WO 20101111826PCPCN20091071088 METHODS AND APPARATUS FOR CLEANING
SEMICONDUCTOR WAFERS FIELD OF THE INVENTION [0001]The present invention generally
relates to methods and apparatuses for cleaning semiconductor wafer. More particularly, relates to
changing a gaﬁ‘b&W@éﬁ”& ultra/mega sonic device and a wafer for eachPr%TEEMO(?fﬂtﬁ Bafer during
the cleaning process to achieve an uniform ultra/mega sonic power density distribution on the wafer,
which removes particles efficiently without damaging the device structure on the wafer..
BACKGROUND [0002]Semiconductor devices are manufactured or fabricated on semiconductor

wafers using a NFRBEN A SRPpYRAddsig St dstio RS S s NP Hhd HiefcohRBetion 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 %Eﬁﬂ%\#%wg%r between transistors, internal circuit
of the semiconductor devices, and circuits external to the semiconductor device. [0003]In forming the

interconneqti@01ﬁ%lem@m?>ﬂa€e§@m¢@9@&w§%fuﬁ§e{em@y wnderssusfanexprniassnasking sighing, and
deposition processes to form the desired electronic circuitry of the semi%onductor d%}/i?es. In

particular, FRTHEIEdHKIRE N PAE PAStUATHG SR AR Basaiom®al PSR 3SR S recessed
areas in a dielectecitayed anvafsefoicand uatoiowafehd vatfseduges trerichispgndesiasdacithee

interconnecfions, I order {o remayal (Pv%‘é“8%%%9“&%?6‘&{%59‘88‘@%‘% L TSRGL R NE @9&&%&“'”9 or
photo resist agﬁmg, a wet cfe?‘anlng tep Is neceyssary. specially, when device manufacture node
migrating teBBiartaniliseydrnagine shealoyie aisiwerentls #i88Via 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 tﬁg%@g}ggﬂgﬂia Therefore the mechanical force such as
ultra sonic or mega sonic is needed in order to ' 111826PCT/CN2009/071088 remove those

particles effigiRa{ly. WEAisaniGANAMEIR sRNCHAYSW 3ppivmRechanicaliRirieyalarsiructure,
the power intensity and power distribution is key parameters to control the mechanical force within the

damage limitRed BERRs < ARTERFY BIRCSETIG YSREIAGUREHE P MR AR B ARG H LoHRMEA gy coupled
with nozzle 1o cieattisgimicamauator msitesistcistlaBeddsotiad PaitN ched, 826 @hdudibie fhaldrjs

pressurized.ang e sonic.enciays.anplied ig e fliid Ry maga seNG HANSMIGR! T hg nozzle is
shaped to provide a rioen-Iike’jet of cléaning Huid vibrating at mega sonic frequencies Tor the
impingemenf dhethenscpfavetor 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



[0005]A source of energy vibrates an elongated probe which transmits the acoustic energy into the
fluid is disclosed in U.S. Pat. No 6,039,059. In one arrangement, fluid is sprayed onto both sides of a
wafer while a probe is positioned close to an upper side. In another arrangement, a short probe is
positioned with R Y8#face close to the surface, and the probe is moved SePHE YL ce as wafer
rotates. [0006]A source of 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. [00074To ynfonmly Apely iy Amopk of Meg sonie RIS 10, S0l a Mfarsiiaa for he
cleaning process. [f the mega sonic power iS no unlformlrill &p ied on the wa "Yhe portion of wafer
receiving lesanégavetsnistpives. \ilk otise leasiad ave|parrd [diaibg particley astestianination on

the portion gf ihe wWafeh&RGRATIRIALT WaRr AIRCEAIRGLKHIA MRO SADICRRWERINGY GaHe de damage
of device structure on the wafer due high pressure and high temperature micro jet generated by

implosion ofBINBIEE. PSE%It is needed to have a better method for controlling the mega sonic power

density dist@%ldggn on the wafer to clean %raﬁticl s&n%ﬁﬁq’%minaﬁon oﬁ? surface of y\czlafeir or,substrate

with higher ‘efticiency and lower structure %mvgges & RY 10009 crt1oer embo wﬁsecn%sgld the

present invehtibh BatoWeit‘a3aeds sbhiclielicerdfacesd todrovssitmiofeadaiatimpmgteidiiting the
cleaning pregess,anddo.changedhagapbeteenibe Wah2R40/3 L1IS2EPCTHEN2ARI/R 188 mega

sonic device and the wafer for each rotation of the wafer. The gap between mega sonic device and the
wafer is ch&IfGaIH{ st NiHG HE Ga EH E MY IERIBRIEIGNISE BRIH ML RILIRGISEEBuUNd an axis

paralel to e gt ide, g 0 aleE AOGRORAN NS STRRICHTED" O e RIRSRIL IAYepigns o put

energy into the fluid is disclosed in U.S. Pat. No. 6,039,059. In one arrangement, fluid is
sprayed onto both sides of a wafer while a probe is positioned close to an upper side. In
another arrangement, a short probe is positioned with its end surface close to the surface, and

the probe is moved over the surface as wafer rotates.

