1 SUBSTRATE PROXI M TY PROCESSI NG STRUCURES AND METHODS FOR USI NG AND

MAKI NG THE SAME 5 BACKGROUND OF THE INVENTION 1. Field of the Invention
100011 The present invention relates to sem conductor wafer processing and,
nore 10 particularly, to apparatuses and techniques for nore efficiently
applying and renoving fluids fromwafer surfaces while reducing

contami nation and decreasing wafer cleaning cost, 2. Description of the

Rel ated Art 1000 In the sem caqpduct or chi fai;ication process, it is
wel | - known t hat HBS’ERATE%@R@KI)MI 3Y & RO HSSIINAGer at i ons
such as etchk$ cl eani ng, drying, anqaplating. | n_each of these types of
oper ati ons, %RB}B(HIJ& |A§ﬂl[)g) Mz drEHOQID S O R &0 (oA Nibe
etching, cleaning, drying, and platin rocesses. £§0031 For exanpl e, wafer
cl eaning nay have to be condhlﬂdﬁlﬁﬁ&ﬁé%&iﬂEUSﬂdhi n operation has been
perfornmed that | eaves unwanted residues on the surfaces of wafers. 20
Exanpl es of such a fabrication operation include plasma etching (e.g.,
tungstgn etch back (VWEB)) and chem cal nechanical polishing (CVWP). In CWP,
a wafer is placed in a holder which pushes a wafer surface against a
rolling conveyor belt. This @AWRYROURBIGF YAEINVISYHIGY Which consists of
chem cal s and abrasive materialS 10 cause € porisning. Unfortunately,
this process tends to | eave an accunul ation of slurry particles 25 and
residues at the wafer surface. If left on the wafer, the unwanted residual
mat eri al ‘ﬂ”ﬁhﬁ?ﬁﬁﬁ:ﬁﬁ§mﬂﬁﬁlcause’ anong ot her things, defects such as
scratches on the warer ~surface and inappropriate interactions between
met al |'i zatfooot [fHat preesnt INcSULr4ase3e seSi@NddabeciFePibc6AUSE a8 VNGRS ON
the wafer to becone inoperable. In order to avoid the undue costs of
di scartli ngPdieay. faornigatistspad dpthaiansyifelemory efficientlijapplvirseantesesyingy 2
:E ﬁat(::l leggvémﬁ%%\ﬁv\éﬁ:méﬂgfggfa%g% és(thg rrea‘?ifc{nlgccloﬁ' B}liP{at%fnta%ﬁ e%rbelééiﬁgtwlfa?& o a%{x%t 1 ons
cost,

2. Description of the Related Art
[0002] In the semiconductor chip fabrication process, it is well-known that there is a
15 need to process a wafer using operations such as etching, cleaning, drying, and plating.
In cach of these types of operations, liquids are typically cither applied or removed for
the etching, cleaning, drying, and plating processes.
[0003] For example, wafer cleaning may have to be conducted where a fabrication
operalion has been performed that leaves unwanted residues on the surfaces of wafers.
20 Examples of such a fabrication operation include plasma etching (e.g., tungsten ctch
back (WEB)) and chemical mechanical polishing (CMP). In CMP, a wafer is placed in
a holder which pushes a wafer surface against a rolling conveyor belt. This conveyor
bell uses a slurry which consists of chemicals and abrasive materials to cause the
polishing. Unfortunately, this process tends to leave an accumulation of slurry particles
25 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 costs of discarding wafers having inoperable devices, it is therefore necessary



100041 After a wafer has been wet cleaned, the wafer nust be dried
effectively to prevent water or cleaning fluid remmants from | eaving
residues on the wafer. If the 5 cleaning fluid on the wafer surface is

al l owed to evaporate, as usually happens when droplets form residues or
contam nants previously dissolved in the cleaning fluid will remain on the
waf er surface after evaporation (e.g., abhd formspots). To prevent
evaporation fromtaking place, the cleaning flujd nust be renoved as

qui ckl y astt ﬁ%@%itﬁ? &alf R e Yo FIALTYN rer PRPTAEPE IFrainas igleleave
surface. |p@dhidd te8Rts. to 10 acconplish this, one of several different
drying techni ques are enpl oyed such as spin drying, |PA or Marangoni

dryi ng. Al [0064] tliese dnfer gs ttechnvqudsangtlj tHez@afkomeust dremioéd affestdelng
liquid/ gas interface on a wafer surface which, if properly naintained,
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surface. The nost preval ent drying techni que used today is spin rinse

dryi ng ( SROPa @BO“E}F ‘ﬁ?%ﬁrsérficq PILEFs EYapPEd oo\ peve itd d¢Te (SRS ngl ¢ PEHVER! on a
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t he ce@ter of t}g wafer tg the qutside of the wafer and finally off of the
vaf er 'ds SHEWAP ﬁl 508 8 r 82T niaiferspl dwmetechngics gee anplgnpheiohlagisain s

bei ng pul | g¢;, ;0 . I I I Qul ' A s .«Greated
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t he circl enpriogiiqed/day itthefacromi agvaliérquifdégaiicAbifipibgsifyaaginf?ndetsuliainger )
as the dryjng process progr esses. In the exanple of Figure 1, the inside
area of t y‘ggr%fl L YOFnaHTasy WHROUTOVE grmitm af geplstht ebpiesianatoly; 4f theee
from the j t,.5].de he .ci ¢l e d t.he j.ng
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proced$§ caoftremaeisonetihérysec hictodsndiapdetf tthem ey capemtioaf oddies mBvitRg in
liquid/gas interface .12 increases while the area (the wet area) 30 outside
of the moWPREMHA Rgalet of Gerude sivlage cFlenmes. prawiley dhdag preklidsegsey, i f
the novi @&izﬂyiigkﬂiﬁlrﬁééd}ymge(rsﬁ e 12 breaks down, droplets of the cleaning
fluid formon the 3 wafer and ‘contam nation may occur due to evaporation
of the dr ¢pI0S Figuas Isiliabirated miosement of cleaning fluids on a wafer 10 during an SRD

drying process. In this drying process, a wet wafer is rotated at a high ratc by rofation
20 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.g., the circle produced by the moving liquid/gas
25 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 arca (the wet arca)
30 outside of the moving liquid/gas interface 12 decreases. As stated previously, if the

moving liquid/gas interface 12 breaks down, droplets of the cleaning fluid form on the



i nperative that droplet formation and the subsequent evaporation be limted
to keep contam nants off of the wafer surface. Unfortunately, the present
drying methods are only partially successful at the prevention of noving
liquid interface breakdown. 5 10006] In addition, the SRD process has
difficulties wwth drying wafer surfaces that are hydrophobic. Hydrophobic
waf er surfaces can be difficult to dry b&cause such surfaces repel water

and wat er ueous). cl eaning solutions. Therefore, .as the dryin
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droplets results, in the nf evaporation and the_contam nation .
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at the Cenﬁl@ﬁes@fcornhﬁué’f!’aet&lr ﬁhev\ﬁ&fn@;l@@lm of ﬁg%gR{)@%ﬁﬁoﬁlc{ch\gaﬁp s{ut??w dropl ets

is the snmall est. Consequently, althoug rocess is presentfy the
nost ConmﬁnmmaygohdmagéhmﬁﬁynmgmuthnsﬂhammbdIQEHahay&deMEimuﬁmee$sa
on of 20 cl ean f|UId droplets on the wafer surface
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plating, there are also problems wth app yi'n
renovi ng <ﬂm@|®sﬂ$ﬂbﬂaBhemmabémuﬂmxamnmbﬁmccemtam&mnemfuﬂabmdachﬁhsgal
contamnatlﬁati Tgncreases yiel d, 10008] Therefore, there is a
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cont am nati ng dep05|ts on he waf er face. S as often occurs
t oday 15r edwdephhbicyivelfd efrfacceptlabl élmﬁ@w Sofadebplarcreads thethe obdrnghl
manuf acturing 30 sem conductor wafers. 4 SUVMARY OF THE | NVENTI ON
evapbration 2 e 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 difficultics reducing formation of
20 cleaning fluid droplets on the wafer surface especially when used on hydrophobic wafer
surfaces.
10007] Additionally, in other wafer processing operations such as cleaning, etching, and
plating, there are also problems with applying the fluids to the wafer and removing
fluids from the wafer in an efficient manner that decreases contamination and increases
25 wafer yield.
[0008] Therefore, there is a need for a method and an apparatus that avoids the prior art
by enabling optimized fluid management and application to a wafer that reduces
contaminating deposits on the wafer surface. Such deposits as often occurs today
reduce the yield of acceptable wafers and increase the cost of manufacturing

3¢ semiconductor wafers.



[ 0009] Broadly speaking, the present invention fills these needs by
providing a substrate processing (e.g., drying, cleaning, etching,
plating, etc.) apparatus that is capable of managing fluids on wafer
surfaces while at the sane tinme reducing wafer 5 contam nation. It should
be appreciated that the present invention can be inplenented in nunerous
ways, including as a process, an apparatys, a system a device or a nethod.
Several inventive enbodi ments of the present invention are described bel ow
[0010] In one enbodi nent, anSEMMARYUSF THIE EVIBNAIONgG a fluid meniscus to
be forned ‘ﬁ@ ? suQ&gce of a substrate is provided including_a housi ng
where the HOYET Ryoadhy Frge@eqthe prrspyuaysagos ditls deese peedsdyprrasdinggr kbt e t o
a substrat f sthe, s tes:T Sif [t [hcl ude :
process cog?ﬁgﬁpgfﬁg%’gégngﬂﬁéh ééﬁ%ﬁﬁgﬁggﬂises'r%%ﬁ% g%ﬂk§lggﬁ%§ﬁ%3£ing
surface. Thenappar 8tids ahsovdfeiclsuties:sawiilecasstheoRfmguliald aBdidiser vafhi ch
has an jnsert surface where the process configuration insert is defined to
fit w thi nCeHEMURHBResSheBldrhegappeaciaberd hat Bieviresgut igpiprosant beeindesemigd such
that the i - - t SNy rfa efi a proximty face
that can be ool KRS RNl (eSO R SE5 A8 TieTrBOCH bRk o
[00111 | n aectdenvemnibedinbediienan fappaeedng sivkatioaa desdrivad balokd. ui d nmeni scus
to process, _a substrate i s provided which includes a manifold head with a
mani f ol d s[?pﬁglcﬁl A&/ FTRBOHMERY, @R apPaplus ot BrgAtng ac Owikli ieniselstto hyelosned e a
fluid neni : e .when in close proximty w.th the
Substr at o, OThe e OB 8 RALALR AL Rodoher B8 SR Rlls e s
commuriicat hagirfg siir@se wb the flhedphrokiabdtt Yo of subondyishSaceT BE uaPHABhMS TR SO
includes an interface nenbrane attached to a portion of the manifold head
where t he Uit HHAe nplvHEan8rsif jogdesmtion releotRe sepor thabis wtrouhded by
plurality i [ I el..ano r .enbodi ment . a.nethod for

Dt ocessi nga "Snap ehiacc o HHEhpa el ERRYIRE S TBED TP RiE bt oaer e

Wi thin a Hewsinngsdrssipfaovivdet weigbcdsnebuiRsa@pPingd0e @ddeasb fifluiid ko a
surface of the substrate through a first inlet of one of the housing and
the procd88°Ed r‘ff)iléwé‘tl%r'?c?wwr fegionhel thethegeinglsyeh ihit lthelssedpplpengnd
secondsf | yj =N rface.of .t supst e through, a second jnlet of the
procegg cghgpgﬁ?gf?§§w§ﬁgéyi%p%%gnﬁfgﬁ%@ﬁﬁgm%E%gyg?%WOFVﬁﬁaﬂﬁhﬁSP&%”@%cond
fluid fi' omfabeoiic basaatehr ough an outl et of the 30 process configuration

insert. 5 é0013] I n anot her enbodi nent, a nmethod for processing a
substrate B ]lr]d.n émaqhgbéxggodunenl, an apparatus for generating a fluid meniscus to process

a substrate is provided which includes a manifold head with a manifold surface having a
plurality of conduits configured to generate a fluid meniscus on a substrate surface
20 when in close proximity with the substrate. The manifold head has a plurality of
passages capable of communicating fluids with the plurality of conduits. The apparatus
also includes an interface membrane attached to a portion of the manifold head where
the interface membrane configured to block a portion of the plurality of conduits.
[0012] In yet another embodiment, a method for processing a substrate using a process
25 configuration insert defined within a housing is provided which includes applying a first
fluid to a surface of the substrate through a first inlet of one of the housing and the
process configuration insert. The method also includes applying a second fluid (o a
surface of the substrate through a second inlet of the process configuration insert, and
removing the first fluid and the second fluid from the surface through an outlet of the

30 process configuration insert.



