WD 2004/ 030052 PCT/ US2003/ 031136 METHOD AND APPARATUS FOR DRYI NG

SEM CONDUCTOR WAFER SURFACES USI NG A PLURALI TY OF | NLETS AND QUTLETS HELD
IN CLOSE PROXIM TY TO THE WAFER SURFACES BACKGROUND OF THE | NVENTI ON 1.
Field of the Invention The present invention relates to sem conductor wafer
cl eani ng ang,¢4o¥ifdesand, nore particularly, to apparat ggessaoshdifghni ques
for nore efficiently renoving fluids from wafer surfaces while reducing
contam nation and decreasing wafer clegning cost. 2. Description of the

Rel ated Art In the sem conductor chip fabrication process, it is well-known
that there is a need to clean and dry a wafer where a fabrication
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that | eave unwanted residues. After a wafer has been wet cleaned, the wafer
nust be dni ¢fd:gifirmtdrved KelhRdRxevent water or cleaning fluid remants from
| eaving residues on the wafer. |If the cleaning fluid on the wafer surface
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PCT/ US200 3408t pBEma etching (e.g., tungsten etch back (WEB)) and chemical mechanical
polishing (CMP). In CMP, a wafer is placed in a holder which pushes a wafer surface

against a rolling conveyor belt, This conveyor belt uses a slurry which consists of
chemicals and abrasive materials to cause the polishing. Unfortunately, this process tends
to leave an accumulation of sturry particles and residues at the wafer surface. If left on the
wafer, the unwanted residual material and particles may cause, among other things, defects
such as scratches on the wafer surface and inappropriate interactions between metallization
features. In some cases, such defects may cause devices on the wafer to become
inoperable. fn order to avoid the undue costs of discarding wafers having inoperable
devices, it is therefore necessary 1o clean the wafer adequately yet efficiently after

fabrication operations that leave unwanted residues.

After a wafer has been wet cleaned, the wafer must be dried effectively to prevent
water or cleaning fluid remmnants from leaving residues on the wafer. If the cleaning fluid
on the wafer surface is allowed to evaporate, as usually happens when droplets form,
residues or contaminants previously dissolved in the cleaning fluid will remain on the
wafer surface after evaporation (e.g., and form spots). To prevent evaporation from taking

place, the cleaning fluid must be removed as quickly as possible without the formation of



-2 droplets on the wafer surface. In an attenpt to acconplish this, one of
several different drying techniques are enployed such as spin drying, |PA,
or Marangoni drying. Al of these drying techniques utilize some formof a
noving liquid/gas interface on a wafer surface which, if properly

mai nt ai ned, weswdisostn dryi ng of a wafer surface w t hourctieszobsdsoraaat i on of
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outside area of the circle formed by the moving 11qu1d/gas interface 12 is the cleaning
fluid, Therefore, as the drying process continues, the section inside (the dry arga) of the
20  moving liquid/gas interface 12 increases while the area (the wet area) outside of the
moving liquid/gas interface 12 decreases. As stated previously, if the moving liquid/gas
interface 12 breaks down, droplets of the cleaning fluid form on the wafer and
contamination may occur due to evaporation of the droplets. As such, it is imperative that
droplet formation and the subsequent evaporation be limited to keep contaminants off of
25 the wafer surface. Unfortunately, the present drying methods are only partially successful

at the prevention of moving liquid interface breakdown.

In addition, the SRD process has difficulties with drying wafer surfaces that are
hydrophobic. Hydrophobic wafer surfaces can be difficult to dry because such surfaces
repel water and water based (aqueous) cleaning solutions. Therefore, as the drying process

30  continues and the cleaning fluid is pulled away from the wafer surface, the remaining

cleaning fluid (if aqueous based) will be repelied by the wafer surface. As a result, the



cleaning fluid (if aqueous based) will be repelled by the wafer surface. As
a result, the WO 2004/030052 PCT/1JS2003/031136 -3 aqueous cleaning fluid
will want the |east anmobunt of area to be in contact with the hydrophobic
waf er surface. Additionally, the agueous cleaning solution tends cling to
itself as aweswsedt surface tension (i.e., as a resul pcolistd/@cubar

hydr ogen bonding). Therefore, because of the hydrophobic interactions and
the surface tension, balls (or 5 dropgets) of aqueous cl eaning fluid forns
in an uncontroll ed manner on the hydrophobic wafer surface. This formation
of droplets results in the harnful evaporation and the contam nation
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solution in D water. The propagation of acoustic enerqgy. throuqh aliquid
medi um achi eve%‘hmmoémwwtensngm&ahte@y adyaseqdi Rey-edntash lFabiRe S99 e
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particles from, and clean, a surface of a substrate. The megasonic energy is typically
propagated in a frequency range of between about 600 kHz (0.6 Megahertz {(MHz)) to
about 1.5 MHz, inclusive. The typical liquid medium that can be utilized is deionized
20 water or any one or more of several substrate cleaning chemicals and combinations the‘reof
such as a dilute ammonium hydroxide/hydrogen peroxide solution in DI water. The
propagation of acoustic energy through a liquid medium achieves non-contact substrate
cleaning chiefly through the formation and collapse of bubbles from dissolved gases in the
liquid medium, herein referred to as cavitation, microstreaming, and chemical reaction
25  enhancement when chemicals are used as the liquid medium through improved mass
transport, optimizing the zeta potential to favor particle entrainment in the liquid medinm
and inhibiting re-deposition, or providing activation energy to facilitate the chemical
reactions.
Pigure 1B is a diagram of a typical batch substrate cleaning system 10. Figure 1C

30  is atop view of the batch substrate cleaning system 10. A tank 11 is filled with a cleaning

solution 16 such as deionized water or other substrate cleaning chemicals. A substrate



Figure IBis a diagramof a typical batch substrate cl eaning system 10.
Figure IC 30 is a top view of the batch substrate cleaning system 10. A
tank 11 is filled with a cleaning solution 16 such as deioni zed water or
ot her substrate cleaning chem cals. A substrate WO 2003/ 030052

PCT/ US2003/ O@ilbdsoosd carrier 12, typically a cassette efreshsimaties, hol ds
a batch of substrates 14 to be cleaned. One or nore transducers 18A, 18B,
18C generate the em tted acoustic energy 15 that is propagated through the
cl eaning solution 16. The relative | ocation and di stance between the
substrates 14 and the transducers 18A, 18B and 18C are typically
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use of logating fixtures 19A, t hat contact .and |.ocate t carrier 12.
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are diffi &2 hat epntagbiddocste 6 epmmier 12. D is a prior art, schematic 30 of an RF
supply to supply one or nore of the transducers 18A, 18B, IBC An
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being left in a negasonic reaction chanber to be redeposited on the wafer.

Consequend¥¥E¥e- this can lead to inefficient cleaning and | owered waf er
processing yields. Further, hot- spots or cold spots in the batch cl eaning
system can be Hj&He! Rietriny aforebematea 30af 2o RE sdendy Fupplyeng at wpfeeafdisce of t he

acousti ¢ angdu8 sho1def1keChnoRfs af)%moft c§ﬁ‘c9§ﬁs§ Bgc?ﬁatc?rrtgm%ﬁ el | s.
These hot or cold spots can either danage sensitive structures present on
the Bubstsignad33,¢f aedersd Fagedricy,dp enRFgenargor i ThoRA ginemivir 3¢ amplifies

the signal 33 to produce a signal 35 with an increased power. The signal 35 is output to

the transducer 18B. A power sensor 36 monitors the signal 35. The transducer 18B

outputs emitted energy 15.

Unfortunately, the typical megasonic system has the problem of slow chemical
20 exchange and a large effective reactor chamber volume. This can lead to contaminants
being left in 2 megasonic reaction chamber to be redeposited on the wafer. Consequently,
this can lead to inefficient cleaning and lowered wafer processing yields. Further, hot-
spots or cold spots in the batch cleaning system can be generated by constructive or
destructive interference of the acoustic wave due to reflections from the substrates and
25  tank walls. These hot or cold spots can either damage sensitive structures present on the

substrate, or cause inefficient or non-uniform cleaning.

Therefore, there is a need for a method and an apparatus that avoids the prior art by
enabling quick and efficient cleaning of a semiconductor wafer, but at the same time
reducing the redeposition of contaminants on the wafer following a cleaning operation

30 while using low amounts of cleaning fluid as well as providing a uniform power density



Therefore, there is a need for a nethod and an apparatus that avoids the
prior art by enabling quick and efficient cleaning of a sem conductor

waf er, but at the sanme time reducing the redeposition of contam nants on
the wafer follow ng a cleaning operation 30 while using | ow amounts of

cl eani ng fl wiodo@@swet|! as providing a uni form power denBCt/ySMD/@004/ 030052
PCT/ U32003/ 031136 -5 delivery to the substrate w thout hot or cold spots.
Such deposits of contam nation as ofst en occurs today reduce the yield of
acceptabl e wafers and i ncrease the cost of manufacturing sem conductor
wafers. Therefore, there is also a need for a nethod and an apparatus that
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provi ded whiGhaldds!wdas a head having a head surface where the head
surface is proximate to a surface of the substrate when in operation. The

systeqg al so includes a firs§mGoned drheic Beivaong a first 20 fluid to the
surface of the substrate tmmsecond conduit for .

delivering a. second fluid to the surface of the substrate through the
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when in 25 operation.

invention can be implemented in numerous ways, including as a process, an apparatus, a

15 system, a device or a method. Several inventive embodiments of the present invention
are described below.

Tn one embodiment, a substrate preparation system is provided which includes a
head having a head surface where the head surface is proximate to a surface of the
substrate when in operation. The system also includes a first conduit for delivering a first

20 fluid to the surface of the substrate through the head, and a second conduit for delivering a
second fluid to the surface of the substrate through the head, where the second flud is
different than the first fluid. The system also includes a third conduit for removing each of
the first fluid and the second fluid from the surface of the substrate where the first conduit,

the second conduit and the third conduit act substantially simultaneously when in

25  operation.

T another embodiment, a method for processing substrate is provided which
includes applying a first fluid onio a surface of a substrate, and applying a second fluid
onto the surface of the substrate where the second fluid is applied in close proximity 10 the

application of the first flnid. The methed also includes removing the first fluid and the



I n anot her enbodi nent, a nmethod for processing substrate is provided which
i ncludes applying a first fluid onto a surface of a substrate, and appl yi ng
a second fluid onto the surface of the substrate where the second fluid is
applied in close proximty to the application of the first fluid. The

met hod al so Whal4ees2r enovi ng the first fluid and t he WBCZO8209B00%2

PCT/ US2003/ 031136 6 second fluid fromthe surface of the substrate where
the renmoving is processed just as the gfirst fluid and the second fluid are
applied to the surface of the substrate. The applying and the renoving
forms a control] ed neniscus. In yet another enbodi nent, a substrate
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that travels in a linear movement along a radius of a wafer. The proximity head carrier

assembly includes a first proximity head capable of being disposed over a wafer and &

second proximity head capable of being disposed under the wafer. The proximity head

20 carrier assembly also includes an upper arm connected with the first proximity head where

the upper arm is configured so the first proximity head is movable into close proximity

over the wafer to initiate one of a wafer cleaning and a wafer drying. The proximity head

carrier assembly also includes a lower arm connected with the second proximity head

where the lower arm is configured so the second proximity head is movable into close

25 proximity under the wafer to initiate one of the wafer cleaning and the wafer drying,

In yet another embodiment, a method for cleaning and drying a semiconductor
wafer is provided. In this embodiment, the method provides a proximity head which
includes at least one of a first source inlet, at least one of a second source inlet, and at least
one of a source outlet. The method also includes moving the proximity head toward a

30 wafer surface, and generating a first pressure on a fluid film present on the wafer surface



In yet anot her enbodi ment, a nethod for cleaning and drying a sem conduct or
wafer is provided. In this enbodi nent, the nethod provides a proximty head
which includes at |east one of a first source inlet, at |east one of a
second source inlet, and at | east one of a source outlet. The nmethod al so
i ncl udes noWmzpotdseeproxi mty head toward a 30 waf er suPCaA®S2063HEEd136
generating a first pressure on a fluid film present on the wafer surface WO
2004/ 030052 PCT/ US2003/031136 -7 when,the proximity head is in a first
position that is close to the wafer surface. The nmethod further includes
generating a second pressure on the fluid filmpresent on the wafer
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The net hodwakswrfrgeciheddlse mmnmhemsmaﬁmmw@ thlit i dsrne tewhaesrei n t he

first pres sec ressur ater than the third pressure,
and t he prﬁé%%r% m%&%?léiﬁ@ §%g§mt zher’i‘i’rg\‘;igf' ms"‘itﬁén}fel"ﬁﬂ 1 sp5ERS% £ rom t he
waf er sur fwlea.thd prodnoty hesd @Wbﬂﬂlﬁﬁ@@bsm@ %@&ieﬁﬁid%lai@ﬁﬁt@@de@%br@{huﬁgQar atus to
be used in substr si ng operations is provide The™ appar at us

roce
i ncl udes @FFYLH ef‘?”?‘néfgﬁfp’@é?? g@ﬁ”%%@éﬁ%ﬂ&? seqomfl ipERgFuelistegeater Bvmibe n a
i near MougietessdHoital e hadhuSaittioictHhRL f:8tenov NG nPBAIThinbafiRRd carr i er

assenbly includes a first proximty head being |spose over a substrate
and a secd’i‘ﬂfmﬁlﬂ‘%%emty head bei ng di sposed under the substrate. The
assenbly al so_includes an upper armconnected with the first proximty
head where t hellugpBier eipbrdimentpa @tbﬁﬁat@mpmatm appreatii tostte Lpecbzmsmbsltrytehead i's

e N R S M A EN T S

preparation fur
second pr @X&enrbwom@md/\ﬂoeraeeitm e liheanarovanent i laBmg Q mridugw fedubdratchghsecond
proximty ose proxi.m,t under the substrate to

initiate &L u%‘ll%jgyaffegd ﬁ?rgﬁlé?sécﬁl@?ﬁ mcf%l té?‘FB’HBP d beingHssRf 996t 2 pr ocessi ng

a subst r atabsirste prdy sedest fibatnilyHehdBeS; di%%s@ﬁﬂ%&aﬂqb BihsBaib) ‘Phéjasg@rﬁﬂfcus on a
surface of, the substrate and applying acoustic energy to the fluld

meni scus. “FRECHEEHBPPRPSET GPaNrHdvifghs fist prrainfiivlicad where seuwpensen it he
surfage thei gﬁl‘éb $6 BRUBIRRAHAG ‘ﬁ§z§i it RBvaW 1](11%(3&03% rc‘i)px?ntg Hpéttﬁeashgstra{e% anot her

enbodi nment, head used'in a Substrate preparation a vi.ded.
The head i”r*\‘éﬂ“hﬂléétwéq prepaaiiong nBhayfssemblly fugtherdoalndse aﬂmlva'tanﬁ@omx&etbdl Wﬁhl ng a

fast fluiget@ong proximity head where the lower arm is configured so the second proximity

head is movable into close proximity under the substrate to initiate substrate preparation.

in one embodiment, a method for processing a substrate is provided that includes
20 generating a fluid meniscus on a surface of the substrate and applying acoustic energy to
the fluid meniscus. The method also includes moving the fluid meniscus over the surface

the subsirate fo process the surface of the substrate.

In another embodiment, a head used in a substvate preparation apparatus is
provided. The head includes at least one of a first source inlet for delivering a first fluid to
25  the surface of the substrate through the head, and at Jeast one of a second source inlet for
delivering a second fluid to the surface of the substrate through the head, the second fluid
being different than the first fluid. The head also includes at least one of a source outlet
tor removing each of the first fluid and the second fluid from the surface of the substrate
where at least a portion of the at least one of the source outlet is Jocated in between the at

30 least one of the first source inlet and the at least one of the second source inlet, The at



25 the surface of the substrate through the head, and at | east one of a
second source inlet for delivering a second fluid to the surface of the
substrate through the head, the second fluid being different than the
first fluid. The head al so i ncludes at |east one of a source outlet for
removi ng ea®¥ whhE2first fluid and the second fluid fromUSHE/SUrkace of
the substrate where at |least a portion of the at | east one of the source
outlet is located in between the at 3Q | east one of the first source inlet
and the at | east one of the second source inlet. The at WD 2004/ 030052
PCT/ 052003/ 031136 8 | east one of the first source inlet, the at |east one
of the sedejtensddthedingtipues indehdha 4ideaattonk oftit Seqonésml{rcetxhbt sodiftcet lowt | et act

substanti n. Q eratlon The e cl udes a
Cr ansaucer"pa Bt B ARRGHE, AMaRRl SRSl B Y Vel PRy oRESe ERhepl 1S5 1 U
The at | emmde@ﬂl&amﬁudehbeiﬁgcapra‘ﬁie Sf)ap’pd}eng mbﬁlcﬁhkfrgjbmdéﬁf&t flhieagbe s trailing
edge side,of the | east e source out | et et _anot her

enbodi ment < tonﬁﬁﬁﬁlﬁ(ﬁ“?can‘? 89“1??51810 W“BP &t oA aé‘ﬂ%}élﬁéfiwes%‘?@f %fé ftdeastiigyi ded.
The mani f of theistgtdislgst, a cl eaning region in a first portion of the manifold
being configured generate a first fluid neniscus on the wafer surface. The

mani fol d al so hiyetdumdes elabddianspameti fdie for gseda biapetngd tvitfensdriage 1@! eani ng
acqustic energy.to the first fluid, meni scus.

bl
rTﬁg' head Rroisdn, %‘ll 5@@3 M‘gw BHNSrCHI0R B < USRS BB beifs mani f ol d

bei ng conf:mmguﬁ,d gbiRrG€ R BER T8I dAn G ReAh the Wal: BRBLS CHSe Qhirddasyvaf er surface.
The advanta?es of the present i nvention are nunerous. NMbst notably, the

appar at us 8RR FREksgsbeasdaingbiipa s oeaping resitreeaprlie p{ammhtngef f i ci ent | y
cleani@ 13.c384H &191?9 W@ rﬁrée@ltlﬁrmag;gchse T}{%cli)lé?d A% 1‘21#1“.5%5 (ﬁ'@qg ge%fgxlal% nant s

remaining on a wa surface nsequent s1ng and

product i opecpid/payiéor qféh@asmﬂbldabﬁjnM@ﬁgmed weamamaesledmdrfmw Ihauamhbmaved due to
efficient, @@%%%s&& ﬁnlng with lower |evels of contam nation. The present

i nvention €ena e inproved cleaning t hrough the use of vacuumfl uid

bressar es generaracSebb il ety B0 8 PR aF o NEHEFTBRAL | or ces enabl e
opt i nal raepmitaies afid m@ﬂhbdmda@@%& hakintdarefratiosly aud E@eRnid dlkma Si gni fi cant
of .contam nation as conpared w th ot her

reduc in t red 1t|n
ot eanl 8‘8}%8?@6@ Walghy lﬂ? isdlvipe yigy @B RAMSIERPIYE CBFITA®at i on of an
i sopropy | sﬁﬂf&@]’@énséqﬁ@ﬁﬂy, VAR brRBing la8@RoBgktion may be increased and higher
wafer yields may be achieved due to efficient wafer cleaning with lower levels of
contamination. The present invention cnables the improved cleaning through the use of
vacuum fluid removal in conjunction with fluid input and megasonic application. The
20 pressures generated on a wafer surface by the aforementioned forces enable optimal
removal of contaminants at the wafer surface with a significant reduction in the
redepositing of contamination as compared with other cleaning techniques. The present
mvention may utilize application of an isopropyl alcohol (IPA) vapor and cleaning
chemistries towards a wafer surface along with generation of a vacuum near the wafer
25 surface at substantially the same time. This enables both the generation and intelligent
control of a meniscus and the reduction of water surface tension along a cleaning
chemistry interface and therefore enables optimal removal of fluids from the wafer
surface without leaving contaminants. At a substantially same fime, megasonic waves
may be applied to the meniscus to provide megasonic based wafer cleaning without the
30 problems of typical megasonic applications. In addition, the cleaning meniscus generated

by input of IPA, cleaning chemistries and output of fluids may be moved along the



chem stries towards a wafer surface along with generation of a vacuum near
the wafer 25 surface at substantially the sane tinme. This enables both the
generation and intelligent <control of a neniscus and the reduction of

wat er surface tension along a cleaning chemstry interface and therefore
enabl es opt Wwnltvsgneval of fluids fromthe wafer surfa®eTistonagedideavi ng
contam nants. At a substantially sane tinme, negasonic waves may be applied
to the nmeniscus to provi de negasoni c Rased wafer cleaning wthout the 30
probl ens of typical negasonic applications. In addition, the cleaning

meni scus generated by in{)ut of I PA, cleaning chem stries and output of
flui ds maysubtfecesiedvabion gleahibe Wafe 0 bipt@3e0 spanpdtitiosd gobpdsrrzte 9 surface

of the waf ;.\ [ o ol d | LLanalenhedi nent, the
apparatus5%&3%%%%ﬁ%ﬁghégg%gg%géhﬁ%&@%ﬁ%ﬁgvﬂagﬁ %13@%&%%d hﬁy t he waf er
whil e at tdame tissmedicingeontedinaiioglefontizmafat sudces ef tongrrddheithwerfasartsur f aces

P csent 1 HVBAEGRE PSS oF e EOP P aea o H B SR R T SEeT Saiss whi | e
subst ant i adxhiimb edetivadsCORtcibAAMTal dn8hE Gntardgait firpabbn. advant ages incl ude
efficiencies in drying and cleaning a sem conductor wafer while reducing

fluids and contami.nants remainin .a wafer surface. . Consequently, wafer
pr ocessi ng andAg‘?IBEF_tﬂ:f aRa sy ieﬁ_@t‘@ﬁ?éﬂl Hye ﬁ?‘gﬁ‘é‘?}“’i‘ﬁeﬂ‘ %f‘m@}rngllm S maybe
achi eved duget Whief bduei@Muiddahe orfsninmgs Wiahih whievehc@f contami nation.
The 10 present invention enables the inproved, drying and_cl eani ngdthrough

the use ofCapaeianiy, Ml aropesrpg and PRACHRY Ui b B Fgber FHEU S The
pressur s HRNRS2hetedihed, Iilofh fditiBrthg whi) HWRI& L SHELAERANO Mo

af or ement i one orces enable optimal renoval of fluid at the wafer surface

Wi th #0 si gnésentoavdntipeehubles te linproveddivinigagd clomingiiraeh & e ot@epared with
th I I, drvi.ng..t echni el LE . I ti
ray ut 11 2B SRR e RSO R o bR g B FRET i anent  on

dei oni zed waivefer finiad Bisthaafoadhedtiosadribaesenable ngtimaltrbmgeh ef Atidenthef a vacuum
near the wafer surface at . ubst_ant_j aI.Ily the same.time This enables both
t he gener aYafeFUubAce WiHt LSRR CEEHOR OF FegR g ORI A AYCTHE™ T et i on of
wat er sur f e cleffss AW BHian SRl O ZRdionodhe prebdit Bfvbaea ragdititiaer ef ore
enables optimal renoval of fluids fromthe wafer surface w thout |eaving

cont ah narfbBlicatipe oD@ iy tigohgbHBAAYEET Bl derpired SRl B EIARARd out put of
fluids may ce@éﬁ‘ags'ﬁgll ggﬁa'atti&eof.a%E&?r?ﬁeg?fhe%?er‘é@ff&'é af Qibche@Mmyand dry the

waf er. Therefore, resent inventio )
same time. This enables both the generation and intelligent control of a meniscus and the

reduction of water surface tension along a deionized water interface and therefore enables
optimal removal of fluids from the wafer surface without leaving contaminants. The

