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Field of the Invention The present invention relates to sem conductor wafer
cl eaning and drying and, nore particularly, to apparatuses and techni ques
for nore efficiently renoving fluids from wafer surfaces while reducing
contam nati on and decreasi ng wafer cleaning cost. 2. Description of the
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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 slurry 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. In order to avoid the undue costs of discarding wafers having inoperable

devices, it is therefore necessary to 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 remnants 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
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fluid. Therefore, as the drying process continues, the section inside (the dry area) 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 repelled by the wafer surface. As aresult, the
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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 thereof
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 medium
and inhibiting re-deposition, or providing activation energy to facilitate the chemical

reactions.

‘ Figure 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
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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 a 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



WO 2004/ 030052 PCT/ US2003/031136 -5 delivery to the substrate w thout hot
or cold spots. Such deposits of contam nation as often occurs today reduce
t he yi el awof2oamsepseabl e waf ers and i ncrease the cost of PCRAIsa6BO8UB6 Ng
sem conductor wafers. Therefore, there is also a need for a nethod and an
apparatus that avoids the prior 5 art by allow ng quick and efficient

cl eaning and drying of a sem conductdr wafer, but at the same tine

reduci ng the formati on of numerous water or cleaning fluid dropl ets which
may ca Wt Wi i h bf &&famiutiéh seposits as
of ten ggl&er?g% t?‘?ag@sthlrafeé&ﬁ%%u? E@%;icg%ﬂ@ggs gsél‘ggfgfg%obslﬁg waf ers and increase the
cost obfismbtdactodsy rduseiii gimitlofcoeptalst sagers 100 BodweRite OPStPEE | NVENTI ON
Broadl y speaking, the present_ invention fills these needs by providing a
cl eani MnUEGHTREFERELOREBAPVAfESt hat i s capable of removing fluids from

waf er surfaces quickly while at the sane tine reducing wafer .

cont ani nat i diercforesthorelislalse a apgst fos p anetepd ansk an appargius e @VoIdH EATIBn can be

i npl_ement ed_i n.numer.ous S, ., hnck udi : I Wl ate] s, a 15

sys? emAtPY RIS %W‘é%‘\iqﬁé&f}t %%%r;gﬁnra%ﬁgéﬁt% F\gesgrgﬁcgg%'fc?}i}nts (’)fb aﬁ#e present
I nvent iy, a4 Eind KSR IRE RBhNN dihvaieorbaei sridaning fuidatapidtewhichpar at i on
systemis provided which includes a head having a head surface where the

head sundyamess @npamoater o deposit anthe aeéersriasee Sushigspgsis as AR H Soper at i on.

Th tem al so jncl pd irst conduyit f | VeFi ifst 20 fluid t
the surraBectrettneordpibifh bt SR SLRARANE (7 o '

del i very fluid to the surface of the substrate through the

head, ﬁh@%@ﬁgﬁégg‘g%ﬁd fluid is different than the first fluid. The system
alsg includes a third COHM@M@%&L the first fluid and the
sed8nd fluid fromthe sur re the first conduit,

t he second conduit and the third conduit act substantially simultaneously
when in 25 eration..ln.,an . i t : rgﬁ%?g'ng
substrate i 2&8? iSB%aaﬂ%fh&P%SPﬁ{clpg%E%qég%ﬁ%?sﬁgwg&fq}ﬁg?{q? Ifn ipddcqont o a surface
of a subsd iRk aparhr@RRAE B%aﬁle&ﬂ'@@ﬁdviflg fliuttls fromt ovafensuaces guieklyfwhitee
substrate where the second fluid is applied in close proximty to {he

appl i catt tha same tine eilvcing Wafsr epntarpinatien. nk ahenld be PPiEF‘HEFEg ﬁ}%mfﬁﬁn he first

fluid ari]rgve%tqgn X\é% geo%;{lgrggn 65 in%grx{eyéx%qgg}!spﬁﬁljuﬁﬁqg 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 fluid 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.

Tn another embodiment, a method for processing substrate is provided which
includes applying a first fluid onto 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 to the

application of the first fluid. The method also includes removing the first fluid and the
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assembly includes a first proximity head capable of being disposed over a wafer and a

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
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j he fi.rst imt d wh th is 15
cont | gup s B8 dtetdhet Wikt B b esTutetind SRsef G Erefsire s TS i Ty over
t he substifdiresstu@, andhk ipadsurs WREErERleRafyes BRY RioQM: of-{ﬂ@ﬂﬁiﬁstﬁt%cﬁnmt her

includes a | ower arm connected with the second proximty re the
| ower ami#fdr sutdasaf i gured so the second proximity head is novable into close
proximty under the substrate to initiate substrate preparation. In one

enbodi ment, b ametheo drbodinpmacesibitrge prepatbtidd iRrdtss PRMise@h subataté ncl udes
20 gﬁnerati ng a fluid peniscus on a surface of the substrate and applying
acolst i BIOSFRSFGPPEGHoR s Previded. bl pparatus TRdudastareximitychead eamiges novi ng t he

fluid L 3 trate . process .t he surface of
the subs v e g vofiBired ARSI LEE B RSB AR b5 STttt

pr epar apioaimigpipadanrtier assenblpitctides a e phaadity Hé‘dd@ﬁ%ﬁ% dsé@ster@ne of a
first soyrce inlet for delivering a first fluid to t%e surface of the
substr aﬁ‘g’SVﬂPéﬁ‘bﬁ S?q‘?adm’écaa{m%heacgbem&%moseﬁ@n@r the sibsrld. Jbepssembhyl et for

del i ver ing; | f th ubstrate through the head,
the. seconguPaes fhrer dhl chiholl i 48 HFy Bromidly BRE WS Tne it

i ncliidesordigutedas theofist ploxémiplsids Makhist inth @losk BroXRG 0@ e Qlbstig 1f 1 T St
fluid and.the_second fluid fromthe surface of the substrate where at :

| east alFHis Tbsirde praparation) chhsrasssmebly furtheeinebigdes a lawariasm dosndctadaviéld i n
bet : f irst i nlet the at | east
of t oLk Bl prflitnF e Bfielind 06 Sy ARHEREL 50 He e BB bR e B i ae - O

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 substrate to process the surface of the substrate.

In another embodiment, a head used in a substrate 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 least 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
for 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 located in between the at

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



-8 least one of the first source inlet, the at |east one of the second
source inlet, and the at | east one of the source outlet act substantially
si mul t anewosbgs/08b@2 | n operation. The head al so i ncl udesTastemnsdaeer

bei ng capabl e of applying acoustic energy to the first fluid. The at | east
one of the second source inlet surrounds at least a trailing edge side of
the at least one 5 of the source outiet. In yet anot her enbodi nent, a
mani fold for use in preparing a wafer surface is provided. The manifold

i ncl udekag ofk @fihe TstsB8@Ic ikl iR 4t idast orRAFH AR d meqﬁﬁit,faﬂ#i R ilé]aﬁt
configured generate a first fluid neniscus on the wafer surface. The

mani f ol enedighe squnes andlebac stbstantidily eimilehenysiyefhencd opetatibn. Theheddedsoi ng

regi on capabl e, of .a ing 1Q.acpusti.c ener to the first fluid neniscus.
Th_g healf“& &% FHESPH’%E i’glélg%ﬁ%c%" ﬁ%ﬁg poen of LEEBHE Pofist GHidorIherse mani f ol d
bei ng cRRAdtical beMhelsEtoBRREARE Snlét SHERAH i hddkich AT s?%b%gtﬂga s [ymé urf ace.

The advantages of the present invention are nune not a t he
appar at ofsths seumck owtlehods descri bed herein can effectively and efficiently

cl ean a 15 sem conductor wafer while reducing fluids and contam nants

remai ni ng oningretvarfather esipofimomt, Boasifdéntusy in prepaingy wafes surfigednd
production. iy _be increased, and_hi gher L wafer yields may be achieved due to
effici _epff’v\ﬁg&e}rg%W@Qﬁ?lﬁdnﬁMqﬁ 3 gregen st partton AL thg mapiloldheing, esent

| nvent | QigaleRorkd AN Hbnf GO0 1 WG AARod Mhd g Rla aigeUUM T UT
renoval in conjunction wth fluid 1nput and megasoni ¢ application. The 20

pr essuriasludenetratsdeceoheiag dafierd withihdbeclbgningregahanparabt appdgdngor ces enabl e

optiymal renoval of contapminants at the fer surface with a significant
reddct i Elfﬁu?[?? etnﬁ"egy(%? gﬁ’e‘%ﬁ i ‘PH HFIHCUE oqﬁli‘ea}#ﬁ\gﬁ& sp dpcludes agtpag desion i ot her

cl eani gL QChuMiWEBthe F{MGiBI h @Kﬁe i [ 14ZE j.cation of an
isopropylc al coﬁol (IIeDA) \I/apor a %f C eagﬁ%g&eﬁéﬁé‘toﬁé@n?g&a@%@ dél waf er
sur f acethaafig swiftds. gener ati on of a vacuum near the wafer 25 surface at
substantially the sane tine. This enables both the generation and

intel ligent TigomhihgsfofthdFbicneivedivh &rbaunhe@ue! MY Afta¥gi@e surface
tension along a cleaning chem stry interface and therefofe enabl es optimal

renoval apparpipggs@sd meghads Hesonidre beretngahstfectivelhaut efficiguilngleamat ami nants. At
o T oveanieBubid e (R BE BB T H o PR S B e ¥Bbe. of
typi cal siEgRsObmseq@mplly] wafet PROZessing aad $rddufion 1139 b6 €RsBY aﬁﬂeﬁ%ﬁ&us ,
generated by input of |PA cleaning chem stries and output of fluids may
be novedvaigrorridsney be achieved due to efficient wafer cleaning with lower levels of
contamination. The present invention enables 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
invention 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 time, 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



WD 2004/ 030052 PCT/ US2003/031136 -9 surface of the wafer to clean the

waf er. Moreover, in an additional enbodi nent, the apparatus and net hods
descri bedwbevoei/asossay bot h cl ean and dry the wafer whil epatr/ushe3s/osasge tinme
reduci ng contam nation left on the wafer surfaces as conpared with prior
art cleaning and drying systens. Thgr_ef ore, the present invention cleans
wafer surfaces with 5 extrene effecti'veness while substantially reducing
contam nant formation. Additional advantages include efficiencies in drying

and cl egpipng R IREPACLRAIEhhe wiREEMoNHVeS, ifi &6liddifichd] bibdgintdd tkont ani nant s
remai ning on a wafer surface. Consequently, wafer processing and

pr oduct apperamy asbmithodedeseribedhbréin grayrbofin¢lesn ndedry the wefpr whilaghibéved due to

fficient f i i t.h | | | f tam nation. .. t
Cnvent | SHE REBELIE R BYIR TR grIs AG SFESR Rg<eResapd Alotd o e
vacuum . cfl(ﬂé‘i'rr]lg gﬁ? Pﬁ?ﬁ? sfy{s’{énﬁp ihdRESre Ofle Phdsbht fihventon BRHs wifee sifReswitRs

generate mat the wafer surface by the aforenentioned
f or Ses exiatrhe effpdtivamdss méute valstaftiafly viduciag comfemingat éormatiohace with a
significant reduction in remai ning contam nation as conpared with other

cl eani ng and, dt.vi n echni ques., I n.addi.ti.on, .t he present i nvent j may
utilize 15 a‘%}%‘ﬁlﬁ@éﬁ? P@Wew@@s&?@)@ﬁ?}cwz&% g%rllg ﬂdﬁA?%%Fel%ﬁﬁﬁ%lgﬂém zed
wat er t%?émhﬁ% 2Bf8ho AgiHE bR SortdBien ¥ iRaifRaB Shalwaer §rfagevacuum near the
waf er surface at subs% antially the same tine. This enables both, the

gener at iGonsayuently) tvelféripgesessicg and plodudtion mastesioersaseddind fhégher wales ticdds of
wat er surface tensjon al dei oni zed .wat er i nt.erf.ace and..therefore
enabl es maaaﬁ jeve ﬁ%ﬁf&ﬁ?@‘%ﬁ%%ﬁ%ﬁﬂ%%ﬁﬁ@% SIS Qfp @@EIWP %'01}{% °l eavi ng
confpam :éa%}te@r inJélﬁioﬁQg{ﬂgéH R6 URpROBE B Rtane daR RIS thRugh B udlotwaadnout put  of

fluids e nove ng the surface of the wafer to clean and dry the
waf er. Thed efhworve] intdoejupctesrewith iffuiempitio rThegvessurgs generated an prilvid filn et
surfaces, with extrene effectiveness. whil e substantiall r.educi

cont ani ﬁ%WaEBF‘H%qCP 5% the AforegenHeR fqe\slgmﬁ’iey‘i’ ‘énars{ﬁ%rﬂoﬁaé_oif @F‘%&éﬂ% e, spin
drying. v@ﬂergui]ﬁ&? @ﬁﬂ%%%gﬁg?dfagtlﬁ éﬁﬂ&mﬂ%?énﬁﬁigg%n@ﬁﬁﬁﬁh s RY @B hicRyit | |

becone apparent from | om ng det ai description, taken in
conj unctotifen cidahingtthé dedegiepaniguasg ol addifiong $he pregentimventiomgapytiizggy of exanpl e
e e o Bl A and G- 29244 00955, BT A RGOS/ 031136

surface along with generation of a vacuum near the wafer 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 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 output of fluids 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 extreme 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.



The present invention will be readily understood by the follow ng detail ed
description in conjunction with the acconpanying drawings. To facilitate

t hi s descwopbidan3pos2l i ke ref erence nuneral s desi gnate |i lPeTAtS2e/3106113é
elements. 5 Figure A illustrates novenent of cleaning fluids on a wafer
during an SRD drying process. Figure |IBis a diagramof a typical batch
substrate cleaning system Figure 17¢is a top view of the batch substrate
cl eaning system Figure 1D is a prior art, schematic of an RF supply to

supply one or nore of BﬂfEF%%ﬁ?*ﬁﬂﬁ%ﬁTgﬁiﬁﬁr!&;ﬁ@%hom a wafer cleaning
and drying systemin f the present

invention. Figure 2B shows an alternate view of the wafer cleaning and
dryi ng syst edf Rresgitdayassiae wilhbe readdp unddssdodrbnthedblipwimgalatailedvent i on. 15

Fi gure L)) r i | ose-up view of th f.er .eani ng..and drying
syst em aﬁgbhél(?\%&a&tn gﬁoﬁwﬂgéﬁe&cﬁ%lﬁlg%wg YESe %Flﬁétﬁﬁ“é%eﬁﬁ]g“ﬁ%esent

i nvent i tike refférghidemuailrald avSgRROliRStrushAf Jdridfs, Up vi ew of the wafer cleaning
and drying systemin accordance with one enbodi nent of the present

i nvent i on. Firgiife1 BA1GRAIME by bR abldo YR 20 L4818l sbeani ng and
drying sy_stem%&ifth 20 dual gr og?r%t\;{/%a%iélgggﬁﬁqsﬁ(gda%g%?eggnc %Pﬁbone
embodi méryingyirotdse. present invention. Figure 3B illustrates a side view of
the wafer cleaning and drying systemw th dual proximty heads in

accor dance mFighr@IEiﬂ@@Qhﬂiﬁfﬂat%ﬁiciﬂlﬁtcﬂ%ﬂEﬁthe él@é&ﬁﬁ%&}%&mﬂ gure 4A shows a
top view of a wafer cleaning and drying system which i ncludes nultiple

proximty hepgsrd Qf ia ﬂ%ﬁ%év@b’i*tﬁé b%ﬁgﬁ&?xa%fcléagﬁxﬁ'ﬁgt% in accordance with
t [ e

one enbodi nent” 25 of e present | nvention. shows a side view of

t he wafer cl ' WA .em-whi,eh includes multiple proximty
heads for a %%P%?@% arp@ctyjrr a%g%}oﬁghgﬁt%\gﬁé}lm?lﬁ?%ﬁ@é’fyd‘ﬁﬁc% I&?TPI‘??t}}?ne

enblddi neatsdaders.he present invention. WO 2004/ 030052 PCT/ US2003/031136 -11
Fi gure 5A shows a top view of a wafer cleaning and drying systemwith a
proxinity hepa%u’ DR SRS 2R ISRRE b ERt F i@c5@ss a
di aneter of the wafer 108 in gcc@%dan@dﬁﬁt onlfeiggﬁ%% |rgr§Vr%?l%D% the present
i nvent | egmbodiment 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 cleaning 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  ofthe present invention.

