1 METHODS AND SYSTEMS FOR PROCESSI NG A SUBSTRATE USI NG A DYNAM C LI QUI D
MENI SCUS BACKGROUND OF THE I NVENTION 1. Field of the Invention [1] The
present invention relates generally to sem conductor nanufacturing
processes, and nore particularly, to nethods and systens for efficiently
applying a process to an edge of a slbstrate. 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 perforned that | eaves unwanted residues on the surfaces
of wafers. Exanples of such a fabrication operation include plasma etching

(e.g., t h ke i hcal Ll C\VP) .
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a polishing surfac The polishing surface use slurry which consists of
chenical s and abr aiﬂSlNﬁu& YNAg/IIGatdQUﬂB ENES6JISunf ort unat el y,
the CWVP process tends to | eave an accunul ation of slurry particles and
resi dues at the-wafer surface. If left on the wafer, the unwanted residual
material and particles may cause, anong other things, defects such as
scratches on the wafer surface and inappropriate interactions between
netallization features. In sone cases, such defects nmay cause devi ces on
the wafer to becone inoperable. In order to avoid the undue 2 costs of

di scardi ng wafers having i noperable devices, it is therefore necessary to
clean the wafer adequately yet efficiently after a fabrication operation
that | eaves unwanted residues. [3] After a wafer has been wet cleaned, the
waf er nmust be dri'ed effectively to prevent _water or cleaning fluid
remants from | eavi ng r e RAGKGROUNROGBHEINVENTION c| eaning fluid on the
waf er surface is allowed to evaporate, as usually happens when droplets
form residues or contam nants previously dissolved in the cleaning fluid

wi ll remai npRM e Wl &ltionur f ace after evaporation (e.g., and formspots).
To prevent evaporation fromtaking place, the cleaning fluid nust be
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waf er
and more particularly, to methods and systems for efficiently applying a process to an edge of

a substrate.

2. Description of the Related Art

f21  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




surface. In an attenpt to acconplish this, one of several different drying
t echni ques are enployed such as spin-drying, |IPA or Mirangoni drying. Al
of these drying techniques wutilize sonme formof a noving |iquid/gas
interface on a wafer surface, which, if properly nmaintained, results in
drying of a wafer surface without the& formati on of droplets.

Unfortunately, if the nmoving liquid/gas interface breaks down, as often
happens with all of the aforenentioned drying nmethods, droplets form and
evaporation occurs resulting in contam nants being left on the wafer
surface. [4] The nost preval ent drying technique used today is spin rinse
dryi ngedstRPdischi @af%rs HabingShét£e am&@ems tBérefdre adicBar toilelsm 8o a waf er
10 during an SRD drying process. In this yi ng process, a wet wafer is
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becausa)nsanmhaﬁubémgeb&tdsze;melwaf&meﬂacand wat er based (aqueous) cl eaning
solutions. Therefore, as the drying process

{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 (1.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 (thé wet area) outside of the moving liquid/gas interface 12

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




continues and the cleaning fluid is pulled away fromthe wafer surface, the
remaining cleaning fluid (if aqueous based) will be repelled by the wafer
surface. As a result, the aqueous cleaning fluid will want the |east
anount of area to be in contact with the hydrophobic wafer surface.

Addi tionally, the aqueous cleaning sadution tends cling to itself as a
result of surface tension (i.e., as a result of nolecul ar hydrogen

bondi ng). Therefore, because of the hydrophobic interactions and the
surface tension, balls (or droplets) of aqueous cleaning fluid forns in an
uncontrol |l ed manner on the hydrophobic wafer surface. This formation of

dr opl ebfthe eRuhihg (il foh@ ohahdivdler en@ Bt ahinaNoR Ay bb&ur&eB k@ 8V apatation of
di scussed previously. The limtations of the SRB are particularly severe at

t he cetiediopetst Ne sughaitds impiiative thetrirepleiiganatior ad the subsequsnt ¢vaeomtiop| ets i s

the sngl . nse nt | t h. the S rqce i resentl.y the nost
commonPulged R ORIl FrpLR Hhier e DRRSE Y, e PRET Mudeci

f or mat ineiho@t aeloaBpargally dibebsshPi tBE pre@Bntidheo RS8Rz Byl ARETRENREIKAbWY. When
used on hydrophobic wafer surfaces. An additional problemis that the edge

of thergjwaf gr,Sifdnage S‘i@ﬁ‘ﬁﬁﬁe&' Hab dﬁﬁtﬁlg@?@t}f g&%%g h%%? gﬁé&g tHaPBre SRD

[
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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

[71 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




the neniscus is noved onto the edge of the substrate. [9] The nmethod can

al so include noving the neniscus off of the edge of the substrate. Moving
t he neni scus onto the edge of the substrate can include rotating the
proximty head about an axis of the proximty head. Moving the nmeniscus
onto the edge of the substrate can & so include noving the neniscus
relative to the edge of the substrate. Myving the neniscus can also

i ncl ude increasing the size of the nmeniscus. [10] The edge of the substrate
can include a circunferential edge of the substrate and the neniscus
enconpasses at |least a portion of the circunference of the substrate. The
MeNi SCatarab@a RS GutdiecREBR mddil, e aslbist r séeriMidRinfivdé Hgb@dmkhten of the
circunference of the substrate. The neniscus can enconpass at |east one of
a top <lhe aescnd dgentee pgsiessribedbeloand a bottom surface edge excl usion
zone. The nethod can al so include noving the neniscus along the edge of

t he sul§t r aDec efpbddimanoproeides aomthadeoftpryoessingl@sedresf atsebatfagr. Fheocessi ng an
edge of ubstrate. The stem includes an edge roller an first

pr oxi n?’f*@‘oa éréfzu‘{‘%%“ﬂi’Pth’tg tﬁ%/%sﬁf‘tte?ﬂ?@&&g%@lﬁb ‘Eﬂ%é‘&fﬁ%ﬁn‘gﬂ‘@nt‘éﬁlge roller.
The T pkinRfyoRdal! WmBRRcsGRRAHIeE iffiad LR SortiBbERE prddidlity hos. Udeng_a
concave portion and nultiple ports opening into the concave portion. The
concavepnpavd postiotbeding caapkblfecaiving adeast ngoaivnedge cdfe of thelbdistratandnd t he
ports including at |east one process |liquid injection port, at |east one
vacuunilp Shenisghgis gpoved gafo @ﬁ@d%firj?ﬁ‘"g‘éé“bsfréﬁsi on control port [12] The edge of
the substrate can include a circunferential edge of the substrate and the
first Bdoxi hhamethedgan slse pphisleanefing thermergscas ﬁgfrﬁfﬁlﬁﬁdgé apHsisebyfatcover i ng
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a secogibui Sxis dhle iprd:anitsHhiesd. A vindehs REARELsHNS tHe RAHSS the QiMERicrda. The
first axis and the second axis can be rotated i ndependently. [13] The

syst entleaiiciude mivwing the megéscas sdatiyado theoxlgerpt the iselsgrateT Mdowidg éheonenismas
substrate Cﬁg_include a rential edge and the first proximty head

@nglied u%?%%FWPP§tﬁ%%%%ggﬁ%n€ﬁﬁgﬁTe of being positioned over the

and t hé secC

circu ential edge. The first proximty head _and the second proximty
head 2{1@5 caphfiEssy theetuhgfrath sripertgn £ cycpiTentighwdee &4 g sufgirate and the

meniscus encompasses at least a portion of the circumference 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 circuinference of the substrate. The edge roller can be mounted on a first axis and the




circunferential edge. The first proximty head is capable of |ocating a
first nmeniscus on the edge of the substrate before the edge of the
substrate contacts the edge roller and the second proximty head is
capabl e of locating a second nmeniscus on the edge of the substrate after
the edge of the substrate contacts the edge roller. The systemcan 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
systemincluding an edge roller nounted on a first axis, a first proximty
head nbushpmwdimidonheadse oomodtedoins. seddrel s@c oFte faxi s sdabnsenhd atis vad be t he
first axis. .The first proximty head capable of form ng a neniscus. The
first (AOGKHHE @hﬁgésél axig Apd feseeonddorisiag Ysapiatcdandepprdentigncave portion is
capabl e of receiving an edge of a substrate. The first proximty head al so
i ncl udd3! nullee piseenpennt fyrtheranilude @ second pexpoiy head. Jdeeidgmof theulpstrates i ncl ude

at | east. . rocess li.quid injection part, at |east one vacuum port, and
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second axis the axis capable of being rotated mc?ependently fromthe first
axi s. Inighe @vend prudnite head e caubl of bemgtodepehdently prgjtianavemiesthes from a

first surface t second surface includes farm ng a.neni scus between a
head afid ugl%?l]’e?t%%ci e?ﬁ?‘f’g@ee .lrsﬁ'ﬂr@XIng’hﬁ‘?gdgc@ﬁﬁieﬁ’g E%Ug‘éa firgh ROHREUS P &F surface
to an afeac aidtsubQeABeior thectue dfife As@RBUbntace RN S HIfeRGR MHEIsBSRAT al | el
to the first surface. Mving the nmeniscus parall el ?o the first surface to

t he adpragianty knad dnerpsblefofideratnga serond denisovs orgthe kdgaelithe sulstsigaifiet that a

first orti,on of the neniscus is.supported between irst portion of the
head aeﬁ10 etoﬁgefs’lu&tfat%ﬁwafése&% eagﬁ:lmélerse SioEy N 3o ’Fca}‘t“iIlFea ‘?‘r’é‘&rus i's
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The neni scus can al'so be noved fromthe séecond surface and onto thé first
sur f adeead. Movi ng the neni scus fromthe second surface and onto the first
surface substantially renoves a liquid that fornms the neniscus fromthe
second14lir f deranoifieeciitbodif@uSproaideah sptdie forghrdd@wial hibeddeifursabdtudg. , burst)

when the neniscus is fully renoved fromthe second surface.
- 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