20 meniscus generated by input of IPA, DIW and ouiput of fiuids may be moved along the
surface of the wafer to clean and dry the wafer. Therefore, the present invention
evacuates fluid from wafer surfaces with exireme effectiveness while substantially

reducing contaminant formation due to ineffective drying such as for example, spin
drying.
25 Other aspects and advantages of the present invention will become apparent from

the following detailed description, taken in conjunction with the accompanying drawings,

illustrating by way of example the principles of the present invention,



evacuates fluid fromwafer surfaces with extrene effectiveness while
substantially reducing contam nant formati on due to ineffective drying
such as for exanple, spin drying. 25 Other aspects and advantages of the
present invention will becone apparent from the follow ng detail ed

descri pti onWQ #@Re#W#3 conjunction with the acconpanyi ngPaT&ARRNE31136
illustrating by way of exanple the principles of the present invention. WO
2004/ 030052 PCT/ 1JS2003/ 031136 -to BRL,EF DESCRI PTI ON OF THE DRAW NGS The
present invention will be readily understood by the follow ng detail ed
description in conjunction with the acconpanying drawings. To facilitate
this description, |ike BREFRESCRIFINGNUISTHEDoosiecd i ke structural
elenents. 5 Figure A illustrates novenent of cleaning fluids on a wafer
during an SRD g Yd3sh B 11 Fsl ' i cal batch
substrate cleani n)g syst{eﬁmﬁlllﬁ%%&?gy @%ﬁ%%ﬁJ?%{\?vﬁ%ﬁ%ﬁgtagicfch substrate
cl eani ng $paxrighpn f gutactionyifhdbaaqspinpanyarg drasope Matfictited tanddRErisioppl y to

suppl y oneyQt-AR} : : . ers, Figure 2A shows a wafer cleaning
and dryi ngI sy?stem(%iér%lﬁ%%%%?eééﬁ%&eﬁ%n %ohaeleleglr%’gdi ment of the present

i nventikon. Fig t view of the fer cl ing and
drying 5syst em ?E\g%r%%:giplgﬁ%%g%%{nﬁg%onq?eeﬁ%%gliu??ﬁﬁfl aeﬁaf%ﬁg%a[n ention. 15

Fi gure 2Cdrfitgsoreas.es a si de cl ose-up view of the wafer cleaning and drying
system holding a wafer in accordance with one enbodi ment of the present
invention. Figliiger<2IB shaligranctdtepicsibdeh ehingercwRaMheWse.t he waf er cl eaning
and drying systemin accordance with one enbodi nent of the present

i nvention. Fi ghizerc3& showsviaw bdfhe Bhehsitsirus bleadihdgstehe waf er cl eani ng and
drying systemwith 20 dual proximty heads in accordance with one

enbodi nent of FigerepiTeisemtios a1y etheinatic ofirORIF eupdB th kst diRt@sncde Sftfe Vi ew of

t he W%er ,c%ﬁ(aani_ng and drying systemw th dual proximty heads in

accor dancE W % one enbodi ment of the present invention. Figure 4A shows a

top view of a wafer cleaning and drying system which includes nmultiple
P %‘L\i%ure 2A shows a wafer olemlcljngy andgdlyi)r/ig system in accordance with one P

embodiment of the present invention.

Figure 2B shows an alternate view of the wafer cleaning and drying system in

accordance with one embodiment of present invention.

15 Figure 2C illustrates a side close-up view of the wafer cleaning and drying system

holding a wafer in accordance with one embodiment of the present invention.

Figure 2D shows another side close-up view of the wafer cleanin g and drying

system in accordance with one embodiment of the present invention.

Figure 3A shows a top view illustrating the wafer cleaning and drying system with
20 dual proximity heads in accordance with one embodiment of the present invention.

Figure 3B illustrates a side view of the wafer cleaning and drying system with dual
proximity heads in accordance with one embodiment of the present invention. Figure
4A shows a top view of a wafer cleaning and drying system which includes multiple
proximity heads for a particular surface of the wafer in accordance with one embodiment

25 of the present invention.

Figure 48 shows a side view of the wafer cleaning and drying system which

includes multiple proximity heads for a particular surface of the wafer in accordance with

one embodiment of the present imvention.



proximty heads for a particular surface of the wafer in accordance with
one enbodi nent 25 of the present invention. Figure 4B shows a side view of
the wafer cleaning and drying systemwhich includes multiple proximty
heads for a particular surface of the wafer in accordance with one

enbodi ment &0 WhELPERsent i nventi on. WO 2004/ 030052 PCTPUS280B4/@313636 - U
Fi gure 5A shows a top view of a wafer cleaning and drying systemw th a
proximty head in a horizontal configyfation which extends across a

di aneter of the wafer 108 in accordance wi th one enbodi ment of the present
invention. Figure 5B shows a side view of a wafer cleaning and drying
system wi t h t h&BIpdhaisiatomeigisf pwagr Aisriizpatdalviogsfsteguwab kon whi ch

extends agy; : j - Jaaf. i ccordance with one enbodi ment
of the.pr So PGl SRl Il B B R P& s TERCani mo
and dryi nd98yrsaceondmidehyithveme embodiinmitof tiveadsntiiaveatib@r i zont al confi gurati on

which is configured to clean and/or dry the wafer that is stationary in
accor dance wi t RigoreeSRestiood ianiiatvieof oftaheafarobaeing ahd¥SHzisplerm Ahhgur e 5D shows

a side.vi of ..a, waf er cleaning and drying systemwith the proximty heads
ina hori %gr}f%’gﬁty%%ﬁ? e ‘tZPrgf‘ll o8 “@B?gﬂq Aorres adiasgier ghBrdraldry t he
waf er t hatn acgostudel vitedng ehibofEGA HFANGR Wi ilv@REn.eMbodi ment of the present
invention. Figure 5E shows a side view of a wafer cleaning and drying

system wi t h t hBiguprsoxihiv Y tdpeaels of Hwikel G EdnGAind QR J @%ﬁtw@ﬂh@“ab! ed to
clean and/or dry the wafer that is 15 stationary in accordance wWth one
enmbodi menPrOsIEHeRt Bedrizomd sprfimyrrtiorivdinhds smiigiveddo elernaintior dattee si de vi ew

of a waf efafl @anisRGHANEY B AERTarsY 6 %é Bﬁ’{)odifh?i t%lf'jdlfetp?e(% 3% %ggr ees fromthe
5 r one" e fﬂ)O

. . s OI1.
side view shown in Figure 5E In accordance w IMent of the

presend invent§ohe sD GUHE R %@@‘@ﬁggfgp‘?!%le\éﬁiﬁ %1?({ dzlglrr]l a{/s?eﬁn &/:gtﬁ%]el ng and

drying systemwth a 20 proximty ina configuration which
ext ends aRicgRityhepdmin adogtontd eonfgiretion whichdcamfigned tonlédn sater eyhdi ment  of

the preseptc.i ntJ Fiogure.5H shows a side vi of a wafer cleaning and
dryi ng sys%fg}rnﬁﬁ\\?{\n"elt@ %\iaﬁﬂ‘ém)l: ﬁﬁ%g%l?ﬁnf%/wﬂg%ese@??dm 1?11\{8}3 wSPfef‘B‘r‘ifl’aYIemé%f i guration
whi ch - ext ends EigwosE showsadiidisvied of heafonaltafing Mmdawaas dareatwih tla one
enbodi nent_of g I}le (Pr.esent‘. i.nvention. )

proximity heads in a vertical configuration enabled to clean and/or dry the wafer that is

15 stationary in accordance with one embodiment of the present invention.

Figure 5F shows an alternate side view of a wafer cleaning and drying system that
is shifted 90 degrees from the side view shown in Figure 5B in accordance with one

embodiment of the present invention.

Figure 5G shows a top view of a wafer cleaning and drying system with a
20 proximity head in a horizontal configuration which extends across a radius of the wafer in

accordance with one embodiment of the present invention.

Figure 5H shows a side view of a wafer cleaning and drying system with the
proximity heads and in a horizontal configuration which extends across a radius of the

wafer in accordance with one embodiment of the present invention.

25 Figure 6A shows a proximity head inlet/outlet orientation that may be utilized to

clean and dry the wafer in accordance with one embodiment of the present invention,

Figure 6B shows another proximity head inlet/outlet orientation that may be
utilized to clean and dry the wafer in accordance with one embodiment of the present

Invention.



25 Figure 6A shows a proximty head inlet/outlet orientation that nmay be
utilized to clean and dry the wafer in accordance wth one enbodi nent of
the present invention. Figure 6B shows another proximty head inlet/outlet
orientation that may be utilized to clean and dry the wafer in accordance
w th one enbwelemenivoaf the present invention. WO 2004/ ¢80A8200RG0A5kI S2
003/0 3 1 136 -12 Figure 6C shows a further proximty head inlet/outlet
orientation that may be utilized to ¢lean and dry the wafer in accordance
wi th one enbodi ment of the present invention. Figure 6D illustrates a

pref erabl e enbodi nent of a wafer drying process that may 5 be conducted by
a proximty haaginb GCaE@@s"ﬂﬁm’zapnbmmitphetdémwitmmenbﬂtion Het ma%@ant

i nventi on. ur anot her fer oce Msi D not her
sour ce |nP@FF %?angaﬁgl?g?ebwﬁﬁﬁ ﬁ %W%ﬁ ¥ egmgf%X|nlty head
in accord@p&ﬁmﬂ4th one enbodi nent of the present |nvent|on 10 Figure 6F
shows anot her source inlet and outlet orientation where an additional

source outl et F‘IEMQ@DQH&S'&'&%@Qpi(@elé’cﬂ'@é«lﬁb@ﬂnéﬁdf&lw@ﬁaﬂlyiﬂglm@besmhﬁmrdance
with one enbodinent of the present invention. bél)gure 7A illustrates a

proxi né t ybdreadugsryormgiy hgrdnseroslsasarith g nbodiedahBerii h one
enbodi menj%n l;lhe present invention. 15 Figure 7B shows a top view of a
portion of a prOXI mty head in accordance with one enbodi ment of the

present | nvent}héﬂ? 6B Isﬂcw}seanzg&g} &gfélsﬁrgﬁ@‘?ﬁac@ssméﬂ% b hef S&%@ill%/%ﬂle@nw ed

source inlets performn ation I A accordance with one

enbodi rrenmmntatxbinélapmeﬁbmondmxe:hlty eqnomﬁntg*lhleai mRc¢drflapse withese a proximity head
with angl e ou nlets and angled source 20 outlets performng a drying
oper at i on® dl??déﬂ}%“gfjﬁglﬁ%eswtflhveﬁthoél embodi nent of the present invention.

Figure 8A illustrates a side view of the p h S in a dual
waf er fo surf ac g"%‘frggﬁ F%‘“Saaﬁa‘% & PPN “&?}&P@ RFT’F Og%né%édgﬁ%ge Wi Emgﬁg enbodi nent
of the preseRbutldtiySMeiu@Nzed to input an additional fluid in accordance with one

embodiment of the present invention.

Figure 7A illustrates a proximity head performing a drying operation in accordance

with one embodiment of the present invention,
15 Figure 7B shows a top view of a portion of a proximity head in accordance with
one embodiment of the present invention.

Figure 7C illustrates a proximity head with angled source inlets performing a

drying operation in accordance with one embodiment of the present invention.

Figure 7D illustrates a proximity head with angled source inlets and angled source
20  outlets performing a drying operation in accordance with one embodiment of the present
invention.
Figure 8A illustrates a side view of the proximity heads for use in a dual wafer
surface cleaning and drying system in accordance with one embodiment of the present
invention,

25 Figure 8B shows the proximity heads in a dual wafer surface cleaning and drying

system in accordance with one embodiment of the present invention.

Figure 9A shows a top view of a proximity head with a circular shape in

accordance with one embodiment of the present invention.



25 Figure 8B shows the proximty heads in a dual wafer surface cleaning and
drying systemin accordance with one enbodi nent of the present invention.
Figure 9A shows a top view of a proximty head with a circular shape in
accordance with one enbodi nent of the present invention. W 2004/ 030052
PC1/ US2003/ &31%860306523 Fi gure 9B shows a side view of therproxi/esitsy head
with a circular shape in accordance with one enbodi nent of the present
invention. Figure 9Cillustrates a bottomview of the proxinmty head 106-1
with a circular shape in accordance with one enbodi ment of the present
invention. 5 Figure 10A shows a proximty head with an el ongated ellipse
shape i n accor dagieedB viowts agive werb ofihoprokingfy Hehdwith @asodlad shiggrihi on. Fi gure
10B shows i the.proxi.mty head with an el ongated ellipse shape
in accor daa%(%(ger%}\nm%qﬁﬂlgﬁgg eenr%oa%éfg?ﬁ(@%ﬁ%m(?ﬁ”}lﬁsﬂg“ﬁ’reg%t i nvention. Figure |0OC
shows a side vi Of~the proximty .head . with an elongated ellipse 10 shape
in accordance vl\:,f19 e%%gﬁ%ﬁ‘%ﬁmtﬁ?yvd?w Pﬁtge Bﬁ”é’é’@mhﬁa&\;g‘ﬁl‘ k.2 Y e 11A
shows a t cpapsiewccofdadeepridxin@icinbobad: Witkdpraschegiaiigll ar shape in
accordance with one enbodi nent of the present invention. Figure 11B shows a
si de videw of t Wegup KW shiblvy a PRI hdad dithes LRAGMEAL SRR iR sccBfMedance

w th one enhodi mergt .of Eoge present invention. 15 Figure 11 Cillustrates a
bot t om port o SR P Wb IR eSFHBR®Ph a rectangul ar shape in accordance
w th one errbod'k__rrent gf the present invention. Figure 12A shows a proximty
head with a paft& o eqé?‘éiﬁﬁg)ﬁ’é’ﬁe"‘éﬁﬂhbaliﬂﬁnéw hepd with ap eloagrigskeliinse slwer dance

with one elm_aﬂdaiﬁjatwiﬁfonb@ﬁb@d{iﬁéﬁ{ﬂfﬂ?m&%ﬁéi% ih.gure 12B shows a rear view
of the proximty head with a partia rectangufar and 20 partial circular

shape in accor ggp i qaTatel : : javention. Figure
12C shows a topévﬁgngg%l%ﬁgﬁgfggﬁ%y% %h%xglglt%mﬁﬁ?%g%%ﬁl?dﬁ teggﬁclf’ %ngul ar and
parti &P cihapaiiccytse With cae cwbodimer ofiltelprong ievdbtdi.ment of the present
invention. Figure 13A illustrates a top view of a proximty head with a
ci rcul ar shapeligigillAshowpa toheiqyr obd prtiyith e wiioareciangFinghine iBA i n

accor danc Qcc‘é‘,’-r(faﬂce%ﬁ]. (ﬁl@%&%b i r(‘i%.t c?ff thé ;?rgse%? in‘%n%gg.nt | nventi on.

Figure 11B shows a side view of the proximity head with a rectangular shape in

accordance with one embodiment of the present invention.

15 Figure 11C illustrates a bottom portion of the proximity head in a rectangular

shape in accordance with one embodiment of the present invention.

Figure 12A shows a proxiniity head with a partial reotangulaf and partial circular

shape in accordance with one embodiment of the present invention.

Figure 12B shows a rear view of the proximity head with a partial rectangular and

20 partial circular shape in accordance with one embodiment of the present invention.

Figure 12C shows a top view of the proximity head with a partial rectangular and

partial ciycular shape in accordance with one embodiment of the present invention.

Figure 13A illustrates a top view of a proximity head with a circular shape similar

to the proximity head shown in Figure 9A in accordance with one embodiment of the

25 present invention.

Figure 13B shows the proximity head from a bottom view in accordance with one

embodiment of the present invention.



Fi gure 13B shows the proximty head froma bottomview in accordance with
one enbodi nent of the present invention, WO 2004/030052 PC1l'/US2003/ 031136
14 Figure 13C illustrates the proximty head froma side view in accordance
wi th one enbodinment of the present invention. Figure 14A shows a proximty
head sim | awdmosgiepge to the proximty head shown in Frguwuezod20siin
accordance with one enbodi nent of the present invention. 5 Figure 14B
illustrates a top view of the proxinmty head where one end is squared off
while the other end is rounded in accordance with one enbodi nent of the
present invention. Figure 14C shows a side view of a square end of the
proxi mty headfijure ssrtilusangeahe mokimigrieakivpodiside vtewoih ac¢redgmeewdhend nvent i on.
10 Figure 15A sho a bottomvjew of a 25 holes proximty head in

accor danceén%dtrﬂentﬁgegﬁﬁ&&?’ﬁ%‘m"%f the present invention. Figure 15B shows

a top view of the 25 holes proximty head.in accordance .w.th

enbodi ment of HEEe FHEEONS 3 %Wft%ﬁ‘%& Sl*—‘}“gﬁﬁ lésq’f Oggﬂ%}ﬂg‘lg%%d ‘f’/h?)g}\?v of the 25
hol es Pr%ﬂiF'lf__gtﬁ‘é/ 10eRGct 266 Wit 36 Bmbbdilent bBepesabodihme@nt of the present
invention. Figure 16A illustrates a side view of the proximty heads for

use in; a waf erFi%Hé f@ﬁlust@&aﬁc@ﬁRff‘ewcdf@l@ﬂgirébmn&ya&aﬁm;ﬂdﬂe ascnddasgoaedi t h one
enbodi nent of the present invention. igure 16B i]llustrates a side view of

the proxioff vhilhbadiher o iysanded ip aerpadengral r one P HEYHEB RIS E| eani ng

system i n.ag -grdance with one enbodi ment of the present 20 invention.
Fi gure 1771 USt rates a side view of a proximty head where a negasonic

transducer is.|oc %(,e%gggig.ta\@%@i&% ?Pz’{’{g@%s Qi &8he ARt SRHE Geackeikce ] N

accordance w t'h®one e i ment resent 1nvention. Figure 18

i |1 ustr atesh ansinttedineeiwiohe prepmpinveaition. head with the configuration as 25
di scussed in reference to Figure 7A with a nmegasoni c transducer |s |ocated
bet weEn a soufigee biX Hetvsarditamsoew oba 25idds porrimity besdiingewalieesyide in

accordance with one einbodi mept (%.f t he present invention.
one embodiment of the present 1mvention.

Figure 15B shows a top view of the 25 holes proximity head in accordance with

one embodiment of the present invention.
Figure 15C shows a side view of the 25 holes proximity head in accordance with
15 one embodiment of the present invention.

Figure 164 illustrates a side view of the proximity heads for usc in 2 wafer surface

megasonic cleaning system in accordance with one embodiment of the present invention.
Figure 16B illustrates a side view of the proximity heads for use in a dual wafer
surface megasonic cleaning system in accordance with one embodiment of the present
20  invention.
Figure 17 illustrates a side view of a proximity head where a megasonic transducer
is located between a source outlet and a source inlet in accordance with one embodiment

of the present invention.

Figure 18 illustrates a side view of a proximity head with the configuration as
25  discussed in reference to Figure 7A with a megasonic transducer is located between a

source outlet and 2 source inlet on a leading edge side in accordance with one embodiment

of the present invention.



WD 2004/ 030052 PCT/ 0S2003/ 031136 Figure 19A shows a side view of proximty
heads with a conbi nati on of a clean/negasonic region and a drying region in
accordance with one enbodi nent of the present invention. Figure 19B shows
a side view of proximty heads with dual negasonic transducers 5 in the

cl ean/ megasoi moye@ison i n accordance with one enbodi nentcofistoheospriesent
invention. Figure 20 shows an exenplary process window with the plurality
of source inlets and as well as the plurality of source outlets in
accordance with one enbodi nrent of the present invention. 10 Figure 21
shows a top view of a proximty head with a substantially rectangul ar

shape i n accor Haned %4 shtwonsgdenbwdil menimitf haadewvitr eseninitivpeiei on. DETAI LED
DESCRI PTI THE .PREFERRED .ENBODI VENTS i.nvention . et s and

appar at us 67 BFLEPERER anaf oPtestny: Aeharks WGPk RuR RS, 1O

f ol | owi ngpgeat iivehtican, nunerous specific details are set forth in order to
15 provide a thorough understanding of the present invention. It wll be
under st ood, holgwerl 9Bshowrresidd view df parimitidiceds Wwith dtabmagasonic frarsdpgses pr esent

i nventLon. mn e practi.ced. without sone or all ,of e ific details.
i orhbr ey gReuBeBRbtf Seiooihiop el de Bt QTR cen” descr bed
i n detail idvantnder not to unnecessarily obscure the present invention. 20

Wi le this invention has been described in terns of several preferred
embodi ment s, i Figwiel20 shaveqmpxenplatygtodehat intl g sdthskd plhwabityl of sodvee kfs upon

ding th di ifications.and studying the. draw i1
real i 2o vaM BOLTH T HpABNST 3 ER & o Bt Al toR SRR ERUI en s

thereof. plesdr$idvBionf ore intended that the present invention includes al
such alterations, addjtions, pernutations nd _equjval ents as fall within
the 280t rue spiiBe 2hRervscpe Vi TR THIER S@Hf»té%m@xr?qtﬁngwa% 2D bel ow
Il lTustrat aqag@ﬁ%b&ﬁmcéw% oA BREIREATY Wah&Ent iRAGESSI Ng system It shoul d
be appreciated that the systemis exenplary, and that any other suitable
type of configuration that woul d enabl e novenent of the proximty head(s)
into cl ose proxAih MBTON OF I THPR] B EMBODEMENTS 0di nent s
shown, the WO 2004/ 030052 PCT/ US2003/ 031136
An invention for methods and apparatuses for ¢leaning and/or drying a wafer is

disclosed. In the following description, numerous specific details are set forth in order to
15 provide a thorough understanding of the present invention. It will be understood,
howevet, by one of ordinary skill in the art, that the present invention may be practiced
without some or all of these specific details. In other instances, well known process
operations have not been described in detail in order not to unnecessarily obscure the

present invention.

