WO 010/066081PCT/CN2008/073471 METHODS AND APPARATUS FOR CLEANING
SEMICONDWOTOR/WASFERS FIELD OF THE INVENTION 100011The pregemtdinzestion4generally
relates to method and apparatus for cleaning semiconductor wafer. More particularly, relates to
changing a gap between an ultra/mega sonic device and a wafer for each rotation of the wafer during
the cleaning process to achieve an uniform ultra/mega sonic power density distribution on the wafer,
which removes sparfighesseffigiontypaiiovt daRINIH R HeHAERIGHLD OR ISRMARFER S
BACKGROUND [00021Semiconductor devices are manufactured or fabricated on semiconductor
wafers 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 farneddr digle iy pNiteoals as part of the semiconductor
device. The trenches and vias couple electrical signals and power between transistors, internal circuit
of the senjitiductofidevicaespanaveirgontseerteriial tol the senictnuilictal deyicet{0008]tefomging the
interconneclign SIRMBPLS, g sepisonduploRaTeLImAY Wnderag, 10f exaRle . MiAsling: sighino. and
deposition processes to form the desired electronic circuitry of the’semiconductor devices. In
particular,samittitsi eeakingvenier plasid eeciting sfapecanibedveirforiinedtorfogm@putdernditeeessed
areas in a,gligleairis [A%erA0.a SSMISRINCIaIWAlRL LSSV a5 terchesAnviasfarihicles
interconnections. In order to removal particles and contaminations in trench and via post etching or
photo resieff@stiitly, vailhericleanisig Step Jehec disueliy cRspEeiamyewhen 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 waget orkyRridawever, 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 soniq@oTiega Seniimhtegdeddriadertannfavaitbose paticles efficientiyotdikacsonideand mega
sonic wave will agp%me(gﬁ%?lgzal force to wafer structure, the ?.ower Illr&clarls%/ ggdcﬁgr\l/vg% disg{gbution is
key paramiStBeBU W 26 1675E8BSIPERIN 60857349 EORtSFINE Ricaitoree Witk the
damage limit atudtaictiley sasnadimerefficientlyetoneritove sheqpattioles. [0004¢Megadanic eneligy
coupled with no%zle o clean semiconductor Wafgr f’ls jr':,close in U.S. Paii. 0.4,326 5153. The( fluid is

. an Uctive 6.% metal) trenches VlflS da{I %e ll(.e are tormed 1 dié e% ric maferia ﬁ_ﬁs par .
pressurized and mega sonic energy 1s applied 1o the fluid by a mega sonic tfransducer. The ‘nozzle is
shaped togfrthddemikbbdirciikedetiof.cldawinphichdsvimétings atanggackonic flesjgerisiesdopaer
Implngemg&tw%r&;[Q%%{gt%gg "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
remove those particles efficiently, Ultra sonic and mega sonic wave will apply mechanical

force to wafer structure, the power intensity and power distribution is key parameters to



100051A source of energy vibrates an elongated probe which transmits the acoustic energy into the
fluid is disclo¥e@ IA1U08¢PdAt. No. 6,039,059. In one arrangement, fluid is sprAgEECHROSHGM dides 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 FPUTS! thgt meshengas isseppithinethe Hatgedmibtapddicheuprargroves cHigpy dpiral
groove. [0894Te waifrmiy-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 IEX0ega M587 B RBRERUP L IBARRP AN, QP 18 padtieles wrd s rtisrimsedion on

the portion:ptise mafero and postian tHavaler IEERIVINE QX INRYRSQHT RAVE! MaybeaNSethi:
damage of device structure on the wafer. 100081It is needed to have a better method for controlling
the mega g&}ﬂ'ﬁctﬁ’oﬂ/é%?@n§ﬂ§}18i§‘i?fb%ﬂ8ﬁ'onq R MREfEf 15 B AEY R dPcBhBamilksidR! i surface

of wafer ockuabBigatiewittbrighgnetfieianeyarttipees sirtistiie idpmnagesnSsANIMAR T {9009]0ne
method of@beo%resew invention.is to r!?%,ut ega sonf'c device adjacent tg front side of a rotating wafer
leani

during the ered %t eap BEYE np?ﬁ MG SRS HEG L3 Syafer for

ng pro%% $¢ahd 105
each rotatorgf thewdfe fldile sniselmedt of the. gap. fofee@chi eptationl ofdine anatercis enfriciiah iof half

wavelength of mega.s ni%hwage, ap(éj1 thgftotalhiirﬂé:.rement of thesgt.? ' e of 0 53'10‘(1\1 \f\r/lhere Xis

IS in the ran
the Wavelesﬁgrft%eof rﬁteogaoson% \eﬁa?/e, and N i€ AN |ﬁtggryoebrenll§nl?lger spa?ﬁir%offoég I?%O‘&Qf]rAno‘fher method

of the presentliavertiogeis¢ot putsomegd sanje slevicel adjacenttd frofitcsidsf @ thtasingaoeaterdduring
the cleaniqge%rr%%%sﬁ?,n@&ge&o&%g%ee Smgagggs%t}tggg& gpeg WO 2010/066081PCT/CN2008/073471
[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.
[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 method 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 increase the gap between the
mega sonic device and the wafer for each rotation of the wafer. The increment of the gap for
each rotation of the wafer is a friction of half wavelength of mega sonic wave, and the total
increment of the gap is in the range of 0.5AN, where A is the wavelength of mega sonic wave,
and N is an integer number starting from 1.

