WD 03/ 064064 PCT/ US03/ 00439 MEGASONI C PROBE ENERGY DI RECTOR Background of
the Invention Field of the Invention 5 This invention relates to an

appar at uswbas/oedoeani ng sem conduct or wafers or ot her such PiCtrams®s/oo48gui ri ng
extrenely high levels of cleanliness. Mre particularly, this negasonic
probe energy director relates to negasonic cleaners configured to prevent
damage to delicate devices on a wafer. Description of the Related Art 10
Sem conductor wafers are fre%@gwlﬁwﬁ*&ﬁ@eﬁﬁg solution into which
megasoni ¢ energy is propagated. gasoni ¢ cl eaning systens, which operate
at frequencies over twenty times [Baghreundbttbeinvepfionr asoni c, safely and

ef fectivel o] §MRY ek rticles frommterials wthout the negative side
effects as h ultrasoni c cl eani ng. Megasoni c energy cl eaning
appar at Gses t ypiToalihwntoongdatessie aa gppaaiveioe cleaning semiaongabtor evafesowr pited stob imms 15
transmtter, The transducer is electrically exc. ' such,that i i es,
and the. t ¢ RN APRRPSERE bty Bk bt Pt Pt ol BBt
processi ng tb medasonitltieamegs dosflyuredito plevdnhdamagestaddlicete delicsdn pwafduced by t he
megasoni ¢ energy | oosens particles on the sem conductor wafers.

Contam nants are thus vibrated away fromthe surfaces of the wafer. In one
ar r angenentDeséribfith @f Bk Athe wet processing tank fromthe bottomof the

tank and overflows the tank at the top. ntam nants nay thus be renoved
 rom R0 Cank t FaeiSGMOE IRt FRTIO EBET PreBaRTboUtea R HYPHTRSRIens SHa ng

the fluid. pﬁﬁ)aga@m et RleahRfl H5t8md) NBh opifdte aSRudnbiebdrBleRty timbd hiﬁﬁer &fan 200
mnm and now at 300 mm th option of cleaning one wafer a ti me has
ic f

e . i | , fer at a ,
becone mor eltgeicr sfslyand affegtively reaoveagiglesfiogyTeateipls yifoethe negalive-Rle sftect associelete
of devices g ukrhsonit Sedipe val uable than its smaller diameter counterpart.
Larger dianeter wafers “therefore requi r&@q%r eater care than that typically
enpl oyed wit h ballegasopic epaiayrparing appsatuses typiealepamprises: NREpalashic trangéucergpipisdrie @
Ana, Clsi T ofal il aSndEnedued SCsidcicd %f'c'ﬂ%d RS EVItTREL SRS rés RRERFandniks Wigh €
an elongated probe Is positioned I'n close proximty to the upper surface
of a hor i zdeteentyyenety ite thuideir @rprocessing datknghe egitatianh thepiaaniag fluic prodisedaby e
produces a i / e i
applied to r{i‘%@éeoﬁfgléﬁg&flhc‘éﬁ@%?pg[‘)ﬂ@@sp%@gg%ng&gdtfgﬂgrre\{véggr;0{: on\’;l rg‘t’?i%f)élntguso t cgéwpa?’ obe
al ong its |feemgbesutiazas ofdireavafedi In enst asdngemer.rfidid ehiers tha fwet pracksstoa tphk frbre thedaltostals .
Producing r j by
ot at i ng t Hie Gt oGS R ek BLHE R, BoRRD o s betmclle R B ok idiof e
parti cl2®s oowveriowt di heduit andeby quaklyfdero@ngdiie flulde waf er, causing themto be washed

away fromthe rofatin fer n | e. of. r i
illustrated in US™P Qd\é\ﬁ?r%_rsﬁ@y%ﬁ%{g%ﬁﬁ!n %a@%gﬁgg&t%)a\%n?%gje r%ﬁlrgrtlgbosm%}hgh

i S i ncor poraptienchf tleania pne wefer kied tedtas BecorSeinbre desigtdst @mingledargectiesnetee wyferehidvieg i ve
cl eani ng. However . as the hei ght and, densit f deposi.tion, 35 |ayers

et ers haveriiiide abefed o R el nGf A piples AR AR, Lage B! B8R

cl eani ng nethdrerols requiraidadt dage thanthat¥picy dMprOd4vitoatdhldBadig@D<hdfer wafers.

25 Verteq, Inc. of Santa Ana, California has developed in recent years a megasonic cleaner in which an

elongated probe is positioned in close proximity to the upper surface of a horizontally mounted wafer.
Cleaning solution applied to the wafer produces a meniscus between the probe and the wafer. Megasonic
energy applied to an end of the probe produces a series of vibrations of the probe along its length that are
directed toward the wafer through the meniscus. Producing relative movement between the probe and the
30  wafer, such as by rotating the wafer, has been found to be an effective way to loosen particles over the entire
surface of the wafer, causing them to be washed away from the rotating wafer. An example of such an
arrangement is illustrated in U.S. Patent No. 6,140,744, assigned to Verteq, Inc., which is incorporated herein

by reference.
Such a system provides very effective cleaning. However, as the height and density of deposition

35  layers on wafers have increased, so has the fragility of such wafers. Current cleaning methods, including
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those using the device of the '744 patent, may result in damage to devices
that are positioned upon the wafers. Such damage is, of course, a serious
i ssue, bewauswewmbs t he val ue of each wafer after |ayers of Pairgiso$00439

sophi sticated devi ces have been deposited on the wafer. Thus, a need exists
to inprove the cleaning capability of such a megasonic probe systemin a

manner t hatthosk Iulsmg" 06l devie toh e 17145 Iatert, oy TR@R inf dambdees @evides @l a@@bﬁuoﬁt@ww@ﬁ\e
Through testing Inc. has determ ned that the extent of ma

caused to e'%EF v%e?fbc{a“\e Is, 9 SOWES, P 5erBPFYP DPGHSSIOf ey valug o grehuster afigr I%ﬁpf%@w@m

density, appHigichtddoielibed HTORRn dbFERE On GRS, IMaclGaded HRBMYo .m&weaﬁmblyanmg
| ower power. Testing has al so shown, however, that reduci ng afp ppomr
édﬁl]@@,ﬁ

may not be PRI E lichonesasasis Prase tsw&enwafaemar@@rﬁaagén”ﬁpw @mnslb bksei ng
applied 5povugrcamg\,@gso decrease cleaning 10 effectiveness. Further, sinply

reduci ng applied power in order to elimnate wafer danmage creates a | ess
versatile cl eani WépuahisetingitMggea, inerhag efprmined that the erirst efslempas| spused in easmalsritel y

clean at app dtl??fogﬂﬂ}ﬁﬁél ol tRARDRer sorﬁc%aﬁgenyfép%he% t@tﬁ @' D%{?E@%arpﬁe efEs @19{1’"“ a

probe assenbly that begins to rs at on he nost Wwa
danmage res LHYtaEplwngdnwevwers Tesiag ha§ ahscp fewn, heweygxf that reducing amhe@oylerd@gmet@e thedbs.

Vaves trar SR itk R RREES BRALHYohRY kil fpltoulr Db Beclp P oMy

Waves that strike angl es A et egr
do, pr oM0de efedticanedsy & udhen simplygeduding appfiedrpoweran ondefitd elimirtateowsfdr damdye cdaetes adesof

e 74 bl ok LAEHEE ol 5 Sl LA 1B 5P BTt bR

i nci dence @6 Stdlhes a iteadergangepfiubesdiian @@rope assendilyriigat beyias ldemagengfersabinly 16W.of t he

device. Summary Qf the lLnvention The S RI be ener dire has
several featur esﬁ‘ ﬁ%’sgwaﬁeéldgm??ﬁéesgl%ofm Fthl @% ﬁﬂ%ﬁ\? &@tp%wgﬁ" c8of 5?9?% ut
desirabl e ahdse wbiek @s not\iédebaatily plovitd the most 'effeetlvseﬁmg?ﬂ/\llaf/d%l that SWEi@AROMfsr apariafee
ener gy .di rector ssed th ] that _follow its_nor ent
Foat o de. vt naltiuei e ade & plodfs e Penno. piiare Armgicaicd ekl on
and parti Cuhei744ypa&ﬁtttﬁa’t redagsli tha gumﬂfeeofs)emtai ifdieftvabds! vitRout %ﬁf@édﬂﬁﬁdlﬁmg @einDinbepn
of the one wl |l (g‘ tand how the features of this gasoni c
probe energﬁlnﬁg’ %@‘{O}eraﬁﬂ"rso‘\’ﬂ”@ée 8\/}5 Bnge Sk walgamepe; v %a%“péwq"tslt%?leanmg

cl eani ng ofapiigbfthedevicd.h m ni mal or no damage to devices on the wafers.
Preferred enbodi nents of the negasgnic probe energy director provide
effective cleaning of a substrat eS he g danmage to the substrate.

