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 t hods and systens for efficiently
applying a process to an edge of a substrate. 2. Description of the
Related Art [2] In the sem conductor chip fabrication process, it is well
known that there is a need to clean and dry a wafer where a fabrication
operation has been perforned that | eaves unwanted residues on the surfaces
of wafers. Exanples of such a fabrication operation include plasma etching

(e.g., tungMETHODS KD HFBETEMS FFOR BROEESSING LSUBSTRATI) .

In CIVP a wafer is placed in a holder that pushes a vvafer surface agai nst
a polishing surface. ¥¥ﬁf ﬁ@ iggig (ﬁﬁ$Ch consi sts of
chem cal s and abrasivU &?Aﬂ I‘ﬂgA flmm it M ortunately,
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 nust be dried effectiyely to prevent ter or cleaning fluid
remmants from | eaving resi dﬁéﬁ&ﬂgﬁ&Mam ng 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

will remai n onjdder wafllavestisif ace after evaporation (e.g., and formspots).
To prevent evaporation fromtaking place, the cleaning fluid nust be
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and more particularly, to methods and systems for efficiently applying a process to an edge of

a substrate.

2. Description of the Related Art

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

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



surface. In an attenpt to acconplish this, one of several different drying
techni ques are enployed such as spin-drying, |IPA or Mrangoni drying. Al
of these drying techniques wutilize sonme formof a noving |iquid/gas
interface on a wafer surface, which, if sproperly nmaintained, results in
drying of a wafer surface without the formation 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 rev | ent . dryin echni gue used today is n, rinse
dryi ng (SR Of @13@%5”5@%1*’3 IF DR MBS At TOF (BT ¢ AP am@ﬁ%& B waf er
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being pulled off of 'the wafer, a noving iquid/gas interface 12 is created
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the fluid d the Gutside area of the circ formed by the noving
| i qui d/ gélsid mugritcacmotdl assquididy et ptamb&ﬁgwfthmutdhe fbmmae@moédxogbmcmethd myaiferg

process continues, the section j ',de e dr a the noving
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addi ti onthetalﬁ@eﬁlaﬁhaned@;mghmhmﬂsf fioplekd fioera awd Ehapdirationgoonafsersidiing i xalces t hat
are hydrophobi c. droghobl c wafer surfaces can be difficult to dry
because SUEHTGRPIEEE IPlP8|the Wales FUkE: wat er based (aqueous) cl eani ng

solutions. Therefore, as the drying process
[4] The most plevalem drying technique used today is spin rinse drying (SRD). Figure 1

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

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



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 th hydr ophobi ¢ waf er surface.

Addi tionally, the aqueous cleaning solution 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 | ed manner _on the {;gdr ophobi c wafer surface. This formation, of
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common way of wafer drying, this nethod can have difficulties reducing
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OF THE I NVENTION [ 7] Broadly speaking, the present ventjon fills these
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i mpl ement I N NUMer ous ways, I nc ing as a process, apparatus, a
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portion of an edge aof the substrate and
This formation of droplets results in the harmful evaporation and the contamination
discussed previously. The limitations of the SRD are particularly severe at the center of the
wafer, where centrifugal force acting on the droplets is the smallest. Consequently, although
the SRD process is presently the most common way of wafer drying, this method can have
difficulties reducing formation of cleaning fluid droplets on the wafer surface especially
when used on hydrophobic wafer surfaces. An additional problem is that the edge of the

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

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

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

SUMMARY OF THE INVENTION

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

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



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. Mving
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 neniscus
onto the edge of the substrate can alsd include moving 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 scus appantuencysieas sompetcedgdatdé ntckde, subdtviat Savetdhiimventiec gobedimensf t he
ci rcuntf er? ce of the substrate %él'ge meni scus can enconpass at | east one of
a top suf é"%ﬁﬂ’@%‘“@%’&qq}i‘s&ll%ﬂesf&h #8%- a bottom surface edge excl usion
zone. The method can al so include noving the neniscus along the edge of

t he subs{¥lat e Oreembodipetieroddtsodingibnd ogpw;eqségzmggggtoémsﬁbﬂtram od¥ssi ng an
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concave portion and nultiple ports opening into the concave portion. The
concave porEvopotionbgingapnillle obfeceistgi alaagt aportdyel af edgesafibe sultstatanddt he
ports i nﬁl udi ngc at | eacft one ocg s | bﬁqi d injection port, at |east one
vacuum pOFtMEHEUSES AT CUYREGURF L L FBHE BN control port [12] The edge of
the substrate can include_a circunferential edge of the substrate and the
first prbBXini dye Rethpdanalpdprledemoymeinagenispsnis elihecdpanl despbdidier i ng
at | east ' : ' e . . The. . roller
can bo. riFhe Heaisphe b8 (€4 LARTLUERRRAL chL P RIRTH AR e G BHOHES: oo

on a secabulitanhsis of e groxisdityohdad. MehithetheIREORUs dxioShe aleddsf the oML aBlercas .
The first,  axis and the second axis can be rotated independentlgl. [ 13] The
syst em c&lfP fnstudsaroving fhgdaesas cdadvgpioshs edgeyolfeathbsrpie. dgenpihetpeniscus

substratge a%"ogin%fﬁ%Iﬁi%‘??asin%i]técggi%%ﬁl%%c?nlliﬁc%gge and the first proximty head

and the secon I OX . are "capable of being positioned over the
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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 Jeast one vacuum port and at least one surface

tension control port

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

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



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 nmeni scus on the edge of the substrate after
the edge of the substrate contacts the 5edge roller. The system can al so

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

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

enbodi ment provides a system for processing an edge of a substrate. The
systemincluding an edge roller nounted on a first axis, a first proximty
head nouditrggroximity heed ordowntédon Thecosd epind Thrifsstiasiscadabntacood wkis lsat he

first axis. The fjrst proxim head capable of formn meni scus. The
first proRisEty HEditey sl segng ave CB%B? A TR Ve por tion 1
capabl e of receiving an edg&lof a substrate. The first proximty head al so
i ncl udes [Rl t iThesysernican Gpeher ingludstaseednsl pronieziehasadr fihowdeerakthpsubséraiencl ude

at | east e rocess. l.iquid i,njectio ort, at . least one vacuum.port, and
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second axis the axis capable of being rotated i ndependently fromthe first

axi s. [ 18]d theseernslqui sty Head hisdagalde nbbtiog isfepasizcnily pasitiemidsees ther om a

first surface.to. .a ecqnhd .surface.includes f.qrm a nmeni scus. between a

head and A FIELOd] sdesc d e Ffl Prowirity d6eC e b Peaths BRIT REDISHSEN TG ace
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to the first surface. Moving the meniscus paralle he first surface to
t he adj apewimgebesds sapablce loecatingraclenatal movisauy onrbe adge s sshstrhtetafiat tha
first portign of .the nmeniscus is S orted between a.first portion of the
head. anaeareTrie ws e PRRacs e 30BRCaHE Sperbronae aaftabieid’
suppor t egypeidBaRe Arss BEANHitPAELd, AR Rtuddi®elBadpNE of BovREOME R4 Hh&GHty[ 16]
The neni sc@? can al %ssoﬁbe n‘loged from tuﬁe sgcondpsurfoace and ontothe fllyr st
sur f ace. headbvi ng t he neni scus fromthe second surface and onto the first

surface substantially renoves a liquid that fornms the neniscus fromthe
second sU4] ac¥et difvehdrenibdditsert provades @ syeemAol prR sty Ankgiodlof a(s@b@rate. bur st )

when the neniscus is fully renoved fromthe second surface.
The system including an édge 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 froma first port in the head and
applying a vacuumfroma second port in the head. [18] The first surface
can be an edge platform and 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 der aphaseenflporticn oie BenissustipsuppouBsd betateen apaand pesi Qeedhe headrmdce
can be sepalaly %qf%{on1the first surface by a gap. The second surface can
al so be fioVed relative to the first surface. The second surface can be

r ot at ed lative to the first surf ) mat eri al . one .of the
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nDV|ng a meniscus froma first sur ace to a second surface and i'ncludes a
first surdmeoesandual siecfonds gerhadscus fimimn ihe ssedngtsarfhéeal The meripdmran alsuibt h
the first _surface. A novable head is also included. The head can_be_npved
in a fir8HOWeH lguPiushesTRIrshiMhan (R e srdRds Qi Zeme ek %lmttﬁ sqcPREPUIEGPS ace

and the second surface and also can be noved in a second direction
subst ant [Klll y leanseqomé sutfecetdap beisplettangially aewlamndwithéhsbsopdfacsuFoaeiag the1]

The first surf i ncl ude n.e e platfo dthe secpnd surface can
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Alternatively, the head can be wider than a dianeter of the substrate.
[ 22] Theswéconran slap im:d:teiecancm ceq:lemed bauifl fiom 2 fiest portdn thachd @ad byplaingap.
The second surface can, al so rmV| ng relative to the first surface. The
second s&%@a@@aﬁ%?%f@%‘mr dig relative to the first surface. A

material of at |east gne of the flrst surface, the second surfa%e and the
head canil§é séhebtsguizresph baiepedge platpue and @ﬁs??%’rﬁldg“%fa?"e‘%ﬁn by pHPSYEHBL her
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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 a substrate. A third material can be
selected for a third surface, the third surface having a different
hydrophilic property than at | east one of the first surface and the second
surface. The third surface can be an edge platforn1 [ 24] Anot her enbodi nent
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that i nqllléjg@ﬁt,@te.second material. The first rraterl al having a different
hydrophilic property than the second material, the first surface being
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surface of {he substrate and correspondi ng top inside surface  of the head.

The secoftf 1BRHIGRHMEHGE LRV 5 StppoFYetrcrat kfettcanbBirtasm df fisdaudicet he
substrat Sanaf%ja ?(Qardraglﬁg Qa'calgd ?.&Fatc? Q%l}]ﬁ'éb sﬁﬁ{ﬂf ?ﬁﬁm%f Bl!aﬁalh&ﬁq)e st Iecl%a @(1.)1 The

Meni scus can a ved o trate suc at the
first | eddidgradgehamddtshefaseltomd 4 elaﬁremg hedigehiio phopretytthart ffleasovtidie

| eadi ng edge of the neniscus. Movi 2[% t he nmeni scus can include noving the
meni scusthedigisuyiace 91 the sesgge serfaqend hedhibd syifice canbe phgdshdaheii scus can
al so include increasing the size of the nmeniscus. [27] The edge of the
subst r at B4t anAabéer émbddithenainciudeunt wteanhirdhg ermlgptimfzeti lverfaestisnsiant gradiedt. t he
meni scus..can be forned i.n an arc arOLingl at.le porti of the,
ci reunf eTlg%%yéLeacr 1ntch1éies a first surface that includes a first matenal a second surface that
includes a second material. The first material having a different hydrophilic property than
the second material, the first surface being substantially parallel and proximate to the second
surface. The first surface can be a head. The second surface can be a substrate. A third
surface can also be included. The third surface can include a third material. The third
surface can have a different hydrophilic property than at least one of the first surface and the

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

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

substrate and corresponding bottom inside surface of the head.



