10

15

20

25

METHODS AND APPARATUS FOR CLEANI NG SUBSTRATES FI ELD OF
THE | NVENTI ON noonThe present invention generally
relates to a nmethod and apparatus for cleaning
substrate. More particularly, using rotation plate
coupled with and vvlthout 5 uItra soni c and rrega soni c
device td ScANg AMRATHR I QRGLEA j 3
ef fici ency, and at the same t| nme to reaI i ze m ni mum
material |oss in subs t BAPKGROUND OF
THE | NVENTI ON 100021SF: (EF O THIE N T are

manuf actured or fabricated on substrates 10 using a
nwokgr of Tdef fresaittinpsrmioasgdneeallyt reptes @ armathed and apparatus for
transi stor and interconnection elenents. To

e cleating cadbkiyateo Mnse tparticalaslys tising tretation dlate osipleidawighl and without

wth the substrate, conductive % 6‘? gft aI trenches,
viHi@ sofig apg dnega 8ORIF SeVSERAINFRAGE PREICS ARd FRPIAMIRAtON removal

V?g@%g%)& p%réd gﬁ% et@? %’R%m@%qg %gffiec'?mm%trﬁgt%ﬁgﬁ?os@n% substrate

l.!lu =

and power
tepn&etors, internal circuit of the sem conduct or
devices, and 15circuits external to the sem conductor
devi ce. 100031In form ng the interconnection el enments

t he substrate may undergo, for exanple, masking,
et chi ng, and depo%ﬁ%@ﬂ@@iﬂgﬁﬂ_@ﬂe desi red

el ectronic circuitry of the sem conduct or devi ces.

p | cul ar, i.n etc e
gbﬂ&zbe pe g??%’ﬁiugk?f #g %rgt a%ﬁﬂ@decc}ésfégﬂgatgé (9" SiEstales
| Dsifig & rﬁirﬁ@érrdf‘dlf?é?eﬁta;}f%es%fhgastéb@ﬁi érabR ﬁ%ﬁst&e&ﬁbem?e?connectlon
trenches and vias for the interconnections. In order
t elehmﬁs/ alTopelettricalysconndcicteantsistomtatmioals assoclamdohltrathé substrate,
a ost etching or photo resist ashing

ctive &. gpm alh repchesy ylas E@pbthequepre \fmg}edd@\dlejgctrlc materials

2%%52&@? o SR et i 7 TeBEeEra G HEIG Ppieal signals
”th‘t 'rrlfét\k&ﬁ'} ﬁ‘ghglb ?4 \/\l/g‘eﬁ%galr‘eﬂlt olthé’ @ﬁﬁcdn%u&t%qtb‘eglces and

or ellmnatln 0SS, I'S I nmport

t@.rm_emﬂﬁélabmegbmuubmmrdewbs or sorretl me
de-ioni zed substrate only. However, the dilute

chem cal or de-ionized water usually is not
[0003] In forming the interconnection elements the substrate 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 substrate 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

substrate only. However, the dilute chemical or de-ionized water usually is not



10

15

20

25

efficient to renove particle in the trench and vi a.
Therefore the nechanical force such as ultra sonic or
nmega sonic is needed in order to renove those
particles efficiently. Utra sonic and nmega sonic wave

i e A Tt L TE
PSUSH LGN PRIl g BRI RS bR atciny.

tiumpa 8bhit @nBtheéya E6hik VEvESwill %Pﬂ%b&rﬁrﬁﬁl fJr88 @4 L\B&trate structure
soni ¢ energy coupled with nozzle to clean substrate is

disach asettenched. 8nd Pass, e pdwaLonteb&ity Bnd powerd distribution is key
pressurized and nega sonic energy is applied to the _
f Paramnaigrs4o wegiioldbe imechaaiaaldatcerwithih thendamage lirgit gng b game time

toErO}/ligoeari Eon-l.i e 10jet of cleaning fluid
vEBICIENTR P EMAYEJAE BBIICESt r equenci es for t he
I mpi ngenent on the surface. 100051A source of energy

Vidgst €S AMedd Qﬂﬁ@éﬁ&gﬁ%@@ﬁed‘mitﬁm&_ﬁl@ﬁé Fidah dubStrate is disclosed in
acoustic energy into e fluid is disclosed in

UUSS Hadt. No. 4,626,393 06 fllid isoqpressurizad gademdga sdnit energy is applied to
sprayed onto both sides of a substrate while a probe _

i $he flid py & Mpga eanie ltiggsduceranT ippesziesiscaped tarevide a ribbon-like
arra nent,. a, short probe is positioned wth i.ts. end

ot L BB oy JtPioalRiRaes SolR drephENEFs B the ihBipgaent on the
°¥8rrfaéehe surface as substrate rotates. 100061A source

of energy vibrates a rod which rotates around it axis
parallel to substrate surface is disclosed in U S

Paibos| No. @ 84Grc25af &2ergfhdbrated anrdiarmmated préie ethidretransmits the

to curve groves, such as spiral groove. It is needed
t 8couplie angreyt o dheaflvidgisnwisenged oin -sdiatMy. 6,039,059. In one

CARRPR eI GREYSRT PTIE: BoloySHF & A EREERa s probe s
d Y ENTI ' :
PO AT, SRR < upb ST GoPLSlreBemERE of TRt proe is

positioned with its end surface close to the surface, and the probe is moved over the

surface as substrate rotates.

[0006] A source of energy vibrates a rod which rotates around it axis parallel to
substrate 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 substrate 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 substrate. The plate is moveable parallel to surface of

substrate. The plate is rotated around an axis vertical to surface of substrate.
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is noveable parallel to surface of substrate The plate

is rotated around an axis vertical to surface of

substrate. 100081Anot her enbodi nent of the present

invention is to disclose plate vibrated by ultra sonic

or mega sonic transducer. The plate is noveable

parallel to surface of substrate. The plate is rotated

a d an i i i 3 . n
BH00 1 An el er SRIRURR i AR DRER Rer R, [ ifciges plgte vibrated

t ay ditBcs@fe oampehatsenici tinstieskrbyhel blateissaoveables parglé! to surface of
soni ¢ transducer. The rotating plate surface facing

s aulfsiade. Jthequidtetis eotated asoundareaxis verfodlde spdaceceisiibstiale.
irregul ar patterns to enhance the cleaning efficiency.
The plate is veabl e.parallel to surface,.of . .
sl r 2 o. Aalie) BN ot e, pihsglih RERId i to disclose a plate
% [+l t tr 1 ;
LS. YORECS, ko2 Rk and0 PR HADAY Dt e f
pbarﬁatevém@ts&dte%su@bvés,Sr@?lhlér pattérRg carkDiegular patterns to enhance
transducer. The rotating plate has holes to deliver
c lreadcanjng leffitientys The plate iio mavedblgaparallal do sutfece af substrate. The
surface. The plate is noveabl e rallel to, surface of
< Algis I aptatedraBURS ap @xisc/erisehioe acs #haLbS Y s
vertical to surface of substrate. 15BRI EF DESCRI PTI ON

