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METHODS AND APPARATUS FOR CLEANI NG SEM CONDUCTOR
WAFERS FI ELD OF THE | NVENTI ON [ oo0i ] The present
WO p0oeqoi3eh generally relates to a nmethod and apEECHN2093/070234
for cleaning sem conductor wafer. More particularly,
using rotation plate coupled wth and without ultra
B HOBXSIA PRARAT dS\HQR GLd-ANING SFEMEEONDL GTQRMVAFERS
contami nation renoval efficiency, and at the sane tine
to realize mnimummaterial | oss in sen conduct or
waf er structure. BAEKASENGNDTHE INVENKNENTI ON [ 0002]
Sem' conduct or devices are manufactured or fabricat ed

[00(&] oi:;n ﬁ%%gu%%é %’gé&{c%agélng ﬁsrreéingg rt%o@g mdeltﬁcf)c? and apparatus for

clepPloL FEPRPRELP R e B S loiaiy 1 S8 "ol S iz cgppiea witn
aanﬁl Gf?rréd |é\éﬂd(n‘?e§aa rgFtoaév lroqﬁgr%%%e rf'f'ae a%@ldconftamlnatlon

ear ornmed eCtI‘ICHH sas

rerﬁ#?\?alséﬁﬁ'c gl ;a:r]‘g oA S| @am@hﬁB{é QBC%'%Z@”H\JNH@% CRLRIRI loss in

trical S an power tween transistors,

seﬂn[@ioﬁﬁﬁ@lor%dféﬂét?ucﬁuret he seni conductor devices, and

circuits external to the sem conductor device. [0003]

In formng the interconnection elenents the

sem conduct or wafer nmay undergo, for exanple, nmasking,

et ching, and deBSCKGROUNOCOSSHIENVENTION1e desired

el ectronic circuitry of the sem conductor devices. In

particular, multiple masking and plasma etching step
[00&2An be %@mfwgetqr@ewmemaiepmm@‘aﬁtumd petabsicatecherr ggmiconductor

in a dielectric |ayer on a sen conductor wafer that
waterpyEsing ar eHEmes ahfliergst frFPcesRing n@t@pgomq&g@atgngransstor and

IntiRRRERC ARy S Sat T EIRCHIEEDY PSS S ObdRTigaIs,associated
witBhe Se e RekY e oh AR agsﬁ?eﬁahé‘ehﬁhs%ﬁﬁﬁ%mthe ke are
for %I r?w' Q%Ié(@% rﬁ%&?ﬁlalsc?é :pea?f: f s\éhﬁc%qcrt‘n@r Hévﬁéuml'ﬁé trenches

mal ntai ni I'ca i Tensi on
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 wafer only. However, the dilute chemical or
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order to reduce or elimnating the side wall loss, it
is inportant to use noderate, dilute chemcals, or

W@ 00e0033e3 de- i oni zed wafer only. However, the BOCT/AN2007/070234
chemcal or - | -de-ionized water usually is not
efficient to renove particle in the trench and vi a.

de-itrazed ovatet husuaty hamat adfficient ¢o semiovasparticieairs thg ¢remch and via.
mega sonic is needed in order to renove those _

The @recuh@sm@@mamc@rf@rqe sught @ U @Niaed MrgMmSeiRii e neaded in order
wi || mechani cal force to wafer structure such as

to f‘?r@ﬁ\%égo%ﬁl@aﬂti%%s efficerine Ulira 1 sondg @pddﬁega&mc wave will apply

mehanEAT IS fo oL MR rchoam B ries Bndris, the prwer intensity
ané rr?/veerff%t]régp ér(ﬁ% ggrg%ngrﬁ%}]eﬁﬁppargroi tri%ﬁnéc%anléal I}/gr%e within the
ceEBLIRLHF S SE it BTN OBl Svcftion I

energy is applied to the f|UId by a nega sonic

[0084] ansdngg a sbMfc Bﬁérﬁ %d@lé&‘m%éﬁl@[&ﬁle‘éﬁ gemiconductor wafer is
ri bbon- I| e jet of cleaning fluid vibrating at nega

diseRizkd ih LEGUPAEING 4 826 BB8. THY flOREREIEsSUiZclearzliegassonic energy
[ 0005] A source of ener gy vibrates an el ongated probe

is applichd tortasgiuid by thmegaasiic trapsduay. | Mhe ridxelef isushtpes to provide
di sclosed in U S. Pat.No. 6,039,059. In one
a dbbamykerjet , off cldating fhyd ayiewtiogt at boepa ssales Wwéquaencies for the
wafer while a probe is positioned close to an upper
imgingemenhoatieg Beffacgd.r angenent, a short probe is
positioned with its end surface close to the surface
and the probe is noved oyer the };ﬁéface as waf

[009%t at esP ?%@%]OAeg%r@b’clé'b@teér%? NGHeAROP] YVB@h transmits the
oot RIS P B B BEE LS R, SHAEES 1 ono

o H5E06R 1B F1E b A0 HBRSRERR 2Vl PR B osioned
clo§8 ;‘-Arﬁaab&gs.eef;d 8@8%?%%@??@@ NEtd-OR %b%‘ﬁ%&éfao‘ﬁed with its

or substra i ciency an
enH‘%@h@Bé R sl M@ESurface, 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. It is needed to have a better cleaning method for
cleaning particles and contamination on surface of wafer or substrate with higher

efficiency and lower mechanical damages.

SUMMARY OF THE INVENTION

[0007] One embodiment of the present invention is to disclose a plate to be

positioned close to surface of wafer or substrate. The plate is moveable parallel to
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SUMVARY OF THE | NVENTI ON [ 0007] One enbodi nent of the
present invention is to disclose a plate to be
wWeoeonIBmed cl ose to surface of wafer or substPEI/EN20DMO70234
plate is noveabl e parallel tosurface of wafer or
substrate. The plate is rotated around an axis
suvace ptwafercorssulfsiiate. of hevafade iorotatdssamaind. arj @gB8]ertical to surface
Anot her enbodi ment of the present inventionis to
of wataglopsebpiraiee vi brated by ultra sonic or mega sonic
transducer. The plate is noveable parallel to surface
of wafer or substrate. The plate is rotated ajound a .
[0008%i s ve{\@@%sre @W?%tc%‘h tg‘P REgp@t 'ave@l?&@rtatcﬁsclf?%ﬁ)egfe vibrated
ot her. enbodi ment. of th resent invention is to
by ﬁ‘iﬂé% PBY& A PPER é%l%ﬁ%%@%{/ 1§ PRt himo VR iR UG P Surface of
wa*%radqrs %?rrate.tlkf'ge {)I%{?afs' H)gat%aérguﬁéj' %ﬁwaé:ﬁ? @Qﬁlc%f%os g'tﬁrffgc?eeof wafer or
of warer or ‘'substrate has groves, redular patterns,
Su@%{%tg_rregul ar patterns to enhance the cleaning
efficiency. The plate is noveable parallel to surface
of wafer or substrate. The plate is rotated around an
[0069(1 S VerAn&Rbr tetnisodimase oFf theaprisept isvdiftionals to [R8t83e a plate
Anot her enbodi ment of the present inventionis to
vibfhted! msaltea pb@it eorvinegat uhid Yravktincers dihieCrobatinie praté @irface facing
transducer. The rotating plate has holes to deliver
surtheanf ngferhemsutzdtsate hasegriovas zexdyuaat Eattaros wardigt irregular patterns to
surface. The plate is noveable parallel to surface of
enbaifice thercleaming redficiendihd hel plate isanevealile gasalel el sarace of wafer or
axis vertical to surface of wafer or substrate. BRI EF
sulpstetey Aieorlate isHECtBResvaxesng o i gxis| \@stical At syfgicet of wafer or
an exenpl ary wafer cleaning device; [0012] FIGs. 2A-2E
SURRIFA!Bt an exenpl ary wafer cleaning process ; [0013]
FI G 3 depicts anot her exenplary wafer cleaning

