|  SUBSTRATE MENI SCUS | NTERFACE AND METHODS FOR OPERATI ON 5 BACKGROUND OF
THE INVENTION 1. Field of the Invention [0001] The present invention

rel ates to seni conductor wafer processing and, nore 10 particularly, to
appar atuses and techniques for nore efficiently applying and renoving
fluids fromwafer surfaces while reducing contam nation and decreasing
wafer cleaning cost. 2. Description of the Related Art [0002] In the

sem conductor chip fabrication process, it is well-known that there is a
need 15 to pReIBSTRAYER ME'}SJ'IS@@BGIW!I‘EQI!FA@E*APH) fag sl HIP ?gﬂ!llz ng,
drying, and plating. In each of t(f} pes of operations, [1qui are
typically either applied or renove IHER%HEK)bEchlng cl eani ng, drying, and
pl ati ng processes. [0003] For exanple, wafer cleaning may have to be
conducted where a fabrication operation has been perforned that |eaves
unwant ed resi dues on the surfaces of wafers. 20 Exanples of such a
fabrication operation include plasma etching (e.g., tungsten etch back
(VEB)) @nd chenical mechanical polishing (CW). In CW, a wafer is placed
in a holder which pushes a wafer surface against a rolling belt polisher.
This belt polisher wuses a slurry which consists of chem cals and abrasive
materials to cause the po'“ﬁAkﬂQJ«) R Q5fH@ﬁIﬁ*¥EN§H§§ process tends to

| eave an accumul ation of skurry*xmwiié%es—af 25 at the wafer
surface. If left on the wafer, the unwanted residual material and particles
may cause, l-afisiyobthedinveMitiys. defects such as scratches on the wafer
surface an r ti ur.es

sore casos 0 RRGEPREhE AL AR R EINRRRE A PR Bt S R

i noperidbl eparficuiodgean dp@ar&ﬁﬂbﬂ abdiecdbntijmes Easisre offictingloaipdlige wad %rﬁmhﬁg’ I ng
|noperable deV|ces it is therefore necessary to clean the 30 wafer

adequat el yIyias font pefesmuriycesrvile rabeing sonsmipBonandoirsTerme Velay eleyrnant ed
resi dues. [ 0004] After a wafer has been wet cleaned, the wafer nust be
dried effectively to prevent water or cleaning fluid remants from | eaving

residues O? f)cscn }N%mn of the Rep‘l‘%e(f ?m ng fluid

[0002] In the semiconductor chip fabrication process, it is well-known that there is a need

15 to process a wafer using operations such as ctching, 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 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 belt polisher. This belt polisher
uses a slurry which consists of chemicals and abrasive materials to cause the polishing.
Unfortunately, this process tends to feave an accumulation of slurry particles and residues

25 al 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 to clean the

30 waler adequately yet efficiently after fabrication operations that leave unwanted residues.



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 5 wafer surface after evaporation (e.g.,
and form spots). To prevent evaporation from taking place, the cleaning
fluid nust be renoved as quickly as poss?ble w thout the formation of
droplets on the wafer surface. In an attenpt to acconplish this, one of
several different drying techni ques are enployed such as spin drying, |PA
or Mar angofi004f Ayfieng waldid hasbetrhesecldinsd nthetvedbinnogiés duictl leffzeti b frovem of a
nmoving liquid/gas interface 10 on a wafer surface which, if properly. .

mai nt ai nedValeE8nFeaning Tgd renyags Epmdgaymedarfaesen Hp fRddt i%ﬁl@ Cf%f%tf}% of
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form and ewapiocabi conteoduns presivhtiyngsdoivedoint thaichaning fHeiingill shiaioontthe

waf er surface. [0005] The nost preval ent drying techni que used today is
spi n ri*hse™af 'isﬁbfa%%ﬂb)‘ir. CYARORUgr € 8- g dsg élt"é%- O PeEHEnt oFVABPIL AT %@?m
fluids on fer . L1Gndysl 3,14 I : [SETe (V! rncess,
2 vet vl o T8 Faeg i AR MR AL K Mo PEP AR By D RES
cent ri f ugalorfratiee of tdneplewatoer ther wece aating. f kg ausgdt to acdoggnish hkiswafiepfi s
pulled fromthe center of the wafer to the outside of the wafer and finally
of f of theSaNaRE ATt SEERA teppnTIEs arecinprieyadonal aapriBwlying, IPAs of Adarangeshi ng
fluid is bgi pu ) . £ ' Ot Ch e 12
s creat ed Ak e goacer i ARG, sof TR 0Fa ol b aRT R 2

waf er 10i . eon atsfeckurddce phiobudgdoparist haimibved)gedilgunddrgag ohi erdtacerthe
gets larger) as _tihe drying process progresses. In the exanple of Figure 1,
the insi deVihe theslofpiqe pEdgoriels med By lunREmd Uitk Mavars dagseas nipbrRage 12
is free frpgl £l ul.d. . [ I - i §.C d e
nmoving | i qlai ﬁsg(gosmi’%tscebrféggle‘%?%mi sm%l %Ileldcgfl @éﬁ?oﬁgﬁlﬁﬁj&ﬁegiCglgllngﬁ{elér{fel%f g!je\f)g;s[pt he
dryi ng prooessindenijiontes, odche rsedtinoin dongindgar(i Banglaft @f 8@)wdér duffce. MOVI Ng
liquid/gas interface 12 increases while the area (the wet area) outside of
the rmovi n§oP3lglirarypss premakant gesingotcglabnensesl oalsy sis apal rpsevirpas! RO t he
nmovi ng <l i qyi,d/lg i r ] reaks d ropl ets t he. cl i.40 | ui d
form an t naisr oo g e o S R o e Chubl af 38 sl e
dropl ets. phscessichn thit div@ng ppeesd avect haler 30rotite@phet hior ed borotamsh theln
subsequent _evaporation be limted to keep contam nants off of the wafer

surface. UHdr bunat ef gentifigapfaasertbe giajar vy csniigadudrusce e plogarks airfy i3
successf u'})Ll‘T’ite(i 06 BRURRE LA eQlaTPW 8 olisHl G ANESES 358 ﬁ%l‘?}?gﬂ%\f'\”ﬂie wafer
as shown by fluid directional arrows 16. As the cleaning fluid is being pulled off of the

20 wafer, a moving liquid/gas interface 12 is created at the center of the wafer and moves to

the outside of the wafer (i.e., the circle produced by the moving liquid/gas interface 12

gets larger) as the drying process progresses. In the example of Figure 1, the inside area

of the circle formed by the moving liquid/gas interface 12 is free from the fluid and the

outside area of the circle formed by the moving liquid/gas interface 12 is the cleaning

25 fluid. Therefore, as the drying process continues, the section inside (the dry area) of the
moving liquid/gas interface 12 increases while the area (the wet area) outside of the

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

interface 12 breaks down, droplets of the cleaning fluid form on the wafer and
contamination may occur due to evaporation of the droplefs. As such, it is imperative that

30 droplet formation and the subsequent evaporation be limited to keep contaminants off of

the wafer surface. Unfortunately, the present drying methods are only partially



[ 00061 In 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 5 process continues and the
cleaning fluid is pulled away fromthe fer surface, the renmaining
cleaning fluid (if aqueous based) wll be repelled by the wafer surface. As
a result, the aqueous cleaning fluid will want the |east anount of area to
be in contééﬂﬁmﬁﬁﬂ“h%@ﬁh@dmmﬁﬁmmwmg%nQdHQ@ﬁﬂade&*Adﬂnt|onalIy, t he
aqueous cl sgl.utiop t s clin itself . as a res It of surface
feneion (i 1a0Uet g Sutiholhe S e tetniar SitgeBen Bontirh gy Tono et DebRE:
because of y ?/H@phéﬂﬂ&om’%%;ﬂqdbm @Eﬁ?%hx%b%s and vt hers ik faes Bé‘d&ﬁéé)%chbs%lﬂaécs(or
dropl ets) of aqueous cleaning fluid fornms in an uncontrolled manner on the
hydr ophobi ¢epahvafaer sud freader. bFhil S adwomsit {:I@arnog sdhophet sl“lmsfuld sisi thet dging
har nf ul . eva oratlo and tg ntanlﬂ scusse previously ‘g

i mitat? on® GF% ﬁ%l S tﬂﬂ‘ér ¢t Wll Ked eé] avay dipa éléen ero‘f‘“ e Harer,
where cent kdrhilgal Jdohas Al M. RRINEsdiPRIEES rdR it 6y SHBLLES uridl®. Asa
Consequent |y, al though the S process I's preseﬂt Iy t%e nost conmon way of
waf er  dryiesglt, ﬁmﬁguﬁnﬁhbdnmgﬁhhéveidwmtﬂmﬂbmmesmnmdMCngkﬂMHmnxmumtamm
cleaning fluid dr he waf er s ace esp ially when used o

hydr ophobi Ui B Er SasBlsur o A kfparity 9508y i solitelnts gEusSI ng
oper at i onsj(§diF s aSrcEhIe T sABface t&GRINY( anaq PLRldl 10 fof | | ems
wth a[)(ﬁl yi ng the ¥|Llﬂl ds toa% he vvz(a)f g(r1 Cand aFem)w ng]rn]pfegE 1§é[%g?’ll %gngfr’]gﬁ)

waf er ﬁh@tﬁnalbﬁmuwanﬁdwzhh&bpﬁﬂn@emse&uammhmhﬂnanmdnmamdmnmcbﬂasaﬁ

waf er yield <£§ 381 Ther fore q B e is a need,fgr a met hod and an

appar at us SRS ge?LﬁeC i (Y forRs, iedin WgoRgo ‘if%?’ﬁi“i‘édmf’ihﬁihdd’r?é’ﬁablérrent
and appl i cabic®nut@c@ WaiErorkhabn ro?dd-fgﬁl%ts GORiAN ARt I'iepgl eM§b 109na.ntdh§1
waf er surface. Such deposits as often occurs today reduce ‘%e yi el d of
acceptableamamenghamdmpm@c©355unmbfdﬁstummmmmmufamﬁBMDagnsenmﬂmmﬂu@%ﬂwa

waf ers. RY OF THE | %00 roadl y speaking, .the present
i nventi on 19819 ﬁ)é-le @EN Vlcpf’ it 5:?119 UG ApEE @ dbe B’l%’([:‘%%éﬁ iy fraalgst
dryi ng,s cl eaieqGentBt %hhcﬂggh ﬁ%%R@%m&@sQ i )?&Qﬁ:ﬁ[fﬁ%slnga%oﬁﬁoﬁQ’Pzﬁpé)lew?r"el 30
managi ng fluids on wafer 'surfaces whil at e 'sane tinme reduc
cont ami nat qh(ymgmhm mettodulad Hoge dﬁﬁcﬁuemeédcatlgamrlatalmexa p:rfe&aenmaglfnu@ﬂtdpd)ﬂs ean be
i mpl ement ? NUITBr OUS Ways,
the Ward SUrne 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
20 from the wafer in an efficient manner that decreases contamination and increases 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

conlaminating deposits on the wafer surface. Such deposits as often occurs today reduce

o
wh

the yield of acceptable wafers and increase the cost of manufacturing semiconductor

wafers.

