-1- SUBSTRATE BRUSH SCRUBBI NG AND PROXI M TY CLEANI NG DRYI NG SEQUENCE USI NG
COVPATI BLE CHEM STRIES, AND PROXIM TY SUBSTRATE PREPARATI ON SEQUENCE, AND
METHODS, APPARATUS, AND SYSTEMS FOR 5 | MPLEMENTI NG THE SAME 10 15
BACKGROUND [0001] The present invention relates generally to substrate

cl eaning and drying and, nore particularly, to systens, apparatuses, and
met hods for inproving sem conductor substrate cleaning and/or drying by

reduci ng cont agyp %%i r (ﬁﬁgg?% on
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sem conductor s Ef §£§ HEYUSTRIEDAND ¢ RQKIMATYeduci ng
preparation tine aSUBS@MTE%MPM@IMSE@MEMMWHwS on operations
2. Description of the Rel atedpp %%HJ ﬁﬁg |on of seni conduct or
devi ces [?volves NUITer ous proc SSIn er atj ons These operations

i nclude, for exanple, dopant i 78@K£ generatlon i nter-netal
oxi de depositions, netallization dep03|t|ons, photollthography patterning,
et ching operations, chem cal mechanical polishing (CWP), etc. As these
operations generate particles and residues, substrate surfaces need to be
cl eaned so as to renove particul ate contam nants adhered to the surfaces
of the substrate. 30 [0003] Particul ate contam nants generally consist of
tiny bitg of distinctly defined material having an affinity to adhere to
the surfaces of the substrate. Exanples of particulate contam nants can

i nclude organic and inorgani c residues, such as silicon dust, silica,
slurry residue, polyneric residue, netal flakes, atnospheric dust, plastic
particles, and silicate particles, anong others. Particul ate contam nants
shoul d be renoved from 35 substrate_surfaces as | eaving behind such

contani nants on substrate surface dMMCKEROUND detrinmental effects on the
performance of integrated circuit devices" [0004] d eaning the substrate
front sides (i.e.., the active side or top surface) has traditionally been

given a hi qhegypri or ifne jBseny Riveftiors HRRLS Blrferdtly &8N DG 5y Sle&iBg %ﬁ'&idxying

and, more particulatly, to systems, apparatuses, and methods for improving semiconductor

substrate cleaning and/or drying by reducing contamination of substrate surfaces The

20 present invention further relates to systems, apparatus, and methods for improving
semiconductor substrate preparation, cleaning, and/or drying by reducing preparétion time
and cost associated with substrate preparation operations.

2. Description of the Related Art

[0002] The fabrication of semiconductor devices involves numerous processing

25 operations. These operations include, for example, dopant implants, gate oxide
generation, inter-metal oxide depositions, metallization depositions, photolithography
patterning, etching operations, chemical mechanical polishing (CMP), etc. As these
operations generate particles and residues, substrate surfaces need to be cleaned so as to
remove particulate contaminants adhered to the sutfaces of the substrate.

30 [0003] Particulate contaminants generally consist of tiny bits of distinctly defined
material having an affinity to adhere to the surfaces of the subsirate. Examples of
particulate contaminants can include organic and inorganic residues, such as silicon dust,
silica, slurry residue, polymeric residue, metal flakes, atmospheric dust, plastic particles,
and silicate particles, among others. Particulate contaminants should be removed from

35 substrate surfaces as leaving behind such contaminants on substrate surface can have



processes because del eterious defects nmay be caused in the processing of
the substrates"” 5 However, as substrate sizes have increased and/or feature
si zes have decreased, certain shortcom ngs have been associated with the
failure to adequately and properly clean and process substrate backsides

i e., non-active side) [0005] One drawback of having contam nant

E)arti cul ates on substrate backsides i swan‘i gration of particul ate

cont am nant fro ubs rat backsi de to the substrate front 10 side.
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br ought i nt shottomnige havd bdentakecistddewith drkilge t@&déqh@tb%ﬁﬂ}ﬁ&;&f@l hi ®GnQ@RAEO the
cleaning interface" One of such exenplary fluids is SClI defined as a

m xture of PIRRHSERRsHAPacksides 6 cam@ntsgivesi®®l per oxi de. When perf or i ng the

brush scrub 20 h bl t he. cl gani.n
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the wafer fmQmition elepdiSctas doithanResi ford thd QbR HABEHEoURE Behstidte front
condi ti on| ng fluid such as a solution of hydrofluoric acid (HF) and DI'W
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wafer front side and backside usi ng diverse and inconpatible chem stries
necessi t at ¥ sfapp Hawsantiminating smmnfanecesml d handling arrangenent and
d

wast e treat; unit for,, eacl hem strijies. By way of
exanpl e, sel te dra AR OFSSBE | Oﬁ’?ﬁéf”? each
chem striy fHoMmHeheafs &%ﬁslﬂwls%@m%fubbeféﬁn a fcﬁfei H:hﬁ:]n 'a9§em%§) %118%8 gthe
footprint of f he waf er processi ng systemi s unne ari % I ncr €ase
al so t he syt emditiohingi afethe mafedfiont) side.r ém@enmﬂtxstypanlehmn@ asemnbdlyy a 1otating
conpli cat eq)msh is brought into contract with the wafer backside as fluid is supplied onto the

cleaning interface. One of such exemplary fluids is SC1 defined as a mixture of

ammonium hydroxide and hydrogen peroxide. When performing the brush scrubbing,

20 however, undesirably, the cleaning fluid SC1 can in some cases be sprayed onto the wafer

front side.

[6007] At this point, the wafer front side is conditioned in a cleaning module using

a conditioning fluid such as a solution of hydrofluoric acid (HF) and DIW, which is not

compatible with the SC1 brush scrubbing fluid. As a consequence of wafer front side

25 cross contamination and incompatibility of SC1 and the HF solution, the quality of the

cleaning operation may be reduced.

[00G08] Aside from confaminating the wafer front side, cleaning wafer front side
and backside using diverse and incompatible chemistries necessitates implementing an
associate fluid handling airangement and waste treatment unit for each of the
30 implemented chemistries. By way of example, separate drainages and exhausts should be

used to eliminate each chemistry from the cleaning chamber. As a direct result, not only



[0009] Such limtations can further be elimnated by cleaning the substrate
front side and backside in a cleaning apparatus using chem cals.
Thereafter, to produce a low 5 defect |evel substrate, the substrate
backsi de and front side are rinsed by, for exanple, De lonized (D) water.
In this manner, the chem cals remaining;on the substrate front side and
backsi de are diluted and/or residual particulate contam nants thereon are
di spl aced. Equucino,. supstrate. with | owdefect, |level, however, can

CATDIIIE Q3L TDC WATCE Proce N SHSLEM 1INNECas e b alse thesystenm
C U C U - ¥ Lw |J 2 U ¥ v

That is, th t f i HAcKs O be rinsed using a

| ar ge amun?heglgg%lh%ﬁv%tﬁl ra‘r“?lgéenzé“%ﬁ"égi%?c per?gﬁn@ 1'Eeli’ll'rne, whi ch often, can
be as | ong #¥0Phe ti nBustpbmitations che dinrtiendé elimpmapaddssclédiinstbstibaiae fdant

si de and bac,lglsiggf : 8‘ .course, cleaning _and/or, processing the substrate
surface maySifeped barkside ina slyaning gaparatys Usingrherpionls o hoxgrfier.i to paoduge ailow
certain e L Al _ trat. ‘ ide (e g,
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front si deDedynized(®Ipwhtyr dhfigemahhe, e okinitdnrdiaitiieos thestibdbe: Fatt kidse.
For instance, rinsing silicon substrate %resul t 1n re-grow ng of oxide
on the expo¥Elybasksids arssdibrted prd/orsigpidval peeicylates epntanpinmte thergonzare dpplaged.

substrate, i AsiNg b > i d _backsi d result in
corrosion. .ﬁllfgﬁl T%F&P%{é\?\?l tetﬂwlaoo d%frﬁéem%‘(r)e?’eh%%feﬁ’%,’ C%hrgﬂ%mi a‘éﬁgé]élzf%?%ré%t
system appadednisbachdide baetdaduffielenly. e Phdtii) hesdibsidtales stRRABLAECIRLde can
inplenmenting sinmplified fluid handling arrangenents through inproving

subst ratk t i dRegH peing Byarge amennt of Plevalerfora resificrneriod of timeswhich n§et, com

using inco [ mstries. There.is also a need for a.syst .

appar at us, ”%;eﬁédé I@é%eﬁ%@gft %I?e B Igt;)tgrcl it agiif‘ P58 ﬂé%sr“_ﬁﬁ%aé% IQI%tpgé‘Eyaéldg’f%ks_lde'

subst ant i al OFcoeed) clefriing bnd/BeprbédiBin@ i seBSHatARSRACE ﬁlhﬁ@bwah RxRhQLERRORY t he
front side and backsi de of substrates. SUMVARY OF THE | NVENTI ON [ 0012]
Broadl y speditimgy, the present invention fills these needs by providing a
30 net hod, ratus, system for preparing .substrate rfaces capabl e
of simpl i fyDRE 1 u a‘f\ﬁ@ﬁ%‘ﬁﬁﬁgl%ﬁqtﬁ‘ﬁ BrEIOS Anc ﬁalH%%fg‘s s plrae dront
throughpist dad (@) ATha@tib of HRSEevich-beR2N:@Btd) @l ARhdrEA Yrsind Ghd Shate front

i npl enenting inconpatible chem stries., In"one enbodinent, a substrate is
prepar ed bysigsembp radvarspln affectsthe sondititn f tleparbatiitie sudacea Felibsthncas sndiacksi de

[ [ hem st.ry foll d. by. .proximty cleanin
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substrate sutface while, in a copper substrate, tinsing the substrate front side and backside
may result in corrosion.