[001&? \égﬁfr@r[ngigéﬂeéﬁ%&hmdén 5 ?rtmes parggén SInveRtioR | R Vglaéc%se a plate

vibrated by ultra sonic or mega sonic transducer. The rotating plate has holes to
deliver cleaning chemicals or de-ionized water to wafer surface. The plate is

moveable parallel to surface of wafer or substrate. The plate is rotated around an

axis vertical to surface of wafer or substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

[oo11] FIGs. 1A-B depict an exemplary wafer cleaning device;

[0012] FIGs. 2A-2E depict an exemplary wafer cleaning process ;

[0013] FIG. 3 depicts another exemplary wafer cleaning device;

[0014] FIG. 4 depicts another exemplary wafer cleaning device;

[001s] FIGs. 5A-5B depict another exemplary wafer cleaning device;

[0o16] FIGs. 6A-6B depict another exemplary wafer cleaning device;
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[0015] FIGs. 5A-5B depict another exenplary wafer
cl eani ng device; [0016] FIGs. 6A-6B depict another

we@npdaey waf er cl eani ng device; [0017] FI Gs. W@¥/ZB2007/070234

depi ct anot her exenplary wafer cleaning device; [0018]
FI Gs. 8A-8B depict another exenplary wafer cleaning
[ootievFtes. 1A0BAdepdt@notivey- @ niepicwvaten ctdaningdenpear y
waf er cl eani ng device; [0020] FIGs. 10A-1 OB depict
anot her exenpl ary waf er cl eani ng device; [0021] FI Gs.

[00181 AF G 3. BAEBI dapictrsiaiesr eesmRlpafr Yyalgacaaniedaying
devi ce; [0022] FIGs. 12A-12B depict another exenplary
f I ' devi ce; [0023], FIGs, 13A-1 3B depi ct
oot ofls S5 SReric i Sethiphy ales CEEN IS BRMEOF Gs.
14A- 14B depi ct anot her exenpl ary wafer cl eaning
e, 0 | C5. N ' £ 1
ool EFs, 1ART R dRa ambrssa i e R BT Y

anot her exenpl ary wafer cleaning device; [0027] FIGs.

[00 YAFI"GZB![ﬁl@ﬁ"'I e dh%fhé’r’@@ﬁhgéeré/i\%ﬁe%lﬁﬁﬁ:ﬁ&é\ﬂce

gt

|
evice; [0028] FI'Gs. 18A-1 8B ct anot her” exenpl ary
waf er cl eani ng device; [0029] FIGs. 19A-1 9B depict

[002) OF B$. renpBajapisainethet! @mpiarydexfiee eledniiipdevits;Gs.
20A- 20B depi ct anot her exenpl ary wafer cl eaning
device; [0031] FIGs. 2 1A-21 B depict another

[00Esx e Aiib s r 43 Avd 8 B rd et aamiottier cexengeary| WareR Llidain(eey dedde;22B
depi ct anot her exenplary wafer cleaning device; [0033]
FI Gs. 23A-23D depi ct another exenplary wafer cleaning

[002ev F Kes. 1406348 deip@s anpihrer axempdaiycvaligh steeemaesevige ar y
waf er cl eani ng device; [0035] FIGs. 25A-25B depi ct

|ary.waf er cleaning devjce;

lOO%EOE@-cféﬁggatq?@adé@@mﬁraw% @rW%fPésiﬁﬁ%gﬁoﬁg‘l«YiﬁFég

[0037] FIG 27 depicts another exenplary wafer

oo ot b ot d el orala By P eBpd Geyice
depi cts anot her exenplary wafer cleaning device;

[00%7? g&%s. FI7a 1 ?gedﬁ%?d.t%tr?é?‘g@?ﬁplgme?@éawﬂfgeaevice;

ani ng devi

[0028] FIGs. 18A-18B depict another exemplary wafer cleaning device;
[0029] FIGs. 19A-19B depict another exemplary wafer cleaning device;
[0030] FIGs. 20A-20B depict another exemplary wafer cleaning device;
[0031] FIGs. 21A-21B depict another exemplary wafer cleaning device;
[0032] FIGs. 22A-22B depict another exemplary wafer cleaning device;
[0033] FIGs. 23A-23D depict another exemplary wafer cleaning device;
[0034] FIGs. 24A-24C depict another exemplary wafer cleaning device;
[003s] FIGs. 25A-25B depict another exemplary wafer cleaning device;

[0036] FIG. 26 depicts another exemplary wafer cleaning device;
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[0041] FIG 3 1 depicts another exenplary wafer
cl eaning device; [0042] FIG 32 depicts the
wereenessance where full and equal cleani ng ef PEDCN20077/070234
to be derived in the present invention; [0043] FIG 33
depi cts an exanple of a algorithmdescribed in the
[0 eBEait 27 depiots amthe0exerhplerGrvaiy degriiog slesice;
architectural control system of the present invention
; 0042‘8 TABLE. 35 depicts examfjl e results of wafer
[0035pt BiG o28 dpRists anather @s@apl@éy wgtertdeanige deviesi i n
present inventi on [ 0046] TABLE. 36 depicts exanple

w35 R R R R 10

depi cts exanple results plate rotation speed

I S I i_thm_i ention.
BRI 2 BekBle FtERr Bctibiehy ottt FB e one
exenpl ary enbodi nent, FIGs. 1A to 1C show t he detail
pl at e.
o0 FIt SPEHiCE SRTPGCAENHER, WBIGIEIdaigy BELRg, Pl
pl ate 1008 being rotated by rotation driving nmechani sm
[0042PO0F1G 282l depictd €nel Bitertlstahee nitide LB @RNEUEh @B S effects are to
de-ioni zed water 1032. Plate 1008 is placed parallel
betderisad irathe ofesenf iavedtibri0 , and can be noved in
direction parallel to surface ofwafer 10 10 . The
rotating plate will make chemi cal fluid between
[0043pt BiG N3P gepicts anezampte ofd algotithm deseribed it ke, pradertinvention;
wi || enhance the cleaning efficiency. The gap between
rotating plate 1008 and wafer 10 10 is in the range of
[0044] 1F Hen g‘bdQ@'CFﬁﬁan EFQ‘EF@PMSG' @rﬁﬁ‘h' systget ¢f thecmg%@ntpm%won
will be performed in FIG 2A to 2E. During the cl eaning

f 10 d th
ooBinfBBLE, P fcpitiySearBll oulf o ietel Sisini el Situated using
. Plate 1008
thq%géﬁ@% gregg gﬁ g%t'a cons?aﬁt speegagrng\lg:nlglnng
speed, the | ateral noving speed can be set high when

[oogsig?gggﬂgbgeaﬁépi%goéxémﬁ%s rdQIROSH bR rOhi¥Rf HecBeMIBllated using

the algorithm in present invention;

