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Fiel d of wbheotanserswi on [ 1] The present invention rel at ePCgarseomlodyris o

sem conduct or manufacturing processes, and nore particularly, to nethods
and systens for efficiently applying al process to an edge of a substrate.
2. Description of the Related Art [2] In the sem conductor chip fabrication
process, it is well known that there is a need to clean and dry a wafer
where a fabrication operation has been perfornmed that |eaves unwanted

resi dues on the surfaces of wafers. Exanples of such a fabrication
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that pushes a wafer surface against a polishing surface. The polishing
surface uses a slur VUSMNGhACDY'NAMQC EroUum» VENISQUS ve materials to
cause the polishing. Unfortunately, the CVMP process tends to | eave an
accurrul ation of slurry particles and residues at the wafer surface. If

| eft on the wafer, the unwanted residual material and particles may pause,
anong ot her things, defects such as scratches on the wafer surface and

i nappropriate interactions between netallization features. In sone cases,
such defects nay cause devices on the wafer to becone i noperable. In order
to avoid the undue WO 2004/ 032160 PCT/US2003/030718 2 costs of discarding
waf ers having i noperable devices, it is therefore necessary to clean the
waf er adequately yet efficiently after a fabrication operation that |eaves
unwant ed residues. [3] After a wafer has been wet cleaned, the wafer mnust
be dried effectively to prBAe;mGRaaNBrome@jwa@dNui d remants from

| eaving residues on the watfer. It the cleaning urd on the wafer surface
is allowed to evaporate, as usually happens when droplets form residues or
cont am Eants P& tﬁijsllé%, dji,ssolved in the cleaning fluid will remain on the
waf er surf acklelde WMtion (e.g., and form spots). To' prevent

evaporation fromtaking place, the cI eam ng
[1] The present invention relates generally to semiconductor manufacturing processes,
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and more particularly, to methods and systems for efficiently applying a process to an edge of

a substrate.

2. Description of the Related Art

[2] In the semiconductor chip fabrication process, it is well known that there is a need to
clean and dry a wafer 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 etch back (WEB)) and chemical mechanical polishing (CMP). In
CMP, a wafer is placed in a holder that pushes a wafer surface against a polishing surface.
The polishing surface uses a slurry which consists of chemicals and abrasive materials to
cause the polishing. Unfortunately, the CMP process tends to leave an accumulation of
slurry particles and residues at the wafer surface. If left on the wafer, the unwanted residual
material and particles may cause, among other things, defects such as scratches on the wafer
surface and inappropriate interactions between metallization features. In some cases, such

defects may cause devices on the wafer to become inoperable. In order to avoid the undue



fluid nust be renoved as quickly as possible without the formation of
droplets on the wafer surface. In an attenpt to acconplish this, one of
several dwbDfees0316dr yi ng techni ques are enployed such asTas200308¢7181g, | PA,
or Marangoni drying. Al of these drying techniques utilize some formof a
nmoving |liquid/gas interface on a waferpsurface, which, if properly

mai ntai ned, results in drying of a wafer surface w thout the formation of
droplets. Unfortunately, if the nmoving liquid/gas interface breaks down,
as often happens with all of the aforenentioned drying nethods, droplets
formand evaporation occurs resulting in contam nants being left on the
waf er S spin
rinse dr Vi sﬁ“;‘ed(‘g?ﬁmg E{gfe%%iﬁlﬁ?{ﬁ%}% g‘?‘éés{éshn%\llgetﬁeg%mrgp g“"’?%ﬁﬂﬁf’ggﬁ’?/tﬂf ds on a
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force, Fl]e WAL » Yafér h8@BdeRydt Cithabd) BRAVAEr ©haR dibe cHBdBily to Reehed from
the center of the wafer to the outside of the wafer and finally off of the
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the drying process progresses. In the exanple of Figure 1, the inside area

of the evapotatiohde.gedndformtspetsirolio p]g:ventwawrgam firorn dakig plagez thescleaning f r om
the fluid and the outside area o ec f or med
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I nperative tion and the subsequent evaporation be
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present drying nethods are only partiall uccessful at the prevention of
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waf er sur aces can t to r y because such surfaces repel
[4] The most prevalent drying technique used today is spin rinse drying (SRD). Figure 1

illustrates movement of cleaning fluids on a wafer 10 during an SRD drying process. In this
drying process, a wet wafer is rotated at a high rate by rotation 14. In SRD, by use of
centrifugal force, the water or cleaning fluid used to clean the wafer is pulled from the center
of the wafer to the outside of the wafer and finally off of the wafer as shown by fluid
directional arrows 16. As the cleaning fluid is being pulled off of the wafer, a moving
liquid/gas interface 12 is created at the center of the wafer and moves to the outside of the
wafer (i.e., the circle produced by the moving liquid/gas interface 12 gets larger) as the
drying process progresses. In the example of Figure 1, the inside area of the circle formed by
the moving liquid/gas interface 12 is free from the fluid and the outside area of the circle
formed by the moving liquid/gas interface 12 is the cleaning 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

decreases. As stated previously, if the moving liquid/gas interface 12 breaks down, droplets



wat er and wat er based (aqueous) cleaning solutions. Therefore, as the
drying process continues and the cleaning fluid is pulled away fromthe
waf er surwecey4/ahsor emai ning cleaning fluid (if agqueoudChasedp/ovshs be
repelled by the wafer surface. As a result, the aqueous cleaning fluid
will want the | east anmount of area to e in contact with the hydrophobic
waf er surface. Additionally, the aqueous cleaning solution tends cling to
itself as a result of surface tension (i.e., as a result of nolecul ar
hydr ogen bonding). Therefore, because of the hydrophobic interactions and
the surface tension, balls (or droplets) of aqueous cleaning fluid forns
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This formation of droplets results in the harmful evaporation and the contamination
discussed previously. The limitations of the SRD are particularly severe at the center of the
wafer, where centrifugal force acting on the droplets is the smallest. Consequently, although
the SRD process is presently the most common way of wafer drying, this method can have
difficulties reducing formation of cleaning fluid droplets on the wafer surface especially
when used on hydrophobic wafer surfaces. An additional problem is that the edge of the

wafer surface can be difficult to fully clean using the SRD process.

[6]  Therefore, there is a need for a method and an apparatus that avoids the prior art by
allowing quick and efficient cleaning and drying surfaces and edges of a semiconductor
wafer, but at the same time reducing the formation of numerous water or cleaning fluid

droplets that may cause contamination to deposit on the wafer surface and the wafer edge.

SUMMARY OF THE INVENTION

7] Broadly speaking, the present invention fills these needs by providing a system and
method for processing surfaces and edges of a wafer. It should be appreciated that the

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



concave portion being capable of receiving at |east a portion of an edge of
the substrate and the neniscus is noved onto the edge of the substrate.

[ 9] The m&Droa/sarsoal so i ncl ude novi ng the meni scus of f pafi/ushen3mdeas of t he
substrate. Mving the neniscus onto the edge of the substrate can include
rotating the proximty head about an4axis of the proximty head. Moving
the nmeni scus onto the edge of the substrate can also include noving the
meni scus relative to the edge of the substrate. Mving the neniscus can

al so include increasing the size of the meniscus. [10] The edge of the
substrate can include a circunferential edge of the substrate and the

meni scu P%{L@ %”Q ] iBe Sdveel RRENCENBdikBes

subst ra’?p. e 3 %ﬁbﬁnﬂuﬁﬁéaﬁl@%?fﬁpﬁﬁ%{ﬁge‘gggeﬁg%@lhe substrate within the
por t i onofothe ptesentiinventibe pendescrifed bhlewsubst r at e. The nmeni scus can enconpass
at | east one of a top surface edge exclusion zone and a bottom surface

edge exmg]usi Ofe éMBBdimBAEpITRIdBOH nié&ibd&if%)@odemﬂag‘lﬂ%dge\bf agubdnateTertiescus  al ong
t he edge of the substrate. [11] Another enbodi ment provides a system for

pr oc essinethodinaudjng sfppartingibe subswate bijan edgestatlas. i e adge sollgs ivddyding 8| | er and

a first_proximt ead.. The first.proximty he j he edge
ol 1 er . PG beaf. o Bkpiar ey Rt et oo O pustlth Boagh e

i ncl udi fghcBveERsIEBY BeiRB ChpaBle GFReteifihd bkt RRbENPAN e dMhosithgaandave
portion. The " concave portion being capable of receiving an edge of a

subst r athe megndscuk & poveadonimdic gdgnef the substraiet one process |iquid injection
port, at |east one vacuum port and at |east one surface tension control
port [ 1R The&hedgehodfcah hBo sndbsiermddng thie menddcusl effaf dieragigebéthersubsitatedge of

the substrate and the first proximty head i s _capable of form.ng a
meni s cuMavigabe exegisceoEe thegdae of @Séflg%raﬁ?cﬁap illéfﬁu‘?e&Ptaﬁlﬁg the Prewggl?eeﬁée of

the sub i RO HBhd. CRIBVRG IDHBAE s Hhefihblehisd oftht Sutdfideldag VO
2004/ 03%@8&%&#’_%@%38%@8&?@5d T &t pr OX]i ﬂllst y (ﬂeag s0 m)unl% ed on a
second akb sncludeandvingtheandrdscanttlitive ts dreadgde akihs solstratre Moving €t memiscufhe
first axis and the second axi s can be rotated i ndependently. [13] The
syst em eamalsqinclvde incirasingdhesizeidRe MsPBREST ty head. The edge of the
substrate can include a circunferential edge and the first proximty head
and t he[Hdcofite pdgexifithe substgadarsineludapalst entig] erdge b gher subpfeate avdbibet he
ci reunt g{eggglllsae!,ncgr% gése;r Epﬁeafs{ erqsxt)rtigrrl% {hré]ctn%ur%?e%gnce of the substrate. The meniscus

can encompass the edge of the substrate within the portion of the circumference of the

substrate. The meniscus can encompass at least one of a top surface edge exclusion zone and

a bottom surface edge exclusion zone. The method can also include moving the meniscus

along the edge of the substrate.

[11]  Another embodiment provides a system for processing an edge of a substrate. The
system includes an edge roller and a first proximity head. The first proximity head being
mounted on the edge roller. The first proximity head capable of forming a meniscus and
including a concave portion and multiple ports opening into the concave portion. The
concave portion being capable of receiving an edge of a substrate and the ports including at
least one process liquid injection port, at least one vacuum port and at least one surface

tension control port

[12] The edge of the substrate can include a circumferential edge of the substrate and the
first proximity head is capable of forming a meniscus capable of covering at least a portion

of the circumference of the substrate. The edge roller can be mounted on a first axis and the



and the second proximty head are capable of being independently positioned
over the circunferential edge. The first proximty head is capabl e of

| ocat i ng wof20e41321%8ni scus on the edge of the substrat e Pogfusece@stobeigdge of
the substrate contacts the edge roller and the second proximty head is
capabl e of locating a second neni scus ®n the edge of the substrate after
the edge of the substrate contacts the edge roller. The system can al so

i nclude an actuator coupled to the first proximty head, the actuator

bei ng capable of noving the first proximty head. [14] Yet another

enbodi ment provides a system for processing an edge of a substrate. The

system gpg g(kjt%ﬁﬂy #8aFid %él%@d! dn'a &Hﬁﬁﬁsﬁl}@ﬁéﬂ 43 arthe secdnfl lak lcabOXI M L

head nount on"a second axis. The seco axis is concentric with the

first agomentfice Thefsit apiseaxid nhe secthrebakis cajehbatedfindependenglya neni scus. The
first proximty head includes a concave portion. The concave portion is

capabl e[1¥] I eaEkitdiE cANfuRHEEinblude a Sedeal pRxemity Read i THetedpe OR ihdisthsthead al so
includes nultiple ports opening into the concave portion. The ports include
at | eastamimeludp pcewnfaringial eflgernne the fongt proximitydicad ead thegaeondqoximiPor t , and

at | east one surface.tension contral port. The st o_incl. an
act uat o eaélg%ﬁ F%‘Lﬁa’o&t ngé)é)élgﬁﬂecg%eg ?h‘a’l(ﬁlgug’é?rﬁ%f%?é{gec Z@ggtlfr LIgP le;%r% i r%dt he
second axd ﬁletse&na@r@gﬁﬂmlab&m@fcgpﬂm Beigtih@6hch BB goERIBhEY oV @B t he first
axis. [15] One enbodi nent includes a nethod of noving a neniscus froma

first sonfuoferantiabedgsedbefirs ordxamiy heasl ig depablegr{iosaging afstimeniscupen Wken a
head and.,a fifrst .surface. The, neniscys.,can he ved, fr the fir urf ace
to an aﬁf%?cgﬁ © WhsEHg Sﬁ’ﬁ‘ &‘8 &deg ?]fgthga %ﬁggﬁ‘?tcomg‘étgg%eae des F‘?@cg é‘_nggfensﬁg%néf al | el
to the bidxhityUedBis BapMRVAMECcAiRE aTBEUNAGHSHiRAS 8h tHRledb® of the shibdisie aftedifeace to
t he adj acent Second surface can include noving the neniscus such that a

first pdeeofche sfbstrite cnetacts thesedige ralleppdhe exstebrcancdse inckude en agivatof on of t he
head and the first surfac 04/ 032160. PCT/ US2003/ 030718. 6 and .a second
porti onc‘alqu‘fch@ t[’r‘éﬁfsé Pt yﬁ% taéﬂla%’é?’ﬁ}élg ﬁa%agﬁae%foorﬂﬂwﬂ%zqe’?fbrﬁt BP*HE head
and a gggpnd surface. [16] The neniscus can al so be noved fromthe second
surface and onto the first surface. Moving the neniscus fromthe second

Furt e S S B B DRAGBUFRAAIN btk SR b P
The system including an edge roller mounted on a first axis, a first proximity head mounted
on a second axis. The second axis is concentric with the first axis. The first proximity head
capable of forming a meniscus. The first proximity head includes a concave portion. The
concave portion is capable of receiving an edge of a substrate. The first proximity head also
includes multiple ports opening into the concave portion. The ports include at least one
process liquid injection port, at least one vacuum port, and at least one surface tension
control port. The system also includes an actuator coupled to the second axis. The actuator

capable of moving the second axis the axis capable of being rotated independently from the

first axis.

[15] One embodiment includes a method of moving a meniscus from a first surface to a
second surface includes forming a meniscus between a head and a first surface. The
meniscus can be moved from the first surface to an adjacent second surface, the adjacent
second surface being parallel to the first surface. Moving the meniscus parallel to the first
surface to the adjacent second surface can include moving the meniscus such that a first

portion of the meniscus is supported between a first portion of the head and the first surface



allowed to rupture (e.g., burst) when the neniscus is fully renmoved from
the second surface. [17] The second surface can be substantially co-planar
wi th t he Worsees/sarsdbace. Formi ng the neniscus between tIR€Thesa3ane 18 he
first surface can also include noving the head to a position proxinmate to
the first surface. Form ng the neniscus between the head and the first
surface can also include injecting a selected liquid froma first port in
t he head and applying a vacuumfroma second port in the head. [18] The
first surface can be an edge platformand the second surface can be a
substrate. The edge platformcan surround at |east a portion of the

subst r ahgg o IRBndBERi0A DN (HRENMiERE is SupBS BeAdbdiS REoldForibRof theth8ad and

Al ternatively, the head can be wider than a full dianeter of the

subst r ateccond8jirfadee second surface can be separated fromthe first surface
by a gap. The second surface can also be noved relative to the first

sur f ace[16]he Tae aRAlkcsidahald Wahokd ffah teadcondauffhéevtrd antd the firkysaifasaur f ace.
A material of at |least one of the first surface, the second surface and

the headlavire the menisses Genithe ssondrurtaca andipnta dee fiishirfe gistangally | 20]
Anot her | grRadi, Tty b AGHHCER. SYSIEM o APYICBE: SRR SRUSCRLON dnfddotle

ace and | nc es afll Ssurtace and a se

sur f ace allaéd foSuptulslean tiugdt] Whenths hasascus Wiftlly fehved Fidin b kéaad sudadeovabl e
head is also i ncluded. The head can be noved in a first direction

bst i-al | | : i ] f
subst anp{Al | ¥npeLJeaad: ééle%gn bovRSthntiRgy Ed-pharstitd @6 eirandrthhie W@ur ace

and al so “can Ee nnve&fln second direction substantially p to the
first surchaces Batdednhthe hemiand thefirst sntace @1 3lsdinelufde medavisgithtdead wen i ncl ude

an edge pl.atformand the second syrface can be a substrate. The edge

D1 at f or RPCIAMD BIOSBmSa AR SRR APHFes dorBdns Rensupderis® hehE i eiitoe wo
2004/ 03 R ' ; - adh 4185

Al tern a’%%?ée%lef gé%g%&ggfg qrz‘g%t;r%ea %al%te%ngﬁly}nﬁgm?l %@ngl%de%?mgpe h%ﬁlea%sld %is){y?{agfa e.

[ 22] Theasmeoftdmasetaakpatin thehadpar ated fromthe first surface by a gap.
The second surface can also be noving relative to the first surface. The

second FlS]f aqBe Giad? sBHRR Af be Eﬁ’%@%d: Plafore] aid the sdecond bafdce icai bs Hlmeate. A
material of at |east one of the fTirst surface, the second surface and the

head caffhbedgeplafemucancugptiditdeasha poition of theebstente. gFladicadcan be wider
than a radius of the substrate. Alternatively, the head can be wider than a full diameter of the

substrate.

[19] The second surface can be separated from the first surface by a gap. The second
surface can also be moved relative to the first surface. The second surface can be rotated
relative to the first surface. A material of at least one of the first surface, the second surface

and the head can be selected to optimize a surface tension gradient.

[20] Another embodiment includes system for moving a meniscus from a first surface to a
second surface and includes a first surface and a second surface that is substantially co-planar
with the first surface. A movable head is also included. The head can be moved in a first
direction substantially perpendicular toward the first surface and the second surface and also
can be moved in a second direction substantially parallel to the first surface and the second

surface.

