| APPARATUS AND METHOD FOR UTI LI ZI NG A MENI SCUS | N SUBSTRATE PROCESSI NG
by I nventor Robert J. O Donnell 5 BACKGROUND Oh TAE I NVENTION 1. Field of
the Invention 100011 The present invention relates to sem conductor wafer
processing and, nore particularly, to apparatuses and techni ques for nore
efficiently applying and renoving 10 fluids fromwafer surfaces while
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process, it is well-known that SHBSTRATE RROCESSENGCess a waf er using
operations such as cleaning and drying. In each of these types of 15
operations, there is a need to effectiveliyvap@ly and renmove fluids for the
waf er operation process. 100031 For exanple, wafer cleaning nay have to be
conducted where a fabrication operagtiRen haspbegn perforned that | eaves
unwant ed resi dues on the surfaces of wafers. Exanples of such a
fabrication operation include plasm etching (e.g., tungsten etch back 20
(WEB)) and chem cal nechani cal polishing (CVWP). In CMP, a wafer is placed
in a holder which pushes a vBAekuniiRpORFUMBIVENTRHNT Ng conveyor belt.
Thi s conveyor belt uses a slurry which consists of chenmi cals and abrasive
materials tg Q%Fﬁ%fgmgh Pﬁnlng Unfortunately, this process tends to

| eave an accunulation o urry particles and residues at the wafer
surface. |If {O{Efll Tha phecwafreentidieclirwant eemi@stdual wEte hrdlesang 0l theles
may 25 cause, q ot her things, defects such as scratches on the wafer
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i noperable. I'n order to avol e undue cos i scar |ng

i noperabl e devd.ces, it is therefore necessary to clean the wafer adequately
yet efficiently after fabrication operations that |eave unwanted residues.

2. Description of the Related Art

[0002] In the semiconductor chip fabrication process, it is well-known that there is a need
to process a wafer using operations such as cleaning and drying. In each of these types of
[5  operations, there is a need to effectively apply and remove fluids for the wafer operation
process.
[00603] For example, wafer cleaning may have to be conducted where a fabrication
operation has been performed that leaves unwanted residues on the surfaces of wafers.
Examples of such a fabrication operation include plasma etching (e.g., tungsten efch back
20 (WEB)) and chemical mechanical polishing (CMP). In CMP, a wafer is placed in a holder
which pushes a wafer surface against a rolling conveyor belt. This conveyor belt uses a
slurry which consists of chemicals and abrasive materials to cause the polishing,
Unfortunately, this process tends to leave an accumulation of slurry particles and residues
at the wafer surface. If left on the wafer, the unwanted residual material and particles may
25 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 feave unwanted residues.
30 {0004} 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



30 100041 After a wafer has been wet cleaned, the wafer nust be dried
effectively to prevent water or cleaning fluid remmants from | eaving
residues on the wafer. If the cleaning fluid 2 on the wafer surface is
al l owed to evaporate, as usually happens when droplets form residues or
contam nants previously dissolved in the cleaning fluid will remain on the
waf er surf agethaf b eler eyaRRr BtdlRcl &obvapSAg:, fa@"uﬁlléﬂgi ﬁépp%ﬁ@hﬂ])cn &[@pl@fseﬁé%ﬂt
evaporation fromtaking place, the cleanin must be renoved a
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drying. Al lfrcof t4hes glade, hrglchigsH MuagU@ssttd leh#@ed Q8BuikRIyMsQfos@bEOVItNG:t the
| i qui d/ gas |nterface on a wafer surface which, if properly naintained,
resul ts>i nTeiNAlRg of depigs er urpbsesurlie. hdutant séentisrtoeacicomplish driapiest ef

Unf or t unat / ce 10 as often
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surface. The nost prevalent dryi ng technique used today is spin rinse
dryi ng (SROJ.4 YoGgos1riarguhéch A propgdy magisginedy easisliz !roﬂtwnguoégl walca swdfieer 10

during an SRR.BYf %eg‘%“‘fibp &fhégﬁb@[sw %f&ru?k\gcﬁg,f il lt[l() 6 qu{Jg/Ig[lSOt %{,ﬁd at a

high rate by rotati centri

fluid U&edbteaks dose, theftwahgmeis wﬁ)ﬂhl diedf fhecatbichentemedryafg hhehodaf @bpleds t he
out si de of _the fer and finally off of the wafer as shown by fluid
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moves to the outsi by t he novi ng
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In the exa f.Figure IA the inside area of the circle forned by the
nmoving liq ‘&iﬁg‘gg ‘%rﬂ’@?@é:c?ew‘il?”fiféf ‘ﬁrf%@t@ldr%mhﬂ%{émffq by et thelnoutla) leusar ea
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Therefore, as the drying process contlnue tReYs Ré

area) of tih)elhﬁmumgc |oif qhn d\/a@casmdnﬁmifyaoﬁ“ detmlm‘beaseBonmHyeﬂmhedxa{caam(t he

wet area) OUtSIP %1 { ﬁ V|qg ﬂUId/ as interface 12 25 decreases. As
stated prediols § #1thg Audp brmg pefledipHeg4ke afsr ¢ mosinedigidgrsingatise 12
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evapor ati on t hat
formation 1and|ucte|debzsubsequeng ilquld/g,as mic[fdcc 12 gets larger) as the drying process

20 progresses. In the example of Figure 1A, the inside area of the circle formed by the
moving liquid/gas interface 12 is free from the fluid and the outside arca of the circle
formed by the moving liquid/gas interface 12 is the fluid. Therefore, as the drying
process continues, the section inside (the dry area) of the moving liquid/gas interface 12
increases while the arca (the wet area) outside of the moving liquid/gas interface 12

25 decreases. As stated previously, if the moving liquid/gas interface 12 breaks down,
droplets of the fluid form on the wafer and contamination may occur due to gvaporation
of the droplets. As such, it is imperative that droplet formation and the subsequent
evaporation be limited to keep contaminants off of the wafer surface. Unfortunately, the
present drying methods are only partially successful at the prevention of moving liquid

30 interface breakdown.

[0000] 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



evaporation be limted to keep contam nants off of the wafer surface.
Unfortunately, the present drying nethods are only partially successful at
the prevention of nmoving liquid 30 interface breakdown. 10006] In
addition, the SRD process has difficulties with drying wafer surfaces that
are hydrophobi c. Hydrophobic wafer surfaces can be difficult to dry

because suaBpduiiaeand SvatteB®led\@LEEBNAINRHE! sDAFGH, (FHUBRNS) oL hfea@l!yﬂg;
solutions. Therefore, as the drying process continues and the cleanin

fluid is pultPeds &apiynyes omdt e dedneng duid ac pylicheway elrminihngvadkeamifng, thei d

(i f aqueous,ha; Lo be. repel | ed the .waf er rface. As a result, the
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sol ution tends cllnq, to itself as a result of surface tension (i.e., as a

resul t of ik BrdiPeloMg drdyenribemdiidgitionaihehehoreus véwaingesoditicnhiends cling

hydr ophobi ¢, ipieragt, .t he surface tension, balls (or ,droplets). of
aqueous cléé#%#gl€ JF§H¢8€%§ﬁﬁﬁ%gﬁuﬁh@6ﬁde1VéﬁﬁﬁﬁﬂW@Fmg%'WﬁgwﬁwﬁﬁnﬁH ic
waf er surf dberefdj scdaasdratithe holrophopk ehirdeoHb tahdi e thembakdikbh, balls (or

evaporation and the 10 contam nation discussed previously. The limtations
of the SRDYEPECHARqEPEY ¢lgandes, Brigl fotms ithen peererollefl mavecwerd gre, hywhenhebic

centrifugal, . kargcesacting. en the droplets i he_ smal | es] Consequent |y,
al t hough thgfgﬁﬁﬁ%?%céggs?@n%¥§géﬁﬁﬁﬁs%éb“%%@?”&3%%%%“%&&egﬂxﬂﬁgﬂrmxghéing,
t hi s me hodoramirhave dikichised phdvis|y. ethedimgatl s B OSR Dfar € haBHIAGY Edvetdat
droplets o fer surface especially when used on hydrophobi c waf er

t he

surf aces. %@r‘i%ﬁ?’% ORE i VBer: s cemelugat dorcadptingve e fdrerletis Ky soplhebi c
proper ti e5co000Zh Pl g Gl SLAUSLEALES A EXSTRL At waber, diyi ng process
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and a por t iiym@Zhibastieodydriopbdifficultias ealucihi€opnaddnst 2bhnatd Nadtdsoyed eh SO
a fluid 26 poqhs,[n that area. The portion 22 is hydrophobic _so that area
repel s wat B SHE" PHECECoPE Al ewher msdpn by depphitas whldrpubhossat Gtapp peitionhat
portiofy of £t e Waliehalve NEELELOL S : ﬂ obic portions of the wafer
10 often dry nore qd%@??yltﬁan 9%3”%@3? % F%ﬁg&portions. This may lead to
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t herefore decreggegwgfer _pr@?uction yi el ds. 100081 Therefore, there is a
need for aPHEPRSH HUnide atplappdliat addrerhilsy aregsandh pitiosr 2Zapes a hydrophobic

area. The portion 20 attracts water so a fluid 26 pools in that area. The portion 22 is

hydrophobic so that area repels water and therefore there can be a thinner film of water

20 on that portion of the wafer 10. Therefore, the hydrophobic portions of the wafer 10

often dry more quickly than the hydrophilic portions. This may lead to inconsistent

wafer drying that can increase contamination levels and therefore decrease wafer

production yields,

[0008] Therefore, there is a need for a method and an apparatus that avoids the prior art

25 by enabling optimized fluid management and application to a wafer that reduces
contaminating deposits on the wafer surface. Such deposits as often occurs today reduce
the yield of acceptable wafers and increase the cost of manufacturing semiconductor

wafers.



25 by enabling optim zed fluid managenent and application to a wafer that
reduces contam nating deposits on the wafer surface. Such deposits as
often occurs today reduce the yield of ceptabl e wafers and i ncrease the
cost of manufacturing sem conductor wafers. 4 SUVMARY OF THE | NVENTI ON

[ 0009] Broadly speaking, the present invention fills these needs by

haf or SuTfaces wi th an active L A b o L scus. |n additi on
proximty heeiy mentyaptdnd thd pleSerTBMHGHS MY thosd Sl $ehlovidgu) attisaarar e
al so provided. It should be appreciated that the present” " invention can be
i npl ement ed gsSTHGBPRATS UNANE 1S carAbidd Phgraassséprebeserfacn vaitipan atie; cavity
system a - r..a method., S ral inventiyve eqbogi nent s of the present
Thvent on S G BTEENIET dn, G R0n ROk e b Bt ® G she P 5 or
processt ng ugingukst ra@tertics RreOYisdestowdicgh 1(10hdule|BedespraciPle@xinti the PRI
proxi mate to a surface of the substrate when in operation. The apparatus
al so i ncl udBS EM BFEht HEPIGMeatcd un Praerh 4Ye, PebKINE sy Proaebst o apreEis, y
the. surf ace S pecv e e AEASe L Bl Rt URFEILHROR RIS RSP RELL FufERE: ©°
i ncl udes aapldesatbicddybetfw.conduits on the surface of the proximty head that
generates a fluid neniscus on the surface of the 15 substrate surrounding
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t he surfacepmfaithelss ithsideatae apehing anpr Qxfags by ikeadkivhgrieadtde chiiui defined

meni scus surrounds, the active region. 20 [00121 In yet another enbodi nent,
a nmet hod f 8 M§riyeseaithgead sisea e evity galiyrsaer agiivecpeent de It sw fagsnalr tiei ng
a first flyjd. oeni ) fac ) » nerat i .ng:
econd 1y s S ELR S oR Al A D S M PR REL L B
fluid meni teusifase ofdjcagentmitp htabtlfal peterftetadlutemhatitss ohh@e gerferasli g t he
first fluid neniscus and the second fluid neniscus includes siphoning at

| east Phe FOPLRCAIEY dRGMSMENBr st fluid 25 meniscus.

[0011] In another embodiment, a method for processing a substrate is provided which
includes applying an active agent to an active region of a surface of the substrate and
generating a fluid meniscus on the surface of the substrate with a proximity head where
the fTuid meniscus surrounds the active region.

20 {0012] In yet another embodiment, a method for processing a substrate is provided which
includes generating a first fluid meniscus on a surface of the substrate and generating a
second ftuid meniscus on the surface of the substrate where the second fluid meniscus is
adjacent to the first fluid meniscus. The generating the first fluid meniscus and the
second fluid meniscus includes siphoning at least the first fluid from the first fluid

25 meniscus,

[0013] In another embodiment, a method for processing substrate is provided which
includes applying a fluid onto a surface of a substrate and siphoning at least the fluid
from the surface of the substrate where the removing being processed just as the fluid is
applied to the surface of the substrate. The applying and the removing form a fluid

30 meniscus.