configuration insert capable of generating a fluid neniscus when defi ned
within a manifold housing is provided. The nethod includes generating an
addi tional process configuration insert capable of formng a different
fluid nmeni scus when defined within 5 the mani fold housi ng where the
different fluid nmeniscus has a different configuration than the fluid
meni scus. The nmethod further includes refioving the process configuration

insert fro mani oId ousi ng and attaching the additional process
confi gurat i%ﬁqmm to @‘PH ‘Hﬁ”&ﬁ f?omﬂwéu@irrrﬁewefﬁegr?ef a1 $od AITATRES

gener at i ngcdtiBurdiohf ﬁ{s@ﬂ?tcaf)iﬂf"f &f r@%ﬂkﬁﬁl‘f O'i‘lu}d]ﬁeﬁllﬁ"sgﬁ% Latel: ddtheb OQddL 4 yet

anot her enbodinent, a net generating a meni scus to process
substrate n‘@nﬁofdvmqmmg 1‘ﬂpe0\rm¢dqoarhe medthuae michrdoy igdhargtirez @i @dditibhyl freads
capabl e ofﬁ%%eneratln a fluid ni scus hrouah application of a first
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and the second fluid fromthe substrate t roug an ou
al so incl udes ticodkichgnatisdusastTlae pocthbdnfotheatintiedsd romeviok the prodess
inlet, a fir t fluidgghisa ge to t e first inlet, a second inlet, a second

fluid passayeetEieRdn AT ’éﬁ‘m oldneusing s1d adardingnéhe pididonal ureresassage
fromthe Od:-Hn|f' %ﬁf&tt&i“?m%ﬁttﬁqge H’%ng'ﬁrhdu@ﬁll Udﬁﬁe lﬁgﬂpﬁldfg% 15%%{:4 géngr&{{rﬁg'lf?&us

wherein at | east one of a shape and SIZ
adj ust abl ediffgrenaflyidngerssdok oo kiedsupstrite.on of the at | east one of the first
t fluid passage to the first inlet, a second inlet, a

| 2
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nunmerous. Most notably, the apparatuses a esc

ef ficient Igﬁnprrloogstsﬂl(ldIrmamcudrtlyougt epplicptiad ef a fasdfoidherths dibsaltefrbype of
invol ves optimal. nmanagenent of fluid 25 application

f
gﬁd/e Lrprogﬁggi n‘%rad ff%'%é‘?%? as%%ﬁ%ﬂﬂ@c@o&”v%bétﬁafﬁmql% o gegoed mejel enfhant ed
fluids and.g@ptiayrHants ﬂﬁﬁ%d’lL@gec%Hd%u\f@ggﬁl lggrsfﬂ?shl%le t%?(ﬂ%ﬁ%lxl éﬁt‘lés Tief er

processi ng and production ma e | ncrease may be

achi evéd 1duhodemeﬁﬁﬁc®ﬂﬁioMQMymlpmm@q&ﬁnmgofboﬁiﬁlnihﬁtmfﬁ&ﬁﬁﬁktmw@aﬁlon
t hrough the use of 30 vacuum fluid renova

enabl es th npr oved cessi ng
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usage of apdmdlifide; MRAW LR LQ lp@tss\.@nk Gfhoh $u€ B4 IUTAR! GelnDa 30MLQ nl(lalci%]aes
forming the fluid meniscus wherein at least one of a shape and size of the fluid
meniscus is adjustable by varying a blocked portion of the at least one of the first inlet, a
20 first fluid passage to the first inlet, a second inlet, a second fluid passage to the second
inlet, the outlet, and the third fluid passage from the outlet.
[0015] The advantages of the present invention are numerous. Most notably, the
apparatuses and methods described herein efficiently process (clean, dry, etch, plate,
and other suitable type of wafer processing that involves optimal management of fluid
25 application and/or removal from the wafer) semiconductor wafer while reducing
unwanted fluids and contaminants remaining on a wafer surface. Consequently, wafer
processing and production may be increased and higher wafer yields may be achieved
due to efficient wafer processing.
[0016] The present invention enables the improved processing through the use of

30 vacuum fluid removal in conjunction with processing {luid input that may be applied



nuner ous ways through the interchanging of one or nore manifold sections.
[0017] The pressures generated on a fluid filmat the wafer surface by the
af orenenti oned forces enable optimal application and/or renoval of fluid at
the wafer 5 surface with a significant reduction in remaining

contam nation as conpared with other processing techniques. In addition,
the present invention nay utilize applicéation of an isopropyl alcohol

| PA fl.uid d f f | th
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configuration inserts may form different sizes/shapes of meniscuses thereby enabling
the optimal gencration of a particular meniscus size/shape for a particular wafer
20 processing operation.
[0019] Additionally the meniscus may be shaped by application of an interface
membrane to the proximity head to block the input of fluid into certain portions of the
fluid meniscus that is formed on the wafer surface. Therefore, by blocking fluid
transportation in specific portions of the proximity head, portions of the meniscus may
25 be eliminated so the meniscus may be configured to a specific shape that is optimal for
a particular wafer processing operation. Therefore, depending on the process desired
and the meniscus configuration required, different numbers and shapes of the interface
membrane may be applicd to any suitable portion of the proximity head to block
particular fluid paths resulting in different meniscus configurations.
30 [0020] Morecover, the interface membrane can reduce the development time to produce

a destred mantifold. Therefore, the interface membrane can enable rapid development of



prot ot ype hardware and processes as well as enabling testing and recording
of data in real tine due to the ability to rapidly change the neni scus
configuration generated by a particular proximty head/ manifold design. As
aresult, the interface nenbrane may also enable rapid prototyping,

devel opment and testing of different manifold process 5 wi ndows (e.qg.,

di fferent sizes, shapes, and size definifions). [0021] O her aspects and
advant ages_of the, present jnvention w |l becaome apparentf fromt} .

fol Lowi ng BRLAVPEATHERE g PI&ﬁ?SS?SaRSeweliﬁS&aﬁ?mgc P f?cméngae@@%ghyi ng
drawi ngs, - tdal UBr@leitBIhO3biNBYioChpiRKATRAE: HRGBHINE LB E5, o .

i nvention. BRI EF DESCRI A e Eeorfo BeREEN

i nvent i on ptitulbe praxadity yheadidendbilodeshgn. t Ae o aktlowhagndetied heethbratesany pti on

in conjunction w.th the acconpanyi drawi ngs. .-To facilitate this
descr i pt 1 oS0 PR Fatid AR Bielcar S eRd yHatca g RE AdFsteed mAmold RseRsst s
100231 i gw_frﬁlolzusi(é.lg.l,l%’Ef’.ﬁéﬁ&ﬂ%iﬂgg}éﬁ]ﬁﬁ&z aff sifd &aiAghs{ | ui ds on a wafer during

an SRD drying process. 15 Figure 2 shows a wafer processing system
i n accor dal¥¢@lwOther gnpectnbodiiadenttagesfoft the ppeesetyvehtivie RtillomecoiR0Rpireht gur e

3 illustrates roxi mty head, perform a wafer processing operation in
accordanceiti\)/\ﬁnt‘fafeg(h O%Wﬁo%eit?’r&atd%?“mmé” &q%gelﬁthnm PR yrth fhsopsamprying 4A
i 11 ustrat egrain@f SlsPHRGHISI NG OREERT @B pl; G g.py a 20
proximty heaél1 | n1 _at(s:co‘r?%ance%ot h éﬁe e%%ﬂ?k&%yéﬁﬁiﬁ%ﬁlg%&%@ﬁ?pi nventi on.
[0027] Figure 4B illustrBrRes DEESGErYiew of TAXSIRASVINGS OXi Mty heads for
use in a dual wafer surface processing systemin accordance with one
enbodilfent[0822]t Hee prasseininventwentiilops rd@d28indeisturde b the| fosbwateedetailed
mul ti -rmduclee i)rtoxi m t heag in a{:c%r dance with one .25 enbodinent of  the
present inventh 6. "t COPHTRPHuPED 61 PPREIRAEYEE QI'aF‘i‘Bﬁ%ﬁ-ngTﬁDEfﬁliéatF_nﬂ“s
accor dancelogiglicANBk Erge im@Ais dbigndl FREDRANPYLLORs, [0030] Figure 6B
ser

illustrates a process configuration i I n accordance w th one
enbodi mentl06%3]tHguner bsbwrtraiasvianyéromt & cla003d [flukdsgom e 6GLdr| dudisir at SRDA
cover ”Dd“(ﬂﬁng gl_c%%gsqr dance with one enbodi nent of the
15 [0024] Figure 2 shows a wafer processing system in accordance with one embodiment
of the present invention.
[0025] Figure 3 illustrates a proximity head performing a wafer processing operation in
accordance with one embodiment of the present invention.
[0026] Figure 4A illustrates a wafer processing operation that may be conducted by a
20 proximity head in accordance with one embodiment of the present invention.
[0027] Figure 4B illustrates a side view of exemplary proximity heads for use in a dual
wafer surface processing system in accordance with one embodiment of the present
ivention.
[0028] Figure 5 illustrates a multi-module proximily head in accordance with one
25 embodiment of the present invention.
[0029] Figure 6A illustrates a housing module in accordance with one embodiment of
the present invention.
[0030] Figure 6B illustrates a process configuration inseri in accordance with one

embodiment of the present invention.



present invention. [00321 Figure 7A illustrates a bottom view of the cover
nodul e in accordance with one enbodi nent of the present invention. 5

[ 00331 Figure 7B shows a bottom view of the process configuration insert in
accordance with one enbodi nent of the present invention. [0034] Figure 7C
illustrates a bottom view of a housing nodule in accordance with one

enbodi nent of the present invention. [0085] Figure 8 shows a side view of

the nmulti- . proxim.ty head illustrating fluid 10 passages in
accordanceﬂﬁﬁ#L%8£@eéﬁghﬂ¥ﬁ%%ﬁi%¥@fH%ﬁbéégéﬁgﬁﬁﬁWéHWﬁbﬂm3?Db%%@ﬁﬁﬂﬁﬂh% 9A
shows an oppke$ageARNi fold with an interface menbrane in accordance with
one enbodi rent of the present invention. [00371 Figure 9B shows a bottom
view of t hE)032hFiausage ilfesiataldbdtonacor sfane eowdrhodudn i @Fbedheenith ofic t he
pr esent inﬂﬁghyon. %? [0038] Figure 9C shows an expl oded bottom view of an
omi - usage“HBNT SRS the PEeEAIMEHEE Wi t h one embodi ment of the present

i nventign. j il t an.expl t view:of .an .
o - usage Ut Fal P Sndds 4 G R oL R S an O Al B
i nvent i on. adc00Ade Fithone cinbbdiahanss @b pagpht igaddten. of interface nmenbranes to
an ommi - us g 20 manifold in accordance wi th one enbodi nent of the present
i nventi on. ﬁ’% dligurs guildistrates ajboftgsy vigy ef adwusippimahis vraceprdancd witlephiace
menbr ane by -1 i f . and a mani fold head in accordance with
one enbodiﬁ%ﬁ?ﬁg?ﬁfﬁgﬁgvgggﬁ#R%¥ﬁ®%ntion. [ 00421 Figure |1 OC depicts an
interface [PO8%) Bigerctthetiowsassibeeirwadithe athifi-grddig: preRih @) ReaddFuliedds ifid
accorq nce with one enbodi ment of the present invention, [0043] Frgure |0D
i |1 ustiVat SASsARET M ErParcesivh panemhpdinicatiof the arqsedrvsitionr f ace of the

mani f ol d i cenrd It n nbodi.pent of the present invention
(00443 Fi Quossl MR ORCANSE My SRS GRR BT L b 4SBT aamea i oo
enbodi mentaccoflatdeexipi esenhbodinent éORe pRRedi0@ARliofi gure 12A illustrates a

proximty head ﬁerforning a wafer processing operation 9 in accordance
with one dAfdH e %t shaves pbeltwntvigweeHicicmni-usage manifold in accordance with

one embodiment of the present invention.
15 [0038] Figure 9C shows an exploded boitom view of an omni-usage manifold in
accordance with one embodiment of the present invention.
[0039] Figure 9D illusirates an exploded top view of an omni-usage manifold in
accordance with one embodiment of the present invention.
[0040} Figure 10A shows an application of interface membranes (o an ommni-usage
20 manifold in accordance with one embodiment of the present invention.
[0041] Figure 10B illustrates an application of an interface membrane between a
manifold cover and a manifold head in accordance with one embodiment of the present
invention.
[0042] Figure 10C depicts an interface membrane that has been applied to the manifold
25 head in accordance with one embodiment of the present invention.
[6043] Figurc 10D illustrates an interface membrane applied to a process surface of the
manifold head in accordance with one embodiment of the present invention.
[0044] Figure [t shows a waler processing system in accordance with one embodiment
of the present invention.