E L I = el Ehi AN
ST o o PR, srASHhenC 0P e SN DT e ek a plate
anibeatedPlyadilita Sopfd bahfegal &mid fenddueeesThe rdtefida bidté Gas holes to
3 depicts another exenplary substrate cl eani ng devi ce;
106ivét delaBingd chiepicalssomdetidrized: watgsl tar yubsireta sutface. The plate is

cl eani ng device; 20100151 FI Gs._5A-5B depi ct. anot her . ]
RN AR pacalistior st ace ok st el nesate jp GigiedraTeaNd an axis vertical
6A- i Gt her exenplary substrate cl eaning
dgbgggggQﬁngg%ﬁélcs. 7A- 7B depi ct anot her exenpl ary
substrate cl eaning device; [0018f FIGs. 8A-8B depi ct

anot her exenpl ary substrate cl eani ng device; 100191

FI Gs. 9A- 9B depBRIEBRMESERIPTX@NDRATHESDRAVINGS

cl eani ng device; [Dom FI Gs. 10A-10B depi ct anot her

exenﬁlar substrate cleaning device; 100211 FI Gs.

1108l 11HGSe pAE depich AepXeaxRIA| SAPHIARIHRANNGIMEani ng

devi ce; 100221 FI Gs. 12A-12B depict another exenplary

S r e vigce: 13A: depi ct
OB S, AP R Fped EdRrts oo dszan

FI Gs. 14A-14B depi ct anot her exenplary substrate
cloesni FiG. Gedapints addb@bdxemplary slibstrat Bled@jprigodevineot her
exenpl ary substrate cl eani ng device; 10 109261 FI Gs.
16A- 16B _depi ct anot her exenpl ary substrate gleaning
d@gi4t 519 depjctiprthenexempray S&BiEate HRANHG ¥l ar y
substrate cl eaning device; 100281 FlI Gs. 18A-18B depi ct
P R DB PR ST e Re AT LR Ry RS

cl eani ng device; |oom FlIGs. 20A-20B depi ct anot her
epenpl RAGs. 8ABE dedict atlodweniergmakavy suhstrbfe loamifg Gsvice,
21A-21B depi ct anot her exenplary substrate cl eaning
devi ce; 100321 FI Gs. 22A-22B depi ct another exenpl ary
substrate cl eaning device; 100331 FI Gs. 23A-23D depi ct
anot her exenpl ary substrate cl eaning device; 100341

FI Gs. 24A-24C depi ct anot her exenpl ary substrate

cl eani ng device; 100351 FI Gs. 25A-25B depi ct anot her
exenpl ary substrate cl eani ng davi ce;
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20100341 FIG 26 depicts another exenplary substrate
cl eaning device; [00371 FIG 27 depicts another
exenpl ary substrate cl eani ng device; 100381 FIG 28
depi ct s anot her exenpl ary substrate cleaning device;
100391 _FI G_ 29 depicts anot her exenplary substrate

cl®8ihi RS & iBede @@A‘G}heﬁﬁ@m@@% SERE dertinpevice;
exenpl ary substrate cl eani ng device; 5100411 FIG 31

1 BUS 1 PEREAZSY A RO e SRR b B RO R P

equal cl eaning effects are to be derived in the
PloeBeNFIGsNYArEB depict lddtHat ekéropladBsubarate cleaningdavipd e
of a algorithmdescribed in the present invention;

100441 FI G 34 d(ref‘{;@cts an architectural control system
of0030h eF Ise d80t1 0B ARBiAt ABSther axeroriary subalsite clepningdf\ige;
exanpl e results of substrate rotation speed cal cul ated

TRRIE FI5S UG BBl e Sl B S P o R device

speed cal cul ated using the algorithmin present

| peRNtFIgs; 12A-12BpRspict ABbther Sxemisiatyciubstatergamingedelides
plate rotation speed cal cul ated using the 15al gorithm
in present invention. DETAILED DESCRI PTI ON OF THE

| UBNTTIGS: 1%%@4@%én@tﬁéwwwa@rm@atrﬁ@rqeam@ev'@

to 1C show the detail of the substrate cleaning device

c AP E<CrAA AR et EnqhiF e SRR R BB T B2

by rotation driving nmechanism 20 1004, and nozzle 1012
dpbisy eFIG3Q 15A 8B depict basthenbermsiadesubstrateatcanmrigedevice;
1032. Plate 1008 is placed parallel to surface of

substrate 1010, and can be noved in direction_parall el

t B0 Fl&ase 18- 1§am@nprcé@@otbeaexemmaryr%{batrawlqﬂrmgedwwq

make chem cal fluid between rotating plate 1008 and

S HPZSII rlﬁb%. Jr?&-q 7Bederp%tt %Stﬂer Mrﬁﬂaw édbsfar%a(ﬂga%iﬁdq&evice;

[0028] FIGs. 18A-18B depict another exemplary substrate cleaning device;
[0029] FIGs. 19A-19B depict another exemplary substrate cleaning device;
[0030] FIGs. 20A-20B depict another exemplary substrate cleaning device,
[0031] FIGs. 21A-21B depict another exemplary substrate cleaning device;
[0032] FIGs. 22A-22B depict another exemplary substrate cleaning device;
[0033] FIGs. 23A-23D depict another exemplary substrate cleaning device;
[0034] FIGs. 24A-24C depict another exemplary substrate cleaning device;
(0035] FIGs. 25A-25B depict another exemplary substrate cleaning device;

[0036] FIG. 26 depicts another exemplary substrate cleaning device;

-4 -
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cl eaning efficiency. The gap between rotating plate

1008 and substrate 1010 is in the range of 0.1 mmto

10 mm preferred 2 mm A detail description will be

performed in FIG 2A to 2E. During the cl eaning

process substrate 1010 can be rotated around the

s108%1 r BiG: 24 depists aothefiaxempiary seksirate cleaningdgvise 004

is rotated at rotating speed of 2. 5 Plate 1008 can
| d

chi; R, 2eieRlorf e Genflarf oLIRhE R TRERL RS,

hi gh V\,hen rot ating plate 1008 noves to position of

S s I AIGE 20eiebizts arsolldercaeniptarg stibdtate vleaning aeaiceng

pl ate 1008 nobves to position of substrate edge.

