METHODS AKD APPARATUS FOR CLEANI NG SEM CONDUCTOR WAFERS FI ELD OF THE

| NVENTI ON [ 0001] The present invention generally relates to nethods and
appar at uswe 2boviies2eani ng sen conduct or wafer. More part iPcuiGazbop/o7imBat es to
changing a gap between an ultra/ nega sonic device and a wafer for each
rotation of the wafer during the cleaning process to achieve an uniform

ul tra/ mega soni c power density distribution on the wafer, which renoves
particles efficiently w thout damagi the device structure on the wafer.
BACKGROUNDMIEGEH2PS AIRARABY S d @ EANINGraRMIGONPEATOR Waditikat ed on
sem conductor wafers using a nunber of different processing steps to create
transi stor and interconnection elenents. To electrically connect transistor
term nal s associated with the sem conductor wafer, conductive (e.g., netal)
trenches, vias, and the |ikeFIEL® OBMAINVENT@OSctric materials as part of
t he sem conductor device. The trenches and vias couple electrical signals
and povpeooet Weg# pidsamsSingéidios, ge'n&faﬂfr] alhteSitd Mtﬁod@fanur@p@@ms@pmma@m
devices, and circuits external to the sem conductor deV|ce [ 0003]

f or ni ngsemitr@nrimt@rr vefene dYiPnpastiadeht gelairs te chrpngl 8 cgadrbafedsy ama&rraaﬁw go,
for AR e B Do IERT o0, PRSI DAL IEREET Brok QT blFerles! r ed
el ectroni ¢ ¢ redi sem con evi c multiple
maski ngmajmforlhaﬁi[ﬁméga:mnMmeMeﬁﬁty distripetidrosmee viaderf whmhaematzésqfam@és
recessed are?s in adelectric |ayer on a enlconductor waf er that serve as
t r enchedfigapily VROt damagiag ithy V&@ﬁﬁ@ﬁ%?%ﬁ%teWﬁl%Tder to renmoval particles
and contam nations in trench and via post etching or photo resist ashing, a
wet cleaning step is necessary. Especially, when device manufacture node

mgrating to 65 nmand beyond, the side wall loss in trench and via during
is crucial for maintaining the cBAGKGROUINRNsi on. In order to reduce or
elimnating the side wall loss, it is inportant to use noderate, dilute

chem cdb802]jor Semibhdetcreddvires aed maatfactucsl gr. fabldveedon stheoddwatidrewafers
using a number of different processing steps to create transistor and interconnection elements.
To electrically connect transistor terminals associated with the semiconductor wafer,
conductive (e.g., metal) trenches, vias, and the like are formed in dielectric materials as part
of the semiconductor device. The trenches and vias couple electrical signals and power
between transistors, internal circuit of the semiconductor devices, and circuits external to the

semiconductor device.

[0003] In forming the interconnection elements the semiconductor wafer may undergo,
for example, masking, etching, and deposition processes to form the desired electronic
circuitry of the semiconductor devices. In particular, multiple masking and plasma etching
step can be performed to form a pattern of recessed areas in a dielectric layer on a
semiconductor wafer that serve as trenches and vias for the interconnections. In order to
removal particles and contaminations in trench and via post etching or photo resist ashing, a
wet cleaning step is necessary. Especially, when device manufacture node migrating to 65
nm and beyond, the side wall loss in trench and via during is crucial for maintaining the
critical dimension. In order to reduce or eliminating the side wall loss, it is important to use
moderate, dilute chemicals, or sometime de-ionized water only. However, the dilute
chemical or de-ionized water usually is not efficient to remove particle in the trench and via.

Therefore the mechanical force such as ultra sonic or mega sonic is needed in order to



chem cal or de-ionized water usually is not efficient to renove particle in
the trench and via. Therefore the nmechanical force such as ultra sonic or
mega soniwoi2siomaested i n order torenove those particl es eCTiaNewtd7yssUl tra
soni ¢ and nega sonic wave will apply nechanical force to wafer structure,
the power intensity and power distribution is key paraneters to control the
mechani cal force wthin the danage limt and at the sane tine efficiently

to rem)r\éﬁlo{z@ﬁléﬁ E)Ellltlgieg%fﬁ([l RAlU 9% &&@%%f&%g% %&gkﬁfg agfilgﬁné'&éﬁlcﬁl to

cl ean sem con or wafer 1s-disclose
fluid iferqprteswafer zedctared thﬂegawsromtmsmy\ang;pdv&r apptibent 5 kdyepdrhmetdrship a

t d h h d bban-| i j et of
cl cant REMPLIT DRRIcrh TS REGn oA iRt Beihe GAnEHEhY ARTSITERGR on

the surtaege theQaRRlesA source of ener gy vibrates an el ongated probe which
transmts the acoustic energy into the fluid is disclosed in U S. Pat. No.

6, 039, ;{5904 Rtea 3008 RE& gg%u]upléd Wil oS 218 RS é%ﬁgs%ﬂwndﬁgfo? u?ar'gé?% dRf1ogednaf er

whil e I's-position ose to an upper I'n anot arrangenent,
a shortin m‘ SbEatl BopdSR6,56hekheviilibh 13 plss&umlde& and acea cbos en¢rgy tiheppdied tatlee, and

t he prabe,i.s noved over the surf waf e t at es A..source,. of
bner by D 15 S aneea, SRR o BS nardbdt STPea s bakids 4 SpboblRgdg.of
surf acecléa%n%' BG4 Qﬁ)@ﬂlﬂgrht Hleéa s&Rk fre&@enc@s 86r3ne fpiBeemd OntRdsigthcE ace is

etched to curve groves, such as spiral groove. [0007] To unlforrﬂy apply

right ﬂg@dﬁjt Ofy E&??e %E%hﬁég%fatésoarﬁ@fdngﬁleéi‘%gtge umd?l trhh G ’f cﬁﬂ?ﬂc

cl eani ocess a sonic powef is'n y app on the
waf er , dnhegypata iherlod wvdfselbsefdemeU\H yt.| e s6,08Ya@5 % ohi ongemergewieht, fluod isbe

cl eaned wel |, an ea i cl es and .cont am nat on the portion of the
et o CRHEep P Ao dnaeh Nelticy G Piske 8 MBYRISHAIES SR rirtey SEEukE. ¢ he
danmge bW SfeRleht GLsHE# p%etlbgoéi‘@&faeﬁ VQHﬁtiqérQir%uPﬂ'ages SlELtoARd sﬁ‘fe&'@ and
tenperature micro jet generated by inplosion of bubbles. [ 0008

needed thepivhy e motxst ever thesutfack dsovafeomtates | i ng t he nega soni ¢ povver densi ty

distribution on the wafer to clean particles and contam nation on surface
of waf 00@F] suBsiauatecof energy vibrates a rod which rotates around it axis parallel to wafer

surface is disclosed in U.S. Pat. No. 6,843,257 B2. The rod surface is etched to curve groves,

such as spiral groove.

[0007] To uniformly apply right amount of mega sonic power to entire wafer is critical
for the cleaning process. If the mega sonic power is not uniformly applied on the wafer, the
portion of wafer receiving less mega sonic power will not be cleaned well, and leaving
particles and contamination on the portion of the wafer, and portion of wafer receiving extra
mega sonic power may cause the damage of device structure on the wafer due high pressure

and high temperature micro jet generated by implosion of bubbles..

[0008] It is needed to have a better method for controlling the mega sonic power density
distribution on the wafer to clean particles and contamination on surface of wafer or substrate

with higher efficiency and lower structure damages.