SUMMARY OF THE INVENTION

[0009] Broadly speaking, the present invention fills these needs by providing a substrate
processing (e.g., drying, cleaning, etching, plating, etc.) apparatus that is capable of

30 managing fluids on wafer surfaces while at the same time reducing wafer contamination.



i ncluding as a process, an apparatus, a system a device or a nethod.
Several inventive enbodinents of the present invention are described

bel ow. [0010] In one enbodi nent, an apparatus for processing a substrate
with a fluid neniscus 5 to be applied tg a surface of the substrate is
provi ded which includes a docking surface configured to be placed adjacent
to an edge of the substrate where the docking surface is in the sane pl ane
as the sub%trat? The_dockiqg surface provides a transition interface to

al | ow the fI thodhnirpeedated ishiheprerael iaxentiontfan dgimalaicstedt paUBGEYS FEYe,
[0011] In (g ' -Te! a for _use_ in.pk ' _
iy B T g bR o A
hol d a dockibgdstats ofthé present ipvedxbirnteyidha@dskdwrere t he coupon magazine is
configured so Ehe docking_station is held in place adjacent to an edge of
the substr 40010 [boreFmPAdigkaEHEraPemaBg freprocewinges fibatrito iy o Saisinpgseus
substrate i LN i I -ROSI T 1.0nj t.ransitiaon .surface
subst an%i a|“|§§?9€§%qlgﬁ§r X\?‘%%%esdégg% rgla%glais%u]? g%‘glgéc[l]g'hl nlelpéaé"u fre® ?Pgﬂ% tg]ilrg F©
surface becogigd¢hue placednljadgetoain ddxe osubstnairge wittee RtdRMirkWithes is
includes noving a fluid nmeniscus between the transition surface and the
substrat e 'sHeErape plpsoedhe restalgy dicalpekingfouifaes poesiens ianyignn ilgarfageeio
numer ous. 1 (Y Ny rat nd nmethods, descri bed herein
efficientl39%%é@ggggg%?ggﬂgKﬁggg%gggxﬁ%%ﬁ%?g?ogﬁgmsﬁﬁg6@%er suitable type

of wafer pf@dessi gt bhathel BVBbYESNOPI ardTBNIGE BN, Qhodebdthd 2RRsirg@t ison
and/ or renoval fromthe wafer) sem conductor wafer while reducing unwanted
f1 ui ds!@ndProsticdniahtaclpdased poupgn oneeszingfcon figunetl de dol Corlsekjuemtdtipn faaker

processi ng i . increased and hi.gher er yields y. be
achi eved dﬂ%gg?g§g§¥lc#%ﬁ%ﬂ§%¥§§nBP%%%@%Pﬁﬁﬁﬂ§geﬁg@%ﬁﬁmg%ﬁmﬁ¥%§@ﬁﬁhg%‘n
invention phabkdscinb® dngigevethepubarssi ng through the use of vacuum fluid
renoval in confunction Wi th processing fluid input that nay be applied

through ulb8bél br azpthen embadimente anmethpé|fdr vicessiigs 2 cobftiagursabtoyided ahighone
cections.  ToUTE: PerEeBEcs [REb B AL AR R Rk alet g S fargfice
surfacle bywhdre it ares®iohi enRc b3l Le8 RNaRlR ORI INBLLARRLL. Cath.0n.apd/ or
renoval of fluid at the wafer surface with a 5 "significant reduction in
remai ni ng CORERIRFHAET BRVEE cnganedsons bhtnschdhe progessiuntice and the substrate
surface.
[0013] The advantages of the present invention are numerous. Most notably, the
apparatuses and methods described herein efficiently process (clean, dry, etch, plate, and

20 other suitable type of wafer processing that involves optimal management of fluid
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.

25 [6014] The present invention enables the improved processing through the use of vacuum
fluid removal in conjunction with processing fluid input that may be applied through
usage of a multi-module manifold which is configurable in any one of numerous ways
through the interchanging of one or more manifold sections.

[0015] The pressurcs generated on a fluid film at the wafer surface by the aforementioned

30 forces cnable optimal application and/or removal of fluid at the wafer surface with a



techniques. In addition, the present invention may utilize application of
an i sopropyl alcohol (IPA) vapor and processing fluid towards a wafer
surface along with generation of a vacuum near the wafer surface at
substantially the sane tine. This enablex both the 5 generation and
intelligent control of a neniscus and the reduction of fluid surface
tension along a processing fluid interface and therefore enabl es optinal
application, and/ or 5eanaI of fluids fromthe wafer surface w thout
| eavi ng cont@MFAhtEdUCAR HelfEeliBe cqaiREr Bt BY cpmpatedoith prthempivsesyieng
fluid and foof, | Ve ] - f_the waf to
process thggﬁgggfg fg‘F%gﬁg”%¥33§ﬁgﬁgﬁﬂgﬁfﬁgﬁ%§Gﬁhé%ﬁgﬁﬁ%ﬁggggfﬁbwﬁﬁgs%g
utilized telehbedPhyehyorholddpracdsingdRiid ioverds dackengirtatiog. willh gerdeakinng
station (may al so be kn%mgﬁ@s a coupon% can sinulate a wafer surface so
when the fIPUPd2HEHT SEHstnG efeT alBachyt uheapiadly the syme&a shbis apablesded thef f
(or on)sthe.yah@ln Sif iﬁlﬁ;@ﬁ ent P&HeAQGKL NG $dcat | &P ‘l{garg?tpcrtfeaﬁloqqluiad substantial ly
cont i nuous “surface for the meniscus to Lrack therefors enhancing nmeni seus
stability. alomgld @ddistingniluitihta tiep omndragagbie ch@feDoplievelapgli&aoh hatd/déthe
docking station c QBgf made substantially coplanar wth the wafer being
processed. " RRRLPS Ry Femcbg periena e vathovhjeayinseantipisdnisn Eheymeuiseusbl e
waf er proc i i S| he { |. ui i o this fashion
v o pr ociasina SR PP B MU SRR EEE i P o 50 e
aspect s aneurbdeafttagestcofo grheespriesesttr.i nventi on wi Il become apparent from
20 the iolhgyﬁpg det ai | ed description, taken in conjunction with the
acconpihyi HP18H wergsmbodimens 14 aauneg mseamily By bgavipized theffpetivebi koldsindf
t he present,df ti Qp.. . _ PT HE W NGS [ 00181 The  present
nvent  on e To(E8 doBRineER, R R e Foy ot Gevil e bR RS §on
i N conj uncsihoateiatwafbthenéee coparyi (g flAf@NeNBsus J@cfa&d bl URL SrokiMhisy hdRi(s)
description, |ike reference nuneral s designate %ike structural el'enents.
[00191 Fi g¥Fdnaved) 9ffiser ot dle migles ﬁﬁﬁﬂce@ﬂlwcq?@é;mgq@amqnumas poriide waflestadiatlyng
an SRD dr ying .. of . -Lgure 2A shows a wafer processing.systemin
accordance&ﬁgwﬁg%ﬁgﬁgé é%?%%ﬁ%mﬁ%?gﬁﬁé”§¥@%%%@”?ﬁ@@%f%&dﬁeﬁﬁlfﬁﬁ%ff¥Fﬁaure
213 i [5ust adalitien, aine exgnpl @iyazileaxhyTbt Yo Reads 0OGK RO QARG Abth@h USi BOntdae 6
docking station_ in accordance wi th one enbodi nent of the present invention.
substantially coplanar with the wafer being processed. Therefore, the coupon magazine

may be ulilized in any suitable wafer processing operation using the fluid meniscus. In

this fashion, wafer processing can be intelligently enhanced and optimized.

[0017] Other aspects and advantages of the present invention will become apparent from
20 the following detailed description, taken in conjunction with the accompanying drawings,

illustrating by way of example the principles of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The present invention will be readily understood by the following detailed

description in conjunction with the accompanying drawings. To facilitate this
25 description, like reference numerals designate like structural elements.

[0019] Figure 1 illustrates movement of cleaning fluids on a wafer during an SRD drying

process.

[0020] Figure 2A shows a wafer processing system in accordance with one embodiment

of the present invention.

30 [0021] Figure 2B illustrates an exemplary proximity head docking operation using the



[ 0022] Figure 2C shows a neniscus traveling off of the wafer onto the
docking station in accordance with one enbodi nent of the present
invention. [0023] Figure 3 illustrates a close up view of the system

wi t hout sone of the conmponents 5 to shO\r%/ a better view of the coupon
magazi ne in accordance with one enbodi nent of the present invention.

[0024] Figure 4 depicts a nore detailed view of the couple nmagazine with a
portion of the proximty head showing inlets and outlets in accordance
with one efBBHN#BANORHM okardapeeagshene pnbedingnt ofitbe povB]inwngane 5 shows t he
coupon magagd WL L hopt proxim heads..i p.accordance wth one. .
enbodi nent @ﬁ? w%&ggesﬁ%’agﬁv‘é%}lfcgﬁ&%fgﬁj%ﬁsﬁ &Faﬁr‘%ﬁ% %IﬂB&%C @‘%‘8@ %ﬁﬁ@}\} '8t

the couponaomgaaicaeiihbn@Cetiodanas ofithbreRa: infshemi ment of the present
i nvention. éqOOZ? Figure 7 shows an | eveling nmechanism|located in the

coupon magd¥Z3é Figyre gB“-%é@tﬂS@aﬂ\@&? up i of dreenybiedi weheutshmetd tpy @samnents

i nvention, L QUr shows the top portion of the coupon nmagazipe in
accorda%cet%mgf&ﬁﬁ%ﬁgkcqgﬁ%‘égfﬁn%}n‘iouwn frﬁéa)g?(g‘é’ear‘?f:oﬁ%ﬁ\}%%‘f’pgr?f’c F%’%%‘]‘“%ﬁ&t&g 9
i |l ustrat eprekhre iba@htiom porti on of the coupon nmgazine in accordance with

one enbodi nent of the present invention. 20 [0030] Figure 10 shows a wafer
processi ngl#¥\24t Eurn? depieisdaneis deiailed srav efithodpmEntmagatine methprmsent of the

invention. [0031] Figure 11A ill (us(%ra@[jl S.a proxinmty. head rf.ormng.
waf er pr oc855|ﬁ (})]Bgécgglt’(f%lﬁlg lfll’?tsaﬁrb Py %ﬁé” ?Cﬁé%}?g ‘%%é’&?r@ﬁ%"d&ﬁleﬂtﬁg fhe
present i nyesdit@ieni®932] Figure 11B shows a top view of a portion of a
proximty head in accordance with 25 one enbodi nent of the present
i nvent i®bn. [4938B 32w Juihews 1B coupestmegaemeanitiawl eispoutrhiey Beplatit eccorddnca
proximty head in ordance wth one enbodi nent of the present invention.
[0034] Fi gurg%ﬁ; Bnlgﬁﬁl_ﬁls 11?8{;@5 PARGY HBY{if'et s/ out I ets pattern of a proximty
head in aweosdrRGR WidHbwang (R r@nﬂleoc'fouf.)gﬁ' RESSERL i WVRM AL widP oh035]
Figure INE illustrates a further inlets/outlets pattern of a proximty head
in 7 accofdmfsacyiafihopssenodntient of the present invention.
[0027] Figure 7 shows an leveling mechanism located in the coupon magazine in
[5  accordance with one embodiment of the present invention.
[0028] Figure 8 shows the top portion of the coupon magazine in accordance with one
embodiment of the present invention.
[0029] Figure 9 illustrates the bottom portion of the coupon magazine in accordance with
one embodiment of the present invention.
20 {0030] Figure 10 shows a wafer processing system in accordance with one embodiment
of the present invention.
[0631] Figure 11A illustrates a proximity head performing a wafer processing operation
in accordance with one embodiment of the present invention.
[0032] Figure 111 shows a top view of a portion of a proximity head in accordance with
25 one embodiment of the present invention.
[0033] Figure 11C illustrates an inlets/outlets pattern of a proximity head in accordance
with one embodiment of the present invention.
[0034] Figure 11D illustrates another inlets/outlets pattern of a proximity head 1

accordance with one embodiment of the present invention.

