1 Controls of Anmbient Environnment During Wafer Drying Using Proximty Head
BACKGROUND OF THE INVENTION 5 1. Field of the Invention [0001] The present
invention relates to sem conductor wafer processing and, nore

particularly, to apparatuses and techniques for nore efficiently applying
and renoving fluids fromwafer surfaces while reducing contam nati on and
decreasing wafer cleaning cost. 10 2. Pescription of the Related Art

[0002] In the sem conductor chip fabrication process, it is well-known that
there is a r@@ﬂtﬂoismﬁmﬁ%ien@mimmen;@@nﬂn%?wmﬁ Masing EAihgg and
drying. In each of these types o&) %ger%%téps, there is a'need to
effectively apply and renove f 1 uitd@¥151 eﬁgfer operation process. 15

[ 0003] For exanple, wafer cleaning nay have to be conducted where a
fabrication operation has been perforned that |eaves unwanted resi dues on
the surfaces of wafers. EBAGNGROUNDSOE THE INMENTHIN On oper ati on i ncl ude
pl asma etching (e.g., tungsten etch back (WEB)) and chem cal nechani cal

pol i shgng 1( GNEN of kike \NBntignWaf er is placed in a hol der which pushes a
waf er surface against a rolling conveyor belt. This conveyor belt 20 uses a
slurry whiledig divsi pesendfinedsioncaldcand saini@adweommtadiri plosedsmeC ants embive

polishing.  Unfartunately, thi rocess tends to | eave an. accunul ation of
slurry parpfift]é:fl%’glya o %ﬁ?&@nﬁé?chpr%leaé?femogeu?fﬁ&te@ﬂy [APPIYETE: ARS8 gaf er |

the unventrghist @sth diatr SREGES fhil@RGPRLIdoR] natmym@a&éﬁleeasigg%%roctl%fn
t hi ngs, defects such as scratches on ghe waf er surtace an |napprop§iate

i nteracti eng. between netal lization features. In sonme cases, such defects 25
may cause devices on the wafer to becone inoperable. In order to avoid the
unduelgost s 2.0DedtrspasioNnGewadised Aravi ng i noperabl e devices, it is
therefore necessary to clean the wafer adequately yet efficiently after
fabri cati d0Whdn Hcisemicondagtol ehiy Eabuingtitnm rdcesa 41 id rerdl-know00DAf] thetetiez needwaf er
has been wet cleaned, the wafer nmust be dried effectively to prevent water
olr cl eani :nlgpz_folgcﬂ'ésdt wafomasit Soperaiionk @@k B3¢ 1¢aFodaaSirdng t htedohbethesd fyptdsr

cl eani ng ui

operations, there is a need to effectively apply and remove fluids for the wafer operation

process.

15 {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.
- Examples of such a fabrication operation include plasma etching (e.g., tungsten etch back
(WEB)) and chemical mechanical polishing (CMP). In CMP, a wafer is placed in a
holder which pushes a wafer surface against a rolling conveyor belt. This conveyor belt
20 wuses a slurry which consists of chemicals and abrasive materials to cause the polishing.
Unfortunately, this process tends to leave an accumulation of slurry particles and residues
at the wafer surface. If left on the wafer, the unwanted residual material and particles
may cause, among other things, defects such as scratches on the wafer surface and
inappropriate interactions between metallization features. In some cases, such defects
25 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 to clean the
wafer adequately yet efficiently after fabrication operations that leave unwanted residues.
[0004] After a wafer has been wet cleaned, the wafer must be dried effectively to prevent

water or cleaning fluid remnants from leaving residues on the wafer. If the cleaning fluid




on the wafer surface is allowed to evaporate, as usually happens when
droplets form residues or contam nants previously dissolved in the
cleaning fluid will remain on the wafer surface after evaporation (e.g.,
and formwater spots). To prevent evaporation from taking place, the
cleaning fluid nust be renpbved as quickly as possible without the 5
formation of droplets on the wafer surfgace. In an attenpt to acconplish
this, one of several different drying techniques are enployed such as spin
drying, | PR therwafar awdpsails aloyeddo empporg, sshesellyhyppeays tvduhndigplets forn) i ze
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breaks down, as often happens w of the aforementioned drying
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interface 12 is created at the center. of the wafer an o the
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interface 12 20 gets |larger) as the drying process progresses._In the
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area) of the noving liquid/gas interface 12 increases while the area (the
wet area) Jgﬂflgipm?e%gf IPItllgS Q@”gﬁ)vioﬁ@gsﬁﬁﬁﬁ Wrighis rristedrat adichmicdyciobdiond 4. As
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liquid interface breakdown
the outside of the wafer (ie., the circle produced by the moving liquid/gas interface 12

20 gets larger) as the drying process progresses. In the example of Figure 1, the inside area
of the circle formed by the moving liquid/gas interface 12 is free from the fluid and the
outside area of the circle formed by the moving liquid/gas interface 12 is the cleaning
fluid. Therefore, as the drying process continues, the section inside (the dry area) of the
moving liquid/gas interface 12 increases while the area (the wet area) outside of the

25  moving liquid/gas interface 12 decreases. As stated previously, if the moving liquid/gas
interface 12 breaks down, droplets of the cleaning fluid form on the wafer and
contamination may occur due to evaporation of the droplets. As such, it is imperative that
droplet formation and the subsequent evaporation be limited to keep contaminants off of
the wafer surface, Unfortunately, the present drying methods are only partially

30 successful at the prevention of moving liguid interface breakdown.




3 [00061 1n addition, the SRD process has difficulties with drying wafer
surfaces that are hydrophobic. Hydrophobic wafer surfaces can be difficult
to dry because such surfaces repel water and water based (aqueous)

cl eaning solutions. Therefore, as the drying process continues and the
cleaning fluid is pulled away fromthe wafer surface, the 5 remnaining
cleaning fluid (if aqueous based) will he repelled by the wafer surface. As
a result, the aqueous cleaning fluid will want the | east anmobunt of area to
be in cont{&'é&ﬁ]\lxltaﬁdltlvmethhm;pmm&:ha&ahﬁ”rcuhwsfvadredrymgiwafeo madfdogs tHahare
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10 droplets) of aqueous cleaning fluid in an uncontr ol on
t he hydr opiesisisc contafues apdrthacéeanifigi ﬂuxﬂous r;aﬂ]ed)ravmfy ﬂompihet\saﬁeesuﬂfmcs ithe t he

har nfu apor at | n and .t cont ami nat.i o d| sc reviously. The
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Consequent |y, al though the process 1Is present comon way of
waf er 15 dlnwh)rdgqphomcswatfem hwothce aAdfitivealt)i, fHei aqubdusezﬁeanﬁxguclumgnft@rdmhmgm of

cl eani ng f i.d dro t he waf er surface espeC| al.ly when used. on
hydr ophobi'¢& ‘1\%5 egﬁ]?foiéggfacwlﬁprﬁ—ﬁmﬁﬁl%wsw of yrplegiarehydyagennbpding).
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waf er drying process . |s exanple a portion has
a hydr16ph|dr01:deta)r®°aaqamilsaclqmnnIg fhuid Z2rmisam 2 imednioghabhenraf o8 the R}Qira'ﬂlﬁ)bn;or tion
20 attractsfvvate% SO |Uld 26qpf£|s in that area. The portion 22 is

hydr ophobi'¢" S it ‘?IHBQP’% letg Tgsuliseinethe harm i revapeiptioneand thei nner

film of W@Bﬁ’cﬁmﬁﬁtloﬁ Iﬂ?st:ué%@c‘l' FQbully. e REBbns O t&%@ﬁ?ﬁ&g 1cruﬁﬁa' g&leﬁ? FhObl ¢

portions of the wafer ten ries nore quic
portions. tlmhcmtemagi ﬂhearehfelo vileoo osits fugalt foras ﬁi’tmgd:wthégdrbbﬁts BaRe ishalnease

cont am natgD n |lev nd ttﬁgrﬁygre decrease wafer production 25 yields.
[ 0008] Th 8?‘3&}18“% ﬁét pughst PIPEES & RESHBl BAdnesh cappetarey of edferavoi ds

the pysor dl%rlﬁgd tlﬁ¥n%ﬂﬁ;aldaﬂgla%)&ffmlﬁ é&d&% W le%ﬁg%fl]ﬁg Ca]g o to a

waf er t hat uces contam nating ep05|t er S
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[0007] Figure 1B illustrates an exemplary wafer drying process 18. In this example a
portion 20 of the wafer 10 has a hydrophilic area and a portion 22 has a hydrophobic area.
20 The portion 20 attracts water so a fluid 26 pools in that area. The portion 22 is
hydrophobic so that area repels water and therefore there can be a thinner film of water on
that portion of the wafer 10. Therefore, the hydrophobic portions of the wafer 10 often
dries more quickly than the hydrophilic portions. This may lead to inconsistent wafer
drying that can increase contamination levels and therefore decrease wafer production
25  yields.
[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 semiconductor

30  wafers.




