| Method and Apparatus for Processing Wafer Surfaces Using Thin, High

Vel ocity Fluid Layer 5 BACKGROUND OF THE INVENTION 1. Field of the

i nvention [0001] The present invention relates to sem conductor wafer
processing and, nore particularly, to apﬁ)arat uses and techni ques for nore
efficiently applying and renoving fluids"fromwafer surfaces mhile
reduci ng contam nati on and decreaS|ng mafer cleaning 10 cost. 2.
Description qQf.t ated Art (00 e sem condu i rication
procese. i Méro ﬁimﬁA% anatas Eox Raacessy g)@s)afervﬁuﬁbaeeﬁg
operations such as clE®ii rH h MekocityFlnedel tapey of
operations, there is a need to effectlvely apply and renove fluids for the
waf er operation 15 process. [00031 For exanple, wafer cleaning may have to
be conducted where a fabrication operation has been perforned that |eaves
unwant ed resi dues on the surfaces of wafers. Exanples of such a

fabricatj on operation includgspkaatBuRDCHE A9 BNOenTigRIst en etch back
(VEB)) and chenical nechani calporishing (CVWPJT 1T CVP,” a wafer is placed

in a 20 hol de s a wafer surface against a rolling belt or a
rotating pl gt EHIM?L&Q [bH?l?tm'hses a slurry, which consists of chemcals and

abrasi ve mafoeniplse tRekauseydlen Pela&hinGemiddbebunaiEl Yrodefisy ch@c%%ﬁe
tends to | eave an accunul ation of slurry particles and resi dues’ at the

waf er sur f agticylarly,dptapparagiuses wed égchnigues @mv\motcedffmxtlduaﬂpim end a¢ma‘ndg
particles ects such. as scratc es, on the
waf er surfa@g&éﬁ%@%ﬂ{ﬁé’ﬁﬂg%ﬁn E GF&H? gg&@f’ fAgHaAt s sk dechwebie) Yol F%f‘lﬂm&
featureg. Idassone cases, such defects may cause devices on the wafer to
becone i noperable. In order to avoid the undue costs of discarding wafers

havi ng i noper plcpipRY d9ke Reiaté@A?Per efore necessary to clean the wafer
adequately yet efficiently after fabrication operations that |eave unwanted

resi dues. [000L4lh 1A s@mnicandwaicerchpalbliegivnyebcash daiedl-kiveyweifae thekis stnebe

dried effectl veI revent 30 water or cleani n% fluid remmants from
| eaving r odp diiest ﬁwt“ﬁcé URESPCrafipns shehds elaaniig Fxiulging. In cach of these types of

operations, there is a need to effectively apply and remove fluids for the wafer operation

15 process.
{0003} 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., tungsien etch back
(WEB))} and chemical mechanical polishing (CMP). In CMP, a wafer is placed in a
20 holder, which pushes a wafer surface against a rolling belt or a rofating platen. This belt
uses a slurry, which consists of chemicals and abrasive materials to cause the polishing.
Unfortunately, this process tends to leave an accumulation of slurry particles and residues
at the wafer surface. If left on the wafer, the unwanted residual material and particles

may cause, among other things, defects such as scraiches on the wafer surface and

| A]
LA

inappropriate interactions between metallization features. In some cases, such defects
may cause devices on the wafer to becone inoperable. In order to avoid the undue costs
of discarding wafers having inoperable devices, it is therefore necessary to clean the
wafer adequately yet efficiently after fabrication operations that leave unwanted residucs.

[0004] After a wafer has been wet cleaned, the wafer must be dried effectively to prevent

30 water or cleaning {luid remnants from leaving residues on the wafer. If the cleaning fluid



on the wafer surface is allowed to evaporate, as usually happens when
droplets form residues or contam nants previously dissolved in the
cleaning fluid will remain on the wafer surface after evaporation (e.g.,
and formwater spots). To prevent evapora&ion from taking place, the
cleaning fluid nust be renpbved as quickly®as possible wi thout the 5
formation of droplets on the wafer surface. In an_attenpt to acconplish
this, one of™ LE%%&% sugiape dt aHewer 3 SeRosERntg !y hereems whet dEpids &&mspi n
drying, |PA,. MAr. Ji o i.ng.. AL _of these dryi.r ' utiljze
sonic form gi‘s 56%5?ggﬁpéllacﬂl?%¥%gg)Llf@J&F?’é\é%{ &oﬁlcgd%é}p %r hgﬁiw ggg&\?\%ycﬁ fhi%f
proper |y manataisndtkse afes uvdperdtionde. i, agd drnawaat efoisurfoaseyendet fauitidnheom
formation of drop]ets. Unfortunately, if the noving liquid/gas interface 10
breaks down'®kJ¥& BREenfapeere Wittt niis| befrempacd s raimkhy 2o measiBleywigout the
nmet hods, ¢ dr g f-or. euapor ati.on. occ r [t i tam nant s
bei ng. T ert oaEhe” v e SR HRPALEE Bt ol B Rl o oA 8 e
today is spsaverdl dséerenyirpigg (SRD)qued ORAMIpIEy@US R las Apinl drytisiel BtAeSSravanesti of
fluids on a wafer ﬁo_quring.an SRD process. In _this drying process, a wet
waf er is rot3tEd Af of UisgANIRE Echyjarestutize somg foynn o SRmOVYE ligiedigps infgface
centri fugal r -t J Ui dyu Qs 1t h or. | | ] romthe
conter of the narsr “PoeenanShy Sieban MRITEPE ARG W Sl bR SR R
waf er as shweitholytht| fordatbir e€tdrgiels. aUn®ehmatchf. if ARe thevifid igdid/gasbRitditree
pulled off of the wafer, a noving liquid/gas interface 12 is created at
the cenller BEHWatsro A RBFESVED Al atadorgecntionc edryigpencthpdse droplefs
circle progduced by, ADVILAG- L Gl as_I. r e.l2. larger). as the
dryi ng proc%gg‘gg‘%ﬁ%gggggégpg ﬁ&%ﬁg ghﬁ%t%%gPL%ﬁﬁﬂi%kﬁﬁééﬁﬁ%“%ﬁgfﬁggg?ea
of the circTe hostmedvabont theéng momiigge Ldcdubdiydaspinntrge Haces Ry free from
the fluid ﬁ%ﬁ éhﬁ outside area of the circle formed by the noving

|i qui d/ gas PRPrFigkie Wy iljustrpiga nyoygmant of fhnds o & wakss 1PsRIrige W SRD prosesss gn
conti nues, .S i i NSi o dry ar ,0f the nmovi liqu,d/,.gas .
“nterface 190 REERERR Ak T ha® sulk Bl e PGS db S B st ng
| i qui d/igas dentrénfaldercd 2h2flutiedcdas eigse We vadfat I8 PuREEHbAUSE Yentbf ot he wildiiHg
liquid/gas jnterface 12 breaks down, droplets of the fluid formon the

waf er and dbﬁf’a‘rﬂdﬁa%fifb‘h“fﬁéﬁf age duplly o efghevwaberastshown baflluiddigeeplabagowas
such, it iIsg raft i -hat. dropl et - ot | and_the subsequent . .
evaporatiogékggﬁfﬁ%gggpﬁ%g§ggﬁﬂ@8§fgﬁ§£gﬁ%ggg?fQé?m?ﬁéﬁﬁﬁwggméﬁ%?%g%}zls
Unf or t unat elgated methe prasent i yaRkg an@hods @tk omkylec RAThE alakdy (SUSERsstAE at

the prevention of noving liquid 30 interface breakdown. .
produced by the Toving lquid/gas interface 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 area (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 duc to cvaporation
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 partialty successful at the prevention of moving liguid

30 interface breakdown,



3 [0006] In addition, the SRD process has difficulties with drying wafer
surfaces that are hydrophobic. Hydrophobic wafer surfaces can be difficult
to dry because such surfaces repel water and water based (aqueous)

cl eaning solutions. Therefore, as the drying process continues and the
cleaning fluid is pulled away fromthe wafer surface, the 5 remnaining
cleaning fluid glf aqueous based) will be repelled by the wafer surface. As
a result, Upg6 Hhé%%mmtécaﬁﬁﬁbmcwdﬂwafﬁ 16 e dDvess tretasureecs fthalraa to

be in Cont aﬁ)tdléﬂ\f)ﬁ&l t?%‘n%%m mpa?{afsu\{sﬁ & ca%ulge ??ﬁ ulfbg)d(ll b% %lse%tlcﬁ tfaces

aqueous cleanin ends ¢ as ar oF "SUTT ace

tension (i. ngla&ﬁm<ﬂﬂswhm1®%ﬁMDGQ@uhﬁn(ﬂMﬂh@Q&ﬂub@ﬂﬂlﬂ@bmﬁn@héﬁﬁﬁ@EEWHg
because of the hydrophobic interactions and the surface tension, balls (or
10 dr opl et sHOBFSSAIEBYE 2Pk Al ﬁ@amnaufaufldﬁ ridilichh avpyufiesntheolrisy ‘stefererthon

t he hydrﬁph%ﬁiaﬁun%’g &hir &E"fh (?%? dﬂq 'ug bd Wl OD% r%f ﬁj éiok%{, ﬁltefsward%lls yl}lg‘a?ﬁ.er}%t he

har nful evaporati an anlna |scu evi ously

| i mtationsrealt tth@acﬁl@&aaélempag ok ar {vkinistﬁv%a@t @;ﬁom{thﬁ? at@nb ek i0kofither Wl er,
force act on the droplets is the smallest.

where centr % i
Consequent |‘§} PﬁBﬂgﬁ WafRa s yéyepr%%ggnqlb/ B}eéiﬁéwsquaﬁ@grﬁ@b,moadwbwhmyo of
wafer 15 dr&@cggcasr L ni:‘ﬁlllngF Q\%’{c&a@nﬁé i. 9' f; wLit 68 m(()alﬁu auv\ﬁ%cIlo rCl) éo%(ﬂ ng).

cl eaning fl ul oplets on rSUFT dce especi a
hydr ophobi cTiwaéfere, diecdiae esf. ihediyidadghop@r trit@Bci@ns ddaett 1‘&&&@1’308&&113?'@1/ &alls (or

dlffere t h drogg EIC properties. lél&(0007 Figure IB illustrates an exenplary
waf er rfé PIFSe 85 aquegus pleaping 4t émmsenam yeptreedzoamter Phéh%éif/@mﬂl@l%as

a hydr ophl l\bé:fc:a'él%"i*ac%nd’l‘ﬁspﬁh‘}lgtg& ggldlh%ﬁctg s){l(f]lrsqpt}ggli%H%fuef Svapd] atuiuz ancﬁ)q{ltl on