[0006] A source of 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



adjacent to front side of a rotating wafer during the cleaning process, and to change the gap between
the mega sonic device and the wafer for each rotation of the wafer. The gap between mega sonic
device and the wafer is changed by turning the wafer surface clockwise and/or count clockwise around
an axis paralléf ¥ diface of the mega sonic device. [0011]Another enfb3EHPAYEHR 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 m sonj vice and the watfer is changed by turning mega sonic device
Clociarise AR B O e D S ot
embodimertegicthendrébentdfvenstidiised put Erniegansenicaeyidey idjatediisan sidewwtta rotating
wafer, and {9,ehaRge e LaPRENENIRE ResRSARICdaMce ard 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 waie] surfaceiclo cawissinad/ of chtpreiockwisaasauncdapaxis pagalledie the/rudrface of the
mega sonic,deyice, BEF DESCRIPTION.OF THE DRAWINGS 00131FIGs, LAID depigt an
exemplary warer cleaning apparatus; ﬂ%ﬁ piCts an € mpfary wafer c eéning ﬁrgcess ;
[0015]FIGsbgM:8B thepittsiasutitefeseiridrinovaidec|Garing! appaietus; [00¥6IRIG. Tie-4Brdepict
another exeplaty walet ARanipg ARRAIRISHPRIAR G424 -RinAeRiet fibet anathesexpmplary
wafer cleaning apparatus; 100181FIG. 6 depicts a cleaning method; [0019]FIG. 7 depicts another
exemplary W4Y&F eEahSiRyaBarsRIEd o3t Y el iishide RssHIaNFWa cleaning

apparatus;

THE D
e

[0011] 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 mega sonic device clockwise

and/or count clockwise around an axis 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 ;
[6015]  FIGs. 3A-3B depicts another exemplary wafer cleaning apparatus;
[0016] FIG. 4A-4E ‘depict another exemplary wafer cleaning apparatus;
[0017])  FIG. 5A-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;



WO 2010/111826PCT/CN20091071088 [0021]FIG. 9 depicts another exemplary wafer cleaning
apparatus; [0022]Fig. 10 depicts another exemplary wafer cleaning apparatus; [0023]Fig. 11 depicts
another exemplary wafer cleaning apparatus; [0024]Fig. 12 depicts another exemplary wafer cleaning
apparatus; [0029|RiY/13sdepicts another exemplary wafer cleaning appar@uUBPOOLEIEIA8814 depicts
another exemplary wafer cleaning apparatus; [0027]Fig. 15A15G depicts variety of shape of
ultra/mega sonic transducers. DETAILED DESCRIPTION [0028]FIGs. IA to 1B show the conventional
wafer cleanin(%éi paratus u%ng a me§‘a sonic device. Th? wafer cleaning apparatus consists of wafer

1010, wafet WHilék 1015 e g oA By FSTRRGH F¥RIMG FRBLIEARRHYS 16, nozzle 1012 delivering
| ' hemical -ignize [ ' 03. Th ic devi
cleaning C ﬁﬁ?ﬁz S Of?x%? 1'9'3'%?% %5%&9%@?%5%%@c?gﬂfﬁlggﬁgﬁggal% € mega sonic device

1003 further consists of piezoelectric trans 4 acoustic ed to resonator 1008.

Transducerg@f¥ is eﬁgﬁrﬂ@@ﬂ@i@%cjg%ql%&mgﬁ vibrates And thp deaanator 1008 transmits high
frequency sound energy into liquid. The agitation of the cleaning liquid produced by the mega sonic

energy loos@ns4partidias on depites 1@k Comtamipnant&aredhiug apbsated; away from the surfaces of the
wafer 1010, and removed from the surfaces through the flowing liquid 1032 supplied by nozzle 1012.
[0029]As sHBMAFIN Fifigl @3 iswetiermmshee ieverttie Nafst peftattorPpaielgy, the phase reflection wave
11. (from tﬁﬁ] of water film) must be opposite to reflection R2 (bottom of water film), therefore water film

thickness MA&8quals: [HosBIar-eRoDs: Femplary 3vefs (RIS NYFREIE s the thickness of water film
orgap betW[%SEHWEQ%-%Q?ﬁgﬁ\@c&&g‘g‘%&riety of shape of ultra/mega sonic transducers.

DETAILED DESCRIPTION

[0028] F1Gs. 1A to 1B show the conventional wafer cleaning apparatus using a mega
sonic device. The wafer cleaning 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=nXN2,n=1223, ... )

[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.