30 wafers. 4 SUMVARY OF THE | NVENTI ON [ 00091 Broadly speaking, the present
invention fills these needs by providing a substrate processing apparatus
that is capable of renoving fluids in an effective manner on wafer

surfaces while at the sane tinme reducing wafer contam nation. It should be
appreciated 5 that the present invention can be inplenented in nunerous
ways, including as a process, an apparatus, a system a device or a

nmet hod. Several inventive enbodi nents of the present invention are

descri bed bel ow. [00101 I n &AVMMRYIOFENHE INvERioN f or processing a
substrate is provided which includes generating a fluid neniscus to
process t HB0MRByprdly epealiangaphs| pyesegt inventidnufilds thes nesds by pppviding asubsiatee of

t he substr .The met ho urther, i ncludes r.educin oration of fluids
rom a surfoscetin SpmEid fhat 5B oL Eet it BRI o AT REARRRR on YAkt ner
enbodi mentsurfacedBiiRCh Ry sadicO6MS Fedi@irg Whies béRiBinaSo A\heRd Behippheciatdiic! udes
generating a fluid neniscus to process the substrate and applying the fluid
neni sciis tleatahaspiesat eventietheanshivinplementedrivenuredrherdwayss mcludit g abessprivagsagi ng a
substrate 1§w§%%gessinggenvi&onnent SO evapgration of. fluid surface

. f
a0 arRdfis 3 sUReiy o deQETO o Tsod S Shil dBYehiv B TP MeR o pf Mot her

in the subst

enbodi mentpresafit iapdRioaHsdds@ibddRERSSIi Ng a substrate is provided which
i ncl udes a &roxinity head capabl e of generating a fluid neniscus to process

a subst r 46@1 04 dn fancecmbetliment aavbeathaso fdri prcedingoa hobsimtt he ppedsédrivtychhead
where the. 20 chanber. al s configured to be supplied wi th an.enviraonnental
control gégc.%uieﬁoﬁeélfrailﬁga?h@f”rqgfwg 5 %mc?ssaﬁlea%%rﬁ? (fads %?rpgﬂli‘%éléesgf“ﬁig a
subst nat e h&iRNOW S0 the SuBGit4deBhamBIBY ity igats ?&ﬂ@f?ﬂg%vgﬁoration

generating a fluid neniscus to process a substrate surface, "and a conduit
| ocat ed orf&usigiftoe e swfface e thersokitrate yrobessig coviterguamed to apply an

envi ronne |..control gas t.o a region.on a | eading edge sjde of the,
proxi m ty U T8 35, IR8editstt f Brbagder Bro-EREh sdeet ﬁ}&é‘ﬁ‘t"id@)ﬁgﬁ @f@

nuner ous. iMysdesn@h@Rkivg 4 NGid ARAREAL U BRocadiBLBadse 6 Caréi lﬂﬁﬁj% ey ﬁ'uﬂl
efficiently process (e.g., clean, dry, "etc.) that involv $ opti ma
managenentuerfiisci$ td d sappdc efahe enbsimtk. r Enouwethofirasn inbiedeafraneing esusmacuct or
waf er ghile reduci ng. unwanted f|l ui ds an% %ontaginants remai ni ng on a

1 processing environment so evaporation of fluids from a surface mm the substrate
processing enviromment is reduced.

[0012] In yet another embodiment, an apparatus for processing a substrate is provided
which includes a proximity head capable of generating a fluid meniscus to process a
substrate surface and a chamber configured to house the proximity head where the

20 chamber also configured to be supplied with an environmental control gas.

[0013] In another embodiment, an apparatus for processing a substrate is provided which
includes a proximity head capable of generating a fluid meniscus to process a substrate
surface, and a conduit located on a surface of the proximity head configured to apply an
environmental control gas to a region on a leading edge side of the proximity head.

25  [0014] The advantages- of the present invention are numerous. Most notably, the
apparatuses and methods described herein efficiently process (c.g., clean, dry, etc.) that
involves optimal management of fluid application and removal from the wafer)
semiconductor wafer while reducing unwanted fluids and contaminants remaining on a

wafer surface. Consequently, wafer proceséing and production may be increased and

30 higher wafer yields may be achicved due to efficient wafer processing.




waf er surface. Consequently, wafer processing and production may be

i ncreased and 30 higher wafer yields may be achieved due to efficient
waf er processing. 5 [00151 The present invention enables optiml wafer
processi ng through the generation and use of a fluid neniscus along with
intelligent managenent of fluid evaporation from the wafer. Specifically,
the relative humdity |l evel of the atnogphere surrounding the wafer
processi ng regi on nay be managed so, for exanple, the relative humdity

| evel of 309k Taermyeishe myvenom enabldsi gitinhad wedfer ioeessingrthyoughehe ghreratiinat i ve

evapor at i Gt gre P Mg F Fos gl AR o™, QRIS R B FeRessi ng
chanber maye hawe. aslfeeﬂ}rc:éﬂ’)!',!tﬁél rahiiRS PIRIRY VI oF the AndphabiskBouiiig did ¥

l evel . Additionally, a limted region around the wafer may have a
cont r ol | edvaleregratdssieg egivminay begnaiaged er, by eteagpe, ribe tdlativiel ninddiéy kel aft | on

fromthe fer at, a .1 nageab | evel .. [00161 O her .aspects _.and

advant : ge\é\ﬁ%%m_toﬁ%heﬁ? ]ésagﬁgdaghﬂgﬁﬁt #ﬁ?feg%‘_?»|W1}‘}géM%aéﬂﬁﬁgP@ffﬁt)ﬁP Ofﬁ?‘?évafer _

f ol 1 Owi NG pRGledih @ Fbod SR i, A0 flufddsBhorh o BRINGAEOR D niAAGRBEOTRRNYT NG
drawings, illustrating by way of exanple the principles o t%e pr esent

i nvent i on.enBRI EHeDESCRISRE diimbEr Wil hDRAWNCNGE I ft0dphbrelvith pr legle mtlative
invention w ll. be readily understood by.the fo]Jlow ng detailed descrjption
i n' conj undeTRIIER: tﬁédéeegﬁbaﬁwﬁﬁi EReial Hged Hhe aler Moy dpse prpogtiolled
descri pti @8 ativd KEnd f h.aks qpﬁ@ j : rﬁ.&ﬁ I ts.
[ 00181 Fi gu?% A I Iltiﬁaygtlfda%fgg&en%é&néﬁ?go éc eaﬁfivlﬁg&ﬁlir? S ohﬂlg % 12;5? uring
an SR0 dmydnageaptedeeds. 20 [00191 Figure IB illustrates an exenplary wafer
drying pr ss.. . ] 00201 Figure 2A shows a wafer processing systemin

actor dancd00gA] PtEWéSB%% thadentages qlijge preed mpventor el Srcomoepaentirgay ¢ 2B
shows the e i ihfer : 1 i j : tion
A e o T YN
Fi gure 3 iillisrstingbewapofexaipie thy prieeigled wf iiegresewaiheentiphocessi ng oper ati on
in accordance with one enbodi nent of the present invention. [0023] Figure

4 shows a wafer processiBIIGBIRERIPTIGE O PR TP \iRene embodi ment

15 [0017} The present invention will be readily understood by the following detailed

description in conjunction with the accompanying drawings. To facilitate this
description, like reference numerals designate like structural elements.
[0018] Figure 1A illustrates movement of cleaning fluids on a wafer during an SRD
drying process.

20 [0019] Figure 1B illustrates an exemplary wafer drying process.
[0020] Figure 2A shows a wafer processing system in accordance with one embodiment
of the present invention.
[0021] Figure 2B shows the region which has different portions with different
evaporation rates in accordance with one embodiment of the present invention.

.25 [0022] Figure 3 illustrates a proximity head during a wafer processing operation in
accordance with one embodiment of the present invention.
[0023] Figure 4 shows a wafer processing chamber in accordance with one embodiment

of the present invention.