SUMMARY

[0009] One embodiment of the present invention is to put a mega sonic device adjacent to

front side of a rotating wafer during the cleaning process, and to change the gap between the



wi th higher efficiency and | ower structure damages. SUMVARY [ 0009] One
enbodi nent of the present invention is to put a nega sonic device adjacent
to front wodelosfiiger ot ati ng waf er during the cleani ng pPCTE)094TLISE O
change the gap between thenega sonic device and the wafer for each rotation
of the wafer. The gap between nega sonic device and the wafer is changed by
turni ng nega soni c device clockw se and/ or count cl ockw se around an axi s
par al | %e%l ohﬂedetvfcgrynd AR G Rt & on %qgé'%fe@‘nf)ﬁeh%f 96?1 tsoafe the
pr esent vention I's to put a nega sonic device adjac 1 ront Si cfe of a
rot ati nigvicafaed ther wagr tihehahged nbyn gupmgcmsga sanid dlaylctehalngemsdnang/@p doettween

t he mega oni c devjce and t & far tation of the wafer. The gap
bet vveerF ése%ﬂ‘ﬂ‘hdadleaxﬁsc@r%&z“\fl\ﬁ’@ dfle Pg%fl’f‘éfﬁﬁed by turning the wafer
surface cl ockvm se and/or count clockw se around an axis parallel to. the

sur f acd080lt he AnsT $BPPAIngaY | ethe [RyeseD] INeBHPRAS dAdidianBIee? cwm@h@evweesent
I nvent 'a(aﬂaéln?t thfthl't”sm@ o@‘%%ta%ﬂ%‘v&f&edﬂr tﬂ@'hl%ﬁfﬁﬁ% Rl}&e%‘g%hd 8 O tl‘?e tating

waf er, to change the gap bBetween the nega s Vi ce an fer
for eadjetwmlathleanegnf séthe demice rand uthe ngafelhéorcée&hniomgiopr@fcmsswaﬁhe Tg&pgdpet ween

mega sqni c device and,t he fer i chnedgitu.rm 9a on| evi ce
1 ockwi BEVesRANEH VRSV ERUNS ¥aler SURTER B% FUTBEET MAIST So RS BRI de of
the wafgf/or k%%]ocﬁ*@%%a%un%rgﬁ%glsrﬁfﬁllepfo th@@ur@dfc@%?'fﬁe th&pseRhicRvice. to put a

mega soni ¢ device adjacent to back sid a rotating wafer, and to change
t he gapeheivee 500 r agd of

t he waﬁegﬂgurl %SB{hhr %ﬁﬁggm ng%g?@}ée& @seﬂ{l‘_ﬁ%\legg%ﬂ‘% & e(r% arreﬁ% ssg%tcca c}g(% ce
and t headyaatrtoi lmckl‘saxtageﬁa bytatmlg nwafigy, athe tavahargesthe feap et apakihe seeganahhar
count c ockvm nd. an x | el rface.of the a sonic
o e eBRF e SESeR BT ORP Gt TP TR NEST g e G oBF ot S

exenpl %eﬁwé’@frﬁégac‘sbﬁﬁrﬂe'{)&e%H@ﬁ{e%é&%r 1s[chr%Hi b@'tﬁ%m e Snfe %l%&ﬂ%’\x@iey
waf er cl eaning process ; [0 depi cts anot her exenpl ary waf er

cl eani rgdappawrdtcleskwise around an ax1s parallel to the backside of the wafer.

[0012] Another embodiment of the present invention is to put a mega sonic device
adjacent to back side of a rotating wafer, and to change the gap between the mega sonic
device and the wafer for each rotation of the wafer during the cleaning process. The gap
between mega sonic device and the wafer is changed by turning the wafer surface clockwise

and/or count clockwise around an axis parallel to the surface of the mega sonic device.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013] FIGs. 1A-1D depict an exemplary wafer cleaning apparatus;
[0014] FIG. 2 depicts an exemplary wafer cleaning process ;
[0015] FI1Gs. 3A-3B depicts another exemplary wafer cleaning apparatus;
[0016] FIG. 4A-4E depict another exemplary wafer cleaning apparatus;
[0017] FIG. SA-5C depict further another exemplary wafer cleaning apparatus;
[0018] FIG. 6 depicts a cleaning method,;
[0019] FIG. 7 depicts another exemplary wafer cleaning apparatus;

[0020] FIG. 8 depicts another exemplary wafer cleaning apparatus;



[0016] FI G 4A-4E depict anot her exenplary wafer cleaning apparatus; [0017]
FI G 5A-5C depict further another exenplary wafer cleaning apparatus;

[ 0018] FIv@0 2610daps26t s a cl eani ng net hod; [0019] FIG 7 aepia2sovanosBer
exenpl ary wafer cleaning apparatus; [0020] FIG 8 depicts another exenplary
waf er cl eani ng apparatus;[0021] FIG 9 depicts another exenplary wafer

cl eani ng apparatus [0022] Fig. 10 depicts another exenplary wafer cleaning

appar agin)l 008R). Fhdiced inARRISLApARCLIRE RAGABLAYE! or  cf eant ng

apparatus; 002 epicts a er exe ry waf er cl eani ng

appar atjigio| 0028l 1§'dgplc9f§ 4501 SLRnTg RS c?éﬁﬁ%: Gpiaif e cl eani ng

appar at'us; [ 00 an ther exe y Waf er cl eaning

appar at [ 00 15A- SG depi cts of sh ape of ultra/mega sonic
P onsa izl DRy {afigtd oSl el EhtheRrfia TS ohow t he

convent i fer cleanlng a ara u a sonic device. The wafer
cl eani r{agéﬁpam?tajé depicis spahgh i%fymw%maa%emw 1014 being rot at ed
by rotation driving nechani sm 1016, nozzle 1012 delivering cl eaning

chem cdP92Yr dEig égdmats\na@téﬁr ergaplary e lanslfan s PRaTa@si ce 1003. The nega
soni ¢ device 1003 further consists of piezoelectric transducer 1004

acoust i[0826]ly cbigpll édepiots nagibemgxemplp 8afeTclaasigaepara®®4 is el ectrically
excited such that it vibrates and the resonator 1008 transmts high

f requerf092gounblicen@Aghp G depicts vayietylof SHape afjiltrataga sofiicttaesdukceani ng |i qui d
produced by the nega sonic energy |oosens particles on wafer 1010.

Contam nants are thus vibrated away fromthe surfaces of the wafer 1010,
and renmoved fromthe surfaces through the flowing liquid 1032 supplied by

nozzl e 1012. [0029] As shownppTALED BHESCRMPPICEer to achi eve the | east
refl ection energy, the phase reflection wave r | (fromtop of water film

must bgoepg oSt FRsd 9 A & |IBC§Ho%ﬂtH:e\’2co(n9&§t¥o%T Qheredi Shide dgPhratdNEGRS Arfegiat €7

filmthickness nust equal
sonic device. The wafer cleamng apparatus consists of wafer 1010, wafer chuck 1014 being

rotated by rotation driving mechanism 1016, nozzle 1012 delivering cleaning chemicals or
de-ionized water 1032, and mega sonic device 1003. The mega sonic device 1003 further
consists of piezoelectric transducer 1004 acoustically coupled to resonator 1008. Transducer
1004 is electrically excited such that it vibrates and the resonator 1008 transmits high
frequency sound energy into liquid. The agitation of the cleaning liquid produced by the
mega sonic energy loosens particles on wafer 1010. Contaminants are thus vibrated away
from the surfaces of the wafer 1010, and removed from the surfaces through the flowing

liquid 1032 supplied by nozzle 1012.

[0029] As shown in Fig. 1C, in order to achieve the least reflection energy, the phase
reflection wave rl (from top of water film) must be opposite to reflection R2 (bottom of

water film), therefore water film thickness must equal to:
[0030] d=nN2,n=1,23, ....... (1)

[0031] Where, d is the thickness of water film or gap between mega-sonic device 1003
and wafer 1010, n is an integer number, and A is wavelength of mega sonic wave in water.
For example, for mega sonic frequency of 937.5 K Hz, A= 1.6 mm, the d = 0.8 mm, 1.6 mm,

2.4 mm, and so on.