The appar at us Inmleuﬁéagsoﬁc W@%ﬁ&g)ﬁd@&&b&e s'éverél rf@amuﬁc?%mgﬂ@@ﬁé gwnﬁ&t i Qolely
energi ze the probe, and include a coup osed between the

transducer res&ﬁ'?f'b{eﬁ@’ itgy ﬁ%‘lﬁ@‘e afijihutgs. oW'tth“W@Bﬁ th@ W@Pecﬁf) isImegasopirolspaesavsiresieas
apparat us igpeR8d b Weetﬂjalnﬁsothgt' fBIf%ﬁ it Rre %%waéntef@ﬁur&y w@%\ﬁl e rHrsE&l?edt BridfiyS Al

t oward speC|f|c areas of obe so as to reduce the ratio

nor mal - i ncWG@?r'ﬂe”'iﬂdb'ég'S‘EUésmns mdl naawlzalm@ft% reading 1 sgeiien ﬂﬁlHWaDeralhduDamﬂptlomf/@s
are those Wgﬁﬁg@mdn@lvifﬂy uftlefsBRd Inbw RN G2kt (e %5%%9?‘)?01)9]:?16)‘?"]%] foP fovide

whi | e the shal I'ow angl e waves are those adj acent "t nt waves.
The ratZbo cﬂdvaﬁta@mwm wwlua@eﬁclemmﬁe@ngtqbw@ﬁawmmmlmgtr@dwaagego degicasoul the dfetsy

LS. oot -t TS RSB oy AR50 SR o
coupl i ng beukebeta witheut tcausing diamage arttie Blhbetrqmr olJee apmiratus isdiideggn e dnagiadohic tpnabe] awer
edge of t hetra%dﬁ&? bonﬁéu?efd% 8\%#9’(29 the‘p%obe, and may include a coupler disposed between the transducer
and the probe. With or without the coupler, the base of the apparatus is configured to direct the sonic energy
30  from the transducer toward specific areas of the probe sb as to reduce the ratio of normal-incident waves to
shallow-angle waves. The normal-incident waves are those substantially directly beneath the lower edge of
the probe, while the shallow angle waves are those adjacent the normal-incident waves.
The ratio of normal-incident waves to shallow-angle waves is reduced by creating a barrier to the
megasonic energy in a desired area of the transmission path to the probe. Preferably, the barrier is in the

35  coupling between the transducer and the probe and is aligned with the lower edge of the probe. Preferably,
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WO 03/ 064064 PCT/ US03/00439 the barrier is created by formng a gap in the
path of the megasonic energy through the coupling, such as by formng a
recess i rwohg/oewepl er or the rear of the probe. Rougheni ngcrhsoyurace of
ei ther conmponent in that area also creates a barrier. This arrangenent
prevents damage to delicate devices on the substrate directly beneath the
probe 5 bythe bahiss isgpateth by fordinga gaf in therpeathlof thewnégdsunic eneryyetirodgh telalplimysuemed 1§
waves emana fromt t he g%rtl cl e | oosenjng

bt oduced. by PP AH@R) T RPRES LAt oemPer a0y b ST ober rareact hoe

i n cl eani ngareddidocteatoe s bariigpt i on of the Drawings Fig. 1 is a schematl o 5| de

el evation view of .a prior art nmegasoni ¢ ene ani ng syste

is a side cross- @&%ﬁffg‘w&ﬁmﬂe&w Mageeo g‘i"gﬁt%‘gﬁ%%??&ﬂﬁ‘e SHbngtE) diregtly bPFeé‘th t@e li’r ean
expl odeds peksig@cig e rynoea\r\m@mamdaﬁerwwa}@e tPshaRW2hyle HARYBmAMLtiNg! f@m te pritied-At4hel S
a side cross- sectl onal view of another prior art megasonic energy cleaning

system Fi g% g, the Ragiale ieaseniad prediaed by ithegnessy of H@Sw%@gwamsgrowqfes very effective
il lustratingclekmgf ormation of a liquid nmeniscus between the probe and a
silicon wafer; g Fig. 6 is an expl oded view of the probe, coupler, and

heat transfer element of Fig. 7apBrigiDgscrigtign ofdhedrawings el evati on vi ew of the

probe of Fig. 1,Frg1G04Rh&H tuc\:,\ﬂde@?e%tloﬁ \Vlé’vpocffa%ﬁorsrlt @fﬁ%gﬁmc eﬁﬁ@@ c%l anifd’ én(jucer

|IIustrat|ngthe manner 1 n he coupler s ctive sru sthe
transf el of nmegab®riita sdesragysecional viaw ofghasygiem stogn inFle. 1's a si de eI evation
view of the probg,af ment, and a 20
transducer, ill us ré%@negpl?%d pﬁs'&rg]ﬂgér)\hﬁﬁm?%ﬁea%ﬁ%bggﬁ%ﬁ in iy 2| ectl vel y

di srupts the traﬁsﬂe&aaﬁecrﬁég@smalale@nf@nq@erpmooartm@amnob@rgylclegmg sgsten8d are

front views of pﬁg%% 5 ?cﬁ’l £t9§r@1"t §lg\ﬁ{Er't%@e%pﬁ@qsllﬂsﬁ’{tlg%ﬁgfoﬁ&ﬂ&\l o‘?? ||(§1 d rﬁg?]%cus

megasoni ¢ probe ener prererred
enbodi nent bﬁwaeméehrea&anmaaMﬁwaferel enment - coupl er-probe 25 interface of the

nmegaso probe r. n AW of anot her
pr ef er;Tf esgl enbodi ng(ra?t'%feq%%&% ?fth[%;ag)ﬁgf;a‘ple}g@%ﬁ%argﬁﬁﬁéﬁe%ﬁﬁf Yr'face of the
nmegasoni ¢ probe Egeiadya dide eleation. vieedf diel pedle DERE: i ptoupler, athedtirensker element cahd
Enbodi nment s, Fi .ﬁL-3 . It&?ustrate HEgas ni cIe ng A ar at us r?ade
in accor dantéaé's‘%“%rﬁ USYFLING B, Tpanpie '%W?C ‘%ﬁ? ‘ﬁ S@?@Y‘F@a’%p&%ﬂ@ ’8“51‘382 rﬁﬁ)dg;agowg E%Yq

t hrough a waltHe pidB€ of a processi ng tank 101. A cleaning portion 104a of

t he probe 104 is_paqsi.tione ose bov ubstrate uc a wafer 106.
The probe 104 isF'E&Sﬂ%?ts'g g%‘ﬁ‘l'ond’ éﬁ?/ oéﬂﬁ 51%?9 %% Ty AEOYPEH R ﬁ}?ran gemetmd & ng
tank 1040 i strawedigerdiustraiih@©hé MhnnbMaivhicharScolilr sgleuiichtishipl Ehetrafsfer Wahehsohit Bnergih e
tank 101 may  hav an inlet (not shown) for introducing fluid into the tank

101 and an B8dEP ®(not 35 shown) to carry away particles renmoved fromthe
wafer 106. In a pgebesd ad iomRes oBMbfered YoBs-@stiohd) 3hapsdMRe coupler of the megasonic

probe energy director;

Fig. 9 is an exploded view of a preferred embodiment of the heat transfer element-coupler-probe
25  interface of the megasonic probe energy director; and
Fig. 10 is an exploded view of another preferred embodiment of the heat transfer element-probe
interface of the megasonic probe energy director.