[0024] Figure 5 shows a wafer processing environment in accordance with one

30 embodiment of the present invention.




of the present invention. [00241 Figure 5 shows a wafer processing

envi ronnent in accordance with one 30 enbodi nent of the present invention.
6 [0025] Figure 6 illustrates a wafer processing environnent in accordance
wi th one enbodinent of the present invention. [0026] Figure 7 shows a

waf er cl eaning and drying systemin accordance with one enbodi nent of the
present invention. 5 [0027] Figure 8A iklustrates a proximty head
perform ng a drying operation in accordance with one enbodi nent of the
present i M0@H ifegnre [©0R@Trafis gurva@Bpyivowsn g ewamicaty infacgondamdei wthodnea
proximty gﬁgg.intafﬁ%rdanqg mﬁah one enbodi nent of the present invention.
[0029] Fi gUP8YEEN PT SPFAFRITNHPM et s/ outl ets pattern of a proximity head
i n accor dgpess) Flfiri 1 Rhane aeWhReid@AngOind REiRY € hNYRBidaRtt whiO3Q
Figure 8D illustrates another inlets/outlets pattern of a proximty head in
accor dancembotlimant ef tetpoehemtanventibnt he present invention. [0031] Figure 8E

illustrgat further,inlets/outlets patterpn of a proxinmty head in .
pccor dancd 00 I TBHE B DRt biorpRialif deuh e ivaie én ks SERRHEEDD _
DESCRI PTI Q&c{r@ﬁfé@]wiﬁrbﬂer&’rﬁd%ﬁirﬁ%ﬁg?ghg{ﬁ:?és@ﬁﬂﬁv%fgisn.aPpar atuses for processing

a substrate is disclosed. In oW ng cription, nunerous specific
det ai | s arf@028tFigioe 8B showsradep view pf epodenaof 4 proxmighheaddenstaddicagvitd t he
present inventi be understood, however, by one of ordinary

on. It will
skill in tH&® P@nFﬁﬁ?ﬂ@ﬁéﬁﬁﬁgé@ﬁPnPﬁvention may be practiced without sone
or all 20 gd291Hesge KPEGILS ' ' S rocess
oper at i ons[ hzg]/e %dg(t3 glgerglgﬂr%eeésjgtrl ?‘tléﬁfopﬂ&ég%g% 4@%&8&?&)68?@{%1 %ﬁ%&g%%sari |y
obscurité t athprreserttodimete off tlempredefOm8¢ntMhi | € thi s i nvention has been
descri bed in(ﬁ rnms of several preferable enbodinents, it wll be

appr eci at 40030} digwp ot Uinsiratey apathen dnlgis(ouglstsn pattsanli oig at REOXipHE cssr nig
speci fi caty .St I i 1 realize various alterations,
25 additi t&%@?&%@?ﬂvﬁﬁa%gﬁh@%gh%&éggﬁl\gﬁ %%?t\énl{{%{lgr@ g'of . It is therefore

i ntended t[0@&1] Fhgurpr&s dlifistratesv @ futther iinletssdess adatesUR @lpretiRtityOR&d in

addi tions, pernutations, and equivalents as fall
accordance with one embodiment of the present invention.

15 DETAILED DESCRIPTION

[0032] An invention for methods and apparatuses for processing a substrate is disclosed.
In the following description, numerous specific details are set forth in order to provide a
thorough understanding of the present invention. Tt will be understood, however, by one
of ordinary skill in the art, that the present invention may be practiced without some or all
20 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.
[0033] While this invention has been described in terms of several preferable
embodiments, it will be appreciated that those skilled in the art upon reading ‘the
preceding specifications and studying the drawings will realize various alterations,
25  additions, permutations and equivalents thereof. It is therefore intended that the present
invention includes aH such alterations, additions, permutations, and equivalents as fall
within the true spirit and scope of the invention.
[0034] The figures below illustrate embodiments of an exemplary wafer processing
system. "Specifically, the figures below illustrate embodiments of an exemplary wafer

30 processing system using proximity heads to generate a fluid meniscus in a controlled




within the true spirit and scope of the invention. [0034] The figures bel ow
illustrate enbodi nents of an exenplary wafer processing system
Specifically, the figures below illustrate enbodi nents of an exenpl ary

waf er 30 processing systemusing proximty heads to generate a fluid

meni scus in a controlled 7 environnent that reduces humdity levels in the
waf er processing environnent (also known as a substrate processing
environnent). It should be appreciated that the systens described here are
exenpl ar y engmenmerdt thaingedgedsehumsigity by ds tiy phe ofaferopocepgingt ¢romronmant (el d

my b 5 WPTZ8d HPHREPRRHT S TRECRRH olhientd R Bt b b siofasne ©

enbodi mentds&iheiheret i@ ex daialy Mrdyth oG oPer ARYabINBe bllcdhflgu@sh tAashurn from
a center portion of the wafer to the "edge of thé wafer. 1t should be

appr eci at edahlhgnovsnieat oé v groxemity heag(shmteitcidse zeokiwhior ® theheafor oyrbet y

head(s). nmove i | i near ..fashi.on from one e, 0 he wafer to .another

di anmet Pi catmgeDba FEReUbE SN Prmenf g Pe 0 ny eGP Ree MG 5y
be utilizegoxihigUehd@Pmay doveRHMrBar fabhién HBMH Aberi@idoPion bith whird G ki
notion, in a spiral notion, in a zig- zag notion, etc. The notion may al so
be any suictabpiths pedirf ledonidthieopprcotdd thatadhat esibodihenksymay besetilizet where
addition, Jjn one odj.nent, the wafer e rotated d the proximty
head moved RRATPIThBSTA R S t S Effo SERER A i G4EE RAyHOLESE zgpifer
portions GfiarhdtfcalWedppbsitd $deeRPhSwates Lrifhdt HERNSERAOHo b nt@%ngg!%e%ﬁnﬁ’ nment s

may be utilized where the 15 wafer is not rotated but the proximty head is
conf i dlr eguecloasiderecxemple, ithe ragadl enotion, i a tiagikromotiduatn & sEibl estipnpmeszigng of
all portions In addition, the ‘tﬁr oximty head gnd t he. waf er

¢ s

of. th er. :

processi ng*8 JEteh %&'\Q@L? BRYOR &1 APonRE AUt F FRestadgnelianpro redany
shape and i 2§sep! 1if Yikti6RtA DS YalbolSndr®! the %R Bay 5Dt > LRl
waf ers, be%at panel s, et c. It should al’so be app%ye](%?at %g?i}[ﬁﬁgt aprf)?%?
meni scus dead bevsdpper fsdr drstlion2® thevedxiftyghsadantw praekds df panidnaof dss a
wafer) with _a proximt ead., [00351 Fi gure 2A shows a wafer processing
syst em 100" if?f' g’ééﬁ?@ﬁﬂ%@% ?We{'ﬁll‘?-'f’d %%%F%@HPOCBWW‘H@@?E%Bﬂ]tlzqdn‘(‘i]é?{? n. The
syst ens 10Qudcls U SoRfe@ dutithy grb%qﬁy 1058204 &%ﬁb[ovmbﬁ:o@yth@ %ﬁ—‘&%%}a
fluid meni scus as discussed herein.” I'n one enbodi nent e proximty head
106a i s i dashiasthapembiasi fryceakioy ef tieponadrarofahel walie. pincadditidny threpdxib@i6b i s
25 in cl 03% cEro j[hn‘itg/f bel ow the wafer in close proximty to the wafer. It
shoul d al J§2¢,and the wafer processing system described herein may be utilized to clean and dry _

any shape and size of substrates such as for example, 200 mm wafers, 300 mm wafers,

flat panels, etc. It should also be appreciated that a fluid meniscus can be supported and

20 moved (e.g., onto, off of and across a wafer) with a proximity head.

[0035] Figure 2A shows a wafer processing system 100 in accordance with one

embodiment of the present invention. The system 100 includes proximity heads 106a and

106b which may generate a fluid meniscus as discussed herein. In one embodiment the

proximity head 106a is in close proximity above the wafer and the proximity head 106b is

25 in close proximity below the wafer in close proximity to the wafer. Tt should also be

appreciated that the system 100 may be configured in any suitable manner as long as the