[0010] Another method 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 reduce the gap between the



mega sonic device and the wafer for each rotation of the wafer. The reduction of the gap for each
rotation of th&v@aapiwesiiction of half wavelength of mega sonic wave, and®GuEaP#&GSton of the
gap is in the range of 0.5 XN, where X, is the wavelength of mega sonic wave, and N is an integer
number starting from 1 [0011]Another method of the present invention is to put a mega sonic device
adjacent to back side of a rotating wafer, and to increase the gap between the mega sonic device and
the wafer RfCEaERiGERNEIT SRHEaIE darikacthecbiBanipigtporess. Tihe mersHranelohtheagdprfor each

rotation ofthe walebis ¢ fistiomafibalwavslenathi ot mega.senis waye ang thevotakingrempent of the

gap is in the range of 0,5 XN, where X is the wavelength of mega sonic wave, and N is an integer
number sE&AHTE PFORT @e[emmh@m@n&?e?ﬁ&é&flﬁhévgﬁ%&ém HOSTRIGHREED PUEESHEYE SBAIE device

adjacent tg,packsside Rt aratatipg Walgheanshto reduce the aap between the mega sonic device and
the wafer for each rotation of the wafer during the cleaning process. The reduction of the gap for each

rotation of & Wafer A HEmSHIGH ARG ATSIEAGIRVGR NEGA SOl WH§82 AREF EHE YRaPATEHS of the
gap is in theskasige of HHrihowheee Xnis thenvayalengthpinegarsorieiaay eododdNiis andnteger

number sta\;gg from?Jh. BRIEF EéEj%CRlRTl N, OF THI? DRAWINGS [0 134FIGS. 1A- d(e)glict an
exemplary &felCCISAHING APPR [BHEAFIES e SIER Hs Qk&thbtary Wafst estiRy Brockss :
[00151FIGs: 343 BodigpittsfanothefeeXxemptasyonafehaleaning qratessSraRl 6didGya eepidthanother
exemplary wafer cleanin aratus; [Q017 FJG.E)E depjcts a cleaning methqad; 100181FIG. 6 depicts
another ei%tﬁ?ﬁflaclrﬁr\rfv%%?%%5§§ﬁ?g{3dﬁﬁa?éﬁ§e[8 99:16 I&g ‘7% éﬁi?tlé?rz{;\%eo aevrgee%grtnp(farnﬁe\%%fsé)rn }:(ieaning
apparatusye20dd1Gis ddepegts anoihersexemyptasynwafer cleaning apparatus; [0021]Fig. 9 depicts
another eﬁﬂ%ary V}&é}{‘gtﬁlg}e%&lggda&g%a&y%em invention is to put a mega sonic device adjacent to

back side of a rotating wafer, and to reduce the gap between the mega sonic device and the

wafer for each rotation of the wafer during the cleaning process. The reduction of the gap for

each rotation of the wafer is a friction of half wavelength of mega sonic wave, and the total

reduction of the gap is in the range of 0.5 AN, where } is the wavelength of mega sonic wave,

and N is an integer number starting from 1.

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] FIGs. 3A-3B depicts another exemplary wafer cleaning process;
[0016] FIG. 4 depicts another exemplary wafer cleaning apparatus;
[0017] FIG. 5 depicts a cleaning method,

[0018] FIG. 6 depicts another exemplary wafer cleaning apparatus;
[0019] FIG. 7 depicts another exemplary wafer cleaning apparatus;
[0020] FIG. 8 depicts another exemplary wafer cleaning apparatus;
[0021] Fig. 9 depicts another exemplary wafer cleaning apparatus;

[0022] Fig. 10A-10G depicts variety of shape of ultra/mega sonic transducers.