30 [0035] Figure 11E illustrates a further inlets/outlets pattern of a proximity head in



DETAI LED DESCRI PTI ON [ 0036] An invention for nethods and apparatuses for
processing a substrate is disclosed. 1In the follow ng description,
nunerous specific details are set forth in order to provide a 5 thorough
under standi ng of the present invention. Lt wll be understood, however, by
one of ordinary skill in the art, that the present invention may be
practiced without sonme or all of these specific details. In other

i nstances, well known process operations have not been described in detail
in order HGFC%%&%?I%@%]§&HWO§1“@%@QF@ RIBSENpINESRAN. | nvention. [0037] Wil e
this invention has been described in terns of several preferable 10
enbodi ments, it will be appreciBredithptDEsoreglNled in the art upon
reading the preceding specifications and studying the drawi ngs wl|l

real i ze val@Ws Aal ingeicnoles metladdiand @pgaraquecrsnﬁot atdcosringan sutstuicviakdantosed,

t her eof . IE } nftnerefo e i tended that th g ent i npvention includes all
such alterd 18 ¢IORHE 1 manP‘??ﬁ‘toéff SBTFaLe %a&.%f% 18 2deri g FOVIRE fhi n

the true spioihighandcaeMagodr th@%ms@t\’tqmérf?lﬁn $PwhiP838hadB8od.] '}%Wc%gr @?loﬂ‘é"
illustrate enbodi nents of an exenplary wafer processing system proximty
heads to g@f'n@rldatdéy ski¥ pedicfare tsh dpgyresing myvertiveh ey bt bowtiofd withduwisdme or all
meni scus the technol o utilized herein may be known as
a neni scugpg’ Wﬁ]n?’ﬁﬁf %ogn YR W tREshi gﬁ GV PEISST QUSSP VRS dsen
utilized t@escRBSS QIdBAIM o3 iRP| LudikP&s By %@&ﬁe Qﬁ%{ré’stchpﬂv&ﬂﬁﬂ as, for
exanpl e, meni scus vacuum | PA 20 vapor dr y| ng ( meni scus vacuum | PA
vapor cl eal¥i03g W\MGV@)I% rreihEeushasy dceumnldsBAbadapor tﬁ&tﬂshlolﬁgse(VWﬂ VE)eferable

meni sc vac | atin IVP)., etc.. |t should be appreciated
that the s%?%ﬁm realse e %ﬁ{a %/apalﬁgiaw/ {hahﬁbosatﬁale%unt*&5|?éi tippe igrding the
confi gurat pi@&dﬁrﬁ?tspwﬁéﬁxoﬁgaﬂde siig 1?1@‘3{?&: 8 \xgttfgs Wxﬁ’xnlc%%% Hﬁ@ﬁjs(ﬁtcm 5.2
close proximty to the wafer may be utilize he e 0|rrentss

t he proxi niddjticmeaprsjutatiys 28d rq:qmeaicntsahd:neméa]t if deiifore fncded toe diepr emmtl on
of the wafer to the nge of th E waf er . shoul d be appreciated that other
enbodi ment & AR HEHIFT 1Y s hrlFatione aﬁ%wq RSFMUEREE s dreaY A PN E 25 ifbar
fashi on fromiane: e69&iaf aﬁd"ﬁo}ﬂ‘@&?ﬁwhﬂreﬂﬂ@ﬁ her diametrically opposite edge
of the wafer, or other non-linear novenents may be utilized such as, for
exanplle, i [R038]r Beti dlcurvot bday ilis@ate] ershidmentst o OBg dxRplspi wader rﬂﬂ@de@ﬂmg,i n a
zi g- zag rmtlton 30. |q rgndom notion, etc. In addition, the notion ma

al so be ary® U PE! ¥?Jlé‘?? PilReeralntd SREHiQPNIRS: adrcedidr gatign #f sdiuid | n
addition, rhéniQs enmped BiodihBe, WAL 8B ehCutilized herein may be known as a

meniscus vacuum IPA vapor (MVIV) technology. This technology may be utilized to

perform any suitable type of wafer operation such as, for example, meniscus vacuum IPA
20 wvapor drying (MVIVD), meniscus vacuum IPA vapor cleaning (MVIVC), meniscus
vacuum IPA vapor etching (MVIVE), meniscus vacuum IPA vapor plating (MVIVP), ctc.
It should be appreciated that the system is exemplary, and that any other suitable type of
configuration that would enable movement of the proximity head(s) into close proximity
to the wafer may be utilized. In the embodiments shown, the proximity head(s) may
25 move in a linear fashion from a center portion of the wafer to the edge of the wafer. It
should be appreciated that other embodiments may be utilized where the proximity
head(s) move in a lincar fashion from onc cdge of the wafer to another diametricafly
opposite edge of the wafer, or other non-linear movements may be utilized such as, for
example, in a radial motion, in a circular motion, in a spiral motion, in a zig-zag motion,

30 in a random motion, etc. In addition, the motion may also be any suitable specified



rotated and the proximty head noved in a |inear fashion so the proximty
head may process all portions of the wafer. It should al so be understood

t hat ot her enbodinents may be utilized where the wafer is not rotated but
the proximty head is configured to 5 noye over the wafer in a fashion that
enabl es processing of all portions of the wafer. In addition, the

proxi mty head and the wafer processing system as described herein nay be
utilized to process any shape and size of substrates such as for exanple
200 nm waf Bogon pagfpemmdgeifet By afuser rasvislitéon, én ene Thidopineanbsidi rvglf@ngg*? may
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noved (e.g., onto, off of and across a wafer) with a proximty head. As
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20 meni scus may nove on (or off) the wafer and keep neniscus ‘stability

i ntactl) 106pe1ding g the @Alighmiien af tefsestepr ocessi ng system 100 i n accor dance
with one ﬁgﬁq%qﬁnt gé.theﬁpr sent invention. The system 100. incl udes
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106a and 106b that, in one enbodinment, are 25 attached to an tipper arm
104a and tRYSEOP vackientalodbsor s pleclting elajion Thie bp kagicdi dff thvesige ofithe voeferany
sui tabl e ratus t-hat may generate a flujid neniscus. The u r arm.104a
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that the docking station is substantially level (or coplanar) with the wafer being
processed. By having the docking station substantially coplanar with the wafer, the fluid

20 meniscus may move on (or off) the wafer and keep meniscus stability intact.
[0040] Figure 2A shows a wafer processing system 100 in accordance with one
embodiment of the present invention. The system 100 includes rollers 102a and 102b
which may hold and/or rotate a wafer to enable wafer surfaces to be processed. The
system [00 also mcludes proximity heads 106a and 106b that, in one embodiment, are

25 attached to an upper arm 104a and to a lower arm 104b respectively. The proximity head
may be any suitable apparatus that may generate a fluid meniscus. The upper arm 104a
and the lower arm [04b can be part of an assembly which enables substantially linear
movement of the proximity heads 106a and 106b along a radius of the wafer. In yet
another embodiment, the assembly may move the proximity heads 106a and 106b in any

30  suitable user defined movement.

[0041] In one embodiment the arms 104 are configured to hold the proximity head 106a



above the wafer and the proximty head 106b bel ow the wafer in close
proximty to the wafer. For exanple, in one exenplary enbodi nent this may
be acconplished by having the tipper arm 104a and the | ower arm 104b be
novable in a vertical manner so once theg proximty heads are noved
horizontally into a location to start wafer processing, the 5 proximty
heads 106a and 106b can be noved vertically to a position in close
proximty %o t he m%j n anot her  enbodi nent, the upper arm 104a and the
| ower ar m POV gy aftdo%lﬁrgariéatyt padt1Pb beloa’ dregsal tyClRRARIOX0EA ooty

106b in a ti far I t he
reni scus- ¢ hat has 51 abay hamn Sttt B AR R R L B B BT R0 94808 o
and 106 mayhdoepproved 164t ond the laabeirns Ufasemboatde iips O@]@l&&lerﬁaﬂﬂ:r k6 onzame edge
area of a wafer 108 Therefore, the upper arm 104a and the | ower arm 104b
may be conPTGHREY HeAdaAlF BQVedbPEZoRg s &1t Helqsrén i slprheals rrosasandheo6b
can be s5no I r i i
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t he wafer toﬁgi ate and control a neniscus. |t 15 should al so be
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mtt f he wafer to generate the fluid neniscus on the wafer surface.
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waf er  surfaee] toagrdblenwafor @mmh@r@bdeecmmtmnn shbhil 0% Brycifieadsmt 106a
and 106b (as well . as any other prOXIﬁlt¥ head described herein) may be
| ocat ed abGatYSteBd OhmarBmonkguredn eny suitagisnarnce at Ivaz b thaprasmiischeadsh t he

waf er surface; .2 0 nt. fhe syste the arns 104
are confi glurgdot go%e%;lizdioé %I%Qﬁm‘% c?ql%en@ }‘ei é[g g%e) %teaaﬁ? C_.l_odﬂgrgl tadn%%scrlflsvllg
from prioceswsell tlso lbppr:ﬂessﬁaeldihpobbp@ﬁb%)@rfmt trhgy wefagy sulthbls hedthdebieom the
apprecrated@rhat the arns 104 naiibe novabl e in any suitable nanner that
ul d enabV¥Chdvigheat a Sreniseas praybedmaiytainedddn aosanketimeosba mop:rrmeelwdm he

waf er as degired. 1¢]Cﬂ) gﬂ ey erQdi, ﬁdnpri(ﬂjg i@t gﬁwfégbdesei}/bc%e cng 3y capl?lolf)e t he

notor to 30 nove t oximty 5an a ace
waf er. |t lstroed delveen uibder SIIO@ﬁh ttdilarbo@d I@QuﬁWréthhWeﬁﬁr RF @eRE&ENHe ISt em
100 is shown with the proximty
meniscus on the wafer surface. In a preferable embodiment, the proximity heads 106a
20 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 generate the fluid meniscus on the wafer
sr,u'face, and in more preferable embodiment, the proximity heads 106a and 106b (as well
as any other proximity head described herein) may be located about 1.50 mm from the
wafer to generate the fluid meniscus on the wafer surface.
25 [0042] In one embodiment, the system 100, the arms 104 are configured to enable the
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

30 move the proximity head 106a and 106b along the surface of the wafer. It should be

understood that although the wafer processing system 100 is shown with the proximity



10 heads 106a and 106b, that any suitable nunber of proximty heads maybe
utilized such 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 anple, any of the proximty
heads as described herein. The different configurations described 5 herein
generate a fluid neniscus between the proximty head and the wafer. The
fluid nenlsc (gPy be noved across the wafer to process the wafer by

appl yi ng f IG# atapd 10Ras Bat @m&%@bleammeéﬁﬁmqwnﬁvlbﬁ@@ hep e tHEZeURChCe.