Rot ati n eed 1 of substrate 1010 can be const ant

s a8l 6'%-@Meglqﬁga@qs%@xem@ww%t%c@aa@a OEVicEn be

set high when rotating plate 1008 10 noves to a

pas.ti when

AR % B RURE P B plony SRR RERG el R, U

edge. 100491FI Gs. 2A to 2E show t he fI ow st atus of

Cloeani FIG. G2eddpici$ sheotirdumstahckOBRerd full agd ehealniieaning effects are to

process. As shown in Fig. 2A, when the sane point at

sbe derivackintbe presenionvention; E, the direction of fluid

passi ng the sanme point of substrate 2008 15 changes

B e 3B efetan Bty e g afiadk TR BB 155 Bt invention

substrate noves fromE to A the direction of fluid
pﬁ)‘éﬁ] nlgd ke of’eﬁr&)s bethlt@étur%mbéﬁtfoﬂlkﬁsté?ﬁ(lﬁ tisdprR@est ihvértion ;
i.e. fromO degree to 180 degrees.
F| g. 26 shows that particles 2044 are |located in
t toe4st hT2RBUIB. 3hdepicis Zxamplenrraylts | ofi euhgtratec fotatiore Isaeee salculated
as shovvnlnﬁ 2C to 2E, the particles in trench 20
aH3ing fhe ApPTthEENRAsesent VPRt | y renpved away.
1005010ne exanpl e of chemi cals being used to renove
t e t
1@8156[;‘?\‘ é%g%l %@%g %%Pé%Rﬂ@ r\b/gl]m?saéﬁ l§féom%t§§1_§6’ééo°¥‘§lculated using
1(H25Ad branmniin presBatineénton; NHAOH: H202: H20 = 1:1:5
25100531Met al Cont am nati on Renoval : HCl : H202: H20 =
1:1: 6 1005410xi de Renoval : Oxi de Renpval = HF: =
110000 TABB53FAepicts exaovpe a@%&ltﬁé}lateﬁe@apﬁéﬁﬁe%palculated using the

Sul%orl{h%% ih p(:res(?ea}ﬂl nv%nfjev.I ce using a

DETAILED DESCRIPTI ON OF THE INVENTION

[0048] In one exemplary embodiment, FIGs. 1A to 1C show the detail of the
substrate cleaning device using a rotating plate. The substrate cleaning device
consists of substrate 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 substrate 1010, and can be moved in direction
parallel to surface of substrate 1010. The rotating plate will make chemical fluid
between rotating plate 1008 and substrate 1010 be rotated, which will enhance the

-5-
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rotating plate according to the present invention. The

enbodinent is simlar to that showmn in Fig. 1A and 1B

except that substrate 3010 is hold by laterally

novabl e chuck 3020, and a ultra sonic or mega sonic
ducer .3006_j s attached

26ann AL B aBEiheps ToR g hatidinte p10is in the
o B 35 1 6 30 ol B Rl R A Bl eg BB 0 Beitorme in

I d oA to FEL DRrif§ MeCclBaniAE ProcessistibSieatt C1©10 £aH B dotaled around the
generate nmechanical vibrating energy, which is further
t sabstraté tentet ot wtdiingrspeed duahdplte hoGugTotabedal rdating speed of 2.

pl ate 3008 and chem cal fluid 3032. Transducer 3006
n&dde 1008 spa crevedallateral siectionatiasernsiant $paed Qf changing speed, the

C1ehneSinoctisad e Soia §neh PRI Bl W30R elgP G positon of

PsO6&RRe cahter,fdreisNGY s8f 1ol FRed F&Sﬁrbgcﬁl'été)%@@];no@hs to position of
d e, dependi ng on

ul'tra sonic range and nmega sonic ran
t Rebdiritd icige. Roté@tgCbpsated. ofl Babdteatgero10heampdet tohstant speed or
size is, the lower frequency should be used. Utra
sohangingusgeed,sther mtathg@ $peedt ® OOb&ge! highd Winegarosaimgcplate 1008
range is from?200Q 15 kHz to 10 . Al'so frequency, of
mEtAYERIte AIPORAGR aHb%@t%P%r&ﬁhépg'd%am@? IQYhBMED retatingplate 1008
[ i.Qn or |y in order to clean
dﬂ%§§§§§?%g%§gﬁgf&%§&?F% S'on the same substrate

100561FI G 4 shows anot her enbodi nent of substrate

Clgaai Ng dBGECRA Y6 REGHbdW therflinabtalg ¢fl éahingrbieemicals or fiuid 1032
enbodi ment is simlar to that showmn in Fig. 1A and 1B

exlueng ctelaning2prooess. i Asy showin én 40D A swhemdikel saoke peiht gt substrate

2 S et . B8 i e RSO g S ot 200

d : 1! t0.58 '

SRR AT S oo BEaam ALl Pleggee g e some
SQUheR tHELhAR FEIROAHURSrER MBfeLirEseRtto IAIURAWiIre tion of fluid passing
Rotating plate described in FIG 1A and FIG3 is a
ptransaméipoimy ef sulistrate 2068 chamgps &ben Edo FH 6, $haped. £6mi degree to
mul tiple half colums as shown in FIG 5A and 5B. The .
nmd 80 slepeass. gy 2B shavenihet partislesseiddarre lecatpd|in trepriy @40 and via
[ ' ed in different angle as .s ' 5A. . .

s20fl SFDEF u trechompiaosS diaToBn S P8 e Rtk fhe Bariicies in trench
S te riicl ; Il or via wall. Since
hgﬁgwgfﬁﬂg%g%r%éﬁﬁ%%ﬁ&gkg%?%ggg te 5008 changes the
orientation angle as plate 5008 rotating, the

mposupni calOma\exapdld ef nchandog/esbdihg wledetd iremove tB60particle and
degrees in one turn of rotation, which will further

edpiagenation age ehewmgs éloWsi ency with less ultra sonic
or mega sonic energy, therefore | ess damage to device

structure. : t] . l+iple half cycle
cupiline viqrebpls ard iRl 1AM, A TR B e Oas
nmoving in spiral direction, which creates higher
swobpce speegcioRebilietioh: NHROHSMIDA6£0 of1:s8bstrate 1010.