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 937.51K Hz, 2= 1.6 min, the d = 0.8 mm, 1.6 mm, 2.4 mm, and
so on. WO 2010111826PCT/CN2009/071088 [0032]Fig. 1D shows the relationship between gap d
and mega sonthWEH HBhsity measured by sensor 1002 as shown in FigP{A" PN HERSIty is varies
from valley value 20 wicin2 to peak value 80 w/cm2 as gap size increase 0.4 mm, and reach a full
cycle in the gap increment of 0.8 mm (0.54 it is critical to maintain a gap precisely in order to keep a

uniform me nic istributi 1 Ir r. [0033 ritis v iff] o keep a
uniform ga ini%ch %?gz%ﬁ%jr?}é@tﬁg%;a%%%@s% ciaﬂ\’g%v%ﬂegr%%hg \%V%?ﬁ%grgt&}a%%ﬁ%mwggg !%lé! hown in
Fig. 2, if wafsestaélbn oasos K2istshonn ydibcalto Rurkicewithsgasenioteaber?0b® e gap

between megansonRiodevieaantseHace efyalen<0dlds redueingdiorpresas ef thewvaterqp center of
the wafer. It will cause non uniform mega sonic power density distribution from edge of the wafer to

center of thE HERSPRLESH&iAg S th sHof T Blgia BB PARRHEPHERLi Mt (ArfSERdA is caused
by rotation axisoh clngalsdeing wet dietiticabiicos titaeeiefwedter 3010 as shown in Fig. 3A and 3B. The
wafer is wobbling when rotating, and Fig. 3B shows gap status after rotating 180 degree front status as
shown in Fi§O3A]. Th&lgupver bagecor difenlidel lices Froioarigrieit Wl erad iooirilin E¥HBA to

smallest VaBéEe@ﬁlﬁth)Héhi&E'kgaf%Bi-s|Fd&’éﬁ&ﬁHﬁﬁi@Oﬂymm&mimﬂ%aéqmﬁa@&Wﬁﬁ&efﬁWigis%ttf ibution on
wafer as wafer passing ,mega sopic device. All such non uniform power distribution will either cause

damage to BVICE S aHIER O AU SV EregR O TR AR iR R EIPR PR OB 3 P B 6°overcome
non uniformupbwefacisifibuttortCHuseddy ivgriaiiare dfegaptdusiag cloushtotafite, wheipréseiit invention
discloses a method as.shown in £igs, 4A 10 4E. The.ga ween anic device 4003 and wafer
1010 s ches i R O ot i
used to corfitolthgrsiseaidiog ndest Fo06Basée HA-speed of motor 4.016. For each rotation of wafer
401 0 or chuck 4014, control unit 4088 instructs motor 4006 to turn mega sonic device 4003 clockwise

and/or cour?@tftkwiePaist e ssible 4757 VA Mt st bPPofatisiarmgie of Hivtds 2688 RSt each
rotation of waifglicA0kOsorflaudladtt 4 08 00 SajAnair oS VAENY 2B [00BS Pitfee ie wobslinidirhed mega
tsgrl‘gocéf‘”c?oﬁa 03 Gia B YV3UCIRNAE,Of WILIALMRIA SOMIG WY 8. 808 1R 0RIRAG!DUMPR Petween 2

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 = 0.5M(FN) )

[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.

th



WO 2010/111826PCI/CN2009/071088 [0038]After chuck 4014 rotating N rotations, mega sonic device
4003 turns up to total angle of 0.5n)./F, where n is an integer number starting from 1. [00391As shown
further in detalil in Fig. 6, when the gap changes for each rotation of wafer or chuck, the mega sonic
power densityVd? BAE4AIE portion of wafer changes from P1 to P2. WhenRhE GR91HErE8Ees total half
wavelength of mega sonic wave, the power density varies a full cycle from Pl to P11. The cycle
starting point depends on the gap between mega sonic device and portion of wafer, however each

portion on yiafey il iGecive fyleyle. gf povier density when dap ingreasss halhayelength of mega
sonic wave. In &her words, even gap%e Ween mega 0NIt device and wafer is not et unnaormly due
to reason dewstdeib&d inHigwheRig i 8 andgeBusalsh pertiemitithe wafer will receive full cycle of mega

sonic power when mega sonic device moves up half wavelength of mega sonic wave (about 0.8 mm
for frequendyPaPlo37 Sxbey o Fiethen Guistahierdach BReRiGH cR&RePE5S EefoE RN mount of
mega soniGREwer clerEithinskidingrie samelaviiagerpaauat gentityotheBameadpaxirom® power

density, an e minimum power density. The operatjon sequence can.be set as follows:
100401 ProfeLs S T R o L e e B B e S heized weter
= =1.6 mm)ale41 et frombndonifer lespeledioftog rmet dopients thethasge wiierpnege 1500 rpm.

[0042]Step 2., MG DeER RO ASMERL0 AAIRCENL I WatEE VIR Q&R Chiand.ads RihgLange 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. PRESHIGSHHERERPHT IEERSOMIL Haviel BhRMeFaRY S 12201 PRFAICHNS S4F preffrred

in the range:gf 3 tereMAENE- 00 44SteRds fa eachimtationef ehuskdQddbininEga sonic

device 400 ckwise ngle of 0.521(EN), where N.is an.int r number and in the range of 2 to
3:%151 g %f Wé Wa, ggg i:[sj/l'f

1000. 100451 t?ép%:aélo m’uea%}fe%o 'ght mega s%rn?’gléer(cl%év i € &%issgnbcp%vfg al

when mega sonic device moves up half wavelength of mega sonic wave (about 0.8 mm for
frequency of 937.5 kHz). This will guarantee each location of wafer to receive the same
mount of mega sonic power density including the same average power density, the same
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 0.1to 1.2 watt/cm?,

and preffrred in fhe range of 0.3 10 0.5 watt/cm?.