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

meniscus. It should also be understood that close proximity may be any suitable distance

from the wafer as long as a meniscus may be maintained. In one embodiment, the

30  proximity heads 106a and 106b (as well as any other proximity head described herein)

may cach be located between about 0.1 mm to about 10 mm from the wafer to generate




appreci ated that the system 100 may be configured in any suitable manner as
long as the proximty head(s) may be noved in close proximty to the wafer
to generate and control a neniscus. It should al so be understood that
close proximty nmay be any suitable distance fromthe wafer as long as a
meni scus may be maintained. In one enbodi ment, the 30 proximty heads 106a
and 106b (as well as any other proximtg head descri bed herein) nay each
be | ocated between about 0. 1 nmto about 10 mmfromthe wafer to generate
8 the fl dhilpe monésgys omthetveaforsustacs ulnfareferable emipndihentathicerevitvdaibaedst | t he

i mit d d,.106b 1] h injty h
Recor i bec TG &7ty ORB-E " B ot 3el Bu il e UenriosBaiei® s FR ter om
the waf er idcatedesirr atsemhhe fHout d. 5B FEMShORvafdrE aadele (BMLRCAenidhd dnn nor e

preferabl e enbodi ment, the proximty heads 106a and 5 106b (as well as any
ot her pr ofharivaier sureced @sd rin eere aefsrable embodimentiodlx erbxabytheadsnioaf andm t he

wafer to erate .the flujd neni scus th fer .surface. 0361 .l n one
enbodi %Engsg? K& vgi}g?’se?ﬂyl(%‘?r Wﬂ@nﬂ?ygﬁaﬁi%?vrﬁgﬁ?eﬁé%ﬁyawo ﬁ%(g al?ﬁié 2gam ppyed
from procegsethetv@ B LeseE 8t MAl MARSuOsn RS M@TGEfacd t shoul d be

appreciated that the proximty heads 106a and 106b nmay be novable in any
sui t abl e Me#H6ddn phacmhodingnl Ohe sisbine 1 fdvberpnixinity hhalspiissianid tip6heaghel 06a

and 106b to process the fer as desired. .lt shoul d_be understood that

al though TSRS P%P%fé%fﬁ@! Y& eed RooE: phie w&?ﬁ Wi theuide appresiatet 419{ heads

106a and 1@bproxiidf hetdy 1984 LaPh G DY RbvABILK é}?gts\ﬁitglﬁ@qﬁa ‘gﬁ?w(ggfd' lized
1, 2, 3, 4, 5 eads 106a

such as, for exanple, 1, , 4, 5,76, etc. The proximty

and/ od0106hablemavhmeniadfehe praxcesy heglssPés end 108b weproedss thdowatanys desitedbl e

si ze or shape shown by, 15 for exanple, any of the proxinmty heads as
descri bed_rf%sg’r‘)&ﬁﬁ?e %rsm‘%ftg?tﬁ%? ghi‘iﬁeg%rf%iftl?riﬁ?f‘ésm&éﬁ?ml}@g I%Mnnw’_@éﬁ@r ate a
Fluid menipssusith GedBE D04 1 68, ThdrYan)e@HaRB huldter W hedxi it}hﬁeafig Ha§ be

meni scus may be” noved across the wafef to process t é) waf e y apptyl ng
fluid toutiheedwickas,sar Exxeepland 2y y\s, Bgett] The prdximity hbassi6h asdor 106bsuch a
way, depending on the fluids applied to the wafer, cleaning, drying,

et chi ng, gﬂal}%w% S AL ﬁg’@exa%bﬁéﬁéamt%lﬁlé@ 8F ghapg4g s \mgm ty
heads 140630838 mbR0 bn £ BNhB PYiRNY hBAYE, i 0 THE QR EONgHAR Shown
herein or ot helrn%conf)lggur a?i orlls Yhat e%1ggfccgbtg%g&%rnbggggﬁgﬁégﬁg@%ﬁg@%&ﬁer ein.

It shoul ddaicsibed dempp pawiae edluit ahertidves dgsteemtAd Braxamitp read aad anewasur f ace

of the vvafﬁlr ﬂor both the toep surface and the bottom surface of the wafer.
: e fluid meniscus may be moved across the water to process the wafer by applying fluid

to the wafer surface and removing fluids from the surface. In such a way, depending on
the fluids applied to the wafer, cleaning, drying, ectching, and/or plating may be
20 accomplished. Therefore, the proximity heads 106a and 106b can have any numerous
types of configurations as shown herein or other configurations that enable the processes
described herein. It should also be appreciated that the system 100 may process one
surface of the wafer or both the top surface and the bottom surface of the wafer.
[0037] In addition, besides processing the top and/or bottom surfaces of the wafer, the
25  system 100 may also be configured to process one side of the wafer with one type of
process (¢.g., etching, cleaning, drying, plating, etc.) and process the other side of the
wafer using the same process or a different type of process by inputting and outputting
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
30 processing the top and/or bottom of the wafer. This can be accomplished by moving the

meniscus off (or onto) the edge the wafer which processes the bevel edge. Tt should also




[00371 In addition, besides processing the top and/or bottom surfaces of
the wafer, the 25 system 100 may al so be configured to process one side of
the wafer with one type of process (e.g., etching, cleaning, drying,
plating, etc.) and process the other side of the wafer using the same
process or a different type of process by inputting and outputting
different types of fluids or by using agdifferent configuration neniscus.

The proximty heads can al so be configured to process the bevel edge of
t he waf er berindagiood dhatttlee poxisnibickends hooa ansl 106p nzaydyeche e bie of apraeatviaf er .

This can ?dﬂﬁg@ggb%é%fgggﬁgggg&gggthe meni scus off (or onto) the edge the

waf er whi ch ‘proces e. It should also 9 be understood that

t he proxi ron3s) hﬁ%ﬂ%x@ﬂ@?&rﬁ%f&%@c&ﬁ%{%l@geﬁaﬁéh,stﬁéTQn}BﬁbQ&s&f aRBPBI feUSafeOr

different types of proximty heads. 0381 In an exenplary wafer processing
oper at i on,mayhke Rragmbelds deaipraxiaity lafads hSavmiddi06b tayudiebgsh wditteadmption he

proxi m.ty heads. 106 n 06b ou bot h_the l.i ne noti on.of., 5 the
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the proximty heads. Consequently, in one ‘enbodi ment, processed portions

of the wafleansqp@nibpindnexgalrulimento pragessedpertianegif she waldrhid8ewgedrexgimsh of
the wafer 108 .in spi.r al vepent as t rocessi ng operati on progresses.
I'n anothe#%%ﬂ€65W%§ﬁE?°Qﬁ%ﬁ%ingﬁFEQPdﬁgﬁeH@ﬁﬁéﬁibghgf@“@dﬁoTﬁ%ﬁE&? $roved
fromthe pesdepigs ¥p@htidheop@tRE. IDdiRr il oaBine with tﬁ@ﬁrg‘ﬁﬂﬁ?é he:8 1064 h]?

processed portions of the wafer 108 woul d expand from t ed region o
t he wafer and(8ok ere mevekhivwrthe pgiiperodf theevataf HI8 h0Be center sfithe atafarddérent .

[ 00391 In ,an_exe ary. processi eration, it_should be understood. that
the proxi i I}IOCF\SEE Boiggs 0 ﬁ‘&%%l%bf)@avmﬂé B AR &oF §dgCdrgion OF Benalgk ch,
and/ or pl aig t¢ ife daicPrecldior thilwaftd 180IEXGR! AloVedlinti N9 enbodi ment, the at
| east one of first inlet may be configured to input deionized water (DfW

(al so knoiR03Y [a apiewemplagt procedsmgatpetatiast it shenldbe andasond thaltied prorimitbe
configureﬂxt input \N2 _carrier S cont ai ni ng i sopropyl al cohol é -PA) in
vapor for ea‘%a#()gg aR%&ﬂ? agy 'P?hﬁ? HUE19 1o Ghd I PRectelt and/asplaifbe diaferd P8ty be
confi gyr ednteRemBHRY &ryidotndRdih &R af REH: Qe QF%{%‘? l?ttnti'e%/ WAL AR tRinput
particular proximty head by appl yi ng vacuum al SO -known &s vacuum
outl et). Idelopkrsdiveitdyd DAY (&0 btaeh ssvaDIWl ihleduiie at RAstwapof a isscoud éitlet hay some
of the ex%ﬁpla g eg?odine S, aqy ot her _type of vapor nmay be utilized such
as e conligured to mput Ny carrier’ gas containing i1sopropyl alcohol (IPA) in vapor form
(also known as TPA inlet), and the at least one outlet may be configured to remove fluids
from a region between the wafer and a particular proximity head by applying vacuum
20 (also known as vacuum outlet). It should be appreciated that although 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. It should be appreciated that the any suitable
alcohol can be any suitable carbon-based chemical with a hydroxy group attached to a
25  saturated carbon atom.
[0040] In an exemplary cleaning embodiment, a cleaning solution may be substituted for
the DIW such as, for example, SC-1, SC-2, etc. In addition, other types of solutions may
be inputted into the first inlet and the second inlet depending on the processing operation
desired.
30 [0041] 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




for exanple, nitrogen, any suitable al cohol vapor, organic conpounds,

vol atile chemcals, etc. that may be mscible with water. It should be
appreciated that the any suitable alcohol can be any suitable carbon-based
chem cal with a hydroxy group attached to a 25 saturated carbon atom

[ 00401 In an exenpl ary cl eani ng enbodi nent, a cl eaning solution may be
substituted for the DIWsuch as, for gganple, SC-1, SC-2, etc. In
addition, other types of solutions may be inputted into the first inlet

and the sdéesmibed hetsin maypbeadiilitpdodn vhe epbodiossi, tip aspeastoncoN./[Rfesanoe ilet30