In summary, the present invention create three effects
during cleaning process: 1)half cycle colum structure

ofP0530t at i idetpl Gertamorion RemavaliN(eitpiy HiQ 74:1°6

[0054] Oxide Removal: Oxide Removal = HF:H,O = 1:100



10

15

20

25

soni c or mega sonic wave; 102) such diverged
nmechani cal wave pattern further rotate around the
rotation axis of rotating plate 5008; 3)fluid noves
around the rotation axis of rotating plate 5008.
100581FI G_ 6A_and 6B s

s r at e e earﬁhﬂiﬁ’sc?évﬂ%ge?n%o‘{@ﬁ%’&egbsg‘g%@gﬂg%ﬂ%ﬁ device using a

- i or . , . -
25805 PR SoLrBIRTAE b I, THE SBOUERI {yor o
C@h&\WRSn ®iy." 24 @hk nﬂB,F&)@EFt P 8usdtrate|30n 0tis Fald BP!IaEREHy movable
i nstead of half cycle colums. 100591FIG 7A and 7B

S kbucka 8020) eande ahudilia reenic of megbstonat rasddeear 3§06ldy iattached above
using a rotating plate according to the present

i Fefating late PABS.ehDUl ABAA cAB ba ratatad RYodEved Memrhwnisnh 3022, and
7Rl 57 a2 B GRANTS CYRTENSET RS PHL G GHOfa A4S 3024 can
Cﬁgéighﬁ@bﬂgﬂsor %E%glé:ﬁi@er. Hranshritd 3r SeYa A Gkvice is used to
enbodi ment of substrate cleaning device Using a

r gkAérattd nidohbRicalc Vibrgtingd ehérgl havhdhe s Mlrthetv eadraitted Tioe substrate
enbodi ment is simlar to that shown in Fig. 5A and 5B,

esudqte thhaughootating plade 3008 and chempicat Buig 3082 afransducer 3006 needs
trjangul ar colunmns |nstead of half cycle col umms.

25666 tHEhesolr faerlinoands P Rleatiah s¥rrenttio AR frappducer itself since

S i.ng Vi C ing.a. r i_n e

HaBRRE P8R ot S R cAioC BT fipavency o
StrBhddilcer céh be sePaf Difth SHRRWANLE ahili InedeséHié ratBe, 8¥F&RIiIng on the
that colums on rotating platée 9008 are trapezoid

Cc phtiniestoi bestleankd fThedafgec Yt particlke wiaesis, fHRO6REFfrEquer®y should be
and 10B show anot her enbodi ment of substrate cl eaning
used. Ultra sonic range is from 20 kHz to 200 kHz, and mega sonic range is from 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.

[0056] FIG. 4 shows another embodiment of substrate 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 substrate surface, instead, having an

angle of a. 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

trench wall or via wall. Since half cycle column on rotating plate 5008 changes the

-7 -
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device using a rotating plate according to the present
i nvention. The enbodinent is 5simlar to that shown in
Fig. 5A and 5B, except that columms on rotating plate
10008 are rectangul ar col unns inst ead of half cycle

C RSP nge BSubele %@@ Eiteiiy S MechaYRYaTe pttem changes the
r %@%foﬂgmpg@és Hed | ﬁ]é‘ﬁ% pge L r { e r&%ﬁéﬁnﬁﬁcﬂv\ﬁ@ fu?tﬂgr }gﬁance the

ment S shown i'n

eéréaﬁlh te'ﬂﬂiierﬁ:?'vﬂfﬁﬂés@ﬂltré%bﬁfc' mn%daaécﬁucléﬁmgy kRarefore less damage
doubl e tr| angul ar col ums i nstead of half cycl e

ctd devise strbihdd FAtGhel@dmanichel 2Be shaltiplentwiheycle cqumns will further

enbodi nent of substrate cl eaning device using

r 80kancegths! am%mselcﬁwww mwngelrprs@%n@quqﬂ%nwhm cregtes higher
ar to . that.s

CRutase Shead bt overn Sittack: o, SRS, M03BS I Sty s the present

| 1 %aglg col umms.
1%%8@1%?%ﬁ%& g méhcti)%ng 1<‘éér‘ssen‘ood| ment of
substrate cl eani ng devi ce usi ng a rotating plate
accor di)ng Haif dyble qoi@raerstructuve ohirotating hptate ri008i ereate digerged ultra
simlar to that shown in Fig. 5A and 5B, except that
col unmsPNEhOT IHESA BPRYC Ma€e 13008 are saddl e col umms
instead of half cycle colums. 100661FI G 14A and 14B
show aﬂot

devi celusi ﬁah gﬂgo&g %éhag]lca? g}géé ggﬁ%nﬁgﬁﬁ% @gaet‘e é?oeund tpe rotation

| nvent edof (bRRInGPRAEIEEERL is simlar to that shown in
Fig. 5A and 5B, except that patterns on rotating plate

are individual half spheres instead of grooved half
cycl e 3ol dinitsmode0BdURrd (e roStionrsatisids Botatingw ateo D ORE-
enbodi nent of substrate cleani ng devi ce using a

éﬁh%hl ment 1658 S0ATHH 36k GRohar cBHBRIT TN HegPotelR cafing device
g gL SR B, 58 AR P foosert s
Sﬁﬁﬂfa@%hown 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 substrate 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 substrate 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.

[0061] FIG. 9A and 9B show another embodiment of substrate cleaning device
using a rotating plate according to the present invention. The embodiment is similar

-8 -
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100681Fl a 16A and 16B show anot her enbodi nent of
substrate cl eaning device using a rotating plate
according to the present invention. The enbodi nent is
simlar to that shown in Fig. 14A and 14B, except that

tterns on rotat|j | ate are half ram ds instead
ofo 1i4io0PY0aN Hidh PAcasTe bR eXsib Jo 19esI s AN dtplpg late 9008 are
S 3 ' te cl eani ng device
o b T L B BB B, R et
i nvention. The pattern on rotating plate 17008 is

Siodg e comyex 10al eRd. 10E)@ReWFaksthd8 AnbadinddB sheubstrate cleaning
anot her enbodi nent of substrate cl eaning devi ce

usevige asingtaatatatipgpdlateeacaordingltontpetpreserd ipvepgemt The embodiment is

invention. The pattern on 10rotati ng\ pl ate 18008 i s
sﬁ'ﬁ!j'?é%%ﬁ&ﬁ%""&m Gign oA a0 2B exespidha MRFEOR fefating plate 10008

R Ap P s B M B oM T rvent i on. -
The pattern on rotating plate 19008 is one convex

Cﬁbdél'm ang|@ne 1A0BR@ Ve B @hbWnandtRér’ difboGimetiAofaBdbsife cleaning
show anot her enbodi nent of substrate cleaning 15

ddevice usisg regrafatingt Elatierascptdingtaatheqrdseny inventioe. phreesmbpdiment is
invention. It consists of rotatin gl ate 20008, static
pélm'kar inibat shewninsHa EAé’r”dr%&@ itgat; Riear otggmg[ate 11008

2050 o Eadar Rl s el R8s 580006 Tor
i ntroduci ng chemcal fluid or de-ionized water 20032.