[0014] In yet another embodiment, a proximity head for processing a substrate is

provided which includes at least one first conduit defined within the proximity head



[0013] In another enbodi nent, a nmethod for processing substrate is provided
which includes applying a fluid onto a surface of a substrate and
si phoning at least the fluid fromthe suface of the substrate where the
removi ng being processed just as the fluid is applied to the surface of
the substrate. The applying and the renoving forma fluid 30 neniscus.
[00141 In yekeraniotheeaseohoddintappRedd AxidblaysuhRadof OF sIPRGES STINGpBximity
substrate i s provided which i nclludes at | east one first conduit defined
wi thin the FRoXIGdey shboaet me sperbeandait gelipehwithonbe oonduity happhihes the #t ui d
to a surfagg fe. roximty, head includes at. | east, one
second congg(fs? Bgéep‘:%ﬁgg Q%({Lﬁ% 1?1 T g@%&éﬁ‘ f’{ﬁ%‘%’ %/&/Wégg%\%[é?lg f! ﬁtecoé}?u“ MRS SR
second condedst onssdcond kosduipsiphdnRithy fitid 1418 1ad surRas bi oR6wifer SThEidhdon
wher e tag at. | ﬁast_ one second conduit siphons the fluid fromthe surface
of the waf & therHwdagdhe swilacsrpighe pulisater and; sdplosinthel darffuad &ost thetssrface of
substrate S I.Ng..0f .t i romthe surface of the substrate
QHQT %:sglﬁg 0GRk o fpﬁ%&%ﬁlegﬁ

generates a f ni scus. e advant ages of the present invention

are numer oy801V8ic adtaablpys diheée pRpatahvsasnant wehbeds. dassdiheshiheng n
utilize a proximty head with at |east one cavity. By using the cavity to
apply acti VBPHBERES G nigiodiadeseribed haew utihee pafexingiy hexewith atalpagieonc
processed apdf : Ep. ; oundi the,active cavity may rinse the
P ocossed coalbng) G Bh361P BH AT DS MM iR e SR PTG
cont r ol ¥ ed naaydbe paraged dridethebyhganaiaté BgroRIdn L NSiGivendavwalBly rinse the
processi ng. lConsg uently. wafer processing and production may be increased
and hi gher Pi{&f&r 3?%%% Therelpee, dbhproges engiigninentern ibeinenter iy senipelindeansi ng.
15 [0016) hanasddi tH . d., L ei ay. utilize
si phon to rrg}mg%tgf El#eﬁmydégf%%l%g@% ﬁf)l&?@%ﬁ\%@@é&%&g%ﬁ é’l id;?l%éilécngiiypr‘fv@n?!
meni scus spalsedsintgyamhdraiontiomimayelye ifbecasnthant aithbecatseyitlde nBNbe Geltciod
such an enhodj Pt‘ may be self regulating. Wien the flow of fluid into the
oG e Y

meni scus | hBiP“FEMives fluid at a higher rate. Consequently,

waf er py OCAMIGNE ABYiiBE ﬁﬁgﬁoﬁﬁ)ﬂ P fb&DbedR 5?§¥' LN GLEAS M
processing yields. [00;7] her ?spects ang a v‘§ﬁf§g"§§l§%&%tﬁ@§°§lr"é)s%% ove
i nventi on {iid frigyegcberBuabmanisnts. fBpmilitihg afsqpHoaninegisdet aibieid) desemipt ey,
taken in clon'k nctidon w th the acconpanyi ng draw ngs, . ,
b¢ enhanced because the meniscus i such an embodiment may be self regulating. When
the flow of fluid into the meniscus is high the siphon removes fluid at a higher rate.
Consequently, wafer processing may be made consistent thercby increasing wafer
20 processing yields.
[0017] 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.

BRIEF DESCRIPTION OF THE DRAWINGS

25 {0018] The present invention will be readily understood by the following detailed
description in conjunction with the accompanying drawings. To facilitate this
description, like reference numerals designate like structural elements.

[0019] Figure A illustrates movement of cleaning fluids on a wafer during an SRD
drying process.

30 [0020] Figure 1B illustrates an exemplary wafer drying process.

[0021] Figure 2 shows a wafer processing system in accordance with one embodiment of

the present invention.



illustrating by way of exanple the principles of the present invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS 25 [00181 The present invention wll be
readi |y understood by the follow ng detaid ed description in conjunction

wi th the acconpanying drawings. To facilitate this description, like
reference nuneral s designate |ike structural elenents. [00191 Figure |IA

i 11 ustrat eqoomjdiignt Jofllusledni pgofihilydeadPpedoM@ihgra WHhifet @ﬁ)@@ékiigﬂ%erﬂfdﬁi ing
process. 30 [0020] Figure | B illustrates an exenplary wafer drying
process. [ GOSFdansieqviFeon: yprimante{fiey Pisrest &eniief.syst em i n accordance with
one enbodi £k resent i ntion. .6 [00221 Figure 3 illustrates a
o ox ity OO eyt 6 PRSRARG L INED o8y oBIaTaR i I of opid BV e
one enbodi mesdimdfy Hehe@ irpdeseahcd Witk dht embodi@RAB! tht grisendAvidiloust rates a
waf er proce sin%Toperatjon t hat nay be conducted by a proximty head in
accor dance {144 Tosae dhpdysiitat a sfdet Hew f esemplaphpenihisn hesds100 244 R guale 4B
illustrate Si i.ew. of: XﬁgE I xim.ty. heads for,use ip a dua

waf er surfzgﬁapéggggéﬁﬁgggvgt‘n1¥ﬂ“g€§%ﬁ éﬁ%éxﬁkfﬁmoﬁgggﬁg%aﬁHQNFEBFm?He
present i mwentiolan. 100251 Figure 5A shows a multi-nenisci proximty head
in accordance with on_ enbodi ment of the present invention. 10 10026]

Fi gure 5B d¥bwd Faeues o34 gets on mulevineiisc hvorwimity -eedi sciacperdsiasi twthhead i n

accordanceewﬁganﬁﬁfopmpgqggﬁnﬁvgﬁk&he present invention. [00271 Figure 6A
illustrates a nulti-nmenisci proximty head in accordance with one

enbodi hient [@R26] Rezupe sBestiowsny enddsovectidiDO28 oFitgu bl G Badrlidcushsates Kdae in
processing surface of the proxiniti head in accordance 15 with one
enbodi ment APPTYAIES PrEERCDRIBREI oh theroepoingeyiine 6C shows a cl oser vi ew

of the pr OmﬁLp%Uﬂu@:ﬁgcﬂﬁJsﬂfate& hf Pﬁﬂ#{f}éﬂ%?éﬁfﬂ%n\ypﬁ a)gii m ta%(cé)g'gzg%ei iy one
accordance Wit ne enbodi nent o € present I nvention. 1R GUreeD
shows t he tabodinkehest (bt ateedtihagiiong to the body to formthe multi- nenisci
proxi m ty [b%%g] l?:rg];u?ecggriﬁggtggesmfhg r;)l‘gcrzagsiﬁgts)g%cgeonftthg E)réxr}gliigrlﬁaig r;‘t} aicn?o\tl'gar:fcieon'
15 with one embodiment of the present invention.
[0629] Figure 6C shows a closer view of the processing surface of the multi-meniscus
proximity head in accordance with one embodiment of the present invention,
[0030] Figure 6D shows the facilities plate attaching to the body to form the multi-
menisci proximity head in accordance with one embodiment of the present invention.
20 [0031] Figure 6F illustrates a cross section view of the proximity head in accordance
with one embodiment of the present invention.
[0032] Figure 7 illustrates a cross-sectional view of the multi-menisci proximity head in
exemplary wafer processing operations in accordance with one embodiment of the
present invention.
25 f0033] Tigure 8 illustrates a siphoning system in accordance with one embodiment of
the present invention.
[0034] Figurc 9 illustrates a proximity head with an active cavity in accordance with
one embodiment of the present invention.
[0035] Figure 10 shows a cross section of the proximity head in operation in accordance
30 with one embodiment of the present invention.

[0036] Figure 11 shows a longitudinal view of the proximity head in accordance with

one embodiment of the present invention.



20 [00311 Figure 6E illustrates a cross section view of the proximty head

in accordance w th one enbodi nent of the present invention. [00321 Figure

7 illustrates a cross-sectional view of the nulti-nmenisci proximty head in
exenpl ary wafer processing operations in accordance with one enbodi nent of

the present invention. 25 100331 Figure 8 illustrates a siphoning system

i n accordan6e3yi thgwoel 2phoei BRRbssOfectibNg® PERSANY prdWARY I RAd FOP3A akdigur e
9 illustrates a proximty head with an active cavity in accordance with

one enbodi KLY Bindeingiceidarcy wifk ars embodioessal th guesent iovaons a cr oss

section of oxi.mAty, head in _operation in agcordanc 30, wth one.
enbodi nent [2@1&2@%; elge%]tub?%gféﬁ?‘lrg‘%E’Ci%ﬂélélv Y 8ﬁ|"ep[f’“f“§yhBWsd g\qlicgﬁa&f’ﬂ(d’i nal
vi ew of t henyripkicavitys he@dnilfipRagorisSAne enddhbodiNee: ATROFi-paNtn@htibhe
present _invention. 7 h‘L‘?OB?l Figure 12 shows a cross sectional view of a
proxi m Py H@%’W@lﬁ‘et aBORGers gaw slrns nplowimity deedr danewrdinch wik one
enbodi nent . pr.esent invention. 100381 Figure 13 illustrates a cross
sect i onal \??Tebv‘:&mg’%“gogﬁ“gg’f‘%%“P&zﬁ’wé"ggﬁm ch includes nmnultiple cavities with
nmul tiple ngoi4gi FigurongBabaditaentir@llat $Rpas geRMthith BYantd 8ordulbO®38lone

Fi gure 14A shows a cross shaped proximty head in accordance with one
enbodi ment ¢8RO RN, pEdERICSCRVIBREI®, [ 00401 Figure 14B illustrates a
circular s i Mty d.l rdance with one . enbodinent_ of the
ot sont. i mined aEet TG YsraRRtad W ABSEREAB R Y, PR s a g e v g
accor déhce ewbbtineneof the pegsbedhn@nionof the present invention. [0042] Figure

14D il | ust r@'#q%f a strip shaped proximty head in accordance with one
enbodi ment | helg9Fed dht iuavaat posirip [sbanes pexynite head is Heor danssedih ®ikaped

pLOK LY BRI REGegl dRass My gne  erboditent of the present nventTon,
proxi mty [(WdapFiguradder deovee awiveBgORRaRabpdiximBnY Rhd tieador&RBE iy &kl on.
embodiment of the present invention.
15 [0044] Figure 15A shows an exemplary view of a processing surface of the proximity
head in accordance with one embodiment of the present invention.
[0045] Figure 15B illustrates an exemplary view of a processing surface of the proximity

head in accordance with one embodiment of the present invention.

DETAILED DESCRIPTION

20 10046] An invention for methods and apparatuses for processing a substrate is disclosed.
In the following description, numerous specific details are set forth in order to provide a
thorough understanding of the present invention. It will be understood, 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

25 described in detail in order not to unnecessarily obscure the present invention.

0047} While this invention has been described in terms of several preferable
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 thercof. It is therefore intended that the present
30 invention includes all such alterations, additions, permutations, and equivalents as fall

within the true spirit and scope of the invention.



[0045] Figure 15B illustrates an exenplary view of a processing surface of
the proximty head in accordance wth one enbodi nent of the present
invention. DETAILED DESCRrnTI ON 20 [00461 An invention for nethods and
apparatuses for processing a substrate is disclosed. In the follow ng
description, nunmerous specific details are set forth in order to provide a
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however, by one of ordinary skill in the art, that the present invention
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within the true spirit and scope of the invention. e figures
bel ow i | | udtiHak OSB8Ik Egism tanthe petpt (z‘azrvytymﬁ@rscpin@ﬂegismnlqsms‘;sgtzenmdﬁs| ng
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proximty head includes an 5 active cavity that is surrounded by a | urd
meni scus tﬁ@reby generating a processing region that is highly

control | abi@qo| i Bﬁ‘lﬁl : ﬁ% Q&AL 1,11%?31@@%99@915 angf) £ 1111?%'%0%3‘55 ?:éi‘jn%éwﬁg‘jd k/‘é?‘))

processed u5|ng an pr ocessi era

soon af t er ahexeniplriry iimlnapn Qc:&aslsthmgdrqu oﬂhhewielgld)@/pby of BenfRGIrhVehsCdMd f¥uld
because the f UId meni scus surrounds the active cavity. This technol ogy
may be uti PTPEdEEeHsEigh rﬁ“QrWOWFOPéBf é mgpecusfor rpalle rbinsaisten wih & wety of
waf er er e i

o hge T [ &l Qg %qemglgg!gde}gs‘% ufifea® %ﬁwiang&y s ofi gh i l&lﬁu Py
descri bed h@weumd ace @ﬂanpﬁhquumnmapUﬂﬁncﬁhdchh&ht@ﬂﬁc@ﬂ@ﬁbfﬁﬂh&ﬁbﬂeh

types of c ratlons t enabl e the generation and novenent of a
meni scus ot Féipglcr%? ﬁﬁug Q,dJ@Ihetgbecgmepy) may be ulilized where the proximity

hcad(s) move in a linear fashion from one edge of the wafer to another diametrically
opposite edge of the wafer, or other non-linear movements may be utilized such as, for
20 example, in a radial motion, in a circular motion, in a spiral motion, in a zig-zag motion,
in a random motion, etc. In addition, the motion may also be any suitable specified
motion profile as desired by a user. In addition, in one embodiment, the wafer may be
rotated and the proximity head moved in a linear fashion so the proximity head may
process all portions of the wafer. It should also be understood that other embodiments
25 may be utilized where the wafer is not rotated but the proxumity head is configured to
move over the wafer in a fashion that enables processing of all portions of the wafer. In
other embodiments, either or both of the wafer and the proximity head do not move
depending on the wafer processing operation and the configuration of the proximity head.
In further embodiments, the proximity head may be held stationary and the wafer may be
30 moved to be processed by the fluid meniscus. As with the proximity head, the wafer may
move in any suitable motion as long as the desired wafer processing operation is

accomplished.