[0030] d =n /2, n=1, 2, 3, (1) [0031] Were, dis the thickness of
water filmor gap between nega-sonic device 1003 and wafer 1010, n is an

i nt eger mwokzero/11a82d | i s wavel ength of nmega sonic wave POTWA2e09/07HS8
exanple, for nmega sonic frequency of 937.5 KHz, | = 1.6 nm the d = 0.8
mm 1.6 mMm 2.4 mm and so on.[0032] Fig. ID shows the relationship between
gap d and nega sonic power density neasured by sensor 1002 as shown in Fig.

| A PovghsHenskly irs sNald &% i_ferlé%an\s’lﬁg %Ywé’éﬁ' nIW/ El@%&cts&ne %veié%fgeg%tﬁo

w cnR as gap sl Ze increase reach a fu e 1
i ncr ermmasmrfed(lby&emmr (1005k3 shovint inil§g crAt Powkr dansitpisazien frmngeglegrabies2®l y i n
a unif ntire wafer.

order to, k soni ¢ omer tribution,on

0033 eTRaB PR Va1a SRR o5 P 08 SR T SreAndF gt e Bt HhEREE! <1 on
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Fig. 2, if wafer chuck 1014 is set not 100% vertical to surface of nega

soni c d@Mbvenz@asomﬁmew@aéw%émuemanﬂwgansnwa%rdeV|ce and surface of wafer

2010 is reducing fromedge of the wafer to center of the wafer. It wll

cause r0633]ni f Blomeragaisseny difffaveto kkep si mljrfod'ngap iiﬂosmdhqnecfisiomiredgereaifty,t he

wafer to center of the wafer according t ho I [.0034]
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waf er is wob ng when rotating, shows gap status after
rotati regd Batfaemgfr\eefef 2o stradumgﬁomrﬂd\m of thergfer BycenThef gagowaler. e&g\elllof

f d fr bi h in.Fig, 3 |
Shown ot gt i TR G B ik Baer B BEaS Ry &

di stri ¢ vafer abcor@ihgro aga WRSHRH in@gsimg mega soni c device. All such non
uni form power distri buti on will erther cause damage to device structure on

the wafgosgnd AQothe} fHetdmi¥ gébe@d?iaﬂgn"i@fcﬁused[lﬂ%p?&hndrﬂa%"sdcﬁfcﬁu‘ékodéﬁ{gc%ﬁ non
uni form power distri butl on caused by variation of gap during chuck
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3A. The gap at edge of wafer reduces from a biggest value as shown in Fig. 3A to smallest

value as shown in Fig. 3B. It will cause non uniform mega sonic power density distribution

on wafer as wafer passing mega sonic device. All such non uniform power distribution will

either cause damage to device structure on the wafer and no uniformly cleaning wafer.

[0035] In order to overcome non uniform power distribution caused by variation of gap
during chuck rotation, the present invention discloses a method as shown in Figs. 4A to 4E.
The gap between mega sonic device 4003 and wafer 4010 is changed by motor 4006 as chuck
4014 rotating during cleaning process. Control unit 4088 is used to control the speed of
motor 4006 based on speed of motor 4016. For each rotation of wafer 4010 or chuck 4014,
control unit 4088 instructs motor 4006 to turn mega sonic device 4003 clockwise and/or
count clockwise around axis 4007. The increment of rotation angle of motor 4006 for each

rotation of wafer 4010 or chuck 4014 is,
[0036] A o =0.5M(FN) (2)

[0037] Where, F is width of mega sonic device 4003, A is wavelength of ultra/mega sonic

wave, and N is an integer number between 2 to 1000.



4014 rotating during cleaning process. Control unit 4088 is used to control
t he speed of notor 4006 based on speed of notor 4016. For each rotation of
waf er 40MWoanichuek 4014, control unit 4088 instructs mpCOCNOGA 71088t ur n
mega soni ¢ device 4003 cl ockwi se and/ or count clockw se around axis 4007.
The increnent of rotation angle of notor 4006 for each rotation of wafer
4010 or chuck 4014 is, [0036] Da = 0.51/(FN) (2) [0037] Were, F is width

of nmegyd 'C Qﬁﬂeﬁlg@&m Ilotagﬁ% Y&hﬁlﬁoog)gé %Erd% %h?uW?@taﬁnd N

is an inte bet ween 1000 ter 4014 tating N

r ot at i cmgle Of@giilkgomlrermwanentaegélﬁlummenstauplgtfoomdt al angl e of 0.5nl/F, where
nis an integer nunber starting from11. [0039] As shown further in detai

in Fig. [0639]V\Ihensts|h6wga.‘brthé"taﬁg&&ﬂf orFigachwhei diel gip canpef for each ediarddn, oft he
mega sonlc power density at. the sane portion of wafer chan es fron1P I to
P2, Wietefeher gupkithe m@ag &Qnig @PW ASItY waths|samgtPRTtism Qfya gesyioma Pl he

pover dgmsi tyh¥afte p%(frwbles F&f&l'lﬁlﬁ&%e’ﬁ @n? d sohic \;Q\?e ‘%1}’ C;Bc?we?}d%&

poi nt depends on t e gap between nega son Vice and portion of wafer,
howev ervagach fidbeytcleofiomrP wafRirl . hé byqicestentmg pfouit Idegandb en mhie ppvietwekmnsegay when

ap increases. hal f wavel e f me ni c.wave. |n her .words, eve a
D oo VAl ARV SN i o cach grorist O R Ly Sepiee vl 9P
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full cycle of nega soni ¢ power when nmega sonic device noves up hal
wavel erggptbepfeemmargasonic deviae end wb&ms @tsetmmﬁoanlw duedaeenrsyn déscoBl & mgiz)

moa o lFégu?déxéPa(;%neafC@h DR by Yo e Ry Bl SRR PObE. s

maxi WUFWIMV\@E% Qnsd awlceamdvéshg) ﬁamamlengfumfmgarsod@r\sa\tey(ab&he) QREH &b ON
sequence can be set as follows: [0040] Process Sequence 1 (nmega sonic

f r equerfesauency=o0%%/.5 kika)., T wih gaprenige I¢a¢th laginbern iof e fenaiodiecetvg the sang mmy :
[0041] ‘%ﬁﬁ ogfpnrhégat ?c}mé‘%ow 8hnsRb i5AGRH: Hhe YamBMWedel $obr HBGi20RERle 10

rpmto
maximum power density, and the same minimum power density. The operation sequence can

be set as follows:

[0040] Process Sequence 1 (mega sonic frequency: f = 937.5 kHz, and wavelength in

dieonized water = A =1.6 mm):
[0041] Step 1: rotating wafer at speed of ®, and ® is in the range of 10 rpm to 1500 rpm.

[0042] Step 2: move mega sonic device to adjacent to wafer with gap d, and d is in the

range of 0.5 to 5 mm.

[0043] Step 3: turn on nozzle with deionized (DI) water or chemicals, and turn the mega
sonic device on. The power density of mega sonic device is in the rang of 0.1 to 1.2 watt/cm?,

and preffired in the range of 0.3 to 0.5 watt/cm’.

[0044] Step 4: for each rotation of chuck 4014, turn mega sonic device 4003 clockwise an
angle of 0.5A/(FN), where N is an integer number and in the range of 2 to 1000.

[0045] Step 5: continue step 4 until mega sonic device 4003 turns clockwise up to total

angle of 0.5nA\/F, where n is an integer number starting from 1.

[0046] Step 6: for each rotation of chuck 4014, turn mega sonic device 4003 count
clockwise an angle of 0.5A/(FN), where N is an integer number and in the range of 2 to 1000.