In such a \Y gggﬁg n,t cl.eanin
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configurations eﬁs shown herein or other configurations that enable the
processes He8EfipRgxpatehprdsas depgsiled herep Hecadiffewsat apwlzvrsitms tdsecribgdt em
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confi gur at e@ompiisheic uSherERee, ptheXirdttifyty 1@@@50@@&1@'] 56b ben eawd bgHheslels
process. the bevel edge of the wafer in addition to processing the top

and/ or ot 18R BF CCtlﬁ@uvaéﬁOé% as Jiiven berpingy afleas sapligwhdensofianenablngthe preocReses
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The wafer 108 may be held and rotated by the rollers 102a and 102b in any

sui t abl e ofl08Mk h}t Pshties besidgs awcessangothicdnp atilion behanm esfagedetiheedalor,oké ity

head to be, i ortion , , 8 that is to
be processgjé&q ﬁ@ﬁeagfzﬁ%p@%emé%{é@.% rpb(%egsr 8“&6@5 lg‘ fbaz(%r &ﬁlﬁ Y65t P2 % n a
cl ockviisse moeaei(eQrn Cﬁ(ﬂmﬁg}t@&:ﬁmﬁghelryi/ﬁ%elﬁlatl@@ dw and PSR BGEMERIE of the
direction. It should be understood that the ro lers may be rotated in

either a cIYEKWHEE s sane sinsesr ¢l vdilirens trie epiooessdupanditing ov dteuttag er
108 byt hererehEree) B3 A LOBE vuabBal Rufiastios BaefCar D' PRalTiES
not been preadessedldonb® cohfS@ePrOXirbEdsY thd 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.
[0044] The wafer 108 may be held and rotated by the rollers 102a and 102b in any
suitable orientation as long as the orientation enables a desired proximity head to be in
25 close proximity to a portion of the wafer 108 that is to be processed. In one embodiment,
the rollers 102a and 102b can rotate in a clockwise direction to rotate the wafer 108 in a
counterclockwise direction. 1t should be understood that the rollers may be rotated in
cither a clockwise or a counterclockwise direction depending on the wafer rotation
desired. In one embodiment, the rotation imparted on the wafer 108 by the rollers 102a
30 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 dry the wafer or



the proximty heads 106a and 106b. However, the rotation itself does not
dry the wafer or I1 nove fluid on the wafer surfaces towards the edge of
the wafer. Therefore, in an exenplary wafer processing operation, the
unprocessed areas of the wafer would be . presented to the proximty heads
106a and 106b through both the |inear nD{%on of the proximty heads 106a
and 106b and through the rotation of the wafer 108. The wafer 5 processing
operation itself may be conducted by at |east one of the proxinty heads.
Consequent §ovej fuignen dhp seiferestrfacpt dveadedhpoded ofshofwalbe wWiteaforeod woul d

expand frag .region. to the edge reqgion of the wafer 108 in
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outlet). |1 _ e appreci.at ed. t . al t hopugh | PA vapor is used 20 in
sone of thgp%¥§§% %??W§%§88?HEH¥§?rQ%§H Eﬁgﬁygﬁﬁgnﬂﬁ‘vapor may be utilized

such as fpo4sxanpl @;enmlaxrng@ébssiﬂ?bp&%mht @h@i&@@%ad&@i%%ﬂ1th£rtﬁe\g}09<imil
conpounds, volatile chemcals, eftc. that may be mscible wth ter. rt
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head confifamedrde@in between the wafer and a particular proximity head by applying vacuum
(also known as vacuum outlet). It should be appreciated that although IPA vapor is used
20 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,
elc. that may be miscible with water. It should be appreciated that any suitable alcohol
vapor may contain any suitable types of alcohols. It should be appreciated that the any
suitable alcohol can be any suitable carbon-based chemical with a hydroxy group attached
25 to asaturated carbon atom.
[0046] In an exemplary cleaning embodiment, a cleaning solution may be substituted for
the DIW. An exemplary etching embodiment may be conducted where an etchant may
be substituted for the DIW. n an additional embodiment, plating may be accomplished
by using a fluid meniscus with processing fluid and proximity head configured for
30 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 plating. In addition, other types of solutions may be inputted into the
first inlet and the second inlet depending on the processing operation
desired. 12 [0047] It should be appreciated that the inlets and outlets

| ocated on a face of the proximty head jray be in any suitable
configuration as long as a stable nenisc as described herein may be
utilized. In one enbodi nent, 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 5I{¢HE]pr sbwddilmgapirediated hat theoinlas rndnodtety kaetedneprao bes sifnthe
fluid orientat.iotn.I I& should be a g&ecia_ed t.hat qther tyggs of .
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the distance between the [PA input, vacuum, and processing fluid input locations may be

20 wvaried so the distances are consistent or so the distances are inconsistent. In addition, the
distances between the IPA input, vacuum, 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.c., meniscus shape and size). In addition,
exemplary IPA-vacuum-processing fluid orientation may be found as referenced herein.

25 [0048] In one embodiment, the proximity heads 106a and 106b may be positioned in
close proximity 1o a top surface and a bottom surface respectively of the wafer 108 and
may utilize the [PA 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

30 generated in accordance with the descriptions in reference to Applications referenced

above. At substantially the same time the [PA and the processing fluid is inputted, a



and the bottom surface of the wafer 108. The wafer processing nmeni scus may
be 30 generated in accordance with the descriptions in reference to
Applications referenced above. At substantially the sanme tinme the | PA and
the processing fluid is inputted, a 13 vacuun1nay be applied in close
proximty to the wafer surface to renove 13 he 1PA vapor, the processing
fluid, and/or the fluids that may be on the wafer surface. It should he
appreciated that although IPAis utilized in the exenplary enbodi nent, any
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vafer 108 AHd"E PRMRGUAS: Jﬁc"ﬁ}"gxﬁtwt YRbAFetone %{?rd[‘%tHEdX B¢ qul%w ¥al§! be

the i ntrodygtd.of,ial nfayuzlig) boxhden a@gh h%ﬁ@e&u@ V\@.qugg %@1@ 9 5% lgﬁor

particular.proximty head. [00491 The nenlscu
ofd of t hepmﬁssmgaﬂualnthedg;emothetrhgoma:feemeenlms préoimifyl lunad z{mimhscmsfer ameal

and/ or application on t periphery of the wafer 108, in one enb d| n
t he systerri“fétﬁcﬁl%c#tu%re@}ec%’@m%t GaLisiesed Dreat.ihg s "GHIPHLt Gy resst n&‘?ace

of a wafer pReessirnt asseiPldon B{:}w%@[? tmﬁér%?tza?d%?_ﬁﬁﬂgui% deq}{%#bﬁ b 126

i ncl udes a coupl e magazi ne 124 and top portion e coup n ass

may bel0 cowfd Gurtedh tiophidicdn &e dochimdudioatdfdiuid 20 thienegion dcouseattbe shatrilos
position th is sub tantlall¥ dﬁl anar to a wafer plane and between the
proximty 4 pi@@& LREPXHEB 4D a preferable enbodi nent, when the

docki ng st @Oh?ﬁlﬂgﬁuhﬁm&ﬂgc@tﬁ@%} hhald In N Uk f? thé"'}v&f& dpgll e(gf tﬁ?wake‘?ne

t he docki ng station be "adj ust ed mn I'ng nec Ism
di scussed 14& H?curﬂthénnechmcas teravat aicﬁdﬁtexppacﬁtﬁmﬂigmreq)eﬁ))hﬁg of hllee wafeen 08,08 is

substantlally copl anar docki ng statlon Therefore, the docking
station ma¥ ﬁlﬂﬁgéléwaf vdgFe‘Ws@Wr YL anqlrdss ¢ 1weuplpripegedrepbit gltadhivd et adoby

the proxi mitpcbead, 106., 508 h%g%i%t alb{}I angi tn' O&l‘l%l[ﬂglﬁt g:lfoaéjfgg diéf/‘g{bﬂ t126

surface as described 1n furt in reference 1o’
shoul d be 2Bludpps ecidt echghhiat 12hendlagkpagostiali dmcka0pasadesmbiy bEdmaghei n
may be made fronlané sui tabl e hydrophilic material such as, for exa Ie

quartz, cetafigrredde doldmdodkinadiaipn Mliniarmeruipiendalic RosHERKIPAGS subsadally or
the fluid yEns6YsviiBabiahs .A0bAGERE tl%e%r@ﬁiﬁggﬁea(ag 106a and 106b. In a preferable

embodiment, when the docking station 120 is not substantially coplanar with the wafer
20 plane, the docking station 120 may be adjusted with a leveling mechanism (as discussed
in further detail in reference to Figure 7) so the wafer 108 is substantially coplanar with
the docking station. Therefore, the docking station may emulate a wafer surface when the
process being conducted by the proximity head 106 is ending and transitioning off of the
wafer surface as described in further detail in reference to Figure 2B. It should be
25 appreciated that the docking station 120 as described herein may be made from any
suitable hydrophilic material such as, for example, quartz, ceramic, etc. The docking
station may have a docking surface for the fluid meniscus that is adjacent to an edge of
the substrate where the docking surface is in the same plane as the substrate.  The
docking surface of the docking station may provide a transition interface to allow the
30 fluid meniscus to enter and exit the surface of the substrate. In onc embodiment, the

docking surface has a radial contour that matches a redial contour of the substrate. As a