20 attracts water so a at "area

_hydr ophobi a:osmnnhatmanaalsfeameb\aomy eThafchitheredfane SRBLE:!{[@ p@artutaelyasd/ab Rper
film of mater on that portion of the wafer 10. Therefore, the hydrophobic
portions of1?ﬁ@”ﬁhPEFmﬁB@6¥¢%hmedﬁﬂéﬁhﬁﬁr@“ﬁU$%%byﬁtﬂ@ﬂhph@whydméﬁhwmﬁ@

portions T e fer n Increase
contaninatﬁgﬁéﬁgﬁxfg ﬁﬁghg¥ﬁ@$§?‘ §h§%ecre%egxhéfe?r%m%dhgy?%h“mﬁé) @FHS
[ 0008] lTherdEjhog ethlstiheuhed kcan Rawredididuicsaedplilothrantdo @0l AeRamATUR @xﬂﬁictsa(\&i)' ds

the prior @ abllng og timzed fluid nmanagenent and application to a
waf er t hat ﬂ@ewa éé“r KEreReH AWty usedesibydropholip evafpfsarfaeasr Cartein ®uten of

deposit s agOLLRNOCGUL. ook hEgHEELE IEXeLd of acceptabl e wafers and

i ncrease the cost of nmanu actur ng sem uct
[00¢7] Figure 1B illustrates an exemplary wafer drying process 18. In this example a

portion 20 of the wafer 10 has a hydrophilic area and a portion 22 has a hydrophobic area.
20 The portion 20 atfracts 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 on
that portion of the wafer 10. Therefore, the hydrophobic portions of the wafer 10 often
dries more quickly than the hydrophilic portions. This may lead to inconsistent wafer
drying that can increase contamination levels and, therefore, decrease wafer production
25 yields.
[0608] Therefore, there is a need for a method and an apparatus that avoids the prior art
by enabling optimized fluid management and application to a wafer that reduces
contaminating deposits on the wafer surface. Such deposits as often occur today reduce
the yield of acceptable wafers and increase the cost of manufacturing semiconductor

30  devices.
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30 devices. SUMVARY OF THE | NVENTI ON 4 [0009] Broadly speaking, the
present invention fills these needs by providing a substrate processing
apparatus that is capable of processing wafer surfaces with a high velocity
fluid ayer while significantly reducing yafer contam nation. It should be
appreciated that the present invention can he inplenented in nunerous
ways, inclugjgg gslngrocess an 5 appar at us system a device or

met hod. SevEPar] PRRAGH TRFAKIBELGAPHESARS EENoR Ilb';r‘é@%?ﬂeed‘f Y SF BHE drwbstrate

descri bed bﬁx'o@é%&n%o%ggaullsnt MaN& 9?%9% erﬂroces@lng%m 5@@9 f ﬁ?hea i @% vg ocity

substrate is disclosed which es generating a flurd |ayer

surface of flhg lsmtbsvtlmlatse,nﬂﬁdaeilff Fadiudink ayeer arbefa;mnaagma It iliwwbmm&ﬁ.usd thihe
generati ng %?cludes noving a head in proximty to the surface, 10 applying
A Tluid 1ol PrECRoYCHEPT Ha b a B I DYIREIONE AERYP SN Ao wwe%&‘»odln he

surface 5 of, )B%L@Q%?glﬁaea HQ\/[Q@&' Dl hri')ﬁ f§09%bin@¥ﬁqw &%dﬁ?g@é fOP ;}gscn puid

fromthe sur ace through’ the proximt y a vacuum d travel s
al ong the fmuﬁdmmaw@dm%sbmbmﬂowhe head and the substrate at a veIOC|ty

t hat increﬁﬁﬁf aF the h is in closer proximty to the surface.
[0011] In 4 Hep 8%&81 pentag laﬁlﬁaﬁjaff’ﬂéﬁ‘f’%&ﬂﬂgcﬁcé%ﬁnﬁb’v # §L§b§>§‘?‘ht‘7€“iﬂs

provi ded whihalided JEkiiifs PRGNS NPLEAL UKL UM LHPDILN OB ] 20

of the substrate ari enerating a |'ayer on the surface

substrate tibudlsﬁemecua. filhai gbnamrring dududebhRiovipizox ilEhd Yin heaginiinckaidgs satfadeeast
one inI t con y d‘tP apglé a fluid to the surface of the substrate to
def i ne ‘Phe PUi i pigk fromdge Bead) ledlag swiec gihtiledhe besk i gupetimiy fe Hsverfpe
fluid 20 frg A r, i vi,ng
the fluid a Eﬁn%“?’ﬁih‘e|tﬁ?@ﬁ9‘f i SHDEL Rl Fonad s MRERN I EA BT L Frde TRV
vel ocity tHat piononegades! @sa vhmuhedthd Suidnravelsas@ig 1pE OXidMaty Bedwbdieths ueidce.
[0012] In ye ?nother enbodlgg a substrate preparation systemis

provi ded wHPdHhe PHR R el HY BBilngeisapamsehefichdiing: Aovedpionipiy e e y
to a subst rafg.surface when in 25 operation, and a first conduit for
delivering a fluid to the substrate surface through the head. The system
furthedSi ndﬂﬁ.idéén anstbeoadbabmang, tin hppark@EDH prgcdshieg fal subslrdié amprbhRled which

substrate surf ere the fluid forms a fluid | ayer over the substrate
surface inmclu cs d cad capable of moving in proximily to a surface of the substrate arid
generating a fluid layer on the surface of the substrate to define a fluid meniscus. The
proximity head includes at least one inlet configured to apply a fluid to the surface of the
substrate to define the fluid layer, and at least one outlet configured to remove the fluid
20 from the surface of the substrate. The head is capable of moving the fluid along the fluid
layer between the head and the substrate at a velocity that increases as the head is in
closer proximity to the surface.
[0012] In yet another embodiment, a substrate preparation system is provided which
includes a head being capable of being moved in proximity to a substrate surface when in
25 operation, and a first conduit for delivering a fluid to the substrale surface through the
head. The system further includes a second conduit for removing the fluid from the
substrate surface where the fluid forms a fluid layer over the substrate surface in
operation. The fluid travels along the fluid layer between the head and the substrate
surface at a velocity that increases as the head is in closer proximity to the substrate

30 surface.



operation. The fluid travels along the fluid | ayer between the head and the
substrate surface at a velocity that increases as the head is in closer
proximty to the substrate 30 surface. 5 [0013] The advantages of the
present invention are numerous. Mst notably, the apparatuses and net hods
described herein utilize a fluid nmeniscus with a high velocity fluid |ayer
to efficiently process (e.g., clean, dry, etc.) substrates by operations
which i nvof“@i”ofi‘i“? r?&r’ai}(?%g%ﬁré!rﬁ PETCHY I1VenEYhl 4 e dviiousnd Mestovablyr dhe t he
substrate Joo) i nwegted fluids.. t am.pant s..r enai ni on a
waf er surf\é\f’gc}{é,\).a %}Lﬁeiﬁg&lq%%oagi rren%b%qb%/d%gﬁ%ég?g‘eﬁﬁ?dﬁe \}Séﬁuéc\’fl%gildgﬁ %1]} (‘5&8 81?y
generat e t hduflllayat tediisendy ptdresd (o dcleBBniiSCug. )Camshacappl dpehtios avhich
substrate/wafer wi thout having to utilize a surface tension reducing gas
agai nst a fPFIHe MBHMEL H¥passmydp Ré feih aprlisptionsnd seuerdl fiom wed exbstipieorkidsi ng
and producti-@pk; I-NCHE and . hi I fer. vields may be.achieved due
10 to effi cilieglﬁrbt“%?]gg n{p():?ogglgg?dﬁg. %‘8&%?&& elra%}ig%eoé § Vgﬁn%}[asa{}fg%?‘a &8st

t he presentenitmdentitohy wislnlg the dogre velppiay €ntd {0 generdtbend aulowWengcaetadé had
description, taken in conjunction with the acconpanying draw ngs,

i |1 ustrati AGEBYF &P OF WBREFI SHsUBIG HeEhébows haviee for edligsta punlasatiersimn

BRI EF DESCRL 5 1 The present invention wll. be
readi |y unde@gélgsﬂ%ylgﬁéﬁl g@l’s r% 1(11%%1% ﬁ%é%gp Hc&é’s@ﬁ%{'i on"?lﬁe%lbeﬁﬂﬂﬂcvi"}fb‘n

Wi th the ageowpanyimgpadavicngsay Foinkaabdd dmatigohddiviufedgsigs hakinchibl&Bduc
referenge nugﬁrals d?signate | i ke structural elenments. [00161 Figure | A

i 11 ust Pat ed” ADFEREREGPIqeedM ng 1 uids on a wafer during an SRD drying

process. 2 ElLOQULE, i t es_all exenplary wafer drying.
process. [g%qig? @%%i%sgb%ggh;do%s\hg{a%g %ﬁﬁlﬁr%%s gts‘inﬁaﬂgoy?s‘?élnlﬁcﬁ mz?cﬂ?B%ﬁBﬁ@B“W th
one enbodi tenfollofving deaipadatedtiptiony BREL fcond@RUA wHirOUE %p@);ﬁﬂdll?ﬁfgrcﬁ‘ﬁ\@%géﬁ_
proximty head perform ng a wafer processing operation in ‘accordance wth
one enbodi relit'® g?%é’abfsg%@ﬁﬁpl? Heatiticives ofBhg pGeaL ivicgliee 4 illustrates a
waf er processing operation that may be conducted by a proximty head in
accordance with one enbodBREER DeSCRIPTIDR SENTHETNRAMWNGS

I5  [0015] 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.

[0016] Figure 1A illustrates movement of cleaning fluids on a wafer during an SRD
drying process.

20 |0017) Figure 1B illustrates an exemplary wafer drying process.

[0618] Figure 2 shows a wafer processing system in accordance with one embodiment of
the present invention.

[0019] Figure 3 illustrates a proximity head performing a wafer processing operation in
accordance with one embodiment of the present invention.

25 [0020] Figure 4 illustrates a wafer processing operation that may be conducted by a
proximity head in accordance with one embodiment of the present invention,

[0021] Figure SA illustrates a top view of a proximity head in accordance with one
embodiment of the present invention.
[0022] Figure 5B shows a perspective view of the proximity head in accordance with one

30 embodiment of the present invention,



[ 00211 Figure S5A illustrates a top view of a proximty head in accordance
with one enbodi nent of the present invention. [00221 Figure SB shows a
perspective view of the proximty head in accordance with one 30

enbodi ment of the present invention. 6 [ 023] Figure 6A illustrates a side
view of the proxim ty head generating the'fluid meniscus with a hi gh

vel ocity fltﬂog LE the waf er surface |n accordance with one

enbodi nent ¢ 8&}% BnflStEng e Viou20i1 the gipremdy herdvaenaraipgxherifiuyd

head that i ﬁc%@&lseglthré H%H%Idcﬁgrhdlé? PhaNge QTJ(S%Z%P&E Wfd%Q}h%ﬁqu\giﬂg dance

wi th one enbodi nent of e pres I nventi on. ure

proxi mty heabodimatt @xhepdscrowercndodi amet er of the vvafer in accordance
with one en@g% rrfnt of the present .invention. [00261 Figure 8 depicts the
proxi mity h&44dl ate 6 syt f eIy disad dral spareded Wgcamparisen tafdnei of the

accor dance Whitehnp&cgmgf?@ Wﬁ%n@&hB&EPBBF@QHé Bfeggﬁnﬁve%ﬂ 10 100271 Figure 9

illustrates a proximty head wt second piece in

accor dance [02H bugemeﬂtmbdwmr;hoﬁiﬁmtmﬁcaalr eseBktchdy e OianfO28f ik Guiee id 0
shows a waf er process system in accordance with one enbodi nent of the

present i nv&RPIIERCE ‘[’6'1529‘;’ eippeglimgntqiahy pregentintcadon proximty head

perform ng g Vi pce W , i m of, t he
P esont 1 pBoeenhRe:008LatLN. bRy BRERLAANEE N hE AR IR SRV of
proxi mty headr lllmcamﬁamdikam@eor\l\bzﬁlbodlﬁﬁﬂt enipe kd’ﬁ@ﬂittinﬂfntfbh.e present invention.

