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

MAKI NG THE SAME 5 BACKGROUND OF THE I NVENTION 1. Field of the Invention

[ 0001] 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

contam nation and decreasing wafer cleaning cost. 2. Description of the
Rel ated Art [0002] In the sem conductor chip fabrication process, it is
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perfornmed that |eaves uanMﬂﬁe@%ﬁm aces of wafers. 20
Exanpl es of such a fabrication operation include plasma etching (e.g.,
tungsten etch back (VWEB)) and chem cal nechanical polishing (CVWP). In CWP,
a wafep is placed in a holder which pushes a wafer surface against a
rolling conveyor belt. This conveyor belt uses a slurry which consists of
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that | eavéluidsnvan tederrsasfhedashile reducing contamlnatlon and decreasing wafer cleaning

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 each of these types of operations, liquids are typically either applied or removed for
the etching, cleaning, drying, and plating processes.
[0003] For example, wafer cleaning may have to be conducted where a fabrication
operation has been performed that leaves unwanted residues on the surfaces of wafers.
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
belt uses a slurry which consists of chemicals and abrasive materials to cause the
polishing. Unfortunately, this process tends to leave an accumulation of slurry particles
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




[0004] 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., and formspots). To prevent
evaporation from taking place, the cleanlng fluid nust be renpoved as
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of the dr C[Od)(ﬁ] $1glﬁ\§ 156 ratkd mb¥ement of cleaning fluids on a wafer 10 during an SRD
drying process. In this drying process, a wet wafer is rotated at a high rate by rotation

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.e., 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 area (the wet arca)

30  outside of the moving liquid/gas interface 12 decrcases. 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 [00061 hi addition, the SRD process has
difficulties wwth drying wafer surfaces that are hydrophobic. Hydrophobic
waf er surfaces can be difficult to dry Recause such surfaces repel water
and water based (aqueous) cleaning solutions. Therefore, as the drying
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in other wafer processing operations such as cleaning, etching, an
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evaporation and the contamination discussed previously. The limitations of the SRD
are particularly severe at the center of the wafer, where centrifugal force acting on the
droplets is the smallest. Consequently, although the SRD process is presently the most
common way of wafer drying, this method can have difficulties reducing formation of
20 cleaning fluid droplets on the wafer surface especially when used on hydrophobic wafer
surfaces.
[0007] 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

30  semiconductor wafers.




[ 00091 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 apparagus, a system a device or a nethod.
Several inventive enbodi ments of the present invention are described bel ow
[0010] I n one enbodi ment, alUMMARATIQE THI INMENTEINNgG a fluid nmeniscus to
be formed on a surface of a substrate is ?rovided i ncludi ng a housi ng
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to process a substrate is provided which includes a manifold head with a
mani f ol d J0P¥Hde onegmbgdianeng| anr appatajusofor gormitingsa Juidf mgnised to bedomedat e a
fluid meniscu n a-substrate surface 20 when i.n clos roxi m.t ith the
subst r at 0. Thar e P SHS A A REYTR it fovie S TR udise
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includes an interface nengrane attached to a portion of the manifold head
where t héwouging firthes inpbydss arpoessn tonfiguedtiongedsidog regipothial Breuobunded by
plurality onduits. [00121 I n yet anaqther enbodi nept, a nethod. for
processin&ﬁéhéﬁﬁgi?ﬁﬁ@&uggﬁﬁpgﬂﬂW%éégémaﬁgmébW?FﬁﬁFﬂ?&%ﬁ?ﬁﬁkg§?gﬁéﬁﬁned
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surface of the substrate through a first inlet of one of the housing and
the procdsecesdpdnipuraiongacdivisg regiomoé theehdusthgadush thaiche desrt apphod amgl a

secondfl yj .a _surf of the.substrate throu a second.inlet of the
proc egg c girﬁjlllégu%%n Slu{)ﬁé'icei %egﬁﬂata,prgﬂwny @??Dti)‘%r?@n E’ﬁ QPan‘?E]EOXW%fF & B5dubséics econd
fluid fromuifhe Fund adeirdiBr ough an outlet of the 30 process configuration

insert. 5 0013] In another enbodinent, a nethod for processing a
subst r at e [08¥1ddn angthercelsodiment, 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 to 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 nethod further includes rsnnving the process configuration
insert fromthe manifold housing and attaching the additional process
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passage fromthe outlet. [001 The advant e present vention are
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the outlet, and the third fluid passage from the outlet. The method further includes
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 passag.e 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 fluid 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 may utilize appligation of an isopropyl alcohol

(I PA) vapor and processing fluid towards a wafer surface along with

gener at i onthohgla usagsu v N earltiioheluble hemifout fWdieh ad conhgirabiei @l hyy tohe sfane
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desired. In such an enbodiment, different process  configuration inserts
may for m EERFaLANET &) vageym figpk theowalep sidacg st subsiantiably theapmg rine. t Alisopt i mal

generatio I, A . 1S . Sl for .a particul ar waf 20
pr ocessi ng ng%g?g@?(;%% g%g%)iﬁ‘?%'g ﬁ@%ﬁ% gf %rﬁ{b?@? ﬁéﬁ?‘g%’*&g aﬁéxyhﬂoléeagﬁhoﬁle%r by
appl i aat i dhidburdivei tatsorf alolg aTBObEssing flidd iRerfideoddnhtirdieadables bp@ak t he
input of fluid into certain portions of the fluid neniscus that is forned

on the waf8Plicatipp gand/orremeydr of Byidp| Gewi ribe fwafer surfagmspoheuit ileswingn
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mani fol d. Therefore, the interface nenbrane can enabl e rapid devel opnent of
7 different meniscus configurations are desired. In such an embodiment, different process
configuration inserts may form different sizes/shapes of meniscuses thereby enabling
the optimal generation 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 applied to any suitable portion of the proximity head to block
particular fluid paths resulting in different meniscus configurations.

30 [0020] Moreover, the interface membrane can reduce the development time to produce

a desired manifold. 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.,
different sizes, shapes, and size defingtions). [0021] O her aspects and
advant ages of the present invention will becone apparent fromthe
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I'ying process.

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
invention.
[0028] Figure 5 illustrates a multi-module proximity 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 insert 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. [00341 Figure 7C
illustrates a bottom view of a housing nodule in accordance with one

enbodi nent of the present invention. [0Q351 Figure 8 shows a side view of
the nmulti-nodule proximty head illustrating fluid 10 passages in

accor dancd08d1t] Figme 6€nitlodiatesrd coofer oduleria aedvrddnoy ethi gdig.enfHddBednt bf gigr e 9A
shows an omi -usage. manifold with an interface nenbrane in accordance with
one enbodiPHERE IBYCYIRE: present invention. [00371 Figure 9B shows a bottom

brosent 1 oS shReR MBBLAE ErhbaE PR SHE St Wbau R SSCBERSHIN &6 of “an
omi - usagembedinial df ihe prasestdndaitioa. W t h one enbodi ment of the present :

invention. [00391 Fi %re 9D il lustrates an expl oded top view of an

omi - usagdtaMiBIe TH shedsopdbeiéenwiew ehethenproassseernfiguration pisess eint

i nvention. ' : l.ication of interface nenbranes to
ook A0AGL Sl OO Y8 AR

an onm -usage W She embodi ment of the pr esent

i nvent i on.[0030Q41durE7GUNEstdS d Bdtiest vidkas aadbusiRp mddald iahcedrdatteiWltiesdeace
menbr ane between a manifold cover and a nmanifold head in accordance with

one enbodicHRdingmt phihepressatripventiggent i on. [00421 Figure | OC depicts an

interface I . heen applied.to e mani.fold,.25 head..i

accor dance. Vi ﬁh %n%tggﬁrr%%rglgr%rel@dﬁt“%‘fo ﬁ‘g %‘ﬁgg%?f{qu'f%ﬁlbo qad[léﬁgﬁﬁn%ﬂbﬁre | OD
i |l ustinat gassapes ifbeddréaRe MM RMbARPLINE OF {he presBhiQR&SSiosUr f ace of the

mani fol d head in accordance with one enbodi rent of the present invention.