Figure 4B 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 invention.



Figure 5B shows a side view of a wafer cleaning and drying systemwth the
5 proximty heads in a horizontal configuration which extends across a

di anet er wD 20603 er in accordance with one enbodi nentPCafuskés/opriasent
invention. Figure SC shows a top view of a wafer cleaning and drying system
with the proximty heads in a hori zqgtal configuration which is configured
to clean and/or dry the wafer that 'S stationary in accordance with one
enbodi ment of the present invention. 10 Figure SD shows a side view of a

waf er cl eani FWﬂAGhﬁﬁﬂt@yﬁéﬁﬂfﬁ‘%ﬁrbwﬁmnEraﬁ&idf?i%ér/i)ﬁ%%g%ith% a horizontal

configuration which is configured to clean and/ or the wafer that is

st at i on@lioyimity besddn ddweigontal donfigeratobwlichentends adrhss piiemetat of the evatféron.

Fi gure shows .a side view of.a wafer cleaning and drying systemwth the
pr oxi mi ﬁ%lﬁeaga%rdﬂceaw@épﬁ %?Od&%m%ég}feﬁrFWﬁp@ﬂ WA to clean and/or dry the
wafer that is 15 stationary in accordance with one enbodi nent of the
present i nveﬁ‘tgi‘lE?réB BiQyt esidgvieWha veaferaleaningand diyine systew vaih thewaf er

cl eani 2 ' - Py a T degrees.fromt si de view
houn | Moo THIEAM Sl S LR SRR A i i e Bt

i nvent i iamccdridgnueeriBiCosdembodimemtpf ieprestht mveadicr. cl eani ng and drying system
with a 20 proximty head in a horizontal configuration which extends across

a radius of gipgrewd a{owghtogwm_@fe%k&ﬁﬁg%@% éggtﬁlfnnngt% e present

invention. Figure 5H shows a side view of a waf drying

syst em RiPxinitshiesadp irox heriizoptah eerdfigusativniwhich tsaonfigmted ko deaf argivratry e whi ch
ext ends [pSs. a. radius of the er in.accordapce with one enbodi nent of
the pr e\gagf% ﬁ]iaﬁ\?éﬁatt’iogﬁl}' 1B 8eqer P%wggogﬁSV@O TG QL 10 PYESHEARVSTHOB / out | et
origntation that may be utilized to clean and dry the wafer in accordance
wi t1 one enb%&P’f‘?eﬁQ Shaws hddgrieyede Waiveeaning andmirijne sysen stithvilie anot her

pr oxi m ] I 3 i il . t utiliz t | ean and
dry t heﬁrg\g’?g%ér? aéa{g{(:%?%ér?g{eal \EIJ\(IIS 4fﬁﬂéagltgh§ﬂ%%}g§ﬁgﬁﬁglgg g%qncelea& (f{td?y ﬁernt i on.
WO 2004w &80tha0is RETiohiE AN 3¢dalhdbwith bie EmBodigneB oS0 Weesantlibvdaigh, Proxi mty

head inlet/outlet orientation that may be wutilized to clean and dry the
waf er in accOPHEmEeShAEI? Sifeviawgba weisiclegningrad drdag astem withths on.  Fi gure

6D il %Bﬁﬁ{i%e%dﬂnee{ S48 gor%gﬁ%ﬁogeeﬂgbl% 1.'0‘3101\(4:\%c z%rd/(gjrr(%g/ HE WieE t%asttsist hat may

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

Figure SF shows an alternate side view of a wafer cleaning and drying system that
is shifted 90 degrees from the side view shown in Figure 5E 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 SH 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.



5 be conducted by a proximty head in accordance with one enbodi nent of the
present invention. Figure 6E shows another wafer drying process using

anot her sworoet/i3miset / outl et orientation that may be comdmaisea3ygiiac
proximty head in accordance with one enbodinent of the present invention.
10 Figure 6F shows another source inlet and outlet orientation where an
additional source outlet may be utiized to i nput an additional fluid in
accordance with one enbodi nent of the present invention. Figure 7A
illustrates [ag! Eﬁﬁg 1 : j ; afmkbé&ccor dance

w th one en‘g%é]grrgerfltsg% y% e pfggécﬁjﬁniﬁ%ﬁﬁeggwé%gn%ﬁ% 7B shows a top view
of a parilikednoefean apd dx thi twafdrdna dedondaacewitl @ane emhodimend pbthe presettnent of t he

present invention. Figure 7Cillustrates a proximty head with angled
sour ce Vg9 performing a drying operation in accordance with one
enbodi mrent of the present invention. Figure 7Dillustrates a proximty head

with angl edFigwe 6B illndtestes axpefceablp @ebosnertof aampien drywedroress §FHAYy a dryi ng
ti i d W th i j ti .
2P gr o bg Ronfie RS ROR it} b3 e SRR HR byd brbPBrRhESERE prekBHENT L0 4

waf er ;supfigce cleaning and drying systemin accordance with one enbodi ment
of the present invention. 25 Figure 8B shows the proximty heads in a dual
waf er surfa i ry . J R&&cMnldy/oane enbodi nent
of the pr es?ﬁ&%ﬁggh{&%%ﬂ |gvyudre SEAﬁgﬁgﬁs&éa&tnggcpﬁﬁlﬁv gf a proximty head
with a oglehtaib@thabhap e icondeddrydaproaimitytiivad neacnisbdtawith ooé t he present
invention. WO 2004/ 030052 PCT/US2003/ 031136 -13 Figure 9B shows a side

vi ew ofentbledingné of tietyessBE@VHUOR a circul ar shape in accordance with one
enbodi rent of the present invention. Figure 9Cil]ustrates _bot{ om vi ew of
t hdOpr oxi mi tFjgure 48 sho@s anatherisource inletiang outleiraisatation yeee 198t h one

enbodi nent of _the present .invention....b Fi gur : oximty head
wi th arfoRIosAYLe L. e]‘?‘ﬁkzsd IngRt § ddgioopel B &%&fﬁﬁgéﬁ@l@rﬁdi ment of the
pr esente laMERHt 8P 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.



Figure 10B shows a top view of the proximty head with an el ongated ellipse
shape in accordance with one enbodi nent of the present invention. Figure
10C showswa 2eb4dBooszew of the proximty head with an el omgatusdoosioBilpse 10
shape in accordance with one enbodi nent of the present invention. Figure
11A shows a top view of a proximty head wth a rectangul ar shape in
accordance wi th one enbodi nent of th'e3present i nvention. Figure 11B shows a
side view of the proximty head with a rectangul ar shape in accordance

with one embeuiueos swd NSidRKRSFBE b BXRhIPReadhVitrh Ot Qarlshafre i | UStrates a
d rshap

bottom portion of the proximty head in a Tectangula I'n accordance

wi t h onécedidrasae withtone fmbhéinpng o Ste presemrinvemtionFi gur e 12A shows a proximty
head with a partial rectangular and partial circular shape in accordance
wi th one enb&iluredC ilbfstrbiee aposmntiew bYdBpkOImitiHeud €042 ByighpWaudarr €ar Vi ew
of the glrloxi.m'ty ead with gmgar_ti al rectangular and 20 partial circular
shape i AD3RECBRURFECE VIR oBp emepdimemhelthe presertdnysnéioent i nvention. Figure
12C shows a top view of the proximty head with a partial rectangular and
part? al ci r cHigare Kapowse prosbnitehead with 4n domgatnbdbipseshtpeoih acbedpreesent
i nventi %tho':i %Hlégg#%ﬁrg% ustrates a top view of a proximty head with a

|

circul ar SHAPE § PISTEIP¥YAIaRt y head shown in Figure 9A in

accordance V\%Ih 0 nbodi nent of the 25 present invention. Figure 13B
shows the pr oS 36 FiPBey eiohe sraximenhead witk en gloneetedillinsohepe

enbodi ”ﬁm"c&‘fdaﬁ&e‘“ﬂ{Wﬁ@%ﬁﬁ%@%ﬂ%@gﬁ@%@éﬂw52 PCT/ US2003/ 031136 -14

Figure 13C il lustrates roma side view in accordance

with one e i of the,pr.ese i nvent.j gn. Fi.gure 14A shows a proximty
head simi| a?P %ﬁ}e@@w%“’t“’é aﬁ’m%eo Y}F}%&rflﬁheﬂi}"ﬁ&a{ﬁ?ﬁémgi aelenggtndslipsg i n
acchy dagiege W adaoﬂaﬁc@ml@ahmﬂao&ﬁqehmtﬂéﬁéeéﬁ ifya4EaLI on. S Figure 148

e

illustrates a top view of the proximty ad where one end is squared off

whil e the ot ena s wsa) ' i-th one embodi ment of the

present inventon. Iétl%gusr gggff%‘iﬁ%aé g@%e%gﬁ%w'ﬁecgan SPEPRHY of the

pr oxi m dogotdenct with ancanbadinent o¥f théipesait etveadsirent of the present invention.
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 proximity head with a partial rectangulaf 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 circular 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.



10 Figure 15A shows a bottom view of a 25 holes proximty head in
accordance with one enbodi nent of the present invention. Figure 15B shows
a top vi ewoabo4d3e0525 hol es proxi mty head i n accor dance P@irtus2003me1136

enbodi mrent of the present invention. Figure 15C shows a side view of the 25
hol es proximty head in accordance V\{ith 15 one enbodi ment of the present
invention. Figure 16A illustrates a di de view of the proxi mty heads for
use in a wafer surface mnegasonic cleaning systemin accordance with one

enbodi ment ?égu%é;gsdgg'ﬂ@%&&fes H%}fﬁ@iihﬁ&l}eaﬂﬁ‘aﬁf@sié‘@aew ihusédraims vtisomde vi ew of
0

the proxim r use in a dual wafer surface negasonic cleaning
syst emeinbodiagdk déthe presérdtinvemeéornbodi nent of the present 20 invention.
Figure 17 illustrates a side view of a proxinmty head where a negasonic

transducer Eii%aué LA kESyPLHIRERITR heRyHaOH shae tamitt prosmitckeadshevni n
accordance with one enbodi nent of the present invention. Figure 18

i |1 ust iaFesral ) theaopprdanestwith prosinhedipepeddhepresenf HYCRBPR i gurati on as 25
di scussed in reference to Figure 7A with a negasonic transducer is |ocated
betseen a Figire 4B iilusttteandomviswnidee prokimityread Whereipnrenddg sduwiefe i n
accordance W th one eppodi t of the present invention 4/ 030052
PCT/ Us2b0sidesthe giher endsisgp 811199&"% Wtﬁ??&&“\gf"z e&? O%Fh\é\gfég y heads with
a CO”biiﬁk?eﬂliﬁ% of a clean/negasonic region and a drying region in
accordance W th one enbodi nrent of the present invention. Figure 19B shows

a side vi ewﬁélgg ﬁgg:sg(]h\}!%/ %ngg(QI%e%fi]sq%ﬂtael nﬁg)gg&g%ggig?i X d4¢ 8cprdancd N t he

cl ean/ megas &b adnc e W t h t of the present

i nvent i ord GkBcimeht SR SpradneNRERiar Y process window with the plurality
of source inlets and as well as the plurality of source outlets in

acggradance e%gsﬁmwgibaﬁ&h&éwbh@zs R518S Brdxirhity B&dd i@codkfarfeguite 21
shows a top view of a proximty head with a substantially rectangul ar

shape idheaamodiame of the phesemenesrtiodi nent of the present invention. DETAI LED
DESCRI PTI ON CF THE PREFERRED ENMBODI MENTS

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 16A illustrates a side view of the proximity heads for use in a 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 Tocated 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
75  discussed in reference to Figure 7A with a megasonic transducer is located between a

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

of the present invention.



An invention for nethods and apparatuses for cleaning and/or drying a wafer
is disclosed. In the foll ow ng description, nunmerous specific details are
set forthworoewwers2t o 15 provide a thorough under st andiPag/uskoo3log11pé esent
invention. It will be understood, however, by one of ordinary skill in the
art, that the present invention nay_?;'practiced W t hout 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 | nveﬁtgmwmo\bl@!alsﬁietdié»s_o!fﬂi«tﬁzﬁihhgﬁeda@sviﬂﬁﬂbnﬂﬁﬁ&{dnbcm in terns of
several preferred enbodinents, it wll be appreciated that those skilled
in t he cdedn/mpgasonieaetionandredyyingregiondn asspedanes with pomembhedimentiekthg t he
drawings will realize various alterations, additions, pernutations and
equi val SATQLIWERRYE . 1t is therefore intended that the present invention

i ncludes all_suc erations, addition routations, and kvalents as
fall within F’ﬁ@f%h’é’ﬂ Fetest Akt pioaBpy B %ﬁﬁ&eﬁ%sam‘:ﬁf%ﬁ‘?‘@sm |
t hr qughin3f: DRhWebAdoHRtrE @b iR NR W ith he aRbSXRER GFtHe pRE@Tt  Processing
system It should be appreciated that the systemis exenplary, and that any
ot her smvemhine type of configuration that woul d enabl e nmovenent of the
proximty head(s) into close proximty to the wafer may be utilized. In
t he enmbodi neRigsresi{slnys h exanplanpro a8 esRlopcTitugradsratignafeurce Eetsr oxi ity
head(s) ve in l.inear fashion.froma center portiaqn of wafer to
t he edﬁlga %fwm?lih%g th&?@fa.llw? B Od‘tlﬁg lﬁﬁf)croé%}nﬁ? g’btgtoﬂgtem&?? ﬁlé’?ené F‘?E@%l ments may
be uti |ﬂ>1%ﬁé$t¥ﬁl}%ﬁ§on.the proximty head(s) nove in a linear fashion fromone
t he

edge of wafer to another dianetrically opposite edge of the wafer, or
ot Hiér non- | i Rigare 2mhews attep ey dfe proxiniitydwad witharsubsiantially restamgiilas, in a

circular notion, jn a iral nofion, in a zig:zzag.notion, etc. In
addi t i offhaPFHl%ﬁ‘@rdéﬂ‘E?o‘ﬁﬁ e,m]?‘Pf{%m\Wétf%grtﬂmseﬁ‘gerS ¥kd and the proxinity

head nmoved in a linear fashion so the proximty head may process all
portions of t ﬁﬁxﬂ FSfHE%Eﬁ]ﬂﬁfﬁ bﬁﬁﬂﬁ‘# per enbodi ment s
may -be utili Zi‘f\, ﬂ%’i@?ﬁécwarcrdk{?ﬁlm rotated uu?ﬂg{gne pr uxrJ Tty head is

configured to nove over the wafer in a fashion that enabl es 10 processing
of all portindnvshtionérmedtieeds and appripupesrfor elpaing ¥1d/on dryingAIREHE t he waf er

cl eanin nd dryi.n stem described herein . il . n and
dry any&é‘ﬂ%eél‘ ﬁ‘t?gfg ﬁg‘glngfdeg‘iﬂ?gltofl’a?ué’gerglﬁscﬁpe‘élg% %ﬁgér%_ﬁse%t a n%%t fg?t%ig 8r($%lrn?(a/af ers,
300; 37 Nk RfeSy thbloBbh RARSISdinEéChe PhRBetahRIItiEh CRRiN Be ARderdioping Syst em may
be utilized for either or both cleaning and ) ) )

however, 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 illustrate embodiments of an exemplary wafer
processing system. It should be appreciated that the system 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



drying the wafer depending on the configuration of the system 15 Figure 2A
shows a wafer cleaning and drying system 100 i n accordance with one

enbodi merwoabo4d3eospr esent i nvention. The system 100 i nclradas2e03loBase 102a,
102b, and 102c which nmay hold and rotate a wafer to enable wafer surfaces
to be dried. The system 100 also ing¢ludes proximty heads 106a and 106b
that, in one enbodinent, are attached to an upper arm 104a and to a | ower
arm 104b respectively. The upper arm 104a and the 20 | ower arm 104b are

part Ofpraxiaﬁa)ﬂelahﬁgsynm%@b\@aﬁ auiﬁéarmmmnb%mehii@ﬂﬁoﬁ b kleasafestolih ant i al | y
| i near 'novenent of the proximty heads 106a and 106b al ong a radjus of the

waf er . ddge ofitheovdfoni Ihehwuld beapprasiated thet otherenekadiments mey batiizabwherg
configured to hold . the pr.oximt ead.106a ahaove.t he fer t he
pr OXi m%?/p‘f‘f’é‘%ﬂi%%"ﬁi@é?% lPﬁém\‘Rﬂﬁg pH, fromeong cige ot the Wa rtt§ a{l(gtﬂghe waf er .
Thi s By, ReREEPEFHdsHE 88D tRAVARE of BfheHRRElindkr MokeARn® Hehyl Butllivegr arm