20 [0011] In view of the foregoing, there is a need for a system, apparatus, and
method for preparing substrates capable of implementing simplified fluid handling
arrangements through improving substrate throughput by minimizing cross contamination
resulting from using incompatible chemistries. There is also a need for a system,
apparatus, and method for preparing substrate surfaces capable of substantially reducing

25 the time and cost associated with processing the front side and backside of substrates.

SUMMARY OF THE INVENTION

[0012] Broadly speaking, the present invention fills these needs by providing a
30 method, apparatus, and system for preparing substrate swifaces capable of simplifying

fluid handling arrangements and improving substrate throughput by minimizing cross



and/ or drying the substrate front side and backsi de using chem stries
conpatible with the 5 brush scrubbing chem stry.. In another enbodi nent,
the present invention provides a nethod, apparatus, and system for
preparing substrate surfaces capable of substantially reducing time and
cost associated with proximty preparing of substrate surfaces by
elimnating the need to performa rinse operation subsequent to a cl eaning

operatlon N[ It o.' a.l%)rlel ttCt tleenI i nve ntlon can
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present invention are described bel ow.” [ 001 n one a net hod
for cleani ngulaﬁdtecbapkm@e asifig anprusinderabliing Ichermsnjf dokowdd by ;xrbﬁmrtatchaanmg
rush scrubbi t.he back surface _of the

Eﬁgg't ?33 e I gre ‘i‘hOdﬁéﬁg@gﬁqﬁs bﬂfgﬁ?lm ek using chemysides,campsible itth e
i ncl udes 45uvfigh @bﬂﬁbﬁgfdh@ﬂs&'ﬁe%sﬁi%ewmoﬁﬁﬁesurﬁl@t "t fétf ﬁnﬁ@ntﬂ)fnb}érla%d S a

substrate and a back neniscus with the bac e substra
For m ng t hemethodt ammwmencba‘grkemém sepsingssupstrdto suriaes adpable ctﬂmbktamt&ﬂly
scrubbi ng of the back s%rface thod further |ncI udes scanning_the

front surfatsdugpe e aj §P?ta?sé°%fi“f BLORUMILY, prepating of rsHbstsim sirfage bW t h
the front a cl udes a
B RaGke th%@édstﬁ §rf01n;[ %ﬁnger df)?{]ael r us%&ﬂ%c D¢ (%Téﬁr%ﬁxg%%(é%tib .

chem stry that 1s conpatiblfe w em stry.
[0015] In aléiBer enbhchowdbe apmetibed thmetivoptedent insketivhi dag banthplbinenRd id

front d a back surfac a substrate is provided. The net ﬁod i ncl udes
brush sc bWﬂOF%@aY%é@iufg%ﬂf e PIESS: B apDB 3Rt &/stest. gdeyidsy os A eahatbbi ng

fluid chem gy iy EUWQHL {)ﬁ{l JeB ﬁq'gl%o?lpef?‘% X%sggbe%ic{%t meni scus

onto the front surfac Bfe lpon conprl e e brush

scrubbi ng o[fOOMﬂe backhlsmﬂef@ﬂi:ﬁ)diﬂmtfer ﬂi&ﬁloﬁﬁmﬂ aéa;ﬁngbml d&‘s}ﬁ@ 2fr bt QRY aCHa@l@n' ng
chem stry th |s chem cally conpatible with the brush scrubbing f

chenistry. 1{ $5P1 2 shbgldte igovided e hsorrethed includes biysh peplebipg thedeaelt smfaCSyst em

i s provided, t r e bac ead.
The brush i$ t(l:%-% bﬁté?ee %Q%Erus m?}:)ﬁl Lﬁmdba% 18 ﬂrf]g’@én%tpod;%ﬁ’ﬁémcﬁf‘g usi ng
a brush $crishhingg ﬁ:dmm@;smys with ehefffoa burdRe bead substhef dndQthaeR nfehR8& with
proximty to a front surface of the substrate while the back head is

defined in B¢ b§<é< Priage o thy selstietge H@a@mgstbq: franteandfth@ h@ksu@muausepexfomed back
noad and ¢ ERp R RRER AR Gt Puck SRR D e fot foad BRvdet S oo
brush is ap@ét siufeadf e sivskd Qidethe back surface of the substrate with the front and back
meniscus. The front and back meniscus each includes a chemistry that is compatible with
20  the brush scrubbing fluid chemistry.
[0015] In another embodiment, another method for cleaning and drying a front
and a back surface of a substiate is provided. The method includes brush scrubbing the
back surface of the substrate using a brush scrubbing fluid chemistry. The method further
includes applying a front meniscus onto the front surface of the substrate upon completing
25 the brush scrubbing of the back surface The front meniscus includes a front cleaning
chemistry that is chemically compatible with the brush scrubbing fluid chemistry.
[0016] In yet another embodiment, a substrate preparation system is provided.
The system includes a brush, a front head, and a back head. The brush is configured to
brush sctub a back swrface of a substrate using a brush scrubbing chemistry. The front
30 head is defined in close proximity to a front surface of the substrate while the back head is

defined in close proximity to the back surface of the substrate. The back head is



[0017] In one enbodinent, a nmethod for preparing a surface of a substrate
is provided.. The nethod includes scanning the surface of the substrate by
a nmeniscus, 5 preparing the surface of the substrate using the neniscus,
and perform ng a next preparation operation on the surface of the substrate
that was prepared wi thout performng asrinsing operation. [0018] In

anot her enbodi nent, a nethod for preparing a surface of a substrate is

prOV|ded The.net hod i ncl des appl yi ng a firs ENi SCUS, 0 to th- syl face of
l 5P o_h Sti opposite 10 the tropt noad - | hgdronthead and dhe back heag

appl y' ng a %gﬁi@@gs §)CtH§s @nﬁiérﬁ( %%m%ﬁ'&n%&bﬁbﬁ & that was

prepared so to prepare t sur ace of e substrate t was prepared

for a seconf0dvpe. Apm ymmgmbdsthmsmcamdeﬂredhlfsmp&pmmgca)rsﬁjfmrﬁda sabstrate is
substantially direc Iy ftglllqw a pIy| ng of the first neniscus wthout

perf;] o(rjmf ng BoMdsde f@p@? pdl dpcludes cscmmng the) fikees of th, stsBrte divbd MRS, a
et hod 1oy rﬁzﬂﬂ'rg'hg% Inca{cé’gé r ARG ﬂ%a%nfs%; 4 Wﬁ% onﬁ;@“?%{ﬁt eis

provi ded. es formng a nmeni scuas
surface of pileparstidisdpeaition an thessubfackofithasidetiste Mat vat hepad kithotfpeeermiibhgt he
substrate.. The nmethod further includes scanning the front surface of the

substrate a%Hn%UP&OP%@f% surface of the substrate with the front neniscus
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substantiatpryvidt®athemethe = g 8 Wit Aceise §I ‘ ra
surface of the substrate. The rret hod al so |ncI udes perform ng a next
subst r atld pﬁOe?ﬁaanPIﬁPﬁie ther gutase obha mEbstate nd Spplyingea sfcond enanifsss papethand

front surf asktgrofthe SGnaE A% oW Rl o e o wEPFe Tl Dol SRR IOE, .
W t hout pergy pidpgxea fok NS is@@n@P@h@t | APplylnd02R] sebb®l aebraRLAGE ToRfigr &P to
pr esent invention are nunerous. Mst not abl Y, in contrast to the pr| or art

wher ei n i ncwhpantiably elichiéniaiow epplying ifdbe Soit ragnisodr veithout pertorming e ran
waf er backsi de %nd front side, respectively, in the enbodi nents of the
present i n?Pé’fﬁUl Bn, conpati ble chem stries are used to clean and/or dry the

waf er frgntjpgigle and Iﬁq,unaaﬁlsaadanbe%amea n@éﬁm%agepm%ngt D&bnOY S 5}91 a

conmpati bl e chem stries to clean wafer front de and backside, fluid
handl i ng arteehgerfaatcd 2 Smlbsttvée frpenidedr ﬁh@nw@lodndclpdzsﬁonnmg &ﬁentahmumg
Prn\?gﬁ'[ :’i'élnon ?ﬁ'ﬁ} eﬂgnt sut ace of Itfflelz g %Stl&t? ta{1c|1 Ia ban? Enrg:?l{sc%dv%g lc{)fsu}fgc% sent

