WD 2010/ 066081PCT/ CN2008/ 073471 METHODS AND APPARATUS FOR CLEANI NG

SEM CONDUCTOR WAFERS FI ELD OF THE | NVENTI ON [ 0001] The present invention
gener al | ywoebsissosto met hod and apparatus for cleani ng semcanaoos4on waf er
More particularly, relates to changing a gap between an ultra/nega sonic
device and a wafer for each rotation of the wafer during the cleaning
process to achieve an uniformultra/ mega sonic power density distribution
on the wafer, which renoves particles efficiently w thout danagi ng the
devi ce st rMENFRDSAND TUBAQEROENDINGD SEMIe N liORoW Addi Rt es ar e
manuf actured or fabricated on sem conductor wafers using a nunber of
different processing steps to create transistor and interconnection

el enents. To electrically connect transistor termnals associated with the
sem conduct or wafer, conducthil¥eD(@FdHE MeVBENIIONenches, vias, and the |ike
are formed in dielectric materials as part of the sem conductor device. The
trenchggo@nd viras pr@ep! envehest obhhlls rdiRt So ANEhHOWRE HPEMBRENf O it Or S,
internal circuit of the sem conductor devices, and circuits external to the
seni corfdisondugier veker. [Moeapariculgbniralgtes e dhprgng ergechatseenede i Begahe
sem co tor: I for ey I . i.ng,

deposi 1155 BvistahEa R RN bk BER QBN Ol Fiteldsp Aleve

sen cormugiiformdévi/mesa sdnic pavdridendigr disthibbiiorpdetheafthvhdepbasmartedehi ng
step can_he perfornmed to forma pattern of recessed areas in a dielectric
| ayer c?rgﬁ(ée@g’n’?v%‘?’raLﬁié{négmﬁ/éhee‘?e"ﬂcﬁ’asfm%lfwTé‘§Watf‘ﬁnches and vias for the

i nterconnections. In order to renoval particles and contam nations in
trench and via post etching or photo resist ashing, a wet cleaning step is
necessary. Especially, when devi re node mgrating to 65 nm and
beyond, the side wall loss in trgﬁmgw during is crucial for

mai nt ai nj the critical dinmension. In order .reduce or.elimnati t he
e wellPOHloq o Sefffcondiion BniEn are BrpuleRierabritdry GF s biepgio B
somet i NRirder huhbet @€ d B & pRitke¥sind BURMUB lereatdVPar@istditafid Gl&bBRELG cld@eh@nNi zed
water usually is not efficient to renove particle in the trench and via.
Ther ef of® ddseriqatly heeringell tfapsister deuhinals afspeiatedowith the pepigordnsia Mefeieeded
in order_fo.r e th rticle iaiently. W.tr i soni c
wave w PR b s Bsh el B PaP Ul B0t Rt b AR Bl Rt e
and powsTtheissinidondlidten dévick eyThparaibdsesisl tas dble electrical signals and power

2010/ 066081PCT/ CN2008/ 073471 control the nmechanical force within the damage
limit sevesn transistoasrantenghciaquit ofjthe sqnyicorfluctargliorices ang sirgyits| externgl Go o] Mega
soni c 1 Wi th nozzle to clean sem conductor wafer is disclosed
in U S%@@g(g%dﬁ%&pél&%&s 553. The fluid is pressurized and nega soni c energy
is appl[oea]t o ihérfding thebyteacomagaionosiemertts alns skinciesnduttoe wedarziney uadegaped t o

id i bbon-1ike jet of cl [ fluid vibratj t iC .
Fr eauerel GAPER. FHEkPaD IR ie At GIFPDRECR rpoggess o for e d8T2d ebionic

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



[ 0005] A source of energy vibrates an el ongated probe which transmts the
acoustic energy into the fluid is disclosed in U S. Pat. No. 6,039,059. In
one arranyermiwacedsliui d i s sprayed onto both sides of a wafTemN20sid7a47a pr obe
is positioned close to an upper side. In another arrangenent, a short probe
is positioned with its end surface close to the surface, and the probe is
noved over the surface as wafer rotates. [0006] A source of energy vibrates