Detailed Description of the Preferred Embodiments

Figs. 1-3 illustrate a megasonic energy cleaning apparatus made in accordance with the ‘744 patent.
30  An elongate probe 104 is inserted through a wall 100 of a processing tank 101. A cleaning portion 104a of
the probe 104 is positioned closely above a substrate, such as a wafer 106. The probe 104 is supported on
one end outside the tank 101. The processing tank 101 is made of material that does not contaminate the
wafer 106. |
The tank 101 may have an inlet (not éhown) for introducing fluid into the tank 101 and an outlet (not

35  shown) to carry away particles removed from the wafer 106. In a preferred embodiment, such as that shown
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-3 WD 03/064064 PCT/ US03/00439 in Fig. 1, cleaning liquid is sprayed onto
the wafer 106 via a nozzle 214. In this arrangenent the tank 101 nerely
conf i nes wproape40b/1 anot her preferred enbodi nent (not showrCI/usoseossy , t he
tank 101 is at least partially filled with cleaning fluid. In this
enbodi mrent an O-ring 102 provides a proper seal between the probe 104 and
t he procesginrg 1 tosaningliddid ls':_spr%yé@i&ﬁ{o tiier vefes I 69 vid'® ndagle 21434 thtsmrra@emamthmtamnm a
housi ng 120, 1s acoustlcal and chani aII oupled to the

Al'so cont alMR&Y CRRTNEN $rayndn ﬁ%?ﬁ@'i By efieﬂc?mb% rgenbk/ngtz%gwrg,ciiowp\@r tthesA @ﬁ{?géﬁ‘ atlﬁ??t
acoust i cal patihPsned @igh cletni 2thﬁld hpadis dnibadidnBsn OBIENIES prdvides a Hiopdn eeapictwedr the BaBe
el ectrical connectors 14 , 126 are connected between the transducer
140 and a éQﬁ‘Lﬁ"@@eBWC@F'@Q:"WkﬂQbI energy (not shown). In the illustrated

enbodi ment, el eqtHobClinsfEraRdHRet $34, %t%m@d)wmd §€h§usﬁ dQ@ﬁs &doustiedif@nd madhenically
el ectrical connector 154 conprises a W re. housi ng 120 has opem ngs

144, 146 th@mle@@ﬁ‘@rﬁmb&nmi"fnl o ¢ontatied wﬂmrm_heah%ﬁ'rﬁnﬂwi PeRiezaglsHipjtiansglpoer 14

respect ive 2 1 r
el ectrical E%logsrf%éehg C@? ?% hea‘%nsw%%m%r gta\ﬁ/é ?ﬂglh]%l el?;é&tlgfé@dﬁhéwrs 1§%|1E§[s1 2614

150 al | ow aregamesersshetieen hi transdicenide endsmepuiss peleckieal prsiayiiogshopn. Imeilusiaadi ng
120 i s prefeﬁﬁ@mﬁﬁt Fedfahnr g&%’rﬁh?ﬁmph fa"aﬁ)g 0 15%@5@&{8%%&&4 ﬂcﬁfﬁ%%% es a

cool ant (s) pen en ousi n is part |a osed by an
annul alOpl ate 118 mnth an opening 132 through which the probe 104 passes.

The annul ar pl atrﬁ? iﬁjg?g{;ﬁg P%{ll)g?n(iﬂsqgﬁ44d14%'ﬂ%e§$poﬁ)§ﬁ e, ﬁ(ﬂntb???' 5?1'3(3&%@& coﬂ)‘ﬁﬁ%ﬂg

120 and has a pl organi Z i nan ou
i nner ri ng rebpdktively, fpd caoladt.i The hon‘smg ¢2frafse bascanpaning 15 Xfordeckisal smn@tw 1264 mdich

v e BB 4 bl SR PSP g8 R R e

t hr eaded faarsmg\ezoss frdfgrabhhasde 20alenivertafatiftatie beghtransier tothe eolantishg 130 and t hr ead

pacer 45116't na e pRbe Adetods 121 ok Pl B hak 3y 8 B2

116 positi (ﬂflbu@ﬂil@hlcmlﬁelﬁrbm1012ﬁss§3]dThfelaarruad plptedmahasaamutmmemn extédding beybﬂd te
the tank 101,

th onl h robe cleanin r 104a. ext.ends i.nt
the tank 1@3”3‘”9&3 @%@!éyéf g&?esloig@m'z@dngt@%(ﬁg 15 'fd deill:] rggé% %ﬁtﬁﬂ' soﬁng
120 L rom It :&&1{18&@@ kzsl%h %Qmaéx:ena mrdugtaihe vmérrrm ks T3 faataamr;erpatetm am:swlema:s.ngm
to the wa is mnm

or suscept df0-108 qn%“‘%@@ieﬂﬂ%ﬁéﬂpuﬁtéﬁi Qlth%‘ia”kt‘fﬂa(ﬁ 1% C%%@rlla@g%“ﬁr ‘i?#ﬂeys f@%ﬁ(ﬁ

probe 384 (kb thrddgh tthwteﬁﬁJﬁqapér@ Ithréed Shtd MR tahicwidh wmrmh@ T«bﬁteﬁ@é’ 1% alsd Bend through
illustrated arrangenent includes an outer rim 108a supporte

plurality &kewpakescerpsls. thatiseacs hsiriate Aibropdth ek wel' 18 %aﬂtﬁcefigﬁ@cposmm Bh is
suppor t ed q’iﬂusﬁ’ngﬁf@énﬁ ﬂgrrg@pro%héé?? rﬁ’dﬁtﬁib%‘ﬁtsfdg‘fh@%hﬂﬂ %Qﬁét@rﬂ?fﬁ@brbbecbfeaﬁlﬁgi‘portlon

processing tan he tank 1, the shaft i's connected

notor 112. 184 erﬁedSpmt@tb\étan®AO1co°rhq9rﬁh%é@ceas %@llsoalte tg M@gé@e?ad tf@ﬁP%tﬂ‘BéZQ ifcwéfh%r :
pr obe- "ket&k%‘i%ﬁ%ﬁwf&?%&ﬂbnafolfégo‘h%m?r%%ﬁsduéaﬁﬁ@t3ﬁewaﬁ%o |§l9fnfrﬂ|z@d“ 104b. The

cross-section of t round an advant ageousl y, the
di anet 86 of t he Wihind mgcemttarbﬁomzsapnoé og prgeepior 108ris @nsawd onraliehtarand feclasgar

portion 10%&” |t{/togq§%rro%£%4r($ﬂ oL ef@%gcgﬁd?%érﬁ t4Ke 9o forﬂﬁpﬁ'ﬁbkmjsﬁa?é% hiifefent 04€

i s appr oxi a Cross s ction o robe eanlng
portion l04mludeSfancuiar e 108arsosmeHasicyta punaity of Brobess108h. hEhe SDWéﬁ are icpnpadtety topehyb be

enpl oyed. 108¢, which is supported on a shaft 110, which extends through a bottom wall of the processing tank 101.
Outside the tank 101, the shaft 110 is connected to a motor 112.

30 The probe 104 comprises a solid, elongated, spindle-like or probe-like cleaning portion 104a, and a
base or rear portion 104b. The cross-section of the probe 104 may be round and, advantageously, the
diameter of the cleaning portion 104a is smaller in diameter than the rear portion 104b. In a preferred
embodiment the area of a probe rear face 104e is approximately 25 times that of a cross section of the probe

cleaning portion 104a. Of course, cross-sectional shapes other than circular may be employed.



-4 WD 03/ 064064 PCT/ US03/ 00439 The probe 104 is preferably made of a
relatively inert, non-contam nating material, such as quartz, which

ef fici entWQ oBroess4ri t s acoustic energy. Wil e using a quar PETASOY@43%S
satisfactory for nost cleaning solutions, solutions containing

hydrof l uoric acid can etch quartz. Thus, a probe made of sapphire, silicon

car bi de, boron mid grésde 04 rélptréwébwa@abmﬁlatlvaymsrsxnorcamtammatmgma@ﬁlal GUEdRi dugrtz, or
ot her suitable materials nmay rTBWo yed instead of Al so, Cleguart

may be coati@eh ﬁ@c'eatlymww'tSaaCOLtsvfaeneigx le; ysing;g JarzIphecis % ‘iisrfy fog \iop clegaing

silicon catdig®, schitibrisCcOmaimhd Wdféﬁhoﬂcf adﬂ dah @R GuapRar h’ﬁh@ a Proleyhade @F sdpphileysikbraped
cl eani ng portlon 104a having a snmall dianmeter is desirable to concentrate
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the probe %Hé%)’eé inBto4f 2 hahk. Y A1sd filahs e cobted %‘ d rhaﬁér@ﬂﬁat R aNth feBbecltb PIFadutON

produced by asonic energy transmtted by the probe 104. In effect,
10 the probesiigprgeidersilicen niiidewr érepusorid@hdi ng and contracting at spaced

locations al ong ?ﬁdrlcﬁ@%ﬁ%e@éle%mgﬂﬁoﬂt?§4a hafifh-a ot aﬁffilﬁrﬁé@hsydesﬁaﬂ@tor c%ﬁUth%té)(f\e the
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t he frequemegesofic anbrgy elogrtis/lengtivf the grobe104t Theman@teg pfrthﬂ;mreheé O4is peefecably sufficient