t he substrate where the docking surface is in the sane plane as the
substrate. The docking surface of the docking station may provide a
transition interface to allow the 30 fluid neniscus to enter and exit the
surface of the substrate. In one enbodi t, the docking surface has a
radi al contour that matches a rcdial contour of the substrate. As a 14
result, the docking surface may provide a transition interface for a fluid
meni scus of the proximty head Therefore, by providing a substantially
cont i nuous '&ihuthgtdeckiag sprisen mhay erovidhe tnesifiss igerdratiof 8 fluidimsniscemehigieont o

ff of waf 8 in.stable. (0050] Lt should b i at ed
Chat t o oSl Shad Do b IR 83 stalilly phed B Sl Bt ERS,
securel y heletdnanstuk evels @arstistdadfo of ofregulcara®erf 109 Irﬂ@% Wridin g@enetric

shape in a static position for processing when using the proximty head
t echnol ogy [0058] Itadha@iidi om apnrheated dbati the ncagapion co@Bombys beyuid dészmad wiitthaany
suitable proxigmty head operation such as, for exanple, etching, cleaning,
aryi n, pLHCHE, il 18 o BRE it SR ERE Gt tatitte ShEBbE sr A BN SR | <
attached t ghapcGRUPLNICMRGAZINRY pobFRHE tw kA Bisingthe B0, 8 AR didAB NEahnblbgy CayPON
magazi ne 126 and the coupon nmagazi ne nount 1%8 may be known as a coupon
magazi ne as&bidsl,\ihe M@Es2ine Riogpee 128 rihy bstutidized vath exewpitary pproxityilteyd head
docki ng opg;_agti on u‘?i ng, t he ipc!rgi ngé st?at.i on, 120 in.accordance wi th one
embodi ment TSR SE &% ARkt SPHPI R EFGHIS FHraN NG ¥INGgP18H3%i%%h 120 may i ncl ude a
surface 12(0@51 NB{ ofBYm Bl dkHeAL ehloBbh falYAbURS i108ackka 1§52 {fidbn FdRAKSCUS
formed on ?ﬁe F\/1vaf(<)ar 108 rraf/: traveILﬁ,ﬁoff é(r)gr’?to t he 1dog% ng ista(%({}lgnnlzﬁ ®
wi t houtl a ippewik isan Li ane kebedmetutc dowpomenaeenpl l20yarenthediowpot maghene
proximty head ..,126 be noved froma location 126 of the wafer 108 to a
B 2breifiie |

| ocation off Vo P HRE” JHERTIAG ASFECon 120. The docki ng
station i sjoherdiien l; 8684 4 A7 2 | = e 2C
shows a me[ni sc]us@t ltreg%/%lliﬁﬁ%dg}f M(;f@ X%Q%?[ggﬁ% 8%(%%[ g%réb gB@%ﬁﬁ‘g us@? g'ﬁ {V:on

120 in accdrdmgogativnt F2omeaenbladieredit: ofe ¢rhisodimestent thiepreseni orvention. ofiee
cremplary, Sl I50.) ) REP 08 4 A0p Ol MES B ab5eBUBR. Pt e Q0™
further defoaiht 4 hehfibus APRES SRLHhODSfor TR | ir§@éf%fﬁ-§rgoWd9&iﬁ?¥ﬁ§oﬁ 94N t he
wafer to a |location 160. The 25 |ocation 160 1ncludes a portionh of the
docki ng stwitliown abp@ktiran isitruhetiesisa Iis und acenmfrytdnebodnadier the@8oxihtitysiead| d
be appr eci 1%6%%335 Iggt tmc;[vrf?zg 1'(31(1: Kdi irc]) atls(}na}_ iGO (r)]f ghzeowg%ac 188e t((): g I)(i:a i%gleodff iorf]t}%n\%afer

onto the docking station 120. The docking station is held onto place in the coupon

magazine 122.

20 [0053] Figure 2C shows a meniscus traveling off of the wafer 108 onto the docking
station 120 in accordance with one embodiment of the present invention. In one
exemplary embodiment, a meniscus 140 formed by the proximity head 106 may be used
to process a wafer surface of the wafer 108 as described in further detail in the
Applications. The meniscus 140 may be moved from the wafer to a location 160. The

25 location 160 includes a portion of the docking station 120 that simulates a surface of the
wafer 108. It should be appreciated that the docking station 120 may be configured in any
suitable fashion that enables the simulation of the wafer surface to keep the meniscus 140
stable. It should also be understood that the docking station may be any suitable distance
away from the wafer 108 that can effectively enable the docking station 120 to simulaie a

30 walfer surface as the meniscus 140 is moving off of the wafer 108. In one embodiment,

distance of the closest portion of the docking station 120 to the wafer is between 0.01mm



suitabl e fashion that enables the sinulation of the wafer surface to keep
the nmeniscus 140 stable. It should al so be understood that the docking
station may be any suitable distance away fromthe wafer 108 that can
effectively enable the docking station 120 to sinulate a 30 wafer surface
as the meniscus 140 is noving off of the wafer 108. In one enbodi nent,

di stance of the closest portion of the docking station 120 to the wafer is
between 0.01 mm 15 and 10.0mm_ 1In a preferabl e enbodi nent, the dockin

station 1267 slOWYemt edp apygteratde pmbedanen) theodraking datier 1208s Ipesipbeltgur e
3 iIIustrabQ%ngagk9%%nyge%hﬁ@§Hh_the system 100 wi t hout sone of the

conponents to show a better view of the coupon nmagazi ne 126 in accordance

with one o@Eapodiure ofsuble PerRsentp vivweorid systhe c@upaholRgant g hab
may include a top portion 122 attached to a bottom portion 126. In such an
embodi nent COMRAYIEHIpBIN BRettardeymd theeomsint wazggoIct | BnintZsordaychwithronached
with atc<le : i-o).. af. e. ki.ng ~station being |ocated.between the
top por%iogﬁ%ggngﬁg%{ﬁgc%%?%@h?%ggh#gnT%fépupwl&ﬁ am@ﬁﬁ%@iﬁ@ﬁf?ayﬁgag8apon

nmagazi ne 1g6rtion l@2demickal 0k Bettothairtismy20e If st satedoditem, ke ehiepb@ah! v
conpati bl e _and mechanically stable materials such as, for exanple, .
pol yet hyl ehe? 2t dinbeitampertionEiR6, mpy bpvatiaghddde il arlcast & gert{om e docking

pol yet here [ £ : . . JThe cou zine 126 chi ned
Doyt et ellRE et D Soc  EFF o A9 JRURELR AR RrBY 135 TR
nmagazi ne la@baodiiche tBo 06w dpdd1€26 SEEUERlY NG AGE WAL BE YatPRalel | i a
substrate of any suitable geonetric size, shape, and 15 thickness between,

£ g . .
over, O uthfercdhy compatbice apdnbicabarieslyottapleosnatitials hewmlis as, Bpoxixpinpie,
heads as dgsgcibed. her g ﬁpgﬁ ibed herein n .50, be ,known as MWIV
ngnifolds.&%%elgohpoﬁ%ﬁggggg e gg&%ﬁ§m%lcﬂ%ggogﬁgéﬁyﬁgbﬂFﬁ%ﬁ%ggaﬂ%Fgg?
fixture or(RHEK)aryt. sUilicakdu@opl QeHeincOM @RRAT BE USadhlRl WRY Me8sO Tt Ly
heads. The dopklngﬂstatlon 120 naﬁ be made substantially planar to the
vaf er sur fwéelisylokapess jasgdesired. evENG wgupime negupne 120 maydei pefl2edas be
di scussed .,k Figure 7. 1n one.enmbodiment, either or both of
t he couponCHQS.z%%§Q§%€£%?1F%§“EB%SB ot %8&?%%5W5%ﬁig?ﬁ%“ﬁﬁj“ﬁésﬂﬂfuéng to
make 1the Wiakkésng bsﬂh&tﬂh,oI@_VéﬁooﬂQ@lh@{naﬁl%/%ﬁiﬁbleh%p%iiﬁﬂtioﬁUBF aaexinknemnghar e,
the coupon magazine 126 is extremely flexible in use and may intelligently
and power fRIPKBpEsads 28 dperied horae esdidagribpéhatdonsy 28 pOBBSIN B HYE/ 4
depicts a M{iﬁ)l&‘?t ﬂlé g&p\éhet%g%];h{[ehlemct%g}p L)g USR8t !ar?)? SLiII?aglemfaB nes? f&?&l% Io(rjri]n
any suitable production apparatus that may use proximity heads. The docking station 120
may be made substantially planar to the wafer surface by adjusting or leveling the couple

20 magazine 126 as discussed in reference to Figure 7. In one embodiment, either or both of
the coupon magazine 126 or the coupon magazine mount 128 may be adjusted to make
the docking station 120 coplanar with the wafer surface. Therefore, the coupon magazine
126 1s extremely flexible in use and may intelligently and powerfully optimize wafer
processing operations.

25 |0055] Figure 4 depicts a more detailed view of the couple magazine 126 with a portion
of the proximity head 106 showing inlets and outlets in accordance with one embodiment
of the present invention. In one embodiment, by varying the shape and size of the top
portion 122 and the bottom portion 124, the coupon assembly 126 may be configured to
hold the docking station 120 of any specific shape, such as, for example, a 200 mm

30 docking slate, a 300 mm docking state, etc. The coupon magazine 126 may also hold any

suitable random shape wafer of varied size and thickness.



of the proximty head 106 showing inlets and outlets in accordance with one
enbodi nent of the present invention. In one enbodi nent, by varying the
shape and size of the top portion 122 and the bottom portion 124, the
coupon assenbly 126 may be configured to, hold the docking station 120 of

any specific shape, such as, for exanpleyia 200 nmm 30 docking state, a 300

nm docki ng state, etc. The coupon magazi ne 126 may al so hold any suitable
random shape wafer of varied size and thickness. 16 [0056] Figure 5 shows
t he coupon [Mfighzigvec D2gharist Houtouphe mprgexine 2¢ wWishels tho@reximityckwdsdftenwi t h

nbodi nent , of th t i ion. In. nbadi nent
Tagazi ne. 196 Rog U S SRR ae PR ASOR RRTR ey BERasE HECosunep
mechani cal kyggaAsic V84 hastSsi¥hiSHRALLY 140SR8ELL WAGHRREAXbIdV I Lead Wl Abanandithe

proximty head 106b as shown 5 in exenplary formin Figure 2. In this Wway
t he di st aneevwbdrowshalishasprcogicoriroyinhoddsd 10@6adahd pidGibitascadk] (obas shoren

di stancg of the proximi ty heads.1Q6a .and 106b .may be determ ned.. [ 0057]
Figure b sHoRHTESHPnal BEto d8 o Hedaslifeter e HntEoPaHEs BFEh one
enbodi ment 1062 LN 106 IS WMl AV BTt (ﬁi@tﬁnce-r&eth%%BQi'ﬁlih@ﬁH@aﬁis N®)61 2B dafes AW pERY

include 10 attachment openings 320 through which the coupon nmagazine 126
may be bol tegmised.he coupon magazi ne nount 128 as shown in Figure 2A above,