[0044] Step 4: for each rotation of chuck 4014, turn mega sonic device 4003 clockwise an

angle of 0.5M(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 0.50/(FN), where N is an integer number and in the range of 2 to 1000.



angle of 0.511.21F, where n is an integer number starting from 1. 100461Step 6: for each rotation of
chuck 4014, turn mega sonic device 4003 count clockwise an angle of 0.5V(FN), where N is an integer
number and in the range of 2 to 1000, WO 2010/111826PCT/CN2009/071088 [0047]Step 7: continue
step 6 until méYadaid Bévice 4003 turns count clockwise up to total angBGT B 1kere, n is an
integer number starting form 1. [0048]Step 5. repeat step 4 to step 7 until wafer is cleaned. 10049]Step
9: turn off mega sonic devices, stop the DI water or chemicals, and then dry the wafer. [0050]Process

Sequence ga sgnic frequency: f = 937.5 kHz, and wavele in dieonized water X=1.6 mm):
1008115100 B ating Wit T B B R A o e o e B0B YT dbe2lStep 2
move megdseitgtieviceSto ddjabent toswaleregitmgapead stanithd ferin the range of 0.5 to 5 mm.

[0048] Step 8: repeat step 4 to step 7 until wafer is cleaned.

[0049] Step 9: turn off mega sonic devices, stop the DI water or chemicals, and then dry

the wafer.

[0050] Process Sequence 2 (mega sonic frequency: f = 937.5 kHz, and wavelength in

dieonized water = A =1.6 mm);
[0051] Step 1: rotating wafer at speed of ®, and ® is in the range of 10 rpm to 1500 rpm.

- [0052] 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.

[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 of 0.1 to 1.2 watt/cm’,

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 0.5n\/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 0.5%,n/F, increment or reduction of angle of transducer for each rotation



[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 of 0.1 to 1.2 watt/cm’, and preferred in the
range of 0.3 to 0.5 watt/Cm2. [0054]Step 4: for each rotation of chuck, turn mega sonic device
clockwise an HROBYB1RY(FN), where N is an integer number and in the PaRgEV#1°2/¢6%800.
[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, andthen dry the waler. {0057|The frequenry of rensducer cap be pet atullra sqnic range
and mega Sonic range. dependiig on'the particie 16 e creaned. The larger the particie size is, the
lower frequéndy shwaidloegtisefl thdItravsonithr drgbighdrein@enc2 00k Hrd V20 Ok Hizsgandundga sonic

range is befwgen 200.Kdado. 9 MHz AlSe MeansncY.afipgshapical 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 ofoyader. If edualfipuiencyeafiviivesiaraiusets thedigher freaiensy dchishoddope multiple
integer numberhof Iowe% fﬁealuency 1'2, and the transducer rotating angle range should be the
0.5X2n/F, iAcréntent Br reduction of angle of transducer for each rotation WO

2010/11181@5’5@?'&!\8%%{%@@&&{&%%:%M:Q%O.5g:iL/(FN), which 22 is wavelength of the
t

wave with the lower frequency 2, 2,1 is wavelength of the wave with the higher frequency 1'1, and N is

an integer nypsoer betwean 24aHA0RBBhN SaRdMeyersaumiRosarting from 1. 1005810ne
example of chemicals being used to remove the particle and contamination are shown as follows:
[0061] Particle Reduction: NH,OH:H,0,:H,0 = 1:1:5

[0062] Metal Contamination Removal: HCI:H,0,:H,0 =1:1:6
[0063] Oxide Removal: Oxide Removal = HF:H,O0 = 1:100

[0064] FIG. 5A to 5C show 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] AP =0.5M(LN) (4)



[0059]Organic Material Removal: 112S04:H202 = 4:1 [0060]Organic Material Removal: Ozone :H20 =
50:1000,000 [0061]Particle Reduction: NH40H:11202:H20 = 1:1:5 [0062]Metal Contamination
Removal: HO:H202:H20 = 1:1:6 [0063]Oxide Removal: Oxide Removal = :H20 = 1:100 [0064]FIG. 5A
to 5C show aNU&FEH#SHiment of wafer cleaning apparatus using a med4 6N G ¢8according 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, i stru%ll'ng tor 5006 and_motor 5009 for e rqtafi r uck 5014.
For each r&@&o of wa e?l"ro;](t)illtq)‘oeﬁl %ﬁugi %18%,sgrggt%wﬁdc%itégg%’S%r?ét%&%l% t%? %%%%a%%%n mega
sonic devic®B00R ovkiNise ahtisesourtidobrviea areultdGxis 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 andfd ?H:renf%‘%?r SFHEStoP BOER AN 1o NG EREF S5 T or ChuBK B 045 198065]A a =
0.52J(FN)(3)4R0H6) harextrets widin ofispagasbaicEeligdrd003, 2, 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 sonidW&dice 5BIB Tt vapotbstainsmglicmett 56 clptiens wPREEH NS MAHEMStarting from