104b be novabl e in a vertical manner so once the proxinmty heads are noved
hor i5z orsueh hs; forgxanmlé, die acirardatmotiana it 2 gpifad masicsciagsAiggas PIREoprdki Wi t y heads

106a and, . 106b oved i call.y t tion.in ¢l imty t
e wafitionnip elfranbodhity s Foti - pie i A thy R he fos ol o ea”i n
any suitabl BM8Y s8 thd SI8xiMifXiead h%g%@od%@@ﬂfp&@@ﬁs éntle %AGH. Banolid aaved to

enabl e wafer processing as "described herein. It should be appreciated that
t he sysicamdeéfaiethatrsherentbioduments may baytikaedivdisretheavaferis ast @iatod/ 030052

PCT/ US2003/ 03113 -17 | th imty h b di |
pr oxi mi 10§ PEFUPHE %ﬁ@f 8 r"ofjgg% E‘ﬂé’rrﬁ?ge ‘Pvtfﬁ @e&#’f Wfaaigg%ﬁggma%éego \(; ? sc ILI 2 s gd o%e
bel gw i ﬂ}o&%@iﬁg SRGh lpBﬁio%;s/ ngh%%va@@. 5 QM Ehn B %)Ilotximi%}hﬁéhhcﬁnd lsOwher under st ood

that cl'ose proximty nmay be any suitable distance fromthe wafer as |ong
as a nmulesinsamisdgingcysemdesaibbdbetesr magbentined to olem gad drysDytshansugh 8B nmay

5 be maintained. I n one enbodi ment,, the proxim heads. 106a and, 106b (as
vel | asangdrze ofsHbsiratesspehps fpr ﬁ’?&ﬂ’l&e?é)@ﬂ“%e‘ﬂa)?ﬁ‘@r %@lmﬁife@a@ﬁt H&Koved to
bet ween,ab i it bdth clcahgwal er
proces gelt?fg?g%)grgget}icggr%ﬁlglaﬁag%mge%&eg{)@e& Qghn%%%d\#g{ﬁ&?he% ﬁreb proxi m fg y heads

106a andtyikgGhe (vafer\depdndas artyie oddifeyurgironafitiie systeead descri bed herein) nay
each be noved to between about 0.5 nmto about 4.5 nmfromthe 10 wafer to

i nif5 at e waf Bioufy K S8 I OwaREEIBkniAR snd Ythel systeBIr WORK at@rddilce witihadi ment
the proximty heads 106a and 106b (as wel|l as any other proximty head
descr i beubdimentf thermsesrs invsviéen. t theasysigm Woiinslpdesotiers 13g8d02bgndni ti at e
waf er P %%Nshsllclg]gma(})/ oI é[ﬂd%gtsate a wafer to enable wafer 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 carrier assembly 104 which enables
substantially linear movement of the proximity heads 106a and 106b along a radius of the

wafer.

In 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 arm -
104a 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



Figure 2B shows an alternate view of the wafer cleaning and drying system
100 in accordance with one enbodi nent of present invention. The system
100, in owe 20&/sndsedi nent, has the proximty head carri @ecTassesoby3d04 t hat
is configured to enable the proximty heads 106a and 106b to be noved from
the center of the wafer towards the edge of the wafer. It should be
appreciated that the proximty head carrier assenbly 104 may be novable in
any suitable manner that woul d enabl e novenent of the proximty heads 106a
and 106Bongrsdcheproxandy beadds)ymaye mafedrin abselpmiximily td the enferaoigasiraent , t he
roximty head 20 carrier assenply 104 can be nptorized to nove_the

Br oxi i %d AP ABSISHNY aaé%ms?@ﬁ oV freredifics to Sigurptolhdrarch 8B 1 He edge of

t he waf gfqu1h biss AR ) : : r ni ng and
dryi ng sy%%gésélgo%ge@ﬁganﬁegﬁgﬁﬂg pr Or)?i% B?)Q/Hﬁglé{c?gf\elddégﬁcgn%%ﬁ b, that
any sui tvafidres hengoesra ménipeusas discysstbmdbrthayrefeeerict itd Figaek 6 eHroash 8B atay

exa The proximty heads 106a and/or 106b of

le, 1, .2,.3 4, 5, 6, . .
t hengla](‘a & ngigainethg Inaone %?Rﬂﬁgfgﬁhgﬁqxéﬁ‘ﬁtibéa%@%%l% @nycH@rempl e size
h . -0 i 10 -1, 106-2,
S0 THRT prRRhRy Bad dRE SRS i ercR LK Pl pOGRER BE 0 T D 0

Fi gur es aboutl0amgtfrdrb theMwafetlid ihRlagwafeoprotgsingtoperfasions Slara greldrab®y ei n
generate _a_fluid neniscus between the Broxi mty head and the wafer. The

f1uid msmbedimentdle proximity bepds d Porsand; 106D (o well ppany ther papkimdipihegtie waf er by
applyin || : ' flul ds t he
aur t ace depteEpbfinh WML be O bot e el TR thldh it B0 b}

nume 0 ousvafar pe tnitidte GeIidr (Gocesihg bperattors adrin hesre brefenbleteh®odmedmt ithelr at i ons WO
2004/ 030052 PCT/ US2003/ 031136 -18 that enabl e the processes described

her ei n. PraxigKy bipafisi06a apd 1 6intes wiel e any ether prasinijsheschdesaybedhgretlean and
dry one ) f e 0 face and the,bottom

sur f acenga&bteﬁ%&fgft%%g&ft%?d? ?I{i(t)l% &/%81?{83%%8]2 “2%18{ %rgo “orE> FWBO%SOt h the top
and bottom surfac nd of the 5 wafer, the stem 100.may al sp be
configured te l%ﬂr%gﬁ Sg?@s%‘il_ erate yiy %ﬁ#‘%ﬁagﬁ(ﬁ% e aa%gfwyﬁfeab?%m_t he

waf er i fo@dinke difhorkRpiHoliiiiht BPFreQutt PRI Bid fRfeDiod ¥PER Of fluids. It
shoul d be appreciated that the system 100 may uti'l1ze the application of

di f flér emmbodineni,dab thetpppxianty Hved tamei asserhiely 106 thatiig gontfigactd td 8ablathd 106Db

b Cont PHGTRI DEEI 0B a3 A0GH 5 tERes B oM 5 cenigbotihe FRBUAVELS i Sat ¢ | on
to cl eaging e, qf sithuyd BWa é‘ciét&?th@ﬂﬂ(? ?ﬁxﬁ@h&?@&@éa@%%ﬁ%% ﬁﬂg%ecan be

acconpl i shed by noving the neniscus o ge t |'eans t he
movable in any suitable manner that would enable movement 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. It 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 drying

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



bevel edge. It should al so be understood that the proximty heads 106a and
106b may be the sanme type of head or different types of heads. Figure 2C
i1l ustratwe 20044i30@2cl ose-up vi ew of the wafer cleaning &od/u$egu3nglisyst em
15 100 holding a wafer 108 in accordance with one enbodi nent of the present
invention. The wafer 108 maybe held ﬁnd rotated by the rollers 102a, 102b,
and 102c in any suitable orientationas long as the orientation enables a
desired proximty head to be in close proximty to a portion of the wafer
108 t hatthitenilde He peb&8ss delribdd hefin. |T0s shpsl] i 102b may
be rotated by usi r% a spindle 111, and t?ﬁglﬁol I e%ﬁﬁi%%%te?rg}{}?ﬁ{éaﬁg&%ﬁd 20

r ot at ed '8¢ maydanand dryencairtarn of the waér of beth thetopausfacdend the dbsnby its own
spi ndl e in Figure 3B. In one enbodinent, the rollers 102a, 102b,
aﬁd 1023@%%?&2@% %fegn ag cl ockwi se direction to rotate the wafer 108 in a

countercl ockw se.direction. It should be wunderstood that the rollers my
be rot at ed imﬁgﬁ?‘jﬁ‘ﬂ%‘?’%SSIQ?%‘&lml%owag Setivthe apt andibttom sugfacescnidod thtependi ng

on the walgrg ' ' ' - rotati 25 imparted
on t he waf e’r“%g ﬁ%g/lqpﬂgﬁ?o{lﬁ%g?eséo?‘gg%?d%gggg%ﬁ%ﬁ%%ﬁggra%eééng nove a wafer
area t hoothérasdewitthbeafer pf desized bylinpoiting ahd setppttsi diiftyént Qpdd U RERX T t Y

heads 10}§a (?gd 106h. _However, the rotation itself does not dry the wafer
or move SPWT Be grpredated diat fhesyptemcldd mayguizg the applieetipm offdifftrentiaf er |

Th f i j i t t f th f
woul g peremicils &b SRAMERIORL i (HE YAt OPRLAN 1 O Dok TesrBE S oy bgnliBEoR t he 30
l'i near #wstdperatioh desieedpritheipsditisnitydeals ¢k 6a canfbulbldy Ags dndr Ry ER vehg rotation

of e fer, 108, The drying_ or_ cleaning operation itself 1s conducted by
at }Qas\é\ﬁl thit Wakte inaddition foyleaninecod/op d0UEDhPO URPOURMO81d 3B walkd. head:s.

Consequ I L 1 I LV ar f the wafer 1Q ul d, expand
from a?g}gr%‘/t)ﬁ?a]rDb rg%% r111§"t 0 tg@gl@gfggéﬁer rga%%cﬁls %?f tﬁﬁ 85%5&#18 Y a%ﬁé’v]}iuﬁ‘ Xﬁ%"ﬁimeal
movenenbews edged dyshogld dgebainderstfUdBsRRs iRy O A08Jaid Fsb ARy g ati on
of the stem 100 and the orientation of and novenent of the proximty

head 108% &Ra e of headerdiffereny tynesef headh, the drying 5 novenent may be
changed to accommobdate nearly any suitable type of drying path. It should
be under st ooligiredC ilhstrpten & side ciostrep diswl Ofthe snater bGhingaydeirdontysgui ed to

(o B 2 MR ARt 08 BlaoiRfiea yithghe cEhRitighng ob hocpresspbmuesionr co 1 nl of |
conf i gUTERSwhRr il@ﬂ)ﬂlfaf/ b8 BRI rotafld B IR rofllm%b%m 088PHa { et &gluﬁlgta@%om as

| PAinlet), and at least one sourcé outlet 10 contigure fluids
from a eegiasionigslongss thteriewdtém amablena pesited proxdmityhexd toi 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 aroller 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 102c¢ can rotate in a
clockwise direction to rotate the wafer 108 in a counterclockwise direction. It should be
understood that the rollers may be rotated in either a clockwise or a 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 106b.
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 106a 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



head by applying vacuum (al so known as vacuumoutlet). It should be
appreciated that the vacuumutilized herein may al so be suction. In

addi ti on,wot2hewo3vespes of sol utions may be inputted int@Crhis2603r3t136our ce
inlet and the second source inlet such as, for exanple, cleaning

sol utions, ammonia, HF, etc. It should be appreciated that although |IPA
vapor is 15 used in sone of the exenplary enbodi nents, any other type of
vapor may be utilized such as for exanple, nitrogen, any suitable al cohol
vapor, ad@nCenseQuEaY it one @hbodinkét, d@Y ala of Heswifot B08Mvblldwpaid frdm one
enbodi ment, the at |east one | PA vapor inlet is adjacent to the at |east
one vatcmteraegibeto thiedge tegionof the wafgr] GRciartspiral mpgeent|ag g4iyiBhe DI Wi nl et

to f | PA 20 DLW orjientation. | i t hat
ot her " (SBGATSRPERL 4o obutihe Rufanpllon b B IOUEM BB SRR ™
\ acuuméfaﬁd%é%nﬁhﬁoftﬁ@?ro&ﬂnuﬂl htdZBba da@enthe poxiMitytHeed 1es1s thed9ings ses

desired and what type of wafer cleaning and drying nmechanismis sought to
be énhamoecinertmay berchingedlid eceonpveatengarly e Sllléhlﬁ\/%@@u obsming/msih-ent at i on

may be utilized to intelligently and powerfully generate, control, and nove
t he meni scuslt2hodldbatedbritesdvtantha ppoamityhtadsHOaa amd H0Gh may be corfigeiesan and

dry wafers. The DIWinlets, t_hf Iﬁl;;? vapor .i nlt%ts, . agd tthe ﬁ%ﬂ? outlets
may t)e_ torhaxp gielgast ﬁn%lﬂ?ﬁ@hfqué‘g;lg;g_%ﬁ LT dfﬁ:;é‘i‘ff% 0817 8‘fa|"|ér(P go %s

mai nt ai 0 e ; &ﬁ%gf i+al; ; yacuum
out | et ,ﬂgo%gl %:Shg[eD@I&%ﬁlgr% aettl%églt n aé\ﬁda%g?%c?%)nal 1elrrgbodi netd,tet1 élfté ?}g);ll)ybe

addi t i ogladhol $BHAY i agoPforviaadyo lawtsinets IP A ih1eY)j andet $eaanaliecouncaeutian out | et s

dependi ng on the 30 configuration of the rog{ni[a]w head desired, Therefore,
anoktther caviigyendrie Autprbiiuids flopyaregin heprespdRe WATCDRYE BPFUECHIRLBIRNITBAY or ot her

S e S

descri begtuim utllieb@has@aniyalks Besesion. Iwadiftion, btheatypeedfsohitions emybdi nent
bei ng described in reference to Figure 6D. Figure 2D shows another side
cl ose- uppyitedingst the fiastsanree il plemdithyScap spugqerplet sichyas: 9K F1BBPPn accor dance

w th one enbodi f esent, i i . | i ot he
proxi m %arﬁ%ﬁ%ﬁ%a@éﬁf%ﬁ’ %tg'\/iet s%@t‘élﬁ%%g élff%%élétﬂ#%l%ﬁﬂ%@@é&@%ﬁst y to a
t opysur fiagan 68 opihd eReliplahyodmbodimasts, ah§Btheptypicld vapdranaylBButilerspewdhi vel y by
utilization of the proximty head carrier assepbly 104. Once in this

posi ti oas for peample.gitiregeny anediiiableabwhahdpen OFsaRn, CORRUNdS cfihaf BAYRRd DI w

source inlets d vacuum
mlsc?ble W%H water.