20 While this invention has been described in terms of several preferred
embodiments, it will be appreciated that those skilled in the art upon reading the preceding
specifications and studying the drawings will realize various alterations, additions,
permutations and equivalents thereof. It is therefore intended that the present invention
includes all such alterations, additions, permutations, and equivalents as fall within the

25  true spirit and scope of the invention,

Figures 2A through 2D below illusirate embodiments of an exemplary wafer
processing system. It should be appreciated that the systen is exemplary, and that any
other suitable type of configuration that would enable movement of the proximity head(s)

into close proximity to the wafer may be utilized. In the embodiments shown, the



-16 proximty head(s) may nove in a |inear fashion froma center portion of
the wafer to the edge of the wafer. It should be appreciated that other
enbodi ments nay be utilized where the proximty head(s) nove in a |inear
fashion from one edge of the wafer to another dianetrically opposite edge
of the wafewmomnyavdser non-linear novenents nmay be util irzedsBosesctsoas, for
exanple, in a circular notion, in a spiral notion, in a zig-zag notion,

etc. In addition, in one enbodinent, 4he wafer may be rotated and the
proximty head noved in a |inear fashion so the proximty head nay process
all portions of the wafer. It should also be understood that other
enbodlnenpsmnHWyM®d@lHmyzwdemhénemﬁh@ﬁwwﬁ@wap@ﬁ%dpﬁKﬁwéﬂ@dW@ﬂﬁoﬂFhe

prox. M LY 5eag S e Nyl &4 ll%l%e DM E Yl DR URLRhs b B gaﬁiya%e;ehat

enables 1 i ons of Ition, the
pr oxi m ty tiheasckiahd hédme;)\mj‘velin a mieeafasm@m aod ode ydgeg! ﬁgesmzﬁent@lamtheil bed herein

may be utilized to clean and ny and size o S such as
f or exarrpré‘me?@thfﬁﬁRRé‘f‘ee‘?%e °§§®¥“ﬁ%‘f \ﬁéf’@?@wl’flf”ﬁr 'B%WE}GEIS e %etu'iﬁ%gl waf er

cl eani Bg a8 dri¥ HGnSYS LBy B6tid, il 4 $8d] hefiog il Hep-z0¢ mbtsd) el @ani ng and
dryi ng the wafer dependl ng on the confi guration of the s%/%lt \(’?ﬁrgt"ﬁ‘gj Fi gure 2A

shows a weddtions [reeqsi sntpodingeny thy; W?éef§9ﬂé’tb§ APIG0 anththg PEGIEIEH
embodi ment m% Eatsﬁah RS E’%??Q‘S“ﬁ”%’ FobioH ran& BYRHRA 180 kg uflegon@biker s 102a,

102b, and otate wafer to enabl e wafer surfaces
to be dri bdunderseocslyhat@mm apbodabets inachandBgedwbse tierwaltrdanet ra9Ed Pahd 106b

that, in eenb tache r nd to a | ower
ar m 104b ?ﬂ)‘@d’in%h% 18 q’?‘}ggﬂlﬁgtéorm%?en? fb%g“gig%ﬂfﬁﬁsggﬁ m&&%ﬁle‘i?m 104b are
part of apRcesingiol ¥l pesidncalthd wiferads eddition, ﬂlﬁ@rmahhmdahﬁé@wssfubst antially
| i near novenent of the proxi mt heads 1333 @nd 10 ﬁs al(g(?}% radé us of the
waf er . Inc@ﬁéll%‘i‘iﬂdjd}“%ﬁlfs’wﬂ*h@esﬁl‘ ¢ ARy mYRR AR P &fean AUENE DY Y68° i s
configureghd s‘?aehﬁ'lsgbstlra{&@ 815511% E‘d?‘e&é(nﬁ]@@@() KB X AP0 VE0 hfiewiafsellat@ably, he
proximty head 106h bel ow the wafer in 25 cl ose proximity to the wafer.

This may Be. Abewafst Plstriee Byl dugivg glerHaa Rsguitized for el R arm
104b be ”ﬁ@%tﬁ vafe?ii%%gtglhg&llthg@ ra%gn?p@lgs%t&gn proximty heads are noved

hori zont a nto s processing, the proximty heads

106a ng 106bgcan b hm\gg E%ﬁﬁ%@é*ﬁ&gsﬁ%{wo% abddr &hOSRIRERXI Mty to

t he The Gpper arm 10. a a r-arm 104b may be configured in
any sui tammodmyntsﬁtltermeq@ntommtwry Be sh@adéOﬂ_ﬁﬁhidaw@ilsﬂ@%?a;éﬁ?«bbém}mved to

enabl e Wai Eic vle%: 1%23? L(r)]g E m(f]a% Sz(f \EVIa er g engblc Wter surfaces to be dried. The system

100 also includes proximity heads 106a and 106b that, in one embodiment, are attached to
an upper arm 104a and to a lower arm 104b respectively. The upper arm 104a and the

20  lower arm 104b are part of a proximity head carricr assembly 104 which enables
substantially linear movement of the proximity heads 106a and 106b along a radius of the

wafer.

Tn one embodiment the proximity head carrier assembly 104 is configured to hold
the proximity head 106a above the wafer and the proximity head 106b below the wafer in
25  close proximity to the wafer. This may be accomplished by having the upper arm 104a
and the lower arm 104b be movable in a vertical manner so once the proximity heads are
moved horizontally into a location to start wafer processing, the proximity heads 106a and
106b can be moved vertically to a position in close proximity to the wafer. The upper ammn
1042 and the lower arm 104b may be configured in any suitable way so the proximity
30  heads 106a and 106b can be moved to enable wafer processing as described herein. It

should be appreciated that the system 100 may be configured in any suitable manner as



shoul d be appreciated that the system 100 may be configured in any suitable
manner as WO 2004/ 030052 PCT/US2 0 0 3/0 311 3 6 17 long as the proximty
head(s) may be noved in close proximty to the wafer to generate and
control a meniscus as discussed below in reference to Figures 6D through
8B. It showael2@kswilde understood that close proximty may/usaamiisuitabl e
di stance fromthe wafer as long as a neniscus as discussed in further
reference to Figure 6D through 8B may.&-be mai ntained. I n one enbodi nent,
the proximty heads 106a and 106b (as well as any other proximty head
descri bed ﬂ)er ei n) each g“f noved to between about 0.1 mmto about 10
nun fromt Qg%%Pl nit}ﬁh‘f"’id BayBE WP YD COSSPRETEIER feivwia o BieiSr of er abl e
embodi ment andt ABBIraQ MY ad BASsed DESw ANELLLEARD 14 AZuNEED 138 ug udiBB. at her
proximty head described herein) may each be noved to between about 0.5 mm
to about 4sBuigmlsorbgmnderstoadthibtiese praxiity Rk beayshisblpdiseesdiongtheper at i ons,
and in nor f I b (as
wel | as angafg{ 1815 02L>e<1|Il %ﬁgh@%hﬁg%@ﬁugﬂ%qﬁ%{%% ntf%%ge 6%%%%%% about 2
mn frofn tbmnwaifaexedtI:awmalembathmawaﬂerprqommceh@dmg()@pmdaoasm(mswc%aganye 2B shows

an alternat V|ew t he. waf er . cl.eanin steml

accor dance® tpﬁoxérﬁ‘ ?f@%%ﬁ% 11%?1nﬁp%‘%qﬁgfﬂ\9§¥d§°g)ﬁt ﬁéb%ggg?Wi%o in one
15 enmbodi nabaty, 10has: fde tHereebdth it ersfeCRbtdshe assamab YinkQdethat i s
configured to enabl e the &&%XI mty heads 106a and 106b to be noved from

the cent er g HELBT BP*Prwdced Opeeddded (@Srvallhe awapibe Protmélibeadd be

appr eci at eghs&:8 ht s H{a?%bdﬁ'ﬂehﬁ@@% &a{}éoh%om%er 'tx 2t 4 %8 B m fBVabl e in
any suitabl e manner enabl e novenent the proximty heads 106a
and 108b t‘ﬁafeuteantiemwa&l Pehogssing epealiae, g imezemrmdferabw embedlembbmerrent t he

proximty Ik [ 4 e

proximty %&ﬁ%xtf%g%ﬁé%f@f?%%ﬂﬂa gg%ﬁ@ﬁ?@% t?h ddg’?m%e?gmg e edge of
t he waf er .mistbeshouldo bepubid den Stwok: wifat to abitilve wgler pheessingfoperatdreani ng and
drying system 100 is showmn with the proximty heads 106a and 106b, that
any sui tabl e nﬂimnm Zsthqwmniaﬁtbm}yte hizads tieyafecienily «ne drygnpcdysias, 100 ot

exanpl e, The proximty heads 106a mad/or 106b of
t he waf er aé‘fOé%aﬁ’FW ltgr%‘e B‘Pg‘?‘%}mﬁgf E’ﬁ‘illglrﬁwi’l‘jﬁmnﬁ?e SysE;n %Qé) HPesuit abl e si ze

or shape asmbsHiawat, Bys th%@foxﬁﬁma@ cartiB€sRhiy 104 Mat iDEAISEIS erhORHo 106- 2,
106-3, 106-4, 106-5, 106- 106-7 which are discussed in reference to

Fi gures 6 XHiBLY Heaﬁs loﬁﬁﬁélddﬂfﬂf erhemtoved Arighe et hgegdy tpadsise edgs
generate qafelwsd. mba%% PBLARENIENE: PRl ok BEAL AuhvihfoMalfle The

fluid meni scus maybe
movable in any suitable manner that would enable snovement of the proximity heads 106a

and 106b to clean and/or dry the wafer as desired. In one embodiment, the proximity head

20 carrier assembly 104 can be motorized to move the proximity head 106a and 106b from
the center of the wafer to the edge of the wafer. 1t should be understood that although the
wafer cleaning and drying system 100 is shown with the proximity heads 106a and 106b,
that any suitable number of proximity heads may be utilized such as, for example, 1, 2, 3,
4,5, 6, etc. The proximity heads 106a and/or 106b of the wafer cleaning and drving

25  system 100 may also be any suitable size or shape as shown by, for example, the proximity
heads 106, 106-1, 106-2, 106-3, 106-4, 106-5, 106-6, 106-7 which are discussed in
reference to Figures 6 through 15. The different configurations described herein generéte
a fluid meniscus between the proximity head and the wafer. The fluid meniscus may be
moved across the wafer to clean and dry the wafer by applying fluid to the wafer surface

30  and removing the fluids from the surface. Therefore, the proximity heads 106a and 106b

can have any numerous types of configurations as shown herein or other configurations



noved across the wafer to clean and dry the wafer by applying fluid to the
waf er surface 30 and renoving the fluids from the surface. Therefore, the
proxi mty heads 106a and 106b can have any numerous types of
configurations as shown herein or other configurations WO 2004/ 030052

PCT/ US2003/ @3ilb36e300s18 t hat enabl e the processes descri bedubmpaismael t
shoul d al so be appreciated that the system 100 may clean and dry one
surface of the wafer or both the top syrface and the bottom surface of the
waf er. hi addition, besides cleaning or drying both the top and bottom
surfaces and of the 5 wafer, the system 100 nay al so be configured to

cl ean one Bhridwaldf thelpeoonsstedesanitbddierein, dndblidmnlss ibd epmbcitbetuehesysieh desi red

by inputti ut ting di.fferent es of fluids. It should be

appr eci at e trﬁ@?dé%ﬁggéégto_ %ﬂf&?e r‘hé@‘e _f}’tdfe?lgrz@ﬂﬂﬂjé “Fpirieeatrddhe Rtom £ £ er ent
cheni cal s suofpceerfdhedoiftom in the proximty heads 106a and 106b respectively
depending on the operation desired. The proximty heads can be configured

to clean and drlyaddigorhBstles ERaMAGE Bfing B&h WRIEH addb AU dubQ8Ls L SAtgANI NY

and/ or 5dry|#gr h}Ee tO‘E Smd/ or. bottom of the wafer. This can be acconplished
by movisng YHE> MESTLEhUorey elrpbeengdsnpdiogpsaaonopife pf the waks andyby bevel edge.
I't shoul d sbser 9@ dgessEoed.d0a RS 2 Ml - may be
the same type of head or di f?eljraeh in?%gé%f%@g@ |r§%18§%§%pﬁw?{%s rates a
si de cl osehtigd by anpresiatedibanibg sisten] Wamaygtibinothd pyilivgtieystdefiarert5 100 hol di ng

a wafer 1 ' | enbodi ment he present invention.
The waf er Q%%‘%ﬂ?rlgg"% %%gﬁgﬁcgn\énn@fgrp gotr}gr{“gydhcﬁ% @5 a?‘gh's(i’r‘?pfﬁ?’ﬁgf ‘}fB' E4fd 102¢
in any suithatpestiondéstrt.aThoprogisilydagisasn bdhendgientadlémnngaabheseval desired

i portion of the wafer 108 that

r oxi mist ead..to be in.cl.os roximty. to
!Os ton‘ﬂl())ey(*f3 P%ea%éée %?f% iag‘gl,tm’ﬁ&’ C&%&‘“&ﬁﬁn%{f]g%ﬁﬁ%m P&/ hogpmph s s be
rotated byhissiange accspbigdle b%iln'bwin gk hér@schobir @le 026 WRYer B4 ARfs @0 rot at ed

by a roll reﬁrgl 9, The roller 102a may al so be rotated by its own spindle
(as  show?®Yehe#seydfsow alsp fe grdersiond ent Misrrroximiis heasls |1 8aandoRah mp@lh, and

102¢c can gielsahe type ofhealloP Bl SE: !esfc?fg;%d'bcﬁn to rotate the wafer 108 in a
countercl ockwi se direction. It shoul e understood that the rollers my

be rotated in gitRer Buglockw . relockw se - di ti.Qn _dependi ng
on the wafer ro_lt ati on1 gles?i red.(ﬁﬁlﬁ)g%ﬁ%‘/%ﬁlégﬁ rrvgér{?l&%i}%r% g{}?n%ﬁ%bggﬂi npart ed
on t hé3waf &} holdige hyvatend 0% ol dceprdart 2éth olO@bbodmeht b0 2 ps@emdsvehtionpve a waf er

area tlggtghé;ﬁgfe%igb&%% HAILHRSSE WP HR (SAOS Fodl! Pl b it M LK M LY

orientation as long as the orientation enables a desired proximity head to be in close
proximity to a portion of the wafer 108 that is to be cleaned or dried. In one embodiment,
the roller 102b may be rotated by using a spindle 111, and the roller 102¢ may held and

20 rotated by a roller arm 109. The roller 102a may also be rotated by its own spindle {as
shown in Figure 3B. In one embodiment, the rollers 102a, 102b, and 102¢ can rotate in a
clockwise direction to rotate the wafer 108 in a counterciockwise direction. It should be
understood that the rollers may be rotated in either a clockwise or 2 counterclockwise
direction depending on the wafer rotation desired. In one embodiment, the rotation

25  imparted on the wafer 108 by the rollers 102a, 102b, and 102¢ serves to move a wafer area
that has not been processed into close proximity to the proximity heads 106a and 1060,
However, the rotation itself does not dry the wafer or move fluid on the wafer surfaces
towards the edge of the wafer. Therefore, in an exemplary drying operation, the wet areas
of the wafer would be presented to the proximity heads 1062 and 106b through both the

30 linear motion of the proximity heads 106a and 106b and through the rotation of the wafer

108. The drying or cleaning operation itself is conducted by at least one of the proximity



However, the rotation itself does not dry the wafer or nove fluid on the
waf er surfaces towards the edge of the wafer. Therefore, in an exenplary
drying operation, the wet areas of the wafer would be presented to the
proximty heads 106a and 106b through both the 30 linear notion of the
proxi mty h&u¥4@eE2and 106b and t hrough the rotati on SETHR®OHRMESS 108.
The drying or cleaning operation itself is conducted by at | east one of the
proxi mty WD 2004/ 030052 PCT/ US2003/Q3%L136 1J heads. Consequently, in one
enbodi ment, a dry area of the wafer 108 mould expand from a center region
to the ed e reglon of the wafer 108 in_a. spiral ngenent as a

oper at i on auseguentlpgn epearafiodmehe: EpaEt QUP%YVF‘ OF weé eﬁiﬁé‘gg 100 and
the orientati; r}e% tOQHéjedEQY@ngf 0 w&f’é@ld@rn‘?%f‘sﬂ}aﬁ ob&acht 108anand/ or the

proxi mty hea the"drying 5 novenent K be changed t o accommopdat e
nearly anppeaﬂmabb@estsgsp@ymamw thy corfighratipn ofshosisgnbE00and dhesarise@lidthat t he

t 0 . f
P rat sourbat Rpare R Pt TRG AR U U kg B8 Fodth g BAFE °7C Ol
as a DbW inplvetidnt naly bk easgedinacaimacdeceady sguntabld tybedf eemEipghr ed t o i nput

i sopropyl al cohol (IPA) in vapor form (also known as IPAinlet), and at
| east one sour tghdld beinddBiood iHfa gmrpeainhmy DdaﬂspLCtéafahdilil@@) thaylm @nfiggédbn

bet ween the wafer and particul ad. by appl.yi jacuum (al'so
known as VRRAYEAL 6 Ple@t(’?ﬁ“ittso‘%rﬁ%ﬁ?eﬂ ‘8@9 Eﬁ%%?'é‘t‘%ﬁ’“i‘ﬁét aF@EQX h@ﬁ% fom utilized
her ei N Mayn@li$ 8 OOIVE Uddtl, @Mcash Bnd il dob @A, so@béi@let £ redfto PhtisbRagl may be
inputted into the first source inlet and the second source |nIet such as,

for exanmprleohol ¢Péan vigosieru(alemgiowarmmbim filethrnd @ieast e sehsePEiche
appr egjat @&{fggge;(} tgltng]fgelfﬁkhs dﬁ‘} YRRk, HefvelR 11SBferiald §9Q@i0915r ﬁlhﬁn@eyerrpl ary

enbodi nment s por maybe utilized such fof exanpl e,
ni trogen, h%d),bysmplmgIvecuatrdeholmmarpaﬁrvacmmgamle@ é@hpuidlbdgppré*‘tl@ted thehe may be
m sci bl e odi pent, [

Wi | e inlet is
adj acent ¥ %Cuf"ﬁ‘e if?edl %?éél% m&%also V%%ul,?lt,} ‘ot fldl loleﬂﬁihgh%ipés ‘i?irr%% ub? ﬁg }}é%p&(r:ent to
the at | eﬁ@tmmato%é/msrﬂoatcetim@ﬁa&ﬂmheaaacdlﬂéoﬂee mmmaalwmm ation. It
shoul d be appreci ated that oiﬂﬁe f ori entg 11& ﬁzpjg
| PA- DI W v SIEHHRg SOBURRS, RRRH% Haltd ‘?WPBF\?V"*‘? feata VIR Ped
depemﬂs NYuse@n bdise cvmlﬁeeém%%e&mnﬁeﬁé hefotadd wa;satp@ayofe wiatgrsuel eani ng
and drying nechanismis sought to be enhance pref er abl e enbodi nent,

the WA- vaéaﬁ@nmmm%mt@aea@mowﬂawﬁwce@ilmquOze%luft @mnwm FigehtiAydid
poverful I y.geperat e ..control, and move the meniscus

In one embodiment, the at least one IPA vapor inlet is adjacent to the at least one
vacuum outlet which is in tum adjacent to the at least one DIW inlet to form an IPA-

20 vacuum-DIW orientation. It should be appreciated that other types of orientations such as
IPA-DIW-vacuum, DIW-vacuum-IPA, vacuum-IPA-DIW, etc, may be utilized depending
on the wafer processes desired and what type of wafer cleaning and drying mechanism is
sought to be enhanced. In a preferable embodiment, the IPA-vacuum-DIW orientation
may be utilized to intelligently and powerfully generate, control, and move the meniscus

25  located between a proximity head and a wafer to clean and dry wafers. The DIW inlets,
the TPA vapor inlets, and the vacuum outlets may be arranged in any suitable manner if the
above orientation is maintained. For example, in addition to the IPA vapor inlet, the .
vacuum outlet, and the DIW inlet, in an additional embodiment, there may be additional
sets of IPA vapor outlets, DIW inlets and/or vacuum outlets depending on the

30  configuration of the proximity head desired. Therefore, another embodiment may utilize

an IP A-vacuum-DIW-DIW-vacuum-IPA or other exemplary embodiments with an IPA



25 |l ocated between a proximty head and a wafer to clean and dry wafers.
The DIWinlets, the |IPA vapor inlets, and the vacuumoutlets nay be
arranged in any suitable nmanner if the above orientation is maintained.
For exanple, in addition to the I PA vapor inlet, the . vacuumoutlet, and
t he DI Wi nl 80 200#04#52addi ti onal enbodi nent, there may becaddpasdonals sets
of | PA vapor outlets, DIWinlets and/or vacuum outl ets depending on the 30
configuration of the proximty head degired. Therefore, another enbodi ment
may utilize an WA-vacuum DI WDI Wvacuum | PA or other exenplary enbodi nents
w th an | PA WO, 2004/ 030052 PCT/ US2003/ 031136 -20 source inlet, vacuum
sour ce outTB{C THFHdVasiyR sttt pret DEE nurepintet torfiguatienstes destitted i n
reference RrdnbOidr . BT . rabl e, .enbodi nent, . bei.ng descri bed
inreference to Méﬁ%ﬁ%ei%[%%%ﬁ%ﬂgaﬁ %%fes %\%gmgﬁtolfeﬁlgr%é%g&&%?geégﬁf)?ovi ew of
t he waf er EgwaAPng and drying 5 system 100 in accordance with one

enbodi ment of the present invention. In this enbodinment, the proximty
heads 106a and Figeh2lhshoeshesherpati ddsong didwofhOB &l nindd 4n drigy @ t op
surface 1 i ttomsurface 108b of t he wafer 108 respectively by
ot 1ot i oo B SO B LBE Rl Rrilor bl St pmon. dndde i n i &

posi tion, etibedinpnoxienidxymhehsss 10HanandssiReb baRpoktiblddzs c1.ae Er%ni%nd DEW
source |nI_e,th? and acltégcu m 10 source outlet(s) to generate V\lkJi er processing
meni scused’ I FPEBIES 3 hoffem rfage 1D8Bof thp efer A0%rceneptibdlebof 1 enmovi ng
fluids framiabopssublachi0AR.Ane &noh A WLLACRi08R,, dhe vafer
processi ng menj scus nmay be generated I n ‘accordance W't e “descri ptions in
r ef er ence PIgHLGRFEs 1 2 epd HifghmoBtiikethe TP RAnBPYsoandinRiiNal evacmput t ed i nt o

the regi ofyured " f 8. an he proximty heads 106a and 106b. At
subst ant i al !1 tu\ggﬁ.gang& f@t‘?@ﬁ%@gﬁ“&&%%ﬁs BT} Pt Cﬁm}ﬁt%éed"," afgy wgcuum may be
appl i ed i Whieheweaprtdxofiremyvitiitide fromaftep siefieé HI%R 2h0 2 OUkRHEutERe 1HRA vapor,

a wafer_ surface. It should be

t he DEW flui.ds that may be on a, ) _shou

appr eci at 2@%&%&%1’?@%%@%&@% b griTyekinarcordracewihfielecrinpsoni ment , any
ot her sui tc&btreetyPiguot 6 aRXh IBAYhIETIN tdpbZ 8 ISINE BredSy1f10k irﬁ’&(ﬁ]%%%%n

nit rogen,?eg‘gg?ﬁgl t abl e _al cohol vapor, ani ¢ conpounds, hexanol, ethyl

glycol, € W h%ﬂnﬁéherﬁr%%m@wéewg_trl Oanpndd O5b. Thisupetaiiadly tiefsahe DI W
moni scus. Tt Should be apnreaat g TRt e el B0 kAR 1 ot puc
can ref erVHgr fupace temyval thefPA vanod the DAV sandeln uiddibbvesrbe de: water

surface. It should be appreciated that although IPA is utilized in the exemplary

embodiment, any other snitable type of vapor may be utilized such as for example,

nitrogen, any suitable aleohol vapor, organic compounds, hexanol, ethyl glycol, etc. that

20 may be miscible with water. The portion of the DIW that is in the region between the

proximity head and the wafer is the meniscus. It should be appreciated that as used

herein, the term "output” can refer to the removal of fluid from a region between the wafer

108 and a particular proximity head, and the term "input" can be the introduction of fluid

to the region between the wafer 108 and the particular proximity head.