105)060968A]Th@&g&%@ﬁ&%ﬂ&&&%@%%&@ﬁeﬁ.5@99ef%@@ﬁmp;@mmgftwa{@wsﬁem prishuek 5014 is,
! AP -é;(cépt tlgat C?lguck 7014 is turn clockwise and count clockwise around axis 7007 by motor

7006 for each rotation of wafer 7010. More specifically speaking, control unit 7088 changes
the gap d between mega sonic device 7003 and wafer 7010 by instruct motor 7006 to turn

chuck 7014 around axis 7007 clockwise and count clockwise.

[0073] FIG. 8 shbows another émbodimenﬁ of wafer cleaning apparatus using a mega sonic
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



WO 20i0/111826PC TiCN2009/071088 [00701Where, L is length of mega sonic device 5003, X is
wavelength of ultra/mega sonic wave, and N is an integer number between 2 to 1000 [0071]After
chuck 5014 rotating N rotations, mega sonic device 5003 turns up to total angle of 0.5nXIF, where n is
an integer nuri§ea8ai18Zf from 1. [00721FIG. 7 shows another embodimet BENR0EIE8hiIng
apparatus using a mega sonic device according to the present invention. The embodiment is similar to
that shown in Fig. 4, except that chuck 7014 is turn clockwise and count clockwise around axis 7007
by motor 7006 for each rotation of wafer 7010. More S?Pecificalgl}/ﬁ {ﬁcgteakin , control unit 7088 changes

the gap d bevee RGeSV BRSO NS Hadsr 718 L hSIBF P68 G HE huck 7014
around axisI6ob¥iglookwisle axid tQirit oo dewisehl00ABIHGE SvsfrowisEothktoesnedifitatiy of wafer
cleaning ap { in ame nj i rdin (O r 'Q] R T rodiment is
cimila 1o T B e el B lockanise
and count dleRkhvbsetsimiaariste0iq08g fof awdpr rRAAD toorwatarcB00] drorapaeifida)’speaking,

control unit $388;¢chanoes she.gaPr.adeivesnnega senic.dayies 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. [0076]]FIGFshoves@notherheméotbdisehobivatdectéaning appadait sidising megega sonic
device accaqrding to. the present.invention. The embodiment is similar.to th own in Fig. 4, except
QgAY v1ée%£8%a§1ét Y ér%s nl e@t&th@%&éﬁ"% e% i s%mﬂgﬂ% W g‘&\% i

that mega sonic device 9 placed adjacent side of water 9010, and Is turn clockwise

and count disskiviskcenbilid sxie G007 IszAHBHo006sdMeror HUT6issatasimdel totehiyehe@0e. Control

unit 9088 chapges $16. ARG REIVE LI BRUASMNRIE JRNISR QAR @Rdhagk&ide bwalss 9RLR by
instructing motor 9006 to turn me%? sonic device 9003 clockwise and count clockwise around axis

9007. Megd ¥BhikaNalie RISt TROPHSA SR 90108 4RH Water<ith G832 MTyh water
film 9034 andoaaf@r@eidsdoarie VLR sisppiies! Pravetatyotaaemnppdls] teeraaintain water film 9034
between mega sonic device 9003 and back side of wafer 9010. The advantage of this embodiment is
to reduce ot¥iflinat&l&pd3sibiovdameibe cabodimspineégeakoritewingarpaetieastuauregn front side

of wafer 904,;d Q0% L EdGrdi ReSRous RIS RMRRCIMRNL AP YRIRNC IS 3N, ABRRIAIHSHSIRG @ mega

sonic device according to the present invention. The embodiment is similar to that shown in
Fig. 11, except that additional rotating mechanism 12009 is added. Control unit 12088

changes 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

10



WO 2010/111826PCT/CN2009/071088 Fig. 9, except that another motor 10009 is added to turn chuck
10014 clockwise and count clockwise around axis 10011 by for each rotation of wafer 10010. More
specifically speaking, control unit 10088 changes the gap d between mega sonic device 10003 and
wafer 10010 bY e motor 10006 and motor 10009 to turn chuck 138U HEE 10007 and
axis 10011 clockwise and count clockwise simultaneously. [0076]FIG. 11 shows another embodiment
of wafer cleaning apparatus using a mega sonic device according to the present invention. The
embodiment is similar to tha in Fig. 4, except that surface of piezoelectric-transducer 11004
s an angleL o e 1O R L R U R eccer
11004, andshmegytirsometweivatistaahiiitiednovwafesalseoigteties redR atprand GO/ arkPDéasater or

chemical filpg:dd Q345 RIRCESD FPGUERER 34@@@2 Zflgsciined Hf@x}é%&é)( %Hc%@@@ﬁﬁé@b%[&omo_w]':'ﬁ
12 shows another embodiment of wafer cleaning apparatus using a mega sonic device according to