DETAILED DESCRIPTION

[0023] FIGs. 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
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10022]Fig. 10A-10G depicts variety of shape of ultra/mega sonic transducers. DETAILED
DESCRIPTION [0023}pU&3s. |A to IB show the conventional wafer cleaning &8acans8/s1sny B mega
sonic device. The wafer cleaning apparatus consists of wafer 1010, wafer chuck 1014 being WO
2010/066081PCT/CN2008/073471 rotated by rotation driving mechanism 1016, nozzle 1012 delivering
cleaning chemicals or de-ionized water 1032, and mega some device 1003 The mega sonic device
1003 furtHetaenSstoblivie ostearieashpaidic e 100w ade usticallylbauple ks rEsb AREBT 40DBT

Transducge 1904dds elactrically exaitelauchthatdtvibriaies anddhadesonatonhH0B thaasmitadioh

frequency sound energy into liquid. The agitation of the cleaninq liquid produced k:% the mega sonic

energy loG8BHSIHAfRIAS FRciisrdraredieree dRPAmnsapts Abe sRURICbiatksacanay o thergsties of the

wafer 1010h@nesremaves fros dhesutiacasdhioughrihg flawingdiquidnhd32 19eRpliadshymogzle 1012
[00241As shown in Fig. IC, in order to achjeve the least reflection energy, the phase reflection wave rl

(from top BFAREEARHNh GEEER dpp LW refiscagirie vsdtidin ?}?Wéﬁgrlfﬂm)i, prefufst Watkf film
thickness st emiakierdP02Schs par?iRsibE hafer3i0 () [QQRBIWHerEs drisths hisknesswiyater

film or gap between mega-sgnjc device 1003 and wafer 1010, n js an integer numbey, and X is
wavelengtioGt HEGHSER ot el or Sl For HAbA S e I ot G p iz, X =
1.6 mm, thiqudd T82reimplied Bymo2Aermai2and so on. 10027]Fig. 1D shows the relationship between

sap G an g sonlc s SeBsy esute by semor WAt Iy Py densy
full cycle irefhetgapvineeermeiitooft A mivwBt&2}ilit isnoritidad toppraintaio seljepipreRiséhotoordegr to keep
Z 32:;8:2 %n%%g?gz’&g%g%% ﬁg%&iﬁg}gg%&%&%&ee\avggle{é:100281However it is very difficult to keep

[0025] d=nAN2,n=1,2,3, ........ (1)

[0026] 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.

[0027]  Fig. 1D shows the relationship between gap d and mega sonic power density

measured by sensor 1002 as shown in Fig. 1A, Power density is varies from valley value 20

w/cm?2 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 (0.5%). It is critical to maintain a gap precisely in order to keep a

uniform mega sonic power distribution on the entire wafer,

[0028]  However it is very difficult to keep a uniform gap in such precision in the reality,

especially when the wafer is rotation mode. As shown in Fig. 2, if wafer chuck 1014 is set

not 100% vertical to surface of mega sonic device 2003, the gap between mega sonic device

and surface of wafer 2010 is reducing from edge of the wafer to center of the wafer. It will

cause non uniform mega sonic power density distribution from edge of the wafer to center of

the wafer according to data shown in Fig. 1D,

[0029] Another possible gap variation is caused by rotation axis of chuck being not

veridical to surface of wafer 3010 as shown in Fig. 3A and 3B. The wafer is wobbling when

rotating, and Fig. 3B shows gap status after rotating 180 degree from status as shown in Fig.

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



especially when the wafer is rotation mode. As shown in Fig. 2, if wafer chuck 1014 is set not 100%
vertical to suWacw wiim@ga sonic device 2003, the gap between mega sonicedaviveamsd zsaface of
wafer 2010 is reducing from edge of the wafer to center of the wafer, It will cause non uniform mega
sonic power density distribution from edge of the wafer to center of the wafer according to data shown
in Fig. ID, 100291Another possible gap variation is caused by rotation axis of chuck being not veridical
to surfacedsf Wafe R8P eROMNIERIGOBA 8ndcsB. Thevsiaferrisiwohblingweneksrotating, @it Fig. 3B

shows g2 glglus, 08 iolaling JAARealRe /LR Helyas NOWRINEY L. Thi.canat edge of wafer

reduces from a biggest e as shown in Fig. 3A to smallest value as shown in Fig. 313. It will cause
non uniforf¥0dfga sEnREdsER CHRITEME IS bR WOV 20451068081 FPTReNZ008IoT ATl GaRvafer as

wafer pasgine MegRIsasiaidaviee- MSHCRNoR MNHRM RAWeh digtibutign wilk Sitier £causg damage to
device structure on the wafer and no uniformly cleaning wafer. 100301In order to overcome non

uniform pOff&EERsItffRM CatRdaemPOatat orrbr g3 dirvimgTentickvotedissd b lrdssrendeition

discloses smeted anshewnitk Fig 4ot herg anhetweani Regd &eniccrpvier AR0H e dwaler 4010 is
increased or reduced by Jead screw 4005 and motor 4006 as chuck 4014 rotatinog durin%fcleaning

process. COMEAI R 8e<>- HEEY {08 SPRRSHST RS 4066 basE BRIy S Hstsr 4016.

