 ERRYAE N ety 2414 2y s
acouftewwenstdrsatedyin or substargal lyeppaslph doetticaanstitiveto bottem, surface 222a of

or.i ed substanti al | er pendi c to the.su rate
subsi P2 e GERLIEF & SEGHOE R0 TR bl bPat PERRE 424 B fepresented
by lifitt 3RE eERfentiBg avdf 238. exIfifils from AfRWaNlI 23 2S4idedTink8 a corridor between
causes eddi es and turbul ence for renoving the

base 3128 |apd gatenpian tairm| 23 8anidxtanssen aapLahimayde atyesuitpblgrprgih. Reflective

surtsf 0230 5 it el Pt e 28 et n R EL B by acousti

enerPRgenek@ X0ese Rlected offt dfabifatc023D Bwafdg Bottbrh Rurfadd®22a of substrate
eature. In essence, the acoustic streamng allows

222.1 dihe arBeRtedh PeQUSBaFNAIGY Vi tRTESSDiFE e dingy é3fy Reflective surface 230 is

enj i . j .St i t.hi t : :
o3 SHE bGP0, SHETLS! el AR B8 . grcred i
subsweBallyi feepbndtulee rogientatiay redtbe tbdoapmlsurfded 222a as depicted by lines 236.
|jcations where it is _desira

app ble t.o enhance a
For exgiice Hie AngieRorseen supigre awf}|bé_86v@e%&48ra %lﬁglgtéees@ef-esg st
[004%]59&1@ Rifegidoh® BENRARAER SholRSEE bpsieeiiel &hit él"'dirlactﬁglsbisfhe acoustic

nass transport Of reactants 0 rermvg reacte ) i
wavesds dedaaipledThah the sourdeeofathe wsoustic stergpniAddglitiatedy.r thp ednfiguration of

above w | | hance ss transfer. WD 2004/074931.12
clearpgsyiRastn P D S1TG: L O0R ARt du it BRIPER R icogerey genereto
223, SEhRERn Ko ddh@ft! @Barhg appak &N IS0maP Bahabw profille WIS fe., substrate 222

acoustic energy is used to clean a substrate in

is pogitionediadin abauh cvadainbeipfrbase 2318. 1 shpwdeet appreciated that base 228
eani ' . .

S Ay RH B2 230 B SRR 8 908 220, i cmocimen,

region defined between section 228a, section 232a, the elevated portion of base 228, and

surface 230, defines a void. In another embodiment, surface 230 is adjustable in order to

modulate the angle between surface 230 and base 228. Accordingly, the movement of surface

230 causes the reflected acoustic energy to sweep surface 222a of substrate 230. Consequently,
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cavity 220 is defined between base 228 and sidewal | s

232. O eani ng apparatus 218 includes 5 acoustic energy
w@emwenader 223 whi ch consists of transducer 22BCHUS$100€003179

to resonator 226. In one enbddi nent, acoustic energy

generator 223 generates megasonic energy, i.e.,

transducer 224 is a negasonic transducer. It shoul d

be appreC| ated that while the enbodine ts descrj
the r¢flgcisdrpopesticeneigy rwgydwﬁneeréw&dgayouqdr?@ dag semobRt w@;ﬁrﬁe 222 rather

than ¥RPLARG Itegg)grk}f {RE QWSdilafe ?cp adYhe ecf‘é%%?foh%e@@ﬁﬁ %ﬁuwalent amount of

gener at or is p03|t|one at a cor ner
energyl. dAdougseapibatraie 032 B1BtatiGp berks slkishhied belowt. he art wil |

oos BRSSP ST M i Closnin

apparititS 218 RECIAERUS tdnk E8ifIgled B bl Shsyifard zmr%&h fsh€nmersed in a
cleaning solution to the substrate in order to assi st

cleaniing s¢lation e@trtalngd pmhuegmer mes%ZOCoMegaﬂ@nttrausdhceW@&rle affixed to

ustic en ener at or,. 2 M o] nf|
resori PR R st RQuSFEEhGRY P AL B AE g 230, e
refle@ileddulrfate dBO @a¢ b Wanve&d Alrface ih @omattt With $1w élaﬁlﬁng %Bﬁtlaﬁ of cleaning
15 substrate 222. The acoustic waves substanti al

appapsgirsaliBe| Thus, pesustimenaigy generaiohhy aegasoajsr EansAvesy 289 is reflected in a
atelh SR s SHPERR BB PR SR SR TR, of Mt 20

causaar the 28fkcrated taemstio I&nérgynrélﬁr&emﬁ Hg'dn&s V34 uo tseditee ateordink.to different
Refl ective _surfac ég n gled portion of base

angles 75, rePiEPRech B (IBES E3um B gt Hedied BHUHCRRSESe represented by lines

T

230 takfs actcdﬁmtedusmr@/aenmtgywam ambrspsedﬁt do byurtd/memstk36ave over a

defi Rgfl ectlrpve surfacE 230 is 8 ed s$ tr%at t he b he b

efingfl pega n FPEP§TRopR ?leB?fg%ic%B%F TeSPARTIGS ele P bypvgeen the piezo

electfé E:L%&tta%daﬂeréhﬁnnaiétpﬁ&cﬁigh'tﬁé TeflcQRIMRAMELE Sddudtic Het@nt ation
relative to bottomsurface 222a as depicted by |ines