the presentdi‘ﬁY)'éhtion. The embodiment is similar to that shown in Fig. 11, except that additional
rotating meg%%rg m ]zg(z)(_)__%li ded. Control unit 12088 changes the gap d betweep mega sonic
resonator 1 and wafer’ 0 by instructing motor 12006 and motor 12009. More specifically

speaking, fosagh rotatign of wajat il oF Ghkdnd20ddiconyol aptt2088 naltecta.meter 12006 to

turn mega sonic resonator 12008 clockwise and/or count clockwise around axis 12007, and at the
same time PRFERLA0t8P% 2009 to turn mega sonic resonator 12008 clockwise and/or count

clockwise aypyyd axis 12041 [007RIFIC 43, ohaws,anottier embodiment of viater leaning apparatus
using a mega Sonhic device according 10 the present invention. THe embaodiment is similar to that
shown in Figotesexeapt fat whfer 1801@de plasket fdotndolimm dnd 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 wal@P¥th 13852 dndsleareriabeosiebafimetb £flavalivay ! $8As Gy sidiiecheRs®als or DI
water on todsant aerofaiiind 30H3. (R0 mikentlsh sShiws anbihescanmiod isosiotdel wafeookeaning

apparatus using a.m oni d% ice accordj the pr jnvention, The embodiment is similar to
ot shown TIET, UG AP TR i Lo A CEr e e e M Rere. For
each rotatidioofrolafeit 114089 orushdck td01ed, thersreddunft m4088 M ietsdatortad 06 1torn WO

2010/1L1820RCTIGH2008(074056 ez RN siyige. 14002 daslaiseandley sauat elagiyise around

axis 14007, and at the same time instructs motor 14040 to move mega sonic device 14003 up and

down. For aNG&RHBn SR APBICIHYTES bi CRUREAE LA BEGPUHEAS MdtRrFRBEh &hic Yevice 14003

up or downThe increment of rotation angle of motor 15006 for each rotation of wafer 15010 or chuck
15014 is,

[0084]  Ay=0.5M(MN) \ (6)

[0085] Where, M is distance between axis 15011 and middle position of mega sonic
device 15003, X 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 és 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

11



[0080]Az = 0.5X/N(5) [0081]Where, X is wavelength of ultra/mega sonic wave, and N is an integer
number between 2 to 1000. [0082]After wafer 14010 or chuck 14014 rotating N rotations, mega sonic
device 14003 moves up to 0.5nX, where n is integer number starting from 1. 10083]FIG 15 shows
another embo¥ith#nt/&ti#4fer cleaning apparatus using a mega sonic devi€eT4CB9PiNg %S the present
invention. The gap between mega sonic device 15003 and wafer 15010 is changed by motor 15006 as
chuck 15014 rotating during cleaning process. Control unit 15088 is used to control the speed of motor
15006 based gn $ eed fgf motor 11%01][16.t I;gg %crh tra%aéion of W%‘I@(a Jig01908£ Chﬂ%t&e?%éf g,ontrol unit
15088 instnicts motor & E)B’éctoufﬁrnomé’ga sonic ewceu%%)g? CI6EKWsR andlor count clockwise
around axisles@pbIhednoreimemtohegiation aleglecos Niotet 15086 fordeacmbsrditiontebe/arer 15010 or
chuck 150%%&SWLQQ%%MU%@@Q&MI}IQ@)C{QOSS]Where, M is distance between axis 15011 and

middle position of mega sonic device 15003, Xis wavelength of ultra/mega sonic wave, and N is an

integer nuNbesgyetwerBoLiiasl 08 (OB Altek chuelkitbi0did satatingyNdiotatiansamegasanic device
15003 turns u‘%? to tot\%l angr!e of 0.5nk/M, where n is a integ1 rn mbecé' tartint%efrom.l. LQ%?]FIG. 16A

e n rconductor substrate or the wafer may be changed durin turnin :
to 16 D ShoW op W TEGRSENE Hevices According tothe present inve |on.1f\/l%g% sohic device

shown in Figii4atasgbeaspldeedebyr differemighapehef urdyga sbitie devicesdueBOFubsirataridie or pie
shape as showgin Fig. JoA.ERRNAIE A% SOWNIREY, H6/hoeRgrn A% shewn iRtig: 186 elliptical

as shown in Fig. 16 D, half cycle to cover half of waferas shown in Fig. 16E, and full cycle to cover

entire wafePa@eRB% MGk 18esortngHe anfshndivatiadhersmismderior e sERie s MBga sonic

device is coy@rntERtERuck of the semiconductor substrate rotates together with the semiconductor
substrate. And within each rotation of the chuck, the ultra/mega sonic device or the
semiconductor substrate turns, and the vertical distance between the ultra/mega sonic device
and the semiconductor substrate changes. Therefore, a better uniformity of mega sonic 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.