[17] The second surface can be substantially co-planar wwth the first
surface. Form ng the neniscus between the head and the first surface can
al so include noving the head to a position proximate to the first surface.
Form ng the neniscus between the head and the first surface can al so
include injecting a selected liquid féoma first port in the 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 substrate. The head
can be wider than a radius of the substrate. Alternatively, the head can

be wi demd 4 bmondpbtibh of itenmatBscusis supportaltagédat £secbiPporfibe oS e dpsH sid f ace
can be separated fromthe first surface by a gap. The second surface can
al so beSerdauiiaeative to the first surface. The second surface can be
rotated relative to the first surface. A material of at | east one of the
first EMdf adbe menisceseasomtbodrieisd froa thetsheodesadacaamdomits tedubtedrface. opt i mi ze
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the first surface. A novable head is also included. The head can be noved
in a fallewed tdirnpiote (org. . dubt whdrn tht imenpenyis ddilcreaved dwar e sbnfliswsscesur f ace
and the second surface and also can be noved in a second direction

subst afit7] al Tye paoad bhatact 0ai besdbstaatialed plagararich hb Eirgeadnst. Fownimare [ 21]
The first. surface can include an ec%g pl at form and the second surface can
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[ 22] Thefsecanassinchaie énjeamghiesetepanRfuRbfrbmanisysorf inft6é hédd indGpphg gap.
The second surface can also be noving relative to the first surface. The
secondv&ypmERm agpcondertia thakmagi i ng rel ative to the first surface. A
material of at |east one of the first surface, the second surface and the
head cH$1beThefistswlhce campt amedee datBumnt axdaht saesndsurfpcadirehd a sitRBhte Anot her

enmbodi nent ;i ncl udes a net ho f optimn zi surface fensiqgn adi ent that
: JfEe edge p(fat Or'm can surroundd at?east fP portnllon op g‘le substrate. ”fherheag caI%J {)e 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




includes selecting a first material for a first surface, selecting a second
material for a second surface, the first nmaterial 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 & 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] Another enbodi nent
i ncl udes a system having an optim zed surface tension gradient. The system
i ncl udesdea tfanmstdiasiof e subididte. ANeindt@dy ahé héRltcaiBt @fil@ltharda SR6RAMosUr f ace
that includes a second material. The ?i rst material having a different
hydr optelSPestskeperty than the second material, the first surface being
substantially parallel and proximate to the second surface. The first
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surface can be an edge platform [2 Anot her enbodi nent 1 ncludes a net hod
of pr oowkst anyl da healheandfe salesighso Dpnumzeﬁharfacmethimm gadieincl ude formng a
meni scus inside a concave portion of a head. The concave portion being

capabl g3pf Asc®éNvdmighdhehaAdlda PaEthb®Bf itindiRin@RUFa& tehdi6n SMBRLE @he. The
meni scus. can be noved onto the edge of the substrate such that a | eading
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substrate and correspondi ng bottom inside surface of the head. 8 [26] The
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first | a he ,secaond,.l.eadi reform
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Meni scs fire@lsaffhosantiohd fLordlgRf0E. ThEethiRIUWashEAl A beMﬁ\éﬂF@prltatfsmﬁem scus can
al so incl ude |ncreaS|ng the size of the neniscus. [27 he edge of the
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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 comresponding bottom inside surface of the head.




substrate. The neni scus can enconpass the edge within the portion of the
circunference of the substrate. The neni scus can enconpass at |east one of
a top surface edge exclusion zone and a bottom surface edge excl usion
zone. [28] The neniscus can extend a different distance along the top

i nside surface of the head than aloy the bottominside surface of the
head. The edge of the substrate can nove relative to the head such that

t he neniscus is noved al ong the edge of the substrate. [29] Another

enbodi ment i ncludes a system for processing an edge of a substrate. The
system i ncludes a head. The head includes a concave portion capabl e of

recei vi28y aThefgRisOfs cad aB DS i of liFeh&QNE Y trel bt AN s@hSRad RCHitdes
mul tiple ports including a process liquid ™ injection port, two or nore

vacuunepdng sdgeaand the sdcend teading edgy ¢amiine tavsfom the adiolg edge of thfhe edge of
the subpstrate,can al,so include a circunferential edge .of the substrate and
the arBenisiiss MO nEN duortiut Fay Refrer FRTHEsPE meisaRerotae O il Q88 bfon of
the cisubwier BRI ghe bltfiscsdQntdRtiBelulsAkrelifg URT S RUST (ROBRdiskmnt s of the
present invention provide the advantage of noving an intact neniscus from

a firsgprsurtg [ Lol > rf,aC a
Subst 178" TREEE of e B R0 08 ERLREL ol QR PEER S R Bppfarfagg 2
secondths meniacas tam Hehferméd imsin scisdasd ateivght & penionhe thiedicedfsreficsolibe al | owned

to burst or be disabled. D sablinglthe meni scus off of the second surface

ensur e¥PpRae- T ReMsniseys 3 crernrasy thegdge within the powsiog ol ghesgiscumberenereot] i qui ds

that f f vant i's
that s CHpaot Taneicll e heDfpaRGn My AEDL o il RO BN ANE 5
t hr ougdndusieotwin suifaed gdeesdxapribntreael t hat can support a neni scus around the

edge of the substrate. 9 [32] In another advantage, the materials of the

head, pdye Phaibikdls BRExBHPS UIRlEt GRRarRE alo%? IRCHE Sndi @ sulrfaeL bf ESR&FT I Ve
hydr ophi i ¢ or hydrophobic properties so as To increase the surface

t ensi othagypladg dretbotiom iwsidp swifacagf thedhaadnilbe odgebdtihveetbsautd canmolve rdisgtadt, edge
nvent Pahe pROHEL TRh B dikpiitsanred risb g abe B Fe. 0. 6l cancd.
ete hed[)29?]c Aggthgrue%?l;ord?zglgnttirrl]gh?clljegsrz]l sl;/sstgmof]:)r Srrc])cees(g%gai r:a%gg gf 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 surface (e.g., a
substrate, a wafer). The intact meniscus can aiso 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.




head that can support a neniscus around the edge of the substrate. [34]

O her aspects and advantages of the invention wll becone apparent fromthe
foll owi ng detail ed description, taken in conjunction with the acconpanyi ng
drawings, illustrating by way of exanple the principles of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS [ 3%} The present invention wll be
readily understood by the follow ng detail ed description in conjunction

wi th the acconpanying draw ngs, and |like reference nunerals designate |ike
structural elenents. [36] Figure 1 illustrates novenent of cleaning fluids
on a wafer during an SRD drying process. [37] Figure 2A shows a wafer
procesgzg EyElotH® h@va@ﬁa%@rtﬂéﬁﬁ@bdﬁlst&f tH@Eea%”&igé'ﬁFﬁfﬂmpﬁnd MH@II&E RHER
invention. [38] Figure 2B shows an alternate view of the wafer processing
syst enfdlest ﬁ@éF@a’rr@@emﬁlwhydmrélﬂmddfﬂmhbblofpr@ee@femp as hyetdasthe[ 39]  Fi gur e
2C illyus es. a s ose-up view of. th wafer Si ng holdlng
2 war SR o b PR Ra Lo Betieet e bR BERe I bBERlTE. [ 4o

Fi gur eagdusbems anot her side cl ose-up view of the vvafer processi ng system
in accordance with one enbodi nent of the present invention. [41] Figure 3A
shows op dual

pr oxi mﬁatg’?/ hgg%gé&?dﬁlkag%géﬁﬁaéﬁg% %ﬂfﬁ%gqneﬁgﬁﬁlé&?ﬁggy%@mﬁ esgnt i nvention.
10 [ 42prokegyinpenBeé (d gistlemicd setehed) dithe sebwtrate thieghabes! prageskipeg system
with dual proximty heads in accordance with one enbodi ment of the present
i nvent N, thit4ap S‘Fﬂpﬁﬁraemﬂlﬂs‘"éﬁ@\‘iﬁmﬂ thogdagiobiesbgiral@af er processing system
which includes nmultiple proximty heads for a particular surface of the
waf er [34] acObred aspeetswhd hdomiagesbioitic isientiol will becopreeappatent fromrthé on. [ 44]

Fi h f th f t em whi ch | ud
mut't1 pf PR RS afeny iR G P B B TR
accor dapeeatMptty WhLoRERRPIRE briffiplet BEtHBGSRAEA5. Nventi on.

BRIEF DESCRIPTION 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] Figure 2C illustrates a side close-up view of the wafer processing system holding a

wafer 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} Figure 3A shows a top view illustrating the wafer processing system with dual

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




[ 45] Figure 5A shows a top view of a wafer processing systemwth a
proximty head in a horizontal configuration which extends across a

di aneter of the wafer 108 in accordance w th one enbodi nent of the present
invention. [46] Figure 5B shows a side view of a wafer processing system
with the proximity heads in a horizdtal configuration which extends
across a dianeter of the wafer in accordance wth one enbodi nent of the
present invention. [47] Figure 5C shows a wafer processing systemin
accordance with one enbodi nent of the present invention. [48] Figures

5D 5F show side views of the wafer processing systemas the proximty
heads M2le Figaradilbstrstes o ontetvivay sLtht anes Whcesiifg waten wit duhepragdinagent edge
pl atfo[lm in accordance with one enbodi nent of the present invention. [49]
Fi gure “?éséthé%gr NGy ER ope srbadimeyt oibe prasen inveaiP@ance with one embodi nent
of the present invention. [50] Figure 5H shows a wafer processing system
in acc ﬁanE@UW 44 slgves ettipodéwehe wafer prévespnesystem whiocbribelodes riliipleFi gur e 5i

is af r iagram of .t he net operations, of usjng a .er cl eaning
and dr b‘%ﬁﬁlj‘?@@?@ﬁg‘%ﬁ PRI ot Be b COT T b ore ﬁ@\é’%&mmf

i nvent iepresemZhvdritiddr € 5J is a detailed cross-sectional view of the edge
platformin accordance with one enbodi nent of the present invention. 11

53] F - X 41 i i . i h b
ur i1 20 oA Ss ndh SO e Btk BB P R bR R B o

t he prpseimity eedsforamparfiaddr shifacy of tBBwaled Wb abt=Red wik 0xé BinbydihRatof
inlet/qutlet orientation that may be utilized to clean and dry the wafer
in accOFPETER W EHoBne enbodi nent of the present invention. [55] Figure 6C
shows a further proximty head inlet/outlet orientation that may be
utilizBE®] tBigerecwhskaves aliop vidve ofafveferiprocassing shaeoewith ahprarimigibadinnent  of

the pregsent invention. [5 Figure 6D illustrates a_ preferabl e enbodi nent
of a V\g‘?r&o“@;l g,?ﬁbguﬁaﬁlgge@y% ﬁ’&?g G582 d&:"’(?i‘ﬁiﬂ'&%élée B’?feél éﬁk"fcﬁ‘i’rld?‘_lq’?ead in
accor daiken¥tiBodiRneSNAE LARAL iRfentiBs, Present invention. [57] Figure 6E
shows anot her wafer drying process using another source inlet/outlet

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

the present invention.