[GOEmﬁgureF&ﬁ iseyed ﬁmtber etnnipdanglt@f (et sleaning appagaties oRBigarsBA. Cleaning
ut 45de |IIrfer

appata usﬁézlrng gs a ?nksi;,| rmua %lag ﬁ'{rge%oflllg 0 %Vﬁlg% a base 52@ Yith sidewalls

232 ditdreiiid BBrefont ztman FoauS BAC H@@vﬁ@‘é%&nmg aﬁpﬁ@mp Deglif themin having an
the source of the acoustic energy. Additionally, the
alternai refipgHug isumacst 23G pleagi g Qﬁ%ﬂp‘é(t Psregpulgtioygapability. Reflective

surfa@bl 130 cﬂﬁggésnﬁxfl bdiNGE ES%%”% o?&e?ut%t b&uBh ?ﬁ@ﬁcoustw energy

gener at or n one enbodr nent, eani ng appar atu
gene2iddl frayn heowtit @neypyOofdnemtdraliy. ITIms tiseu bsdusad en2i2y gensrated in a

| on t hi n abqut, one half . n of base 8. It .
SUbS'gﬂ% yopasaﬁpeéggﬁ%ana‘v@an tﬂilf*a@ﬂaggfeéeé We’b ga&f?éﬁ@oemswn 238
alteré’@scﬁreé%rf af ﬁaezgt%ué’t?c El?e%}e?@ BidRe t(pBéFl%@&to'uP the?eBRceted Mcoustic energy

hi s enbodi nent, the 30 Tregi on def bet ween secti on
acrosz mapmwcﬂacmm%aﬁaubtﬁm 2% VQf edirgsosubisoate @22 maaycbe2@@iting along an

avis B fhg OGO LG et &5 gt e o Argffhe epttion of substat

222 wBEb pivideddyanglseitdted WRaTbnSHEINS GO BBl et dRamPle? 4 Bubstrate carrier
Accordi ngly, "'the novenent of surface 230 causes the

conflg@werié@ts@npcmt:wg&rate 28 aray\betused (epiovisigrtharaatipphfasge.  Alternatively,

rolle%%ﬁlﬁ}%@%% 2(?%8 gt_’L %@&ﬁg ¥eh ElllaX’ prc\ﬁ@dg%g %&7 8t forkd

[0052] Still referring to Figure 8C, cleaning apparatus 218 also includes inlet 229 and outlet
231. Inlet 229 provides the capability of flowing fresh cleaning solution into the cleaning
apparatus. Outlet 231 is configured to provide an overflow for excess cleaning solution in one

embodiment. In an alternative embodiment, outlet 231 may be in communication with inlet
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the reflected acoustic energy nmay be concentrated
around an edge region of substrate 222 rather than
w0 b@4oBreser regi on of the suﬁi{'r ate so that theCEU§®04/003179
regi on sees an equivalent a nt of energy. O
course, substrate 222 is rotating here as illustrated
bel ovv. [0050] Figure 8B is an alternate embodi ment of

the ¢l eaning. ap atus of Figure 8A. Ceanin 5 i
229 dppnghat guimp, oFder dads- Cém\:‘]é?‘?k&’@oﬂ%"@%% gofupign 3\1@3&hout the cleaning
appalsa Stf @AIf bé %ﬁ%arm é&‘ Bné §k11156"ﬁ1r tHE Grt! tRatdhe Ele%ﬂﬂ B8lution js designed for

ution contai ne hin inner cavity 220. gasoni c
smgle rsabsithtl@ eleafityg ap;)haationxedlrt addlnes,omaglorswﬁlﬁatartdieanmg solutions are

com By BB pEpbate b ot C G e AR BEL o' °
[oosﬂqﬂﬂg&fé STV {f RiGiByek BndtRdHeRHodihdnd of FiR &éaaﬁ@ dpPaaflsWiFdure 8A. Here,

Cl eani ng dpparatus 218. Thus, acoustlC energy
feﬂe‘géfﬁ@ﬂﬁﬂ@ﬂﬂﬂ/hmmmecsham nSueckifled mthesrt will appresiatp that reflected

o i) 550 SR LRSI 5 e 22

Thust Fefle@vicitaeel 230 Qikss t}@ RNEAGY] LENKES &ﬁﬁrgﬁZiﬂV gérent&d Bpthe acoustic
to scatter according to different angle

energyeiouEsedBeanddpcyseh e opgey. ﬂﬁf@ct%@lrfaé@ P-é@mw haye @grarabolic shape

i o055 e LSRR P, R o ARS8 ot 230

be cyisleingley shiapbd éntordee ts fofwmcefle@B@ tagk along achihd. i mhteedgam reflective

sour e/ acoustic ve and spreads the source/acousti
surfage, ¢80 W D %nacyealﬁa il OFIeA 1R £ WepR, Hioh IWEG SNGTRY 2ETqst 53? surface of a
rotatﬁg%b&ﬁfté E l!ﬂéll in%hb I’éﬁ wig e@ﬁ%"ﬁﬁﬁr}uﬁﬁ%l&' &REr shapes may be
ectric crysta are elimnated through the
defineéffbenaﬂeotwa)ﬁurfame 286 cinsiriler terdacgyple [a0distliofiagiocimtBCwith generated

ot BB SRR T oL 1S 5L S50, BB A  20 my
confl‘g@féHQercH@erC FRaB] Mleveplyudis@idulat NYodstie anBred 281wkt from acoustic

idewal |'s 232 extending therefromas in Figure 8A.
enermmm@r223c| eanl ng apparat us 218 is shown having an 20