substrate. The method firther includes scanning the front surface of the substrate and the
back surface of the substrate with the front meniscus and the back meniscus, respectively.
20  Scanning the front swface of the substrate and the back surface of the substrate is
configured to substantially clean and dry the front surface of the substrate and the back
surface of the substrate. The method also includes performing a next substrate preparation
process on the front surface of the substrate and the back surface of the substrate after the
operation of scanning the front surface of the substrate and the back surface of the
25 substrate without performing a rinsing operation.
[0020] The advantages of the present invention are numerous. Most notably, in
contrast to the prior art wherein incompatible chemistries such as SC1 and HF are used to
clean wafer backside and front side, respectively, in the embodiments of the present
invention, compatible chemistries are used to clean and/or dry the wafer front side and
30 backside. Another advantage is that by using compatible chemistries to clean wafer front

side and backside, fluid handling arrangements in the brush scrubbing and proximity



is that by inplenenting conpatible chem stries to brush scrub and proximty
clean and/or dry wafer surfaces, the scrubbing and proximty cleaning

and/ or drying chanber can be free of cross contam nation, This is
beneficial, as by not using inconpatible chem stries, 5 the footprint of
the apparatus is also reduced. Yet another advantage is that the

enbodi nents of the present invention sinplify handling of the conpatible
chem stries .t hin the apparat us t educi ng nechani cal cost associated
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i nventi on héwewsalki suifrate dhd sveubbiedaridoprokingey cleanhsst araf@ diyiagichahoe cande
backsi de evg’rél %i nme the wafer front side, and backside are exposed  to

cheni cal s. I PhFeSSToRKEHatORe Thisis beacticiakens dpdiot Bang Hisemertile ehamistHes,
processi ng gRCfonSHPST b Cufpulieis! AdYGEdSh It GathhY a0 ANBEDSY AFVAR! age
of the present 1nvention is that preparing the wafer surtfaces using the
proxi mty subhbddimbets mf‘abeapwsémrinmmmim@ff?maﬂcﬁh@wfftaeesn?aﬂiblbeh@ﬁﬁﬁﬁé ed so
as that a St%i?ngf waf er surfaces are remai ned substantially the sane. For
instance, waf fAPRAYYS ts 1'?<£}?ngrin§ffh@alﬁalf et aseciatpd (i urng seprigsallet i on
stage Wthﬂiﬁd}}iﬁé‘c\{%r%n%ﬁts 293G bhGM Lﬁﬁts%&rgaag(g%{l}é‘& ter thus oxide

re-growt h on conductor or warer surface ., metal surfaces)

can be previgozHd. [ 0022l afdtheradeaiRess of hebradianiagions i9that e contesinol e Wil |
becone a%garent from 20 the follow ng detail ed description, taken in
conj unctilonPrigr . sprac sebedivmis ofgthe prssprgaventipn hawg elimingigd e need tofringganpl e

the princip ‘ the.invantion, Brief scri-ptd on .of the Dr.awi hgs 25
100231 The P PORSATMATR G Rl mERR AR ol B b S R AP SRR 56
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like reference numerals designate |ike structural elenents. [00241 Figure
1A is a si npbstiateernchersducsd signdivantly i Anpthér adrantagsraltia yretenbiriventinaris Bt ng

and proxi m';,% gl gg@i ng E%nd/ %r dr¥.i ng, system. in agccordance with one _ 30
enbodi ment *0 pres tToR. = =V TO0025] FIgurerT B T s/ a~si tfied

= V00 Jure 2 oF:
partial jtsopsuvaey cah bé‘{ire?é&%ﬂ'@b a$ thabs S8R oF Wakh Rindstes #RGeRAiRX) NibkingdiBant ng
and/or drying systemillustrating supplying, delivery, and collecting of

chemi st ri essaing. tHee instaned vedersbtfageg cpr texiain clyarcfoe asd inghanekt prepdrajiongtagy st em

without having to expose the wafer surfaces to water thus oxide re-growth on the

semiconductor or wafer sufaces (e g, metal surfaces) can be prevented.
10022] Other aspects and advantages of the 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 invention.

Brief Description of the Drawings

25 [0023] The present invention will be readily understood by the following detailed
description in conjunction with the accompanying drawings, and like reference numerals
designate like structural elements.

[0024] Figure 1A is a simplified cross-sectional view of an exemplary brush
scrubbing and proximity cleaning and/or drying system, in accordance with one

30 embodiment of the present invention.



in accordance wi th another enbodi ment of the present invention. 5 [0026]
Figure 2Ais a sinplified cross-sectional view of a brush scrubbing and
proximty cleaning and/or drying system in accordance with yet another
enbodi ment of the present invention"” [0027] Figure 2B is a sinplified top
view diagramillustrating brush scrubbiag of the wafer backside using the

brush, in accordance with still another enbodi nent of the 10 present
i nvention. i ]z Figure 3Ais a s'. ified cross sectional view
H ot i ANzt OUrG L 18:a SUTp ?'inli!-, (1£1 aX G ) 4
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chenistry, %\H 3%(%&31?11 an@gﬁﬁ%& $ r?hési{[off I @%ﬁogﬁgegn \éﬂr%%%& Flﬁg nét%g?ﬁ h e&eﬂggg’s ent

i nvention. d&icpp2&] chEmipries i Ehd mush Kruhbingf preginitypclsdney anfl/ot deyingsyetent, r ont
side illustrated.in Figure 3A wth th% waf er surfaces being cl eaned and/ or
dried by thé 3PIHEnCHEk aRptbsr erabrdiment,of thequesgniiE¥eWORh sti || anot her

enbodi ne he pr } thon:s . o[ 003( i 44 1 j dLEI
bottom vir%v\;ﬁg%&]an exg151 ar%lg\éssgfﬁlﬁn@ %fi/e dhcgg(%%lelc@nggg%‘gr adngIeu@i\}m%{: E’Bl’%@é Iaﬁg
anot her enbpdikimEnt clemiddwndporeBeng sidiarerihiaocordandd wWithlat hndth@uwintbodiBnént of
sinmplified bottomview of yet another exenplary proximty head, in

accor dance W PHSERINYENE®bt her enmbodi ment of the present invention.. [0032]

Fi gure 5A dgrh&t s a sg:nplisfy i onal vi el th fer fr . si de
being. ol eani dna or “HERSZTHG & AEBFREE NS Mt Ml h e U B BbRRE o
still anot hpe wasredka@nisied tHelQuid, @6 eftordaiveeRith @1l -andbel QB imEhtds 18e 5B i S
a sinplified magnification of a region shown in Figure 5A, in accordance

with stild pewohiavendiobodi ment of the present invention, [0034] Figure 5Cis
asinplifie artialg. _and,enl arged c£ass sectional vie oé the wafer
Front surt S0finc uai HEBERA oo aregial el SRRk SRS RS B e ayer
formed theql@@meahtiRr it thé Wafel B8 Al bASIGIARE b)Y MG aQhehiiy\WBmBEtIHIE ONt
side, in accordance with ~ 30 still another enbodi nent of the present

i nventi on. wigh tHeO89] sorubhingecl@mistyy, dn hdcowlehes withlistY raothdiepiniadimgntndtthod
oper ati ons I%erfcxrma . _in an exenplary brush scrubbing proximty cleaning
and/ or dryiFEOVLYERON n accordance with still another enbodinent of the

present fisnv@pEg|oN.  Figure 3B is a simplified top view of the wafer front side illustiated in

Figure 3A with the wafer surfaces being cleaned and/or dried by the front proximity head,
in accordance with still another embodiment of the present invention.
[0030] Figure 4A is a simplified bottom view of an exemplary proximity head, in
accordance with still another embodiment of the present invention.

20 [0031] Figure 4B a simplified bottom view of yet another exemplary proximity
head, in accordance with still another embodiment of the present invention.
[0032] Figure 5A depicts a simplified cross sectional view of the wafer front side
being cleaned and/or dried by the front proximity head, in accordance with still another
embodiment of the present invention.

25 [0033} Figure 5B is a simplified magnification of a region shown in Figure 5A, in

accordance with still another embodiment of the present invention.

[0034] Figure 5C is a simplified, partial, and enlarged cross sectional view of the
wafer front surface including the plurality of metal lines having an oxide layer formed
thereon after proximity cleaning and/or drying of the wafer front side, in accordance with

30 still another embodiment of the present invention.