For each uutagioniekaden 4019 arthiiakid0d 4 seantomsndt 4088 instoietsmBpatesOa6iedaove rnega
sonic device 40@3 up or down: [0031]Az = 0.5X/N(2) 100321Where, X is wavelength of ultra/mega
sonic wave? h& s an integer number between 2 to 1000. [0033]As shown further in detail in Fig. 5,
when the g ihcreases=forsea¢h rotation of wafer or chuck, the mega sonic p@wer density at the same

portion of WG‘.IE ch %§efr%rqSngt% ﬁ’ézﬁ \{Khefnutﬁ]e @a iné:refels%% \t/gtal t& fvi\gavglenn tfgrof mega sonic
wave, the'power density varies a Ul &yelé from BItS #l1°The cyclé gt%trtlng p%lnf é%%en%i% Ot the gap
between magasohio déite and portion of wafer, however each portion on wafer will receive full cycle

of power ity wh inckeases. half,w. vang of. mega sonic wave. 1n other words, even gap
petweon a2 onic dong L AP eI TSR RS G R IR e Ok
and 3B, eu@lfeportiuadt tihe waser will veosive denbitycle bE rrega sotimpdwarsrivbangesgiicgodit device

moves uphalh wanelengin, of meaa sanigvaye (aher MEANEDAYOTIRI o Ak Tiys will

guarantee each location of wafer to receive the same niount of mega sonic power density incfuding the
same averagespowecrdadiginid samel maxinghn pevies densitjerandsthe Seraepmitiegmmester

density. The QRRIAIONREAUANGE ABRAE: SEERS o [BARHRIPCRSS IEAUENSELliMmega SR
frequency: f = 937.5 kHz, and wavelength in dieonized water = X=1.6 mm):
power density when gap increases half wavelength of mega sonic wave. In other words, even

gap between mega sonic device and wafer is not set uniformly due to reason described in Fig.
2, Fig. 3A and 3B, each portion of the 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
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:

[0034] Process Sequence 1 (mega sonic frequency: f = 937.5 kHz, and wavelength in
dieonized water = A =1.6 mm);

[0035] Step 1: rotating wafer at speed of @, and @ is in the range of 10 rpm to 1500 rpm.
[0036] Step 2: move mega sonic device to adjacent to wafer with gap d, and d is in the
range of 0.5 to 15 mm.

[0037] Step 3: turn on nozzle with deionized (DI) water or chemicals, and turn the mega

sonic device on.



[0035]Step 1: rotating wafer at speed of co, and cu is in the range of 10 rpm to 1500 rpm. [0036]Step
2: move meg¥ Qa@nio/Bevige to adjacent to wafer with gap d, and d is in the r&0geCoRMGAB4S mm.
[0037]Step 3. turn on nozzle with deionized (D1) water or chemicals,and turn the mega sonic device
on. WO 2010/066081PCT/CN20081073471 [0038]Step 4: for each rotation of chuck, move mega
sonic device up 0.5X/N (mm), where N is an integer number and in the range of 2 to 1000. [0039]Step

5: continud%8& 4 utiemégalsorithdelitemelidd gl totaro.syxe(somy, daare wisGiibtegerhumber

starting fromcke [QQ4QISIRRE! IRmaRch19tMAR Ahehugk Mavednega sonic device down 0.521N (
where N is an integer number and in the range of 2 to 1000. [0041]Step 7: continue step 6 until mega

sonic devit¥3%es dOFh tot&POERE S ) RS2 i8R iNRGT ArBErstaitiag forpy {mm),

where n is an integer number starting from 1.

[0040] Step 6: for each rotation of chuck, move mega sonic device down 0.5MN (mm),
where N is an integer number and in the range of 2 to 1000,

[0041] Step 7: continue step 6 until mega sonic device movies down total 0.5nA (mm),
where, n is an integer number starting form 1.

[0042] Step 8: repeat step 4 to step 7 until wafer is cleaned.

[0043] Step 9: turn off mega sonic devices, stop the DI water or chemicals, and then dry
the wafer,

[0044] Process Sequence 2 (mega sonic frequency: f = 937.5 kHz, and wavelength in
dieonized water = A =1.6 mm);

[0045] Step 1. rotating wafer at speed of w, and w is in the range of 10 rpm to 1500 rpm.
[0046] Step 2. move mega sonic device to adjacent to wafer with gap d, and d is in the
range of 0.5 to 15 mm.

[0047] Step 3: turn on nozzle with deionized (DI) water or chemicals, and turn the mega
sonic device on.

[0048] Step 4: for each rotation of chuck, move mega sonic device up 0.50/N (mm),
where N is an integer number and in the range of 2 to 1000.