f 00441 Fi 093] Figwads howafar opmbueassi mgnidyldt withian avedactamembwinehinone

enbodi nent he -present. i,nventign. 30 [.00451 Figure 12A illustrates a
proximty aﬁ%ogéal%gr%{‘@r%eﬁglbgd%%P%ﬁﬂﬁé’é%sg ti[l%e Bration 9 in accordance

with one qots7iF@RE 9BfshbWE aloRSRNick B bififi-usage manifold in accordance with
one embodiment of the present invention.
15 [0038] Figure 9C shows an exploded bottom view of an omni-usage manifold in
accordance with one embodiment of the present invention.
[0039] Figure OD illustrates 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 to 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.
[0043] Figure 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 11 shows a wafer pracessing 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. [0Q491 Figure 12E illustrates a

further inlets/outlets pattern of a proximty head in accordance with one
enbodi nentin afcotdi@cPivels @R enBYERIcnOSr thd Brobat MveRELIPESCRI PTI ON [ 00501 An
invention for nmethods and apparatuses for processing a substrate is

di scl osed.[0940] tHigure dEBoshiony adtepeyiewtdfonportianmsf augrosieity heas etcapidancer e set
forth in qude t rovi.de..a thorough understandi ng of the present

i nventi On%lﬁ{5%qn?m@lem%nﬁ83;1156,[%8%?91?%&%%\/6r1 by one of ordinary skill in
the art, t{be47]uhigure 26 eMistiafié @A ThIR/IMBYLs PRHAN BT LiE@ImityiHe O acsilEn@ al |
of these specific details. In other instances, well known process

oper at PondViHaene godgaen of dwarpdsatinventdet ai | in order not to unnecessarily

obscure t resent, Lnvention. 051 ile this invention has been
descri bedqlﬁ?ﬁt{fﬁ eolrzl]js]é@’ésﬁr es p@%ﬁﬁ dh‘%\%%tse%ﬁ?&? int Proximity; hgadyim

appr eci at edcdri@ice bdSshekitoliRfkrt Bf {H3Gr&Eht iHPQicheadi ng the preceding
speci fications and studying the drawings will realize various alterations,
addi t i ons,[094% Fugure i 12Hs 11datey i fuathenidetshetigofpatierni of & hppoeimtyehéadt mnded
that the pr esgnt I Vent#ﬁ:{;} i ncl ug s all such alterations, additions,

per mut at i GREOTIAITE VARG SReduncl of thepresgpt HYSIORe true spirit and scope of
the ingention. 25 [00521 The figures below illustrate enbodi nents of an
exenpl ary wafer processing systemusing nulti-nodule proximty heads and

interf ran ner it h iz nd | i on of
terface menbranes to geeaterﬁETz 3&)5103 ?)Ee;Ns e, and location of a

fluid nmeniscus. In one enbodi ne FH utilized herein may be
known as go#sni SFEUS ug,| Of;,4( eghn Thi s .t echnol ogy
may be ut iE[I ‘?gzﬁld to %éél?i gr frﬁraﬁéth\ssglpt%ngl %%%Setgf E;O\%aﬁlle()r%g%glgogeg%qsﬁgtﬁ Yuch’ as,
for exanpldesclasedi dcihs foleuinmdesApriapofunttyis et s aldsdrEstsmusdwacuum

| PA vapor cl eani ng tl(lM\/I VC), .meni scus vacuum | PA vapor etching
to provide orough understanding of the present invention. It will be understood,

15 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 proximity 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),




(MVI VE), 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. {it should be appreciated that other
enbodi ments nay be utilized where the proximty head(s) nove in a linear
fashi on f momisene vedge A viygorwidaaingt AN @fen@reicuimallPlay vaepeshing edge
of the fer. or other non-linear novenents may be utilized such as, for
exanpl e, IMAVED meRipets Vagumg FPA VAPGr miatme (MY TVRD: gtenlt sheuld bssppreriaiedt i on,
in a zig- - o] . hR [ - on may
l'so be any ol e & bEnbRG oy MR LAPouRt Suck 30 ot Fhoplifola T
addi ti on, wouldambeniodm@nif tHehgowafigrheaty) hto £lotapoinanttotthe wakdh aaym ty
head m)ve(i!J in_a linear fashion so_the Proxi m ty head may process al
portions bfuttliged A dhe empodimenis shawaothserroriguiyshasd@) meatmayhay 2 dinpasdi nent s
may be utiddq.zed . i r.ot a ed t the proxim head is
configure ééthg&rrg\g}gl %,{\}glﬁt%{ fﬁ’gﬁloﬁ(}ﬂhei %3%9#%5%' %& % ﬂgﬁl Cen ﬁef'esﬁﬁb%uééégfi ng of
al | porti apsreoiftedthatwalie rembodiraeitd ta®be tiliged Whersithe pioxheiad hedidks) ngenaf er
processi ng system as described herein may be utilized to process any shape
and size & 23t irdresiremeneadee of theweien te anobor diamamicaly opBBUe adge ofaf er s,

flat panel car, RSS| be..configured to be utilized
for any Zéﬁesﬂvigieg’b?re&g?lg{é%ggﬁ%&g Q‘?Oe‘%é%h%gl}] g %ﬁé‘%h%?dgﬂfcggés’ g?reeei(ﬁ“q%?’ 1]i'ilayi ng,
etc.) 10f trixalwabibon, depencilagmotth, tihe spRalfh@ibnain #Rigofagth@ichy f £FandbR Yet

anot her enbodi nent. negasonics may be wutilized with the fluid neniscus to
enhance wat¥PNpstscExagqdigpn, thermefion menilse be awasitbele spenfiest medomprs fitiased

o i th imty, head. 53] It
Shoui d e aird by Blus@ oGRS, B WL Shbodrely T haE Midnee eiked bR ary i v
25 nat ur e pravighityy headribyéd imditcer PEEYH 86 the pPreamighdad Ry BFR¥SELE porfigRd

utilizing qQne or nore interface nenbranes gﬁ/ e used in any suitable
syst em su®h e wafgy lsshepliealso by yaderstosd ithasshareamehadiments sreyubel utilizad be

3 . : S ot o | by .
nser 13 andFheine Marth G el o BlERARPRAR S BORETL S A 5 MsCat i on
of the nemafatia anfayhibe thoh angis. prodessng of AR PEHIBO b 30w stef. f B SRty aress

configuration inserts may have different inlet and outlet conf i.(ig_uratl ons
t her eby g®HEHBHLY hgadipnd tearlespraprssiagdysemas desriribed bersin mayibe fugifiset to

I ocat i ons p\fm:%& Wsh‘!{&e and size of substrates such as for example, 200 mm wafers, 300 mm

wafers, {lat panels, etc. The processing system may be configured to be utilized for any

20 suitable processing (e.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 membranes 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

i nterface nenbranc(s). Therefore, partglof t he nmeni scus may be renoved or
increased in size to |l eave a custom zed neni scus shape, size, and | ocation.

Consequentplyximity hésd Ronadiptfa@beNin shake/cpibodinhdi hifctface MemmbiaRe) Bjayde a face
of the proximty head and/or fluid input/pathway areas of the proximty
head, di f fEPkgsk tos proxigiy hephpepsbnpscisiéy Ipeptignd pdeeniluidge FeveHe: ndy be
formed wit S 0 0._..pr:oxj.m head.. . Fi . shows a
Lot oo OB fRGls ABESHTAY PRSP o By

present i pdgithiae proxinéyHead eibalio ihac todasordtd gcertdif 2handzelidehionvdi ch may
hol d and/or rotate a wafer to enable wafer surfaces to be processed. The

syst eny 106ha iR fagecmgabenstsdxi hrergiore arpsts 106 BieamgnisoBhmal die, r4npveA eor

“enbodi ment; 1 ache 0 an_upper arm104a and to.a | ower,_ ar-m 104b
ot vanrBsfa Yh LAWKt PR RIS, e’ 2R, | A et cb
be nul ti - wst@eplbiyrudivg di@ads ahpeeiss ihledted Mmefdbtindey) ddeh dhde bNthe

reference to Figures 5 through 8. As described herein the term
"nul ti - modPXEmHY dierdriang/on dail inpyt/pathvex arees 9f Hesaprokimitn heash diffarenioizs

T kT h be.. [ I h
gener at o A FpEPihiel (HCATRRL SEHER e Mt P bl ey oads
106a aond/ @ioxitiédy hemy be proximty head(s) with one or nore interface

menbranes as_discussed in further detail in reference to Figure 9A through
| OC. I n ydP0¥ddisgue 2ribowi nenvalen meoesssing esystemoX D iny abeoadimcd 064h aem$ 106b

may be a tiyr I roxi mty head ile the othe t he Ximty
nead ut 1 RS S5 e BT Ep e T e Py s s S 3% R 10
and the | awgeh afai hblf Bndeinrdigie RARATeP{o BihbRSHEIP Wk 66 bEPARIERd. The

substantially |inear novenent of the proximty heads 106a and 106b al ong a

radi us of syithie M&fadso inpludgeproxinaitshieade iBexiameHich thhie msseabbydimayt, mve t he
P T RS L AR AR 8BS S P PRAA LS 1
head 106a en#daRan.ethe oS haas 106£ aRI/BX 1088 YlpardmhRBhoatleqWokingtyaf er
in close proximty to the wafer. For exanple, in one exenplary enbodi nent
this may Headscasopseiibadaa fbgther detail in reference to Figures 5 through 8. As described
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 proximity 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 104b 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 headg,106a and 106b in a position where
a meniscus i s generated before processing and the neniscus that has al ready

been genéneihgdhd@ipseatin 1 D4a pdokE towast dadaldEb HeGsowabld ihQ6vaitival Banngsed ont o
the wafer surface to_be processed froman edge area of a wafer 108.