[0047] TABLE. 37 depicts example results plate rotation speed calculated using the

algorithm in present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0048] In one exemplary embodiment, FIGs. 1A to 1C show the detail of the
wafer cleaning device using a rotating plate. The wafer cleaning device consists of
wafer 1010, plate 1008 being rotated by rotation driving mechanism 1004, and nozzle
1012 delivering cleaning chemicals or de-ionized water 1032. Plate 1008 is placed

parallel to surface of wafer 1010, and can be moved in direction parallel to surface of
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set | ow when rotating plate 1008 noves to position of
waf er edge. Rotating speed 1 of wafer 10 10 can be

W@ eeass3 speed or changi ng speed, the rotati nBCEON27/070234
ean be set high when rotating plate 1008 noves to a
position of wafer center, and can be set |ow when

wafest Hithghsl entatin@ platersvitt snake ahgroial fluid bétwesherotaithygeplate 1008
[0049] FIGs. 2A to 2E show the flow status of cleaning

ang hisafet al &1 Qo bef 'IQ!]@T@CI:L(M’BC@UM“@f@r@énthﬁingﬁaﬁm§ﬁ|Q@Cy The gap
shown in Fig sane _point at wafer

nove
betwesn Wt@W$p|%tﬁe1 Qﬂ8r QB%V@Tebﬂoﬂleﬁdn gasdARge tHL- &dﬁﬁ‘ to 10 mm,
om A to B

ordSisBh b BB HesSGTa M PEDATdeRLnSE e 24 2E" During the
clef . b Vel Ebﬁisca%bgrrﬁgqsﬁn%roaﬁﬁ"ntﬁ ofafidter at rotating

sp%éo)cﬁ) 8%%93&?%6268@ grct)t%gé:d ﬁﬁotgl @sp‘egratcl)ff geojﬁgéer?an move in
Iat%{%?éﬁ@&drﬂa €8ﬁ§{aﬁp§p§% g ¥ #%gaewetﬂefléﬂéfﬂ moving speed can

rection changes as own I n
be R thigH %ehﬁoﬁét?gcﬂa@%(% <”mcwésl toqsoémxsre oﬁf/\fdféﬁ &HtbY and can be
renoved away One exanpl e of chem cal s being
setud@adwhen retativig plae 1608 hwvesaoposiitinedi water @tigar Rotating speed 1
shown as follows: [0051] Organic Material Renoval:
of W2ROM MDCRarr bé: cbr{stiit ZpeBdrdri cHamgiRep sioeedyrthe MekEIHY speed  1can
H2Q2: H2O = 1: 1 :5 [0053] Metal Contanination Renoval:
be lget higiagempadating plate  1610808ayesd dgoriivnvefl wafex celeter, and can be
Renmoval = HF: H20 = 1: 100 [0055] FIG 3 shows anot her
setdaworiner: Fatabing Rate 1 08P dagvasgodeRPeition of wgfel edseat i ng
pl ate according to the present invention. The

icept Thi Aniercages e Ry So0F otileralio, Hestadser fuid 1032
5 SN PSS ABOVEM O d BngApAED BBGS MRGLR Sogger moves
frofifR 9% 16 BrBCPt oMot RECRERAER B8 o1 32008 changes from

A B30B4c BlidR) 8024 &8 $80aYPrbe WiF8Egree. In the same way, when the

same point at wafer moves from E to A, the direction of fluid passing the same point

of wafer 2008 changes from E to F, G, H, A, i.e. from O degree to 180 degrees. Fig.
2B shows that particles 2044 are located in trench 2040 and via 2042. When fluid
direction changes as shown in Fig. 2C to 2E, the particles in trench and via will be

more efficiently removed away.

[0050] One example of chemicals being used to remove the particle and

contamination are shown as follows:

[0051] Organic Material Removal: H,SO4:H>0, = 4:1
[0052] Particle Reduction: NH;OH:H-0,:H-0 = 1:1:5
[0053] Metal Contamination Removal: HCI:H202:H,0 = 1:1:6
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or curved guider. Utra sonic or nmega sonic device is
used to generate nmechanical vibrating energy, which is
wo eoovieed34i ransmtted to wafer surface through PCL/aN2aeg070234
pl ate 3008 and chem cal fluid 3032. Transducer 3006
needs el ectrical brushes to feed in and out electrical
[0o&Mr r ent OxidledRémbwgl: OxidesReowval £4H:H.0i ndel 00 ansducer
3006 is in rotation status during cleaning process.
The frequency of transducer can be set at ultra sonic
[0035hnge alnl@- n%g%f‘%%ﬁlacf‘omﬁig@mb@@ﬁ@ﬁail A watet ﬁé%}fﬁﬂg |d@|VLCe using a
to be cl eaned Theh erthe artlclle size |,
rOthP'a}?&E&QF@S}Qé‘% %%G”LH@ =2NtGnt: rIg1es B QdFB‘?@e'S|§m"ar to that

ShoMR o 1K 2poni oe%‘fa%'iob A cyEn ey 18r= held B alerallRvable chuck
305@”3&? aahﬁr%r ?@%lgdorellnggg FSopi ¢ Es&u%é re Q0 enﬁs gﬁggﬁt—f‘d %Bove rotating

concurren r tO C

p|agé' @o‘é‘ R édifb r%rgﬂgoélﬂgt%'iécftb&a ivi rﬁécha{ Qrﬂevoé;dé%nd laterally

anot her ment o I'eani ng

moleh gy rﬁohﬁb%é&%rﬁérﬁ%@%@?ﬁj QWGQBOEEtGUEe%OE4 &n §Paight guider,
that "'shown™in Fig. 1A and 1B, except that rotating

or Lited 4488&r.iSitral gsreel opdhedalkbilicPddace & ub&d Wefgeherate mechanical
surface, instead, having an angle of. Angle is in the

vibratirgeenérgd, t/\xbucitﬁlsdlimgmeesran[sﬁﬂﬁéd td-aferSgurfacebBrebginwsotating plate
detail of enbodi nent of rotating plate and ultra sonic

3008 amelgehesnicakfldd\3@x. dreosdicey 3096 heeqs eetrical brushes to feed in
i nvention. Rotating plate described in FIG 1A and FI G

and 9@ elepirigak cumgmég@rdrlwm@ transaurer itpelatsinesatrapgducer 3006 is in
shaped in nultiple half colums as shown in FI G 5A and

rotatipn platusEtRRg @%@n'ﬂﬂ\%oﬁ?%smq frequencys gf trapedggerncart be set at

IR R, 1aBGE A1 (gt e CRERR.C PSS (0 g Barticl to be cleaned
Th%‘{’rlg%'r n(?tqetarcfﬁgqe %éj% ngé\fv'ﬁﬁhgglﬁérﬁ&m%ﬁqmé%S}A@sltelgl %té%'s%nic range
s FORAPAERHENB 240 R AbhE PrdOLen 3aRbE1L 13RP 306 Xp (o MHz. Also

ani vvave att cha recti on
freﬁ ﬂ)e(gfr RE hérﬂcéﬁ éh BE 4 t%Frﬁté@%ﬂh&Pbﬁé‘ p’b'tlme in succession or
urt ance eanl ng efrrciency wt

co%&drf@t@olﬁ' Sroeir tHE@éaﬁQinéreﬁﬂ%ﬁiéV of PREFEEPIR IHRSSame substrate or
amage

wafer.

[0056] FIG. 4 shows another embodiment of wafer cleaning device using a
rotating plate. The embodiment is similar to that shown in Fig. 1A and 1B, except that
rotating plate 4008 is placed not fully parallel to wafer surface, instead, having an

angle of. Angle is in the range of 0 to 15 degrees.