[0042] Step 2 : nobve mega sonic device to adjacent to wafer with gap d, and
disinthe range of 0.5 to 5 mm [0043] Step 3: turn on nozzle with

dei oni zedwQDRbjo/mag26er or chemicals, and turn the nmega SORCE/@01991088. The
power density of nmega sonic device is in the rang of 0.1 to 1.2 watt/cn®,
and preffrred in the range of 0.3 to 0.5 watt/cnR. [0044] Step 4 : for each
rotation of chuck 4014, turn mega sonic device 4003 cl ockwi se an angl e of

0.51/( whe i i - e i f .
Lonas] 1947} e Sfept:\cBnihe SO ShRMHERClonh b idk 4008 LARI6,H sl O

cl ockwitstal anglt of @.607%F, wingk.en BfanGntbgdr/nEmbehsreing forsn &n i nt eger nunber
starting from1l. [0046] Step 6 : for each rotation of chuck 4014, turn nega
soni ¢ dev4sje 40P & edpeht Lot MtELT antilangteis efeafe®d! / (FN), where N is an

i nteger nunber and in the range of 2 to 1000.[0047] Step 7 : continue step

6 unti Eooﬁqa SSfp®: dvi FENRED Sordi 4 HEBGCEOMBD tied DE Kt Sr @Herhi@al%,%t@'th@rﬂﬂ]ge of
0.5nl/F, where, nis an integer nunber starting form1. [0048] Step X
repeat thewpfes to step 7 until wafer is cleaned. [0049] Step 9 : turn off
mega soni ¢ devices, stop the DI water or chem cals, and then dry the wafer.
[ 0050] Process Sequence 2 (nega sonic frequency: f = 937.5 kHz, and
wavel ength in dieonized water =1 = 1.6 mm: [0051] Step 1. rotating wafer
at spedqdosd] w, PamdsswSégmende 2 l{megang@c dfeqlhOnaypi=t 63 1L50Hz7, pimd W HREAEthSinep 2
nove nega sogic devi.ce to adjacent to wafer with gap d, and d is in the
range dHeQIZSAVRtY Th = 98%Y] Step 3: turn on nozzie with deionized (D)
wat er or chemicals, and turn the nega sonic device on. The power density of
nega sdAPelldevSted li sotpting wefer atrigeest ofgn. jand @ 18 irp thggprgecefd O ramdod 589 eped i n
the range of 0.3 to 0.5 watt/cn2. [0054] Step 4 : for each rotation of
chuck, 0081 ne§tepshmaevedvegacwnyd dokwi weadarenmniygl wafef with3dap (dEipgd dvikén ¢heN i s
an int eger £rs and in the range of 2 to 1000.
ge or U.510 5 mm.
[0053] Step 3: turn on nozzle with deionized (DI) water or chemicals, and turn the mega
sonic device on. The power density of mega sonic device is in the rang 0of 0.1 to 1.2 watt/cmz,

and preferred in the range of 0.3 to 0.5 watt/cm®.

[0054] Step 4: for each rotation of chuck, turn mega sonic device clockwise an angle of

0.5M(FN), where N is an integer number and in the range of 2 to 1000.

[0055] Step 5: continue step 4 until mega sonic device turns clockwise up to total 0.5nA/F,

where n is an integer number starting form 1.

[0056] Step 6: turn off mega sonic devices, stop the DI water or chemicals, and then dry

the wafer.

[0057] The frequency of transducer can be set at ultra sonic range and mega sonic range,
depending on the particle to be cleaned. The larger the particle size is, the lower frequency
should be used. Ultra sonic range is between 20 kHz to 200 kHz, and mega sonic range is
between 200 kHz to 10 MHz. Also frequency of mechanical wave can be alternated either
one at a time in succession or concurrently in order to clean different size of particles on the
same substrate or wafer. If a dual frequency of waves are used, the higher frequency f;
should be multiple integer number of lower frequency f;, and the transducer rotating angle

range should be the 0.5X;n/F, increment or reduction of angle of transducer for each rotation



[0055] Step 5 : continue step 4 until nega sonic device turns cl ockw se up
to total 0.5nl/F, where nis an integer nunber starting form 1. [0056] Step
6 : turn wOfR20megas2soni ¢ devices, stop the DI water or ciremicaab®/ o7a38 t hen
dry the wafer. [0057] The frequency of transducer can be set at ultra sonic
range and nega soni c range, depending on the particle to be cleaned. The

| arger the particle size is, the | ower frequency should be used. Utra

sonic r i i { ween
500 kri ashy TiopEt HERIATNG il 12 BwEidiongBNOe (RESA 8 AMliEunt 3G bRy
ei t her fane iatwavetength ofiths weave sgitlo thedlnigbaynicegquerait fiy and Norsdar intagec heaber

different size of particles.on the sane substrate or wafer. If a dual
£ r equernEhemn 2ivie00and s R it THMBReReTPEd08hEy shoul d be mul i pl e

i nt eger_nunber of |ower frequency f2, and the transducer rotating angle
range dAGIRld pEngwsampls) of ghemigakbeing ypedsio reamye ithe Raielealy) @nimipgtigis ducer

for each Eﬁ$ﬂ{AQBH ghuck should be 0.5 1Z(FN), which I2 is wavel ength of
t he maveemnt fhe %%WBr frequency f2, 1 is wavelength of the wave with the

higheréﬁbﬁﬂueggﬁgéﬁ @ﬂ/fmgk%Pgﬁﬁ?qkﬁgﬁgé?ﬁggﬁr between 2 to 1000, and n is

an i nteger nu startin One exanpl e of chem cal s being

used t ve t he. i C and .cqnt am nat i_ar hown as follows: [0059]
C}gani30@§H2rig¥g¢%§§aﬁﬁnelﬁ@@%ﬁﬂk@@ﬁwgﬁg?TfgpégégfgC}ganic Mat eri al
Renoval ;. Ozone; H 20 = 50: 1000, 000 50061] Particl e Reduction:

NHAaOH: H88pLlp oPartigleRagdutagyy SYHART BOcblabaii hat i on Renoval : HCL: H2O2: H2O =
1:1: 6 [0063] Oxide Renpval . Oxide Renpval = HF:H 20 = 1:100 [0064] FI G 5A
to 5C dABGElanoMrsd Comprmainsiean Removebfide i Q@ali@ g lappar at us using a mega
soni ¢ device according to the present invention. The enbodinent is simlar
to t hatl08&dwn DOmideiRgmaval éddpRempet] =aldBiHDonall0pot at i ng mechani sm 5009 is
added. Control unit 5088 changes the gap d between nega sonic device 5003
and waf[@064010FKy. pAsbri shevg another embodiment of wafer cleaning apparatus using a

mega sonic device according to the present invention. The embodiment is similar to that
shown in Fig. 4, except that additional rotating mechanism 5009 is added. Control unit 5088
changes the gap d between mega sonic device 5003 and wafer 5010 by instructing motor
5006 and motor 5009 for each rotation of wafer 5010 or chuck 5014. For each rotation of
wafer 5010 or chuck 5014, control unit 5088 instructs motor 5006 to turn mega sonic device
5003 clockwise and/or count clockwise around axis 4007, and at the same time instructs
motor 5009 to turn mega sonic device 5003 clockwise and/or count clockwise around axis
5011. The rotation angle increment of motor 5006 for each rotation of wafer 5010 or chuck

5014 is,
[0065] A o.=0.5M(FN) 3)

[0066] Where, F is width of mega sonic device 5003, A is wavelength of ultra/mega sonic

wave, and N is an integer number between 2 to 1000.

[0067] After chuck 5014 rotating N rotations, mega sonic device 5003 turns up to total

angle of 0.5nA\/F, where n is an integer number starting from 1.