[0036] Figure 6B is a flowhart diagram depicting nmethod operations
performed 5 while brush scrubbing the wafer backside, in accordance with
one enbodi nent of the present invention [0037] Figure 6Cis a flowhart

di agram depi cti ng nmet hod operations performed during proximty cleaning of
waf er front and backsides, in accordancg with still another enbodinent of
the present invention.. 10 [0038] Figure 7Ais a sinplified cross-sectional

W th one embiehent " of i Bhita dhiennh dgibRep a0 e ealonepegored
sinplified §,0m ¥t 1Q?%&h's&%bﬁiﬁ? I%p(?égx'nis‘tg 'E):H:Qm?l% aﬂ%ﬁ%@@ﬁyﬂ@ﬁleﬁa&{c@&fd eOf

the wafer front side in the prox strafe pre on systemo

Fi gure 15 wikth siil anciberasndanat bfithapatstrerinentiodi ment of the present
i nvention. i(ﬁ)gg]o] Fi ggre TC s sipplified top view of the wafer front
si de shown gure TEHETSYPIT & Rewshgr digerapndepeting mpeiheshorsations performed

cl eani ng/ €r yi rat.| I . W ‘ ot he L ent. of
the. pr escnt “T R o RarltBis AP ERGSERIRE, i bhtice, AICAE o B B
vi ew of thepmedntinventioit si de 20 havi ng been cl eaned and/or dried by the

front proxi mﬂ[ﬁ head shown in Figure 7C in accordance with yet another
enbodi ment B037he pr e&ighie §hissmilpypbar] diagiam depisting mrthqdsongrations performgd

bottom vi ew, = Qxi it 1ead, in accordance. with yet
anot her e nb%'glin@gﬁ £ ﬁ%ﬁ{{f l%{t%n eésﬁ%fefﬁ g%tnﬁdoﬁrépkgfegﬂ%ﬂccﬁgaﬁﬁ et Stﬁ]s ar}ftthe‘
sinplified tmpodimeny ddfthedprgdetiniddtiynhead preparing the wafer 25 front side,

in accordance with yet another enbodi nent of the present invention.. [0044]
Fi gure 88 i K088l npl i Fige® Tk b sigpdificd arpiss-sectianal fviavh of sméxempflary proxsmite

being prep s..sho in Flgure 8A .in accordance with still another
enbodi nent %?g'?aﬁg P I%élaggs%ﬁlt > Sg%ngnfr} c?ﬁc.’c.hd?lﬁ& CtRF?%GUreEIbQMe ?ansﬂWpP‘ieF‘?"zd
cross sectii@n@towi ew of an exenpl ary sequential 30 proximty preparation
systeminpl enenting a pain of parallel bar-type proximty heads, in

accor dance MP3Y sti | | Figwet Aeis @ simpdifiedriop ofevt tepigingstbebeginnieg of proximBy

0010 0B B, A Bl oS50 e
accor dange 74 tih agdorddnc@ith R8Sther embodiment of the present invention.
[0040] Figure 7C is a simplified top view of the wafer front side shown in Figure
7B substantially at the conclusion of the cleaning/drying operation, in accordance with yet
another embodiment of the present invention.
[0041] Figure 7D is a simplified cross-sectional view of the wafer front side
20 having been cleaned and/or dried by the fiont proximity head shown in Figwre 7C, in
accordance with yet another embodiment of the present invention.
[0042] Figure 7E is a simplified bottom view of an exemplary front proximity
head, in accordance with yet another embodiment of the present invention.
[0043] Figure 8A is a simplified top view of a proximity head preparing the wafer
25  front side, in accordance with yet another embodiment of the present invention.
[0044] Figure 8B is a simplified cross-sectional view of the wafer front side being
prepared as shown in Figuwre 8A, in accordance with still another embodiment of the
present invention.
[0045] Figure 9A is a simplified cross sectional view of an exemplary sequential
30 proximity preparation system implementing a pair of parallel bar-type proximity heads, in

accordance with still another embodiment of the present invention.



enbodi mrent of the present invention. [0047] Figure 9Cis a sinplified
cross-sectional view of the wafer front side 5 illustrated in Figure 9B as
the wafer surface is being prepared by the two-bar proximty head, in
accordance with still another enbodiment of the present invention [0048]
Figure 9D is a sinplified top view of ag _exenplary proximty bar, in
accordance with still another enbodi nent of the present invention.. [0049]

10 syatom i HMBhant ! nf PR 5P MR 68 Ve Hatey TR ads OFHE BisBUPBRNGE w1

still anot heko RINBREI IBAMIY hdahe sREGS SAFIERAY IR | BNacco Lifhl GHF GnckRB @
%Urélr e e

sinplified cross sectional "view of the wa ront si ing prepared by
t he singl e babodigset ¢hthxpresdny invetitbnshown i n Fi gure 10A, in accordanceo\é\nth
[ [ [ tjon" 15 [0051] Figure 1 is
a simpi 111 oIl om VERHTPCal & REHDILERFISTIGH o Ber by Bl tipTaler oy seag
i ncl udi ngst i SEFjoulk k4D s St s . nRodiny .0f._t he
present || vin el B sl R e PG o PR B R B o Rod
oper at i ons headf mravectdante vdth sﬁidanvﬂha:rqmmrdhm:miofme\géselﬁ ifiveniad at i on syts_t em
[ pth sti]l ther , 20 enbodi nent of the present invention.
[0053] Fi quiB4Bh' {'s”akgsndRarts dimbiamideikey phen meme bpEamis.
performed i i i g tion. em usi ng two bar-type
e i e,
nventi on. i gHiger : .
:)perati ons perforrredgi r%ﬁr 25 a sec}uenti alwppvrloxi m tgqprepar ation's stelr%n
i npl ement nEysNsPRlpReEIE- & §ipgle hankipairtgximésdead, it lagehirdapce wothnssith mither i n
accordance .BJ&ﬁﬂﬂﬁJ'1@ﬂ%&£ﬁ{m§§RBHF”E”t of the present invention. [0055]

Figure 14 shows a wa ér rocessing systemin accordance wth one
enbodi nent [@050jhe pr eBigide I0BVLHhiplified 3Qsd {RBOal FicBtbahd HArd IHnplinabasg @

proximty head performng a wafer processing operation in accordance with
one enbodi niApared by ke eaittypermrerintiorhead Ghowr0 OBHiuEi 1§dy; én ASBidahaansita t op
view of a ps?ﬁltejngﬁlerogzmgocﬁt%gn iorpﬂ'geyprgs%gtdmize%tionu
15 [0051] Figure 10C is a simplified bottom view of an exemplary single bar-type
proximity head including two menisci, in accordance with still another embodiment of the
present invention.
[0052] Figure 11 is a flowchart diagram depicting method operations performed in
an exemplary proximity wafer preparation system, in accordance with still another
20 embodiment of the present invention.
[0053] Figure 12 is a flowchart diagram depicting method operations performed in
a sequential proximity preparation system using two bar-type proximity heads, in
accordance with one embodiment of the present invention,
0054 Figure 13 is a flowchart diagram depicting method operati
25 a sequential proximity preparation system implementing a single bar-type proximity head
including two menisci, in accordance with still another embodiment of the present
invention.
[0055] Figure 14 shows a wafer processing system in accordance with one
embodiment of the present invention.
30 [0056] Figure 15A illustrates a proximity head performing a wafer processing

operation in accordance with one embodiment of the present invention



accordance with one enbodi nent of the present invention [0058] Figure 15C
illustrates an inlets/outlets pattern of a proximty head in accordance

wi th one enbodi nent of the present invention 5 [0059] Figure 15D
illustrates another inlets/outlets pattern of a proximty head in
accordance with one enbodi ment of the pygsent invention., [0060] Figure 15E
illustrates a further inlets/outlets pattern of a proximty head in

accor dance one enbodi t .of the present, inventio 10 DETAI LE
DESCRI PTI O\m(’éghl] An }%ﬁ?ﬁoﬁwa‘é?pabtpﬁ Yi?ws?fnﬁll?oflg}?%é’?far PR disef g

ar r angerent secfifincd T 84 AEbGHASHIAUR d-iNcAUEMRLn DY M ni i 2i ng cr oss

contam nation resulting from 1nplenenting I nconpatible chemstries is
provi ded. | {D058k enboﬂlgmmﬂSCallamsrat aﬂets/oﬂxﬁetprpapanemf b)px@ﬁmﬁ@rhﬂadgna

foll owed by 245PERH ¥ -‘ Qﬂ@gpﬂﬂ?sﬁpﬁ'@"@m{lhe substrate front 5| de
and _backsi fisyp! ng cb%}esfm ARisB IR ARl ?mgesfoﬁﬂétbsangygp%gﬁﬁmwﬂ&d

chem stry. exa proxi m a ProXT M T

head are usm&oidanﬁi‘eﬁlml@a’ﬁiﬁlﬂfdndémof&mt;ﬁést‘eﬂttlﬁvefnhﬁjﬂt side and backsi de
substantial | y sinmultaneousl using a front and a back 20 neni scus,
respectivel f069h one EigBesdl Feifustraigse @%tb%lﬂietsfPuﬂéfa@atlemOé&ﬁlﬁigplwhfﬁ%idpropyl
al cohol vap i e ed to the wafer surface
usi ng sour CchofﬂPet@ﬁ?%egel?g@ﬁ%]aﬂln{}%%‘ﬁm ée/ﬁglgﬁurllg gfniljl d. In one enbodi nent,
fluid meniscus is generated as a result of the application of the | PA/ N2
and the 1E)p(reocessi ng fluid in addition to the application of the vacuumto
renove tHe processing fluid and DESAILBNDESCRITION he waf er 25 surface. .
According to one inplenentation, the fluid neniscus can be defined as a
fluid layer defined between the proximty head and the wafer surface which
can be nmove@oeHCr 0SS AnWalétios Wab@se dfNsigipShai ﬁuﬁﬁﬁmﬁ@ﬁ?%ﬁk&@&h&t%ﬁﬂ‘er
[0062] In one inplementation, the brush scrubbing chem stry and front and
back cheni npr¢dng ymbsiraio tbﬂogahpuh/alﬂerrnmm&lmgaadSSmokmmoar esythgitframns of
hydr of | uorig C|d.3 .0 HF. de- |on| .