00s 3 AU . SRR KR RG2S Bl o st

energyngdnidei@srs dn idodadincef wield BiE ¥ mbudipsent l@f ﬂid:iﬁﬁ/eﬁtibrﬁ C@ldaﬁfng apparatus
the acoustic energy generated from acoustic energ
218 wehdpupepustipgnergh gsnerpioes dedard 22ewbichyngehe mﬁgéwnil% transducers.
B l8h
Acoftc BTy Rariost R ot SO Sl 8Py gperey seneraed
fromaéabb rof the déspectivieoavoandtict rergc penetdtars dp erigytet rin ar sanndrosubstantially
read out the re cted acoustic ergy 25 across
paralf 16 Gfine fop iy st S puktiee 233 obpuisal G422 That is, acousti

ener%“be?fefzﬁ‘é@fx%%zadmyu@&l&g ﬂe%otai@r,‘ JefRBsenfedi By Hﬁestﬂﬁ)a and 240b, is

Bstrat be dpparent to one skilléed in th
substantialtyhperalidh¢o tapt sarfaos 223b mgblsnttom surf2g ZZE;ayf b\dostrate 222 Similarly,

rovi ded suitable rotation
scoufiORTEY eRterfiElBpcon IR EEGRIPE Arade Do aP ALY pacalel t
botto‘ﬁygﬁ-ﬁ{caggza’ZZZ may be used to provide the rotational

force. Alternativel roll ers supporting edges of
[0055) %18l referingo® Figyrep?.dbe gleaning apperafuisgRay Comspigemegmonic transducers

f | E
223 it 284 pibing b G, plich, Bt Wiy bERA MRy relyiyp o top and
bottolrrn ls&ﬁfacég 22p4 avd @23b tdi semigoabindiod yubsfratk | 228 NGhiongls heflective surface
cl eaning sol utjon i nté) t he cl eani ng ) .

230, acoustic energy 234 generated by megasonic transducer 223, is re-directed so that the
acoustic energy is substantially perpendicular to bottom surface 222a of substrate 222. Thus,

the acoustic energy generated by megasonic transducer 223 may be used to provide cavitation
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apparatus. Qutlet 231 is configured to provide an
overflow for excess cleaning solution in one
wepdveti4vent . I n an al ternati Vf enbodi nent, outPEL/ULBV4/003179
may be in comrunication with Inlet WD 2004/ 074931 14
PCT/ US2004/ 003179 229 through a punp in order to
re-circul ate the cleaning solution throughout the
cl eani.n apparatus, |t wll

. par nt to
mn OIQR"I f9 g@?qdlge thRgtiches, Wity feappes, B‘%f EBT%‘PI &gpaicg 222a. Megasonic
trans?&%% % IQ)Qfdes Sdc&géti% ﬁfé@ﬁﬁﬂ??@ r&h@@en (1112 dﬁsﬂﬁigb@ A& and refresh

singl e substrate cleaning solutions are
cleanmgm‘dnthn amanh abe glefinednfeameani Buthen detalsEefCthin cleaaing action are

desc@@o%o% ﬁ)¥1 fespff%q %%WF%gu%pgg c{oﬁgsset %ulltlg réet %}ag ebre rotating as

illustFRé®in Figfd SC! | N@1iG&Hal C@le@tﬁ@g Iag;?a:ﬁug ong aﬁ@y H0RIE - oveHRW and re-
skilledin the art will appreciate that reflected

c1rcu11>¢1@n§apa<blléx¢éuag;ll@t;@tedsvlﬂlde wage tnFiguigeG.i cul ar poi nt

005G R M58 4L SRR o s Tty s e s

ener%ﬂﬁ 1538 dngle nehiecd Diornt¥ ofSEHsGhieGurfate LYYa. SALUlﬁﬁge in the angle
23 and focuses the energy. Reflective surface 230

that the peoustip spepsl impingan pe thepsubsirale geifacealloys fer # srdustion gt oscillation
6
wsol 8 41808 R Blng T oo el el S fRrmarof e

surfaf:@of.lﬁle rsabdtecd, |1s/hetwayxs alsduo Bglegrelea'; med albdmt © degades., The angle introduced
reflective surface 230 be aneZ e in_order to

reduc dBPSqAIES ARBHLATSCauFEr BY WAL JUE-oph (VbR ding Togation. In another
embdd@hait RPustthiter Al Rurde03 $Khdib-Bthein the art will
appreci ate that "numerous ot her shapes may be defined
[0051]£1gmef 10ctis wesimplified eclz@itic diggrateroft @ chhesingpippaatus configured to
direction.,asspciated wi.th generated, 15 acoust.ic energy. .
clear PRRATEOISRS 8 enaPgyPE Gl EBTBR%E THULOTeaemp R mERt Py dre imvention.
Cleaitg f 3p8ra8R02 1B Y nd18desC MHubiet eB8kol Coehb@tdrer223f 88di 2428 configured to
evenly distribute the acoustic energ ﬁ delivered from
provige ee@istie enarge FQopresingsertaces of pangate 442gukeustiy eneggy generated from
I t. I Agr
acou c% ggyI %\g rzagog% %%ef%ﬁ%rggt?{% g%fg?g?% ?@P%c%gzgggg 3 dc?etr Y5 clean bottom