d d st I
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f the. f 106 i ¢ d 4 i
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enough o rea f th
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t he probe anl ng rtion da equal s - el wavel en
t he appl i ederandngspon tnaelzemith@amafea’fpub@d@anedq Fﬂlﬁ@h@tw@s@m@ whiigh th@fﬁﬁé&%@%ﬁ‘;ﬁ "Bt@)

tune the ! ianaglieehs b%%@uét@b?%ﬁﬂpﬂhél@@th%?ﬁé iftayel ength, so that it works

at its nost icle ober ar portion 104b, which is
posi ti @hed out siTtle lanpid Qfdhd( prbbeL cleairilrar@ﬁlom d04a e@mede@rmmeﬂr@ea degitge riumpes of

di anet er of %ﬁg | e g I’W@ f Bl %Sth
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whioh 1t HERPEGR ddne Faiedanrar e O Ratele ™ PR s ReerR 308 e GRSHEY,
140 to obtain the desired wavelength, so that it works at its most efficient point.
30 The probe rear portion 104b, which is positioned outside the tank 101, flares to a diameter larger
than the diameter of the cleaning portion 104a. In the embodiment shown in Figs. 1-3, the diameter of the
rear portion of the probe gradually increases to a cylindrical section 104d. The large surface area of the

probe end face 104e is advantageous for transmitting a large amount of megasonic energy, which is then

concentrated in the smaller-diameter cleaning portion 104a.



-5 WD 03/ 064064 PCT/ US03/ 00439 The probe base 104d is acoustically coupl ed
to a heat transfer nenber 134, which physically supports the probe 104. In
t he embodwowmaiebs Fi gs. 1-3, the probe end face 104e i s becuawoweo4gd ued to
the heat transfer nenber 134 by a suitable adhesive. In addition to the
adhesive, a thin netal screen 141 (Fig. 3), is preferably sandw ched
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104, as describ screen utilized in a prototype arrangenent
was of thetr@ﬂ@lmmeedomﬂ@ﬂ adhepjye maialpipua ungorong H@H@é‘"'nwhl”é%'qm'e&ﬁn {he surtagas of
betueen | ak! %s@nﬁa&e%qé ARARY el t%ﬁsfér%m@&h@f' Vifese HOIcAES Gl BRASS B e
sol d by VAR ternative he 'screen 141 e made
of ber yI | i mﬂn elombeln wodbdmwpt ﬂ\eor@nsmlaalgmefsne@aﬁowkenerqydl@@ theysupiearti to the p@gmﬁ%%s
usi ng chemdgs%hbe %%}]‘A’ ng- processes. The transducer 140 and the heat transfer
menber 134 -are contained within the housing 120, 15 which is
preferably cyli fte saamh uiliedshapetotyEreganyement wawhﬁlé@xpambmiﬁl tireebpé 0§dhinthesd
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heat and mgﬁmﬂimlkaneh@wnvewmélsmn nﬂagimsbe umatle df heryliven cappearagmhﬁa@m inches thlck
illustrated in at transfer nenber 134 is cylindrical

and has an "ﬁﬂ%'ﬂﬂ"ﬁgouaf’m@esl@@g C'\ffmcﬂﬁﬁ@&p@%&gs‘aﬁs a coolant duct. Smaller

annul ar grooves Thd8ansdizs 140 akithdheai tEbasferafenibivel 3¢ aebath tordained withif BE hcmsmg fl2ac t ed
W th swtable seal s e, t he | ant and

preventldit WPBﬁ]pﬁiﬂ’%’}YfC@P’aﬁ@' 'W%g??otm%ﬁl%?téae%?ﬁ”&e&%er 13%??@3@7%41‘@““@8 a‘E'Wér fecess
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from Abl esthek heQkatfiangh ﬁlel%ém] ﬂgélﬁﬁndncgpdnh h& R iafnular §6ove N SN REIEhGBIeslatQ doslant
preferably di sc shaped and has a

iameter larger 25 than the dia
t he probe rdéglr Sradlletanpiar goaves 139, 1AQen batiyedes Pféfﬂ?scF’@’f‘”tﬁfPo"SéM? fitied @'M@'eﬁ?a&n
the tr Q@Sdléﬁcfhraé olrﬂ]@s q\ﬁ 1929 BEALRe d0dfnt ahDBroRABL ok iREHRHIRY witBHERREtricBdbnheRtions

preferably gol lated on its end faces to prevent oxidizing of the
al um num tf%@emdqﬁﬂd\‘}@ ding better bonding with both the transducer 140 and

the probe 104. T-EQFa 0o %%&d &ir &thbﬁm@@?coﬁﬁlcaﬁ!%b@ble&tb'ttfé‘fé’é?ﬁa?s&fﬁ@tof th8

approximately equal to a nu wavel engt h of the ener
be appl i ed heg tramséer pewbss 13404, swt@blem:ndm materigbis thatddeatified 8. av%@bl%f@mbieﬁf@kt he

probe 104 t ﬁg&?ace 52 %Q?orr?}? Thlengfﬁﬁﬁc?rt@g is Z;Pefe!: £ dls%sha Bpbdaghs & Biﬁrﬁetgcm ng

the probe e vac ase is ap E
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Perfluori na'Fhe membera1s3‘3 prerf) bﬁlmas an axial thlckness that is approximately equal to a multiple of the half-
wavelength of the energy to be applied to the probe 104.

30 An alternative arrangement for coupling the probe 104 to the member 134 is illustrated in Fig. 4.

Rather than bonding the probe end face 104e to the member 134, a vacuum grease is applied to the screen

141, and the probe 104 is pressed-against the member 134 by a coil spring 143. Vacuum grease is a

viscous grease that can withstand pressures on opposite sides of a joint without leaking or being readily

displaced. In a prototype arrangement, the grease employed was Fomblin Perfluorinated Grease, purchased
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conbi nation of the grease and the netal spring provided a reliable

acousti c wouwplssegt | n the enbodi nent of Fig. 4, instead ofPCralsnt/aage t he
housing 120 directly to the plate 118, the housing 120 is nmounted to a
ring 147, which is in turn nounted by standoffs 145 to the plate 118. This
S confi gur fdph Rikidneat RRatél FIRP TREEIMBREoh BEthé glésden@d 10nedl dpring @ropiiat # refidb
The coil spring 143 is p05|t|oned in this gap and conpressed between the
pl ate 118 aw9esté puPGper ed portion of the probe 104b. Thus, the spring 143
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probe 104 AN i Jeipd | on
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the ”egaSOBHoE ﬁ)r O e%'ﬂ\%&ﬁ’r}{en%frl:gcéf &5ctnc‘a°f%or’r'ngcﬁorﬁtezig?cﬁ‘?chon%@m SGRHHE ﬁ’JusM‘%’fZ@r S
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meni scus of fluid bet n t.he robe and. t and so that the
agitation SEP foﬁ% |lwlﬁﬁﬁ@}gﬂﬁtgﬁth?ngaﬁqngg@biﬁﬁfg\gﬁ&%{ohe waf er 106 | oosens
particles on thes wrsfzéﬁf&emf:orﬁﬁtm)rwaffaremcrééb@s rdfieefhem eldzhiyg a tasesttel pistadancat ohret veen
the probe 104 and the surfa r bout
0.1 P ndhes SRR opgite byt Aea s 38 ELRLh kTR o T P o

that the erAtsJeﬁqraoddmrwa@um‘eaﬁ@th@farttlbea bewRRd |51¢D@eqmstseamppbrmewmyn the tealat 1. the

vi brating probe 104. The rotatjo e dependi.n t he fer
size. For dpe Waferdﬁoéﬂﬁeﬁ%ﬁt'or\ﬁié?@ic'e“& @qhe ijt@ﬂé?,tc}e/ﬂea?ég@ JERHS é}ﬁ@g&)gtwg?n tY]\?r om
5 to 30 reyphsbidanSwddand wtwthé,aglﬁwﬁ ofiRé ﬁludlfe@\fe@rﬁ @b bivbd 10anrmd e wafer2106 fopsens 25