.........................

desired app

arabag 3
e 1 e AR iy AP i
subst anti al dhjznm@d’uibiln‘gect by tprewinlity cleaning and/or drying of the substrate front side and
backside using chemistries compatible with the brush scrubbing chemistry. In one
example, a front proximity head and a back proximity head are used to clean and/or dry
substrate front side and backside substantially simultaneously, using a front and a back
20 meniscus, respectively. In one embodiment, the proximity head 110 can apply isopropyl
alcohol vapor in nitrogen gas IPA/N; may be applied to the wafer surface using source
inlets, vacuum and a processing fluid In one embodiment, fluid meniscus is generated as
a result of the application of the IPA/N, and the processing fluid in addition to the
application of the vacuum to remove the processing fluid and the IPA/N; from the wafer
25 surface. According to one implementation, the fluid meniscus can be defined as a fluid
layer defined between the proximity head and the wafer sutface which can be moved
across a wafer surface in a stable and controllable manner.
[0062] In one implementation, the brush scrubbing chemistry and front and back

chemistries used to clean wafer front and backsides are solutions of hydrofluoric acid

30 (HF) and de-ionized water (DIW). Depending on a desired application, a concentration of



process tinme associated with preparing substrate surfaces by substantially
elimnating a 5 need to rinse substrate surfaces between substrate
preparation operations is provided.. In one enbodi nent, once the substrate
surface is prepared by the proximty head using the nmeniscus that includes
a chem stry, the next substrate preparafjon operation can be perfornmed on
the substrate surface wthout having to rinse the substrate surface. In one
exanpl e, proxi.m preparation is cleaning and/ or drying of the substrate

stripping ofe yajiggkege" According to yet another enbodinent, the
substrate surface can be proximty prepared by renoving a |ayer forned
over the sufi¥Bht e sufhapesso imentian isiftutint icapedld of ybstartalle iq@iveni Rbitaindd
residue wusing a first meniscus.. Thereafter, the wafer substrate is
proxi nity pPOpEEdENGaisAgalsd VERCBIRRATHRgNTISRt A BytacatiBY Aepsientialdy Plenioghegical
reaction e i ‘ . i h

Pr eci pi € at oo opagy o SRRRe KIS bisticlh oo Er BB SEBRLGA T oAU
are perfor neat smbdibuenthandertle tubstrate sarfhdees pudpateddiyethd ptoaixaity héwl dsiiy the
proximty prepar%%ioncfperations.. I n one exanple, the first neniscus is
utilized i nSHECYSr BRG Mcludes feshemiply. tthe NSEE SWFIAENPISPAIAiqns OpRIAIGT, B4R PR a
second proxim i i ] . i and
t he second gﬁ%%%ggﬁg$%§g????§e |ﬁagmgfﬁgﬁgigf@%?&b?gﬂ%t&%%n ﬁ%uﬁggﬁ?o
traver se headniplqpexinitg pichgragon isichammb @hd/or dingid thoqubarmnéiafac€ whikhg
chemstry to prepare the wafer surface can be a solution of hydrof|uoric
aci d (HPD a#wihse smpedimeat theareringippygparqtion ugitipring plenatiye PSIdE ndcerdivgint i on,
numer ous s [N o i r forthei der [ QVI a_t hor.ough
understand?ﬁ% o@ﬁ?ﬂ%ﬁ%?éégﬁt&?ﬁgéﬁ@%ﬁﬁgﬁ+€cﬁf$ﬁﬁﬁéﬁﬁﬂg%gg %gaylmE%Pﬂ%gever,
to one skillagd foimddhgenthe subdtate duffacddcesan intbitioRally Sdmeriy pro@pidtaticksidad

w thout sonme or all of these specific details" In other instances, well
known pr oce¥ingopdirgt memscush atkereadier, phe rwadks seibsiasel i3 progimidy preparedruséng mot to
unnecessari re _the nr. nt... lnvention. [ 00 Fi gure [S a ‘
sinplified Jgg%ns%gl-%géts:ﬁsg) Pl’a(iags\’/ll %\% cfg;negne%%ﬁ%reg?@o%ﬁ%ﬁen %56601“& Chemlmy of

scr ubbi NG- pheXéddhdl Ynehlse@ dridttha PEHcRita@E YésittheS YSukE RibkO§lent SUbAEAS pAPAGEN t h
one enbodiment of the present invention. the brush scrubbing and proximty
cl eani ng armemtions @e pargimag wijlnue havigdto insk grpesibsirathbativeen the wol peponity

shove 2 ! Ut IO RS, Al SRL RS R L oo,

head and the second meniscus is utilized in a second proximity head. In a different

embodiment, the first meniscus and the second meniscus are utilized in a single proximity
20 configured to traverse head traversing the entire wafer. In one implementation, the

chemistry to prepare the wafer surface can be a solution of hydrofluoric acid (HF) and de-

ionized water (DIW).

(0064] In the following description, numerous specific details are set forth in

order to provide a thorough understanding of the present invention. It will be undetstood,
25 however, to one skilled in the art, that the present invention may be practiced without

some or all of these specific details. In other instances, well known process operations

have not been described in detail in order not 10 unnecessarily obscure the present

invention.

[0065] Figure 1 is a simplified cross-sectional view of an exemplary brush
30 scrubbing-proximity cleaning and/or diying system 100, in accordance with one

embodiment of the present invention. The brush scrubbing and proximity cleaning and/or



and a systemcontroller 116. Front and back proximty heads 110a and 110b
are connected to the actuating conponent 114 by a front armand a back arm
112a and 112b, 5 respectively, In one enbodi nent, the actuating conponent
114 can be a notor, however, in a different enbodi nent, the actuating
conponent 114 can be any conponent capapje of noving front and back ains
112a and 112b. Furthernore, it nust be appreciated by one of ordinary

kill in th t that. diff t hani.cs. and i i b
ol enent ed TDAHE StStFR: 1OULAERERR SRCoR G S0 s SRR SO HS-and
back proxi by heEsisk bid GheadkOr 154 QR4 11700 s@fbdtanticnlahife eha t 104 .

[ 0066] The chamber 104 includes a plurality of rollers 108 contfigured to
engage andamdbagystem waditerllel 026. Fronomed evaakyprexinfityuheads| 1162 snd 0Bl Oar &e

|l ment g of L gl SCLLon 29, 21001700 METRers conl il
cause t hes wakgri 102 %ﬁn@%ﬁh&mﬁﬂ”‘ﬁm%@ﬂa@ﬁ%&ﬂ o914 &l RN BB hiwekdiy be

noved away SO as to ow the wafer to cessed 102 to be’inserted and
then nove bdifferém eadodsnent tlengageing vempahert 1192an Ae way eombporent capable 0102a

is showmn to include caontam nants 147 and. ljquid 146 ile a wafer backside
102b is shoWAving optangddeck @Hﬁtlé%i‘ Aathi 2 13’@%4?6111}91'%@@“@%@%?&%%{%0% ksi de

102b may fu aae s i gul g:~146; 7 gl udes
2 brush 122" HaE0 MR & L B ek thy TRE-EHATRED WLl nR B G, o
in Figure lApvé hientlnd bicklads i B2ading ) 03teshdahofiort hed bk eroxihae kaide ©10kGAG and

in close (ﬁroxi mty to a chanber bottomwall 104a, thus clearing the path
for appl itatitrintgfng peof theirhambad Obr oxi nity heads 110a and 11 Ob. The

chanmber 104 rt her incl, ‘ ' Lt [ or i, 1 Ln
wast e and el?g[éﬁsj's fl ui *gﬁ' lr:'l‘c%iﬁﬁ t% hg@gﬁ%ﬁ%ﬁgg&w%@&lﬁ&%@ﬁg@ P:ﬁ%ﬁ%g%\dgl ng
system 106 ggffionesla Reff@wobheén ehasbeipld, Fducaieida 08 ptd ingilerfettedfwarofswhighbi ng

and proximty cleani ngl. and/or drying nodule 101 using for exanple, a slide
mechani sm . furpfors gsystablivangmemgers go ab® dngedatbiesvafer dPAi dae EcTedingg §vo

conponent 106a a floew handling,component 106b tha%,fnlc@a‘%l’l,@nnndflnin%%mQ
conponent TO6B i udes urarity of flow controllers 118a,°>118b, and

118c desjpnas BeOn6@iaAt iy s/t lleh @id wifedtol 2 RBcddSeRId] (2o B Gt tBd atid@enal er
102. Each flow controller 118a-|1 18c includes a source outlet 124a, 124b,
and 124c, rwepebackirbyas to-cngagethosefer 162t Aevalamizontaitkid P2a istshown to include
drai nage/ exhaust, ¢OM9eny dI83 14BLAICS Barer backside 102b is shown to include

contaminants 145. In one example, wafer backside 102b may further include liquid 146",

20 124. In the embodiment shown in Figure 1A, the brush 122 is disposed below the wafer
backside 102b and in close proximity to a chamber bottom wall 104a, thus clearing the
path for application of front and back proximity heads 110a and 110b. The chamber 104
further includes a drain/exhaust outlet 132 for eliminating waste and excess fluid from the
chamber 104.