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 al ong t8he bottom i nside 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 fl udes a head. The head includes a concave gorti on capabl e of
recei vi nE &n ddgaNGRsCUs cHLHE? PamOVed Al of Hifcslie OpBictsBHI A 84rh thet thersst

mul tiple i i i qui i nj i It r, nore
vacutim por e Shi el ohdlE RN EE L @it L BLRERRE AR a8 TO0C
t he substieateusahoalgahe nehisces @ndhélotmerapthanceidgs ofativb e sakdgd aftthe and
t he arc- shaped head can be forned in an are around at |east a portion of
the circ§ntstipendoung thamerjsiiscrnebo ifaele irersasing thewizeaibrimeaiiews. of t he
present invention provide the advantage of noving an intact neniscus from
a first $§Uf adée eilgeof thanustge qahatsoonet)de ociacisecendalsadgt af ¢ho( @befrate and
substrate, a wafer). Tpe igt,act meni scus can al so gg moved of f of tre
second sHFFREHSHS CfhBC IGrpicdin &R ARCAERUAA JeasehPPTHER RE RIS MEENESTPT oned
to burst i 1 |0 Lo ctihe. face
ensures f%glgﬁh?hgﬁﬁlﬁgﬁ%a&gﬁgglg@gs%ﬂ?Fd%%‘? it@ggﬁ%ﬁ%ﬁlgglog%em%? ﬁ?ﬂgn iLtgui ds
t hat f or thetsobstrami Sioumenincushan secaonpkss ur at ene pB4 jopAmofabe edgdahtsageons
that an edge of the substrate can be processed (e.g., cleaned, etched)

t hr ough E‘J%tgaB‘P“%{ﬂS@é@‘@-@ﬁ%ﬁéﬂu%%aﬂ%at can support a meniscus around the
edge of the substrate. 9 [32] In another advantage, the materials of the
head, edtS]pl ab¢ oreniscanernsukndraadifersandis@ncedprg thedor brsideruiface epebedd/e

hydr ophi J.i ¢ _or hyd hobi ¢. properties. so to, increase the surfac

Ty on st aftng G RARIE MsfaeRRBET he BB LRRL e’ Db ELR Ao alf cot BokE&Ttivg g
pl at f or mo th@ RekdSIRE kAt mEdddus Iheovad hioHs tRbedbmRtebafat he present

i nvention provide the advantage of processing an edge (e.g., cleaned,

et ched) &f9] t hg L SRSLLBEEntR fﬂHHa'aeé@ ?ys?erm it p%&@s‘iﬁgglpgﬁlge of a substrate. The

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

substrate,

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

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

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

the substrate.



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 [ 35] e 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

processi A§lsy dt anether sdyewingratieemaetipls oh redivpdaidge @iaff@ffm @W@ﬁ@@é fan be

systom | el rorhdbrpii 2 Bt oalod hEREBh 1 pEefies TR AT E R 867 g e
2C i || ustspgdRSemsid @l@dl@hp@esmom h@&netnkk@uéﬂaét%mpém&&mer}gac%mg@matf@hﬂl ng
a wafer in accordance with one odi nrent of the present invention. [40]

Fi gure 2BnépawEagnot her si de cl ose up view of the wafer processing system
in accordance with one enbodi nent of the present invention. [41] Figure 3A
shows a {31 vilawvhtibwsiniiatdimgnt be hegiresenpnoeaini prgvidy steeadvantape dlial

proxi mty heads in accordance with one enbodi nent of the present |nvent| on.
10 [ 42] PrRIcgtne Berder(@ge Fireed. sicspdiol iewbsrale Honall Bie Prascdseihpedyst em

W th dual, E’Q{%ﬁ% ME#J}F%%% h@uéﬁ%ﬁ’ﬁ&’%@%ﬁg&’%% St FEbOd' ment of the present

i nventi on. er processi ng system
rrultl proximty s for rticul ar face of the

whi ch d
TR 7 g i A SR R R ﬁ%%vmﬁonm&pb&%@sﬁ?p#ﬁ@f e [ 44]

Figure 4%1@*0@%4@d@ta§écﬂ@esylllﬁmrpﬁal&n% M@ﬁ@ﬁou@h%@ﬁ@b@%oﬁﬂ n%gvmhmgsncl udes
multiple proximty heads for a particular surface of i'n

accor dandhiswitirtg gneaeabodimpathegitinciphe gftes@nentionvent i 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 c¢leaning fluids on a wafer during an SRD drying

process.

[37} 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 yjew of a wafer processing system
with the proximty heads in a horizont 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 ment of the present invention. [48] Figures

5D- 5F show side views of the wafer processing systemas the proximty

heads moVd2k hd BERPEAUYS 4G tidevistrd deeyalst pm&@smwtetrbwhéuddar%éw edge

platform eags 13%8(%1"9% Soith &l e%%dﬁﬁpﬁg)tf%rﬁrﬁs%nt fn@gcf nesent i nvention. [49]

Figure 5 processing s ce with one enbodi nent
of the ure, 5H shows waf er S|n stem

50.
T accorﬁéﬁ f P O AU R S N S A L e
5 a {1 OWRlaht Baa B Aritr AREROY: BRSLAL! ANScluldSivith o IGiFLAT 1O

and drying systens in accordance mnt one enbodi nment pr esent
i nvent i omhe proght Fvgutien.5J i s a detail ed cross-sectional view of the edge
platformin accordance with one enbodi nent of the present invention. 11

[53] Figus 64iahouwB sBoRk @%iddividl BERd walbigirb@idtihebysasrh SMiat indidehafulippy be
utilized to clean and dry the wafer in accordance w th one enbodi nent of

t he pres®MXiniHyaptdsdar a p4PulRr sufase 6Bthshvoler iamotdidancp o’ ere gmbrehigpent of

i nl et/outtl etres%gl{e%n'%non that nmay be utilized to clean and dry the wafer
in accor ce WI nh one enbodi nent of the present invention. [55] Figure 6C

shows a ig X|n1ty head |nlet/outlet orientation that my_ be
utilized ¥ igé%% éﬁaowwt%@ew SrVTH HOESH AL LTI %ﬁ@@ﬁ%&?ﬁ%ﬁta of

the pr esg&tl ddnné{%ﬂltlﬁ aucgr?@'h F'egtéqlﬁs E(%Poéslzl (H%IR’[E‘,%} gis%l@ vpe[faf ﬁfﬁgla&(ﬁﬁ@éﬁg' ment

of a wafer drying process that may con y a proximty
accordanumhwnmhnmméumﬁhedﬂmﬁﬂtxm#mmhﬁkmresent invention. [57] Figure 6E
shows anot her wafer drying process using another source inlet/outlet

f46] 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.

{491 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] Figure 5i is a flowchart diagram of the method operations of using a wafer cleaning

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

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

one embodiment of the present invention.



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 quiiIin accordance wi th one enbodi nment
of the present invention. [59] Figure 7A"illustrates a proximty 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 7C.illustrates a proximty head with angled source inlets

per form ﬁégla drigHe A divsis Mnrer ity heed Hilefimlst ilamatsnehemaybaeiiizedfo t he
Cour co. i TR 8 s SRk A e B PP e kD Sl oni
1 st r aiS8 s Hs 8 CBrBaRo v TPoi il iy e At kb P e Tyt o pe (Rl
surface ¢heRR Bk &@qhgwf[eggﬂ 3B RiRgh &@%Qﬁgw\pm Mheris?%s@ﬂégﬂmﬁm of the

present invention. 1 Figure roximt ads 1n a dua
f . | : ' : i d . Wi di t
of the prident # o SGeTR: o BERe T aRM BB EBM i shl Sy TRES W 1 n

accor danegcléhd i venRedt eiicorfantdRith BhE SRPbAihIMESL the PreskRBhvéitgHr € 9B
illustrates a substantially circular processing window in accordance with

one enbog¢grentz; Hf, : to j - ' : | ary
o ocess. i ohdots Surs ROFHEEREH prb YR blBodiBd) offd PHPa By SORNE A BT
pl ur al i t yormfucsdiryceprokintiet Issaid in acwodamas 66thwint Bnioeiresn of iheasréseaf inbaigtion.

present invention. [68] Figure 10B shows processing regions of a proximty

head in pEgor ganeecMishdwPRRthe WAL IRk pecebNBiRY SR/ sbNEMIL@Slet
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 proxirmity head performing a drying operation in accordance

with one embodiment of the present invention.

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

embodiment of the present invention.

[61}  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 nent of the present
invention. [70] Figure 11B illustrates a side view of the proximty head in
accordance with one enbodi nent of presigt invention. [71] Figure 11C shows
a rear view of the proximty head in actordance 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 enbodinent of the present invention. [74] Figures
14 and 1%5648hoWigire gBHRays Hedsoximy @ﬁdttlﬁél&ﬂ@é’afﬁf@é@%@ PeasinmindyIHeEd i n

accor dange, i1, OReL SAPQAHTRAL, AELIS, BF SeeplshOysatian. [75] Figure 16

shows a section Vi ew of ‘edge process proxi y ' head, in accordance

with one odji ment . of the present invention. 13 [76] Figur q

i |lustr (i aﬁ"}%ﬁf% éﬁﬁ&?ﬁf@éesmgﬁsm VeBY Bt %@E@P%WLQ SR ROPAITEBE 6 Wince

\c/im th oneppégggqhvr%%ﬁof the present invention. [77] Figures 18A-18D are
etailed views of the proximty head, in accordance with one or nore

enbodi ne ot t he present invention. [7 Figures 19A and 19B.illustrate a
i s g SRS e S e R S T Sl Rt o S
present bRveRbb@men{ dGhe pigtiendBitibh] ustrates a sectional view of the
proximty head and the edge roller, in accordance with one enbodi nent of

th [ [ T, 3 1=, ARY: : NTS
1501 "sovir SRR O e e T che Y A SR

processi agl {sewell as the lpbaniingf sokrs bmdsts dr accoganet whh bgg embodidgeat of tha waf er
wi |l now be described. In the follow ng description, numerous specific
detai | s B EVNBPRh in order to provide a thorough understanding of the
present invention. It wll be understood, however, by one of ordinary

ski || inlG8he Higure thshaveprpeessiogtredionserfta moximety fradpn actordande wiithhmet sone

or all of these . .
emlgocﬁment 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} TFigure 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.