[48]  Figures SD-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 SH shows a wafer processing system in accordance with one embodiment of

the present invention.

[51]1  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 57 is a detailed cross-sectional view of the edge platform in accordance with

one embodiment of the present invention.




orientation that may be conducted by a proximty head in accordance with
one enbodi nent 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 enbodi nent
of the present invention. [59] Figurédl7A illustrates a proxinmty head
performng a drying operation in accordance wth one enbodi nent of the
present invention. [60] Figure 7B shows a top view of a portion of a
proximty head in accordance with one enbodinent of the present invention.
[61] Figure 7Cillustrates a proximty head with angled source inlets

per f or (i3hg Bigdreys A ghovapep@ixininy haaddaeoostn odembtidh maEmeboghiiRako of t he
present. invention. [62] Figure 7D illustrates a proximty head with angled
sour ceClFH). #ddry He wrfgT Brcserdanss widy preBbosimersrafithrypraseat iivaefider ati on in
accordance with one enbodi nent of the present invention. [63] Figure 8A

i |1 ust 58 esFiguksi @ shavemnothet hexpnivy heddt iplebeuilts ofiontatierethanmay te aliliaf er

surface ¢l eani nd dryi ng system.in accqrdance wi.th one enbodi nent of the
o e ar® e e e e R B oD o e e IBSREm o 5 dual
waf er rface cleaning and drying systemin accordance with one enbodi nent

of t hefsléﬂ esEBIS Gy ehsonfurhenproringty fead Anlpy ouilst prgnsasion thatgaasty wifizal ndow i n
accor dange Wb rﬁ{,’g@‘? gﬁz{f%‘éﬂ :agFJ}ﬁan%E WiftConeRifR e e \%IY ﬁ%go:}fv@slgm ingeGrltiogl gure 9B

illustrates a s crrcular processing N ‘accordance with

o 0cosBohi nHEIANR HISES R Brelpbly caibodBisrt  § Wkt &iaseroReo MR e he' -
pl ur al idndudbd 59@@9&[1%&8?'@5@1& RcHATUAHRE EndMrhtb PREN TR FRAL %&Enﬁd?ﬁ _

present invention. igure 10B shows processing regions of a proximity

head i B7f‘c Cﬁrggﬁr@fsthmanﬁ%r wgng 88111@ [[;'IIOC«%fS uEiHE ahbHESR rcierft\{lgg (F)xlltfé?

orientation that may be conducted 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.

[59] Figure 7A illustrates a proximity head performing a drying opefation in accordance

with one embodiment of the present invention.

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

embodiment of the present invention.

[61] 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.




[69] Figure 11A shows a top view of a proximty head with a substantially
rectangul ar shape in accordance with one enbodi ment of the present
invention. [70] Figure 11B illustrates a side view of the proximty head in
accordance with one enbodinent of present invention. [71] Figure 11C shows
a rear view of the proximty head iniaccordance with one enbodi nent of the
present invention. [72] Figure 12 shows a | ayout view of the edge
processi ng system in accordance with one enbodi nent of the present
invention. [73] Figure 13 shows a side view of the edge processing system
in accordance with one enbodinment of the present invention. [74] Figures
14 andehp ShQWeBE sHoRaNe Sloslfnity BMdOTn 4 B9l QHES sBFRGEISOxaringhead in
accordance wth one enbodi nent of the present invention. [75] Figure 16
shows wysB: ingicewdanceneith aieeambpidinelyof thequessst prvexioni t y head, in accordance
wi th one enbodi nent of the present invention. 13 [76] Figure 17 illustrates
an al tf@shat Figeretubshusites e fgeepimpoemdongn aydtdiite vithane embadicent uf thlh one
enbodi ment of the present invention. [77] Figures 18A-18D are detail ed
vi ews BIFSORBIVERIES ity head, in accordance with one or nore enbodi nents of
the present invention. [78] Figures 19A and 19B illustrate a side view of
proxi ni66y heéigdre Ghillusicuecasbhstaniially Greslar @rdseskingewindof it hecqrdawe miith
i nvention. Zi{%h Fi ?ﬁ}re 20 'tl |l ustrates a sectional view of the proximty
head afitf G of B9 IV ®r dance with one enbodi ment of the present
i nvention. DETAI LED DESCRI PTI ON OF THE EXEMPLARY EMBCDI MENTS [ 80] Sever al
exenpl 87) cHiguG; Pénshows sp cReplRsPIaRess Xpndavarih dhe pigrality lcsosegedpletse. g. |
cl eani g, . ri wSi j ' : : f ' be
desori B APl pficplr ik GG FRoRRERCE LB B Rhocer BOMECTS o e ser
forth proseat heenticn. provi de a thorough understanding of the present
invention. It will be understood, however, by one of ordinary skill in the
?L te ) et[iss] tRGuRN BN wis PYERELi S re@R¥s B a BFAEhitF Rhdth aBHarR @ WRttneal | of

S

embodiment of the present invention.”

[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.




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] Wiile this invention has been described in terns of
several preferred enbodinents, it wll be appreciated that those skilled
in the art upon reading the precedi nd3specifications and studying the
drawings will realize various alterations, additions, pernutations and
equi val ents thereof. It is therefore intended that the present invention
includes all such alterations, additions, pernutations, and equival ents as
fall within the true spirit and scope of the invention. [82] Figures 2A
throug{r62D Bl 7 illusisdésAinenl @ RROE BRI Erae Qg ProBéimB! sgst¥mWaf REordRicRCessi ng
system It should be a Ere0|ated that the systen1|s exenpl ary, and that any
ot her wgbppabm@O@yy@t@ﬁ e prebenfuneention t hat woul d enabl e novenent of the
proximty head(s) into close proximty to the wafer may be utilized. In
the entdddli nEigusesdBAWED hilealepiiiod ivivwisyof tiemdisitytayd Mawecdriare ithese drashi on
froma center portion of the wafer to the edge of the wafer. It should be
apprecF@F@HnWHg@e@¥HE#wéW%%HVﬁﬁﬁﬁgmnay be utilized where the proximty 14
head(sz nove in a linear fashion fromone edge of the wafer to anot her
di arret F78¢ al Figuesp d&éq and 19Bdlestste 2 bide wigheof, proximotyiead, ioactardange withvewent s
may be u for example, in a radial notion, in a circular

not i on® ?%£gwgﬁvﬁﬁhp¥%ﬁ¥8%@“?ﬂ1a zi g-zag motion, etc. The motion nay al so

be any7§x C|f|ed notion profile as de5|red by a user_. In addition,
in onel wEtF?éeSvaa?reéPOrr?éyl%ofrtb? prosimity headadishosdasirelerniBad moved

i 2 | Lagann A 8fe SRpodifiEnPOaNs Pickoh hRAdypRy process all portions of the

wafer. It s e Under st o er enbodi ments may be utilized

where the waf DETaNEDh INERBI1ON OF hﬁEpEﬁMMRhﬁﬂsmmlfs gured to
nove over the "Warer |n a rasnion t hat es pI’OCGSSI ng [0} a port|ons of

h h
doscr i BO5 1arRrd ebbal e iR RbaS" %%P %e@é Rhy LD BosBh3ege 0 etem

subst r degtng lﬂﬁlbmgsdffyﬁfg, @t&m@j £h edZB0Of H‘Wa\f@ffvﬁ'[ﬁmw 0@ sombatfig ke fofib@ingpanel s,
etc. The wafer processing stemmay be utilized for either or both

proc es@ﬁsﬁ@m% DNEREEDUS QM@ atgjlsowie %dﬁ éo@omrmg@rrtapr@rrdqﬁ thorigby st em [ 83]

Flgure Loces t em, 100 accordanc
ermboct WO N FHEb R RERGEN R SR e o T658H REPTRREMHIRRET s 102a,
102b, aad 1Ii|-@13(értV\ﬂiat3ﬂlle IBRdent invention may be practiced without some or all of these

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

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

[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




hold and rotate a wafer to enable wafer surfaces to be dried. The system
100 also includes proximty heads 106a and 106b that, in one enbodi nent,
are attached to an upper arm 104a and to a |lower arm 104b respectively.
The upper arm 104a and the | ower arm 104b are part of a proximty head
carrier assenbly 104 which enabl es subpstantially |inear novenent of the
proxi mty heads 106a and 106b al ong a radius of the wafer. [84] In one
enbodi-ment the proximty head carrier assenbly 104 is configured to hold
the proximty head 106a above the wafer and the proximty head 106b bel ow
the wafer in close proximty to the wafer. This may be acconplished by

havi nghdalig) #RRENin AlidatQ4RiATForh BEe eagéwrth@wa?eil Rethofer ARYRRH SallybpBoMRr ti cal
manner so once the proximty heads are noved horizontally info a |ocation

to st avdgewhiherwifenorsthieneon-lirear proyginmits yndydeddiliz@bsauchnd, fo06tampn inbe moved
verticall osition in cl.ose proximty to the wafer er arm
Toaa ache! piefoR dfaRkb i ot iag SeA iR & e e A oGu e Al he B T so 1 he
pr oxi Minhy ﬂ@@ﬁ@ﬁnﬂ-ﬁﬁ@bﬁ%ﬂemﬁ&ﬁ&oﬁ@ﬁ‘ pREIITRVELirkPb RN e INRIBlioDiQ6RSSI NY as
descri bed herein. It should be appreC|ated that the system 100 may be

confi gfun@dhmnntaﬂlp veafiert gy @ meaterbandabe pongmity hedvemnpreaiinmilingar heladl(x s} may be
noved 0S oximt he wafer. to n te d ont ni scus as
1o o bR eEuiR R T pibeeP aliter G Rl giudon: radiio Batndefu Rl of o be
under s§RGGARRmefts 85§ bEUAKELH Wiecrf Bk \bﬁe@l@xﬁo%té@@b& tﬁé N6Ry hefy ¢ he

wafer as long as a neniscus as discussed in further ?erence to Figure 6D
t hr ougton§Buredyo beveaivertthe watkr in afashien thatisoghlegmbeesting 0|5 ab;pnmdny ofnhads 106a

and 106b ot her proximty head .described her each
be. movEBet o ioar BB Ty DR satie PrEeRHg Pl riogbn ¢ at o
waf er wuﬂﬁ%&wgme&%ﬁiz b%@an& gnz@opmsﬁaté?é&h%@&% @te zé@ﬁnﬂ?waﬁa' mty

heads 106a and 6b (as as any other proximt ad descri bed hereln)

nay eatl hm Waforﬁeﬂattpanbiewsee"ﬁhfawgiﬂr pdcBssimy s.ysxembnagt bautHizexhfér othet be waf er
to initiate wafer processi ations, and _in nore preferable

embodi tppéﬁprocPﬁ@gptp X2 rtdﬁpeﬁ’g ‘P%%Bﬁo‘éfnﬁﬂilrﬁtﬁ’@lﬁ’f(f%swm as any ot her

proxi m g head descri bed hereln) may be noved to about 2 mmfromthe wafer

to i nil®Pht Figure Provsesyl ﬁgpl@ﬁ@ﬁ@gisﬁﬁéﬂl 10831 aqoglanee wishomewambadingnt er nat e

vi ew ofr tﬂ@ﬁreg\a'lt ?rEveR{u?r? ?ﬁﬁe sggte L 05 ges JofleR969) Oigﬂﬁ,ga&d\,%% 9&%% I%Q;I()Odi ment

of present®inven I'm-one e
hold and rotate a wafer to enable wafer surfaces to be dried. The system 100 also includes