a rod ' t it ' | el .t f f ks di osed
"' U s R IR PeERaRAPERCe MiRNT BRRR i B'R B HHEFE ARG e,
such agespi¢ tie pgrit@base. [ 0007] To uniformy apply right anount of nmega sonic
power t tire wafer, is critical for the cleanin rocess. I f. the nega
Conc BB S8R S el soufitt palmgrelf HoClRa o BHEEE piaf s B cinaRer
recei viipqy keps. RBIA 330855 TRWRIdWM blesfiPzePEnd hﬁ%@@@'ﬂi%hérgy anghpieavh ag

particles and contami nation on the portion of the wafer, "and portion of
waf er rfboéibyi mgneset scmintrgasdsonti c Thowerzleray sbapgdetot previdanm gibbod-life yétcel

structure on th fer. [0008]I.t .is needed to.have a better t hod for

cont » ol a® iR e S0 Shif eSS R bR PRl S Bsr o B TR or {0 ¢l can
particljeeognd oopdiaed BateheigyOVib&sh A€ eloabate@f@obOvhidhbEhfisaties et dtolitgher
efficiency and | ower structure damages. SUMLVI ARY }0009] One nethod of the

pr esentenpigydntd B fluid dpdiselosed el J8hiNo. it e %d[meenarangemeshtiluyd e of a
tati during; t.h i : 1 Qi t
rotati ggrag@& Shtd Héﬂh”sﬁ’desncg {@% Q@;J’{l %?@%chsh&;lg{o%?d oL ?8?&6&13\%% gdp pet ween

t he me onic device a i on of er. e

i ncr emeabthef atriiegept, hahor pedberiopaditi@iedafith incentbdueface slose forthe burtareodndnal f

mavelength(gf-nega soni ¢ wave, and the total increment of the gap is in the
°pr

range d G m%‘F‘éir‘_éVeXthei%‘rff‘?FeaS\Mf%q ©H§Eh of nega sonic wave, and Nis an
I nt egeroppy[Per AS{Rtdd Hferdet M ibraté LD TN Wﬁ%glhr%'i:até’ﬁe&rﬁﬁ&} Rfax'ishge}rglg& 3? anfer

invention I's to put a nega sonic device adjacent to front

r ot at i ngriacf edisdlosedin Ulte Pat. &anior8g3 266 dE2s $he anbisurface edudedttbheugyaprdvesween
the WD 2010/ 066081PCT/ CN2008/ 073471 mega soni ¢ device and the wafer for
each rolSh POIPT8 SR waf er. The reduction of the gap for each rotation of

the wafigpo7)s athrintthisl abht WeMk P HMda AbniTBRR P U ehtindeVFer RANGitiche
t ot al r[edugti on ofn thegg%fgﬁqslgi n the rangele%aof nl0. 5 XN, vvhére Xeri S tlhle

wavel erfgt thegfeammgapreensi.c livihe enegasdniN powenrs notuedermlyapplesd et thetwader, threom 1.
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



[ 0011] Anot her nethod of the present invention is to put a nega sonic device
adj acent to back side of a rotating wafer, and to increase the gap between
t he nega wonow/dessice and the wafer for each rotation ofPCtrleN2wasiogs47duri ng
the cl eaning process. The increnent of the gap for each rotation of the
wafer is a friction of half wavel ength of nega sonic wave, and the total
increment of the gap is in the range of 0.5 XN, where X is the wavel ength
of neg G i j art| fr:

0012} Ananepicr s ltherafer A2 ol RARIoLTRE alth AThE BAATLEthe sap forcy i oo
adj acerdach cotht@mkofstheevaddr ia arfot@dn oghalbiverelematid of megedome wave, gapthb estaleen

t he nega, sonic _.device and the f or, each rotation of the wafer during
the of dadHegn oF Heass ts e rgsel Pobrvio Auera cBleR of e PONC O VEne
vaf er igda fsranGhieQst RimbdpbhrievRIengt h of nmega sonic wave, and the total
reduction of the gap is in the range of 0.5 XN, where X is the wavel ength
of megd08bHi c Waother axethoN df sheapresant sryentionuistie pusa mega seni¢ devivel adjBRNER
DESCRI RPTI.ON .OF .TH W NGS [.0013] FI 1A- 1D depj,ct an exenpl ar fer
ol oant FIS8EPLA AT T OO T e O3rtse dpe 24 S el o Pt Ty B

pr ocessyifed £ kagitdeation3dF B8 vah@i dilrhgan@thefing pesmbar Yndvafcedmdk @8 mdghp
process; [0016] FIG 4 depicts another exenplary wafer cleani ng apparatus;