In one embodiment, the at least one IPA vapor inlet is adjacent to the at least one
vacuum outlet which is in turn 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 IPA 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 IPA-vacuum-DIW-DIW-vacuum-IPA or other exemplary embodiments with an IPA



10 source outlet(s) to generate wafer processing neniscuses in contact with
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may be porimiguheds t06eaalilosh muyaniiat (e PHEJDINS6ured 1S alPh Radhint he.
prg%:,\gl%% heads =~ 106a and 106b to close proximty of any suitable region of
th f

reFaaitief(p) 19 geneyafe sviRs roReRting mealsprssx imganjachwithishermyfend08 onf i gur ed

t 0 novey i PRANGE nt to.the.e of the er 108 or
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PCT/ USZDRSwBed pidessingindréads mkd4e gendtattd 4badtBitiahce waR MO ifsiPve in a

| i near fashion back and forth across the wafer 108 so all parts of the

waf er SEFFeERcEde TomesHrihraneh PBawhera P b sapraod DI BHare imputted intartit tegion

nbodi ' i dj. | ow j f to Fi 5C
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optim zatjon of the waf ergjprocessi ng operation. Figure 3A shows a top view
i |1 ust rétfengriase et the ﬁvwrdhq%dvgm@ﬂwbn@mnﬁaym bhackaddr proximty
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embodiment, any other suitable type of vapor may be utilized such as for example,

nitrogen, any suitable alcohol 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.

25 In another exemplary embodiment, the proximity heads 106a and 106b may be
moved in a manner so all 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



configured to nove and hold the proximty head 106a in a position in close
proximty over 10 the wafer 108. The upper arm 104a may al so be confi gured
to nove tWwe 2pe40800%2ty head 106a from a center portion @CTtuseooaasass 108
towards the edge of the wafer 108 in a substantially linear fashion 113.
Consequently, in one enbodi nent, as the wafer 108 noves as shown by
rotation 112, the proximty head 1064’7 s capable of renoving a fluid film
fromthe top surface 108a of the wafer 108 using a process described in
furt herhgddt 2dda &Rl 104b", ' : ] r he
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i nvent i way be ntilitedsn oeddpdalobteintan dplimizyioheftiOafensloebemgloptiatibhe proximty
head 106a capabl e of processing a top surface of the wafer 108 and the

proxim ty heBigukOHh sikapadlop vidw DIeeaif the ward @ldafiil 84 H{'ﬁﬁ?sy%ferﬁ bhep waf er
Il b along wih

108. In one enbodi nent, spindles 111 a and 1 | aroller arm
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enbodi ment, while the wafer 108 is being rotated, the proximty heads 106a
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may each renove fluids fromthe wafer 108 WO 2004/ 030052 PCT} US2003/ 031136

- 22 by TBpYSy siowphy refeliemi e theaoxmityrigad 20eaircemblael rempvimgrfthdé and t he
bottom ce, 0 t er .108 cribed in reference to Figure 6. In
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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
arm 109 may rotate the rollers 102a, 102b, and 102¢ respectively. This rotation of the

25 rollers 102a, 102b, and 102¢ may rotate the wafer 108 so substantially 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 1062 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



rotation to dry the wafer 108

rotation of the wafer
t he
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proxi mty heads 106a-2 and 106b-

2 may be noved into place in the center
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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 r

20  106a-1 and 106a-2 (as well as 106b-

espectively. In the system 100", the proximity heads

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,
106a-1, 106a-2, 106b-1, and 106b-2
25
fashion. In this way, as the rotation

108 in proximity with the proximity

while the wafer 108 is rotated, the proximity heads

start processing the wafer 108 near the center of the

wafer 108 and move outward toward the edge of the wafer 108 in a substantially linear

112 of the wafer 108 brings all regions of the wafer
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

in a spiral fashion from the center of the wafer 108 to the edge of the wafer 108.



includes nultiple proximty heads for a particular surface of the wafer 108
in accordance wth one enbodi nent of the present invention. In this

enbodi merwp 206w038053t em 100° 10 i ncl udes both the proxi mpPCy/Use@ds®3tiB6a- 1 and
106a-2 that are capable of processing the top surface 108a of the wafer
108, and proximty heads 106b-1 and 12(%6b-2 capabl e of processing the
bottom surface 108b of the wafer 108.““As in the system 100, the spindles
111 a and 11 Ib along with a roller arm 109 nay rotate the rollers 102a,

102b, and 102g andtB&neeiddnabm, the prckith®y 8EddeN 064-1108 108b15hs, 492a 102b, and
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proxi ni B§pds88p- 106523, 1 Q6h-h, aadd9Eb-Brfoxivatet processinpmperdtions. 108, the waf er

processing operation of a top surface of the wafer 108 can take place.

Fi gure 5B shiowperptiondeachiofthegirodmitgtheadsclosasti, ng6and 08byi, a8d $06H1-2May00" with

t he .

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 Figure 6

20  through 8. By having two proximity heads per wafer side, the wafer processing operation
(i-e., cleaning and/or drying) may be accomplished in substantially less time. It should be
appreciated that as with the wafer processing system described in reference to F igure 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 half 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 wafer 108 in accordance with one embodiment of the present invention. In this



proximty heads 106a-3 and 106b-3 in a horizontal configuration which
extends across a dianeter of the wafer 108 in accordance with one

enbodi nerwoabodrdseospr esent invention. In 10 this enbodi mPET/USRENS/0PIIGKI Mty
head 106a-3 and the proximty head 106b-3 both are elongated to be able to
span the dianeter of the wafer 108. ln one enbodinent, while the wafer 108
is being rotated, the proximty heads 106a-3 and 106b-3 are brought to
close proximty of the wafer surfaces 108a and 108b by the top arm 104a

and a bebedhRhi the26%indty 1Ra08064-8 64 Neld BeaRupser ahe 10493ithattextchéads 106a- 3
and 106b-3 extend across the 15 wafer 108, only half of a full rotation may
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opposite edge. It should be appreciated. that the %eoxi m_t ads 106a-3
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may nov elafeﬁ? 180 isheigciotaped tHe2drokinigy heatlo p06ac3 hral 1@hk-D arcthodughirtd dodeop of
Figure 5C) . Therefore, the wafer 108 may stay stati onar%wthout any
r ot at i oRTOFIMiHOEthe Rtafarsurtaces 198a and Q8P hyetae topiaywal Odaanr atholtpnsnns 2

PCT) US2008. 033825 B0 U BOSBEPHII LIGLF 36 1R Ry adipsné Mt 0 cf ose

proxi m roug one pass ove cl ean/dry

t he13 opwand/108, dady hanvSufifllaoeatioh nidyehewrbud to L0Bn/dky giervmf&{l ashows a side
view of a wafer cleaning and drying system 100" with the 5 proximty

e 306 g A0ERy tysabo T guital s caen i i g o
one enbpriximeity hefds flAéa-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 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 another 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 to 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



present invention. In this enbodiment, the proximty head 106a-3 is in a
hori zontal position with the wafer 108 also in a horizontal position. By
use of thwopoomi3nisy head 106a-3 and the proximty headCIQBRed/08t1a¢é spans
at least the dianmeter of the wafer 108, the 10 wafer 108 may be cl eaned
and/or dried in one pass by noving pr g)Xl mty heads 106a-3 and 106b-3 in
the direction 121 as discussed in réference to Fi gure 5C. Figure 5E shows a
side view of a wafer cleaning and drying system 100"" with the proximty
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i nvention. In one nbodi ment, the proximty head 106a-4 extends across
| ess t hthe veafelakﬂ8uhato$ stanwbjsmr@t:efdﬁn@emﬂgomﬂam@mdm aftheprgsdnér enbodi nent ,

the roximeft d 106a-4 nm tendthe i.ys substr te bei ng

pr es sEyent F% gﬂ%@?@?&@@“& PRy heafy %ic‘j’a#?’?ﬁoi £V fd§§ ext ends

over a raffidisadh, iBhYBIRImitPBeRQ 10683 Bh@XD6H-3 YrdtRAf AR tPERABSRhGOL N the
from left to right, or from right to left, beginning from a first edge of the wafer 108 to a

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 compared with what is

shown in Figure 5F.



center point of the wafer 108 as wel|l as an edge of the wafer 108 so the
proximty head 106a-4 can cover and process the center point of the wafer
and t he eageoofosvise wafer. In 10 this enbodi nent, the pPoTius2eog/obaae 106a- 4
may be noved into a cleaning/drying position by a vertical novenent of the
upper arm 104a-4 so the proximty heag 106a-4 can be in a position that is
in close proximty to the wafer 108. ce the proximty head 106a-4 is in
close proximty to the wafer 108, the wafer processing operation of a top

surface of tleguradGeshodH8 iqavicwalfa valf@tdeanBRCHMIIRyink ByBiR 180BadENt . the
pr oxi mi?il head 106a-4 15 extends over the radi u?%lfgt@%e waf er, the wafer
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only a full rotation maybe needed to cléan/dry the I'gurée 6A
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source inlets 302 and 306 in additioh to other source maybe
uti | i zeWafenl@@ean iebmplace. tBesause] Brommtanthodinéhtsthe proxiniiig head B0¥aat i on 117 nay

i nclude ource inlet 6 0 | eadi ng edge 109 with a source outlet 304
in Bet V\e/e%r’lm?ﬁge%t GrEdYs cﬁﬁﬁ? wg%g%gﬁga eﬁ@”é’iﬁr“i‘@“ﬁﬂ%qdé‘?f d&pd ingngi gure 6B
shows adediidar proximty head inlet/outlet orientation 119 that may be
utilized to clean and dry the wafer 108 in accordance wth one enbodi nent

of the preseRigure SH shows a side view of a wafer cleaning and drying system 100-5 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
1062a-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 are brought to close proximity of the wafer surfaces 108a and 108b by the top
arm 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



invention. In one enbodinment, the orientation 119 is a portion of a
proximty head 106 where other source inlets 302 and 306 in addition to

ot her souwoeooumb@rs 304 naybe utilized in addition toPChasesn3®atiaéi on 119
shown. The orientation 119 may include a 10 source outlet 304 on a |eading
edge 109 with a source inlet 302 in_%etween the source outlet 304 and the
source inlet 306. Figure 6C shows a further proximty head inlet/outlet
orientation 121 that may be utilized to clean and dry the vvafer 108 in
accor dapiffe YinkNsiné aEROsH2 BB 08N AdiBH RSERdr solifteRtIEEB04 hix Fs]/
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sour ce donteetini30206 an ¥ &eading cdFe 1(Bﬁa\jmha Sampb irdet 20Rrin bgtween 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 located 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



the source outlet 304 and DIWinflow 314 nmaybe provi ded through the source
inlet 306. Therefore, an enbodi nent of the |IPA-vacuum DI Worientation as
descri bedwealroaen3nes2- reference to Figure 2 is utilized. PCorseepa®atiBy, if a
fluid filmresides on the wafer 108, a 10 first fluid pressure nay be
applied to the wafer surface by the fA i nflow 310, a second fluid
pressure may be applied to the wafer “surface by the DIWinflow 314, and a
third fluid pressure may be applied by the vacuum 312 to renove the DIW
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t he sanfuitlipsase hitayeteyapblied th the wafdneunfededry the/DIWCiafloWd 4nemt 4 thindflvadii at e

renoval of the DIWfromthe wafer surface pre he f.or i.on of fluid
dr opl et BregsHIe |Hay Pegpriieddy th?lﬁa‘i}éﬁ?’e?’rlgs?ﬁ e tﬁ%%ﬁg}’ 3?'1&@8(1 %y ﬁrlﬁé ﬁgrﬂ)pnr educi ng
t he pos%g& lf%gtéli% contam nation drying on the wafer 108. The pressure WO

2004/ 03 7 2003/ 031136 29 (which is caused by the flow rate of
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116, The 11 oNESERGf bR se P B Y e B Ps JeuRpe PR MIASTON DS,
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and into the source outlets 304 5 through which the fluids nmay_ be outputted

f r om t hinflowaddidmi Atythisdimek, tRnRFWinflawy 3k thahis applied tonard e Waeysusfagryl | ed into
the s Ouern%:%ur?tlé}sltﬁé IQP/g 911 ov& 5' fo. bﬂgjenlg%r%rmnsagﬁ i, er%'a%etllf§ (415%%%( as an
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 IPA/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  on the wafer surface forms a meniscus 116 where the borders of the meniscus 116 are 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



interface 118 is not a continuous boundary because gas (e.g., air) is being
pulled into the source outlets 304 along with the fluids. In one

enbodi merwp 2a6t/3h@2vacuum from t he source outl et 304 peCraseés/opigg | PA,
and the fluid on the wafer surface, the flowinto the 10 source outlet 304
is discontinuous. This flow discontingity is analogous to fluid and gas
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fluid and gas. Consequently, as the proximty head 106 noves, the neniscus
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that the total liquid flow into the vacuum outlet is continuous, so no gas flows into the

vacuum outlet.

20 It should be appreciated any suitable flow rate may be utilized for the IPA, DIW,
and vacuum 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 proximity
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.



Fi gure 6E shows anot her wafer drying process using another source
inlet/outlet orientation that nmay be conducted by a proximty head 106 in
accor dancwowoedn3arse enbodi nent of the present inventi oRCTIUS2003i031136

enbodi ment, the proximty head 106 may be noved over the top surface 108a
of the wafer 108 so the neni scus nmay ﬁe moved al ong 10 the wafer surface
108a. The neniscus applies fluid to ?he wafer surface and renoves fl uid
fromthe wafer surface thereby cleaning and drying the wafer
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and 5306meastird the flovuateeof dlie 1P, PIVEGad ghrovasuim. Fi gure 6E. In addition, in
this enbodi nent as well as other proximty head enbodinents, b}/
control | i ng Figerefifbshowsahotheowalst dfving pfecesausing heotherfseprosipleiedlet 08a and 20
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t hrough the source outlet 304 may be nearly all DIWand the fluids being
r enov edmbrehoten theatap eurfzearlD8e of tho 8eferl 198a thdmeniseisimali beempyvedilorbcr easi ng

the DIWflow 314 ' i h 312, the 25.0utfl hr ough
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anot her source 1 nlet and et orientation where an additional source
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is inclu adj acent to the source I nlet on a si opposite WO
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subst ans04asHown indFigaevE! nmeddition, mgthis 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 6E 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



5 the top surface 108a of the wafer 108. Figure 7A illustrates a proximty
head 106 perform ng a drying operation in accordance with one enbodi nent
of the prweents/idpsenti on. The proximty head 106, in omeTArsR@diorEné, noves
while in close proximty to the top surface 108a of the wafer 108 to
conduct a cl eaning and/or drying ope_rﬁt_i on. It should be appreciated that
the proximty 10 head 106 nay also be utilized to process (e.g., clean,
dry, etc.) the bottom surface 108b of the wafer 108. In one enbodi nent,
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t he sou?ﬁttfélp{erwgtg,gg%% m%f%%r@n?ﬁ?ﬁ%“‘i’f@%% Sé’bﬁ’é’géﬁ’w %@F% Bnce to
Fi gure 6tilized tbeneie cRbgide oﬁh@uﬂéa%ﬂﬁ)s&bIIQYtSat%ulB%tféhg‘fﬁe%{mé RS &y of a

proxi mty head 106 in accordance wth one enbodi nent of the preéesent

i nveht i Bi¢.top purface 108pofthewads 108e enbodi ment, from left to right are a set
of the source inlet 302, a set of the source outlet 304, a set of the

sour ce i nl et Fpee 74 ilusiraiss apraximityheed tQf parfor@ing a dnyihgaopsettionfin t he sour ce

inlet 3 T | d Dl W.are..i ted into th i
ot weenRitited BRRHE e Snodeh o GR Broshll iariph s e BKERRE OBV s t he
| PA andosdx@nbidivhahi A ved whilemyeldde\prokifrity tﬁeﬂag 8%@%;;13‘8% Hgth‘é Rt} o4ef er