Longer cleaning tines produce cleaner wafers. However shorhﬁrﬁ?@1 L&gﬁ%‘f

times incr oadees onme@u@ﬁ%aftthe Wafes Qo P referrbly R disiyoabebuge ihe Hiops,
cl eani ng.tiyia i 6 Y Shaesh Agbedi ment s of the  megasoni ¢ probe
i

ener gy rector are fromb seconds to 3 mnutes, and nore ?referablé/ th
15 seconds to 1 Thermptat 2 rolates thersueporh 108 pensia deroke {(Agn St foesntire eper surtace of the

el ectrical l\% 81(66 L& difebt %%Etﬂttrﬁﬁnb?aﬁngaprdfibg@ frheRtagNGEYeed wiidaiiedehdiRUpyn héie
transducer T4 |£ energlg at megasoni c frequencies w th the desired

watt age confessizentFongn B diamster wafefb@wgvez orefpred wisHoQ &P%edbéfeﬁ@mfb'di? R gpvolutions per
The. vi brati t I{mq] r(gébg the heat transfer menber 134 and to

t he el ongatng tépéngb’i%%%rg 38 Ft]18)4 then transmts the high frequency
ener gy 25nto cl ed.nngeg cfelamjrlgdtlmetsepmm clebner prastse  However ghariee Ckﬁﬂ{l‘r@rt"@%'“cr@ﬁ% of
the signifig L Ang Fgm? be &rb¥6rredleRb &R RPR
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pr obe cl eamieggsonic probe energy director are from5seconds to 3 minutes, and more preferably from 15 seconds to1

minute.
When the piezoelectric transducer 140 is electrically excited, it vibrates at a high frequency.
30  Preferably the transducer 140 is energized at megasonic frequencies with the desired wattage consistent with
the probe size and work to be performed. The.vibration is transmitted-through the heat transfer member 134
and to the elongated probe 104. The probe 104 then transmits the high frequency energy into cleaning fluid
between the probe 104 and the wafer 106. One of the significant advantages of this arrangement is that the
large probe rear portion 104d can accommodate a large transducer 140, and the smaller probe cleaning

35  portion 104a concentrates the megasonic vibration into a small area so as fo maximize particle loosening

7=
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wavelength of the sonic energy in the cleanmg solution. Using deionized water as the cleaning solution, a

30  quartz probe 104 and a distance of 0.07" between the wafer 106 and the lower edge of the probe 104, the arc
defined by the wetted portion of the probe cross-section is preferably about 90°.

The cleaning solution provides a medium fhrough which megasonic energy within the probe 104 is

transmitted transversely from the probe 104.and-through the meniscus to the wafer surface to loosen

particles. These loosened particles are flushed away by the continuously flowing spray and the rotating wafer
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When t he wogaiogtohid ow i s interrupted, a certain anmount of a@Cyiusg3/e@s? on is
obt ai ned through centrifugal force, with the liquid being throwmn fromthe
waf er 106. Because the conponents present on a typical silicon wafer 106

are rat her (geliieatR, nqeﬁ@ﬂ@v BeHETuR&Y, alateRnanutioN@yihd &utier is abtkin ok erdrifigal
ensure that none of these conponents are damaged. As the anount of 5 power

appl i ed tofOfCﬁeN'tbﬂ‘@ﬂi‘é“dlt@mg F@Wﬂﬁ?ﬂ‘ g waler 108-he anount of energy transferred

fromthe probe 04 dsGnd &%p%eﬁt@'ﬂr‘e%t &4 anbé’?ﬁllrcbﬁ whiBiC108 3 ather ABRatt, NareanmuRy  Of
energy transferred fromthe cleanin ution to the wafer 106 is al so

i ncr eased. taken dyringdhpesieaning Ripcess te ensurg fnaknoag of fhgee GoBRRENE AR Mpraaged: Jsitiieeampuit &f
106, the g[xﬁ%* ?rflrplu-%in@ the&f?c?b@%ti RlincfeQded WA %ouﬁilad?@ﬂﬁg t-EHéi'e?red %‘rﬁ‘ th@ﬁ%ﬂ@do@fo the

decreasi ng" wa crease t he power uppl i ed
t r ansducer clgaping soltion @bngsrerasem and thg amaent picnery tran@tersqdmfrpmé’r@ cieenlrgrﬁelumné%@e voler 10

Testing hagyal ?Qo ﬁ%@a fRée)X‘@é’ efal ruﬁahtﬁé 8%?1&%5' @@C@ﬁ)@lkeh%j the WAer 10€BtMe ﬁ'r@éter%‘e the

best sol ution r “danmage’ e re uci ng appled power
may al so dedendiaser wHfer alainags. elfhﬂecom meﬂh@sef der;rgasrngg\rafer d@i\a@pll%/tordé@ra@ia e Bawel i ed

power in orde el i I satil e cl eaning
appar at us. edi(ﬁg g‘],“"egt‘g’r *ﬁ%&%?@@?ﬁ%‘”ﬁ 'rt%ﬁé nﬁtge%?ostgeep?@)e\ﬁ&f ean at applied
power l[@ads up trestrt@hée,\/atsashoam Howevar] thet reduaiggappiiedpswes ntahamt ba thebess golution torthd y
t hat begi ns ers at only.1 |y
in Fig. 5, w?f%r da%geeog@fyr EB Feae EdyoRd ?PIRR%"rSF’@Wef&EP‘rSr%Zd%Cs? . ?reéﬂigfeﬁecg\geﬂ&g?ﬁﬁ@ﬁjé
fcent er hof tsrhrglyqydmrﬁgiepmad pP1ed hre orti€rto a'haatparateerdm@ eiEs ca Vesey gersatiie sakaning
romthe probe 104 produces {hi I b
probe cr os &PRES; g?f xR 8 p@h%??ﬁ?r%b\f\ﬁéag el s]a{}%%gprp% @'S‘ﬂmwg[rlf)%dsll § @g&nﬁgsa? I
poi nts on br@edeerahg‘écﬁusememeﬁr@treessemryeetregrmaﬂanrzgemfammelanMVhe bot t om of
These. hor mal -1 e AESHBeA A EEAEY MER- £I1E A F OB P 70% ATl ol b
intensity, c&ﬁ&%ﬂtﬁ@cyﬂrﬁkﬁrbél pRBETMY Thé paiter @Ashnio Wiavetsniidsion frorh mer]ﬁibe a04eraodua'd3&hrs
concentration of energy in a, relatively small area ﬂ gegq (ﬂ Iq tr cate
conponent s %afer @WQWP QI cifeutar pr%ﬁle%%é?ra%wr%@ e?‘?’@ﬁ%’(ﬁ hs lopa 1158
circle thayy ggfs %:Pﬁr@. eflcid. " PBrdidhe WaRsteRimdtihd frdf® ndah et of tﬁsmf&raeelk@the rmfee
shal | ow angl es. The energ transferred to the wafer 106 t hese wame_;

| ess i nt enSefachalrpr neai nielyrdgyea ?fﬁﬁszé?ﬁeéﬁmlﬁb'”%(ﬁé’&aV?srﬁrtke 8Urerdy
near thg b gk%%éﬁmé?ﬁ@a%%ﬁrsé f&ir &1‘8@? SBéFrfaéon SvBeSRinifal RY ¢fe doficeRtRItGPS eMYE in él

| arger are or each wave, her fromthe bottomof the circle it
enanat es, trei@velymna@arghmpy@mages,thqqe@cagﬁgn@nmts QRrecaler surfager j kes t he waf er

surface and, 'Weﬁ/ﬁs Hﬁ'ﬁ ngﬁrﬁm é)%t@ NRRg the clrdte hf{rberé §paced! fFoRRé BetbR birke thie viifer

waf er 106. These S gl é waves genera rovide sufficient intensity
to effectiwafage atln@emshalhw angidse The esergy tsapeferved MbwafeféQﬁsbyijQ Wavegia lepijetenspien s

characteri zli e%er i trQ'B{D |¥ %sq@é" X}@féeﬁ%m ol BttRar R GotthHh q;e@erugéaﬂe e ‘rb Efr'aﬁqwsém nt

of the negasoni I nvol ves creat'in arri r In
ener gy 26r am&mssssspmad mat mlatqbrearear €cheachavavd) heduniberdrom thedottom th the dircierit emnaniaies ihed

Such b I
o 1o R B R RS E e bRt 40 e R L il
104d. Thetrgaqﬂarradﬁtﬁelwﬁhen(ﬁ the transm ssion of negasonic energy to the

probe 104, thus ﬁesteesrhlal%% -angle \AB\?etstg%rrrerallg provide sufficient intensity to effectively clean the wafer

surface without causing the damage that is characteristic of normal-incident waves. Thus, one preferred
30  embodiment of the megasonic probe energy director involves creating a barrier in the energy transmission
path that reduces the energy fransmitted in a desired area. Such a barrier may be created by inserting a
coupler 222 including a gap 218 (Fig. 6) between the heat transfer element 134 and the probe base 104d.
The gap 218 hinders the transmission of megasonic energy to the probe 104, thus altering the pattern of
sonic wave emission from the probe 104. Preferably, the altered pattern has lowered cleaning activity