[0049] Step S: continue step 4 until mega sonic device movies up total 0.5nA (mm),
where n is an integer number starting form 1.

[0050] Step 6: turn off mega sonic devices, stop the DI water or chemicals, and then dry
the wafer.

[0051] 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 fi
should be multiple integer number of lower frequency f;, and the transducer moving range
should be the 0.5A;n, increment or reduction of gap for each rotation of chuck should be

0.5A1/N, which A, is wavelength of the wave with the lower frequency £, M is wavelength of

6



[0042]Step 8: repeat step 4 to step 7 until wafer is cleaned. [0043]Step 9: turn off mega sonic devices,
stop the DI watep@rogisersicals, and then dry the wafer. [0044]Process SequraTaER2(msaga4gonic
frequency: f - 937.5 kEz, and wavelength in dieonized water = X=1.6 mm): [0045]Step 1: rotating wafer
at speed of u.), and co is in the range of 10 rpm to 1500 rpm. [0046[Step 2: move mega sonic device
to adjacent to wafer with gap d, and d is in the range of 0.5 to 15 mm. [0047]Step 3: turn on nozzle
with de iotiged (3 withtdredr ghemfiiecausnend tun thie sregatsgeicdevioebsty 00281 $68p, 4nfon each

rotation of chiick, | %m@eg%tggm§ §8}ﬂcﬁ up 0.52iN (mm), Wherg N is an integ_er number and in the
range of 2 to 1000. 100491Step 5:continue step 4 until mega sonic device movies up total 0.5112

(mm), whdP@3Ris an Riegepmolniee coeariirigsiomn . J00b0)Steposetiin bftitEgansoriatdayiessn stop the
DI water of.chgmicals rafgiben dry

[0053] Organic Material Removal: H,SO4:H,0, =4:1

[0054] Particle Reduction: NHsOH:H,0,. H,0 = 1:1:5

[0055] Metal Contamination Removal: HC1:H,0,:H,O = 1:1:6

[0056] Oxide Removal: Oxide Removal = HF H,0 = 1:100

[0057] FIG. 6 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 chuck 6014 is moved vertically by lead screw 6005 and motor 6006, Control unit
6088 changes the gap d between mega sonic device 6003 and wafer 6010 by moving chuck
6014 up and down through lead screw 6005 and motor 6006,

[0058] FIG. 7 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 7003 is placed adjacently to the back side of wafer 7010, and is
moved vertically by lead screw 7005 and motor 7006. Control unit 7088 changes the gap d
between mega sonic device 7003 and back side of wafer 7010 by moving mega sonic device
7003 up and down through lead screw 7005 and motor 7006. Mega sonic wave is transmitted
to front side of wafer7010 and water film 7032 through water film 7034 and wafer 7010.
Nozzle 7011 supplies DI water or chemicals to maintain water film 7034 between mega sonic
device 7003 and back side of wafer 7010. 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 7010.

[0059] FIG. 8 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 8010 is placed face down, and a nozzle array 8018 is placed underneath of
front side of wafer 8010. Mega sonic wave is transmitted to front side of wafer 8010 through
water film 8032 and wafer 8010 itself A nozzle array 8018 sprays liquid chemicals or DI
water on to front side of wafer 8010.

[0060] 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 surface of piezoelectric transducer 9004 has an angle o to surface of wafer 9010,
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the wafer. [0051]The frequency of transducer can be set at ultra sonic range and mega sonic range,
depending oW eopepies8lto be cleaned. The larger the particle size is, the |8@BCewadiey should be
used. Ultra sonic range is between 20 kHz to 200 kHz, and mega sonic range is between 200 kHz to
IC 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
frequencyfePRRAjes SP8%sedltasawighen fridgueshesiticsharfdusernintipleaistegeem spie FéfRWer

freq UenCytf@mﬁHi@téB%tR@%g%%%@%%H%W%&fﬁ@%%%@@h%@m% 063 Q.d pehjeonof gap
for each rotation of chuck should be 0.5X,1/N, which 22 is wavelength of the wave with the lower
frequencySBIUSIESS wavBbA G G WoH Ber66081PCT/CN2008/073471 the wave with the higher

frequencyfbeand Nis@n ovegen ngraker Repraen 3itendL00andiBisantiaaaicnenkepaiaiting from
1. [0052[One example of chemicals being used to remove. the particle and contamination are shown

as follows" ORISR RASY REMBVAT H2564:fnde="9P1af50sR P H R REGE N meea
NIELOT133210233.d201 500316 00 tetal fiontapinatinnRemavial: HA 11420214 20 shdwkibin
[0056]Oxide Removal: Oxide Removal = HF:H2Q = 1:100 [Q057]FIG,.6 show ather embodiment
oifer sloaiy OB AU S T Sl e e S TG bt r LB SHE B g
embodimentrig; similaguarihatishiewnstohig id Fexaept thatchuek 68iAis imbied d@rtically by lead screw
6005 and 6006, Control unit 6088 changes th d befween mega,sonic devijce. 6003 and
water 601008 hovirt) ERCEK 4 L o RO hran e CEreu EBE Und RSty Eogs i