[21] The first surface can include an edge platform and the second surface can be a

substrate. The edge platform can also substantially surround the substrate. The head can be



[ 23] Anot her enbodi nent includes a nethod of optim zing surface tension
gradient that includes selecting a first material for a first surface,
sel ecti ngwe 2exBatbomat eri al for a second surface, the PCTALS20081080718
having a different hydrophilic property than the second material, and
form ng a neniscus between the first surface and the second surface. The
first surface can be a head and the second surface can be a substrate. A
third material can be selected for a third surface, the third surface
having a different hydrophilic property than at |east one of the first
surface and the second surface. The third surface can be an edge platform

[ 24]  AnQhfghnRPRHEBR thel sOBtkHIE %nl'rengms&@mhe AYA R Wik b & disisidrage

tension gradient. The systemincludes a first surface that includes a
first nttesubsttate.a second surface that includes a second material. The
first material having a different hydrophilic property than the second

mat er i af22]t h&ht sécdhd suficeean bekdparaetbGomanid fdst yurfrae al hehp.alite pycond mat e to
the second surface. The first surface can be a head. The second surface
can be sudagssen alse be movkigrglatiye ke e dir shfages I hp seqond Isuders. carrbsohsi r d
surface n_inel. I tertal.. T i GRI
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Anot her enbodi ment includes a nethod of processing an edge of a substrate.
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head. The ‘concave portion being capable of receliving at |east a portion of

an edge imfludeh eelectingta fasematEtial fone firs surgace aseldstingre vemdnd myateridl foraigeorst t he

substrate such that a | eading edge of the .neniscus is split.into.a first
| eadi ng SWdiE: BRGs naglenl fayin aidﬁger%&a@@hﬁlcfnrmem%%{mhﬁae@aaénat%ai be
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i nsi de sur e head. The second | eadi ng edge can be supported
bet ween can boi hemh sdrihaseond surfaee caulbesd sustatand tbod medqroah dambe $fdectasihfior nsi de
surface of the_ head. WO 2004/032160_ PCT/ US2003/.030718 26] The ni scus
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of the “neniscus. ving the meniscus can inc ng the neniscus
R T N e,
can al sqhk @%téﬂlﬂ enchudek Gl saFradd thal in€ld@® «Ofirst MeteHHDS kEcadhe safste that

includes a second material. The first material having a different hydrophilic property than

the second material, the first surface being substantially parallel and proximate to the second

surface. The first surface can be a head. The second surface can be a substrate. A third

surface can also be included. The third surface can include a third material. The third

surface can have a different hydrophilic property than at least one of the first surface and the

second surface. The third surface can be an edge platform.

[25] Another embodiment includes a method of processing an edge of a substrate. The
method can include forming a meniscus inside a concave portion of a head. The concave
portion being capable of receiving at least a portion of an edge of the substrate. The
meniscus can be moved onto the edge of the substrate such that a leading edge of the
meniscus is split into a first leading edge and a second leading edge. The first leading edge
can be supported between a top surface of the substrate and corresponding top inside surface
of the head. The second leading edge can be supported between a bottom surface of the

substrate and corresponding bottom inside surface of the head.



t he meni scus can be fornmed in an arc around at |east a portion of the
circunference of the substrate. The neni scus can enconpass the edge within
t he portiwo 2004/@3R0ci r cunf erence of the substrate. ThePEEFMUIS2OIHNICTA
enconpass at |east one of a top surface edge exclusion zone and a bottom
surface edge exclusion zone. [28] The §eni scus can extend a different

di stance along the top inside surface of the head than along the bottom

i nside surface of the head. The edge of the substrate can nove relative to
t he head such that the nmeniscus is noved along the edge of the substrate.

[ 29] Anot her enbodi ment includes a systemfor processing an edge of a

subst ramst] Thee nn%)iﬁ&ﬂ@ah%‘féo%%?o@d%ﬁ&-thér Bchrack dubsiratd SScHAhsQRS AXe portion

capabl e of recelving an edge o a substrate. The concave portion al so

i ncl udeteadinigteidgd andotbe second ddaditigreggacpmbioe ssreforgquthd leaditjgendge ofitheort , two or
nore vacuum ports, and at |east one surface tension control }{?30”'8%@? edge
of the BISBEEYSaMOVRR the Mepisqys caryEchide maving BF BHpIsqHs I:eegeglé!ea?t 7428 b9y at e

and the 2taS q 4 i : : a portion
silstrate mmgﬁnﬁ%ﬂs gu {19 mefhab FlC?élSlﬁ%@h@&ﬁ?é‘Eﬂh@}nehﬁ@i%t.

of the circunt strate. [30] The various enbodi nents of the

reunt o b 30] “fhe vario ent s of
A A O R S e S

subst r ati, méhivsak 84n be O@ed H ACirc ARINE GtiBagkt aPodidhofhke evtfetthte of the he
second surface to the first surface and then the neni scus can be all owed

t o bur ssubstraise Thi seeniseds cami engpinpesg therdge nathin hgporian offthe eiscusaiersaes ofur f ace

ensures that the hursti.ng neniscus wll_ not |eav I L he | iquids
t hat fomﬁ sphgraﬁeé n'plec gmﬁ)(%lstcﬁ% LRIy & ?afsg%ng : 0%?1%%]" glkﬁ%te ﬁegge %)?Il/léstrié}'azgoél i's
that anagdg8o@dm ki@aceass eail&icasonee processed (e.g., cleaned, etched)
t hrough use of an edge-shaped head that can support a neniscus around the

edge of &Zeg,] he- gy Hn%%fseﬁse an e%g%glﬁgi‘g#iﬁsg I E&%’?Q%{r JR4d8 surﬁagE 3 the!HBa@not her

advant a t he erials of the head, ge p and substrate can be
sel ect ethah@iorgltht bottes peidel suefadryalitbphdddi Theredgryofi the kaisiratepran perveirestigo as
to increase the surface tension gradient for supporting the neniscus

bet ween tathg hepfl $usB thad Hap meRisIS A MOV HPng @ﬁ&d%%%ég?é‘ﬂ@.“ 1€33] The vari ous

enbodi ments of the present invention provide the advantage of
[291 Another embodiment includes a system for processing an edge of a substrate. The

system includes a head. The head includes a concave portion capable of receiving an edge of
a substrate. The concave portion also includes multiple ports including a process liquid
injection port, two or more vacuum ports, and at least one surface tension control port. The
edge of the substrate can also include a circumferential edge of the substrate and the arc-
shaped head can be formed in an arc around at least a portion of the circumference of the

substrate.

[30] The various embodiments of the present invention provide the advantage of moving
an intact meniscus from a first surface (i.e., an edge platform) to a second sutface (e.g., a
substrate, a wafer). The intact meniscus can also be moved off of the second surface to the
first surface and then the meniscus can be allowed to burst or be disabled. Disabling the
meniscus off of the second surface ensures that the bursting meniscus will not leave droplets

of the liquids that form the meniscus on the second surface.

[31] Another advantage is that an edge of the substrate can be processed (e.g., cleaned,
etched) through use of an edge-shaped head that can support a meniscus around the edge of

the substrate.



processing an edge (e.g., cleaned, etched) of the substrate through use of
an edge-shaped head that can support a neniscus around the edge of the
subst r at ewo[28dijo3&xcher aspects and advant ages of the i nveamiuso0aoBé7iHecone
apparent fromthe follow ng detailed description, taken in conjunction

wi th the acconpanying drawi ngs, illuse@rating by way of exanple the
principles of the invention. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 35] The
present invention will be readily understood by the foll owi ng detail ed

description in conjunction with the acconpanying draw ngs, and |ike
reference nunerals designate like structural elements. [36] Figure 1

111 ust rPS?S iﬁ%ﬁ,@f?éﬁfad%t%?%e&ﬁweﬁdlwﬂﬁe Réhd2e AR LI, Wi @RirBRasiby 1 NY
process. [37] Figure 2A shows a wafer processing systemin accordance with
one enbedlectehfor tieir ebpecpvebgnophilv entyidoophopi® roffertirsrse a8 B Blomase tha al t er nat e
view of the wafer processing systemin accordance wt one enbodi ment of
bt esent SvERTISGH ST 1ot GUPerBE ta PuEs pEw ean apdan e B, 2k PLUOER. ¢ e
waf er ppogessig systemholding a wafer in accordance with one enbodi ment
of the present 1 nvention. [40] Figure 2D shows another side close-up view

of the er .processin st em | accordan with %IHB Lment of the
pr esent vepi-gFgﬂ?oﬁsfﬁoa{rﬁﬁﬁseogtﬁegﬁse{g%\%fl %ﬁn B’%"&%‘&ﬁﬁ?eﬁst rg ?L“% the wafer
pr ocesspigessiiil SBdsk (g del8hnedpéteddyo! the ReGeliSitd throtgh @k€langtedie ishagede

enbodi mgnt o?ggt he dgfgsgent invention. WO 2004/032160 PCT/ US2003/030718 10
[42] Fi §eadcthaRanshppor aimesisenssireimdiheodgsfol thresuRsifae. processi ng system wi th
dual proximty heads in accordance with one enbodi nent of the present

i nventi @@4] [ O3ferkbmutseandAdsinoages af thepnwengon ofill beavaiccapppreotfemithg syst em
whi ch includes nultiple, proximty heads for articular surface of the
wa o i Rollesneg deide dastiptie FERBIRGRICTOR With o FC OBV R JEHEIGSn. [ 44]

Fi gure i I : heRhQGESSI Ng system whi ch incl udes
mul ti pl @ﬁs‘grgg‘i%ﬁ?f‘f@ ﬁgﬁg& o{r?lfeghgg ¥g|§fgﬁf gr i%lr ace of the wafer in
accordance with one enb@RIFFDESCRIPTION OF THE DRAWINGS

[35] The present invention will be readily understood by the following detailed description
in conjunction with the accompanying drawings, and like reference numerals designate like

structural elements.

[36] Figure 1 illustrates movement of cleaning fluids on a wafer during an SRD drying

process.

[37]1 Figure 2A shows a wafer processing system in accordance with one embodiment of

the present invention.

[38] Figure 2B shows an alternate view of the wafer processing system in accordance with

one embodiment of present invention.

[39]1 Figure 2C illustrates a side close-up view of the wafer processing system holding a

warfer in accordance with one embodiment of the present invention.

[40] Figure 2D shows another side close-up view of the wafer processing system in

accordance with one embodiment of the present invention.

[41] TFigure 3A shows a top view illustrating the wafer processing system with dual

proximity heads in accordance with one embodiment of the present invention.



the present invention. [45] Figure 5A shows a top view of a wafer
processing systemwi th a proximty head in a horizontal configuration

whi ch extwodsoaseres a di aneter of the wafer 108 in accaecaarse@s/ o one
enbodi ment of the present invention. [46] Figure 5B shows a side view of a
waf er processing systemw th the proxijgity heads 1in a horizontal
configuration which extends across a dianeter of the wafer in accordance
wi th one enbodi nent of the present invention. [47] Figure 5C shows a wafer
processi ng systemin accordance with one enbodi nent of the present
invention. [48] Figures 5D 5F show side views of the wafer processing

system t he. | VITW ' ahSiuhfB66mikf the
waf er tg‘?ﬁ]hegﬁfg‘fﬁ%ﬁem‘}%ﬁgggﬁt or%%g%ag%@gﬁﬁ%%gﬁm%aoﬁé er‘}goﬁi nt of
t he preseddks in moerdancaiwith48¢ embgodibkenbés théprwsera invehdon.pr ocessi ng system in
accordance wth one enbodi nent of the present invention. [50] Figure 5H

shows apwf eFiREOLL 3R6WPa BpSHEMOE B vl PrEREGSE: Wsich WARh eI mRtiplef the
present invention. [51] Figure 51 is a flowhart diagram of the method

oper at i priscimity bedda dora pafierlaciuefaes ofghe wafer ér sdcarlaggsvishone embedimedtefce wit h
one enbqdi nent of the present invention. [52] Figure 5J is a detailed

cr oss- s BBIEE PR 0f t he edge platformin accordance with one

enbodi nent of the present invention. WO 2004/032160 PCT/ US2003/ 03 7:]18 11
[53] Fi e EigushdRshawpr sidp omofiibeWater procesing sypteny Waish scludes fRiPlfray be

utilized. to . d_ dr i C i i t of
the. pr oommmitEERR ANFpAHid bl Stant RaREGPLABRGRCM I AREmESAREH IS
i nl et/ ouid @ésedt in@eitanl on that may be utilized to clean and dry the wafer

in accordance with one enbodi nent of the present invention. [55] Figure 6C

shows a gis][ g hg%rur@&%h&m Y tdPA8wionh Sl @ @tsifd HRAWIAR Jrianiiyiéadmh a

utilize ean and dry the wafer in accordance with one enbodi nent of
t he pr ederitorntalvenfigwatior] Ghich Bk tgudeacsdds ialdiansdterxifabe wafer 0@ indsicerdendsodi ment

of a wafer dryi roce that may be conducted by a proximty head in
accor dafé@ %eteﬁl%g’ﬁgméﬁﬁgaie@é‘?ﬁnb‘&?%@npr esent invention.

[46] Figure 5B shows a side view of a wafer processing system with the proximity heads
in a horizontal configuration which extends across a diameter of the wafer in accordance

with one embodiment of the present invention.

[47] TFigure 5C shows a wafer processing system in accordance with one embodiment of

the present invention.

[48] Figures 5D-5F show side views of the wafer processing system as the proximity
heads move the meniscus from the surfaces of the wafer to the adjacent edge platform in

accordance with one embodiment of the present invention.

[49] Figure 5G shows a wafer processing system in accordance with one embodiment of

the present invention.

[50] Figure 5H shows a wafer processing system in accordance with one embodiment of

the present invention.

[51] Figure 5i is a flowchart diagram of the method operations of using a wafer cleaning

and drying systems in accordance with one embodiment of the present invention.

[52] Figure 5] is a detailed cross-sectional view of the edge platform in accordance with

one embodiment of the present invention.



[ 57] Figure 6E shows anot her wafer drying process using another source
inlet/outlet orientation that nmay be conducted by a proximty head in
accor dancwowoedn3eree enbodi ment of the present inventi oRCT[IE2)03/0B@us e 6F
shows anot her source inlet and outlet orientation where an additional
source outlet may be utilized to inputlan additional fluid in accordance
with one enbodi nent of the present invention. [59] Figure 7Aillustrates a
proximty head perform ng a drying operation in accordance wth one

enbodi ment of the present invention. [60] Figure 7B shows a top view of a
portion of a proximty head in accordance with one enbodi nent of the

Present (st eniohiua bithls Fhtih/fodUARL SfeduiOhhiVIARg MG D angl od

source ets orm ng operation in accordarice wth one
enbodi melsin &fd dri ehepw afeeiit accondemdei with orfjeGibddirgentef #o predensinvenitam. a proxi mty
head wi th angl ed source inlets and angled source outlets performng a

dryi ng pRagr abifR 6B sIRREOIBIRE BroMdhity B islebesicrenéntafiord thet Bagbentilized
invention. [6 Figure 8A illustrates a side view of the proxinmty heads

f or usetd dlean adalry thefveafer inuac¢adance watdriing gmbadingrny phihe pyeseriinyantigécor dance

wi th one enbodi nent of the present invention. WO 2004/032160

PCT/ US2(833/ 0B{3aie36C oW Setfurthegproeindfy Irhdiwet! dutleporontaticnythitenaisbd wiileed ual
waf er surface cleaning and drying systemin accordance with one enbodi ment
of the preessrandidgy eyt injageqrdgncy g g embofdupgnl PENEPresERIIBENURG- wi ndow i n
accordance W th one enbodi nent of the present invention. [66] Figure 9B

i |1 ustrki6ds Higuuh@d dhtsirates y pedfersble smbpdivenns of myaldr deone piocessdort @zayds wit h

nmbodi f th t o ti 67] .Fi .
exerpl aPPIF G888 RPHEBH g 1 SR e Bt v SroeBpi ot e Eien ol
as the FI urality of source outlets in accordance with one,en@od' ment of the
pr esent [37dv eRiguinOE plenys anogigr @ake BrdmoHNecsss Ja88 SNeger Y HRIEBPUE pr oxi mi ty

head in oﬁ&n‘i%o%atﬂ&emw Bé.'co(?l'aﬁcted by a proximity head in accordance with one embodiment

of the present invention.

[58] Figure 6F shows another source inlet and outlet orientation where an additional
source outlet may be utilized to input an additional fluid in accordance with one embodiment

of the present invention.

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

with one embodiment of the present invention.

[60] Figure 7B shows a top view of a portion of a proximity head in accordance with one

embodiment of the present invention.

[61]1 Figure 7C illustrates a proximity head with angled source inlets performing a drying

operation in accordance with one embodiment of the present invention.

[62] Figure 7D illustrates a proximity head with angled source inlets and angled source
outlets performing a drying operation in accordance with one embodiment of the present

invention.