23 In another exemplary embodiment, the proximity heads 106a and 106b may be
moved in a manner so ali parts of the wafer 108 are cleaned, dried, or both without the
wafer 108 being rotated. In such an embodiment, the proximity head carrier assembly 104
may be configured to enable movement of the either one or both of the proximity heads
106a and 106b to close proximity of any suitable region of the wafer 108, In one

30 embodiment, the proximity heads may be configured to move in a spiral manner from the

center to the edge of the wafer 108 or vice versa. In another embodiment, the proximity



108 and a particular proximty head, and the teen "input" can be the
introduction of fluid to the region between the wafer 108 and the
particular proximty head. 25 In another exenplary enbodi nent, the
proximty heads 106a and 106b may be noved in a manner so all parts of the
waf er 108 amed woe@aed, dried, or both wi thout the waferCT@8200&IB6r ot at ed.
In such an enbodi nent, the proximty head carrier assenbly 104 may be
configured to enabl e novement of the gither one or both of the proximty
heads 106a and 106b to close proximty of any suitable region of the wafer
108. In one 30 enbodi nent, the proximty heads may be configured to nove in
a spiral fatidO4d asihi Odhenay be nerdiguted t¢ mevenlgdinpfr didontatie imdlO8h acrossi ce

e bs200d 0 R o= P ShERma A5 BHES Ohb - S0 i bopeeto Mt 1 o
l'i near fashaotber chaokinamd afconfidiAien assiscibsite bheriveah rdB8n&o &l durdaT fhsoweh t he

waf er surfaces 10 nd/or 108b may be processed. In yet another
embodi ment ﬂ n?af‘yé)&‘l‘gﬁ@%r %Oinﬁ)%u%fg yoioupiless didicrsat enplippratiaref trcusted 19 gure 5C

through nhymeybBzddtih bidee@. obGang SiMkidn o LR OLES gl%_cgsisfn% Sg@r%on.

configurations of the system 100 may be utilized in o r to obtain an

optim zation ofighies MeoQk AR LRSS FlRPaBRRAV AR leank] %&E%%ns% Q508 top view
illustrati n@ the wafer cleaning and drying system fOO t ual proximty
heads i n #eBdrddnedmily bprds ieacspdante vettons bmbbémpnied Gretprésantentantion.  As
descri bed I r = QUIr-8s 0.2D, th er,arm 104a may be
confi gur eg@?g&ﬁgg&%ﬁ%ﬁﬁf}%ﬁﬁ@% g%%ﬁz/z%tg}f lp%)r gnﬁrqggglﬁﬁg? tion in close
proxi mi t ycafigpred@e mioge walf ted the SroxiFhiey hepp ed6adina pddan MByosapsaibiey eenf i gur ed

to no t [-OX I head a fro center .portion of the wafer 108
towar de ¢ A5 B08, s Bhmar NGt e Clelienly bovg e Pty SEM on 113,
Consequentd6a,franna ofeergohidediofeRtwaras 08 heva@ied «dbOBf hAOMEs 188 ishown by

ead 106a is capable of renoving a fluid film

rotation 112, the proximty h 5 )

fromthe ¥ Bta‘%ttﬁﬂh’fyé@sm PpI 3¢ hensraseaily, 1o 8nd anbngimensres dssaferedd8r i bed i n
further debislas dovidby BE868 DL HePrbiiigH | i y the
proximty hezic?sl%a n31ray adr%( t he \C/\%fér §%%gqiogpgggﬂ%éeﬁgﬁ%}?g%ﬁé/gggﬁdr al path
over the W &om thratop pyrfaga db¥reaf thaitsfai 198 nsings psdvessricsanibed bf fertemcietatio Fi gur e
313, {derg, : , i ty- head | ocat l.ow t h fer.108 to
remove a f Ilﬁ?%n%@f)%lgfﬁ‘?%@gwg%}ggt ?}‘O%X%{}f ?%3 e IB'éﬁgean TRt Gy F gure
3B i | | ust ¥iftieg sebstintlellwipew! mefh ¢veethaafaér 108.caninogercomthbodiydinngs Siypgham 100 with

20, aual MR L 052 YB, O 3GG L AA0GRa P Fea§ TR TEIBN, L whelf1 ¥ S5O
to remove a fluid film from the bottom surface 108b of the wafer 108.
Figure 3B illustrates a side view of the wafer cleaning and drying system 100 with

20 dual proximity heads in accordance with one embodiment of the present invention, In this
embodiment, the system 100 includes both the proximity head 106a capable of processing
a top surface of the wafer 108 and the proximity head 106b capable of processing a bottom
surface of the wafer 108. In one embodiment, spindles 111a and 111b along with a roller
anm 109 may rotate the rollers 102a, 102b, and 102c respectively. This rotation of the

25 rollers 102a, 102b, and 102¢ may rotate the wafer 108 so substantiaily all surfaces of the
wafer 108 may be presented to the proximity heads 106a and 106b for drying and/or
cleaning. In one embodiment, while the wafer 108 is being rotated, the proximity heads
106a and 106b are brought to close proximity of the wafer surfaces 108a and 108b by the
arms 104a and 104b respectively. Once the proximity heads 106a and 106b are brought

30 into close proximity to the wafer 108, the wafer drying or cleaning may be begun. In

operation, the proximity heads 106a and 106b may each remove fluids from the wafer 108



enbodi ment, the system 100 includes both the proximty head 106a capabl e of
processing a top surface of the wafer 108 and the proximty head 106b
capabl e of processing a bottom surface of the wafer 108. In one

enbodi ment, spindles 111 a and 11 |b along with a roller arm 109 may
rotate the MY PB#830482a, 102b, and 102c respectively. THICIUSHOHPIIBK of the
25 rollers 102a, 102b, and 102c may rotate the wafer 108 so substantially
all surfaces of the wafer 108 may bej;presented to the proxinmty heads 106a
and 106b for drying and/or cleaning. In one enbodi ment, while the wafer
108 is being rotated, the proximty heads  106a and 106b are brou%gt to

cl ose pr oXyePRlyingfPA siogiaed watsn pfdakenm trghe longuriensisng fheibriom i5HC ¥H4a and

104b res 1 e L L s 106a and 106b are brought 30
PeLd kX8l dog a%@&n%i!%n%t%fgé@t& ¥ighgad g

into close proximty to t 108,” the wafer drying or cleaning may be

begun. In ope | OX [ 17 ﬁgﬁE ¥ enove
fluids fron1thgéégﬁﬁgmgggmgeggg%%%%§g%52 %%?%%%%%%%ggﬁﬁggxwﬁggb%y appl yi ng

| PA, dei omayelty a2fenmandeniadess thet 3 ntiges dpshouldftecedersidod fet dypng oim sur f ace

of the wafer. 108 as _described. in reference Fi.qu . 1.0 0l odi nent
by usi g Cisghing B ARy et pele SR BRERe] Mg g phuip R8s GO 000
mln waf er iapd l(ﬁﬁa&raﬁrblaﬂig& itk Bttt 9f the tvahh 008 t ibecdprdé tietvade ll()aharn acriliotjniﬁmg or 5
cleaning tine may be decrease i ncreasi ng the spe t whi t he

O B SR D rag L oA 2R P S Bt " 105 1o
the edge @fafidiao WafBE whiB104 M 180 ahRE vt FRAKM RBIbdinehe tRIroxiidh dithdr1eads 106a
and 106b may be utilized with a faster wafer rotation to dry the wafer 108

in less tivesr IPhaykhe apsener obhp st heaghiDop s0di drinsroaBSichdt er 108 and
the ”%e”%&’iju&fﬁo%%eolﬂéi%h %ﬁﬁal%ﬁﬁ%ﬂéﬁ’x@s oo 1080 JRYbdREeRdidist ed in 10
taln an optinma

conjunction“to o yi ng/"cl eani ng speed. |n one enbodi nent,
the proxipmxinithieads | Ka6ad atab nebovedinembyvizoth iameated 1pgibr ofithaweni@d regi on

of the wafer 108 0 the f th fer 108.a et we b 5 mm per
mnute t otoatﬁk}‘%ﬁ?geﬁ%heﬁqgle&g%&b%ﬁega%flu;/%t}}l@ NI ‘\3/\}?? aﬁé\é"f{?@‘) \%}ngbj\%rof a waf er
cl eani ng angutelr yi ng system 100° which 15 includes nmultiple proximty heads
for a particular surface of the wafer 108 in accordance wth one

enmbodi ment of FiagrepiAeant aitsiEay bDNwakenclbdhise satiodhgert=m 1ddewisyist em 100’
i ncl udes an_upper,  arm 104a-1 and an tjpper arm 104a- 2. . sho in Figure
4B, thé &Syireribiole BPeBI g Feecaeich gt i Boict 0N FOREPSar m 104b- 2
connect ed 4§ one embodiment of the present invention. In this embodiment, the system 100"
includes an upper arm 104a-1 and an upper arm 104a-2. As shown in Figure 4B, the
system 100" also may include lower arm 104b-1 and lower arm 104b-2 connected to
proximity heads 106b-1 and 106b-2 respectively. In the system 100", the proximity heads
20 106a-1 and 106a-2 (as well as 106b-1 and 106b-2 if top and bottom surface processing is
being conducted) work in conjunction so, by having two proximity heads processing a
particular surface of the wafer 108, drying time or cleaning time may be cut to about half
of the time. Therefore, in operation, while the wafer 108 is rotated, the proximity heads
106a-1, 106a-2, 106b-1, and 106b-2 start processing the wafer 108 near the center of the
25  wafer 108 and move outward toward the edge of the wafer 108 in a substantially Iineér
fashion. In this way, as the rotation 112 of the wafer 108 brings all regions of the wafer
108 in proximity with the proximity heads so as to process all parts of the wafer 108.
Therefore, with the linear movement of the proximity heads 106a-1, 106a-2, 106b-1, and
106b-2 and the rotational movement of the wafer 108, the wafer surface being dried moves

30  inaspiral fashion from the center of the wafer 108 to the edge of the wafer 108.



proximty heads 106b-1 and 106b-2 respectively. fit the system 100', the
proxi mty heads 20 106a-1 and 106a-2 (as well as 106b-i and 106b-2 if top
and bottom surface processing is being conducted) work in conjunction so,
by having two proximty heads processing a particular surface of the wafer
108, dryi ngWaG e+ &gl eani ng ti me maybe out to about haPET/USTOOF I me.
Therefore, in operation, while the wafer 108 is rotated, the proximty
heads 106a-1, 106a-2, 106b-1, and 106R-2 start processing the wafer 108
near the center of the 25 wafer 108 and nove outward toward the edge of the
wafer 108 in a substantial|ly linear fashion. In this way, as the rotation
112 of the waf &t MGRCFAGEcal, themaginishes 1 ffe- Waidgl06b-108ayistartpr oxi mity wit h
t he proxi mybye . 1 | he fer. 10

Ther o or . "ot e e Ty hagy o e BEy BB EY Sy Pl Beipbghy
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away fromPRETHM S H GBSt he wafer 108, the proxinity heads 106a- 2
and 106b-2 may be ed into place in the center region of the wafer 108
to augment in \Xg@’fe%ﬁkﬁé”ésaﬁ‘}?d’lﬁb@?%? VelRscleafng awd ohdne el erhih
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heads to @rocess a particular wafer surface. Figure shows a side view
of the waf*8h e &mBpdigearef tur yrsset isyestiom o ewhpdiment, thelsydes 10011 t i pl e

proxi migt y iieads ndtRinor - Hosul | f, 1 he waf er 8 in.accordance
with one embodi nent 62%19? ltétjygl?gédgég?d {ﬁr@@?@?%%ﬂat%\e Ctaﬂ?%%e %f?%%cﬁfsr%tg? Phe

syst em 106w IP§rcdfildewatbot 18, tieprprimity feddy 1betadsnd 06a-2lcapile 406a- 2 that are

capabl e of_. | the to urface 1 f.the wafer 108, and proximty
onds 1008 PR Reb b 0sB 8 A8 ERGE S, RymfiShin taw Berwades Sosb of
the waf er 1108mdA$1H slohdeith ysélRrukO00 hliGosr Melesshbia é@@@! ard 1pcal ong with

aroller arm10 . rotate the rollers 102a, 102b, and 102c respectively.
ety R

This rotaff s Fptoref thegoliers 1@ap! 028 ndl92e mswyotate therveaferiE8 warf er 108
so  185subsdsantidBldsudhbdes SEHhE aGRS 16§ mbhGonaf & j tin¢! O0se
proximty to the proximty 1heads 10ré1a)¥1§1,O 06a€1%%%f%%%13‘??&%{%}0f8%@?2 for
waf er prob®€si¥g-lopBSat. 10Ak-1, and 16pkeR &uiverer reeusksing opetatiops. oxi M ty heads
106a- 1, 106a-2, 106b-1, and 106b-2 may

In operation, each of the proximity heads 106a-1, 106a-2, 106b-1, and 106b-2 may

remove fluids from the wafer 108 by applying IPA, deionized water and vacuum to the top
surface and the bottom surface of the wafer 108 as shown, for example, in Fi gure 6

20 through 8. By having two proximity heads per wafer side, the wafer processing operation
(Le., cleaning and/or drying) may be accomplished in substantially less time. It should be
appreciated that as with the wafer processing system deseribed in reference to Figure 3A
and 3B, the speed of the wafer rotation may be varied to any suitable speed as long as the
configuration enables proper wafer processing. In one embodiment, the wafer processing

25 time may be decreased when haif a rotation of the wafer 108 is used to dry the entire
wafer. In such an embodiment, the wafer processing speed may be about half of the

processing speed when only one proximity head is utilized per wafer side.

Figure 5A shows a top view of a wafer cleaning and drying system 100" with a
proximity head 106a-3 in a horizontal configuration which extends across a diameter of

30 the waler 108 in accordance with one embodiment of the present invention. In this



renove fluids fromthe wafer 108 by applying | PA, deionized water and
vacuumto the top surface and the bottom surface of the wafer 108 as
shown, for exanple, in Figure 6 20 through 8. By having two proxi mty heads
per wafer side, the wafer processing operation (i.e., cleaning and/or

dryi ng) mayVEe2E8EE84B] | shed in substantially |ess tine. PET/USHEHIA136e
appreciated that as with the wafer processing systemdescribed in reference
to Figure 3A and 3B, the speed of theswafer rotation nay be varied to any
sui tabl e speed as long as the configuration enables proper wafer

processi ng. H one enbodi ent, the Waf%(ii pr ocessi ng]&§5 time may be

decr eased SHPORITIAD fheprogmEy nesd 19pa pehelhbesm wpgr 3¢ ((4ad ﬂ?aée’éf'F Sthe entire

wafer. 1n 3ueh. aRmeRPadhd® iy 103080 VRS SRoRERERIEE AOxFREARITRMRS ;Adout hal f
of the processing speed when only one proxi mty head is utilized per wafer

si de. Fi gihean®Ad stonsleaningipyink easiben by avekéal soeaminhof e ihi048yst em 100"
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nmbodi t, th 106a- 3 104a- 3 t hat
o oot "o At DR 5% OF Bt R O gl 08 canﬁ*iwl%cegﬁﬁédmm the
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be in a p%mmamléahanoaass 4rld 1069360 Phevdoiial Nontf"guﬁah@1 Wﬂﬂ%ﬁéxt&mdﬁ@&osﬁﬂce t he
proximty head 106a is in close proximty tg the wafer 108, the wafer

processi ndidpe At henvadn 183 irggscagres athene ?IHEO diaeriof fipgressp BypREoD| Hee.

Fi gur QOSB‘(&E'QI‘%ocﬁml%ﬁtdtﬁeg oﬁ}%ﬂfhc%d ‘{\@éaef arkd 1ﬁ@ﬂ'o%1®"l‘féa@'i%b@b§tﬂ§1teem 100" with
the proximty heads a-3 and 106b-3 i n a horiZontal configuration which

ext ends actwssedio bgiabiswe epandfe dlﬁéﬂt@mfélﬁe e §08. dcewraizhedenant. tile e

enbodi nmen | \ roximty
nead 10604 810" FRbERSH:0 QY SRLAN hokdh Byl LS L BRI BB D o
span the graimitesf thé waifaewn&ﬁ@rlom&ad 108b bpcheaopadi MEatapd whotteen tdoe waf er 108

is being r Loxi m heads .106a- nd b:3 are ought to

cl ose &gémﬁf%ﬁ’%ﬁ” W@rtggﬁpf‘%gshei‘ggg%%fﬁ&“‘iég@ ?‘t?lﬁl@c{%fﬁ%r m 104a
and albot mmraognonmﬁos?amswiahmwon&eeaws&eamﬁymewfdmw heads 106a-3
and 106b-3 extend across the 15 wafer 108, only half of a frill rotation

may be needed FRufl ERMOWE ¥ tdphBevnaf @ﬁraﬁe@&emﬁl@;ﬁﬁ@rﬁ@ Slaews1 08" teP id ew of a
waf er cl eaning and drying system 100"' wth
proximity heads 106a-3"and 106b-3 in a horizontal conﬁgm ation which is configured to
clean and/or dry the wafer 108 that is stationary in accordance with one embodiment of the
present invention. In this embodiment, the wafer 108 may be held stationary by any
20  suitable type of wafer holding device such as, for example, an edge grip, fingers with edge
attachments, etc. The proximity head carrier assembly 104" is configured to be movable
from one edge of the wafer 108 across the diameter of the wafer 108 to an edge on the
other side of the wafer 108 after crossing the entire wafer diameter. In this fashion, the
proximity head 106a-3 and/or the proximity head 106b-3 (as shown below in reference to
25  Figure 5D) may move across the wafer following a path along a diameter of the wafer 108
from one edge to an opposite edge. It should be appreciated that the proximity heads
106a-3 and/or 106b-3 may be move from any suitable manner that would enable moving
from one edge of the wafer 108 to ancther diametrically opposite edge. In one
embodiment, the proximity head 106a-3 and/or the proximity head 106b-3 may move in
30 directions 121 (e.g., top o bottom or bottom to top of Figure 5C). Therefore, the wafer

108 may stay stationary without any rotation or movement and the proximity heads 106a-3



proximty heads i06a-3 and 106b-3 in a horizontal configuration which is
configured to clean and/or dry the wafer 108 that is stationary in
accordance with one enbodi mrent of the present invention. In this

enbodi ment, the wafer 108 may be held stationary by any 20 suitable type of
waf er hol di g teviee2such as, for exanple, an edge grippCriungesssiwet h edge
attachnents, etc. The proximty head carrier assenbly 104"' is configured
to be novable fromone edge of the wafer 108 across the dianeter of the
wafer 108 to an edge on the other side of the wafer 108 after crossing the
entire wafer dianmeter. In this fashion, the proximty head 106a-3 and/ or

t he proxi @hd/yrnheawxmi@dmadw@-%m@momeiwlpwmmﬁ%%&ewf%nq;i gure 5D) may
nmove across..the wafer b | | i . er 108
from one. ageitfo ot PR R AhODE- BRI e oF 1R e e

proxi mtylhgads 106a-3 and/or 106b-3 nmay be nove from any suitable manner
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106a- 3 WO 2004/ 030052 PCT/ 1JS2003/ 031136, 25 and/or the proxinjty head
106b- 3 mapraEEenvcAte dp Beeengodiment.ile priHl hred Kioagdein 2 kyizewgh one pass
over the : - Falalpt 0fhetde waf er
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conf i gur atj.en oL ehyl 8 SOREL AU Edat on ol eaR AN OFo B REs RIS (408 that
is stationary Irn accordance w th one erbodi ment the” present invention.
I n this enbads iretht dirédaien P2 ioasi didctiysed padicldbatoFigse 5A. a hori zontal position
with the wafer 108 also in a horizontal position. By use of the proximty
head 106a-3 aRgutctE powxa sité yiekedd whitbicdnihhatd Gpagsysaim [@XSwith the di anet er

of the wafer 108, the 1 f 08 may be cJ eaned and/or dried,in one pass
by nnvingpﬁﬁﬁﬁﬁ%?%Qsﬁgﬁg§$€6§é?%” %Hﬂgigg%ﬁémﬁﬁm%ﬂ@B%F$%EPWHﬂ$f%gnhs
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106b- 35 I ningewiegr ile Biis a@herlingun d1q waxienabral 1062-2 pebH CBrpre i dYglicd he waf er
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from left to right, or from right to left, beginning from a first edge of the wafer 108 o &

second edge of the wafer 108 that is diametrically opposite to the first edge. Therefore, in
such as embodiment, the proximity head carrier assembly 104" may move the proximity
20  heads 104a-3 and 104b-3 in close proximity with the wafer 108 and also enable the
movement of the proximity heads 104a-3 and 104b-3 across the wafer from one edge to
another so the wafer 108 may be processed in one pass thereby decreasing the time to

clean and/or dry the wafer 108.

Figure 5F shows an alternate side view of a wafer cleaning and drying system
25 100" that is shifted 90 degrees from the side view shown in Figure 5E in accordance with
one embodiment of the present invention. It should be appreciated that the proximity head
carrier assembly 104" may bé oriented in any suitable manner such as for example, having
the proximity head carrier assembly 104" rotated 180 degrees as corpared with what is

shown in Figure 5F.