It should reciate that any suitable nunber, types, and/or .
confi gur at fhg’ﬁng%gua% ?égﬂ%ﬁt‘%ﬁ’é%’( r?géh%_‘z‘ﬁlpﬁﬁy’%’é‘mﬁtli\él@i PAFOPHaRE YHh OPhe
coupon maggabftBmbAbot Mclfi&RPHRONIRORR! NSpIR Y a%i%@-uhnaﬁ SABQh hﬁz{g include .

enbodi nent, the coupon nagazine 126 may be attached to the coupori magazi ne
15 nourt byttasbmgiinepenintgsci0 theeigbfwlath dehrepon opentingd 2820ay Fhboltaupahe

magazi ne 126 therefore nm Bg repoved at q%z ched t?.she coupon nag,zine
mount 128 THPE" RAFEN S°UGiIFF &F SRTVR Supts fgaabpﬁ%_s WAPPRId G 1A e Jtii ng
stations n@y QBtabrt jﬁhﬁ@@f[‘gﬁfés} Fhfor GRAMEERKBRAL oiirlﬂa%in[[@lt gﬁ%éhﬁ'l%s @Uﬂﬁ!g be

[0058] In one enbodinment, a portion of the outer edge of e docking state
120 is 20utdamedvib ctidh Bbe weepoit meghaipe g8t oothe 122 pamdnidaeinbombom p2f. t ilon

124 of the cqupon azipne 126. In this , _the docking station 120 may
heId.secur%F@lﬁﬁppﬁg&&ﬂ¥€$eFB?%ﬁb@égﬁﬂﬁbﬁﬁﬁéﬁYéﬁé?mngﬁ%g§H“¥ﬁénGﬁﬁﬁﬁﬁa
e
conf i gur attheriarhatanieulethoandbt gtachel fol the dowemi imegrzitcanbu@vid’ ifiramuitve smaf er
to the different coupon magazines with different docking stations may be interchanged in a
convenient and time saving manner,
f0058] In one embodiment, a portion of the outer edge of the docking state 120 is
20 sandwiched between the top portion 122 and the bottom portion 124 of the coupon
magazine 126. In this way, the docking station 120 may held securely during wafer
processing operations. Although the docking station 120 is shown as having an opening
I an interior portion, it should be appreciated that the docking station 120 may have any
suitable configuration that would enable the fluid meniscus to travel from the wafer to the
25 docking station (and vice versa) withoul meniscus breakdown. It should be appreciated
that although the coupon magazine 126 is shown as being rectangular in shape, the
coupon magazine 126 may be any suitable shape and/or configuration as long as the
docking station 120 may be held securely and the proximity heads can move on and off of
the docking station 120 without interference. In another embodiment, the coupon
30 magazine may also have any suitable number of picces such as, for example, [, 2, 3, 4, 5,

clc. as long as the docking station 120 may be held and positioned in the manner



25 docking station (and vice versa) w thout neniscus breakdown. It should
be appreciated that although the coupon magazi ne 126 is shown as being
rectangul ar in shape, the coupon rmagazi ne 126 may be any suitabl e shape
and/or configuration as long as the dockjng station 120 may be held
securely and the proximty heads can no on and off of the docking
station 120 without interference. In another enbodi nent, the coupon 30
magazi ne nmay al so have any suitabl e nunber of pieces such as, for exanple,
1, 2, 3, 4dcﬁw$€@h@BHES | ong as the docking station 120 may be hel d and

ositioned n r scri bed herein 91 F| ure 7 Ilustr tes
DO ver o el MR M stiles, AR G e AT e BhpbarREr: YaR Crerbaagt
i nvention. tﬂdbr@ﬂﬁt ﬁﬂ’@ﬂ%mtoxk%ﬂo@}{ﬁédt% }%@@m@lh%ﬂaﬁﬁﬁp&f‘a%lésﬂﬁe %an@gai‘)f

t he coupon magazine in a vertical plane so the docking station 120 nay be
made 5 subﬁtan@nwhlmdgumkamamtMmmhmthbnma®emchﬁﬁknuﬁsmneneﬁ@odmm&ﬁ;ane

t 1 f t 126 | u 288
wht oh' T badS GRS ballsb e il Mo gt w I SHRPHTGRbeRE CReBTIR | AL 6 Y pon
magazi ne MesiHonlid&raziteel BChEW iR IUIRY a@le§Opor BRE UG R I(,SaBE 10 sl 20@lhat

detent 262 which may contact” the coupon assenbly nmount 128. 1n one
enbodlnentemﬁheﬂ@pbﬂhqe@ﬁﬂZ@hyﬂhavem&mhnm;Eumﬁn@ﬂnméénIabammuBXKbmaﬁdkbs

By 10 turning the screw 2 t he | tent 262 be noved vertlca and
then the CBﬁ&dsaSRaa%z??’heg%bée% Bl oY e ATOR FioPROD AP MY Ml P’
moved ver t iitghd ¥mbJdBks], @ﬁeesmh@ezmcmgp%é@@@%e ag l&ﬁccg%oé?@st \1§q' d g

vertical nanner so the docklng stationh e substanti a eve
with tHe wafeng 1@8scréwm Sfethevbbdichen(2 mhe' hmonnpeed wegiazilnend 126 thayoﬁqde

noved verticall 0. di stance 280, It shoul d be ap |at d t hat
the 15 app%%%fdﬁ Qfﬁdarﬁ’ele%ay bRRN RS St 4 may BﬁﬁHﬁdr}ﬁ&‘ﬁ‘ﬁﬁe S5Tare, thest
exenpl ary éd’ﬂlpoﬁ%tlégra%n@ﬁd()arﬂyy ot na%rvcé ‘d{ H%Jtﬁ:amﬁﬂ & QF ¢ a%kﬁ&lg sﬁ%oﬁ%@q

magazi ne 126 nay be wutilized. [O Figure 8 shows t e top portion 122 of
t he couponmﬁﬁgaimhmum26kwniaﬁhdhdanﬁﬂ MMAﬂhcmmenﬁm@udmﬂeﬂm<ﬁmpbmaugaasent

e on, T RP oSG Len 2., gl e, an., 20 s dable, unber, ang. o
Coupen TR TRLTRUThAEA, B0 DS RGEH AR, T SIRIIRATT
top porti omtw2andoatshethec cupelnc nagart g mouing h28couphe moeg:zper t 2Omd2 Be may
al so havelﬁhhgghnent openi ngs
[0060] Figure 8 shows the top portion 122 of the coupon magazine 126 in accordance
with one embodiment of the present invention. The top portion 122 may include any
20 suitable number and or type of attachment openings to both atfach the top portion 122 to
the coupon magazine mount 128 and the bottom portion 124. In one embodiment, the top
portion 122 may have the attachment openings 320 for bolting the top portion 122 to the
coupon magazine mount 128. The top portion 122 may also have attachment openings
202 which may be utilized to bolt the top portion 122 to the coupon magazine mount 128.
25  The top portion 122 also may include an indentation 322 which may (when combined
with the bottom portion 124) generate the sight window 140 as discussed above in
reference to Figure 5.
[0061] Figure 9 illusirates the bottom portion 124 of the coupon magazine 126 in
accordance with one embodiment of the present invention. The bottom portion 124 may
30 include attachment openings 390 which may be aligned with the attachment openings 320

of the top portion 122. Therefore, by using the attachment openings 390, the bottom



202 which may be utilized to bolt the top portion 122 to the coupon
magazi ne nount 128. 25 The top portion 122 also nmay include an indentation
322 which may (when conmbined wth the bottom portion 124) generate the

si ght wi ndow 140 as di scussed above in kgference to Figure 5. [00611
Figure 9 illustrates the bottom portion 4 of the coupon magazine 126 in
accordance with one enbodi nent of the present invention. The bottom portion
124 may 30 include attachnent openings 390 which nay be aligned with the
at t achment popemi i¥gsna@2be bltadhete dp ipppoiton 12220 glineate flor eyupby megirige § Be
attachnent 0 enhﬁgs 390,. t he bottonl%ﬂ orti%€.124 may be bolted onto the
top porti ol 19514 6 genetiaed tah@nk Siijsetle MEGAS] Hertishmeny may e dpef hecomnect

appr eci at eghd fgtoaidh 1 tAlk §oiBANRLLA] 184 LRGhRERL e%ﬁpfé,e?}ﬂl%@ bbRJiEEAECE
the top portion 122 to the bottomportion 124 such as, for exanple, gl uing,
bondi ng, etlicshould alshbealuddektood st uhdboistropdriidrat 24 ey thov¢ emy potablcommiPed may

have any suitabl e ug&der 5,atnd{or confij gur 6ions of attachment openings
390. [0062f" ﬂ‘eccﬁkgn‘tgf’ OBE)P??W“TE”%W“%F&% ‘have an indentation 380 which
when conbi pgr2] Wht BotbS Jdrdent &d hﬁptaﬁséa]agé ahﬁl?detll‘f’%?ioﬂ%’r%'@lﬂcmeg% @gg{seg the

sight wi ndow 140. In thi's nmanner, ocation of the proximty W th
respect t ovethcthe atdeatatianch2di dfithe egppotiot onayt femedoe Kienggls tvainilow X120 Inmdyisbe

visual |y and/ or_ hani cally accessed. In addition, the 10 bottom portion
124 may al BNy edoraioB el e Sy bhh bt dF?P&FTSPC&GaPBI‘fﬁa%C? Yha espaF et er

of an i nt effaadocRRLtdiBHOT2d HGy BELS tlﬁgclﬁg)-o? %&gélicéﬁﬁ?agc@&gg.s #I?t%édi%}{ Be

configured so that the periphery o ocking station 1 within the
recess!@92beitom prastidel 24 segurler dnde snugest 882 hweich. subbnfidly ewirognds the

descri bes an.exenpl.ary. proxi mt ead .t hat can genera a fluid._neniscus.
15 [ 0063] Rﬂ'&n?fswmiﬁ‘gﬁw%J%Oé%g*aé?zéﬁ? hetiay %%@ﬁ% Kty fXgPéFCﬁsﬁ égésng% ¢

system W t b @fdurX& MMtk Loy Xk é&a’%h@%@&iﬁ @EatiSEQﬁFmﬁ»\?ﬁa% J debbd 392 1o

meni scus. It should be apprecia that any suitable type of systemwth
any sui t abpevidgpeswfirqpruixinug taytadieachit Hae fobowggnisatles aa ddetipthryprnix$oits can
be used vvlt‘?r)q tQ{e enbodi_,rre\r}%’é,? '(ff the present invention described herein. 20
[0064] Fi gir'd B4 canghrerye idfuld mepisEessi ng syst em 1100 i n accordance with

one ogyodma el e ensils AOUERL LB Bpammpp Attt o
exanpl e, rolchgiay poxsiityphatighat @hogenerate a fluid meniscus. It should be apprec.;iated
that any suitable type of system with any suitable type of proximity head that can gencrate
a fluid meniscus can be used with the embodiments of the present invention described
herein.