100581 F|lemBshows arsther embodispehtafwafér eidanng pppatatushustrgcid enegahsomicthat

various modifications and changes may be made without departing from the invention.



device according to the present invention. The embodiment is similar to that shown in Fig. 4 exceft
that mega sonic device 7003 is placed adjacently to the back side of wafer 7010, and is mO\MQSL P
vertically by lead screw 7005 and motor 7006. Control unit 7088 changes the gap d between mega
sonic deuitlgi#903 and back side of wafer 7010 by moving mega sonic device 7003 up and down
through lead screw 7005 and motor 7006. Mega sonic wave is transmitted to front side of wafer7010
and water EIm 7032 through water film 7034 and wafer 7010. Nozzle 7011 supplies DI water or
chemicals to maintaimweied fion ¢R34ibgtweeindnegacsonibirVicasINDI RRMmRack Sidr favater 7010.
The advantage. of this embodiment is to reduce or eliminate a possible damage caused by mega sonic
wave to (fé)\r/?%élssltnr%'cture on front side of wafer 7010. 100591FIG. 8 shows another embodiment of
wafer cleaning dpdirptasemiogralmegasentatceyiasigcaetdiog; to the present invention. The
embodiment is similar to that shown in Fig..4, except that wafer 8010.is placed face down, and a
nozzle array 80f§sllél%?én nu%%ré?’%e S((%“ ol S58dr ?/\(/J’opﬁe?f’ é%iﬁ?%%%%@%tﬁfcm% transmitted to
front side of wafey®01@ thidwghicahteqdikindB0812 anchivaidn 801 GutsethiteAandzz|gaprissvB&hStEprays
liquid chemicals. or DI water an. to front si f wafer 8010. [006 &FIG. 9 shows another embodiment of
wafer c|e§‘lflmlflﬁ%°3§%§?§tﬁ‘é Sgﬁ% gnrcril e%lg &%imcfé\e}iggné%c%er\g‘ﬁwegg fﬁsénﬁrggg%?s‘h%%t%)ﬁ%lghé%e
embodimareniscsliidaidddingt shloaming Higiid;, except that surface of piezoelectric transducer 9004 has
an angle ato su : er 9010, 101066081PCECN20081073471 Resgnator 9008 is
attached with pié@%ﬁgg? :@trzﬁw%d]ggtevrb%%o ,earsle rﬁcé)ggl%(g%rlcsv%%%a% t?gﬁs%ﬁtélg n[agr&v%rs&r}%ugh the
resonatod 9008 bnd. By Wdteraacketaital Hi@03Rickr doeisg shewirmreng, Froaess, 3ndamncie applied here.
[0051]F'%179{%&&}}8%9%Wd%?ﬁ%éﬁ‘%%}é%ﬁ%ﬁ@@%Cag%’%% S AcEraing do hepiesgrh invention. Mega
sonic device shown in Fig.4 can be replaced by ditfferent shape of mega sonic devices 10003, i.e.
triangle or pie shape as shown in Fig, 10A, rectangle as shown in Fig, 10B, octagon as shown in Fig,
10C, elliptical ag s i E - half cir &I%]o in Fi % ; r ir élao in Fig.
10F, and circle Zs zﬁ%vv%%ogig%%%éﬁo%ég%?ﬁ%ug %é% llgrgg%% %@é%%%ﬁ%% géa%n% § sc%é% with
respect td0eetain fssHnatsicakimibtesninendppite subasatewill be apparent to those skilled in the
art that various modifications and changes may be made without departing from the invention.
MCSLLP

3. The method of claim 1, wherein the gap is changed by moving the chuck in a

direction vertical to the ultra/mega sonic device.

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

to a front side of the semiconductor substrate.

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

to a back side of the semiconductor substrate.

6. The method of claim 5, wherein the cleaning liquid is injected to the front side of
the semiconductor substrate by a first nozzle placed closing to the front side of the
semiconductor substrate, and at the same time, the cleaning liquid is injected to the backside
of the semiconductor substrate by a second nozzle placed closing to the back side of

semiconductor substrate,



Claims: 1. A method for cleaning semiconductor substrate using ultra/mega sonic device