15 encl osed therein may be utilized. In the enbodi mrents shown, the
proximty head(s) may nove in a linear fashion froma center portion of
the wafer to the edge of the wafer. It oul d be appreciated that other
enbodi ments nay be utilized where the proximty head(s) nove in a |inear
fashion from one edge of the wafer to another dianmetrically opposite edge
of the vaf qUosEImoidaefo AR @RIty TRUENRAL §c MY P BrdbebdiAZ 80t SUCR 8Scrib@f 20
exanple, in a radial notion, in a circular notion, 1n a sSpiral nmotion, In a
zi g- zag nothicenn maynbeautiliaed dmpiotckoany shape anrd sachddft Submrateheuainds ©n eraypla) so

be any suitghl e spegifi motion profile as desired by a.user. In . .

addi 1o 0aRE" BBk R TV HERZR Py B b dtiadthenivs e s BRYHEY
head noved hefid and iMeas tfcashdsoi 80 nidh@scP L@y i ik Y Iih8Rd e ABYdinRihPGES Si-Blok the
portions of the wafer. It should also be understood that other enbodinents
25 may Be wretiFEdopthened tchwzanaffahe menisot mppbatdedebiun kheafpr bxingiptacekredd i s
configured 1 ver the wafer in a fashion that. enabl es processi of
2T porti oftd dp PR EeRER b B b Mshio BPHL AR 1T riefopt e BRPRCOR e
waf er and tshellpr ashthd wah@askigo piebssoBy eurtheRsnd N ABnkieadakelss®l a&essi ng
operation and the,confyquratlon of the proximty head. In further

embodi nent §1a%t beutgizsdiviit 9thpetpdmmey Wedeebeessingticdmalogiceritich he, fatermpay be

30 noved tq. he: pr ed b e flui jscus..As with the Xim t ead,
the vater drnfift AEERGH e Balc b TROWRE Rl Bl P oDl e
process$i ng(@peovab| oM of and &eeanPkishedith @ prd: @920 kedd addition, the proximty
head and the wafer processing systemas described herein may be utilized
to process | ¥} dhelpwlhne apprsiapid fubdie arssem siestriles haeinekaivpl excmd@y mm
waf ers, 30 T r.s..flat. panel et c, . Moreover, the size of.the

o m ty o SHaF e PR rRES feradbGt nbRUTRUS, ne kOB B8 JuichlE sgen
enbodi ment dedchibesiteeinf Ithehobldpalsi B tappheatedtht tigusk ZBshRfughh® d¥BdHERC
may be larger than_ a wafer being processed, and in another enbodi nment, the
proximty HER@lghal & meensscreehamh mag uppnispbpn tayerpeve Ruidlflen thhwafer herfyesf er
bei n oc . r T, i I.scl..as,.di SGuUss herei.n 1y .. be

e 112 B e A BT L S e R B RIORS B BB B TRt P gy
exanpl e, be dsifirag, thhi tthography yvaegeas 0dicEsed @iCa pofihuiydhe®nisGus eanebe

supported and noved 10 (e.g., onto, off of and across a wafer) with a
proximity FE4d. 2y dosited ¢n SHitie & BuougpréBi attethoriatlspHe apeenicdedel ised
herein is §insl, i SXEAPLBLYHdY o any suitable proximity head described herein.
[0052] Figure 2 shows a wafer processing system 100 in accordance with one
20 embodiment of the present invention. The system 100 includes rollers 102a and 102b
which may hold and/or rotate a wafer to enable wafer surfaces to be processed. The
system 100 also includes proximity heads 106a and 106b that, in one embodiment, are
attached to an upper arm [04a and to a lower arm 104b respectively. In one embodiment,
the proximity heads 106a and/or 106b may be any suitable proximity heads as described
25 in further detail in reference to Figures 2 through 15 described herein. As described
herein the term "multi-menisei proximity head" is a proximity head capable of generating
onie or more fluid menisci. In a one embodiment, a first fluid meniscus is substantially
surrounded by a second fluid meniscus. In one, the first fluid meniscus and the second
fluid meniscus are concentric with the second fluid meniscus surrounding the first fluid
30 meniscus. The proximity head may be any suitable apparatus that may generate a fluid
meniscus as described herein. The upper arm [04a and the lower arm 104b can be part of

an assembly which enables substantially lincar movement (or in another embodiment a



nature, and the proximty head described herein may be used in any suitable
system described herein. It should also be appreciated that Figures 2
through 8 describe formation of a nenisgys which may use a siphon to
remove fluid fromthe wafer surface 15 and therefore process vari abl es
(e.g. flowrates, dinensions, etc.) described therein may be different

than the prstigesscMadel B @8crdesE tHeb@xfifity RellsOMica dnd hﬁ)%dalwl%ﬁ raliuael iy
cavity as described in Figure 9 through 15B. It should al so be appreciated
that the svgtonihyetmaptiss cagdireentt dicarsyensiytaby enqyechke mieymhgdwadesesd bed

herein. [O L gu ~shows a, waf er processing system 100 i n accordance
with one %gaé%g%g} ‘k@n@ltgg(’fjﬁ{é ‘bf@%@ﬁl&%%u on. The system 100 i ncl udes
rol |l ers 102e058)1dn La2mbohinedht meyada! haand/confifntat&hadwal 8foxli@jemalt eomaf er
surfaces to be processed. The system 100 al so includes proxi mty heads

106a andl 10BHv¢ Watwalphaghdeanwpodiitvebrad 6k bekrw duhedler or aloseppeimiy e 184a
and to a | [ afm. 1 Jespectively. | ne enbodi ment t he .pr.gxi,m t
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in further tidetgcl ain 10&f eiemeaotor HingUHASHZ nloRABIVGN 2 Lord@shRedohstekR. As

described herein the term"™ multi-nenisci proximty head" is a proximty
head capabPEX§hitydrafaticngovethdogronpiie ifipw doardni deistart waseroprecessadiirent
a first fluid; i S - all surrounded by a. second fluid.

rent scus.  [rOEDREAS AR PUARBT Beinkor B BUIRES s iR il

ar e cohtentaihe wiféh thheothecantbdimdhd iRHpRE M S04 Sldnde Nevdrhemflionsimdyve d
30 neni scus. The proximty head may be any suitable apparatus that may

The proximty bl e ap
gener at e aS¢iiEed e hgdrad mdlydicafh P adeiOeb imaeositipe whernihegacispharct he
| ower arm 104b..can.Me. L..0f | { JMich enabl es subs ially.
| i near rmvérren%tg(?g?gﬁn‘ﬁg%(g’fqﬁé’rmg%ggiﬁe@l ngl’“%; ‘leﬁ%?ﬁﬁ e%%ei{-é |aﬁ%<agg%\%gﬁélﬁt)
of the propioniyy hemldd 0dD6ad AdmiO6b nadved@ned thadkiafis REfathe baygbedssed floyiet

anot her enbodi ment, f{he ssenblé may nove the proximty heads 106a and
1066 i n any" S{RGUR f Lwaler d8fi dearevvethe npperios P ajand dielosves 6 EAb Maye

oo, 104 e LI GLR, SERLELLRE B BTV WIERIOEO R R MO8
waf er. Forerakbnmplaér procopiagexsedpcabyd érbodi nenshotilll slsoeye Bgradseaphished by
T P T Ot SISty D S, rovacl 1 2 vert eal
to start Wahehe MRLEISEREe pkd¥emity to the wafer to generate and control multiple meniscus
that, in one embodiment, are conceniric with each other. It should also be understood
20 that close proximity may be any suitable distance from the wafer as long as a menisci
may be maintained. In one embodiment, the proximity heads 106a and 106b (as well as
any other proximity head described herein) may each be located between about 0.1 mm
to about 10 mm from the wafer to generate the fluid menisci on the wafer surface. In a
preferable embodiment, the proximity heads 106a and 106b (as well as any other
25 proximity head described herein) may each be located bout 0.5 mm to about 2.0 mm from
the wafer to generate the fluid menisci on the wafer surface, and in more preferable
embodiment, the proximity heads 106a and 106b (as well as any other proximity head
described herein) may be located about 1.5 mm from the wafer to generate the fluid
menisct on the wafer surface.
30 {0054] In one embodiment, the system [00, the arms 104 are configured to enable the

proximity heads 106a and 106b to be moved from processed to unprocessed portions of

the wafer. It should be appreciated that the arms 104 may be movable in any suitable



proximty heads 106a and 106b can be noved vertically to a position in
close proximty 10 to the wafer. In another enbodi nent, the upper arm 104a
and the lower arm 104b may be configureg,to start the proximty heads 106a
and 106b in a position where the nenisci are generated before processing
and the nenisci that has already been generated between the proximty

heads 106a nanged @@t WBYIdRAaHR\ES cAthOo L A8 PWRliSI Ly S dA0Ra aAd B8R ILGEsSEthd FOom
an edge area of a wafer 108. Therefore, the upper arm 104a and the | ower
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proxi mty feasds.dByefe HidnbLiekss lf)%happrcciated that the system 100 may process one
surface of the wafer or both the top surface and the bottom surface of the wafer,

20 |0055] In addition, besides processing the top and/or bottom surfaces of the wafer, the
system 100 may also be configured to process one side of the wafer with one type of
process (e.g., etching, cleaning, drying, plating, etc.) and process the other side of the
wafer using the same process or a different type of process by inputling and outputting
different types of fluids or by using a different configuration menisci. The proximity

25 heads can also be configured to process the bevel edge of the wafer in addition to
processing the top and/or bottom of the wafer. This can be accomplished by moving the
menisci off (or onto) the edge the wafer which processes the bevel edge. It should also
be understood that the proximity heads 106a and 106b may be the same type of apparatus
or different types of proximity heads.

30 [0056f The wafer 108 may be held and rotated by the rollers 102a and 102b in any

suitable orientation as long as the orientation enables a desired proximity head fo be in

close proximity to a portion of the wafer 108 that is to be processed. In one embodiment,



as, for exanple, 1, 2, 3, 4, 5, 6, etc. The proximty heads 106a and/or
106b of the wafer processing system 100 may al so be any suitable size or
shape as shown by, for exanple, any of e proximty heads as descri bed
herein. The different configurations described herein generate the fluid
meni sci between the proximty head and the wafer. The fluid 10 nmeni sci may
be moved ach®sflckheyMaingriohe Rhes@&Sintnaonalies d@é’cl%ﬂQBXbﬁ% e W et LG,
waf er surface and renoving fluids fromthe surface. In such a way,
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and 1026 in any suitab orien as I"ong e orren |on enabl@s a
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rotated in
heads 106a and 106b may be configured to dry, clean, etch, and/or plate the wafer 108,

20 In an exemplary drying embodiment, the at least one of first inlet may be configured to
input detonized water (DIW) (also known as a DIW inlet), the at least one of a second
inlet may be configured to input N» carrier gas containing isopropyl alcohol (IPA) in
vapor form (also known as IPA inlet), and the at least one outlet may be configured to
remove fluids from a region between the wafer and a particular proximity head. It should

25 be appreciated that the removal of fluids may be accomplished by any suitable method
whereby fluid is removed in an efficient manner consistent with the methodologics
described herein. In one embodiment, vacuum may be applied through the at least one
outlet (also known as vacuum outlet). In another embodiment, where the at least one
outlet removes substantially single phase fluids (e.g., mostly liquid), then a method such

30 as siphon may be utilized. Siphoning of fluid through the at least one outlet is described
in further detail in reference to Figure 8. It should be appreciated that although IPA

vapor is used in some of the exemplary embodiments, any other type of vapor may be



either a clockw se or a counterclockw se direction depending on the wafer
rotation desired. In one enbodinent, the rotation inparted on the wafer
108 by the rollers 102a 5 and 102b serveg;to nove a waf er area that has not
been processed into close proximty to t%e proxi mty heads 106a and 106b.
However, the rotation itself does not dry the wafer or nove fluid on the
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type of vaperumesgctel processing fluid-vacuum-IPA orientation as described in further detail
20 below. It should be appreciated that other types of orientation combinations such as IPA-
processing fluid-vacuum, processing fluid-vacuum-IPA, vacuum-IPA-processing fluid,
efc. may be utilized depending on the wafer processes desired and what type of wafer
processing mechanism is sought to be enhanced. In one embodiment, the I[PA-vacuum-
processing fluid orientation may be utilized to intelligently and powerfully generate,
25 control, and move the menisci located between a proximity head and a wafer to process
wafers. The processing fluid inlets, the No/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 No/IPA vapor inlet, the vacuum outlet, and the processing fluid inlet, in
an additional embodiment, therc may be additional sets of IPA vapor outlets, processing
30 fluid inlets and/or vacuum outlets depending on the configuration of the proximity head
desired. It should be appreciated that the exact configuration of the inlet and outlet

orientation may be varied depending on the application. For example, the distance