[78] 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 ge appreci ated that those skilled
in the art upon reading the preceding sﬁ cifications 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 wthin the true spirit and scope of the invention. [82] Figures 2A
through 2BloelFoguie 1V ildustratcs anmbiempiveniubsoite adccaNengpayysamen acppigeesssi ng

system |t hs %% Otghmg gﬁl%&%ﬁq@gt the systemis exenplary, and that any

ot her SUI ype o ﬁl?hat woul d enabl e novenent of the
prOXIHiti'ﬂgagé@é into Iose proximty to the wafer may be utilized. In
the enbodl Frobe 1§ f%eetﬁﬂ?ﬂ igws ﬁ%ﬁ*&@é@mmv hr%ﬂ’/’é“ iafcoadanchadh 8N on
froma c

f the edge of the wafer. It should be
@@ﬁeealmem & a%%glglsangg{grsenﬁ& e

appreci ate at other e may be utlllzed where the prOX|n1ty 14

head(s) ) ear fror one e t he ang

i amet i ooty PR PE R LBE Mpheke DTy TR ArsT D GLe s
may be ugjnlbb@%nsgpﬂhe%%ﬁtqhv&g%ﬁpl e, | n a radial nmotion, in a circular
notion, in a spiral notion, in a zig-zag notion, etc. The notion may also

be any sggiab I Y. Y dition,
in one ?n‘god u?é)%ilLdsﬁgte tSé&{%n&b\gfﬂlrvo at%}dg% eflgﬁlrn gﬁem tgffléul%laﬂ ved
in a |ineawnrdanshivivh (ﬁueeniblaeumrmgrmctgtedeﬁadvemwnprocess all portions of the
wafer. It should al so be understood that other enbodi ments may be utilized
where the waf er DETAJLEPIDESERIBIRON bF THEE XENMPLARY ENMBODIMEINGE ed t 0
nove over the wafer in a fashion that enables processing of all portions of
the waf o] | Beagddids gla1§9§1b9ﬂ1ﬁi@nf§|fbi/rr1@%@s@Maﬁﬂh@atﬁ@éfs% d&b@&@ﬁgl(ég ,system
descri bed herein may e utilized to process any shape and size

subst r at dsasng mremgf dryinex ambhg) ap @Gganof anaiffier will n@@@erdwmdfcér gy thiel fatloyingel s,
etc. The vvafer Qcessin may be. utilized for ejth or, both

b ocess: HECTRARaNBE S SR RSO EheCaBih it aREE KbosRleBoePet em [ 83

Fi gure 24h RNl ¥ohe brRbRGRiBE. SWAHIEP tHRrstdbRAGREARNGEL Y 6f*b1@i'ﬂ§1y
enbodi ment of the present invention. The system 100 includes rollers 102a,
102b, anskillOpdewhi tiat theypresent 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 |ower arm 104b respectively.
The upper arm 104a and the |ower arm 104b are part of a proximty head
carrier assenbly 104 which enabl es subsdéntially |linear 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 acconpli shed by
havi ng t headippeovaim i@4alahmntiten ohovdye drtin L6RD tdmair alreettically oppotitcal
manner so ,0nc eads are noved horizontally into a |ocation
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descri bed herel n. lgt shoul d be aE preciated that the system 100 may be
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waf er as Ion as a neniscus as discussed in further reference to Figure 6D
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waf er prbeessiadgo ppeeat drgnhapd dhdasiR @sepaihae eobadiorRRhmplh20PhexX Watdy,
heads 106a and 106b (as well as any other proximty head descri bed her ei n)
may each3¥emnmiyotess. flgt paelieais- 6 tafer Boeassing sytnimay, 18 uitized o dither waf er
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proxi mt 2 \?\g des @ed her may be noved to about 2 nmfromthe wafer
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of present invention. The system 100, in one e ment’, as
hold and rotate a wafer to enable wafer surfaces to be dried. The system 100 also mcludes

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 nmay be novabl ¢5in any suitable manner that would
enabl e novenent of the proximty heads 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 i n tem hown head 6a and
106b. ¢ ni T Bl PAp G, & Pkt BRIl S Ao Fip B oi0adudlicn as.
for ex am@lc@e pﬂoxnﬁlty Baybe ady sBitad GistafBSfrBMAKe Watey aB &adSas ]a%é}n%g/a@ 106b
of the wafer processing system 100 may also be any suitable size or shape

as showndispussed drfue&lamlﬁaencarty&g‘umﬁbtbmgh ﬁBtryamlwmgHmndbsbmnbed herein.
The different. configurati . ri er el ngenera a fluid ni scus
et uaen ERECHFERh bR g Bend® TRER beaf thod s tu AR AU rEr Mot e roved
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surface and renoving the fluids fromthe surface. Therefore, the proximty
heads 10@aﬁna@dHQQGMmﬁannhﬂwan@nyxmmnsrdmaInQb@bknﬁMﬁmmhmgum@qm@msu@s shown

herein o r at ons th enabl e roces es scrlb her ei n.
It shoul Z@é%%"‘fgg(ﬁbe@? é’l“te ds f’%?t i’GPIOf‘H%“% Qe ﬁrﬁyi Jeesy gﬁ?
surface ﬁfov&ﬁ‘?o Mahein Qfoubétshmgn@ abOR ﬁﬁyﬁ{n‘?‘ﬁ% dE@r BhiHY %Hr éz@&\&sfﬂ the
wafer. [86] In addition, besides processing oth the top an om
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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 (o move the proximity head 106a and 106b from the center of the wafer to the
edge of the wafer. It should be understood that although the wafer processing system 100 is
shown with the proximity heads 106a and 106b, that any suitable number of proximity heads
may be utilized such as, for example, 1, 2, 3, 4, 5, 6, etc. The proximity heads 106a and/or
106b of the wafer processing system 100 may also be any suitable size or shape as shown by,
for example, any of the proximity heads as described herein. The different configurations
described herein generate a fluid meniscus between the proximity head and the wafer. The
fluid meniscus may be moved across the wafer to process the wafer by applying fluid to the
wafer surface and removing the fluids from the surface. Therefore, the proximity heads 106a
and 106b can have any numerous types of configurations as shown herein or other

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



[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 may be held and rotated by the rollers
102a, 102b, and 102c in any suitable orj ﬁntation as long as the
orientation enables a desired proximty head to be in close proximty to a
portion of the wafer 108 that is to be processed. In one 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 arm 109. The roller 102a may al so be
rotated spindle (as shown ure 3 I n one. enbodi t he
ol ters Tipnsent 0 BB aRrs R st Be P g ol Be SrreStiighe PEToBt ot o
t he maf%ﬁﬁégﬁﬁuaaaaggpnterclockmnse direction. It should be understood
that the rollers may be rotated in either a clockmﬁse or a
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outlet configured to
long a8 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¢c 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

addi tion, other types of solutions nmay he input into the first source
inlet and the second source inlet such as, for exanple, cleaning solutions,
ammonia, F IF, etc. It should be appreciated that although |IPA vapor is
used in some of the exenplary enbodinments, nitrogen or other inert carrier
gas may be used to carry the I PA vapor. Alternatives for |IPA include but
are not |limted.,to.the follow ng: djacetone, diaceton alcohol .
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DI Wsource inlet configurations are described herein with a preferable
enmbodi mehgreiyanngaldebe pudied. Mnaddigdre odree ¢yites of sgjutiensény be inphivt @ thiedirst
appreci ated th L vacuum DI Worientation

t the exact configuration of the |PA- )
oy be VA IR AR IR PRI MR oy ROPPR AN STHITS B
bet ween tiiveetk P shBRMtbe ABRidiiRd BRGIRLNEE TR RGadANS sBRY oPiewdkhpfhr§o t he
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,
I-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 TPA vapor inlet is adjacent to the at least one
vacuum outlet which is in turn adjacent to the at least one DIW inlet to form an IPA-vacuum-
DIW orientation. It should be appreciated that other types of orientations such as IPA-DIW-
vacuum, DIW-vacuum-IPA, vacuum-IPA-DIW, etc. may be utilized depending on the wafer
processes desired and what type of wafer processing mechanism is sought to be enhanced. In
a preferable embodiment, the IPA-vacuum-DIW orientation may be utilized to intelligently
and powerfully generate, control, and move the meniscus located between a proximity head

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



di 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 proggss w ndow (i.e., neniscus shape
and size) as described in further detail 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 another .side
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configured so a vacuun 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 1060 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 enbodi nent, the proxinity heads 106a and 106b nay
be noved in a manner so all parts of the wafer 108 are processed w t hout
the wafer 108 being rotated. In such an enbodi nent, the proximty head
carrier assenbly 104 nmay be confi gured 180 enabl e nnvenent of the either
one or both of the proximty heads 106a and 106b to close proximty of any
suitable region of the wafer 108. In one enbodi nent, of the proximty

heads are snmaller in length than a radius of the mafer, the proximty heads
may be configured to nove in a spiral manner fromthe center to the edge
of the wafer é08 or |ce vers ﬁ, referable e od*nent when the
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waf er processing system 100 with dual] proximty heads in accordance with
one embofihihithe Htrqdystipn aklpd tp H?Féﬁgioérbetwﬂd%‘aﬁfebéag apb e YIS er ence
to Figurgg, 2l He , the upper arm 104a may be configured to move and hold
t he prox mty "106a in a position in close proximty over the wafer

108. Th 104 fi ty head
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enbodi nent, as the wafer noves as shown by rotation 112, the proxi mty
head 106ept4ted. chlp%.lbh en efmbpdimmarit,the aroximitghédd cmfigramserntidy tofh nwrﬁeaxoeﬁg,lﬂea of

the wafer usi ng a roces descrlgl n further detail in_pefer nceto
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enbodi nent as shown in reference to Figure 3 ere may be a second
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bottom surface 108b of t h? waf er 108,
to move 1n a spiral manner from the center to the edge of the wafer 108 or vice versa, Ina
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 nent of the present
invention. In this enbodinent, the system 100 includes both the proximty
head 106a capabl e of processing a top 2 rface of the wafer 108 and the
proximty head 106b capabl e of processi @ a bottom surface of the wafer
108. I n one enbodinent, spindles 1l1la 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 may be presented to the
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into close proximty to the wafer 108, the wafer processing ngi be begun.
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view of a wafer processing system 100-1 which includes nultiple proximty
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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.