12



'WO 2010/111826PCT/CN2009/071088 wafer, the wafer or chuck do not need to retate during the
cleaning process. In other words, the gap between wafer and mega sonic device is varied & SLLP
described in embodiments before, and wafer and chuck is kept no rotation. [0088]According to an
embodiment, a vertical distance between the ultra/mega sonic device and the semiconductor substrate
or the wafer may be changed during the turning of the ultra/mega sonic device or the turning of the
surface ofcthg,gemiconductor substrate. The change of the vertical distance may be realized by
moving the ultraimega sonic device itself or moving the chuck. According to an embodiment, the
semiconductor substrate rotates, for example, a chuck of the semiconductor substrate rotates together

with the semicon u&tjor Slé?) trgte. ,f\nd.within each roiation oftthte chuck, t eF}JItraime a sgnic device or
the semiconductor $UBREFARS ¢ Phs %?{H%es%l&l‘ﬁ%%‘f ?5ﬁgg%ﬁatv%euesﬁn§1eu ull rgﬁ%ggosécm “U&ice and

the semicoontipeicingubstrate changes. Therefore, a better uniformity of mega sonic power density
distribution is implemented. [0089]Although the present invention has been described with respect to
certain embodimboldingxesepliesndnd applisationby itsmill belambarent to those skilled in the art that
various modifications and changes may be made without departing from the invention. M CS L LP
Claims . A raesHinnieg eleldrsimaesanrasnéitesradiasstiate tsisenurpaHea sonieasvice,
comprising: holding a semiconductor substrate by using a chuck; positioning a ultra/mega sonic device

adjacent to the sEHfieéMIAERMIgALHaEd on theseiHEARITEREMIGIFREA tHE SerAr-BrtNsetothe

substrate ghgiitaceanheiveeadhensemiconsuctonsulstiale podtbeultaimrgacsenic device by
using at least one nozzle; changing the gap between the semiconductor substrate and the

ultra/mega sonic dryigadyiehaaginganrgle brtweaicthesasicandueiorsidsikatel raththe uliraémega
sonic device,, wherein the steg%f chanx%xi%ﬁ an%ﬁ between the semico drﬁiixctorhs%{bstrate and the
ultra/meg& SYfifc e REPEIPG AP8 Olb%%’é’g urtin THOTRURRAE e SR Samee it around

an axis pagailpkto the other.

wherein the step of changing angle between the semiconductor substrate and the
ultra/mega sonic device further comprises turning one of the chuck and the mega sonic device

around an axis parallel to the other.

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:
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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 clot&gidd”
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 ulraimega sqic levigg for ARt olRentcks girdiiThevasthinciaf slaimZrbesein
further comprises: MCSIIP  moving the ultra/mega sonic device in a direction vertical to the surface
of semicofeitendisatraWdsBRiHoI Mg MEnehliek MeckirBeiodvestienl 1tk ifraks oPifites/fbga
sonic devigRr,/ma» Kogiethed of claim 1, wherein the ultra/mega sonic device is positioned adjacent
to a back 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 back side of the semiconductor
substrate. 6. The method of claim 5, wherein further comprises: rotating the chuck around an
axis vertical to swfdte afdihe semittndlciohansdfethantrehanging thedgajpbétwesit dhedsetaiconductor
substrate and the ultra/ a sonic dc?viﬁe fo etaq[h, rotgtion of the chuck. 7. The method of claim 5,
wherein f&%ﬁe?a%r%éﬁéz 1o SSAVMG Hhe Utraf&gh Sonic device in a direction vertical to the surface

of the semicondugtor substrate, or moving.the chuck in a directi jcal
ultra/mega sonic%gg\%%%.ls Cﬁaél.g? ?ﬁwe@ %\é%%é%go?% alrﬁoﬁcw e{]%clén%ﬁg%ﬂigﬁrﬁsgcggigﬁéﬁgﬁcﬂﬁge
positionedeadjadentad spiaiesidalof baekssdeiobturustor guisktesne selridrate.

6. The method of claim 5, 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.

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:
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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 ofthe mega sonic device. 9. The metho&rdhim
8, wherein further comprises: MCSLLP 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:

moving the ultra/fega s A G HEMICE IR dResHOR HEEIcR) Qi HhR SHIAREehRERRIIGORIREOlnd
substrate, or moving the chuck in a direction vertical to the surface of the ultra/mega sonic device.

11. The metAdEs Hgignn Rehsremtisesemisnmlisics shisHathcandk the sHisrE sjEEntdey EH ARk side
of the semiganaistionh sl atg;cand the gap is changed by turning the semiconductor substrate
clockwise and/or count clockwise around an axis parallel to the surface of the mega sonic device.

12. The method of claim 11, 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/med&.stimicragvickofor] &ack, retaticin irtherclwncgrises: 13. The method of claim 11,
wherein further comprises: moving the ultra/mega sonic device in a direction vertical to the surface
of the semicondustorisgisberasiramegvisrpibederigekin a direction wettical teo tiecssitéase offthibe

ultra/mega SONIGARVIGE substratt, Th&BERPHET GlalR f WREFEINJIRS EARGK 18 KaPtOProtatop,during

cleaning process.
ultra/mega sonic device.