13 utilized such as for exanple, nitrogen, any suitable al cohol vapor,
organi ¢ conpounds, volatile chemicals, etc. that nmay be mscible with

wat er. [00581 I n an exenplary cleaning quodinent, a cl eani ng sol ution may
be substituted for the DIW An exenplary etching enbodi nrent may be
conducted where an etchant may 5 be substituted for the DIW In an
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| PA-vacuum. processing fluid orientation may be utilized to intelligently
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addition tqg the N2/| PA vapor inlet, the vacuumoutlet, and the processing
fluid inl et RIOHRIAIA] 11F OHHET SWBed iermovehide elPiayabe, dbliprecspens dbid of
| PA vapor Qid &hs ruRfsRS54 "8 on the wafer surface. It should be appreciated that although
IPA is utilized in the exemplary embodiment, any other suitable type of vapor may be
20 utilized such as for example, nitrogen, any suitable alcohol vapor, organic compounds,
hexanol, ethyl glycol, acetone, ete. that may be miscible with water. These fluids may
also be known as surface tension reducing fluids. The portion of the processing fluid that
is in the region between the proximity head and the wafer is the menisci. It should be
appreciated that as used herein, the term "output" can refer to the removal of fluid from a
25 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. In another embodiment, the proximity heads106a and 106b may be
scanned over the wafer 108 while being moved at the end of an arm that is being moved
in a slight arc,
30 {0061] Figure 3 iflustrates a proximity head 106 performing a wafer processing operation
in accordance with one embodiment of the present invention. Figures 3 through 4B show

a method of generating a basic fluid meniscus while Figures SA through 15B discuss



30 fluid inlets and/or vacuum outl ets dependi ng on the configuration of the
proximty head desired. It should be appreci ated that the exact
configuration of the inlet and outl et gent ation may be varied depending
on the application. For exanple, the di stlance 14 between the |PA input,
vacuum and processing fluid inlet |ocations nmay be varied so the
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the inlet 306 may be utilized to apply a processing fluid toward the top surface 108a of

20 the wafer 108. In addition, the 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. As described above, it should be appreciated that any suitable
combination of inlets and outlets may be utilized as long as the meniscus 116 may be
formed. The IPA may be in any suitable form such as, for example, IPA vapor where

25 IPA in vapor form is inputted through use of a N; gas. Moreover, any suitable fluid used
for processing the wafer (e.g., cleaning fluid, drying fluid, etching fluid, plating fluid,
etc.) may be utilized that may enable or enhance the wafer processing. In one
embodiment, an IPA inflow 310 is provided through the inlet 302, a vacuumn 312 may be
applied through the outlet 304 and processing fluid inflow 314 may be provided through

30 the inlet 306. Consequently, if a fluid film resides on the wafer 108, a first fluid pressure
may be applied to the wafer surface by the IPA inflow 310, a second fluid pressure may

be applied to the wafer surface by the processing fluid inflow 314, and a third fluid



proximty head. In another enbodi ment, the proximty headsl06a and 106b may
be scanned over the wafer 108 while being noved at the end of an armthat
is being noved in a slight are. 30 [006]1]6 Figure 3 illustrates a proximty
head 106 perform ng a wafer processing operation in accordance with one
enbodi mrent of the present invention. Figures 3 through 4B show a nethod of
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i sopropyl al cofhfol 1.PA)Y va[gor toward a top surface 108a of the wafer 108,
and the i HI%¥a808 ey e 1ot pimomentiesidgpingiha regioe dsiasy o prokinitobeaddindhe
top sur{ acg 1088 QfrR20 Jid1e WAk Ghy %t o Mgt L9 eice.tfgg 1Y tn%c%tL 1:.1)’9 %Wel%e
utilized to apply vacuumto a region in close proXimty to {%e er
surface t otheerndas bF tedmoniswapols drbatie May/plaeadiedlan ierRRa |18 NEhéeRre,
surface 108a. As dESﬁI‘ i.bed above, it should be appreciated that any
sui table CEMBIHUF N Odf 2iGoneel e cbdirdbeingepphied (vari saisuiick 6hd baiwat he
meni scus  116,JvRY apgubstantially the same time with any fluid on the wafer surface. The nearly
immediate removal of the processing fluid from the wafer surface prevents the formation
20 of fluid droplets on the region of the wafer surface being dried thercby reducing the
possibility of contamination on the wafer 108 after the processing fluid has accomplished
its purpose depending on the operation (e.g., ctching, cleaning, drying, plating, etc.). The
pressure (which is caused by the flow rate of the IPA) of the downward injection of IPA
also helps contain the meniscus 116.
25 [0064] The flow rate of the N2 carrier gas containing the IPA may assist in causing a
shift or a push of processing fluid flow out of the region between the proximity head and
the wafer surface and into the outlets 304 (vacuum outlets) through which the fluids may
be outputted from the proximity head. It is noted that the push of processing fluid flow is
not a process requirement but can be used to optimize meniscus boundary control.
30 Therefore, as the IPA and the processing flutd are pulled into the outlets 304, the
boundary making up the IPA/processing fluid interface 118 is not a continuous boundary

because gas (e.g., air) is being pulled into the outlets 304 along with the fluids. In one



formed. The I PA may be in any suitable formsuch as, for exanple, |PA vapor
where 25 IPA in vapor formis inputted through use of a N2 gas. Moreover,
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a greater rate of fluid flow than smaller proximity heads. This may occur because larger
20 proximity heads, in one embodiment, have more inlets 302 and 306 and outlets 304.
[0066] In one embodiment, the flow rate of the Ny/IPA vapor through a set of the inlets
302 is between about 1 liters per minute (SLPM) to about 100 SLPM. In a preferable
embodiment, the IPA flow rate is between about 6 and 20 SLPM.
[0067] In one embodiment, the flow rate for the vacuum through a set of the outlets 304
25 1s between about 10 standard cubic feet per hour (SCFH) fo about 1250 SCFH. In a
preferable embodiment, the flow rate for a vacuum though the set of the outlets 304 is
about 350 SCFH. In an exemplary embodiment, a flow meter may be utilized to measure
the flow rate of the No/IPA, processing fluid, and the vacuum.
[0068] It should be appreciated that any suitable type of wafer processing operation may
30 be conducted using the meniscus depending on the processing fluid utilized.  For
example, a cleaning fluid such as, for example, SC-1, SC-2, etc., may be used for the

processing fluid to generate wafer cleaning operation. In a similar fashton, different



possibility of contam nation on the wafer 108 after the processing fluid
has acconplished its purpose depending on the operation (e.g., etching,
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into and away from the surface.

20 [0070] Figures SA through 7 show embodiments of the present invention where a first
fluid meniscus is at least partially surrounded by at least a second fluid meniscus. It
should be appreciated that the first fluid meniscus and/or the second fluid meniscus may
be generated (o conduct any suitable type of substrate/wafer processing operation such as,
for example, lithography, etching, plating, cleaning, and drying., The first fluid meniscus

25 and the second fluid meniscus may be any suitable shape or size depending on the
substrate processing operation desired, In certain embodiments described herein, the first
fluid meniscus and the second fluid meniscus are concentric where the second fluid
meniscus surrounds the first fluid meniscus and the first fluid meniscus and the second
fluid meniscus provide a continuous fluid connection. Therefore, after the first fluid

30 meniscus processes the substrate, the portion of the wafer processed by the first fluid
meniscus is immediately processed by the second fluid meniscus without a substantial

amount of the contact with the atmosphere. It should be appreciated that depending on



depending on the size of the proximty head. In one enbodi nent a | arger
head may have a greater rate of fluid flow than smaller proximty heads.
This may occur because larger 20 proxim ty heads, in one enbodi nent, have
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set of the [oanti] ¢tgurd 0 isBow@BAHEI1I3ROIRE o xihN iy ReLX BIRE af Yac8sRRH:MBAf ond
flow meter may be utilized to nmeasure the flowrate of the Nz/|PA
pr ocess? ng ¢RbgHidnens vd theneresend duentipo0g8d nulti-simided pecimpphesd d8@d indadesany

itable t of. _or. i1 per at i _ nduct.ed : th
veni cous dUBOAO R ORGSR oRee G Foi'a T e MRoP SREEREF . 1R M

cl eani ng flfuidcgudRnas reh@ive@faympliee wr kurf@le By aBhoatioMf dithous@dakeimt he
processing fluid to generate wafer cleaning operation. In a simlar
fashi on, diffPegleatpluglity plsascarayilase 3044.| (Thextfeamdthsi st 8nid niceiscundap el et

configurati TRY; tili zed Lhe.. waf er processi ng meni scu al so
creh and of iR b ShhadB iRk "G Eh P RAETE M T RaRGe Y B
for exdampl grockssiify suk&Ce ph oy inekiamhynisal b tionsy HeG1e6q., may be utilized to
etch the wafer. |In another enbodinent, plating fluids such as, for exanple,
cu 5 Sul f at¥72hAheppgpipeniscagretimitat kead el | miycdsy insdideon pliralily elf sevicecal

i nput may of S Lhoure 413 illustrates.a sid I.ew Of
e A TR S R i R e R L G
processi ngbsyshemd froaC der dang esurlatd bongptidhadi BB Rhcitim th®uePresRMlity of
invention. In this enbodi ment, by usage of inlets 302 and 366 to input

Nz/ | PA 10 $HECsBEesdidhg Inogpesbpdisianl.al poigompf heseeond ftuiéis dorremyvpd byi de

LT, BB EScHRRE HSDSHAL S RO R AN SeS
renove proeesahbgdlifeni, dhapthrbiykeeputdeontni sCasmblbe daMeddd ondphabe Shugsed
above, in one enbodinent, the inlets 302 and 306 may be utilized for |IPA
i nfl ow 310“65}?&%&@8@@%@8? i @ttt 1w remave beyde epnkistyo Wi afer Asosbt thet
304 may  gource inlets 306a and 306b. In such one phase removal, siphoning and/or vacuum may
be utilized. When siphoning is used, the meniscus may be self regulated because as more
20 fluid is applied to the wafer surface, the more the fluid is removed from the wafer surface
through siphon. Therefore, even at variable flow rates, the siphoning can increase or
decrease fluid removal rate depending on the flow rates into the fluid meniscus(es).
Siphoning with regard to single phase fluid removal from the wafer surface {¢.g., from
the meniscus(es) on the wafer surface) is described in further detail in reference to Figure
25 8.
[0073] In addition, the plurality of source outlets 306b may be called a two phase
removal conduit because the outlets 306b removes the second fluid from the source inlets
306b and the atmosphere outside of the fluid meniscus. Therefore, in one embodiment,
the outlets 306b removes both liquid and gas while the outlets 306a remove only liquids.
30 As a result, the second fluid meniscus may be created by the conduits located within a
second fluid meniscus region 404 of the processing surface on the multi-meniscus

proximity head 106-1.