[0068] The rotation angle increment of motor 5009 for each rotation of wafer 5010 or

chuck 5014 is,

[0069] A B =0.5M(LN) 4)



5006 and notor 5009 for each rotation of wafer 5010 or chuck 5014. For each
rotation of wafer 5010 or chuck 5014, control unit 5088 instructs notor
5006 to tworrormegas2soni ¢ devi ce 5003 cl ockwi se andZor coroT/GN20@9kM @8 ar ound
axis 4007, and at the sanme tinme instructs notor 5009 to turn nmega sonic
devi ce 5003 cl ockwi se andZor count clockw se around axis 501 1. The
rotation angl e i ncrenent of not or 5006 for each rotation of wafer 5010 or
chuck FEND: ~( 0 ] nmega
Soni o degie 5008 1L 5 e et SDhicl R ek B elel o bR
i nt egersonis:rmezle, zkmitMmsem mtdgermﬁﬁ)lﬁbrb[eﬁﬁﬁﬁ]z t&fl0ed. chuck 5014 rotating N
rotations, mega sonic device 5003 turns up to total angle of 0.5nlZF, where
n is arfooTtjegeAfietiohesk Stlariotatigg N estatlons| Geg8konibeleviot 400D urangp o itstelr ement
of not or 5009 for each rotation of wafer 5010 or chuck 5014 is, [0069] Db
0. 51 2ot QY00 rojerahisra®, infegernunghes st frfgd- soni ¢ devi ce 5003, | is
vvavel en%th of ultra/mega sonic wave, and N is an integer nunber between 2
to 100d90T2071FIG1 $owstnethesenaodivenitdfgfer desning APRBTAUFRGHISSONELR WA ce

5003 t Lge(l, "Agco 81n%8%%p?%%@emgénth05qll{e embMFE & %ﬁllglnto tﬂ#t%ﬁg n;ﬁy]gl%e ani ng

starti ng s another eb e

appar aIGXSepJShzﬂgch&clﬂ'GQéM $onire citrkivise a’:lﬂC@udt algck\olsé heouypd esenro0Mvemidten. The
enbodinent is simlar to that shown in except that chuck 7014 is
turn cl@ORPseach efatioupk weleh dRIA sMosg %ﬂ?h‘@cé&y Peabing. %yltr@bw T9%0enangss each
rotati 10

changegﬂ% %Q gg‘%% ‘%g%aeér@{ﬁigg‘g‘g%?@%ﬁ%?v%%%p%&%g g&ﬂﬂ# 010 bté/qlﬁﬁlstruct

not or 7h0&k 7@l 4t arommdedxic KO070d dekawieeiamd caxntsclddkvisec| ockwi se and count
cl ockwi se. [0073] FIG 8 shows anot her enbodi nent of wafer cleaning
appar at[0873]si ngIG &g saoiher davididercstardbmgedning dppaaisising a Myedonn. The

enbodi nent is simlar to that shown in Fig.
device according to the present invention. The embodiment is similar to that shown in Fig. 7,
except that another motor 8009 is added to turn chuck 8014 clockwise and count clockwise
around axis 8011 by for each rotation of wafer 8010. More specifically speaking, control unit
8088 changes the gap d between mega sonic device 8003 and wafer 8010 by instructing
motor 8006 and motor 8009 to turn chuck 8014 around axis 8007 and axis 8011 clockwise

and count clockwise.

[0074] FIG. 9 shows another embodiment of wafer cleaning apparatus using a mega sonic
device according to the present invention. The embodiment is similar to that shown in Fig. 4,
except that mega sonic device 9003 is placed adjacently to the back side of wafer 9010, and is
turn clockwise and count clockwise around axis 9007 by motor 9006. Motor 9006 is attached
to chuck 9014. Control unit 9088 changes the gap d between mega sonic device 9003 and
back side of wafer 9010 by instructing motor 9006 to turn mega sonic device 9003 clockwise
and count clockwise around axis 9007. Mega sonic wave is transmitted to front side of wafer
9010 and water film 9032 through water film 9034 and wafer 9010. Nozzle 9015 supplies DI
water or chemicals to maintain water film 9034 between mega sonic device 9003 and back
side of wafer 9010. The advantage of this embodiment is to reduce or eliminate a possible

damage caused by mega sonic wave to device structure on front side of wafer 9010.

[0075] FIG. 10 shows another embodiment of wafer cleaning apparatus using a mega

sonic device according to the present invention. The embodiment is similar to that shown in



except that another notor 8009 is added to turn chuck 8014 cl ockwi se and
count cl ockwi se around axis 801 1 by for each rotation of wafer 8010. Mre
speci fi cavbyorpaasesng, control unit 8088 changes the gapcCu/debtwdsmssega
soni ¢ devi ce 8003 and wafer 8010 by instructing notor 8006 and notor 8009
to turn chuck 8014 around axis 8007 and axis 801 1 cl ockw se and count

cl ockwi se. [0074] FIG 9 shows anot her enbodi nent of wafer cleaning

appar atfq%t Q'_Séx@%?t?:nhéfggw%th%i) %Lo%ldﬁ??O@qS a&&éar o t'i]Eh Efuck N®ops %ﬁ;%ﬁ%vls'e eLan- The

enbodi (S to t own in Fig. 4, except that mega sonic
devi ce d@h3ises apluad emkmdp@\ble |bty| gortezach hetatias kofsivdfer of0O0WaAf eM®O IPecificallyi s

t | d 9007 .b 00 t
6006 | soeais ranrolarar s sBTes B fbg Dot S wialiae [0S aad 8ot ween
nmega  soo¢o 8§ \hERi AR Fordtd 0086 ling Ir&ﬁopfooo@fts &ur%Q;thlbyoomsgtraﬁ&cd 4038 1689707

9006 to turn mega sonic device 9003 cl ockwi se and count cl ockw se around
axi s 900 axivd§alkeleckwiamard ¢aunt clankwise sietiltaneduslbynt si de of wafer 9010 and
water film 9032 through water film 9034 and wafer 9010. Nozzle 9015

suppl i 490TH] watBs. b shdesranethe ¢robaimattaoihwakt eteahinignaPasuusbeding enmegaga

soni ¢ devi ce 9003 and back side of wafer_9010. The advant age .of this.
anbodi MEHIE Qe¥ice goriedo G wesens e p%%fs?naﬁ)%iﬂas%@ém&ffag%w%ﬁh%%al soni ¢

vave t gideyi &estt i hikRe VT ﬂléi?)@fecﬁlcd@arﬁﬁu(‘!@flqm@ @39 an [40i€5) 15 lsfackOoShoWs
anot her enbodi nent of wafer ‘cleaning apparatus using a nega soni c device

accor dl‘ﬂ?lfelt 61@10e Beswsetor 1il B0t attachedThethemerodlentist transdwdenilll 894, tmdtm@ga shown

inFig except . t hat. apoth not o 0009 turn chuck

! oc b DieSHE e R it BRI B BRGRh Ol G088 Byl By Wl of Eitiiadttn o
waf er 10039. PMees ssqesité i aad b espidak bi@ious8iah Ok ap ‘glietd Hed88 changes the gap
d between nega sonic device 10003 and waf er 10010 i nstructing notor

10006 gpg7770t oF10PHINdWs Ehﬁtﬁercaﬂﬁ&in%gﬁ)cléf %f%ﬁ" Q@’eaﬁ?ﬁigsa QQQLYS Qs!"ﬁjg @h8gal 001 1

cl ockwi'se and count cl ockw se sinultaneously. shows anot her
embodi reenic dsvioratenrdiokda theyesnp arvantion. Bhegmiodimgat lsemltard@macehcam:m di ng

4 excdie Tharesdh Faka¥Bropt asREcoRTE bRl i B0 s RuTAME g 2% o
surfac Ebh@lflges the gap d between mega sonic resonator 12008 and wafer 12010 by instructing motor
12006 and motor 12009. More specifically speaking, for each rotation of wafer 12010 or
chuck 12014, control unit 12088 instructs motor 12006 to turn mega sonic resonator 12008
clockwise and/or count clockwise around axis 12007, and at the same time instructs motor
12009 to turn mega sonic resonator 12008 clockwise and/or count clockwise around axis

12011.

[0078] FIG. 13 shows another embodiment of wafer cleaning apparatus using a mega
sonic device according to the present invention. The embodiment is similar to that shown in
Fig. 4, except that wafer 13010 is placed face down, and a nozzle array 13018 is placed
underneath of front side of wafer 13010. Mega sonic wave is transmitted to front side of
wafer 13010 through water film 13032 and wafer 13010 itself. A nozzle array 13018 sprays

liquid chemicals or DI water on to front side of wafer 13010.