Ther ef or e ON¢thhg, PERHMAY nfeafly 43¢ amgvech dorigamie aime 10 48CHIOR Be SEBnMair ed i n
any suita : .M ov.ed to
enabl e wa$8 g&%?@ﬁﬁ%@%&@?@%ﬁgﬁh@ﬁgﬁ# %?91 O%Isé&(‘)léﬁq%ggf goga (gsng%plkﬁeci at ed

that the sisteroxily rathe beaf@o i agith@Enibbdanoht SHE Lpkdrarm MARNEEJ @8 1dwaRg as
the proximty head(s) may be noved in close proximty to the wafer to

gener ate &RH 1@6P|tni‘9t(§(l geacq%,gpgfél}g Start the paerrienity| heads B0Gareadr Ki0bdd atpeaitios] ose

ra o ! pimiahsednl s K19
et scus. AT RERR I kiR £o R AIESbb AN IR S PR ednc 1060

and t 06b (geserived Ibeagecanyie Qehidmitp Al 064 akiedlh dRyWel Reded16k0i thy Wit each
be | ocated between about 0.1 nmmto about 10 mm fromthe wafer to generate

the fl uidshdeesiols acesped {Kametn edgeraea of pvaierplQst eThgtfore, dhbopperaam, t he

Gesor ben g ath ey BR 01 (2 T BTet Y el TR RBALE B R 0om  ne

waf er 100 2Qaderiehahe 106@ciﬂwmdmi@smlmafehgrdé@@‘sﬁf SUlkaaRd RRghi 1 nore
pref erabl e enbodi nent, the proximty heads 106a an§ 106b (as well as any

ot her proxhekld \alssehel apeeialadethat He avstom @) bay beceondgurgd ont any, Sitabief r om

the wafer -UJ. iscus,on the fer surface 00561 In
one errbodintlrrag]ﬁ?rfezréf.i h@é E@E}%ﬁﬁg )518'68' k{éﬁ@dsﬁw bidﬁfwﬁ? & \é\%ﬁ? Pﬁ’ﬁﬂrgl&y Oothghvfg Te the
25 proxi nits gemeadand @oarandmENiGiust ot BRoUIDYRE ben@idkRigeaaafedodePritipfigcessed
portions of the wafer. It should be appreciated that the arns 104 may be

novabl e i AERE 2 sulighle disanendiom hatwalelasdoenabh samspesmiry bomaikisinpd.oxi ni t y
heads 1003, SRE LSRR8, LGSR ISP B STl B R R
and 106b akanhdedchibed Uekag ansf edchebarpbbd bhiwsshoubel 0¢ B3R WaRLBL0GAMt hat
al t hough the wafer processing system 100 is shown with the proximt
from the wafer to generate the fluid meniscus on the wafer surface. In a preferab%é
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 to
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 neniscus between the Hroxinity head and the wafer. The
fluid 5 neni scus nay be noved across thg wafer to process the wafer by
appl yi ng fakUofletnglélel, 2W&f£15, 6t aThe fiadiniie st 9044 ddeby 1069 8T thBev-S44r f ace.
In such a may,_dependiqg on the fluids applied to the wafer, cleaning,
dryi ng, etPE®fcAgng srtenbtOhmay ialsg baayy betableoizergsishageens shawe begf or examie

imt 1062 106h . t .of .
Cont1 gur aehous e SRa hed i SR B B Ry AR SRR e B Sas desribetne 10
pr ocesses 1RHE gilede BENRA fenlstushawkeh MegPoimiGMREEGhEHRMVABAL ThOBuGY St em

100 ma process one surface of the wafer or both the top surface and the
bot t onP s umpgEEUHMay e mewekeacrosp GOEWRIET ko prddéssitnyafse by deplyproibed $6 fig t he

top and/ or, tto rfaces.of .the wafer, the tem 100 | so he

coP\f i gured" atq% of tg] GZ%% Beﬁ%osv I?%ngf ﬁiomaEWasf“‘éI?lc% ﬁ%g’&ﬁé}‘ ‘E"%égg%lmﬁllggmbﬁl‘?cess

(e.g., etahidgappli@BnbNthe WafdrNBledidl | MFinget Qelin ,n?n%f)cﬁﬁﬁné hRaptdeer side
y

of the wafer using the same tEroces_s_or a differen pe of process by
i nput ti ng aaermplishpdit Thergforeli the praxamity hipats 19Pa fahdil@eb oan byveusiyngmaerdisf f er ent

confi guratj on ni.seus... The proximty . heads can al so .be confi ed to
process thgpeﬁegf;w%&%]éa% Stﬁsgs_&% rh%ﬂna%rdio eBrfoflggmﬁP%seg .tnﬂ'g’H‘?e op
and/ onobotpregeset deb@ivsaliRiein Tk She@a H& %\%ﬁﬁi@bi‘a&ﬁeﬂatbﬁle@?ﬁeﬁg 1501650
meni scus off (or onto) the edge the wafer I ch processes "t he bevel “edge.

|t shoul d Predesponresuifige of theowafeh at bothghp tapxiunfaty ark figbotid6asafide 206 may be
t he sane g%%gr of apparatus or different types of proximty heads. [0058]
The waf er "may be held and rotated by the rollers 102a and 102b in any
sui t abl e qodFMIALHGRASHISRIRY pARedsht BEkENARY OB BARAIER Qo lfRI WAL BOXI M ty
head to be in 25 close proximty to a portion of the wafer 108 that is to
be processgdem|W0gnay elsd bdiocrpfigyred e prasksserms sid2af thedvdB2tyithame rtygeatfe in a
cl ockwi.se di recLi on t]gl rotate t . wafer 108 in a countercéock\f/ivi sg

di r ect P on PIES% Kot HOBBSHER SBEne e M & otddecesa gie giber §e pEihe n

ei ther a GlgekyhEehe sad. i i I I waf er
rotation desi redr.%etl n Ong%gdﬁg%ﬁ%eﬁ’iﬁéi‘%nﬁ?p?g[f?ﬁdg%’?yﬂ%@??@g%%ﬁ%@%ﬂ%& er 108
by the different types of fluids or by using a different configuration meniscus. The proximity

heads can also be configured to process the bevel edge of the wafer in addition to
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 fo rotate the
watfer 108 in a counterclockwise direction. It should be understood that the rollers may
be rotated in either a clockwise or a counterclockwise direction depending on the wafer
rotation desired. In one embodiment, the rotation imparted on the wafer 108 by the
30 rollers 102a and 102b serves to move a wafer area that has not been processed into close

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




30 rollers 102a and 102b serves to nove a wafer area that has not been
processed into close proximty to the proximty heads 106a and 106b.
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 heads 106a and 106b t hrough both the

| inear notion of the proximty heads 6a and 106b and t hrough the
rotation @y ihewsBhedr A88: MRid bR MeRIfePLRERSS i@ AALIRNof IIReWhfefRY be
conducted by at |east one of the proximty heads. Consequently, in one
enbodi nentTheppfocessad cponplaynwaef privessnef eperdid8), W loproesspaharefs ofviha cent er

or acessi nd BTt Bh P BUrCLesbe Provimi e OB Bed ML Er R e PRt i
heads 106 tRRGf %ﬁ%ﬁﬁfgfngiggﬁééﬁg 186:LM0d 108b BRA LROEIYhOTothith yBhEHaAPB08.0 the

center of the wafer _ , the processed portions of the wafer 108 woul d
expand>f r dinetwedergrtgesssing operatién itsedl mapbecontiosted by thizagent ef theqgoxdmityf t he

wafer 108.,in,a i ral venment. [00591 In an exenpl ary processi
oper at i on 2¢f¢s- 5 ‘grth‘&flaB I8 IPETdy p‘ioﬁ%gsiffB‘?&Tﬂﬁﬁ 9yﬂﬁe"&%f§r ié%‘g"'é]ﬂd 106b
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froma region between the wafer and a particular proximty he by

appl yi ng weaderul¥i (taftecekivo vagiasofithe wafer d08 Ired dpiral mostroentd be appreci at ed
that alth O | PA vapor is used in, sone of the exenplary enbodi nents,
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i nputted ivapar fohe (Bliso &hownlae P Ardet) handsthe anttastrinetoudepmag b gowfixirdibto
process ngenQL \?er Elid%nfrom 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.
[0060] 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 [00611 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 enbodinent, the at | east one N2/IPA vapor inlet may be
adj acent to the at |east one vacuumoutlet which is in turn adjacent to the
at |east one processing fluid inlet to_forman rPA-vacuum processing fluid
orientation. It should be appreciatedlﬁhat ot her types of orientations
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conf i gur atfiobrFXgfplendnprdilition 9 the f/HPds yanerd ntlete the yiepwm squplst, onda thsr ocess
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positioned i 25 close proximty to a top surface and a bottom surface
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on the application. For example, the distance between the IPA 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 106a and the desired size of a process meniscus
(i.e., meniscus shape and size). In addition, exemplary TPA-vacuum-processing fluid
orientation may be found as described herein.
[0062] 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
meniscuses in contact with the wafer 108 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 rPA and the processing fluid is