15 be utilized to apply vacuum 312. In addition, in yet nore enbodi nents,
the proximty heads 106 and 106b may be of a configuration as descri bed
further herein. Any suitable surface cogyng into contact with the neniscus
116 such as, for exanple, wafer surfaces 108a and 108b of the wafer 108
"may be processed by the novenent of the neniscus 116 into and away from

the surfacel0024] QPOARLY FiiguRRRi-BAnisbir Sleginity sbaweshoghientisdoh Jikaligr esent
invention where a first fluid neniscus is at |east partially surrounded by
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fluid ngnispus 25 and the second fluid nmeniscus may be any suitable shape
or size depéfiidigidie thsevafeipstieat e processing operation desired. In
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cecond 1 Fui el BAARE ORI Soidris s nlsulory Sk T EnRE RS
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after the fPYShe |NeHmy e dsoussedrisedakmey el subsuitable, topdisapor tichmsof
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with the atmdSphers: |06-1shouhdchesuapphietivaitduttitat depending on 19 the
operation ?&iég?ﬂ, in _one enbodi ment, the first fluid neniscus may contact
t he second ["MOhiTsELE SBrithoMi satebhseUehtisH oethe mulHemenise poroximity headil8eus
does not di n t .k ofe]y i . . Figyre sh a
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t he presenpraxavénthicah ] 0GHheamuppiy-tvefirsdiuip toxigh thy preadnl®bsolrdenalaud®®sa a
plurality of , source inlets 306a that can apply a first fluid to the wafer
surface. TA&I FFIRQYe the) tigsy Mg thrpueh e plarmblea! speive thdleliad e dirwshceschyt
applicgdiog sy . u r : rakl ] LGe. . Qutl e
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surface on_the nulti-g@ i sci proxinity head 106-1. [00721 The rmnulti-nmeni sci
proximty R@ziMtpdead g*ﬁ?%baﬁﬂéWHBbiﬁ %ﬁwﬂhﬁwﬂyﬁapugbﬂﬁtahwahw'Ofsomte

inlets 306b and remove the second fluid through the plurality of source outlets 304a on
one side of the second fluid meniscus and 304b on the other side. In one embodiment,
20 the plurality of source inlets 302 may apply the third fluid to decrease the surface tension
of the fluid making up the second fluid meniscus 116b. The plurality of source inlets 302
may be optionally angled to better confine the second fluid meniscus 116b.
[0077] Figure 6A illustrates a multi-menisci proximity head 106-2 in accordance with
one embodiment of the present invention. The proximity head 106-2 includes, in one
25 embodiment, a facilitics plate 454 and a body 458. 1t should be appreciated the proximity
head 106-2 may include any suitable numbers and/or types of pieces as long as the first
fluid meniscus and the second fluid meniscus as described herein may be generated. In
one embodiment, the facilities plate 454 and the body 458 may be bolted together or in
another embodiment, the plate 454 and the body 458 may be attached by an adhesive.
30 The facilities plate 454 and the body 458 may be made from the same material or

different materials depending on the applications and operations desired by a user.



inlets 306b that can apply a second fluid to the wafer surface. The second
fluid can then be renoved fromthe wafer surface by application of vacuum
through a plurality of source outlets 3G4b. In one enbodi nent, a portion
of the second fluid is also renoved by 15 the plurality of source outlets
304a in conjunction with the renoval of the first fluid. In one

enbodi nent , (001 Phaip@kirhity fac mt{-gemwfnlcﬁ&ié a3048:IRY s*?@{l‘afc‘@%@@vlﬁcho 1%{1@@?3 e

fluid renoval conduit because the outlets 304a renbve liquids applie

the wafer tdonduighwhpie Meid(m crayt bt eplicd0Basuafade 306l whfersudhthermigliaseybe

renmoval , sig L hg and/or vacuum may -be utilized.. VWen_siphoning is used,
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the wafer saifoatgentt Be enRaRdtAevd h bS48 2ADVRGWA 19 Bev el ekoistubace:

t hrough si phon. Therefore, even at variable flow rates, the siphoning can
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the fluid nenigcus(es) i.phoni hg wWi.t.h regard.to, single ase fluid .
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surface) i sicaleses-thied fides fiw dubRte dehaidatémhengf gbense)to Figure 25 8.
100731 In addition, the plurality of source outlets 306b nay be called a

two phase [P&HdJARue SR iiusipise sisserocersingulrées 43861 the povesiityHead dO6ridin

fluid from, r inle 3066 and the atnosphere outside of the fluid
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the second fluid neniscus nmay be created by the conduits located within a

second f | uifiHeEhi sidisPiosgise apcef4Bhaapriveladsiany sutableceurobert ol type of
mul ti - meni ; L [, h 106-1 ... 0Q74]. ti.onally, the
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mul ti-nmeni sci proxim

inlets 302omhtwhodiarnappd prodedshipisdrihddi B holutbervafiglitSirchageid Jule@M@4a,
enmbodi nent,. .the third fluid a surface tension reducing fluid that

can reduceﬂPH@“Eﬁ%yﬁ@@ﬂﬂéh§¢@gﬁ%ﬁg?%xﬂﬁ%dﬁ@ﬁ@ﬁﬁ@sphere border of the second
ronk S QRS e gL 108 SRS A S 4005, 1 B e
of the nul fluidnifits 806b pragxipiiyt y shiead et tichir e Atk wakdrStih «afidohe he
mul ti - meni Sj gy_}i ity head 106-1 (or _any othep.proxinjty head djscussed
herein) ma KOy lsagé,é'asmayégmgvcf 8}5’—0&8&%% gt i rpstion of a second fluid from the
surface of the wafer by the application of siphoning and/or vacuum, and the fluid outlets
304b may remove a portion of the second fluid from the surface of the wafer by the

20 application of vacuum, and the fluid inlets 302 may apply a fluid that can decrease the
surface tension of the second fluid. The first fluid and/or the second fluid may be any
suitable fluid that can facilitate any one of a lithography operation, an etching operation,

a plating operation, a cleaning operation, a rinsing operation, and a drying operation.
[0081] Figure 6C shows a closer view of the processing surface 458 of the multi-

25 meniscus proximity head 106-2 in accordance with one embodiment of the present
invention. In one embodiment, the processing surface 458 includes a first fluid meniscus
region 402 which includes the fluid infets 306a and fluid outlets 304a. The processing
surface 458 also includes a second fluid meniscus region 404 includes the fluid inlets
306b and the fluid outlets 304b and the fluid inlets 302. Therefore, the first fluid

30 meniscus region 402 can generate the first fluid meniscus and the second fluid meniscus

region 404 can generate the second fluid meniscus.



for exanple, flat, raised, |owered. In one enbodinent, the processing
surface of the 10 nmulti-nenisci 106-1 may have a substantially flat
surface. [0076] Figure 513 shows a crossz§ecti on view of the rnulti-nenisci
proximty head 106-1 in accordance with one enbodi nent of the present
invention. The multi-nmenisci proximty head 106-1 can apply the first

fluid throughsihagpleusialshbys Me BRUIES JIAL s A0BRineANdnE %By%mg thidh She
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material or different materials depending on the applications and
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same as the first fluid. As with the first fluid, the second fluid may be any suitable type

20 of processing fluid such as, for example, a fluid that can facilitate etching, lithography,
cleaning, rinsing, and drying,.

[0084] Figure 7 iflusirates a cross-sectional view of the multi-menisci proximity head in

exemplary wafer processing operations in accordance with one embodiment of the

present invention. Although Figure 7 shows a top surface of the wafer 108 being

25 processed, it should be appreciated by those skilled in the art that both a top surface and a

bottom surface of the wafer 108 may be concurrently processed by any of the proximity

heads described herein on the top surface of the wafer 108 and by any of the proximity

heads described herein on the bottom surface of the wafer 108, In one embodiment, a

first wafer processing chemistry is applied to the wafer 108 through fluid inlet 306a.

30 Afier the first wafer processing chemistry has processed the wafer surface, the first wafer

processing chemistry is removed from the wafer surface through the fluid outlet 304a.

The first wafer processing fluid may form a first fluid meniscus 116a between the multi-



head 106-2 that faces the surface of the wafer being processed. [0079]
Figure 6B illustrates the processing surface 458 of the proximty head
106-2 in accordance with one enbodi nent ,@f the present invention. In one
enbodi ment, the 10 processing surface 4%3 is aregion of the proximty
head 106-2 which generates the fluid nmenisci. The processing surface 458

may i ncl uden@iisei Sprokhl ff)@é’d‘ftl@? -anddt ympewdfer gRNAYjt §ncs thbggmﬁdn'i st febipid
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15 [ 0080] ? % 443p apply a first fluid to the surface of
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a cleaning operation, a rinsi
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a first fl i i 40 udes e 306
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fluid meni geufirst dglld)r’méﬂébuls ncldadesn tthe Whidl gftérniet rst JARD @OdsduRel fdauh

outlets 304h and the fluid inlets 302. Therefore, the first fluid 30
meni scus rBgEBcAdbe gafergaritcat det sreond ﬂbmd maisgusrdAbe cas readytinenehaohyd
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to formt hlaemm;ﬂst I Foae riteedfo Rl OX bid bmbh@iad:nﬂ,(iﬁc Zedofid ARCOMRANGEs M ANFPAE a
enbodi nent of the present inyentjon. Channels corres?ondlng to the fluid
inlets 306%"C8HHE, R 030% iy Ht yIuRd aeaiscrs dite hdt sheeid be iparegiatadethasifici nt o

the body 486: aliid fHenTUlst | rdT8RLP 6L alty Ui AB1 %e&qgtgc]sggpgwch as, a circle, ellipse,

square, rectangle, triangular, quadrilateral, etc. The second fluid meniscus 116b can be
20 configured to at least partially surround whatever shape the first fluid meniscus 116a may
be. It should be appreciated that, as discussed above, the first fluid meniscus 116a and/or
the second fluid meniscus 116b may utilize any suitable fluid(s) depending on the wafer
processing operation desired.
[0087] It should be appreciated that to generate a stable fluid meniscus, an amount of the
25 first fluid inputted into the first fluid meniscus through the source inlets 306a should be
substantially equal {o the amount of the first fluid removed through the source outlets
304a. The amount of the second fluid inputted into the second fluid meniscus through the
source inlets 306b should be substantially equal to the amount of the second fluid
removed through the source outlets 304a and 304b. In one embodiment, the flow rates of
30 the fluids are determined by a distance 480 the proximity head 106-2 is off of the wafer
108. It should be appréciated that the distance 480 may be any suitable distance as long

as the menisci can be maintained and moved in a stable manner. In one embodiment, the



5 and channel s corresponding to the fluid outlets 306b and 304b renove
fluid fromthe body 456 to the facilities 454. In one enbodi nent channel s
506a, 504a, 506b, 504b, and 502 correspgpd to the fluid inlets 306a, fluid
outlets 306b, fluid inlets 304a, fluid outlets 304b, and fluid inlets 302.

[00831 Figure 6E illustrates a cross section view of the proximty head
106-2 in Iistaceossdanse buibthveeneoanhestisnet s afmthe iRr8sept einBM&B{anrB mAs
described in reference to Figure 6D, channels 506a, 506b, and 5 may

supply a filPS prpi drefirabée dhel dfsaica 488nd betweeni sbguf |l unar ar! il5ulindl i bl et
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conbi nation of the second fluid and the third fluid fromthe outl ets 304b.
In one °entidicagencratgdhe fipss fluid mpgiseus andithe secopd &;lecémcngcma thiridsubkantidhn

d fe f
conduct any,, Ul'u{o%t?}h fus? 'b?&rch?nl)g&n%ny#%m the &lsr“&?@ﬁ?‘h csn-eﬂ@efye@&%c ?r nﬁadi s a

etching, |ithography eani ng, Fin

second pr ooessicngafid Lhedset:dnai ﬂmyn@nsdmyih@movbeatl:emay sia®. as dnbenfiodshent,
fluid. As with the first fluid, the second fluid may be any suitable type
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Al t hough Figure 7 shows a top surface of the wafer

the present |nveQ L

108 bei ng S¥"pR-grd<aesourre 0%%%%%@%@@%*& %:éeccw Hidgad @kmapé@q(whtqhe
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concurrently” processed by any of t heads descri be er el

the top susfided tofthd WefcwatﬁtéaiceJ.QBa and da;e ca‘raboof 3othe/ piXimdieyemeRtisnt, the

descri bed ereln t.he bo%ho surface of the wafer 108. In one enbodi nent,
a first waP¥ral i thEPug dhe s paleippPt gy caualFetings G fiogratneb gl
fluid jal eihtgﬁ%athe 30u:6¢ {i8Ees BDE, T T%éhomgﬁrofmtf?& ﬁﬁgﬁe%ﬁxgthg Q&ch tlﬂl);(ttq hj%%b may

processed the wafer surface, the
renmoved frleneghd wafler f‘smrfratcethtdmghugh thecé |1Hiod§ 006d qﬂussee}a ItTEl&)ufld et

waf er processing fl ui flr t fluid npeniscus 116a between the
mal ¢1 5 RTS8 B e S9! e s o, B irectiel Rirale rebEORTHD DAL Source
embodi mentinldds SRRANBO6b and source inlets 304a, 304b may change depending on the
configuration of the process area and/or the configuration of the proximity heads
20 described herein,
[0089] Morcover, by use of siphoning through the source outlets 304a, the optimal flow
rate Is automatically generated thereby creating a self regulating meniscus where the flow
rate of fluid from the meniscus to the source outlets 304 is automatically adjusted
depending on the flow rates through the source inlets 306a and 306b. As long as the fluid
25 being removed by the source outlets 304a is substantially single phase then the siphon
can keep operating to self regulate the shape and size of the fluid meniscus.
{0090] Figure 8 illustrates a siphoning system 500 in accordance with one embodiment of
the present invention. In one embodiment, siphoning may be used to control fluid
removal through the source outlet(s) (e.g., inner return flow). In one embodiment, when
30 siphoning is utilized, vacuum is not utilized therefore, the flow of fluid from the fluid
meniscus is made independent from fluctuations in the clean dry air generating the

vacuum in a vacuum tank. This generates enhanced stability of the inner return flow



processing fluid such as, for exanple, deionized water (DIW is applied to
the wafer surface through the fluid inlets 306b. ]0085] As discussed
above, the second processing fluid may bgsany suitable fluid that 5 can
acconplish the desired operation on the wafer surface. After the D W has
processed the wafer surface, the DIWis renoved fromthe wafer surface

t hrough botkhichecsdlic @reatutstdiisty 3048 andaBOdRiscihelDidY hat, Weemehieus may

mul ti-menisci proxjmty head 106-2 and the wafer surface may forma second
f1 uid neni§§ﬁ§”@fB@fq?é@8€Fmﬂﬁh%ﬁ%W%H%BEW%ﬁﬁ%@La surface tension reducing