100311 Fi gur@zll Cillustrates an inlets/outlets Fattern of a proximty head
i n accd’dan®&27I ‘B'ﬁ‘eo?ﬁé1%9&*@5-’@|frr@mh“@letlT¢édp¥1é1$@n irst st dngna SO HI0NBAY in

Figure || Da!ck&‘d%ticre%l‘ﬁ?ox?éﬂ'atﬂpeﬁmc& S /Ollét%éx I;ré gﬁt fern of a proximty head

in accordance wth one di ment” o invention. [00331 Figure

1 E illustraozsy IaglﬁmritOthO\Msrﬂ Lol PHidedis: PAILL D a8fordarRE %U%ﬁé’cxﬂg&ﬂlrlcﬂt
accor dance valth one enbodi nent of the present invention. DETAI
DESCRI PTI ON 2l pigepss mvaptioavent i on for met hods and appar at uses for

processing (gofHRSLIAL &1 ASuflsaLose ploxnmty head performing a drying operation in

I5  accordance with one embodiment of the present invention.
[0030] Figure 11B shows a top view of a portion of a proximity head in accordance with
one embodiment of the present invention.
[0031] Figure 11C illustrates an inlets/outlets pattern of a proximity head in accordance
with one embodiment of the present invention.

20 [0032] Figure 11D illustrates another inlets/outlets pattern of a proximity head in
accordance with one embodiment of the present invention.
[0033] Figure 11E illustrates a further inlets/outlets pattern of a proximity head in

accordance with one embodiment of the present invention.

DETAILED DESCRIPTION

25 [0034] 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

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



In the foll ow ng description, numerous specific details are set forth in
order to provide a thorough understanding of the present invention. It

wi |l be understood, however, by one of ordinary skill in the art, that the
present invention nay be practiced mﬁthou% sone or all of these specific
details. In other instances, well known process operations have not been

30 descri bed |n detail in order not to unnecessarily obscure the present
i nvention. PO3pbFaske WWﬁIé“@ﬁﬂ@i|%Weﬁ$@bn¢ﬁ9§b%beﬁ tewer icbetvierd! t Brefasatde

several preferallns equ\an‘l%]té reEdtc\QA hat qgo%%p%aﬁ J k& m;aq ¢ tarqor%gdlp% dll ed

in the art upon readin g Speci Fons ying

dr awi ngs Wi pilecediad |sp6c:ﬂaxtio(nu5arﬂl tRAahE oS, draddlist WaNSrcaPRS Rutidkd QNraaHsk,
equivalents(threof It is therefore intended that the present 5 i nvention
i ncl udes al PUYRIY BETBIat0SFad Lawenlhen@rihere@%r Hus drardpe, mmdcré@iwt Vi emsant as

fall —wighipeth . invention, 036 e figures
ol ow 119 ust SIS el deBafsRR8RE D AAFREBReutt BT PIS atn Bl ng
proximty h@&ﬂl@lshcuatE{gnaalm@hp&@ﬁ@@hﬁ%nﬁbi@” d layer to generate one or nore
of a speC|f|c shape, size, and location fluid nenisci. In one enbodinent,

the high 10 09%@01:‘?‘% VTS Epiﬁ‘é’edluﬁféatge@f@b@ii@etﬂﬁeﬂf bui jScnwﬂwscmfecamoweg ate

a Bernoul l'ig bej process the fluid nmeniscus.
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fluid meniscus. [0037] The technol ogy described herein may be utilized to
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t hat woul d eq?ble t he generation and novenent of one or noré neni scus nay

be utilizedUiq Repiseus Witberithrommed fehewae of heulfaabmsiayredacidg gps trapampedlic n a
l'inear fashipap, LFgD L portion of the wafer to the edge of the
wafer. |t shoufg g%igﬁgﬁgbgal%d t hat ot her

[0037] The technology described herein may be utilized to perform any suitable type of
combination of types of wafer operation(s) such as, for example drying, etching, plating,
20 ete. It should be appreciated that the systems and proximity heads as described herein are
exemplary in nature, and that any other suitable types of configurations that would enable
the generation and movement of one or more meniscus may be utilized. In the
embodiments shown, the proximity head(s) may move in a linear fashion from a center
portion of the wafer to the edge of the wafer. It should be appreciatcd that other
25> embodiments may be utilized where the proximity head(s) move in a linear fashion from
one edge of the wafer to another diametrically opposite edge of the wuler, or other non-
linear movements may be utilized such as, for 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. Moreover,
30 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



25 enbodi nents may be utilized where the proximty head(s) nove in a |inear
fashion from one edge of the wafer to another dianetrically opposite edge
of the v,, afer, or other non- linear novenents may be utilized such as,
for exanple, in aradial nmotion, in a circular notion, in a spiral notion,
in a zig-zag notion, in a randomnotion, 8tc. In addition, the notion may
al so be any SU|tabIe specified notion proflle as desired by a user.
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nature, and the Ggrom mty head as ‘descti bed herein nay be used in any

sui tabl e sy&speIrcd 0BBIPVEY (ﬁ;geoztos I@(ﬁﬁ/\ef andvadress prodes siitiga Epy@tiemyjl@:@dl it
accordance e pre i nvention. The system 100
el udes. r ol PARIY e IRG HEBBE <{hierk Ao RGP bR PO BT P
enabl e 1¢af glositfifyaees at QeRAbRT REEHSBE hd hed n%%‘; &MabRQ,akso 1 ncl udes
proximty heads 106a and 106b that, i'n one enbaodi nent, "are 20 attached to
an upper arlf9®304ag¢nrd 2t shawvy owevafar mra@4bingesysent | V& yin hoooodracentyatli ment

R L TR TR RE NIV
SA t hr ough vehiclT R@yPEQS I MdLY 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
20 attached to an upper arm 104a and to a lower arm 104b respectively. In one embodiment,
the proximity heads 106a and/or 106b may be configured to apply a high velocity fluid
layer to a wafer as described below in reference to Figures 5A through 9. The proximity
heads 106a and 106b may be any suitable apparatus that may generate a fluid meniscus
such as, for example, any proximity head as described herein. In another embodiment,
25 the proximity heads [06a and/or 106b may be any suitable proximity head(s) as described
herein. The upper arm 104a and the lower arm 104b can be part of an assembly which
cnables substantially lincar movement of the proximity heads 106a and 106b along a
radius of the wafer. In yet another embodiment, the assembly may move the proximity
heads 106a and 106b in any suitable user defined movement.
30 [0040} In one embodiment the arms 104 are configured to hold the proximity head 106a

above the waler and the proximity head 106b below the wafer in close proximity to the



heads 106a and 106b nmay be any suitable apparatus that nmay generate a fluid
meni scus such as, for exanple, any proximty head as described herein. In
anot her enbodi nent, 25 the proximty heads 106a and/or 106b nay be any
suitable proximty head(s) as described Qerein. The upper arm 104a and the
| ower arm 104b can be part of an assenbly”which enables substantially

|l i near novenent of the proximty heads 106a and 106b al ong a  radius of the
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on the meniscus on the wafer surface. In a preferable embodiment, the proximity heads 106a

and 106b (as well as any other proximity head described herein) may cach be located bout

20 5 microns to about 500 microns from the wafer to generate the fluid meniscus 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 70 microns

from the wafer to generate the fluid meniscus on the wafer surface. In addition,

depending on the distance between the fluid meniscus and the wafer surface, the velocity

[
n

of the {luid that makes up the fluid meniscus may vary.

{0041} In one embodiment, the system 100, 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
manner that would enable movement of the proximity heads 106a and 106b to process the
30 wafer as desired. In one embodiment, the arms 104 may be motivated by a motor to

move the proximity head 106a and [06b along the surface of the wafer. [t should be



waf er surface, and in nore preferable enbodi nent, the proximty heads 106a
and 106b (as well as any other proximty head described herein) may be

| ocat ed about 70 microns fromthe wafer to generate the fluid neniscus on
the wafer surface. In addition, dependi on the di stance between the
fluid neniscus and the wafer surface, the velocity 25 of the fluid that
makes up the fluid ni_scus vary. [00411 In one enbodi ment, the system
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configurations t enabl e t he processes described herein. It should al so
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addi tion, besides processing the top omsurtaces of

the 1%5sysysem100 may addosiee benioondd gupedetsoops odess 1N e asirdeitefont hgpanaf er
with one tépe of grotcgss (cgpg , g'gchi ng, . cl eani ng, dryi n&, plating, etc.)
and proces® §5& EtHrefCllige CHATN R I RE AAtNG kit prd BEIcEsHNSCUBY B af e
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different types of fluids or by using a different configuration meniscus. The proximity

heads can also be configured to process the bevel edge of the wafer in addition to
20 processing the top and/or bottom of the wafer. This can be acconplished by moving the
meniscus 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.
[0043] The wafer 108 may be held and rotated by the roflers 102a and 102b in any
25 suitable orientation as long as the orientation enables a desired proximity head to be in
close proximity to a portion of the wafer 108 that is to be processed. In one embodiment,
the rollers 102a and 102b can rotate in a clockwise direction 1o rolate the wafer 108 in a
counterclockwise direction. It should be understood that the rollers may be rotated in
cither a clockwise or a counterclockwise direction depending on the wafer rotation
30 desired. In one embodiment, the rotation imparted on the wafer 108 by the rollers 102a

and 102b serves to move a wafer arca that has not been processed into close proximity (o



heads can al so be configured to process the bevel edge of the wafer in
addition to 20 processing the top and/or bottom of the wafer. This can be
acconpl i shed by noving the neniscus off (or onto) the edge the wafer which
processes the bevel edge. It should al so,,be understood that the proximty

heads 106a and 106b may be the sane type of apparatus or different types
fer 108 may be held and rotated b }he

of proximty heads. 100431 The h 7 € y
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applying vacuum (also known as vacuum outlet). In an optional embodiment, additional

inlets may be utilized to apply a surface tension reducing fluid (e.g., isopropyl alcohol
20 vapor in nitrogen gas) to the fluid on the wafer surface. In one embodiment of a drying

operation, the at least one inlet may apply deionized water to the wafer surface.