surfaid t?hzﬁmﬁ ebbeds 12 ofcolbiR bmreNigeMratol] 24aniionfigured to provide
apparatus 20 218 includes acoustic energy generators

acousiEngrgy 940D sWHPEh ARy T2 gadd e dadikigirsderang of the top surface of
the stﬁ?sﬂﬁl%t IEfer rh%lgs)ﬁc%?l&gﬁ?e%r&to? 28894 1%4«%.“9& fo %ﬁﬁlfa't@étroﬁglc energy as

such t hat "acousti c rgy gener at &d From e
repres@sqakoy hme 24 oubidh 15 aenetight ygleewah osspestdo dop aunfaeed 222b af substrate
Llel to either to

nner St ant al | urf ce
222. 35 96¢ GOBOHEBIn ax pele A419d beidtect apatsiia caery 2405 e op gurface 2220

is beRFRHIbOG zeﬁf‘@ég@é’es%ﬁqf\@tcﬁ rebs, Ofpsﬁé‘aﬁﬂ%'a‘f’p%@ﬁf&lymat some of acoustic
generator 242, represented by lines 240a and 240b, is

ener@SZ@b brstilalmmﬂecttgd ﬁramaﬂop shrfacy 22@}3 as mlhfsa@@dmmea%@ Thus, reflective
f
surage hBH Y s SR peR o St By ek st kirey 246 pack to top

surfade 32218 asailﬁ@trﬁt@@fbtyameﬂ 248, yopahiahd, @he teFleckdtdnergyswilf RS€ power each
222a. g{OOSS Still referri n(g to Figure 9, the cleaning

time g hh reflagtedpipwerer: £he insepsed miceustic LHNSERYC @@g assist in the cleaning of
substrate 222.

[0058] Figure 10B is a simplified schematic diagram of an alternative embodiment of the
cleaning apparatus of Figure 10A. Here, three acoustic energy generators 223, 242a and 242b
are provided with cleaning apparatus 218. Acoustic energy generator 223 provides acoustic

energy to bottom surface 222a of substrate 222, and similarly acoustic energy generator 242b
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223 and 242 having faces both of which are

substantially perpendicular relative to top and 30
whodosomosur f aces 222a and 222h of sem conduct oPCT/US2004/003179

substrate 222. Through refl eé®ive surface 230,

acoustic energy 234 generated by nmegasoni c transducer

223, is re-directed so that the acoustic energy is

substantially perpendicylar_to bot{)om S éiaér% 222a of
proviggh agqustic epergy torpidom spriace;202aqfsy %5 g TaPSHICeneRyy generator

| Bbustié e duffRcePI Db L ith
242a 15 4613 ir%{c{/%ﬁg%g%/ BusC enErgy t@%?f%gzoom 003175 Jiscussed above wi
referemodep Higurdil®Aodyeoystic energg gemdrhtior 342 genergss dafusnednagy which is

. bott f 222a. Me ic d 242 .
oo LR BEE, ATt ST U BRI B0 F spgmoocimen, e
angldBétveenh @8oRNE ch&lsy @sptescatdaty Bk 3P0 AdDBotWrh Ruffadd®22a is between

defined features.” Further details of this cleaning
aboup getoodegzaes and abeuti hdegragrov Hergi again, aspustic enersyi Peasay be reflected

o PGS SN D0 A LB, B B postincd o

refle@pP Rflcoteds acdbiStid Ryierigh CR 300 ably &b f botwn@ndirfaee 2224 Cofl dbibsdfite 222 as
capabilities as illustrated with reference to Figure

repregented BOBBY 232 anot her embodi nent, reflective surface

[ . f f .. aC LG
oS5 o S S B L S0t v
shap@ 22flectivec hiafige 130 the Ianglaay duitablet shapadwaksding therahapes discussed

i mpi nges on the substrate surfgce |l o for a )
abo"?-e d\ﬁ‘gtg‘}‘)é‘ﬁﬁbfac%&lF ICPREEY 65115{'60%? c?f?éaeaal%a"@ﬁ Aphgiesasome transducers
in ore"BANAE. ISHbQREe SFPREY TRBrotald GodtBiCaxi§ BhRhd YR dning process.

the normal of the surface of the substrate, 15
Cleahieg wppara@b QU8 naydeycadigueddogivovitle Be-diegrates anthevealgl eapabilities

. ntraoduced,. reduces i dance vari ati ons caused by
as dijgusse _Wl‘é}ﬁe&ﬂ?m@x%gﬁuéﬁng@uri ng rotation. In another
[OOG%EQfewptis AERUSbhAt QNREAY iHOHFRBg 2BRS 1hethadtfretiidas f?r applying

0057] Figure 10A is a sinplified schematic diagram o
acougficcensagyl woclegma peifass of dhd sepstralg ingccardanseauith opp embagiment of the

. | des -Qf st.r. [ r4kan i [ .