15 invention. In this enbodiment, the proximty heads 106a-3 and 106b-3 are
in a vertical configuration, and the proximty heads 106a-3 and 106b-3 are
configured to nove either fromleft to right, or fromright to left,
beginning froma first edge of the wafer 108 to a second edge of the wafer
108 that isVhaaEdeeal ly opposite to the first edge. TReET@FBW&E3IMN such
as enbodi nent, the proximty head carrier assenbly 104"' may nove the
proximty 20 heads 104a-3 and 104b-3 ifg.close proximty with the wafer 108
and al so enabl e the novenent of the proximty heads 104a-3 and 104b-3

across the mafﬁg gg}fne edge to another so the wafer 108 may be
processed i n oré8P %‘@?Befl??vtfé’c‘?féd@fﬁg?ﬁah’@glﬁﬁmSyaﬁfmeé% amdthar dry the

waf er 108. prbkigni gﬁhe&ﬁ RS 2 &Pri Bff Félﬁ%@lggblg%h%h e ?Js oy %‘%& Sirdlu LAl ng and

drying system 25 100"" that is shi rees € Vi ew shown
in Fi gur e S#e H3de ecspeanceavithi aite meném@urmfdhcmeenuhv&dnen prrecment i nventi on.
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i nvent i on. ST ROME oL disiiidse HaR es welhes qwredge ph 1b9Wh@abDSls©6be wrostiprivsd acr oss

| ess t han 1864-2dhiisvef an@ psibStEALR oth mbodi ment
the proximty headvloaélap4 may ext teeﬁg&ﬁ%&gh I%ﬁo e gﬂ ?at%1 bei ng

pr oced8ed fhif ﬁn'aoq@rﬂ@ftethamogu@mwad m«; mejnige qntmedl mﬂota;cldﬂﬂﬁn@/drﬁﬂ@pwﬁmﬁxt ends

over ara el rox m t rocess, both the
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and the eggg 1 th e t fer ;] @?th s enbaodi nent, the proximty head 106a-4
may be noved FRto- g % EARTHJP DT WetepersrassisanopsRfion of afep walkcamfVlarent of t he

upper ar mﬁ&ﬂa@aﬂcaﬁaaﬁehﬁaoma&amémd}ﬁ%ﬁxbgy&ﬁénﬂﬁﬁ?%x@ﬁn#ﬂeaﬁ iggesition that is
in cl?% r ox )?WEI to_the wafer 108 he proxim ead 106a-4 is in
ro

cl ose dh‘ill?@“\?\ﬁf‘é‘ﬁ wifss, the i’féfemmebe @@@@féstsi/mgimfier ate on of a top
surface oforditlag wafer 108 can take place. Because, in one enbodi nent, the
proxi mty head 106a-4

Figure SH shows a side view of a wafer cleaning and drying system 160-5 with the
proximity heads 106a-4 and 106b-4 in a horizontal configuration which extends across a
radius of the wafer 108 in accordance with one embodiment of the present invention. In
20 this embodiment, the proximity head 106a-4 and the proximity head 106b-4 both are
elongated to be able to extend over and beyond the radius of the wafer 108. As discussed
in reference to Figure 5G, depending on the embodiment desired, the proximity head
106a-4 may extend less than a radius, exactly a radius, or greater than a radius of the wafer
108. In one embodiment, while the wafer 108 is being rotated, the proximity heads 106a-4
25 and 106b-4 arc brought to close proximity of the wafer surfaces 108a and 108b by the top
arnl 104a and a bottom arm 106b-4 respectively. Because in one embodiment, the
proximity heads 106a-4and 106b-4 extend across greater than the radius of the wafer 108,
only a full rotation may be needed to clean/dry the wafer 108.
Figure 6A shows a proximity head inlet/outlet orientation 117 that may be utilized
30 to clean and dry the wafer 108 in accordance with one embodiment of the present

invention. In one embodiment, the orientation 117 is a portion of a proximity head 106



15 extends over the radius of the wafer, the wafer may be cl eaned and/ or
dried in one rotation. Figure 5H shows a side view of a wafer cleaning and
drying system 100-5 with the proximty heads 106a-4 and 106b-4 in a

hori zontal configuration which extends across a radius of the wafer 108 in
accordance W@ ppogmge@nbodi nent of the present inventi onPCFASZO34NLX

enbodi nent, the proximty head 106a-4 and the proximty head 106b-4 both
are elongated to be able to extend oyer and beyond the radius of the wafer
108. As discussed in reference to Figure 5G depending on the enbodi nent
desired, the proximty head 106a-4 may extend |less than a radius, exactly
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clean/dry the wafer 8. Figure 6A sho imt ut | et
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accor dancepieti o 888 fakeihBRAt: 008 hecRdRseRth ohdsahidiaent of thepresent

enbodi ment, the orientation 117 is a portion of a proxi mt%l Sggézl% WO
2004/ 03008 HETY UspEoidimee the orientafipre | &9 ip e REFioB &f p BEXTRIEERCE and 306
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orientation e orientation may include a source inlet 306
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waf er 1080i1t[bta€&cmrddammmmmlhtMe enbodl ment of the present invention. In
one enbodi nent, the orientation 119 is a portion of a proximty head 106
wher e ot her sopigae 6Ehews a BheamdxidE bial iakdbtticonri¢rtatiphtel tsbwegee out | et s

304 maybe  utilized in additi 0. the rlent tion 119 shown. The
ori ent at i BHZE4 & HeAp H@%Tgéwé%iéé S dFes a@ﬁ? e 0%%“‘6‘??91861{%8% PR dge 109
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ori eniat i where 2fbher chﬁﬁlyls &2 and 306 in addition to other source outlets 304 may be

utilized in addition to the orientation 119 shown. The orientation 119 may include a

source inlet 306 on a leading edge 109 with a source inlet 302 in between the source outlet

304 and the source outlet 306,

Figure 6D illustrates a preferable embodiment of a wafer drying process that may
20 be conducted by a proximity head 106 in accordance with one embodiment of the present
invention. Although Figure 6 shows a top surface 108a being dried, it should be
appreciated that the wafer drying process may be accomplished in substantially the same
way for the bottom surface 108b of the wafer 108. In one embodiment, a source inlet 302
may be utilized to apply isopropyl alcohol (IPA) vapor toward a top surface 108a of the
25  wafer 108, and a source inlet 306 may be utilized to apply deionized water (DIW) toward
the top surface 108a of the wafer 108. In addition, a source outlet 304 may be utilized to
apply vacuum to a region in close proximity to the wafer surface to remove fluid or vapor
that may Jocated on or near the top surface 108a, It should be appreciated that any suitable
combination of source inlets and source outlets may be utilized as long as at least one

30 combination exists where at least one of the source inlet 302 is adjacent to at least one of



utilized to clean and dry the wafer 108 in accordance wi th one enbodi nent
of the present invention. In one enbodinent, the orientation 121 is a
portion of a proximty head 106 15 where other source inlets 302 and 306 in
addition to other source outlets 304 may be utilized in addition to the
ori entati onWPIBoEHROM. The orientation 119 may include BCTABEE1I3M et 306
on a | eading edge 109 with a source inlet 302 in between the source outl et
304 and the source outlet 306. Figure, 8D illustrates a preferable

enbodi ment of a wafer drying process that may 20 be conducted by a
proximty head 106 in accordance with one enmbodi nent of the presgent
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purified in other ways, cleaning fluids, etc. In one enbodi ment, an |IPA

i nfl ow 318e"@fHswfEcded t hrough the source inlet 302, a vacuum 312 nay be

applied through the source outlet 304 and DEW | nflow 3%@ % ?(? provi ded
t hrough the sobiegoieningne spgodimppetsdheoPEY mfevedlfvadtant Aoty d

| PA-vag uu%&?kﬂo%ak@ﬁ'%fe& e, a91§ fGklRe @Q&Vsﬁiﬂa& is 1ﬂt§{r§>ftﬂﬂﬁﬁl th@DRvgure 2 is

utilized nsequently, 1f afluid filmresides on the wafer 108, a 10
first fl uuﬂlowr’:’éésm&umWLebbc BpPlinfee 316 thaies apmfied ozigrd @é@/aﬁﬁyswrﬁ’éel PA i nfl ow

%]ésv i ?{f lsg\?‘t}og%&czfs lth%gﬂAp[Lﬁ 35(? 'ﬁ%ﬁf’g%ox%ﬁ%lnﬁglféc% 1&@%31%’381111%%1%9 L{ace by the
IPA/DIW interface 118) with the DIW inflow 314 and along with the vacuum 312 assists
in the removal of the DIW inflow 314 along with any other fluid from the surface of the

20  wafer 108. In one embodiment, the TPA/DIW interface 118 reduces the surface of tension
of the DIW. In operation, the DIW is applied toward the wafer surface and almost
immediately removed along with fluid on the wafer surface by the vacuum applied by the
source outlet 304. The DIW that is applied toward the wafer surface and for a moment
resides in the region between a proximity head and the wafer surface along with any fluid

25 onthe wafer surface forms a meniscus 116 where the borders of the meniscus 116 arc the
IPA/DIW interfaces 118. Therefore, the meniscus 116 is a constant flow of fluid being
applied toward the surface and being removed at substantially the same time with any fluid
on the wafer surface. The nearly immediate removal of the DIW from the wafer surface
prevents the formation of fluid droplets on the region of the wafer surface being dried

30  thereby reducing the possibility of contamination drying on the wafer 108. The pressure



pressure may be applied by the vacuum 312 to renove the DIW | PA and the
fluid filmon the wafer surface. Therefore, in one enbodinent, as the DIW
inflow 314 and the IPA inflow 310 is 15 applied toward a wafer surface,
any fluid on the wafer surface is intermxed with the DIW inflow 314. At
this time, WHE2DVAMSAT]I ow 314 that is applied toward t h@CREPHPIBYUBPace
encounters the IPA inflow 310. The IPA fornms an interface 118 (al so known
as an |IPA/DWinterface 118) with thesD Winflow 314 and along with the
vacuum 312 assists in the renoval of the DIWinflow 314 along with any
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desired. In another embodiment, the Hquid flow rates and the vacuum flow rates are such
that the total liquid flow into the vacuum outlet is continuous, so no gas flows into the
vacuuni outlet,

20 It should be appreciaied any suitable flow rate may be utilized for the IPA, DIW,
and vacuuim as long as the meniscus 116 can be maintained. In one embodiment, the flow
rate of the DIW through a set of the source inlets 306 is between about 25 ml per minute to
about 3,000 ml per minute. In a preferable embodiment, the flow rate of the DIW through
the set of the source inlets 306 is about 400 ml per minute. It should be understood that

25 the flow rate of fluids may vary depending on the size of the proximity head. In one
embodiment a larger head may have a greater rate of fluid flow than smaller proxiniity
heads. This may occur because larger proximity heads, in one embodiment, have more

source inlets 302 and 306 and source outlets 304 More flow for larger head.

In one embodiment, the flow rate of the IPA vapor through a set of the source
30  inlets 302 is between about 1 standard cubic feet per minute (SCFM) to about 100 SCFM.
in a preferable embodiment, the IPA flow rate is between about 10 and 40 SCFM.



being pulled up through a straw when a vacuumis exerted on conbi nati on of
fluid and gas. Consequently, as the proximty head 106 noves, the neniscus
noves along with the proximty head, and the region previously occupi ed by
t he meni scus has been dried due to the novenent of the IPA/DIWinterface
118. It shoswaizoal/socspe understood that the any 15 suit aBC&UALMBEN136f sour ce
inlets 302, source outlets 304 and source inlets 306 may be utilized
dependi ng on the configuration of thesapparatus and the neniscus size and
shape desired. In another enbodinent, the liquid flow rates and the vacuum
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wi th one enbodinment of the present .invention. In thi %Benbodl ment, the

prooxi mi t ya¢iitenal menhpgsangdypes of source inlets and source outlets may be used in
conjunction with the orientation of the source inlets 302 and 306 and the source outlets

304 shown in Figure GE. In addition, in this embodiment as well as other proximity head
embodiments, by controlling the amount of flow of fluids onto the wafer surface 108a and

20 by controlling the vacuum applied, the meniscus may be managed and controlled in any
suitable manner. For example, in one embodiment, by increasing the DIW flow 314
and/or decreasing the vacuum 312, the outflow through the source outlet 304 may be
nearly all DIW and the fluids being removed from the wafer surface 108a. In another
embodiment, by decreasing the DIW flow 314 and/or increasing the vacuum 312, the

25  outflow through the source outlet 304 may be substantially a combination of DIW and air

as well as fluids being removed from the wafer surface 108a.

Figure 6F shows another source inlet and outlet orientation where an additional
source outlet 307 may be utilized to input an additional fluid in accordance with one
embodiment of the present invention. The orientation of inlets and outlets as shown in

30  Figure 6F is the orientation described in further detail in reference to Figure 6D except the

additional source outlet 307 is included adjacent to the source inlet 306 on a side opposite



noved over the top surface 108a of the wafer 108 so the neniscus may be
noved al ong 10 the wafer surface 108a. The neniscus applies fluid to the
waf er surface and renoves fluid fromthe wafer surface thereby cleaning
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to i npat  asadaidivhdyana befutiiked 1 ProBEagE gaa% Wit 8c OBE boRIRQEIMENbsiPlr t he

present i ventlon The orientation of 1nlets’and’ outlets as shown in 30
Fi gure 6E! e 3ferel Oy |18ﬁt1%?q1]&41%dh¢ Welgr it(h% rﬁmtatn‘@rSOd@t}amhmtmrhmif ®Wence to

Figure ODuexseRlovkdf o A AAAOBON FRAUILSLAR T ks, lcluded.adl acent to

the source inl et on a SI site 280%7 031136
-31 that ®® Svtfeoesl&@fi cBy appl i th@ﬁlh 31 nthsangh tisrsoerd adét 3eAtthe RIcWdmBY?2 be

i nputted r nhet 3 lnjg} ifferent solution such as,

f or exarrpw&&ﬂ%gtl%gﬁ?tﬁg%sﬁoﬁnﬁ Bt %QWX{’? 3 r&ﬂgbtt{q? G Pl Wolliece i nl et
307. Therekusas 1&6et; éamnssmg iis@fduiico o Filonw 6345 tléndifed Ut i | 1 zed to enhance

cl eaning of t 7 108 while substantlally the sane tinme drying-5 the
top surface 1 5”& %W%@BF’“”I‘U% a porldaay of apRoximity Seada08 dn aecpidesdem ty head
106 per f owith 8ge @nbidihag oPBe hkd@thvkkion. In the top view of one embodiment, from

left to vight are a set of the source inlet 302, a set of the source outlet 304, a set of the
source inlet 306, a set of the source outlet 304, and a set of the source inlet 302,

20 Therefore, as IPA and DIW are inputied into the region between the proximity head 106
and the wafer 108, the vacuum removes the IPA and the DIW along with any flnid filim
that may reside on the wafer 108. The source inlets 302, the source inlets 306, and the
soutce outlets 304 described herein may also be any suitable type of geometry such as for
example, circular opening, square opening, etc. In one embodiment, the source inlets 302

25 and 306 and the source outlets 304 have circular openings.

Figure 7C itlustrates a proximity head 106 with angled source inlets 302"
performing a drying operation in accordance with one embodiment of the present
invention. It should be appreciated that the source inlets 302" and 306 and the source
outlet(s) 304 described herein may be angled in any suitable way to optimize the wafer

30  cleaning and/or drying process. In one embodiment, the angled source inlets 302" that



accordance wth one enbodi nent of the present invention. The proximty head
106, in one enbodi nent, noves while in close proximty to the top surface
108a of the wafer 108 to conduct a cleaning and/or drying operation. It
shoul d be appreciated that the proximty 10 head 106 nmay al so be utilized
to process (e yoynmbean, dry, etc.) the bottom surface POBsmb3oxihe waf er
108. In one enbodinent, the wafer 108 is rotating so the proximty head 106
may be noved in a |linear fashion along.the head notion. while fluid is
removed fromthe top surface 108a. By applying the I PA 310 through the
source inlet 302, the vacuum 312 through source outlet 304, and the

dei oni zed inpat BYA wangr pufp degraferies oueled tawarétheowce inks 3065uehghitdbtis 116 as

di scussed gk r@&gﬂggh&&ﬁﬁggﬁﬁﬁnﬁggﬁy%%gsQ%nerated. Figure 7B shows a top

vi ew of a portion of a proxi I'n accordance wth one

enbodi nent of Fleergitlimeitatésapeodingn headr 06 vathtappled kewncedfle362'etbodi nent
from left tfﬁri ht Are.gy S of th .sgurp%;inlet 302 atsg%;of t he source
out | et 30485 soufcesptlpty 304 RErRmE A {TEPE Sofation 1 AFCORPe AT S, ce outl et 304,
and a set efbodiRRnSEUECReden iBtenBO2 . It 2uld Wy phatRieddst tHieAowbeinlkd/HGar e

inputted into the region between the proximty head 106 nd the wafer 108,
the vacuufit &¥prddhe Higledpaiggeptiehd WW%H”@%EWWW%(W gl Y m that may

reside ongtin®Wefab oé%izeﬁmvﬁe}laegﬁngaﬁ@&lsckﬁiggfardc&@. source inlets 306, and

the source outléts 304 described herein may al so be any suitable type of

geonmetry such asoe@mboeixanp iR anged Slik@IinleRS0R Mkt npULIPHevppedititithe etc. In
one enbodi nent, the source inlets 302 25 and 306 and the source outlets 304
have ci r ctelr 18hsrnags at anjagele 8sytowarq Gig souecisicss 9P sxsbiiyhhE4d" 2P0 wi t h
angl edo SOuLE s bilcRilo 3fain IRGAAREM NG, A1LyLAOARRLANL 04 iy AR cAEdance wi L h
one enbodi nent of the present 1nvention. It should be appréciated that the
sour ce i nkebsdiBBZ, bang)8G6ammgletthe tswardcie neutstwt i(1§) IE30uidliescri bed herein

may be angl ed i n, any, suitable to timze the.wafer .3 | eani ng and/ or
i ne o Sty RS sl G i At ek Pamay 26 cbbi R frweletugl [har wo
2004/ 030052iRET SRR 34LAR drdontrdd Df kKNI oA MR PR Bnddfitdbdlhent Wad &igldl 08 s

angled toward the source inlets 306 such that the |PA vapor flowis
di rect ed Pooisarrati than Releaees avd lpss the 90 Begyeaseaimhe glestsmat @sater thpoki mity

need 185 MAD,S0PlE R EaLD! o 2uiRbuelhoPRBhat, SQULGE Bpte S0
present i ayeds] 9d.in hiotisdd @rifdlalecraiyiaei ahe thdlhalglddhe as nigloBqH inblgius 302
15 degrees. The angle 8sp and the angle Bsqz adjusted in any suitable manner to optimize
meniscus management. In one embodiment, the angie 854 and the angle 0592 may be the
same, and in another embodiment, the angle @spp and the angle 002 may be different. By
20  angling the angled source inlet(s) 302' and/or angling the angled sonrce outlet(s) 304", the
border of the meniscus may be more clearly defined and therefore control the drying
and/or cleaning the surface being processed.
Figure 8A illustrates a side view of the proximity heads 106a and 106b foruse in a
dual wafer surface cleaning and drying system in accordance with one embodiment of the
25  present invention. In this embodiment, by usage of source inlets 302 and 306 to input IPA
and DIW respectively along with the source outlet 304 to provide a vacuum, the meniscus
116 may be generated. In addition, on the side of the source inlet 306 opposite that of the
source inlet 302, there may be a source outlet 304 to remove DIW and to keep the
meniscus 116 intact. As discussed above, in one embodiment, the source inlets 302 and
30 306 may be utilized for IPA inflow 310 and DIW inflow 314 respeciively while the source
outlet 304 may be utilized to apply vacuum 312. Tt should be appreciated that any suitable



and 306 and the angled source outlet(s) 304" described herein may be angl ed
in any suitable way to optim ze the wafer cleaning and/or drying process.

I n one enbodi nent, the angled source inlets 302" that input |PA vapor onto
the wafer 108 is angled at an angle 0500 toward the source inlets 306 such
that the | Pivoaporersi0 flow is directed to contain the reniusmusosiB6. The
angl ed source outlet 304" may, in one enbodinent, be angled at an angle
0500 towards the neniscus 116. It shoyld be appreC|ated that the angl e 0500
and the angl e 0502 may be any suitabl & angle that would optimnmze the
managenent and control of the neniscus 116. In one enbodi nent, the angle
0500 is grceldiwratiphaﬁso@m&égmééz andct eskistIvdnnd®DHudednieesps andbe he angl e 0502

is greater 5 degrees an r.ees ref erabl e
enbodi ment" hf{] g EPos pf°§‘”3%6}ﬂﬁaﬁsi}3&£ %?@6@ %éﬁﬂe pﬁorg"}%{aﬁgq Ogr ef erabl e
enbodi men tsourédlﬁle&r@li eoﬂﬁlgdtﬁﬂtsaike afe c@ﬂ@t@at%@é’schﬁecﬁéﬂ%% in rdRrl€ees. The
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be nmore clear L y,d6li1ne%aR gji‘%?rrﬁ%fnpﬁx i\&?%@%.ml the drying and/or cleaning

t he surface belng processe ure ustrates a side view of the
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confi guraéa%lggdlcilgdscri bed above in reference to

Figures 9 through 15 illustrate exemplary embodiments of the proximity head 106.