[0057] FIG. 5A to 5B shows detail of embodiment of rotating plate and ultra
sonic or mega sonic device according to the present invention. Rotating plate
described in FIG.1A and FIG.3 is a plane. However, the rotating plate can be shaped
in multiple half columns as shown in FIG.5A and 5B. The mechanical wave
transmitted by surface of half column is diverged in different angle as shown in
FIG.5A. Such diverged mechanical wave is more efficient to separate particles from
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to device structure. At the sanme tine, the nmultiple
hal f cycle columms will further enhance the chem cal
WO bwoMdB82 noving in spiral direction, which cPEEHCN2007/070234
hi gher surface speed of fluid over surface of wafer
101 O . In summary, the present invention create three
tree¢h eallsordviei wall.chbieaaihalfl pyae estimn pnhaitéting plate GO0Gnehanges the
Sstructure on rotating plate 5008 create diverged ultra
origtatien anNgega Rlate B0URVetating, mﬁ:ma@haetc@éwav@cmttﬁrea@hanges the
wave pattern further rotate around the rotatjon axi
dirggtianoimit36ly dggrégees 50@8‘9 Byt plurfakeNe WNighb Y fuFBer enhance the

cleginBetaROR B AET B o [e55 YaliePAE GaAHGorS less damage

o BRYRoviT O G sohe %,%nﬁ’m?t Taf Pt Bl b S R i urtner

enrg%)%:se Zﬁ%%ﬁ%ﬁ%ll ﬁgl Lrﬂggln% r} ggﬁaloplr%&lc?{ '\R}Hllcﬂl Blctes higher
sur‘F éJ f’ﬂ@?i%]o@r?urfé@e%‘?%a?@r SHAY Iﬁ"é‘lﬁﬁ}ﬁépﬁ'ﬁﬁ’é’@ré@?ﬁ invention

eani ng device using a rotating pliat

cre%@éﬂ{rdé%febﬁs duhmqgélééﬁmb dro¥edy: i on. The enbodi ment is
simlar to that own in Fig. 5A and 5B, except that

colums on rotating plate 7008 are | ess half cycle

col uymshalfisyeledcafimhastfuctyre en cotatinmyspla{c00608 crdédte dderged ultra
and 8B show anot her enbodi ment of wafer cleaning
devscricwsinmggaasomcataveg pl ate according to the present

i nvention. The enbodinent is simlar to that shown in

Fig. 5A and 5B, except that colums on rotating plate

8008) ar &ugh @"é{ﬁ@lﬂdameébﬁmjﬁﬁlswaﬁ%P@H@rrbﬁur‘lhﬁr fotaigarwund the rotation
col umms. [ 0061 FIGe’R%? and 9B show anot her enbodi nent

of AWP& JPEN ORREH® using a rotating plate

according to the present | nventl on The enbodi nent is

sim,| ar,t.q that sho in FEi at
col Bmefl moifs FRGAR e Sisfion 2 pTne g aER e
i nstead of half cycle colums.
[0058] FIG. 6A and 6B show another embodiment of wafer cleaning device

using a rotating plate according to the present invention. The embodiment is similar
to that shown in Fig. 5A and 5B, except that columns on rotating plate 6008 are

elliptical columns instead of half cycle columns.

[0059] FIG. 7A and 7B show another embodiment of wafer cleaning device
using a rotating plate according to the present invention. The embodiment is similar
to that shown in Fig. 5A and 5B, except that columns on rotating plate 7008 are less

half cycle columns instead of half cycle columns.

[0060] FIG. 8A and 8B show another embodiment of wafer cleaning device
using a rotating plate according to the present invention. The embodiment is similar
to that shown in Fig. 5A and 5B, except that columns on rotating plate 8008 are

triangular columns instead of half cycle columns.
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[0062] FIG 10A and 10B show anot her enbodi nent of
waf er cl eaning device using a rotating plate according
w0 oovles3py esent i nvention. The enbodi ment is sPEA/ICARO0T/070234
that shown in Fig. 5A and 5B, except that columms on
rotating plate 10008 are rectangul ar col unms i nstead
[00@i hal fFiEycoA and Hthshoh0o@e8iheF| @nbadimentdofl sBferholganing device
anot her enbodi nent of wafer cleaning device using a
usingtafetatingIPéate accetting i the Prerent irReAtioN; th@rﬂmbmlmﬁﬁvé is similar
enmbodi ment |s simlar to that shown in Fig. 5A a

to thateptowhin Fiol amanb b &X&?Phg‘%l GRIEMDE 0B rgﬁa@ngoqjgtee9008 are
triangul| ar col hal f cycl e col ums.

traF%aH% l’-“lr@s E[@y?ae?ﬁ%# rlaj{BC@I(ﬂ% fPIYABSher ~ enbodi nent  of
waf er cl eaning device using a rotating plate according

[ooézﬁat he Ipl\ﬁsﬂ,& én@lv?(ggi s%(\jv éESth%%?ﬁl%é@ﬁen‘t f %/{/é'fb %featnﬁ)ng device

sho exce ol'urms

us%@ %Fc?t?%@a t@ g%g@“{féﬁk%‘g{' %‘?‘n&% Rl Zﬂ%seéhﬁﬁ ﬁ%‘#ﬂ is similar

to BRALSHIWEPEH. "B?ﬁ(‘tan@fSB’aE%epﬁ|tﬁéf‘bﬂ@nﬂ%vbﬁQolvbild@gpI%te 10008 are
rotating plate according to the present invention. The

rectamIaMESILMng instehd f hbP cyBiatcoiliame in Fig. 5A and 5B,
except that columms on rotating plate 13008 are saddl e

columms instead of half cycle columms. [0066] FIG 14A
[ooesnd 14H Ko Areoihét B esroed anetiter aimbvaedisrent lof aveifeg cleaning device
device using a rotating plate according to the present
using\ee rtating pRite ascbodingitathe presant liavertiont Rae embwlimemt is similar
Fi 5A and 5B, except that patterns on rotating pla
to shewny iy g %mds%ﬁeeé@entrmabg@ltmn%pad@éaimaplate 11008 are
cle col ums

0067 I 15A and 15B show anot her
dog 66??@1‘1@%‘?”00%%?3‘]8? &cﬁau NAY Céf@k‘?nQPé”@@??]g \év rotating
plate accordi ng tp the present invention. The
[OO%EEO%QE@{)J%E%”% eﬁ?}?tgvh%hoﬁg?:@m%cgdlg]'e%g S gli?‘aé‘gp %Ieaning device
j | | . L
os L YRl pRNE AR PP SR, el dmbociment is similr
to BEPLALWR T FRS. 3RERH 58 fRBLPGNAE¥bIERNS on rotating plate 12008 are half

octagon columns instead of half cycle columns.

[0065] FIG. 13A and 13B show another embodiment of wafer cleaning device
using a rotating plate according to the present invention. The embodiment is similar
to that shown in Fig. 5A and 5B, except that columns on rotating plate 13008 are

saddle columns instead of half cycle columns.

[0066] FIG. 14A and 14B show another embodiment of wafer cleaning device
using a rotating plate according to the present invention. The embodiment is similar
to that shown in Fig. 5A and 5B, except that patterns on rotating plate are individual

half spheres instead of grooved half cycle columns.

[0067] FIG. 15A and 15B show another embodiment of wafer cleaning device

using a rotating plate according to the present invention. The embodiment is similar
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using a rotating plate according to the present

i nvention. The enbodinent is simlar to that shown in
WO-2@9/003343 and 14B, except that patterns on rotR€T/60Y2007/070234

plate are half pyram ds instead of individual half

spheres. [0069] FIG 17A and 17B show anot her
to élrﬁtodhowntinoFigNaﬂéA ahe abBhgexieapt ctihati haiteras ran aoiatigg plate are
_ ate according to the present invention. The pattern
Indgndmaitpa/famgiSpnaﬁe@dpfarwvaalshai@sréﬁef@ﬁvex col um.