[ 0017] HpGeaoh r@eghiontod the wiakans AdTiaeerhedhalf eYEpticof gnegasoricswato ehe the

e SR MR SRR R RN LR B e

cl eani ngaveppay Mtidisi infdge2d] b .stadtigtePpomtls anot her exenpl ary waf er cl eani ng

apparatus: [0022] Fig. 10A-10G depicts variety of shape of ultra/mega sonic
tPgnde[Qgizj_[ An]otherg me‘ghod of the prespent Envent?on is tg putamege? son?c device adjace%t 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 A 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] FI1Gs. 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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DETAI LED DESCRI PTI ON [ 0023] FIGs. 1A to 1B show the conventional wafer

cl eani ng apparatus using a nega sonic device. The wafer cleaning apparatus
consi st s WO 2080085081010, wafer chuck 1014 bei ng WO PCT/CN2008/073471

2010/ 066081PCT/ CN2008/ 073471 rotated by rotation driving nmechani sm 1016,
nozzl e 1012 delivering cleaning chem cals or de-ionized water 1032, and
nmega soni ¢ device 1003. The nmega sonic device 1003 further consists of

bi e20el8etdd 6, 1HARTINE T HARRACAURN ALY FOUPHEH iR LRIANEAEmAANB,:

Transducer 1004 1s e y excite suc that it rat s and the
r esonatderiofli2ed wateaniHA £ a;ndwingg\a fsasreq devicy lQOfun(The meer%ysonrct deviideqLI0d. fuither
agi tation .of th a son I oosens

e cl.eani roduced._ b e ne i
S P QBsigh chafearcisg s Messhie e REUEREY Kol B Sreri it oS Fiofaug
sur f acel%O@flstélé‘ctM@Jll‘?rr eéc@t@@su@m{héteﬁv%@ﬁtésrm therauhdisc esod 'i‘x’aﬁéiﬂ@s thtg% ]
flow ng liquid 1032 supplied by nozzle 1012. [0024] As shown in Fig. 1C, in

or der tfmqaemnyewnd rﬁeeﬂgeamto h@lilﬂecTheoaglmlen@ﬁt ¢ kisaphgdiguide prodoeddoby weeve |

(fromtop of wate I nust .be o to reflection m of wat er
o oot a%ha laoThne M bsPCRRBREs [ CGhEmmEahBe Bapa BHlRidly neol
1, 2, From (A shi@RREIOVIRS Qafd 1030! B té}h&leaefs@nqhe waitades fthﬂomgprthegﬁ@wh@ ween
mega- soni ¢ devi ce 1003 and wafer 1010, n is an integer nunber, and IS

wavel ediukl b932rﬁelgﬁh®d?ﬁ1@92ﬂ}@vlé)1?n vvater For exanple, for mega sonic

Laequegg%ﬁf gi%S%OﬁOHE B e re a?l &n’h Q&leg'gtt\}/\lge%smﬂe & gﬁgn‘%éatﬁg caggv\Z?

densi tyfeﬂmneunezdzebm gens aop bﬂ@\&te&sﬁlebqnnstlbe Ep@snéltb reFﬂM&dSn (Renﬁiottyml sf
varies fro Iey val ue %(? w C peak vaI ue 80 wcn2 as gap size
i ncr eas"tiiaer hergfRre medgriilng thigkn esé%%sbequﬁ ©he gap increment of 0.8 mm

(0. 5K) .rob3syi s ggﬁmah:tlo ngal ntain a gap precisely in ordgy to keep a
unlforn[n da soni ¢ power’ chl stribution on the entire Wafeﬁt 5[0028] However it

i's ver)0a2d]f i cWhter¢ al ke tlackumss of wagafhilnrorsgaphbepremi megmsdnic dhece 8&l3i ty,

especi al |,y en. the waf er rotati on Jode. ho in Fi. f wafer
Choek Fodpater Do ot 5h s b reh g B rvelhed Pkt sonif et if balS0os,

the gapﬁo@%kéﬁﬁ@@ R A od ABhi6 fidEYdee 0’87 SW HBCR =Of 6 Wah @he 401H8 Infm [ £ UFhNY
fromedge of the wafér to center of the wafer. It wll cause non uniform

mega scid ompendsodensity distribution from edge of the wafer to center of

0, e ACC O b A1, RORMIRI 5 nt B AORRCHALPLDRE 1055 07
measured by sensor 1002 as shown in Fig. 1A. Power density is varies from valley value 20
w/cm2 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 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



veridical to surface of wafer 3010 as shown in Fig. 3A and 3B. The wafer is
wobbl i ng when rotating, and Fig. 3B shows gap status after rotating 180
degree frwostetsomsias shown in Fig. 3A. The gap at edgepofi/onab@ro7saduces
froma biggest value as showmn in Fig. 3A to snallest value as shown in Fig.
3B. It will cause non uniform nega sonic power density distribution WO
2010/ 066081PCT/ CN2008/ 073471 on wafer as wafer passing nega sonic device.