25 [0068] The fluid handling system 106 defined below the chamber 104 can be
pulled out of a scrubbing and proximity cleaning and/or drying module 101 using for
example, a slide mechanism. The fluid handling system 106 includes a drainage exhaust
component 106a and a flow handling component 106b. The flow handling component
106b includes a plurality of flow controllers 118a, 118b, and 118¢ designed to contain raw

30 chemistry to be used in cleaning the wafer 102. Each flow controller 118a-118c¢ includes

a source outlet 124a, 124b, and 124c¢, respectively.



waste treatnent unit 120 designed to hold excess fluid, waste, residues,
and contam nants being purged fromthe chanber 104.. In the enbodi nent
shown in Figure 1A waste naterial enters the waste treatnent unit 120

t hrough three drain/exhaust inlets 128a, 128b, 5 and 128c defined in the
waste treatment unit 120.. Additional ipformation with respect to the flow
handl ers 118a-118c and waste treatnent unit 120 as well as m xing and

supplying o mstries to the proxinmty.heads 11 OCa and 1 .. and _t he
br EE hy12g a[oé’%gl]gr ovi dkﬂﬁﬁefw Wagﬂerr gjsepé%fnag%e%aag}r @penent %Qfgg]]m%g?se?ence
is made to Fhat§athBni hliUBiy @kighe UM %iceg MEg] wased, YesidBél and Corigthingski Ng

of chem stries in the brush scrubbing proximty cleaning and/or drying
system 100being pargedrfvamdlee vhantbeoi@4.erthdlie smbpdiofent iskovir &5 Eigird hixemiston. A

chem stry A contained within the fl. ntroller 118a.and.a chem B
cont ai ned WWFIEI[W‘F%S ﬂlea’wste&?ﬁ %W@?ﬁ@%bouﬂgémgﬁé{ﬁﬁ?’@aﬁg“ﬂﬁﬁég@aﬁ@ _
mani f ol d 125 { 083 REAREH tRORESE LiEAkleANunid R0ONEIdiSHBIRI G matiaNwigBIpséty A 1S
raw HF and chem stry Bis DOIW That is, raw HF and DIW 15 are punped into

t he mani f ol the 12&w alrtidizrse 11 $e2hl §vi el vewste aiseatroentaket t1R@ dsr woll asl mawinggnd

chem stry in the desired concentrati.on.. 0 I exanpl.e, .c ut er

software i SSWQB(&I%9EFIFQH§?§% d?ﬂ’?’?lﬁltiyel?eg‘%lﬁdaoan%nﬁm%t%‘rya ngdm??&i ]%{Egiflﬁ t he

desired con@%g,td%@%jﬂg@\{,ﬁ{legﬁegpmqfi pepchem stries A and B. In one exanple,
rus

during the scrubbi'ng operatton, the mxture of the raw chemistry A 20
and B (e g, [00M@] sol ut Referente HE)maiantob&igsgpABi dibistratirigheuppivied) ddiRetyhrmodgh a
supply tube 134.. Thereafter, during proximty cleaning d/ or. drying, the
sane sol i i enllesiing gt chspuishides @ ihypprughySerabbing pyox Rty ﬂ?@%mwadzmﬁg&ag ﬁ-;l/

t hrough sup : V\Qm | Wil - pli . 3 5@&# W) ead
110b thr ougﬁﬂogu%ﬁgmglﬁcg 1 ‘.%.nglen ]%Gﬁlé %hqldgs@rgaqlé%n{egﬁg |rrénltgj,[ %%:rﬁig{r#s‘?ry A
and DI W ar ecqiidigal eiihinahé flewngumitotérd] 182 mntl hr cheglistsoB reoataingt] Ivdtten f24@ovand 25
124b so that IN can be mxed with DIWto an apgropri ate concentratj on.

Ther eaf t er , cantellerdd B areghown tofe mixed ghp Makold 325 fea ProjRt coBrakiaiet yIngBad 11
Ca while DIy N hed tort X . h
(Tl i i ot SEOBE Tk SuGiERY KOF kBT iaﬁﬁfﬁ%ﬁ{gﬂﬁ?ﬁ'ﬂgﬁﬁ%ﬁiﬁfﬁ?@ HI¥ o

and 11 Ay 4e bd Vigb he mafB31d] 126 mint hee SeAeniRBhBeEs tochekd fierfjonCcleaniajown

to be supplied to the front and 30 back proximty heads 110a and 110b
usi ng suppl shemigiesin flgdegierl aggentieligpect i vel y. . As  shown, chemistry Cis

fed to the ﬁlﬁ?ﬂl y i Ubﬁl olfl%ier)](gm}afg:? cosxﬁ)pl{ltce(%'%o%ge(alg udel %f’theag)gte}rpgo%n%ﬁer'ljl%'to
monitor and maintain the desired concentration for each of the chemistries A and B. In

one example, during the brush scrubbing operation, the mixture of the raw chemistry A

20 and B (e.g, the solution of HF) can be supplied to the brush 122 through a supply tube

134. Thereafter, during proximity cleaning and/or drying, the same solution of HF can be

supplied to the front proximity head 110a through supply tube 127 while DIW is supplied

to the back proximity head 110b through supply tube 129. In the illustrated embodiment,

chemistry A and DIW are directed to the manifold 125 through source outlets 124a and

25 124b so that HF can be mixed with DIW to an appropriate concentration, Thereafter, the

solution of HF is supplied to the front proximity head 110a while DIW water is supplied

back proximity heads 110a and 110b, respectively.

[0072] In the same manner, chemistry C is shown to be supplied to the front and
30 back proximity heads 110a and 110b using supply tubes 131 and 133, respectively. As

shown, chemistry C is fed to the supply tube using the source outlet 124c, and then to



front and back proximty heads 11 OGa and 11 Qb through fluid inlets 126b
and 126b'. In one exanple, chemstry Cis Isopropyl alcohol (IPA) vapor,
whi ch uses N2 as a carrier gas., As can be seen, valves 117 are used to
control the flow of chem stries fromflow controllers 118a-118c as wel| as
the waste treatnent unit 120. In one expnple, operation of valves 5 117 are
controlled and nonitored by the system control l er 116. [0073] As

illustrat ed ;
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wast e inlgt §1ﬂ&8@01ﬂflﬂle&3&bmomkéle&ﬁ?ﬂﬁ%?§elﬂ%&ﬁtﬁﬂie1 chem stry SUDpI ied onto
the wafer backside 102b during the brush scrubbing and proximty cleaning
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Accordl ng to one errbodl nent e chem stry A used to cI ean the vva er

chem str for x‘| 1 cI e| " p \ In pe i on f e ‘h t he
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have smaller foot print than brush scrubbi ng modul'es of the prior art.

Furt her nor ethldmghwsastegmldtﬁal%rmldtm dh thdnemne;maynm; clmmrpia}t sidptied betwitheri es
to brush scrub,t acksj d | ean and/or, dry the wafer,
front side To8 aba@ﬁswgafﬂ?ﬁe&mgrf% ‘Svf Bty lsanilig PFigtioR Of
separate waghs, E&ﬁ%&%ﬂ&ésuﬁé%ﬁ()@é‘&ﬁh ﬁf%%@%l%%'iﬁé dofitaflihARt\AL gﬁﬁ od ﬁofnhthé

manner, the sanme dral nage and exhaust conponents can be used to elimnate
wast e fl15i dshamber t@dham nebat1SOf amiritrdugshcthevizste diflét 13200athied Pn dloe eletinttg: t 0

th lified, I h Fi b h bbi
e P e SRR So SR e SR B e SrReERE
proximty Cygaping an é&?dﬂ%\}fé Eﬂe ShBb&Me ép(t)heoéh h? Ae&%&“to SIS

pr ovi ded, i 30 accordance t one enpodlinent o present 1 nventi on

C eani ng t hexcksdee 1 0T disigdthe tiOfbsdrsbbdngopaatish tan ber uﬁtgll o0thie ebei sty hfod 22

into contact with the wafer backside 102b.
proximity cleaning and/or drying operation performed on the wafer front side 102a. In

20 this manner, the brush scrubbing proximity cleaning and/or diying system of the present
invention can be smaller and have smaller foot print than brush scrubbing modules of the
prior art. Furthermore, by using the same type of chemistry or compatible chemistties to
brush scrub the wafer backside 102b and clean and/or dry the wafer front side 102a using
the front proximity head 110a, the need to use separate waste components for each

25 chemistry is eliminated. In this manner, the same drainage and exhaust components can
be used to eliminate waste fluids and contaminants from the chamber 104.

[0075] Proceeding to the simplified, cross sectional view shown in Figure 2A,
brush scrubbing the wafer backside 102b using the brush 122 in the brush scrubbing
proximity cleaning and/or drying system 100 of the present invention is provided, in

30 accordance with one embodiment of the present invention. Cleaning the wafer backside

102b is commenced by bringing the brush 122 into contact with the wafer backside 102b.