108. The source inlets 302, the source inlets source outlets
304 destrqondectigcienningrang/oa istnhepeantions Ui stmldbe appeccidtedithambt pyoximith as f or

exagpl i1 eni uar e ening, etc, | ne enbaodi nent, the
sourc eel?en e1t0§ ]f‘lé,%za I%Ebealﬁgg%go REee Kggs Bﬁg%éﬁl‘n?fq')ef?% ?’Smmﬁﬁxlfécec]i 08b @ ar
openi Nghe WRIFGUINB, 71& duk kHBbAiRAIRS, tBe WHRX IR MohE s&ﬁ‘% blithiANRh§qog0ur ce
inlets 302' perfornmng a drying operation in accordance w'th one

enbodi nBAY bemoyvped iz began fashionwbmg therheddt metimuwhilduidipreacivat dent fhat  t he
source 4 nl ' and 306 d urc outlet(s) 304 described herein
may be {3 5&2%6?@%311%3'?8%%@6 %gﬁﬁ'ﬁ%‘fg‘?ﬁh‘i éo"trPFemiﬁéﬁQ?a the vequaahi ey and/ or

dryi ng tprieassurck Budite s M dhd8ibni rf€sd ‘i hat WO
2004/ 030005 BT o sy o ahdTee 31%17‘%%3?9?Lﬁ%@%ﬁﬁg%‘{t‘g&fﬁ%@“ﬁ%’ﬁ‘g 108 i s

andPPed memagus ltlhas dsowssed innbfereancd @6FRunht magbe therate®A vapor flow is
directed to }ﬁlont 'é‘l t he qeni scus. 116,. Figure 7D i]Jlustrates a proximty
head 106 wit g&‘ﬁa eHPOUS dritde VieH| @haspostion obmproximigy bepddl96iin eccoudanee s 304’
per f or mviilg ofde SHi¥bAItheARTHRS hrefknt @A, dRANES oY Villy 8F6ne embodiment, from

left to right 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 inputted into the region between the proximity head 106
and the wafer 108, the vacuum removes the IPA and the DIW along with any fluid film
that may reside on the wafer 108. The source inlets 302, the source inlets 306, and the
source 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 illustrates 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



5 enbodi nent of the present invention. It should be appreciated that the
source inlets 302" and 306 and the angled source outlet(s) 304" described
her ei n mayokeos#znsgdsed i n any suitable way to optim ze tireTHEsR@3/06118&NI Ng
and/ or drying process. In 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 F A vapor 10 flowis directed to
contain the neniscus 116. The angl ed source outlet 304" nay, in one

enbodi ngpis IPhevapbgbae tikd wakr BRis anPed QowaddicsutdeanRBB0SGush thibthel t shoul d
be appreciated that the angle 0500 and the angle 0502 may be any suitable
angl e tR4t vapeuflaw is girpeiedte conwimifia aepairsht L Ehd control of the neni scus 116.

I n one enbodi.nent. t.he, angle O ' vapd | ess than
90 degr ees, H%HreﬂrPeﬂﬁ‘ﬁ%%&%%%%“?@%@a%ﬁ%@ W“&gg_@{esg’?%an | ess than
90 degrggsed sollrad oiklets QOﬂ'QJeﬁfoﬁﬂihg Qi di*ﬁﬁ% opéragoii0iceodBRe With alout 15

degrees, and in another preferable enbodi nent, the angle angled at an angle

0502 i seralpstimentid thiepressss invepfiona I shoutbooveppreriatpd thahfiesouso mlglgf0%'t ed in

o S b EUBR RS g SR Tf G TR AR ARGER b bR DERE o e
enmbodi r@l’i‘thbletvha%ft@%ﬁﬁi&iﬁ@w@ﬁ@ckﬁﬁn%@ﬁd/@r %%?%rﬁ@&esb.e different. By 20

angling the angled source inlet(s) 302" a angl i ng the angl ed source

outlet(s) 30 oneldiodBRéfahe Mgléd @ uity TnRe BNt RIGuITPREyHotafitoyhelef i ned and
therefore control the drying and/or cleaning the surface being processed.

Fi gur e 8#fer 103istangtedsit an anigle0 i owaod thetseunoe odetyB30§ skabitbiat thoBXA Zarbr106b f or

use, in dual fer surface clean nd dyying sys i,n accordance with
oneloenb@‘EW Refectid o ntai“stﬁﬁfr@%ﬁ'fshg\g iaaﬁfeﬁFﬂgffﬁ?égﬁ%?QédP%m?n%y usage

of sour i I e hwely along with

t he souéilg%ddgll&'tg 1&%?@%@&?% %%%1%%@%%&%%@ %dargrgrd]?sgﬁgﬁltli\fg maybe

gener at gfpredidtedrthdt the@Rgle @y, tah@ il aitgledsothey Boattyosmithble ahgl3Qitat oyopiisi t e t hat

of the source inlet 302, there nmay be a source_outlet 304 to remove DIW

and to ®BuRize He managemenisnd pentreltod dhe maris@isdd Os frenegrehediment, thgangle

enbodi nent., th our inlets, 302 a 0 306 b il I\PA i nfl ow
310 andvnnersh Siideerdis g1t e S A B i Venit Bk By e
utifg Zecge &s%ﬁ@?éﬁs Ylﬁﬁ%rﬂe%egs. R a%ﬁ‘?&hﬂe RebBRRNEE 1R Stb14 O3] isamyusy t abl e WO
2004/ 03 2 PCT/US2003/ 031136 -33 configuration of source inlets 302,

sour ce dugrées] sdI@4nather meferabde émbetiment)hermagloangletlial az engle Fos issbanpl e, t he
pr oxi m't% heads 106a and 106b may have a configuratjon of source inlets
and soulTdemenst dihe angledswped s anglsPsariivsied d2 any Heigblsmernscy (9 PdMitence to

meniscus management. In one embodiment, the angle 0sqp and the angle 050 may be the
same, and in another embodiment, the angle Osq0 and the angle 6502 may be different. By
20  angling the angled source inlet(s) 302' and/or angling the angled source 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 for use 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 I[PA
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 respectively while the source
outlet 304 may be utilized to apply vacuum 312. It should be appreciated that any suitable



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

Fi gur es 9wolweughos25. Any suitable surface conm ng i ntoPCoriuSaas/osiiBéh t he
meni scus 116 nay be dried by the novenent of the neniscus 116 into and
away fromthe surface. Figure 8B shows the proximty heads 106a and 106b in
a dual wafer surface cleaning and dr 1ng systemin accordance with one
enbodi ment of the present invention. 10 In this enbodinent, the proximty
head 106shfigiR€i6s SESotELInl P3G s f f the
proxinityﬂ%ggd 106b processes’tﬂgaﬁgégﬁﬁ$§u?$2§gﬂg#E%%éﬁgg? the wafer 108.
By the WHigadt Forexamplé:éhd praxbmity hdads M6/ 106k neyimve a configsatR@dbfand 306

respectjvel and by use,.of .the vacuum fromthe squrce outlet 304, the
nen?scusouicféhlﬂf éo%SP F?Eﬁf’ts Bk? &)@é’ﬂn SR Sﬁ‘il%%fl a%egalwéeae@ﬁaot he waf er
108 andripgieeeshd T8 B QMitiod, Yo %ré%@oéiﬁleﬁﬂgthgE‘)%@Hﬁﬁiﬁ&;&%ﬁl‘%lgﬁd proximty

heads 106a and 106b, and phere ore the meni scus noved over the
wet Jar eH¥banay beeofigedonfigeuatibn eestiowndrelova imeferamett Figumés 9 frovghds. Y08 can be

dried. Figures 9 through 15 illustrate exe ry enmbodi nents of the

proxi m %“i}g‘# ﬁﬁrfﬁcﬁé{omulg“g?\f)wa%w @ng @?Eﬁﬁlgir@ TR R dded alhe fIVEBRAL t he

pr oxi m dnnéass Y 18n@haa Mee 3AeRQNT T quration or size that mey
enable the fluid renoval procéss as described in Figures 6 to 8. Therefore,

any, sone, : I | 1A d ribed .herei be utilized
in any sui tgg ee&aﬁ%owgﬁ%@;%%%gn%j\%agrg?‘isj%gangﬁ)tdérlr?g&B ‘%asf?r Sf’ri?#cetaxarrpl e, the
syst em d@flimyand dryiap ispsiém il esRefaneswilk 566 ERBOditent 6f B BREE iR htiGHr €S 2A to
D..In addition, the proximty head may al so have any suitabl e nunbers or

2
shalfes Tafthis smbedinsit.the BrozpuitnheeddH6a prcessheths topsisbre A%k @liBe wafershoul d be

appr eci gfze the proxi mty heads s froma view is
the side t%ﬁﬂggﬁ%@%ﬁ%?i gfc%f(&b . r%ﬁ,eg%ﬁ?et%t e %S.Og/g(}s\%’roétﬁe E’Bf‘?&h@g waf er
pr oces Byhe infguttingf oftthe A axd tHeIW B e sdafeinlBRBoRInFBosF&fRiveRr ough 15
enabl e usage of the | PA-vacuum DI Worientation or a variant théereof as
descr i F&d bxmss el the vaeruan &emethe soures giiilee 304 thevhesiscusnl 16duidst heoformede

pr oxi m SCL rein.may b til.i.zed for 30 either cleaning or
drying t}g}éxéér%gl? ﬁ%%@%' elrt eﬁ%%n@% ﬁm?ﬂlg ‘%fﬂ?@%t%gtbe °ep W?é’@“li?ﬂbeag&pgﬁt t ed
fram t hadseswser 108. eTke $0RindRchca6106ANMd1106b SAUES O e tFenddds 114)
addition, the proximity WO 2004/ 030052 PCT/US2003/ 031136 - 34 %eads

descri Bey heapeyas ovey theaves aneas of hesvafer sutfacd inewm marhensd the phireowtfbet08 i nes

W th thnbg '-L,&ty to control the relative flow rates of liquid and/or vapor
and/ or ‘gas rough the

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 suitable

20 configuration or size that may enable the fluid removal process as described in Figures 6
to 8. Therefore, 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 inpuited and outputied
from the source inlets 302 and 306, and the source outlets 304. In addition, the proximity



outlets and inlets. It should be appreciated that every group of source
inlets and source outlets can have i ndependent control of the flows. 5 It
shoul d beweppessi@ted that the size as well as the | ocarcons2aB/081186 sour ce
inlets and outlets nmay be varied as |Iong as the neniscus produced is
stable. In one enbodi nent, the size gf the openings to source inlets 302,
source outlets 304, and source inlets 306 are between about 0.02 inch and
about 0.25 inch in dianmeter. In a preferable enbodinent, the size of the
openi ngdieads deberibed hermin inay abee BORipanidlct ifes@dreatipl di@ls1i3Q4vilismabout 0. 03
10 inch, qnd t he SL&% of the openings of the source inlets 306 Is about
0.06 i néRUty 19 oREokhs SeltivsHow Fetesefligud 4df@tvapaomdirgas Bough thedi ti on to

the sourgReQYLd i out 0.03 inch and. gbout 0.5 inch

apart. In a pr e?‘er%bﬁgﬂ%ﬁ%%?ﬁ@%ﬁge&%&]e%e%%oélpior%lsg‘fr © 4pg's pdsWefeed 0. 125
i nch apantlets corhavadideptidsht esdrd] bethsqiee outlets 304 are spaced 0.03 inch
apart and the source inlets 302 are spaced about 0.03 inch apart. 15 Figure

9A shows a chﬁﬁlﬁWe%Eg@cﬁEé@‘thé‘fi thy sineadwdiP8s t%e%éaﬁom?ofﬁlé Félsqﬂr?%]ilnzel?é”‘pe in

accordance with one enbodi nent of the present invention.
enbodi mépd outlstemaypexand as loegas the Gehiscuscprodesd tinstaldle ofn sdeerstvdigent] nl et s

302 whi We’siienofﬁlge enbodi nment , ’ir’ng‘? [es IPA to a surface of the wafer 108.
PRSP {0 Spuee soureg itlets1304, ped supeialasndeare 304 in

The proxim

a cent ebetRREd bt 0f02tiher NRAGHOL623 irﬁh'?n BRI ‘r’]lﬂ'ea{‘ﬁg@%@?eg n%&{dﬁ,gggggrec; ource

inlets 306 is |located adjacent to the source |
out | et s t@gize of the apehings wbtwi svere inlets 602 end thraotilze oaflets 604 igubels0.896 i S

Ioc%edi%ﬁi%@% ot.her %i de af thff source outlets 304. In this enbodi nent,
the pro hesige b PPemBekokthe fourgriniehy 300 is sbewd Wikt s 304 are

| ocated in the center portion and is |ocated within an indentation in the
top surface Maesmbodanentdhe saurse inlstsB026®d B06 imadditon toothe sturee swletce i nl et s

302 are i | evel . &h th ource inlet 06. The side
of the. b BERpiotldu by BicRa RURO SR bet® BN RrE ol Seedotin B m ty
Wit h t heowefiateisl BB &ospbeonip gnoalra?é@ rof $Hch DURR Bh@HeQBRrce ohtIGNBE4 9B Shows
a side view of the proximty head 106-1 with a circular shape 1 n accordance

with on@esh¥ssd Ofripchntpariandihe sawce inlelssHY ave spathe alpruo Vi03i ihgh gymad 106- 1 has
30 inputs at_a bottom portion 343 which lead to the source inlets 302 and
306l%and the Elgulrec%\mwpﬁmﬁﬁaﬁﬁi@&ﬂ@ﬂ/l@&ll@ﬁha—oﬁ’éuﬁﬂ&ﬂa@&ﬁl 304 as

di scusseccé N fur%her de a%.l in 1<3ference to Figure 9C. In one enbodi nent, a
top porTiSHasEY tfo?‘?ﬁnﬁ? e ‘f{? HRgsen guentiony In this|cappodiment,theint er ence

than t hgroRlityHBad 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 includes 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 located 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 circalar 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



portion 343. As indicated previously, it should be appreciated that the
proximty head 106-1 as well as the other proximty heads described herein
may have woyposuist@bl e shape 5 and/or configuration. Fi geras2@3ioBi1ae6t r at es
a bottomview of the proximty head 106-1 with a circular shape in
accordance with one enbodi nent of th%_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 outlet 304, and source inlet

306 1 eshiftetsi20RlaY disBYssbd Bk thBi0d«d4il thGefepdioy toBighte i@ hivreusibodiigenpar t s 342a,
342b, and 342c, fluids may be inputted or outputted througzh t he source

i nl et 30g pottivn 34bof the pyoxidty Iwed 106 ds smalles guyeisaupisrenge Hes hgbotis cussed i n

reference.to,Fj gure .9 It shoul d be reci at . 342a, 342D,
ind saderig e K paRed phe SRR oy MRulTR Bl b s bRoRRY b any

sui t abl g)60r hOREIRA] BB offRd pFIxIRNS heslis@sdrPB@hasin hby Bavelaplsgitimaklapus can be
generated and maintai ned by the source inlets 302, source outlets 304, and

souisce dndiertcenfd@Batiohe enbodi nents of the ports 342a, 342b, and 342c
described herein may be applicable to any of the proximty heads descri bed
herein. |n ofigureexbitidstraed 3 béttoan piesmt ofshe prorimitihiseaddiObs] @4Ba,cit8diab, and 342c

may be between ahbout 0.03 inch_and about 0.25 inch i dianeter. én a
pr ef er ahppe Braseermssvith ere gRPqdimpstotihe RISyt Y ENRPTY L HSRIAXIHDFES | nch in
di anmet ey, i : e, di 0 | petarveen
Sbout 0 opob Rso AR EREBATE M, 34018 o SARAGR, BRSO abond BRNEDT
di st anc®uhRtitResn, Baurposiitict 364 e werite alietBO6 Qespbetivetth By ihpabiongtor0. 37 i nch

apart. Figure | OA shows a proximty head 106-2 with an el gngated el lipse
shdfe itemoximnediicheeugh tbﬁpeﬁ%f‘%%@ilhxéﬂé 3¢, Hds BrayednP ittt i on. The
proxi m t 106- LR N7 tlets
S04 arrelfAtoRE; e sk ML Bh e BuBE RS 0% Fiing e SRIKBOL 2 2 e
capabl edigdussydh yéo@nddB Rigivaodh.a waf er surface region, the source inlets
306 are capable of applying DiWtoward the wafer surface region, and the
source out | ef spR0do@iSpreaRed it fle RPRBYLA) B4VRGUIMUDO fGE abg@E @R | N Cl ose
proximty of a surface of the wafer 108. By the application of the vacuum
t he | PAproRinify leads devgriBgl lntréie mayyyeeanyfsuitsblé orentaiion andydimensiereasdangaswaf er

surface be renoved., WO 2004/ 030052 P UsS2003/ 0311 -36_The oximt
nedld 106M B D R REEBORSE 94 NS oY Tt FORES P RAL% s el ’
enbodi gy an&g%u%@éiﬁfé&%d@ THREnVAEEtE B BE pSRL34BOYLDS 109 BARS dRBdbedand

source inlet .
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 apart.