30 [0045] Figure 12A illustrates a proximity head performing a wafer processing operation



[ 00461 Figure 12B shows a top view of a portion of a proximty head in
accordance wth one enbodi nent of the present invention. [00471 Figure 12C
illustrates an inlets/outlets pattern of a proximty head in accordance 5
wi th one enbodi nent of the present invention. [00481 Figure 12D illustrates
another inlets/outlets pattern of a proximty head in accordance with one
enbodi nent of the present invention. [0049] Figure 12E illustrates a
further inlets/outlets pattern of a PrOXIﬁlty head in accordance with one
enbodi nent “b@fw@’ﬁéﬂfﬁr‘é%ﬁlﬁe PAbetiieaho! tho pRETANMEDIDESCRI PTI ON [ 00501 An

i nvention tuses for processin
il el osoq, (s [PORER28 A BPRALR HOT ™ bR e ehBRinded MR hfhRptfnps, ser
forth in owcteronet:mbpdimwndefmeqah;@emughemmerstandl ng of the present

invention. It wi|l be understood, 15 however, by one of ordinary skill in
the art, tHA#7kRgupr Eelusirpoenn iidﬁsmycth@amra@tf Ageekimpythsediin swnmalaoee al |
of these specif n ot her. tances, well known process
operat?ons gvééggﬁg%ggﬁ§oesc Fﬁg&lpﬁ3 ®t'ai | in order not to unnecessarily

obscure t h@04gyr Bigent 12I0VERkIraBs a[aQ@%ﬂ]ml\%Vdu@cfs n% Stk I 'p‘?@mhﬁ@ Q@a%nm
described in terns of several preferable odiments, it wl
appreC|ate@m@%@&&%W6%@n%wﬁbwbﬂumh@ﬂhepammﬁumamuDeadlng t he precedlng

speci ficaty Y i ze various .alterations,
26a ti one. 1989, ARG LU G0 it Blectlbisst SRktfcof Rareron hibiea
that the pres@diice diyend érﬁﬁodlﬂ&hmﬁﬁc pldseiiygitn@bher ations, additions,
permut ati ons, and equivalents as fall wthin the true spirit and scope of
the idfention. 25 [ 00521 The figures below illustrate enbodi nents of an
exenpl ary wafer processing systemusing nulti-nodule proximty heads and
interface nenbranes to generate PEEPeSDT DEseRapPeiosi ze, and |l ocation of a
fluid nmeniscus. In one enbodi nent,” TAE t(echnology utilized herein may be
known as domwmngmum Rfctivaiso and MfipWjatusee clonoprogassinghias siteahreolsogy
may be ut| ed t %ﬁrnlan sui tabl e type of wafer 30 operation such as,
f or exarrpl B F9ARET MUBEII S P e dBipils e Sch'g?ﬂhs’ék@ %acuum

| PA vapor L@'p@@ﬂﬂ@g t(lwll.lglg)tmd%ﬁhéﬁl'ésofvl@lg"f)'llégché: ANARYT L0 BY understood,

I5  however, by one of ordinary skill in the art, that the present invention may be practiced

without some or all of these specific details. In other instances, well known process
operations have not been described in detail in order not to unnecessarily obscure the
present invention.

{0051] While this invention has been described in terms of several preferable

20 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.

25 [0052] The figures below illustrate embodiments of an exemplary wafer processing
system using multi-module proximily heads and interface membranes to generate a
specific shape, size, and location of a fluid meniscus. In one embodiment, the
technology utilized herein may be known as a meniscus vacuum IPA vapor (MVIV)
technology. This technology may be utilized to perform any suitable type of wafer

30 operation such as, for example, meniscus vacuum IPA vapor drying (MVIVD),



(MVIVE), neniscus vacuum | PA vapor plating (MIVP), etc. It should be
appreciated that the systemis exenplary, and that any other suitable type
of configuration that would enable novenent of the proximty head(s) into
close proximty to the wafer may 5 be utilized. In the enbodi nents shown,
the proximty head(s) may nove in a linear fashion froma center portion
of the wafer to the edge of the wafer. |10 should be appreciated that other
enbodi nents nay be utiljzed where the proximty head(s) nmpve in a linear

f ashi on frglﬁ‘PﬁK‘és ‘éﬂd@émo"#’f’t H&P %Plﬂ@dhgﬁw%m%ﬁa%wwg} RA oppissietingdge
of the wahqkves RLI&Ls 99805l ﬁ%@aé’ﬂ?\éﬁﬂﬁl LRIPRY) 06 Ut dHoh kP H%pec‘fi‘zﬁed for
exanple, in a 10°radial notion, in"a circalar nmotion, in a spiral nofion,
in a zig-zégt Mot swpigm iin eacmphdomndntbti amy otiec suitabladgict bdBonfiheatiot than may
al so be an% slgi tagl e %Feci fi F? motion profile as desired by a user. In
addi tion, PAYSHMaRIGHRRNCHSHE of heeroEma® rad(shiate posg Ri@xEAMY thihe YWifeim t v
head ednd Ny i n f ashi p 005 M |

por i ons. o Uiipacd, QFEIhe! GRNRRGRS s ety AL TRl BRREDT atloat o
may be utifaslzed {idnwheegert hertinaf @t theswalet o ditéek biithd hafdgr okishouM head is
configured to r.mv(ﬁ over the wafer in g fashi on that enabl es processing of
al | porti oW®rgiateq thahgihss cppdimegts may be pllzedywbsr the proféndy deei(Eheovaf er
processin ~ : i er e - Ll ok ‘ -Shape
e A TS L R R e Lt
fl at paneltbg vetfer, oThehgroadashngicsysieetn may bbeatitionf sighr e fhiochgnplé, hized
for arm 20 a.u' tabl e processing (e.g., plating, etching, cleaning, drying,
etc.) 'of t'Ae ]PEP“ad@;feﬂHi“ff@ MYy Hed SFH INgUliORt ot Zi6f ZagHBotgrs e mrandqimy et
anot her e i : S 0N - i 4 I M SCUS to
enhance warfggl?&g?g:elgg? %‘3%92"1§ﬁ‘u%¥r‘rﬁaﬁﬁ Eg%’:%ﬂ’sé %@%ﬁgé‘&]& EB%CB@?(I Jgghg?l Cw[l)ié/esd
(e.g., ontdsiraf by ef usand haeddissn,anvafeesmbatiid bnia (er @xfernidy headated OODRL |t
shoul d be appreci.ated thgt t he system described herein is just exenplary in
25 nat ur e,P" ’HH“&YH&?E‘%CNC- AD AU PSRBT e Resardm iR deachaap pesdens alypereas
utilizi ng gng. : e f =Tpeld ' i t-abl

Syst em sch e e A AR AR AR P ol Rt S g 1B B TR
under $6 oodvitenathdwatr tiheot usited bui tit.grohiatigeidalids poetessd conidGunat ilan
inserts and/or. int elr.f ace nmenbranes, the configuration/shape/sizel/lLocation
of the menTdgud %ti?“ﬁ@ R £ReRES Piasesie dmbertant of Be v fer ebertditodiess
confi gur aty i ’ - Rane diLierent., jnle ‘ Let £ at j ons
oo ey SeAn 385 S, TR ke LSRR AU A P PFUBTR

| ocat i ons pwhess tihesliipe and size of substrates such as for example, 200 mm wafers, 300 mm

wafers, flat panels, etc. The processing system may be coufigured to be utilized for any
20 suitable processing (c.g., plating, etching, cleaning, drying, etc.) of the wafer depending
on the configuration of the system. In yet another embodiment, megasonics may be
utilized with the fluid meniscus to enhance wafer processing. A fluid meniscus can be
supported and moved (e.g., onto, off of and across a wafer) with a proximity head.
[0053] It should be appreciated that the system described herein is just exemplary in
25 nature, and the multi-module proximity head and the proximity head utilizing one or
more interface membrancs may be used in any suitable system such as, for example,
those described herein. It should also be understood that by either using
interchangeable process configuration inserts and/or interface membranes, the
configuration/shape/size/location of the meniscus may be changed. In one embodiment,
30 different process configuration inserts may have different inlet and outlet configurations

thereby generating different shape and size meniscuses in different locations when the



proximty head is in operation. In another enbodinent, interface
menbrane(s) nay be applied to a proximty head in pathways and/ or

| ocations where fluid is traveling. In such a fashion, portions of the
meni scus may be elimnated or increased in size in particular proximty
head | ocations that correspond to a certain shape/size/location of 5 the
interface nenbrane(s). Therefore, parts ldf the neniscus may be renoved or
increased in size,to ] eave a,.cus}om’ zed neni scus shape, size, and | ocation.
Consequent PP*IBYY Beihis 1Biopeiatiant [nspashorsmhodime, pig Bcaumpniiaage)manba face
of the prexiiAity £ uid, i.np E\%ﬁ%ér . Oximty
head, di ffg[?(}g{?g %ia!zqgl%qiang}dé {gplg I#Jéﬁ‘ﬁv%)%u%;gg&ﬁ% I Fg?hgﬁﬂﬁgcgﬁ%vﬁggﬁagﬁ be
formed witkuch sifapia, tpppeomfol he peoxdugi hyy headimihRS4L ncgusel 2 shows a
waf er processi lirlwlg]h?)%/stem [ n accordance with one enbodi nent of the

00
present i nDEHE Oifﬁéitiégﬁ“s‘%de}ﬁ%@f@wi ey eresrewl fep setonshapsizosatiohpén nay
hol d and/ ofper Rh@ERe ftn&ﬁfneaﬁe(tsj?. eﬂ@é@ggﬁiﬁt& O%ti;[l{eaﬁl%ﬁiéégs pﬁa’pf)g GE556% ol NE

system 100 al so i ncludes proximty and t, inone

enbodi ment incemescdlSnasizackedeie an cuppeatizalr mdldas asithp0 szd, owsd [dcarich04b
respecti Vﬁ{;é' I n o](r;e enbodi n&gé the proximty heads 106a and/or 106b may
be mul ti - noBECAUEHEX P Y8 Akt sbapees imeadenmembraneds)det i face of the

ref erence i ' {0 el /..
b R, Sl ok B A P ek P SRS M s e
conponent sandThigppriornisdusys healdfforay: heagons slavt Bbfanagpai@t asitdatygmyl
generate a 20. fluid neniscus. In another enbodinent, the proximty heads
106a g‘r@d/ HOIHEL 8- he proximity head(s) with one or nore interface

menbr anes i seHssed r - detail . in.ref nce to Flgure.9A through
ICC. In yel?ﬁgﬁolts{%gl? gn‘g%défsfnén%?%ng%gg éStuﬁia Sgs{’)t?%xﬁpngtﬁf ﬁé%?dgaY%G‘g"tﬁna}liOGb
may be a nashttddimoaudfehppeestmi ihyeread T dyetchheo®ihatdes ralYerbe obhendnoxi mity
head utili z'.ng t he oge or nore interface nenbranes. The upper 25 arm 104a
and the | oW &rH Q9 58dioR rplatcyh maleio prablsseMBr surfisics o dpatpesssed. The
substanti Yo - r o, toy. ds 10 nd_106bh al ong a
radi us of abetLL)[ﬁ'g1 %A%Q)fe %Eé ﬂ?ﬁr‘}g? Poé(g%%tkgr%m%n@oﬂéiqﬁénlto%ﬁ ﬁé glsglgenglpgo%%glfg%l{/% t he
proxi ity dieads! td Geaupgwed 4B6HOHA @y (suw labdreats erosdefdspedivany enanbne
100551 In one enbodinent the arns 104 are configured to hold the proximty
head 106a “S¥I4BEVe enronmsy heasls 1098 awdbui HObymaede reoBbmeerswprokianiarf er

i Ri g' ﬁ;; E%Qgéccﬁoﬁ%ﬁlg%(% glle%li;[%f 8&tail TP T EXRIP koeFigiuPesoﬂqﬁlrgl)fgﬁ{rgl A Y (&INPG ment
herein the term "multi-module proximity head" is a proximity head having one or more
components. The proximity head may be any suitable apparatus that may generate a

20 fluid meniscus. In another embodiment, the proximity heads 106a and/or 106b may be
proximity head(s) with one or more interface membranes as discussed in further detail
in reference to Figure 9A through 10C. In yet another embodiment, one of the
proximity heads 106a and 106b may be a multi-module proxinity head while the other
may be the proximity head utilizing the one or more interface membranes. The upper

25 arm 104a and the lower arm [04b can be part of an assembly which enables
substantially linear movement of the proximity heads 106a and 106b along a radius of
the wafer. In yet another embodiment, the assembly may move the proximity heads
106a and 106b in any suitable user defined movement.

[0055} In one embodiment the arms 104 are configured to hold the proximity head 106a

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

wafer. For example, in one exemplary embodiment this may be accomplished by



12 having the upper arm 104a and the | ower arm 104b be novable in a
vertical manner so once the proximty heads are noved horizontally into a
| ocation to start wafer processing, the proximty heads 106a and 106b can
be noved vertically to a position in close proximty to the wafer. In

anot her enbodi nent, the upper arm 104a and the |ower 5 arm 104b may be
configured to start the proximty heads 1206a and 106b in a position where
a meni scus jsggtelnerat ed beforeréﬁrocessi ng and the neni scus that has al ready
been genela{Rg tsStRRSEA™ A nskthaileyresay 04bomamnawible e MejicHaHB\PES ont o
t he waf er : . esse Iy are e 0,