20 [0064] Figure 10 shows a wafer processing system 1100 in accordance with one
embodiment of the present invention. It should be appreciated that any suitable manner
of holding or moving the wafer can be used such as, for example, rollers, pins, platen, efc.
The system 1100 may include rollers 1102a, 1102b, and 1102¢c which can hold and rotate
a wafer to enable wafer surfaces to be processed. The system 1100 may also include

25 proximity heads 106a and 106b that, in one embodiment, can be attached to an upper arm
1104a and to a lower arm 1104b respectively. The upper arm 1104a and the lower arm
1104b can be a part of a proximily head carrier assembly 1104 which enables
substantially linear movement of the proximity heads 106a and 106b along a radius of the
wafer. 1Inone embodimgn[ the proximity head carrier assembly 1104 may be configured

30 to hold the proximity head 106a above the wafer and the proximity head 106b below the

wafer in close proximity to the wafer. This may be accomplished by having the upper



The system 1100 may include rollers 1102a, 1102b, and 1102c which can hold
and rotate a wafer to enable wafer surfaces to be processed. The system
1100 may al so include 25 proximty heads 106a and 106b that, in one

enbodi ment, can be attached to an upper m 1104a and to a lower arm1 |
04b respectively. The upper arm 1l 104a and the |ower arm 1104b can be a
part of a proximty head carrier assenbly 1104 which enables substantially
| i near novenent of the proximty heads 106a and 106b al ong a radius of the
waf er. In 8HR Gffddindetic lower rpxi Hdbybhareyebler i arveaded pBiyner so40nm8yhse
configured : e OXhALL Y. 106 v Ler 1 he
‘proximty ﬁggi ?62§£%%F§MF¥%§fh&%%%ﬁgﬁﬁﬂéﬁéég”%?%&?h%@§:%%&¥H£&§§?ég.“?his
may be accepnplimghédadsyldtavinid Obheatppeiovkd veaiodli}1®4dosiidn tiheldse Wedxiakn
1104b be novable in a vertical manner so once the proximty heads are
moved hor i ¥oWEaTatss ilREgoker gnaedigsnt dresivid mepisons may dedesigsgbetypen the two
proximiy - _ V. ically . t i tl,on 10

Gl ose b oxl s At note 28 PoRT b RoRE BB bt bR PR T B i
may be for Tedupetwean [DheatidheIoRe0xin toabhaads: ddiruadidin@4Ruand. myed
onto the tgp and bottom surface of the wafer. The upper arm 1104a and the
| ower ar m RECAPKIFRY hsadc Hiriagd leab can bniposed toatiablasgicsprocesiimeps sigsaribey
heads 106a;,apd 106 n, o, , I e cessing .as described
nerein. Tc"2hgul B araRya” EOHRL R ERRR R YRLSL BPERFOIbE S BRI S
conf i gur edsuitabnyantitibé &higes MBOPRKiASy hedigs)atay BemhexXimibye heantis) wmy be
noved jn cIo?e proximty to the 10 wafer to generate and control a meniscus
on -t hel haf BpIEE iy REe@ate) Hdasreinebe raxE sy theewblstswsime, hengthaxiepjarhead
106 may be. _ La fadrst f . rm.whi.ch-rotates around, an axis
defi ned bymgaggﬁgﬁ%agﬂgoghhﬁﬁgﬁgﬁ9?H*ﬁ&?@ %?é?mfhﬁgggﬁ %znﬁﬁgﬁﬁﬁﬁgh@?%sthe
proxi mty dead amyxibeleffayedy ancadhdaditl OV@E abhhe Biedage iivkudhhe wab&dimeht) yet
anot her enbodi nent, the armnmay be noved in a conbination of a rotationa
movenment afe PEXBIY hsad mapdeanevrd, inantaio ayer thhewitacsi aflihawpfaxlmyetyanedwd 106
for each si h [ head.can be used for,a single sjde of
a wafer. d?ﬁ§¥@@8@fggﬁgéféﬁﬁﬁgi?ﬁgg%§b8é§§%§““€3ﬁ’6%“%%%¥%lﬁﬁﬁm%ﬁ“%f%%%

wher e 130 pimexi mobymbeadA [1i0Bigh Sherwe drithsuiplxasitphval Bic S€kidh sibé Bsihe WOH651
I n anot her enbodi nent, the system 1100 may include a proximty head docking
20 st ati orf Y hpascan heussd ifen onngosidged aaviferc dpther irtahe pwakestion procssreh an

ZEBO?L;TEQBC??EJE?%QH%{EQ ovﬂ\g?&ee%%‘?erg%x &1‘5)%%@} lile% Itb%t i\gleL%cra]d,asuc 1 %Is< ian\gaf%; gctrile())n
brush.
[0065] In another embodiment, the system 1100 may include a proximity head docking
20 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,
[00666] Figure 1A illustrates a proximity head 106 performing a wafer processing
25 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 140 gencrated
by the proximity head 106 on the wafer surface 108a may be any suitable wafer
30 processing operation such as, for cxample, cleaning, rinsing, drying, etching, plating, ete.

It should be appreciated that the proximity head 106 may also be utilized to process the



while in a controlled and nanaged state. Again, if only one side of the
wafer is desired to be processed, one armwi th one proximty head may be
utilized. 100661 Figure 1IAillustrates a proximty head 106 performng a
waf er processing 25 operation in accor ce with one enbodi ment of the
present invention. The proximty head 106, in one enbodi nment, noves while
in close proximty to the top surface 108a of the wafer 108 to conduct the
waf er procggsing %peration. It should be appreciated that depending on the

type of flaPEEppIed 48 of He Vialrel 08081 onpembedimgnivdif weles 1 Ssmay bnettaledd
by the proxi md¥.bead 198 198 1}1%?(36},]\@;0%&1 ?Jﬂ'{l]:: Ganal %%ﬁ%cm%ro?%s&n%e ?cﬂ‘! Laple
waf er 30 processing operation such as, for exanﬁﬁe, ¢l aning, rinsing,

drying, et¢b8angin plodict Bhboeingent, the walit@uI(d ey BPREIEGHAN Wi Matprbhigigresd M ty
head 106 n?g also be utilized to process the 20 bottom surface 108b of the
waf er 108. L¥ eepaatenisailwenneniseis einfler wailss snifyccheThet Hiceproxinity head may
proximgy 3 ’ e § i Le f.lui eni sc fQcesses the t
Burtace " 185€ of dealBYg dfic ERa I Sl MU GTE M GBERe A I R Rt Beni 1

t he proxi mirfacheddhe 18%r.genee@dRshdr kentdditheht BRI pFeLsI8MdaAe 06ahey bsHatiace.
Then the proximty head nay 5 nove or scan over the wafer surface and
therefore {ﬁﬂFe enopgh 9 Yo Wenneadsrs sneergpasaes the grffaccearet of He epdifeaian Iyet
anot her e i,ne : -1y he 6.. be made | e _enough,so the
i d mont Sehe ahisaiag Py MRS TRBNEY ¢ e Taifse o hER A R o

an enbodi nenface bfthapplistingy bdygrotésdbdlwirapisassenia@t bhdesusfiage ehdt he waf er
the entire surface of the wafer may be processed w t hout novenent of the

proxi Mm% y 19894 Imarecmgwdimen. Geerenboty redt! 06 trdudss sriuee tiyletsel382 206 1306

i ncl udes rce.itnl ets: 2 130 d a source,outlet 1304..ln such an

enbod mene ot S TR 0 A Erp B, B S Aol ) B

appl i ed t dPK, wal @ty gpeict ho Ohgl afer SQHBES tHr ol Bt 2 38Q2¢ iMaCIID, vidihd may

be applied to the wafer surface through a source outlet 1304, and a

processi ng 3 IF1MGRbe Bplichdy e wplsr Pedaacdhioigh wesbercesutitatE® 4 hndagho@ssingr ce
n icati f the IPA/N2 1310

inlet 1306y -&1}3[@9@? L0906 epbodiment.  the applicatign
and the processi ng %ﬁﬁgmﬂ%gfih?ﬁggﬁgl%@%AEPBQEE§O%B%Pﬁ8§tpgn of the vacuum
1312 16 r 0068 hheepmaeassengitel dppdcatlodldr Madpane, | PAY N1 43100 8ds0my e
waf er surface 108a can generate the fluid neniscus 140. The fluid nmeniscus
140 may béd3a4findiditicayeriheapplrationet weeracihie pp bkimidyoveehd pra@ssiagdiviche
waf er surf ed across a wafer, . surface 108a in.a stable and
1368 LA3h ; o 108 ate (hic ~
20 pontrollabﬁé nﬁ%ﬁgngﬁﬁqgﬁgméﬁngﬁﬁ%ﬁP&thg”?ﬁﬁﬁdﬁHﬁﬁ#%@ﬁéﬂ&§6“W%§“%e
defined byda. The fluid meniscus 140 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

20 controllable manner. In one embodiment, the fluid meniscus 140 may be defined by a
constant application and removal of the processing fluid 1314. The fluid layer defining
the fluid meniscus 140 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,

25 [0069] 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 proximity
head 106 and the wafer surface, the IPA/N; may be omitted when generating and utilizing

the fluid meniscus 106. In such an embodiment, the proximity head 106 may not include

30 the source inlet 1312 and thercfore only the application of the processing fluid 1314 by



constant application and renoval of the processing fluid 1314. The fluid
| ayer defining the fluid nmeniscus 140 nay be any suitabl e shape and/or
si ze dependi ng on the size, nunber, shape, and/or pattern of the source
inlets 1306, source outlets 1304 and sou fe inlets 1302. 25 [0069] In
addition, any suitable flow rates of the vacuum |PA/ N2, vacuum and the
processing fluid may be used depending on the type of fluid nmeniscus
desired to be generated. In yet another enbodi nent, depending on the

di stance b&AGERHCE HECtpP0Riantthe reraei! phéham@cessmevilifid i34t babe soumpe ontha/ N2
may be om tiggd When. @qﬁ@}ﬁ@gﬁgﬂphﬂgilizing the fluid nmeniscus 106. In
nt, t y ¢

such an enbodi e proxim ead 106 may not include 30 the source

inl et 1312 ]e07d] therled antodithyhté BE Uap pldxedity 0Radf 06, NBe ProGasa: ROrlideUd ih2 314
by 21 the source inlet 1306 and the renpval of the processing fluid 1314
by the souPEEUHUYhetd 1B Ehe semer at B rrpeiniihuhead meiwrs bgsonng. infeomd]sopse

ot her esbodj t at roxi m ] 106, the, progessing surface of .the
o ot i PRk Bbu kBl XU SR At 4 BRGRE B 265 PR of
I nl ets andttzofitidenciis@utibeesgaeaaddCat 643 MBYIRMANE BB Hretkiiabkerfiepaunaphy

depending on the configuration of the fluid nmeniscus to be generated. In
one embodi REN{MIlY Rerdgnay e &l indented s nety nrplsudepironitid suyrchedidersayibe. ei t her
i ndented o : _ . surroundi ng .surface, ]. Figure 1 1B
shows ot o TRLERLRE LHE ol SRR 0 OB B atio A8 b d b naheeifgt
one enbodi witht oipf chivedplias et tHenyeREdOMvehtiors houlHobla BPRBEI-ak&H 1ldhahe t he
10 configuratjon of the proximty head 106 as described in reference to