i nputted, a vacuum may be applied in close proximty to the wafer surface
to renove the EPA vapor, the processing fluid, and/or the 16 fluids that
may be on the wafer surface. It should ke appreciated that although IPAis
utilized in the exenplary enbodi ment, any other suitable type of vapor nmay
be uti | i zdbhidssthathmag bé on thxeanfel eurfaict riogeruld o ypeadibiad et altcodpdl IPvagor ,

or gani ¢ conpounds hexaqol, et hyl glycol, acetone, etc. that may be
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enbodilfrentappieviveed thdtiak @sédhatiasthe peraxioupy” ¢0 efd epthtuehacs ot@Ral #ém t he
waf er 108 to conduct a wafer processing operation. It should be appreciated
that the 2ge8RNMctNeeRdhe wabs 1P8yand| asparBenlas proxineity hepdpprd tiesterra "put'c| ean,

dry, pl : . . . f f "
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noved i n @rédimm@gheidashi on al ong the head notion while the top surface 108a
is being processed. By applying the |PA 310 through the inlet 302, the
vacuum 3120063 &igge cuitillestratissa pragimite head d&§speréoriing v 3vdert progesgingt he

i nl et 1306 ' ' eneratgd. |t shoul d be.appreci.ated
that the Sprane IR Gk IR IR B BHRFL L A prikatiOi e cLRERa i Bon! y
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that may produce a stable fluid nmeniscus may Be utilized such as those

confi gur athowater 04 oconipd @ wedpreracessing operation, It should be appreciated that the
proximity head 106 may also be utilized 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




[00641 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 enbodinent, the iplet 302 may be 17 wutilized to :
apply isopropyl alcohol (IPA) vapor toward a top surface 108a of the wafer ’
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Therefore, in one enbodi nent of a waf e proc ssi ng, as eSS|ng fluid

i nfl ow 314hiengh tﬂkﬁelﬂlﬁ,&%%nfmee@ﬂsﬁlﬂy,sﬂapﬂmdeﬁﬁm oxsides oa thamfersw‘iit acfirst fluid
(if any) e wafer surface is.interm xed with the processing. inflow
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t he waker p‘iéﬂsﬁl%(%ﬁa)ﬁﬁ'@ OHAS tﬁé‘\%afe{? @urfdc@ gtjo?f: Ahﬁc?{' %4 aﬂ%g)
ace’1 W th

interface 118 (al so known as an | PA proce sin |nter
t he pr oce§1311rd1@um pricssuranfniap e 3prlicalnloly thie oaguus B3h2 ttdn&m(caeuherpﬂabasm@sﬁmat s in

the renov the essi uid_inflow 314 along with any other fluid
from 25 t fifﬂ%\ecggf}&q ﬁgf"’é‘kﬂ%@a"el n one enbodi nent, the rPA/ processing

fluid intqobes)erherefore, 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 are 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 fliyd on the wafer surface forns a
meni scus 116 where the borders of the neniscus 116 are the | PA/ processing
fluid 18 inwtfecdsald@s THBefokhelicefrenigoust & wendceeiast fd6 ofFlad deingtapplied | ow of
fluid bei ngwg]pd\%li ed toward the surface_and being renoved at substantially
the sanme t! e fudpne andheingotymop pd alpibstantally the samq imenaih pyy el at e
removal of I Si [ '
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the | PA/ p[ﬁ)Qessi ng fluid interface 118. It should al so be understood that
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utilized guiq 1PA, and the fluid on the wafer surface, the flow into the outlets 304 is
discontinuous. This flow discontinuity is analogous to fluid and gas being pulled up
20 through a straw when a vacuum is exerted 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 No/IPA,
30  processing fluid, and vacuum as long as the meniscus 116 can be maintained. Tn 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 NAPA,
30 processing fluid, and vacuum as | onggas the neni scus 116 can be

mai ntai ned. In one enbodinent, the flowrate of the processing fluid
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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 fluids 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 proprictary 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, ctc. 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 a 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, An Chloride, Ag Sulfate, etc. in conjunction with electrical

i nput may be 25 conducted. [00711 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

N2/ 1PA and processing respectively alo with the outlet 304 to provide a
vacuum the 30 neniscus 116 nay be generated. In addition, on the side of

t he inl et n3fscoppdSirtactt et disafssddhsboval iatondGnbodiiesrs, ayinles 302aumt|3®6 304 to
renmove processinqj%hgid and to keep the 20 neniscus 116 intact.
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houses the process configuration insert. Therefore, a single wafer processing system
may generate 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 S 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. It should be appreciated that the housing

30 module 401, the process configuration insert 403, and the cover module 405 may be

each 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 conpatible with processing fluids such as, for exanple,
pl astics, netals, polynmers, polyethylene terephthalate (PET),

pol yvi nyl i dene flouride (PVDF), polyethgrether ketone (PEEK), etc. In one
enbodi ment, the housing nodul e 401, the process configuration insert 403,
and the d8¥d Thsdgpeng medrieciiil medy katonbguRYBR an linses Isoufhat (Bdichipeleddsat ed
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and 306 as outlets 306...[ 007 Therefore, depending on the
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meni scus while in other enbodi nents, s/outlets my be 20
| ocat ed i 306 hewisHaspnidget4806.whil e other inlets/outlets are located in the

rocess i ration insert 403, As result,. the housing 401 and the
Br 0CESsS Cgﬁ(ﬁ%ﬂf}flg{e & depengmg on the confallgurat?on of the housing 40?, the process

configuration insert 403 alonec 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 located 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/outlet
30  configuration in circumstances when a different meniscus configuration is desiréd. 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 genergte a different shaped and/or sized
meni scus. [00771 Therefore, in one enbodi ment, the process configuration
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of the inlets 306 and at | east one of
be created in any suitable fashion such 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 multi-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 one 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  1nlets 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.
[0081] 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 fo the region between the multi-module




the outlets 304. In one enbodi ment, as descri bed above, the one inlet 302
may input |TPA/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 por formincluding that may be

m sci ble with aqueous fluids that can decrease the surface tension of the
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proxi m ty chetadl i 0&iredny 15 preferably have the proximty face 407 as a
rai sed region 409 where the inlets 302 and 306 as well as outlets 306 are
| ocat ed. 110082} dyoge sanbodipenti atnodtiamaf thenmultameddlerprgkionty Hod W) ey r ai sed
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having t he409 may be raised any suitable amount of height from a surrounding surface 413 as long
as the meniscus genecrated 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 multi-no e proximty head 106" 25
surroundi ng the neniscus is |less accessible to surface tension attachnent

by the mahé 5G4S301 RAPR3t BeheredsagNOLhRsate ARG MenibeustbeBalse aRirh@fiscat ist he
rai sed region 409 of the nulti- nodule proximty head 106 'may, instead of
bei ng r ai | wilinjthelimderted sertiohe region with the inlets and outlets may be
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meniscus is held within the indented portion. [00841 In addition, the
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desirag. [RO&pdddiigsre 6A illustrates a housing nodule 401 in accordance
wi th one enbodi ment of the present invention. It should be appreciated
t hat the HB0EIIAGswedH dlugitenmbousing mogule 41 abdcgoiendd with an¢ embeodimentwoul d
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first end t second surface of the second end. The housing nodul e may
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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 suitable 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 accommpdate the process configuratiqﬁ insert 403. 25 [0086] In one
enbodi ment, the housi ng nodul e 401 may Tave an opening in one side and an
openi ng orob4E THRAGIE bt Yot Hla? aRASAAES ARIp BEL WRE Rehidhthe MRid to

enbodi ment, the housing nodul e 401 includes at | east one inlet 302.
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housi ng nodul e 401 connecting t i nput 411 and the at |east one inlet

302. The Hougpwgtiorodedre 401 may al so include an opening 404 which is
configure receiv. insert surface of .the process configuration
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housi ng 40 the flujd. i Scus b nerated. hi qne enbodi pent, the
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a ridge 440 15 which can prevent the process configuration insert 403 from
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confiquration insert may al so.include an _jndented portion 420. The
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t he proce gadented portion 420. The indented portion 420 may exist to generate an insert portion
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 fron1oneg%ide of the insert portion 410 to
the 25 other side. The inlet 306 may be“connected to passage(s) defined
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and the cover 405
of attachment openings may be utilized to interconnect the housing 401, the insert 403,

prd)

he

and the cover 405.
[0091] The attachment 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




[ 00911 The attachment openings 446 nmay be configured to connect the cover
405 with 20 the process configuration insert 403. 1n addition, as with 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 with one enbodi nent of the present invention. In one
enbodi ment, the cover nodule 405 25 includes attachnent openings 530 and

520. The ocpéfbt nge SSEhaitgs ieaychNhitiBrided c@nad the diTaSent tiERY @l thdhfukpver
nodul e 405 from one side to another side thereby enabling, in one
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device to connect the cover nodule 405 with the process configuration
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may beoconhlcgivesh the ildaMudaccpassage defined therewith so fluid fromthe
i nput port 540 may be transported to the process configuration insert 403
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Figure 7B shows a bottomview of the process configuration insert 403 in
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405 may berédebAehEThubMioh MRS 40 n 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 564 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.
[0097] 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
embodiment, passage(s) are defined within the housing module 401 which connect the
input 406 and the at least onc inlet 302. Therefore, fluid and/or vapor may be inputted
mto 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