[63] Figure 8A illustrates a side view of the proximity heads for use in a dual wafer
surface cleaning and drying system in accordance with one embodiment of the present

invention.



enbodi nent of the present invention. [69] Figure 11A shows a top view of a
proximty head with a substantially rectangular shape in accordance with
one enbodwmene4/@3i6bhe present invention. [70] Figure llBCiTiusoemsrai7zes a side
view of the proximty head in accordance with one enbodi nent of present
invention. [71] Figure 11C shows a rea? view of the proximty head in
accordance wi th one enbodiment of the present invention. [72] Figure 12
shows a | ayout view of the edge processing system in accordance with one
enbodi nent of the present invention. [73] Figure 13 shows a side view of

t he edge processi n% system in_accordance with one enbodinent of the
present i meAdnt Figpte P‘ﬁﬁPWﬁhgm@gmnymeade aguaiyeafer suidace sleaning andedryingw of t he

edge proicgis%npﬁlod)é'&&?#ﬁgﬁﬁgng an"@ﬁ‘geﬁf) gmgﬂgﬁi%éflﬁigv%g enbodi ment of the

present invention. ure 1 Sectional view of edge

process praxi ng: Xs W P i ment, of esent

i nventi on.[%nglg%rﬁp %Zai@&%ﬂ:ﬁ&% f‘%@ﬁ%@%ﬁ %@Wf&gm%%%n%;gg% I gelrjnrbé)&f]f%ﬂﬁlﬂg%t rates
an al t er natesang irsaii®inr at e edge processing system in accordance wth one
enbodi nent of the present invention. [77] Figures 18A-18D are detail ed
views of {66 pFigude9Blijlusiarsa sutRiaaitiycidanagrodetsingoriade in aeedréareeivittdi ment s of
the present %@/%nti on F?SL Figures 19A and 19B illustrate a side view of
proxi m ty °Redee Phent oL P BERCE P one  enbodi ment of t he pr esent

i nventi Onﬁ?&?g%}igg qure 20 illustrates a sectional view of the proximty
head and {48 etigarer8iskows anpxemplaynRestseViRievh WEh ey pbtpurcsinlethe present
i nvent i on oy DETANILERDESCRY BTN Qi HXEMRLAR ENBCRINENES.{80] Sever al
exenpl ary enbodi nents for " nethods and apparatuses for processing (e.g.,

cl eani ng, presepsinygntiody yi ng, etching) an edge of a wafer will now be
described. In the following description, numerous specific details are set
forth in 8lerFigaredPBwheles prodebsingragibns af aderximinbliad gn acotdiee ribonnat

i nventi Onem{)5dh¥¥iellltlofﬁl%p?&glﬁrﬁx}eﬁt?o%’. however, by one of ordinary

[69] Figure 11A shows a top view of a proximity head with a substantially rectangular

shape in accordance with one embodiment of the present invention.

[70] Figure 11B illustrates a side view of the proximity head in accordance with one

embodiment of present invention.

[71] Figure 11C shows a rear view of the proximity head in accordance with one

embodiment of the present invention.

[72] Figure 12 shows a layout view of the edge processing system, in accordance with one

embodiment of the present invention.

[73] Figure 13 shows a side view of the edge processing system, in accordance with one

embodiment of the present invention.

[74] Figures 14 and 15 show a cutaway side view of the edge process proximity head in

accordance with one embodiment of the present invention.

[75] Figure 16 shows a 16-16 sectional view of edge process proximity head, in

accordance with one embodiment of the present invention.



skill in the art, that the present invention may be practiced w thout sone
or all of these specific details. In other instances, well known process
oper at i onwolzawo3am) been described in detail in order mem/uSeowdNBEeessarily
obscure the present invention. [81] Wile this invention has been descri bed
in ternms of several preferred enbodindats, it wll be appreciated that
those skilled in the art upon reading the precedi ng specifications and
studying the drawings will realize various alterations, additions,
pernmutations and equivalents thereof. It is therefore intended that the
present invention includes all such alterations, additions, pernutations,
and equinAl epfetird 7 fiRkratdd SDAIR RS e SiBiEaRRIE: ﬁro%@s,@i REmOfn ackhRlahddvent i on.
[82] Figures ZA through 2D below il ustrate enbodi nents of an exenpl ary

waf er  pithess simbgdinyesit efrthe Ipressiitonnentibe appreci ated that the systemis
exenpl ary, and that any other suitable type of configuration that would
enabl e [MW enBidureaf18AesIP afxdemilell vieeadsf $he prokenitychedd Sinpceottafick Withoortehe waf er
may be utilized. In the enbodi mrents shown, the proximty head(s) may nove
in a |i Ao cmbedmentsiof §ip RieahnEeNtiosr t i on of the wafer to the edge of the
wafer. It should be appreciated that other enbodinments nay be utilized

wher e t B8] pr Bigundst 9 AMD 2B 2ALE O sIRETIeWSANDBLiDB G A1E8d, it 4ctredaics Wwithore | n a
linear fa h(:gl.on frtoiP one edﬁ?e of the wafer to another dianetrically opposite
edge of “PRRIPEPEP! the preseadvelBfl-| i near novenents may be utilized such as,
for exanple, in a radial nmotion, in a circular nmotion, in_ a spiral notion,
in a zi fagFiavre Hhillustrates Tppstippal iviaw offhg Peixemity Beadapddhe edgsirellerpiici f i ed
noti on e as.desir i[i&ilon, in one enbodinent, the

et er " nibp Sk fiip iR chfogmen ot BE hresb

y (0)'q y head noved in a |linear fashion so
the proxinity "BRIATREDIDESCREPAON OF THIORXESipL ARy B BODMENTPU! d al S0 be
under st ood t hat er i s not
r ot at ed t tthe proximty head is .confjgured to npve over the fer in a
f 2shi oMl SEirad BemBlL BB iets (e 6 PR RO LS IE fEaddi (i on,
the pr O?Sfeﬁ‘ﬁih%, rﬂﬁg%é a‘gﬁjﬁ @ﬁ‘chi’r‘{gﬁ 8 ed¥eOF SHFAOviERIERR ]sshdOad tﬁb‘%ﬁb@iﬂﬁay be

utilized to proc shape” and si ze of substrates such as for exanpl e,
200 mm deskcepson, nBOBraunspedific detaild ae sqb dovgh B, orderdo pihadeafheroyghocessi ng

system may be utiljzed for either or . both processing the wafer depending
on the EBYFTERADEP ereSFIHén‘é‘i?EP’énﬁ “[lgg’f uf—*ﬂ%ﬁﬁ‘)@g’ W?%BRNBY Qnﬁ\i&?@ﬂl ocessi ng
system L0§ i) therC Biaf 8RGFedht AvaRSn SRRASL F&Riced without some or all of these

specific details. In other instances, well known process operations have not been described

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

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

the invention.

[82] Figures 2A through 2D below illustrate embodiments of an exemplary wafer
processing system. It should be appreciated that the system is exemplary, and that any other
suitable type of configuration that would enable movement of the proximity head(s) into
close proximity to the wafer may be utilized. In the embodiments shown, the 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 appreciated that other embodiments may be utilized where the proximity



of the present invention. The system 100 includes rollers 102a, 102b, and
102c which may hold and rotate a wafer to enable wafer surfaces to be
dried. Thwoxget®aed00 al so i ncludes proximty heads 10®eTarsdoos08iy1s hat, in
one enbodi nent, are attached to an upper arm 104a and to a | ower arm 104b
respectively. The upper arm 104a and the |l ower arm 104b are part of a
proximty head carrier assenbly 104 whi ch enabl es substantially |inear
novenent of the proximty heads 106a and 106b al ong a radius of the wafer.
[84] In one enbodinment the proximty head carrier assenbly 104 is
configured to hold the proxinmty head 106a above the wafer and the

pr oxi m ﬁéﬁdgggpﬁﬁvé%gl@s&qmwﬁfr foﬁé edldd &ltﬁé@afepfcpaﬂome&maa&uaém Wabsite Thi s

may be acc she y having the upper arm 104a and the ower arm 104b be
movabl eedge o theewifier, @k othennen-liser onnvemeits npydeimilizgd hiehds, far exampledn a

horizontally into a |l ocation to start waf er rocessm the proximty heads
106a anthdedBIPLORAN AFECHSY BPUQR IR RSRITF\MQP, ithy gigr7ag Finq Nc¢lEs EL%F’(S’%P% ty to

the vaf fﬁr -EQ Be ldﬁg ?ﬁﬂa%fe’%é&ﬁéd %ﬂo?] EFbgné ONGRLir8d BY 1048 TRYdBEof %‘Bhfgur ed in

any sui tab roximty 106a and” 106b can be noved to
enabl e mb@hmpnodmafagmaﬁbdﬂﬁmd hretkhb eredmity hEadsmovddinladlmplpﬁasmoms@d t hat

th tem 100 b f d h
or oxi 1 15 PSR Sy BERABPFIPTEIGE ok SApd Bo¢ He iAsPERd Baboner at o

bl ow 1| vy B BERERE U RS e AR A bl o PR PR i BB S oo

that céasigupdasniveyoveste Mfamyamhioabha edaldtsproeeskingof th @omivhe of the | ong
as a neni scus as__discussed. in further reference to Figure 6D through 8B

may be Wafet B addifion, fregreximifyisad pchine WafRs D5Pcsssing wtq%%rgn%’e%eraﬁ 206h
(as wel{, f'i‘t?h u? %Azggsm&%ﬂyahx sﬁggﬁ%&ﬁﬁﬁ k&‘&ﬁ% h&r aﬂ}plé@@fo fag 0aRgs moved

to betvveen t 60 *fabout rom-t er tornitiate wafer

process B(ngm@rpﬁﬁﬁtsi flaspankly, &tcpThE eafebpeocessigpciysent may beugplizedifos dither tieads
106a and 106b (as well as_any other proximty head descri bed herein) may

each bebothpyesgssing hetwabterfeapnsiing on the gankigiraiig af the sysiEM-from t he wafer to

initiate wafer processing operations, and in nore preferable enmbodi nent,
t he prob83¥i t Fignealis si@6ea wafér mﬂﬁbss'(myv@ml 10048 a@qwdamtsmmthmnom@bdyndméad

v o1 pPORESEHY ioye ars RSN OERG s BRCE O RO Rl SN B of t he
vaf er ppoaeasrotdeHeiBMoAbit Qva?&%&rfﬁt%ﬁ‘ &Fbe dried. The system 100 also includes
proximity heads 106a and 106b that, in one embodiment, are attached to an upper arm 104a
and to a lower arm 104b respectively. The upper arm 104a and the lower arm 104b are part
of a proximity head carrier assembly 104 which enables substantially linear movement of the

proximity heads 106a and 106b along a radius of the wafer.

[84] In one embodiment the proximity head carrier assembly 104 is configured to hold the
proximity head 106a above the wafer and the proximity head 106b below the wafer in close
proximity to the wafer. This may be accomplished by having the upper arm 104a and the
lower arm 104b be movable in a vertical manner so once the proximity heads are moved
horizontally into a location to start wafer processing, the proximity heads 106a and 106b can
be moved vertically to a position in close proximity to the wafer. The upper arm 104a and
the lower arm 104b may be configured in any suitable way so the proximity heads 106a and
106b can be moved to enable wafer processing as described herein. It should be appreciated
that the system 100 may be configured in any suitable manner as long as the proximity

head(s) may be moved in close proximity to the wafer to generate and control a meniscus as



wi th one enbodi mrent of present invention. The system 100, in one

enbodi nent, has the proximty head carrier assenbly 104 that is configured
t o enabl ewDheoq3e60ni ty heads 106a and 106b to be noveaecCirusaviseoeent er of
the wafer towards the edge of the wafer. It should be appreciated that the
proximty head carrier assenbly 104 neps be novable in any suitable manner
t hat woul d enabl e novenent of the proximty heads 106a and 106b to process
the wafer as desired. In one enbodinment, the proximty head carrier
assenbly 104 can be notorized to nove the proximty head 106a and 106b
fromthe center of the wafer to the edge of the wafer. It should be

under st aadudsBabeldltiiQeERntdR MBESS 6D HRGASS BRI iSHSHIAR LM UndersRIdahcW th t he
pr oxi mti/ heads 106a and 106b, "that any sSuitable nunber of proximty heads
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appreci ated that the system 100 may utilize the application of different
chem calgs]t opigqnel2BRREWOMA Alferidievietvfithe wifeh BRdSssskGFstemd 0bAR RcdRenest i vel y
depending on the operation desired. The proximty heads can be configured
t o proc&st qugenhedunens @fpresdnt ityentjeif. eFhe systemdki0; inoenetephmdiroerd shasghe he t op

d/ or b f the.wafer.  Thi be.. li shed by . novi
rent scul iy e Gt 80 i coFp RS0 PR B PR 1
dries, @hd106b fohR MRl frE 8R cehfer 5B AT IERalS tHeRdBE 5t B vdrdtatr dHad1d

proximty heads 106a and 106b may be
be appreciated that the proximity head carrier assembly 104 may be movable in any suitable

manner that would enable movement of the proximity heads 106a and 106b to process the
wafer as desired. In one embodiment, the proximity head carrier assembly 104 can be
motorized to move the proximity head 106a and 106b from the center of the wafer to the
edge of the wafer. It should be understood that although the wafer processing system 100 is
shown with the proximity heads 106a and 106b, that any suitable number of proximity heads
may be utilized such as, for example, 1, 2, 3, 4, 5, 6, etc. The proximity heads 106a and/or
106b of the wafer processing system 100 may also be any suitable size or shape as shown by,
for example, any of the proximity heads as described herein. The different configurations
described herein generate a fluid meniscus between the proximity head and the wafer. The
fluid meniscus may be moved across the wafer to process the wafer by applying fluid to the
wafer surface and removing the fluids from the surface. Therefore, the proximity heads 106a
and 106b can have any numerous types of configurations as shown herein or other

configurations that enable the processes described herein. It should also be appreciated that



the sane type of apparatus or different types of proximty heads. [87]
Figure 2C illustrates a side close-up view of the wafer processing system
100 hol diwg 20as/08afeer 108 in accordance with one enbodi neat/us2oasleoms esent
invention. The wafer 108 nmay be held and rotated by the rollers 102a,

102b, and 102c in any suitable orientaltd on as |ong as the orientation
enables a desired proximty head to be in close proximty to a portion of
the wafer 108 that is to be processed. In one enbodinent, the roller 102b
may be rotated by using a spindle 111, and the roller 102c may be held and
rotated by a roller arm 109. The roller 102a may also be rotated by its
own spi il $steds100N @M ploBesElofs E@ 2B of tHe wiTe: ordybRPthe AN turfabd8nd MlelRftdm102a,
102b, and 102c can ro?ate in a clockwi se direction to rotate the wafer 108
in a cogwfecedf daskwifen direction. It should be understood that the rollers
may be rotated in either a clockw se or a countercl ockw se direction
dependi h8pJon It héditierd, desidet mbéaasing dethithethp and bottemaeuifachs mra bf theeaferptiat i on
inparted on the wafer 108 by the rollers 102a 102b, and 102c serves to
move a WaYEPR 190 spyaiebereuliged Muprncess SR sdeal thevwien ad drparstherisidp oft o t he
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conduct 8ate inthe pragimitydeady 1Gogand 8¢k thlﬁ@ladi@pe@m@s@qfﬁe /PEIRLion n one

nmbodi . . : f . \\D
Sooa) bSERk R ey B i YE ST SRR B AR D o,
108 in addifibfi & prosseiiig e B aBd/Af Potegn opBeatdfan Th @artrssesmplished@bpr ef er abl e
enbodi ment, the dry area of the wafer 108 woul d nove around the wafer 108
and t he mying the gwenissns off the ades thervalprewhish atqcesses (ef2-+ Heans etigfep, dsfesdie)

im 1 t_a .radi . B
Changi o Eke: Bifo @b S8 o Rl EoBh R B e sk e AP0 E et B ™

novenenthsﬂanteh?pd)dsﬁapgmﬂaw ob @Eterddd Gppen Bt pOKirhifeheags.0OXi M ty head 106b, the
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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 roller 102b may be rotated
by using a spindle 111, and the roller 102c may be held and rotated by a roller arm 109. The
roller 102a may also be rotated by its own spindle (as shown in Figure 3B. In one
embodiment, the rollers 102a, 102b, and 102c can rotate in a clbckwise direction to rotate the
wafer 108 in a counterclockwise direction. It should be understood that the rollers may be
rotated in either a clockwise or a counterclockwise direction depending on the wafer rotation
desired. In one embodiment, the rotation imparted on the wafer 108 by the rollers 102a,
102b, and 102c serves to move a wafer area that has not been processed into close proximity
to the proximity heads 106a and 106b. In an exemplary drying operation, the wet areas of the
wafer would be presented to the proximity heads 106a and 106b through both the linear
motion of the proximity heads 106a and 106b and through the rotation of the wafer 108. The
processing operation itself is conducted by at least one of the proximity heads.

Consequently, in one embodiment, a dry area of the wafer 108 would expand from a center



(I'PA) in vapor form (also known as IPAinlet), and at |east one source
outlet configured to output fluids froma region between the wafer and a
parti cul awopoenieicoy head by applying vacuum (al so knoRATAS20M80807MS
outlet). It should be appreciated that the vacuumutilized herein nmay also
be suction. In addition, other types of7 solutions may be input into the
first source inlet and the second source inlet such as, for exanple,

cl eaning solutions, anmmonia, BF, etc. It should be appreciated that

al t hough 1 PA vapor is used in sone of the exenplary enbodinents, nitrogen
or other inert carrier gas may be used to carry the |PA vapor.
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of the proximty head desired. Therefore, another enbodinent may utilize
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descr i bgglitdinldt@he HRNe orddXsoliic@ Wit Kibh ad, foSH@HIpl, BRaMRAP s6ktiShE drinfidla, t he
exact configuration of the I PA~- vacuum DI Worientation may be varie

dependi B, efs- tihshoulsidiei apateciated thafralibraghplPé\ vapoeis used in some of the exemplary
embodiments, nitrogen or other inert carrier gas may be used to carry the IPA vapor.
Alternatives for IPA include but are not limited to the following: diacetone, diaceton alcohol,
1-methoxy-2-propanol, ethylglycol, methyl-pyrrolidon, ethyllactate, 2-butanol. In addition,
any other type of vapor or gas may be utilized such as for example, nitrogen, argon or other

gases, any suitable alcohol vapor, organic compounds, etc. that may be miscible with water.