Ther ofor e, “The LoBer B TDaa arit K6 TFonefiay {3y Meafebab ol Beferg i n
any suit abpecwmings thet hrexiprioXidais YodOarieritd b6 rametd:elcatignoe Bgosmivedi t o
enabl e waf er processing. as 31(g;i‘gscri bed herein. It should al so be appreciated
that the s$SEENCIO LN he&aEsnin girlae snrbodiperiuthcamper armalfdarnd &9 lowgT as

t he proxim Mve -he. A . o
goner ats and! cont iy s EEIRE I SRl B PaBAT b ARLD 0% 0% Bhsich .
proxi mi ty whey sbeedspssugdrebltel bifsteairoceskingmmd e mediedusabathan glr@slydeen

meni scus rrg% be qr’rgi ntained. 15 I n _one enbodi ment, the proximty heads 106a
and 106b (&R deeeghyhoprpsimisy g 1902 prhdO@averhoe@vee ralhthemgfeeach
be | ocate : t Q. fer erate
the f1ui d tonreene arorhst ST QepPout of 3 I LHETIbErE, BE 4bRebFIFt fe
proxi mty Heladsdédoveerchrh0BBib(asy velcbnAguradyn ahekitaPlOXhTks Ynd\@adimity
described herei @(]), ngiy each be located bout 0.5 nmto about 2.0 nmfromthe
waf er o ZFagehdtatns’ 19 sandicamaend wcenablsnwatse praspesin sy dasebeddiieinn [hor e
pr ef er abl oghi t the  proxi gt 1 nd. 106b .,(as |l any
ot her pr o%hre%H{ayglhea ﬁjéjg{:i{??tggdgﬁh@cel ﬁgggﬁgéoﬁggfgga%élﬁ%g%guﬁ ?LI\.{\;ES%%?? om
t he waf er mangenetaiestthe pfdxithily teai(siousy ba mdvae inafoes pekihag e HO0H684 |1 n
one enbodi ment, the system 100, the arnms 104 are configured to enable the
25 proxi mPyECHEAEsAMloEE gha MOBEUE0 I%@*%ﬁxé@fbﬁmdpﬁswgstb@oplw praprosessed
portions : 1..sho { r.egi d that th s _104. nay be
novabl e i ﬁﬁzyn?/&gllﬁ\?j éﬁ’? dl%%ﬁ%e{?&ﬂﬁg? “%ge&l agqéﬁ%% ‘ésnrrcgi/sgtﬁseﬁqtaﬁgf r?;ﬁgtdﬁlr%gm mty
heads 1206dnand ci®6binant ghe passmity headself(sh 288 1066 i(dedell ANagn@handrodinment ,

the arns 3104 ma%/ _@e notivated by a notor to nove the proximty head 106a
and 106b drBhgernved dicrdemay cef bdeeated petwshp@bautbd | Jomutsdeirast d8dmehat

al t hough thg, wad Wafemtgcfeﬁétiaw111%y§ﬁiﬂ%g’199aissm§ BN, W tsﬂri%che(.a B Xpircri?c}‘a%!e
embodiment, the proximity heads 106a and 106b (as well as any other proximity head
described herein) may each be located bout 0.5 mm to about 2.0 mm from the wafer to
20 generate the fluid meniscus on the wafer surface, and in more preferable embodiment,
the proximity heads 106a and 106b (as well as any other proximity head described
herein) may be located about 1.5 mm from the wafer to generate the fluid meniscus on

the wafer surface,
[0056] In one embodiment, the system 100, the arms 104 are configured to enable the
25 proximity heads 106a and 106b to be moved from processed to unprocessed portions of
the wafer. It should be appreciated that the arms 104 may be movable in any suitable
manner that would enable movement of the proximity heads 106a and 106b to process
the wafer as desired. In one embodiment, the arms 104 may be motivated by a motor 1o
move the proximity head 106a and 106b along the surface of the wafer. It should be
30 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



heads 106a and 106b, that any suitable nunber of proximty heads may be
utilized such 13 as, for exanple, 1, 2, 3, 4, 5 6, etc. The proximty
heads 106a and/or 106b of the wafer processing system 100 nay al so be any
suitabl e size or shape as shown by, for exanple, any of the proximty
heads as described herein. The different configurations described herein
generate a fluid meniscus between the prldximty head and the wafer. The

fluid 5 i t he waf t t f
appl yi ng FuTd SaMBe 1> e St ac G PR UG PRI B et R CE ace.
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the bevel . ed the wafer | dition t ing the t
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It should also be understood that the proximty a an b may be
the same tWgder.of apparatus or different types of proximty heads. [00581

The waf er y . held.and rotated by the rollers 102a and 102b i n any
suitabl e J‘E’Q%Aggﬁdgﬁ‘oas ?%(ﬁ%j LECTSHBE Hhq éﬁt%@(%ﬁw@ﬁ@m%@% Aetdic etk m ty
head to beyittm @D ShPSRoPEOXIHighedt Lo f orly f.el; fof S to
be processgd. nI n onepemgg%i ér%ﬁgwﬁdhtg Qg%é%gg%bogaogﬁg 1 S\Qgg%greg at%fl in a
cl ockw se pibacecfd onetcbingot mhing hdyingabering 0&ci) mnd peeiuss arechtheksids ef the
direction. Lt shoughd be understood.that the rollers may be rotated in

ei ther a CTESERGERNGPARCERTERPCE SHRNFYAYRE PERIOPEH WYSpRHENAGNS RUIPNEINGaf er

l’bgt ?F}ieon defdrE@dypdso OMEaeBPed LR, di FBenf Qéxﬂfétlpﬂio§1qp@r{i§&g. %etd?gxim{yer 108
heads can also be configured to process the bevel edge of the wafer in addition to

processing the top and/or bottom of the wafer. This can be accomplished by moving the
20 meniscus off (or onto) the edge the wafer which processes the bevel edge. It should
also be understood that the proximity heads 106a and 106b may be the same type of
apparatus or different types of proximity heads.
[0058] The wafer 108 may be held and rotated by the rollers 102a and 102b in any
suitable orientation as long as the orientation enables a desired proximity head to be in
25 close proximity to a portion of the wafer 108 that is to be processed. In one
embodiment, the rollers 102a and 102b can rotate in a clockwise direction 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 dircction depending on the wafer
rotation desired. In one embodiment, the rotation imparted on the wafer 108 by the
30 rollers 102a and [02b serves to move a wafer area that has not been processed into close

proximity to the proximity heads 106a and 106b. However, the rofation itself does not



30 rollers 102a and 102h serves to nove a wafer area that has not been
processed into close proximty to the proximty heads 106a and 106h.
However, the rotation itself does not 14 dry the wafer or nove fluid on
the wafer surfaces towards the edge of the wafer. Therefore, in an

exenpl ary wafer processing operation, the unprocessed areas of the wafer
woul d be presented to the proximty headg 106a and | 06b through both the

| i near noéion of the proxinmity heads 106a and 106b and through the
rotation of™ e Walceor 1gve Surhen\ias evafer subsss tvsgerthe cdee iO? 4 vafidly be
conduct ed : . t D& ProXI, S. . i.p.one
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heads 106%CHARO1BEHIEFBIPads e HEohand Brietsh be retadonaf e wabs 108 t he
cent er of . - the pr d i f.er ywul d
expand 51?r oﬁ%ﬁgﬁgg{fgé%leiéo%nm %PJ %tlﬁsgmﬁgflger CO%%&F %IQ? ﬁgfegget%%gr 'rugeg’? régﬁnol " the
waf er 108 limda Sphsajcmiby ement cmbo0mht,| froads@Xpsmibas ¥f He0R &R 10 would
operation, it should be understood that the proximty heads 106a and 106b
may be corﬁxip@l]ff B HCSF regipp sntheedspregimarfohe pragrd 0§h@amrr@m1q\@ment #n an

cont 1 gur od ¢ 5 e AR o bl L i iRt M B Fer
the at | eaktbaané 106b arcaacwridiorh NhEperPayribss 1BORLFGUDNR Ao 1R deRRMb T N v | er
gas coBtahﬁfn%@isopropyl al cohol (I1PA) in vapor form (also known as |PA
inl et )10 antd8t Hig Papcosesistordpms Hubs stafardP8eowdd srpandrisem tthe cdasmesien of ticds
froma regqjgn, | e ) r Patdicul ar, proximty head by

app! yi ng Va@ﬂhﬂ?%?ﬁ@%“ﬁﬁﬁaﬁgég052%3ﬁﬁ90ﬁﬁwgﬁfpﬁPP%g SUTE be appr eci at ed

that al t hd0@sp]26 ahRAcmpaRey picBeddiRthperhti®ame sifuld B uBXESBbAINA: IEREHIFRRL S,
any other type of vapor may be utilized such as for exanple, nitrogen, any
sui tabl e dreGhbioadd0ob spgabe eonfigsraddaniy, cleml atch) andéiraniicdbs wakst ¢ 08t hat

may be m sgipl.e. .k : L an.ex | cl,eani ng enbodi nent, a
cl eani ng Zgngﬁgﬁbﬁg§&§éﬁ£ﬂﬁé$$$%%%3“3%g?“¥ﬁgpﬁf&%tkﬂﬂgyg%g?§$@ﬂ%ﬁgﬁ?ng
enbodil frentinpraylcheiednduct @I Whele @dwet shaniw @koraye Relesdibst icrytseehnior the
DIW In an additional enbodinment, plating may be acconplished as descri bed

herei n by & gy depiosdiessring inpi N> afveich Seoaditagoigs isoprops! alpehol gHEY) i t y
head configured. for..plating. . it L other types of solutions my be
ot ted 'ors Fhe iR bR R B ahE R Rheby Bl del iy Sl
processi ngeroger Atidanfrom a region between the wafer and a particular proximity head by

applying vacuum (also known as vacuum outlet). It should be appreciated that although
20 IPA vapor is used in some of the exemplary embodiments, any other type of vapor may
be utilized such as for example, nitrogen, any suitable alcohol vapor, organic
compounds, volatile chemicals, etc. that may be miscible with water.
[0660] In an exemplary cleaning embodiment, a cleaning solution may be substituted
for the DIW. An exemplary etching embodiment may be conducted where an etchant
25 may be substituted for the DIW. In an additional embodiment, plating may be
accomplished as described herein by using a processing fluid and a configuration of the
proximity head configured for plating. In addition, other types of solutions may be
inputted into the first inlet and the second inlet depending on the processing operation
desired.
30 |0061] It should be appreciated that the inlets and outlets located on a face of the

proximity head may be in any suitable configuration as long as a stable meniscus as



desired. 30 100611 It should be appreciated that the inlets and outlets
| ocated on a face of the proximty head may be in any suitable
configuration as long as a stable neniscus as 15 described herein nay be
utilized. In one enbodinment, the at | east one N2/IPA vapor inlet nmay be
adj acent to the at |east one vacuumoutlet which is in turn adjacent to the
at | east one processing fluid inlet to #orm an | PA-vacuum processing fluid
orientatio houl d b ted that other types of orjentations
Such ae 1 pResH ek BRI Ty GBS e shpodBaaghe A st Se D baabo
vacuum | PA s e85 d?ﬁhcfeht‘{'o%c &li€as st BRY yR&um el @ﬁ%hqgﬂ?{ﬁgﬁ NG a8 I URT er
processes desired and what type o ¥ processing mnechanrsmis sought to
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be utilized to |nteII|gentIy and powerfully generate,

orientatio g
control, ﬂ’(ﬁ’nﬁ%% PR Gl othep s PRt ERNE HElb e P ByPIRemang e waf er
to 10 procepauMelBbcssitPenRuasesshnoal ke 'ﬁ’ﬁ %ésglﬁgNa(udP%tcv al?ng gl ets,

and the vacuum outlets " may be arrangéd Tn any manher hé above
ori ent at i owlilized vepentdanmed. thc ﬁ@lfequa‘ﬁmb@ ddsireddald twlﬁn tfpe diheadRbidelssigpor
inlet, the va cuun1outleé d the £roce55|ng fluid inlet, in an additional
embodi ment MCERBIE! FalPught enlanard-s i & resferable chpdimestitthedRA-vgpwerssi ng
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proximty head désired. It shou e appreci ate e exa
confi gur atqootTObfanﬁhmoVPAhwanmumprlow«&Bibagfefehwi groximantiahi cndnByy g vari ed

depenqlO on the aEpIIl cation.. For e di stance between the | PA
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addi tion, the distances et wee I nput, vacuum processi ng
fluid out glar mmpdn f ﬁaemdahnonat@nutwda/IHApemr nglaon tkheasivae, 0L1$l|@@-p:ebd énd
confi guratl on of h{é proxi m t head 106a_and the desired sjize of a }Qrocess
meni scus F(PeeEsMe S AR g %‘PQ%’“WPW[WN&V@F? addigionf sgisy ! IPA
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[00621 In one enbodi ment roximty eads a an
posi t il dnedoifguraitore bbslee prcxmnrtytly:adi @eaxddopltsshbﬁlam@, apsheaiakeat hanis wihace
respectlve y utilize the PA and DIWinlets and a