{941 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 106?11 and 106b-2 respectively. In the
system 100-1, the proximty heads 106a-1"and 106a-2 (as well as 106b-1 and
106b-2 if top and bottom surface processing is being conducted) work in
conjunction so, by having two proximty heads processing a particul ar
surface of the wafer 108, processing tinme may be out to about half of the

time. Therefore, in operation, while the wafer 108 is rotated, the
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108 in aaenradaﬁﬁtelwntl hoéme i2dp thﬁ’lhmdbmmfa@f prob&sipies beihg icond@ietddpmork m t hi s
enbodi ment, the system 100-1 includes both the proximty heads 106a-1 and
106a- 2 t fRITUBGIENSapRhAYiRg tvfﬂ@@é%ﬁ%@@aﬂhél%ﬁlwwzaa@uiaoaafasf of theewalgif er

108, and 6 I t tom
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102c respectivel X This rotation of

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 s0 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.

[97] 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 Lhe proximty heads 106a-1, 106a-2,
106b-1, and 106b-2 may renove fluids fromthe 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
proxinmty heads per wafer side, the wafer processing operation (i.e.,
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hel d by -3 1 hat extends across a dianeter of the wafer
108. ? 8@%6@%&“” f;'cﬁsg”ﬁgrogx a}ﬁo?iz head 106a-3 nay be noved into a
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processi ng system 100-2 with the proximty heads 106a-3 and 106b 3ina
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enbodi nment, fie pr oxi " e proximty “head 106b- 3 bot h
are el onq&ptremiatted) thdoes azli)dhehé vafparoctinglivamet égscobed inaefvadree td Biyurd DA ané
enbodi ment, while the wafer 108 is
B, 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
is 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
bott om 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. [101] 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 d urface, of the wafer. The droplets can t en cause
undesi ra 10T &g g‘ﬂﬁg%t TS ARACOY W 19 SR HT-HE RS STPE F YT P it § PremBpivet s
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conplete cleaning process or drying process. [102] Figure 5C shows a wafer
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hori zont al “ofT entiati on processing Sy
pr oxi m t yull heats Iﬂ;ﬁ)ﬁbcﬁeeaﬂditd-@@bes@ theheen10) Figure 5D below) that are
wi der than the dianmeter of the wafer 108. The wafer processing system
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relatively small gap 110a (e.g., less than about 5 mm) Is provided between
t he waf eaCIQB&hanmfadaeoéd@equbiaarfdmvnn bifGhe 2dpe qflm]vaféhetbﬁgmnpteay ftlmabmp.to is
appr oxi

aner th the wafer 108, however, the t form may

be sli ghﬁ FrerCabter P tcuns B Rurreat & fidi e Withicausing v st 1 <
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mnvention provi es a dltxona support for t e meniscus to move tfrom the surface of the wafer

to an adjacent edge platform. Alternatively, the meniscus can be formed on the adjacent

edge platform and the moved across a gap between the edge platform and the wafer onto the

wafer. The edge platform can also allow the meniscus to be moved completely off of the

wafer surface before the meniscus is allowed to fail. The edge platform substantially

eliminates meniscus failures on the surfaces of the wafer thereby providing a more complete

cleaning process or drying process.

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

provided between the wafer 108 and the edge platform 110.



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 platforn?go the wafer. [104] The wafer 108
may be held stationary by any suitable type of wafer holding 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 t d on the other side of the wafer after crossing the entire
vaf er di Eﬁ@e%eﬁﬂgﬁ Fﬂiagfmfﬂa hP b%ﬁppf%maﬁeﬁﬁwkawﬁ@gathfo’s%f@sf% Bpwrvarride
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formed by the proximity head 106a-5 while in position 107-1, on the edge platform 110 and
fully off the surface of the wafer 108. Once the meniscus 106a-6 is formed off of the wafer
108, the proximity head 106a-5 can move {(i.e., scan) the meniscus 106a-6 across the wafer to
position 107-2 on the edge platform 110 also fully off the surface of the wafer 108.
Alternatively, the proximity head 106a-5 can form the meniscus 106a-6 on the wafer 108 and
then move the meniscus across the wafer and off of the wafer. Similarly, a corresponding
meniscus 106b-6 may be formed and moved across the opposing surface of the edge platform
110 and wafer 108 by the proximity head 106b-5. The proximity heads 106a-5, 106b-5 can

scan the respective sides of the wafer 108 individually or simultaneously, in substantial

alignment with one another.

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

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



[ 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 per second) across the wafer 108.
This allows a uniformresidence tinme (i “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 rinsi n@Prprgerds opet Heewsdadthe@igrenge pedsdos may siydigtiongrpyrsbeseny [ 107]
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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 way of example, the surface tension
gradient can be increased when the proximity head has a lower surface tension than the
wafer. The surface tension gradient can be greater because the wafer 108 is more
hydrophobic than the proximity heads 106a-5 and 106b-5. A hydrophobic material has less
attraction (e.g., higher surface tension) for a selected liquid. A hydrophilic material has a
greater attraction (e.g., lower surface tension) for the selected liquid. By way of example, if
the edge platform 110 has a lower surface tension (e.g., more hydrophilic) for the liquid
contents of the meniscus 106a-6, than the wafer 108, then less of the liquid contents of the
meniscus will tend to be left behind on the wafer (i.e., the wafer will be dryer) when the
meniscus is moved off of the wafer and onto the edge platform 110. In another example, an
increased surface tension gradient between the wafer 108 and the proximity heads 106a-5
and 106b-5 can allow the meniscuses to be more easily and effectively moved across the

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



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 mafer 108 and the edge platform
110 will assist in mnimzing the annun& liquid that may remain on the
waf er as the nmeniscus is noved fromthe @afer 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 manufactured from any
sui table materi al gl ass silicon, quartz, conposite materials,

pl astic éﬁﬁa%ﬁﬁl%gnagﬁgt)t%rf%m enirse defgdypizatfest oh maviog diermesdscys from
hydr ophohi d terial as selected for the specific process.
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t owar d t hégeaslgdornad a1d wraolrhbre }ﬁzﬂiﬂobhllicrthﬁi the rveaf&E 08 Brenphoxhoutt\of hqaidshat
106a-5 and 106b-5 have noved the respective neniscuses 106a-6 and 106b-6
so that PHETHRBHPSEUEBRsUHce of tspericetap e eve theiretpeednaf er 108 and
partially on the edge platform 110. The gap 110a between the edge platform
110 andﬁﬂ% Wa¢ edzeljg8tfprsn Hﬂ? teyl e mhreﬂadjyleﬂrﬁmnmmﬂ giablesndegal-(6.gaghsd.06b- 6.
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respective neni scuses 106a-6 6 between the proxim heads. [112]
I n Fi gureagpl exdma)lprmdmnwhmemsﬂaiﬁ@mHOawdldlmebsﬁhh@awbrbweﬁattthe

respectiyve . meni slﬁgﬁes 1062 61and 06b- f6 5% that the nmeniscus espare,
suppor t elale?la?l.rww% %eéab rop ets on the water as the meniscus was moved from the

wafer 108 to the edge platform.

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

toward the edge platform 110,

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

fully support the respective meniscuses 106a-6, 106b-6 between the proximity heads.



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 %n Figures 5D-F above, the
proximty heads 106a-5 and 106b-5 can n%ve t he 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
enbodineTi %f the present invention, The wafer processing system 100-7 can
be used ilh12lvdpEigEs SBrthe graxsmHy Apads l0awd anH dAED-Shaxapoypd Eitatneshvbet ween
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heads 168a] 758 166807 s ANAECrPrPesag il swterad VPdd8 AoqRdanca dfitisonst  t he waf er
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the entire gu@fégce o%ﬂ({%mv%gfer |nhFi(gegyrﬁ%ngé&ggﬁggﬁéérﬁgpét@ﬁ\%ﬁ%& e.g.,
i n di r ectvértinalliz hodyomhlesriantatpas bt aroiork@vatidn betleth thd geitiealzd shoh@izanwhf er
processi ng system 100-8 in accordance with one enbodi nent of the present
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stationary or rotated. The proximty heads 28 106a-7 and 106b-7 (hidden
di rect | yhisdp d@Pg7 anst APeSr7 ﬁ@ééeqéle%ﬂ%be}% ProgETtY Read Kigeptcay dorm 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 return
the meniscuses position 107-4 fully on the edge platform. The edge of the wafer 108 can
also be processed (e.g., cleaned, etched, rinsed, dried, etc.) as the wafer rotates and the edge
passes through the meniscuses 106a-8 and 106b-8 in position 107-3. The proximity heads
106a-7 and 106b-7 have a length of at least the radius of the wafer 108 so that the proximity
heads and the respective meniscuses can cover the entire surface of the wafer in a single

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

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

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



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 fylly onto the edge platform 110-2,
in position 107-5. In one enbodinment, the partial edge platform 110-2 can
al so be novable relative to the wafer 108. By way of exanple, the partial
edge platform 110-2 can nove with the proximty head 106a-7 so as nai ntain
alignment with the proximty head and to support that portion of the
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second surface (e.g., the other of an edge platform or a wafer surface).
The fi r san glao bace vably réetivatoctbataddr Bt Bytwey dexemglcs tref meeal @dgapiptierm

separ at e romthe second surfacge elatively spmall gap. or separatin
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cl ose pr aK8.mirt histoarree, sundlre pawial ¢dpe phafem dadeasedhown in Figure 5D
above. In operation 101-10, the proximty head 106a-5 can form nmeni scus

106a- 6 bet1sgemdune 5Pk ¥ dWdhiirthigaglam &0 ehe MELEH bp@GE0RS 11N vARfeal wd@8. [117]
In operation 101-15, the Gp:rom mty head 106a-5 noves the neniscus 106a-6 at

| east  paracessingsysiemsdiiOtthd 08U dndcléOof int dseomdateer witlpgne embbdimgd} alcént edge
platform_110 83 shovvnIi n Fi ure]rFéE?abo,ve.. .%&10 eration 101-20, the "
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5F above. [118] Once the neniscus 106a-6 is fully off of the surface of the

vaf er 108ienishes ideringiuetweanthb gradilmgybdad sdobe st sarfaee, Thedidstiswlapplsy t o
the meni g(% Hoent pouaE se%gg\@%drfe%qu.g,Ekpeeotﬂgn of a%%%gg glatform 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 5E above. In operation 101-20, the proximity head 106a-5 moves the meniscus 106a-
6 fully off of the surface of the wafer 108 and fully onto the edge platform 110 as shown in