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

to a back side of the semiconductor substrate; and

the gap is changed by turning the semiconductor substrate clockwise and/or count

clockwise around an axis parallel to the surface of the mega sonic device.

12. The method of claim 11, 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.

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.
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MCSLLP 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 posiisidd
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; a control unit and a driving mechanism changing the gap between the semiconductor
substrate and the ultra/mega sonic device by changing the angle between the semiconductor
substrate and the ultra/mega sonic device, wherein the changing angle between the
semiconductor subskiateppachttie fultkadarega somicoddvicerfurthenromprises: tiinming emécafdrieechuck
and the mega sonic device around an axis parallel to the other. 16. The apparatus of claim 15,

wherein th RFgfﬁl\%ga sonic device is positioned adjacent to a front side of the semiconductor

substrate; and a Ct}rllg?f E%r(%)lhgr%itsgkplgcg)tﬁg&qj&i%%&%}é?nism changes the gap by turning mega sonic

device clockwise and/or countlockwise around an axis parallel to the front side of the semiconductor

substrate.  17.,}ie/3RpAiS eEGlRITmLLL: MIRISIR ARAAHS /NG GRBIRIRING AR Rl to rotate

the chuck around an axis vertical to the surface of the semiconductor wafer, and the control unit and

the driving mechanisig ehan@es|thegammbeivaadne,semisandusiac shbsiiaie dnddhenlirmngga
sonic device for each rotation of the chuck. 18. The apparatus of claim 16, wherein the apparatus

further colfiy ¥ ecadBe P MikAREUIsIBVNG Haerakidhs BETRGNESATONE TSy B5e control unit, the second
driving 16 MCSLLP mechanism drives.the ultra/mega sonic device to move in a direction vertical to
the surface of thé SERTELHALIB! &UBLHTSF 18 trile B ABA RG0S T S B RS G6R GRRISIGh the

surface ofsiigtdteasmega sORgEEyiCHnic device by changing the angle between the semiconductor

substrate and the ultra/mega sonic device,

wherein the changing angle between the semiconductor substrate and the ultra/mega
sonic device further comprises turning one of the chuck and the mega sonic device around an

axis parallel to the other.

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

adjacent to a front 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 front side of the

semiconductor substrate.

17. The apparatus of claim 16, wherein apparatus further comprising an motor to
rotate the chuck 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 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
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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 ¢ the
gap by turning mega sonic device clockwise and/or count clockwise around an axis parallel to the back
side of the semiconductor substrate. 20. The apparatus of claim 19, wherein the apparatus further

comprises an motor to rotate the chuck around an axis vertical to the surface of the semiconductor
wafer, ang{ig&astiQlinit ard the/Siddingomechanisid chandesathe GapDebrrRaAN it semigandfictor

substrate and the ultra/mega sonic device for each rotation of the chuck, 21. The apparatus of
claim 19, WRSRACERSUIBEPHRIE H R8I L IRp s RN IRYTHELASIERN 9B HFFEThE (fFaihiéga sonic
device to groue inlRadikesiisshuetidcaldo 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. 22. The
apparatus of claim 15, wherein the ultra/mega sonic device is positioned adjacent to a front side of the
semiconductor substrate; and the control unit and the driving mechanism change the gap by
turning the semidéhdiistorpabstratef cibokwits andforicdbetdiovkeige syogndearcentts peaitiboktb the
surface of SRR ggg& gﬁgi%th%'&%%%ﬁduc%%m%t%&ag@ﬁus of claim 22, wherein the apparatus
uc

a . .
further comprises a motor to drive the ¢ to rotate around an axis vertical to the surface of the

semiconductor wafet,andthaicanirehanitiang the diiving MeshrRisk chandea,iisgandpstwean the

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

24, The agpeesueskeriiand/eurerdih aloghrafssRMAerasbmptigesall detbibedmskgifeciafizm
being conggl|ed Av.ths: capirRliunit, 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. 25. The apparatus of
claim 15, wherein the ultra/mega sonic device is positioned adjacent to a back side of the

semiconductor sabstrateagngatus tekontrod,unlicaed the dsivingunéchthaistorcpasges theygapdy

turning the semiconductor substrate clockwiselan(gg)r cognt clg(% wise arougdtan ax'%s ar%llet t60 the

surface of HEFHEG S VEHERMAEED XIS ECHRR 1 SAFAAULEF QL 25 AT the Apparatus firther

comprisesafitiviotiait tantbiaéel therghmeklandumdchmaxisive pipabd ot shicfaaaiobtidecsensidandtector

wafer, and the control unit and.drijving mechanism changes the gap between the semiconductor
s AT O

substrate &MY THPARGRO LIS HE /I8 F8F L LA AR i 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 4 46, syage, o e SEMICPINFIOLAMIIAEALLR HENE SR LoARYRAg 2

direction vertical to the surface of the ultrWmega sonic device.
mechanism to drive 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.

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

adjacent to a front side of the semiconductor substrate; and

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.
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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.

25. 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 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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