[0079] FIG. 14 shows another embodiment of wafer cleaning apparatus using a mega
sonic device according to the present invention. The embodiment is similar to that shown in
Fig. 4, except that additional motor 14040 and lead screw 14005 are added here. For each
rotation of wafer 14010 or chuck 14014, control unit 14088 instructs motor 14006 to turn
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waf er 11010. Resonator 11008 is attached with piezoel ectric transducer
11004, and nega sonic wave is transmtted to wafer through the resonator
11008 anawOlowaties26or chemi cal film 11032. Process seque&aTaN20@vd1(B8
descri bed previously can be applied here. [0077] FIG 12 shows anot her
enbodi nrent of wafer cleaning apparatus using a nega soni c device according
to the present invention. The enbodinent is simlar to that shown in Fig.

11, exéﬁ%‘gﬁ"?ﬁ% deRd HARRAloONa ko MBARRYRM AL ,a00sb7 GRALE e LN ¢

12088 e gap bet ween nega sonic resonator 12008 and wa 12010
by i nstsamettimginsotics nkR2Q064 A do myivermdg0@aic ddviee k1068 iupi andl dowvrs feakadhy, f or

each rot at.i on_.of f 12Q10, qr uck 1 4 control unit, 120 j,nstructs
ot or 190081 06N GE 1 Ly ok 4 ELoRion I BbE8 e Mgk Lk I5HES SrOCOhe

cl ockwiggyar ound axi s 12007, and at the sane tine instructs notor 12009 to
turn mega sonic resonator 12008 cl ockwi se and/or count clockw se around

axi s 12[%8 . [Q078} skh 13 shows anot her enbodi nent of wafer @teani ng
apparatus uUsing a nega sonic device according to the present invention. The

enbodi is shmilar.t hat i ig.-4, exceptthat waf 13010 is
pl aced rﬁg%g dom@%?”dlsa&%%ezl%géﬁ g?\r{\l%/a/%g%lgm}lcs W&%%cgfgi It}]trllggnnl\eﬂgeﬁﬁlr 8 1%8 %To nt
si de ofbetvadedr? th3@00. Mega sonic wave is transmitted to front side of wafer

13010 through water film 13032 and wafer 13010 itself. A nozzle array 13018

sprays Z{bbsmi d arerivafr 94010 B Rk Qu0 PNrdtiida 9RbtaBbkle nfeka Weie e id® 149003 0079]
FI G 14 shows anot her enbodi ment of wafer cleaning apparatus using a nega

soni ¢ deeNes&pae Ondi wilere o 1t inéegsr pwmbar statehfrpoinl. The enbodi ment is sinilar
to that shown in Fig. 4, except that additional notor 14040 and | ead screw
14005 dPe8¥ddelilthet® shdvoy amatbér embatinent of watef eteahih@l{pporatishustkg 440d4gh,

t | i 14088 i t t 14006 t i c.devi. 03
T o kaisoltdexics acas e th TS RisPae TyeBoNG The gar AT sk kg sonit AEViCe A e

i NSt r UGy waPEOr50164 @dhahSed BV ROIRAZ06OR GhudREGR: AARRP3 ddRndBRafia¥Drodksy each
rotation of wafer 14010 or chuck 14014, notor 14040 nove nega soni c device
14003 dpendiol gonk5088 is used to control the speed of motor 15006 based on speed of motor

15016. For each rotation of wafer 15010 or chuck 15014, control unit 15088 instructs motor

15006 to turn mega sonic device 15003 clockwise and/or count clockwise around axis 15011.

The increment of rotation angle of motor 15006 for each rotation of wafer 15010 or chuck

15014 is,
[0084] A y=0.5M(MN) (6)

[0085] Where, M is distance between axis 15011 and middle position of mega sonic
device 15003, A is wavelength of ultra/mega sonic wave, and N is an integer number between

2 to 1000.

[0086] After chuck 15014 rotating N rotations, mega sonic device 15003 turns up to total

angle of 0.5nA/M, where n is an integer number starting from 1.

[0087] FIG. 16A to 16 D show top view of mega sonic devices according to the present
invention. Mega sonic device shown in Fig.4 can be replaced by different shape of mega
sonic devices 16003, i.e. triangle or pie shape as shown in Fig, 16A, rectangle as shown in
Fig, 16 B, octagon as shown in Fig. 16C, elliptical as shown in Fig. 16 D, half cycle to cover
half of wafer as shown in Fig. 16E, and full cycle to cover entire wafer as shown in Fig. 16G.

For the embodiment as shown in Fig. 16G, since the mega sonic device is covering entire
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[0080] Dz = 0.51/N (5) [0081] Where, | is wavelength of ultra/mega sonic
wave, and N is an integer nunber between 2 to 1000. [0082] After wafer
14010 or wbuolo/4284 rotating N rotations, nmega soni c deCcraN20000888DVes up
to 0.5nl, where n is integer nunber starting from1l. [0083] FIG 15 shows
anot her enbodi nent of wafer cleaning apparatus using a mega sonic device
according to the present invention. The gap between nega sonic device 15003
and waf 0 ki ng

ol can; ma e e o 1 A e e A O o or
15006 bhsgd)bﬂwspesuﬁmhndmkgasdﬁexﬁvmerw&&dhsﬂ@k&me¢m1mmbwmﬁenmﬂﬁﬁﬁe or
chuck 15 co unit 15088 instructs notor 15006 to turn nega sonic
devi ce &' df?fger g(?b\}\?l‘s‘ékﬁﬂtd}oorr"taé@ﬂnt cl ockwi se around axis 1501 1. The

i ncrenent of rotation angle of notor 15006 f.or each rotation of wafer 15010

or chudR0 &_83014A|C§0rd{neot8>41n pmgodimgnt | g yeyRyal(Bytapasossvesh Hiecultfpegadiosicance
bet Weerﬂe@ﬁle%%lc]'ﬁ%t emj &Jﬁﬁué{bfjﬁlb&rﬂ%k [HeQM% g@:f mW%clﬁﬂ%é&dﬂ%@ t‘ﬁﬁ%&ﬁﬂg%ﬂﬂe I's

wavel engt mega soni c wave, I's an | nteger et ween
to 100m1tr{1/ﬁﬁgﬁ]somttckemcehuctlhe 15mng of)tlmt sungcdNof cbhaasemnnendumgasubﬂmt@ Hevi ce

15003 t rns up.to tot$% %é k ? %{%§ wher e n an inte nunb
starti oth 1S VEBIGAT{ISERGE M e felis &?ngt%lﬁ We%af SGte eVé%ﬁw’it

devi Cesoré}ﬁ&\%g' 't}{égclﬁl@km&opdl %%‘@Em eRBeMhiean thdBaRiceRIMcFor deMtfate RNAVD b
Fig.4 can be Teplaced by different shape of mega sonic devices 16003, i.e.

tri angleetampleplaeclslhhpﬁ the ssmmmquﬁorFs@stratertalt®cttog¢threwab tbh@mmondlmtgr 16

cycro taonege, VR Siehorotdn RhahCiantR oS B Wib® sy b BReover

entire ol @hda&os idwtatk Burkk Q&ndlﬁ@velﬁeil difiencRriepslédreht uaf/ B nidddsig | G
since the mega sonic device is covering entirewafer, the wafer or chuck do

not neekiditle semigensugior syhstretecchangesnThrjelore @dster unifosmiie of wseesonic power

density distribution is implemented.