Al su ' j I UL 1. 0NA W ' : vi ce
St uct e A P PR S R Aot R B B R AR R
over comthaocausmddnoagmtp deace stisture buthowafenasid iiforaty dtamomeg ohfegap duri ng
chuck r ion, the present invention disclases a nethod as shown in Fig.
a0 e 1B, of Y arer By S EERE RN EU T BON el PR CHBT0DY ST LSS o
reducedibmg|caack RE4RYW HIQReRACinTBH R AQDEES nedisKaADbdnriREeg i gTIUEdNg

cl eaning process. Control unit 4088 is used to control the speed of notor
4006 bdsbueanmegacedicafevinatddp3 40d evafaraho]@ acincreasedtdraadused haflead s¢@pO4¢S chuck

4014, contral |t 4088 jnstructs notor, 4006 to nove nega .sonic. device 4003
ip or o tpol o ot 4FEHNE (RRASHGRRRE ke SClpE Pl P €
ul t r a/ regaoslBispedtoyemoRAA0db bsseddn sgbag@f motFeN 6 DEoWeLth Dtdton G hfer
[ 0033] As shown further in detail in Fig. 5 when the gap increases for each

rot at | ot9181or ghairckr404¢, epnte uni HESHringtueis AIEOTHIRE o Eeme Mega senie HevieadRo3

porti on, O(% er changes fromPl to P2. Wien the gap increases total half
wavel ength of frega sonic wave, the power density varies a full cycle from
P1 to R0031]TheAcy<ebeigiarti ng poi nt depends on the gap bgtyeen nega sonic
devi ce and portion of wafer, however each portion on wafer will receive
full cyl@P¥lof PORE: inyrrsiengHeR gﬁfﬁ/mﬁ%ﬁ AU IaNg) Andpplvis| BnigtageHNUREga

soni c I ,0faer words, even gap between nega sonic device and wafer is
not se}t%iéﬁ?e ojpt%y due to reason described in Fig. 2, Fig. 3A and 3B, each
porti ornf0033]t he Asashewmwiukther modeitaikinf Kigl 5.cybdrethefgapegaesoniar qaowestatrdreof nega

soni ¢ devj ce ves. up hal f wavel ength of .nmega sonic Ve bout 0.8 for
e GRdeant ehs semt BOEr T AL G e oM oA g S Blg.

recei vao e WaSEtHEU4P lin@base® Bial AN waRAWSTH Qferﬁggat bnidGhHditROp e RATE,
average power density, the sanme nmaxi num power density, and the sanme m ni num
power deriss & Yull Qivée Gparkit fodh 1s Ehe eyrdestermg peing depeands poitheogap: behoGdheBa0Ccess
Sequence 1 (nega

di coni Zoe Y aod ooyt o TRIEN Watsyey B ponict B wB R g RVt hplisotor
and w igoweR dediery e @apincksePimalf Wavddididth fMnedDRAR] GERD 12 otHEP Worde gdensoni ¢
device to adjacent to wafer with gap d, and d is in the range of 0.5 to 15
mm gap between mega sonic device and wafer is not set uniformly due to reason déscribed 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.



[0037] Step 3: turn on nozzle with deionized (D) water or chem cals, and
turn the nega sonic device on. WD 2010/ 066081PCT/ CN2008/ 073471 [ 0038] St ep
4. for eawb2wwowmbison of chuck, nove mega sonic devi ce upC@/CNebdd/oFsaTI, where
N is an integer nunber and in the range of 2 to 1000. [0039] Step 5:
continue step 4 until nega sonic device novies up total 0.5nk (mm, where n
s an integer nunber starting from1l. [0040] Step 6: for each rotation of

runbor 100, o DR P ol A8 R AP D By abiaty s, IFE Sellek 3RO B

mega sowlece Newanmtegwmembdoand ih dieadange &ffikto( 1O9P, where, n is an integer
e R s gl 0208 PR RSy Shep 6 40 1 T DL ater
chem care ﬁr%daﬂ: 1|ﬂ%'geldﬁ1)fn$éﬂ%ta‘f’@1{geﬂ‘rom 1.
[0040] Step 6: for each rotation of chuck, move mega sonic device down 0.5A/N (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 ®, and  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 0.5A/N (mm),
where N is an integer number and in the range of 2 to 1000.
[0049] Step 5: continue step 4 until mega sonic device movies up total 0.5nk (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 f;
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