[0070] FIG 18A and 18B show anot her enbodi nent of

i e GRETAR SRR 0 S £ AR T4 v
oo By TR A R KAy PO TP o s s
o IR SR EE 124 2948 BLERGRAl RNt Oah IBAERRRle are nar

I'nven ttern on’

Py SRS ook o7 1P Qppars col um. [0072] FIG 204
an ow anot dlﬂEﬂt of wafer cleaning
devi ce using a rotatlng pl ate according to the present

[0oéopVent i PIG. 171A GRRISH BB SsHfw BAbRI nBb AN QP Aafes tRidrng device
positioned ultra sonic or mega sonic transducer 20006,

usiag@ Wiatingplateabeardiiy t3QR6 presentim@gntiohalThe pateat en rotating plate
20008. There is hole 20030 on transducer 20006 for
17008 rsoslnglergpnyvkrwotmhn.f | ui d or de-i oni zed water 20032.
The chem cal fluid or de-ionized water 20032 is
further flowed out through gap between rotating plate
[0020008 arfdG rléfs a0d €i8B26008 armtm@ra@mbgdm%rﬁeofowaﬁ@afc&amng device
underneath. U tra sonic or nega sonic enerqgy
using gnriatingalate aﬁ@qrﬂm@dbépréﬁmﬁmﬁnt@Ugﬁhe IP@itﬁ%Uth rotating plate
i d 20032, rotat pl ate 20008, and chemi cal fluid
16404 L

# $IBIPLARAYE P -of wafer 10 10 . The advantage
of this enbodinent is that transducer 20006 stays

[00‘?1 at | C’FI"E‘ind1 A}%{gﬁf ?§$ i}%ﬁ\?g fhe?e‘r?ﬂ fcjj ﬁ]%h o?%anF léf‘eré%?ng device

feed 1M cur
usibgr n@gé‘tgrgd %Ié?ét)lgg?oeraﬁgtt?rtcy %ééggm\}r%}gloﬂl *he p%@[gﬁ‘?-oﬁ rtating plate

19008 is one convex column and one concave column.

[0072] FIG. 20A and 20B show another embodiment of wafer cleaning device
using a rotating plate according to the present invention. It consists of rotating plate
20008, static positioned ultra sonic or mega sonic transducer 20006, and driving
mechanism 20004 driving rotating plate 20008. There is hole 20030 on transducer
20006 for introducing chemical fluid or de-ionized water 20032. The chemical fluid or
de-ionized water 20032 is further flowed out through gap between rotating plate
20008 and transducer 20006 to reach surface of wafer underneath. Ultra sonic or
mega sonic energy is transmitted from transducer 20006 through chemical fluid
20032, rotating plate 20008, and chemical fluid 1032 to reach surface of wafer 1010.
The advantage of this embodiment is that transducer 20006 stays static, and

therefore does not need electrical brushes to feed in and out electrical current to

_10_



10

15

20

25

[0073] FIG 2 1A and 2 1B show anot her enbodi nent of
waf er cl eaning device using a rotating plate according
w0 oovles3py esent i nvention. The enbodi ment is sPEA/ICARO0T/070234
that shown in Fig. 20A and 20B, except that there are
t hrough holes 2 1009 distributed on half cycle col ums
driven tneosducerg? 0GR dater0@H rofatng prate i2003af aredioeved tyoo@ltiple half
is to feed chemical fluid 2 1032 to wafer surface
cycl@gelumng h. [0074] FIG 22A and 22B show anot her
enbodi ment of wafer cleaning device using a rotating

o0 aLS. Tkt 1A S 218 v pinen rbedimeng of atstenslpaning devics

usifPd r&aﬁ%@b'%ﬁaa&ctsﬂﬁéi QU DEe B VAR B TH8 SiApediment is similar
to "tr?étaéh aﬁgafﬁ%)%nngggs%nx?EbPﬂ?ﬁf tH&Pe S5e 2809 Soles 21009

f ee chem er surface

dlsi’rﬂﬁiﬁ AR %}%@Jé&uﬂ?{% ﬁ%Pﬁm@f%t%tﬂddw TWe%ﬁcﬁé}%Phges 21009

ove enb ments Is ¢ wever, the contour

is tb‘-’fééél 'CHGniRia?‘i‘lgloP?TD@etot\K/é@ﬂ%ﬁaé‘é uhBeMam Fl G 23A,
can be square as shown in FIG 23B, eight-angle as

shovvn in FIG 23C, and elliptical as showmn in FIG

[0023D. [ ORI(B] 234 Gnd222B asmdw2 4kothee wratbed i@t eflvagiemedaning device
of wafer cleaning device using a rotating plate

usiagcratatigg ptate reecpraisg o thepesgandinvertionoibiestraboadiment is similar
rotating plate 24008, static positioned ultra sonic or

to tegfasisemin dnt Figns20fc @nd220B6 exgepl thay Hr@celaafesﬂnrqu@@moles 22009
driving rotating plate 24008, |ateral noving

distrifnited CPrthé@%\reSdpieW@@ﬁ Mhﬁﬁ'@n@@%@@@ 'naf@ah"ch@zﬁ@e 22008. The

24012 for delivering chemcal fluid. Transducer 24006
furigan 06 Palas ot 09E &0 Tersh eI Boh AR 0BR (PavaphpuTace rdemeath.

direction back and forth facross center of vvafer 2401 O
08 e *onff SlAeT P PEER P raRt AR e Plents, is cvcle
Ho%e'iléfe‘]tﬁg %Wouﬂfcffsrgf%lﬁﬁfﬂl%t'@z%'%grtrléﬁﬁ] sesrho%é‘?é IQIQ)%’BA and can
be [59195@ a 'sﬁ’ow%ﬁﬁﬁ@j 2388 RO L &ho@MBRN I3 Xfand elliptical as

eani ng devi ce
shown in FIG. 23D.

[0076] FIG. 24A and 24C show another embodiment of wafer cleaning device
using a rotating plate according to the present invention. It consists of rotating plate
24008, static positioned ultra sonic or mega sonic transducer 24006, driving
mechanism 24004 driving rotating plate 24008, lateral moving guide 24002, lateral
driving mechanism 24000, and nozzle 24012 for delivering chemical fluid. Transducer
24006 and rotation plate 24008 are droved in lateral direction back and forth across
center of wafer 24010 by lateral driving mechanism 24000 as shown in FIG. 24B, and
droved in lateral direction back and forth on a trajectory offset H from center of wafer

24010 by lateral driving mechanism 24000 as shown in FIG. 24C.