Theeap hem a6, FbAi Gnd@r128e-showi aesthe@kaibodREd? ofS substrate cleaning
further flowed out through gap between 20 rotating

pHeatiee 609G wtatingr EatecaccerdikD B0ket esard dhvention atle embodiment is
substrate underneath. _Utra sonic or nega sonic ener

i Similagipsthat shewn ohig: PARSERE eX0BRIdBA ¢HIYTGH OB Felafiog, Plate 12008

1049 R S e IR B B BT cofBs” e acvant age
of this enbodinent is that transducer 20006 stays

Stedds| C, amiGt hepehAd e1 I _RoROENGIAGH efiR@inértabf BUMKRAS cleaning
to feed in and out electrical 25current to drive

t deviszlusieg 2ENHg Hatet ancordimg toothet pragendlistemtigo B2 ambodiment is
formed by multiple _half cycle colums. [0073]FI G, 21A
apignilan to SRLSNAHIMEIR. aFEdi TR hxcent tQ@l‘b“sCt'H‘"ﬁE‘%OEIr%téHﬁ‘%ﬁbte 13008

devi ce MHsing a rotati I ding to the present
seriote Fnls Ittt el KO PIIE 15 (hat Shown 1 n
Fig. 20A and 203, except that there are through hol es
2 (bokep FIG. 14A and 14B show another embodiment of substrate 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 substrate cleaning
device using a rotating plate according to the present invention. The embodiment is
similar to that shown in Fig. 14A and 14B, except that patterns on rotating plate are

individual pyramids instead of individual half spheres.
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di stributed on half cycle colums in rotating plate
21008. The function of holes 21009 5is to feed

chem cal fluid 21032 to substrate surface underneath.
100741FI G 22A and 223 show anot her enbodi nent of

24865 of ng FIG. 1R ”89@2@?? %hﬁv?'e%?qtﬁ S enestate cleaning

Shg\i{ié@g?hgt%ﬁbg%t ’\iﬂﬁ% %t e, o Q%erﬁgrg\legﬁéﬁ ?'g}ge ERBbdiment is

bgﬁ'rYﬁ?Eb fiak Eh@\Mﬁ ||r?FE;0|1 YRl TUH, @x@éﬂ)tﬁﬁapﬁaﬁlfe@nggﬁqgtatmg plate are
he 10 function of holes 22009 is to feed chen c

f halif gyraaid2intizad wb idividual half §ptegesinder neat h. 100751The
shape of rot ati ng plate shown in above enbodi nents is

ver, the contour of rotatin | at e can
bé’o@il angIFéGa§7§h80\ﬁ’1 I Ph@!"z%ﬂ?th%rn&”&?ﬁ' ts@fugHigsteate cleaning

HEEs 48 Hrofio SeRo oA g, &S BB aOpliyton Bigapatem on

aFEQat?rfb(blﬂéoWO@G% Qﬁ?le%?& B&idinof substrate cl eani ng

device using a rotating plate according to the present
invention. It consists of rotating plate 24008, static
pmeioy i onedrl@l| t18A snchi BBrshawganatber embodinsenicelr s@ugitde cleaning
drivi ng mechani sm 24004 driving rotating plate 24008,
I Q?@F%\IUSI?@V?ertaé'Ggo@atﬂé@eé’,rd'Paﬂ@rtgﬁ FZ’GS%‘Ftl ‘W?@'O” The' pattern on

TR e (48 15 AeBOAE 20  anc rotat i on plate

24008 are droved in lateral direction back and forth

a@oAps CeMEr 19A aHPStIRisBow4BAGNEY ehffodirméntdsi Bubgrate cleaning
mechani sm 24000 as shown in FIG 243, and droved in

| devdcalusihigr ecoiatingbpiele acabrdiogtth the raeseraj ipgention. The pattern on

offset Hfromcenter of substrate 24010 by | ateral
dFatatingoP | atectPRB dnPne oeyex SORWANG AngFencayg eolumn.
25[ 0077] FI G 25A and 25B show anot her enbodi ment of

PTQZ rate F‘fée hNGn g HEE {hUR BfotRef % laftderm! 8¢ %u?strate cleaning

a coidl ng to ?IQ presen éf: I nvent i on. consi st's
r bt U§in§|a3fb%1t|3§fb%‘?ee adt@ting todsd b#e@@ﬁ‘ﬁnvﬂerttroﬂ R @Bhsistelof rotating

mega soni c transducer 25006, dr|V|ng
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 substrate 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 substrate 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 drive transducer 20006. Pattern on rotating plate 20032 are formed by

multiple half cycle columns.
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mechani sm 25004 driving rotating plate 25008, sw ng
nmovi ng beam 25014, sw ng driving nechani sm 25016, and
nozzl e 25012 for delivering chem cal fluid. Transducer
25006 and rotation plate 25008 are swung | eft and

(rjl,l‘ﬁzr}‘,tl n SC mﬁa%&gég %@? }?\gt : %&ﬁth%rs %h%&%}/r%%ﬁd 5¢ I%{bstrate cleaning