[00411 It | o eciated that the inlets .and outlets | ogat on a
face of tr@%%ér%}%%nﬁ@q % tdle?ﬁgﬁn%gaﬁuﬁmaﬂgl}ieg W?’fci‘ﬂﬁ & ES{&P?JGB%P? aggeai;tong as
-a stabl e mRAPSEESIASTEQ inde®Chihed TPRRICHuRRYodResitd fihidZstbntdtiBnOMEshould
enbodi ment, the at | east one N2/IPA vapor inlet mnmy be adjacent to the at

| east one bgaapprasiabest thet afsr clbipgssof arientationsdjush exst [Proprohessig fleidstacuwme

i | u.-d inl.et to f | PA- S fluid i entation.
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| PA- pr ocesispdidirfd 64 %Wk%césé&rdé@i@&ﬁﬁﬂgwﬁit% Yo it hioRAssing mechanism

vacuum | PA-processing fluid, etc. may be utilized depending on the wafer
pr ocesses 146a4ghé do divdenblaneedt y pe andthevaéreboimente skd MRA vechamperessing Soudght to

be enhanced. .| n_anot her... odi. t he | PA- vacuum pr.ocessi | ui d
orientati %ﬁe%@o%@a& Fluflgg‘% %Iggﬁ'ﬁ@?’f}x ad’éirﬁol“ﬂfrﬁﬁﬁg F’_f‘i?!nwﬂg%‘i@“é{? the
control, angiseByqoddi® bHERYESCA réﬁ&a@eﬁgaee&%%nwafeprtexg@cé@é Repek anga
wafer to process wafers. The 10 procéssing fluid inlets, the N2/IPA vapor

i nl et 40 amepcesreng Beidumetsuthedt slPfayartve inleisanglettie viecouuanyutas maplbe anmngeelr | f
the above.orientatjon is maintained. For exanple, |n _addition .to the
N2/ | PA vapof™y ?ﬁ@’!s TWB’%E@:‘}E Bt PEANRdS {1H t@lfl%fies@}rﬁéaw i B 3dditan, in
an addit tonad MePAdiERAt inld N efeevRYmP8udd ditd %@l&m%%és?ngohuifgﬂg@m?ran

outlets, processing fluid inlets and/or vacuum o et s dependi ng on the
confi gur aefdhondl ehewdimen ety nhagaet ddlidesi sed. of| IPAs hapor chubletsa procesimt ed

e e SRy SR 10 et oo K i BLORER B, bl bt e
f” stanse Rediv@en it BoulPAel gmﬂéoiatéf@%r@heaa&ctpe&&ggﬁﬂt{& bt Wil o ARYE -
ocations may be varied so the distances are consistent or so the
di st ances paacessing Bnigli gricatation Imayablel vasiaindepehding dnsha apsisatiet. wEen exdieple,PA
| nput, Va%ﬁjeu&tagge%é%vrvg&et gling irfll:!ul#,i 9a081?§1? ellJI;[d pnr% esginfg fﬂ(laxgd iingut locations may be
varied so the distances are consistent or so the distances are inconsistent. In addition, the
distances between the IPA inpuf, vacuum, and processing fluid output may differ in
20 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 IPA-vacuum-processing fluid orientation may be found as described further
herein.
[0042] 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 the

30 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 fluids that




20 magni tude dependi ng on the size, shape, and configuration of the
proximty head 106a and the desired size of a process neniscus (i.e

meni scus shape and size). In addition, exenplary |IPA-vacuum processing
fluid orientation may be found as described further herein. [0042] In one
enbodi ment, the proximty heads 106a and 106b rmay be positioned in 25
close proximty to a top surface and ajhjottom surface respectively of the
wafer 108 and nmay utilize the IPA and DrWinlets and a vacuumoutlet(s) to
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conpounds 2s 88 har¢iat thﬁé@lﬂb'@umlé ¢4yl tsfanite Fhewateval oftfbed frbinua dglqrrd;ehatmo be

known as sur f.ac ion red C|n The, portion of e pr.oc SI ng
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"output" can refer to the renoval of fluid froma regl on bet ween waf er

108 ahfl ahpatticul ar proximity head, and the term"input" can be the

i ntroducti f fluid to the re i on het 108 and the

parti cul ar[&g*si}? A7 §mbq mﬁﬂta&‘e fO% f‘rﬂlﬁg?fén Prﬂ??oar ﬁ@ﬂtS“Pﬁlﬁél%Wt@dzfoo
further i figdtuaiesupdlf lodd SHRRE ¥I féi Si! S nd
renove fluids fro%}zhe proxi m t;’/1 Seaornlé 1 gméﬁ%}i%g HO%?%gh%UgPdm %Buﬂ
appr eci at &d apmmateﬂéh&t lthe Buissppply deirgtiutorbi20anayi Oanyesyithisle apyarsius thabtaa
apparatus th can up and recej fluids jn organj zed manner_such
as, for eX Yé‘n 5e°r?ﬁfr‘?| @%ﬁ%m %Olﬁn@ﬁ‘g%‘?fd? 6, fnoif FEIMPls; 4 raagysldy In

di st rijbut ohe LABoARERL VRS fdduugof pply
122 may be %anaaé' and contro?FEﬁﬁgyﬁg£#F%?§§gﬁg% u&%%ﬁ?flﬁﬁ%fhﬁaglgﬁ

be any suilhalilved spptinkd2ehapbe wansget had cma:mlleﬂrbageﬂmﬂ wiyghly o@ittol t104 trihéch
proximty he

y%e any suitable hardware/software that can manage fluid input to the proximity heads
106a and 106b. The proximity heads 106a and 106b may produce meniscus 104 that may
process the wafer 108.

20 [0044] In one exemplary wafer processing operation, the wafer 108 may have different
portions therein that can have different evaporation rates. For example, fluid 150 may
accumulate on portions of the wafer 108 with slower evaporation rates as compared with
other portions of the wafer 108 with a higher evaporation rates. Higher evaporation rates
may occur when portions of the wafer 108 are hydrophobic (repels water molecules) and

25 therefore results in a thinner film of fluid than portions of the wafer 108 that are
hydrophilic (attracts water). Consequently, when the film of fluid such as, for example,
water is thinner, there may be less layers of water molecules to evaporate from the surface
resulting in exposed contaminated dried areas due to uncontrolled evaporation.

[0045] In one embodiment of the system 100, fluid sensors 112 may detect portions of the

30 wafer that have thinner layers of fluid and therefore, through in situ metrology different

wafer locations with different fluid evaporation rates may be detected. It should be




106a and 106b. The proximty heads 106a and 106b may produce neni scus 104
that nmay process the wafer 108. 20 [0044] In one exenplary wafer
processi ng operation, the wafer 108 nay have different portions therein
that can have different evaporation rates. For exanple, fluid 150 may
accunul ate on portions of the wafer 108 with sl ower evaporation rates as
conpared with other portions of the wafer 108 with a hi gher evaporation
rates. Hi gher evaporation rates may occur when portions of the wafer 108
are hydr opRBEcEtedr Baepry weitable maneerupiel) sitheep®laghianer be atitisedvéhich pang

t hi nner fi fi.ui h rti.ons of th er, 108 t are hydrophilic
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exanmpl e, inattil ihgefehinbnes FighReI® hadyifRecnk ps8iochayeihsdifhrenbéRborBbeeitbes t o
evaporate fromthe surface resulti ng i n exposed contam nated dried areas
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shoul d be 12 appreciated that any suitable manner of in situ netrol ogy nmay
be utilizdB04Hidh dissussedebdev, tthe anvirokments 06fa twaferf [pudpabssing megiont feez.waf er