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




proximty head carrier assenbly 104 that is configured to enable the

proxi mty heads 106a and 106b to be noved fromthe center of the wafer
towards the edge of the wafer. It should be appreciated that the proximty
head carrier assenbly 104 nay be novable in any suitable nmanner that would
enabl e novenent of the proximty head§s 106a and 106b to process the wafer
as desired. In one enbodinent, 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 understood that although
t he wafer processing system 100 is shown with the proximty heads 106a and

106b, dibaissalteloumin AdrendeuoPaiur@fcIp RsighH 8B, ReREIAd alRB Ye RAddtkiobd 2Rl such as,
for exanple, 1, 2, 3, 4, 5, 6, etc. The proxinmty heads 106a and/or 106b

of t heClpf RPXigHBoBAE PhnYspeabimdisomepisprathe avalier asdyngsasia mbtiecusiase or shape

as sho " X I of 1 he Jmty heads as described herein.
The di c(:alirgéen mg%?t]]?eﬁéﬁg%f] ?%tﬁ’gﬁg%rgségr ﬁhﬁ%%il%?r Igﬁ%g%&ﬁlg&%{f“g gildnfqnﬁi d neni scus
bet weegmbsdEmpi0WePréMningadadntoh Red Wobtelas whlass ahy Bitldr PRAGSRY SediY be noved
across the wafer to process the wafer by applying fluid to the wafer
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appreciated that the system 100 may utilize the application of different
chem c@lisitiagpvapuprogrssingwpenatiotse proximity heads 106a and 106b respectively
depending on the operation desired. The proximty heads can be configured
to prok8éss Figerctd® sHovadgealtofnatcheewal ete wafer mdelisting Rydtem 100 e scoRfntdie t op

and/ or bgttom f the wafer. This, can_be accorrBI_i shed by noving the
meni scWih 8p¢ empedipgpiotinsesepiinzentign; dike sygerad 8dsin@e gmbodimaidas thenses,
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di f f eremit 16y pebe nfoved Hwmntht yehaadshe wafer towards the edge of the wafer. It should
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 uﬁiized such as, for example, 1, 2, 3,4, 5, 6, etc. The proximity heads 106a and/or
106D 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




[87] Figure 2C illustrates a side close-up view of the wafer processing
system 100 holding a wafer 108 in accordance with one enbodi nent of the
present invention. The wafer 108 nmay be held and rotated by the rollers
102a, 102b, and 102c in any suitable orientation as |ong as the
orientation enables a desired proximléy head to be in close proximty to a
portion of the wafer 108 that is to be processed. In one enbodi nent, the
roller 102b may be rotated by using a spindle 111, and the roller 102c may
be held and rotated by a roller arm109. The roller 102a may al so be
rotated by its own spindle (as shown in Figure 3B. In one enbodinent, the
rol | er hekftam 1002y prodstssOrCsue@be bOthawRifdrivr Bofh! 186 ko stieragd £:RhE BHtd® T otate
the wafer 108 in a counterclockw se direction. It should be understood
that tHelacopfBesvalety be rotated in either a clockw se or a

countercl ockwi se direction depending on the wafer rotation desired. In one
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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 102¢ 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 102¢ can rotate in a clockwise direction to rotate the
wafer 108 in a counterclockwise direction. It should be understood that the rollers may be
rotated in either a clockwise or a counterclockwise direction depending on the wafer rotation
desired. In one embodiment, the rotation imparted on the wafer 108 by the rollers 102a,
102b, and 102¢ serves to move a wafer area that has not been processed into close proximity
to the proximity heads 106a and 106b. 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




output fluids froma region between the wafer and a particular proximty
head by applying vacuum (al so known as vacuumoutlet). It should be
appreciated that the vacuumutilized herein nay also be suction. In
addition, other types of solutions may be input into the first source
inlet and the second source inlet sudfi as, for exanple, cleaning solutions,
ammonia, HF, etc. It should be appreciated that although |IPA vapor is used
in sone of the exenplary enbodinments, nitrogen or other inert carrier gas
may be used to carry the | PA vapor. Alternatives for |IPA include but are
not limted to the follow ng: diacetone, diaceton al cohol,
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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 TPA-vacuum-
DIW orientation. It should be appreciated that other types of orientations such as IPA-DIW-
vacaum, 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 stances are consistent or so the distances are inconsistent. In addition,
the di stances between the |IPA input, vacuum and DIWoutput may differ in
magni t ude depending on the size, shape, and configuration of the proximty
head 106a and the desired size of a process w ndow (i.e., neniscus shape
and size) as described in further detléil in reference to Figure 10. In
addition, as discussed in reference to Figure 10, the |PA-vacuum DI W
orientation is configured so a vacuumregi on substantially surrounds a DIW
region and the I PA region substantially surrounds at least the trailing
edge region of the vacuumregion. [90] Figure 2D shows anot her side

cl ose-mpy be exardked ihanyvaii@ble phaaess ithoabdys bedtdild ik hairsined.d Focexamgld) one
enbodi nent  of the present invention. In this enbodinment, the proximty
heads Wogditigndo ilﬁé%Ah‘éW@f et nthe gaguumpentlet.and eheodBY prlst ipim gddiéonal ¢ op

surfac . b _of . ively by

ot 1 7 aRRepe Henathe QG SE oLk vdor bR iifP b@BRARLIA

posi t i enletd depeiding biitHeyconfigataidD68tha pebxiMGh hemyddsired. i Zigerefohe ahdtRerand DI W
source inlets and a _vacuum source outlet(s) to generate wafer processing
meni sctiBeedimaniangt wilizegntRAr veuya W 108 wpaguem-Bre ocelpeipiremplary enovi ng

{1l dSe @M Men AUPHAGE IR Inite RALLOMBHLA R Bty O0Ree T vafer -
processi ng neni scus nay be genefaf‘eél TH accordance with the descri ptions

i n ref @ngigoatibes e dusceide® htdaimowigh a PRivaBle @nlbBAinvaPpBEing ABstribbyVmr e i nput
into the region between the wafer 108 and the proximty heads 106a and
106b. taferengsde AirrabPy Itsheuldbewppregatedibat timesaaropfigriasion gpthe IPA- vacuum nay

be app] i | . . WAy . t waf er. surf.ace tq, out put, t | PA
vapor - VieBRe Yy SRR AL Bty B it Qaded BB Sl R PR R F ' Shou o
be appdishad ithvédhathe A pugvabitin,| shdITW irdRellocftidnld @nabSheeVeeid lsd ke

enbodi ment, any other suitable type of vapor may be utilized such as any
sui t abflistanegs aghesinsiggpber soghe disfaacesop bupaEstetie kapdslitiono tha/disighgesol |, et c.

tensi oo 85 B TEA ol D STy SRy el (e Bh R BB 85 o o

bet weedizd, BRage! g donfiyugasl ofihd pk@mighedd i oatane (eMsFed Size bf a pdedl d be
appreci ated that as used herein, the term"output” can refer to the renoval

of fl| uvidopr(ben EepisgisoRapRes?e) 1k desgeibed infloshervigtadl ipsefetenot BrFipeexi m ty
head, the. term ] t." n be the introd i.on of id .the region
et weeld RO b8 v pdSurioatius RS HA AR blefidlE 10

configured so a vacuum region substantially surrounds a DIW region and the IPA region

substantially surrounds at least the trailing edge region of the vacuum region.

[90] Figure 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




[91] In another exenplary enbodinment, the proximty heads 106a and 106b may
be noved in a manner so all parts of the wafer 108 are processed w thout
the wafer 108 being rotated. In such an enbodi nent, the proximty head
carrier assenbly 104 nmay be configured to enable novenent of the either
one or both of the proxinmity heads 108a and 106b to close proxinity 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
may be configured to nove in a spiral manner fromthe center to the edge
of the wafer 108 or vice versa. In a preferable enbodi nent, when the
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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] Figure 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.