S\e{de iu@itnb Lta% def éé@%?%ﬁd‘t@t%%r\é@erﬂﬁﬁ\?&\ttloh' Th®®mbodiment is

center o str 25010 by” sw ng driving nechani sm

23(difar &s thabheMewn ﬁb@oaaﬁ‘d 2087 ekezp? b3t there aratiragdtedoles 21009
on swi ng beam 25014, therefore nozzle is swing

t dipritutad o half cyciesolumes i?BUag BytetMOQBaTh@ﬁg@ﬂelmpf holes 21009
chem cal s can be constantly delivered t ap, between

r 6t t&tfﬁ%c?ﬁrﬁ'@@ fb%gho% syppleat ?éf‘@%ﬁ/%’?&(ﬁ%ﬁpot ation

plate 25008 is swung left and right. 10100781FI G 26

Sma*r/@ anoteer Abady B SPbwSHRSERhiduRANGr dEkiife cleaning

a rotating plate according the present
| Ae@EBE iueifg al hattgopidic®@dtiordig %0 thel presért ibvergion sThevembddiment is
FIG 24A to 24C and FIG 25A to 25B, except that
selngitar éa thapsldawen imidigr 20And 0BI axeep 6GOEhese @re through holes 22009

configured in vertical di re|?t| on. 100791FI G 27 s

o ABHREHECE PpodonuR oMveaih BB AYER:FAENRN JOAIES BaNg2008. The
ot.a e 0 n p e n

ThtIRB AT HRY PaTS R R Pher B RERn 200 £ by ate surface

exr8&thekfpat two set of cleaning devices are positioned

on front side and backsi de of substrate

si mul taneously. 100801FI G 28 shows anot her enbodi nent

ofoozuibst r dihe  shapenioh gotiing crlales shgvia inr ahevei agbpHiments is cycle.

accord| n the gresent i nvention. The enbodj nent

Wexer. e eanieY Afaeiatnm Piate epmbeSgandls @8 SHOVR M FfG.234, and can
SBQ%@L% 3 égo% ﬁ Ales ggé fégt-g@% %?g%%@nﬁmzlét 23U elliptical as

ree
[QQ&,@,JFHﬁG 289pshows anot her enbodi nent of substrate
cl eani ng device using a rotating plate according

the present invention. The enbodinent is simlar to
t pome showmiGi r24A @nd 224C ehowpanothat mttwhmamteomomrate cleaning
and cl eani ng devi ce are set at angl e 253 . Angle

19
s EViFe HRING afiftied Riaje gocediniade the @ééﬂﬁjﬂ@”t@@ Etrﬁ?\ﬂé's"s of rotating

BRI 200 SR BB Y lacb G S oE R, B Fkydyeg 28os. anving
T%cﬁﬂfﬁl@ﬁ' PRIV difvird Fothfidg bRt 24808, Iateral 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 substrate 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

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

[0077] FIG. 25A and 25B show another embodiment of substrate cleaning
device using a rotating plate according to the present invention. It consists of rotating

plate 25008, static positioned ultra sonic or mega sonic transducer 25006, driving
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those shown in FIG 24, except that rotating plate
30008 and transducer 30006 are set at backsi de of
substrate 30010. [0083]FIG 31 shows anot her
enbodi nent of substrate cl eaning device using a

o S RenP 2830 BAARS folfnd Rt 25808 o NGRS 1gAm' 28014, swing
eﬁﬁﬁﬂg nidtRbni@RB4018Nahd ﬁ&{zlé’?smt Rt ua&eﬂheh rﬁﬂcgpﬁueﬁr’ransducer

transducer 31006 are set at front side of substrat

326005 ahf00Hiibh Glat8 25008 are Eheng llerfcamtugmcscméebentbn loF substrate
and equal cleaning effects are to be derived in the
pREGEN DY ismirgndiiving mechaniamp2iQi6 amshavssiy BiGe 29Fatand swung in left
overlasvvlththel adln edge of the vibrati | at e, o
.ﬁnfihr M e @t F‘JMeo‘P gr%\ﬁén@ﬁtofa%ubétraﬁ?r? 0t By swipg driving
hgmsrgnb 1%%% &%%qﬁx?%n%&? r@éﬁ 5(3(12' e aﬁgched on swing beam

ance vveen ol nt he cen er o

SQQ@H alereford hﬁoﬂé'@' 8wlifg PRgettRaNGfh Fahsducae 95@63 By this
bet ween the grooves on the plate and the dianeter of

t rangdraémtathericatshearabé icohstanily) d85biTed ¢mgap ebetvaen adthting plate
t he 0| nts on the substrate or article are cl eaned by

t 8008 and syhsifate evanethairetation: plateha?008Ha spyrag efhayvdkrght.

along the dianmeter of the substrate or article 15

b o%sisshfhﬂﬁbéé SAbEs % @Lh b&lbgﬂlh%tn]?tof % ?Ilegc}iﬁg %lék/%e using a

edlarre er o

Castafit®y Prtd ‘é@é’or&iﬁ thE 'ﬁeé@?ﬁhﬁﬂéﬁ‘tlbﬁ angé %Hﬂbﬁﬁﬁer‘r’t% C&rhﬁéd’ to those
(lateral speed) t e plate along the dianeter of

ssbsz n E1Gr zmuo @Q4E€ ard ¥IG. 25086 P58, eneaptethatlmjb‘strhte 26010 and

cleaning effect defined in [0011% the vibrating plate
i Fetating pates8008iang sarficred ot vertical diregtieAst A- when a
small area of interest on the 20 substrate or article

| foo 9gnt he (Fg@ g 2 sRhwd tﬂlefaggmob ﬂﬁ%&% glgr;str%@({ QIEaFnIﬂS device using a

vveen and

SP&E |rf§ Pg@g?%c?glgbemé Usrednt tilRenBbAt ehé RriddRinkértes tdhdliar to those
it
O@BG\&IT ruBIQ. i26f exuegt that tine setnafideaning(devices are positioned on front side

and backside of substrate simultaneously.