[0045] In an exemplary cleaning embodiment, a cleaning solution may be substituted for

the DIW. An exemplary etching embodiment may be conducted where an ctchant may

be substituted for the DIW. In an additional embodiment, plating may be accomplished

1]
h

as described herein by using a processing fluid and configuration of a proximily head
configured for plating. In addition, other types of solutions may be inputted into a fluid
meniscus on the wafer surface and removed from the fluid meniscus depending on the
processing operation destred.

{0046] It should be appreciated that the inlets and outlets located on a face of the
30 proximity head may be in any suitable configuration as long as a stable meniscus as

described hercin may be utilized. 1In one embodiment, the at least one inlet may be



remove fluids froma region between the wafer and a particular proximty
head by applying vacuum (al so known as vacuumoutlet). In an optional
enbodi ment, additional inlets may be utilized to apply a surface tension
reducing fluid (e.g., isopropyl alcohol %Evapor in nitrogen gas) to the
fluid on the wafer surface. In one enbodient of a drying operation, the
at least one_.inlet may apply deionized water to the wafer surface. [0045]
In an exenptHRSFIE IR 4 deashbrrdy aseim, oulet [ iy PESESTICORUIdaRc W StibRelelt ed
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fluid and configuration of a proximty head configured plating. In
addi tion, OPREFSSEVHFEUCOrEHhEtyRnel Wt b@Cffssp\gtm@dﬂanmwsamfghuicdbe mn@@us

on the f fr r ed f n
o ocess ng. Bpet s an qan B e P b e UL pRRL R A B B e e
inl ets and wouflighdylaadabedriony @etﬁ(ﬁﬁle @futoheand3Qo Ry @% iR ¥ub eaadtdBktPE

any suitable COﬂfI?UFatIOH as long as a stable neniscus as described
herei n may BEXHIY Pedtiand i BRET drbFarsentalcshe Tae Mreesssingn@uiilninksis aey the 12

adj acent tqrdrch@ma&ut!e?sa%a g\ﬁ ayrg%%%én]nogt e&ﬁllt%&g;@é%ﬁ | gttp%td%? agflelf)ta[tl?rf é“f | y

fl ui d-vacuum ori entati on Y &35

surrounds trhanainddeasiforon@miphd, éh .adliftiosheudhd \Q@uulﬁmrtl@ﬂaﬁﬂetﬂe thddes Qb Eluid
types of orientations may be utilized depending on t he waf er processes
desi r ed Yandn{Rhd® d’ﬂ)ﬁﬂé“’@f“%@“ﬁ?*@(:é@éﬁ Ifﬁigy e @Hditipsahsels of pueptessing flpel infets

h d. l
or ot at on" iy 3BRER RHAM GRA TR Ne ol AT BERETI Pah didea,
control, artondvee tdppravenidahe thocated dafivealoR ofPIHRXkRiduh-prRe:sad fiaid
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[0047] In an optional embodiment, at least one Ny/IPA vapor inlet may be adjacent to the
20 at least onc vacuum outlet which is in turn adjacent to the af least one processing fluid
inlet to form an IPA-vacuum-processing fluid orientation.
[0048] In one embodiment, the proximity heads 106a and 106b may be positioned in
close proximity to a top surface and a bottom surface respectively of the wafer 108 and
may utilize the at least one inlet and the at least one outlet to generate wafer processing
25 meniscuses in contact with the wafer 108 which are capable of processing the top surface
and the bottom surface of the wafer 108. At substantially the same time the processing
fluid is applied to the wafer surface, a vacuum may be applied in close proximity {o the
wafer surface to remove the processing fluid and some of the surrounding atmosphere,
and/or the fluids that may be on the wafer surface. The portion of the processing fluid
30 that is in the region between the proximity head and the wafer is the meniscus. 1t should

be appreciated that as used herein, the term "oulput" can refer to the removal of fluid from



15 are consistent or so the distances are inconsistent. In addition, the
di stances between the vacuumoutlet and processing fluid inlet may differ
i n magni tude depending on the size, shape, and configuration of the
proximty head 106a and the desired size qf a process neniscus (i.e.,
meni scus shape and size). [0047] In an optional enbodi mnent, at |east one
N2/I PA vapor inlet may be adjacent to the 20 at |east one vacuum outl et
which is in® oD Belpasehe weor HS and 4 pagevianropingdebaidngnd thgiterm [RPeY cap
forman [ PAg, g o dole i-ng..fluid. ari.entation. [0 o _ j t,
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and t hé %t erlishqud e apregpategdhat flee prioxineidnbeadokPoonay plap e pglizsretormgeasa (c.g.,
bet ween th f _ he particul ar. oxjm ty -h . 10049] Figure 3
11 ustr at es S Bt PR SRR LS 0RUGATH s ABBSH B Wi iR ARG,
i n accor danhe wifth1 ENe @viadisoant pedxibe e Seatmhnverhdd. inkl gHEL Sfaghion
t hrough 4B show a nethod of generating a fluid nmeniscus by using |PA
appl i cat i ortlong Ggrhiwad spotiamy ‘dh@‘h il top|qugisee AD% irchdiozi srasaspedpgiir apnixies thor
generati ng yhbhe i I j t | PA | ication e pr.oximty . .head
T06. " in one BrbiuttEFECIEhE stk I8 Vel ca3MRish BRI 304 R B vl
108a ofl5t hefluafHA 18 dhotheomiicIE Mereni RuOCEaSShAY WPgERiden. RGhblldsheul d
be appreciated that the proximty head 106 may al so be utilized to process
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stable fluid meniscus may be utilized such as those configurations as described herein. In

5

one embodiment, the meniscus 116 with a high velocity fluid layer may be generated.
20 Therefore, as explained further in reference to Figure 6A, a Bemoulli effect may be
generated on the wafer 108 thercby lessening or obviating the need to apply a surface
tension reducing fluid (e.g., gas, substance, liquid, etc.) to the boundary of the fluid
meniscus 116,
[0050] Figure 4 illustrates a wafer processing operation that may be conducted by a
25  proximity head 106a in accordance with one embodiment of the present invention. It
should be appreciated that the application of IPA is optional and that in a preferable
embodiment as discussed in reference to Figure 6A, the fluid meniscus 116 may be
produced without application of IPA. Although Figure 4 shows a top surface 108a being
processed, it should be appreciated that the wafer processing may be accomplished in
30 substantially the same way for the bottom surface 108b of the wafer 108. In one

embodiment, the inlet 302 may be utilized to apply isopropyl alcohol (IPA) vapor toward



al ong the head notion while the top surface 108a is being processed. By
applying the |[|PA 310 through the inlet 302, the vacuum 312 t hrough outl et
304, and the processing 15 fluid 314 through the inlet 306, the meniscus

116 may be generated. It should be appreciated that the orientation of the

inlets/outlets as shown in Figure 3 is o ﬁy exenplary in nature, and that

any suitable inlets/outlets orientation that may produce a stable fluid
meni scus may B Wik 288 ohdhe agiehdd® avhticgimelt 3@hsmarsbeleditizeddd apRlyed n.
In one enbgdi t ol ni.scus 116 w . highev city,fluid |ayer y
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Moreover, any suitable fluid used for processing the wafer (e.g., cleaning
fluid, drydheroressing, Tud.dRprgdrtheflaid (Himaen g Watel irfaee.c. ) may be utilized
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mflow 314 and the IPA inflow 310 is applied toward a wafer surface, fluid (if any) on the
wafer surface is intermixed with the processing inflow 314. At this time, the processing

20 fluid inflow 314 that is applied toward the wafer surface encounters the IPA inflow 310.
The IPA forms an interface 118 (also known as an IPA/processing fluid interface 118)
with the processing fluid inflow 314 and along with the vacuum 312 assists in the
removal of the processing fluid inflow 314 along with any other fluid from the surface of
the wafer 108. In one embodiment, the IPA/processing fluid interface 118 reduces the

25 surface of tension of the processing fluid. In operation, the processing fluid is applied
toward the wafer surface and almost immediately removed along with fluid on the wafer
surface by the vacuum applied by the outlet 304. The processing that is applied toward
the wafer surface and for a moment resides in the region between a proximity head and
the wafer surface along with any fluid on the wafer surface forms a meniscus 116 where

30 the borders of the meniscus 116 are the IPA/processing fluid interfaces 118. Therefore,

the meniscus 1106 is a constant flow of fluid being applied toward the surface and being



inlet 302, a vacuum 312 may be applied through the outlet 304 and
processing fluid inflow 314 may be provided through the inlet 306.
Consequently, if a fluid filmresides on the wafer 108, a first fluid
pressure nmay be applied to the wafer surf%ce by the IPA inflow 310, a
second fluid pressure may be applied to tlRe wafer surface by the processing
15 fluid inflow 314, and a third fluid pressure nmay be applied by the
vacuum 312 tesqvedslsubstamdially dweswiongme [vaildany Pudamvdthe veafel sirtace. [The ogaihe
waf er surface. [.00511 Ther.efore, in one.enbodi ne of .a waf er. progessi ng,
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fluid inflow 314 along with any other fluid fromthe surface of the wafer
108. | n onedleniyden sramtn thehsenipapsgibecessing fluid interface 118 reduces the
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surface al an i th any fluid on, th fer surface far a nmeni scus, 116.
wher o 50°t nBldrF MR bibe i ncait M Seuadha PEC sl BF oleEShig R i
interfaces nbl& plResset@u@emehhBuimeM $USscA1® bSiRisonehalls bbaWagf chhiid
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| of the essing fluid 1 the wafer surface. ts. th
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t he processing has acconpl i shed Its purpose dependi ng on

operation (&bgdimet.chithy vaelueafionythednylend 04piuds ithgproeessing flMHelP Apred g e
(o e = sy 1 (P ool ekt DS, dpamimnd, L i,
carrier gaslisgomidi Rartadi®oubPAo MYidagsl gds bOnE AL A TS a straw when a
vacuum is exerted on combination of fluid and gas. Consequently, as the proximity head
20 106a moves, the meniscus moves along with the proximity head, and the region
previously occupied by the meniscus has been dried due to the movement of the
IPA/processing fluid or processing fluid only interface 118. It should also be understood
that the any suitable number of inlets 302, outlets 304 and inlets 306 may be utilized
depending on the configuration of the apparatus and the meniscus size and shape desired.
25 In another embodiment, the liquid flow rates and the vacuum flow rates are such that the
total liquid flow into the vacuum outlet is continuous, so no gas flows into the vacuum
outlet. It should be appreciated that any suitable flow rate may be utilized for the
processing fluid and vacuum as long as the high velocity fluid fayer making up the
mertiscus 116 can be maintained. It should be understood that the flow rate of fluids may
30 vary depending on the size of the proximity head as Jong as the {luid meniscus [16 can

maintain a Bernoulli type effect on the wafer surface. Specific flow rates that may be



or a push of processing fluid flow out of the region between the proximty
head and the 10 wafer surface and into the outlets 304 (vacuum outl ets)
t hrough which the fluids may be outputted fromthe proximty head. It is
noted that the push of processing fluid flowis not a process requirenent
but can be used to optim ze neniscus bouﬁﬁary control. Therefore, as the
| PA and the processing fluid is pulled into the outlets 304, the boundary
maki ng up tHBIZEEN Grocesishigtidrdetiliinrepfeaeetoliiguied Ankglow. doatrs pinbasment

boundary because ,15.qgas. ,(e.d. i.r)..is.hei |l ed into the.outl ets~ 304
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anal ogous t®telsiild. and gas being pulled up through a straw when a vacuum

i d hi nat i f f]ui d : t] th i mit
nead 20°10d00avbe S ih e Rafesiatd Ry ISie REH WA whbsel e orEag M
the region pePe@dueisd! ¥siDf GHP hedidNs legﬁexmﬁﬂoj spUpchaschigap duiiedidue. t opdhe

novenent of the | PA/processing fluid or processing flurd only interface

118. 1t shoukwpl soclppming derdssusbds, fdvatxatipée, &0 1 sGCtabite, mayber usst fonlhet s
302, outlets 304 and.inlets 306 ng e utilized depending on the ...