.of the 108 and mm
Vacium ouEPEERs o BBaP ACGouaoFHBB LT h g B SeN 08 Yered dsadtt 1 h
the wafer o408 WiabGiuBhe FAPRRLSH IO HRIAGESS! PAWLEE (P A input, vacuum, and
processing fluid input locations may be varied so the distances are consistent or so the
distances are inconsistent. In addition, the distances between the IPA input, vacuum,
20 and processing fluid output may differ in magnitude depending on the size, shape, and
configuration of the proximity head [06a and the desired size of a process meniscus
(i.c., meniscus shape and size). In addition, exemplary IPA-vacuum-processing {luid
ortenfation may be found as described herein.
[6062] In one embodiment, the proximity heads 106a and 106b may be positioned in
25 close proximity to a top surface and a bottom surface respectively of the wafer 108 and
may utilize the IPA and DIW inlets and a vacuum outlet(s) to generate wafer processing
mentscuses in contact with the wafer {08 which are capable of processing the top
surface and the bottom surface of the wafer 108, The wafer processing meniscus may
be generated in accordance with the descriptions herein. At substantially the same time
30 the IPA and the processing fluid is inputted, a vacuum may be applied in close

proximity to the wafer surface to remove the IPA vapor, the processing fluid, and/or the



surface and the bottom surface of the wafer 108. The wafer processing

meni scus nmay be generated in accordance with the descriptions herein. At
substantially the same tine 30 the | PA and the processing fluid is

i nputted, a vacuum may be applied in close proximty to the wafer surface
to renove the | PA vapor, the processing fluid, and/or the 16 fluids that
may be on the waf er surface. It shoul d Hé appreci ated that although IPAis

tilized i | nb t.abl.e t f
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enbodi ment tlhe Vl‘@(i 108 is rotating so 20 the proximty head 106 may be
moved in & PTHER"Adshi on al ong the head motion while the top surface 108a
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vacuum 312 t hrough outl et 304, and processing
inl et 1306 Opeitaltien mremcmcirslcctmumgc cbebcgmmemtaifetﬂc ptekerghowntiobe T&mmzemrat)ed

t hat the nt at.ion of .t inl ets/outsets as shown in Flgure3|s only
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configurations as describ her ei
proximity head 106 may also be utllizcd to process {e.g., clean, dry, plate, etch, etc.) a

bottom surface 108b of the wafer 108, In one embodiment, the wafer 108 is rotating so
20 the proximity head 106 may be moved in a linear fashion along the head motion while
the top surface 108a is being processed. By applying the IPA 310 through the inlet 302,
the vacuum 312 through outlet 304, and the processing fluid 314 through the inlet 306,
the meniscus 116 may be generated. It should be appreciated that the orientation of the
inlets/outlets as shown in Figure 3 is only exemplary in nature, and that any suitable
25 inlets/outlets orientation that may produce a stable fluid meniscus may be utilized such
as those configurations as described herein.
[0064] Figure 4A illustrates a wafer processing operation that may be conducted by a
proximity head 106a in accordance with one embodiment of the present invention.
Although Figure 4A shows a top surface 108a being processed, it should be appreciated
30 that the wafer processing may be accomplished in substantially the same way for the

bottom surface 108b of the wafer 108. In one embodiment, the inlet 302 may be



[0064] Figure 4A illustrates a wafer processing operation that may be
conducted by a proximty head 106a in accordance wi th one enbodi nent of
the present invention. Although Figure 4A shows a top surface 108a being
processed, it should be appreciated 30 that the wafer processing may be
acconplished in substantially the sane way for the bottom surface 108b of
the wafer 108. In one enbodi nent, the inFet 302 may be 17 uti Iizeﬂ to f
apply isopropyl al cohol (1PA) vapor toward a top surface 108a of the wafer
1gg,yand ¢ He e Grap 68%913}6@1@391 {28d veRprappry igpr viEkesilHge of thed tlstar d
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Therefore, in one enbodi ment of a wafer processing, as the processing ui
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interface él{ﬁ (ual so known as an_| PA/processing fluid interface 118) with
the proced@rh§urd picssurnrrg e spalighiy dlcovguning b 2t Rechare tin BrpecssingsiEts i n
the renov ther i uid dnflow 314 along with any other fluid
from 25 t%ﬂéA?&gfﬁE&%gﬁ%}?ﬁ@ﬁo@{ tii/\llgf“jealrﬁhlfggh&l n one enbodi nent, the 1PA/ processing
fluid intgod@ide herefore, in one embodiment of a wafer processing, as the processing fluid

inflow 314 and the IPA inflow 310 is applied toward a wafer surface, fluid (if any) on
20 the wafer surface is intermixed with the processing inflow 314. At this time, the
processing fluid inflow 314 that is applied toward the wafer surface encounters the IPA
inflow 310. The IPA forms an interface 118 (also known as an IPA/processing fluid
interface 118) with the processing fluid inflow 314 and along with the vacuum 312
assists in the removal of the processing fluid inflow 314 along with any other fluid from
25 the surface of the wafer 108. In one embodiment, the IPA/processing fluid interface
118 reduces the surface of tension of the processing fluid. In operation, the processing
fluid is applied toward the wafer surface and almost immediately removed along with
fluid on the wafer surface by the vacuum applied by the outlet 304. The processing that
is applied toward the wafer surface and for a moment resides in the region between a
30 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 arc the IPA/processing fluid



118 reduces the surface of tension of the processing fluid. In operation,
the processing fluid is applied toward the wafer surface and al nost

i mredi ately renoved along with fluid on the wafer surface by the vacuum
applied by the outlet 304. The processing that is applied toward the wafer
surface and for a nonment resides in the region between a 30 proximty head
and the wafer surface along with any fl u8d on the wafer surface forns a
meni scus 116 _gjcgri éheI bord_er of the meniscus 116 are the [PA/ proceSS| ng
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the any suitabl e nunber inle
utilized fluid, IPA, and the ﬂuid on thc wafer surface, the flow to [hc outicts 304 is

discontinuous. This flow discontinuity is analogous to fluid and gas being pulled up
20 through a straw when a vacuum is exerled on combination of fluid and gas.
Consequently, as the proximity head 106a moves, the meniscus moves along with the
proximity head, and the region previously occupied by the meniscus has been dried due
to the movement of the IPA/processing fluid interface 118. It should also be understood
that the any suitable number of inlets 302, outlets 304 and inlets 306 may be utilized
25 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.
[0067] It should be appreciated any suitable flow rate may be utilized for the Ny/IPA,
30 processing fluid, and vacuum as long as the meniscus 116 can be maintained. In one

embodiment, the flow rate of the processing fluid through a set of the inlets 306 is



25 depending on the configuration of the apparatus and the neni scus size
and shape desired. In another enbodinent, the liquid flowrates and the
vacuum flow rates are such that the total liquid flowinto the vacuum
outlet is continuous, so no gas flows into the vacuumoutlet. [0067] It
shoul d be appreciated any suitable flowrate nmay be utilized for the
N2/ I PA, 30 processing fluid, and vacuurm9as | ong as the neniscus 116 can be
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sui tabl e type of wafer processing operati using
meni scus de;betrvdaengtbom tmetapaiz{m&asicrt@etf [bdmhdmtlt@SIOPZrBdo dbont 12ASOFH, @ a
exanp SC-1, SC-2, etc. be used for the

cl eani ng fl%l gy as, for (Hy
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fashion, dibblesentscAfrlImigds e g@m%igfy Bﬁl‘bl}&lﬁ?@%t andy 3 mlét@r md }:()act ofRSEOHL | et
conflguratlons may be utilize h rocessi ng i scus may “al so
etch and/ mneapaluauhae fibe ramfodthe NplRMe rerksd) nmam, and ﬁio&hﬂcﬂ@nf I uids such as,
for exaang HF, EKC proprietary solution, KOH etc may be wutilized to
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be conducted using the meniscus depending on the processing fluid utilized.  For
example, a cleaning fluid such as, for example, SC-1, SC-2, etc., may be used for the
processing fluid to generate wafer cleaning operation. In a similar fashion, different
20 fNuids may be utilized and similar inlet and outlet configurations may be utilized so the
wafer processing meniscus may also etch and/or plate the wafer. In one embodiment,
etching fluids such as, for example, HF, EKC proprietary solution, KOH etc., may be
utilized to etch the wafer. In another embodiment, plating fluids such as, for example,
Cu Sulfate, Au Chloride, Ag Sulfate, etc. in conjunction with electrical input may be
25 conducted.
[0071] Figure 4B illustrates a side view of exemplary proximity heads 106 and 106b for
use in & dual wafer surface processing system in accordance with one embodiment of
the present invention. In this embodiment, by usage of inlets 302 and 306 to input
No/IPA and processing respectively along with the outlet 304 to provide a vacuum, the
30 meniscus 116 may be generated. In addition, on the side of the inlet 306 opposite that

of the inlet 302, there may be a outlet 304 to remove processing fluid and to keep the



Cu Sulfate, Au Chloride, Ag Sulfate, etc. in conjunction with electrical

i nput may be 25 conducted. [0071) Figure 4B illustrates a side view of
exenplary proximty heads 106 and 106b for wuse in a dual wafer surface
processi ng systemin accordance with one enbodi nent of the present
invention. In this enbodi nent, by usage of inlets 302 and 306 to input

N, /1 PA and processing respectively along@with the outlet 304 to provide a
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operations by "using one particular proc cdonfiguration ins one
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ead 106" PhYHEEEH aRNEE S AP eWB’é%h‘Hﬁ‘élﬁ’t' gofher HEphasdng Mofdnhtes 1 n
one enbOdlh'Eﬁ!%wUE o dBdl Ebnff@f#éﬁ&z RISOXI MifeYefore, a single wafer processing system
may gencrate different types of meniscuses for different wafer processing operations by
using one particular process configuration insert for one operation and then installing a
20 different process configuration insert for another operation.
[0073] Figure 5 illustrates a multi-module proximity head 106" in accordance with one
embodiment of the present invention. In one embodiment, the multi-module proximity
head 106" includes a housing module 401, a process configuration insert 403, and a
cover module 405. The housing module 401, the process configuration insert 403, and
25 the cover module 405 may be any suitable material that is compatible with processing
fluids such as, for example, plastics, metals, polymers, polyethylene terephthalate
(PET), polyvinylidene flouride (PVDF), polyetherether ketone (PEEK), etc. In one
embodiment, the housing module 401, the process configuration insert 403, and the
cover module are machined out of PVDF. I should be appreciated that the housing
30 module 401, the process configuration insert 403, and the cover module 405 may be

cach be made from one material or alternatively, may be made from different materials.



head 106" includes a housing nodul e 401, a process configuration insert
403, and a cover nodul e 405. The housi ng nodul e 401, the process
configuration insert 403, and 25 the cover nodul e 405 nay be any suitable
material that is conmpatible with processing fluids such as, for exanple,
pl astics, netals, polynmers, polyethylene terephthalate (PET),
pol yvi nyl i dene flouride (PVDF), polyethenether ketone (PEEK), etc. In one
enbodi nent, the housing nodul e 401, the Frocess configuration insert 4083,
1
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the procedd fediridgeHdr refprenseerkisum®Band the insert surface is described
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enbodi ment, the housing nodul e 401 does not contain any 15 inlets an

out | et s wille 1Hehpr rgsmoreins Bi/abiood thasweessuasydyromdhateficapétis 302
and 306 ‘ as. out S, 10076] _ Ther.ef or dependi hg.on t he
configura?ﬁgﬁegk'tﬁbﬁﬂghgﬁﬁbé%gi?mFﬁéq%?ggég%gn%@ﬂkﬁ r59§ LiCReEP %03

al one1fay ilta ent Ratlbrvatik B hels AeFRERALY hRrOfBehaY hcdudecdnram@ digui d
meni scus while in other enbodi ments, sonme of the inlets/outlets my be 20
| ocat ed i R0P AEVRB@EPRYC@B90whi | e other inlets/outlets are located in the
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configuration inser{ 403 alone may have the inlets/outlets necessary to generate a
dynamic fluid meniscus while in other embodiments, some of the inlets/outlets may be

20 located in the housing 401 while other inlets/outlets are lfocated in the process
configuration insert 403.  As a result, the housing 401 and the process configuration
insert 403 may be configured in any suitable manner where the combination of the
housing 401 and the insert 403 can generate a dynamic fluid meniscus. In addition, the
process configuration insert 403 and the housing 401 may be configured so that the

25 process configuration insert 403 may be replaced with another process configuration
insert with an different inlet/outlet pattern to generate a different shaped and/or sized
meniscus.

[0077] Therefore, in one embodiment, the process configuration insert 403 may be
interchanged with another process configuration insert with a different inlet/outiet

30 configuration in circumstances when a different meniscus configuration is desired. In

such a fashion, depending on the process (e.g., cleaning, drying, etching, plating, etc.), a



insert 403 may be configured in any suitable manner where the conbi nation
of the housing 401 and the insert 403 can generate a dynamc fluid

meni scus. I n addition, the process configuration insert 403 and the
housi ng 401 may be configured so that the 25 process configuration insert
403 may be replaced with another process configuration insert with an
different inlet/outlet pattern to generate a different shaped and/or sized
meni scus. [00771 Therefore, in one enbodi nent, the process configuration
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configuration insert 403 depending on the 15 attachnment opening) to encl ose
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head, 109, d b G FEREPSHBUGEREES B RE R SPEIRS, Wl e,
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Figure 6C. [00801 In one particul ar enbodi nent, the nmulti-nodule proximty
head 106' "edple pEXimcy h@r@P HI6'| Babouldime appretintedithitehs aB@Rmentopmingsasty one
of the i nlb%tc%a?fgcp ina{lll(ljy g&italb?ea%shigﬁ%ugl]; as, for example, drilling, machining, etc. The
cover module 405 is described in further detail in reference to Figure 6C.
[0080] In one particular embodiment, the mulii-module proximity head 106" may
20 include at least one of the inlets 302 and at least one of the inlets 306 and at least one of
the outlets 304. In onc embodiment, as described above, the one inlet 302 may input
IPA/N; into a region between the multi-module proximity head 106' and a surface of a
substrate such as, for example, the wafer 108 as described above. Also as described
above, it should be appreciated that other types of fluids may be inputted through the
25 inlets 302 such as, for example, other volatile fluids in vapor form including that may
be miscible with aqueous fluids that can decrease the surface tension of the aqueous
fluid.
[0681] In one embodiment, the inlets 306 may input one or more of various fluids
depending on the process for which the multi-module proximity head is used. In an
30 embodiment where the multi-module proximity head 106' is utilized for drying, DIW

may be inputted through the inlets 306 to the region hetween the multi-module



the outlets 304. In one enbodi ment, as descri bed above, the one inlet 302
may input |IPA/N2 into a region between the nmulti-nodule proximty head
106" and a surface of a substrate such as, for exanple, the wafer 108 as
descri bed above. Al so as described above, it should be appreciated that
ot her types of fluids may be inputted through the 25 inlets 302 such as,
for exanple, other volatile fluids in vagor forn1inc|uding that may be
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Ther ef or e, | conf L. gur ng
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ts[]?r ou ﬂhfﬁégg%?w” & ety Ao ygHo S adeshand PeaPPIEpiaisAdhenthe diifehtcgiasy
havi ng th@o9 may be raised any suitable amount of height from a surrounding surface 413 as long
as the meniscus generated within the raised region 409 does not attach to the
surrounding surface 413 through surface tension. In one embodiment, by having the
20 region with the inlets 302 and 306 and outlets 304 being raised, the meniscus may be
made more manageable. This increased manageability may occur because the surface of
the multi-module proximity head 106" without the inlets and outlets may be located
farther away from the surface area of the multi-module proximity head 106 with the
inlets and outlets. Therefore, the surface of the multi-module proximity head 106’
25 surrounding the meniscus is less accessible to surface tension attachment by the
meniscus.
[0083] In yet another embodiment, the location of the raised region 409 of the multi-
module proximity head 106' may, instead of being raised, be indented so the region with
the inlets and outlets may be located farther away from the wafer surface than the

30 surrounding surface of the multi-module proximity head 106'. In such an embodiment,



20 region with the inlets 302 and 306 and outlets 304 being raised, the
meni scus nay be nade nore nmanageable. This increased nanageability may
occur because the surface of the nulti-nodule proximty head 106" w thout
the inlets and outlets may be |ocated farther away fromthe surface area
of the multi-nodule proximty head 106 wth the inlets and outlets.
Therefore, the surface of the nmulti-nodide proximty head 106" 25
surroundin hl@ iscus is |ess accessible to surface tension attachment
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opening connecting to the openings in the first surface and the second surface. In such
an embodiment, the process configuration insert 403 may be defined in the internal
opening such that the insert surface resides in the opening of the first surface. Although

20 exemplary configurations of the housing module 401 are shown, it should be
appreciated the configuration of the housing module 401 may differ depending on the
configuration of the process configuration insert 403. For example, if the process
configuration insert 403 was square in configuration, the passage in the housing module
401 may be square so as to accommodate the process configuration insert 403.