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 [00961 The process configuration insert 403
may al so include a passage 564 which may receive fluid fromthe passage
480 (as shown in Figure 6Q In one enbodi nent the passage 564 nay nove
through the process configuration inserdg 403 to the inlets 306. Therefore,
fluid may travel fromthe passage 480 to the passage 564 to the inlets 306.
[ 00971 Fi cesist ifiCgérletatmipr @ide mamntdiningomsiabinfloid mchiotisi thgt @l bk egehbrkiddn
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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.
In one embodiment, the manifold head 610 of the omni-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 attached 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 attached to the

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




operation. [001001 Figure 9A shows an omm usage manifold 606 with 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
functionalities as described herein. In one enbodi nent, the ommusage
mani fold 606 may i nclude a nmanifold he 610 and a manifold cover 608. In
one enbodi nent, the manifold head 610 of the orri musage manifold 606

(whi ch mayand ahusletsb304k a0 Wot asnspoR! MXUET tThideadlol YN Glowd e andhon MHet y face
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usage nmanifold 606 to alter fluid flow to and/or fromthe neniscus.
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di fferent nepbrane thus saving and reusing the omi-usage mani fold 606
configuration is achieved.

100102] It should also be understood that the interface membrane 602 may be
attached to any suitable location 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. [00102] 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
desired meni scus usage and desired confjgguration, one or nore nenbrane
interface(s) may be attached in one or nore |ocations within the onm -usage
mani f ol d 6@, didfgenaygdseoit henistes idoaflguretidiscrisy bentthigead athilen(sije. a f@E03] I n
one enbodinen% t he nenbrane interface 602 may be | ocated between 25 the
mani f ol d O@M@mghd the mani fold cover 608 where fluid passageways to
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the ommi-usage manifold 606 includes an interface membranc 602' that is located
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 certain locations, the meniscus configuration
may be adjusted to the process desired. It should be appreciated that the interface
membrane 602 may be utilized to 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 304q0n the proximty face 612.
Therefore, by inhibiting fluid flowto the inlets 302 and/or 306 and fluid
f 1 ow f r omgeherate aupariadudar 30ehiscih dengmastthsrefdrapens casuming fredeitangédewn a
correspondin ion (as,, conpared to the region where the interface

nmenbr ane M%ﬁ%?ygeaarvglqegcat ed) between the proximty face 612 and the
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vi ew of an onini-usage na accordance w one e nent of
t he pri@semiore moemdrisort. ththmemismis-msade cub owani fromdv&@Das Weyrddaven amyth&ui t abl e
type of in%ﬁgf ace rTErrbr ane 602' and/or 602 in any suitabl e portion of the
omi - usagEATSEFPEHRETENUL SEaayDemereated; Whempaifiars e the dhltsgiZaandon when
the omi - yga8e 30RBHLGH06 is in usage. In one enbodinent, by using one
or nore interface nmenbranes, portions of the neniscus formed by the omi -

usage nanil@@l0d] 606 Fegurd@0Aehmwesh spplioatresttie@rficcomehbrantg)?2 alderebor e, one
or 10 nore portions of the peniscus may be cut out or renoved as desired.
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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, ete.
[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 to be generated by the ommi-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 onm -usage nanifold 606 in any
suitable fashion. In one enbodinent, the interface nenbrane 602/ 602" may
be attached to the omi-usage nmanifold $06 by 20 glue such as, for exanple,
Loctite 380, Loctite 401, Loctite 4210, and Loctite 4212, etc. [00108] In
addi ti on, agepemtidnhatothe ifterfatleshembraoend(2gandaiti2bmap hilst he pariullg pesndablebe
formed. by fhe ommi-usage.mni fold 606, any suitable nunbers and/or types of
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from the SgoduRenirofthe presentaingention. ahoths cimbedispent rhewn ip HagyratloBs shee

The man f o a 2ovge BRe cor %t 6 Rl Al Rk g R B B S e

602 and 6GR4nifoldhéxe EOtvaede fuidovdiié floankdmo itk haathl® tover K09 idthd nirgfdice 10B
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portions aidiohecmeenié duill freradh&@nisber e blodkell. vibhdrélofd, aweh FRM sheawomni f ol d
cover 608 0?n tt g mn?nalsic]:lgl t%at portion of the meniscus with reduced fluid may be made
sm.aller. 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 pieces 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
suitable 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 aportion of the inlet/outlet that supplies and removes the fluid from the manifold head

610 is blocked. Therefore, 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 renoval fromtfhe neniscus is bl ocked, neniscus
size may be increased, Once the interfacCe nmenbrane 602 has been attached,

the 20 mardbinedddashefgulb of Buihardspertarni ihwl e @REE chdhatmly bl shddldakedet 0 form
the omi-usage manifold 106". It should be appreciated that the omi-usage
mani fol d Poderstoed fabi ct ed as two piece apparatus only for exenplary

pur poses tahe o ifold 106/ include any sujtabl e .nunber
of pi ecesﬁgﬂlclﬁlras, N?E)?}?Og'}%g%%?e%,e af})ref,lag?fi, th&%, mgef%a%? &ent anesﬁ%%yﬁeso be
under st oodny kaitail ehiclrieed hatehgBy et A0L niRbrif 602 34 fhnhdin dR¥ctZand

suitable |located that may block fluid transport and therefore could be on

or bet wee®raisht leidiftoapeueringibe pafsagesithatithe mewbeano AN iseoxgrngrani f ol d.

[ 001121 Figakl«6; 10C depi.c an interfac nbr a 60 hat,. has been appli ed
to the miﬁ?llflgﬂd he%eéggigﬁpn&%t%?sd% eﬁ%?ﬁn%}ﬁn@aléﬁég ia%lhet%a'i?fa?m?e%r esent
i nvent i on.surfddeeof tht enfraford READEENG 8Q3rdiase REENLRE dnsdandedithe prRBik ol d
head 610 so that at least 30 a portion of the inlet/outlet that supplies
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interface nenbrane 602 may be any suitable thickness as |ong as the

i nt er f ace "waviolhirad drreiha inlets@0R andhBoTas welllas Gitot 3(eistlodakadi d from enteri ng
t he passag&&lltsﬁlat thﬁj neqbr ane 602 i,s coveri ng. {0011 1 Fi 9ur.e | CD
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invention. In one enbodinent, the interface menbrane 602 is attached so at
| east a pBPICPiPddhatt sy Juithlele SyB0Cf systbnBOdthaamy suiteblettyB0df prosamiédhed t he
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descri be an exenplary wafer processing system
configuration/pattern of inlets and/or outlets that can generate the fluid meniscus such

as the configurations of proximity heads referenced herein. 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. Tt 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 walfer 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
Jower arm 1104b can be a part of a proximity head carrier assembly 1104 which enables
substantially linear movement of the proximity heads 106a 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/pattem of
inlets and/or outlets that can generateggthe fluid nmeniscus such as the
configurations of proximty heads referenced herein. In addition, the
mani f ol ds hadiegdhd bemer laem dil tdaend the dovireriondb ds npovakienh tayveltécat snan2g

[ 001161 Fi gure ]1% shows .a wafer proce |n% sty tem| 100 .in accordari]ce W th
one enbo&ﬁn?ﬂ‘f? ?Hl‘%mbt!,yelgfélﬂf ar \?QW&?JW“ PR a@lﬁdﬁf’da QCalpy e it &¢i¥hat any
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exanple, rollers, pins, pllaten, etc. The system 11 I nc rollers |
| 02a, 11 cb8b,praxichityltc0the whfech Inamoltimdr derabdiment dteeflaidwaikeiscisomandlel e

waf er surfaces to be praocessed. .The m 1100 may. al so, 25 i ncl ude
proxi nt'ty ‘HEH sb%%‘?il @ﬁ&wfdﬁﬁmfnﬁté’t ,eaﬁﬁé?e?e |"H%1r1‘_f1,°"‘?9'a‘?f1t6éhf’a§°?a%‘ﬁed to
an upper wRfhinlskehiee 8nthe! Qafr, ﬂ*ggﬁ,@%f%&]i%@a E@?%%bv\éﬁ% 1TQ§oa g%fe arm
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1104a and the |ower arm 1104b e a part of a proximty arrier
assenbl y roodgwbd ochamnailthiels veybstthepralimity heamb di06mand hest caf bet ovartoxi mty
heads 106a d 106b along a radius of the fer. In one enpodi nent the
proximty eﬁ%ﬂa ¥r P@Fesa@&eaﬁb Srerbagahsre i shguld#lsq herparcetadotbat thee

proxi mty shead 13 [Byan) - ow t he
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havi nd0t henaydpenoeadnn tkdd arcamdity ethk oveer tagenet4t0 4hd bentrob v alidnéscumomtheer ti cal

manner so qnce the proximty heads are noved horizaontally into a | ocation
to start \?Oéf‘? r SUBFEc eS8 s ,ertel’f@nmg&ieﬁ%f’gﬂnﬁé‘éd?e powdmaahepdelPoc By B¢ noved

vertical | Yoda@dout RAfbd dn@bfiafl arh vAS&L ﬁié%ﬂég %(t))ﬁuyr%a %rp%)%%]ﬁeﬂi@eh a %e@oﬁa{dhcﬁ{ .