fluid such 1 B 0,6 wdQ 1S l..al.cohol. vapor in nitrogen gas may
optionally @29g5%|?gﬁaﬁgﬁﬁ??ﬂg%géﬁﬁgégﬁ%ﬁg?b%ég@1p5ﬁﬁﬁ%dmgfﬁﬁﬂggﬁﬁg@guﬁ%
keep the |id8i chgés! botideproafmith@csedond Thabte BemiEe usphbhbRbessablngy b
one enbqdi ment, the second fluid nmeniscus 116b can substantially surround

the first fUPEIfRATSRIRE MEshead HG o empay Muid frem fwe mevsusepLiacrt Beus
116a has Qﬁé)g, 1%1{'[11}3%(1 wa efy, SHE fcﬁ'n%%dintl&'ﬁ, RE %ﬁ)@gnfall%s%ﬁl@%ﬂé §8M§LC&%6£ @
nearly imedi ately 15 begin operating on a portion of the water surface

al ready protiessed thy redeevifig rask SoDuiitbre MRk sousveilBen tlhpheimiteheddnl (BNRay
enbodi nent, the second fluid meni scus 116b forms a concentric ring around
the first PERWPHHES Eunidhg swhon tubes gl dnyaieapphastingtte het 15681V ingelank iy atta
fluid meni sgus: ¥ a it ah [ ‘ S Lirele,
cl 1 psor " agus, SE08 RUaT IR L AR0E BTN ot BP ity i T B
fluid Aeni soaseritigbmeatn the sathononf sguerdsaD iattrhaasid parhd arhyltasionalofurck
what ever shape thg.first_flu{d.nﬁnfscus 116a may be. It should be

appr eci at e§OPRRCIIBE 49 sthgsyericabigangne 80 dstlesy dhap nbpi geaydatiawh H5ew or
t he second :f b AR ¢ ; , td4 z@y ' fd i enendi ng
..on the wafer 6roce%s?gg§g%é?§f¥§%nﬁégy;egbép%égg¥£?&%gﬂgkﬁﬁgﬁég%g%gg%?%ted
that to gehgramndudastcabl pluihing froemitlsc psoximity drednitt6of theerecdBinki sk SkOui d
inputted i o‘ihg fi[%I tluig‘neniscus through the source inlets 306a
shoul d be  SGESYENRCEIHOFIIRIAIOY B e RO YR VI G S (10 Y dFRnF BBy
throughs t heneS, CRix P8 kBl @ion3P4Be 150G AT 58T 4 RRrSBRORY, Ig%rgécﬁi ahl @%&E{ed
into the second fluid neniscus through the source inlets 3 shoul d*be
subst ant i abiphordoa rates. iheddnountrielctrieristosnd tfd fivw restideror 85D thy beghed he

source outlets 304a iﬂﬂ %Dﬁb..in gge e odinePt, the flow rates of 30 the
fluids are UeV&FHT MRY By A GPEIanEE usth PHeBPodiMit yRhEaY reber Ps0 8r4y of
the wafer bd@8 slitabf@uhd 6h AP ESIALRL L hdle hh& A SLAPCEAFRWwRy be any

sui tabl e di stance as | ong _
[0092] In one embodiment, a siphon flow can be induced via tank vacuum to charge a

20 dry line. In one embodiment, the siphon tube 548 may be charged by applying vacuum
and thereby filling the siphon tube 548 with liquid from a fluid meniscus generated by the
proximity head 106. Once the siphon tube 548 is filled with liquid, the vacuum may pull
the fluid in the siphon tube 548 to the receiving tank 560. Once the flow has started the
tank vacuum in the receiving tank 560 may be eliminated and the siphon action facilitates

25 the fluid flow through the siphon tube 548.

[0093] In another embodiment, the restrictor 550 may be a shut-off valve could be used
to start and stop the flow without assistance of tank vacuum. If the siphon tube 548 is
charged (e.g., filled with liquid), opening the valve starts siphon flow. If the siphon tube
548 is dry, then it could be charged first with fluid and then the siphon flow would begin

30 as soon as the valve is opened. Therefore, in one embodiment, siphon flow can be used

for all single-phase liquid lines in the system. In addition, siphon flow is operable with

air bubbles as long as the line is substantially filled with liquid.



as the nmenisci can be maintained and noved in a stable manner. In one
enbodi nent, the 24 distance 480 may be between 50 mcrons and 5 nm and in
anot her enbodinent .5 nm to 2.5 nm Prefygrably, the distance 480 is
between about 1 mnmand 1.5 mm In one enbodinent, the distance 480 is
about 1.3. [0088] The flow rates of the fluids as shown in Figure 7 may be
any suit abl ]@0941]011[&/ shailé bedapphatatehthagaresipi@ it eystdnt SO0 byl ik DRMICHUSH and
the second flujd neniscus that substantially surrounds the first mneniscus.
Dependi ng d%“@h%IHP%WPH@?W@n“H%@@FB@*ﬁéHWééﬁU@h@%RﬁrﬁwiF@UPﬂ%<ﬁ@ﬁ€bc@3w@nd
t he second . the flowrates may differ. In one enbodi nent,
source inIefihlslHCg,g%yn?(ﬂ'1 1(Pdlzi’f)ply the first fluid at a flow rate of about 600

cc/ mn, souydees] Fighet$ ilBOGhwaypRRRhYy hbal secanditf hiliadiad cavify Maddtdned
about 9Q0 cc/mn, a source 10 outlets 304a may renove the first fluid and
the secdnd ¥ithiPee smbadimesiof geeptssenappigntapom oee pmbedimgnd thcheuwmiﬁécad

outlets 3041@6@%14&%’3@’@@6%”& SRERN &J:l’sé'dqn?ﬂ%{ﬁltdﬁaq;?%f&célFe ngéuebg() 4 ude

sonme | PA vapor such Surtface tensi on

appl i ed t o lbigtwdafad rsestiomf Ehae)ls dtscaibbd aw fuaher dkftalab@lﬂéfu?tﬁh@c ae/Figie 1N QOe
enbodi nent, the flowrate of fluids throu t he source outlets 304 nmay
equal 2 ti FEEMPREY PIOSEFsHg: RIree pf ﬁi%”@S“Wﬁ’k%@H%ﬁéS distrssed imfusther Q‘G@lém The
flowrate Q@ﬁ&%@bq)p% the source inlets 306b may be equal to the flow
rate through the source inlets 306a plus 300. It should be appreciated by
those $Kil I[@@PG] Figihe Hr thavhat spscidciionfdfome rabaintigl RéddonshiBpis Oferhthd in
source inlets 306a, 306b and source_inlets 304a, 304b may change dependi ng
on the coAfSYLtILE ‘bﬁld)fnetcﬁﬁb?ﬂﬁ%%‘sg £ HiceBreasitl/ Brentvg. c Hhionguiaddoncns thehe

proximty Bﬁﬁgﬁlty%gdﬁjqégrfi' 19@1%2&%? LGCC nqg%%b M?J cf{r?tgtmay HrE annﬁ%ldrBh]'Q N9

t hrough the sourCe outlets i s aut

gener at ed bhemgbyudﬂeahmngmaismbﬂahegpMayHDQMHEWbSQMSWWhET&mi@@xﬁhmmmcmﬁte
of fluid fr@ 16 meni scus..to the soiJce outlets 304 is autonati cal

adj usted d g]érﬂi fYE GhiEREIYS RN A LeippBisgrntore syl piddhe a@wgﬁﬁu
306b. fs | ang wRsphhed fd ﬂﬁb@vﬁ v I's
substantially sfﬁ% | e phase taéﬁﬁPagﬂg?% oﬁpmgﬁﬁggg' qﬁhggg?Hﬁ£@®§m§g#%*

regul ate t he()@mfapbOChmdnS ttreopghirtghie the cdvdiyneili is suls;tanti@DP 8lrr&urglet &y8he fluid
ance with one enbodi nent of

It lhlau;£ caent e ifoEnd o TaE hoow lﬁg";‘ﬂ‘iﬁ?éﬁbwow, i il beTasedy {hs e ol
fluid inlets 306 and by the removal of the fluid from the fluid meniscus 116 by the source
outlets 304a and 304b. The cavity 642 may be used to deliver active agents to the wafer
200 surface via the active cavity window 624. It should be appreciated that the active cavity
window 624 may be any suitable size and/or shape depending on the size and shape of
the region of the wafer surface desired to be processed. In one embodiment, the active
cavity window 624 defines the opening to the cavity 642. The wafer surface within the
active cavity window 624 that is processed by the active agents is known as an active
25 region. The active agent may be any suitable liquid, gas, vapor, or other form of
chemistry (e.g., foam) that can process the wafer. In one embodiment, the active agent
may include substances such as, for example, ozone, chelating agents (c.g., EDTA, etc.),
cleaning chemistries (e.g., SCI, SC2, etc.), semi-aqueous solvents (e.g., ATMI ST-255
and ATMI PT-15 (made by ATMI of Danbury, CT), EKC5800ry (made by EKC
30 Technology in Danville, CA, etc.), HF, ctc.). The active agents can be dispensed via the

source inlet 640 which in one embodiment may include nozzles (e. g., flat fan, cone spray,



removal through the source outlet(s) (e.g., inner return flow). In one
enbodi nent, when 30 siphoning is utilized, vacuumis not utilized
therefore, the flow of fluid fromthe flyi,d neniscus is nade i ndependent
fromfluctuations in the clean dry air génerating the vacuumin a vacuum
tank. This generates enhanced stability of the inner return flow 25 which

results in Iﬁfs@’?ég%h)s'q{ig!du'l& ¥e 91{);)15&1@169‘( é%(lhere ﬁ';?éﬂ%flolrﬂaﬂg(gb[ th’ab{cgg%

meni scus nmay becone self regulating an re be nore robust
I n one enbodiopening liu&ﬁealstlplhﬂ@nrtngc sotsicegeiB00toi the bandesH4dt | east one si phon

tube 548 t he p oximty head The one or nore Ssi

548 may beC[%}g&u{:]eﬂ‘pP’é"c!idtf%1 He BHEKI &Y ‘Pi‘é%gjclb‘é%(domr SHRRF 1Y ! ‘%3 ft ‘Ul d
Meni scus( eshedenrat echt QNIi@Lhﬁis@Eﬁ@ﬁ@tlnl,u(wﬂﬁ@gmd%%MI Tn QRS neHRed BN fer E@?
si phon tubes 548 are connected at the other end to a receiving tank 5

wher e f Pui dBay endiyed ahd dny t)llrieﬂfpmm@ thiat e lvedic 1096 imaye cinbodiuteputteeidy bcfom t he

si phon tubes the rec V|n tank is ower

el evation t%"e{s Phoécij‘;ﬂil%(f"ﬁftsﬁ}&geg% O%W\Aﬁ céhw‘btJ 8?"%&1@"9?3%%3 éi ¢ a&ffion.
I'n 10 one euntrac MRMeen BRe8 LY @@t“‘i’d"é]gtcﬁ}(ﬁh MR ROQcictyinf Tedow g8l SPnd: 91%16 the
gravitational force cor resgondl ng to the vertical distance 580 is |ess

than the gralveagangrmab bkope nuiﬂ@ﬂh@sm&ydwﬁgnlﬂ@ prioeinvier béaclalO6el. st ance 582.
The maxi mu on flo jul at conduct ance, of unbj ng from
The T eI IR o G RRR R RS T e SR8 E kRS PRl el he

si phonif| owaviat @32Cad e Refhi %Mﬁgcevhﬁtﬁéqﬁci%eczg/ﬁtyf WWOREBDE 1i6 1Rk ead R, iy 15
the line. Fixed restriction of the flow restrictor 550 can therefore result

in set andnawiges 11@%%611%}/@@&@@@ DI\H rad;dnmlmwus vdiheatdore tedtis castinons of

the flowr used tun ntr of, the sj pho

flow T orgebibbbiand et et PastRl dtobf Bagral sofaecyolh dpiete
devi ce suchoasdar§ CdyeeX amp ﬁmyaecV@chQntdfb@iau@ﬁ%u@ﬁ)laﬁ rek ckhmbi, kireonrdi§@931 1 n
one enbodi nent, a siphon flow can be induced via tank vacuumto charge a

20 dry IlnépeﬂaHO‘@ﬁwe enbodi nment , the si phon tube 548 may be charged by

appl yi % re he si.phon tub id froma
fluid %nl cuswéte%lgoruzli b§ 3%? e 5P‘gx i Ctoyldﬁ]ea(de o8 e&%%amt“ﬂ&“’gwgﬁ%ﬂ #pe
548 is fil pakimity hehd Qﬂdudmetﬁlﬂm\édthlmgdf@MO%' Well bhend bitted cblﬁﬂdlthﬁdlﬁ:hﬁhz@ﬁ
tube 548 to the receiving tank 560. Once the flow has started t ank

vacuum i n PHEPEEdIcod $HuetEme @wsﬁm&h@remeaucmﬁmeecdm&fdyt:neneswprml det tlon
facilitates; . an:d Bead hdbdsld 8Ye nhert%lfl)glrf)agsgg al%lf RO pmxunﬁy head structure that

may be utilized that can generate a fluid meniscus substantially around a region of the
20 substrate surface where active agents can conduct substrate processing.
[00100] Figure 11 shows a longitudinal view of the proximity head 106-3 in
accordance with one embodiment of the present invention. As discussed above in
reference to Figure 10, the proximity head 106-3 include source inlets 640 into the cavity
642, In the embodiment shown in Figure 11, four source inlets 640 are defined within the
25 longitudinal section of the proximity head 106-3. It should be appreciated that depending
on the wafer processing operation desired and the amount of active agents desired to be
inputled into the cavity 642, any suitable number of source inlets 640 may be included in
the proximity head 106-3 such as, for, example, 1, 2, 3, 4, 5, 6, 7, 8,9, 10, etc. It should
also be understood that the cavities Also, the proximity head in the longitudinal view
30 includes source inlets 306 and source outlets 304a and 304 as well as source inlets 302
for generating the fluid meniscus 116. In one embodiment, the source inlets 306 may

apply a processing fluid (e.g., rinsing fluid) to the wafer surface. The processing fluid