[89] In one embodiment, the at least one IPA vapor inlet is adjacent to the at least one
vacuum outlet which is in turn adjacent to the at least one DIW inlet to form an IPA-vacuum-
DIW orientation. It should be appreciated that other types of orientations such as IPA-DIW-
vacuum, DIW-vacuum-IPA, vacuum-IPA-DIW, etc. may be utilized depending on the wafer
processes desired and what type of wafer processing mechanism is sought to be enhanced. In
a preferable embodiment, the IPA-vacuum-DIW orientation may be utilized to intelligently
and powerfully generate, control, and move the meniscus located between a proximity head

and a wafer to process wafers. The DIW inlets, the IPA vapor inlets, and the vacuum outlets



di stance between the I PA input, vacuum and DI Winput |ocations may be
varied so the distances are consistent or so the distances are

i nconsi stwot2004/032ddi ti on, the di stances between the | PATIUSRUIB3/0307aguUuUMm
and DIWoutput may differ in nmagnitude depending on the size, shape, and
configuration of the proximty head 1@8%a and the desired size of a process
wi ndow (i.e., mneniscus shape and size) as described in further detail in
reference to Figure 10. In addition, as discussed in reference to Figure
10, the I PA-vacuumDIWorientation is configured so a vacuum regi on
substantially surrounds a DIWregion and the | PA region substantially
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partied substantially surrounds at least the trailing edge region of the vacuum region.
[90] TFigure 2D shows another side close-up view of the wafer processing system 100 in
accordance with one embodiment of the present invention. In this embodiment, the
proximity heads 106a and 106b have been positioned in close proximity to a top surface 108a
and a bottom surface 108b of the wafer 108 respectively by utilization of the proximity head
carrier assembly 104. Once in this position, the proximity heads 106a and 106b may utilize
the IPA and DIW source inlets and a vacuum source outlet(s) to generate wafer processing
meniscuses in contact with the wafer 108 which are capable of removing fluids from a top
surface 108a and a bottom surface 108b. The wafer processing meniscus may be generated
in accordance with the descriptions in reference to Figures 6 through 9B where IPA vapor
and DIW are input into the region between the wafer 108 and the proximity heads 106a and
106b. At substantially the same time the IPA and DIW is input, a vacuum may be applied in
close proximity to the wafer surface to output the IPA vapor, the DIW, and the fluids that
may be on a wafer surface. It should be appreciated that although IPA is utilized in the



proximty head. [91] In another exenplary enbodi ment, the proximty heads
106a and 106b may be noved in a nmanner so all parts of the wafer 108 are
pr ocessedweaizobmnieicvhe wafer 108 being rotated. |n suchren/usawsdsemest, the
proximty head carrier assenbly 104 may be configured to enable novenent
of the either one or both of the proxii¥ity heads 106a and 106b to cl ose
proximty of any suitable region of the wafer 108. In one enbodi nent, of
the proximty heads are smaller in length than a radius of the wafer, the
proximty heads nmay be configured to nove in a spiral manner fromthe
center to the edge of the wafer 108 or vice versa. In a preferable

enbodi MeREmpMAEINBIENBE 0Ky dther SRS type Bf Ivggrog Sayld dt#i26d SuchPRAn@stig@ieus of
the wafer, the proximty heads 106a ‘and 106b may be noved over  the entire
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heads 104a a 104b.ma configured.to, nove in a |linear. fashion back and
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optim zation of th er pr ssing operation.. [92] Figure 3A.shows a top
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described above in reference to Figures 2A to 2D, the upper arm 104a may

be conf ipgwimgytheadiove and hold the proxinity head 106a in a position in
close proximty over the wafer 108. The upper arm 104a nay al so be
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bott om to move in a spiral manner from the center to the edge of the wafer 108 or vice versa. In a

preferable embodiment, when the proximity heads are larger in length than a radius of the

wafer, the proximity heads 106a and 106b may be moved over the entire surface of the wafer

in one rotation. In another embodiment, the proximity heads 104a and 104b may be

configured to move in a linear fashion back and forth across the wafer 108 so all parts of the

wafer surfaces 108a and/or 108b may be processed. In yet another embodiment,

configurations as discussed below may be utilized. Consequently, countless different

configurations of the system 100 may be utilized in order to obtain an optimization of the

wafer processing operation.

[92] TFigure 3A shows a top view illustrating the wafer processing system 100 with dual
proximity heads in accordance with one embodiment of the present invention. As described
above in reference to Figures 2A to 2D, the upper arm 104a may be configured to move and
hold the proximity head 106a in a position in close proximity over the wafer 108. The upper
arm 104a may also be configured to move the proximity head 106a from a center portion of

the wafer 108 towards the edge of the wafer 108 in a substantially linear fashion 113.



surface 108b of the wafer 108. [93] Figure 3B illustrates a side view of
the wafer processing system 100 with dual proximty heads in accordance
wi t h one wotrodi/osersv of the present invention. In this echamtesns)71s he
system 100 i ncludes both the proximty head 106a capabl e of processing a
top surface of the wafer 108 and the @ooxi mty head 106b capabl e of
processing a bottom surface of the wafer 108. In one enbodi nent, spindles
111 a and 11 Ib along with a roller arm 109 may rotate the rollers 102a,
102b, and 102c respectively. This rotation of the rollers 102a, 102b, and
102c may rotate the wafer 108 so substantially all surfaces of the wafer

108  maCHASeRERBE M 613% c?rﬁbécﬁﬁleﬂtﬁ Q%éhwayerh_ee%vw BAsHN %}%ﬁfoﬁ rniprfgessi ng.
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106b may each renove fluids fromthe wafer 108 by applyl hg EPA, deioni zed
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108 as descr,ibed in referen to Figure 94] I n _one,_ odi nent, by using
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in | essgfaR 48 SEGRNGTer 103, anot her enbodi nent, where the proximty heads
106a and 106b are at |east a radius of the wafer in length, the drying tine
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fromthe center of the wafer 108 to the edge of the wafer 108. In another
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waf er r ian dry t f.er 108 .in | tine,. | et anot
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conjunction to obtain an optinmal processing speed. In one enbodi nent, the

proxi mi taymieddwy ro®te the tolieos2antlZbnande] 02c nespedtively. ohhiaraiatianesf thexpllers of
second aBZandat 8 af ey duedhraBoits SR ibAfRERE Yo e B o
waf er prRsaRIraent®y 8 SR proEmltyMehds 068 ahd! 8§6b for processing. In one embodiment,
while the wafer 108 is being rotated, the proximity heads 106a and 106b are brought to close
proximity of the wafer surfaces 108a and 108b by the arms 104a and 104b respectively.
Once the proximity heads 106a and 106b are brought into close proximity to the wafer 108,
the wafer processing may be begun. In operation, the proximity heads 106a and 106b may
each remove fluids from the wafer 108 by applying IPA, deionized water and vacuum to the

top surface and the bottom surface of the wafer 108 as described in reference to Figure 6.

[94] In one embodiment, by using the proximity heads 106a and 106b, the system 100 may
dry a 200 mm wafer in less than 45 seconds. In another embodiment, where the proximity
heads 106a and 106b are at least a radius of the wafer in length, the drying time for a wafer
may be less than 30 seconds. It should be understood that processing time (e.g., cleaning and
drying time) may be decreased by increasing the speed at which the proximity heads 106a
and 1060 travels from the center of the wafer 108 to the edge of the wafer 108. In another
embodiment, the proximity heads 106a and 106b may be utilized with a faster wafer rotation

to dry the wafer 108 in less time. In yet another embodiment, the rotation of the wafer 108



mul tiple proximty heads for a particular surface of the wafer 108 in
accordance with one enbodi nent of the present invention. In this

enbodi menwp 206033168t em 100- 1 i ncl udes an upper arm 1042CI/Geh3aBapper arm
104a-2. As shown in Figure 4B, the system 100-1 also may include |ower arm
104b-1 and | ower arm 104b-2 connected 2lo proximty heads 106b-1 and 106b-2
respectively. In the system 100-1, the proximty heads 106a-1 and 106a-2
(as well as 106b-1 and 106b-2 if top and bottom surface processing is

bei ng conducted) work in conjunction so, by having two proximty heads
processing a particular surface of the wafer 108, processing tine may be

cut to abewe Meddmeat of e _piéyﬁﬁit%-ﬁeﬁfsﬂ)eﬁ 8nd 1056908 B £diﬁlsted/\ﬁi doBjuinBon AT er
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enbodi nent, the system 100-1 includes both t proximty heads 106a-1 and
106a- 2 tlABtPregessing paisiraayohe gut sreout hajf efibe tigys. dibefediere, ingparatipn, white thaf er

surt ace iBag o5 e E S Epb B 1 10gEE BoERLRL D She RROERRRI S 11 12 ana.
IT1b al gR@ewitdthe wafer 108 near the center of the wafer 108 and move outward toward the edge

of the wafer 108 in a substantially linear fashion. In this way, as the rotation 112 of the

wafer 108 brings all regions of the wafer 108 in proximity with the proximity heads so as to

process all parts of the wafer 108. Therefore, with the linear movement of the proximity

heads 106a-1, 106a-2, 106b-1, and 106b-2 and the rotational movement of the wafer 108, the

wafer surface being dried moves in a spiral fashion from the center of the wafer 108 to the

edge of the wafer 108.

[96] In another embodiment, the proximity heads 106a-1 and 106b-1 may start processing
the wafer 108 and after they have moved away from the center region of the wafer 108, the
proximity heads 106a-2 and 106b-2 may be moved into place in the center region of the
wafer 108 to augment in wafer processing operations. Therefore, the wafer processing time
may be decreased significantly by using multiple proximity heads to process a particular

wafer surface.

[971 TFigure 4B shows a side view of the wafer processing system 100-1 which includes

multiple proximity heads for a particular surface of the wafer 108 in accordance with one



aroller arm109 may rotate the rollers 102a, 102b, and 102c respectively.
This rotation of the rollers 102a, 102b, and 102c may rotate the wafer 108
SO0 subst awDi2ad4/0320b] surfaces of the wafer 108 nay browrgihtus2en3ebase
proximty to the proximty heads 106a-1, 106a-2, 106b-1, and 106b-2 for

waf er processing operations. [98] In g@eration, each of the proximty heads
106a-1, 106a-2, 106b-1, and 106b-2 may renove fluids fromthe wafer 108 by
appl ying 1 PA, deionized water and vacuumto the top surface and the bottom
surface of the wafer 108 as shown, for exanple, in Figure 6 through 8. By
having two proxi mty heads per wafer side, the wafer processing operation

(i.e., caltRamde oﬁﬁ@%@éseﬁ'ﬁﬁ%]ﬁibnﬂﬁi’thﬁ%rﬁ%ﬁﬁ&hi B8k A 1900ShankdAdy | ess

time. It should be ppreciated that as with the wafer processing system
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enbodi mand 1062 forprafier piotgssingaperh6ems:- 3 is hel d by an upper arm 104a-3 that
extends across a dianeter of the wafer 108. In this enbodi nent, the
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are el ongaiRGApéd of the wafer rotation may be varied to any suitable speed as long as the
configuration enables proper wafer processing. In one embodiment, the wafer processing
time may be decreased when half a rotation of the wafer 108 is used to dry the entire wafer.
In such an embodiment, the wafer processing speed may be about half of the processing

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

[99] TFigure 5A shows a top view of a wafer processing system 100-2 with a proximity
head 106a-3 in a horizontal configuration which extends across a diameter of the wafer 108
in accordance with one embodiment of the present invention. In this embodiment, the
proximity head 106a-3 is held by an upper arm 104a-3 that extends across a diameter of the
wafer 108. In this embodiment, the proximity head 106a-3 may be moved into a processing
position by a vertical movement of the upper arm 104a-3 so the proximity head 106a-3 can
be in a position that is in close proximity to the wafer 108. Once the proximity head 106a-3
is in close proximity to the wafer 108, the wafer processing operation of a top surface of the

wafer 108 can take place.



be able to span the dianeter of the wafer 108. In one enbodi nent, while the
wafer 108 is being rotated, the proximty heads 106a-3 and 106b-3 are
brought twoches®s2mooximty of the wafer surfaces 108a ®cd/us2@13/0by718 he t op
arm 104a and a bottom arm 106b-3 respectively. Because the proximty heads
106a-3 and 106b-3 extend across the wager 108, only half of a full

rotati on nay be needed to process the wafer 108. [101] As shown in Figures
2A-5B above, the proximty heads can nove the neniscus across the surfaces
of the wafer and even off the edge of the wafer. Unfortunately, the abrupt

edge of the wafer can often cause the nmeniscus to fail (i.e., burst)
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proxi ni fu}l rofsien snaydeancsdeshe prewses the Pef@Bi n Fi gure 5D bel ow) that are

wi der than the dianeter of the wafer 108. The wafer processing system
100- 6 a[l®d]i AslshmimimﬁgedgéApﬂaabmemhipﬁammi&y healsrcan mds tlndwcmacfusr 108. A
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invention prov1des additional support for the meniscus to move from the surface of the wafer
to an adjacent edge platform. Alternatively, the meniscus can be formed on the adjacent
edge platform and the moved across a gap between the edge platform and the wafer onto the
wafer. The edge platform can also allow the meniscus to be moved completely off of the
wafer surface before the meniscus is allowed to fail. The edge platform substantially
eliminates meniscus failures on the surfaces of the wafer thereby providing a more complete

cleaning process or drying process.

[102] Figure 5C shows a wafer processing system 100-6 in accordance with one
embodiment of the present invention. The wafer processing system 100-6 can be used in
vertical or horizontal orientations. The wafer processing system 100-6 includes proximity
heads 106a-5 and 106b-5 (shown in Figure 5D below) that are wider than the diameter of the
wafer 108. The wafer processing system 100-6 also includes an edge platform 110 that
surrounds the wafer 108. A relatively small gap 110a (e.g., less than about 5 mm) is

provided between the wafer 108 and the edge platform 110.



can be of fset about 50 to about 100 mcron or nore relative to the top
surface of the wafer 108. The edge platform 110 can be any thickness that
can al | ovwwDleoqu3e60m ty heads 106a-5 and 106b-5 to suppemrtuskéms/osespecti ve
meni scuses 106a-6 and 106b-6 as the meniscuses is noved fromthe wafer 108
to the edge platformor fromthe edge 2 atformto the wafer. [104] The
wafer 108 may be held stationary by any suitable type of wafer hol ding
device such as, for exanple, an edge grip, fingers with edge attachnents,
etc. The proximty head «carrier assenbly 104-5 is configured to be novabl e
from beyond one edge of the wafer 108 across the dianeter of the wafer 108
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heads 1@feH 5 Thé WkerS 08@hay KeaRI dtheonaf Sl syRalsle %‘é o®watdiBolihEeviQB

individually or sinultaneously, in substantl al alignment with one another.
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formed by the proximity head 106a-5 while in position 107-1, on the edge platform 110 and
fully off the surface of the wafer 108. Once the meniscus 106a-6 is formed off of the wafer
108, the proximity head 106a-5 can move (i.e., scan) the meniscus 106a-6 across the wafer to
position 107-2 on the edge platform 110 also fully off the surface of the wafer 108.
Alternatively, the proximity head 106a-5 can form the meniscus 106a-6 on the wafer 108 and
then move the meniscus across the wafer and off of the wafer. Similarly, a corresponding
meniscus 106b-6 may be formed and moved across the opposing surface of the edge platform
110 and wafer 108 by the proximity head 106b-5. The proximity heads 106a-5, 106b-5 can
scan the respective sides of the wafer 108 individually or simultaneously, in substantial

alignment with one another.

[105] It should be appreciated that the proximity heads 106a-5 and/or 106b-5 may be
moved by any suitable manner that would enable moving from beyond one edge of the wafer
108 to beyond another diametrically opposite edge. In one embodiment, the proximity head

106a-5 and/or the proximity head 106b-5 may move in directions 121-1(e.g., top to bottom



top and/or bottom surface of the wafer 108. [106] The wafer processing
system 100-6 can be used to performa |linear scan of entire surface of the
waf er 108woreoormBs2pass of the wafer, w thout requiring tir€eTEReN3/08@18 ot at e.
A linear scan provides a high scan rate (e.g., nore than about 20 to about
50 mm per second) across the wafer 138 This allows a uniformresidence
time (i.e., approximately constant residence tinme) of the neniscus 106a-6
on each portion of surface of the wafer 108. The uniformresidence tine
can be very beneficial in maintaining, for exanple, a constant etch- rate
across the entire surface of the wafer 108 during an etching process or a
const an [REES ' process
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drying effect of noving the nmeniscus from a first surface to a second

sur f acein @.e., bound) one or more of the meniscuses 106a-6 and 106b-6 so as to assist in forming
the meniscuses can be more efficient in moving the liquid contents of the meniscuses if an
increased surface tension gradient is present. By way of example, the surface tension
gradient can be increased when the proximity head has a lower surface tension than the
wafer. The surface tension gradient can be greater because the wafer 108 is more
hydrophobic than the proximity heads 106a-5 and 106b-5. A hydrophobic material has less
attraction (e.g., higher surface tension) for a selected liquid. A hydrophilic material has a
greater attraction (e.g., lower surface tension) for the selected liquid. By way of example, if
the edge platform 110 has a lower surface tension (e.g., more hydrophilic) for the liquid
contents of the meniscus 106a-6, than the wafer 108, then less of the liquid contents of the
meniscus will tend to be left behind on the wafer (i.e., the wafer will be dryer) when the
meniscus is moved off of the wafer and onto the edge platform 110. In another example, an
increased surface tension gradient between the wafer 108 and the proximity heads 106a-5

and 106b-5 can allow the meniscuses to be more easily and effectively moved across the

surface of the wafer. Maximizing the difference in surface tension (i.e., maximizing the



[ 108] Therefore the surface materials of such devices and surfaces can be
selected to optimze the relative surface tensions of the devices and
surfaces we 20onpared to the wafer 108. By way of exanplPel/is2gB0%0m8ty head
having a nore hydrophilic property than both the wafer 108 and the edge
platform 110 will assist in mnimzing6he anount of |iquid that may

remain on the wafer as the neniscus is noved fromthe wafer to the edge
platform If the edge platform 110 is also nore hydrophilic than the wafer
108, then the anount of liquid that nay remain on the surface of the wafer
may be even further reduced. [109] The edge platform 110 can be
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conposite materials, plastic and conbi nations thereof) he edge pl atform
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specific process. By way of exanple, a hydrophilic edge platform 110 coul d

reduce (18] pdhsichort itlieysutfaed mhfedals®i swcbukviveshrd dueRve @anbedelepkets on t he
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wafer 108 to the edge platform.

[110] TFigures 5D-5F show side views of the wafer processing system 100-6 as the
proximity heads 106a-5 and 106b-5 move the respective meniscuses 106a-6, 106b-6 from the
surfaces of the wafer 108 to the adjacent edge platform 110 in accordance with one
embodiment of the present invention. As shown in Figure 5D, the proximity heads 106a-5
and 106b-5 are supporting the respective meniscuses 106a-6 and 106b-6 on the wafer 108.
The proximity heads 106a-5 and 106b-5 are moving the meniscuses in direction 121-1,

toward the edge platform 110.