[0089] Although the present invention has been described with respect to certain
embodiments, examples, and applications, it will be apparent to those skilled in the art that

various modifications and changes may be made without departing from the invention.
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the gap between wafer and nega sonic device is varied as described in
enbodi nents before, and wafer and chuck is kept no rotation. [0088]

Accor di ngvocosvi1gszbodi ment, a vertical di stance betweenPCiaEN2bavaiasega
soni ¢ device and the sem conductor substrate or the wafer nay be changed
during the turning of the ultra/nega sonic device or the turning of the
surface of the sem conductor substrate. The change of the vertical distance
may be waalil zedndyismoving the ultra/mega sonic device itself or noving the
chuck. According to an enbodi nent, the sem conductor substrate rotates, for
exanpl e, a chuck of the sem conductor substrate rotates together with the
sem conductor substrate. And within each rotation of the chuck, the

ul tra/ mega sionA anéttyd der oleatiihg semidondindoc kubistratebsdingauRrd/mesns somdodlet e,
vertical distance between the ultra/mega sonic device and the sem conductor
subst r £08PER®8ges. Therefore, a better uniformty of mega sonic power
density distribution is inplenented. [0089] Although the present invention
has been dedwidibgd s¢iichnqussgiesubsteage byewsing acluebodi nents, exanpl es, and
applications, it will be apparent to those skilled in the art that various
modi fi cat i on®siiedinglangemegayobhe derdeadpidehbiotthel sguaicondugtol sarstriates
invention.What is clained is: 1. A nethod for cleaning sem conductor

subst rat e udhjegting 4 cleennegdi@ahorc thdeeint@ndeaopsubstratg and oltolia ggp detween the

sem conduct or, substrate by using a chuck; positioning a ultra/ nmega sonic
devi ce Sqcoodntox ShpRe sediteoHHIEe SQhdgce Ry USY aég%%Sh@neaméﬁlém cal |iquid
on the sem conductor substrate and into a gap between the sem conduct or
substrat e arflargieg the reap nisgaediotice seaigprdbiclsy wwbptirie nd| g syltraimesn ownice;
changi t } L e, and t a
soni ¢ QR D R R P A bl 3 N Bl S the IR a TR e
ul tral/ negmesoni ¢ device. 2 . The method of claim11, wherein the ultra/nmega
sonic device is positioned adjacent

2. The method of claim 1, wherein the ultra/mega sonic device is positioned adjacent

to a front side of the semiconductor substrate; and

the gap is changed by turning mega sonic device clockwise and/or count clockwise

around an axis parallel to the front side of the semiconductor substrate.

3. The method of claim 2, wherein further comprises:

rotating the chuck around an axis vertical to surface of the semiconductor wafer, and
changing the gap between the semiconductor substrate and the ultra/mega sonic device for

each rotation of the chuck.

4. The method of claim 2, wherein further comprises:

moving the ultra/mega sonic device in a direction vertical to the surface of
semiconductor substrate, or moving the chuck in a direction vertical to the surface of

ultra/mega sonic device.
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to a front side of the sem conductor substrate; and the gap is changed by
turni ng nega soni c device clockw se and/ or count cl ockw se around an axis
paral | el wo 2ntee1is2ent si de of the sem conductor substraPeT/CN20090e088et hod
of claim2, wherein further conprises: rotating the chuck around an axis
vertical to surface of the sem conductor wafer, and changing the gap

bet ween the sem conductor substrate and the ultra/nmega sonic device for
each rotati - i : e n, f L
conpr i sce: o e R Ol B foyadoR eI El KR Ryfee APPSR
t he surtbadeclofids efiihecemdiconductensnbitraae;@apdor nmovi ng the chuck in a direction
vertical to the surface of ultra/nega sonic device.5 . The nethod of claim
1, wherein tthe ghp iy elamggh bg aiminthgd@egL soris dpasé tlookelle ad{l/@e edtintt dodkwhisec k
side of the sem conductor substrate; and the 9ap i s changed by turning nmega
soni ¢ dERWTEANAxEHARH b toatha PaFk Hideipk the ppieqpdusiofsubiidian axis parallel to

t he back side of the sem conductor substrate. 6 . The nethod of claimb5,
wherein further conprises: rotating the chuck around an axis vertical to
surface of the sem conductor wafer, and changing the gap between the

seni conduct dr Thalbsthalt o ciand I meherdin flatheegemyores.c devi ce for each rotation
of the chuck. 7 . The nmethod of claimb5, wherein further conprises: noving
t he ul t r a/ negatiagthecchiel hwand an axdiveashl msuviacd btk stmidohéucorwaee afd t he
sem conduct.or substrate, or noving the chuck in direction vertical to the
sur f acNBRSipR &S, Ean 9tﬁl§aath§o~°r%6<a%w@é.sut§tr.atw el msa PP HEYICE pfer ei n

the ul tg@ﬁf@&ﬁ)nscgqh& ierice is positioned adjacent to a front side of the
sem conguctor su str%lte; and the gap is changed by turning the front side

of the sem conductor substrate cl ockw se

7. The method of claim 5, wherein further comprises:

moving the ultra/mega sonic device in a direction vertical to the surface of the
semiconductor substrate, or moving the chuck in a direction vertical to the surface of the

ultra/mega sonic device.

8. The method of claim 1, wherein the ultra/mega sonic device is positioned adjacent

to a front side of the semiconductor substrate; and

the gap is changed by turning the front side of the semiconductor substrate clockwise

and/or count clockwise around an axis parallel to the surface of the mega sonic device.

9. The method of claim 8, wherein further comprises:

rotating the chuck around an axis vertical to surface of the semiconductor wafer, and
changing the gap between the semiconductor substrate and the ultra/mega sonic device for

each rotation of the chuck.

10. The method of claim 8 , wherein further comprises:
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and/ or count clockw se around an axis parallel to the surface of the nega
sonic device. 9 . The nmethod of claim8, wherein further conprises:

rot ati ng woheomhmedesar ound an axis vertical to surface ofPCrieNs@mrossduct or
waf er, and changing the gap between the sem conductor substrate and the
ultra/ mega sonic device for each rotation of the chuck. 10. The net hod of
claim8 , wherein further conprises:noving the ultra/nega sonic device in a
di rection Y%&&igg'thé itk dIesd SHAE EdRce! {12 S ﬁ&?d«‘éﬁk‘a{] té%{?étsﬁﬁéc%’ ofkhTOVI NG
the chuck in a rection vertical to the surface of the ultra/nmega sonic
devi ce.sethiconfhaomeitstetepbr aloxing the abbek e n difvetion tvedicalegatlsonrfacdelitlee i s
posi tioned adjacent to a back side of the sem conductor substrate; and the
gap i s LHYAGEHSHYC €% ng t he semi conductor substrate clockwi se and/ or
count cl ockwi se around an axis parallel to the surface of the nega sonic
device. 12. HhdheiteHid drclaimd; mherein (heailtsd/ megy pamieAevdess PrgiEigned diaceiing t he

chuck. a5 9%Aek &he gﬁ{ ?sgﬁf&)%lﬁ.gcltoﬂsﬂb&%é%ﬁg of the sem conductor wafer, and

changi ng the gap between sem conduct or substrate and the ultra/ nega

soni ¢ devi Cethé- %5 Ef?%fl]anr Eieyyl Qi tlﬁ{gerﬁlpgﬁzﬁ tojrBSubg‘EI;h?e RS p&%eogndfolraéoun}ltll’
wherein furtheé I%orrprlges. novi e u rafrrega goni ¢ devicen a

di r ect idddckwedeldro@ld dntaxtidygarsllel tate soffadehd themegosmitcdeticesubstrat e, or novi ng
the chuck in a direction vertical to the surface of the ultra/ mega sonic
device. 14 The nethod of claim1l, wherein the chuck is kept no rotation
during cl eaning process. 15. An apparatus for cleaning sem conductor

substrate usinglihicfRkTeRAA fhdeH fRne QARisalng: a chuck hol ding a

sem conduct or substrate;
rotating the chuck around an axis vertical to surface of the semiconductor wafer, and

changing the gap between the semiconductor substrate and the ultra/mega sonic device for

each rotation of the chuck.

13. The method of claim 11, wherein further comprises:

moving the ultra/mega sonic device in a direction vertical to the surface of the
semiconductor substrate, or moving the chuck in a direction vertical to the surface of the

ultra/mega sonic device.

14 The method of claim 1, wherein the chuck is kept no rotation during cleaning

process.