o855 e, MRS SRARGE LTS, b8 B0 e 1 o

subsRBGAIBL paaleligyiige ieh auehs 223 samitoRddorComkirgyrie Geti@ated from a
provi de acoustic energy to opposing surfaces of

first gamspeegt Foperampley thet 3XQUEIfeFIgR RMErSRCRETE MifH Do the acoustic energy
s SO SR ANPRIB 0L 250y 981 SUUDELHT 108, T method
then advdnaeseto2@Remtioh 26Qbsliarat eli2@n Asotistd evithnthe gyoustic energy from the
, enerator 242a.is configured to provide 20 acoustic
first gﬁlgﬁ . ef gs tagﬁreg utf)f %éé‘{’ﬁg‘?tf{ﬁaf p%%deﬁ%r dizgetiog to the surface of the
semif@fdubiol R4 uale AERTa Alflcbhife LifRics YhdP&EMR reflddi€e surface as discussed
substrate. Here, acoustic energy generator 242a is
above ovithi iglarente to Figuresr&it-8DaBolkt ind i myay alter theegirestiontoé the acoustic

b i ne 3 which.is,at.a slight angle wth respect, t
energd} trsfiffde Pttt of 0 Boute o8t bt FockfRhSsted or evenly
distribbRdaMdlus, tHE tdfREGvPRIMRE BssefilStdeSofley Diirelfidh of Rk 4cofistic energy
surface 222b is between about zero degrees and five

fromcthesewatse of thesaouptic erergppFedhamer., thaatellgetye gfrface may modulate or

o 5450 5155 PHE B b LGP B0,

[0061ETheskinsg of Figure 11 then advances to operation 264 where acoustic energy oriented

in a substantially parallel direction to the surface of the semiconductor substrate is generated
from a second transducer. Here, the second transducer may provide acoustic streaming in order

to more efficiently clean the surface of the substrate. It should be appreciated that the acoustic
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surface 244a may be positioned to reflect the once
refl ected acoustic energy 246 back to top surface
WQ2®b/o2a®3i | | ustrated by line 248. O course, tPEI/US2004/003179
reflected energy will |ose pdher each tine it is
refl ected, however, the increased acoustic energy wll
assist in the cleaning of substrate 222. 30 [0058]
Figure 10B is a sinplified schematic di agram of an
energy Seicraied {remeths sacansritansducen may ecarieming A fpdicht arglefo a surface of
. r re, : S e 0
semiy e AR 75, Ik0iRD BERNCRLE SREGEY QOPRIALOIOA and 108 mn
addigip ar thirdsac@dSic ederpysdeheraton enayybgproeidetian o2®3 tpdirectdedustic energy
acoustic, energy.to bottam surface 222a of substrate
towagb o0 OBpRFing HaSs fryrﬂa@sa 308 VEHEh g3PugEnencathoBASp sfgnd transducer
is direPR4/5,074931 16 PCT/ US2004/ 003179 provi des acoustic
energy to bottom surface 222a of substrate 222.
[0062L businmary thegaboge descebat inveatita, wsthcrefefrénga te ffigupes 8A-11 describes

ovi de acousti.c ener.gy tp the top surface 222b a
o &t 4S8 aSRBB Lo FHERAPEr S SifBRTBer B GG Ior GRmicomuctor subsiraes.
The AfaHRs SprRRRIOYIIABARKAIAN 2HeP bYeRRbaiinE MeOMDustic waves from the
energy which is directed at a Slight" angle to bottom
acoustin genszatop 2 J'hef desqepdingagféec 29 pravidednley e msBefitive niurfagh positioned to

e bet we oust e [

5 angl n a C r epresent '
rfted A% T S oS SORI oK ERE ST R ol Mffple ramscers
may dggQifd6deinto Faahdr MceRgd eks clddalg affitidhcy.ac b SineCembodiment, two
energy 240a may be reflected from substrate 222a as
transdugnre swiented Hy a) substaptigly perperdieylar maaperegelafivep s sejace of the

snsBEGPRE FORIEE 0, KELIEGE, PELARS FUBE SR IBABAON o ubsanialy
parall@dpdiesdoi el thy swiface o25Re sifytdafd) hOvevdr, shoutahstie energy stream is re-
. appreciated that while reflective surface 230.js sho

direqfigl byg CHNG sYrTacetpq At e prQusts GRETBYIY %géta@%ﬂéi_ywen%]wlar to the
subsg ¥ &ufthde. SHid @ﬁ&fqv% haRecd Mg H@b&ﬁ}g&@& of Qﬁpﬁﬁteﬁ'aﬁ%lgﬁcﬁﬁle with the

ove. Additionally, acoustic energy generators
clearid® aolatidn ditbredlieeti veeatho mcoustic #ansigyc dics examplsn éhe reflective material

nbodi.nent. Substr.ate 222 may al sq.totate around its . .
may B GRS i) D P o ees. SitsbdHGE affbergerials which
are cbhtbaliBY REh GRN EleMnednémisRy Addedlen B Gistefid!| &l bASth@Nembodiment, the

overflow capabilitiées 15 as discussed with reference

reflegtiversugtace igconfiguoabie mogemboutian axig agdogintedhaith thg sfleative surface.
illustrating the th ratian or j .
ContgaHih] BlehBpis) BT BR BESU G R b o RRBL YL OR, sbyrain onder o

distrbae0thd aastivkidigphnredieati cventhe libsthaes surfaven the Bubstiae is rotating.
thod initiates operation 260 where an acoustic