As shown by the exemplary figures that follow, the proximity head may be any svitable

20 configuration or size that may enable the fluid removal process as described in Figures 6
to 8. Therciore, any, some, or all of the proximity heads described herein may be utilized
in any suitable wafer cleaning and drying system such as, for example, the system 100 or a
variant thereof as described in reference to Figures 2A to 2D. In addition, the proximity
head may also have any suitable numbers or shapes of source outlets 304 and source inlets

25 302 and 306. It should be appreciated that the side of the proximity heads shown from a
top view is the side that comes into close proximity with the wafer to conduct wafer
processing. All of the proximity heads described in Figures 9 through 15 enable usage of
the IPA~vacuum-DIW orientation or a variant thereof as described above in reference to
Figures 2 and 6. In addition, the proximity heads described herein may be utilized for

30 either cleaning or drying operations depending on the fluid that is inputted and outputted

from the source inlets 302 and 306, and the source outlets 304, In addition, the proximity



Figure 7A and 7B. In addition, in yet nore enbodi nents, the proximty heads
106a and 5 106b may be of a configuration as shown belowin reference to
Figures 9 through 15. Any suitable surface corning into contact with the
meni scus 116 nay be dried by the novenent of the neniscus 116 into and
away from t e surface. Figure 8B shows the proximty headwyuiDessard 106b in
a dual wafer surface cleaning and drying systemin accordance wth one
enbodi ment of the present invention. _10 In this enbodinment, the proximty
head 106a processes the top surface 108a of the wafer 108, and the
proximty head 106h processes the bottom surface of 108b of the wafer 108.
By the inpt fh’l drgeriped gﬁ@nlﬂlﬁﬂ 1&‘H@1HWHJ@1®1WIM}PS@mmgkﬁl@bwtieirﬂres sntBﬂ@ and 306

respecti veiwity toadﬂégtrgﬁhéﬁ% 9@ EB\Q(?at}é@&{flﬂmdfahgﬂ} *Ef:ﬂ)%l fl Uz %gsl gh 304, the

meni scus 116 may b orne et ween the proxi mt ¥ the wafer
108 and betuielsand ﬁéeisp rtostionidtbg ahpadaitd6ibt dbryamelyt ckfesowaé ﬁ;ﬂets’LQﬁ sodlde proximty

heads 1063, O@ggﬁgnq%g g%elgsien% %rgmf%o %eﬁﬁmem scus 116, nmay be noved over the

wet areas Hhrer so the entire wafer 108 can be

dried i gures rate ex enbo nts of the

pr oxi msfy head It%B@HE %A{gpp iR @?tst[l?l%? Iaﬁrt I¥‘f Sime tge%?two%?l%w t he
proxi mity dnéadilarayayies vaniyd sdlioh@d Be meMis&e pfddgwdqé 5t@hle Oln o%ie%%b%&lﬁfemn'ay

enabl e th%hfIU| removal process_as_described in Figures 6 to 8. Therefore,

any, sone, ot fregpenipgs tBrSB‘%F?ﬁn%%?S Heatpsrcgoytets B apbyaares inaly 3B@alat ilized

in any suiteakbeatodf ®02 GlcRand Hdupnds gl'&ﬂ!ﬂgalﬁé’t nple, the
system 100, or a _vari ant there(L)lf as descri be aﬁdf%glrag%c%{btggl gures 2A to

2D. In addia 5! heppenngsalihg spurch ddels MI%@OM@@@H&ﬁW%lSt@d&HQ 0Aunbers or
shapeggof 1&9%‘&%(9&%'0‘?%1%6 %fﬁ gﬂ%ﬁ@%&% 1%1&' Eb(sl %Bq ‘?{%6611?&5306 I't shoul d be

apprematedthat the si ma top viewis

the side that ﬁ%@%m’b@cﬁlﬁwﬁﬂ tﬁé?oupé’eqme@]ﬂ)l ot 448 i ac?(hﬁa Lﬁ%&]&% %og? O%fqﬁ%t waf er

pr ocessi ng Al l the proximt describe dugh 15
enabl e us @‘éale‘ﬁpdwd@ouPAmamlmdlﬁbwOrSnmhts@bﬂt.om OfreRrabBy dusdblidkdagrigof as

descri bed feren . Figures 2 and 6. | n additionp, the
proximty ﬁﬁ’é’e seéggérgllebsg%ceﬁg)rlé}?ﬁ“cﬁégal{)gorﬁte?? ohey a’f’“?)ﬁ“"ﬁ@“ré? pYtsts PV eani ng or
dryi ng opereapiced8.08 &pRAPAOghANe bduecelihlbs G0t hatspicsd hm%'bm%éﬁ% aput putted
fromthe source inlets 302 and 306, and the source outlets 304. In

addi tisn, the pgox 9m shywWD02004) O8O0R6RAMAG hed I REO0RD3 ciorkadBapeig4 heads

descrlbed her ei n have nultiple inlet lines and multiple outlet Iines
with the accordance wit one embodiment of the present invention. In this embodiment, the
proximity head 106-1 includes three of the source inlets 302 which, in one embodiment,
applies IPA to a surface of the wafer 108. The proximity head 106-1 also inciudes three
of the source outlets 304 in a center portion of the head 106-1. In one embodiment, one of
20 the source inlets 306 is located adjacent to the source inlets 302 and the source outlets 304,
In this embodiment, another one the source inlets 306 is located on the other side of the

source outlets 304.

In this embodiment, the proximity head 106-1 shows that the three source outlets
304 are located in the center portion and is focated within an indentation in the top surface
25  ofthe proximity head 106-1. In addition, the source inlets 302 are located on a different
level than the source inlets 306. The side of the proximity head 106-1 is the side that

comes into close proximity with the wafer 108 for cleaning and/or drying operations,

Figure 9B shows a side view of the proximity head 106-1 with a circular shape in
accordance with one embodiment of the present invention. The proximity head 106-1 has

30  inputs at a bottom portion 343 which lead to the source inlets 302 and 306 and the source



ability to control the relative flow rates of liquid and/or vapor and/or
gas through the outlets and inlets. It should be appreciated that every
group of source inlets and source outlets can have independent control of
the flows. 5 It should be appreciated that the size as well as the

| ocati ons oWwatheusosece inlets and outlets nmay be vari edr&sohungisas the
meni scus produced is stable. In one enbodinent, the size of the openings
to source inlets 302, source outlets 304, and source inlets 306 are

bet ween about 0.02 inch and about 0.25 inch in dianeter. Ina preferable
enbodi ment, the size of the openings of the source inlets 302 and the
sour ce ouDh@ﬂ&ﬁﬂﬁmdmgwaﬁouﬁHGWOQﬁmlmIﬁﬁwwmtaﬁ&%qﬁpsﬁﬁﬁwéﬁm?ﬁgm@b%nlngs of
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spacedsabgyqumggyhﬁ@h apart. 15 Figure 9A shows a top view of a proximty
head 106-1 with a circular shape in accordance with one enbodi nent of the
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herein may be applicable to any of the proximity heads described herein. In one
embodiment, the port size of the ports 342a, 342b, and 342¢ may be between about 0.03
inch and about 0.25 inch in diameter. In a preferable embodiment, the port size is about
20 0.06 inch to 0.18 inch in diameter. In one embodiment, the distance between the ports is
between about 0.125 inch and about 1 inch apart. In a preferable embodiment, the
distance between the ports is between about 0.25 inch and about 0.37 inch apat.

Figure 10A shows a proximity head 106-2 with an elongated ellipse shape in
accordance with one embodiment of the present invention. The proximity head 106-2
25  includes the source inlets 302, source outlets 304, and source inlets 306. In this
embodiment, the source inlets 302 are capable of applying IPA toward a wafer surface
region, the source inlets 306 are capable of applying DIW toward the wafer surface region,
and the source outlets 304 are capable of applying vacuum to a region in close proximity
of a surface of the wafer 108. By the application of the vacuum, the IPA, DIW, and any

30  other type of fluids that may reside on a wafer surface may be removed.



outlets 304 as discussed in further detail in reference to Figure 9C. In
one enbodinent, a top portion 341 of the proximty head 106-1 is smaller
in circunference than the bottom portion 343. As indicated previously, it
shoul d be appreciated that the proximty head 106-1 as well as the other
proxi mty hsadmodeseri bed herein may have any suitabl e shapsxoBosarsd/ or
configuration. Figure 9Cillustrates a bottomview of the proximty head
106-1 with a circular shape in accordance with one enbodi ment of the
present invention. The proximty head 106-1 al so includes ports 342a,
342b, and 342c that, in one enbodi nent, correspond to the source inlet
302, source out Ihéﬂ’méemt}’}é?ﬁ@il%%ﬂb@mcmde&}J@B@%@éé@cmd@@}’Ehﬁymlonmutt| ng or
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ets 302
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embodi nent, the port size of the ports 342a, 342 c may be between
about 0. 0Fom FYKUENE eiseinle opsourerctutlinderbraliret carthe ¢qmﬁgu1phei desabd. e
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bet ween t bet ween, about 25 inch _and about .inch apart.

Fi gure | geﬁl égf%g?%%ﬁﬁ???éﬂgéﬁmﬁr ehdipg op thepopil %ﬁﬁ&?éﬁg diM§I8198S shape i n
accordancefmhphmbm@d&ﬁbomiment of the present invention. The proximty head
106-2 25 includes the source inlets 302, source outlets 304, and source

inlets 306. |nﬁgﬁm&OB@m@harteplmcv«tdmw&@ﬁﬁﬁtylhezldezto% -BRAn & Slos BRSO
applying ILPAtoward a wafer surface region, the source inlets 306 are

capabl e oF*2RpI ATFHEAER Witk Shmerabadiaciief de pasert dventieyiloRisuwal®, thee sour ce
outl ets 3Pdten! & thARaRE Suls ?@pilﬁ'ﬂﬂgso\ﬁﬁzﬁ ‘I{Hﬁk 5& ﬁldrS%g?sqgﬁfcg'teg ’?l?e?efg{eom mty

of a surface of the wafer 108. catiron o e vacuum the | PA,
DIW and #@fye e@bf’@mﬁ@rﬂlﬁywlw}' h&qamla@zmmmem spwrsd piEtoiD2domedder sur f ace

may be resmyedsr MRAR04L8309R BT AR32 0030321 386idc of the source inlets 306.

Therefore, the source inlets 302 substantially surround the source outlets 304 which in turmn
substantially surround the source inlets 306 to enable the IPA-vacuum-DIW orientation,

20 In one embodiment, the source inlets 306 are located down the middle of the long axis of
the of the proximity head 106-2. In such an embodiment, the source inlets 302 and 306
put IPA and DIW respectively to a region of the wafer 108 that is being dried and/or
cleaned. The source outlets 304 in this embodiment exert vacuum in cloge proximity of
the region of the wafer 108 being dried thereby outputting the IPA and the DIW from the

25 source inlels 302 and 306 as well as other fluids from the region of the wafer 108 that is
being dried. Therefore, in one embodiment, a drying/cleaning action as discussed in

reference to Figure 6 may occur to clean/dry the wafer 108 in an extremely effective

manner.

Figure 10C shows a side view of the proximity head 106-2 with an elongated
30  ellipse shape in accordance with one embodiment of the present invention, It should be

appreciated that the proximity head 106-2 is exemplary in nature and may be any suitable



-36 The proximty head 106-2 al so includes ports 342a, 342b, and 342c that,
in one enbodinment, correspond to the source inlet 302, source outlet 304,
and source inlet 306 respectively. By inputting or renoving fluid through
the ports 342a, 342b, and 342c, fluids may be inputted or outputted

t hrough t he vaoiweesodaal et 302, the source outl et 304, anacCHushmsgowece inl et
306. Although the ports 342a, 342b, and 342c correspond with the source
inlet 302, the source outlet 304, andiihe source inlet 306 in this

exenpl ary enbodinent, it should be appreciated that the ports 342a, 342b,
and 342c may supply or renove fluid fromany suitable source inlet or
source outiremsignpe tuieagythesoureranke R god 396 Brivdlesitheegurce pRRA G828 t he

conf i Qur at) gl 0k h 05, S8HI6 Eoboh 3302181813067 W L1 s ROHC gt | et s 304,

10 the neni's may be Torne t ween proximty head 106-2 and the
waf er 108desciihed ishape of the nmeniscus 116 may vary dependi ng on the
configuration and dinensions of the proximty head 106-2. Figure 10B shows
a top view of Fiparepriaxdhnivt y tdpedok A06prBxiwiityheahl (8t bwilat exbtaakhlppshere shape in
accordance w th one .enmbodi t of .the present .invention, lL.n Figure | OB, the
15 pat ? er i BFOPRE YL TE eglg‘i?‘iﬂ]é‘?‘%t °§E’J}f’ pégs LIREnERY gﬁlls ﬁling‘t)ésm@&%gnd 306 is

i ndi cat edshoEREHQEE11A ithe RoSnRRest 108/ inclube thb exidaftiie fvead idiOS322 i ncl udes
the source inlets 302 located outside of the source outleti{)304 whi ch are

in turn | 8the O ihesianee gre spwee QBlgisA04iin p svsbeler the sppse EEs 892 2R sour ce

i nlets 302¢shbstiRntianh byiowd Bihd ohilles FRULGE QWL drelcSodlé oWiiehod n turn
substantially surround the source inlets 306 to enable the | PA-vacuum DI W

ori ent at i brlow2ioe gonrasrielcis Ao dinwen embediweniolfcandiNemsy Bowpulied P Hicat ed down
the m.ddl e of t 0 .1 5-0f. 1 . -2. In such an
errbodil§In=:n%e,g?(i”hoefjﬁgeo%%')fglelOl%)rﬁmzfsgg'ﬁg‘(gzpJP %ﬁﬁﬁg%%%?%%ﬁdﬁ%[ﬁ%ﬂ%%ﬁ%%r espectively
to a regi enpafivélpe TvafoamrcebOBets Bt misbdgilingd trpuddwanddhids frovl thasedkce The

source out|ets 304 _in thi odj J xer.t..vacuymin. ¢l g roximty of

The. regh oft OF Vi Lok peh 1 5s PRy PEEIEEE G EE 5 U dhiBioREs R ha”t ne
DI Wfrom tikeyv2s 13gurce inlets 302 and 306 as well as other fluids fromthe
region of the wafer 108 that is being dried. Therefore, in one enbodi nent,

a drying/ cl eanfgreaq Bl Bowssidd Gi6W oS ad prékimft@ hexanes with Ffogunguld may occur
to clean/dry the wafer 108 in an extrenmely effective nmanner. Fi g{gr e |OC
shows & sFlf@e i SRPEMAEHENge KPR eHeAderteeDt T HOanT BRFRIFEB0 el | i pse
Ehape I N 26495 HAREE p ML 207821 TR FAIBMici) fin SREnRLERRAL nARRLligA 0! T shoul d
e

input and/or output fluids through the source inlets 302 and 306 as well as the source

outlets 304. Tt should be appreciated that any suitable number of ports 342a, 342b, and

342c may be utilized in any of the proximity heads described herein depending on the

20 configuration and the source inlets and outlets desired.

Figure 11C illustrates a bottom portion of the proximity head 106-3 in a
rectangular shape in accordance with one embodiment of the present invention. The
proximity head 106-3 includes ports 342a, 342b, and 342¢ on a back portion while
connecting holes 340 on the bottom portion may be utilized to attach the proximity head

25 106-3 to the top arm 104a as discussed above in reference to Figures 2A through 2D .

Figure 12A shows a proximity head 106-4 with a partial rectangular and partial
circular shape in accordance with one embodiment of the present invention. In this
embodiment, the proximity head 106-4 includes one row of source inlets 306 that is

adjacent on both sides to rows of source ouilets 304, One of the rows of source outlets



appreciated that the proximty head 106-2 is exenplary in nature and may be
any suitable WO 2004/ 0300. 52 PClI/US2003/031136 -37 dinension as |ong as
the source inlets 302 and 306 as well as the source outlet 304 are
configured in a manner to enable cleaning and/or drying of the wafer 108 in
t he manner vdesosidoed herein. Figure 11A shows a top vi @vToResmmoki mty
head 106-3 wth a rectangul ar shape 5 in accordance wth one enbodi nent of
the present invention. In this enbodingnt, as shown in Figure 11A the
proximty head 106-3 includes two rows of the source inlets 302 at the top
of the figure, the source outlets 304 in a row bel ow the source inlets 302,
a row of YifaliacpHiteve BEE obadum nlbie 36b Rerendistlae taand@dthe amth o theow of t he

source outlel $..304 : A 306. In one enbodi nent, |PA and
DI W may be1 |npet§tte ap(g‘l %}‘%éfo%o?géé%%ﬁouggt ? e wafer 108 that is being dried

t hrough t he SORLR szy £b8 ,}Q%T ﬁl:gg 0%&@3 § ardf@éé'wig'e Eﬁgqr ce outlets 304

maybe utilized t0 pu away waf er 108 such
as the | PAcctangulrhandDialial circatt ishape ﬁcmxﬁﬁtheﬁmﬁhldnb dabodimbitersiergiaes of the

waf er 108. Fi 11B s i de vi.ew oximty head 106-3 with a
rect anéul g}veﬂ%lgﬁgﬁ%c ?Iﬂboglggﬂﬁ’& E]QX’\]I?PWW@%E&&]%%@I‘F‘ éﬁ 2% A& ps ent

i nvent i on 343 50X kidt Eie/sli&%d)y iﬂ&@ar&léuﬂﬁhé%@ﬁfe HAO¥ &i8e é‘ﬂi@squﬁégﬁi ofand 342c
whi ch, in one enbogl be utilized to input and/or output fluids

through t REPX&pi asadil e~ ét d h@B%tSaﬁ‘iaa 388P, aind J@loimayderidizedda inmt ansar) et s 304.
It shoul do@tﬁuﬂﬁﬂﬁs@ﬁioﬁé@%ﬁ%m& ﬁf@l’s 591 @B E.AUFDES rc%f ulQk 5%4 ﬁq%ﬁe 342b, and

342c may be utilized 'n any of the proximty hea escri herein
dependi ngeBhodimentoe pors $47ar H2b.omd 32t dovesmood tatbe scmir@t iglegrid2onie | et s

desired. EiQW &dis %6:4 a1!i Hﬁtsﬁﬁtcgﬁﬂe?‘s Qf?it %.s%ectgle fion of the proximty head

106-3 In a rectangul’a N Accordance “With one enbodi ment of the

present invent ead 106- 2a 342b, and
342c on a bac kﬁlg\%etlze%h%ﬁﬁ%b nlceﬁ)‘ynonﬂglcetlflﬂﬁnwé’ 8%({1@20‘9 gﬁh? ﬁ%&lﬁlorf’ FERYESr t i on
rraydbe ut prd preichl bmcuéaa:rtsha;ife it momamelwnﬂqneheaddlaﬁﬁﬂ&&m;mmnt1hee1me@ agm 104a
as discus ove in reference rou 2D . | ure 12A
shows a ptﬁ’@xﬂ1 v Hed§ PIGETHY ﬁﬁafiljr%g gﬁlll’t‘qeéﬁ CFléftt&‘%’Qﬂloé?ou&ﬁdnlﬁﬁgp? al

circul ar shiswe, 4nd saGeObEBMCI AW idh éﬂ@lﬂeﬁ{m@ o Ph-fbQuRDEGENt i nventi on.

I n thi enbodi nent, the proximty head 106-4 includes one row of source

inl et & 308PHEED s
Figure 13A illustrates a top view of a proximity head 106-5 with a circular shape
similar to the proximity head 106-1 shown in Figure 9A in accordance with one
embodiment of the present invention, In this embediment, the pattern of source inlets and
source outlets is the same as the proximity head 106-1, but as shown in Figure 13B, the
20 proximity head 106-5 includes connecting holes 340 where the proximity head 106-5 can

be connected with an apparatus which can move the proximity head close to the wafer.

Figure 13B shows the proximity head 106-5 from a bottom view in accordance

with one embodiment of the present invention. From the bottom view, the proximity head

106-5 has the connecting holes 340 in various locations on a bottom end. The bottom end
25 may be connected to cither the upper arm 1062 or the bottom arm 106b if the proximity

head 106-5 is utilized in the system 100 as shown above in reference to Figure 2A through

2D. It should be appreciated that the proximity head 106-5 may have any suitable number

or type of connecting holes as long as the proximity head 106-5 may be sccured to any

suitable apparatus that can move the proximity head 106-5 as discussed above in reference
30 to Figures 2A through 2D.



adj acent on both sides to rows of source outlets 304. One of the rows of
source outlets WO 2004/ 030052 PCT/ US2003/031136 -38 304 is adjacent to two
rows of source inlets 302. Perpendicular to and at the ends of the rows
descri bed above are rows of source outlets 304. Figure 12B shows a rear
vi ew of thewoowiesty head 106-4 with a partial rectangair@szanesiparti al
circul ar shape in accordance with one enbodi nent of the present 5
invention. In one enbodinent, the proximty head 106-4 includes ports 342a,
342b, and 342c on a back side as shown by the rear view where the back side
is the square end of the proximty head 106-4. The ports 342a, 342b, and
342c may be utHikirg #3C flistatputhe aredingry headitQful TP stk Hew SLRFROEHES sour ce
inlets 302, and 306 .and t source ouytl e Q4. . -embodi:qEni, the
ports 342‘é(§f€§12f‘2@61?b°3}?86“§2§“§6 8%‘?‘?“38%’8‘#}&1% f)fﬁ? ﬁ%ﬁfé%ﬁ{‘?%@?% il 36%% the 10
sour ce 0Ufsla84iger3RdumBrgicd then srutdeeha moedsinB@bse popiaity with the WAl lP®e 12C
shows a top view of the proximty head 106-4 with. a parti ngul ar
and part i BFhaid beapgyec Wéﬁ@?%&%‘%‘?@aﬁ&%’c?\ﬁtﬁe B]i%mélf?@gﬁiﬁ @n? E‘%]&I e? he present
i nvent4 on,g Ao ShaMddinlting ofiieWrodingy RE@X0aHaY ishieatibi@herdin) mey hidary a
configuration of source inlets 302 and 306, anfdaﬁsofgq%ce q&(]lie.ts 304 which
enabl e t hauitebagiee afd mieba ned densndipoPviiorsnyeh Biiagt Piohe Vel it 13A
illustrates.. 7.V L.ty head 106-5 with a circul ar shape

gé%? %dettog)? 8¥dc§§’¥e&) it aﬁggfv%?é Lk

simlar to ximty he 06-1 shown in Figure 9A in accordance with
one__embodi ment. gl 1 AR RIEEEBLiniDEN 108D whdie bl hadibpdicaBituhik e pal tern
of source inl et% an source outlets is the sane as the proximty head
106- 1, bubthaens kowmded iFigurdenct3Bth dnhembalimenaf tictiyedsatigventen sitie | udes

connecting hol es 340 wher.e .th imty h =5 cted with
an apg(ir aglﬂléo%m?néﬁh%%rﬁ)‘%&éhe?‘ﬁé&%%%?iarﬁa ‘“’3‘“?’23’3 %gﬁgggglqﬁga(%ﬁagld\%g?%ﬁ Fi gure
13B showsytings s §¢kdd duyleld 804 sik06r ©b tha @K abstidvanmvbewokimiydest dérnte with
one enbodi ment of the present .inventi %g._ Fr o(@the bottgm Vée%\% t361§

proxi ni t ydesersked i sberence s Fiene 124wt IR AHHIMSLIo8R IO OV S S IE T 5cat i ons on
a bottom nbg’g@nlﬁ%lt@g}%ngewgﬁyigﬁy i@, connected to either the upper arm
106a or the bottomarm 106b if the proximty head 106-5 is utilized in the
system 100 as f%&%@m%\é&a&@@ IR T RREMGR: oxiFliguERl 256 Whewghe cidBs 1t shoul d
be appreciate hat the proximty head 106-5 may have any suitabl e nunmber
or type ofquemdnBotiilegharshesnds mingd asrceqidanse gsiomme yrhedBeAed s nay be

secured t gl'esaerﬁy invention. In one embodiment, the proximity head 106-6 includes a dual tiered

surface with the configuration of source inlets 302 and 306 and source outlets 304 that

enables the ability to apply the IPA-vacuum-DIW orientation during wafer processing.

Figure 14C shows 2 side view of a square end of the proximity head 106-Gin
20 accordance with one embodiment of the present invention. In this embodiment, the
proximity head 106-6 includes the ports 342a, 342b, and 342¢ which enables input and
output of fluid both to and from the source infets 302 and 306 as well as the source outlets

304.