108. A reqj 0 as_discussed further in_.detajl i eference to, Figure 2B
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di scussed (pe] t environnment of a wafer .processing region (e, qg.,
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environnment) nmay 10 be controlled and managed i n an intelligént nner so
hum di ty imankgipe the ervitvingtent evibe wafdrpremieiing oagjont thekeeh Andatityvdnan eptital waf er
is being processed .can be controll ed, and aged tqQ keep, the humdity in
e chanbar bt T PG PRTRICH ok uihe wagy TORIE b e piycd FETedy THgpcines

envi r aNeRinchitrdliee dWBAEHT RERERSHINGY region to keep hunmidity at an optimal

| evel, the fluid evaporation rate fromthe wafer 108 may be decreased

t her eby r dBQ/&7] dtgure 2 Bisbows rthd regio iy nghich huaf differemgiponsons with different

evaporation rates in accordance with one embodiment of the present invention. In one

cmbodiment, the region 180 includes the fluid 150 near the proximity head 106 as the
proximity head 106 (as shown in Figure 2A) moves toward the region 180. The fluid
20 150 includes a portion 152 which shows evaporation and reassimilation of water
molecules to and from the portion 152. The portion 152 therefore may includes
evaporating liquid molecules 200 and reassimilating liquid molecules 202. In one
embodiment, the liquid molecules are water molecules. The region 180 also shows areas
of the wafer 108 without the fluid 150 that has a more hydrophobic region and therefore
25 has already dried before the area with the fluid 150. In the area without the fluid 150,
evaporating molecules 200 counteract the reassimilating molecules 200 and therefore that
surface of the wafer 108 stays dry.
[0048] Figure 3 illustrates a proximity head 106 during a wafer processing operation in
accordance with one embodiment of the present invention. In one embodiment, the
30  proximity head 106 may produce a fluid meniscus to process the wafer 108. In one

embodiment of a drying operation, the proximity head 106 includes inlets 302 and 306




[0047] Figure 2B shows the region 180 which has different portions with
different evaporation rates in accordance with one enbodi nent of the
present invention. In one enbodinent, the region 180 includes the fluid
150 near the proximty head t06 as the proximty head 106 (as shown in
Figure 2A) noves toward the region 180. The fluid 20 150 i ncludes a portion
152 whi ch shows evaporation and reassi mzl ati on of water nvolecules to and
fromthe portion 152. The portion 152 therefore may includes evaporating
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drymg of the wafer 108.
[0049] Figure 4 shows a wafer processing chamber 300 in accordance with one
20 embodiment of the present invention. The chamber 300 includes proximity heads 106
attached to arms 105 which may move the proximity heads 106 into close proximity to
the wafer 108 for wafer processing operations such as, for example, cleaning, drying, etc.
The proximity heads 106 may produce meniscus 104 that can process a surface of the
wafer 108. Exemplary meniscus may be generated by apparatuses and methodology as
25 described further herein to process the wafer 108.
[0050] In one embodiment, the wafer processing chamber 300 includes a HEPA filter 302
that may supply substantially purified atmosphere to the chamber 300. 1In one
embodiment, the HEPA filter 302 may purify air supplied through input 310. In another
embodiment, the HEPA filter 302 may purify any suitable type of atmosphere such as, for
30  example, IPA/N,, Ar, Ny, 02, 0,/N,, He, Ne, Xe, etc. It should be appreciated that the

term atmosphere may be any suitable gas that can carry the desired amount of relative




create a condition where a higher evaporation rate may occur in the region
274. By 15 managing the humdity of the atnosphere of the region where the
wafer 108 is being processed, the evaporation rate of nearly all regions
of the wafer 108 may be managed and therefore, the contam nation of the
waf er 108 may be reduced due to the controlled drying of the wafer 108.

[ 00491 Figure 4 shows a wafer processing chanber 300 in accordance with one
20 enbodinnt of the present invention. The chanber 300 includes proximty
heads 106 Ugtdifehedhe shamher 368 mpy @lsonineludsy inprise 396 oxbigh tpaheseddade int o
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processi ng chanber 300 may include an atnosphere with a high level o

rel ative Kmbedintsntiof dwenjprasenti owemtianh nienbse wsnhb@énent, the wafer processing
environment 400 includes a control envelope 404 which encompasses the region where
the relative humidity is controlled so that, in one embodiment, the atmosphere in that
region has a high level of relative humidity. In a preferable embodiment, the atmosphere
20 may contain enough humidity so liquid molecules (e.g., water molecules) evaporating
into the atmosphere is the same or less than the liquid molecules being assimilated back

into liquid form on the wafer surface.
[0052] In one embodiment, the control envelope 404 may be generated through
application of a suitable gas with a high relative humidity through inlet 402 of the
25 proximity head 106. In another embodiment, the inlet 402 may apply vapor to maintain
some concentration of a particular liquid in water such as, for example, IPA/N,, aceione,
any suitable type of alcohol, etc. including the azeotropic mixtures. It should be
understood that although IPA is discussed in exemplary embodiments, that other types of
chemicals may be utilized that enables the methodology discussed herein. Tt sh;ould be
30 appreciated that the any suitable alcohol can be any suitable chemical compound that

includes carbon and a hydroxy group. An azeotropic ratio means that the ratio of the




generated by the proximty heads 106 to intelligently and powerfully
control wafer processing operations through the managenent of fluid
evaporation fromthe wafer surface. 15 [00511 Figure 5 shows a wafer
processi ng environnent 400 in accordance with one enbodi ment of the -
present invention. In one enbodi nent, the wafer processing environnent 400
includes a control envel ope 404 which gaconpasses the region where the
relative humdity is controlled so that, in one enbodi nent, the atnosphere
in that rbghoal trespositivinglf allemel mofturced tiiserae huthedatioof dhemicaprahposithbine

enbodi nent,. t he atnospher.e 20 may coptain enough humdity so |iguid,.
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controlled gas to reduce evaporation of fluids on the wafer surface. In this way the wafer
region 406 may be kept in a controlled evaporative state before wafer processing of that
particular region begins.

20 [0053] In addition, in one embodiment, the level of relative humidity in the control
envelope may be managed through varying the flow rate of a gas with high relative
humidity or by applying a gas that may maintain some concentration of a particular liquid
(e.g., IPA) in water including the azeotropic mixture. In such an embodiment, the flow
rate of the gas with high relative humidity may be increased thereby increasing the overall

25 liquid level in the control enveloped 404. It should be appreciated that any suitable type.
of gas that may generate the desired level of evaporative rate of a fluid on surface of the
wafer can be utilized. In onc embodiment, when a gas with a high relative humidity is
used, a relative humidity higher than 50% can be utilized to manage the wafer processing
environment to reduce unwanted drying and lower contamination levels on wafers. In

30 another embodiment, a relative humidity of the gas may be between 90% and 100%, and

in a preferable embodiment, a gas with a relative humidity of about 100% may be used.




10 When high relative humdity gas is applied to water on the wafer
surface, the evaporation rate is decreased thereby decreasi ng unwant ed
waf er drying. The |eading edge of the proximty head 106 is a region where
the proximty head encounters unprocessed wafer surface such as wafer
surface with fluid 278 within wafer region 406. It should be appreciated
that the gas with a high level of relatjgve humdity may be applied at or
near 15 the control envelope in any suitable fashion fromany suitable
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[ 00541 Figure 6 i1llustrates a wa rocessi ng environmen

accor danc éewtitihedothet canrdangtiarrigh 108l dfhelapremanidity RUENES, @ exdglanalb@i dry
processing,environnent 400", in one  enbodinent, includes substantially al
of the waPBEACHYedesihglcc WamnecnBodimensdhoaeér precsties envignaient ganeraten 400"
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sone concentration_of particular liquid in water may be inputted into the
waf er pro d8Q%; ﬁ'gl preferably the gas may have about 100% relative humidity.
[0055] In one embodiment, the wafer processing environment generator 500 is a bubbler
502 which is at least partially filled with liquid 504. It should be appreciated that the
20  liquid 504 may be any suitable liquid or combination of liquids that can generate a
gas/vapor with a high relative humidity when a gas is passed through the liquid 504. In
one embodiment, an input 506 such as, for example, a tube may be apply a gas 508 to the
liquid 504. It should be appreciated that the liquid 504 may be any suitable type of liquid
that may optionally include any suitable mixture, including azotropic mixtures such as,
25  for example DIW and HCl, DIW and HF, DIW and IPA, ctc. In one embodiment, the
liquid may be DIW while in another embodiment, the liquid 504 may be DIW and liquid
IPA. In yet another embodiment the liquid 504 may be IPA. The gas 508 may pass
through the liquid 504 and then bubble up as a vapor 510 which may be gas or the gas
with a high relative humidity. In one embodiment, by exposing gas 508 to the liquid 504
30 during the bubble-up process, the gas 508 may be infused with high relative humidity

content to generate the vapor 510. The vapor 510 may then be inputted into the chamber




environment 400'. In one particular enbodi ment, a specific concentration of
| PA including the azeotropic concentration nay be maintained in water. It
shoul d be 10 appreciated that the wafer processing environnent generator
500 may be any suitable apparatus that can i nput gas(es) and that can
manage and control the evaporative rate of fluids within the chanber 300.
It should al so be understood that the ary suitable gas may be utilized
that can carry a high |level of relative humdity such as, for exanple,
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[0057] The following figures describe an exemplary wafer processing system with an
exemplary proximity head that can generate a fluid meniscus. It should be appreciated
20 that any suitable type of system with any suitable type of proximity head that can generate
a fluid meniscus can be used with the embodiments of the present invention described
herein.
[0058] Figure 7 shows a wafer processing system 1100 in accordance with one
embodiment of the present invention. It should be appreciated that any suitable manner
25  ofholding or moving the wafer can be used such as, for example, rollers, pins, platen, etc.
The system 1100 may include rollers 1102a, 1102b, and 1102¢ which can hold and rotate
a wafer to enable wafer surfaces to be processed. The system 1100 may also include
proximity heads 106a and 106b that, in one embodiment, can be attached to an upper arm
1104a and to a lower arm 1104b respectively. The upper arm 1104a and the lower arm
30 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