[ 00931 In anot her enbodi nent, the restrictor 550 may be a shut-off val ve
could be used to start and stop the flow wi thout assistance of tank
vacuum | f the siphon tube 548 is charged (e.g., filled with liquid),
opening the valve starts siphon flow If the siphon tube 548 is dry, then
it could be charged first with fluid and then the siphon flow woul d begin
30 as soon sy bhemoaby ﬂohﬁth@@@i&%urﬂ%h@bffﬂ% RurdeHuPREI @A IR 1t SRRk
flow can be used for all single-phase liquid Iines in the system In

addi tion, $PpKswied B sosrespiataBle inpptonadyringudis! wsthaproomitydsat HE643 e i s

substantial .y, i i th.)iquid, 100941 1t shoul.d he. reci at ed .t hat
the. s phonidsbcriis SR b Mg HPoee it dony i SBHERBRES I Hread
106 that hagn@afell wiithouelsgd EWEE epnrtOaticl SOV ES e Snfiddgmahas8en i guch
as liquids. [0095] Figure 9 illustrates a prOX|n1tg head 106-3 with an

®

active eaviltlgt 347 Hasbrehricerfage gnsiengpducardBuidnpmt botpplivg tortes safer surface
invention. ,lm. I e B roximity head 106-3. ha Cross . tion
that 15 dededRoGENBRALIEL e AR, PTG, RBend PR RaMyd GRERG:

| ongi t udi ngknaeied vanotddathd sctdesevitbethdo da4rt her detail in reference to
Figure 11. An exenplary processing surface of the proximty head 106-3 is
di scussed 104}t her FamtailR shows 2 efase sertientloriey gl perasmityigai 0066 1vith tar e
10 shows a,GEns i the praxinmty. h -3 in.operation in.
accordanceagﬁﬁﬂégﬁgq%hggﬁ?%éﬁpdggﬁgﬁg:ﬂ%é%gﬁggvﬁgggngﬁfaﬁhpd %Réﬁ%%t?%ent,
the pt@xi i theuhead apPlecBitdd Haudies cioss QUERRal et sBhdn iiRt@g@cCEVid ¥ndidel.
The cavity 642 may be any suitable shape and may take up any suitable

vol ume wi t ATHOGIRETHPbfenspss Wéﬁﬂnall‘oewsﬁ%sseér@mag in fefeermee ve Fageat Ondy be
inputted i Bﬁ@eﬁb@diﬁ]@w, tYe 8% ?deﬂo,%ﬁ%@& to'le%ee %Qﬁttl\tp;ﬁca%ay%@‘? i[?czgc& ! %qs‘of.u%et he
waf er surface through'an opening (e.g., ac ive cavi y W hdow if. n-one
enbodi ment jni¢thetOapencanginpot dthectbavideyt GAR thes cuyse BNt Tht lytieigaupge thehy
the fluid meniscus 116 generated by the application of fluid to the wafer
surface byPPRESSsBUAEEC T8Iy of Bivs substratsysuriee ribpoipafictredt be tha astiver paymit he
fluid reni §eu6 w1481 by, thRiRQULEE cro%ytshﬁkﬁafgﬂz%v gpth?’gf}&imﬁ %c%ﬁvf()téy% Gftg may
be used to deliver active agénts to the wafer 20 surt'ace via the active
cavi ty wi noolnd624aurdd inddto306 alxk s@ppe ectl@s ok, Batb tine 30ati Ve ogavinbydimsinndow
624 may be endi ng on the size and shape

.any suit abl i ze and/ or shape de
of the reliforogMY odaPer wirpae ﬂ‘é‘é’ifk’é’égﬁéﬁ%@llﬁ%ed@&%é%ﬁ 1oy the gpace of
enbodi ment ghethgeAE WViBgion substantially surrounding the active region. The source outlets
304a, 304b, and 304c can remove the fluid from the surface of the wafer substantially

20 surrounding the active region. This application and removal of fluid may generate the
fluid meniscus that can substantially surround the active region. In such an embodiment,
an active agent can be applied to process the active region of the wafer surface and
afterwards with either one of wafer or proximity head movement, the fluid meniscus 116
may further process (e.g., clean, rinse, etch, ete.) the wafér surface in the active region,

25 [00102] In the embodiment shown in Figure 12, the source outlet 304a may utilize
vacuum to remove fluids from the wafer surface. In one embodiment, the source outlet
304a may remove the fluid applied by the source inlets 304a as well as the fluids and/or
materials remaining from the active agent processing of the active region of the wafer
surface. The source outlet 304b in this embodiment may be a single phase meniscus

30 removal conduit. In this embodiment, the source outlet 304b may use vacuum and/or

siphoning to remove the fluid making up the fluid meniscus 116. The source outlet 304¢



cavity w ndow 624 defines the opening to the cavity 642. The wafer surface
within the active cavity w ndow 624 that is processed by the active agents
is known as an active 25 region. The act bge agent may be any suitable

| i quid, gas, vapor, or other formof chémstry (e.g., foam that can
process the wafer. In one enbodinent, the active agent may include

subst ances igUgl edmodfiidnt %@n{aks% %9&&% to %&%b@é HAOBAGRIS ab Suler re &b /éf the
etc.), cleaning chem stries (e.g. C2, etc ), sem -aqueous sol vents

(e.g., ATMHMHEBBCU%H& tA'ﬁWﬁilPTﬂmlcﬁlt(IdtabI@dbxyomm/ﬂumifmmsmurlyﬁ CT )
EKC5800 ™ C 30 T hnol ogy in Danvil CA,. etc.
The active fé@r@? s R ﬁi % améﬁéw%d S R ét P‘@Zﬂjﬂ\mh&ﬁd %hg One

enbodi ment wWayh hﬁﬁjdégﬁnﬂ‘tﬂ?-lé k@\ﬁu&ewghnnu ﬁﬁe thé@flsci GO Bk 51959&1{11@%?01’{116 rescm
nlst/fogger) It should be appreciated that the source inlet be any

sui t abl tylpi@ntlom Sbemmgsmdman vean of trengpointityt ied dOtivie aagdnt emhcbcbntehteof
cavity 642, oper at i active a ts e rinsed.o
ot her i e FnaosustPoRRENT b Aot 17 e bited P ISunas. dRevRinyi Seavidy
W ndow 624 appiaclaidshiADS6urcé NBe@h8ulO8 sudh ma)ﬁ)lb&aq{lﬂc sBul%@%l@f Yo@Uind
meani ng that the wafer may, in one enbodi nent, be dry before wafer

proce53|ngngée§uﬂ§ﬁéﬁﬁ¢éhﬂﬁoédyﬂdhc@nwmaﬁ@nnwkmwessmmgx@v@nmuhGUQMUThé

waf er sur ted b in the. acti it

W ndow eos e PEARBEEMA RRLES, DBV EbRITHRe tinte TudS b BHi ai ey
wi t hi ni® heupligod Mid: Yoanegehet16-Be HRAREnkH OREILINOFiIHEMRE, mLELALI0ERE Midher
oxi di zi ng %as) may be introduced into the 10 cavity 642 and the wafer

surface i ndgseplery bercayin pooioneowioea, il periretly tgad HE6-Trimilgtsagnultiple

Wh h | h
wth ana roale SRR PR 1P ShOTHOR HhueRARLTRg R et i GRS Fethprer
boundar y | ayremn mi'hlcsmmywr@%ulﬁﬁ@l@ iU IRPOF 8iWOes SkEhsa®r ckdfhipRXaDlE 4, St6i p

phot or esi st o erations. 15 [00991 It should be appreciat ed hat the
condui t (| olPi &ics daprnding étlsljlc p»ae@ftereprpcawwg pPoRtin tcgpsun@hd Iéﬁhcmi@ thee

utilized i ?pf%&ﬁrg tijlg g Et1€9a§4i ?m?%ﬁ?b n(% 'atn R u:taﬁf(:gt ShaB0 &18 X m

head struc di scussed hersi i 4r & onl'y exel t the

proxi m ty headddi seyssiedidhpre: is RMGOIRES ap&:@ggytoaue tadlies ma%crmbs{alh@algl
structure that %ﬂbe utilized that can generate a fluid nmeniscus
subst ant i afWiPusfedibg Taideeishi- of the 20 substrate surface where active

agents Can[@qﬂﬂuct SHP%M %Bl%oﬁlﬂl?&l%,sﬁ n[g‘bximity head 106-5 can include source inlets

304b to apply fluid to a wafer surface and source outlets 304¢ and 304d to remove fluid
20 from the wafer surface to generate a fluid meniscus 116¢. The proximity head 106-5 may
also include source inlets 306a and source outlets 304a and 304b may generate the fluid
meniscus 116b substantially surrounding the active region defined by the active cavity
window 624a. The proximity head 106-5 may further include source inlets 306¢ and
source outlets 304e and 304f to generate the fluid meniscus 116b which can substantially
25 surround the active cavity window 624. In one embodiment, the proximity head 106-§
may apply an active agent into the cavities 642a and 642b from the source inlets 640a
and 640b respectively. An exemplary processing surface of the proximity head 106-5 is
discussed in further detail in reference to Figure 15B.
[00105] Figures 14A through 14E iilustrate exemplary proximity head structures.
30 It should be appreciated that the active cavity windows in all of the embodiments are
substantially surrounded by conduits that may generate a fluid meniscus substantially

surrounding the active cavity windows.



[00100) Figure Il shows a longitudinal view of the proximty head 106-3 in
accordance with one enbodi nent of the present invention. As discussed above
in reference to Figure 10, the proximty,head 106-3 include source inlets
640 into the cavity 642. In the enbodi méent shown in Figure 11, four source
inlets 640 are defined within the 25 longitudinal section of the proximty

head 106-3.[0btogjhoul d thguapprechal.ed GHAatsHdEREPINEity ABad N8R C ccordance
processi ng operation desired and the anount of active agents desired to be

i nputted i i vhe codpiligersad thamyessol habitemuitbenc efibsdumae, thalaetise 640tymay

be incl uded. i t proximty head 106-3 such as, for, exanple, 1, 2,3, 4,
5 6 7 g wigloy A B Mk ARG oR 217 GRGHbr e Bt it Pl Py i
Al so, the poaRim:dYo harehit thdigd hangichyd Pabuvd 8W 30vd E@i%@ﬁd@@%ﬁfﬁe inlets

306 and source outlets 304a and 304 as well as source inléts 302 for

gener at Png [PV | ui d IewiesddB iletrates aneirertbodhapmt profievigolicad 1062t s 306
may apply ,0Cessi, flui e.g. ,.rinsing fluid) to the wafer, surface.
The processa?%(gﬁglcgi ‘8”@3)“%%&}61%(@“?8%8%‘&? P’r“(%%iltlﬁém_ ler 1'§&ﬂ“Fa%Téb°H§)“‘f‘Heﬁw
sour ce out laefiva3@4ayanddd04bs id 4 cishoal Hahe Inappreehahedrd Nty Jesd ¢6-7 plst
302 is optionally Included in the proximty head 106-3 and "dependi ng On

t he proxi mbgyonesucd ooe@esdnthiedlndnicoiscusl Bt abied thewicdverenitycusdomp2he

gener ated w t usage of g source inlets 302.. .L.n pne di nent,., when
Phe sour ce IR, 3398 AT R Rh S ity Henim B Fr il Rgh ARG i ity be
appl i ed0t o wtitheonBERboGIHEhBGE tha@PbstlinOtHiRh, bRr 87 c@bodinfnl, | e defiRNESGYS
116. Consequently, the fluid neniscus 116 generated surrounds the active

cavity wi ndauiwpa24 soomoel sikngurle operaghovibe araxiois hsed { DoRanawbewdizured
proximty head . nd M:Eh tF lve vity w ndow 624 in . accordance with
one enbodi rrlfbg%?mo‘]?g%lﬁemﬁé g’scéh@t% % ?\15ée‘ﬁlt0 %‘%‘:ﬁa"? aféve[ P ot Oge&gppr eci ated that

the cross gEavdpnal Vigwe SBDWN bRtk 9 shdpb® pARhRehesdogdionBnkcatiatde
cross sectional view discussed above in reference to Figure 10. In one
enbodi nent Vitbrecepedigest poH pigba inferntina. pnoxiengmhodiewd!, 106 adtivenedviides a

[ 4 ¢ X [ actiy t. it ity 624. Th
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that is defd geadrapythichiideichiseus M drguddtheiapdenc 824 .wihBorddit i on, the cross
sectional view of the proximty head 106-4 also 1ncludes source inlets 306

and sour cel®@d¥let s 3bigare 3dhphoynd solpe. shppehp@xinttio dicadhpo- 10tihacemdaicai t y
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window 624 is a wedge shape. In operation, the proximity head 106-10 may be
20 configured to generate the fluid meniscus 116 around the active cavity window 624.
[00111] Figure 15A shows an exemplary view of a processing surface 700 of the
proximity head 106-3 in accordance with one embodiment of the present invention. In
one embodiment, the processing surface 700 includes the cavity 642 as discussed in
further detail in reference to Figures 10 and 11. The processing surface 700 .may also
25 include a region 701 substantially surrounding the openings to the cavity 642 which may
include a plurality of conduits that can generate the fluid meniscus [16 such as, for
example, source inlets 306 and source outlets 304a and 304b as discussed in further detail
in reference to Figures 10 and 11. In onc embodiment, the plurality of conduits may
surround the cavity 642.
30 [00112] Figure 15B illustrates an exemplary view of a processing surface 704 of
the proximity head 106-5 in accordance with one embodiment of the present invention.