cont i gur at IFRCLoT 8 N Syl wARY e entrbfinsi 26 Saih ohdpeidesi Fught 25
I'n anot her radoshipBatyEE ahd aihhith: fihRWakAb&SeRBAFENGUMACHUIMLE AV E@tE Ml €
such that the total liquid nowinto the vacuumoutlet is continuous, so no
gas fldls ivitler pleecssagunanisagt ey alsptetghond/or pletcajpredicat éd onbatmbadiment,

suitable flow. rate. may be utilized,f t rocessi ng fl ui nd vacuym as
Tong-as. t he R EANGETaleD St o et b o ane. Soduinrs iR e, BN 15
mai nt ai ned.uilivedsodititihbeviandan shoae: &Msddihbe, blaaw: Hat® sath 54,‘#@%@&?@}’6& 5

vary depending on the size of the proximty head as long as the fluic
meni scus 156legnAurdilondd, meSBEtaoid. i canppetio fadtelonricd epwaimey bsupp sk .

Specific fl, rate nay .be 16 tilized is disc d j rt her det ai
et or end@i Hf e sA g Bl como e st o B RIS T B lod B ALy e
a grealer nale@siQhcfihivi R’Jrfahﬂ%n%;rhaﬁl‘o%@ﬂnlg@hicpf&%-br\'@[atféfhﬁ%@%ovi-ﬁ !tﬁ? proRYssEC ur
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application of IPA. In one exemplary embodiment, the proximity head may generate the
fluid meniscus by applying a high velocity fluid layer on the wafer surface through the at

20 least one inlet and removing the fluid from the high velocity fluid layer though the at least
one outlel. By applying the high velocity fluid layer between the proximity head and the
waler surface, a Bernoulli type effect may be generated so a low downforce region may
be created on the region of the wafer surface in contact with the fluid meniscus. As the
fluid is applied to the wafer surface, in one embodiment, the combination of the vacuum

25 from the outlet and the small gap between the proximity head and the wafer surface may
generate the higher velocity of the fluid making up the high velocity fluid layer.
Therefore, the fluid of the fluid meniscus travels at a high velocity over the wafer surface
where the higher velocity is generated by a vacuum removing the fluid and by the fluid
traveling in a small gap between the proximity head and the substrate surface. As the gap

30 becomes between the proximity head and the wafer surface becomes smaller, the velocity

of the {luid making up the high velocity fluid layer may increase. Consequently, the low



exanple, a cleaning fluid such as, for exanple, SC-1, SC-2, etc., may be
used for the processing fluid to generate wafer cleaning operation. In a
simlar fashion, different fluids may he utilized and simlar inlet and
outl et configurations may be utilized SO, he 10 wafer processing neni scus
may al so etch and/or plate the wafer. In“one enbodi nent, etching fluids
such as, for exanple, HF, BKC proprietary solution, KOH etc., may be
utilized t od¥VHRIEHEZIRANEY. In elegivi HEs PEtbBHY fewt andoiharialy Prardsaduehcns,
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| eaving fluid . )
processing region to generate the fluid meniscus. Therefore there is low pressure in
20 between the proximity head and the wafer 108 because the fluid moving in the fluid
meniscus is moving so rapidly, and this low pressure generates attachment of the wafer
108 to the proximity head with the fluid meniscus operating as a fluid bearing. In
addition, this generation of a stable and very thin fluid meniscus obviates the need for
another source outlet to apply a surface tension reducing fluid such as for example, IPA
25  vapor.
[0056] Figure 5B shows a perspective view of the proximity head 106' in accordance with
one embodiment of the present invention. In onc embodiment, the proximity head 106’
includes a row of iniets 306 that is substantially surrounded by the plurality of outlets
304. Therefore, as the processing fluid is applied to the wafer surface from the row of
30 inlets 306, the fluid with a high velocity forms a layer on the wafer surface to generate the

Bernoulli-type effect. It should be appreciated that the proximity head 106' may be any



5 droplets while |leaving highly reduced | evels of contam nation on the

waf er surface. [0055] Figure 5A illustrates a top view of a proximty head
106" in accordance with one enbodi nent of the present invention. The
proximty head 106" includes a processi nq region 320 that includes an area
with a plurality of inlets 306 and a plur §I|ty of outlets 304. In one
enbodi nent, the plurality of inlets 306 is configured to be capable of 10
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which in essence is the fluid meniscus 116. The movement of the fluid layer at a high
velocity is shown by the direction arrows 344, The processing fluid that has been applied
20 to the wafer surface is removed by a vacuum 334 through the outlets 304.
[0058] In another embodiment, the vacuum 334 can only be used in one of the source
outlets 304 that is shown. It should be appreciated that the volume of the processing fluid
applied per unit time through the inlets 306 is substantially equivalent to the processing
fluid removed per unit time through the outlets 304. In essence, once the a fluid meniscus
25 116 has been established between the proximity head 106" and the wafer 108, in one
embodiment, a steady state of fluid inflow through the source inlet 306 and fluid outflow
through source outlet 304 may keep the meniscus stable. Therefore, the vacuum applied
through the outlets 304 and the flow rate of the processing applied through the inlets 306
may be coordinated so substantially the same amount of fluid is inputted into the fluid
30 meniscus 116 per unit time as the amount of fluid removed from the fluid meniscus 16

per unit time.



may be scanned on the wafer for processing operations. |In another

enbodi nent, the proximty head 106' nmay have a length that is |onger than
a dianeter of the wafer. In 5 such an enbodi ment, as discussed in reference
to Figure 7, the proximty head 106 can process an entire surface of the
waf er by scanning once over the wafer. Id”addition, it should be
appreciated that the proximty head 106' may be made fromany suitable
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through surface tension, the fluild meniscus 116 can be extremely stable and moveable
across the wafer surface without meniscus degradation. In addition, the Bernoulli-type

20 effect generated on the wafer surface generates a force 346 between the proximity head
106" and the wafer 108 that keeps the proximity head 106 within close proximity of the
wafer 108. Therefore, in one embodiment, depending on the velocity of the fluid in the
fluid Tayer making up the fluid meniscus 116, a distance 382 between the proximity head
116 and the wafer 108 may be varied.

25 [0061] A particular fluid velocity within a particular path may generate different types of
low pressure zones. Therefore, by applying fluid at a higher and higher {low rate into the
fluid meniscus 116, the low pressure area may be made into an even lower pressure arca,
thereby, increasing the attraction between the wafer 108 and the proximity head 106",
Therefore, by controlling the fluid velocity within the fluid meniscus 116, the amount of

30 low pressure between the wafer 108 and the proximity head 106" may be regulated. As a

resull, by applying a fluid at a particular velocity through the fluid meniscus 116, a



[0059] The flowrate of fluid in direction 344 is proportional to velocity
of the fluid nultiplied by the height (e.g., height of the space between
the proximty head 106' and the wafer 108). Therefore, by increasing the
flowrate into the source inlets 306 and_ increasing the fluid renoval from
the source outlets 304, a high velocity ¢ fluid may be 5 generated between
the proximty head 106' and the wafer 108 thereby obtaining the height
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proximty head 106" nay be regu
as, for example, etching, cleaning, rinsing, drying, etc. Moreover, the fluid meniscus 116

20 may process a dry or a wet surface depending on the conduit configuration on the
processing surface of the proximity head 106",
[0065] Therefore, depending on the wafer processing operation desired, the distance 382
may be any suitable distance as long as the fluid meniscus 116 with the high velocity fluid
layer may be generated between the proximity head 106 and the wafer 108. In one

25 embodiment, the distance 382 is between about S microns and about 500 microns. In
another embodiment, the distance 382 may be about 50 microns to about 200 microns
while in a preferable embodiment, the distance 382 may be about 70 microns. In
addition, the velocity of the fluid when traveling between the inlet and the outlet may be
between 5 em/sec and 200 em/sec. In another embodiment, proximity head is capable of

30 moving the fluid along the wafer surface from the inlet to the outlet with a velocity of

between 10 cm/sec and 100 cm/sec.



result, by applying a fluid at a particular velocity through the fluid
meni scus 116, a 20 particular level of |low pressure may be attai ned.
Consequently, the pressure against the backside of the wafer nmay stay
constant but the pressure on the front side (the side with the fluid

meni scus) is |lowered. Therefore, the pregéure on the backsi de of the wafer
108 pushes the wafer in the direction against the proximty head 106'. 5
100621 Becal@§eo}k hec Howunate offldidnapt deshamght degr, didiress bebveenghapoaxmnitpficad
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varied by ftagidivelocity. In a different enbodi nent, the distance 382 may
be set and an optimal processing fluid velocity in the _directi

be utilized to generate optinmal fluid nmemiscus cohesion. 10 [0063]

Mor eover, by-applying the high velocity fluid to generate the fluid

meni scus 116, the |ow pressure region generated by the high velocity fluid
can nove the waf 08, it{oning the wafer 108, and aligning the wafer
108. [00641 In éggpﬁggﬁymggﬁagtreasing the height to a very short distance,
the flow rates can be |low and still obtain a high velocity fluid.
Therefore, a snmaller anmount of fluid can be 15 used for wafer processing.
This can save costs of wafer processing and enhance wafer processing
operations. It should also be appreciated that the proximty head 106" may
use any suitable type -of--fluid-to generate the fluid neniscus.116
Cbnseqdéntly, depending on the fluid utilized any suitable type of wafer
processi ng Laf i ] conduct ed such s, for example, etch
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1.5 mm a velocity of 10cm/s is obtained at a flow rate of 1000 ml/min, a velocity of 5

cit/sec is obtained at a flow rate of 500 ml/min and a velocity of 1 cm/s is obtained at a
20 flow rate of 100 ml/min. In another example, if the height of the fluid meniscus (¢.g., the
gap between the proximity head 106 and the wafer [08) is about 0.005 cm then a velocity
of 167 cm/s is obtained at a flow rate of 1 L/min, a velocity of 83 cm/s is obtained for a
flow rate of 500 ml/min and a velocity of 17 cm/sec is obtained for a flow rate of 1060
ml/min. The exemplary calculations were made purely for exemplary purposes and it
25  should be appreciated that depending on the dimensions of the fluid meniscus 116, the
above calculations may change.
[0067] Figure 6B shows a proximity head 106' that is angled in comparison to a plane of
the wafer 108 in accordance with one embodiment of the present invention. In one
embodiment, the proximity head [06' is angled at an angle 045 where the distance
30 between the proximity head 106" and the wafer 108 can vary depending on the

configuration and process operation desired. The angle 0457 may be any suitable angle as



between 5 cm sec and 200 cnfsec. In another enbodinment, proximty head is
capabl e of 30 noving the fluid along the wafer surface fromthe inlet to
the outlet with a velocity of between 10 cnisec and 100 cnfsec. 21 [0066]
The flow rate of fluids and the height (g g., distance between the
proximty head 106" and the wafer 108) £ the fluid neniscus have a
reIationshiP as shown belowin Table 1. Table 1 5 Velocity=Flow 2(LH) 10
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enbodi nent , Hfl 5omlnlt hgad %96 is angled at an angle 0452 where the
di st ance ‘would leave ¢ processed area fast.