35  produced by normal-incident waves relative to shallow-angle waves. Desirably, however, certain portions of
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soni c wave em ssion fromthe probe 104. Preferably, the altered pattern has
| onered cl eaning activity 35 produced by nornal -i nci dent waves relative to
shal | ow awglog/oesmees. Desirably, however, certain porti onsPofi/USeDIOND

03/ 064064 PCT/ US03/ 00439 the coupler 222 all ow negasonic energy to travel
into the probe 104. Thus, like the heat transfer element 134, the coupler

222 is prehRrafe 2@@5}1&» Hégés@ﬁb dnE@ModralB i@ thedprodehidl, Tifus Aik& MO Hect BREIE blofiernPf
megasoni ¢ energy, such as alum num or magnesi um for exanple. Figs. 7a and

7b schermt i1&% hegoupler %?@ﬂ%mf@ammnﬁymwm@|aénef¥9éiﬁh’fh@tils@ﬂ@dﬁ@f&a@%ﬁf rﬁegﬁi“’@ﬁ@"%ﬁﬁ’er gy

director. sﬁbha?alﬁdwgumgl%a@ﬁéaﬁma\‘BrrWnt of which is shown in exploded
perspective view i an annul ar coupler 222 is disposed between

the heat transf é:mséla@ﬁﬁgmscmtlcalﬁdluﬁtﬁ@ tisrropsiplerhhind tryeggennsioepe ety dirgeioides a
circul ag g@cﬁas(&e %ljr%»gérﬁbn?of GRiBd i éﬂowﬁ) fﬂ ekd d&@%ﬁe‘&%ééﬁ@g view i Eyg. (B) bf anﬁlér cBﬁ‘pﬁé? §@ @18

t hus creat fween a port eat transfer el ement
a portion depQShdabqbweﬁbéﬂee”ﬁd t!faasf&ﬁ emaré134randstha;pr¢hed|0ér Theeapuries 222 Bcludes ﬁéﬁCU|ar

contains g, XacHUm, c{@ﬁtra\ Eort{oh hleu’égf "M J}c% Fec@s% 2%&% egfé§ a gé{f’\%ﬂ\}égﬁajgﬂ@ﬂ QRES

are very poor condu :
t he megasomea travesteesleR01 34raad/ebqrtrmg otthﬁrpmbg Ienct fa® 1@@1 tTlhla blroplglr rs¢e@a121éﬁlther1@nla@at

and mover FOAN W SEBEAT 365 FocRe SR bolae By ool PRAIERAT el S0

guration o
a di skishapeslgycdum, es Fig 22 skouk ehedineygsdnic aaves 220 reveling throaghstheecented! poriantof thQBeat

d h I I t
ransfor oltBimeonet TS0 Phekel B4R TR R g Rbod Rie s Bty WaRlove oty
t he megasorsifilaNyaMend dom¥igertion o1 figd 7H) %tdi&ﬁeﬂapédhfemr alm&ndlr[b?nroﬁltm.eat&ans&d element
illustrate glief rred cro

ctl nal t he, coupl er Fi.0S.
8a- 8c each %P és'cﬁfsép%‘ ipiibelwegh %’E‘Hﬁg"o@? f—:*the qut}gan%f&g&meﬁéﬁ ans(g{% Pbg
In the assembéreﬁdmgammzz GArETNe 3 mégewnmgvet@msm b@weeh st apan 219 is
preferably | ocated at the | ower extent of the ? 3@ ﬁ ]2%0 I n t%};
confi gdPation, tHE é@i%ﬁ Hustyatp | peiargd Ciqes- Sﬁgﬁﬁémpg 5 {8 COPE t 220 TGS B3 se
be transm tr&s%ﬁbl& 8 pleliith b ABIRg pid Qﬁhs@feaﬂnb@ gBY PIOE InGheSREYnib@d ﬁfé@dsbrﬂfbné;@ﬂdean'ﬁ@e
pattern of wave em ssion fromthe cleani nﬁ R)yrtlon 104a I%ﬁ%ﬁ
di fferent faPeRRlshdis gan &19 Baveiaslly osatad atdhe: powpraetedt PEine Pr T’?e“%ﬁ o Hi5 ¢
devi ce deschid@sion bRy §ap 218 DARURIBEIASInK walidiehaR B bihéhhisd1 B fambmittddCtb ARMbwer
waves is reduced, resulting in decreased wafer damage. The shape of Fig. 8d

i s subst antedgd ofyinesArobe stepmingl portion Hi4p.0f hepafteyn g wave amigsion; floming %!eaﬂ‘f‘%f"?ﬂoﬁﬂp@ s
orient eg ﬁi{ st diffcnt Yr Sthemreid%r lp%tefnoth%th@ c%ér@&élstﬁe&t hONAdr ahadRe delcribdddsbove,

6a- 6¢, the Ilptlca coupl er ters the pattern of wave em ssion from
t he probe oideantagenysipdietamovnt ofdemelipgidentravasfsaeduerinagiding in decrgasialshdamsee.

illustrated shapgs rﬂ? O\gﬁglgdsiy %S‘g““g'?ee‘ﬂgﬁ'ea‘f %e %Qﬁfo?fhe gm%agg@prefgllaﬁf 8ridhRY be

a range of equivale sulte

under st ood vesicatin eSirpikerly to & cioss- seu@naishapQSWéEIg& 6@6cpﬂ1@elmtl@acourée<re?aaﬁlfér§ ﬂﬁrpétteiffrpfno
way i ntend V. to the prior art
assenbl y oﬁ%ﬁé 8m|L§ionrmw§ rﬁ%@%ﬁe éogﬁﬂ’eﬁ%gﬁ%% r%hgqr coupl er 222 is bonded
to botXs the hea«tlthoughﬂmillestra’edi shapastare M@ suitedtto téneeagingokeder danthoé, diiste My dea ey an
adhesi ve.

st rat e

sandwi ched qggw\%ﬁpage& ?rﬁ‘f%’?@i‘}@&gu'te“%ﬁt &'Iscrugée%m%ﬁ?y%‘ jshﬁe? ﬁ@ﬁeegétgéagp‘t pigured
strengt h ofexamgeskeio neway imekeiso Iriithdsoome ofieageesi st ant to damage that m ght
be caused by the oni.c vibratian., Ln another t he

i nterfaces betwe rﬁ?a?ﬁzhecpg%@rtg?se@@ °@f9d1’f“r1°§e H@Iﬁ?edtepﬁ%@ F € Couﬁgﬁi% B2k o

both the heat transfer element 134 and the probe end face 104e using an adhesive. As Fig. 9 illustrates, a

30 thin screen 141 is preferably sandwiched between both interfaces. The screen 141 both increases the

strength of the bond and makes the bond more resistant to damage that might be caused by the megasonic

vibration. In another preferred embodiment, the interfaces between the coupler 222 and the heatA transfer

element 134, and between the coupler 222 and the probe end face 104e, include a thin screen 141 and

vacuum grease to increase the megasonic energy transmission efficiencies of the interfaces. In this
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el ement 134, and between the coupler 222 and the probe end face 104e,
include a thin screen 141 and vacuum grease to increase the negasonic

ener gy treapdgioewson ef ficiencies of the interfaces. |In thPET/USEH0OAD

03/ 064064 PCT/ US03/ 00439 enbodi nent, the probe 104 is pressed agai nst the
coupler 222, and the coupler 222 against the heat transfer elenent 134, by
a spring 1@t§bo@ﬁ1ehtnthé: brébe 164 |39Fes§ébfa§é§neﬁﬁe c%h'dlér@ﬁ EhdMRRBiREr DD aghtiask IAE hedk thahefer
bondi ng or ot herw se secur | ng the couple to the heat transfer el enent
134, the elengt &, W@Epfﬂm943a$sf1@mé Qﬁbymheifgl@ia%ﬁppﬁi@t@gr al surface feature of
the heat transf gLy, tﬁaﬂ%@r& @%flothé\m%éa‘ge%urﬂ tﬁehb@uplelwszﬁel@ttq?trreéﬂ%ﬁﬁér e%hﬁﬁ‘fel@& tﬂe?‘4
opposi te the transducer y, tor ex be machined to include

pr ot r udi ngcsiplef 222 may issiead mmMawam@;emial eurb@g‘qulg@@ﬁtr@rhegTrﬁﬁsfeaelerthgt T%oééacépf thg gs.
8a- 8d. i f £NASE BTRlKe!
simlar toﬁ%%%?'%%{%gp‘gﬂ 132%@(03' @e tr% E&Lgﬁ%’gu Ifée}rexg'g@e P%O'?nt'e ral %e or
f or med f r opmotriding safaee fpatlﬂe kaving a ma$sese¢tlam simiger tottoee ¢iéigs. Sa-Bhre ush areqzr@tpélmgnt 1’@21

cour se notopstali P RBREs R ATRRRIAF TS e BB IRTES Rl 2 i, B

recess ( noformduciom)thé sene ficae ef odterialhes, the htat tranaleséle@menel Bndhe stda 14bthataapp¢aas: ess