[006gﬁéﬂgvioaalibe nthed emhodimesigh dessFbechihegeipatlla dr ot fdgher ogpality film
cncBf S5 RSO SRERH) B AL D15, 8 GASOHTH e
energnéuriryg geaftﬁrlwsqﬂathlgrc@emﬁymb dubble fanmﬁﬁ)hima}ebmccgyrolled at the surface

enerated by, acoustic energy generator 223 of Figures )
of ﬂ%@%ﬁt}@%quemga ge %916%@%_@3 waaraﬁ%grﬁ%wgﬁéescgwmn properties
assoQRRH A}t Med@onth B e P tttﬁiéif&%d R RSHEAAEAEYN, BULbRS are effectively

acoustic energy from
removed from the vicinity around the surface of the object, thereby allowing for the substantial

elimination of voids within the deposited film. '

[0064] Although the foregoing invention has been described in some detail for purposes of
clarity of understanding, it will be apparent that certain changes and modifications may be
practiced within the scope of the appended claims. Accordingly, the present embodiments are

to be considered as illustrative and not restrictive, and the invention is not to be limited to the



first transducer is altered to a substantially
per pendi cul ar direction to the surface of the
W@ eonoorduct or substrate. Fbri a reflective sPCT/HEBW04/003179
such as the reflective surfat® as discussed 25 above
with reference to Figures 8A-8D, 9, 10A and 108, may
alter the direction of the acoustic energy. It should
be appreciated that the _acoustic ener may be
detaifscBiyibdcreit Atk émacyobeomgl&l@ﬁwthla g Foapeaed. capfigionts plothe appended
claingsEf e&%'dﬁnﬁuéfeﬁﬁﬁts%ﬁﬁ?tﬁe@h ld6 19&(‘18{'3‘)@ iy ?aﬁbﬁl%f’()fd?:f‘ of operation,
of the acoustic energy fromthe soarce of the
unlesaeapliditly smtedrigyhe dlaimsher nore, the refl ective surface
may nodul ate or nove in order to sweep the acoustic
WhaeRelddyed st 0SS a surface of a substrate to be cl eaned.
30 [0061] The nethod of Figure 11 then advances to
operation 264 where acoustic energy oriented in a
substantially parallel direction to the surface of the
sem conductor substrate is generated froma second
transducer. Here, the second transducer may provide
acoustic streaming in order to nore efficiently clean
the surface of the substrate. It should be appreciated
that the acoustic WO 2004/074931 17 PCT/ US2004/ 003179
energy generated fromthe second transducer may be
oriented at a slight angle to a surface of
sem conduct or substrate as described above with
reference to Figures 10A and 10B. In addition, a
third acoustic energy generator nmay be provided in
order to direct acoustic energy toward an opposi ng
surface fromthe surface which acoustic energy from
the second transducer 5 is directed at. [0062] In
sunmary, the above described invention, with reference
to Figures 8A-11 describes a nethod and a system for
optim zing the cleaning efficiency for sem conduct or
substrates. The cl eaning apparatus elim nates dead
zones by decoupling the acoustic waves fromthe
acoustic generator. The decoupling effect is provided
by a reflective surface positioned to 10 refl ect
acoustic energy toward a surface of the substrate to
be cleaned. Multiple transducers nmay be included to
further increase the cleaning efficiency. In one
enbodi nent, two transducers oriented in a
substanti al |l y perpendi cul ar manner relative to a
surface of the substrate, are provided. Both
transducers provi des acoustic energy directed in a
substantially parallel direction to the surface of
t he substrate, however, one acoustic energy streamis
re 15 directed by a reflective surface so that the
acoustic energy is substantially perpendicular to the
substrate surface. The reflective surface may be
conposed of any material conpatible with the cleaning
solutions and reflective to the acoustic energy. For
exanple, the reflective material nmay be stainless
steel, quartz, Teflon, polypropylene, Silicon Carbide,
or other materials which are conpatible with the
cl eaning chem stry used in the system |n another
enbodi nent, the



20 reflective surface is configured to nove about an

axis associated with the reflective surface.
w@engemeent | y, the acoustic eq%r gy may be swepPCHUSWS$003179

the surface of the substrate n order to distribute

the acoustic energy nore evenly over the substrate

surface as the substrate is rotating. [0063]

Addi tionally, the enbodi nents descri bed herein all ow

for a higher quality film dppasition with respect to

el ectrol ess plating operations. Through the

appl i cat Bathed fercierning asepicandastgy subsirpisgcampiting| ess

pl ating. i u [ |1 .

P! B8RP BLAEC WereR 5 r}(ta'ee{ B TP Ry B SBLRE dfbetion to
surfele ®f b isahezsadyltat subgiravgandt i on. Through the cavitation

properties associated with negasonic ener

t r SPSFAEAFOBYIC GeTay| tienied 18 3154 staially pgealleL diggcgion to the surface of
the £ificmtibM8t Mubstcggoved fromthe vicinity around the

surface of the object, thereby allow ng for the

substantial elimnation of voids wthin the deposited

film 3 0064] Al t hou t he foregoi ng j.nvention has )
beén de&&‘%i‘ﬂ%@l’fi nOflsglﬁﬁg t‘é{ﬁ‘frelpoﬁ" pOrPSUe LOgREY 15| Weggsgnic energy
gencited QN H Ak RBnicittanWuctr. be apparent that certain

changes and nodifications may be practiced within the
scope of the appended clains. Accordingly, the present