[0077] FIG. 25A and 25B show another embodiment of wafer cleaning device
using a rotating plate according to the present invention. It consists of rotating plate
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using a rotating plate according to the present
invention. It consists of rotating plate - H -25008,
W@ e@pioes3pdsi ti oned ultra sonic or nmega sonic tPEREN2®Z070234
25006, driving mechani sm 25004 driving rotating plate
25008, swi ng novi ng beam 25014, sw ng driving
25088 hstatemms0ibécdantdrancsanie @50eyd sonie! traraducgr 25006, driving
chemical fluid. Transducer 25006 and rotation plate _
mezheusNare08dudiyin@retating plaigh258es, o%\glngempémgogeaw 29014, swing
2501 0 by swi ng driving nmechanism 25016 as shown in
drlwp@m%@nlgﬂQS nanql ﬁog@p@@g}ﬂg oy aﬁhv%lﬁga{;f@m@@ f|UId Transducer
of wafer ﬁOlO by ,swi ng drivi

2508 B rCletio B IS HeU0E TR S laM B e %ﬁ@@ofgwafer 25010

by gmgfgagm%ghqm%rﬁ%:ﬁlaﬁ squt her%@f %ﬁw%zﬂij swung in left and right
o 6&08%‘?@8% M f %H?e!r 3 GO RNEY ARl affhg YRRl 25016 as

between rotating

shé\ﬁﬁ ah| If’I’G P& eN%§9@825§ r%‘%r'é‘ Gt aecfnbgla&ﬁj sr\/\hH@tbea[np @75@]1 4, therefore

shows anot her odi nrent of wafer Tl eaning

noﬂgéwswuﬁg mg%ahépmhlt%sah@é@mr@ hes éhan@érﬂéﬁntchemucals can
i nventi on. mbodi ment is simlar to those shown in

be Fddastaltkx Helivd4€d aodgdp Getwdén trotalibB, plake @B008hatd waffer even the
2601 0 and rotating plate 26008 are configured in

rotaon plzdd 26008 ¢ swong [690a18] righiG. 27 shows anot her
enbodi mnent of wafer cleaning device using a rotating
pl ate according the present invention. The enbodi nent
0078 si ey 20 apaiben ambediment®f wales pileaniag damice using a

set of cleaning devices are positioned on front side
rotaiing PR AT HNIviBe srresentinverdusThe qr@kmbqnept & sp_s@llar to those

shqi\ghr? V\H,’S Fggoé@gttq 28‘8 rg{rgﬂélci’{ﬁ }Qq’a{;gét %)léc?%rt] ﬁ/?a%‘\ér 5801 0 and rotating

d | hose sh
piahq €053 3 oA AT FERAE VR S236% ana ol cani ng devi ce

are set at angle b . Angle b is set from 90 degree to

[Ooﬁ?edeglfl?? 2'&%@'@ S, ghgtheggerﬁmeﬂ?%r\ﬁéfe?@ggﬁ A§eve using a

cl eanin evi ce usi
rotating plate according the present |nvent|on. The embodiment is similar to those

shown in FIG. 26, except that two set of cleaning devices are positioned on front side

and backside of wafer simultaneously.

[0080] FIG. 28 shows another embodiment of wafer cleaning device using a
rotating plate according the present invention. The embodiment is similar to those
shown in FIG. 26, except that wafer 28010 and cleaning device are set at angle B.

Angle B is set from 90 degree to 180 degree.

[0081] FIG. 29 shows another embodiment of wafer cleaning device using a
rotating plate according the present invention. The embodiment is similar to those
shown in FIG. 27, except that wafer 29010 and cleaning device are set at angle B.

Angle B is set from O degree to 90 degree.
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rotating plate according the present invention. The
enbodinent is simlar to those shown in FIG 27,

we@@epessshat wafer 2901 0 and cl eani ng devi ce BEBCN2(107/070234
at angle b . Angle b is set fromO degree to 90
degree. [0082] FIG 30 shows anot her enbodi nent of

[0osgaf er ckEanBhighows esother renlodioteat iafgwaleatdeaograkvige using a
to the present invention. The enbodinent is sinmlar to

rotetieg plaie @saonding-tagheparesert kyentiorat The eabiosignentaisesimilar to those

30008 and transducer 30006 are set at backsi de of
shQwp dn @@0240excqudggﬂ rqtating plate SPHRS %{rg@gducer 30006 are set at

fer cleaning device using a rotating
bag?%@%og@éﬁﬁ’?ﬂh%%to the present invention. The

enbodi nent is sim'lar to those shown in FIG 30,

[00 cept II-'IIEJ*"“:%‘I"1 W !)th%?t Oél ! E'cﬁ%g Pl e nlrjf c?evi using a
%l]i fog@ ﬁ] fer' &

d transducer I ont S|de 0

rot%@nqlglate [agggﬂln{ }cﬁhe?’gre%@ vaﬁor‘F' THe! gﬁfb%gi?rﬁeﬁwgré?milar to those

and equa eani ng e ts are to errve

shéW§ iIRTFELEIE0. IeR¥EHT inap adﬁﬂﬂoﬁaﬁs@@bﬂ”?ot@t"hg’\gfa% 310@B and transducer
overlays with the | eading edge of the rating plate

31006 bhesél dtaedrit @ieddf wafek @10vgenent at a particul ar
timet , Ois the center of the plate, x is the

di stance between point A and the center of the wafer

[oos t he RIG.i32 shdves e creamstdncewherd fidl amyequdletieseng effects are
the grooves on the plate and the dianmeter of the wafer

to be detiyedrini theeprepenigBivemtiorendLis & phiat anl watanghpbionedays with the
on the wafer or article are cleaned by the plate, the

Ieagiirgq Qﬂ@% of Hag Vthﬁ@tlrﬁg glate r'ﬁ)‘ﬂé% dgpetin P%@'aé@ éﬁ‘ﬁélteéfﬂerﬁfat a particular

fer or article while e wafer or articl
t'”“Pdt 9t'§§h% C@P%I%t@%elﬂtﬂ >b'é th@§é5t?'ﬂ%ﬁ1 eheeed Fé‘?i’@i/érar@fthe center of

elts an bedrlvdth

thehaSieRoR e BHEfald b alcanet 8 gﬁe@%ﬁf & phfvecii e g ?@Pv?ﬁé’” the plate
an 112 8iaRlB0ot 48 R fe Blickd) "ol ohning et foer o

defined in [001 1] , the vibrating plate in the
[00%? esentth ROk Mht'Af ?‘fe‘rséoiﬁs bﬁﬂﬁ% Wardhep eﬁ‘ iSBBArk cﬂégr?ed by the

interest on the wa or artlcelsmt e range o
pla"gih‘,gth%I disancknthan e latdhbved Bforfl Haafindtd) Jpehuepafef or article
while the wafer or article rotates a circle should be less than the diameter of the plate
itself. Thus it can be derived that the maximum translational velocity (lateral speed) of
the plate along the diameter of the wafer or article is: v :21:_20601_

[0086] To ensure the full cleaning effect defined in [0011], the vibrating plate in
the present invention rotates at least £ when a small area of interest on the wafer or
article is in the range of the plate. In another word, the distance (d) between A and O

in FIG. 32 must be smaller than the radius of the plate in the time that the plate

rotates r.