S . . . ) N %HQ LLP
comprising: holding a semiconductor substrate by using a chuck; positioning an ultra/mega fic
device adjacent to the semiconductor substrate; injecting a chemical liquid on the semiconductor

substrate and a gapbehvaa m&&miﬁo&}ﬁb&%‘@&ﬁ@%ﬁﬁ{%%@é’a&% YLERATIR0R,SRAIR deYARS DY uSINg at

least one nozzle, the chemical liquid being a cleaning liquid; changing the gap between the
semicondiEh sl dherzpamis it bl ibey wisxaN ioredeisgerarber statintck

during theyglganing process, wherein X is a wavelength of the ultra/mega sonic wave, N is an integer
number between 2 to 1000. 2. The method of claim 1, wherein the gap is changed by moving
ultra/mega sonic device in a direction vertical to the semiconductor substrate. 3. The method of

claim 1, whereirgthEhgapeib shangedhy medngrifieechyick ind@udi@slion vericet &éhe@tuﬁgmga sonic
device. 4. The method of claim 1, wherein the ulira/mega sonic device is positioned adjacent to a
front side'Bf ﬁk‘é‘cg%r}% n%ﬁ&%‘? §UB Vﬁ?g.%y a %Otallﬁ’é @/%?fzo&' Beraigins 30 WHeses RS FIEga sonic
device is frositioned adjacent to a back side of the semiconductor substrate. 6. The method of
claim 5, wherein the cleaning liquid is injected to the front side of the semiconductor substrate by a first
nozzle placed closing to the front side of the semiconductor substrate, and at the same time, the
cleaning liquid i®inj&ctenkctbdtd eobatkisiod, ol teecteminan feqiansidistfatiebyoaisedoncenazziigllaced

closing tofthe back side of semiconductor substrate. MC LLP
requencies.

10. The method of claim 9, wherein the dual frequencies comprises a high frequency

f1 and a low frequency f2, and f1 = Mf2, where M is an integer number starting from 2.

11. The method of claim 10, wherein the gap is reduced by 0.5M/N for each rotation
of the chuck, until the gap is reduced by a total of 0.5n},, where A1 is a wavelength of the
wave with the high frequency f1, X, is a wavelength of the wave with the low frequency f2, N

is an integer number between 2 to 1000, n is an integer number starting from 1.

12. The method of claim 11, wherein the gap is increased by 0.50/N for each rotation
of the chuck, until the gap is increased total 0.5n%,, where A1 is a wavelength of the wave with
the high frequency fl, A, is a wavelength of the wave with the low frequency 2, N is an

integer number between 2 to 1000, n is an integer number starting from 1.

13. Apparatus for cleaning semiconductor substrate using ultra/mega sonic device,
comprising:

a chuck holding a semiconductor substrate;

an ultra/mega sonic device being positioned adjacent to the semiconductor substrate;

at least one nozzle injecting chemical liquid on the semiconductor substrate and a gap
between the semiconductor substrate and the ultra/mega sonic device, the chemical liquid

being a cleaning liquid;

10



7. The method of claim 1, wherein the gap is increased by 0.5X/N for each rotation of the chugks gptip
the gap is increased by a total of 0.5nX, where n is an integer number starting from 1. 8. The
method of claim 1, wherein the gap is reduced by 0.52./N for each rotation of the chuck, until the gap

is reduced by a ttabafr8150R1 WhagiRdiStAS IieIBLRHTPehstating fitkdor subirdlieMethqd of

claim 1, wherein sonic frequencies of the sonic device are dual frequencies. 10. The method of
claim 9, WHERSHEHSAt Fraderebeibs Ohprisad 4 oiriirad thsnelrtadernesherdepina progessnd fl =
M12, whesthdfeis ansnlegeeRUBRIT SR/ Ba%onic Wave] Reifethad ot caimdbanhasendhe gap
is reducec@)(ﬁ)O.SXi/N for each rotation of the chuck, until the gap is reduced by a total of 0.5112,2,
where 2a wavelength of the wave with the high frequency fl, 2,2 is a wavelength of the wave with
the low frequency 12, N is an integer number between 2 to 1000, n is an integer number starting from
l. 12. The meghqd of claim 11, wherein_the gap.is jncreased by 0.521/N for, each rotation of the
chuck, until the gﬁép ?gl?n%?ggléaéléstg éilﬁ}glﬁ.ﬁ}%ﬁ%}ékf,lg@éwg\%?@ﬁgw Gk reliaifgthigh
frequencyddic Xdsieevitmueleagioof ¢hitculavehwitbrihelawdregu®seytd.2, N is an integer number
between 2 to 1000, n is an integer number starting from 1. 13. Apparatus for cleaning
semiconductor substrate using ultra/mega sonic device, comprising: a chuck holding a semiconductor
substrate; an ultis¥mébe ggnicde vit el bieint3 peditinme thadjacentharipei dgmicontycherchubltiate;  at
least one&}?zc%{gnin'ee{%grégt% (ﬁm&%{%%)riguig on th% semiconductor substrate and a gap between the
semicondUCtSF subStrate an u tra?ﬁ\egénscorﬁ\él%%vice, the chemical liquid being a cleaning liquid;
MCSLLP a control unit changing the gap between the semiconductor substrate and the ultra/mega
sonic device by faor each rotati .of’\tlpée chuck .during the cleaning process, wherein. X is a
wavelength of tthé?Jll(’tfrlN rﬁgsgr%%lﬁigaf\fvg{%g? is é”?\HFﬁ é%é?%&ﬁ%&"‘ﬁ%%ﬁgé‘?? 0 f50. POSTIPR Y he
apparatusdhetairto IB3{raieidinafib geqis ehdungedsblystrgving the ultra/mega sonic device in a
direction vertical to the semiconductor substrate. 15. The apparatus of claim 13, wherein the gap