enbodi ment, the fluid nmeniscus nmay ween the two proximty
heads 106d&heaardh. 106hefaredimork dn emboditrteat, tlepprarichitydeht amydbemiaed i0fn tize

waf er. The_upper m 4a gnd the | ower arm 1104b may be configqured in
any suit AbE ’%ﬁﬁ“&%ﬁ#&gw it yehraeler sodadimeat fhstme BYHe MNP0
enabl ¢sWaflc8mbRA6E S b AGtaBSh 0 BRTE Qﬁdanﬁgarﬂegr mlogexﬁglﬂ.u lﬁt}ﬂrggﬁ) SPO%VMFI%CI at ed
that the system 1100 may be configured in any suitable nner as long as
t he proxi prexymityddéd ) 04 Gomeaeh edcnafitae wafere b aigiphend dihtbe dsed tihea wagRr to
generate arhd ontr ol nmeni scus on the wafer surface, |In another exenplary
enbodi nentt etﬁé’l W%&i &ﬂ}? SHidans PEORFTAHQR yacesses can be performed on sides where
- 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 controlled 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.
[00118] 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,

etching, plating, etc. 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 rotational
novenent and a |inear novenent. Although shown with a proximty head 106
for each side of the wafer, a single head can be used for a single side of
a wafer. Ot her surface preparation processes can be perforned on sides

where  no upirigxd 8 grfcdie @tk HeBnl Surki€d08iS HEthedvafar MRS €1n &5 dfibdHieit; the00117]
I n anot her enbodi nent, the system 1100 nmay include a proximty head 20

docki ng stveaferoh0% meay hagotatedr sméhet praximily fleed 146) meerite movedavhilgf fvid | n
such an embodinent, the fluid. nmenjiscus transitiqn, bet a dqcki ng
Station antEHE PEGTPEAGe 5P THECGIT AT P Ber STEpouBF BF MAlFT S T Peged
state. Agakmy stilf vaileytheNoRintl® Réad (e geRdSEs ik AGRI hRHist® BE (R ARgssed,
one armwi th one proximty head may be utilized. [00118] Figure 12A

i |1 ust Pat eurfacepr dhcmithy phevanity O8ag enby mmivegom saaf ever 2be pyafer swifavg amder at i on
in accordance.with o di nent of the present .i pvention, The oximty
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surface 1Q8moBimdnifah¥@timikdBed16PRAYGE ntdiR 1RE %ﬁOL]Bg',h]?sfbetﬁé g ARRkAl! on. It

shoul d be appreciated that” depending on the type o urd applied to the
waf er 108 enedrepashasithle sunfak swaasoflThe egfem evaditre dnlsyclt reempbaodiineit, pyhpplging06 on

the wafer surface 108a be .30 sui .t abl e waf er  progcessi ng operation

such as, ft%i' h& a%@é?usctgggﬁ FW&C%‘%%? Pi@fercfg iCAYe Suéqagfh Pﬁﬁ}e Wﬁg’f F’E’éj,beet c. It
shoul dobe paRiRERE v iRt MBAmeNSr HePrbiihdity Heg@d 106 may al so be 35 utilized
to process the bottom surface 108b of the wafer 108. In one enbodi nent, the

waf er 108 [0@41%e r otlaoad embodient tiox proxingithberd BGnoAGeb@un@viatbtsidt2e f 1 ui d
meni scus pr es.the to I e, 108a. | n_anot her. enbodi t, the wafer
108 ray NaShk o Q?F?m&%gﬂl@e"f'tltr\@‘f-p%%wﬁiawnm perbes T alFaBok 0TI
neni scus Qirddee MRIRAMN, BHIFAGE be :&gﬁﬁbdt QethQrvﬁigéﬁu}%c@?rﬁgu Y sOIE ifée Scan

over the wafer surface and therefore nove t urd neniscus along the
surface ofl30hevagatfimarl312 maydic gpphivhér theembodsurtant throligh psoxiaviyetidad 106

may be_nmade,l arge enough the fluid. neniscus. enconpasses the surface
area & ¢ RED @iupcesia dd Pite mak pe q@ﬁﬁaal?wm syjacs SY el g sotke iletyj d
meni scus tjggghe surface of the wafer the entire surface of the wafer may be

10 processed w thout novenent of the proximty head.
[00120] In one embodiment, the application of the IPA/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 1n 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 suitable 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 IPA/N, may be omitted when generating

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




[ 001191 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 thqﬁygh a source inlet 1306. [001201
I n one enbodi nent, the application of the | PA/N2 1310 and the processing

fluid 1314miyn naddhdlid theo séiiee aplRt 116D | KA Herdféte MAGUHE sbplication bEMRVE the
processing fluid 1314 and the 1 PAJN2 1310 fromthe wafer surface 108a can
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manner . | r[oore2) enbodh e enibd@infdntd 6 18 PkSGMey bt 10BYhdErodakingas M a
constant application and renoval of the processing fluid 1314. "The fluid
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di st ance % ep the.30 proximty head 106 and the wafer surface, the
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| PAJN2 may e fhen generating and utilizing the fluid nmeniscus
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source inlet 2 and therefore only the application € processing
fluid 1314cpyrdetre vsiduenseenibidanentt 30 theaprdsenhmvertiomy df sholild beapprestzasihag 1 ui d

1314 by t sour ce .out | 1304 gener the fluid ni scus 116. [001221 In
ot her )e/nbg_ SER{Egon; ‘P{gﬁjﬁr%%lwgy&e @;ﬁg%g?s _ 8‘_3 ot ?f%%%‘?en@ éﬁl“?eaé%ls 5 of
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inlets and _source outlets are |ocated) nmay have any suitable topdgraphy
dependi ng Wilizedte geperatd e flaid menisdustal éorfg asitite precéssing Sluidcdncbegppbeditoad. | n

one CTBCOTRAL PSR 9553 B LR s BT TR, © e
on the wafer surface. In addition, as discussed above, other embodiments of the
proximity head 106 do not have to have the source inlet 1316 when the proximity head
106 is configured to generate the fluid meniscus without usage of N,/TPA.

[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 N,/[PA and
processing chemistry are inputted into the region between the proximity head 106 and
the wafer 108, the vacuum removes the N,/IPA and the processing chemistry along with
any fluid film and/or contaminants 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 geometry such as for example, circular opening, triangle opening,
square opening, etc. 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 generated. In one embodiment, the

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




10 1001231 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 fluig can be applied to a 15 wafer
surface and renoved fromthe wafer surface to generate a stable fluid

meni scus poskitnity Wemkde magubd axeend| moaddhdn e, raBusdios aHE Segfeaboe an@hdier
enbodi nents of the proximty head 106 do not have to have the source inlet
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outlet 1304, and a set of the source inlet 1302. Therefore, as N2/I|PA and
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1306, and _the source outlets 1304 described herein may al so be any
sui t abl e OFpECHPOFEENEES ¢ Walkh PaRcepdng axsiem | here jone iramorspimEhgf Waférangl e

openi ng, . i t.C. enbodi nment, the source inlets 1302
and 1306 §ﬁﬂ£$%€?gégﬁkgghgﬁf%é?é&f%%ﬁ have circular openings. It should be
appr edDat 00125t t heFigroxRqiilystrabBad idIB6/owBs 9@tt@rﬁ)6f§llbh~6>é}ﬁlit? hehd 806 Mmhape,
and/ or configuration depending on the size 30 and shape of the fluid

meni scus BEGPTHEKE rEidh ge gathedimend . of| the presertininyditinantln thiseemmdgxenti the head

may exten t : a6l f the wafe I n her odi nment he 37
pr oxi i ty%ﬁ%}ﬁ%ﬁﬁﬁﬂ%ﬁ@é%i%ﬁ%§ rtrlger -4 ‘f?am%ﬁkorzaﬁdag%%ifast%eg faicerce lenot her
enbodi menti304.hen picsbidiienend soae QN3G fay SirrdAhdssliraBid 136 t he
wafer. Therefore, the size of the fluid nmeniscus may be any suitable size

dependi ng 28 theseurgeialetsdp 03 mgxfserround the senres eutlotieki0ded t o be processed at

any gi¥en he In i.Li:QR, .4t should 5.he recigted that the proximty
head 106 rlrg?/f%L posi%gg"()r%elgﬂi il tF@“sﬂPﬂ%H@“é@ﬁﬁ?é’?ﬁSﬁ of gopertT g " “the