en‘?odi teS MG ftg.belhio Si dg:'ed .as illustrative and
not" restrt CHve, and t &S EHPPEH"$'s not to be
| i pfhinefbidgOn §ubetrMOim0 A4 A8 3d1uliBn BéAtaidSd QRthiDP3s68; and

details given herein, but may be nodified within the
scHpsatingtie dgmeissd spsraef t he appended claims. In the
clainms, elenents and/or steps do not inply any
particul ar order of operation, wunless explicitly
st 4t ed The tohethed af elim\Wathdrainchainmhod sperafhod\Bf generating acoustic
2004/ 074931 19 PCT/_@L:f 2004/ 003179 Cainms 1. A nethod
energy Origngdning sbsepfialbh aeeuticuyb diteeian apd gsnpEipg acoustic energy
: j ' | [ ntially
o RN aAR R O o hERRL] BB sl
sem conduct or substrate; and generating acoustic

ener gy iented. i .supst .ant.i gl | rallel .direction, .
CoSt e The aikeBSs ol Bid E SifEuhdhe eslhad pafhug, oF geneiline acousti
ener8P tdRAteal inC haiubsthnti e heipBndiAfaR aRESidnC afi&lcl¥ralific acoustic energy
_ nmegasoni ¢ ener gy ?enera.ed t hrough a nmegasoni c
orienteGincinbetantially panallohdireasion afe prrformed ali¢roatelyer
conprising: immersing a substrate into a cl eaning
solution contained within a vessel; and

6. The method of claim 1, wherein the method operation of generating acoustic

energy oriented in a substantially parallel direction to the surface of the semiconductor substrate

includes,

reflecting a portion of the acoustic energy from a reflection surface toward a surface of a

semiconductor substrate.

7. The method of claim 6, further comprising:

modulating an angle of the reflection surface relative to a source of the acoustic energy.

8. An apparatus for cleaning a semiconductor substrate, comprising:

a base;
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rotating the i nrersed substrate. 4. The nethod of

claim1l, wherein the nethod operation of generating
W@ewust4981 energy oriented in substanti al | y PCT/US2004/003179

per pendi cul ar direction and &@nerating acousti c energy

oriented in a substantially parallel direction are

perfornmed sinultaneously. 5. The nethod of claim1,

wherein the method operatiop of generating acoustic,
endrlgst s sdewall e¥ending Femhe pasei t?ae sewall Yeingsabstantially

perpgﬁgi&ggﬂtg@h@gggegener ating acoustic energy oriented in
a substantially parallel direction are perforned
al téirst ateghsonictranfdecareffixed tofhedlasd;and, wherein the
met hod eration of .generating.acoustic . ener . .
o sk megasonic trinsdrer ajfiksd fhg Sidepall; whePImGHE figst pregasonic
transMEra€ Srictred i HBFAPNFUEIBEoRY RRhA& 8lativd& M6 8Sond megasonic
reflecting a portion of the acoustic energy froma
trangdg¢drect i on surface toward a surface of a
sem conduct or substrate. 7. The nethod of claim6,
further conprising: nodul ating an angle of the
repl ect Th apprrhtds &f [cBlimt 8, \Wehdréinathé Mk Befdfes théhape selected from the
acoustic energy. 8. An apparatus for cleaning a
group SANSBING I ASALYBs¢FAR end 218R9PEISI ng: a base; WD
2004/ 074931 20 PCT/ US2004/ 003179 at |east one
sidewal | extending fromthe base, the sidewall being
sub8.t anThalapyaraer gfecidine (8, avherdin tthe dppa@tusaisfdonfigured to contain a

megasoni ¢ tyansducer affixe o the base; and a_ second
Clea‘ﬁ%é é‘i‘B‘iﬁ‘i’I‘cW%t{"é‘r?s‘a‘tY a2 FlefZ‘qui ‘Wége ’E’fbgetaﬁ the %Z%é? pne S\J\Si‘f‘éfY"ilr n
the first nmegasonic 5 transducer is oriented in a
substantially orthogonal manner relative to the second
medhsoniThe appasatsdofcdaim B), fiitter appatizg:us of cl aim 8,

\é\fg[f%inﬂgt ¥ t?)?ﬁsglbgt%ft%qgaﬁ% ezfj %getég f%gagltu%]@d &fogl%rgn’t Qﬁe semiconductor

subsfr@etsapgdrisd BPa shbQradd Baipattus sBffadd 8f MeSenifidatidr ktrate oriented
apparatus is configured to contain a cleaning

substggiialty maralet tie re sudacd ©f Weffinedndgpsatie trmsducandthehsurface of the
somPipd 87 BB ARP b s TR BP BBk B Bty e sccone

megasdnich@nedweani ng sol ution, the sem conductor substrate
supported by a substrate support, a surface of the
sem conduct or substrate oriented substantially

paj@l | eqyd Qpfhraitd E@?lgin?ﬁl,]fxbft?eiggéihrtﬁé fif gﬁe%gmn(i"c transducer is configured

transducer, e surface o
to provide acoustic energy for cavitation purposes to features defined on the surface of the

semiconductor substrate and the second megasonic transducer is configured to provide acoustic
energy for acoustic streaming purposes to features defined on the surface of the semiconductor

substrate.

13.  The apparatus of claim 8, wherein one of the first megasonic transducer and the
second megasonic transducer are configured to configured to decouple a direction associated
with a corresponding generated acoustic energy from a source of the corresponding acoustic

energy.