15 [6069} Becausc of the fluid-air interaction at the border 374 of the right side of the fluid
meniscus 316 as show, the processed region of the wafer surface is left is dried in a more
effective manner than if the right side of the fluid meniscus 316 were the last to contact
the processed region. In addition, in the configuration shown in Figure 6B, when the
feading edge of the fluid meniscus 316 is the side with the thinner layer of fluid, the

20 proximity head 106' may be moved in a faster manner so more wafer arca can be
processed in a certain span of time. In one embodiment, the wafer 108 may be held in a
rigid manner so the distance between any part of the proximity head 106" and the wafer
108 does not change. In this way, the processing environment may be kept at a constant.
[0070] Figure 7 shows a proximity head 106" that extends over a diameter of the wafer

25 108 in accordance with one embodiment of the present invention. In one embodiment,
the proximity head 106" can start from one end of the wafer 108 and move down the
diameter of the wafer [08 in a direction 502 to process the wafer 108. In one
embodiment there may be a proximity head above and below the wafer so the fluid
meniscus 116 can be formed between the proximity heads.

30 [0071] Figure 8 depicts the proximity heads 106a" and 106b" that are in the process of

operating on the wafer 108 in accordance with on embodiment of the present inveition.



30 between the proximty head 106" and the wafer 108 can vary dependi ng on
the <configuration and process operation desired. The angle 0,152 may be
any suitable angle as 22 1long as the fluid nmeniscus 116 may be forned on
the wafer surface. In one enbodi nent, tgﬁ angl e 0452 may be between 0 and
two degrees. In another enbodi nent, the gle 0452 nmay be between 2 and 10
degrees and in a preferable enbodi nent, the 0452 is about 0.3 degree

angl e. 5 [0b68Te BnbediPHy nthanglosingids headsh d0&hapel dPOR hdhoremiescdd oidhoray
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In such an embodiment, the first picce 600 may be a material with tight tolerance
capabilities such as, for example, sapphire. The second piece 602 may be a material that

20 1s casier to configure such as, for example, plastics, PET, etc. The first piece 600 and the
sccond piece 602 may be either bolted together or glued together by adhesives. In one
embodiment, the first piece 600 and the second piece 602 may be configured so the first
piece 600 is in closer proximity to the wafer 108 than the second picce 602. In this
fashion, the section of the proximity head 106" with the highest dimensional tolerance

25 may be placed in the processing region where the fluid meniscus 116 is generated.
[0673] In one embodiment, the proximity head 106™ may include at least one source inlel
306 and at least one source outlet 304. The at least one source inlet 306 may apply a
processing fluid to a surface of the wafer 108. The fluid may then form the fluid
meniscus 1106 while traveling in a high velocity layer towards the source outlet 304 which

30 may utilize vacuum to remove the fluid from the surface of the wafer 108, In this way a

high velocity layer that is thin may be generated on the wafer surface between the wafer



enbodi mrent there may be a proximty head above and bel ow the wafer so the
fluid neniscus 116 can be fornmed between the proximty heads. 30 [0071]
Figure 8 depicts the proximty heads 106a" and 106b" that are in the
process of operating on the wafer 108 ipn accordance with on enbodi nent of
the present invention. 23 1n one enbodi rfént of the proximty heads 106a"
and 106b", the inlets 306 of the proximty heads 106a" and 106b" generate
the high vetdciheywrerigiiy heggelOthet \KB@'ﬁfCﬁ'ﬁea povilirieffycthisar de1gmarateshen flosh”
fluid nmeni S, ough the processi fluid - application. A distance
346 my sepcrat 1K AR 0 ReAfe TRD st ConE AL i Elue G B T TR
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waf er proceégsiimg operations. 100721 Figure 9 illustrates a proximty head
106"" with a first piece and a second piece in 15 accordance with one
enbodi ABnt (8973 Héepe eKermhovavenvifon procesang ynfoodiliént in aherdproxivitht ynchead
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material wi_th tight tolerance capabilities such as, ~exanpl e, sapphire.
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configured so the first piece 600 is in closer proximty to the wafer 108
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substantially linear movement of the proximity heads [06a and 106b along a radius of the
wafer. In one embodiment the proximity head carrier assembly 1104 may be configured
20 to hold the proximity head 106a above the wafer and the proximity head 106b below the
wafer in close proximity to the wafer. This may be accomplished by having the upper
arm 1104a and the lower arm 1104b be movable in a vertical manner so once the
proximity heads are moved horizontally into a location to start wafer processing, the
proximity heads 106a and 106b can be moved vertically to a position in close proximity
25 to the wafer. In another embodiment, the fluid meniscus may be formed between the two
proximity heads 106a and 106b and moved onte the top and bottom surfacc of the wafer,
The upper arm 1104a and the lower arm 1104b may be configured in any suitable way so
the proximity heads 106a and 106b can be moved to enable wafer processing as described
herein. 1t should also be appreciated that the system 1100 may be configured in any
30 suitable manner as long as the proximity head(s) may be moved in close proximity to the

wafer to generate and control a meniscus on the wafer surface. In another exemplary



100731 In one enbodi nent, the proximty head 106"' may include at |east one
source inlet 306 and at |east one source outlet 304. The at | east one
source inlet 306 may apply a processing fluid to a surface of the wafer
108. The fluid may then formthe fluid Erzgniscus 1 16 while traveling in a
hi gh velocity | ayer towards the source outl et 304 which 30 may utilize
vacuumto renove the fluid fromthe surface of the wafer 108. In this way a
hi gh vel oci ebpHpeRt, hparoxignityHiagd ﬁﬁ? Hbé’ hpdpeated e @rst @rtﬂeOfwan asm which setes
erefore

b h o
etween the wafer, Zlﬁ 5 & ge& Peapsrf,gm o %Ihlﬁgélgn é}_e cgoresflhguﬁh i ?{ach{ﬂlgmﬁl’ ui d

ef fect may be genera Fef"%

meni scus 11@10@@@(16&@bichdﬂglamaﬂ@m1 afant € ovéd Mk @uﬂmloi'(ih’@w%ﬂc@ QY &t dnb@her
waf er surface w thout |eaving droplets or contam nants through the optinmal

renoval of $MeRHTEREMS Hen vere wwcb@ea BnfbOeTien crrwenort@lqn@m@gemp@umsa

descri be an I [RLQ ess n stemw th exe roxi-mty
hoad t et - CufAe B B BRREER WIS PYRNST i D wfSrabdt dePe el Y
suitabl e typengk systoManseh f@rw31§glersmalo¢atvv£@ ahthBr xfabt bepheadn bRrtssean
generate a fluid neniscus can be used with the enbodi nents of t he present

i nvention oré@ctrq m@fmﬁéﬂéuWCSMK[!@WB?OWQW lecag0l Ushiowsed swall @ aprdferessilng
system 1100, {,g, accordance with one enbodi nent of the present invention. It
shoul d be appreciated that any suitable manner of hol ding or noving the

wafer can beoused Sualr amboliRic@X@BRY&em Pldoehsy iRINR: 4 PIALSANY HAE dockT £
system 1100 may include rollers 1102a, | 102b, and 1102c¢c whi CK can and

rot at e 10a vidten et lé%aaanéna;\mtesurmcfm@smtw the Vm‘cheéssd:h cirhemégyd;m@m, 111@00

may al so i t s 106a and 106 ne e od|_
can be attgﬁwgﬁ({%&éﬁ nﬁﬁ( {nn%tllorﬂ TYGER 2B SN éélﬁ?ns'f ?J:Ebo e e
respecti velwhileline dsppelicdsin hifdadang. tﬂ%ﬂll@{‘%ﬁlyaﬂ'n%&demﬂ@v&?@ @@%ﬁecpﬁft
of a proximty head carrier assenbly 1104 whi ch'enabl es substantially

| i near novdieeccsieds pre cpﬂb‘}(llhloﬂ?pma@isymﬁhmaﬂbc t0btedal ong a radl us of the

waf er i I‘OXI m t ier asserrbl y

conf i guredqg@ﬁrﬁ?gﬂ P MBte Rt Bloitady” T668 " Too0e SRR Gt SF4TEndr CRSINE
proxi mify headtiddeh ab@ia@e\ﬂicia Reith lﬂﬁé ShibbintdnP S IRy Bﬁébéﬁttlb{v&l@iohhefﬂ@ﬁr%hml?' S
may be acconpl i shed by having the upper arm 1104a and the | ower arm 1I04b

be rmovabl e hewl 80 ©one ambadinmer, movarielile teclogsromkiniitytoltbads sur&cad0Raof
hori zontal Ly, |2 Rg!8% %}u'h?ct R o p:oc‘:’g&(ﬁé 0%21% S SIIP gﬁouﬁcﬁ" %e apprectated that

depending on the type of fluid applied to the wafer 108, the fluid meniscus 116 generated
by the proximity head 106 on the wafer surface 108a may be any suitable wafer
20 processing operation such as, for example, cleaning, rinsing, drying, etching, plating, etc.
It should be appreciated that the proximity head 106 may also be utilized to process the
bottom surface 108b of the wafer 108, In one embodiment, the wafer 108 may be rotated
so the proximity head 106 may be moved while fluid meniscus processes the top surface
108a. In another embodiment, the wafer 108 may be held still while the proximity head
25 106 generates the fluid meniscus on the wafer surface. Then the proximity head may
move or scan over the wafer surface and therefore move the fluid meniscus along the
surface of the wafer. In yet another embodiment, the proximity head 106 may be made
large enough so the fluid meniscus encompasses the surface area of the entire wafer. In
such an embodiment, by applying the fluid meniscus to the surface of the wafer the entire

30 surface of the wafer may be processed without movement of the proximity head.