Figure 15A shows a bottom view of a 25 holes proximity head 106-7 in accordance
25 with one embodiment of the present invention. In this embodiment, the proximity head
106-7 includes 25 openings any of which may be utilized as ports 342a, 342b, and 342¢
depending on the configuration desired. In one embodiment, seven openings are the ports
347a, six openings are the source outlets 342b, and three openings are ports 342¢. Inthis

embodiment, the other nine openings are left unused. It should be appreciated that the



sui tabl e apparatus that can nove the proximty head 106-5 as di scussed
above in reference 30 to Figures 2A through 2D. WD 2004/ 030052

PCT/ 1JS2003/ 031136 -39 Figure 13Cillustrates the proximty head 106-5
froma side viewin accordance wth one enbodi nent of the present

i nvention. Wiezpeoxesri ty head 106-5 has a side that i spraThiargeesiise
circunference than the side that noves into close proximty with the wafer
108. It should be appreciated although the circunference of the proximty
head 106-5 (as well 5 as the other enbodi nents of the proximty head 106
that is described herein) may be any suitable size and nmaybe varied
dependi ng Wker heis Heche usad popeisGhle, Ré2hwaldior 3H08dérsndidgsi tedobizubeiopr ocessed

at any gi \éﬁ@\l&%g}aﬁmﬁi&q{e ejd40@ﬂ§hoc\§\}/{slmlla%gegégg17ty head 106-6 where one end is
I'e

squar ed of her end h accordance with one

embodi ment - of %%ﬁxepl%%ssﬁ%s Pvevrllé\ir of 1%29 p%?s&%mgbt%%g%ﬁﬂig mzf'ﬁ“%ﬂ@%F o oxim ty

head 106-6 has pattern o Phe"'s as the
sour ce outwiéltcsleBﬁ&oémmtlcmthdmes‘eﬂenmﬁblermeaiiiesﬁﬂwpxdnﬂmﬁitl@céﬂrl@sl’/‘m ty head
106-4 des dFd'i n‘_rgéer?ngig bo Fi gure 12A except there are_ additional

rows of 58 4B gfhe 13hCoREs SEQ HOTe A IPRY YWikghe ralkr B8 i gure 14B.

Fi gure 14BomdubmmamﬁmldaﬁmU%F@wmfs oh B WAFGXI0RT trife ﬁ%@ﬁh&ﬂga@w@we one end
is 15 squared off while the other end is rounded in accordance with one

enbodi menticbides HEPATRRY gpgion IR2emyIceRD Ollﬂ@teﬁfﬁeon‘é@ﬁé»cﬁnd@d?m’ trmef pgioXi Mty head
106- 6 i nchpglgs, e%ntgll‘ﬁ?ditlcgﬂ &F tﬁggoﬁﬂgl %gd %U(gil tlﬁl %?c 819195 { ngIu? ource

inlets 302 and 306 ‘and source out ena Ity to
appl y t herag@-33a&sindeDt Wt of thenowats mlvtsc&@u thgvmﬁerouﬂetaegsm m cadFi gur e 14C

e oo Wno ol h ol S RAAIECR. S IO E eiol 85 Bioees e *°

accordance wt ment o

enbodi mensqurdchglets 3f@xi m ty head 106- 6 i ncl udes the ports 342a, 342b, and
342c which enables input and output of fluid both to and fromthe source
inlets 302 andTli&Oﬁma,Su\ﬁﬁb Embsditnbg vﬁ@ﬂt&%@h&hit?h&d 19847, is bl @périod2A shows a

bottom vi elwbj? “% 25 hol e p%qgm m hﬁ head 106-7 in accordance 25 with one
enbodi menf 6% éhepspglggmetl dHsdhA it thalPd l’éﬁ%é‘?ﬁl%ﬁpluf%lﬁiéoﬁh‘bm mty head
106- 7 i nCiduetRSuld 30D E8HRS: ﬁ{b)éatﬁfe PRRALED (B W aBEm 1hltl{ezs%gmﬁ‘§oﬁ%t s 342a,

342b, and 342c__ dep end‘l‘uﬂg on the confi %ur ati on desired. In one enbodi nment,

seven %p eﬁg]ﬁ@@% @d il usg B praf the source inlet 306 inputs DIW into the DIW input region
386. In this way, the IPA-vacuum-DIW orientation may be utilized to intelligently dry a

wafer.

Figure 15C shows a side view of the 25 holes proximity head 106-7 in accordance
with one embodiment of the present invention. As shown in this view, a top surface of the
20 proximity head 106-7 has a dual level swrface. In one embodiment, the level with the
plurality of the source inlet 302 is below the level with the plurality of the source outlet

304 and the plurality of the source inlet 306.

Figure 16A illustrates a side view of the proximity heads 106a and 106b for use in
a wafer surface megasonic cleaning system in accordance with one embodiment of the
25 present invention. In this embodiment, by usage of source inlets 302 and 306" to input
Ny/IPA and cleaning chemistry respectively along with the source outlet 304 to provide a
vacuum, the meniscus 116 may be generated. It should be appreciated that any suitable
type of chemistry that can clean a wafer surface that is compatible with the matexial of the
proximity heads 106a and 106b may be utilized. In addition, on the side of the source inlet

30  306' opposite that of the source inlet 302, there may be a source outlet 304 to remove



342a, six openings are the source outlets 342b, and three openings are
ports 342c. In this enbodinment, the other nine openings are | eft unused.
It should be appreciated that the WO 2004/ 030052 PCT/ US2003/031136 -40
ot her hol es may be used as ports 342a, 342h, and/or 342c depending on the
confi gur at i ovD 20ameBoexppe of function desired of the proxirgirtog2degesd13&06- 7.
Figure 15B shows a top view of the 25 holes proximty head 106-7 in
accordance w th one enbodi nent of theg,present invention. The side of the
proximty head 106-7 5 shown by Figure 15B is the side that cones into
close proximty with the wafer 108 to conduct drying and/ or cleaning
oper at i on<lGHIng ket emd 1o Beep Thempiieds il  intdek dthe 5087 inldtn202xede S0GN | PA

i nput regiQn 1382 ions, 384, an ) Winput region 386
in a cent elr‘{}poﬁlt%lj%ﬁd %?%’gh%?%i{?grﬁqcggaﬁglgc?h%ﬂlémf_fnr?qg‘ﬁvaz‘olgere@’r?%gv&b%% , the I PA
i nput  r edhoruBduilsiCPides bauisieted of afphevasmun 882. | Inkieisl @QQpretiagRd yacuum

outl et regions 4 each 10 i.nclude a t of the source outlets 304, and the
DI Wi nput r%allm&ﬁéisg%t?guha@%8t§°u5°e§’§Ftséﬁ£tsﬂ‘éme %‘Hfﬁtsc@lz"iaﬁfi gqrece3plsts >Pher ef or e,

i N oneSeninedi baritizaoh €0r &agpRy, 8% ipfaditNeads 16¥3-afd 1 66y MaPRREAt 1 ON, a
plurality of the source inlet 382 inputs PAinto the 1 PA input region, a
plurality GB‘Fﬁguﬁaélm@giﬂ“ﬁcé I6iE g sovoe qybpie bkse s cenfigaipsion descpbaisbayan(e. g. |
vacuum i RefbRBecM tl [ 1N daR! ' , e source
et 06 e a6 § Rt lcE e o MR ) ool 1007 2

| PA- vacuufdl Ybonayestod s corismeajibe atishiolvinbeldwt o réfiendd th GamrdsyiBdhyugh  waf er .

Fi gure 15¢ns 1A Sl V] eW, ( e. 25 holes imty head. 106-7 in
accordancgh'%?%ﬁﬂ%ﬁéh%ﬁgégﬁﬁég%m%Pn$%%m%ﬁg%%ﬁﬁfﬂ%%éﬁ?%@'?gﬂ@“@homm inthis
vi ew, 1& t opnfigurdtiace Aofy stiteble @Bfapy @xiing injo hvaadt 100 HhE thasscas Daahaytevel
surface. In o nbodi ment,. the l.evel wth the plurality of the source
inlet 302° |e%neg§’P’gl\1ﬁ 1??1V§nﬁe%%|thwlflﬂscflﬁél%fl“f?r%‘fiiaf"?ﬁ)gf’mtth‘és‘g%&?ce outlet 304
and the pluralj - . r.ce.Lnl et 306. FEigur 6A illustrates_a side
view of the pr ’gli%’c%&%}}tg%gg%ﬁ%{%ggh ianr?’éftoialgbm?egrtgﬁggh %hﬁ uSGON BRI i Face
megasoni coud @atridingens ystaesrucer 486 aotydadefnediviithiome pRixedy ieals) od6at hea 25

pr esent inv&g&ion. I.n this enpbodi ge .of source inlets 302 and

506" to | RSCT-P BT et e BT CHae GE P LR Ay S IAGOR L 1 ne
sour ce5 oubdtertendBdsdutoeRinOMizle aRd thY BGHInlct BSS "BRSEL fhedidbis TRY hii& cgener at ed.
't shoul dfo?‘r%&(% FE)IIFl) E{%%LS&? gOESt cha?ltsul?prg a %gzllstdgcbeL 206 with energy. The transducer 406
converts the energy from the RF supply 408 into acoustic energy. It should be appreciated
that the transducer may have any suitable configuration that would enable the conversion
of RF to acoustic energy. In one embodiment, the transducer 406 is a piezoelectric erystal
20 406a bonded to a body 406b. In a preferable embodiment, the transducer is coated with a
substance such as, for example, Teflon to protect the crystal 406a and the body 406b from
the cleaning chemistry and contaminants that may exist on the surface of the wafer being
cleaned. The acoustic energy may producce megasonic (600 kHz — 1.5 MHz) or ultrasonic
(below 600 kz) waves. In a preferable embodiment, the transducer 406 generates
25 megasonic waves to create cavitations in the meniscus 116. The cavitations of the
cleaning chemistry comprising the meniscus 116 enhance cleaning properties of the
meniscus 116. Therefore, contaminants cleaned off of the wafer surface by the meniscus
116 is pulled off of the wafer through the source outlet 304. By using megasonics along
with the controllable meniscus 116, the apparatus and methods described herein may
30 enable usage of megasonic cleaning in a small volume space thereby enabling fast

chemical exchange with improved mass transport during cleaning.



type of chem stry that can clean a wafer surface that is conpatible with
the material of the proximty heads 106a and 106b may be utilized. In
addition, on the side of the source inlet 30 306" opposite that of the
source inlet 302, there may be a source outlet 304 to renove WO 2004/ 030052
PCT/ US2003/ ®31486030641 cl eaning chem stry and to keep threTmsmnseocusicll6
intact. The source inlets 302 and 306" nay be utilized for IPA inflow 310
and cleaning chem stry inflow 314" respectively while the source outlet
304 may be utilized to apply vacuum 312. It should be appreciated that any
sui tabl e configuration of source inlets 302, source outlets 304 and source
inlets 306 5 n%ﬁ,@vﬁ@léﬁﬂlmim.a sigviesxelithé proxinhity headsxiof tnd Hehds hOBa and

106b may C i ' : rrce.inlets and.sourc utlets |ike the
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conf i gar atvh@ns, thmyertddiidea bl EmswbdS Sa6ra2a Ty R HAds0 06O EGsH Whidh (hhe meni scus
116 maybe | ean t he novepent of the nmeniscus 116 into and away from
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t he surface om 1?%8?\?\/3151@?‘955 Sﬁée VIRY 8hhBXImiheeae SOV ET 8 S PIRRY pr oduce

nmegastini CtrAdrb@R ek is lobated Mu&derd soulde bagANLE and PEIAW 800 dsHR acRYES. 1N @
pref erabl e, enbodi nent, the transducer 406 generates 25 nmegasonic waves to

create caVith g %’?’@dﬁﬁ"n@ H%th?rﬁfﬁﬁ%lé Gyentipg. Iyigae eabedimentohs pokinigebead| eani ng
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is inputted through the source inlet 302, the vacuum is applied through the source outlet
304, the liquid is applied through the source inlet 306", and megasonic acoustic waves are

20 applied by the transducer 406 to the meniscus 116, and the vacuum on the leading edge
side of the proximity head 106 is applied by the source outlet 304. Therefore, in this way,
the meniscus 116 comprising the cleaning chemistry may be formed and the megasonic
transducer 406 which is in direct contact with the meniscus 116 may apply ultrasonic or
megasonic acoustic waves. As discussed above, the acoustic waves may generate

25 cavitation in the meniscus 116 thereby enhancing the cleaning properties of the cleaning

chemistry that is in contact with a surface of the wafer 108.

Figure 18 illustrates a side view of a proximity head 106 with the configuration as
discussed in reference to Figure 7A with a megasonic transducer 406 is located between a
source outlet 304 and a source inlet 306" on a leading edge side in accordance with one

30  embodiment of the present invention. In this embodiment, the meniscus 116 may be



meni scus 116. Therefore, contam nants cleaned off of the wafer surface by
the nmeniscus 116 is pulled off of the wafer through the source outlet 304.
By rising megasonics along wth the controll able nmeniscus 116, the
apparatus and net hods descri bed herein may 30 enabl e usage of negasonic

cl eani ng i nva 2emedobszvol une space thereby enabling fast pctlismopaiiizexchange
with inproved mass transport during cleaning. W 2004/ 030052

PCT/ US2003/ 031136 -42 Figure 16B |II#strates a side view of the proximty
heads 106a and 106b for use in a dual wafer surface negasoni c cl eaning
systemin accordance with one enbodi nent of the present invention. In this
enbodi rrentto,nﬁbgd lngsﬁ’@evapbr @dotictbe lepfiog sdB0Rd dedradog’ edgoo fithgRIEXITND/ | PA and

cl eaning ¢ Sghétﬁ% res Lfli%% aégngkmd F%% J%%Hh%%0&g51§£3§@4 to provide

ab vacu ha ge he "heads 106a and 106b

on the top sy Lgs?gggﬁo&sm%i&%wq@-egt@%gbms m@aemmfosg + 408 respecti vely.

I n one enbodi e proximty have the sanme configuration
as the prexibimdtipn Ioéacllc&mxﬁegaemncapglontfihé aygy a)&amtrggme@@ in e@BHrdagee Bish t | oned to

process the other s t r

trans&hcéﬁwfﬁémﬁﬁv%%oﬁﬁ?Fﬁ%ﬂgﬂf?ﬁ?ﬁ H%ﬁegwo?ﬁggk %Q?ﬁﬁg% Q%% 106b. The
RF suppl y4498c1pd @\ ha@uiE i8Ry Yhd @urdchatl@izezcat éetsoice mqu@ﬂ@u The6a to
convert to acoustic energy. The a c_enerqy hen be appl.ied to the
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conducted' I gure illTustrates a side view of a proximty hez? 06 where

a negas ommbellﬁn@mah(s dg"meibglmﬁﬁ ig lacated e @ lgdingedsr sidesy hgaoBmiy 04 and a
sour qu | nf d%}ars] v:,gmlaau’:cliﬁl wﬁg ?h%g%%ﬂ&f %i" it ng’m%qg iGHTRRr! HERE em’(’&%mp iesent

i nven enbo xi'mty head 106 has a
IPA-vacuumyhgqqyd:ﬂﬁﬁaﬁmhxdwmamnmnﬂ@éﬂin@uwmnm@nmﬂﬁﬁ4@%éﬂ@ﬁpﬁﬁeﬂﬂﬁe | PA/ N2

tted thro h th
Cour o6 ot SR PO ot Beist P an b MR, IR P &P Sog

and megas@ite£1@camMstd deanevias laghey dfcapnhimer. by the transducer 406 to the
meni scus 116, and the vacuumon the | eading edge side of the proximty

head 106 is anﬁgmed9ByMﬁh@£$hummmobmbkmnwﬁﬁﬂkIWﬁem@ﬂ@ﬁb“mmﬁuﬂhls way, the
e S ST 0 e LR e PR 0 (1,
may appl Yerthddi:AS0RE fre PreserTRGBHAMI. On a6OHBIddenMAMSS thégrodimsiousseéd] Gove, t he
acoustic a\ﬁ\ﬁivl%%b g’% | Igﬁt?d%rth1§ducels that may turn RF into acoustic energy. In one
embodiment, the proximity head 106b has the same configuration of the proximity head
106a except the proximity head 106b positioned to process the other side of the wafer 108.
20 I one embodiment, the transducers 406 of both the heads 106a and 106b may be
configured to output megasonic waves directly to the meniscus 116. Ina preferable
embodiment, the transducers 406 may be configured to output megasonic waves directly to
the meniscuses 116 on both sides of the wafer 108. It should also be appreciated that the
transducers may be located in any portion of the proximity heads 106a and 106b that may
25  enable acoustic waves to be outputied directly to the meniscus 116 that is cleaning the

wafer. In a preferable embodiment, the location of the transducers 406 may be in the

location as described above in reference to Figure 19A.

Figure 20 shows an exemplary process window 538 with the plurality of source
inlets 302 and 306 as well as the plurality of source outlets 304 in accordance with one
30  embodiment of the present invention. In one embodiment, the process window 538 in

operation may be moved in direction 546 across a wafer during, for example, a wafer



25 cavitation in the neniscus 116 thereby enhancing the cleaning properties
of the cleaning chem stry that is in contact wwth a surface of the wafer
108. Figure 18 illustrates a side view of a proximty head 106 with the
configuration as discussed in reference to Figure 7A with a negasonic
transducer 40®200s0ioecat ed between a source outl et 304 aods®emice inlet
306' on a | eading edge side in accordance with one 30 enbodi nent of the
present invention. In this enbodinent, the neniscus 116 may be WO

2004/ 030052 PCT/ 1JS2003/ 031136 -43 confined by | PA vapor on both the

| eadi ng edge and the trailing edge of the proximty head 106. The neniscus
116 i s | odemig oparagon. 6B mopeedgadey 838 ofiha lhetiso wheis thapatiscdpblo M| gure 19A
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440. In one e ying region 4 i ncl udes the source inlet
302, the §m§tmg@pemt1d>retof3@4yafamutfztch@ntsoﬂhﬁ pECEN Memdo“siﬁ@ thioRgls e #Paéwg

embodi nent the s | et 306 | el way t he
waf er 1086‘31%89@%%1 5('jﬁl%e lheéld’ ﬁelrplglceﬁm%? C?eﬁle%&ﬁgn%g%ﬁ% B ]léglr% 98 shows a
side Wi evprobesProPieidfy: sluﬁa(&ssylmelams ﬂi,ﬁﬁxb guscrdtectiarall contiglabiygasoni ¢

transducers in the cl ean/rre asoni c regi o 44% n accor dang nvg%ﬁig
enmbodi meneigtaine @ndpaaigse by Mg SHCEBT Y S?WEHIton Mot t he proxi mi ty

heads 106304y c%%@b)f %%fbﬂ&l é&gﬁ akd) %%}Mﬁ@& ®cdsh alindsays 38 uludz irailing acousti c
energy. In one nmbodi nent, the proximt ead 106b has the sane .

confi gur atdgeresddn &G@@fﬁmwmntthééaﬁ &G@aﬁ“é‘%‘é@ﬁﬁe@}?é‘%er”bﬁ‘?ﬁtf?g‘%’e‘éd 106b
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conf i grur edligt eegbust H0tof hegasomity hawd\es. d| rectly to the neniscus 116. In a

preferable enbodi nent, the transducers 406 may be conf¥1 gur ed .t o, out put
nmegasoni ¢ wavds 01:11: erabadigientothe frivsdyash feCmare fieﬁ@e@)hﬁﬁﬁﬁnﬁ SPUEL IBESt he waf er

108. 1t s h%%e sour cse uﬁ&s a’?lperta&leaﬁgqciﬁﬁﬁéel tﬂrb'@may be defined within the process
window 538 in a manner that enables the transducer 406 to directly apply acoustic waves
to a meniscus formed by the process window 538. Therefore the cleaning chemistry that

20 make up the meniscus 116 and the cavitations formed within the meniscus 116 may

optimally clean the surface of the wafer.

1t should be appreciated any of the different embodiments of the proximity head

106 described may be used as one or both of the proximity heads 106a and 106b described
above in reference to Figures 2A through SH. The proximity head may be any suitable

25 configuration or size that may enable the fluid removal and/or cleaning process as
described. Tn addition, exemplary proximity heads and their respective patterns of the
source inlets 302 and 304 as well as the source outlets 306 may be seen in U.S, Patent
Applications Nos. 10/261,839, 10/404,270, and 10/330, 897 which have been incorporated
by reference. Therefore, any, some, or all of the proximity heads described herein may be

30  utilized in any suitable wafer cleaning and drying system such as, for example, the system

100 or 4 variant thereof as described in reference to Figures 2A to 2D. In addition, the



transducers may be located in any portion of the proximty heads 106a and
106b that may 25 enabl e acoustic waves to be outputted directly to the

meni scus 1.16 that. is cleaning the wafer. In a preferable enbodi nent, the
| ocation of the transducers 406 may be in the |ocation as described above
in referenceva moFesgesee 19A. Figure 20 shows an exenpl ar pcprisness s ndow 538
with the plurality of source inlets 302 and 306 as well as the plurality
of source outlets 304 in accordance with one 30 enbodi nent of the present
invention. In one enbodi ment, the process wi ndow 538 in operation nay be
noved in direction 546 across a wafer during, for exanple, a wafer WO

2004/ 030082xiRET heiBA00848811/8 8ny sutdble hemlrrney sopres af $ouEce oFHES pPo@¥ss wi ndow
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that enabl es trhéohiarsgpesnted @ft the side sewtll 35 thplpkstions o{&e servivEs to a

nmeni scus faorned b he process wi.ndow. 538. Theref ore t i .chem stry
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nmeni scus ¢4 6;888the RninEBkd Youede@Rtrs BOE ssuttd adrts@o4f anel so@mteimiets 306 are

between about 0.02 inch and about 0.25 inch in diameter. In a preferable embodiment,

 the size of the openings of the source inlets 306 and the source outlets 304 is about 0.06

inch, and the size of the openings of the source inlets 302 is about 0.03 inch.

24 In one embodiment the source inlets 302 and 306 in addition to the source outlets
304 are spaced about 0.03 inch and about 0.5 inch apart. In a preferable embodiment, the
source inlets 306 are spaced 0,125 inch apart from each other and the source outlets 304
are spaced 0.125 inch apart and the source inlets 302 are spaced about 0.06 inch apast. In
one embodiment, the source inlets 302, the source outlets 304 may be combined in the

25 form of one or more slots or channels rather than multiple openings. By way of example,
the source outlets 304 may be combined in the form of one or more channels that at Jeast
partially surrounds the area of the source outlets 306 for the portion of the meniscus.
Similarly, the TPA outlets 302 can be conibined into one or more channels that lie outside
the area of the source inlets 304, The source outlets 306 can also be combined into one or

30  more chamnels.