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.



respectively. By inputting or renoving fluid through the ports 342a, 342D,
and 342c, fluids may be inputted or outputted through the source inlet
302, the wowoek3ows2l et 304, and 5 the source inlet 306. PATiUsewg3tiBe ports
342a, 342b, and 342c correspond with the source inlet 302, the source
outlet 304, and the source inlet 306 jn this exenplary enbodi ment, it
shoul d be appreciated that the ports §42a 342b, and 342c may supply or
renove fluid fromany suitable source inlet or source outlet depending on
the confi gur dhe proxiiaity hed. 1068 slss iR hifes pbies 347af 340 atd 942 Qhatl horzour ce
inlets 3059\%nd 306 with the source outlets 304, 10 the neniscus 116 may be
formed BEPIEERDE KETEPERY f thy spregelind g 02, Wﬂdﬂdew%andﬂﬁlrce intee 38Mape of

t he nmen 6 th onf i mensi ons  of
the pr o by oo BHaL o BRI Bnbidh G Pe Yo BRE 806 m 1y head
106- 2 \Aﬂﬁids my&ieaﬂmatee@r ehﬂpuﬁaﬁhrcaggmﬁe sdur@CIARE 90N Gk Wikt ARt oD gy ment  of
t he ent invention. In Figure 1 the 15 pattern of the source outlets

304 and ﬁ@%@ﬁﬂ@fé”qénllé}&t@@b hepritebRaj yzbnm(b%@eatorrﬂp@néfvuﬂﬂhe spurcone

mbod , d.106- 2 302 | ocat ed
out o1 dert 30pe B Sy 308 M0 b Sahreeivlsl 365 B eXCbBa b SiRSTGE of ¢ he
sour ce shouit se GPbeciatdhdaehe E@ms B4m, sM2l, 6Rd Bﬂlicerh% ﬁgﬁw&%&w& ijald y surround
a

the source outlets 304 which in turn Substanti surround the source
i nl et s B0O® a0y saiaile sourseaniepar scaceamitiet dependiog va tharonfigbration desirednbodi nent |

t he so rel at ed da t f the long axis of the
of theu%g%%lk%tﬁhg Ol B o O g la @%égﬁémﬁ% the gowerPElsts Hidet s 302
andL0306the infpiicut PPS MaglbOME HBREIeh VR drokify Head '1 08, g%dtd?@wﬁﬁ} §bg. 108 t hat

i s bei nﬁég%d and/ or cl eaned. The source outl et in this enbodi nent
exert v ¢ af Bie srpaisgroki inpy varly depéralingayi the corﬁﬁgdmmmfrﬂrdlﬂa@ﬂsmw ng dried
thereby %’f%&%ﬁr qﬁ at&el'OI PA and the DIWfromthe 25 source inlets 302 and
306 as We Ot hey 8 s fromthe region of the wafer 108 that is being
dried. Ther g%ore n one enbodi ment, a drying/cleaning action as di scussed
in referen hews g tomylewcaihe P'@X&“@éhﬂaéﬂ@ﬁt%‘@l pn elongged ehipsn

he: rem’éh”%@f“fa%““me RDAR epig bR ok e SRR o AT g e

head 106-2 wth an el ongate ape I'n one

emiadi rmﬁbrmcffthheoxma:eemﬂz]iets J0demd ttheogdurdetinRBBIRAnB 806 APPERGIA! Glefchdit, t he
IS exe ary in nature and may be any sui tabl € WO

proxim.ty hea I
2004/ 038558 epagq% 613‘7 Ry ng’he-agﬁOQTfoE?Jgﬂ@ﬁﬁhﬁéoqf@m@lltﬁ%%%bcetedlr ce inlets
302 andy 308 SSthiehrcASutleles (ORISR 2Q4h ltvﬁlh l§<%€’ed Oultside of the source inlets 306.

Therefore, the source inlets 302 substantially surround the source outlets 304 which in turn

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
input 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 close proximity of
the region of the wafer 108 being dried thereby outputting the IPA and the DIW from the
25 source inlets 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



configured in a manner to enable cleaning and/or drying of the wafer 108 in
the manner described herein. Figure 1 1A shows a top view of a proximty

head 106-WOwoed4n3eoseect angul ar shape 5 in accordance w PaTarseomsmbadé nent of
the present invention. In this enbodinent, as shown in Figure 1 |A the

proxi mty 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 source inlets 306 below the source outlets 304, and a row of the

sour ce dheh@bs aShg ab 8leouicd €nlsie 302 and BOGaswaID s theRomie oatidiGdh ment , | PA and
D Wnmay be inpqtteg to the 10 region of the wafer 108 that is being dried
t hr ougteonfigursd i & anannprto snaite clgpring aer/of dypectithewgier FRIhemagngut | et s 304
maybe u#ili.zglglto pull away fluids fromthe surface of the wafer 108 such
as t he 4RI FHE DIwin addition to other fluids on the surface of the

waf er 108. Figure 11B shows a. Si vi ew.of t r,oximty he 06-3 with a
rect angul ar 1115‘%;)&.95?%5&6%?”&&' @Rﬁf’f‘ﬁ“ﬁﬂlﬁagﬁﬁg&m?r antgﬁ]gr BEent

I nvent i;gnecotighde vt Sid mbteRHent bP iedréditt MYEHIROh hidéhBedidfta as and 342C
whi ch, 1n one enbodi ment, nmay be utilized to 1nput and/or output fluids

t hr oughshbhva is Figure 11A] e praxdditahend3IH- hmclheles tvasrawseoflrisaece ipletd #i%s 304.

It should be appreciated that any suitable nupber of ports a, 342b, and
342c naa}tlﬁfétoﬂﬂfFlPezé@IF’ﬁﬂ%W?ﬁouﬁqﬁ 33’?6& ?ﬁ?‘f’?eﬁg’a@g S 'érg‘?: Fﬁlﬁégéﬁéﬂ}r@?"’n
dependi : | gur.ati tal ets

dosi e R B R B B Y oy “head

106- 3 itelew thiemnardgulety 308hapend embadimentaite and DEWoney berbpditedtutthef t he
present invention. The proximty head 106-3 inclydes_por 42a, 342b, and
3429 orreglond kheowater 498 Wﬁf‘lsé?eméé%‘ﬁg@%rf’\ﬁé“ \%SIS%%“’% et&?lof ﬁ’é& g%qat om portion
may be wLid.l; X B8 L @R ak AP aRids Froh{hesBfa@ M 104a
as di sc%&éggéggb%e?%&?% gfreggﬁ?’cdé@%};%%%}%gqg% ltﬁrg}ﬁgh 2D0. Ei gu?e 12A
shows aoffih@wiafsrt1Ps keadastBETA wid the DIPAin adalitionsiotosirey luals carttle panfice aif

circular shape in accordance with one enbodi rent of the present invention.

I n t hi sthe&3diOfent, the proximity head 106-4 includes one row of source
inlets 306 that is adjacent on both sides to rows of source outlets 304.
One of the rBigereoflBshovse side viev of o zoonivived 2038 Willspoosneslan 36 - 38 304

ende or SERB it RpEnROE I BrneabniEeaTy honsay REIPEL it hBrugegad TN
106-3 includes ports 342a, 342b, and 342¢ which, in one embodiment, may be utilized to
input and/or output fluids through the source inlets 302 and 306 as well as the source
outlets 304. It should be appreciated that any suitable number of ports 342a, 342b, and
342¢ 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 342c¢ 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 outlets 304. One of the rows of source outlets



Figure 12B shows a rear view of the proximty head 106-4 with a parti al
rectangul ar and partial circular shape in accordance wth one enbodi nent of
t he presew0D 20&/03msent i on. | n one enbodi ment, the proxi mpCy/use@d/ 030686 4

i ncludes ports 342a, 342b, and 342c on a back side as shown by the rear

vi ew where the back side is the sqqug_end of the proximty head 106-4.
The ports 342a, 342b, and 342c may bé utilized to input and/or output

fluids through the source inlets 302 and 306 and the source outlets 304. In
one  end®idi adjatent th ew P EIwsSofI6diRe i B02 ap&pddiiculsob 88 RPN chs éfg‘tﬁe source

inlets 302, the 10 source outlets 304, and the source inlets 30

r espectjoVs|dgscribed gbavazrerampoksosroeoptlets 3@4of the proxinmity head 106-4 with
a partial rectangular and partial circular shape in accordance with one
enbodi ment ofigtiteel 25 ghoavrsta remvaew obihe pheximstydend t 06-8 withempartifle proximity
head 106-4 includes a.configyratjon of source inlets 302 and 306, and
sour ce rgﬁtgpgﬂgr %’glf’ afial 8H°‘élﬂ‘g%’f“%e nrpccordanse viith ensembpdimgrt aftheappsent

or | &t i ftionF 18 B erkBAlehil B Bh R AP 136-@%3}8&%% REgsus ahead 106-5

with a circular shape simlar to proximt ovwn 1 n Figure
9A i n a¥oodarteek widetas shevn byriedeareidw oheiettRe packssdy is itvRplie@nd of thet hi s

he. pr OYPHIT Hralld ok, e R A4 JHGhwanl A 46s oy 00 1 rod Mo spdlxi iy head

o 2t AU ARICRRREE h\DuRQiRo1e 349 MI0E Ah oKL Bubishs BEACIGR S 20 be

connect wi th an appar at us i ch can nove roxim ose to the
waf er . enthogliment BB potte 8824, Bd2tprand Ba2d sorfeepshdltdGhEsdur@mRtdRTt @@ Vi ew i n
accordance wth %Bg enbgdi ment, of the present invention. Fromthe bottom

vi W, tREI5O8LFS0¢, aedhe sotees inleks306mepestivalEct i ng hol es 340 in vari ous

| ocations on a bottomend. The bottomend 25 nay be connected to either
t he upper arffigugdadCothomse topvicorafdhaprogipnity hicadHO6 st with ripaiahmathng@lér 5 i S
shown .above .i n.reference to, Fi t hr ough

20, 1+ SAghih Bt Py i B eRe T D R WL e any

sui t ablshowu e Kiew)khd pdRintity AN 0614 iRAUNG £onRiSut-888 &&&éﬁnf&&ﬁmﬁ ty head
106-5 nmaybe secured to any suitable apparatus that can nove the proximty

head 108d350fsandisoutsssutieta3od which anable teeesage 80the dP Kivgomes-IIW t hr ough 2D. WO
20qgl Og)g"%g% i(F)’lgiT/ US2003/ 031136 -39 Figure 13C illustrates the proximty
head 106- ik Om a side view in accordance wth one enbodi nent of the
present i nv%nt i oq. The proximty head 106-5 has a side that
igure 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 embodiment, 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 either the upper arm 106a 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 secured to any

suitable apparatus that can move the proximity head 106-5 as discussed above in reference

30  to Figures 2A through 2D.



is a larger circunference than the side that noves into close proximty
with the wafer 108. It should be appreciated although the circunference of
t he proxiwDtgodses2106-5 (as well 5 as the other enbodi PemtGS2@B/081186
proximty head 106 that is described herein) may be any suitable size and
maybe vari ed dependi ng on how much _%g[face of the wafer 108 is desired to
be processed at any given tine. Figure 14A shows a proximty head 106-6
where one end is squared off while the other end is rounded in accordance
Wi th one eniadi-dest i0fstbis thY R SRty HRYE@106-6 Fronh A sideivéew iDaceofdantenent , the
proximty head 106-6 has a pattern of the source inlets 302 and 306 as wel |
as t he vithoneenbotinetns of (i mesent imventiont Abe pexiwity haad Lodhas wsidatabr oximity

head 1Q06-4 descriped in refer.ence, to Fi.qur X G . r

addi ti é%laf%ﬁgcwgé%’&? @@“ﬁh? sife ﬁ‘?b]?""%?sﬁ@’aﬁo%ﬁg Se A%P‘;r“%]rr‘n %ﬁaf?%lg)gw ew of
Figure ' L 4 lcfSurifekdtiee bF B pRbxihligy Hea@ 106 (ys Welhd 106- 6
wher e gﬁsglgglg?e%?ﬁﬁf%ﬁ%qﬁgﬂroggﬁggf whi | e t?]e ot r?e?rmen? IS rounf:l(ed in

acc6r dasée othdriendodineeritoadf tire ptoxithity head 196dhairs desevibed heyain) may aany

enbodi nent, the oximty.head 106-6 jncl udes du i urface with
the cortBitgle sE9 E‘%%‘F‘y g%ﬁ'%&"gl (?CHF’ 138 %‘bféo‘ﬁHﬂlcgégrafg%eaoaés%%‘rﬁgée?g% ?Set s 304 that
enabl e%e&i%té%?%c%ssteﬁ a0 RR} YivEd8mb PA- vacuum Dl Wori entation during wafer
processing. Figure 14C shows a side view of a square end of the proximty
head 106-6 in_ 20 ac W € | : 8SERile fhevent i on.
In this emgn&g%g?gsﬁﬁégggg%iﬂﬁ% n@aﬁﬁﬁ%g‘[‘%@%@tﬁé‘%ﬁ grteﬁe0 portes 342a,

342b, ajgkr 342 rolihddd i8RaEr&sck Mititona Rehbodinignu bf thie pi¢sentinbattiont dn tid fr om
the source inlets 302 and 306 as well as the source, ?ut%(?ts 36 4. Figure
15A0s h@mbodinet.ttherpraxamithead Y-hbasapaterelihe sousesnlefy 4398 @ or dance

25 with one enbodi nent  of . the. i Qvenkion.: i S gdiipgnt, the

pr oxi n‘i‘f‘%{]‘f‘?éﬁﬁsoqﬁ%@g{%t%c%di‘@%l%tgﬁg%aﬁ‘:e%g&s‘s%hg’ﬂé? 'tlgaﬁrgﬁﬁm y be utilized as

ports 3f3@ibeddRoferendt 349€ure 12 RRAECHPD thepnart hddiciondlirgws af smmccdekis 2. | n one

enbodi ment, seven openings are the ports 342a, six openings are the source

out | et sis3a2be seendranh thedop yiaw eigdeswed4Borts 342c. In this enbodi ment, the
ot her nine openings are left unused. It should be a%reci ated that the WO
2004/ 030052 gk WSBANEYtR:BE1:I6p viesOofdhhiproxinitebeadalpo wheisdngsngisrt s 342a,
342b, and/or 342c_depending, on the configurati and, tvpe pf nction
desior ecrantred RE Wilsdhapther UL TawKied n gcg Cﬁ%’%ﬂ Sﬂﬁﬁglbgé{@’c?ﬂpﬁ’/fit{e‘élv of the 25

hol es Bf Qxh b ¥nt}524n A8 erhibbMnREE BBty head 106-6 includes a dual tiered

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

DD

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

Figure 14C shows a side view of a square end of the proximity head 106-6 in
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 inlets 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
342a, six openings are the source outlets 342b, and three openings are ports 342c. In this