proximty heads 106a and 106h can be noved vertically to a position in
close proximty 25 to the wafer. In another enbodi nent, the fluid nmeniscus
may be formed between the two proximty heads 106a and 1066 and noved onto
the top and bottom surface of the wafer. . The upper arm 1104a and the | ower
arm 11046 may be configured in any sui t ae way so the proximty heads
106a and 106b _can be noved to enabl e wafer processing as described herein.
It shoul d al®¥38bb apsprekddaney. thsaroxihatysiest dAp indedasepulse ielstsf irgdrad 1BPO any
30 suitable, r.as.{ as,_th roxjm-t ead(s),m e _nmoved.in close
oroxim iy CAnere Rl P g anel B RbTUbter SRR RSB il i

surface. | nirandt heno exsnid aflicdao (ROROE RN hce U 9Xbirct Ynibeash2l Qacummy be
| ocated at a first end of an armwhich rotates around an axis defined by a
second end bil2tHay B¢ applirHde diowaler swfsecthroagh erfoutticrpamtict 134hangraxeessiiye
head may: beqnx inh.an . are. pov t he surface of the wafer..ln yet another
enbodinénp,ﬂgﬁéggﬁﬁgﬁagdg%ﬁﬁgﬁgéeﬁﬁﬁﬁs%%%fﬁﬁ§W$%ﬁS8P65”§8&%¥$0nal novenment
and a 5 | i n@aroneveiFedtibodhbnougha RN VG t ihe 3P RNOX I M ¥nd8RA88shemugRch
side of the wafer, a S|n?Ie head can be used for a single side of a wafer.
1

Ot her sur f ab¥4ppeisiditeni orihprpelécsies of dhn vhaiuperd f b} e denorvesibdagosdisng fhied

proximty h I , h a wafer. sc brush. 100761 |n anot her
rbodt et ire oy bt TG00l s Bl ST Sl R e o R e M ers
station tharlshashafltidanshitd@n 1$UNRhAGE 2dhiadsMr dePinbdSe@bBthe bRnSMal nafy
enbodi nent, the fluid nmeniscus may transition between a docking station

and t hd Osurfqcaddhe taéerwaflese thahtdnebd mozed anpssod aler sndfacmaidfgad asttalleand

Again, if only side of . the wafer. is desired to. be ocessed,. o arm
wih one proviaite Hedferal! 88 BRbRsish: Eo6HH mefiare! B ARG R
proxi mty heastadippResfoar Adn@nd vied eihcRr8&esak; Maid 131 LPEHATURN 14y8r defining
accordance with one enbodi ment of the present invention. The proximty
head 106, ithe dhel Ebbdirmehe mayobe snwsilteble sheposed/pr otk mepyndiog heht ope,

et 3 B0 SR phB8 RN ahOB R P ER BN 00
the wafiér 108ts 3be. fluid nmeniscus 116 generated by the proximty head 106

on the wafer surface 108a may be any suitable wafer 20 processing operation
such as, fdP08%Ldwpiddition) aanisngablei ey rgles drfyihngracetmhilRg/Nplaciwg, aed dhe |t

;?ggggsbfhgﬂp&%ﬂlf%ﬁ% tnpa%/t bd ﬁgecp Elg}%(clnmntgy 01? 19 t}:fl'p%(soinﬁ}/lida !nse?lisggs Ezsi,i}eidzt%dbet °
generated. In yet another embodiment, depending on the distance between the proximity
head 106 and the wafer surface, the IPA/N; may be omitted when generating and utilizing

20 the fluid meniscus 116. In such an embodiment, the proximity head 106 may not include
the source inlet 1312 and therefore only the application of the processing fluid 1314 by
the source inlet 1306 and the removal of the processing fluid 1314 by the source outlet
1304 generates the fluid meniscus 116.

[0081] In other embodiments of the proximity head 106, the processing surface of the

25 proximity head 106 (the region of the proximity head where the source inlets and source
outlets are located) may have any suitable topography depending on the configuration of
the fluid meniscus to be generated. In one embodiment, the processing surface of the
proximity head may be either indented or may protrude from the surrounding surface.
[0082] Figure [1B shows a top view of a portion of a proximity head 106 in accordance

30 with one embodiment of the present invention. It should be appreciated that the

configuration of the proximity head 106 as described in reference to Figure 8B is



bottom surface 108b of the wafer 108. In one enbodi nent, the wafer 108 may
be rotated so the proximty head 106 may be noved while fluid neniscus
processes the top surface 108a. In another enbodi nent, the wafer 108 may
be held still while the proximty head 25 106 generates the fluid neniscus
on the wafer surface. Then the proximty Kead may nove or scan over the
waf er surface and therefore nove the fluid neniscus along the surface of
the wafer. Wﬂv’éct%lhatﬂwr Ebppiarmeniter conBeproxIsAityorEnY hrods ray bsetihaeb

| arge enough &?ﬂcx Lheak! ;4 Bl g“fss10‘?]%‘3%”%@;;%?0%3&%@%%%%Cﬁ"e ré%dqg at\bc?l‘o t he

entire wafer. such an'e Puid ni scus
surface of dubiacwah@rerhivedefdirge wdlersdifaac e gindrine avahige MRy n@ipLocessed
wi t hout novenent of the proximty head. 26 [00781 In one enbodi nent, the
proximty HEXE S88CEnél %ﬁég%@ﬁrdt%umw abeva 9T sAodiBuBLs afifiic Aradmiy dead

tlet 1304n4 | coh
outl o 33000 2yhea AIRSH MRRLc 390 SO RS oAl 9 D pagD oo

1302, vacuumged@i thafiuldenapus edihbor tidage wakerpsur f ace through a source
outlet 1304, and a processing 5 fluid 1314 may be agplled to the wafer
sur f ace thrgﬁﬁﬂ 8tB%H%h@€WﬁﬂéPCPB@@dUWUQJQWHHﬁﬁé%@g e di seeaf thetsqarce inlet

appl i cati OnLB%E 5.@@1 t‘%’é‘gm%’é%gt anq}é)tf P9 Of:ﬁl%\slsléjﬂ f1|11E gé% gﬂ'geélo;%ltucggé tléfg24

to the application of %6 Fend

and the | PAUN2t 1304 dhtanséthe wafeirceUnicaqg0l08eeabrcdan el APa hhe pidcdishg
nenlscu§ 116. The fluid nmeniscus 116 may be a fluid | ayer defined between
the prd |nﬁ@?“ﬁ@éd“ﬂémﬂﬁﬁjQWHﬁﬁhé@@ﬁﬁ@ﬂ”@ﬂﬂh@@@mvhérh@ 1 i9eandohe o adsrl@8s a

saler U 1362 08, oS UAOLSA00, SR SLLER) BNty ) 0,60 SERGChENt

removal of ahtiler pmﬂmaﬁﬁmt’ﬁghﬁd iydredidd Hn Mbeafdruind. mayesurdetdias ngo2 tihesdured d
meni scus 116 may be an sui tabl e shg§e and/ or si ze dependi ng on ‘the size,
nunber, shapgts léHéw By ¢ (éﬁ@lé“ﬁ%o'éﬂetfe h0ddasedled reingnasgder be sur ewtablettyet af

1304 and squstieyy 1l RISt 24302 109P0LLa. 90! 0B Am s batLe: tow,

dependifig eone telnﬂ;otiyﬁmtoihef kdilr@b Hﬁélt; s gesiised ah@ the sogepanated 3dnhyst
anot her enbodi ment, depending on the di stance between the proximty head
106 and t h&GPePPERgsac, Siiohl ppapREciaisd Bal dhs prasdmitbidiead ke ardb/rt@ ahyd

utilizing 20 A€ ik u%lﬂa«g,eiﬁd%ﬁuc%nﬁéglauop R gndrgé] of RO BN shtagg KXY

head 106 may not inc
meniscus 116 desired to generated. In one embodiment, the proximity head may extend

Iess than a radius of the wafer. In another ecmbodiment, the proxumity head may be
20 extend more than the radius of the wafer. In another embodiment, the proximity head
may extend greater than a diameter of the wafer. Therefore, the size of the fluid meniscus
may be any suitable size depending on the size of a wafer surface area desired to be
processed at any given time. In addition, it should be appreciated that the proximity head
106 may be positioned in any suitable orientation depending on the wafer processing
25 operation such as, for example, horizontally, vertically, or any other suitable position in
between. The proximity head 106 may also be incorporated into a wafer processing
systemn where one or more types of wafer processing operations may be conducted.
[0084] Figure 11C illustrates an inlets/outlets patiern of a proximity head 106 in
accordance with one embodiment of the present invention. In this embodiment, the

30 proximity head 106 includes the source inlets 1302 and 1306 as well as source outlets



the source inlet 1312 and therefore only the application of the processing
fluid 1314 by the source inlet 1306 and the renoval of the processing
fluid 1314 by the source outlet 1304 generates the fluid nmeniscus 116.
100811 In ot her enbodi ments of the proxiﬁity head 106, the processing
surface of the 25 proximty head 106 (t & region of the proximty head
where the source inlets and source outlets are |ocated) nmay have any

sui tabl e t op8Yr aprencdepranay. B sohEccamrisgilatnanswiount Hee fourrelinenil $¢us

to be generﬂﬁge s&PBé)nﬁct Wlll%%uqo%ﬂe(lpgg qggescfl ]{'?sulgilér f ace of the

proximty hea e e| € fromthe surroundi ng

surface. [[0082] F@UQBUIHD li11ds 1B 1S NoMWBh :h@@/duu@w Rdttcth POt hORindiky Bcll 064 M LY
head 106 in accordance 30 with one enbodi ment of the present invention. It

shoul d be aispPisienes adtht eret umh@dm@@hfof gl aréson oiventm. pdioXhisi epborbeidni] 08 as

described i r e 8B is n There
ot her cgnflgagﬁﬁgbﬁ?ﬁo(&P?%k‘ Vzﬁ%%ﬁ%“%%§?gifg?$ﬂ¥9éds gpﬁ%ﬂﬁV%igy@%
fluid nmeniss. ds dnenehRdihdi, PEAEERSINAcE! 1108 EANPRUARRK &ﬂlr@@u@et%ﬁ@f
surface and renoved fromthe waf er surface to generate a stable fluid

meni scus orfERBe sapgceinletyt Y03onay atdeasd girtinldn suremingi th@&m@@dmab(tﬁ/@ 04ot her

enbodi nent the pr ty hea 106, do not have have the, so

Tiet 1316 A TR MYy h ddutagen el ilen Teo gaiera e Hin i o
meni scus Wdcb@udbtndeSagr e Mﬁﬁécﬁﬁcrﬂ@@@@ plé@erﬁthi‘%v&ﬁﬁmv' eV Rk QRSERBRdigent,
fromleft to right are a set of the source inlet 1302, a set of the source

out | et 19304rognyet hagsl ltoﬁemsf@d@&:ém solede DBOG 1302 sed 1966 ahevebloan smirceoontleatt

orocesel ng 10 cHLRrS ERYSIMEST hbi et Pidss {RE Fagifino Gt DBerIERaBiRk0f ¢ y
head 106 and ohblenib@ﬁ@icleB@ proxRity AcsH g @6@‘4%% ifd&1NSh F AL RRT] 3D ccause,
processing chemstry along wth any fluid film and/or contam nants t hat

may resi de oPnE HEhgdfraenil . Prokgnigo bewk 100 ietapad B, stivatpgur daid inthistss

1306, and utle herei n e an bl e
type of géﬂﬁﬁﬁ?%Pg i as” ikAéghngfé&' @ g%ﬁﬁ?“ﬁﬁ@%ﬁﬁﬁ“ @?la%ﬁf mﬁ %Fﬁ
squar e opemilpgioudes. pdh@m@ ArOBLITRY 0 TRALre ahliehs QU %ﬁltz!dﬂl, @}51)% Jﬁg?ets%lgie@sso 6
and the source outlets 1304 have Ccircular openings. It shoul

appr eci at e@2t¢ias mande prokinipey ahesdbko6d waytrdébid flyid rewniscab Iceﬂ bq: g@l,ereéhhpe
200 o conib R AP SRR B 26T P oL, e L Sy e ot
cmbodiments, it will be appreciated that those skilled in the art upon reading the
preceding specifications and studying the drawings will realize various alterations,
20 additions, permutations and equivalents thereof. It is therefore intended that the present
invention includes all such alterations, additions, permutations, and equivalents as fall
within the true spirit and scope of the invention.