Figure SF 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 emgodi nent of the present invention.
The edge 110b of the edge platform 110 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
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function. By way of exanple, a first portion of the nultiple inlets and/or
outlets fan V%?&Hmuale&sdeaﬁ@avq orcgps Mlpd in dhegapd 100 bpwjeée tha glgeiphtortnk Ogap

110a. Si ?%Eh@%ﬁ&sf@é ﬂlestﬁlglﬂpfé 1R@Esteln%/nol%fuﬂ£peil cz}n' BL&ind 2L PARgf or

outlets can be coupl cuumsource renove excess fluid from
t he gapinjdddiag IBA vapor (e.g., on a carrier gas) and even for injecting fluid for supporting the

meniscus. One or more of the multiple inlets and/or outlets 110c are connected to a source
110d through a channel 110e inside the edge platform 110 and a interconnecting
tubing/piping 110f. The channel 110e can be as wide as physically possible given the
thickness constraint of the edge platform 110. By way of example, an edge platform 110
having a thickness of about 1.2mm can support a channel 110e of about 800 micron in
thickness (T). Conversely, a an edge platform 110 having a thickness of about 600 micron
can suppott 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 110¢ 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 110¢ 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
may be utilized to process the wafer 108 in accordance wth one enbodi nent
of the present invention. In one enbodinent, the orientation 117 is a
portion of a proxinmty head 106a where gpher source inlets 302 and 306 in
addition to other source outlets 304 may 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
Ized t cess the wafer 108
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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 (o 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 sourgg outlet 304 which is in turn

adj acent to at | east one of the source 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
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waf er sugcframevé emBIVd, IPreRidste sluldSimbete witer Q@faders of the meniscus 116
are the |PA/DIWinterfaces 118. Therefore, the nmeniscus 116 is a constant

flow of (fiby] drielfge aPBhd &dbsANRNE ot BR 1 §ideRy 808 and 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 IPA forms an interface 118 (also known as an IPA/DIW
interface 118) with the DIW inflow 314 and along with the vacuum 312 assists in the
removal of the DIW inflow 314 along with any other fluid from the surface of the wafer 108.
In one embodiment, the IPA/DIW interface 118 reduces the surface of tension of the DIW.
In operation, the DIW is applied toward the wafer surface and almost immediately removed
along with fluid on the wafer surface by the vacuum applied by the source outlet 304. The
DIW that is applied toward the wafer surface and for a moment resides in the region between
a proximity head and the wafer surface along with any fluid on the wafer surface forms a
meniscus 116 where the borders of the meniscus 116 are the IPA/DIW interfaces 118.
Therefore, the meniscus 116 is a constant flow of fluid being applied toward the surface and
being removed at substantially the same 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 thgypossibility of contam nation
drying on the wafer 108. The pressure (m%ich 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
ur.ce outle 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] It should be appreciated any suitable flow rate may be utilized for the IPA, DIW, and
vacuum as long as the meniscus 116 can be maintained. In one embodiment, the flow rate of
the DIW through a set of the source inlets 306 is between about 25 ml per minute to about
3,000 ml per minute. In a preferable embodiment, the flow rate of the DIW through the set
of the source inlets 306 is about 400 ml per minute. It should be understood that the flow
rate of fluids may vary depending on the size of the proximity head. In one embodiment a
larger head may have a greater rate of fluid flow than smaller proximity heads. This may
occur because larger proximity heads, in one embodiment, have more source inlets 302 and

3006 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 enbodi mengt, the flow rate of the I PA vapor
through a set of the source inlets 302 1s 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 vacuunlthrough a set of the source outlets 304 is
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and by controlling the vacuum applied, the neniscus nmay be mana ed and
control | &gt qrﬁuréwgls@éﬁt ap¢ @eﬁﬁﬁw‘e@pphpe)ﬂué%aﬁm wafey guiggng andipadysrefitid fppn

et e AL e g SSRLOPSL O RGBS, A Bl o

r em)ved fheaouichenlet 306 applies a DIW flow 314 toward the wafer surface 108a, the source mlet
302 applies IPA flow 310 toward the wafer surface 108a, and the source outlet 312 removes
fluid from the wafer surface 108a. It should be appreciated that in this embodiment as well
as other embodiments of the proximity head 106a described herein, additional numbers and
types of source inlets and source outlets may be used in conjunction with the orientation of
the source inlets 302 and 306 and the source outlets 304 shown in Figure 6E. In addition, in
this embodiment as well as other proximity head embodiments, by controlling the amount of
flow of fluids onto the wafer surface 108a and by controlling the vacuum applied, the
meniscus may be managed and controlled in any suitable manner. For example, in one
embodiment, by increasing the DIW flow 314 and/or decreasing the vacuum 312, the outflow
through the source outlet 304 may be nearly all DIW and the fluids being removed from the
wafer surface 108a. In another embodiment, by decreasing the DIW flow 314 and/or

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

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



waf er surface 108a. In another enbodi nent, by decreasing the DIWflow 314
and/or increasing the vacuum 312, the outflow through the source outl et
304 may be substantially a conbination of DIWand air as well as fluids
being renmoved fromthe wafer surface 108a. 34 [131] Figure 6F shows

anot her source inlet and outlet orientation where an additional source
outlet 307 may be utilized to input an additional fluid in accordance with
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 i ference to Figure 6D except the additional source outlet 307
is incl ugé%ﬁaﬁflﬁ'ﬂgﬁ gBBWF ’é‘)lg‘E}lﬁOH@ei“ﬁ?‘é”tf’dét}léleb?{“‘é‘t%‘iiO@ew%ﬁa’é?&‘EHO?%at of
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cl eani ng_sol ution flow 315 r;iray be utjlized to enhance cleaning of the
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waf er 108nlianice oleatinp @t §@ wafer p¥OXhilE dtubaadiall9Ghd@yndeme ABMEE tHeno@ shrifagar
fashion al ong the head notion while fluid is renoved fromthe top surface
108a. By lapMhihagafHdOBPA 310 through the source inlet 302, the vacuum 312
t hrough source outlet 304, and the deionized water 314 through the source
i nl et 30832 h&igweni Adlivstbld sgmoxidiigdusd é06 perfomiieg enicgng opfiagon 8s 6A- 6F may

be generated 133] Figure 7B shows a top view of_ a portion of proxi mty
nead 1068 EES Pk e SRR B¢ ERUOHREAT BT, Mbearodany heagaRerBRie n
the top ¥hB¥iiffend R RIRMGL TR Blose ElroflmlijtgfotthE Qop urfh a% 188LofAné Glar@f1okhe sour ce
inlet 302, a set of the source outlet 304, a'set of the source inlet 306,
a set of cahlsctspdeoengand/et 130w, oparstioa. Hehouolfl Hehppsoistarthinhe pr@ORity head
Ther ef or as N2/1PA . .and DIWare input into the region between the
proxi mi t @%@ﬁﬂ 'a}%@é)eélﬂgz?cﬂ@ RiB$GSH ?61@8, eqy &rys ete.) tﬁe boftom 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 IPA 310 through the source inlet 302, the vacuum 312 through source
outlet 304, and the deionized water 314 through the source inlet 306, the meniscus 116 as

discussed in reference to Figures 6A-GF 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/TPA 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 q ening, 35 square opening, etc. In
one enbodi ment, the source inlets 302 and 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 sour%ﬁ?outlet(a% 304 descri bed
herein rAYUBEPEHEEEL T A1 GRFCTRRAH BEN e RPUESE TRIBEIH0E 284 BRE 20k HerSoBICEani ng

and/ or droykipg 304 96 6SSircdld) opRRi£Mbodi ment, the angl ed source inlets 302
that input |PA vapor onto ?he %afer 108 is angled toward the source inlets

306 such t 4 he vapor flow.i.s dir ed to contain.the niscus 116.
Drasy E 48" S PRAPNEREs LR T S Bt R B S BB R ¢ o
302"  and aaitgihgdpesauh GEaRbidaBisSwRne PRBSAFELNSE Be PratNdn AREHAL QR be
accordance wth one enbodi nent of the present invention. It should be
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outlet(s) 3Q4' described.herein may be angled in any suitaple way to
opti m ze)nfeﬁfgje a\%?ﬁgrm 8?%3%&%6 UHardPugres Wg‘wg%‘g%l}ﬁlg[ anléT FHngReccess. In
enbodi Meghe chbediaftat et HRWERULR! 8t RO2that Akt IPAPMpol BAMAP Vi@ id he
wafer 108 is angl ed at an angle 0500 toward the solrce inlets 306 such
t hat t hean@ad (o Uid swdegnletsi 306t thaothedRAaiapot fiew nedirgtustokbbtaiTthe
angl ed source ngéme;t 304" may, in one enbodinment, be angled at an angle
0500 t owdFdE“th niscus 116. It should be appreciated that the angle

0500 and _the angle_0502 may be any suitable angle that would optimze the
manageme tSSan§1 e T Pdllugratdsierraemitychesd 196 withrangkes sentsediletsrt0? asengled) e
0500 is : . . 2SS, 1 90 _deqgr.ees, and the e

0302 |5 SEEE Sy AF AL R R AL puGRor 0GR GETEE e ARl BERPITLS,

enbodi mepteseritievearigh.e1tGROdILE appebiatciThalens 8aSce ANGs 30D agdAdH &id m&%ﬁﬁl'éam e
enbodi nent, the angle angled at an angle 0502 is about 15 degrees. The

angl e 0580remertieHs) Ay escobodheiginustele inelethin ayistddile wasmmertimzedhe i mi ze

neniscuswaﬂggggﬁggqh&b}quﬂgm%QQQQinent, t he angl e 0500 and the angle 0502
may be the sane, and in