[93] Figure 3B illustrates a side view of the wafer processing system 100
with dual proximty heads in accordance with one enbodi ment of the present
invention. In this enbodinent, the system 100 includes both the proximty
head 106a capabl e of processing a top surface of the wafer 108 and the
proxi mty head 106b capabl e of proceg8ing a bottom surface of the wafer
108. I n one enbodinent, spindles 11 la 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 nay be presented to the
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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 106b 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




enbodi nent of the present invention. In this enbodi nent, the system 100-1

i ncl udes an upper arm 104a-1 and an upper 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 to proximty heads 106b-1 and 106b-2 respectively. In the
system 100-1, the proximty heads 108&4-1 and 106a-2 (as well as 106b-1 and
106b-2 if top and bottom surface processing is being conducted) work in
conjunction so, by having two proximty heads processing a particul ar
surface of the wafer 108, processing tinme may be cut to about half of the
time. Therefore, in operation, while the wafer 108 is rotated, the
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Figure 4B shows a side view of the wafer processing system 100-1 which
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processing the wafer 108 near the center of the wafer 108 and move outward toward the edge

of the wafer 108 in a substantially linear 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 Figure 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




the rollers 102a, 102b, and 102c may rotate the wafer 108 so substantially
all surfaces of the wafer 108 nmay brought in close proximty to the

proxi mty heads 106a-1, 106a-2, 106b-1, and 106b-2 for wafer processing
operations. [98] In operation, each of the proximty heads 106a-1, 106a-2,
106b-1, and 106b-2 may renove fluid22fromthe wafer 108 by applying | PA
dei oni zed 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.,

cl eaning and/or drying) may be acconplished in substantially less tine. It
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enbodi e wafer 1
3B, the speed of the wafer rotation may be varied to any suitable speed as long as the

configuration enables proper wafer processing. In one embodiment, the wafer processing
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] Figure 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
1s in close proximity to the wafer 108, the wafer processing operation of a top surface of the

wafer 108 can take place.




being rotated, the proximty heads 106a-3 and 106b-3 are brought to cl ose
proximty of the wafer surfaces 108a and 108b by the top arm 104a and a
bottom arm 106b-3 respectively. Because the proximty heads 106a-3 and
106b- 3 extend across the wafer 108, only half of a full rotation nay be
needed to process the wafer 108. [102B As shown in Figures 2A-5B above, the
proxi mty heads can nove the neniscus across the surfaces of the wafer and
even of f the edge of the wafer. Unfortunately, the abrupt edge of the
waf er can often cause the neniscus to fail (i.e., burst) causing droplets
to be fornmed on the surface of the wafer. The droplets can then cause
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mventmn prov:des additional support for the meniscus to move from the surface of the wafer

to an adjacent edge platform. Altematively, 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.




108. The edge platform 110 can be any thickness that can allow the

proxi mty heads 106a-5 and 106b-5 to support the respective neni scuses
106a-6 and 106b-6 as the neniscuses is noved fromthe wafer 108 to the
edge platformor fromthe edge platformto the wafer. [104] The wafer 108
may be hel d stationary by any suitable type of wafer hol ding device such
as, for exanple, an edge grip, fingers wth edge attachnents, etc. The
proximty head carrier assenbly 104-5 is configured to be novable from
beyond one edge of the wafer 108 across the dianmeter of the wafer 108 and
beyond the edge on the other side of the wafer after <crossing the entire
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of t hefollafvitrg aliftBh along a diameter of the wafer 108. A meniscus 106a—6 may thercby be

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




[ 106] The wafer processing system 100-6 can be used to performa |inear
scan of entire surface of the wafer 108 in one pass of the wafer, w thout
requiring the wafer to rotate. A linear scan provides a high scan rate
(e.g., nore than about 20 to about 50 nm per second) across the wafer 108.
This allows a uniformresidence tinme26i.e., approximtely constant

resi dence tine) of the neniscus 106a-6 on each portion of surface of the
waf er 108. The wuniformresidence tinme can be very beneficial in

mai nt ai ni ng, for exanple, a constant etch- rate across the entire surface
of the wafer 108 during an etching process or a constant rinse process in
a i NsoihiidiPOAass of Pigu KONt ord! the RELFH 108 984 dugf RatdndiyngitRueesss. [107]
Devi ces and surfaces such as the edge platform 110 and the proxi mty heads
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the meniscuses can be more efficient in moving the liquid contents of the meniscuses if an
increased surface tension gradient is present. By wety 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




optim ze the relative surface tensions of the devices and surfaces as
conpared to the wafer 108. By way of exanple, a proximty head having a
nore hydrophilic property than both the wafer 108 and the edge platform
110 will assist in mnimzing the anount of liquid that may remain on the
waf er as the nmeniscus is noved from2he 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 nmay be even
further reduced. [109] The edge platform 110 can be nmanufactured from any
suitable material (e.g., glass, silicon, quartz, conposite materials,

pl ast i urfabteasion pRdidnONGilltiREGhhanct it @G dPleat JfheNind & 168HscRE fdm
hydr ophobi ¢ or a hydrophilic material as s€lected for the specific process.

By wei/fitst swalasert esecandhgurfasphi | i ¢ edge pl atform 110 coul d reduce the
possibility that the neniscus would | eave any droplets on the wafer 108 as
t he nmelAD8k uBheneforentby ewtfdce omtdrieds ofeatie de il and stiffscee dgebgpseddciarin [ 110]

Fi gures 50-5F s OWIskggﬁvieW5 of the wafer processing system 100-6 as the
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respective neniscuses 106a-6 and 106b-6 so that the neni'scuses are
SupporneHsaug woyld)]ﬁa*{q—]@ygugdets on the wafer 108 as the meniscus was moved from the

wafer 108 to the edge platform.

[110] Figures SD-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 Figare 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 SE, 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.




pl atform 110. Once the neniscuses 106a-6 and 106b-6 are noved fully on the
edge platform 110, the neniscuses can be allowed to burst or coll apse
because the resulting droplets will not formon the wafer 108 but will
formon the edge platform As described in Figures 5D-F above, the
proximty heads 106a-5 and 106b-5 ca@7nove the neni scuses 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]
Figure 5G shows a wafer processing system 100-7 in accordance with one
enbodi nent of the present invention. The wafer processing system 100-7 can
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pl atform The edge of the wafer can also be processed (e.g., cleaned,

et chedgdgeiphatfdm 1d0), enlﬁltlmrcln)‘:ctamthe waf er rotates and the edge passes
t hrough t he neni scuses 106a-8 and 106b-8 in position 107-3. The proximty

heads [118baFiguaBils JKia-a/whidy rodedsBiRGlfle®f108t7 nersdrdhite wigktdontss of the waf er
108 so that the proximty heads and the respective neni scuses can cover
the entbedimgnicides prsanhinvraier The walsy prgressingsysemdAOofcante ured B (e. g.
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pl’ 0CessSl nNg Ssys n accoraance WI one Iment o pr esent

I nvent Tedwafbhprosedseig spseecivFNEichysd £pardilldBe paitfoba 106ad rdther that 4 futhl  or
hori zontal orientations. The wafer processing system 100-8 includes a
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di r ect haadbeheuy @ﬁwmmsi-v mimcthﬂe@ﬁyababwqﬁ@xzﬁ@trymeh@ 06LBPREITOME the
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 retumn
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




meni scuses 106a-8 and 106b-8 in position 107-5 on the edge platform 110-2
and then nove the neniscuses into position 107-3, partially on the wafer
108 and spanning a gap 110-2a to the edge platform The neni scuses can

al so be noved off of the wafer 108 and fully onto the edge platform 110-2,
in position 107-5. In one enbodi nent 28the 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 nai ntain
alignment with the proximty head and to support that portion of the

meni scus 106a-8 that is not supported by the wafer 108. In this manner, a
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exanpl keadi andop suppbitahat PO itidn, oftthempnissisntiOcy-8tbaids hoGappoiteal puibe wiatamed i n

cl ose [l)roxi jty to the@%ﬂrface of the wafer 108 as shown in Figure 5D
above. 9% §gasZangsc. a smpllqrparys) sdas BRITHMR (aRePed06a- 5 can form neni scus

106a-6 between the proximty head and the surface of the wafer 108. [117]
| n opebHSi oHigue15iisa flowehyt divgrm of the mgthrdepertipny &1 ehsitgenyaletis 106a- 6 at

| east artially off of Sur .of the waf ¢ jp.acent edge
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of the wafer 108 and fully onto the edge platform 110 as shown in Figure
5F abo9eer dfirsGjuriape -8 Han adgn pbdiosm po g avaber syrfped)] Yo of ppasatiamdlsitface of the
waf er 108, the.neni.sc
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adjacent to a second surface (e.g., the other of an edge platform or a wafer surface). The
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 SE 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




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 of
the wafer. [119] Figure 5J is a detailed cross-sectional view of the edge
pl atform 110, in accordance wth one enbodi nent of the present invention.
The edge 110b of the edge platform 120 can include rounded corners (as
shown) or even a conpletely "beveled" (e.qg., angled, fully rounded, etc.)
simlar to the bevel ed or rounded edge of the wafer 108. The edge platform
110 can have a surface finish quality simlar to that of the wafer 108 or
the proximty heads described el sewhere herein. The edge platform 110 can
be thi piRLe BFullPbifBEIhelshARcd srandahes 10808 dﬁ)@l&@ma@ha?mﬂpm@n et ypi cal

waf er is about 750 micron in thickness. H e platform 110 can be as
thi n amenbowts ﬂwaﬁtolb@mtmldlnatsfmmlcmﬁh@sxréa@ooftht waferm or nore. [120] In one
enbodi ment, the edge 110b of the edge platform 110 can al so incl ude
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the edge platform exa ane aving a

t hi ckniEs B))fWﬁ@@iﬁxahplénﬁh?@ﬂalwmﬁhb@lt@ﬁalitﬂdonlﬂa ﬂﬂclﬁlfessabﬂld:tedgém mcron in
t hi ckness (Ti Conversely, a an edge platform 110 haV|ng a thickness of
about Bledoms ¢Hbean keas things apeut00 raisraa and ap gcloss ahoyut-229p oFMY N i n
thickness (T). The nultiple inlets and/or outlets 110c can al so be
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the gﬁa?ecltillg%PA %gpor (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.