-15- I n one enbodi nent, the brush 122 originally defined in the vicinity of
t he chanber bottom wall 104a at a height H is noved to a height H2 in a
direction 136. At this point, brush 122 and thus nodul es 124 of the brush
122 are applied to the wafer backside 102b as the brush 122 rotates in a
rotation direction 138 and is noved acrgss the wafer backside 102b in 5 an
arc-like direction 142 as the wafer 102 is rotated in the rotation

direction 140 - ‘ ai s
Ti2a and 1100 b Aol CERN ARy deold Hih Gyl LEAR k@G BT, O3
and 110b i n{vaiitibes araaﬁdt)gﬁ ch@ﬁlda/etlwehagmmm adirédiien hA6S At sds phibt, bgish
operation. Front and back proximty heads 110a and 110b_are transported

into the chi#bad tbgﬂnqdrtqsruﬁrqfﬁhe binsh bak kreppplqdniotie waksy sackeidg 162b %@ellob
def i ned, bor h |
oL e ne O L2 BT D8 s e ol e o SARF AL Yo

and back 5 papxtwké Hirdteasl $4210he v&a@r 1920k rk@ed ﬁtméﬁotdﬁbﬁ?&héﬂhbﬂlw eani ng and
drying wafer front side and backside 102a and 102b al nost i nmedi atelé
e of

after the cl@6lusi on bf thehemimdiment incrigwisi 2y Bpwrandi bﬁ@k 3@15 ldgarse 113
di k th te that
oot mant . mspE ccraoniding Bt RRRESE nibdielot Btk 4% Sigbrifly Yk chamber

t ranspor t edyo4 BiSreldBgmedneiB ke Bdh sdrubtidg aﬁaéﬁlﬂf | BbAt etddrtﬁck BRixhRy hehdsi Ng,
and after the brush scrubbing operation. must further be appreciated

t hat in onelilapindridol ateitensporied mtafﬂ@rclfambntl&‘i whdil frgntiarsleskk prxiniy hepds br ush
bbed h | d |

andlor g hY e diYF A denra oG Bl belost el L oByBibeElialr-dbiSn of

the brush sgsuBbinRaeRPGAHRT the brudth&r@i® ohQRfiorS %?tméqaamanohaﬁ%umaek

backsi de 102b are cl eaned and/or dri ed using the sane chenmistry or a
chemistry CplUpElﬁltyb]ilﬂadSMl t0a aridel I9bwesh S’Sil:irp]bhrm‘g ataeingsnd ydryisg befartangkidy

reduci ng the SI bility 0SS cont am nation of the fer r.on de
102a by thearlﬁir S’é‘ﬁr]L%BrfWg I@?eﬂﬁ%@t fa?[ ]II' ?;H b
heads 110a andpllOb-Nans eongl, :

] _ EL Q Q Hie il H
si de and backsi de 1T02a and 102b, ront and. back proxr m ty heads 110a and
110b ar el3 r diffsypar émbbchméntpﬁomtrmdd)bdmmmrﬂlwhaads ihl;pafandritlotmdlytba(danmrtsd 112a

and 112b, respectjvely., [0078] In one ex | ary. embodi_nent sh 122
can be. mourPEHig hamst §3h et EYAPRRETF élalet belarectiine: andAe“ferstJFa}%us S @ag er

T g

that are br into contact dur
and backside can be brush scrubbed using a brush scrubbing chemistry followed by

proximity cleaning and/or drying wafer front side and backside.

20 [0077} Upon completion of the brush scrubbing operation, the wafer front side
102a and the wafer backside 102b are cleaned and/or dried using the same chemistry or a
chemistry compatible with the brush scrubbing chemistry, substantially reducing the
possibility of cross contamination of the wafer front side 102a by the brush scrubbing
chemistry. Once front and back proximity heads 110a and 110b have concluded cleaning

25 and/or drying wafer front side and backside 102a and 102b, front and back proximity
heads 110a and 110b are transported out of the chamber 104 using front and back arms
112a and 112b, respectively.

[0078] In one exemplary embodiment, the brush 122 can be mounted on a brush
core secured to a shaft. As shown, the outer surface of the brush 122 is covered with a

30 plurality of nodules 124 that are brought into contact with the wafer backside 102b during



-16- the brush scrubbing operation so as to renove the contam nants 145
fromover the wafer backside 102b. [0079] Figure 2B is a sinplified top
view diagramillustrating brush scrubbing of the wafer backside 102b using
the brush 122, in accordance with one enbodi nent of the 5 present
invention As shown, while front and bag-proximty heads 110a and 110b are
defined within the chanber 104 and bordering an edge of the wafer 102, the

pack provi i R Ea b PR3 dRaBN B ont Ao, Ths 0 R s Rl | 0°

brush novedgatigideeoappl! i ed and being noved so as to be applied across the
waf er backsi de 102b following the arc novenment 10 direction 142. the brush
scrubbi ng d0BW st ry iFigwhdBRns 8 simpdified sorcviewctinatam allustratingprash scrptding &fi de

102a form dr 21" br.us Ccr ing chem stry..121" [,0 A.brush
core 1931 Sk BHRE kG 402 Wit the it an e SAETRES Yupi Rt BB g
chem stry lfkehtNh@erkibs DsUhBwhOwBHe kddt Add KR Brékimitp Mlexdst LDE add4 10b eRosed
inside a shaft 143, In one exanple, the shaft 143 is used to apply the

brush 122 dafieed hithinstheadhembendRéiad adyingnen dseeof e s HOZ2 hebbackoen
heights H and H? h h b 1 1 ity of
ol a5 ¢ her GBI et HyDHPHER e P e MEREILTHD B )ik rBihllin o
123 so as toqdinds BulhR the psh ol 4% brhgpﬁj-j asINE BriRhUSEVed &b %bfgbﬁlgadtéﬁﬁ vagber

backsi de 102b has concl uded, the brus 122 is trans orted so as to assune
the initiamgedisoiasmg bbepmiedtdesnalicewale0dacksidh g folldwing theOu¢ moviingnt

proxin 1) CHEGS 12 QL BT s5000 B HHE BT SRRy SRS RG B b e FYng,
[0082] Rempy, Pgd&ﬁﬁa%‘i%faﬁghr%?}fﬁ'Bf'&‘ﬁbl?é’c‘%ﬁbtﬁﬂgech‘éﬁlfiﬁ{y 1packsi de 102b by

scrubbing and rinsing the"wafer backside 102b i s achi eved by suppl ying
brush scrulpii8sy chenti btusly ca211A3nis xohitesictoubiidginlen tlesigredaotsappiv diushhe

brush (TTB), saturating the brush_ 25 122 with the brush scrubbi
chemi stry, SHHPOIRE GRemis Yd@gilwa horushroorespd Kb aygh APy E?ﬁg‘% Gegosed

scrubbing ¢ 1 1 [ K i . T L ' waf er
Dacksi do- 1096ec o S, i B SllER U kTR 14500 L B B et e
wi th DI 15vatafer backsitke 10ab ardmvee felahshsI22Uebwery helpbis Kt ayd H21 Adihduginyot

contam nants 145 renmmi ni ng on waf er. backsi de 102b.. O' course, it. nust be
not ed that skawmobigsh icaret I?lag3 ines (s Phuagliy @Oh@ﬁ%)élﬁﬁr%ntauf’wgbgﬂ@ S§B¥bi]’6‘8i ng

chem stry %}%e]miist?y UGQRYERG QL 221 DB TRl ARBKELYS.
[0081] Once brush scrubbing the wafer backside 102b has concluded, the brush

122 is transported so as to assume the initial position, below the wafer 102 at height H1.
20 In this manner, the brush 122 cannot obstruct the path of the fiont and back proximity
heads 110a and 110b dwring proximity cleaning and/or drying.
[0082] Removing contaminants 145 from over the wafer backside 102b by
scrubbing and rinsing the wafer backside 102b is achieved by supplying brush scrubbing
chemistry 121 into the scrubbing interface through the brush (TTB), saturating the brush
25 122 with the brush scrubbing chemistry, and brush scrubbing the wafer backside 102b
with brush scrubbing chemistry 121 for a desired time. Then, in one aspect, the wafer
backside 102b can be rinsed TTB as the brush 122 is flushed and saturated with DI water
so as to remove brush scrubbing chemistry 121 and any contaminants 145 remaining on
wafer backside 102b. Of course, it must be noted that although in the illustrated
30 embodiment the brush scrubbing chemistry 121 is introduced onto the wafer backside
102b TTB, in a different embodiment, the brush scrubbing chemistty 121 can be



102b 11B, in a different enbodi nent, the brush scrubbing chem stry 121 can
be -17- introduced into the brush 122 and the wafer backside 102b in any
suitabl e manner (e g, dispense nozzles attached to the arm designed to

di spense fluid at the contact interface, a dispense nozzle |ocated outside
the dianmeter of the wafer, etc). [0083];7l.n one enbodi ment, the brush
scrubbing chem stry 121 inplenented to 5 scrub the wafer backside 102b can

be dil uted SO as t,0_h cQ nce
brush scr ubﬁ’i Adosed Rﬂggeepmﬁgi%ﬁﬁgmfo‘?geqé%ﬁ%é 02b i evehﬁablgﬁ{épﬁat i of
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result in cross contamnating the wafer front side 102a during subsequent
cl eani ng opéispmisoneyzledecatdtoutsidd the dfamster oihgevaf@zeicds cl eaned using eit her

t he sane ch ry astheb k..cl eani 0 cheni st or er chemstry
bei ng conpafqrﬁg?]e wi t hi%t Egc}]lmg%tr ﬁ’ﬁnﬁﬂéi SRS F@éﬁuﬁﬁ%yﬁw H&P E%
dependi ngs Ogbxﬁme%?él 'baaésidanozslbéﬁ‘@écﬁnﬁedcs@%%ﬁmtaldaﬁxéafcoﬁ!s@mﬁ&ﬂ 'Iﬁi’dnscan
be inplenmented. [0084] According to one preferred enbodi nent, HF can be