0.5M/N, which A; is wavelength of the wave with the lower frequency f3, A; is wavelength of
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[ 0044] Process Sequence 2 (nega sonic frequency: f = 937.5 kHz, and

wavel ength in dieonized water = k =1.6 nm: [0045]Step 1. rotating wafer at
speed of wp2arubevssis in the range of 10 rpmto 1500 r pmpPCr@26(sBre12: nove
mega soni ¢ 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 (D) water or
chem cals, and turn the nega sonic device on. [0048] Step 4. for each

rotati [ I n

0t 2| e SrE e RNE, FEARASOR, SndIRVASE B B, (T ST RON i 20,
unti |l regaimeger cudben tetin®ttoesl.up total 0.5nk (mm), where n is an integer
nunber ting form 1. 50l Step .6: turn off nmega sonjc devices, stop the
i vt dPOF' o B EATPTe iy ety Bimos F QUSRI A cepugaedin

t ransdugehdvdasdBiset: at ultra sonic range and mega sonic range, dependi ng

on the particle to be cleaned. The larger the particle size is, the |ower
f r equed8953 houlDdgdrec Metedial Rempeal Ui @1 Hdhge4ils bet ween 20 kHz to 200 kHz,

and ne ni c,r I S bet MHz. Al so frequency of
machanﬁ@gfﬁmvga‘%‘ﬁ%q}beﬁgﬁl?%ﬁﬁi“t@%%gpf E%P i%at atine in succession or
concur rjeoss]y i Meddl @®¥ntdngin &t @aRertlb ol - 1€, G EgO ef1:particl es on the sane
substrate or wafer. |If a dual frequege% of waves are used, the higher

f r equer@956l| s%me$W%IQ¥1% Remaya gellFflhRued 18P | ower frequency f2, and

e L Eer eI D CaRARE ARG 1050 06A e LRSI oLl o o

t he waukRvisk tabcdriiag tewerpréseadineaaionf Zhekimbodinveaw & emghihtoahat 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.

7



WO 2010/ 066081PCT/ CN2008/ 073471 the wave with the higher frequency f1, and
N is an integer nunber between 2 to 1000, and n is an integer nunber

starti ng woamolnes(89052] One exanpl e of chem cal s bei ng ugeu/anzo0s@TBNE t he
particle and contam nation are shown as follows: [0053] Organic Materi al
Renoval : H2SO4: H202 = 4:1 [0054] Particle Reduction: NHAOH H202: H20 = 1:1:5
[ 0055] Metal Contam nation Renoval : HO H202: H20 = 1:1: 6 [0056] Oxi de Rennval:
Oxi de ml\{eﬁ!}r 5008 id90ached wHil pie‘%QéZJtF t Granld P%O@nﬂ{ch Q Jestered \%ﬁv

waf er cl eaning apparatus using a nega sonic device accor d ng to the present
i nvent itemsmifted te Wadatithengh ite resomatoa®0ODadhiat wateownchiemiédl gilmP032x Pegess hat
chuck 6014 is 3 ver |call | ead screw 6005 and notor 6006. Control
uni t 60@@9%%%%82 ﬁémﬁ lﬁéﬂﬁg%n mega soni ¢ devi ce 6003 and wafer 6010
by mov Hﬁ%ﬂ huckr&Oflsh up I@G@hgﬁ"i@ LY Hlegﬁ 36his ‘ElEﬁWasG&Qér td MRk PresBRO6.
[0058] FI G "7 shows anot her enbodlnent of fer cleanin pparatus using a
mega sonvantidevMega aosiordivivg sthownhe Ipg éS@mba repbased . dlgfh@n‘e slinpdi ofemega s

| 7003
o] nced gt deafer 00 korode i€ ERR s B va 0 0% SR Fetiiehs JRRT D) 1
by | eadrigCroByoéR96n adshowatiarFid O0Q, eﬂ?@lﬁbﬁlcds sHéwh i/ Bi38 16D angesrdidgs grmnd