14. A system for cleaning a semiconductor substrate, comprising:



sem conductor substrate further oriented substantially
perpendi cular to a surface of the second mnegasonic

W0 cnd®tser. 12. The apparatu§ of claim 11, wheCEUS200HE3179
first nmegasoni c transducer configured to provide
acoustic energy for cavitation purposes to features
defined on the surface of the sem conductor substrate
and thg second negasoni ¢, trg;ggucer is. configured_t

pr BiAYS2KIBg GRdRReT CaYBrdyined Py 3 OieAn @t lepsteongisitgwall extending
therdftdnt) nk QOrIf?g%tréiLt%sret‘Aﬁlfd '&ﬁﬁimg Bf h hguﬁ%lftlﬁﬁ el Em&rb%w

sem conduct or strate . ppar at us of cl 2 m

8, awiistreiersupprat adnfigoeedfto Bsppammgldsroﬁate(ﬁ $en1anr$mtlucte>r sabisttate about an

T secon oni c transducer ar i gured .t

axis D iR COB O AOR T e e S g U o o popgort and
rotat€ @Her LaRpdLaer ARREAR I HheIMRY AV FIRS &‘Akf roma source

of the correspondi ng acoustic 10 energy. 14. A system

f on ficdt ezeghsogicirasdico noupledio theibaser aitop, surfmf th¢ mggaspdic
tranﬁ%ogeg{b%g%\%gﬁ gxﬁ]@ﬁ%@é{ﬁ 9)4/ Q tgl:él?sglﬁ&c ?ﬁ?lg g%r{]l08ﬂ(glc§0r Substrate and

Si devednld mEdLosic rtﬁmsdd%@f eé éﬁéﬂ tol the dt agust 6RO kideWwaR dwhérein the first
retain a volune of wthin the inner cavity; a

megagpist wansduens gp daonﬁgu.md i tg Lﬁee@rateoa@u@tyo eReray dsyasiaigd wath a direction
u {
s RGHE Sr5L b 3bBRDRhe B BBl sppptgnd wheen
the ®otid feg@dnicoraspper tis amflg!ﬁrafcbtoag@etdne aS®Igtic @nélig taggociated with a
substrate in the inner cavity of the tank; a first
direqtiog substandially apaeldte ﬂh%bﬁﬁmwrfase phibie sgmicondugtegsubstrate.
surface of the nmegasonic transducer being
substantially parallel to a bottom surface of the
seid. conm‘h@tsgstemu bf talaioe ;14 amhemis eho rdonstigasmargy associated with the

transducer Iedt the at | east e si.dewal |
direclioR P anspllss pripendiculs ) i bOFGIRSHIES o P oy gidugior substrate
p10v§d3:s QB RieliRhCeREAU Bdrl @isIBASHE haRRIQACHHo8itdMiRirA features defined on the
direction substantially perpendicular to the bottom

bottayn sfirdase of thet emicediictonsibstrade. substrate and wherein
t he second negasonic transducer is configured to
generate acoustic energy associated with a direction

subst anThéldystepaoaldigh 19, therdwtthomcsticaeser®f dsbiRiated with the
sem conduct or substrate. 15. The system of cl ai m 14,

direqfjorrsabsiantiadly desllsl ite thenbytiyn serese &t b samigpngdpgor substrate provides
acougfu.r 9etah1?ﬁ]0 ét#é?é); ?d}tré@%%%h 5%85@%&?{ (ﬁ'[ of ﬁs?l%g}dé\ggtﬁﬂ%atures defined

ace(ﬂ sem or S

on thedottbat sudfaceofthg yerhioondlicsdradigstag:. parti cl es deposi t ed
within features defined on the bott-om surface of the
sem conduct or substrate. 16. The system of claim 14,

whey ei nThbev G %?%laﬁ?lelme ReGhr g‘f%cﬂtl@f 15‘% Pohfd tHﬁ%duce¥ and the second

direction substantially para bottom surface
megasonichmnsdurecopeaate irophaselbst r at e provi des

18.  The system of claim 14, wherein the first megasonic transducer and the second

megasonic transducer operate out of phase.

19.  The system of claim 14, wherein a portion of the acoustic energy generated by
the second megasonic transducer is generated toward a reflective surface associated with the
base, the reflective surface configured to direct the acoustic energy toward a surface of the

semiconductor substrate.



acoustic stream ng energy for replenishing a

concentration of the liquid within features defined
wo@rooiioei9Bot t om surface of the_sem conductor subGI/U&10684/003179

17. The system of cl aim 14, erein the first

megasoni ¢ transducer and the second negasonic

transducer operate in phase. 18. The systemof claim

14, wherein the first negasonic transducer and the

second negasonic transducer operate out of phase. 19.

Theo sy stTaEstert bAtRIn 49, WhGERIthe fREfTd QRfalE i f8ociated with a shape

acoustic energy generated by the second negasonic
seleqtechifemiibegropp coemstingtof dubstantinidy Haty edricave,iand cenvekace

associated with the base, the reflective surface

configured to direct the acoustic energy toward a

surface of the sem conductor substrate. WO

2004/ 074931 22 PCT/ US2004/ 003179 20. The system of

claim19, wherein the reflective surface is associ ated

with a shape selected fromthe group consisting of

substantially flat, concave, and convex.