[0087] Thus it is found that the condition
d® = (x—vAt—(x—R,)cos @At)* +((x — R))sin @A)’ < R; must be satisfied.
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in FIG 32 nust be smaller than the radius of the
plate in the tine that the plate rotates p . [0087]
wWabawg/0d3343 s found that the condition d2 = (x- REX/CN200R070234
2) cos )1At) 2 +((X-R 2)SnD) 1At) 2 R nust be
satisfied.[0088] FIG 33 shows an exanple of how the
[00%!] gor i thifa.d&3 hiowsdan neaa@e] of how@sthe] algositium [ @ Bipedsin [0087],
lied with a set of inputs. The al gorithm cal cul ates
[0Q8d ang jae@3]os apiegt wih eetveéinputs. xThﬁlaﬁgqﬂiBm ﬁelculates for a
part_ of the calcul ated curve bel ow the x-axjs
Sp@%ﬁ pf %P@&HPH@%W‘P%#‘Q X-ax}g ard Tr&jpﬁﬁﬁéh%ﬁa'ﬁ%@t?% ﬁHEVe below the

o SRE ) GRetBneh el B sl etal siabb e R P Bemeters, as
[ ler d f h
h'gﬁfgﬁﬁgltf’yhtbgacfogt&dﬂ:gﬂerﬁﬁget' ghelcﬂ Zﬁt ?rencg?rmte\rqgr 3ster ait nput

and provides feedback to users. [0090] TABLE. 35 shows
[ooﬁia”p' SF IS W4 Ss ﬁ waher r ikt el Swﬁﬂalcég&\éh?t §flich is to be

i ng the algorithmin present 1nvention

|mrﬁlb!ﬁ1‘étn'téli‘wPEyé%laﬁﬁt Sofffarcethat @Rl e HRyHthNetol Shedkd&®d recommend
that satisfies the equal cleaning effect defined in

uséﬂﬂ%@ﬂarh@éﬁiw@ﬁe@@bé@ﬁ fNgserghere plate rotation speed
I xed and plate translational speed is varied.

[ 0091] TABLE. 36 shows exanple results of plate
[0090pt at i ORABpEe@5c ahows atxernplei regutts eof alvgfar i rotatidrn speed calculated
present invention, as a function of plate center
usingdbe iatgeritemanipreserd isyeition, ela fusation of plate lsentegledation relative
cI eaning effect defined in [0012] under a circunstance
IRECE, vibebrsalisias | e @ssil GRaNpbasEect M Gna0012] under a
eed are fixed 0092] TABLE, 37 shows exanpl e
C'W‘éﬁ%ﬁlaf‘ge M’B@r@ P@tt%trpat\'ogp%@%ﬁdcéﬁ EuPAtFYW Rt dranwiational speed is
\;%(?orl thmin present invention, as a function of both
er rotation speed and plate transl ati onal speed,
that satisfies the full cleaning effect defined in

[00{) 01 1]TABLgog@Wsﬁhﬁlgoéﬁgé?nélgerégu%e<911 R|a@é{ %{ét%'ﬁ Qﬁéed calculated

en descri respect to cert
using the algorithm in present invention, as a function of plate center location relative

to space, that satisfies the equal cleaning effect defined in [0012] under a

circumstance where wafer rotation speed and plate translational speed are fixed.

[0092] TABLE. 37 shows example results plate rotation speed calculated using
the algorithm in present invention, as a function of both wafer rotation speed and

plate translational speed, that satisfies the full cleaning effect defined in [0011].

[0093] 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. For example, HF acid can be combined with other slat and acid to form

electrolyte to reach the same purpose.
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enbodi nents, exanples, and applications, it will be
apparent to those skilled in the art that various
WOore@pOIBat i ons and changes may be nmade wi t hout PCT/CN2007/070234
departing fromthe invention. For exanple, HF acid can
be conmbined with other slat and acid to form
el ectrolyte to reach the sane purpose. CLAIMS 1. An
apparatus for cleaning senm@dbftt or substrate
conprising: a chuck to hold a sem conductor wafer; a
pl ate positioned close to said sem conductor wafer
1. whDIRPRafRIYS far ¢leaning FemiePrRAHCIeR SUPstate EORRMEINGl ate to

rotate round an axis vertical to said plate. 2 . The
2 5BHSK LR NB 2 PRMiHONAURIE TR sai d pl ate i s posi tioned

oF el ek i el S ftar et WRe T €8 o'
g?rcgrl\)éﬁnnge%’h%msfrﬁ?g o??cve.S?aéig l%‘@fge{d rfate. %ﬁdaﬁ?%%%t Vértical to said

erern sai noves i n strai
ma&%_ne. 5 . The apparatus of claim3 , wherein said
plate noves in a curved line. 6 . The apparatus of
claim1l1l, wherein said substrate noves in a direction

2. PFhéldpplaritos ofrdigiae 10vherdid Rlidbprate 1s poshionagnRiralléito surface of
of claim6 , wherein said substrate noves in straight

saidiwafer8 . The apparatus of claim3 , wherein said
substrate noves in a curved line. 9 . The apparatus of
claim1l1l, wherein said substrate is rotated around

3. céhearppsirakisi of akafrar1, wobereimaaicmiaieanoyesfin @ ginection parallel to
wherein said gap between said plate and said substrate

surface af $3ie Wadelge of 0.1 nMmto 10 nm 11. The apparat us
of claim1, wherein the apparatus further conprom sing

I . . . . . .
4. aTﬂgzaépgratus of claim 3, wherein said plate moves in straight line.
5. The apparatus of claim 3, wherein said plate moves in a curved line.

6. The apparatus of claim 1, wherein said substrate moves in a direction parallel to

surface of said plate.
7. The apparatus of claim 6, wherein said substrate moves in straight line.
8. The apparatus of claim 3, wherein said substrate moves in a curved line.

9. The apparatus of claim 1, wherein said substrate is rotated around center of said

wafer.

10. The apparatus of claim 1, wherein said gap between said plate and said

substrate is in the range of 0.1 mm to 10 mm.

11. The apparatus of claim 1, wherein the apparatus further compromising a nozzle

to deliver chemical fluid on surface of said wafer.

12. The apparatus of claim 7, wherein said nozzle is attached together with said
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to deliver chemcal fluid on surface of said wafer.

12. The apparatus of claim7 , wherein said nozzle is
W@ea0a0bs3d3 t oget her with saidplate. 13 . The apPer/aNem7/070234

of claim1, wherein surface of said plate is a pl ane.

14. The apparatus of claim11, wherein surface of said
plapgk.ate is formed by multiple half cycle colums. 15 .

The apparatus of claim1l, wherein surface of said

plate is formed by multiple tri an%ul ar columms. 16.
13Thee apparavs of elrirTammercingyeiase Pt said plate i§ra Blang-

plate is fornmed by nultiple rectangular colums 17 .

The apparatus_.of .claiml,. wherein surfa of .said .
14 e 3BParatls el TN e St e, S PIale mfed e by multple half
c %he @pnpasrat us of claim1, wherein surface of said

YOP &PEE £ or ned by single concave colum. 19 . The

apparatus of claim1l1, wherein surface of said plate is

f kN v L cof Ie rat :
15 PRTRPPRYaR e, et nEi Sliacyiof 3 T BLlTrh oy muttiore
tricPiBIF BUMIng ol umm and one concave colum. 2 1. The

apparatus of claim11, wherein surface of said plate is

formed by nmultiple half spheres. 22. The apparatus of
16CThe rapbaratuer ff damnrf, agleerein sarfdcelditsaid pldter gefdrigd by multiple

mul tiple pyramds. 23. The apparatus of claim1,
reciregdamcaumihace of said plate is fornmed by nultiple

hal f octagon colums 24. The apparatus of claim 1,

wherein the apparatus further conprisin _ _
17 mb bR aarpasgivgvel claimnk dubeieinstgens iy Sﬁi‘g dPl@teaiseformed by multiple

elliptical columns

18. The apparatus of claim 1, wherein surface of said plate is formed by single

concave column.

19. The apparatus of claim 1, wherein surface of said plate is formed by single

convex column.

20. The apparatus of claim 1, wherein surface of said plate is formed by one convex

column and one concave column.

21. The apparatus of claim 1, wherein surface of said plate is formed by multiple half

spheres.

22. The apparatus of claim 1, wherein surface of said plate is formed by multiple

pyramids.