[111] In Figure 5E, the proximity heads 106a-5 and 106b-5 have moved the respective
meniscuses 106a-6 and 106b-6 so that the meniscuses are supported partially on the wafer
108 and partially on the edge platform 110. The gap 110a between the edge platform 110
and the wafer 108 is fully filled by the meniscuses 106a-6 and 106b-6. The meniscuses
106a-6 and 106b-6 do not burst or fail due to the gap 110a because the gap is maintained at a
size sufficiently small enough for one or both of the proximity heads 106a-5 and 106b-5 to
fully support the respective meniscuses 106a-6, 106b-6 between the proximity heads.



meni scuses 106a-6 and 106b-6 so that the meni scuses are supported fully on
the edge platform 110. Once the neniscuses 106a-6 and 106b-6 are noved
fully on wbeoedgelepl at f orm 110, the neni scuses can be @&CiTawea3t06078ir st or
col | apse because the resulting droplets will not formon the wafer 108 but
will formon the edge platform As deggribed in Figures 5D-F above, the
proxi mty heads 106a-5 and 106b-5 can nove the neniscuses froma first
surface (e.g., the wafer 108 or the edge platform 110) to a second surface
(e.g., the wafer 108 or the edge platform 110), in either direction. [113]
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respective meniscuses 106a-8 and 106b-8 in position 107-4 on the edge platform 110-1 and
then move the meniscuses into position 107-3 partially on the wafer 108 and spanning a gap
110-1a to the edge platform. The meniscuses can also be moved off of the wafer to return
the meniscuses position 107-4 fully on the edge platform. The edge of the wafer 108 can
also be processed (e.g., cleaned, etched, rinsed, dried, etc.) as the wafer rotates and the edge
passes through the meniscuses 106a-8 and 106b-8 in position 107-3. The proximity heads
106a-7 and 106b-7 have a length of at least the radius of the wafer 108 so that the proximity
heads and the respective meniscuses can cover the entire surface of the wafer in a single

rotation of the wafer (e.g., in direction 121-4) when in position 107-3.

[114] Figure SH shows a wafer processing system 100-8 in accordance with one
embodiment of the present invention. The wafer processing system 100-8 can be used in
vertical or horizontal orientations. The wafer processing system 100-8 includes a partial
edge platform 110-2 similar to the wafer processing system 100-7 above. In the wafer

processing system 100-8 the wafer 108 can be stationary or rotated. The proximity heads



106a-7 and 106b-7 (hidden directly below proximty head 106a-7) can form
the respective neniscuses 106a-8 and 106b-8 in position 107-5 on the edge
pl at f or mWOCo@/@atkot hen nmove the meni scuses into positiPCA/USR3BIOP&Rrtial |y
on the wafer 108 and spanning a gap 110-2a to the edge platform The

meni scuses can al so be noved off of thg wafer 108 and fully onto the edge
platform 110-2, in position 107-5. In one enbodi nent, the partial edge
platform 110-2 can al so be novable relative to the wafer 108. By way of
exanple, the partial edge platform 110-2 can nove with the proximty head
106a-7 so as maintain alignment with the proximty head and to support
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first surface may be in contact with the second surface or maybe separated from the second

surface by a relatively small gap or separating space. In an operation 101-20, the proximity

head moves the meniscus fully off of the first surface and fully onto the second surface.

[116] By way of example, in operation 101-5, the proximity head 106a-5 is positioned in
close proximity to the surface of the wafer 108 as shown in Figure 5D above. In operation
101-10, the proximity head 106a-5 can form meniscus 106a-6 between the proximity head

and the surface of the wafer 108.

[117] In operation 101-15, the proximity head 106a-5 moves the meniscus 106a-6 at least
partially off of the surface of the wafer 108 to the adjacent edge platform 110 as shown in
Figure 5E above. In operation 101-20, the proximity head 106a-5 moves the meniscus 106a-
6 fully off of the surface of the wafer 108 and fully onto the edge platform 110 as shown in
Figure 5F above.

[118] Once the meniscus 106a-6 is fully off of the surface of the wafer 108, the meniscus

can be allowed to burst (e.g., liquid supply to the meniscus shut down). Since the meniscus



29 106a-6 is fully off of the surface of the wafer 108, any droplets that
may formwhen the neniscus is allowed to burst will not formon the
surface oWotzaerosafeer. [119] Figure 5J is a detail ed cro®eTdseendopeis vi ew of
t he edge platform 110, in accordance w th one enbodi ment of the present

i nvention. The edge 110b of the edge m@datform 110 can i nclude rounded
corners (as shown) or even a conpletely "beveled" (e.g., angled, fully
rounded, etc.) simlar to the beveled or rounded edge of the wafer 108. The
edge platform 110 can have a surface finish quality simlar to that of the
waf er 108 or the proximty heads described el sewhere herein. The edge
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injecting IPA vapor (e.g., on a carrier gas) and even for injecting fluid for supporting the

meniscus. One or more of the multiple inlets and/or outlets 110c are connected to a source
110d through a channel 110e inside the edge platform 110 and a interconnecting
tubing/piping 110f. The channel 110e can be as wide as physically possible given the
thickness constraint of the edge platform 110. By way of example, an edge platform 110
having a thickness of about 1.2mm can support a channel 110e of about 800 micron in
thickness (T). Conversely, a an edge platform 110 having a thickness of about 600 micron
can support a channel 110e of about 250 micron in thickness (T). The multiple inlets and/or
outlets 110c can also be combined to form a slot in the edge 110b of the edge platform 110.
The multiple inlets and/or outlets 110c can also be used for more than one function. By way
of example, a first portion of the multiple inlets and/or outlets 110c can be coupled to an IPA
source to inject IPA into the gap 110a. Simultaneously, a second portion of the multiple
inlets and/or outlets 110c can be coupled to a vacuum source to remove excess fluid from the

gap 110a.



30 [121] Figure 6A shows a proximty head inlet/outlet orientation 117 that
maybe utilized to process the wafer 108 in accordance wi th one enbodi nent
of the prweent4/i3pweenti on. I n one enbodi nent, the orienPamiusn00BHI0718 a
portion of a proximty head 106a where other source inlets 302 and 306 in
addition to other source outlets 304 By be utilized in addition to the
orientation 117 shown. The orientation 117 may include a source inlet 306
on a |l eading edge 109 with a source outlet 304 in between the source inlet
306 and the source outlet 302. [122] Figure 6B shows another proximty head
inlet/outlet orientation 119 that maybe wutilized to process the wafer 108
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of the ¢RFesinig806. and a source inlet 306 may be utilized to apply
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in close, r ximty t th? nger surface to renove fluid or vapor that may
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invention. In one embodiment, the orientation 121 is a portion of a proximity head 106a

where other source inlets 302 and 306 in addition to other source outlets 304 may be utilized

in addition to the orientation 119 shown. The orientation 119 may include a source inlet 306

on a leading edge 109 with a source inlet 302 in between the source outlet 304 and the source

outlet 306.

[124] Figure 6D illustrates a preferable embodiment of a wafer drying process that may be
conducted by a proximity head 106a in accordance with one embodiment of the present
invention. Although Figure 6 shows a top surface 108a being dried, it should be appreciated
that the wafer drying process may be accomplished in substantially the same way for the
bottom surface 108b of the wafer 108. In one embodiment, a source inlet 302 may be
utilized to apply isopropyl alcohol (IPA) vapor toward a top surface 108a of the wafer 108,
and a source inlet 306 may be utilized to apply deionized water (DIW) toward the top surface
108a of the wafer 108. In addition, a source outlet 304 may be utilized to apply vacuum to a

region in close proximity to the wafer surface to remove fluid or vapor that may located on or



WD 2004/ 032160 PCT/ US2003/030718 31 near the top surface 108a. It should
be appreciated that any suitable conbination of source inlets and source
out | et s nwY 2ber/aseichi zed as | ong as at | east one conbi naPCarusesidsserisher e at
| east one of the source inlet 302 is adjacent to at | east one of the source
outlet 304 which is in turn adjacent 3o at |east one of the source inlet
306. The IPA may be in any suitable form such as, for exanple, |IPA vapor
where IPA in vapor formis input through use of a N2 carrier gas.

Mor eover, although DIWis utilized herein, any other suitable fluid nmay be
utilized that may enabl e or enhance the wafer processing such as, for
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flow of fluid being applied toward the surface and
[125] Therefore, in one embodiment, as the DIW inflow 314 and the IPA inflow 310 is

applied toward a wafer surface, any fluid on the wafer surface is intermixed with the DIW
inflow 314. At this time, the DIW 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/DIW
interface 118) with the DIW inflow 314 and along with the vacuum 312 assists in the
removal of the DIW inflow 314 along with any other fluid from the surface of the wafer 108.
In one embodiment, the IPA/DIW interface 118 reduces the surface of tension of the DIW.
In operation, the DIW is applied toward the wafer surface and almost immediately removed
along with fluid on the wafer surface by the vacuum applied by the source outlet 304, The
DIW that is applied toward the wafer surface and for a moment resides in the region between
a proximity head and the wafer surface along with any fluid on the wafer surface forms a
meniscus 116 where the borders of the meniscus 116 are the IPA/DIW interfaces 118.
Therefore, the meniscus 116 is a constant flow of fluid being applied toward the surface and
being removed at substantially the same tirﬁe with any fluid on the wafer surface. The nearly

immediate removal of the DIW from the wafer surface prevents the formation of fluid



bei ng renoved at substantially the sanme tine with any fluid on the wafer
surface. The nearly immediate renoval of the DOWfromthe wafer surface
prevent s wbheobs«n3embi on of fluid WO 2004/ 032160 PCT/ US2008TA32003830732
droplets on the region of the wafer surface being dried thereby reducing
the possibility of contam nation dryipg on the wafer 108. The pressure
(which is caused by the flow rate of the |PA) of the downward injection of
| PA al so hel ps contain the nmeniscus 116. [126] The flow rate of the N2
carrier gas for the I PA assists in causing a shift or a push of water flow
out of the region between the proximty head and the wafer surface and into
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no gasflo intq the vag et.. 127 lt_shaqul d be.ap elated any
sui t abl e SH’é’S?eBBt ?Ptlga.flllszé‘ﬁc ‘P”r?e thAﬂo‘b OnfHyity \?g P489 ong as
the men ﬁﬁﬁf’a’%dﬁ@ b&ﬁg p éﬂ%%tralwr\vﬁ@ﬁ% %M'lﬁ'@){&tedtoﬁ%oﬁllbﬁiﬂtlf)ﬁhﬁ of

the DIWthrou as 0 t e source 1nlets 306 1s between about per

m nut e floidemdigas. Gpf@queritlypas thepruximgity hendal 06n efees thementsoi meves ,aldnge fl ow
rate of the DI Wt hrough the set  of the source i.nl ﬁts 306 is 3bou 400 m

per mi nWt@ thg progipity hpaslearﬁirrae FegiIuRIeYiRUlY prruptadRy the Hiegisgys hais vary
dependi gg. QMnt BB velnég ffind BA/BIRXhidhYe B2t sHOMIPAS BORRLLAERE that the

any suitable number of source inlets 302, source outlets 304 and source inlets 306 may be
utilized depending on the configuration of the apparatus and the meniscus size and shape
desired. 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.

[127] It should be appreciated any suitable flow rate may be utilized for the IPA, DIW, and
vacuum as long as the meniscus 116 can be maintained. In one embodiment, the flow rate of
the DIW through a set of the source inlets 306 is between about 25 ml per minute to about
3,000 ml per minute. In a preferable embodiment, the flow rate of the DIW through the set
of the source inlets 306 is about 400 ml per minute. It should be understood that the flow
rate of fluids may vary depending on the size of the proximity head. In one embodiment a
larger head may have a greater rate of fluid flow than smaller proximity heads. This may
occur because larger proximity heads, in one embodiment, have more source inlets 302 and

306 and source outlets 304 more flow for larger head.



| arger head nmay have a greater rate of fluid flow than smaller proximty
heads. This nmay occur because |arger proximty heads, in one enbodi nent,
have nor ewocneas2ienl et s 302 and 306 and source outl et s PBOAISa@3®3¢M®OW f Or

| arger head. WD 2004/032160 PCT/ US2003/030718 33 [128] In one enbodi nent,
the flow rate of the EPA vapor througl33za set of the source inlets 302 is
bet ween about 1 standard cubic feet per hour (SCFH) to about 100 SCFH. In a
pref erabl e enbodi nent, the IPA flowrate is between about 5 and 50 SCFH.
[129] In one enbodinent, the flow rate for the vacuumthrough a set of the
source outlets 304 is between about 10 standard cubic feet per hour (SCFH)

to aboufzkpSe SieFhddimen:, Healsw A & EIROHLRA thobdify {dr AWiHabRic Hled vacuum

t hough the set of the source outlets 304 Is” about™ 35 n an
exenpl aB(2 stsodtamabbut hsthhdmd owiiefeetper hoer (RGCHH)zedbow 108 8CIHE e | ow

rate of the | PA DLW an he vacuum [ 130] .Fi gure 6E shows anot her wafer
dryi ng preseatle eH’?Pﬂ’@“eélﬁdg‘hé)rAQBWrrﬁtS 1§ %‘?9‘{)@"!“3? anq)g(i) ehtHtion that may be

conducted by a proximty head 106a in accordance with one enbodinment of
the pref&H iImowerambndimeri, theifloverstsolar theracuurh grpugiia st of theesaurce 08dethmy be

noved o .the top.sur e 108a.0of .t he fer so.th i s, may be
moved arghis et api iRt iyt Fer iR Ise 0 S bR B A D pe
waf er  sprdfaasle ahold @By, ake flbwire 610 Wachiig tMeoBthS st bAGR sbhRE 8bNets BeAR Ny
and drying the wafer simultaneously. In this enbodiment, the source inlet

306 appkbas 350 SCHH: | lown3xamplvperobadimeniad 8pwanetttivay hog@izetie measire thei n| et

302 applies | PA fl toward the wafer surface 108a, and the source
out | et gfyrptgrgﬁ%esﬂ’\%f,ﬁ%ap Y48 af er surface 108a. It should be

apprecif ed that in this enbodinent as well as other enbodj nents of the
pr oxi ni 1330 e Kiguio® shvecanobics Wkt drying Begessivsinglanpiishiovecednlst/optigies of

source | . A\ - j Lonawith the

ori ent sty B SAYE Eaflibef b o H R HEREI00 EUNNREEL I, o 304
shown i embbdiieat 6fhe presattdhtendon. Innthistedmt®dandmdhapriximiy Wedd 106a nedytter
proximty head enbodi nents, by controlling the anmount of flow of fluids
onto t h&ayad everdhs topsuriaerstD8a nd theywateitd8aiol thigentiensmae bmapss 7leee thene

o 2SR AR SRS ARL By BAREC nB e ©
vacuum gkAyafehsurfaoé fHetsly cldanidig@id dhénSihe ederGithhleine 3y, NRythenibedirhent al |
DI Wand tﬁehs%uicle lfrlllgts 30b6eai1pr1]) 1esr e? BDI\\{’ef?O\I/ g?ﬁﬂ(}wha?d the wafer surface 108a, the source inlet
302 applies IPA flow 310 toward the wafer surface 108a, and the source outlet 312 removes
fluid from the wafer surface 108a. It should be appreciated that in this embodiment as well
as other embodiments of the proximity head 106a described herein, additional numbers and
types of source inlets and source outlets may be used in conjunction with the orientation of
the source inlets 302 and 306 and the source outlets 304 shown in Figure 6E. In addition, in
this embodiment as well as other proximity head embodiments, by controlling the amount of
flow of fluids onto the wafer surface 108a and by controlling the vacuum applied, the
meniscus may be managed and controlled in any suitable manner. For example, in one
embodiment, by increasing the DIW flow 314 and/or decreasing the vacuum 312, the outflow
through the source outlet 304 may be nearly all DIW and the fluids being removed from the
wafer surface 108a. In another embodiment, by decreasing the DIW flow 314 and/or

increasing the vacuum 312, the outflow through the source outlet 304 may be substantially a

combination of DIW and air as well as fluids being removed from the wafer surface 108a.



waf er surface 108a. In another enbodi nent, by decreasing the DIWflow 314
and/or increasing the vacuum 312, the outflow through the source outl et
304 may bwo=sobsiarsi al |y a conbination of DIWand air 2€TWs2003430718 ui ds
being renoved fromthe wafer surface 108a. WO 2004/032160 PCT/ US2003/030718
34 [131] Figure 6F shows another sour@a inlet and outlet orientation where
an additional source outlet 307 may be utilized to input an additi onal
fluid in accordance with one enbodi ment of the present invention. The
orientation of inlets and outlets as showmn in Figure 6E is the orientation
described in further detail in reference to Figure 6D except the

addi ti Oggjl S@Ygu‘f@6ﬁgﬁ v@stan% er h&lﬂ:é‘ffﬂéﬂqg&ioﬁfét%ﬁ%ﬂﬁu&fwh% %H&ﬁ%rﬁ%lnl et 306

on a si opposite e source outlet 304 n such an enbodi nent,
DI W nay sace oygiet 30H nmy@la utt1lhee<btmjnpm an iaddiebna @kidndn dceordastiefvidr et sol uti on

such as, for, exa a cl eani.n ol ution may i t hrqugh the source
inlet 367 Oqiﬁbepé‘g&hé Pff‘ée‘%ﬂl%‘éﬁﬁl?lﬁg T wscRtion) thlstf@nﬁﬁyﬂtt% agghownzigg to

Grying T og ane preResdPIEban Nl B R A BTt BB AR A T ot e

a proxi aidigioi acurte Gutpe 308 isnincigded attjydenioahesdairdednlet B06 ac e ciddappesitei t h one
enbodi nent of the pr lﬁent invention. The proximty head 106, in one

enbodi nét of thgsewrcearile 304 & gea aﬁr%gl)epﬂame;m,tw Y s pnryy; Erqpgh thegauise ¢ he
waf er 1Q8.d 6 vﬂﬁfé &tfe%n‘éécﬁ@t'i‘dﬂ‘sﬁt gglf% é&%té”'g cfb%ﬁ%gtsb@ﬂfm Eﬁagso'éq o be

appre0|ate that e proximty al so I ze rocess
(e.g., direagh thd sguro&tﬂet)SOﬂh@ha@ferm cf]ietﬂhfr%%lu’kﬁﬁb‘lo&f 31hway vafiglizelld8. 1 n one
embodi ment, the wafer 108 is rotating so the oximty head 106 may be
moved i ANBANCE pleaning 85 tiegvafen 108 gvhileat Rebstantially @ﬁ spime tigerdrying thestop é%"@féd from

the top By applying the I PA 310 through the source inlet
302, théég%éﬁﬁ% ﬁegqaﬁrough source outlet 304, and the deionized water 314

through our ¢ 306, t.he nen 16.as ,discussed i.n reference
o B gurlRT Rk Tty daatiiy TR B0 Bar i e SRR B 4T e of o
portion aé@oré’an@é %ﬂhrﬂnkﬁénﬂ%aﬁne%%f fh8 ?éé&;ﬁﬁﬁi@éﬂ%n Wrh& ro's'{ﬁﬁltfﬁgﬁdl'dﬁeﬁtorﬁf the
present invention. In the top view of one enbodi rrent fromleft to right

are a sembodlintelg ns@igs evéile mh elpsésmmnatystetth@toptshffa@ol%a@f thetwaer B34p a set of

the source,inlet .306, et of the utl et .30 d a set.
e oo Ffifel s Gbaning apa/fr Fnedperadpn o shiiia D pmiras aon iyt mpEStindieady on

bet ween 158 &ap % HEviYizEe&hrdQ8s &Y, bk, ¥BS k) Hbbotfodsurface 108b of the

wafer 108. In one embodiment, the wafer 108 is rotating so the proximity head 106 may be

moved in a linear fashion along the head motion while fluid is removed from the top surface

108a. By applying the IPA 310 through the source inlet 302, the vacuum 312 through source
outlet 304, and the deionized water 314 through the source inlet 306, the meniscus 116 as

discussed in reference to Figures 6A-6F may be generated.