215 (Fig. in the probe .end face 104e upI er 222. Agap in
the heat t %%%{Wg}e egtyvgﬁlgrmn?s "i@gl g'shgf\%%l{;%er fot P@S%Bt?%ﬁé? é@q%lm%ﬁocat ed a sufficient
di stang@ from t hreanefgesivadmboli@ertt@atcety ( aaﬂsfumn |eb®wnﬂtheﬂ&4t tmosfer almaerdt! 34, or a

 gap 15 creEedP Pectipdey %@%tcheﬁm(sffeplaﬁ%?wlﬁl?p"e{ Vi oelnBera s d b

portion of 1341ﬁovmém§:p@r@dbn} REtedDsdfficient bistaie Ibm @RRijeg of thd heatiRansTerah@nisiBasd ar
di sruptions |n the pattern of sonic wave tr SSi

cleaning pB®M |tQ)?P"TPf§’H‘§e therrgals Fregied Ryrite ¢-geds ! @ig} off eﬁ%&@ml?og]@ﬁ@f%gapéﬁ &iaipd

134 coul d BewEn0Y peRH oM hedtdandidr elehentciah and)bltporﬁdhad!% Mot datl Gfte 1104471 Dse
8a-8d, or any other suitable shapes not pictured Scolge of the Inventl on 20

The abdYe prdgEHoRs Geatfeibiey ﬁ!ﬁrmtjwseﬁ the RiteRed ponyRe BRIRMESI TRindpe prghe cleaning
preferred eghadine thé I‘Bf)e énla %ce W@@%ﬁﬁ@a{ t%nﬁér%‘%ﬁleﬁﬂgi &Mld% bl%ﬁ@éarwnh anch e clithe

manner and process of ng and usi ng in such , clear, ‘concise,
and exact veishapesgictyred l@ﬁ'&%ﬁ%&hﬁ@ﬂnb@ih% @Na@%hpmeéaohpﬁtuwﬁe art to which it
pertains to make and use this negasonic probe energy director. This
megasoni ¢ probe energy director is, however, susceptible to nodifications
and alternate constructions from thppedftheliensod above which are fully

equi vahgnt. 25 %@gﬁw&g&wa désfcndnc?n e bbdi ﬁob&éoﬁt@%l&éh fBPpréférFéB bmbdainents of the

megasoni ¢ probe energy director to the particula mbodi nent's di scl osed.
On the contmegaspnic prbie anergeditestomand st hememeieand alopesproidhaking and ushg it dmenc full sleatat e

const ruct | g@-fclsg U Bgct\%rﬁ]pﬁ\o reﬁb%le%w S gtggd Ei(ﬁ%pa? éﬂvhléhh eﬂéangs% RBeSn Wﬁhé%%s

energy dir or'-as presse g clal s,
particul ar In)egq{sonmtprobmtenagyddméctsrt i ﬁnst mygascbrm muehewe@ubijr@mr inrdioveyer, shscepible to

TegRen  HAREATRSER B bPserio Ty TR AR TR ORI S AT | S
25  Consequently, it is not the intention fo limit this megasonic probe energy director to the particular
embodiments disclosed. On the contrary, the intention is to cover all modifications and alternate
constructions coming within the spirit and scope of the megasonic probe energy director as generally
expressed by the following claims, which partipulafiy point out and distinctly claim the subject matter of the

megasonic probe energy director.
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a transmtter to be positioned above a substantially flat surface of the
substrate so that when liquid is applied to a small gap between the
transm t two oamnaioshe substrate, a nmeniscus of liquid 5 isPCorusesiodaet ween
the transmtter and the substrate; and a transducer coupled to the
transmtter in a manner to create a transm ssion path for transmtting
megasoni ¢ ibiaticeAmEp @M t he transducer through the transmtter to the
substrate, The transducer being coupled to the transmtter in a manner to
attenuat e the enler gy Avassesmblytar elgening azhin, flasubptralscempiisingi on of the transnitter
to prevent damage to gg n'srﬁlﬂerq%ggﬁésﬁlﬁr%d%ﬂoveréesu%'alﬂﬁélly ﬁét%uﬁa@@%ftﬁé@ubgtgate so that

substantially directly beneat rmost portion, while portions of the
transnitter adj adentiquidieeappled weramst gaphetesrdie tepnamittan enddee substrate meniscusef liavide

asserrbl of dai, 9{ ﬂ;ned b&ﬁl{aéﬁqlllqun |t%?81d'tﬂg shﬂﬁ?té,{ smi ssi on pat h, the gap

bei ng allgned the 'Towernost portion o e transmtter to attenuate
t he megasoni c energy 4 trmsmmtoe{dedtto thehipanbraittes rimra stannep & credié a traBsndssior path for

assenbly of d ai ffﬂ&ﬂ%@@@%&%ﬁ"lngg’{@“%” tﬁ réngdtfcg hr&{gﬁrﬁ%ﬂaﬁéﬁlﬁw 1c%he IH gtﬁ?é)gye

energy in the enua e ener transm
said | ower npst pieangducen beidg colibled dissetrdosmyittepin Lannen @ attenbiae therenergu ’tlianlsrmtmirtmst

portion has an ellf)\ge?ﬁ%srt &g Coﬂ es ura@e gqrpredelﬁd?nﬁ]aﬁgtoadgllcggggwclégbr( fE Eﬂbgtra?eqﬁﬁgg

fromthe substra I'NC

substratee; and 2&{baartigiy rdmtlpﬂienbaththe tbwermokiporip Whilechottionstdf élegrapsnhfet adissent tee
substrate and thle transmtter . Tﬂaﬁ assenbly of Claimb5, wherein said
source of |iquid OW%'B‘PSUBOé@nére&PtSSBQ?@ ®% or dispensing liquid into said gap.
7. The assenbly pf O Besdembipoeciginm, maﬁomwgtargamnﬁetttammmsmIpudese @apbeiag allgaatie
which is couFI ed to said transduc;er and the rear face Lﬁ Ignfl %#red SQ

that megasoMihdnedensrrappt Rogion girthe; trangitiey forlienuate i& megrsonicgerdy PUETmLst

transmtter d,ﬂana portion of said end face so as to attenuate the energy
transmtted to said |owernost ed e assenbl

said- rBar face ¥s geHeraasemply ef Q'Qifi]ﬂdﬁm'“d'ﬁ%ﬂb%r&f @trﬁg@%/wﬁwn @WP@%@GQV i e

wedge- shapeghnfiehpath habtbita@otle Er%?g‘?{rar%mlt@h@ sAPIBREARbY pfon Tl @i m 1, wherein
said transmtter conprises an elongated rod having a 30 general I y circular

end face, said t f.ans dU@eﬁSSqf@'Y@bG‘B'ﬁeﬁ wheseis saidjlowarrost perionthas & @apgaieds gonpguration

transm ssi op,fRa edq%%lmﬁ)r d'frﬂrﬁltrﬁ@hﬂégat@ portion in which the transm ssion
of energy fromt rans cer transmitter is attenuated in a manner

to produce attenbati oifhe(ﬂssetfﬂbeOfﬁ!@!aédmludm@ﬁwpgqﬂf%[tthe§ab5t!at¢@{Aﬂarm)st edge. 10.
The asf]f(?bl y of dai magnurc'egﬁilqﬂ&jfo%ga haﬁ@ﬁheéép%@ thﬂuﬁéﬁ%t@%n&@egﬁﬁérﬂﬁ@d

bet wee transducér an transmt rm ng a portion of said
transmi ssion path, safl assambiyrof Clhimisngheriveaid gouresdf liqeig inclydes edispansgr éor diprensing
energy trangm n&_es%ld g a portion of the transmtter. -12 WO 03/064064