25  [0086] In one embodiment, the housing module 401 may have an opening in one side
and an opening on the opposite side with a passage there between. In one embodiment,
the housing module 401 includes at least one inlet 302. Therefore, in such a
configuration, as described above, the at least one inlet 302 can input IPA/N, vapor or
any other suifable type of vapor to assist in the generation of a meniscus interface

30 between the fluid and the atmosphere in the processing environment.



20 exenpl ary configurations of the housing nodule 401 are shown, it should
be appreciated the configuration of the housing nodule 401 may differ
depending on the configuration of the process configuration insert 403.
For exanple, if the process configuration insert 403 was square in
configuration, the passage in the housing nodule 401 nmay be square so as
to accommodat e the process configuratiora nsert 403. 25 100861 In one

n one side and an

enbodi nment sin e 401 may have_an openin
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housi ng nqgﬂk%uégénggggectlng the input 411 and the at |east one inlet
302. The housing nodul e 401 may al so include an opening 404 which is

confi gur ed0088]r }égenev@B diustrage it precysh acefig@iralifiLiRE0des Sn a6AYNAH B
6B il lustrates a ﬁrocess configuration insert 403 in

insert. [00
accor didnc ee"\%ﬁ ’(?F' N6 ARyPntipn. t dist apmioenter ofhat Ithe Piensbd be
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housi ng 40ghert érentihed ditiethie Swusinges0 1behgaoRr Akedeus Mapme ccamhedi NBNbue t he
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being inserted too far into
conf i ¢6ir atwlooh carsprevetQBe pweal (S)(ihﬁlgﬂﬁﬂuUdens%ﬂ 403nEentRthgPRE @04 28 infthe
i ndented p ion 420 may exist to generate an insert portion 410 which is

larger in %?LEH%?%PEW@E’ﬁ%%nqﬁﬁdnpﬁﬁéﬁﬁéﬂgW@HWﬂ@WCH Hﬁ&féﬁbdﬁgﬁedn
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t he process
410 which is larger in circumference than the indented portion 420. The process

configuration insert 403 may also include a base 430 which is a portion of the process
20 configuration insert 403 below the indented portion 420. The insert portion 410 may
include the at least one inlet 306 and the at least one outlet 304 on an insert surface 413,
In one embodiment, the outlet 304 may be connected to passage(s) defined within the
process configuration insert that extend from one end of the portion 410 to another end
of the insert portion 410 so fluid may pass from one side of the insert portion 410 to the
25 other side. The inlet 306 may be connected to passage(s) defined within the process
configuration insert 403 extending from insert surface 413 to an opening in the base
430. Therefore, fluid to be expelled by the at least one inlet 306 may be received from
the opening in the base 430 and be transmitted through passage(s) inside the process
configuration insert 430 to reach the at least one inlet 306. The base 430 may include
30 opening(s)/passage(s) through which fluids may be pass to and from the cover module

405.



20 configuration insert 403 below the indented portion 420. The insert
portion 410 may include the at |east one inlet 306 and the at | east one
outlet 304 on an insert surface 413. |In one enbodi nent, the outlet 304 may
be connected to passage(s) defined within the process configuration insert
that extend fromone end of the portion 410 to another end of the insert
portion 410 so fluid may pass fromone sitde of the insert portion 410 to
the 25 ot hﬁf n e 306 nected, to defin

w thin onelsakEGurd BE bihudlesdan Hodie S8R Gxcouinarng o A OERCTS Al f ace
413 to an gRentRd: invehitsh PRSGhe AAVdinBa! 8L U8er 1{11)&'1.'119 4b9 ut?c‘?u(?@%@lr%lggﬁljﬁy the

at least one inlet 306 may be received from the opening in the se 430
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proximty head 106'. The Oring 4 may be l1zed to sea n i nternal
space 574 qogs H@ﬂi l§dﬁ@1§eﬂihlmmitlbf eménkeear@nnﬁiy@waél%i) so fluid within the

i nt ernal 3@@{}@ ﬁ{ﬁ% not leak out of the multi-nmpdul e proximty head
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conf i gur ednt toagAResH] il m@%wamé?l M LRaiBE, ‘fl?é’%'[taé%cnt SpRGfltAgN
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be appr eci iate type or. configuratjion of attachnent
openi ngs &Yy %‘5 a{]?'? R840 'tisﬁf’ A B rRBRE N How iSHEgatde PPt gonigierion 03,
and the C@V%[taé]’@x%nt openmgs may be utilized to interconnect the housing 401, the insert 403,
and the cover 405.
[0091] The atlachment openings 446 may be configured to connect the cover 405 with
20 the process configuration insert 403, In addition, as with the attachment openings 460,
the attachment openings 446 may be configured so bolts may be used to connect the
cover 405 with the process configuration insert 403,
[0092] Figure 7A illustrates a bottom view of a cover module 405 in accordance with
one embodiment of the present invention. In one embodiment, the cover module 405
25 includes attachment openings 530 and 520. The openings 530 may be configured so as
to pass through the cover module 405 from one side to another side thereby enabling, in
one embodiment, bolts or any other attachment device to connect the cover module 405
with the housing 401. The openings 520 may also be configured so as to pass through
the cover module 405 from one side to another side thereby enabling, in one
30 embodiment, bolts or any other attachment device to connect the cover module 405 with

the process configuration insert 403. It should be appreciated that any suitable number



[ 0091] The attachment openings 446 nmay be configured to connect the cover
405 with 20 the process configuration insert 403. In addition, as wth the
attachment openings 460, the attachnent openings 446 may be configured so
bolts may be used to connect the cover 405 with the process configuration
insert 403. [0092] Figure 7A illustrates a bottomview of a cover nodul e
405 in accordance wth one enbodi nent @7 the present invention. In one
enbodi nment he cov nmodul e 405 25 i.ncludes attachment openi Q0 and
520. The opEhIgES % g@ﬁ%‘f}%é‘ﬂﬂé/o‘?ﬁ pghigeddosemaectitbe gHégeRtpigrgH T ttﬁ% ”E’i\%er
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Figure 7B ew h r onfi n.insert,.403 in
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openi ngs 560. The process, configuration insert 403 and the cover nodul e

405 may bénoactcgsaecpigtgub%pqnnﬁﬁ@ll ﬁﬁé ragy Include attachment openings 560. The process
configuration insert 403 and the cover module 405 may be attached by inputting an

attachment device, such as, for example a bolt, through the attachment openings 520 in
the cover module 405 to the attachment openings 560 in the process configuration 403.
20 [0096] The process configuration insert 403 may also include a passage 564 which may
receive fluid from the passage 480 (as shown in Figure 6C). In one embodiment the
passage 504 may move through the process configuration insert 403 to the inlets 306.
Therefore, fluid may travel from the passage 480 to the passage 564 to the inlets 306.
[06097] Figure 7C illustrates a bottom view of a housing module 401 in accordance with
25 one embodiment of the present invention, In one embodiment, the housing module 401
includes an input 406 which may supply at least one inlet 302 with fluid. In one
embodument, passage(s) are defined within the housing module 401 which connect the
input 406 and the at least one inlet 302. Therefore, fluid and/or vapor may be inputted
into the housing module through the input 406. The fluid can then be transported
30 through the housing module 401 to the at least inlet 302 which may apply the

transported fluid into a region between the housing module 401 and the wafer 108 to

on the -



attachnent device, such as, for exanple a bolt, through the attachnent
openings 520 in the cover nodule 405 to the attachnment openings 560 in the
process configuration 403. 20 100961 The process configuration insert 403
may al so include a passage 564 which may receive fluid fromthe passage
480 (as shown in Figure 6C). In one enbodi nent the passage 564 may nove

t hrough the process configuration insert28403 to the inlets 306. Therefore,
fluid may tra\{el fromthe passage 480 to the passage 564 to the inlets 306.
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[00100] Figure 9A shows an omni-usage manifold 606 with an interface

membrane 602 in accordance with one embodiment of the present invention. It should

20 be appreciated that the omni-usage manifold 606 may also be known as a proximity
head with the structures and functionalities as described herein. In one embodiment, the
omni-usage manifold 606 may include a manifold head 610 and a manifold cover 608,
[n one embodiment, the manifold head 610 of the omnt-usage manifold 606 (which may
also be known as a proximity head) may include a proximity face 612 that has inlets 302

25  and 306 and outlets 304. The inlets 302 and 306 and the outlets 304 can be of any
suitable configuration that produces a certain meniscus configuration. The meniscus
that is generated may then be tailored to a particular wafer processing operation because
the interface membrane 602 can be atlached to any suitable location within the omni-
usage manifold 606 to alter fluid flow to and/or from the meniscus.

30 [00101) In one embodiment, the interface membrane 602 may be aftached to the

omni-usage manifold 606 in such a way that particufar ones of the inlets 302 and 306



operation. [00100] Figure 9A shows an omi -usage mani fold 606 wth an
interface nenbrane 602 in accordance with one enbodi nent of the present
invention. It should 20 be appreciated that the omi-usage manifold 606
may al so be known as a proximty head with the structures and
funetionalities as described herein. In one enbodi nent, the omi-usage
mani fol d 606 nay include a manifold head®9610 and a mani fold cover 608. in
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[00102) It should also be understood that the interface membrane 602 may be
attached to any suitable tocation within the omni-usage manifold 606 that can change
20 the configuration of the meniscus formed by the omni-usage manifold 606. Therefore,
depending on the desired meniscus usage and desired configuration, one or more
membrane interface(s) may be attached in one or more locations within the omni-usage
manifold 606 to generate the desired meniscus configuration(s).
[00103] In one embodiment, the membrane interface 602 may be located between
25 the manifold head 610 and the manifold cover 608 where fluid passageways to certain
inlets/outlets are blocked. In another embodiment, the membrane interface 602 may be
attached to the manifold head 610 on a side where the inlets 302 and 306 and outlets
304 are located. In yet another embodiment, one or more membrane interface 602 may
be utilized between the manifold head 610 and manifold cover 608 and on the face of

30 the manifold head 610 that includes the inlets 302 and 306 and the outlet 304. In this



Thi s met hodol ogy nmay be repeated until the desired process w ndow neni scus
configuration is achieved. 1001021 It should al so be understood that the
interface menbrane 602 may be attached to any suitable location within the
omi -usage manifold 606 that can change 20 the configuration of the

meni scus forned by the ommi-usage mani fold 606. Therefore, depending on the
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met hod) to any suitable novenent apparatus suc or exa
104 (as sImmllmltVﬁagwb@ha): $0 e subsghtsuhay b@paxapsrse@bataecﬁzshbcabpedaeommlg usage
mani f ol d 6 ured to be attachable to any type of apparatus

that can nco?/aémf%éhyd%lpbﬁ’é] g&HAE 401d 606 in close proxi rrity to a
substrat e [9016d)e SUbﬁ?ﬁ@tﬁ: TRYw P8 @&9&8@«?%9 tgﬁé 1‘3%%?;{ Com AR g{;l'r%i&)?d 9.

cl eaning, drying, plating, etching, etc OWs an
expl oded thOrﬂCWléwacof\wanomnbuha:gat ofihic foodsent 1315316(3)61 |I|n c&(eo:(mlitdaalﬁ'manyvi th
one enmbodl, fe 0111191 usagje n armeo 606 nu\/ce{lq clzsogn 1111%118.2{36 mecmlgaille 602' that is located
nbodi t he (ti I nmbodi
between the manifold cover 608 and the manifold head 610 and the interface membrane
602 located on the proximity face 612 (as shown in Figures 9A and 9D). The interface
membrane 602 and/or the interface membrane 602' may inhibit fluid flow to the inlets
20 302 and/or 306 and/or inhibit fluid flow from the outlets 304 on the proximity face 612.
Therefore, by inhibiting fluid flow to the inlets 302 and/or 306 and fluid flow from the
outlets 304, the meniscus shape/size may be changed in a corresponding region (as
compared to the region where the interface membrane 602/602' is/are located) between
the proximity face 612 and the substrate/wafer being processed. Consequently, by
25 locating the interface membrane 602 in cerfain locations, the meniscus configuration
may be adjusted to the process desired. It should be appreciated that the interface
membrane 602 may be utilized 1o adjust meniscus configuration in any suitable wafer
processing operation such as, for example, etching, cleaning, drying, plating, etc.
Therefore, the interface membrane 602 may be used to custom design meniscus sizes
30 and/or shapes depending on the type of wafer processing operation desired.