[133] Figure 7B shows a top view of a portion of a proximity head 106 in accordance with
one embodiment of the present invention. In the top view of one embodiment, from left to
right are a set of the source inlet 302, a set of the source outlet 304, a set of the source inlet
300, a set of the source outlet 304, and a set of the source inlet 302. Therefore, as N,/IPA
and DIW are input into the region between the proximity head 106 and the wafer 108, the
vacuum removes the No/IPA and the DIW along with any fluid film that may reside on the
wafer 108. The source inlets 302, the source inlets 306, and the source outlets 304 described

herein may also be any suitable type of geometry such as for example, circular opening,



vacuum renoves the N2/1PA and the DOWalong with any fluid filmthat may
reside on the wafer 108. The source inlets 302, the source inlets 306, and
t he sour cwoane4/Be®0304 descri bed herein nay al so be anyc3uiseausloaomype of
geonetry such as for exanple, circular opening, W 2004/032160

PCT/ US2003/ 030718 35 square opening, 3tc. I n one enbodi nent, the source
inlets 302 and 306 and the source outlets 304 have circul ar openings.

[134] Figure 7Cillustrates a proximty head 106 with angl ed source inlets
302" performng a drying operation in accordance with one enbodi nent of

t he present invention. It should be appreciated that the source inlets

302 a”‘é' |ta féﬁ%\é% > Urfe cenfiidh nt‘?# She ?&?‘ceqfiﬁe%r 36&%‘1@@?}6%8 JRyrdae angl ed

in any s to o imze eanin y|ng process.
In oneoeﬂﬁ@domhm&unmhhmap@hmg.source inlets 302" that input |PA vapor onto
the wafer 108 is angled toward the source inlets 306 such that the I PA

vapor fi[my]i Fighé eCliBektlaRsG )@inﬁ’cytheé'd 108018 ﬁh’gﬁe&-g&lrce[l%ﬁaﬂ 30 géfrf
illustrates a proximty head 106 Wi th angled source inlets 30 and angl ed

sour ce @uiryieg sp@euon pectadanoegvith mqmm@dup@n af iherpresentinventihan deshaiitdbeone

enbodi nent aof  the resent ould be appr.eci at e at. the
Sour ce FRMetiared i o e niaf SOB astdngiahe Heguite So0RD af 75-56m8 Pt bed
herei n gy HeQnglRalif thy gmeme vﬁdir'tb %Bﬂn%lié’%b{e {vfe Blehithg @nd/Bﬁdryi‘f@f;%ce%i egni ng
and/ or drying process. [1 'n one enbodi ment, the angled source inlets
302" thane am]gqﬂlmemthﬁamlgtedcsnume fitets BA2'¢hat 1408 P4 vapgloatb the vaafierald§lie 0500
toward th ource inlets, 306 ch that t | PA or flowis directed to
contain ?ﬁgg gﬁhffsgo_“&é 1n g’agﬁbqhetga B‘Elﬂ%%v%ﬂ?? lﬁélfe‘:tﬁ%? anltﬁnéﬁ'@

enbodi mgphische1 angl ed at an angl e 0500 towards the neniscus 116. It shoul d
be appreciated that the angle 0500 and the angle 0502 nay be any suitable

anal e ¢ sy el 9B AR LG IROIGETTOL AN SRRLNRLe Blesd H5 TROLRSUP LI

I n one feate &35 t han

90 degr easce aiibid @t Mﬂm%@ drylirs Efe@Atodlin hmfdaﬁacéiezehees ebBdingms of han 90
degrees. In a preferabl e embodinment, the angle 0500 is about 15 degrees,

and in DeeRtheyengpaf Hshewld be appraciaied that th@esoawg|néet§r$92e@d33@6alndélmgqnele@l502 is
about 1?0&8&%&?6%@32)3&? tdes% %E(? I%% Ogr%%l dez%y%?e& g@mm?ag tl(J)SOt g}a%en”tgany

ui t abl 8" manner
angl e OWQer@wdninlgenmaﬁyquS&%cmy be the same, and in

[136] In one embodiment, the angled source inlets 302' that input IPA vapor onto the wafer
108 is angled at an angle 0sqy toward the source inlets 306 such that the IPA vapor flow is
directed to contain the meniscus 116. The angled source outlet 304' may, in one
embodiment, be angled at an angle 6599 towards the meniscus 116. It should be appreciated
that the angle 0509 and the angle 05, may be any suitable angle that would optimize the
management and control of the meniscus 116. In one embodiment, the angle Bsq is greater
than O degrees and less than 90 degrees, and the angle 050, is greater than 0 degrees and less
than 90 degrees. In a preferable embodiment, the angle Osgg is about 15 degrees, and in
another preferable embodiment, the angle angled at an angle 0s; is about 15 degrees. The
angle 0500 and the angle 05, adjusted in any suitable manner to optimize meniscus
management. In one embodiment, the angle Os¢o and the angle 050, may be the same, and in
another embodiment, the angle angle 050 and the angle 050, may be different. By angling the
angled source inlet(s) 302" and/or angling the angled source outlet(s) 304", the border of the
meniscus may be more clearly defined and therefore control the processing the surface being

processed.



anot her enbodi nent, the angle angle 0500 and the angle 0502 nay be
different. By angling the angled source inlet(s) 302" and/or angling the
angl ed sowpceosnseicet (s) 304', the border of the neni scRETABRIU3N30TOS €
clearly defined and therefore control the processing the surface being
processed. WD 2004/ 032160 PCT/ US2003/ 330718 36 [137] Figure 8A illustrates
a side view of the proximty heads 106 and 106b for use in a dual wafer
surface processing systemin accordance with one enbodi nent of the present
invention. In this enbodi nent, by usage of source inlets 302 and 306 to
input N2/1PA and DI Wrespectively along with the source outlet 304 to
provide a on the
51 de. of LTRe S SA TR R REHE Ak of TR by RS 28 ol T0M Rk ™" er e
may be dusowferesueiatd plocSiigtspstera imeeotlaiéawith bae kmbpdihieat oftthe @fsssnt116
intact. As discussed abqove, in one enbodipent, the source inlets 302 and

306 nay HB@““QR |Im|t§lé&1r#>@ﬂlm@znf I Asagert sarese dnlets dODRYY POfF togRPE D/ WPdsaik t i vel y
whi l e t Bgys ava %v@lﬁld'the cé)sut}é BbA :5?[ %ﬁea%&ﬁﬂ%ﬁé’y{%}qﬁ%&%ﬂ shoul d

be appreC|at tha suita con Iron of sour’ce

source ﬁmylbethn&%darId additiog,eoni thda gitls oBﬂhG somye betB06loppedte th&t@f tWﬁiee t he
pr oxi m%ﬁ heads 106 and 106b may have a configuration of source inl ets and
sour ce %t|3é)e’isthmek1@ax bea sQives QJuileh 304t remers PRV Rndiie reen the F@Fltsﬁéihl:@

Fi gure , 4:39(55 xi m ty
heads 1 %‘ f%égsseg a@%% fn'f&{é en%:ﬁc?))ﬁl nﬁ[ﬂa}t‘% ?%Lﬁg%g@é ownﬁ’lg1 %d% n r ef erence
to Fi guu&Bzte foh Neligh niﬂiow Am/alﬁiJ]DIthﬁBO\ﬁ 814 agpectivelyiwigle thé orenb@kt 304 t h t he

meni scus 116 nay be dried by the novenent of the neniscus 116 into and
avnay fr 81y bRatikiged t@c@@pln\@%}m Plgukshend bpepereeipied sias anyifiilpblieads 106 and

106b in é\%fﬁggl?it{ e SbuRe IS S0z %@8&8%&41&9;@&’ E&des'lihn%c’é it O{qu’{;%}abevﬂt ﬂ}e&’”e

enbodi present 1nvé proxirmty

head 106op¢ & else pxbgmﬁlqphe&di i Geamdl %8 nedy Hahe a\vaiifefurdith ofandrceiflets
proximty head 106b processes the bottom surface of 108b of the wafer 108.

By the andhjnuied wgletﬁhlieﬁbe szfngpmtlande%cwéecbnwvsyn rqférew&gurﬁ 7&tand3d2 and
306 resps aicfffét‘{on Yn%é%%? P¥m 38@%@ s, %) ox1 “ﬁ‘?eic{s g@%@eaﬁ“%' et 304, the

Meni scus or Ne weent oxim fhe waf er

108 andc&ﬁig&?ﬁfbntab ShW R BEIBW LN réfe@ﬂceh@@bg\ﬁeﬁ9 ttﬁ@ughafse rAnyl@ftablER@rfagedxi m ty
heads 106 and 106b, and therefore the nmeniscus 116, nmay be noved
coming into contact with the meniscus 116 may be dried by the movement of the meniscus

116 into and away from the surface.

[138] Figure 8B shows the proximity heads 106 and 106b in a dual wafer surface
processing system in accordance with one embodiment of the present invention. In this
embodiment, the proximity head 106 processes the top surface 108a of the wafer 108, and
the proximity head 106b processes the bottom surface of 108b of the wafer 108. By the
inputting of the N»/IPA and the DIW by the source inlets 302 and 306 respectively, and by
use of the vacuum from the source outlet 304, the meniscus 116 may be formed between the
proximity head 106 and the wafer 108 and between the proximity head 106b and the wafer
108. The proximity heads 106 and 106b, and therefore the meniscus 116, may be moved
over the wet areas of the wafer surface in a manner so the entire wafer 108 can be processed

(e.g., cleaned, dried, rinsed, etched, deposition, etc.).

[139] Figure 9A illustrates a processing window 538-1 in accordance with one embodiment
of the present invention. In one embodiment, the processing window 538-1 may include a

plurality of source inlets 302 and 306 and also a plurality of source outlets 304. The



over the wet areas of the wafer surface in a manner so the entire wafer 108
can be processed (e.g., cleaned, dried, rinsed, etched, deposition, etc.).
[ 139] Fi geipeo@3eidoustrates a processi ng wi ndow 538-1 i RCIASQ003ARCES W t h
one enbodi ment of the present invention. In one enbodi nent, the processing
wi ndow 538-1 may include a plurality3gf source inlets 302 and 306 and al so
a plurality of source outlets 304. The WO 2004/ 032160 PCT/ US2003/030718 37
processi ng wi ndow 538-1 is a region on a proximty head 106 (or any other
proximty head referenced herein) that nay generate and control the shape
and size (e.g., area) of the neniscus 116. Therefore, the processing

W ndow ?ﬁﬁﬁea 1161%8w%3 el%%@géi{?ﬁ& fp!rcﬁélgﬁpﬂéﬁ %ﬁ@r&}sotﬁe bimity ndalie

pr oxi m e5| re be use one

enbodi rrmferpn¢ddehewlm)cthstsna£§ggamera¢h)md&3ﬁtrm the sleaps ubd sian(¢.gl heeay @thangul ar
shape. It should be appreciated that the size of the processing ndow
538-1 (BINEAY bhethestipiealir @ToeEtRs¥indg™ ASnkiBHy BeaEegitdaheisif oy be

any sui tabl e, &6 Hhh%{ﬁ:aaﬁnﬁt ﬁ%aﬁeﬁp $E68iEd AIBPust @R Ff?pagléeé[ %149116 Figure 9B

illustrates a substa clrcu processing w n I'n accordance
W t h onembodinintyeind protesting windse 38- |1ms/embsmntxallyreonaﬁgxﬁmfcmdpasrehtshouldhbe
processi ng wi ndow 538-2 may include a plurality of source_inlets 302 and

306 and2BiTegaigd hahg SFchSl“FC RISeRseing V%m@%é%f% -360r anvr%he;srs%fé%%pwgew&gdow |
2
538 ' %1@%@%?%?%&33) RLPEE Qﬁe;i %1@@1@‘?63&9{521&9‘51@9 as sQéJ‘ESmFMﬁ ?{%\A})y ea

ef erence at may gen rate an ontro € neni scus

Th f - d d/
oler me L ey O FREhARs ARl st hraadud PR S8R i SRt o
manner . wifh RRnHIRRsBNMhe p&ésem 19{}&1@1%5 hﬂ&e%nﬁlﬂﬂ‘(héﬁgmg preedsiSeEidant i al |y

circular shape. [141] Figure 10A shows an exenplary procCess w ndow 538-1
wi t h t hé3pRunal inthpdeoh phwality ef smm¢eemk¢tr{{m2 ad 308 0@6d alsowgllurality af seugpé ur al ity

Chvent | SHISH 805 EhcietP R RERAORRSG 20 £ Bl ongBRPESETEY hr WiBaEREn ey be
moved 'Bt}fét‘f') r{ﬂhéﬂf}eﬁ%neé@h&emm i béfdate Bﬁ’d céntRBmeRsMRf1€6. dryi ng

oper ati on. an enbodi nent proximty head 106 nay encounter fl uids
on a vvafl‘hcrefm’a,rthapmccmng wisdolv 13 8-@dyay beeayiegion3UE. drith end/encleay acdafer if egi on

gf\fgolu?\t af?’f‘g?lg’gletﬁai% gf%ﬁﬁ%?’ﬁ)&ﬂf?gfgi ltggtl I%lg‘}%tﬁf ]:92‘5’% e%@éhgﬁergéggieg > an area

of the Brf¥isHd ¥inldBa%b3806iskRAbstaRaAYR:eNs: dhfe.ar ea being processed
[141] Figure 10A shows an exemplary process window 538-1 with the plurality of source
inlets 302 and 306 as well as the plurality of source outlets 304 in accordance with one
embodiment of the present invention. In one embodiment, the process window 538-1 in
operation may be moved in direction 546 across a wafer during, for example, a wafer drying
operation. In such an embodiment, a proximity head 106 may encounter fluids on a wafer
surface on a leading edge region 548. The leading edge region 548 is an area of the
proximity head 106 that, in a drying process, encounters fluids first. Conversely a trailing
edge region 560 is an area of the proximity head 106 that encounters the area being processed
last. As the proximity head 106 and the process window 538-1 included therein move across
the wafer in the direction 546, the wet area of the wafer surface enter the process window
538-1 through the leading edge region 548. Then after processing of the wet region of the
wafer surface by the meniscus that is generated and controllably maintained and managed by
the process window 538-1, the wet region is dried and the dried region of the wafer (or

substrate) leaves the process window 538-1 through a trailing edge region 560 of the



| ast. As the proximty head 106 and the process w ndow 538-1 incl uded
therein nove across the wafer in the direction 546, the wet area of the
waf er surwaceo«mses® t he process wi ndow 538-1 through tIreTIESaM30g07881ge
region 548. Then after processing of the wet region of the wafer surface
by the neniscus that is generated and3gontrol |l ably maintai ned and nanaged
by the process wi ndow 538-1, the wet region is dried and the dried region
of the wafer (or substrate) |eaves the process w ndow 538-1 through a
trailing edge region 560 of the WO 2004/032160 PCT/ US2003/030718 38
proximty head 106. As discussed in reference to Figures 9A through 9B, the

process proifP WemBfool A@Ms&@se@riﬁ r&ichablog shapsa %M%ﬁgff‘@B tﬁnF %ﬂcgcfé"s”pl e,

rect angul ar, square, circular, oval, sem=circular, etc’ Figure 10B

shows pmm P38y 1 mexyiberagy SmmbléSMpe anth as Afbr eimwplp,rreotamglﬂzyr, fymack, didG11am

accor danc wi t.h.one enbodi nent of the present invention. In one enbodi nent,

the pr8¢ %@H&%@f&ﬂﬂ& 540, 542, and 544 (the regions being shown by the

br oken Imes%F make up the processing w ndow as discussed in reference to
t

Fi gure L] FisushtB éhqyés RPPRSEBE srgienst AL 542 hed Phoefesprionignifliad 196510, 542,
and 544 amdali’lge A o%g %n%gh e%l 6Fh8 t&ﬁ%?eégﬂt éli‘%l%gglaz chneae[sn?bé)élnfl%l}tr#lanpl €,

circul ar, g, sem-cCIrcu etc. as long
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apply and renove fl uids froma surface in an efficient manner. In one
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t he regi on 542 surrounds (or substantially surrounds’) the region 544 with

a ring afd @Qilﬁlioéléblé fuicmenisoy car bg genesatechthatiean apphyand rdimeve Byids frosud
substantl surgounds t he regi on 54 t_has an.o nln 41 er t here
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around the region 542. The opening in the sem-enclosure |eads in the
directi tmtluﬁbs th@@hsr@htrymfrsgmpcr outdts B0y ahy thelpeodeesinlg repiy S4PHecleficrtke i n one

enbodi ment roxiyity head 106 can suppl firs(tgh_% uid to a first
region B r4lity Oﬁ%fglé‘?e IE{%SF %@ée AN ?Wél%regé Bﬁn%lﬁih%]f?@l URGEROF j 1 st
region ijsﬁalﬂﬁal\l‘@ilﬁfoun&é)ttﬁb &gﬁ%ﬁ%lf@&hﬁgopﬁuf& JullBts"304di(©8., 342cuulie
proxi mty head 106 can al so sem -encl ose
ring). The region 540 substantially surrounds the region 544 but has an opening 541 where
there are no source inlets 302 exist on a leading edge side of the process window 538-1. In
yet another embodiment, the region 540 forms a semi-enclosure around the region 542. The
opening in the semi-enclosure leads in the direction of the scanning/processing by the head
106. Therefore, in one embodiment, the proximity head 106 can supply a first fluid to a first
region of the wafer surface from the region 544 and surround the first region of the wafer
with a vacuum region using the region 542. The proximity head 106 can also semi-enclose
the vacuum region with an applied surface tension reducing fluid applied from the region
540. In such as embodiment, the semi-enclosing generates an opening that leads to the

vacuum region.