bet ween nega sonic device 700 and back sjde of wafer 7010 by novi ng nega
soni c dé\Fﬂ&éOEowﬂ@pcmgawmﬁvntlane&udeFl @bﬂdm@&er@vehwosnﬁlfgdl%tor 7006. Mega

soni c e waf 7032
hr oughOuGaler (IARRTLNE el piehi3h s Rpedff SELADIE SR EEE 0 | SRalh®
chem Cadnﬂaddﬁné’fm ,rdxamplewadrelr applitation®34 ik theeppardrg Blosu skﬂcli@i/inctﬁe 400Batand
back side of wafer 7010. The advant age of this enmbodjnment is to reduce or
el i m natEogs ﬁ@éé‘i%@l%&%@@g@ée@weWdﬁ@@awgb% vf!é"f{l thedavse®nst r uct ur e
on front side of wafer 7010. [0059] FIG 8 shows anot her enbodi nent of wafer
cl eani ng apparatus using a nega sonic device according to the present

i nvention. The enbodinment is simlar to that shown in Fig. 4, except that
waf er 8010 is placed face down, and a nozzle array 8018 is placed
underneath of front side of wafer 8010. Mega sonic wave is transmtted to
front side of wafer 8010 through water film 8032 and wafer 8010 itself A
nozzl e array 8018 sprays liquid chemcals or DI water on to front side of
waf er 8010. [0060]FI G 9 shows anot her enbodi nent of wafer cleaning
apparatus using a mega sonic



devi ce according to the present invention. The enbodinment is simlar to
that shown in Fig. 4, except that surface of piezoelectric transducer 9004
has an amngbeow/dseossur f ace of wafer 9010. WO 2010/ 066081 PCT/(D223083073471
Resonat or 9008 is attached with piezoelectric transducer 9004, and nega
sonic wave is transmtted to wafer through the resonator 9008 and DI water
or chemcal film 9032. Process sequence 1, 2, and 3 can be applied here.

[ 0061] Rtz 14 ORih& 110G show top view of nmega sonic devices according to the
present 1 nvention. Mega sonic device shown in Fig.4 can be replaced by

di fferent shape of nega sonic devices 10003, i.e. triangle or pie shape as

shown in Fig, 10A,  rectangle as sho in Fi 10B, octagon as shown. in Fig.
100 el 1 pt bk Tahah i AR RS gemiptugiEl o ldhae) Bing LHOBRE ROF eV iEDE

quart ercoaiprging: @s shown in Fig. 10F, and circle as shown in Fig. 10G

[ 0062] Al t hough the present invention has been described wth respect to
certai n enbdwldregt ssmisradyst@subgratt Bppdingathusks, it will be apparent to

t hose skilled in the t, that vari ous di fications and changes may be made
wi thout  depdt PRy issR RUURHF AR a6 187 kbR kb SRBHOB 073471 nat
is claimed iifjecting a chefhical\liqBIdNEH! thDkerGicORilchY BB RORPUGE @p Bethatd @iee
using ultra/nmega sonic device, conprising: holding a sem conductor

subst r semigopdudphgpbatrath aedk thepdisa/ meghiaide devide yay st lepshere mpgviece adj acent
to the semc [ c gl npect C Lcal  Ligui e -
seniconductégggﬁﬁéﬁﬁ%ggBZ%ﬁaggbg% %%ﬁ%%%ﬁ”?ﬁe§§§%§§éﬁ’u@?aﬁ“@@%@?#& € and
t he ul tdeaico®geasio notatichesfithe clhick diating tiat cléa@agtprocds.nozzl e; changi ng t he gap
bet ween the sem conductor substrate and the ultra/mega sonic

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, 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 chemical liquid is injected to the front side of
the semiconductor substrate by a first nozzle placed closing to the front side of semiconductor
wafer, and at the same time, the chemical liquid is injected to the backside of the
semiconductor substrate by a second nozzle placed closing to the back side of semiconductor

substrate.

7. The method of claim 1, wherein the gap is increased by 0.5A/N for each rotation of
the chuck, wherein A is a wavelength of the ultra/mega sonic wave, N is an integer number

between 2 to 1000.



device for each rotation of the chuck during the cleaning process.