Fi gur el BB @ fizasasiop| & (g proyamify eheatth e ke rdsscrdtedein edakehguiatiions 8 is

proximty he . Ut ]z to generate the. fluid neniscus as long as
t he proce55|ng ??ﬁ¥§Q§E% Eé&é%%?ﬁ%@ﬂ%’nlgﬁﬁﬁgﬁs0%%?%@@8’ﬁﬁ&SPBWﬁV@Hﬂ?F%nT
the wafer sugdhace the Hadenali®ud a51aQ & fHeUirdeBA) SHUP cANLE BEplicNaLEN wafer

surface. In addition, as discussed above, ot her enbodi nents of the

proxi mity Hedae #5d 1o8otwl Rom hawefeosihifaze to mengatgracgablnl fbtid 13a6scnhen thhe

proximty N j.gure to nerate the fluid ni scus w t hout
usage of N?%?gﬁ&QFSO;%?&ﬂﬁb%ﬁgcﬁ%ﬁsﬁﬁgﬁpg$(%%%egﬁﬁgﬂ?%ﬁﬁgfﬂ?ﬁ%ﬁﬁqngbﬁﬂ
right lare Hos®tn@thatbe Bourhe sburb@inletliB08 wiknS8d pRkihAE nSRUT &EisQub fifled 304,
a set of the source inlet 1306, a set of the source outlet 1304, and a set

of the souP@&n§ipicdpe fagancrsas afidog! usige NON1PAand processing 20 chemistry
i{)g, i nput t[@@?ifﬂﬂhé Yb% 513&' oqnonté%tn%%ﬂngn ?frgﬂlol)é .'trg) tri%,‘hth z%%da s]é?gf ?hrgadsotmbcee n CI er
1302, a sct 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
20 chemustry are inputted into the region between the proximity head 106 and the wafer 108,
the vacuum removes the Ny/IPA and the processing chemistry along with any fluid film
and/or contaminants that may reside on the wafer 108. The source inlets 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
25 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
meniscus 106 desired to generated. In one embodiment, the proximity head may extend
fess than a radius of the wafer. In another embodiment, the proximity head may be

30 extend more than the radius of the wafer. In another embodiment, the proximity head

may extend greater than a diameter of the wafer, Therefore, the size of the fluid meniscus



t he vacuum renoves the N2/1PA and the processing chem stry along with any
fluid film and/or contam nants that may reside on the wafer 108. The
source inlets 1302, the source inlets 1306, and the source outlets 1304
descri bed herein may al so be any suitablgztype of geonmetry such as for
exanpl e, circular opening, triangle openinhg, square opening, etc. In 25 one
enbodi nent, the source inlets 1302 and 1306 and the source outlets 1304
have circul ar, openings. It should be appreciated that the proximty head
106 may be 3¥ybe &y tsagqﬁée §izeedepgmtips onathg/seie elomfyaier sirfash apdeicAdodi t he
size and s ‘ i i s 1 ' ( ated, | n.
cmbod; ment RS barhE v el Mo peh P bE St - AR M P e gy
| n anot her 16ahoal benlositivhed pif QX FuityblBer@ntEyn kepSQligxXbenHe MUfE hlvassstipe
radius of the wafer. In another enbodinent, the proximty head may extend
greater thaRAUeR aheEt & o otwigdioszongsreridredy. ehanvsother $fitableepdsitifingin

neni scus 2 i | iz ndi ng on the.size of. a wafer

surf ace ar b5 ek; B Plogild A8 JDLEGORRENEL IRoB BE RS g PoitGheney
shoul d be apreeitatechd dratiortighep bOsiadrtpyodieass oJdfigmyndiehasidhéened in any
suitabl e orientation depending on the wafer processing operation such as,
for exanpl @07RbEISent HIG yllusiatasi am| inlets/outicsnpagemer! suipteingypbeidt iLoh inn 5
between. T L n,: 0 y al.so _be incorporated.into,a wafer,
processinggﬁ?&%@éﬁﬁ%ﬁgf@ggﬁg&%@ﬂg%%89€%%8§$gw Wﬁ?@ﬁ”bﬁBc%@%Fﬁ@ogﬁgwgtH@ns

may be conpiecieidy he@DT8§ ifdlgitsahd T6urck liniets Bf02Sanan] 300! Bt $EO WL IBL%e RALERT N
of a proximty head 106 in accordance wth one enbodi nent of the present

i
i nvention. 144 t Wi ancesinberliment ha sparcopewialand 304 mendurt@eidi thelsadiss itlhes 1$6ar ce
inlets 130 , . as ource.outl ets 4. 1 n one enbodi nment,
P s0d0RuBRe 1302 P sRBHARinE it Rl 20

the source out roun 1306 and the source
inlets 130@0MayFgure gpumm1&&1@@50@1{&@@1-01%@5l&mlﬁ%ter&Q)Q"?aﬂaro&&rﬁup Gehd 185 in
illustrates another inlets/outlets pattern of a proximty head 106 in

accor dance?SiPidingn & idnpegicrbatingint tfethprigssent iiveveon.i dn. thimemhbdiment, the

enbodi ment . (W h 106 incl.ud he rce inlets 1302 agnd
7506 s watPHifo BEREL 0 e e 0upd Sl Tne Braatbrisavel! fheodtnredes
out | etiS 130A4may ErdmbbatnENe tR0bLER dullett B043R%) sihnlinGe SOUEE SukE!18bs
1302 may at | east partia surround the source ‘outlets 1304. [00751 Figure

I IF il ustddbesowcq iynlqthlﬁala mietislea phetdy partexthobowcpoasdini 3¢4. head 106
embodi monti 0 e ERRokiln [y TAGAd HokS M TABLSE Ra' bl copicieitk hesba dare
- 1306 as welctordan@ouii@€oRUEMBb&ment of the present invention. In this embodiment, the
proximity head 106 includes the source inlets 1302 and 1306 as well as source outlets
20 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
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
25 patterns may be used as long as a stable and controllable fluid meniscus can be generated.
[0076] While this invention has been described in terms of several preferred
embodiments, it will be appreciated that those skilled in the art upon reading the
preceding specifications and studying the drawings will realize various alterations,
additions, permutations and equivalents thercof. It is therefore intended that the present
30 mvention includes all such alterations, additions, permutations, and equivalents as fall

within the true spirit and scope of the inveation.



20 1304. In one enbodi nent, the source outlets 1304 may surround the source
inlets 1306. In one enbodinent, 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 neniscus %g'rt hout application of I PA/N2. it
shoul d be appreciated that the above destribed inlets/outlets patterns are
exenplary in nature and that any suitable type of inlets/outlets 25
patterns nmay be used as long as a stable and controllable fluid nmeniscus
can he generated. [00761 Wile this iGlElMSon 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 drawi ngs will reahbggursas fRysodtkdifs akieate wlddiluiPRsnisQaoBE appiars and
equi valents thereof, It is therefore intended that the present 30 Invention
i ncl udes dP[e ssifaee ofi the puhsiratgscompréiing:ons, pernutations, and equi val ents as
fall ithint i1 - ' An
appar a}tédus for Ehf %(%:Ciégl 3 Sﬁgﬂ aéé éou@tqfeziﬁ gl%wip ? %eggﬁla%%g?%%?%u@%gggﬂr%{gﬁ ¢ ed
to g sulrfabgkm%_suﬁeceshﬂm aﬁmﬁ;ezn me@?ﬁé ﬁlaﬂg'asb theaublankd, Egd §1awﬁ<fggamﬂ§i%igur ed
to be place acent to_an edge of the supstrate, the  docking surface

bei ng abodf‘teffﬁc tl‘?é‘?lgﬁ’ ¢ Buidymeniscusiie eaighand gibthe spdagsafhesubstrates r ansi ti on
interface to allow the fluid nmeniscus to enter and exit the surface of the
substrate. 2. An apparatus for processing a substrate as recited in claim
1, wherein the 2.10 dutkppuptsufoh poeesefig aewhstradas keaigd st altairon, fvheretrhigef | ui d
meni scys. 3., An _apparat.us fqQr processi a substrate as recited in claim 2,
furtthJ| é%ﬁlﬁpgg}lrﬁ%e ‘%%88%?33?10@%%{%%0?3}6 fﬁ‘ﬁgﬂ?%{fe’t‘%e docki ng station that
i ncl udes the docking 15 surface. 4. An apparatus for processing a
substrate as recited in claim1, wherein the docking surface has a radial
contour that metched\manpagitay fos pracesningd subvratowb seaitad én claon 8, fustheet hod f or
processi ng ’i% ﬁkﬁg trate, conprising: positioning a transition surface

subst anti al 9 coplanar to a substrate surface, the transition surface

bei ng adj acent atcoupsn Rdger i fok heldsnbbt datidng siatomat iGhrict tHe dbcRigi Scus

between the transition surface and the substrate surface.
15 surface.

4, An apparatus for processing a substrate as recited in claim 1, wherein the

docking surface has a radial contour that matches a radial contour of the substrate.

20 5. A method for processing a substrate, comprising;
positioning a transition surface substantially coplanar to a substrate surface, the
transition surface being adjacent to an edge of the substrate; and

moving a fluid meniscus between the transition surface and the substrate surface.

25 6. A method for processing a substrate as recited in claim 5, wherein

positioning the transition surface includes leveling the transition surface.

7. A method for processing a substrate as recited in claim 6, wherein the
leveling is accomplished by the leveling mechanism.

30



25 6. A nethod for processing a substrate as recited in claim5, wherein
positioning the transition surface includes leveling the transition
surface. 7. A nethod for processing a substrate as recited in claim§6,
wherein the leveling is acconplished by, L{ he | eveling nechanism 30 24 8.
A nmethod for processing a substrate as recited in claim5, wherein the
transition surface is a hydrophilic material. 9. A nethod for processing a
substrate as recited in claim5, wherein 5 noving the fluid nmeniscus

bet ween t he trahsitismeuwd fcpramssinheseshsterareitdid dean 5) whératigbe one of
novi ng thet nsi tion surface fromthe substrate

the t
sur f ace an&anrsrg\?flﬁa ?cf?ésﬁﬁﬁﬁﬁjpﬁﬂwlg%tﬁé onto the substrate surface fromthe

transition surface.
9. A method for processing a substrate as recited in claim 5, wherein
5  moving the fluid meniscus between the transition surface and the substrate surface
includes one of moving the fluid meniscus onto the transition surface from the substrate
surface and moving the fluid meniscus onto the substrate surface from the transition

surface.