[143] Therefore, in operation, the proximity head 106 generates a fluid meniscus by
application of a vacuum and DIW in the respective regions 540, 542 in the process window
538 (as shown in Figure 10A). IPA vapor carried on a carrier gas (e.g., N») can be added as

necessary in the respective region 544 (e.g., to aid in moving the formed meniscus). When



the vacuumregion with an applied surface tension reducing fluid applied
fromthe region 540. In such as enbodi nent, the sem -encl osing generates
an openi ngotzaato3kmwads to the vacuumregi on. [143] Ther @Caresoa3n3oper ati on,
the proximty head 106 generates a fluid neniscus by application of a
vacuum and DIWin the respective regi ®s 540, 542 in the process w ndow
538 (as shown in Figure 10A). EPA vapor carried on a carrier gas (e.g., N2)
can be added as necessary in the respective region 544 (e.g., to aid in
novi ng the forned neni scus). Wien WO 2004/ 032160 PCT/ US2003/030718 39 the
proximty head 106 is noving over the wafer surface in an exenplary drying
oper at | 7 r t t he
regi on g% rok?ﬁ ontggé?(z%trﬁgﬁﬁ%%ﬂ?sﬂééﬁx%g%ﬁﬁcg Erg%l %%%lﬁg}g%glggv\? l!(1)(51\} 538 is
dried. Teewdeysufcotaumeviscthangh tid efiedinigtsdd in ite rogioh lsan apdcdrtans e t he

waf er surface lsq(jlt]rtcont acts the nmeniscus 116_is renoved as the neniscus

moves oVEPICHR hiadhe neessa ERdeW W&k 1sdliied o dbe dB‘Fn%O%éﬁSé?ecﬁ"b?? floid B2t  he
PrOCess s W ﬂﬂﬁf;ﬁ%frﬁw di‘tfﬁé Qg sﬁﬁﬁceocﬂﬁr}'ogﬁcé‘ﬂﬂe frx%n&&% 1189 RhovAd F%ng] bly t

contacting t meni scus ergo a drylng process.
shoul d ben&pps @ovestever theatirfadet ﬂﬂiﬂ@lﬁoréh&et}ishtfaédsiotfyl veffersnay @rer the pioges302, t he
plurality of source_inlets 306, and the plurality of source outlets 304

are shoWAndaw §3 dreuphdbs praming S4diindie remondrend by renfagimehe flpiddpenisigs e any

sui t abl ce inlets 302, the source inlets 306, and the
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exenpl ary embodi ments of the proximty head 106. It should be appreci ated
any of opter dinbédments Immmtﬂnml whetfe anp euipabbeaumnbey of gwecsoti®e inlde3O2) thed may

be used as on 0 of the oxigit ea 063 and 106b descri bed above
'n 1o epaneensy 290 apdesatih cBIgH EhinhxBe BB Byo e BRERHBRF R B oc
that fohl@wer 6fhﬁ‘e %lﬁfa% G?stoﬁréé‘?ﬁ‘l@tsmi {A6 sGi¥e fitid 86Y,8n8 A douHlRfut1OR 305 Si ze
that nay enable t I'ui d removal ~ process as described in Figures 6 to 10.
Ther ef oy ganmgrate sictable, oontedllablef fluith eneprsons thit oan iena surfaeof nishlexdrateer ei N may
be utilized in any suitable wafer processing systemsuch as, for exanple,

t he sys[BtSl] 10tbueds 14 Aviardughtl 1CHBLRRke S@npes e embedinichty EftR SR&EnitYhdadgur es 2A

to 2b 106. It should be appreciated any of the different embodiments of the proximity head 106
described may be used as one or both of the proximity heads 106a and 106b described above
in reference to Figures 2A through 5B. As shown by the exemplary figures that follow, the
proximity head may be any suitable configuration or size that may enable the fluid removal
process as described in Figures 6 to 10. Therefore, any, some, or all of the proximity heads
described herein may be utilized in any suitable wafer processing system such as, for
example, the system 100 or a variant thereof as described in reference to Figures 2A to 2D.
In addition, the proximity head may also have any suitable numbers or shapes of source
outlets 304 and source inlets 302 and 306. It should be appreciated that the side of the
proximity heads shown from a top view is the side that comes into close proximity with the
wafer to conduct wafer processing. All of the proximity heads described in Figures 11A
through 11C are manifolds that enable usage of the IPA-vacuum-DIW orientation in a
process window or a variant thereof as described above in reference to Figures 2 through 10.

The embodiments of the proximity head 106 as described below in reference to Figures 11

through 14 all have embodiments of the process window 538, and regions 540, 542, and 544



In addition, the proximty head may al so have any suitabl e nunbers or
shapes of source outlets 304 and source inlets 302 and 306. It should be
appreci atwo 200i32téhe si de of the proximty heads shownPCTarsee3toeqy1i ew i s
the side that comes into close proximty with the wafer to conduct wafer
processing. Al of the proximty headsgjodescribed in Figures 1 A through
11C are manifol ds that enabl e usage of the | PA-vacuum DI Worientation in a
process wi ndow or a variant thereof as described above in reference to
Figures 2 through 10. The enbodi nents of the proximty head 106 as
described below in reference to Figures 11 through 14 all have enbodinents
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enbodi nent, the size of e openings of the source inlets 306 and the
source 6ige pbthe Oﬁmngwoasbwb ifle®B02 rrohice oatlets 804, apid seuwme ifléte 30perei ngs of t he

source inlets 3 ou .03 ipch, .[14 I n_one e nt.. the source
inlets S%Bb‘é’gg O?r’ln dté%(? Qgglﬂ‘fg éé’@ﬂlf@r JPIaé’F‘%fnggg: nngt?oéhlg PUCE8 about
0.03 i ngige @f\ﬁlle%eauh sooi5ché Mﬂc@m&g 306 ﬁd@th@go%fr@é&meﬁs RO IbJTR Bloc ihGe source
inlets 306 are spaced 0.125 inch apart from each other ‘and the source

out | et sadDtheaize of feompdnings dPtheisowhe apets B0Ziscibotie).@dinche i nl ets 302 are
spaced about 0.06 inch apart. In one enbodi nent, the source inlets 302 the

sour ce {47 etisorREmbddememthdsouehiete32iand 306 id addiied to B Sodte HMless 340t S Or
channel s rather than nultiple openings. By way of exanple, the vacuum

inlets 8w4Pecd abeutdfbingband pbauk . Staetharsri. dne Pevcisbleemdivdimeitsthe hercat
least PanLd 3h4 Yre spaced 0.125 inch apart from each other and the source outlets 304 are spaced

0.125 inch apart and the source inlets 302 are spaced about 0.06 inch apart. In one
embodiment, the source inlets 302 the source outlets 304 the may be combined in the form of
one or more slots or channels rather than multiple openings. By way of example, the vacuum
inlets 304 can be combined in the form of one or more channels that at least partially
surrounds the area of the source outlets 306 for the fluid portion of the meniscus. Similarly,
the IPA outlets 302 can be combined into one or more channels that at lie outside the area of
the vacuum inlets 304. The source outlets 306 can also be combined into one or more

channels.

[148] Additionally, the proximity heads may not necessarily be a "head" in configuration
but may be any suitable configuration, shape, and/or size such as, for example, a manifold, a
circular puck, a bar, a square, a triangle, an oval puck, a tube, plate, etc., as long as the source
inlets 302, and 306, and the source outlets 304 may be configured in a manner that would

enable the generation of a controlled, stable, manageable fluid meniscus. Multiple



surrounds the area of the source outlets 306 for the fluid portion of the
meni scus. Simlarly, the IPA outlets 302 can be conbined into one or nore
channel s wbavo4i32i60e out si de the area of the vacuum i nlP€TaIS2@3/030Mh&e sour ce
outlets 306 can al so be conbined into one or nore channels. [148]
Additionally, the proximty heads may4mot necessarily be a "head" in
configuration but nay be any suitable configuration, shape, and/or size
such as, for exanple, a manifold, a circular puck, a bar, a square, a
triangle, an oval puck, a tube, plate, etc., as long as the source inlets
302, and 306, and the source outlets 304 may be configured in a manner that
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t he waf genetd@a controlled stable and manageable fluid meniscus.

[149] Figure 11A shows a top view of a proximity head 106-1 with a substantially
rectangular shape in accordance with one embodiment of the present invention. In this
embodiment, the proximity head 106-1 includes three of the source inlets 302 which, in one

embodiment, apply IPA to a surface of the wafer 108.

[150] In this embodiment, the source inlets 302 are capable of applying IPA toward a wafer
surface region, the source inlets 306 are capable of applying DIW toward the wafer surface
region, and the source outlets 304 are capable of applying vacuum to a region in close
proximity of a surface of the wafer 108. By the application of the vacuum, the IPA, DIW,

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

[151] The proximity head 106-1 also includes ports 342a, 342b, and 342c that, in one
embodiment, correspond to the source inlet 302, source outlet 304, and source inlet 306
respectively. By inputting or removing fluid through the ports 342a, 342b, and 342c, fluids
may be input or output through the source inlet 302, the source outlet 304, and the source

inlet 306. Although the ports 342a, 342b, and 342c¢ correspond with the source inlet 302,



[150] In this enbodinment, the source inlets 302 are capabl e of applying I|PA
toward a wafer surface region, the source inlets 306 are capabl e of
appl yi ng Wb\oednsared t he waf er surface region, and the PeEruseoswsd7ass 304
are capabl e of applying vacuumto a region in close proximty of a surface
of the wafer 108. By the application aofp the vacuum the EPA, DIW and any
other type of fluids that may reside on a wafer surface may be renoved.

[ 151] The proximty head 106-1 al so includes ports 342a, 342b, and 342c
that, in one enbodinent, correspond to the source inlet 302, source outl et
304, and source inlet 306 respectively. By inputting or renoving fluid
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In accoudangs. W bik QRodiment, the distance between the ports is between about 0.125 inch
and about 1 inch apart. In a preferable embodiment, the distance between the ports is

between about 0.25 inch and about 0.37 inch apart.

[153] Figure 11B illustrates a side view of the proximity head 106-1 in accordance with one
embodiment of present invention. The proximity head 106-1 includes the ports 342a, 342b,
and 342c. In one embodiment, the ports 342a, 342b, and 342c feed source inlets 302, source
outlets 304, and the source inlets 306 respectively. It should be understood that the ports
may be any suitable number, size, or shape as long as the source inlets 302 and 306 as well as

source outlets 304 may be utilized to generate, maintain, and manage the meniscus 116.

[154] Figure 11C shows a rear view of the proximity head 106-1 in accordance with one
embodiment of the present invention. The rear view of the proximity head 106-1, in one
embodiment, corresponds to the leading edge 548 of the proximity head 106-1. It should be
appreciated that the proximity head 106-1 is exemplary in nature and may be any suitable
dimension as long as the source inlets 302 and 306 as well as the source outlet 304 are

configured in a manner to enable cleaning and/or drying of the wafer 108 in the manner



enbodi mrent of present invention. The proximty head 106-1 includes the
ports 342a, 342b, and 342c. In one enbodi nent, the ports 342a, 342b, and
342c f eedwerneam2ionl ets 302, source outlets 304, and tReTa06M30ME et s 306
respectively. It should be understood that the ports nmay be any suitable
nunber, size, or shape as long as the 4ource inlets 302 and 306 as well| as
source outlets 304 nmay be utilized to generate, nmaintain, and manage the
meni scus 116. [154] Figure 11C shows a rear view of the proximty head
106-1 in accordance with one enbodinent of the present invention. The rear
view of the proximty head 106-1, in one enbodinment, corresponds to the

| eadi ng f (ETaal 106 I thash : i at ed
that TR sascP il W hoRpEeNIT i, (EPRraHRy eod losTr Rk e ARRRER,

sui t abl é42dwhishsngynfeed flhidrg atlsadt kems ofithegoumet etlsts 302 whidh 3GGpasllsied ktheas t he
source outl et %g%%g%e GO fi%ﬁﬁﬁﬂ in a manner to enabl e cl eani ng and/ or

dryi ng GiPY RYtSet4srshewa in Fign nner WD 2004/ 032160 PCT/ US2003/ 030718 43
descri bed herein. In one enbodinent, the proximty head 106-1 includes the
i nput p&kA  VBlilecthevpgepsrragbodiseents of praximitydeafiedsseribashin Fogureh@A<dCr ce
inlets 2a which r arallel to,th i nput . ports 342c shown.in Figure
e T 12BN Y e BB San e s MBS fueh SR sBRekder bed | n

Fi gur es wafer Lhe praXi@ie heid cufiot ebiBfsuppdria PFREQEH MehifASbn I S drefe @
substrate such as a sem conduct or ma?er, the proxi mty heads cannot easily
suppor t sebspeise diguragyl Irko sl sariys pkgectsdf@n eflga process apgem 4600 inFicgardescel 2- 16
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1650. The edge processing proximity head 1650 is supported and can be moved by a head

support 1652. Supporting the edge processing proximity head 1650 can also include
supplying the various requirements of the various ports 1602A, 1602B, 1604A, 1604B,
1606A in the proximity head 1650 as will be described in more detail below. As a result,
the head support 1652 can include tubes and other supply lines 1654 for supplying the
various requirements of the various ports 1602A, 1602B, 1604 A, 1604B, 1606A in the
proximity head 1650.

[157] The edge processing system 1600 also includes an edge controller for controlling the
edge process. By way of example, the edge controller can control the rotational speed of the
wafer, the chemistry in the processing meniscus 1610, the size and location of the processing
meniscus 1610 within the proximity head 1650, the location and movement of the proximity
head 1650 relative to the wafer 108 and the various pressures and flowrates applied to each
of the various ports 1602A-1602H, 1604A-1604E, 1606A-1606B included in the proximity
head 1650.



1606A in the proximty head 1650 as will be described in nore detail bel ow
As a result, the head support 1652 can include tubes and ot her supply
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edge processing system 1600 al so i ncl udes an edge controller for
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control the rotational speed of the wafer, the chem stry in the processing
meni scus 1610, the size and |ocation of the processing neniscus 1610
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meni scus 1610. [159] The various ports 1602A-1602H, 1604A- 1604E,

1606A- 1808BN O theanerises 16t rol | ed according to the | ocation of the
trailing edge of the neniscus. The neniscus 1610 can be supported by the
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shown being moved in direction 1622 to insert the wafer into the meniscus 1610 until the
edge region 1616 and the edge exclusion zones 1618A, 1618B are included within the
meniscus, forming two separate meniscus surfaces 1610A, 1610B. Surface 1610A is formed
between the top surface of the wafer 108 and the top inside surface of the edge process
proximity head 1650. Similarly, surface 1610B is formed between the bottom surface of the

wafer 108 and the bottom inside surface of the edge process proximity head 1650.

[160] As the wafer 108 is moved out of the meniscus surfaces 1610A, 1610B (e.g., as the
wafer is moved in direction 1620), IPA can be injected through ports 1602A, 1602B to
control the surface tension of the trailing edge of the meniscus surfaces 1610A, 1610B.
Controlling the surface tension of the trailing edge of the surfaces 1610A, 1610B can help
ensure the meniscuses dry (i.e., remove the process chemistry) the edge region 1616 and edge
exclusion zones 1618A, 1618B as the trailing edge draws across the edge exclusion zones

and the edge region.

[161] Figure 16 shows a 16-16 sectional view of edge process proximity head 1650, in

accordance with one embodiment of the present invention. While only one half of edge



between the top surface of the wafer 108 and the top inside surface of the
edge process proximty head 1650. Simlarly, surface 1610B is forned

bet ween twe 2doevasermosurface of the wafer 108 and t he botrcoamsesiodeisur f ace
of the edge process proximty head 1650. [160] As the wafer 108 is noved
out of the neniscus surfaces 1610A, 1G30B (e.g., as the wafer is noved in
direction 1620), |PA can be injected through ports 1602A, 1602B to control
the surface tension of the trailing edge of the neniscus surfaces 1610A,
1610B. Controlling the surface tension of the trailing edge of the
surfaces 1610A, 1610B can help ensure the neniscuses dry (i.e., renove the
process A =Tel es 1618A,
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edge exglu EJF&)n zone 1618A may be |l ess than about 2 nm As a result,
| ocati ons the ports 1602B-F and 1604B-D nay be adjusted relative to the

edge of 8 ired 1 the wafer 108 noves
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mani pul ated to cause the nmeniscus to extend or retract toward and onto or
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of between about 2 nmm and about 15 nm The width of the neniscus 1610 can
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on each 161&6&%&4 ex@dfnﬁ@d af thE AR LRI the 01rcumference of wafer 108 through use of

more or fewer ports 1602A-16-2H, 1604A-1604E, 1606A-1606B. A meniscus 1610 having

a larger arc can also provide greater resonance time on each incremental area of the edge

region 1616 and edge exclusion zones 1618A, 1618B. Multiple edge process proximity

heads 1650 can also used in combination to allow multiple processes to be accomplished

substantially simultaneously, on a single wafer 108. One or more edge process proximity

heads 1600 can also be combined with one or more proximity heads described in Figures 2A-

11C above.