15. An apparatus for cleaning semiconductor substrate using ultra/mega sonic device,

comprising:
a chuck holding a semiconductor substrate;
a ultra/mega sonic device being positioned adjacent to the semiconductor substrate;

at least one nozzle injecting chemical liquid on the semiconductor substrate and into a

gap between the semiconductor substrate and the ultra/mega sonic device;
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a ultra/nega sonic device being positioned adjacent to the sem conduct or
substrate; at |east one nozzle injecting chemcal liquid on the

sem conduwOap1guiEbr ate and into a gap between the senm ecmaNb@r07su8RSt r at e
and the ultra/mega sonic device;a control unit and a driving nmechani sm
changi ng the gap between the sem conductor substrate and the ultra/nega
soni ¢ device by changing the angl e between the sem conductor substrate and
the ultral/ L& i : : ' : [ he
ul'tral moga SonyEORUE A8Yh SRving eetkIGETRALAE R Sin S BLll dersclNBhal do!

sem corsdbgtare asliistuliad/ereganchit ldevico hy cbangimg theaamg]let heewekni thie sgmmeothariors m
changes the %%ﬁj&%g furni ng nega soni c device clockw se and/ or count

cl ockwi YBStHY HIENES P 4%t 0 the front side of the seniconductor
substrate. 17. The apparatus of claim 16, wherein apparatus further
conprising an notor to rotate the chuck around an axis vertical to the
surface of the sem conductor wafer, and the control unit and the driving
mechani sm chi@dndés anperagespohelpinedd, mereie the shoioegr senib slevige ds ansitionrs

ul tra/ %ﬁgﬁtq%grrogl?%ihgﬁf{h%rs Sﬁ%?%%c%%%ﬁ&téﬁanﬁhe chuck. 18. The apparat us

© . L
of cla e appara er 'conpri ses a second driving

nmovi ng mechapi sm being controJled by the control .unit,, the second driving
Techani sm APt SSMEH & o TEoRFEIad0T CEEG HEVERR b HYBE UG
verti cajevice dif&wast had6r Sburt NEokQMCHBUNE aRraxiUPshllat @, therfrdR fdd ¥ethehe
chuck nmoves in a direction vertical to the surface of the ultra/ mega sonic

devi ce.semgcontpesonpibaiiaie us of claim 15, wherein the ultra/mega sonic device
is positioned adjacent to a back side of the sem conductor substrate; and
the control unit and the driving nmechani sm changes the gap by turning nega
soni ¢ device cl ockwi se and/ or count clockw se around an axis parallel to

t he back si dg. dhetdppasan cddinctior whelesi nppaat2®.furfle @ppaisaicusn afoted & m 19,
wherein the apparatus further conprises an notor to.rotate the chuck around
an axi SO HEGRHCR §OUM 28 gRPACE 1q Hie WEATS g‘ﬁé@@ﬂ“’\ﬂé‘f‘%?{ walt anqe the

control unit and the driving mechanism changes the gap between the semiconductor substrate

and the ultra/mega sonic device for each rotation of the chuck.

18. The apparatus of claim 16, wherein the apparatus further comprises a second
driving moving mechanism being controlled by the control unit, the second driving
mechanism drives the ultra/mega sonic device to move in a direction vertical to the surface of
the semiconductor substrate, or to drive the chuck moves in a direction vertical to the surface

of the ultra/mega sonic device.

19. The apparatus of claim 15, wherein the ultra/mega sonic device is positioned

adjacent to a back side of the semiconductor substrate; and

the control unit and the driving mechanism changes the gap by turning mega sonic
device clockwise and/or count clockwise around an axis parallel to the back side of the

semiconductor substrate.
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control unit and the driving nmechani sm changes the gap between the

sem conduct or substrate and the ultra/nega sonic device for each rotation
of the chwoko102ti1826he apparatus of claim 19, wherein thecCagpar@ioassturt her
conprises a noving nechanismto drive the ultra/nmega sonic device to nove
in a direction vertical to the surface of the sem conductor substrate, or
to drive the chuck to nove in a direction vertical to the surface of the

ultra/ mega s@nhge ggéérﬁt%s of %laiﬁqr@o mgéﬁgg}é;ac@fara%saﬁl%ﬁcom%giaﬂ (#&tsrhg)

ultra/ mega sonic Ice is positione nt to a front side
sem comrdtatd the chulds troahé an ard vehtgcat ontheodurfacd of Gedemimndudtor wafeneaidathes m

change the gap b ur.ning the sem conduct or substrate cl.ockwi se and/ or
count GPBERATe T BEHEVER motham JH BTk hechapH ST T A SRS e 2 o
devi ce.and3neliNfraARiRashid defibe fdrahth RtatiofFHIRI dhuklbe apparatus further
conprises a notor to drive the chuck to rotate around an axis vertical to

the surface of the sem conductor wafer, and the control unit and the
driving nechani sm changes the gap between the sem conductor substrate and

the ul tra/mega j3anis, deul geqshanges Lar, ARChE LAl KNPtk B S Bltyids: The
appar atus of  ¢larm'2Z2Z, Whereéi'n apparatus fturther conprises a secon i ving
mec hanimséohbeisingoclive titd Liled/nigatsbeicclenice &b mont tin a idiiectimo@niitatitd thergrface
mechani sm drives the ultra/mega sonic device to nove in a direction

verti caAlf the semigosdncticwbyrate. i te liive dhel gchriognw inat diregiont erigal (e thene
chuck tgﬂg&%ﬁ%hguﬁﬁghé GbhRyevgEtical to the surface of the ultra/nmega
soni ¢ devi ce. 25, e é% ’

paratus of claim 15, wherein the ultra/nmega sonic
device is positioned adjacent to a back side of the sem conduct or
substrate; and the control unit and the driving nmechani sm changes the gap

by turning the .sem conductor. substrate.clockw se and/ or count cl ackw se
a7 ound an axie THAPRBII o PREY dar PREE DN HUFEGR SO ACHED it QoSBE T ne
appar atddgacedt t6laadtdit dide oMMRIsBinftohffotGRB sl Snfiur t her conprises an notor to
the control unit and the driving mechanism change the gap by turning the
semiconductor substrate clockwise and/or count clockwise around an axis parallel to the

surface of the mega sonic device.

23.The apparatus of claim 22, wherein the apparatus further comprises a motor to
drive the chuck to rotate around an axis vertical to the surface of the semiconductor wafer,
and the control unit and the driving mechanism changes the gap between the semiconductor

substrate and the ultra/mega sonic device changes for each rotation of the chuck.

24. The apparatus of claim 22, wherein apparatus further comprises a second driving
mechanism being controlled by the control unit, the second driving mechanism drives the
ultra/mega sonic device to move in a direction vertical to the surface of the semiconductor
substrate, or to drive the chuck to move in a direction vertical to the surface of the ultra/mega

sonic device.
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rotate the chuck around an axis vertical to the surface of the

sem conduct or wafer, and the control unit and driving nmechani sm changes the
gap bet wew0 20tvet1s821 conduct or substrate and the ul tra/ mega/Ganion7dssi ce for
each rotation of the chuck. 27. The apparatus of claim 25, wherein the
apparatus further conprises a second driving nechani sm being controlled by
the control unit, the second driving nmechanismdrives the ultra/nega sonic

device to i Irectd on; It i . -0f1.t:he : L uct or
Cubstrate, o (iR BedsLor Ol A5 wiRlid e DArHELS SO UCtine, if SRLROR S
sur f acedpicenthte abathk siderefjde semicondievorcsabstrate; and

the control unit and the driving mechanism changes the gap by turning the
semiconductor substrate clockwise and/or count clockwise around an axis parallel to the

surface of the mega sonic device.

26. The apparatus of claim 25, wherein the apparatus further comprises an motor to
rotate the chuck around an axis vertical to the surface of the semiconductor wafer, and the
control unit and driving mechanism changes the gap between the semiconductor substrate and

the ultra/mega sonic device for each rotation of the chuck.

27. The apparatus of claim 25, wherein the apparatus further comprises a second
driving mechanism being controlled by the control unit, the second driving mechanism drives
the ultra/mega sonic device to move in a direction vertical to the surface of the semiconductor
substrate, or to drive the chuck to move in a direction vertical to the surface of the ultra/mega

sonic device.
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