Consequently, interface membrane(s) 602 may be used with a "blank” manifold to



the omi -usage mani fold 606 includes an interface nenbrane 602' that is

| ocated between the manifold cover 608 and the manifold head 610 and the
interface menbrane 602 | ocated on the proximty face 612 (as shown in
Figures 9A and 9D). The interface nenbrane 602 and/or the interface
menbrane 602' may inhibit fluid flowto the inlets 20 302 and/or 306 and/or
inhibit fluid flow fromthe outlets 3043n the proxinmity face 612.
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608. It should be appreciated that the interface membrane 602 and/or 602' may be
attached to the omni-usage manifold 606 in any suitable fashion. In one embodiment,
the interface membrane 602/602' may be attached to the omni-usage manifold 606 by
20 glue such as, for example, Loctite 380, Loctite 401, Loctite 4210, and Loctite 4212, etc.
[00108] In addition, depending on the desired configuration of the meniscus to be
formed by the omni-usage manifold 606, any suitable numbers and/or types of interface
membrane 602/602' may be utilized. Although the exemplary interface membrane
602/602' as shown are triangular in geometry, it should be appreciated that the interface
25 membrane 602/602" may be any suitable size and/or shape depending the desired shape
and size of the meniscus fo be generated by the omni-usage manifold 606.
Consequently, any suitable meniscus configuration may be generated depending on the
size, shape, and location of the interface membrane 602/602".
[00109] It should be understood that the interface membranes 602 and 602° may
30 be any suitable thickness as long as the interface membranes 602 and 602' can at least

partially prevent fluid from moving through the are being blocked. It should be



15 invention. The omi-usage manifold 606 as descri bed herein may be a type
of proximty head generated by conbining the manifold head 610 and the

mani fold cover 608. It should be appreciated that the interface nmenbrane
602 and/or 602' nmay be attached to the omi-usage nanifold 606 in any
suitabl e fashion. In one embodinent, the interface nenbrane 602/ 602" nay
be attached to the ommi-usage manifold 826 by 20 glue such as, for exanple,
Loctite 380, Loctite 401, Loctite 4210, and Loctite 4212, . [001081 In
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cover 608 gy tRe nfBNCHO! fhat portion of the meniscus with reduced fluid may be made

smaller. In contrast, when the fluid removal from the meniscus is blocked, meniscus

size may be increased.  Once the interface membrane 602 has been attached, the

20 manifold head 610 and the manifold cover 608 may be attached to form the omni-usage

manifold 106". It should be appreciated that the omni-usage manifold 106" is depicted

as two piece apparatus only for exemplary purposes and the omni-usage manifold 106"

may include any suitable number of picces such as, for example, 1, 2, 3, 4, 5, 6, etc. It

should also be understood that the interface membrane 602 may be located in any

25 suitable located that may block fluid transport and therefore could be on or between any
sultable piece of a multi-piece omni-usage manifold.

[00112} Figure 10C depicts an interface membrane 602 that has been applied to

the manifold head 610 in accordance with one embodiment of the present invention.

The interface membrane 602 has been attached to the manifold head 610 so that at least

30 a portion of the inlet/outlet that supplies and removes the fluid from the manifold head

610 is blocked. Thercfore, the portion(s) of the meniscus that would typically be



head 610 and where fluid would flow fromthe manifold head 610 to the

mani fol d cover 15 608. Therefore, the portions of the fluid passages that
supply the fluid to the neniscus and/or renove the fluid fromthe neniscus
are bl ocked. Therefore, when fluid is cutoff fromthe meniscus, that
portion of the meniscus with reduced fluid my be made smaller. In
contrast, when the fluid renmoval fromtHé neniscus is blocked, neniscus

size may be_ingreased. e. the interface menbrane 602 has. been attached,
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and 306 ad"GaHP" 4GBl dicTeing T e Instakls. ds00ha oA mRo e Hy lghlcos
describe apn@xeMRLASNWRHEINIPE 0GRS b8 Y54 ST generate the fluid meniscus such
as the configurations of proximity heads referenced hercin. In addition, the manifolds
described herein may also be known as proximity heads.

20 [00116) Figure 11 shows a wafer processing system 1100 in accordance with one
embodiment of the present invention. It should be appreciated that any suitable manner
of holding or moving the wafer can be used such as, for example, rollers, pins, platen,
etc. The system 1100 may include rollers 1102a, 1102b, and 1102¢ which can hold and
rotate a wafer to enable wafer surfaces to be processed. The system 1100 may also

25 include proximity heads 106a and 106b that, in one embodiment, can be attached to an
upper arm 1104a and to a lower arm 1104b respectively. The upper arm 1104a and the
lower arm 1104b can be a part of a proximity head carrier assembly 1104 which enables
substantially lincar movement of the proximity heads 1062 and 106b along a radius of
the wafer.  In one embodiment the proximity head carrier assembly 1104 may be

30 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



with an exenplary proximty head that can generate a fluid neniscus. It
shoul d be appreciated that any suitable type of systemw th any suitable
type of proximty head 15 that can generate a fluid neniscus can be used
wi th the enbodi nents of the present invention described herein. The

mani f ol ds descri bed herein may have any suitable configuration/pattern of
inlets and/or outlets that can generateft4he fluid nmeniscus such as the
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be ConTt USRI R 2k, DO BT R R SR headls), 10
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proximty head 106 may be
no proximity head 106 is used, such as a wafer scrub brush,
[00117] In another embodiment, the system 1100 may include a proximity head
20 docking station that has a transition surface adjacent to the wafer. In such an
embodiment, the fluid meniscus may transition between a docking station and the
surface of the wafer while in a controiled and managed state. Again, if only one side of
the wafer is desired to be processed, one arm with one proximity head may be utilized.
[060118] Figure 12A illustrates a proximity head 106 performing a wafer
25 processing operation in accordance with one embodiment of the present invention. The
proximity head 106, in one embodiment, moves while in close proximity to the top
surface 108a of the wafer 108 to conduct the wafer processing operation. It should be
appreciated that depending on the type of fluid applied to the wafer 108, the fluid
meniscus 116 generated by the proximity head 106 on the wafer surface 108a may be
30 any suitable wafer processing operation such as, for example, cleaning, rinsing, drying,

ctehing, plating, ete. It should be appreciated that the proximity head 106 may also be



| ocated at a first end of an armwhich rotates around an axis defined by a
second end of the arm Therefore, in such an enbodi nent, the proximty
head may be noved in an arc over the surface of the wafer. In yet another
enbodi ment, the armmay be noved in a 15 conbination of a rotationa
novenent and a |inear novenent. Although shown with a proximty head 106
for each side of the wafer, a single hed® can be used for a single side of
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shoul 36be pg(?)cﬁ(rgge%%ir@l’tﬂé%“tnllloéjtenkcﬁgéfd&%%Oﬁi"gs}y ﬁ‘é 106 may al so be 35 utilized

to procesgo0h®]bot t om GrdndeRiAA8b R b he Malah hlb@gncllg@es QNG SRedi gt

the wafer 108 may be rotated so the proximty hea may be noved while
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waf er 108 m e l,d, .St i whi.l e the proxim head 106 generates the
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area of ttng(Eenti re wafer. In such an enbodi nent, by applying the fluid
meni scus to the surface of the wafer the entire surface of the wafer may be

10 process@d20f t houtin MByE®BHodRhedtNenPr Sx1illdy B8afe PA/N, 1310 and the
processing fluid 1314 in addition to the application of the vacuum 1312 to remove the
processing fluid 1314 and the IPA/N; 1310 from the wafer surface 108a can generate

20 the fluid meniscus 116. The fluid meniscus 116 may be a fluid layer defined between
the proximity head 106 and the wafer surface that can be moved across a wafer surface
108a in a stable and controllable manner. In one embodiment, the fluid meniscus 116
may be defined by a constant application and removal of the processing fluid 1314. The
fluid layer defining the fluid meniscus 116 may be any suilable shape and/or size

25 depending on the size, number, shape, and/or pattern of the source inlets 1306, source
outlets 1304 and source inlets 1302.
[00121] In addition, any suitable flow rates of the vacuum, IPA/N,, vacuum, and
the processing fluid may be used depending on the type of fluid meniscus desired to be
generated.  In yet another embodiment, depending on the distance between the

30 proximity head 106 and the wafer surface, the [PA/N, may be omitted when generating

and utilizing the fluid meniscus 116. In such an embodiment, the proximity head 106



1001191 In one enbodi nent, the proximty head 106 includes source inlets
1302 and 1306 and a source outlet 1304. In such an enbodi nent, isopropyl
al cohol vapor in nitrogen gas | PA/N2 1310 may be applied to the wafer
surface through a source inlet 1302, vacuum 1312 may be applied to the
waf er surface through a source outlet 1304, 15 and a processing fluid 1314
may be applied to the wafer surface thrdégh a source inlet 1306. [001201

I nbaodi t t he | PA/N2 13 dth i
Fruba 1504ty Sdainelg BB IR Tatd Gho obeioise st i ropberis Shabe t he
Drocessi ngpioktishel 34 19 bk LENNGIAIHIEAT el 87 guibase:d Ofiy can

generate 20 the fluid nenisScus 11 neni scus ui d
| ayer def|h%HlMQﬂmeemceQWéﬂdB@&gﬂutyn$@adhmﬂﬁmamdmnhé mafer surface t hat
face 108a in a stapble and controll able

b
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| ayer defining the f meni scus 11 sul t abl e shape andf or size
25 dependi $igresn otitels sarz elocriodberay hmxaqoany asmdhbl@ abi@phy afepbhding ot cbe
inlets 1306, -source # s 1304 aqg source inlets 1302. [001211 In

addi ti on, ﬁ\f/fgg'tﬁ PR 0ff Lhice i menyseus for 0% praeiaect Uik one SEbRIIME g BFOcEHne t he
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desired to be genera ed.]ﬁﬂ yet a%%ther gnggﬁﬁM&FoP:8%%3%g$ﬁgﬁgﬁﬁfﬁgs
di st ance b@tripep@ngle(8@. proximty head 106 and the wafer surface, the

IPA/N ﬁf mtteg mhepﬂg ﬁeratlng and ut|I|Z|ng the fluid neniscus
116. 1 suld enbodERENt2E SRV R 9B S Ohearprions o @prﬁﬁwlﬁobeqdné%a"e t he

| t
fsloﬂlr 891524&&;’@?%% vziglﬂ ?iﬂﬁﬁﬁ&%%ﬁ%ﬁgﬂ 61,}{% %@eﬁ@ﬁ’vénﬁ@ﬁ P[réh? uld b@ %’Pg‘%gag%qs %SP ?I d

1314 by t Hbe soufigwatout béthe];ﬁemgmmaat 232 :Ish@aséﬂﬂwddlnniefmsmstomgttre[iQ@1822] I n
ot her enbadi nent ead 1Q6, the processing surface 5 of

t he proxi rﬁXvaﬂ%ﬁéa“f&j’é‘ﬂ?t hfﬁ]?‘é f&no Yor 1Rafigvairia o Miesmifhsealst n@yslmjr ce
inlets andmh%@d‘{&ﬁ:n@f‘gté &k 1udd E’Chg%t"ﬁ%?mté‘%em Scu%ﬁ'&f*dtc%lglb% hgﬁg to '

dependi ng on the "configuration of t
one edbodivwadeit surfane apd ogessidnfomsiie faate wifathe Qé;@)(ﬂtéﬂats}’am@@dmﬁbén@&isel t her

| ndent ed M FBYwRELR tsruu acec f rh? rgdtdﬂleon Sagrélgyuggédngbosv%r fo?l?eer embodiments of the
proxintity head 106 do not have fo have the source inlet 1316 when the proximity head

106 is configured to generate the fluid meniscus without usage of Ny/IPA.
[00124) In the top view of one embodiment, from left to right are a set of the
20 source inlet 1302, a set of the source outlet 1304, a set of the source inlet 1306, a set of
the source outlet 1304, and a set of the source inlet 1302. Therefore, as Ny/IPA and
processing chemistry are inputted into the region between the proximity head 106 and
the wafer 108, the vacuum removes the Ny/IPA and the processing chemistry along with
any fluid film and/or contaminanis that may reside on the wafer 108. The source inlets
25 1302, the source inlets 1306, and the source outlets 1304 described herein may also be
any suitable type of geomeltry such as for example, circular opening, triangle opening,
square opening, ele.  In one embodiment, the source inlets 1302 and 1306 and the
source outlets 1304 have circular openings. It should be appreciated that the proximity
head 106 may be any suitable size, shape, and/or configuration depending on the size
30 and shape of the fluid meniscus 116 desired to gencrated. In one embodiment, the

proximity head may extend less than a radius of the wafer. In another embodiment, the