[136] In one embodiment, the angled source inlets 302" that input IPA vapor onto the wafer
108 is angled at an angle 050 toward the source inlets 306 such that the TPA vapor flow is
directed to contain the meniscus 116. The angled source outlet 304’ may, in one
embodiment, be angled at an angle 850 towards the meniscus 116. It should be appreciated
that the angle Os0p and the angle 8s9; may be any suitable angle that would optimize the
management and control of the meniscus 116. In one embodiment, the angle 85 is greater
than O degrees and less than 90 degrees, and the angle 0sp,is greater than 0 degrees and less
than 90 degrees. In a preferable embodiment, the angle 8sp9 is about 15 degrees, and in
another preferable embodiment, the angle angled at an angle 85, is about 15 degrees. The
angle Os0 and the angle 0502 adjusted in any suitable manner to optimize meniscus
management. In one embodiment, the angle 8599 and the angle 050, may be the same, and in
another embodiment, the angle angle 0sp0 and the angle 850, 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 t processing the surface being
processed. 36 [137] Figure 8A illustrates a side view of the proximty
heads 106 and 106b for use in a dual wafer surface processing systemin
accordance with one enbodi mrent of the present invention. In this

enbodi ment, by usage of source inlets 302 and 306 to input N2/1PA and DW
respecti .on ith the sayrce out|et 304 t i.de acuum . t he
rontscus T8 TP ilivertsh SG9E FRvottube besmmisk bedth Wb 40 Sp¢F et Shin e
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outlet 304 to renbve DIWand t'o keep the neniscus 116 Intact. di scussed
above, i nmamgornbodhisnenbqdimbe, spusage of phetsinBA23ehen BBH toayplieN,/ I dridzed
for N2/ I inflow 310 and DWinflow 314 respectively while the source

out | et 3§>ﬁ‘w FF&?G%’é’C[lYt%l?‘?gz%L {5 sRBEeP WIS P19VIAG £ VAHUE dNbBeRSHIedPat ed

t hat any ifeall &rat G0N [ fo: ROUGE I ; Ar out 04
and sour gge}fv i neféét 53506 rlrllaggfd&g}nﬂgﬁkfézsé% dﬁtﬁ%du@é@h&tg@@? Ré&glre g%t%ﬂ%/e 221 S
106 and ifi&B0Zathchamay e agnfiicgutiddti3on tofensow BB iand 6 Beepahe neaiscael ut | et s

| i ke the, configuration ag)escr,i bed above in reference to Fi %ure 7A and 7B.
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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 No/TPA 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 nent of the present inventio?’7 I n one enbodi ment, the processing
wi ndow 538-1 may include a plurality of "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 may be a region
that dri S0PV INGGvEaris |48 USRI ¥ 2 PIRS B Re4d 1P (Reary atbe frexigus) kg t o

be used i. 4 , . j t essi ng. W 538-1 is
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meni scus 116. Therefore, the processing w ndow 538-2 nmay be a region that
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used in that manner, In e enbodj nent, the processing w ndow 538-2 is a
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the plurality of source outfets 304 1 n accordance w odi nent of

t he preseuntets B nThoproctssingneindob 3B einta, regiba oprticcpesimitynhen BB ol ann
operation may be noved in direction 546 across a wafer during, for exanple,
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560 is an area of_ the proxi m't¥ head 106 that encounters the area being
pr ocesseBrocessng 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 arca 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 thgywet region of the wafer surface
by the neniscus that is generated and control |l ably maintai ned and nanaged
by the process wi ndow 538-1, the wet region is dried and the dried region
of the wafer (or substrate) |eaves the process w ndow 538-1 through a
trailing edge region 560 of the 38 proximty head 106. As discussed in
reference to Flg@ ﬁﬁ grou gh 9B, .the process w ndow 538-1 may be any
sui t abl e REAEPEtYdIsen 18¢, Af discussgdhi wlerpreeita Alawes oA dhaagedB.dhs emcgﬁs oval ,
sem -cir 4 i 4 2,
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present iovgentiporcular, eme enbodi nment, the processing regions 540, 542, and
544 (the regions being shown by the broken lines) nake up the processing
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that the proceSsing regions 540 % and 544 may be any suitable size
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304, and the pracessin ion 544 includes the ralit source ,inlets
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(e.g., a vacuum ring) he regl on 540 substanti y surrounds the region
544 but Blaﬁaoannapefﬁqngltﬁmﬁnvmdn@nebmbbéumne th@pmeﬂsﬁg egiloatsd030Auécsitst on a
e of the géocess wi ndow 538-1. In anot her enbqdi nment,
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the head 106. T ere I'n one enbo imty 6 can
suppl y apluralgy of bairce inteta3d4. rista p1ewmemﬁodihﬁnmmfmgmrﬁf@marfbnm fohe
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and surround the first

using t h@“ﬂ:ts@&lé ?unﬁ%h%F%ﬁqﬁ‘{‘bW%Bédl“m See QPEYS SB(e gnd vagRm
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 regioi.

[143] Therefore, in operation, the proximity head 106 generates a fluid meniscus by
application of a vacuum and DIW in the respective regions 540, 542 in the process window
538 (as shown in Figure 10A). IPA vapor carried on a carrier gas (e.g., N2) 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 fluidyneni scus by application of a
vacuum and DIWin the respective region5 540, 542 in the process w ndow
538 (as shown in Figure 10A). |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
novi ng the formed neniscus). Wien 39 the proximty head 106 is noving over
the wafer, surface jn exenplary drying operation, the wafer surface that
moves t htBURIP ALY h??@?ﬂl%ﬁdsgﬁ’ Mg PVEh e e PoNTBADINANS XS B YO8/ RGPS #EWS scus
116 wit hig i . [ i; T i e fluid
that 1 5 s REE RO RS IiOoh 8 oLl P s LRt RS E Bl FBREANEL s
116 is r enoveds 486 titkin e pieessswindues3 3V e driéd eTisudh mgecclil Geefues BuidRit
surfaces  of wafer may enter the process w ndow 538 through the opening
541 in tBeOT Bt Bertisael Dsgv s %ﬂa@%&ar PRMEGRthe g CRE Al G BusMONed asihitler go a
drying p 4] Lt S N . i £ | lity
of sour cclia& F’Eﬁ%g% gl[oégsz%ve% trtllg %?f&¥§|f’%yl%§% %geé%ﬁ%e% net'’s e%%%&%gﬁ%ﬁf fotlst
plural it windovs 688 deonh hebger3f#5ar & b eywod MJ Hidshyesspadting e, flui@bhh@iscus
enbodi ments nay be utilized where any suitabl e nunber of the source inlets
302, theMayaUHEEOIafIrENg PBEESS- and t he source outlets 304 may be utilized as
|l ong as the configuration and nunber of the plurality of source inlets
302, thelkdir deshonlddiesapd@8iataittiat didhosglutlelaatilyetf 0806 inlamp0gethe phtraita

stabl e, cpntrollabl | ui ni scus, that can dry a surface of ubstrate.
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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 proxinitﬁ with the wafer to conduct wafer
processing. Al of the proximty heads described in Figures Il A through
11 C 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 enbodinents of the proximty head 106 as
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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 arca 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 fiuid meniscus. Multiple



surrounds the area of the source outlets 306 for the fluid portion of the
meni scus. Simlarly, the IPA outlets 302 can be conbined into one or nore
channel s that at lie outside the area of the vacuuminlets 304. The source
outlets 306 can al so be conbined into ogr or nore channels. [148]
Additionally, the proximty heads may n 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 342c that, in one
embodiment, correspond to the source inlet 302, source outlet 304, and source inlet 306
respectively. By inputting or removing fluid through the ports 342a, 342b, and 342c, fluids
may be input or output through the source inlet 302, the source outlet 304, and the source

inlet 306. Although the ports 342a, 342b, and 342¢ 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 regi,on in close proximty 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 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 in|et 306 respectlve%%., I% inputting or renoving fluid
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diameter. In one embodlment lhe 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 tQ t the ports my be any suitable
nunber, size, or shape as long as the source 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
vi ew of EGe R@ﬁ imty head 106-1, in one enbodinent, corresponds to the
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1602B, 16650A, Tlﬂe%%@plocessmg 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, 16044, 16048,

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

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

various requirements of the various ports 1602A, 16028, 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 thg, proximty head 1650. [157] The
edge processing system 1600 al so i ncl udes 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 Iocation of the processing nmeniscus 1610
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according to the location of the trailing edge of the meniscus. The
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1610A, l16&0iBcusSswchasehdGh OAFigsird bF. nBg 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 16106 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 suiface of the edge process proximity head 1650.

[160] As the wafer 108 is moved out of the meniscus surfaces 1610A, 1610B (e.g., as the
wafer is moved in direction 1620), IPA can be injected through ports 1602A, 16028 to
control the surface tension of the trailing edge of the meniscus surfaces 16104, 1610B.
Controlling the surface tension of the trailing edge of the surfaces 16104, 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 proxinity head 1650,4-[160] As the wafer 108 is noved
out of the meniscus surfaces 1610A, 1618% (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
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about 2 A%AULEE- a result, locations of the ports 160213-F and 1604B-D maybe
adjusted relative to the edge of the wafer 108 as required. [162] As the
waf er 10816Ave's the wgfer I08manves Ye.g. hrtmtgsh thllmeglmmri rseniscut 8 000 imdidiation tLiodsh,
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meni scus 1610 can al so be manipulated to cause th niscus to extend or
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circunference of wafer 108 through use of nore or fewer ports 1602A-16-2H,
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more or fewer ports 1602A-16-2H, 1604A-1604E, 1606A-1606B. A meniscus 1610 having
a larger arc can also provide greater resonance time on each incremental area of the edge
region 1616 and edge exclusion zones 1618A, 1618B. Multiple edge process proximity
heads 1650 can also used in combination to allow multiple processes to be accomplished
substantially simultaneously, on a single wafer 108. One or more edge process proximity
heads 1600 can also be combined with one or more proximity heads described in Figures 2A-

11C above.

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

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

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

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



region 1616 and edge exclusion zones 1618A, 1618B. Multipl e edge process
proximty heads 1650 can al so used in conbination to allow nmultiple
processes to be acconplished substantially simultaneously, on a single
wafer 108. One or nore edge process projgnmty heads 1600 can al so be
conbined with one or nore proximty heads 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 proximity head 165 n ni scus along a straight
edge of tsﬁ%@@ﬁ@?p F%ﬁ%éeﬁﬁl&‘%ﬁpg%ee@ e?ﬁgﬁgeéwgogg tgﬁéugﬂ‘m?‘?c‘a‘ff’é‘%ﬁé"t tthear ein
cl ose pr qudfsi IQB.@II&E@@H&Q@QAQECEUH@) a%f@%trﬁigll?eaﬁ'lﬁ‘lb.affh& gm&mﬁ?ﬁ&adﬁwmh@ edge
region 1616 and edge exclusion zones 1618A of wafer 108 desCribed above.