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

B. Angle B is setfrom 90 degree to 180 degree.

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

B. Angle B is setfrom O degree to 90 degree.

[0082] FIG. 30 shows another embodiment of substrate cleaning device using a
rotating plate according to the present invention. The embodiment is similar to
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d2=(r - - VAt -- (7:- 14 )cos o, AO + ((x - 14)
Si El 6), AO 7cl R : nust he satisfied. 25100881FI G
33 shows an exanple of how the al gorithm described in
[0087], [0081], and [0083] is applied with a set of

i gbuts. The ohLi,t hm cal.cul ates f 5 - .space of

oS rghRatUSen: REReRE Il et pRle agqe oo 1BERe? 30006 are
c I e x-axis where full cleaning
e?%g%{ttﬁkggggyf% isggieg%ﬁs%g' on the input paraneters, as

hi ghl i ghted by the dotted red circle. 100891FI G 34

siposss an &MGhB1 shdws ahothenembbdiment efiswidstrate cleaning levice using a
5i npl emrented in system software that_all ows the

algjating Plate accordindk tathe RresThiMention ekhe eipbedimeat is similar to those
rovi des egback to, users,. 100901TABLE. 35 s

XA & FLEUE Bepnptandoetd seact sieigedatecanit andiransducer

U8 LASALORONITYE ILBLESEBogvent i on, as a

function of plate center location relative to space,

that satisfies the equal cleaning effect defined in

[ @0de?] undeG. 32 $0mis thendrcamstanob evhergfulitamdreniual ¢leaning effects are

sgsed is fixed and plate translational speed is _
v & bederiviesoio ther prsisent igeeniisnwd iz Rpemtenrabgirate that guesags with the

BRSSO 5 BB et ot a parcuier
Cﬁ@g rﬂ ggs EGrféf %gtfé’r?g?f%né@%?% s g%idﬁtéﬁrthé dgétwgan LBt AWK the center of
the substrate or the article to be cleaned, 6 is the angle between the grooves on the

plate and the diameter of the substrate or the article.

[0085] To ensure that all the points on the substrate or article are cleaned by the
plate, the distance that the plate moves along the diameter of the substrate or article
while the substrate 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 substrate or article is: v= M.

[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
substrate 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 «.

[0087] Thus it is found that the condition
d® = (x—vAt —(x— R,)cosm,AL)* +((x— R,)sinw,At)* < R} must be satisfied.

[0088] FIG. 33 shows an example of how the algorithm described in [0087],

[0081], and [0083] is applied with a set of inputs. The algorithm calculates for a
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15ci rcunst ance where substrate rotati on speed and
pl ate transl ati onal speed are fixed. 100921TABLE. 37
shows exanple results plate rotation speed cal cul at ed
using the algorithmin present invention, as a
functi of .both substrate .rotation d and pl ate
¢ PRE hheBtateR hReer eck St Bnd e bard RERE, futed g betow the
ef fent ' 000 - t
B PAElq AAFlplelnng Sdct E A baguilen' R BB FRrameters, as
2Qigandmed by MesdotRdatBlcrsle. and applications, it will be
apparent to those skilled in the art that various
nodi fi cati ons and changes ma%/_t be nmade w t hout
Al

deopsRr t i ng FﬂGo_nSM hehawsy eait | A qr@rralgsmmfrpb,syrsrcenacw@ic@aris to be
o RN GEdn Sy PELR YRS EhAlopa i Sldontat 4 pesck and recommend
1US&QD&H%BQJE&@#SO{%?%&%QPglgef%em conduct or substrate

conpri si ng: uck a Substrate; a plate

positioned close to said substrate with a gap; 5a

diobso) Ng MEABLE. S61showd rexamptaredultd aft substrateaoédtienrspesd calculated
an axis vertical to said plate, wherein the plate is

v Hgina thenglgamiinm ineeresad invegntiors Asi as fupctioneoff plategintry location relative
condi tion: the vibratin | ate rotatgs at least T
eRbraceniiat Sttt rinengafale tRahRbneRecin betias in 1opg2l under 2
th (o) e . E . u " .
PR Ree Wbl R tajon speec'ss ey SRIIEEEaigtiong! spoed s
susdeace of 10said substrate. 3. The apparatus of

claiml1l, wherein said plate noves in a direction

parallel to surface of said substrate. 4. The

appr at us TOBLE. aibnsliowsvexpeiple seaulls mfaplatentniation gpeed calculated

ahéaé?rﬂet gllgbrgtﬁm igtpéeﬁ.&;\? gyggﬁorg%% %gﬁqqoafer%tgl crgnl?'e’r location relative
to space, that satisfies the equal cleaning effect defined in [0012] under a

circumstance where substrate 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 substrate 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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156. The apparatus of claim1l, wherein said substrate
nmoves in a direction parallel to surface of said

pl at e. 7. The apparatus of claim®6, wherein said
substrate noves in straight Iine. 8 The apparatus of
claim 3, wherein said substrate noves in a curved
l'ine, 9. The apparat uscphj\fd @i m 1, wherein said
substrate is rotated around center of said
20substrate. 10. The apparatus of claim 1, wherein
sai dagapphetvseion cieanitg Bemicdndoctossubdtratdasdnipising:s i n
the range of 0.1 mmto 10 mm 11. The apparatus of

cl ai achyckidold a stubsiradgipar at us further conpromising a
nozzle to deliver chemical fluid on surface of said

subs# Pt positened clase togid sybsHple Wit 3898 ai m 11,

wher gi n. sali L Sy hed. tog I i : .
o §hg AR 1 388 LB Bl OB I o varea o i
OPIa?Eé}'vﬂwé?éiﬁttﬁe ipfat@ iPliBRing and thé suddtrate RRAITAHES fdlbwing condition:
claim1, wherein surface of said plate is forned by

mthet vipltaéing) @ldte batgieksat dadstimvehen 4 Smallhesaapipatepesi onathe substrate is
claim 1, wherein surface of said plate is formed by

mifl heparge efith@@later col utms.  16. The apparatus of

claim1, wherein surface of said plate is forned by

gﬁlalt Jrl}lﬁélgpéﬁr%{lﬁn%uésl%h ‘f,o\llvH%?% g’g&%&ﬁt;— r|]se p%ﬁ%@h@%a@@ to surface of

_ erel ace sal d ate'rs
MehibisBb&trate.
3. The apparatus of claim 1, wherein said plate moves in a direction parallel to
surface of said substrate.
4. The apparatus 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
substrate.