10 [00123] Figure 12B shows a top view of a portion of a proximty head 106
in accordance with one enbodi nent of the present invention. It should be
appreciated that the configuration of the proximty head 106 as descri bed
in reference to Figure 8B is exenplary in nature. Therefore, other
configurations of proximty heads nmay be utilized to generate the fluid
meni scus as long as the processing flui d7can be applied to a 15 wafer
surface and renpved fromthe wafer surface to generate a stable fluid
meni scus | B vkt PaUrieagEieng nakfdifiano e gadivg R B ové! 2gpthet
enbodi nent i , bJTh n t . i nlet
1316 when {ho St (B PRI 153 pe” iRl it ¢ SRt 8F RPHERE
meni scus wlhdrofore, tlsagec of thidui Priten{sO@L24Y be ani hetablyxiad dyeadingoe the size
enbodi msntb_frogleft toright are a set of the 20 source inlet 1302 a
set of the®SOUPLS SUiieerendprcd P beprosessehat ¥ te MEedn sddigondt Fouldf
the sourc - : t rCe . . her: g as
NAPA A o B e e B PEhn  EiraOBE RN
proxi mty drpaudit@6orarie vdfer wedoessid®Bpetdienvachums, r aossamptihiehdohBRAyand
t he pr ocessi_{]%élchem' st ragal onl%@wi th any fluid filmand/or contam nants
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that may r¥€: Yot ¥He® POSHIRE 18 G6Msn dihetrsodmiydmad 10panaydkice

inlets 130& iRBEhANET $ABN £ QP gigtc?sggrég%sggﬂ?%llep@%llp%lefngr )eglo%%ggr any

suitabl e type of geonetry such e, circular opening, trirangle
openi ng, Eqtasiegopeniiny, met be cdnduoted. enbodi ment, the source inlets 1302
and 1?86 (rqg iﬁe sglyrce %:#:;tl ets 1304 have circul ar gpenings. It should be
appr eclat ddV At ¢ hel BFEKIAT Hirstratenen ndgs/ rayetbratigny of airrasmétydiese | O ape,
and/ or conj 4 90 engdi b [\ ZE. . sh Qf Ly

meni scus lrytllé&ggﬁer ggh?gl@ gégﬁﬂéélgitnggl. Brﬁr‘%hé’a‘ggﬁglgg&%ﬁt %Ptef ]Pfg Cntﬁé]ogd%i%?n&t gllhehead
may ext endrbessiytirad 1@6riadinds thé sbivee walkerl30R mndnothes venbadidwead outlche 37

proximty l%gd ma%/ be e(i<tend nore than the radius of the wafer. |In another
embodi ment>Ofh& BROXPRS ek A Sraccesdtisiul Yanbesurtavad the snuerendits 510G he

vafer. = ThaneloiRred iRisSIHE iy diouhl Mdb RN SoUs ARy be any suitabl e size
depending on the size of a vvayf er surface area desired to be processed at
any gilfen [00¥%®] | n dtigiitila, illustrateouhethbr heeiapmirebatad dfhaprokheitpre mty
head 106 g@g .be positioned in any suitable orientation depending on the
waf er proceSsi A BPEra BrosuERP AEmeRig! g aseR, iInrBitiororin dhis ymbodiraical |y,
or any ot gy Pﬁ)‘%‘iﬂlﬁ?llﬁa@Q@ Uiy 'lewﬂ%eéo"éﬁ&!‘inﬂ's‘% B%O%Idn]'}(% Qse%%lllaosts OUReE al so
be incorporated into a wafer processing Sys? emwhere one or nore types of
waf er outlets 1304. In one embodiment, the source outlets 1304 may surround the source
inlets 1306 and the source inlets 1302 may at least partially surround the source outlets
20 1304
[00127] Figure 12E illustrates a further inlets/outlets pattern of a proximity head
106 in accordance with one embodiment of the present invention. In this embodiment,
the proximity head 106 includes the source inlets 1302 and 1306 as well as source
outlets 1304. In one embodiment, the source outlets 1304 may surround the source
25 inlets 1306. In one embodiment, the proximity head 106 does not include source inlets
1302 because, in one embodiment, the proximity head 106 is capable of generating a
fluid meniscus without application of IPA/N,. It should be appreciated that the above
described inlets/outlets patterns are exemplary in nature and that any suitable type of

inlets/outlets patterns may be used as long as a stable and controllable fluid meniscus

30 can be generated.



processi ng operations may be conducted. 10 [00125] Figure 12C illustrates
an inlets/outlets pattern of a proximty head 106 in accordance with one
enbodi ment of the present invention. In this enbodinment, the proxinmty
head 106 includes the source inlets 1302 and 1306 as well as source outlets
1304. In one enbodi ment, the source outlets 1304 may surround the source
inlets 1306 and the source inlets 1302 38y surround the source outlets
1304. 15 [001 Figure 12D il lustrates another inlets/outlets pattern of a
proximity rsgggll 106 Wil (gt dsaRonen beeb desber ﬁ%ﬁ%m%ﬁof% Fry e g elired

i nvention. et i tnnred; XL V. -1 | : urce
i ets 1303 a0 T356 e e HEedogd an k] KdIRRC R, AP bE Bey

t he sour cepwutdieg spd@0datimmy ®udr stodiyidg tthe douinge willnteatise ¥3A6uantetatienssour ce
inlets 1302 By at least partially surround the source outlets 20 1304.
[00127] Fi @‘iﬁﬂ@ 9 PEPIYIRIA0S 3P §%V¥IﬁwﬁN&reqfn|lbt8§hfaa§r%t%e'ﬁafiﬁw fhegipregent
proxi m4y F I Ces M t [ ! t
inventf%n.nﬁﬁﬂfﬂggégﬁg%g?%gﬂfgwﬁgﬂﬁkb?%§?§$§$Pﬁ@g%§%%69§%% gé@%ﬁg%gfgéurce
i nl ets 1302ithimdhd 806 s@isit wad $cops oS tuiericesntiont | ets 1304. I n one enbodi ment,

t he sourceO%?%Qets 1%%3 neﬁgsurnound the source 25 inlets 1306. In one
enmbodi ment | pr ox "t § HEH49 196 does not i ncl ude source inlets 1302
because, in one enbodi nent, the proximty head 106 is capabl e of generating
a fluid nmeniscus wthout application of IPA/N2. It should be appreciated
that the above described inlets/outlets patterns are exenplary in nature
and that any suitable type of inlets/outlets patterns may be used as | ong
as a stable and controllable fluid nmeniscus 30 can be generated. 38
[00128] While this invention has been described in terns of several
preferred enbodinents, it will he appreciated that those skilled in the
art upon reading the preceding specifications and studying the draw ngs

will realize various alterations, additions, pernutations and equival ents
thereof. It is therefore intended that the present 5 invention includes al
such alterations, additions, pernutations, and equivalents as fall wthin

the true spirit and scope of the invention. [00129] What is clained is: 39



Clains 1. An apparatus for generating a fluid nmeniscus to be forned on a
substrate, conprising: a housing havinggwalls and a housing surface wth
flat regions to be positioned proximate to a surface of the substrate, the
housi ng i ncluding a process configuration receiving region that is
surrounded by the walls of the housing,and the housing surface; and a
process configuration insert having an insert surface, the process
configuration insert being defined to fit within the process configuration
receiving degipparahatfoegmetdigg awalili snedisciihe feodshados b etbkiaad, cbipridinger t
surface and tHe housi ng surface define a proximty face haV|ng flat
surface regid %“S“%gﬂ’éﬁ"b‘?%)%’ﬁﬂﬁ #f ¢ heusingaariage with|flat sdgiqnp tobe pasisenast e

conduits &Eﬁixnﬁé‘t@ Qsﬁﬂé&:%@hé SQ&ESﬂhQQB%ﬁlQﬁMB{%&CS %es%%grlf gﬂg\@ér{ hn

i nsert, erein t e proximty face can pr oXxi ma

surf ace of rachiwirguiegiondba .is Qirrdindegppattet wislsfodthglensingt dndghahdlsingkurfasd; scus
as recited inp claiml, further conprising: a cover being configured to be
at t achabl eali“g the walls of the housing to at least partially enclose the

process confj ?M&@éslc@ﬂﬁgm@éﬂ indbr RbAnk RR 1&9!4%!11‘}9% the p%Bce%Q & @O
generating a fluid menrscus as recitéd in claim1, wWwherein the plurality

of di scret @seroheing defieasab|fé widfin dict proﬂess)ﬁonﬂwrdtiqm rdceieingsegisn bdtwepmthe

f d wh
he- ot ur a1 PG OERERALREEn il FEO RGeS e Sef o ST°1 W o

for applyi Iﬁlgxﬂmfy fadé hhvikg dat @rfahe regiois the i @x i iy f fa6Ehavin se pRipslity ph et for
applying a second fluid to the substrate surface, and an outlet for
renovi ng t$igcreiecendyifs thet extrndithvough disrlpusingiaad theoproeess Cgmrﬁ‘a@@m%“hf ace.

5. An appamérga tﬁf’Progc‘ﬁHﬁ? ?atd,ler&gn @e@hmlgﬁﬁ{}wm Bt @gﬂf{m%domﬂe Glodi

wherein the plura screte con s inc east one o a first
inlet for applying afirst fluid to the substrate surface, a second inlet
for applyi ng a second fluid to the substrate surface, and an outlet for

i t d fl d f strat f
Lo "B A st For el Bt & RS RE Ry Ml e Blateld . PTG Boprbn 3,

wher ei n t he qioREEisEnE BBt BBl FRMitiaBIsAId toitSe G@pri%%aﬁﬁ kSR 1@53@ab| e wth
a different process configuration insert with a dif eren% plurality

di screte d@Hilivieaclase hepraeass eprffgurationf ingaut withiorthe hauiﬁlm.ghe plurality of
di screte conduits of the process configuration insert. 7. An apparatus for
generating a fluid neniscus as recited in claim6, wherein the different

3. An apparatus for generating a fluid meniscus as recited in claim I, wherein the plurality

of discrete conduits enable definition of the fluid meniscus.

4. An apparatus for generating a fluid meniscus as recited in claim 3, wherein the plurality
of discrete conduits include at least one of a first inlet for applying a first fluid to the
substrate surface, a second inlet for applying a second fluid to the substrate surface, and

an outlet for removing the first fluid and the second fluid from the substrate surface.

5. An apparatus for generating a fluid meniscus as recited in claim 3, wherein the plurality
of discrete conduits include at least one of a first inlet for applying a first fluid to the
substrate surface, a second inlet for applying a second fluid to the substrate surface, and

an outlet for removing the first fluid and the second fluid from the substrate surface.



plurality of discrete conduits of the different configuration insert is
capabl e of generating a fluid neniscus with a different configuration. 8.
An reconfigurable proximity head for geferating a fluid neniscus to be
formed on a substrate, the reconfigurable proximty head conprising: a
housi ng body having wal |l s extending between a process side and a cover

si de, thé. Malaprardiesifern gegerating pdhiichgeniscustis rediedrin slaite 3, whereirhide prasesss s

si de having,J ra%i%fn?s%g is [ AR and ;{1&#%@1%%@?& diHforlht procehs daiBialzlbo"
openi ng, the process side having the Tl at - surface reglgns Pnetu g a
first set ofhsdt stthetdiffeendplutsity diserefel dostluieonith gdifidre@tonHgRaO6eHSn the
configuration insert configured to sit within the housing body and extend
t hrough t hePlp&RY ﬂ’;cslé‘tmtleﬁén‘é‘ﬁ?é}“@ RIECEH GoPREWatiteing&tei vi ng regi on
opening, the process configuration insert having an insert surface defined
by flat surface regions, the insert surface includes a second set of

di screte conduits in a second configuration, wherein the insert surface of
the process configuration insert and the process side of the housing body
define a7prodxppparsius fracheratinga flnal miniscusan deciled ondabe bswbérei the diffasent
condui ts w th .he first .conti tion d the.secand configuratj.on
The recont IRt & dilGssbish B LGSRl Pl dR TGS St arkeh hlitt

conpri si ng:a fluiden@iischoivithtd debramntordfuidi@nwal | s of the housing body to at
| east partially enclose the process configuration insert within the
housi ng. 10. The reconfigurable proximty head as recited in claimS8,
further conprising, an alternate process configuration insert having a

third coBl i ourRbhRBbe By Sopd R Mhddting G ALR Aot hihE drfiRlongur at i on
is different than @he S con@' on?lgu atlonf¥%§' ﬁﬂe#eln the proximty face
i ncl udes t hebitiats thewndnfgoratle proxandy hbel ¢dupribigonf i gur ati on when t he
alternate progess. c nai ﬂur.at [ on [ ntse(g.t Le | aces anot hgr r[i)c{ OCESS . te. th
confi gur at i off NO}8Rg{Pody Having walls extending between a process side and a cover side, the
walls defining an opening at the cover side, and the process side having flat surface
regions and further define a receiving region opening, the process side having the flat
surface regions including a first set of discrete conduits in a first configuration;
a process configuration insert configured to sit within the housing body and extend
through the opening at the cover side and into the receiving region opening, the process
configuration insert having an insert surface defined by flat surface regions, the insert
surface includes a second set of discrete conduits in a second configuration,
wherein the insert surface of the process configuration insert and the process side of
the housing body define a proximity face having the first and second sets of discrete

conduits with both the first configuration and the second configuration.

9. The reconfigurable proximity head as recited in ¢laim &, further comprising:
a cover for attachment to the walls of the housing body to at least partially enclose the

process configuration insert within the housing.

10. The reconfigurable proximity head as recited in claim 8, further comprising,
an alternate process configuration insert having a third configuration of discrete

conduits, wherein the third configuration is different than the second configuration,
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wherein the proximity face includes the first configuration and the third
configuration when the alternate process configuration insert replaces another process

configuration insert.