[ 165] Fi ggpaibed ip furihst detrid $n Bigumistl8AR2(t asvollswbst rat e edge processi ng system
1700, in accordance with one enbodi nent of the present invention. The

subst r at §1@do&iprece®Si18Y A6 detaiad €ivwi 60thei pretitigshch 1 €0, 86 gecoi @dnkeisth102A,
102B, 102C that support and can rotate the wafer 108. Edge roller 102A
i ncl udes ©8° BF BRIG§HYodiwgnts pf I proseat imvenion. t Therpayiniplieadd 719 éxsdudep parts n

further 1o h Ny KL QU . |l o [.166]., Fi qur A re

det ai | edq\%?@m%sg I%Tlétiﬁg’gﬁﬁr?%xai%ﬁlépéﬁﬁgzﬁi @ﬁrb%for%[nggb}gpagﬁﬁ%‘f&qlﬁ81%@2 1grz‘lr‘:}m)r e
enbodi mesiistafiallpeinfile$etie jo &BEd0Bd inTie vaFioxdl ity ibedembddithehiiGlbydes
ports 1810, 1812, 1814 so that a neniscus 1714A can be forned. The ports
1810, 18¥ghileigiy peporiE0ahsiZal Bid aienilisiatadoitshenlddetigderswodithasd in t he
vari ousl i Lrents above. Wiile only three.ports 1810, 1812,
Tana”ar e P ASE] bARCARTRRL NS BES R ner oot e 300 PERRBEr o and
ot her ar iaREeSENSschafunfield 6f fre vt pBitRirthgesGRPEarle 4shQriRl a8 8Rtnunidv@nt i on.
Such nunbers of ports and port arrangenents can be as varied as the

nuner ous SmBadisnanegidpd ad e d halspsadlic Mwbepewifdement sizerand aricaryemehthe

i d_or ] i th 1810,, 1812, 1814 i. nd th
deer r o prseSUP HEE B LAk Eone REL Frgt e caitrr g oudne e LR R S HE be.
appl i cablgy éthet Rgedlas Eﬂa?%lega?FIi&a%% fioQRe QésiﬁeH%Fﬁl?&iti%ﬁ ¥$ tHeOnBfsdiR1t5BE foriedt he

ports 1810, 1812, 1814. | Simlar ports (nhot shown) can al so be
i ncl udedbshetioss 1§18.d@dRdl Heni scus 1714B (as

[167] Similar ports (not shown) can also be included so that a second meniscus 1714B (as
shown in Figures 19A and 19B, below) can also be included. Similarly, another meniscus
I714C 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 1714A is located just to the right of the contact area between
the wafer 108 and the edge roller 102A. Simultancously, 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

nmeni scus 1714B can be formed that opposgs neniscus 1714C. [168] Proximty
head 1710 can be noved (e.g., rotated) 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

t t ty h d 1710A, 10B. imty. h 710A, 1710B
10 Do B B BR80T R0 AT
1714C wi tcBnEa'@ﬁn@H’ﬂ%d@é;&lf&? mfs%{la%eanldﬂlfcb@ ﬁﬁ%ﬁg 1&@“%61 108 o BES anged

such that the neniscus 1714A is |ocated just to t t of the contact
ar ea bet vVeerxaniie risatdandld:drdort haed eftgeconoictieg theG2iAe rcﬁldrrﬂDEAnémuslhxyy thdhe

proximty head 1 arranged h that the nmeniscus 1714C i s

| ocat ed JI’E@?S%eStlfJ?gEﬁei?l%fe CAOHAS LS Oa@tciJ f{?l@at HEeGee o thhedarar dhe WaisTaRY t he
edge roll Jen r fer can
be pr ocefgdﬁﬁgép |§r F%?gtbuosa@c}%gj Iﬁ{éﬂ?% glgiggg)gﬁegg tolggia%ﬁlhel‘%cﬁ ately
after cdﬁﬁ@efam@etddge&d@ecomh&te[he wifeswhile ageomnl7 vMeudpgliad b evsihpendédge of

the wafer, 108 to be, ‘%PO?% rinsed and dried before and_after
cont act i HE/IPHBTASHREO r”i‘ﬂ ¢ ?AwafSi g dpg gdgerplder copficts dhe water7 iyikis 1714c

can al so 1&%‘?}[&&%&@?%@?@%%&5 ﬁ%ﬂ? glg%ﬁgge 2 utaﬂ&eﬁgﬁé‘on?gm&&%? W%E‘:ﬁ{he \?fcr Aa¥e O

exanpl e, meni scus a cleani ng process e of %he

waf er  168zdeller efoivecondgeandirb@nheaddeaclia b hige wafeeafteviohectreni scus 1714A
applies a rinsing and drying process to the edge of the wafer after the

edge rol [RJ9]CPRhAE §t 8D NG M@ &I -altbMatitd SmbOBARE! off NEnFIWQy 6@91'1@@1‘@&?7 BPdhat
mnimze the transfer of contam nants fromthe wafer to the “edge roller

bef or e con suppodidofmanscubes 18dgé. 614G r Thegprohieninalicad 1510 ean bondtated unfil 69]
FlgurelDlllustr S a ernative, enbodi nent, of asm roximty head
1710 tha QHS%%Spa%ﬁt‘*At a&?%‘réﬁfesa&i‘%%d 1117"‘1‘29201@1&??4? of g8 ﬁweﬁm head 1710
can be r@ﬁ%qg%%eﬁf“)ﬂtem’éh@elﬁﬂé ﬁ&&ﬁﬁﬁls&ﬁéémzﬂp{ 1147@4@rc%n B ﬁ@a&%dod fea before
and after e rol contact arrangement. Alternatively, the
meni scusp@ﬂIMﬁAgeadllMﬁéB@nwtaab@o*edmm tadt thn etlpeof qhe @vafem 10§ assed tlihmgh both
sonewhat cl osel Y, % that the edgne of. the wafer sses through bot 51
meniscuses in short succession s as either before or aftert c 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 17148 can be formed with the wafer 108 extended between them as shown in
Figure 19B. Alternatively, the meniscuses 1714A 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 int first neniscus, followed by a
rinse and dry process in the second neniscus. [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

nMeni scuse 714A and 1714B can be fornmed wth the wafer 108 extended
bet ween tﬁ"eﬁqséig SHERR 1© ngaﬁu?l’ései% ‘“E\F)( egw HHQFI\‘/e‘fVWn i defindi RERSE RS 714A

and 1714%e&9@oﬁ%§1eie9r {ﬁ%qnéé\hgchsésh%lmfaﬂa 17%@%055%\@ %&g@{f{ﬁg RELIRE %g%@meand

t he neni scuses then noved parti al onto the edge o waf er 8 as
shown i n vEfgui(8 sh@ﬁ\lfaammetzhansduuéslc;o Ve aohicavd fkeeiduwed @r thasdghoihe wafdsl gur e
19B. In this manner the edge of the wafer 108, including the edge excl usion

zone 1818171]s Fayvie 20 ifh@tR ak8BiHAPYVIRY (TaRe PRxARIPh&ldel M0 I@h@ﬂﬁﬁeﬁ%@ rélfer
desired. B vvay of exanple, if the edge exclusion zone 1818 is nm wi de

t hen the Ip2éxi nrﬁcwrdm@dwm’?me eabodimwat ofrtbe pserd iZEN4An. Whe eteehradenl BAnih i n

(e, ol amen? By Choter e tafont Aol 2 R e Mhouis e Wiob @l has.
been compheleattic dhAfs (@i §&H§@§1a¥t7ﬂ€ﬂ6) N ratd bR CAB 1R sHB’f‘{eﬂnfc‘d LyolRkf of he

edge of the wafer 1 8 such that the meniscuses do not fail and |eave
r esi dues dorie €0kt isdigecim‘d to tee fvef graft 201 2 2d thaitlpufiist SGf dahuleuat‘eahesd@ et i onal

vi ew of tljge grom m heag3 10 and t he edge rojler Zl?ﬂ d| n accorﬂance

wi th one '&fifs %ﬁ‘r?élﬁ‘[ ¥e‘f ep%&éﬁ‘%lperf\/@ﬂ@ﬂ ha PHIRY Gde OFHY 10619 2R°C

mount ed QRown il 8tarSaf dan 212 thele eflbmétm@haafs neg&lazoy Be B%lla@wp@&quah | aws
one (or nore) concentric shafts g., second shaft 2016) to tate within
the fi rshouﬂmﬁol%upgdgethledhkteshaftdﬂwe 2014 is attached to the first shaft
2012 so that the first shaft can rotate the edge roller. The edge roller

drive cafimg, 'Ii}@@f:(ﬁ)ﬁd@ﬁbf@Z@lmtc@ﬁ%@ﬁ t@thR Prb:a3hi§ head ¥ 710 feincdadiage ags wel |
known in the art that can drive the edge roller 102A as needed by the

overal | aﬁmtpt&f@%ﬁ thenothpoensh dg e wngwb@ petyatph 80y thogllbmlﬁl@ pzmlzntY[ 172]
The secopd s @ coupled to g t g and
an- ot ubte T B0t i SRS SR R B HH R R Lo R P05 B
rotate t b]@iepp@ihcﬁfoi'))br an arm actuator or other actuator system such that the shaft 2016 and
therefore the proximity head 1710 can be moved in a very precise and controlled manner.
The very precise and controlled manner allows for an accurate location of the meniscus

1714 A relative to the edge of the wafer 108.

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

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



head 1710 concentrically wth the edge roller 102A. The actuator 2018 can
be a notor (e.g., a stepper notor) or an arm actuator or other actuator
system such that the shaft 2016 and therefore the proximty head 1710 can
be noved in a very precise and controll manner. The very precise and
controll ed manner allows for an accurate’| ocation of the neniscus 1714A
relative to the edge of the wafer 108. [173] In another enbodi nent, such as
described in Figure 18C above, where two proximty heads 1710A and 1710B
are utilized, the shaft 2016 could al so be hollow and allow for a third

concentric shaft t ass thraough. | i s enbodi nent, shaft 2012 is used by
the edge PPOrfige ﬁ%&sg\aqif)x‘?@@%’qag 13%@&) Hi A CB‘?E? ﬁ‘éuFB?fgSG the Pfieheads

(e. 9., prpxlifithengadidg10A) while the third shaft is used by the other
proximty head 1710B. In such an enbodinent, the two proximty heads
1710A, 1 . i hdependent|ly, control.l ed and . noved. [174] In yet.