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



wi th one enbodi nent of the present invention. The side of the proximty
head 106-7 5 shown by Figure 15B is the side that cones into close

proxi m t yweai200w/w3hes2waf er 108 to conduct drying and/ or @CEArS2003/001086 at i ons
on the wafer 108. The proximty head 106-7 includes an |IPA input region
382, a vacuumoutlet regions 384, and.a DIWinput region 386 in a center
portion of the proximity head 106-7. !1 one enbodi ment, the | PA input
region 382 includes a set of the source inlets 302, the vacuum outl et

r egi onsotB8dhaiesahaylBl wsadlab gerte3 SR 340b, ki@ oS UM R UEAELES tRWnfi ishe DIW
i nput region 386 includes a set of the source i1nlets 306. Therefore, in

one enb¥Hi tenhe! Waetipntdesirest ofthrpraximénbieai)s77.i s in operation, a plurality
of the source inlet 302 inputs IPAinto the | PA input region, a plurality
of the sourEigusutsBestho884 tgenematithe 25 halgapioxanity RegIIS-1 & gcordy@euun) in

t he vacu outl et .15 regjons 384, and a_pl ural | of .the source inlet 306
i nput s YS}L%E\]PF?]?‘BE‘?‘P@eﬁ QA?[*’?\B{?ﬁeqié‘b‘iCBH‘m-3r§]% Slqiqpﬁfﬁ\\%’grqm;tyhﬁ@g 148a7 vacuum DI W

or | &Nt adnoQm HiaRt 19f3'i%]th%%ﬂjdettﬁaﬂ dahfs liﬁtﬁ@ﬂ%éﬁ gfﬁjitfwieﬂacfxg{v fr B8/ E. 15C shows
a side view of The 25 holes proximty hea 08 N Accordance: Qi th one
enmbodi nemudfdryihg apd/essdedningopmations on Ass wienn0§. MThdprexithiehead 10647 sur f ace

of the. ﬁlgdgrq%éﬂl’%é head 106-7 has a dual |evel surface. |In one

enbodi NBRdeY Pt IGRIOR S8 he? YacHR quilst rggionn 384 gnd @ DTV input B@IN s bel ow
t he | evelg iWiat j : e - apd e plurality of
t he souﬁ? elW:arf Igrét%hg%rgw E?BHS%O%A&H%?CEE% Z’t g{;&gé eglltl%oéﬁ @#%twﬁlgfrb?ﬁgg%r oximty

heads I®ganadAd irkDGies haet afdke sourceinieal 32, tieranan BBRY&IOSIbEs 384a@RBhNg System
in ccorglfe}gce Wi tgﬁone enbodi nent of the 25 present invention. In this
ent}8di iBfipde p et of thesoprce oytlpts 8 Of rindithe BHY inpi regign 386 inckisies a spfitlea and

cl eani ng, fheni-stpy respectively along with the source outlet 304 to provide
a vacuum the neniscus 116 maybe generated. It shoul d be appreciated that
any suitabl e of chemistry . that can cle a wafer. surface that is
conpati bl e \;e\}, e%é%&r?emr%eeeﬂrg IYB%/ntt“H’ﬁn t%%??‘mlg&‘%gﬁﬁéyl’éé%oﬁﬁf‘%éb may be
uti | i zgguralify o¥dit $dufsd, inRO30NBpEEsdP AGhtoltRETISO M Erdoreh pRR faRPPosi te

t hat of theﬂ’source inlet 302, p:[ here maybe a S(I))ur{: gﬂt Ipet aléggf%}% remove WO
2004/ 030052 optlit/ 30420084168 2 hegative pressire §n 2 nyacuheniis theyvaandn oatliteep t he

i 116, | . i nl. 02 6' iljzed f
BAS: nirg L e preEdy A el ety Sofaly S0 oGl Puti e ¢ ¢ he
sour ce 334t e thiSR4y, TR/ IR v Akuubl-DRW JrRnBiRBh Ynay e 'hil8d fo intdiighay e, Pe

appreci at ed t hat
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 surface. 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  presentinvention. In this embodiment, by usage of source inlets 302 and 306’ to input
N2/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 material 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



any suitable configuration of source inlets 302, source outlets 304 and
source inlets 306 5 may be utilized. For exanple, the proximty heads 106a
and 106b wayotwseosa configuration of source inlets andprsoursee3nstiBets |ike
the configuration described above in reference to Figures 6A. In addition,
in yet nore enbodi nents, the proxin{hy_heads 106a and 106b may be of a
configuration as shown below in reference to Figures 6B through 8B. In
anot her enbodi nent, the proximty heads 106a and 106b nmay have different 10

conf i guelaningshenfistyy sid tb XebethisundmeRs ¢ 06idtabt | ThOsGRES Rldis Y2 fhd 4t meni scus
116 maybe cl eaned by the novenent of the neniscus 116 into and away from

t he surgy¥de utthzeeddpelid wglowr 3 korand pdasinglabemistyy inBow3hdrespctivalpwifiet he use

f ' iment, a.t d 406 be def i i t hi
he pr ot 5 a8 e B8 W RRLlo g ST ST P risdBiticer 406
may be sgfduitebievoifiivRatidne ROGEE M1k 302adukeeatds 3@@%%1\%%&%1&9%{5636 out| et

304 and the source Inlet 306'. Once the neniscus 116 has been forned, an
RE suppiyy hogtilized. Sopprample.ithapwdiniy hagis 1064 mdel(bgyay Have at r ansducer 406
r he RF su 8 i nto.acoustic .t should

convert ner fro | ene :

be appr(goél }tf%?reagmgto ﬁ%(fur?ehlg ettsr Adsqytes %hé?éf‘%ﬁ%e Cé’ﬁg%ﬁ?%ﬂ?ﬁ?“@%%%%ﬂﬁ Mt i on

that wortkderRieab Feutdies AC joR i -

enbodi mantfJ t he {%r ansdugﬂg\régggiggi?%tﬁg%%%%’%?gﬁlﬁ 8E§1&(§c6128%0nded to

a body a@e6bmaybemnfaiconfigiratiemiyoshomarit]ow erefarents doFuréssRthaduett Wi th a
subst a uch..as or. ex |l e, Teflon.t rotect the crystal 406a and the
body 40%‘ Fiotheg ﬁlg{)gﬁggﬂﬁﬁga RE lbfl?%?d%ﬁ%é)a@é‘ﬂt@m’ matheve ddferealy exi st on
t hey s ur doagiguitiohd) EANPGREb R]UASce SInBRb o cditfet ' roduce
megasoni c ?g%o kHz -~ 1.5 MHz) oer ultﬁgas%ﬁi C ?@%&"“%&?ﬁigﬁﬁigg In a
pr ef er atleaned by dlati mevement hEthemaensstue é1 6 #0Gambavesyafres tRSsuregasoni ¢ waves to
create cavitations in the neniscus 116. The cavitations of the cleaning
chem stry cobsdledning aflibe wafer $08i1saybe cehdread throughahe nse pf mpesonies Iaf t he

meni scus.__116. .Therefore, co m nants.cl eaned off of the fer surface by
the mertScTDortaSG (it 3pF Hsp BBt et ForgRE e e ddoaulpieer 304,
By USi NgeRRESasaibiSmahOn andubd M%Wde%k@%ﬁiﬁe b?&&fﬁit}%gad 0T
apparatus and net hods descri bed herei'n may 30 enabl e usage” of negasonic

cl dani rigtweendhe pair¢e audleti3ed sipbibe sotree oidst 300'alDdrceghd mshiscishidGilaabestixchange
WO 2004/ 030052
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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 crystal
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 produce megasonic (600 kHz — 1.5 MHz) or ultrasonic
(below 600 kHz) 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.



the present invention. In this enbodi nent, by usage of source inlets 302
and 306" to input N2/1PA and cleaning chem stry respectively along with
t he sour cwooe4/905304 to provide a 5 vacuum the neni scregaIS2MB/08H6 be
generated by the heads 106a and 106b on the top surface and the bottom
surface of the wafer 108 respectivel;f1 In one enbodi nent, the proximty
head 106b may have the sane confi gur"a%ion as the proximty head 106a except
the proximty head 106b is positioned to process the other side of the

waf er 108. | RiguadthB iIn6tratedesiTE IRSOGN the hfRRARYESIIs 4062 ARY PRspdsE haad Wi thin
each of the heads 106a and 10 106b. The RF supply may provide RF energy for
the pi e 6wl aeater suriaegmeggsonio Gleaningsysiomrin acqordancowithione enbodimenThe acoust i ¢

i ed : i ; h f
and ¢ el ESrSaR v ARE LB albodlPert DReE Alemrrs A e Ml adigasont o
MENi S CUN,/O R and Oaitay clRniSOPEUEAE eyl e it thelsbhrds bli@di D430 @Mﬁc}fv' ew of a

proximty head 106 wnere a negasoni ¢ 15 transducer 406 is |oCate etween a
source YAsEI®; theguenigeyses 14 6umayebei geneiated(y the heads ¢ 06 emickd6buint the tope

mbodi t | tion. . i ment, th inity head
706 nacbiapBand B8 GRS YE0s 8l 08 shtH BN % G0 srpoimehh Wper at i o
the | PASRImityShdadnabh sy havOMe Rathb oSt Sfon AR %xf;%%u}% E@rad\q%g gﬁggp,s appl i ed

through the source outlet 304, the liquidis ap ough the“source
i nl et 3beproxaméty heehklohiie pesitdarsdite pwavsssthapthepddapfthi echfdryl 08hént r ansducer
406 to .mepiscus 116, and t vacyu n the ] eadi ng edge, side of the
pr oxi n1%@%%%@%8%#%“&8?}%%&“%6t"f‘?éft{%egi??‘@@é Bithinegac GE?he'h‘?é(?se]fQﬁa@Pdi nthis
weylo  t eSbITEHe FOUS) SPPBVIER R%edhs ©F BRNY; i med and
t he megasoni c tragg%ﬁger 406 V\hi%hh@s In ml%ggéb@g‘r?ﬁasﬁi 4&‘\F¥hob%ﬁ1&9¢reni scus
116 maytogppusfic ghengsis dhé acoustic ereggcwmay theabe applicd todivemenidsusdé $taissed above,

t he acqust i,C waves nma enerate 25 cayitation jn the neniscus 116 thereby
enhanc?nr?éh h’r?ero]?: F‘é@f’r‘?f’ dﬁ?ﬁ’ﬁ&f’m %218? 0 thi‘@ Wé[fcgado%equ@pfgmdg@lrsyrﬁa%t isin
cont actmgga@&ﬁan%ﬁsfcasp‘geﬁn%ﬁg g@g&{du%gg: Figure 18 illustrates a side view
of a proximty head 106 with Bt/he configuration as discussed in reference

to Figure 7Avigideh7alfRaas anide %%%B?g#?ﬁﬁﬁn‘gtgge&ﬂd%%@gag@%ta%‘?@ a source

outl et 304 and a source inlet I ng edge si n accor dance

wi tlA orfeangducendiistesateddfetwirm aoeserutlerdenndarsoutce itlbi 3062 ibadbr@nte t he
meni scys.,.116 b 04/ 030052 PCT/ US2003/ 031136 -43 confined by | PA
vapor %lt}bg?%gﬁ%denp\égdﬂ% @8@%‘93?(8“?% o snpRpdangd. e prvemy dgadi ty  head

106, Te6mRg b 3o addiniguldohal 6o abudr BSH A AHAC 1 bfiGrafiln, iPIEAON, & 11! et

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



Figure 19A shows a side view of proximty heads 106a and 106b with a

conbi nati on of a cl ean/ negasonic region 442 and a drying region 440 in
accor dancwowoedn3dosene enbodi ment of the present inventi @CI/US2003/081136

enbodi ment, the clean/ megasonic region 442 includes the source inlet 302,
the source outlet 304, and the source inlet 306'. The megasonic transducer
406 is defined in the head 106a such“a way that the transducer 406 may
contact the neniscus 116 in the cl ean/ negasonic region 442. In a preferable

enbodi gElKnedtRapal 30 6PEHR PhedidRdihs e %%HQH% pailiag beRbMie poginisy de of the
proximty head 10 106 as conpared wWith the |ocation of the drying region
440. | heahE)ée MBmdnemsius 11 his loctsd eya teadingredgaside aEthg geurce Hﬂets%)ér ce inlet
302, the source outlet 304, and the source inlet 306. ' In such an
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enbodi e transducers 406 of both the heads 106a and 106b naybe
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cleaning the wafer. In_a preferahl e enbodi nent, the |ocation of the
transddﬁgﬁéuﬁbﬁwhﬁ?dﬁﬁwﬂﬁ“Ehﬁﬂﬁiéﬁﬁﬂqnﬁqm§§“described above in reference to

Figure 19A Figure_20 shows an ex | ar. rqc W 538. with the
plurality offig8greB shpys asdeyipy § °§%¥Ya@ea§%?§§aﬁdgﬂ)§wgflg‘r%\%ty of source
outl.et I ' ' efant&eitRloasent i nventi on.
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PCT/ US2003/ 031136, -44 cl eani ng operati 0 The process wi.ndow 538 is the
| ocat i cndiReb eaglyjaclyde fragsducers ah:gl?ytum into acolistic 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 In one embodiment, the transducers 406 of both the heads 106a and 106b may be
configured to output megasonic waves directly to the meniscus 116. In a 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 outputted 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



be formed. In such an enbodi nent, a proximty head 106 nay encounter

contam nated areas on a wafer surface on a | eadi ng edge regi on 548. The

| eadi ng ewoeose3d@2 548 is an area of the proximty headTAGBouslati36i n a

cl eani ng process, encounters contam nants first. 5 Conversely a trailing
edge region 560 is an area of the p_r493<i mty head 106 that encounters the
area being processed last. As the proximty head 106 and the process w ndow
538 included therein nove across the wafer in the direction 546, the dirty
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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.

It 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 5H. The proximity head may be any suitable

25  configuration or size that may enable the fluid removal and/or cleaning process as
described. In 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 a variant thereof as described in reference to Figures 2A to 2D. In addition, the



proximty head may al so have any suitable nunbers or shapes of source
outlets 304 and source inlets 302 and 306. Moreover, the transducer 406
may be arwowe4@bie si ze, shape, and nunber as |ong thecrrsaedosass 406 nmay
apply acoustic waves to the neniscus 116. It should be appreciated that
the side of the proximty heads shoyn froma top viewis the 5 side that
cones into close proximty with the wafer to conduct wafer processing. The
proximty head described in Figure 21 is a manifold that enabl es usage of
the Lﬁféxﬁﬁwﬁé&dl th&'hido BEVERy AL RS 6f ilhpes ofhouse dutlewddi andn, t he
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 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.

20 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. Ina 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 apart. 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 least
partially surrounds the area of the source outlets 306 for the portion of the meniscus.
Similarly, the IPA outlets 302 can be combined 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 channels.