[ 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 present invention. In one enbodinent, the orientation 117 is a
portion of a proximty head 106a where other source inlets 302 and 306 in
addition to other source outlets 30430ray 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
i N acqepHpNGeuWidAsHIRR a%ﬁ&@iﬁh d%fleﬁdh@e%&%%ion 1RVRAAbe diliz &N
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utilized to aé) i sopropyl al cohol (IPA) vapor toward a top surface 108a
of t hesOlEEdnle and a source inlet 306 nay be utilized to apply

dei oni zed wat er (EMVV toward the top surface 108a of the wafer 108. In
addi t i[d33] figwrﬁﬁeslmwlaéuﬁﬁﬁ@rmyﬁﬂyéleﬂd inlétiomtet @icappion I2achmmaydea regi on
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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




31 near the top surface 108a. It should be appreciated that any suitable
conbi nation of source inlets and source outlets nay be utilized as |ong as
at | east one conbination exists where at |east one of the source inlet 302
is adjacent to at |east one of the source outlet 304 which is in turn

adj acent to at | east one of the sour8é inlet 306. The | PA may be in any
suitable form such as, for exanple, |PA vapor where |PA in vapor formis

i nput through use of a N2 carrier gas. Mreover, although DIWis utilized
herein, any other suitable fluid nay be utilized that nay enable or
enhance the wafer processing such as, for exanple, water purified in other

ways, fdaeeitog shifdte d98a. ek Ghodid bO BSpredTixed tHie By sui@ble RAmibiHatioMoBIRhrdes
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pressure may be applied to the wafer surface by the IPA inflow 310, a
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flow OEIZfS}l u’;?t?ergf%i"er,] ?n gr?epclarilt?c()jdi}ngz\ll\tl? gsdthg r]])Ef\WSililrﬂfo?vvci"e 14%%3 the TPA 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 TPA forms an interface 118 {also known as an JPA/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 time 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
prevents the formation of fluid 32 droplets on the region of the wafer
surface being dried thereby reducing the possibility of contam nation
drying on the wafer 108. The pressurg2(which is caused by the flow rate of
the IPA) of the downward injection of |IPA also hel ps contain the neniscus
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 regi on between the
proximty head and the wafer surface and into the source outlets 304
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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] 1t 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 nore source inlets 302 and 306 and source outlets 304 nore flow for

| arger head. 33 [128] In one enbodinent, the flow rate of the |IPA vapor
through a set of the source inlets 362 is between about 1 standard cubic
feet per hour (SCFH) to about 100 SCFH. In a preferable enbodi nent, the

| PA flow rate is between about 5 and 50 SCFH. [129] In one enbodi nent, the
flowrate for the vacuumthrough a set of the source outlets 304 is

bet ween about 10 standard cubic feet per hour (SCFH) to about 1250 SCFH. In
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from hbgriad ehbSUideAS thel RN BIY i 12828 tAGh HdeNSr thB8oWiBé Biitlets 304 is
simul taneously. In this enbodi ment, the source inlet 306 applies a DIW

f 1 ow 3dbput 3HAEGFHhén wa teampanyfeathedirogd, a fltve metermeay enktdized 3omeagupd thes | PA
flow 310 tomnggpg ﬁﬁyer (i rface 108a, and the source outlet 312 renoves
fluid FPEMRERE rosUr PREECTEEE™ 1 t shoul d be appreciated that in this
enbodi nent as well as other enbodinents of the proximty head 106a

descr i B! nBgarefE gheaisianethar walehBoing Riaeess psips angthersourcednlerpwies and source
AR ; . . . - ;
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addi t i @abodifent dfithe pRBOE invR Ao SInWeik km®8dididat thgdproximity Neddd@da atyddi ment s,
by controlling the anmpunt of flow of fluids onto the wafer surface 108a

and bymeue PBT Hafgp swidacedd8u At dipprafed 08ispéhe menipaisurayhympedrMEeE and
cont oL e epy AR s AR NETRE 00 RO IR o,
t hr ougthe tWi€erSatfheethertby eleadg antbilryley the aiafey sihlltabedistyn dintehie efdboiigisenipei ng
r enovet(illcfsggrr& Enqgt 306 applies a DIW flow 314 toward 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

{low 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 be substantially a conbination of DIWand air as well as fluids
bei ng renoved fromthe wafer surface 108a. 34 [131] Figure 6F shows anot her
source inlet and outlet orientation dhere an additional source outlet 307
may be utilized to input an additional fluid in accordance wth one

enbodi ment of the present invention. The orientation of inlets and outlets
as shown in Figure 6E is the orientation described in further detail in
reference to Figure 6D except the additional source outlet 307 is included
adj acer31} OFighR T0IHoRR ahdthel sodRE il AddARt ORARSI dnBwhdrd 8k a@itibi@ Source
outl et 304. I'n such an enbodi ment, DIWmy be input through the source

i nl et SEEceitice3d MY bevnidineddo inpul amaddigdnad §yridfio mcexdansk evitheonel eani ng

sol ution be . t hr ough the source inlet 307. Therefore, a cleanin
Sol ut 1 GRoEsRE uhPissent My BHRh, oI SRkt s utees dnd ol Sh iR arer To8
whi | e BlouflBFBtsahy biddoltatichRRsGHRE it Tuithef8NthiDth fehSerd@Ro BHUEAES exdBhe0f the
wafer 108. [132] Figure 7A illustrates a proximty head 106 perform ng a

dr yi ngadsipégrat sasiice qutlend3@his daatedsdvadizeetrie tlerdoodicnsliat 30 ot hedp ppsite
i nventjon.. The proxim ad 106, jn.one odi pent , ve ile in close
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and/ or inthi B06H WhlR @Rt solutiofi RE&H 44, RS RRRPRCA @lte%hé Qﬁhti&rhﬁla? BeXigR ty head
106 may al so be utilized to process (e.g., clean, dry, etc.) the bottom

sur f aclraugs bhofourdednlend® s r Thddord, a clearing shlodbmloty, 3 ItSheaywed etrlize08 i s

tati he.proxjnity head 106 b dinali fashion al
e nelre R B ity d0F AU oR ol P o e e e 90 BuTocR,

appl yi ngRatdrehd Fifeldidk. t hrough the source inlet 302, the vacuum 312 through
source outlet 304, and the deionized water 314 through the source inlet

306, t 1 : ' : ' . Fi - 6F b
qener o103 el P ARG 28 BLREHEP RO PORLGRARES el g B o 1y
head l@igordan&cwiol danaabydiinbnt ke pietad in@Atiodf TR W oRihEsERiadi I08SRtneN. | n

the top view of one enbodinent, fromleft to right are a set of the source
i nl et gpbodigeriemoyes Whike Kinlpse Preimitgto §u4op surkece 1B phibegmliercd8ital et 306,

a set £.C tlet. 4 nd S f the. ce,.nlet. 302
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pr oxi mMagmbesaldo BOOtiRA tb peocesf €., t83n, dieetc.) the bottom surface 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 TPA 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
306, a set of the source outlet 304, and a set of the source inlet 302. Therefore, as No/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
the source outlets 304 described herein nay al so be any suitable type of
geonetry such as for exanple, circular opening, 35 square opening, etc. In
one enbodi ment, the source inlets 3035and 306 and the source outlets 304
have circul ar openings. [134] Figure 7Cillustrates a proximty head 106

wi th angl ed source inlets 302' performing a drying operation in accordance
wi th one enbodi nent of the present invention. It should be appreciated
that the source inlets 302" and 306 and the source outlet(s) 304 described
her ei nsquaByopeRing@t edn iofe aMYoditicha Mhesadde ihRtsORiaNH 266 bhe thvabeice Cl eani ng
and/or drying process. In one enbodinent, the angled source inlets 302

t hat i ApHsts JEDayssoeulanersnings wafer 108 is angled toward the source inlets
306 such that the I PA vapor flowis directed to contain the neniscus 116.

[ 135] Hiddir Eiga 7C illustratas & proximitpkead 106 Witladn gd@bsomrdennngd (@tpaturmoes i nl et s
302’ anﬁagqg%ed .source(&rtlet%7304' performng a drying operation in

accor dARBEEPRIFEUSRLN BFAOECANAS Wil thgme embodispend ghtheipsepenfinyention: Hhgiddepe
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opt i m mey bhengledifremychiatit ngy andpiamizd ilyd wefepeloagssand/di3fiying praess. In
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angl ed source outle y, Ih one ment, an angl e
0500 t omemscs ltllbe nmeni scus 116. It should be appreciated that the angle
600 and the angle 0502 may be any suitable angle that woul d optim ze the

nmanageqs] BipdreCamiifRtrated a pRKIMRPhESHEC R ahdle@ERr@TRRA FBMhnd d3Rdangl e
0500 is greater than O degrees and | ess than 90 degrees, and thé angle

0502 i sPuggeeatilers M aperragradyingripetation in adrardadee vl ose smbpdingnpofaher abl e
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meni scus nmanagenent. I n one enbodi nen e ‘angl e 0500 and the angl e 0502

may bewelseckamng ardigr dring process.

[136] In one embodiment, the angled source inlets 302' that input IPA vapor onto the wafer
108 is angled at an angle 650 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 854 towards the meniscus 116. It should be appreciated
that the angle Ospg and the angle 859y may be any suitable angle that would optimize the
management and control of the meniscus 116. In one embodiment, the angle Osgis greater
than O degrees and less than 90 degrees, and the angle 85¢; is greater than 0 degrees and less
than 90 degrees. In a preferable embodiment, the angle Osqp is about 15 degrees, and in
another preferable embodiment, the angle angled at an angle s, is about 15 degrees. The
angle Bsq0 and the angle Bso; adjusted in any suitable manner to optimize meniscus
management. In one embodiment, the angle 850 and the angle 059, may be the same, and in
another embodiment, the angle angle 8509 and the angle 859, 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 source outlet(s) 304', the border of the neniscus nay be nore
clearly defined and therefore control the processing the surface being
processed. 36 [137] Figure 8A illustBates a side view of the proximty
heads 106 and 106b for use in a dual wafer surface processing systemin
accordance with one enbodi mrent of the present invention. In this

enbodi ment, by usage of source inlets 302 and 306 to input N2/1PA and DW
respectively along with the source outlet 304 to provide a vacuum the

nMeni sCuS7ML 16 gu¥RA DRsGABE] sidedicw &F the Pidximlly halls 106 agd dgstfor LteinsoUr Ce
inlet 306 o p05|te that of the source inlet 302, there may be a source
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t hat any SU|tabIe configuration of source inlets 2, source outlets 304
and sounybe geressterd. S%admtyorb@n the dideefitthe s¢ioce ioked 306 eppqshte timt ok theisbyrcheads

106 and ve a confi quration ets, and. so e outlets
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I n addintdcONAs th@cdé@éd ABRE, ﬁr@aeémﬁs&ih%m thResdRE@ih B 302N8a %6 1§ rend 106b may
be of a configuration as shown below'in reference to Figures 9 through 15.
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invention. In th embodi nent, the proximty head 106 processes the top
sur f ackork@8apist tflerpeoxnaﬁtermead%mﬁmd 106h magrimxa: an:mqflgme‘anbnjsﬂebuxpc odesses t he

botton1surface he wafer 108 e. i nput N2/ | PA
and ¢ Pl e TS rconialien Sesstitacate it BLuERR) GG AGTHE. use o
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between the proximty head 106 and the Wwafer 108 and between the proximty
head 1@@igarnton h@§hmvrtwebelox&ﬁ18refélfhm:egoExgmst%ﬁnlrrmsglislﬁ%wmdaﬂl@@b;fa@nd

ther efcg)rrr%né Pn 0 gg&g&%& :li:(lé Ersnengrs%};s PF6 magfl E(ej 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] Figure 9A illustrates a processing wi ndow 538-1 in accordance with
one enbodi ment of the present invention. In one enbodi nent, the processing
wi ndow 538-1 may include a pluralitg7of source inlets 302 and 306 and al so
a plurality of source outlets 304. The 37 processing w ndow 538-1 is a
region on a proximty head 106 (or any other proximty head referenced
herein) that nmay generate and control the shape and size (e.g., area) of
the nmeniscus 116. Therefore, the processing w ndow 538-1 nay be a region

t hat ﬂo@eﬁ;sﬁﬁ(ﬂ‘/z@(ﬂow 682aANSa R & a ng foxihiRy Héa‘axl'()@(@)b’arﬂ/e(ﬁﬁ%rw&uhﬁt deadred to
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wi ndow 538-2 in accordance wth one enbodi nrent of the present invention.
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pr ocesgiecessing window 538-2 is a substantially circular shape.