anot ner - Sk abi e RE TR AR EP G B FosREFe TS andstfobey o uine o
(i.e., edgaanpldaticdfpeNOEhdlild ¥EuRerQbEEMM $8L GRHSEMbARIcLgehefealhe waf er
to nove) such as if edge rollers 102B and/or 102C are the driven rollers,

t hen t he PEgesIR@YsEamsIGRA T egimhesdimpiuyalbe be gilgrolrto grodsys astistricigviog ashaf t
2012. InStng ngnn&; pa t 2012 can be coupled to one of the 49 proximty
heads (e. .,IBW'XF Iﬁs d 1710A) and shaft can be coupled to the other
proxinité,ﬂﬁagyl7108. [175] While the above description has primarily
descri bel! it e dileafhg abopstesstibed sstemsy prRgraius yeliae@piymey bpdewribpdpe, | f
shoul d be,. LSt W m mod] £ ion th i g,
Systems Gonry et hayaithtarlledily 461 o plobBM O ShR eI e BRI R, ng
a subst ardcksdel yarsils@bgbiicoag@esed Wit thdEchbge bihde ahov@-idestiohbaue syst ens,
apparatus and nmethods may be described in terns of various exenplary

cl eani ngPEMESSET G3Migchids sEbgprogasseshdigite Becesiere dspesdiipn Pracesseshsrd other
processe I . ERCONPRS W Ehin pe.of .t he pres

i nventi o%mﬁ %Htél%cﬂ? ﬁcee?&s'pr@l o‘gesse@ﬁgggp}pﬁé@faﬁ%%gf@gi“ﬁséruﬁtrl%%serg Ieegc,m‘%%lclE Rys}hr?g

pr ocessesperaiefrdh FHigiure PNOT 82908 rtde @18 perttRiPlel G eoriéranessesd, ahd thael | be
further Tzia\ﬁ)greci ated that the instructions represented by the operations in

Fi gure 5N egiacassng raescnted ydheepgratignsmaesdnadt e tigeesery de piactiestieat ed, and
t hat alhwgﬁflprocessing represented by the operations may not be necessary
to practice he

[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 resirictive, and the invention is not to be limited to
the details giﬁen 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 limited to the details given hereinS0but may be nodified within the
scope and equi valents of the appended clains. Wat is clainmed is: -50-
Clains 1. A nethod of noving a neniscus froma first surface to a second
surface, conprising: 5 form ng a neni s€Clagmbet ween a proximty head and a
first surface; the proximty head including: a plurality of source inlets:
and a plurality of source outlets, wherein form ng the meniscus includes
injectingla seigeiied of inauing afm@EBci@orhiartitt spHideab kisycoall sp@ick cobptivgn t he
proximty head and the 10 first surface, and applying a vacuun1to_tge second
plural Pty of pdPEaingamgaissisihsbvecpapkeximity headand sfistonrage; thepragmitneed and
movi ng th@mﬁﬁﬂgécus fromthe first surface to an adjacent second surface,
the second surface being parallel to the first surface. 15 2. The nethod
of claim1, wherein amdwiehy of berersinletscardto the first surface to the

adj acent second surf i: j I : ] {]

portion of the nenf@%ﬁ%mggkgﬂ%%ﬁﬁ?%gpgg%gggﬁggh??%§?§%%Q%#gﬁa%gnﬁﬁgﬁﬁgad
and the first seleftetbBquddon thetohplurgbioy o1 pents betwehe thepne:smitg heas! and pipor t ed

bet we a seco por.tion,of .t.he head and, the secon urface. 20.3. The
met hodbor ol ai A SoseaRa oaiie e S fig bt HE-FRE%EN JEReThsdtug second
surface and ontpeoxiity héddsind sherfirateRrfade; ald system for noving a neni scus from
a first surface to a second surf%p$, co rising:

moving the meniscus from the first surface to an ddjacent second surface, the second

surface being parallel to the first surface.

15 2. The method of claim 1, wherein moving the meniscus to the first surface to the
adjacent second surface includes moving the meniscus such that a first portion of the
meniscus is supported between a first portion of the head and the first surface and a second

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

surface.
20
3. The method of claim 1, further comprising moving the meniscus from the second
surface and onto the first surface.
4, A system for moving a meniscus from a first surface to a second surface, comprising:
25 a first surface;

a second surface being substantially co-planar with the first surface; and
a movable proximity head capable of forming the meniscus between a selected one of
the first surface and the second surface, the movable proximity head also capable of being
moved in a first direction substantially perpendicularly toward the first surface and the
30 second surface and capable of being moved in a second direction substantially parallel to the
first surface and the second surface, the movable proximity head including:

a plurality of source inlets:



25 a first surface; a second surface being substantially co-planar with the
first surface; and a novable proximty head capable of form ng the neniscus
bet ween a sel ected one of the first surface and the second surface, the
novabl e proximty head al so capable of being noved in a first direction
substantially perpendicularly toward the first surface and the 30 second
surface and capabl e of being noved in a3decond direction substantially
parallel to the first surface and the second surface, the novable
proximty head including: a plurality of source inlets: -51- a plurality of
source outlets, whengilwalitgofisnged dutletspwheemdoimiog thdesenisajseiotludey igiegdigect ed

liquid fromthe first pluraljty of rts. between the proximty h and the
sel ect ed surfaé%le%{ﬁ(gﬁ%g%#ﬁnﬁbe ﬁ‘s\gﬁlg i ?fcpogﬁggt?g%%ﬁ Pg‘i’%“rlﬁ%r’r}‘?y ¢ %georts
bet ween the 5 speaxd surfaye iebabphit 4 hrusalie teaecont phiasiy obporikibetveys tiem of
claim4, wherein the first surface includes an edge platformand the
second’ sur f ace PFEIRE hesdapd e sglsatedAWEasen the edge pl atform substantially
surrounds the substrate. 10 6. A nethod of processing an edge of a
substrate, conprising: formng a nmeniscus inside a concave portion of the
proxi ni t y Shead,The pstenntdsian 4. ydierainhesastsyfespamndes ap edgepdtimgrdths east a
portion ot.aRjedeR: Afa &B%&@Q@%}?&&ﬁ tl-gje%dée pfggﬁnﬁ@I gy sGh8hls@ne furt her

u y dan edg

conpri sing: supporting the substrate e roller, "the edge roller

i ncl udi ngsebspatexi mity head; and noving the neni scus onto the edge of the
substrate. 20 8. The method of claim7, further conprising noving the

meni scus off of the edge of the substrate. 9. The nethod of claim§6,
wher ei n mévi ng A ihethoof [owessing et eies ik Robseasi agnpirBimgsi ze of the neni scus.
25 forming a meniscus inside a concave portion of the proximity head, the concave

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

5 7 The method of claim 6, further comprising:
supporting the substrate by an edge roller, the edge roller including a proximity head,;
and

moving the meniscus onto the edge of the substrate.

20 8. The method of claim 7, further comprising moving the meniscus off of the edge of

the substrate.

9, The method of claim 6, wherein moving the meniscus includes increasing the size of

the meniscus.

25
10. The method of claim 6, wherein the edge of the substrate includes a circumferential
edge of the substrate and the meniscus encompasses at least a portion of the circumference of
the substrate.

30 11, The method of claim 6, further comprising moving the meniscus along the edge of

the substrate.



10. The method of claim6, wherein the edge of the substrate includes a
circunferential edge of the substrate and the neni scus enconpasses at

| east a portion of the circunference of the substrate, 30 11. The net hod
of claim®6, further conprising noving the nmeniscus along the edge of the
substrate. -52- 12. A nethod of claim6 further conprising: noving the

meni scus onto the edge of the substrate>3uch that a | eadi ng edge of the
meni scus is split into a first |eading edge and a second | eadi ng edge, the
first | eading edge 5 being supported between a top surface of the

substrateland comedsponehings finthet dmiigur f ace of the head the second
| eadi ng edge bein en a bottom surface o substrate and

orted bet
correspondi ng 5‘6’("’?‘&#? g OPLort geéd%Off}FfeguhﬁﬁéF sugh thafrg ea Sﬁ‘éﬁf Wil ai m

12, furt hefenGemds bﬁmgtora)ﬂﬂsngaduhgeedge@he?ﬁgecoﬁai tea@&lg the 89RstadinkQdtbe
substrate such that the first leadin ed e and thé second [ eadi ng edge

conbi né t beipapennerted haweerdion gudiget 1arﬁea@d§@msp011<hng tPRdnsida fefaccof
claim 12, ;ahereid tﬁe*k%c&lqg@adﬂig %@béﬁ%%@%faﬁ A8 @m salh TR enti al
t ni scus S or ne

edge of the substrate an in an arc around at | east
a 15 por silstratefand beresporgling tetiemcesidd surfiee sithsheadt e. 15. A system for
processi ng an edge of a substrate conprising: an edge roller; a first
proximty head nmounted on the edge roller, the first proximty head capabl e
of 20 foﬂ&ingTaeﬁBﬂkﬂmmemhmmmfﬁﬁmsbompﬁxh@hmymg@&dnﬁﬁﬂhmdﬁh@ﬁm&ﬁg@m&ave

porti oncave abl cel e bstrate;
Do 01 B PR s B BB e R Sl Bt SR o bire RIPE | 1y of
ports |nqku&wn%eﬂgéoﬁ&ehﬁﬁﬁgmpne process liquid |nject|on port; at |east
one vacuum port; and at |east one surface tension control port.

14. The method of claim 12, wherein the edge of the substrate includes a

circumferential edge of the substrate and the meniscus is formed in an arc around at least a

15 portion of the circumference of the substrate.

15. A system for processing an edge of a substrate comprising:
an cdge roller;
a first proximity head mounted on the edge roller, the first proximity head capable of
20 forming a meniscus, the first proximity head including:
a concave portion, the concave portion capable of receiving an edge of a
substrate; and
a plurality of ports opening into the concave portion, the plurality of ports
including;
25 at least one process liquid injection port;
at least one vacuum port; and

at least one surface tension control port.

16. The system of claim 15, wherein the edge of the substrate includes a
30 circumferential edge of the substrate and the first proximity head is capable of forming a

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



16. The system of claim 15, wherein the edge of the substrate includes a 30
circunferential edge of the substrate and the first proximty head is
capable of formng a neniscus capable of covering at |east a portion of
the circunference of the substrate. -53- 17. A systemfor processing an
edge of a substrate conprising: a head including: a concave portion, the
concave portion capable of receiving an38dge of a 5 substrate; and a
plurality of ports opening into the concave portion, the plurality of ports
including: a process liquid injection port; 10 two or nobre vacuum ports;
and at | ed§t oneswsunfacprocentigan edgndfraciubpard condBisinghe system of claim 17,
wherein the ed%ﬁﬁqi.t@g.substrate includes a circunferential edge of the
substrate and AHBGYYE formed in an are around at |east a portion 15 of
the circunference oficbh@ve Pbisibhah€concave portion capable of receiving an edge of a

5 substrate; and
a plurality of ports opening into the concave portion, the plurality of ports

including:

a process liquid injection port;
10 two or more vacuum ports; and

at least one surface tension control port.

18. The system of claim 17, wherein the edge of the substrate includes a
circumferential edge of the substrate and the head is formed in an arc around at least a portion

15 of the circumference of the substrate.