Additionally, the proximty heads may not necessarily be a "head" in
configuration but nmay be any suitable configuration, shape, and/or size
such as, worvoexan®e, a manifold, a circular puck, a baCI/S2&630arida¢ an
oval puck, a tube, plate, etc., as long as the source inlets 302, and 306,
and the source outlets 304 may be copnfigured in a manner that would enable
5 the generation of a controlled, stable, manageable fluid neniscus. A
single proximty head can also include sufficient source inlets 302 and
306, and t heAdditioealyothielpRéamdhesddGiayt iR necdshRils b a"Beddr xbdfifleMraigad can

al so support nultiple nmeniscuses. The nultiple neniscuses can
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accordance wi th one enbodi nent of the present invention.

embodi rmeatbe vanied po axxy svitablelsiradlep@ling omibk applécatihn desivtl. finensour ce inl ets
302 which, .in aone enpodiment, applies IPA to a surface of the wafer 108.
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applying cleaning chemstry 25 toward the wafer surface region, and the
sour ce sbowingttke B@4¢essrvandaprinhebobetapel shiony0bdnchutm dbouts.f égthess Altocl ose

praxi m t f a surface of the waf.er, 108. By the. application of the vacuum
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sour ce hemdsghayBiparrangad oeamysuitale BAdneras dorgpasrsneh k obefigidfifon maspect i vel y. By

inputting or renmpving fluid throu he, ports 342a, 342b, and 342c, WO
2 08 4/ 0 %gegge BEPH able ﬂ%@anagegbr]e tﬂu1d glemscus.

Figure 21 shows a top view of a proximity head 106-1 with a substantjally

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

one 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 to 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 342c,



-47 fluids may be inputted or outputted through the source inlet 302, the
source outlet 304, and the source inlet 306. Al though the ports 342a,
342b, andwB4aet/serszespond with the source inlet 302, tReTAS003030086 ]| et
304, and the source inlet 306 in this exenplary enbodinent, it should be
appreci ated that the ports 342a, 34%p1 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 a”ﬂu{&gﬁm 'bfe*}nﬁdif%d%%ﬁ%@tt@dlﬂirwgﬁ BOburcd ikt peD)ithe sturdelGutien0dend or ned
between the proximty head 106-1 and the wafer 108. The shape of the
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about 0.125 inch and aggut 1 inch apart. In a preferable enbodinent, the
di stan@étlﬁéﬁ%%tytt}?édb ¥s is between about 0.25 inch and about 0.37 inch

apart. 20 In one enbodi nent, the tr uc 406, b5 1 in between the
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and enhance I's inventi on has” been described in terns of several
pr giser reghodandinthepoit Sizeiof the orts Bé2a B2k cind B4dc masibebrowsn ghouti0® i n t he

art upon reading the precedin eci fications.and udyi n awi ngs
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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 use 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. It is therefore intended that the present invention



-48 includes all such alterations, additions, pernutations, and equival ents
as fall within the true spirit and scope of the invention. What is clained
is: WO 2000/20@0B36052 PCT/ US2003/ 031136 -49 CLAIMS 1. A P0b4aiSea3®31136
preparation system conprising: ahead having a head surface, the head
surface configured t o b e proxi mte 0 a surface of the substrate when
in operation; 5 a first conduit for'éé1ivering a first fluid to the surface
of the substrate through the head; a second conduit for delivering a
second fntluides d1suchalteratibig addifiohd) perditgiondtad shlifvalah 45811 Waadh me he second
fluid being different than the first fluid;, and a third conduit for

r enovi nguewat asf seope qfitheinventignd and the second fluid fromthe 10 surface
of the substrate, the first conduit, the second conduit and the third
condui t Whetontiaguedsd: t o act substantially sinultaneously when in operation.
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 claiml, wherein the head
15 noves to traverses the surface of the substrate. 4. A substrate
preparation systemas recited in claim1, wherein the head extends in size
up to a dianeter of the substrate. 5. A substrate preparation system as
recited in claim1, wherein the head has a length that is larger than a

di aneter of the substrate. 20 6. A substrate preparation systemas recited
in claiml, wherein a second head is positioned on an opposite side of the
head and nade to be proximte to an undersurface of the substrate when in
operation. 7. A substrate preparation systemas recited in claim1l, wherein
the first fluid is one of deionized water (DIW and a cleaning fluid. 25
8. A substrate preparation systemas recited in claim1l, wherein the second
fluid is one of isopropyl alcohol (IPA) vapor, nitrogen, organic conpounds,
hexanol , et hyl



gl ycol, and conmpounds m scible with water. W) 2004/ 030052 PCT/ US2003/ 031136
-50 9. A nethod for processing substrate, conprising: applying a first
fluid ontwoaoeumbeee of a substrate; applying a second fPCHus2@3t0611861€
surface of the substrate, the second fluid being applied in close
proximty to the application of the first fluid; and 5 renoving the first
fluid and the second fluid fromthe surface of the substrate, the renoving
bei ng processed just as first fluid and the second fluid are applied to the
surface of the substrate; wherein tReLapywkyi ng and the renoving formng a
controlled nmeniscus. 10. A nethod for processing substrate as recited in

claim9, wherein A@ﬁbgtfa'ié]%repég%(gﬂ s n{,%oﬂpﬁsiﬁ%: DIWand a cl eaning fluid.

11. A method for processing substrate 'as fecited in claim9, wherein the

i LSS NI AR SIS,

met hod §udfacpbpibe SehshigteSkilkst ihdlperafisny ecited in claim 9, wherein the 15
renoving the first fluid and the second fluid includes applying a vacuumin

close proxi oty cbidit®r %b’lﬁ\f&‘ﬁqg Offrst ﬁlgfir%n& ?r%%’u&%@e ot the sﬁ‘b%@att@ﬁ]go "th

processing substrate as recited in c erein applying e Vacuum
i ncl udelseaddj usting a magni tude of the vacuumto formthe stable nmeniscus.
14. A substrate preparation apparatus to be used in substrate processing

20 oper at i ons secalyongiid For ARV &g ts¥cdh@afiuibeiontheCaRfdce Wree t QbsRYE tovard
a substrate surface, the proximty head incl udi ng,_ at | east one of a first
sour ce Fugh tha pad;the second flugdkbeing differsat fhgn demfinsyliniddand  apply a fir st
fluid towards the substrate surface when the proximty head is in a
position 25 thiradtconduit [fosenayingeachwfshe fitse fsud bk the sRtondfsid fone thd a
second source.inlet, the secgond source inlet being, configured to apply a
second Sruff%f’% of Jie SYbstaie @‘Gbgﬁ &PBX‘EE rm%\cg@‘:%ﬁleﬁmi‘ﬂ’ét B xtheyithiyd H’éﬁ@!ﬂpi s in
t he posidniieivell Bthictis8b SRS t: -ace, and WO 2004/ 030052
by USZOOB%O <l fht's Ry sAmiRe SHRSIEALSR opbiafiEs.

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 to 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.



-51 at |l east one of a source outlet, the source outlet being configured to
apply a vacuum pressure to renove the first fluid, the second fluid from
t he substwet2eosnindsace when the proximty head is in theCpaszeosiBehat is
close to the substrate surface. 15. A substrate preparation apparatus as
recited in claim14, wherein the first 5 inlet is configured to introduce
an i sopropyl al cohol (1PA) vapor toward the substrate. 16. A substrate
preparation apparatus as recited in claim 14, wherein the second inlet is
configured 40 i NhrRLHEE fHPOREGRsINRERE, oRipdkidgowar d the substrate. 17. A
substrate preparation apparatus as recited in claim 14, wherein the

proximty hg@%&gaﬁgyﬂygﬂg atsgﬂggé)mbgrﬁ@ni scus on the substrate when

t he proxim head 1s noved in close proximty to the substrate. 18. A

o PGl B PRGN 7 R DRl 0

conprising: 2 I er asse y confrgured to nove t

pr oxi b ui AgREIokIpRxithitfRAthe ERYIRARS ofthe figst Aluigdinds of the substrate. 15
19. A substrate preparation apparatus to be used in substrate processing

opegati ons, rﬁ%?cﬁglg SleNt BuRrAithl LaboRE AdiCREhitBE s@FsertTltie suRfrhgihed t o

travel in a movenent along a radius of a substrate, the proximty
head cahiehg BEEE PRIcyssed phsuds figst flmid andsthe pecond Mvid atecpaliekiorige aiéis6sed over
a substrate; 20 a second proximty head bei ng di sposed under the substrate;
an uppéef thersebe@thected with the first proximty head, the upper arm being
configured so the first proximty head is novable_into close proximty over
the subst r stherdimthierpplyitecand he remavingfoapimga GogHollehmerisf¥ner arm connect ed
with the second proximty head, the Iower 25 arm being confjgured so the
second proxil0j t y Anamthodsforprasssing sitbstrat as ecqitedxinrmlaip Bnwbereintthe fifbst r at e
to initiate substrate preparatjon. 20. A nethod for processing a substrate
, é@nprﬂugdﬁ@nemme@zn&@?ﬁuszoosl 031136 -52 generating a fluid

nmeni scus on a surface of the substrate; applyin coustic ene to the
fluid nmeni sdils; afdnethod for processing substrate aspr%c:1¥ed 1% aalm 3, W%erem thd 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 stable meniscus.
14. A substrate preparation apparatus to be used in subsirate 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



nmovi ng the fluid nmeniscus over the surface the substrate to process the
surface of the substrate. 5 21. A nethod for processing a substrate as
recited iwochaiasn®@, wherein applying the acoustic energy/useonshel1é ui d
meni scus i ncludes, generating the acoustic energy froma radi o frequency
being applied to a piezoelectric crystal in a transducer. 22. A nmethod for
processing a substrate as recited in claim20, wherein applying the
acoustic energy to the fluid nmeniscus generates cavitations in the fluid

10 neni scus. 23. 3 cARIALSf hebuRE 0GH&E sthe gowrcs vhiddteing anfigeei tedpilnacl ai m
20, wherein generating the fluid neniscus _includes, applyi ngaa first fluid

onto a vhéuust presyiote removhthesiirst Hud the soprd Smesirem ks suRsERG PHEPcR “hEeBond .
the 1 tiorerigne hana 4 RabeBegiion RRUS Hobf Biinp b Baubabe At B B ate the

romthe surface of the substrate, the
removing occurring froma third region that substgntially,surr t he
first regi odd mk%?@sﬁaﬁﬁge%%%aﬂ%@@hﬁﬁssﬁ%ﬁégﬁ ‘ﬁﬁlffi‘ 34’5‘%*)??161&%29 s;t t 1
east a.p.Q 19@“9 t Iy S Ry PR ol AP & ap Bt WaRDihe Bebstig. I enovi ng
for?rs { gtllg%{)u n%c{ntlos,l%ﬁg(.l&c 2{1 K%E%}yhogiofor processi ng substrate as recited

in claim23, wherein the first .20 fluid | cliean| fipi . met hod
for pr ocessilﬁg sdAbsgPP%{ae &5 eaclgll0 e%i)pfll%lh%l glé %&i%h %ngfr&g}ini%h‘gherg%cgﬁd fluid

i s one safonli$RIBY i RYALAr6@APIntrotRA)cionRl watsr gBIWY tewarj dhmnsibstritexanol , et hyl
gl ycol, and conpounds m scible with water. 26. A nethod for processing

substrate ag;recif & bét&tf:ﬁééﬂ&a%i%n Wa@&s”aé RecitedDin QIRMI D4 Wherelnl tiwt f1 uid
and the second fluid inc s applying a vacuumin cl ose roximty to the
sur f ac erefimityehead istordigared2id. praduve tanmehnisans opr the sulbstrate whis thearexgyty eci t ed
in claim20, wherein the _acousthi c energy is at |east one of negasonics
wals dwad isimeveddnclosqaiprdmity & tha s\sHae sed in a substrate preparation
appar atus, conprising: W 2004/030052 PCT/ US2003/031136. .- S?iéat ast one

; I
of a first S8urceAi mibstrateomrensratioar RPRETES | AStIepitq dnt 5laRe urﬁl‘étggr of the
substrate through the head; at |east one of a second source inlet for
del i veri°My"d™&econd fluid to the surface of

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 assembly 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. A method for processing a substrate , comprising:



t he substrate through the head, the second fluid being different than the
first fluid; and 5 at | east one of a source outlet for renoving each of the
first fluwoaeub3vdse second fluid fromthe surface of tReTAISh@BOALIGG at

| east a portion of the at |east one of the source outlet being |located in
between the at |east one of the first,source inlet and the at |east one of
the second source inlet, and the at l'east one of the first source inlet,
the at |east one of the second source inlet, and the at |east one of the

sour ce out | egeroedting acfhuifl nguniseds b10a s@¥ace bOtRWABStANE al | y si mul t aneously when
I n operation; and a transducer being capabl e of applying acoustic energy to

the first fl sppdyinghesstio ehdrgy & the Slaki mewiscuef addhe second source inl et
surrounds at least _a _trailing edge. side of the at | east one of the source

} .ng
outlet. 29. Woxmgdhe dui meniscus gpenthe sutase disasubstrain tapioassathssuafcs efi t ed in
claim Zﬁxesug%a\(@erei nthe first fluid is a cleaning chemstry. 30. A head
used in a substrate preparation apparatus as recited in claim28, wherein

L il e AL, il T

body. 31. A head used 1n a's preparation

cl ai m 3@pplyingéreaicoudtiveentradrs dhe fiid nfenddchaidRMded, @eAdtafiiy HURBbstiB R
pi ezoel ectric crystal within the 20 transducer 1s capable of recerving RF

and gend&PHt3 RgiotFrausRey hoinganplied tp2 pigzoelertnirersistaking tramsducsubst r at e
preparation %Spar atus as recited in claim28, wherein the acoustic energy
are at | east%one Of Mg foraBWsPEINgay ebstrale rAsgresiied dnwdaies 20, wherein

applying the acoustic energy to the fluid meniscus generates cavitations in the fluid

10 meniscus.

23. A method for processing a substrate as recited in claim 20, wherein

generating the fluid meniscus includes,
applying a first fluid onto a first region of the surface of the substrate;
applying a second fluid onto a second region of the surface of the substrate; and

15 removing the first fluid and the second fluid from the surface of the substrate, the

removing occurring from a third region that substantially surrounds the first region;

wherein the second region s ubstantially s urrounds at 1 east a p ortion o f the third

region, and the applying and the removing forms the fluid meniscus.

24. A method for processing substrate as recited in claim 23, wherein the first

20  fluid is a cleaning fluid.

25. A method for processing substrate as recited in claim 23, wherein the
second fluid is one of isopropyl alcohol (IPA) vapor, organic compounds, hexanol, ethyl

glycol, and compounds miscible with water.

26. A method for processing substrate as recited in claim 23, wherein the
25  removing the first fluid and the second fluid includes applying a vacuum in close

proximity to the surface of the substrate.

27. A method for processing substrate as recited in claim 20, wherein the

acoustic energy is at least one of megasonics waves and ultrasonic waves.

28.  Ahead used in a substrate preparation apparatus, comprising:
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at least one of a first source inlet for delivering a first fluid to the surface of the

substrate through the head,;

at least 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; and

at least one of a source outlet for removing each of the first fluid and the second
fluid from the surface of the substrate, at least a portion of the at least one of the source
outlet being located in between the at least one of the first source inlet and the at least one
of the second source inlet, and the at least one of the first source inlet, the at least one of
the second source inlet, and the at least one of the source outlet being configured to act

substantially simultaneously when in operation; and
a transducer being capable of applying acoustic energy to the first fluid;

wherein the at least one of the second source inlet surrounds at least a irailing edge

side of the at least one of the source outlet.

29. A head used in a substrate preparation apparatus as recited in claim 28,

wherein the first fluid is a cleaning chemistry.

30. A head used in a substrate preparation apparatus as recited in claim 28,

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

31. A head used in a substrate preparation apparatus as recited in claim 30,
wherein the transducer is attached to an RF supply and the piezoelectric crystal within the

transducer is capable of receiving RF and generating the acoustic energy.

32. A head used in a substrate preparation apparatus as recited in claim 28,

wherein the acoustic energy are at least one of an ultrasonic waves and megasonic waves.