2. The nethod of claim1, wherein the gap is changed by noving ul tra/ nmega
soni ¢ dewvoeoioeeosdi rection vertical to the sem conduct @CTEIN28dSIEE4T1

3. The method of claim1, wherein the gap is changed by noving the chuck in
a direction vertical to the ultra/nega sonic device. 4. The net hod
of claim1, wherein the ultra/nega sonic device is positioned adjacent to a
front side ' : : WREx 0 : im1,
wherein t hertcle:hrt%I g‘?e?rg%aagf;ég%#ﬁi’ggﬁrg@%ég%%gi 't 9%Cr?(eic§) yg)dj5 acer??% gtlégll gOtgg%rﬁ&gi de
of t he thenhwdndibetedr ASubstavakeegth of the ultG/mdgresomst Wadk, Of iscdraintegsy nwinberei n
the chemcal liquid is injected to the front side of the sem conductor
substerEN%?lﬁt 9951 19039% e placed closing to the front side of

sem conductor wafer, and at the sane tinme, the chemcal liquid is injected
to the backside of the sem conductor substrate by a second nozzl e pl aced
closing to thdheandkhad dieclaim ¢ ewheromathe icap isvassdriattiee range of 0.5%n duitiag thst hod

of claiml1, wherein the.gap is incpe d 0.52" for each,rotati.on of the
Chuck ing OGRS b€ 195 uRslRET S RE iy adiraopi bt Al Ayt
i nt egernumbEbsartigtiveen 2 to 1000. WO 2010/ 066081PCT/ CN2008/ 073471 8.

The nmethod of claiml, wherein the gap is reduced by 0.52" for each
rotation of the chuck, wherein X, is a wavelength of the ultra/mega sonic

wave, Nis i e ; . o .9
ot hod of i 2t Pk Pithed 87 SEimd” AR Fh G EG e 4O somic devipediss WL ng
t he cl degguegeigy ocess, where X, is a wavelength of the ultra/nmega sonic
wave, and n is an integer nunber starting 1. 10. The method of claim

1, wherein sonic frequencies of the sonic device are dual frequencies.

11. The met had gt nehildBekim Mo LabRid B dHbithedubfIUEQmh SRR i F&Refcyi gh
frequency fl ang a FOM/g}eaﬂenéy %2} ang'gl gﬁkfz, mhé%eeﬁgﬁggaﬁgﬁﬁt ger
nunber f$taad tilowg fiferoancg £2, and f1 = M2, whieee Met ho thtedfer obmben stdrfingdiene?.n t he gap
is reduced by 0.51/N for each rotation of the chuck, where ki is a

wavel ength of the wave with the high frequency fl, Nis an integer nunber

bet ween 2 t 0121890 .method of cldidr 11T Nehe?®@h RIS isGhdided .0 HHAT Rirabheot@am | S
varied in the range of 0.5Xn during the cleaning process, wherein X, is a

wavel erdtthe dfuckheharaveiswi wdvetength dihd wegrrerib yhef ligh fmguency £1, hisi antivigger

nunber starti from 14. Apparatus for cleaning sem conduct or
substréwgﬁﬁgbﬂgwﬁT?F%}%%ba soni ¢ device, conprising:

13. The method of claim 11, wherein the gap is varied in the range of 0.5An during the
cleaning process, wherein A is a wavelength of the wave with the low frequency f2, and n is

an integer number starting from 1.

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

a chuck holding a semiconductor substrate;

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

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

a control unit changing the gap between the semiconductor substrate and the

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

15. The apparatus of claim 14, wherein the gap is changed by moving ultra/mega

sonic device in a direction vertical to the semiconductor substrate.
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a chuck hol ding a sem conductor substrate; a ultra/mega sonic device being
positioned adjacent to the sem conductor substrate; at | east one
nozzl e i mveaviomgeasmem cal |iquid on the sem conduct or sehItaav@s/asdia gap
bet ween the sem conductor substrate and the ultra/mega sonic device;

a control unit changing the gap between the sem conductor substrate and the
ul tra/ mega sonic device for each rotation of the chuck during the cl eaning
process. 15. The apparatus of claim 14, wherein the gap is changed
by noving ultra/nega sonic device in a direction vertical to the

sem conduct al6. sThesdppatacis AOl20 110, A1 PECHENR ALY B Aibving the chddk inBhe
apparanﬁ% of cIa ﬁllﬁhﬁreln t he %% i s changed by noving the chuck in a
directi V%ﬂY?E%? 1@ B ey egs 0Medd Coni ¢ devi ce. 17. The appar at us
of claim 14, wherein the ultra/mega sonic device is positioned adjacent to
a front side of the sem conductor substrate. 18. The apparatus of