vaf er proaessh BgodReca ilone Wetboafmert OF 1RXABRNECinvBR Iz OREs| nbodHEi cal 1y,
or any other suitable position in between. The proximty head 106 may al so

be i ncor pdhaPE¥imiy diead A6 dnclpdesctbs sontge sykstse F30harde 1 3ife ap weltoasesquygees  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 [001251 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 y surround the source outlets
1304. 15 [001261 Figure 12D illustrates another inlets/outlets pattern of a
proxi mty [A@ES8] 106 Whilaclosrinemden at beom deenbed imtdrinsodf deverap pesardd
invention. In this enbodipent, the proximty head 106 includes_ the source
inlets 13@Rtadumabelt aillnky erasciatsdr bat thage skilled ngothe arh ugor Teatirgitheent |

t he sourc t - - Ry : e r 1l source
i et s 1308 e As iRt ShAVRE, hoRurabhr Bl B vhiR, BRhE 50
1001271 Fiagditiend 2fErmbtatisisr atdlesuarafaitstthe@eof. 11l Btihdrofotd Rtehdpdtiaetha podsest

proxi m_ty head 1oq@%% ccoad?nce wi th one enbodi nent of the present

i nvent Pon. nY§RlipRjIRe i Theh rlterafipgs, gdditions, pgrmdaiionsosnd pevalels ahillsour ce
inlets 1302 pRciol I : - qutlets 1304. In one enbodinent,

t he sourcg%gg?ﬁéts %?gﬁEﬁgﬁ&gﬁﬁﬁgﬁﬁgggﬁgﬂéource 25 inlets 1306. In one
enbodi ment[00129¢ pr oxWhattiyclhged 306 does not include source inlets 1302
because, in one enbodi nent, the proximty head 106 is capabl e of generating
a fluid nmeniscus without application of rPA/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 be 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] Wuat is clained is: 39




CLAIM5 1. An apparatus for generating a fluid nmeniscus to be forned on a
substrate, conprising: a housing further conprising a housing surface to
be positioned proximate to a 5 surface of the substrate, the housing
further conprising a process configuration receiving region that is
surrounded by the housing surface; and a process configuration insert
conprising an insert surface, the procegs configuration insert being
defined to fit within the process confﬁ%uration receiving region of the
housi ng such that the insert surfacepgfthe housing surface define a 10
proximty face that can be positioned proxinmate to the surface of the
substrate. 2. An appaf @pdfanfsior SORERIRAL M @mkhidbl TBRIFSHIY AS fusaided in
claim1, further conprising: a cover being configured to be attachable to
t he housi #§MPHsias: | east partially 15 enclose the process configuration
insert within the housing. 3. An apparatus for generating a fluid neniscus
as reci ted in @ hgugng, fuﬁhmernommsmlg@ ]pm@mggagrfg@qm bppasiticond pros@ntteitael udes a

pl ural i co def i on of the neniscus fI id..20 4. An
appar a us ﬁ 'E)f?cegg’ﬁg;l%tl ?‘?Stra&t\e’f i Bo% ?5%1% TaTRBE R d PIPCETSa 1u uratigher ei n

t he housi Receivigg tgam tﬁatﬁb sireduntl¥d BY theQRdstht SurtReepabl e defi n' t' on of the
fluid neniscus. 25 5. An apparatus for generating a fluid neniscus as

recited in claiampgocessvienfitatidie 1ﬁéew b })Msﬁﬁ% GONEstrt Ssubf&d, ughes pRfcedseast
one of a first inlet for applying a firs to the substraPe surf ace,

a second CARBgUrRliNN HMsprtyhaieg dedrasloid fif [within ttbe tplt\@esiu ben{iguraionOreceivingace,

and an ou r Vi n th |rst f|UI econd fluid f.romthe
subst r at e%@m g(;delé% S g’lé%hparag S TG S@ 4:;'}5: oSG FHrfRSh RS 2as
recited i prédimimnidee that cahBE pbditidled p%}blfn@{e‘ thh@Jurﬁ@@gﬂhE Suishgleudes at | east
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 renoving the first fluid and the second fluid fromthe substrate

2, An apparatus for gencrating a fluid meniscus as recited in claim I,
further comprising:
a cover being configured to be attachable to the housing to at least partially

15 enclose the process configuration insert within the housing,

3. An apparatus for generating a fluid meniscus as recited in claim 1,
wherein the process configuration insert includes a plurality of conduits to enable

definition of the meniscus fluid,

20
4, An apparatus for generating a fluid meniscus as recited in claim 3,
wherein the housing includes a plurality of conduits to enable definition of the fluid
meniscus.
25 5. An apparatus for generating a fluid meniscus as recited in claim 3,

wherein the plurality of conduits includes 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. 10 7. An apparatus for generating a fluid nmeniscus as recited in
claim3, wherein the process configuration insert is renovable and

repl aceable with a different process configuration insert with a different
plurality of conduits with a different configuration than the plurality of
conduits of the process configuration insert. 15 8. An apparatus for
generating a fluid neniscus as recitedd nclaim?7, wherein the different
plurality of conduits of the different 8 nflguratlon insert is capable of
gener at i N@udade, WhdlaBRtieb tFembiing nedirkf M@ Ahd GRELGHATRIH 8Bm Be st¥itrdRPAr at us
for generating a fluid nmeniscus % process a substrate, 20 conprising: a
mani f ol d Ksedaceni th a manifold surface having a plurality of conduits
configured to generate a fluid nmeniscus on a substrate surface when
positioned proximate the substrate, the manifold head having a plurality
of passages capable of comunicating fluids with the plurality of
conduits; and # an Am&éliﬂéff&éé fﬁhﬁbmfaiatmgaatfauﬁauemsﬁua gsorecitesh imfclaimed,

mani f ol.d he i.n t o) ortl of the
ol ur al :ljty%%gemr% A e R e S it Sl AT R
to processhid M&kﬁ&tﬁt@@rfa@@'eﬁ@@oﬂdﬁn@t %rnap%lylﬂ@&%@oﬁd &1 othe6hkE8te
menbrane is one of a thernnplastlc film a tape, an engi neering

plastic. Sutface, apd aipprttcafugenoying dreelivat flwid and themeGbmﬂdﬂ:ulé Eom the syrstreess a
substrate BFace recited in claim9, wherein the plurality of conduits include
a first inretfor applying a first fluid to the substrate surface, a
second inlet for applying a second fluid to the substrate surface, and an
outlet for reaning the first fluid and the second fluid fron1the

substrgte surface. ar at s for nerating a flujd us to
pr oces}g a substaf ate ‘as ap?arﬁuf Z@P ﬁneér? qﬂ& EFEY aé*a’é?ﬁlt%c* i ”annl st

i nl et and vwiteeis eROPbctdd] Bhfigiirati i Rfsbid 4 %dﬁble%dﬁ‘b‘ﬁ@&éaﬁ@ Wik B difrategt from a
correspondlng one of a first passage and a second passage, the outl et

conf i gur e®PTREsSY epplgiTeiianh insertt Wish f4 differént pluradityd of wendwtsowdthf & uiitfertntom t he
15 substr %t()gﬁglﬂanc?n t%alli B‘L 11% otf r(]:oxrugjult% o%ﬁle%rocess configuration insert.

15 8. An apparatus for generating a fluid meniscus as recited in claim 7,
wherein the different plurality of conduits of the different configuration insert is capable

of generating a fluid meniscus with a different configuration.

9. An apparatus for generating a fluid meniscus to process a subsirate,
20 comprising:
a manifold head with a manifold surface having a plurality of conduits
configured to generate a fluid meniscus on a substrate surface when positioned

proximate the substrate, the manifold head having a plurality of passages capable of

communicating fluids with the pluraﬁty of conduits; and

25 an interface membrane attached to a portion of the manifold head, the interface

membrane configured to block a portion of the plurality of conduits.