prevent or reduce the generation of a thin filmof fluid in unprocessed
portions of the wafer 108. By increasing the concentration of the

hum di fying solute in the gas 508, the amount of fluid nolecul es
evaporating into the atnosphere fromthe unprocessed wafer surface may be
made substantially equal to the anount of fluid nolecules hitting the 10
waf er surface and staying on the wafer jgurface thereby reduci ng unwanted
evaporation/drying. [00561 It should be appreciated that in the enbodi nents
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the wafer. This may be ac avi ng
the proximity head may be moved in an arc over the surface of the wafer. In yet another

embodiment, the arm may be moved in a combination of a rotational movement and a
linear movement. Although shown with a proximity head 106 for each side of the wafer,
a single head can be used for a single side of a wafer. Other surface preparation processes
20 can be performed on sides where no proximity head 106 is used, such as a wafer scrub
brush.
[0059] In another embodiment, the system 1100 may include a proximity head 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
25  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.
{0060] Figure 8A illustrates a proximity head 106 performing a wafer 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
30 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 104 generated




arm 1104a and the |ower arm 1104b be novable in a vertical manner so once
the 5 proximty heads are noved horizontally into a location to start wafer
processing, the proximty heads 106a and 106b can be noved vertically to a
position in close proximty to the wafer. In another enbodinent, the fluid
meni scus may be formed between the two proximty heads 104a and 104b and
noved onto the top and bottom surface afo the wafer. The upper arm 1104a
and the | ower arm 1104b may be configured in any suitable way so 10 the
proxi mi ty teBgsprosbaitaigad 066 emribdevater seface b&lﬁébméym any poiede svafer as
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fluid 1314 may be applied to the wafer surface through a source inlet 1306.
[0062] 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
20 1314 and the IPA/N, 1310 from the wafer surface 108a can generate the fluid meniscus
104. The fluid meniscus 104 may be a fluid layer defined between the proximity head
106 and the wafer surface that can be moved across a wafer surface 108a in a stable and
controllable manner. In one embodiment, the fluid meniscus 104 may be defined by a
constant application and removal of the processing fluid 1314. The fluid layer defining
25  the fluid meniscus 104 may be any suitable shape and/or size depending on the size,
number, shape, and/or pattern of the source inlets 1306, source outlets 1304 and source
inlets 1302,
[0063] 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
30  generated. In yet another embodiment, depending on the distance between the proximity

head 106 and the wafer surface, the IPA/N, may be omitted when generating and utilizing




processi ng operation such as, for exanple, cleaning, rinsing, drying,
etching, plating, etc. It should be appreciated that the proximty head
106 may al so be utilized to process the bottom surface 108b of the wafer
108. In one enbodi nent, the wafer 108 maybe rotated 5 so the proximty head
106 may be noved while fluid neniscus processes the top surface 108a. In
anot her enbodi nent, the wafer 108 nmay by held still while the proximty
head 106 generates the fluid nmeniscus on the wafer surface. Then the
proxi m t y thefuidmagnisaws\t86.0n gishan sudedinmatihé proxsuity hesl Hiednahestefdnds nove
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to generate the fluid meniscus without usage of Na/[PA.
[0066] In the top view of one embodiment, from left to right are a set of the source inlet
20 1302, a set of the source outlet 1304, a set of the source inlet 1306, a set of the source
outlet 1304, and a set of the source inlet 1302. Therefore, as Ny/IPA and processing
chemistry are inputted into the region between the proximity head 106 and the wafer 108,
the vacuum removes the N»/IPA and the processing chemistry along with any fluid film
and/or contaminants that may reside on the wafer 108. The source inlets 1302, the source
25 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 and shape of the fluid
30 meniscus 106 desired to generated. In one embodiment, the proximity head may extend

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




20 the fluid neniscus 106. In such an enbodi nent, the proximty head 106
may not include the source inlet 1312 and therefore only the application
of the processing fluid 1314 by the source inlet 1306 and the renoval of
the processing fluid 1314 by the source outlet 1304 generates the fluid
meni scus 104. 5 [00641 In other enbodi ments of the proximty head 106, the
processing surface of the proximty head 106 (the region of the proximty
head where the source inlets and source outlets are |ocated) may have any

sui t abl e tep8dragByhaeenaiing obmhe watesordn iagethar phodiment, e plogimityrbeddscus
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fromleft to right are a set of the source inlet 201302, "a set of the
sour céVourrerdarevitly ongt effoditentsolli theepiendnétint@0ien. In skt abadimergptirece
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processing chemistry along with any fluid film™ and/or contam nants that
may resi dendhesearogatlels 1303 mayiyerreudrtbe siurtetdlels33P4. t he source 25 inlets
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and the source inlets 1302 may at least partially surround the source outlets 1304,
[0069] Figure 8E illustrates a further inlets/outlets pattern of a proximity head 106 in
20 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 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
25  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 can be generated.
[0070] While this invention has been described in terms of several preferable
embodiments, it will be appreciated that those skilled in the art upon rcading the

30 preceding specifications and studying the drawings will realize various alterations,

additions, permutations and equivalents thereof, It is therefore intended that the present




30 neniscus 106 desired to generated. In one enbodi nent, the proximty head
may extend |ess than a radius of the wafer. In another enbodi nent, the
proximty head may be 21 extend nore than the radius of the wafer. In

anot her enbodi nent, the proximty head may extend greater than a dianeter
of the wafer. Therefore, the size of the fluid neniscus may be any
suitabl e size depending on the size of @ wafer surface area desired to be
processed at any given tinme. In addition, it should be appreciated that the
proxi m ty iheatios indwdaseatl Bechpadisrationseatiditronanyerguicatinbh,eandr ¢quntaddnitsons fall
dependi ng _on .t he .waf er . processi .operation such as, for exanple,
horizontapwyyngg?ppéﬁvpfyg8?¥§ﬁ€%5Fﬁg?m§Hitable position in between. The
proxi mty p@aq WAk iBYimdaSe be incorporated into a wafer processing system
where one or nore types of wafer processing operations maybe conduct ed.
[0067] Figure 8C illustrates an inlets/outlets pattern of a proximty head
106 in 10 accordance with one enbodi nent of the present invention. In this
enbodi ment, the proximty head 106 includes the source inlets 1302 and
1306 as well as source outlets 1304. In one enbodi nent, the source outlets
1304 may surround the source inlets 1306 and the source inlets 1302 may
surround the source outlets 1304. [0068] Figure 8D illustrates another
inlets/outlets pattern of a proximty head 106 in 15 accordance with one
enbodi ment of the present invention. In this enbodinment, the proximty
head 106 includes the source inlets 1302 and 1306 as wel| as source outlets
1304. In one enbodi nent, the source outlets 1304 may surround the source
inlets 1306 and the source inlets 1302 nay at |east partially surround the
source outlets 1304. [0069] Figure 8E illustrates a further inlets/outlets
pattern of a proximty head 106 in 20 accordance with one enbodi nent of
the present invention. In this enbodinent, the proximty head 106 incl udes
the source inlets 1302 and 1306 as wel|l as source outlets 1304. In one
enbodi ment, the source outlets 1304 nmay surround the source inlets 1306.

In one enbodi nent, the proximty head 106 does not include source inlets
1302 because, in one enbodinment, the proximty head 106 is capabl e of
generating a fluid nmeniscus 25 without application of PA/N2. It should be
appreci ated that the above described inlets/outlets patterns are exenplary
in nature and that any suitable type of inlets/outlets patterns may be
used as long as a stable and controllable fluid nmeniscus can be generat ed.