[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 surface enter the process wi ndow 538-1 through the |eading edge
region 548. Then after processing of the wet region of the wafer surface
by the nmeniscus that is generated andgcontrollably 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 38 proximty head 106. As discussed in
reference to Figures 9A through 9B, the process w ndow 538-1 nay be any
Sui t abhSxFRAPEcaAUOB. A%:didcREsc@ XAt Ence 15 Fi AN L ihroSHUFH Ghe flob&y! ar,  oval ,
sem -circular, etc. [142] Figure 10B shows processing regi ons 540, 542, and
544 of windomoXd8al topy lhe adly slGblershapranh dsfoecaantpie, orntaneutaodiarest cigllarhe

pr esent anentioq. I n one enbodi nent, the processing regions 540, 542, and
544 (t REEBLGHEYBRPYg shown by the broken |ines) make up the processing
wi ndow as_di scussed in reference to Figure 10A. It should be apgreciated
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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). TPA 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 opening that leads to the vacuumregion. [143] Therefore, in operation,
the proximty head 106 generates a fluid neniscus by application of a
vacuum and DIWin the respective reggons 540, 542 in the process w ndow
538 (as shown in Figure I10A). | PA vapor carried on a carrier gas (e.g., N2)
can be added as necessary in the respective region 544 (e.g., to aid in
noving the formed neniscus). Wien 39 the proximty head 106 i s noving over
the wafer surface in an exenplary drying operation, the wafer surface that

noves R pasaity iead PR s Rgbvirislotel tHePafb LG AB: Rt ARthpERPURGRS ofdionTENI SCUS
116 within the process wi ndow 538 is dried. The drying occurs because fluid
t hat the wafertshefecebat oyesdhrouple thaaipening 341 acbe r¢gion t6hembtantacksshereni scus
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drying process. [144] It should ppreci ated that although the plurality
of soumeris¢usimtws 30, the hefgweulhticfore, vodt seifanes ef a Makdr snFBfer amdprobess

plurality of_source qutlets .are sho i n i s enmbodi nent, ot her
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st abl e nmeni scu a surfaceé’ or *a substrate.

[ 145] & @urcesnldbA06 maLGE plik4lith bf ssikdcaditle®IRkasho waih Akl ¥BIbbEintnt,t he
proximty head 106. It should be appreciated any of the different
enbodi PBfR ambdimens praybe wtiligedhwhere aopsuiwblegrimhed offy specaindets 362.0he or bot h
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pr oxi minirybdi@d theMyrale dMyusyiidlal362,apo i@ @AldtOF0R and thesolRalbun®y 386abl e
the fluid renoval Process as described in Figures 6 to 10. Therefore, any,
some, WaY generae aghibleppentiolably fhadaenisensdbaticse duheswiase phy swstite | i zed in
any -suitabl e wafer processing systemsuch as, for exanple, the system 100
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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
appreciated that the side of the proximty heads shown froma top viewis
the side that comes into close proximty with the wafer to conduct wafer
processing. Al of the proximty heagg described in Figures 11A through
11C are mani fol 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 enbodi ments
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ot her and the source outlets 304 are spaced 0.125 inch apart and the

sour ceandrthesige 80the apenisgadfabe shweet inlt082 isebow @i}t inch.n one enbodi nent, the
source inlets 302 the source outlets 304 the nay be conbined in the formof
one Or[14B} einsinetembodintdha thealosrce atlBR B30 had 306!l dddittonapend Sigsce dditlewaBp4of
exanpl e, the vacuum_ .inlets 304 can be conbined in the formof one or nore
channels spassd abgut O3 nchyand abapit §:5 inch apart. In a preferable embodiment, the source

inlets 306 are spaced 0.125 inch apart from each other and the source outlets 304 are spaced

0.125 inch apart and the source inlets 302 are spaced about 0.06 inch 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 WA outlets 302 can be conbined into one or nore
channel s that at lie outside the area of the vacuuminlets 304. The source
outlets 306 can al so be conbined into one or nore channels. [148]
Additionally, the proximty heads maginot 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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[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 342¢ that, in one
embodiment, correspond to the source inlet 302, source outlet 304, and source inlet 306
respectively. By inputting or removing flaid through the ports 342a, 342b, and 342¢, 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
applying DIWtoward the wafer surface region, and the source outlets 304
are capabl e of applying vacuumto a region in close proximty of a surface
of the wafer 108. By the applicationgpf the vacuum the IPA, 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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diameter. In one embodiment, the distance between the ports is between about 0.125 inch

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

between about 0.25 inch and about 0.37 inch apart.

[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 feed source inlets 302, source outlets 304, and the source inlets 306
respectively. It should be understood that the ports nmay be any suitable
nunber, size, or shape as long as thgisource 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
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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, 16048,

1606A in the proximity head 1650 as will be described in more detail below. As aresult,

the head support 1652 can include tubes and other supply lines 1654 for supplying the

various requirements of the various ports 1602A, 1602B, 1604A, 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

| ines 1654 for supplying the various requirenents of the various ports
1602A, 1602B, 1604A, 1604B, 1606A in the proximty head 1650. [157] The
edge processing system 1600 al so i nclhgdes an edge controller for
controlling the edge process. By way of exanple, the edge controller can
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
within the proximty head 1650, the |ocation and novenent of the proximty
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meni scus 1610 can be supported by the edge process proximty head 1650
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1610A, 1610B. Surface 1610A is formed - .
mMEeNIscus, sucH as shown in Figure 15. %y way of example, in Figure 15 the wafer 108 is

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 16024, 1602B to
control the surface tension of the trailing edge of the meniscus surfaces 1610A, 1610B.
Controliing 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 the bottom surface of the wafer 108 and the bottominside surface
of the edge process proximty head 1650. [160] As the wafer 108 is noved
out of the neniscus surfaces 1610A, %4610B (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
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about Z.0mqAs a result, locations of the ports 1602B-F and 1604B-D may be
adj usteé1 relative to the edge of the wafer 108 as required. [162] As the

waf er rotates) th h t neni.scu 10.in. dir. ion
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meni scued1e¢onted gng naintde thespirkaat tensign b thedsling delge wé thieguenisqus 1680B.end or
retract toward and onto or off of and away fromthe wafer 108. The neni scus
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pr ovi de greater resonance tine on each I ncrenent ar ea edge
1610 can also be extended in the arc around the circumference 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. Muitiple 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
processes to be acconplished substantially simultaneously, on a single
waf er 108. One or nore edge process proximty heads 1600 can al so be
conbined with one or nore proximty hgads 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

edge O%xrs{eﬂ?lﬁjﬁtlﬁélhﬂéseth%ggcgigé 18:?1@1%3105&? tl)éﬁﬂi I\ij{9 tRit.sfugé‘ort?%mgéaﬁqasBﬁtétﬂét are in

cl ose oximty to the the substrate sim rocessi ng the edge
r egi onwafet 608.aRdgcadier K2\ insiudes zproesnitplA 1610 WiheprokQBitylbsal IM8ds above.
[165] Figure 17 illustrates an alternative substrate edge processing system

1700, fescabsdondumbes dgfailn iparasntsoardantollerst he present invention. The

substrate edge processing 46 system 1700 includes three edge rollers 102A,
102B, [I®8T Figutesd§ppiD argrldtatlan vievsax éhet preximiithead 108), iEdepordasce @ith102A

i ncludes a proximty hea 710. The proximty head 17 is. described in
FUr t hetearae SrboBiBTeY A4 Aesel Aenbit ohie rpTaayy rgd7ed mBRES By o
det ai | eghovigv® 1914 kd@aPs Shittdsy1 T18AGaR bd Cornicd. AHE POARNGED, WIS, 189AQre0r NOI e
enbodi ments of the present invention. The proximty head 1710 i ncl udes

ports subBmOtiallyssimilan@ike pertst deatritedrie thescuioudy dasaribachembodiorentsdboTthe ports
1810, 12, 1814 are tiall imlar.to t ports d ribed in the
vari ou %&@cﬁ%@&%&%%ﬁﬁiﬂﬁﬁﬁﬁé@“@# F‘eS?‘BPr'p&’etWSrémﬁﬁr%ﬁaé 1810, 1812,
1814 apfiifidda¥pbri@4RibthdrlarRthids pordarsShaRd thd@lbope 3fithetgrpal ports and

other arrangenents of ports are within the scope of the present invention.
Such ninvbeia. dfuchonmbemmd ppos endparbapmgemests cambdes wasiedas ithednuarerotte

ci 76, b TERE PTG LB e TS e TSy BRBse oSt A4 Cr G FERUURE CLRen | he
desi r egoRy 000 $81208814 8depBIALRAGHDN' ﬁ@@@s%r@{l mc@s@yaéaireefnea?se&sc%haa@ amy be

applicable to the desired application o e neniscus to be forned by the
ports a81GherkBp&:t ad 8% be ppi@ichbiSitortHeatesipat applicaton aftbavmenisaus talbs doiveed