is changed by moving the chuck in a direction vertical to the ultra/mega sonic device.
17. The apparatus of claim 13, wherein the ultra/mega sonic device is positioned

adjacent to a back side of the semiconductor substrate.

18. The apparatus of claim 17, wherein the cleaning liquid is injected to the front side
of the semiconductor substrate by a first nozzle placed closing to the front side of the
semiconductor substrate, and at the same time, the cleaning liquid is injected to the back side
of the semiconductor substrate by a second nozzle placed closing to the back side of the

semiconductor substrate.

19. The apparatus of claim 13, wherein the control unit changes the gap by increment
of 0.5M/N for each rotation of the chuck, until the gap is increased by a total of 0.5nA, where n

is an integer number starting from 1.
20. The apparatus of claim 13, wherein the control unit changes the gap by reduction

of 0.5A/N for each rotation of the chuck, until the gap is reduced by a total of 0.5n), where n

is an integer number starting from 1.
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16. The apparatus of claim 13, wherein the ultra/mega sonic device is positioned adjacent to a front
side of the semiconductor substrate. 17. The apparatus of claim 13, wherein the ultra/mega/so$ic¢ P
device is positioned adjacent to a back side of the semiconductor substrate. 18. The apparatus of
claim 17, wherein theigeapinadiduig dnieatedyretbs frootsieeRt Q%&ﬁ%‘i&é’&@y%@ﬂéyﬁtﬁ%&ﬁ by a
first nozzle placed closing to the front side of the semiconductor substrate, and at the same time, the
cleaning It{iIdT8515E8R ¢ o the back side of the semiconductor substrate by a second nozzle placed
closing to the back side of the semiconductor substrate. 19. The apparatus of claim 13, wherein

the control unit ¢ nggg the gap by increment of 0.5X/N for each rotation of the chuck, until the gap is
increased by a t6tal 'S SRRHHEr& L4 intk gRRFEMOBE StAIn S FBIANCIes cOMPIFRS ghpughtus of

claim 13, fuhpreioytife cohirtdwricohanges,thegap-bymdusies oD Bkil feegachuratationefibe
chuck, unHIOtrplezgap is reduced by a total of 0.5nk, where n is an integer number starting from 1.
MCSLLP 21. The apparatus of claim 13 wherein the ultra/mega sonic device generates dual
frequencies waves. 22. The apparatus of claim 21 wherein the dual frequencies comprises a high

frequency fi and.q,low frequency 12, and fl.s Mf2, wherein M is an integer number starting from 2.

23. The apparatt% 'g]:lé: al afé]fu\%/vﬁ%rce?rll Eezc%rkl?(r) 182}&6&%%@0&3“{%6%5%89 fﬁ]&%‘?ﬂ At %@%N for
each rotatib).6hthé Ghuckshuntitatiengelp tiseintreds echiily thctatap df QriandéRedvbereainoXil is 0sae)ength
of the wa\é%g\fg the. hi u k2 is aw engt the wave with.the low frequency f2, N is
an integer num e&g&%ﬂvé&%%@%&%%hﬁ ISan i%v{%e}{g%ehre?ll%u%B%F%‘tlgﬂ?ﬁg%f}rlé%li? Wavﬁl flg}tf?eog Saratus
of claim 2@aveheidirthhdaswriteguanitychangés ahdgegebyuetacenet0.3 2d/N0f, easharotatégarof the
chuck, uq%%ggg%gﬁr&gsigd by a total of 0.5nX2, wherein Xi is a wavelength of the wave with the

high frequency f1, X2 is a wavelength of the wave with the low frequency 2, N is an integer number
between 2 to 1000, n is an integer number starting from 1.

24. The apparatus of claim 22, wherein the control unit changes the gap by reduction

of 0.5M/N for each rotation of the chuck, until the gap is increased by a total of 0.5n)s,

- wherein M1 is a wavelength of the wave with the high frequency fi, A, is a wavelength of the
wave with the low frequency f;, N is an integer number between 2 to 1000, n is an integer

number starting from 1,
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