[0070] While this invention has been described in terns of several

preferable enbodinents, it will be appreciated that those skilled in the
art upon reading the 30 precedi ng specifications and studying the draw ngs
will realize various alterations, additions, pernutations and equival ents

thereof. It is therefore intended that the present 22 invention includes
all such alterations, additions, pernutxations, and equivalents as fall
within the true spirit and scope of the invention. [0071] Wat is clained
is: 23 CLAMS 1. A nethod for proces&ldgMS substrate, conprising:
generating a fluid neniscus to process the substrate; applying the fluid
neni scus to a durf acemsthoddpr Faersing geubsigte. SOmMRE’IBS NG evapor ati on of
fluids froma e 1R, r ocessin enviroment. 2. A nethod
for processi ng%gﬁésrgﬁ%tég?ltgr}g%n§#§§|£°t§ég?sgﬁlcqS&?“ﬁﬂ% wherein reducing
evaporation of fluids,ingcludes managi ng a sybstrate processing environnment.
10 3. A nethod #8B ”&rtg%ﬂgléiilﬂﬂu%u&ﬂ)gf‘fr 802 SRS A% clai m 2, wherein
managi Eg t he substrate processing_ environment conprises inputting a gas
into tRe substFHICHE CHHOE Mg o8 iAD RNt 2 t Yiriaed s ethgn sekslplsr BIdcewingat e of
fluids W thim, { Substrate processing environnment. 15 4. A nethod for
processing a substrate as recited in claim3, wherein the gas has a high
relative humdity. 5. A nethod for processing a substrate as recited in
claim4, wherein the gas 20 with the high relative humdity is generated
by transmtting gas into a liquid bath and capturing vapor that bubbles up
t hrough the |iquid Batkthol.forproedshiag afsalsstpresasdieddn alagubstwhat® as recited
inclaim4, wherein the gas. wth the high relative humdity has a relative
huni dity Bﬁwvgmattlmg@g Wdginglydes managing a substrate processing erivironment.

10
3. A method for processing a substrate as recited in claim 2, wherein
managing the substrate processing environment comprises inputting a gas into the
substrate processing environment to reduce an evaporation rate of fluids within the
substrate processing environment,
s

4. A method for processing a substrate as recited in claim 3, wherein the gas

has a high relative humidity.

5. A method for processing a substrate as recited in claim 4, wherein the gas
20 with the high relative humidity is generated by transmitting gas into a liquid bath and
capturing vapor that bubbles up through the liquid bath.

6. A method for processing a substrate as recited in claim 4, wherein the gas

with the high relative humidity has a relative humidity between about 50% and about
25 100%.




25 100% 24 7. A nethod for processing a substrate as recited in claimi4,
wherein the gas with the high relative humdity has a relative humdity

bet ween about 90% and about 100% 5 8. A nethod for processing a substrate
as recited in claim4, wherein the gas wth the high relative hum dity has
a relative humdity of about 100% 9. A method for processing a substrate
as recited in claim2, wherein nanagi ng the substrate processing

envi ronnment further conprises detecting fluid 10 thickness on the fluid
surface. 10. A’met hadnfegrodpepprseising asubsivase natasited i daint édwhereinlthé gas3,
wherein the.gas ,.nmaintains a.concentration of. a particular liquid in water.
15015 A RS wEP PR OLC BuRidE S RS b itk B Guoe RE e Ot oRng Rmer ei n
the partijggdar liquid is one of an al cohol, an acetone, and an azeotropic
m xture. 12. A nethod for processing a substrate as recited in claim 10,
wherein the particular liquid is isopropyl alcohol (IPA). 20 13. A nethod
for processing a substrate as recited in claim 10, wherein the gas that

mai ntai ns a concentration of the particular liquid in water is an N2
carrieP gas cont ai At Agthoddpr rpydssiak echbrtratd eAgcited in alatm 4f whereintBe g2 An

S 0 SR oL BB Bl BUAYL L e oo

chanber configured to house the proximty head, the chanber al so configured
to be supplied with an environnental control gas. 15 An apparatus for

processi ng a sypstr s recited in claiml4 further, .5 onprising, a wafer
processi ng env#)onn%%eglé)ﬁe?ralf%?esggﬁﬁs ﬁs}%lf’ E{sgeﬂ{fﬁé? S 2nERETER i ¢ onment al
control gasanaging the substrate processing environment further comprises detecting fluid

10 thickness on the fluid surface.

10. A method for processing a substrate as recited in claim 3, wherein the gas

maintains a concentration of a particular liquid in water.

15 11. A method for processing a substrate as recited in claim 10, wherein the

particular liquid is one of an alcohol, an acetone, and an azeotropic mixture.

12. A method for processing a substrate as recited in claim 10, wherein the

particular liquid is isopropyl alcohol (JPA).
20
13. A method for processing a substrate as recited in claim 10, wherein the gas

that maintains a concentration of the particular liquid in water is an N carrier gas

containing isopropyl alcohol (IPA) in vapor form.

25 14. An apparatus for processing a substrate, comprising:

a proximity head capable of generating a fluid meniscus to process a substrate

surface; and




16. An apparatus for processing a substrate as recited in claim 14, wherein
the 10 wafer processing environnent generator is a bubbler. 17. An
apparatus for processing a substrate as recited in claim 16, wherein the
bubbler is configured to input a gas into a liquid bath and further
configured to capture the gas that has travel ed through the |iquid bath.
15 18. An apparatus for processing a sufastrate as recited in claim14,
wherein the environnental control gas Is a high relative humdity gas. 19.
An appar at us f erchpmbeeswifiggred ts hinse tiad groasnitydediatl gtle chantbeaialyo tdnfigdhet @i n t he
20 envi ronnment all co.rﬁrol as maj nt ai n? a concentration of a particular
liquid in l\f(’kﬂl ledypith o cnytronmepigheqniiol 83%cessing a substrate as recited in
claim19, wherein the particular liquid is one of isopropyl alcohol, DIW
and | PA, al cohol, DIWand al cohol, ketone, and ether. 25 21. An apparatus

for processing substrate, c rising: a proximty head capabl e of
generating a fllsi d r@hf‘%ﬂ"é‘l fglqg%%%&g? aasugt%ffé? iﬁ‘S<3L1;t‘eél¥‘3dslif}r‘1ij"3éﬂE‘el;‘L Be26  an
openi ng I%ﬁ;rgmggn the surface of the proximty head configured to apply an
environnmental control gas to a region on a | eading edge side of the

proxi mty head., Rger AcARRS AU O B{e?ﬁ&stﬁinﬁgux%d%’g%{&ﬁé fheds recited in
claim2l1l, wherein the 5 environnent gl control “gas réduces an evaporation
rate of flenvdenrherdmhcangolgaace of the proximity head. 23. An apparatus for
processing a substrate as recited in claim?21l, wherein the environnental
control gas is a high relative humdity gas. 10 24. An apparatus for
processing a substrate as recited in claim?21, wherein the gas with a high
relative hum dilty halsn eppasdtes fov prokessingi a spbitettieveemcipdiointcl SR %b4amwtemboiit

100% .15 25.. An apparatus for processin substrate as recited in claim
23, (\)MJi r eiwf?rrpéocégﬁng environment enerator%s a%uﬁbler.
17.  Anapparatus for processing a substrate as recited in claim 16, wherein the

bubbler is configured to input a gas into a liquid bath and further configured to capture
the gas that has traveled through the liquid bath.

15

18. An apparatus for processing a substrate as recited in claim 14, wherein the

environmental control gas is a high relative humidity gas.

19.  An apparatus for processing a substrate as recited in claim 14, wherein the

20 environmental control gas maintains a concentration of a particular liquid in water.

20. An apparatus for processing a substrate as recited in claim 19, wherein the

particular liquid is one of isopropyl alcohol, DIW and IPA, alcohol, DIW and alcohol,

ketone, and ether.
25
21.  An apparatus for processing a substrate, comprising:

a proximity head capable of generating a fluid meniscus to process a substrate

surface; and




gas with the high relative humdity has a relative humdity between about
90% and about 100% 26. An apparatus for processing a substrate as recited
in claim?23, wherein the 20 gas with the high relative humdity has a
relative humdity of about 100% 27. An apparatus for processing a
substrate as recited in claim21l, wherein the environnental control gas
mai ntai ns a concentration of a particulz%r liquid in water. 25

an opening located on the surface of the proximity head configured to apply an

-environmental control gas to a region on a leading edge side of the proximity head.

22.  An apparatus for processing a substrate as recited in claim 21, wherein the
5  environmental control gas reduces an evaporation rate of fluids from a surface of the

proximity head.

23.  An apparatus for processing a substrate as recited in claim 21, wherein the

environmental control gas is a high relative humidity gas.

10
24, An apparatus for processing a substrate as recited in claim 21, wherein the
gas with a high relative humidity has a relative humidity between about 50% and about
100%.
15 25, An apparatus for processing a substrate as recited in claim 23, wherein the

gas with the high relative humidity has a relative humidity between about 90% and about
100%.

26.  An apparatus for processing a substrate as recited in claim 23, wherein the

20 gas with the high relative humidity has a relative humidity of about 100%.

27. An apparatus for processing a substrate as recited in claim 21, wherein the

environmental control gas maintains a concentration of a particular liquid in water.

25