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 substrate.
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elliptical colums 18. The apparatus of claiml1,

wherein surface of said plate is forned by single

concave col umm. 19 The apparatus of claiml1,

wherein surface of said plate is formed by single

1560 h I | ad , .
onr o1 epp Rt ot i, 11" SrPER s o2le & Bhdfibe tgqether witn saio
C@lgem and one concave colum 21. The apparatus of

claim1, wherein surface of said plate is fornmed by

mul ti ple half spheres. 2022. The apparatus of claim 1,

wHér éhe apparbtuseof cfairs di, whptein eurfacefaiisaicplate isralplans. e

pyram ds. 23. The apparatus of claim1l, wherein

syrface of said_,plate is formed b Ltiple half )

o v g i aBearafis o s etz ARaecRo AL RIS Tomigrbbumytiple nait
t us further conprising nechani cal waver
t?gﬂggg@éﬁ%attachi ng said plate. 25. The apparatus of
claim?24, wherein said transducer is an ultra sonic

t 1&anThela@pandtushof clammieinayharaingsuriate 29 dakd plate 2D €orkidd. by multiple
26. The apparatus of claim 24, wherein said transducer

i Fiamgpiegaoldawisc transducer 5 with frequency range of

200 kHz to 2 MHz. 27. The apparatus of claiml1,

8940 DA RURDY B, DSBS B BRI IRy ot

2 GactditftARBRAINMHUS of claim 27, wherein said transducer
has a through hole to introduce chemical fluid to the
gap between said transducer and said plate. 1029. The
afpailbe @ppofated af olaim tWwhvérezein sumiade pifaaid bbade & formed by multiple

plurality of holes to introduce
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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chem cal fluid. 30. The apparatus of claiml,

wherein said plate has a cycle contour. 31. The

apparatus of claim1, wherein said plate has a

triangul ar contour. 32. The apparatus of claim

1 ' [ ; rectangul ar contour. 1533.
TWS@@%@FQF %%ag?eh'ﬁé?’%mﬁataher ein said plate has an

oct agon cont our. 34. The apparatus of claiml1,

WREr Eheé apparatugl GHtefaifmo®4, athegbihi id Gahsduest BUdn ulda. soHietransducer
apparatus of claim11, wherein said substrate is set in

heaith Zrequencydange bf 2hkH3& 20thkeHzippar at us of clai m 1,

wherein said substrate is set in vertical direction.

3 he appar at ys_ af aiml wherein said substrate

26 520 pRBSTANE gt o, TS S BEtBat oo Meaa s tyansducer
a I Sal O degree. 38. The
aggcé?raehg%ﬁc&frgﬂﬁ%FWk%g%!\/ﬁlzgai d plate is set above
substrate surface. 40. The apparatus of claim1,

WREr Ehe ap paratgafroidimst, fwhidréiarthe appdratisngrtaeotdreprising non-rotation
pl ate, one plate set above said substrate surface, and
amschanicaliwaver iaesdyiser seidpandipmhsaidipgateat e surface.

41. The apparatus of claim40, wherein the apparatus

fygther conpri si two,pnozzles 5to delivyver chem cal

(26 D GRS ShE°2h Fheliln et dh e MG rough noe to
afh%BEée EmiBhIF RS B&he PQS%[We%Tnhsa?de?éﬁiﬂbsr S $46 %lc?te'

42. The apparatus of clFaim1l, wherein the plate an

the substrate satisfy the follow ng condition: cr = cv

- 29. Te apfacatusRe claimas!, aheAfIR said(glate-ha’2g siunalily 60DRgles to introduce
10wherein d is the distance between a point on
sapmicakfBid-hat overlays with the | eading

30. The apparatus of claim 1, wherein said plate has a cycle contour.

31. The apparatus of claim 1, wherein 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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edge of the vibrating plate in the direction of plate
novenent at a particular tinme t, and the center of the
plate; v is the translational velocity of the plate

along the dianeter of the substrate or article; R2 is

f)?ﬁ fr%déﬁbza{ﬁﬂs BP&@V?:%@%%& tﬁ% |aé83%ﬂ§c¢ﬁ§é§ o%r%%é dnother plate,

the € and a

SRS Ak Bet bbb sAid"RIVIRHel QUrfackeand RBotRAoRENKINE! &t underneath
substrate conprising: holding a substrate; positioning

aspbsitate slirfee. t 0 sai d substrate with a gap;
driving said plate to vibrate and rotate around an
axis_vertical tg said plate, wherein the plate raotates

att1i BagsePRaralys oh claing AR wharedstheranPafale Arthghcermerising two nozzles

S rate,is.20i.n. th f t I : ' [

oIS BRI TPy i, Spa e RoBre 2R SufiBis B ' Shotrer one
dgate §&ti M AR SstrhlddifreB, surface of said

substrate. 44. A nethod for cleaning sem conduct or

substrate conprising: holding a substrate;

28Bodhei appanatua @fl alein c1,oeberedn ke Plataband dhe swosiate satisfy the
gap; attaching an ultra sonic or mega sonic transducer

t &llewing Gangitien: novi ng said plate and said ultra sonic

or mega transducer in direction parallel to - 18 -

saird (SUBRLI GLER ) cos w, AVI-MNIRSGh o ANat g2;:and said ultra
sonic or nmega sonic transducer to rotate around an
axis vertical to said plate;

wherein d is the distance between a point on substrate 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 substrate or article; Rz is the radius of the substrate; w is the angle

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

43. A method for cleaning semiconductor substrate comprising:

holding a substrate;

positioning a plate close to said substrate with a gap;

driving said plate to vibrate and rotate around an axis vertical to said plate,
wherein the plate rotates at least = when a small area of interest on the substrate is
in the range of the plate;

moving said plate in direction parallel to said substrate;

delivering chemical fluid on surface of said substrate.

44. A method for cleaning semiconductor substrate comprising:
holding a substrate;
positioning a plate close to said substrate with a gap;
attaching an ultra sonic or mega sonic transducer to said plate;

moving said plate and said ultra sonic or mega transducer in direction parallel to

- 18-
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delivering chemcal fluid on surface of said
substrate. 545. A nethod for cleaning senm conductor
substrate conprising: holding a substrate; positioning
a plate close to said substrate with a first gap;

p .iti jig. an ultra sonic or mega sonic transducer
gg'g uggt'rélgi d plate with a second gap; 10noving said

pl at grivangl s§|6'di‘atl=.”atnﬁ%aﬁpﬂ‘l'tr§ RhicBdAe§P 8brfic hﬁﬁﬁi&éﬁs% r%tQte around

direction parallel to said substrate; driving sai
phatagistvertical &t saidiplatend an axis vertical to said plate,
wherein the plate rotates at least it when a small

ar eadelivering ehemsicaldivid pe sufias ¢fpaid subsiratet he range of

t he pl ate; 15de| ivering chemcal fluid on surface of

S%dA % r cleanlng semiconductor substrate comprising:

holding a substrate;

positioning a plate close to said substrate with a first gap;

positioning an ultra sonic or mega sonic transducer close to said plate with a
second gap;

moving said plate and said ultra sonic or mega sonic transducer in direction
parallel to said substrate;

driving said plate to rotate around an axis vertical to said plate, wherein the plate
rotates at least n when a small area of interest on the substrate is in the range of the
plate;

delivering chemical fluid on surface of said substrate.
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