13. An apparatus for generating a fluid neniscus to process a substrate as
recited in claim1ll, wherein the interface nenbrane is attached to a
proximty face on the manifold surface to cover at |east a portion of the
plurality of conduits. 20 14. An apparatus for generating a fluid nmeniscus
to process a substrate as recited in claim1l, wherein the interface
menbrane is attached to the manifold hegd to block at |east a portion of
the first passage, the second passage, and the third passage. 25 15. A

met hod for prod@ssi v appaedisd foaenensing@ A hzaRess Eiddegid albispaeianser t
defined within.a housing, conprising: applying a first fluid to a surface
of the sub&ticdte ckHpdu ﬁergmftﬂlﬁ dtterfage gpengfrangg oge of ¢ thermpenlastisdilmng t he
process c j LOR- | .42 applying a second fluid to the surface of
t he subst?%éégﬁ%%rggnéaeﬂggégaﬁ%&i nlet of the process configuration insert;
and renoving the first fluid and the second fluid fromthe surface through
an outlet of the process configuration insert. 16. A nethod for processing
a subskrate as jpecit ' | 24 rel: i Ly od e of a

cl eani tﬁg fluid, a dr@??ﬁﬁ%ﬁﬁ?@éﬁr@%%@ eﬁﬁ&?ﬁé’rﬁ’g&é;s%%‘g’.ﬁﬁ%e? uid. 17.
A net hod fresitednocless Onghereuths phadlity ascorgloits Bdhide adirstiimel for appigingian the 10
renovi ng c r?filh%es appl yi ng a_vacuum through the outlet. 18. A nethod for
processi ng‘.gr &4 thgshbstatesugfage @ spepnd|mlehior sprlyime peeepndHinid &ubend 1 ui d

decr eases sﬁbﬁﬁ%e{)ﬁﬁﬁc&,%ﬁ L ulkt fgltd]l%nfo'\/[r%tthé h’iﬁ% ﬂu'%dla%[d]tﬁe sdooN® il %rdi the
processing a substrate as recited 1 n clfarm15, Turther ~conprising,

repl aci ng subsrapr acss configuration insert with a different process
configuration insert with a different configuration of the first inlet,
the sdbond inlet, and the outlet. 20 20. A nmethod for processing a
substrate using a process configuration insert capable of generating a
fluid meni scus When Aledppaexdusiior pererainganhfio htnisowsiongocesc o Bisirstie Ay :

provi di ng an gﬁ"ﬁ@io al process ¢ nfiguration insert_ capable of formng a

di f f er ent "FiItfFdR fEHR S dulhGERBPagRR P e dThinlR: andiTheseeard méstaraenndichisd te he
di f_‘f erent yelsupflied with fluid from a corresponding one of a first passage and a second passage,

the outlet configured to remove cach of the first fluid and the second fluid from the
15 substrate surface through a third passage.

13. An apparatus for generating a fluid meniscus to process a substrate as
recited in claim 11, wherein the interface membrane is attached to a proximity face on

the manifold surface to cover at least a portion of the plurality of conduits.
20
14, An apparatus for generating a fluid meniscus to process a substrate as

recited in claim 11, wherein the interface membrane is attached to the manifold head to

block at least a portion of the first passage, the second passage, and the third passage.

25 ' 15. A method for processing a substrate using a process configuration insert

defined within a housing, comprising:

applying a first fluid fo a surface of the substrate through a first inlet of one of

the housing and the process configuration insert;



25 meni scus having a different configuration than the fluid neniscus;
renmovi ng the process configuration insert fromthe manifold housing;
attaching the additional process configuration insert to the manifold

housi ng; and 43 generating the different fluid nmeniscus on the substrate.
21. A nethod for processing a substrate using a process configuration
insert capable of generating a fluid ni scus when defined within a

mani fol d housing as 5 recited in claimZ0, wherein the additional process
configuration iappeire AdeeshdMmSPOSR suMhdeifihd fiBstiRO irohgh HQUsIGINBE 2
proximty face wwth a first conduit for applying a first fluid to the
subst r at e thepresess senizgmaiantingest; ardpl yi ng a second fluid to the substrate,
and a third conduit for removing the first fluid and the second fluid. 10
22. A nethod f éempying dwsfiragluid suddersarand biih fom the swéss thyongh guewlet on
insert c I f.generating a_ fluid nmeniscus when defined within a

mani f ol d %@ggﬁﬁaggggnﬂg@ﬁFgaqgﬁﬂcIain121, wherei n the housing conprises at

| east the second conduit. 23. A nmethod for processing a substrate using a
procesS configuration insert 15 capable of generating a fluid neniscus
when defined wikhin i,fol d housing a ecited..n claim21, . rein the
process config&%atiégngﬁ@gr r@gﬁ%gggggu $ﬂ¢%§§‘“%ﬂénFﬁFgﬁg?%%ﬂﬁﬂj ©and the
third condisittflui@#. on ofatchaginkaluid aneyiag KaM, an blching MBS 41 BRALESS a
substrate, 20 conprising: providing a proximty head capabl e of generating
a fluid neniscus through application of a first fluid to the substrate
froma first inlet and application of a second fluid to the substrate from
a second inlet 1and rlemettal fof prof@sihi; bstibdidatd & rédi@dtifelag8 39 NWherbinyhel from

t he suBstrate,through an outlet; 25 blocking at |least a portion of at |east
one oftUt h&ehPYiag compises applyinggy vappum thrpughsthgeutly. the first inlet, a second
inlet, a second fluid passage to the second inlet, the outlet, and the
third fluid passage fromthe outlet; and wherein at | east one of a shape
and size of the _fluid neniscus is adjustable by varying a blocked portion
of the at | east!8one “omethod oy pregesping asubsirate asgeciterlan glapnd Saykerein thhe 44

second fluid decreases a surface tension of the first fluid.

15 19. A method for processing a substrate as recited in claim 15, further
comprising,
replacing the process configuration insert with a different process configuration

insert with a different configuration of the first inlet, the second inlet, and the outlet.

20 20. A method for processing a substrate using a process configuration insert
capable of generating a fluid meniscus when defined within 2 manifold housing,
comprising:

providing an additional process configuration insert capable of forming a
different fluid meniscus when defined within the manifold housing, the different fluid

25  meniscus having a different configuration than the fluid meniscus;
removing the process configuration insert from the manifold housing;

attaching the additional process configuration insert to the manifold housing;

and




first inlet, a second inlet, a second fluid passage to the second inlet,

the outlet, and the third fluid passage fromthe outlet. 25. A nethod for
generating a fluid nmeniscus to process a substrate as 5 recited in claim
24, wherein the fluid nmeniscus is made | arger when at |east one of the
outlet and the third fluid passage fromthe outlet is blocked. 26. A nethod
for generating a fluid nmeniscus to procgss a substrate as recited in claim
24, wherein the first fluid.is one of an cleaning fluid, a drying fluid, an
10 etching fl uigineratials theplfitremgluid medisciik/on tAe sdsha@. f or generating a fluid
meni scus to process a substrate as recited in claim?24, wherein the second
fluid decreases surface tension of the first fluid. 15 28. A nethod for
generating a fluid neniscus to process a substrate as recited in claim?24,
wherei n the bl ddki ngA metiaddespatésamigiangbsratd wins 4 poecsseobfignaidnongert porti on
of the proxi rpﬂtg head w tg.ta | east one of the first inlet, a first fluid
passage t &*PieOF ggnetating pduid mewiselsyghenyleSped withinagnanifald heusingsage to t he
second si nlBLitedh t -t hi ' let. 20
26, A et Hod S an LB 20y beiing UM pldctes doRIARTIANEL O] SRl 00
recited i rwithimihe R8nifolhbowsing hdse protierfyaae: wighb fizs eonduiofoeagilyiag a first
thernoplasti.c film, a tape, and an engi neering plastic. 25 30. A nethod
for gener ‘1“&5’ 'ﬁﬂ‘eﬁ‘lﬂ?ﬁtr&t%ﬁ?@@@léﬁoﬁ%‘“ﬁ%@&ﬁn&%%@ faidtodle sybstratecmdian cl ai m
24, wher eifld Bshdult o Arch it} REHRAGRIARR thESecBnd Af4UM tO the outlet.

10 22. A method for processing a substrate using a process configuration insert
capable of generating a fluid meniscus when defined within a manifold housing as

recited in claim 21, wherein the housing comprises at least the second conduit.

23. A method for processing a substrate using a process configuration insert
15 capable of generating a fluid meniscus when defined within a manifold housing as
recited in claim 21, wherein the process configuration insert comprises at least the first

conduit and the third conduit.

24. A method for generating a fluid meniscus to process a substrate,

20 comprising:

providing a proximity head capable of generating a fluid meniscus through
application of a first fluid to the substrate from a first inlet and application of a second
fluid to the substrate from a second inlet and removal of the first fluid and the second

fluid from the substrate through an outlet;

25 ' blocking at least a portion of at least one of the first inlet, a 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; and

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 first fluid passage to the
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first inlet, a second inlet, a second fluid passage to the second inlet, the outlet, and the

third fluid passage from the outlet.

25. A method for generating a fluid meniscus to process a substrate as
recited in claim 24, wherein the fluid meniscus is made larger when at least one of the

outlet and the third fluid passage from the outlet is blocked.

26. A method for generating a fluid meniscus to process a substrate as
recited in claim 24, wherein the first fluid is one of an cleaning fluid, a drying fluid, an

etching fluid, and a plating fluid.

27. A method for generating a fluid meniscus to process a substrate as

recited in claim 24, wherein the second fluid decreases surface tension of the first fluid.

28. A method for generating a fluid meniscus to process a substrate as
recited in claim 24, wherein the blocking includes attaching an interface membrane to a
portion of the proximity head with at least a one of the first inlet, a first fluid passage to
the first inlet, a second inlet, a second fluid passage to the second inlet, the outlet, and

the third flunid passage from the outlet.

29.  Amethod for generating a fluid meniscus to process a substrate as
recited in claim 28, wherein the interface membrane is one of a thermoplastic film, a

tape, and an engineering plastic.

30. A method for generating a fluid meniscus to process a substrate as

recited in claim 24, wherein the third fluid passage applies a vacuum to the outlet.