It should be appreciated any of the different enbodiments of the proximty
head 106 descri bed may be used as one or both of the proximty heads 106a
and 106b described above in reference to Figures 2A through 5H The
proximty head may be any suitable 25 configuration or size that may enabl e
the fluid r emowalinsassd/ or cl eani ng process as descri bedecrusadsistison,
exenpl ary proximty heads and their respective patterns of the source
inlets 302 and 304 as well as the soupce outlets 306 may be seen in U S
Pat ent Applications Nos. 10/261, 839, 10/404, 270, and 10/330, 897 which
have been incorporated by reference, Therefore, any, some, or all of the
proxi mty headdddeuilydbepivaimeibrheadsyndyeroBecassatilybed "hendamrosfigitralisne waf er
cl eani ng i such. as, for_exampl e, the system 10 ra
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116. It should be appreciated that the side of the proxi mty heads shown
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be utiliz : el rcleaning or .drying operations endi ng, on the
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herein ma h@ve_nEItL&Ie %nlet | i nes and nuLtifle outlet lines with the
ability tB*cOht6! 'aave P é‘ﬁ‘%)aede?‘i’ groRtheanpticat Oalﬁlieﬁredaﬁb‘?rﬁr vapor and/ or
gas t hr oughbddhgen@uhd BhSh aféh iaMbLliSw sldwiSheu hehcbR BRI alertiRal every

group of source inlets and source outlets can have independent control of
the fl owsheafismarRshcdese ldpineleto ahpwd S0naghes prel the #édth et piopade he | ocati ons

of the Saubeeeitl St Gl LeLsw lRLBE REER Hou] OGRS e meni scus

produced is stable. In one e I ment, e size o e openings to source

i nl et & 302hendpupresinuiythced magbdoptamizkdso processiany atisbBG&ear wafebbativtesn .about

0. 02 inch, 0 5N in.dia r. Ina preferahl e enbodi ment, the
o oo of  tieb M BROMls Sire S el A 1Rk ped B PRI AR EIRAS Tors 304 1 s
about 0. Q@adsimpihe saadgddhie asy At nisher apeag BgSichh chhifsnivheayi nl ets 302 is

about 0.03 inch.
generate a controlled stable and manageable fluid meniscus.

Figure 21 shows a top view of a proximity head 106-1 with a substantially
20 rectangular shape in accordance with one embodiment of the present invention. In this
embodiment, the proximity head 106-1 includes three of the source inlets 302 which, in

ong embodiment, applies IPA to a surface of the wafer 108,

In this embodiment, the source inlets 302 are capable of applying IPA toward a
wafer surface region, the source inlets 306 are capable of applying cleaning chemistry
25  toward the wafer surface region, and the source outlets 304 are capable of applying
vacuum {0 a region in close proximity of a surface of the wafer 108. By the application of
the vacuum, the IPA, cleaning chemistry, and any other type of fluids that may reside on a

wafer surface may be removed.

The proximity head 106-1 also includes ports 342a, 342b, and 342c that, in one
30 embodiment, correspond to the source inlet 302, source outlet 304, and source inlet 306

respectively. By inputting or removing fluid through the ports 342a, 342b, and 342¢,



20 I'n one enbodi nent the source inlets 302 and 306 in addition to the
source outlets 304 are spaced about 0.03 inch and about 0.5 inch apart. hi
a preferabl e enbodi nent, the source inlets 306 are spaced 0.125 inch apart
fromeach other and the source outlets 304 are spaced 0.125 inch apart and
t he source Wi ®bg038&2 are spaced about 0.06 inch apart. sCmusomgoersbodi ment,
the source inlets 302, the source outlets 304 may be conbined in the 25
formof one or nore slots or channel g,rather than nultiple openings. By way
of exanple, the source outlets 304 may be conbined in the formof one or
more channels that at |east partially surrounds the area of the source
out| et s 3Mbdsfoay Hehmpyted bF mnpldfedﬂh'eughéﬁlﬂ soutes inletG0R4 tha pouyoe Qe 30hAGut | et s
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a manig ol g o LU REcANRKor Bulb@butlcdgananeon &b comMidurpionkiesimd t ube, plate,
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t
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control | ed, m%ﬁigt%ﬁ%ﬁm HB?BQﬁﬁ&E&*bétlvHén% Bki%ﬁ&gleadﬁ@d-n%@m@mfér gy head can

al so include’s icrent source 1 nlets 302 and 306, and the source outlets
304 such Thahapetdieheshenidces préoriymaryddneanremhe bediestpipo pid HEPLSPre

meni scuses.. The m{w ap({ fUéngni scuses can sinultaneously perform separate
funct i onsO¥(e RYOXIEY 8RAd 056 and drying processes). In a preferable

mbodj t, t Lty h d “bed in 10
enbody Jren [isgB{gﬁéhgtérX%Q@%’?ﬁ{e@Xg&% A1 YRSy, Qhd IBRY ophd Afedescri bed in

reference to uitabl’e configurations. The size of the
proxi m t ypriveimils heatayledoebaindren ntap bamy ssiiitiapientaion and disensiPhe 1678 #he

application desired. In one odi nent , I L QR Mk ew

showi ng th¥a55F BEE SW‘%&W613§H?ﬁ(gm%3p§%€%1w?}1 ¢ Sﬁ{eﬁg%l;s}l 1%5% 1(Ee"’:?&l/%een 1.0 inch
to about 4, Sdisbelemiansnd, iewithbdimehts oMmha pbivp342iactd 2bsindvidAgdastredegr ocess

w ndow) may be between about 0.5 inch to ago t 6@9 i%cnhelgbnéAI so 15 when the
proxi m t yheramerayhs anpdicgpe oAy 8§t groprpbeee sa‘#‘ﬁmé AT

e size of wafers such

as, for &ﬁ(@ﬂmeﬁt, t@%@i%ﬁﬁ@por@@@la, Vefhe il 340 nay bB@cRicacamsat Whdows of
the proximty heads nmay be arranged in any suitabl e manner .agqol png as such

a conf i guinelt indrberty) 2 Sgeseinaiznsierc Sh peleradly SogIaekibe FEREA f1 uid
MENI SCUS. y h¢ inch to 0.18 inch in diameter. In one embodiment, the distance between the poris is

between about 0.125 inch and about 1 inch apart. In a preferable embodiment, the
distance between the ports is between about 0.25 inch and about 0.37 inch apart.

| 20 In one embodiment, the transducer 406 is located in between the source inlets 306
and the source outlets 304. It should be appreciated that the transducer 406 may be located
in any suitable region of the head 106-1 as long as the transducer 406 may apply acoustic
waves to the meniscus 116, Therefore, the transducer 406 may apply acoustic waves such
as, for example, ultrasonic waves and/or megasonic waves to the meniscus 116 as

25  described above. Consequently, by usc of cleaning chemicals and megasonics, the
cleaning of wafer surfaces may be intelligently optimized and enhanced.
While this invention has been described in terms of several preferred
embodiments, it will be appreciated that those skilled in the art upon reading the preceding
specifications and studying the drawings will realize various alterations, additions,

30  permutations and equivalents thereof. Tt is therefore intended that the present invention



Figure 21 shows a top view of a proximty head 106-1 with a substantially
20 rectangul ar shape in accordance with one enbodi nent of the present
invention. In this enbodinent, the proximty head 106-1 includes three of
the source inlets 302 which, in one enbodinent, applies IPA to a surface
of the waf ewdd8403e52t hi s enbodi nent, the source inletsP80BsavIeBpabl e of
applying IPAtoward a wafer surface region, the source inlets 306 are
capabl e of applying clearing chem stry, 25 toward the wafer surface region,
and the source outlets 304 are capabl e of applying vacuumto a region in
close proximty of a surface of the wafer 108. By the application of the
vacuum t Heclydeiall gick aligrafiprehrsiditions. ypemarationn yndedveralansrs fdf whbinilds t hat nay
resi de on r f : removed. The proximty head 106-1 al so

i ncl udes g@??@ﬁ%ﬁgggﬂéfggglgﬁ%8§%2c that, in one 30 enbodi ment, correspond
to the so 1) 02, source outlet 304, and source inlet 306
respectivgpgfw eb?%%ﬁtting or renoving fluid through the ports 342a, 342b,
and 342c, WO 2004/030052 PC1l/1JS2003/031136 -47 fluids nay be inputted or
out putted through the source inlet 302, the source outlet 304, and the
source inlet 306. Although the ports 342a, 342b, and 342c correspond with
the source inlet 302, the source outlet 304, and the source inlet 306 in
this exenplary enbodinent, it should be appreciated that the ports 342a,
342b, and 342c may supply or renove fluid 5 fromany suitable source inlet
or source outlet depending on the configuration desired. Because of the
configuration of the source inlets 302 and 306 with the source outlets 304,
t he neni scus 116 nay be formed between the proximty head 106-1 and the
waf er 108. The shape of the nmeniscus 116 may vary dependi ng on the
configuration and dimensions of the proximty head 106-1. 10 It shoul d be
appreci ated that the ports 342a, 342b, and 342c for any of the proximty
heads descri bed herein may be any suitable orientation and di nensi on as

|l ong as a stable neniscus can be generated and nmai ntai ned by the source
inlets 302, source outlets 304, and source inlets 306. The enbodi nents of
the ports 342a, 342b, and 342c described herein nmay be applicable to any
of the proximty heads described herein. In one 15 enbodi nent, the port
size of the ports 342a, 342b, and 342c may be between about 0.03 inch and
about 0.25 inch in dianeter. In a preferable enbodi nent, the port size is
about



0.06 inch to 0.18 inch in dianeter. In one enbodi ment, the distance between
the ports is between about 0.125 inch and about 1 inch apart. In a

pref erabl e enbodi nent, the distance between the ports is between about
0.25 inch and about 0.37 inch apart. 20 In one enbodi ment, the transducer
406 is located in between the source inlegts 306 and the source outlets
304. It should be appreciated that the transducer 406 may be located in
any suitable region of the head 106-1 as |ong as the transducer 406 may
apply acoustic waves to the neniscus llggAjMiefore, the transducer 406
may apply acoustic waves such as, for eXanple, ultrasonic waves and/ or
negasdnic.maveslto t he gﬁgiscus 116 ast25 descr.i.bed above. Consequently, by
use of cleaning'chenﬁég §‘3%8“W@6%§8ﬁ?%5?“PW@pn§Pﬁaning of wafer surfaces
may be intelligently optimzed and enhanced. Waile this invention has been
described in t &W%‘P aypg arhgadsieiase: tdg h cadisomase apatigyred {p SP pygximate to a

appr eci at %ﬂfﬁ@&ftﬁggﬁ%ﬁﬂnﬁhﬁﬂgﬂ (i}})re%}?onart upon readi ng the preceding

speci ficatrons an awngs will realize various alterations,

additipons, 30 pe tatjon equi valents,.thereof . It _i.s therefagre
Mt ended i hat InEhpeubit T deBHetn estahod k Siscospopessatiredusugh e
-48 incluglgsq.al | such alterations, additions, pernutations, and equivalents

as fall withi’n the true spirit and scope of the invention. Wat is clainmed
is: -49- CLAIMg 1. A.substrate preparation syskem. c L1 sing: h

having a head duricall R EkE RUEPRAE S Blhethi ol SR B S
surface Oihrbﬁ%; fehhd ahe svhel Miild GRatifferent thad the fifst fepndudt for
delivering a first fluid to the surface of the substrate through the head;

a second conduigt,lqreod@hit UGE }&ﬁoﬁn %S&Pg{ ftﬂéjgfgt tfid Bfd Y {R6Rd Auid BOm the

substrate through the head, the second tluid being different than the
firstlf | uswfacandf ahd Bubsiratendhe firdt ocondaitpvthe geeanh cofiduihand i thst thitducehdmd
the second fluid fromthe 10 surface of the substrate, the first conduit,

the secontP 't to- agh qubstantialysynplbneorsly vesingRedoto. act substantially

si mul taneously when in operation. o i .
2 A substrate preparation system as recited in claim 1, wherein the substrate

‘moves so that the head traverses the surface of the substrate.

3. ‘A substrate preparation system as recited in claim 1, wherein the head

15 moves to traverses the surface of the substrate.

4, A substrate preparation system as recited in claim 1, wherein the head

extends in size up to a diameter of the substrate.

5. A substrate preparation system as recited in claim 1, wherein the head has a

length that is larger than a diameter of the substrate.

20 6. A substrate preparation system as recited in claim 1, wherein a second head
is positioned on an opposite side of the head and made tg be proximate to an undersurface

of the substrate when in operation.

7. A substrate preparation system as recited in claim 1, wherein the first fluid

is one of deionized water {(DIW) and a cleaning fluid.

25 8. A substrate preparation system as recited in claim 1, wherein the second
fluid is one of isopropyl alcohol (IPA) vapor, nitrogen, organic compounds, hexanol, ethyl

glycol, and compounds miscible with water.



2. A substrate preparation systemas recited in claim1l1, wherein the
substrate noves so that the head traverses the surface of the substrate.
3. A substrate preparation systemas recited in claiml1l, wherein the head
15 noves to traverses the surface of the substrate. 4. A substrate
preparation systemas recited in claiml,, wherein the head extends in size
up to a dianeter of the substrate. 5. A substrate preparation system as
recited in claiml, wherein the head has a length that is larger than a

di ameter of thegsubshnaétBed 26 focohsintREbJARE cBi®Biaihgt | on system as recited
in claiml, wherein a second head is positioned on an opposite side of the

head and made Z&ﬁgg‘[’%&%&)h& @&&'&9%&“&%&&%- of the substrate when in

operation. 7. rate preparation systemas recited in claim1, wherein
the first fluid is one of i oni zed, wat e Dl and. a cleaning ,fduid. .25

8 *A subst rat e BPTEF Aicrnd SurbRfG.mpauret of e il GREHERI L b5l
fluid is opgid il A6R!ABYIiR) EARCLEIdHb RRR! Arslithioodss, organi ¢ compounds,
hexanol , ethyl glycol, and conpounds m scible with water. -50- 9. A nethod

(o 1 268757 °L"2 HRPIhe o ARE B W so P e el iy, e

surfaceé of a sub plyi urd onto e surface o

substr at e refbeing@eadprbbétsel RRL RO firsFRAd 884 IHe ebosepidoxe Hpbied o thBSurface
application of the first flurd; and 5 renoving the first fluid and the

second f| wifdhe subsiratae surface of the substrate, the renoving being
processed just as first fluid and the second fluid are applied to the
surface of thevisubiatthaimilyinhaneithe tehevapphiorinige aocntidlied eenscusy formng a
controll ed meniscus. 10. A nethod for processing substrate as recited in

claim9, whereim, t heafdthbd fdOplocelsthgd SutRfAtieOfs febMéd andlaid 9| wherelgthk! fixist.
11. A method for processing substrate as recited in claim9, wherein the

first10f]| dhuad isonered DIW pedpclgppingdhidhol (1 PA) vapor, nitrogen, organic
conpounds, hexanol, ethyl glycol, and conpounds mscible with water. 12. A
met hod for proddssi ng wmuthetirfat eraxssdirg stietratenacteritod 9n cldier 8 whetemn the first

fluid is one of isopropyl alcohol (IPA) vapor, nitrogen, organic compounds, hexanol, ethyl

glycol, and compounds miscible with water.

12, A method for processing substrate as recited in claim 9, wherein the
15  removing the first fluid and the second fluid includes applying a vacuum in close

proximity to the surface of the substrate.

13. A method for processing substrate as recited in claim 12, wherein applying

‘the vacuum includes adjusting a magnitude of the vacuum to form the stabie meniscus.

14. A substrate preparation apparatus to be used in substrate processing

20  operations, comprising:

a proximity head being configured to move toward a substrate surface, the .

proximity head including,

at least one of a first source inlet, the first source inlet being configured to
apply a first fluid towards the substrate surface when the proximity head is in a position

25  that is close to the substrate surface,

at least one of a second source inlet, the second source inlet being
configured to apply a second fluid towards the substrate surface when the proximity head

is in the position that is close to the substrate surface, and



15 renmoving the first fluid and the second fluid includes applying a vacuum
in close proximty to the surface of the substrate. 13. A nethod for
processi ng substrate as recited in claim12, wherein applying the vacuum

i ncludes adjusting a magnitude of the vacuumto formthe stable neniscus.
14. A substrate preparation apparatus to be used in substrate processing

20 operations, conprising: a proximty-héad being configured to nove toward
a substrate surface, the proximty head including, at Ieast one of a first
source inlet, the first source inlet being configured to X a first
fluid towards the sublkeptang ofarpuce outenthe seurse @uﬁl%b@ylgweaﬁgw fapply a

t 25 t hat | t bstr at rf | t f
e cond SoUAEHIT AIcstire (HETRRE RIS b U e AF@EIHE q?éomctgﬁw%%?@ag BBy
d fl d t t,h b t ty head
fﬁgogom tit %pr(ﬁamf?lr déeaéllgg‘zt f”%ofrlﬁ Qﬁg CT ng?rsfl %@ Eﬂl gll yat efleaslt Solng
f t,l.et I t b d
breasure to reddve’ hatrpertmeriliph PRa g A Q%ﬂ S PRELE R RELm
surface wagp, ; %&?ﬁ@&g&{o%&x 0ead e rpgd L8 Jjﬂﬁbﬁx Dot PRard TreGuBSiBed O the

substrate Surface strate p para I on app ratus as recited in

claim 14, wherggn theqfyshafe répal'd% ofit ppﬁa{ﬁ%ék&%@ﬂl 4%ind M WAHGE 1an

i sopropyl al cohol (IPA vap tovvar strate 16. 'A substrate _
prepar at i @iconR RAEGE onPurt & f&l&gddd% deloiZ0d WhterinaneitBwhidehs aaRigtel Nl et is
configured to introduce deionized water (DIW toward the substrate. 17. A
substrate preparati WSL&pﬁaﬂé%&e{ﬁraamrapparmé ab Fecttb@ineldidn 14yhettepdin thehe
proximty head is configured to produce a neni scus on the substrate when
t he proxi praxymit® hbehid cosfigmed b pmdedecas@epsasion thy sutatrafeevisnbbe pakenitd 8. A
substrate preparation apparatus as recited in claim 14, further conprising
a prooxi headys mendd caelopeproagsigntsl the sdhsfralgur ed to nove the proximty head

in a linear novenent along a radius of the substrate. 15 19. A substrate
preparation appér at dssubstrife pirpathtion appiyaius as kecpediedainhly. Bpdeat i ons,
conpri si ng:

comprising :

a proximity head carrier assembly configured to move the proximity head in a
linear movement along a radius of the substrate.
15 19. A substrate preparation apparatus to be used in substrate processing
operations, comprising:
a proximity head carrier assernbly configured to travel in a linear
movement along a radius of a substrate, the proximity head carrier assembly including,
a first proximity head being disposed over a substrate;
20 a second proximity head being disposed under the substrate ;
an upper arm connected with the first proximity head, the upper arm
being configured so the first proximity head is movable into close proximity over the
substrate to initiate substrate preparation; and
a lower arm connected with the second proximity head, the lower
25 arm being configured so the second proximity head is movable into close proximity under
the substrate to initiate substrate preparation.

20.  The method of claim 9, further comprising:



a proximty head carrier assenbly configured to travel in a |linear

novenment along a radius of a substrate, the proximty head carrier assenbly
including, a first proximty head bei ng di sposed over a substrate; 20 a
second proximty head bei ng di sposed under the substrate ; an upper arm
connected with the first proximty head, the upper arm being configured so
the first proximty head is novable i nt62el ose proximty over the

substrate to initiate substrate preparation; and a | ower arm connected with
the second proximty head, the lower 25 arm being configured so the second
proxi nmity head aPBlyig/aaoMe1q @ceeydP deecpielpdinopisqitier the substrate to
initiate substrate preparation.. 20, The nethod of claim9, further

conpri si ng: -Séu'apﬁ$9ﬁ%ﬁghega§??%Qéﬂé¥39aP@yFﬁgL%6ﬁ¥§%ﬁF@%g%§H5Ecus. 21. A
met hod of cl ai 0, .wherein. applying the acqustic energy to.the controlled
Toni scus. iREUREReySTS S e e e ac BTl R oS e e E ey
being applied to a piezpelectri.c crystal in a transducer. 5 22. A nethod
of clain12@?ﬁ%a{lﬁ H%&§§§BVVﬁ§ﬁ@H%a§@§ﬁ§FF% energy to the controlled

meni SGUS gener akes cayj i oyt | i 1t met hod for
procegging sub??faté§§§$?%é$?§ﬁh?ﬁ’@ﬁg%ﬁ?éggw&ggF§ﬁ§&§%§§P@%§? fluid is a

ol eani ng_fobithicalfleni SuTRkAGRCS OBEGRER O GoRARKIAL R RS, T ecl ted in ol aim

20, wherein the 10 second flurd is one of isopropyl alcohol (1PA) vapor,

organi ¢ _conpounds, hexRak foehld¥ssinglsybalate ANECEQNR RN 0Tt Bie\iréth
water. 25. A nethod for processing substrate as recited in claim 20,

wher ei n t WRid fseradsaning: fidie. first fluid and the second fluid includes
applying a vacuumin close proximty to the surface of the substrate. is
26. A net hod f @#. pr ocestioddospibstssimpaubsratens reeited in ctdimi2t, 2Qerewhtgeei n t he
acoustic energy is at |east one of megasonics waves and ul trasonic waves.
27. Actsubseeoat dlupd spacat isoprappbalcaelal §1P4y vaged, veghniacogiraiumist hexdnof, et
conprising: a transducer being caPabIe of applying acoustic energy to the
first fl uighcol, and compounds miscible with water.
25. A method for processing substrate as recited in claim 20, wherein the
removing the first fluid and the second fluid includes applying a vacuum in close
proximity to the surface of the substrate.
15 26. A method for processing substrate as recited in claim 20, wherein the
acoustic energy is at least one of megasonics waves and ultrasonic waves.
27. A substrate preparation apparatus as recited in claim 14, further
comprising:
a transducer being capable of applying acoustic energy to the first fluid;
20 wherein the at least one of the second source inlet surrounds at least a trailing edge
side of the at least one of the source outlet.
28. A head used in a substrate preparation apparatus as recited in claim 27,
wherein the first fluid is a cleaning chemistry.

29. A head used in a substrate preparation apparatus as recited in claim 27,

25 wherein the transducer includes a body and a piezoelectric crystal defined in the body.



20 wherein the at | east one of the second source inlet surrounds at |east a
trailing edge side of the at |east one of the source outlet. 28. A head
used in a substrate preparation apparatus as recited in claim?27, wherein
the first fluid is a cleaning chemstry. 29. A head used in a substrate
preparation apparatus as recited in claim27, 25 wherein the transducer

i ncludes a body and a piezoelectric crys8al defined in the body. -53- 30. A
head used in a substrate preparation apparatus as recited in claim 29,
wherein the transducer is attached to an RF supply and the piezoel ectric
crystal within3Onhe A hesdsusadera pubstralsanenarasionrappaipiis 3y rapted Huclgehédat i ng
the acoustic energy. 31. A head used_in a substrate preparation apparatus
as recit ed’hereie th thnsquces is gifashsdio pA R Fappn st and té?]@!fe@@)el%%c a&YSﬁag\é{gﬁﬁdﬁ% of
an ultras ?rre]tlngdu\ggrv i%scagarl])?e gﬁ%gesl\%g}% ?{I%Aaﬂ}i\ée,(g,seherating the acoustic energy.

31. A head used in a substrate preparation apparatus as recited in claim 27,

5 wherein the acoustic energy are at [east one of an ultrasonic waves and megasonic waves.