PCT/ US03/ 00 O assenbl y of Aaiml1, including a coupler positioned
in the transm ssv.on paiteashmtbiyeediaim 1, wherein said transmitter includes a rear face which is coupled to

said transducer, and the rear face is configured so that megasonic energy is not transmitted from the
25  transducer to the transmitter in a portion of said end face so as to attenuate the energy transmitted to said
lowermost edge.
8. The assembly of Claim 7, wherein said rear face is generally circular, and said portion
comprises a wedge-shaped recess in said end face.
9. The assembly of Claim 1, wherein said transmitter comprises an elongated rod having a
30  generally circular end face, said transducer is coupled to said end face to create said transmission path, said
path including a portion in which the transrﬁissien of energy from the transducer to the transmitter is
attenuated in a manner to produce attenuation of the megasonic energy at said lowermost edge.
10. The assembly of Claim 1, including a heat transfer element positioned between the
transducer and the transmitter and forming a portion of said transmission path, said element being configured

35  to attenuate the energy transmitted to a portion of the transmitter.
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the transducer and the transmtter with the coupler being configured to
attenuate the energy transmtted to said | owernost portion. 12. The
assenbl y wD oGloadons 11, wherein the coupler is generally el PCgtisoabo43n shape
and is 5 configured to produce a pattern of negasonic energy transn ssion
that is other than a radial pattern. 13. An assenbly for cleaning a thin

fllat substrate cpnpri e%gsenalyfofaél@m h&ltfdfng 'araedptégq)da&aor@at.nqtaraaat.astn%tﬁ'ﬂaw&en

with a |ower edge to be positione ove osely adjI acent to a flat
surface of thhtansuoertandihe traesmitieeiduecesrpldrdeing eoafigieatq aiignusieda ¢regafransmidipdlp

i nto megaso, and 10 a heat transfer elenent positioned between
t he transdu%igﬁoV‘)éh-@{ﬁJ&fH&E1 ransmtter to transmt vibration to the
transmitter; whetkin Theecasharably of rClains fldrwheteianthertoupler is omaraiiy etipfical dn shape dodiise

t he ener r .0 ; for
e e bR el G b o PR B e B gl T
edge to be posi t13)nedAraﬁssefﬂJIytfortcleerhrtgsaemryflaasipsitabmmnrieinga flat surface of the

substrate; a transduce to the tr

el ectrical energy intd ?Pé@ggr uglngaﬂ%orngat? n@ﬁ@ﬁ\%’ Fedﬁé%%ﬁh@stfe@a@ 3ppyg but
transmtter coup«tl@lytaajadehta)ﬂaﬁflﬁ‘ﬁh&@ﬁthesuﬁstretenf| gur ed to attenuate the 20
ener transmtted to rti.on o nsmitte oni ¢ probe
asse%l y for cleani ngag r{gﬁcaﬂqqtrg{sagqgg&t F ef%‘HﬁBme%tSﬂ'&“'béa“B’t g'ﬂ)dz i ncl Edi ng
an el ongat ed rod wi t hafedt @xvefer Qéiﬂa‘ﬁt kifungd bédeech €6 gaisdmbr 4 ehertadkntiiter tetransmit
posi ti oned above but cl osel cent to a flat surface of the substrate; a
transducer for tY'%{ﬁtg’Fg’ttt‘qt@“é“@ét 0| energy into megasonic vibration; 25 a

heat transfer el enent th@@%ttrbr@féﬁderﬁb@i%@m% urddQo bifeAunBckes erfergq rensmited ora pbﬁdnbface
of the probe; and a coupl er positioned between the heat transfer el enent

and the rear endh® BEEE of t he probe, the coupler transmtting the negasonic

vibration to theqqear AﬁE@erﬂlefbMarﬂﬁﬁhﬁnﬂétélfﬁstf%ttélé&hﬁfsm@e' ng confi gured to
attenuate the energy transmtted t portion of

assenbl 5 of O ai m 15, aRsMdiehhavie ad@@b?@? tq ke %H?WGQGP‘%’G thOC'%?'Y)a‘ﬂ%"éntao a T
pattern of nmegagpRiorRPSIHEatd F @ansm ssion fromthe probe other than a
radial pattern. 17. The assenbly of O aim 15, wherein the coupler is
general |y di sc- shaped3 tiguaduden goudleisr the aansmiger; feriensiating Blestiirel fnewldnty BRgasONSdge
that is confi gura% %@ nimze the transm ssion of negasonic energy to the
| ower edge. -13 1064064 PCT/ US03/ 00439 18. The assenbly of O aim 15,
wherein a portion of whesiendace siche tesmilies couplothéo thestranpriees b @ﬂéhﬁed to attenuate the

20 energy transmitted to a portion of the transmitter.
15. A megasonic probe assembly for cleaning a thin flat substrate comprising:
a probe including an elongated rod with a lower edge along the length of the rod to be
positioned above but closely adjacent to a flat surface of the substrate;
a transducer for translating electrical energy into megasonic vibration;
25 a heat transfer element positioned between the transducer and a rear end face of the
probe; and
a coupler positioned between the heat transfer element and the rear end face of the probe,
the coupler transmitting the megasonic vibration to the rear end of the probe, the coupler being
configured to attenuate the energy transmitted to a portion of said probe.
30 16. The assembly of Claim 15, wherein the coupler is configured to produce a pattern of
megasonic energy transmission from the probe other than a radial pattern.
17. The assembly of Claim 15, wherein the coupler is generally disc-shaped, but has a portion
aligned with the probe lower edge that is configured to minimize the transmission of megasonic energy to the

lower edge.
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the heat transfer elenent and the spaced portion is aligned with the probe
| oner edge so that the transm ssion of negasonic energy to the probe | ower
edge is nwoiogiogwes 19. The assenbly of C aim 15, wherein tPoa/usospi4ey is
generally elliptical, and the coupler is 5 configured to produce a pattern
of nmegasoni c energy transm ssion fromthe probe other than a radi al

pattern. 20. A r‘r%agasﬁhé assgmbhyoet Clatyrs torrinheyeirf a)portmhetaméagfa:e$>ﬂihsbmlaet|espaced from

conpri si ng: tra fter hav rti.on. s t clos ent
Lo 5 subst alEi et PARE Eme 3K, Y GeddFiobiod s RHES i o e S ol S
applied to trémissiens megdseric eaardy th the pobdiswer adge is nﬁinlmilmhl scus of liquidis
formed between t trapsmtter .and e,substrat Iran cer
Couptod Lo tho t HEnemie Bsent o Yhitn b neigh B cai 5 Goreid et oHid e o s
that  negas esnfiguraditdpraduc®mpditerd 61 niddasohit ey tarehissich flomaksrobk biRet tHae atatatal pattern.
transmtter and :%Z transmtted throg}glwom e meni scus to the substrate as

nor mal -i nci dent ves AdieasRis progasse: ganiy 66@“[%/9@'?‘”@3@@ and

shal | ow-angl e waves 0R tRhénieF hairdea pdrtioh RBacB® oM Ibut dlshIf @fbceHRy @S subStatitly Ry es
bei ng adapted to |oosen particles on the substrate he transducer béing

coupled to the tﬁ‘éﬁ‘i@%’fttf‘%ls“qst"ﬁteas%ﬁ'ﬁh‘@e“t|'ﬂ)‘"dl5 apeltgd de tha tiemgmitigr and e substrate, a
nor mal -i nci dent  ywayess sifqlidiSiomied bétRdkn FRILRMBNRS the Subdatd: GhdPr event danmage of
delicate devices on the substrate beneath said | ower edge. 21. A nethod of
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coupling the transducer to the transmitter so that a transmission path is created to transmit

the megasonic vibration into the transmitter; and
25 creating a barrier in the transmission path so that the liquid vibration is attenuated directly
beneath the probe lower edge.

22. The method of Claim 21 including the step of creating said barrier by forming a recess in a
rear face of the fransmitter , with the recess being axially aligned with said transmitter lower edge.

23. The method of Claim 21 including positioning a separate element in said transmission path,

30  and said barrier is formed by creating a gap in said separate element. ,

24. The method of Claim 21 including positioning a heat transfer element to form part of said
transmission path and configuring the heat transfer element to create said barrier; and conducting heat
transfer fluid in heat fransfer relation with said heat transfer element to conduct heat away from said
transducer.
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