23. The apparatus of claim 1, wherein surface of said plate is formed by multiple half

octagon columns
24. The apparatus of claim 1, wherein the apparatus further comprising mechanical
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25. The apparatus of claim 24, wherein said transducer

is an ultra sonic transducer with frequency range of
wWQQookeR338D> 200 kHz. 26. The apparatus of cl ai "PPQECN2007/070234

wherei n said transducer is a nmega sonic transducer

with frequency range of 200 kHz to 2 MHz. 27. The
waggpansdiscepfattathinghskjd plaée.ei n t he apparatus further

conpri sing non-rotation mechani cal waver transducer

set apart fromsaid plate. 28. The apparatus of claim
2527he \qppeeates A drit dhswheein vald Hansilunaghs @) diragsonic transducer

troduce chem lu he gap between said
Wltb?@%@ugya%oggé) HL Itﬁggb . T%epappar atus of claim

1, wherein said pl ate has a plurality of holes to

26. ?ﬁéﬁ%ﬁ% g:qmoc‘f%[na{/’.é Wﬁgreﬁrq CS?EJI &aﬁ%@fe&ﬁtlg fg%ﬁ,?é]lc transducer
Wnﬁﬁ%{%@hpg %c%eclf’%(?t@ 'l@ﬁ%'?r'\ﬂ“g said plate has a

he apparatus of claiml,
vvherel n said plate has a rectangul ar contour. 33. The

27 aPRE MpePat0s of lchim 1., wM@f‘ér ke §?b§ra@us’ihﬁtﬁé§‘§:oﬂﬁbrlsmg non-rotation
octagon contour. 34. The apparatus of claim 1, wherein

meehkAicBl wheeMpansiucer bépépé?rﬁfroﬁpéélélﬁjlate% The _
apparatus of claim11, wherein said substrate is set in

hori zontal direction. 36. The apparatus of claim1,
28whbe eapparatus ofilbddimat?d | iwharein isaid drarisdatedinascai timough hole to
37. The apparatus of claim11l, wherein said substrate
intiosluse ichemical flarthicethegampdvetwernaHaidiirassducsen angdratid alade.
angle is in the range of 0 to 90 degree. 38. The
ajla_Baratus of claim]l, wherein said plate is set ab
s B8 @PRAEAtYH Of £l8dm Bovhemgin sppRlaiedason Rivraliy af holes to introduce
wherejin said plate is set underneath substrate
Ch@nwﬁiﬁ Id40. The apparatus of claim1, wherein the
apparatus further conprising another plate, one plate

a0, The ERA LRt Vel BB, At S Eonl”

apparatus of claim40, wherein the apparatus further
31 CPAB P LU WPcRAA Al Gherein said plate has a triangular contour.

32. The apparatus of claim 1, wherein said plate has a rectangular contour.

33. The apparatus of claim 1, wherein said plate has an octagon contour.

34. The apparatus of claim 1, wherein said plate has an elliptical contour.

35. The apparatus of claim 1, wherein said substrate is set in horizontal direction.
36. The apparatus of claim 1, wherein said substrate is set in vertical direction.

37. The apparatus of claim 1, wherein said substrate is set in an angle to horizontal

direction, and said angle is in the range of 0 to 90 degree.
38. The apparatus of claim 1, wherein said plate is set above substrate surface.

39. The apparatus of claim 1, wherein said plate is set underneath substrate surface.
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to deliver chemcal fluids, one set above said
substrate surface, and another one plate set
wa@ewenesat h substrate surface. 42. The appar at BGI/ON2007/070234
claim1, wherein the plate and the wafer satisfy the
follow ng condition: the vibrating plate rotates at
40 Teeeseppanatusnofeciainull | whersan die appanadss fuother llompaiseng amother plate,
article is in the ran%e of the plate. 43. The
ong ptcaselsakaver paidnsupsiraih stEpae t aed Enetheragre piatevgetamnderneath
satlsfy the followng condition: d 2 = (x - VAt - (X -
supgiiate s8rfaePAt) 2 +((x - R2) sin )1At) 2 R2 2 ;
wherein d is the d| stance between a point on wafer

41,13 @BPRratFY B Felrd ob nsTHI B ePracaiis fertier SomBTSing two nozzies
to ?%N%rr ané}fllc%l ﬁBId{S ngett Q‘r?o e?%le %lﬁéﬁt 4?8 s[EJrPatc aY1d' Snother one

I Ona oc:|ty [0) e al ong

p|a?%§gpﬁfderﬁga%hﬁﬁgﬁ%?és&rf &ticle; R is the rad| us of

e angle velocity of the plate and
W2 is the angle velocity of the wafer. 44. A nethod

42f whe A0S STEsThiRP A dWHPSINSHBSHIBR Qn&QH@rWeﬁéf‘gatlsfy the following
hol ding a semi conductor wafer; positioning a plate

corcditisre the ﬁarailr@emaiemdtmesratWBéﬁr AMwiera agswpall diredi afgnterest on
said plate to rotate around an axis vertical to said
thepivafer; omarticheyissiai ttheplaage ofrthdipleteti on parallel to said
sem conductor wafer; delivering chemcal fluid on
surface of said wafer. 45. A nmethod for cleaning. _
43 s&he apparrive of iger 42t whewip the plege angl tiernwaler satisfy the following
sem conductor wafer; positioning a plate close to said
cordifiP®onduct or wafer with a gap; attaching a ultra sonic
or nmega sonic transducer to said plate; noving said

dzpl tthA?ng %gé%gﬁoglg{&?zoggg:_gez%n&%g?ékza;nsducer in

wherein d is the distance between a point on wafer that overlays with the leading
edge of the vibrating plate in the direction of plate movement at a particular time
t, and the center of the plate; v is the translational velocity of the plate along the
diameter of the wafer or article; R, is the radius of the wafer; wy is the angle

velocity of the plate and w; is the angle velocity of the wafer.

44. A method for cleaning semiconductor substrate comprising:
holding a semiconductor wafer;

positioning a plate close to said semiconductor wafer with a gap;
driving said plate to rotate around an axis vertical to said plate;
moving said plate in direction parallel to said semiconductor wafer,;

delivering chemical fluid on surface of said wafer.

45. A method for cleaning semiconductor substrate comprising:
holding a semiconductor wafer;
positioning a plate close to said semiconductor wafer with a gap;
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sem conductor wafer; driving said plate and said ultra

sonic or mega sonic transducer to rotate around an
wW@x009/003383 i cal to said plate; delivering chen BPEI/CNRao7/d70234

on surface of said wafer. 46. A nethod for cleaning

sem conduct or substrate conprising: holding a
attgehing endiratsonionzfreega gopict transdugeatpsaid platepse to sai d

sem conductor wafer with a gap; positioning an ultra _
moying saigdidlaegnderif diltra apsiguafanegs daesdecerdn dingctier parallel to said

with a gap; noving said plate and said ultra sonic or
semiceRdesir wafehansducer in direction parallel to said

.sem condr??tor waf sai d to, rot

drigRG R Pt g S e sotls o D fabPalker thdotate around an

xEURT G0 Chif o@D SUrface of said vafer.

delivering chemical fluid on surface of said wafer.

46. A method for cleaning semiconductor substrate comprising:

holding a semiconductor wafer;

positioning a plate close to said semiconductor wafer with a gap;

positioning an ultra sonic or mega sonic transducer close to said plate with a gap;
moving said plate and said ultra sonic or mega sonic transducer in direction parallel
to said semiconductor wafer;

driving said plate to rotate around an axis vertical to said plate;

delivering chemical fluid on surface of said wafer.
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