In one embodiment, the processing surface 704 may include the cavities 642a and 642b



the wafer to a region substantially surrounding the active region. The
source outlets 304a, 304b, and 304c can renove the fluid fromthe surface
of the wafer substantially 20 surroundi ng;the active region. This
application and renoval of fluid may generate the fluid neniscus that can
substantially surround the active region. In such an enbodi nent, an active

agent can be dipplseidintRrtpe06@ss if heeRtéd MEFEEG 0N Hid&ﬁﬁbM@ﬁ@?mﬁﬂﬁﬁﬁ%@mﬁnd
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the fluid nme %cus 116. Thﬁ source outlet 304c 29 in this enbodi nent may
utilize vactthedtoeniembveilt e snmuedated ghitathosutsktiedett o oft wprn readined the
meni scus 116.4.9;,de i th i n
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106-5 1hi elditioos, ydesumtibad pleecqaviltite shanddrh Tl ihbz}@lf(ﬁ“c ﬁﬁﬁh@dﬁltlhﬂh@@@escm
enbodi nent .of the 5 invention. The cross section view of the

ent
proximty Hé‘é?&“&'é)é‘?%“ﬁ? athsitiet tantsgi Additiowt DeHBURHORS 28d cPoRlopisey Bl
di scussed '\Aﬂthrlr?fh%rtﬁf?: irtQnlisd eeof]tgc ihBa@gdi tion, it should be appreciated
that the source inlets and out such as, for exanple source inlet 306b
and sour cé0dud] et s 3ﬂ%ﬁzanunaﬂﬂﬂ of the cross sectional view may extend
into a z-axis. It should be appreciated that any suitable plunbing of the
source inlets and outlets nmay be 10 utilized that can generate the fluid
meni scisconsi stent with the nmethodol ogies and descriptions herein. In one
enbodi nent, the proximty head 106-5 includes multiple cavities 642a and
642b. It should be appreciated that the proximty heads described herein
may contain any suitable nunber of cavities such as, for exanple, 1, 2, 3,
4, 5, 6, 7, 8, 9, 10, etc. depending on the wafer processing operation
desired. It should be 15 appreciated that the cavities 642a and 642b may be
any suitable shape and nay be



| ocated in any suitable place as |ong as the openings to the cavities my
be substantially surrounded by fluid nmenisci. [001041 In one enbodi nent,
the proximty head 106-5 can include source inlets 304b to apply fluid to
a wafer surface and source outlets 304c and 304d to renove fluid 20 from
the wafer surface to generate a fluid nmeniscus 116¢c. The proximty head
106-5 may al so include source inlets 306a and source outlets 304a and 304b
may generate the fluid neniscus 116b substantially surrounding the active
region defined by the active cavity w_ndow 624a. The proximty head 106-5
may further include source inlets 306eand source outlets 304e and 304f to
generate the fluid neniscus 116b which can substantially 25 surround the
active cavity wi ndow 624. In one enboggpent, the proximty head 106-5 nay
apply an active agent into the caviti U3 and 642b fromthe source
inlets 640a and 640b respectively. An exenplary processing surface of the
proximty head 106-5 is discussed in further detail in reference to Figure
15B. [001051 Filgur edmepRafaisdQyprodossing sylyiialy eoeR@sd:ary proximty head
structures. 30 It should be appreciated that the active cavity w ndows in
all of the enbodi nerstoximéty heybendigtiied|t Pe prmioaia dedsirface ohiaistbstrelsat  may
generate a fluid neniscus substantially surrounding the active cavity

wi ndows. 3then[iDOpg6lorsi gure 14A shows a cross shaped proxinmty head 106-6
in accordance wth one enbodi nent of the present invention. In one

enbodi nent, thenagtiingosagidiyte oftiRdwkiond hedd toa eavih dpna@fin thegrogigityl N
operation, the proximty head 106-6 may be configured to generate the

f1ui d menihesd$held@itabempdokigira@liol déBv&GaMiabivadREO0W (B2 fade 084 Aldstrlegur e
1413 illustrates a circular shaped proximty head 106-7 in accordance with
one enbodig®nin @t opBEnprmaent invention. In one enbodi ment, the active
cavity window 624 is a circular shape. In operation, the proximty head

106-7 b ' : _ i d: nen h
active ouvity angee e3ior i SRR B TR b A S ISdafe S anRg e
imt ! 106-8 in or dang O.with : di t of th t
nventi on? T BRESSSIRERE AT SONeYoE Heaa 624 i s an oval |
shape. In operation, the proximty head 106-8 may be configured to
generate the fluid nmeniscus 116 around the active cavity w ndow 624.

2. An apparatus for processing a substrate as recited in claim 1, wherein the

fluid meniscus processes the surface of the substrate.

3. An apparatus for processing a substrate as recited in claim 1, wherein the

plurality of conduits includes a plurality of inlets and a plurality of outlets.

4, An apparatus for processing a substrate as recited in claim 1, wherein the
plurality of conduits includes an inlet to apply a fluid to the surface of the substrate and

an outlet to remove the fluid from the surface of the substrate,



[00109) Figure 14D illustrates a strip shaped proximty head 106-9 in
accordance wth one enbodi nent of the present invention. In one

enbodi ment, the active cavity 15 window 624 is a strip shape. In
operation, the proximty head 106-9 nay be configured to generate the
fluid meniscus 116 around the active cavity w ndow 624. [00110) Figure 14E
shows a wedge shaped proximty head 106-10 in accordance wth one

enbodi ment of the present invention. In one enbodinment, the active cavity
wi ndow 624 is a wedge shape. In operation, the proximty head 106-10 may be
20 configured to generate the fluid nedAPscus 116 around the active cavity
w ndow 624. [00111] Figure |I5A shows an exenplary view of a processing
surface 700 of ¢ he roximty. head 106-3 in accordance wth one .enpbodi nent
of the present T nverdbl SR ORI  HRTES TRE Bh dosiit o RiFFIRe 700

i ncludes the, cavit 42 as discyssed in _fuyrther detail in.reference to

H qur as 10 5AG o0t of 4P R ERLE b St S OON AURE HiGe STt 1 egi on
701 substantial ]y surrounding the openings to the cavity 642 which nmay

i ncl ude a'peigdldidy of conduits that can generate the fluid meniscus 116
such as, for exanple, source inlets 306 and source outlets 304a and 304b
as discussed in further detail 1in reference to Figures 10 and 11. In one
enbodi ment, the plurality of conduits may surround the cavity 642. 30
[00112] Fi gure 615B iAd apphabtsder mncasiegplsalrsyratel sweated &n @riocéseiangnshe f ace
704 of the proximty head 106-5 in accordance with one enbodi nent of the
present i phenlity@f conduits Girthee mMonde AR aliditibhe ifléias apsly AguSatcfianton@dudimy
include the cavities 642a and 642b 31 as discussed in further detail in
ref erence iy foitHeI581ak3 of B s@kikatsl On, the proximty head 106-5 may al so

i ncl ude regions 702, 706, and 704 which may substantially surround the
opening to the cavities. The regions 702, 706, and 704 include a plurality
of conduits that can generate the fluid nenisci 116a, 116c, and 116b. In

3060, and 3066 "as waPREul Y ThodsiER Shh el HGRRER IBAIR S ane
304f,as dia%ysse ,intfurtherfdgtaﬁl.in referehce to kigure,13. i00113j
Whi | e t hi ETRASRYG DA RS ORERF SRS VIt er ms of several preferred
enbodi ments, it will be appreciated that those skilled in the art upon

reading the preceding specifications and studying the drawings wll

realize various alterations, . o ) )
An apparatus for processing a substrate as recited in claim 1, wherein the

plurality of conduits surrounds the opening to the cavity.

9. An apparatus for processing a substrate as recited in claim 1, wherein the

cavity includes at least one inlet configured to input the active gas into the cavity.

10. A proximity head for processing a substrate, comprising:
at least one first conduit defined within the proximity head, the at least one

first conduit configured to apply a fluid to a surface of the substrate; and



10 additions, pernutations and equivalents thereof. It is therefore

i ntended that the present invention includes all such alterations,
additions, pernutations, and equivalents as fall wthin the true spirit
and scope of the invention. (00114] Wat is clained is: 15 32 dCdains 1.
An apparatus for processing a substrate, conprising: a proximty head
configured to be proximate to a surface of the substrate when in
operation; an opening on a surface of the proximty head to a cavity
defined in the proximty head, the cavity being configured to deliver an
active agent to the surface of the subs¥rat e t hrough the opening; and a
plurality of conduits on the surface of the proximty head configured to
generate a fluid meplacusQn e SHL{AEELlahRS e HRIINAl fad gt ataging the
opening. 2. An apparatus for processing a sUbsStrate as recited in ¢ aim1,
wherein the fluid nj scus. processes.the surface of. the substrate. 3. An
Appar at us T el LA R SE FROET Y 1§ BB BA RS SR (ar K61 ¢ he
plurality of conduits .includes a plurality of jnlets and a plurality of
outl et s. &ne&ﬁcoa%ﬁgpélﬂh%e%?o 'ﬁ%éé%ﬁlﬁbo%%%@ﬁéﬁ fff%méhfa%ir%wf@a Waferel ai m 1,
wherein the plurality of conduits includes an inlet to apply a fluid to
the surface of the Stlissdin aprdicaten ofdhe Buid te thesyrfpeafvbe substratEand from t he
surface of the substrate. 33 5. An apparatus for processing a substrate as
recited i reiphoaing of thefied diom thieurffhagiod thessubstetogenaradstafbgd aphiscud. | ui d, an
etching fluid, a plating fluid, a cleaning fluid, or a rinsing fluid. 6.
An apparatus for processing a substrate as recited in claim4, wherein the
plurality of conduits further include an additional inlet to apply a
surface tension ir educpiagimityt hoad [6:Qrbi8sifE b batdgaRfas thQed UbSLInAl & furfher AN
apparatus for processing a substrate as recited in claim1, wherein the

comprising,
at least one third conduit defined within the proximity head, the at least

one third conduit configured to apply an additional fluid to the substrate.

12. A proximity head for processing a substrate as recited in claim 11, wherein

the additional fluid is a surface tension reducing fluid.

13. A proximity head for processing a substrate as recited in claim 10, wherein

the fluid is a single phase fluid.

14, Aproximity head for processing a substrate as recited in claim 10, wherein

the second conduit is attached to a siphon tube.



active agent is at |east one of a gas, liquid, or vapor. 8. An apparatus
for processing a substrate as recited in claiml, wherein the plurality of
conduits surrounds the opening to the cavity. 9. An apparatus for
processing a substrate as recited in claiml1, wherein the cavity includes
at least one inlet configured to input the active gas into the cavity. 10.
A proximty head for processing a substrate, conprising: at |east one first
conduit defined within the proximty head, the at |east one first conduit
configured to apply a fluid to a surface of the substrate; and 34 at |east
one second conduit defined within the gPoxinity head, the at |east one
second conduit being in close proximty to the at Ieast one first condui t,
the at least o e second. co bei ng .confi red to.si Nt from
the surface of F@quu’ g@?ﬁ”% ?F%%fﬁ%ﬁ al§s fopLc ?BUﬁ@“%g? g%?ﬁrface
of the substrate and si phoni ng. of the fl ui m t he face of .the

substr at e thesighen whe @CMdEﬁ Rresgiglos dofrdiusting u‘;ﬁirfg%’ f?%iﬁé%aip ot MBFocessi ng a
substrate as recited in claim10, further conprising, at |east one third
conduit defined within the proximty head, the at |least one third conduit
configured to apply an additional fluid to the substrate. 12. A proximty
head for processing a substrate as recited in claim11l, wherein the
additional fluid is a surface tension reducing fluid. 13. A proximty head
for processing a substrate as recited in claim110, wherein the fluid is a
single phase fluid. 14. A proximty head for processing a substrate as
recited in claim10, wherein the second conduit is attached to a siphon
tube. 35 15. A proximty head for processing a substrate as recited in
claim 10, wherein the siphon tube includes a restrietor for adjusting fluid
fl ow t hrough the siphon tube.