incIudggﬂ%%mkgq%“i]%?2%%q4ﬁeniscus 1714B (as

[167] Similar ports (not shown) can also be included so that a second meniscus 17148 (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 1714A, 1714C with the edge of the wafer 108. Proximity head 1710A can be
arranged such that the meniscus 1714 A 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 shown). Yet another neniscus (not shown) that is anal ogous to

meni scus 1714B can be fornmed that opposes neniscus 1714C. [168] Proximty
head 1710 can be noved (e.g., rotatedy in either direction 1802A or 1802B
so as to align the neniscus 1714A, 1714C with the edge of the wafer 108 as
described in nore detail in Figures 19A and 19B, below. Figure 18C
illustrates one enbodi mrent where the proximty head 1710 is divided into
two separate proximty heads 1710A, 1710B. Proximty heads 1710A, 1710B

can th paNed (89 | ; j es 1714A,
1714C \;\nsdhtgk%e%rhe g%igj(el&(#mtrﬁfeégmrgéfcgg%R}%&@éfﬁ%r%b%g%ﬁgggmf%ggﬁ% be arranged

such t battadting theesrigs colder] Thik/Arraggdroers twexh]d alkiw the efdpeof thghwataflO8he be.ont act
area between . the fer 1 and the edge roller 102 il t aneously, the
ot o Pl HEE B S BT iR A nE it B 0T S S T

| ocat efehidsiset 071428 178AE o alkHBeSRRE @ffercRt ?ﬁc@s%%é’ﬁeme e(?l%i?:eof"ﬁﬁéc fhfedO8yand the
edge roller 102A. I'n such an afrangenent, e edge of the wafer 108 47 can

be proweystekampdt, maniens 1 6l Momigha tpply atchanmggeocest toethe 20 ofahawafenedi at el y
after tactjng.the edge rol)er._ This arrangenent, woul d al |l ow t he edge of
the wal & bofeis the, s Tolgtsontagie g wafer Whle dneanuicil | e HRASH & TaREE 279 or

cont acl SosS e B S ind QRfr afbiThb BibronbAon ERS GHRES 1 A 1714C
can al s&a}%eér?orsmq%iﬁ?fae ent pr ocegses to %hrg edgéﬂo tﬁe wafer. By way of
exanpl manmenhesiousminidGendaghhiniapizk yheatraisteanf oontpmmeasdrdoo tHeheafedgehof t he
waf er 08 pefore the edge . roller contacts the wafer while neniscus 1714A
appl i eS48 TPHsThefRye aprfactaRgifiog Besdeswlicptathe Waligalier calnaf er after the
edge roller contacts the wafer. In this nmanner the two neniscuses can

m ni m Bé% hBignread? dlusftes amaltamaiyatesbodionent héa waglerpropmitycread dgd thet | er

before contact and fromt raller to.the, wa after contact. [169]

P gar ccaerpr 628 PepbEen PEIPEATARC, R abBam AL g R r BB BRI £ hbac
1710 t hatmeriRQsEUTRIAL 17110 418 Rir&P4a 88 a béfdPandlatid GdglRlePEaXAcH ty head 1710
can be rotated until the neniscuses 1714A, 1714C are arranged in a before

and af asengegat. risltdragtivebn thedvo memsomepsnigidA, KT k44T ermtbelecajed emihet wo
meni scuses 1714A, 14C ¢ ﬁ)e oc on, th r oxim head 17 omewhat
ol osel PreamhFa 1740 g Bt e Rarb omasal b Skt T teeptfroté boft
meniscuses in short succession such as either before or after the edge contacts the edge roller
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 can perform successive processes on the edge of the wafer 108. By
way of exanple, a cleaning process in the first neniscus, followed by a
rinse and dry process in the second #gni 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

bet weefe (BERIFRoREOMY | dleant HAWY 8ryl 88n). AihELNFI VNS Me dEiRIPRNSEHRES 1714A
and 1714B can be forned with the wafer 108 hot extended between them and
t he nebicscospitid)dre movsuspakidaldng 19048 cainbe edged DllytdiBof Iwaddge ol 08 as
shown in_Figure 19A and then full oved. onto the wafer .as own_in Figure
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zone 1818 (shown in Figure 18B above) can be conpletely processed as

desi r ed71ByFigaap 28Filustenigsl asectignal yiea eldhe pexaniishend I/dAand Srgedes rallerm wi de
then t r.OXx| M h 1 Xy LSGC (14 I.C nmin
di anet gr?z,ﬁﬂéﬁ %Wf%aéc%ﬁgtg 08%%8‘%&\/\%”2%5?‘{'8%? %@8&6%{? (%)lrgt# i@e?@%"@ggﬂ?@é %r ocess
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been conpl eted, the neniscuses 1714A and 1714B can be noved fully off of he
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mounted on a first shaft 2012. The first shaft 2012 is hollow and al | ows
one ( oknaygria)the aw thae pan drivesthe pdge 1olegl 02 Asesceadedhiathe oxerall applicatigtatde wit hin
the figrst.shaft. An _edge.roller rive 2014 is attached to the first shaft
2012 s O'Jts}%t%tlﬁ5“?5’031339%%%?@&?%%9@ot ate the edge roller. The edge roller

drive n.be, for exanple a notor or a pulley or, any other device as well
cnown (1121 nEhesgecond rale6 4 Faplacha tuelox Y head {dbhabencradded aBy 1 he
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The seco S 2016 1s coup to the proximty head 1710 atoné end and
an achaadtiGi0 26dRnaicall hevithttheedgendlier 1028hi Thermatmaer 20 he cachaatororZg8 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 controiled 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] 1In 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 1O2B and/or 102C are the driven rollers, then the edge rolier 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
system such that the shaft 2016 and therefore the proximty head 1710 can
be noved in a very precise and controlled manner. The very precise and
controll ed manner allows for an accudate | ocation of the neniscus 1714A
relative to the edge of the wafer 108. [173] In another enbodi nent, such as
descri bed 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 enbodiment, shaft 2012 is used by
the edg®xini®) héls fgl aﬁ@ﬂfrfbit&fﬁ)éa@ 1!730}4?% MarRAR beLoldlél R R biket ¥ heads

(e.qg., proximty head 171 while the third shaft  is used by the other

pr oxi nproyirheakekad AY08B. | n such an enbodi nent, the two proxinmty heads
1710A, 1710E nmay be independently controlled and noved. [174] In yet
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heads {i®s@ntialprssighk ¥ediead 1710A) and shaft can be coupled to the other
proximty head 1710B. [175] While the above description has primrily
descri faeg] Wafigl Shedithve WaSdtRl Ssedfs, ApYARGs nd SRISHANY vkoRSREa shape, if
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syst enerrdesCyarivad ekenmplary deming aw dypingiprddegses] it shoplddmessiemstauldbatrogliee havi ng
a substantially straight edge. . [17 Wi | e the above-described systens,
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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 gii?;en 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
that certain changes and nodifications may be practiced within the scope
of the appended clainms. Accordingly, the present enbodinments are to be
considered as illustrative and not restrictive, and the invention is not to
be linmited to the details given herei 8 but may be nodified within the
scope and equi val ents of the appended clains. Wat is clainmed is: 50

CLAI M5 1S§ﬁAﬂ§§hOd of optim zing surface tension gradient of a neniscus,
conpri si Ng: |l ecting a first material for a first surface; 5 selecting a
second material for a second surface, the first material having a

di fferent hydrophilic property than the second material; wherein the first
surface ils a Amsfodiof pptimizdnasiiach tensioo aradlient of ateniseusacerupritingit e, t he

proxi mty head _j.ne } nl prald ty source inlets and a plurality of
source outl et g?fegt%@u%jgg%mﬁtgmgi fr%r)é%if{sr%:td“sﬁ%f(("aet’vveen the first surface and the

second surf acaeletfhga sobosy shefahidy aRecodd sefideNhe €stShttéragd Aatifpsi on
gr adi ent, ,%orrpri Si n%:__ a first surface including a first material; a second
surface iHidergay grophticoupperiyhan thg sccand angterialy wheaeia thefirshanrfaggise di f f er ent

hvdr obhi Lic. .on . . _ bei
oubst ant AT GHOREE) fod BB Yecolf (ERERNC SRR e plinlt el BURKERS 0Cr oPn the
first surflaebtyid saurpe ontéteradd/a pimeaditpofisdubhe qutletsi avidt y head i s capabl e of

form ng a neniscus between the head and the second surface, the proximty
head i ncl udi n&f’ﬂ%ngﬁﬂe&lﬂﬁ%ﬁwe%@!ﬁé&“iSH¥£%%3,nﬁé%S€§m&{%Hr fty of source

oujdets, wherein formng the nmeniscus includes 20 injecting a sel ected
liquid fromthe first plurality of ports between the proximty head and
t he first2.sur fAexstambavupphy ppitmized serfasmiensiontgadiet owdapisingal i ty of ports

a first surface including a first material;
a second surface including a second material, the first material having a different
hydrophilic property than the second material, the first surface being substantially parallel
15 and proximate to the second surface, wherein the first surface is a proximity head and the
proximity head is capable of forming a meniscus between the head and the second surface,
the proximity head including:
a plurality of source inlets; and
a plurality of source outlets, wherein forming the meniscus includes
20 injecting a selected liquid from the first plurality of ports between the proximity
head and the first surface and applying a vacuum to the second plurality of ports

between the proximity head and the first surface..
3. The method of claim 1, further comprising selecting a third material for a third
25 surface, the third surface having a different hydrophilic property than at least one of the
first surface and the second surface.

4. The method of claim 3, wherein the third surface is an edge platform.

30 5. The system of claim 2, wherein the second surface is a substrate.




between the proximty head and the first surface.. 3. The nethod of claim
1, further conprising selecting a third material for a third 25 surface,
the third surface having a different hydrophilic property than at |east one
of the first surface and the second surface. 4. The nethod of claim 3,
wherein the third surface is an edge platform 30 5. The system of claim 2,
wherein the second surface is a substrale. 51 6. The systemof claim2
further conprising a third surface, the third surface including a third
material, the third surface having a different hydrophilic property than at
| east oné-of tihe SV$t?1§t°f§1§F¥lgeMﬁHCQWWW&d%Ffﬁ%E‘i.e thirdrsurfage syst em of

claim6, weitk 9 dhiRPmbRHAC AR NEREG 8 ndng dATRLA L oBhilic property than at

least one of the first surface and the second surface.

5 7. The system of claim 6, wherein the third surface is an edge platform.