[164] While described in terms of processing an edge of a wafer 108, the edge process
proximity head 1650 can also be adapted to process a straight edge of a substrate having
straight edges. In such an embodiment, the edge process proximity head 1650 can move a
meniscus along a straight edge of the substrate and process the regions of the substrate that
are in close proximity to the edge of the substrate similar to processing the edge region 1616

and edge exclusion zones 1618A of wafer 108 described above.

[165] Figure 17 illustrates an alternative substrate edge processing system 1700, in

accordance with one embodiment of the present invention. The substrate edge processing



region 1616 and edge exclusion zones 1618A, 1618B. Multipl e edge process
proximty heads 1650 can al so used in conbination to allow nmultiple
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waf er 108. One or nore edge process proximty heads 1600 can al so be
conbined with one or nore proximty hegds described in Figures 2A- 11C
above. [164] Wiile described in terns of processing an edge of a wafer 108,
the edge process proximty head 1650 can al so be adapted to process a
straight edge of a substrate having straight edges. In such an enbodi nent,
t he edge process proximty head 1650 can nove a neniscus along a straight
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can al so be included so that a second neni scus 1714B (as
by the ports 1810, 1812, 1814.

[167] Similar ports (not shown) can also be included so that a second meniscus 1714B (as
shown in Figures 19A and 19B, below) can also be included. Similarly, another meniscus
1714C can also be formed by a corresponding set of ports (not shown). Yet another
meniscus (not shown) that is analogous to meniscus 1714B can be formed that opposes

meniscus 1714C.

[168] Proximity head 1710 can be moved (e.g., rotated) in either direction 1802A or 1802B
so as to align the meniscus 1714A, 1714C with the edge of the wafer 108 as described in
more detail in Figures 19A and 19B, below. Figure 18C illustrates one embodiment where
the proximity head 1710 is divided into two separate proximity heads 1710A, 1710B.
Proximity heads 1710A, 1710B can then be moved (e.g., rotated) so as to align the
meniscuses 1714 A, 1714C with the edge of the wafer 108. Proximity head 1710A can be
arranged such that the meniscus 1714A is located just to the right of the contact area between
the wafer 108 and the edge roller 102A. Simultaneously, the proximity head 1710B can be
arranged such that the meniscus 1714C is located just to the left of the contact area between

the wafer 108 and the edge roller 102A. In such an arrangement, the edge of the wafer 108



shown in Figures 19A and 19B, below) can also be included. Simlarly,

anot her neniscus 1714C can al so be fornmed by a correspondi ng set of ports
(not showwp.200dai32em0t her neni scus (not shown) that is amarampeus/B@1sreni scus
1714B can be fornmed that opposes neniscus 1714C. [168] Proximty head 1710
can be noved (e.g., rotated) in eithergdirection 1802A or 1802B so as to
align the nmeniscus 1714A, 1714C with the edge of the wafer 108 as descri bed
in nore detail in Figures 19A and 19B, below. Figure 18C illustrates one
enbodi ment where the proximty head 1710 is divided into two separate
proximty heads 1710A, 1710B. Proximty heads 1710A, 1710B can then be
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m ght apply a cl eaning process to the edge of the wafer 108 before the
edge r oleflﬂsfrm@%l?eé‘élle§°{“ﬁét apaifeqm (e qdge ﬁfél’?if txilis weferafieappitaés a rinsi ng and
drying process to the edge of the wafer after the edge roller contacts the
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two neni scuses 17/14A, 1714C. The proxinmity head 1710°can be rotated until

t he nenmammnﬂ.?Ah&nativklﬂﬁlm Iaemscmgﬁcﬂ?ilnAal’bbﬁCbcam twridcaéd ex thedge rol | er
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102A. In this manner, the two meniscuses 1714A, 1714C can perform successive processes

on the edge of the wafer 108. By way of example, a cleaning process in the first meniscus,

followed by a rinse and dry process in the second meniscus.

[170] Figures 19A and 19B illustrate a side view of proximity head 1710, in accordance
with one embodiment of the present invention. A set of ports 1714A-1 form meniscus
1714A and a corresponding set of ports 1714A-2 form meniscus 1714B. The meniscuses
1714A and 1714B can be formed with the wafer 108 extended between them as shown in
Figure 19B. Alternatively, the meniscuses 1714 A and 1714B can be formed with the wafer
108 not extended between them and the meniscuses then moved partially onto the edge of the
wafer 108 as shown in Figure 19A and then fully moved onto the wafer as shown in Figure
19B. In this manner the edge of the wafer 108, including the edge exclusion zone 1818
(shown in Figure 18B above) can be completely processed as desired. By way of example, if
the edge exclusion zone 1818 is 2 mm wide then the proximity head 1710 can move

meniscus 1714A, which has a 4 mm in diameter, onto the edge of the wafer 108 to perform



meni scuses in short succession such as either before or after the edge
contacts the edge roller 102A. In this manner, the two neni scuses 1714A,
1714C carwpenbdonmeuccessi ve processes on the edge of rog/usadsn3dds. By
way of exanple, a cleaning process in the first neniscus, followed by a
rinse and dry process in the second nyy scus. [170] Figures 19A and 19B
illustrate a side view of proximty head 1710, in accordance wth one
enbodi ment of the present invention. A set of ports 1714A-1 form neni scus
1714A and a correspondi ng set of ports 1714A-2 form nmeni scus 1714B. The
meni scuses 1714A and 1714B can be fornmed with the wafer 108 extended
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Simlarly, when the desired process has been conpleted, the neni'scuses
1714A asdncentrieBhefin(ekg, ssovmsishaift|2046)abfrotafe withie dgefinsf shafte Annedeenoll&?8 such

that the. | SCI d t fai id th d f th
wafer G5B EER Sered s etirdisha a1 S8 hE Rt Shite Gop i BepdasToety. head
1710 andntbegeduer dh’il}hel c%ﬁge,li%r’e@xadl e@?ﬂél%%@él\g}gbp%\@&h Qe Meniof the

present invention. The edge roller 102A is ted”on a tirst shaft 2012.
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(e.g., second aft 2016) .to raot within the first shaft. An edge roller
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In this manner the actuator 2018 can rotate the proximty

a stepper motor) or an arm actuator or other actuator system such that the shaft 2016 and

therefore the proximity head 1710 can be moved in a very precise and controlled manner.

The very precise and controlled manner allows for an accurate location of the meniscus

1714A relative to the edge of the wafer 108.

[173] In another embodiment, such as described in Figure 18C above, where two proximity
heads 1710A and 1710B are utilized, the shaft 2016 could also be hollow and allow for a
third concentric shaft to pass through. In this embodiment, shaft 2012 is used by the edge
roller and shaft 2016 is used by one of the proximity heads (e.g., proximity head 1710A)
while the third shaft is used by the other proximity head 1710B. In such an embodiment, the
two proximity heads 1710A, 1710B may be independently controlled and moved.

[174] In yet another embodiment, where the edge roller 102A is not a driven roller (i.c.,
edge roller does not drive or otherwise cause the edge of the wafer to move) such as if edge
rollers 102B and/or 102C are the driven rollers, then the edge roller 102A can simply be
supported by a bearing on shaft 2012. In this manner shaft 2012 can be coupled to one of the



head 1710 concentrically wth the edge roller 102A. The actuator 2018 can
be a notor (e.g., a stepper notor) or an arm actuator or other actuator
syst em suwb 20tmi32tée shaft 2016 and therefore the proxiPeirtus2em844d071§10 can
be noved in a very precise and controlled manner. The very precise and
controll ed manner allows for an accurage |ocation of the nmeniscus 1714A
relative to the edge of the wafer 108. [173] In another enbodi nent, such as
described in Figure 18C above, where two proximty heads 1710A and 1710B
are utilized, the shaft 2016 could al so be hollow and allow for a third
concentric shaft to pass-through. In this enbodi nent, shaft 2012 is used by
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utilized to process a substrate having a substantially strai ght edge.
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[177] Although the foregoing invention has been described in some detail for purposes of
clarity of understanding, it will be apparent that certain changes and modifications may be
practiced within the scope of the appended claims. Accordingly, the present embodiments
are to be considered as illustrative and not restrictive, and the invention is not to be limited to
the details given herein, but may be modified within the scope and equivalents of the
appended claims.

What is claimed is:



invention. [177] Al though the foregoing invention has been described in
sone detail for purposes of clarity of understanding, it wll be apparent
t hat certworoetsages and nodi ficati ons may be practi ce®Cmiushoas/o8éve8 scope
of the appended clainms. Accordingly, the present enbodinments are to be
considered as illustrative and not resjgictive, and the invention is not to
be limted to the details given herein, but may be nodified within the
scope and equi valents of the appended clains. Wat is clainmed is: WO

2004/ 032160 PCT/ US2003/030718 50 Cains 1. A nethod of noving a nmeniscus
froma first surface to a second surface, conprising: formng a neniscus
between a proximty head and a first éHrié Ece; and novi ng the neni scus from
the first surface to an adjacent sec rface, the second surface being
parallel to the first surface. 2. The method of claim 1, wherein noving the
meni scus to the first surface to the adjacent second surface includes

movi ng tlhe néninsthod of owivittgrmamesisdusifetm p first isarfiacefto tlsecondesnifasay, somprisitgpor t ed
between a first .portion of the head and the first surface and a second
portion of tﬁ@mﬂg%?ggﬁng%h§WBﬁb?P%Hnﬁﬁﬁmﬁéﬁnga BoHE2 552 on of the head

and the secomghvifibhb Affiscs fr&liaqh@ﬁ%sh 919‘&8% t&mﬂadckm ééeaﬁ{g S0 TRE 'ge%iogg

novi ng the neni scus fromthe secon surtrace a onto t Irst surtace. 4.
A syst eswfiane beingipacpliel toethe ficusudffacem a first surface to a second surface,
conprising: a first surface; a second surface being substantially
co-planar with the first surface; and a novable head capabl e of being

moved i 9 a fimhsinfdegidem ﬁ%}&?hjo%ngﬁle RE 1@§L{§dtb o st %}lrfagw flet he first
surface and the second surface and capable o eing noved 1nh a second
di r ect i edjasanbs¢cand sadficg ipcnddsimedvitgthe meeniscussuch ulidt adastapuditidhef thecond
surface. 5. The systemof claim4, wherein the edge PI atform substantially
SUr I oundRenispus iss gtbgt_ween a first portion of the head and the first surface and a second

portion of the meniscus is supported between a second portion of the head and the second

surface.

3. The method of claim 1, further comprising moving the meniscus from the second

surface and onto the first surface.

4. A system for moving a meniscus from a first surface to a second surface, comprising:
a first surface;
a second surface being substantially co-planar with the first surface; and
a movable head capable of being moved in a first direction substantially
perpendicularly toward the first surface and the second surface and capable of being moved

in a second direction substantially parallel to the first surface and the second surface.

5. The system of claim 4, wherein the edge platform substantially surrounds the

substrate.

6. A method of optimizing surface tension gradient of a meniscus, comprising:



6. A method of optim zing surface tension gradient of a nmeniscus,
conprising: WO 2004/ 032160 PCT/ US2003/030718 51 selecting a first nmateri al
for a firwD2ew@amwe; sel ecting a second material for a Pexarsdoswsiage, the
first material having a different hydrophilic property than the second
material; and form ng a neni scus betwegn the first surface and the second
surface. 7. A system having an optim zed surface tension gradient,
conprising: a first surface including a first nmaterial; a second surface
including a second material, the first material having a different
hydrophilic property than the second material, the first surface being
substanti al | ¥el@§fr%ld{ﬁlstm§ﬂz PRy B e fiR. t he second surface. 8. A nmethod of
processi ng an edge€ of a substrate, conprising: forming a nmeniscus inside a
concave port iselactifg & deeomt muieninl fpr headnd tinéacectha €iastenfreridl ihavinp @idiffere@pabl e
of receivi ng ij}lt | east a ptgrti on_of an_ edge of the substrate; 9. The net hod
of cl ai MYSroPhilic prenerty Shasy the serend matssehnflg the substrate by an edge rol |l er,

t he edge rol ! ! iy i ; i e meni scus onto
t he edge of tfﬁ{emg%gﬁégg?gs.&fggaﬁlg]ﬂ%%tsﬁg%goapdc aslem%c!{l?f&% ‘her conpri sing
nmovi ng the neniscus off of the edge of the substrate. 11. The nethod of
claim8, wherein noving the neniscus includes increasing the size of the
meni scus. WD 2004/ 032160 PCT/ US2003/030718 52 12. The nethod of claimS8,
wher ei n4t he ad : ~ ' I erential  edge of the
subst rat7 e an% %ﬁgﬁf&%ﬁﬁ@%&@%ﬁ%ﬁ%&é%&?} %Pgéa?féng’%’ ]ﬁ?ﬂ% of the

ci rcunf er ence fivft suifhe: indlbdingat fist th@eridipe met hod of claim 8, further

conpri sing novi ng the neniscus al on% the_ed%e of the substrate.
a second surface including a second material, the first material having a different

s

hydrophilic property than the second material, the first surface being substantially parallel

and proximate to the second surface.

8. A method of processing an edge of a substrate, comprising:
forming a meniscus inside a concave portion of the proximity head, the

concave portion being capable of receiving at least a portion of an edge of the substrate;

9. The method of claim 8§, further comprising:
supporting the substrate by an edge roller, the edge roller including a proximity head,;
and

moving the meniscus onto the edge of the substrate.
10.  The method of claim 9, further comprising moving the meniscus off of the edge of

the substrate.

11.  The method of claim 8, wherein moving the meniscus includes increasing the size of

the meniscus.



14. A method of claim@8 further conprising: noving the neniscus onto the
edge of the substrate such that a | eading edge of the neniscus is split in
to a firswoleadidagoedge and a second | eadi ng edge, the fPCTaiS20084d07g edge
bei ng supported between a top surface of the substrate and correspondi ng
top inside surface of the head, the sgcond | eadi ng edge bei ng supported
bet ween a bottom surface of the substrate and correspondi ng bottom i nside
surface of the head. 15. The method of claim 14, further conprising noving
t he meni scus off of the edge of the substrate such that the first |eading
edge and the second | eadi ng edge conbine to reform the |eading edge of the
meni scugy 16: Srshipf W , I e f_t ubst rate

i ncl udegz'a C|Trh (g:-lh}%fﬂ{egr%fentl a 8’3&%?@)#%6&%@%@3? ?%’?gtealﬁ%ﬁg‘%ea éﬁ%ﬁfng%rﬁgmﬂs
forned iedgeof the subatrawadd die hewsdus @anqortigases ableastheortéd 6LthE er@icRredte bhe
substrate. F1)7. A system for processing an edge of a substrate conpri sing:
an edge hecl'Peifate.a first proxinmity head mounted on the edge roller, the
first proximty head capable of formng a neniscus, the first proximty
head i ncludi ng: WO 2004/ 032160 PCT/ US2003/ 030718 53 a concave portion, the
concave portion capable of receiving an edge of a substrate; and a
pluralit ofTﬁorts opening into the concave portion, the plurality of ports
i ncl udi Hé-; ¢ @xthodpiclamgsy, darther pofpasingperingdhe meniseus adeng thesdgerfe vacuum
port; a s\?\l}hs&a‘?&ﬁ one surface tension control port. 18. The system of
claim17, erein the edge of the substrate includes a circunferenti al

edge of the substrate and the first proximty head is capable of formng a
meni scus capabl e of covering at |east a portion of the circunference of
the subdtr atémi@PdAfglﬁgﬂ&f\ll%éﬁfcﬁmB@@Qgii ng an edge of a substrate

conpri sing: n%vrh%qge h{yﬁlsg@ 8o the edge of the substrate such that a leading edge of the

meniscus is split in to a first leading edge and a second leading edge, the first leading edge
being supported between a top surface of the substrate and corresponding top inside surface
of the head, the second leading edge being supported between a bottom surface of the

substrate and corresponding bottom inside surface of the head.

15.  The method of claim 14, further comprising moving the meniscus off of the edge of
the substrate such that the first leading edge and the second leading edge combine to reform

the leading edge of the meniscus.

16.  The method of claim 14, wherein the edge of the substrate includes a circumferential
edge of the substrate and the meniscus is formed in an arc around at least a portion of the

circumference of the substrate.

17. A system for processing an edge of a substrate comprising:
an edge roller;
a first proximity head mounted on the edge roller, the first proximity head capable of

forming a meniscus, the first proximity head including:



a concave portion, the concave portion capable of receiving an edge of a
substrate; and a plurality of ports opening into the concave portion, the
pl ural i t ywof20p032®0 i ncl udi ng: a process |liquid injecti ®ATASRC03/0347W® OF
nore vacuum ports; and at |east one surface tension control port. 20. The
system of claim 19, wherein the edge df3 the substrate includes a
circunferential edge of the substrate and the head is forned in an are
around at |east a portion of the circunference of the substrate.

a concave portion, the concave portion capable of receiving an edge of a
substrate; and
a plurality of ports opening into the concave portion, the plurality of ports
including:
at least one process liquid injection port;
at least one vacuum port; and

at least one surface tension control port.

18.  The system of claim 17, wherein the edge of the substrate includes a circumferential
edge of the substrate and the first proximity head is capable of forming a meniscus capable of

covering at least a portion of the circumference of the substrate.

19. A system for processing an edge of a substrate comprising:
a head including:
a concave portion, the concave portion capable of receiving an edge of a
substrate; and
a plurality of ports opening into the concave portion, the plurality of ports
including:
a process liquid injection port;
two or more vacuum ports; and

at least one surface tension control port.

20.  The system of claim 19, wherein the edge of the substrate includes a circumferential
edge of the substrate and the head is formed in an arc around at least a portion of the

circumference of the substrate.