[0088] What is claimed is:



| ess than a radius of the wafer. In another enbodi nent, the proximty head
may be 20 extend nore than the radius of the wafer. In another enbodi nent,
the proximty head may extend greater than a dianmeter of the wafer.
Therefore, the size of the fluid nenis§%§ may be any suitable size
depending on the size of a wafer surface area desired to be processed at
any given tine. In addition, it should be appreciated that the proximty
head 106 may be positioned in any st orientation depending on the
waf er processing 25 operation such as, for exanple, horizontally,
vertical ly, orlany émhapatistiabpecewssigtd olsirate, dostpnssry; The proximity head
106 may al so be incorporated into a wafer processing system where one or
more types of wali@d papablkessfi ngowpgriat poréninpytobe wofadeicifethe §10R84E &idgure |
ICillustrates an inlets/outlets pattern of a proximty head 106 in
accor dancgerdtihgongurngel o Mic QirtiddeMhesemMatd el Al khScus, the
enbodi nent, the 30 proximty head 106 includes the source inlets 1302 and
1306 as 0&hﬁ§yﬁ&ﬂﬁﬁﬁu9ﬁh'ets 28 1304. In one enbodinent, the source
outlets 1304 may surround~the source inlets 1306 and the source inlets
1302 may surround the sour ut.l etss, 1304, [0085] Figure I | Dillustrates
anot her inIets/outl%ﬁgm§§¥%§?ﬁa%Pg§ab?%%FﬁfgV“Head 106 in accordance with
one enbodi nent of the present inventjon. In this enbodinent, the 5
proximty head 106 FnCrHidws \picb deBd B et ied Sudooe RAGOREORE AdTURIY (igs
source outlets 1304. In one enbodi nent, the source outlets 1304 may
surround tHicealihesubsitaés o deB06 theafhddtidssrsour ce inlets 1302 may at | east
partially surround the source outlets 1304. [00861 Figure I IE illustrates
a further inlets/ouitlletss opabtidetriclhedinptheshicnd tyrfdreddr kA viny thadkod ffamce
wi th one enbodi nent of the present invention. In this enbodinent, the 10
proxi m t ythbeadackQR thaibugas; t he source inlets 1302 and 1306 as well as
source outlets 1304. In one enbodi nent, the source outlets 1304 may
surround the sour cewhgh! ficLA0R: is LRrRDL (TN MRNuid Bondr @Y1 Miliyia0gad 106
]ets 1§0§ E i ment, t%

does not include source in ecause, 1In one enbo

proxi mt d 106 is capabl f generating.a flyid meniscus i t hout
applicatﬁgﬂﬁg?wﬁﬁifﬁggnﬁces gdgasggﬁ%%bwé%?QPQE'&WEPK?%@e%.o@@%%ggg?Wbed 15
inlets/outlets patterns are_exe ary in nature and that any suitable type
of inl et SAUGE PEPIMIK AP ¢ ﬁgf%ﬁy@ﬂ\?&é‘aﬁ auripenly dedingd sp dpfiehg A lcast one
control l able fluid neniscus can be gene(ated. [00871 While this invention
has been ldksand pelgastoneaupst ok deéned dly divoedtempley that reside at the head surface

and extend through the flat surface regions of the head surface.

2. An apparatus for processing a substrate as recited in claim 1, wherein the
head is configured to move to between about 5 microns and about 500 microns in

distance from the surface in operation.

3. An apparatus for processing a substrate as recited in claim [, wherein
head is capable of applying the fluid to the surface at a flow rate of between about 50

ml/sec to about 4000 ml/sec.



enbodi ments, it will be appreciated that those skilled in the art upon
readi ng the preceding specifications and studying the draw ngs w |
realize various alterations, 20 additions, pernutations and equival ents
thereof. It is therefore intended that the present invention includes al
such alterations, additions, pernutatié%%, and equivalents as fall wthin
the true spirit and scope of the invention. [00881 What is clainmed is: 29
CLAIMB 1. An afipar atisapperatysy (9 sxosiessinma seltséaicaasaecitednip raainnly :wherdie di
capable of nmoving in proximty to a surface of the substrate and

gener at i nfual fmanisctu$ aypedudn dilve of unf achimgf opbetisubskera@ng d@raei ndatang | ui d
meni scus, the proximty head including, a head surface having flat surface
regi ons; aperhig@stn®Adrying epertedd.ned in the head surface for applying a
fluid to the surface of the substrate to define the fluid |ayer, at |east
one outlet defined in the head surface for renoving the fluid from the
surface of the substrate; wherein the head is defined to nove the fluid
along the fluid |ayegr t the head suyrface and, t.he substrate.at a
Velodi 1y that ncr eaeaopget e bR LA aTNGIF UYL SHeRIT I ace,
and the head surface is defined so LE t the at_least one inlet and at

| east oneYlft PRRIICE VISR ey e Quiddran iy wEfathat reside at the head
surface and extend through the flat surface regions of the head surface.
2. An apparatus for processing a substrate as recited in claim1, wherein
the head is configured to nove to between about 5 mcrons and about 500
m crons in di&tancAnfappmatiidosprobesag nsuipeitatas eecited.in Aluiaplp arhatais tifeor
processing a substrate as recited in claim1, wherein head is capable of

appl yi ng 1idag i tapatlictod ndienStheRGE adhg hd LeWcE ot Bc@fibRatyeen RO t&the

m /sec to about 4000 nm/sec. 30 4. An apparatus for processing a substrate -

as recit egitlewithal VBiokity WTSE&Idan1B®m/sec and 100 cm/sec.

7. An apparatus for processing a substrate as recited in claim 1, wherein the
fluid layer includes one of an etching fluid, a plating fluid, a cleaning fluid, and a rinsing

fluid.

8. An apparatus for processing a substrate as recited in claim 1, further
comprising,
an additional inlet capable of applying a surface tension reducing fluid to a border

of the fluid meniscus.

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

surface tension reducing fluid is an isopropyl alcohol vapor in nitrogen gas.

10. A substrate preparation system, comprising;

a head having a head surface with flat surface regions, the head capable of being



fluid nmeni scus conducts one of an etching operation, cleaning operation,

pl ati ng operation, and a drying operation. 5. An apparatus for processing
a substrate as recited in claiml1l, wherein the outlet applies vacuumto
renove the fluid fromthe surface. 6. %ﬁ apparatus for processing a
substrate as recited in claim1, wherei'n the head is capable of noving the
fluid along the surface of the substrate fromthe inlet to the outlet with
a vel oci t 0¥l PiGBEH N aswpsiere audrceotesin eBeration; An appar at us for
processing a substrate as recited in claiml, wherein the fluid |ayer

i ncl udes one o# fist eondini dgfifdduntdthe diepd atifag for deltkeriagal faidi tnghé bubistkateand a
rinsing fluid. 8 An apparatus for processing a substrate as recited in
claiml, fwfichdrouglotphiesd:ngd an additional inlet capable of applying a
surface tension reducing fluid to a border of the fluid nmeniscus. 9. An

apparatus for pregRasiddud d%ﬁgé& AR fsad SFkdcedot %ﬁ&f}hg&ﬂc e fehi afche

surface tension reducing fluid is an isopropyl alcohol Vvapor in nitrogen
gas. 10. r r ' c FioSing: ead. havi a head
durt ace viPRURE SR, BLORRE Rk B PRk Rl S PR D 6T

Bt "o noad saPPAER Por LK PYEF HipEte IHEEDET Pty fia b oo By Pk |

t hrough the head; and a second conduit defined at the head surface for
renovi ng THRETEHE GG ¥nd tvRlocits dhaft ingreases iasfihe dicad elf Floper grexwmingtoatiel ui d

| ayer over the substrate surface in operation; wherein the fluid travels
al ong t hesubbtgite shuggasrandahodend stifadveadudutifaate Bt ceiiitsandstecatdcauluftace at
a velocity that increases as the head is in closer proximty to the

subst r at ears defigeiebyaddcichehdieachas uesidca ths hsacurfabatand Retehd tisbugoftaufidc and
second conduit are defined by discrete holes that reside at the head

surface aneexi-gns bhiRu@hd kirgadel at  surface regions of the head surface.
11. A substrate preparation systemas recited in claim10, wherein the head

i's
11. A substrate preparation system as recited in claim 10, wherein the head is

configured to move to between about 5 microns and about 500 microns in distance from

the substrate surface in operation.

12. A substrate preparation system as recited in claim 10, wherein the head is
capable of applying the fluid at a flow rate of between about 10 cm/sec to about 100

cm/sec.

13. A substrate preparation system as recited in claim 10, wherein the fluid
layer conducts one of an etching operation, cleaning operation, plating operation, and a

drying operation.

4. A substrate preparation system as recited in claim 10, wherein the second

conduit applies vacuum to remove the fluid from the substrate surface.



configured to nove to between about 5 m crons and about 500 microns in

di stance from the substrate surface in operation. 12. A substrate
preparation systemas recited in claim 10, wherein the head is capabl e of
applying the fluid at a flow rate of bg@meen about 10 cm sec to about 100
cm sec. 13. A substrate preparation systemas recited in claim10, wherein
the fluid |ayer conducts one of an etching operation, cleaning operation,
pl ati ng operation, and a drying operation. 14. A substrate preparation
systemas recited in claim10, wherein the second conduit applies vacuum
to remove the ffui dAfubsvatherepatssion aysesusiedied iB2laing0, Khewbsthediued is
preparation systemas recited in claim10, wherein the fluid is one of an
et chi ng f bu of arcetgliag ting, £ plutidg faid laadenining: fhlidy whd aandig fluidsi ng fluid. 16.
A substrate preparation systemas recited in claim10, further conprising,
an additional inlet capable of applying a surface tension reducing fluid to
the substrate surface. 17. A substrate preparation systemas recited in

claim16, whergyn tﬁ%uﬁ&?ité‘gn%partaﬁﬂﬁ L erh GAHGH 081 Ltk 16, Suffer S AREQRY!

al cohol vapor 1 n nitrogen

an additional inlet capable of applying a surface tension reducing fluid to the

substrate surface,

17. A substrate preparation system as recited in claim 16, wherein the surface

tenston reducing fluid is an isopropy! alcohol vapor in nitrogen gas.