cl ai m 14, wheér éihe apperagist efatlamgd 4s oviiereinlghd obird/ megosini¢ dnede asijpasisoned o a

back si the. s uct or 19. The apparatus of claim
1o wnebBeRha TR RE MR et T EhTiue (o che Tront ofde of the

sem conductor substrate by a first nozzle placed closing to the front side
of the sem conductor wafer, and at the sane tine, the chemcal liquid is

inj ected to Bhd hsarnparsiuseoioglath d 4s eviiceein dik ubira/ megss s9mae depge as pesibatEdnozz| e

bl aced 819 alfol 5 BEK shilSalcd15ngaR conduct o substrate. 20.

The appa us of he control unit changes the gap by
i ncrement of 0.52" for each rotation of the chuck, wherein X, is a

wavel engt h of the ultral a sonic wave, N |s n i t.eger nunber bet en 2
to 1000. The appargis %@%l%@@f% fhie; Ghemic Bé? Rugckrs todh fremt

Changesofgﬁlg_s%ﬁ‘;‘?co%u& AuGid,aR B{r hoﬁ "Ilon%EE@Q&H 618&1%8’%9%&&9%1&“% lfhe

wherein X, is a wave ength of a sonic I's an I nteger
nunber sbetcvaductdr wefef, 30 .at the same tdik, thcheheapq@htigtudss ofjeat¢daionthd Backwhéa efi n t he

control_ unit.chan es t he in the ran f Q.3kn duri t he c] eaping
o ocead e ARBIERRIIST Pt Relroron! oP2 R e ety b0 sBhitachabte S | s
an |ntqg§mxﬁgﬁ§§fﬂ§g@ﬁglng from1. 23. The apparatus of claim 14
wherein the ultra/mega sonic device generates dual frequencies waves.
20. The apparatus of claim 14, wherein the control unit changes the gap by increment
of 0.5M/N for each rotation of the chuck, wherein A is a wavelength of the ultra/mega sonic

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

21. The apparatus of claim 14, wherein the control unit changes the gap by reduction
of 0.5M/N for each rotation of the chuck, wherein A is a wavelength of the ultra/mega sonic

wave, N is an integer number between 2 to 1000.
22. The apparatus of claim 14, wherein the control unit changes the gap in the range
of 0.5An during the cleaning process, wherein A is a wavelength of the ultra/mega sonic wave,

and n is an integer number starting from 1.

23. The apparatus of claim 14 wherein the ultra/mega sonic device generates dual

frequencies waves.

11



WO 2010/ 066081PCT/ CN2008/ 073471 24. The apparatus of claim 23
wherein the dual frequencies conprises a high frequency fl and a | ow
frequencywb2p10zoecosiii = M2, wherein Mis an integer nunpemr/censta7syg1from 2.
25. The apparatus of claim?24, wherein the control unit changes the gap by
increment of 0.5ki/N for each rotation of the chuck, wherein ki is a

wavel ength of the wave with the high frequency f1, Nis an integer nunber

between 2 to,l . 617 a ' 0t

control uni ?z 4Cg§%gggpatrﬁgs gogpd%%h ?gd%t@{eg{nq% %%agtll%;l‘lr@%%rs ea r(?Slre gtaa{Ill ?géln of

t he chucdquendyefi and aklow Sequenaw | embf;h= 0if, t Wkeremd isvah intede dundler kaetgigency

f1, Nis an integer nunber between 2 to 1000. 27. The apparatus of

claim ZPM@herein the control unit changes the gap in the range of 0.5k2n

during the cl eaning process, wherein k2 is the wavel ength of the wave with
the low frequency f2, and n is an integer nunber starting from 1.

25. The apparatus of claim 24, wherein the control unit changes the gap by increment

of 0.5M/N for each rotation of the chuck, wherein A is a wavelength of the wave with the

high frequency fi, N is an integer number between 2 to 1000.

26. The apparatus of claim 24, wherein the control unit changes the gap by reduction
of 0.5M/N for each rotation of the chuck, wherein A is a wavelength of the wave with the

high frequency fi, N is an integer number between 2 to 1000.
27. The apparatus of claim 24, wherein the control unit changes the gap in the range

of 0.5%,n during the cleaning process, wherein A, is the wavelength of the wave with the low

frequency f;, and n is an integer number starting from 1.
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