used as t hembnnestoncs bmsblscmgbmg&mmfmybatmda b0Zhhimsibeat aq?ufazsé,lr@nettmwc ng
contam nants 145 defi ned n the 5 wafer he,sane manner
as the SCl T 3ubbing guWa |(g1t0§]}x; %ta hggﬁtﬁlqﬁ ?@% C&Fn%ﬁeﬁug B6T
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about 1000 It nust be noted tThat any other ‘chem stry suitable
to renove cwmﬁealﬁnonamﬂs 1025 isf c:leemed\/afsmlg dn&ek‘shedzamboﬂiannﬁlry neﬂlashack sl@alhmgg as

the chenistries inplenmente |nt m)dule e ble
buf f er ed100<‘?1’t?€n3t12’001%h0t & t—,qnfll?%t@ tﬂ‘%ﬁ, 6018 ilé

etc..). [00Bh ton éﬂtﬁ%ﬁ'@f EH rﬁﬂﬁﬁée
bet ween appr OXI mate y gg%%ar@g anﬁg@%g@f&dﬁ& ]cgi%el ﬁta{:\dr?riﬁ@)re prefer r%d range of
appr oxi mat e¢an bedinpleinezfd. and 400 RPMs and most preferabl y approxi mately

about 200-250 RPMs during_ the brush scrubbing and_rinsing oci)erg@g
Fur t her nor el0084 one |zﬁ<ﬁ40é¢f§%1tt‘atoﬂ‘ér?lefﬁ%@ F%Wlﬁ@nﬁﬂ%cﬁf bFH’ée endee Prushyg can

be between apphrox
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preferred range Gf  appr Tter mnutes an nost

preferably aafer bxdke@t alogb,a@atié sanﬂ: lxﬁeanérmmes@uehamsﬁwehr s exanpse,ahé on.
I n anot her enbodinment, the flow rate of brush scrubbing chem strg can be

bet ween appresgenition pf HEbigabowd 08 12, othet embodmsts the oneenitafion gEHE TS
appr oxi mat eI 1(%(%%Ht%iy a%o&t%oéﬂ . Of course, it must be noted that any other chemistry suitable

to remove contaminants 145 from wafer backside 102b can be used so long as the
chemistries implemented in the module are chemically compatible (e g., buffered Oxide
20 Etch (BOE), HF and citric acid, HF and oxidizer (H»0,), etc.).
[0085] In one embodiment, the brush 122 is configured to rotate between
approximately about 50 and 400 RPMs, and a more preferred range of approximately
about 200 and 400 RPMs and most preferably approximately about 200-250 RPMs during
the brush scrubbing and rinsing operations. Furthermore, in one implementation, the flow
25 rate of the rinse fluid can be between approximately about 0.5 and 2 liters/minute, and a
more preferred range of approximately about 07 and 1.5 liter/minutes, and most
preferably approximately about 1 liter/minute during the 1inse operation. In another
embodiment, the flow rate of brush scrubbing chemistry can be between approximately
about 0.3 and 15 liters/minute, and a range of approximately about 0.5 and 1.0
30 liter/minutes, and most preferably approximately about 0.7 liter/minute duting the brush

scrubbing operation. Additionally, in one example, the wafer 102 can be configured to



30 liter/mnutes, and nost preferably approximately about 0.7 liter/ mnute
during the brush scrubbing operation. Additionally, in one exanple, the
waf er 102 can be configured to - 18 rotate between approxi mately about one
(1) rotation per mnute (RPM and 50 RPMs, and a nore preferred range of
approxi mately about 2 and 30 RPMs and .mgst preferably approxi mately about
10 RPMs during the brush scrubbing and rinse operations.. [0086] In
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the brush scrubbing chem stry can further be understood, in accordance
with one enhmwndempdwmeﬁhaepﬂbsémﬂl&mﬁEmPVénPONmXémhmﬁﬁwmﬂ§93@0WﬁB(%ﬁ@kSlde
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110a an§01%g§8%ﬁﬂ§§g)ﬂp lm%ﬂ Hﬁﬁi $1>$?%ﬂﬁ§mﬁé3 ngncﬁ. g%éﬁ%gg in a
movement d'fﬂ%h%@cérﬁ%@éd%%e@xerh@&Hb}éSarﬁfdlépB%bY@frﬁ% 102 using a front and a
back nenisci 150 and used herein, the 20 portion of fluids (e.g.

front chemi[6083, ri nsRrotdeding, toltRAsizgpidied cetss sedtiohilngewiof thmbrusbg¢xuhbmg

between the front proximt ead 110 t d 10
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front and back proximity heads 1 10a and 110b move in a movement direction 144 along a
radius of the wafer 102 using a front and a back menisci 150 and 152. As used herein, the
20 portion of fluids (e.g., front chemistry, rinse fluid, IPA vapor, etc.) defined in the region
between the front proximity head 110a and the wafer front side 102a is defined as the
front meniscus 150. In the same manner, the back meniscus 152 is generated using the
back cleaning chemistry, if any, or DIW and IPA vapor.
[0088] Still referting to Figure 3A, front and back proximity heads 110a and 110b
25 are brought and held in close proximity to the corresponding wafer front side and backside

102a and 102b by the front and back arms 112a and 112b moving front and back

proximity heads 3anc —in—a—vertical-manner: 1S,

proximity heads 110a and 110b are moved horizontally in the direction 144 to assume a

position bordering the roller 108 so that brush scrubbing operation can be initiated,
30 proximity heads 110a and 110b are moved vertically to respective positions in close

proximity to wafer front side and backside 102a and 102b. One must appreciate that close




position bordering the roller 108 so that brush scrubbing operation can be
initiated, 30 proximty heads 110a and 110b are noved vertically to
respective positions in close proximty to wafer front side and backsi de
102a and 102b. One nust appreciate that close -19- proximty, as used
herein, may be any suitable distance friwm wafer front side and backsi de
102a and 102b as | ong as correspondi ng front and back neni scus 150 and 152
can be nmai ' ' : f 4 ' : [ and
102, 1 n onB b b HeREP Sl e an Rl i Hofe A S e RS
to between amuindOl0RbSsong as ab@esporddngrioht am wekanediscontl 58 iadé 18hdabdeksi de
102a and 102b to initiate wafer rocessj ng gperat.ions, an referably,
bet ween aboueintmdyithoregpsst o M@glhﬁpﬂfré‘ﬁf-‘t%é bagkside 1023 mpds Q?‘g amy on
backside 102a. and 102h..10089]. l.n e. enhodi nent shown 4.0 Fi gure 3A ~fraont

y wlnsth
and back proxrmty hEads -110a and 1100 nove horizontally Ih the direction
144 al ongs t Ren teshous 1@t emMvahRer fidhZside 44l Toksde (24 dndsliodb kel iigate wafer
appreci ated that front and back proximty heads 11 Ca and 11 Cb %an e
moved in anptosessingsperatiensnand prefgiahlpdistvdentabout S WRmde aaQs dHmEs PR ®eean

and/ or dry aﬁgﬁ%ggeﬁg%ai@%qﬁﬁérecplmszy way of exanple, front and back

proximty hg! can be mved fromthe center of the wafer

102 to the page] of thp Wefedibodinfiat KRS Bigulel 3 AUBdnt Red batleprokliaity headst and
back proximty heads 110a and 110b may 15 have any suitable size or shape

as shown by]lGacnddslfbpiaye horizaitglyringhe diregtign 4i4 alovgtthe radius péhe Bafer Hkt

appreci at e that front d back.proximty heads 110a.and V.
nuner ou 2lt0t y'tdB‘g%eF’ lgg}‘PFl&Btfﬁ 141 %ﬁe@gﬁ@b@i a%‘fgﬁfzrﬂl ?)ernlll 81 e%dr]%él 1 _?)Erl %ggls@g sc(éain _
described hgd giofed inl #492BitatAE GRHAL NGitH RsHIRE tLIKD QRHFFEINR 5o RE @Xtlehd Mdrdiedni ng
and/ or drying wafer ront side and backsi de 102a and 102b by respective

front proxithietwafdrefd, dsideSkedinBy wag lof 2amploxdront and hackcpraximdy headsul 108 ang
creating a an and/ or dry area which expan ro the ¢ er_region
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changing the configuration of the system 100, the orientation of proximty

heads, or5 nimweraamtsuitdble gizexi shapg dsshoen besidr @e@mpleAnchiguicndAt andotfd. Yet

i npl enentatjon, the front nenisc 150.is . fornmed .be nt ront
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formed bet wagh. by PR cRfpthaTlohY cAHRBI of &R0 ATtk 1B Brovedses ddiathedliHdfid 02D.

Front [0090] According to one embodiment, proximity cleaning and/or drying wafer
front side and backside 102a and 102b by respective front proximity head 110a and back
20 proximity head 110b results in creating a clean and/or dry area which may expand from
the center region to the edge region of the wafer 102 in a spiral manner. However, it must
be noted that any suitable cleaning and/or diying path may be generated by changing the
configuration of the system 100, the orientation of proximity heads, or movement of
proximity heads.
25 [0091] According to one implementation, the front meniscus 150 is formed
between the front proximity head 110a and the wafer front side 102a and a back meniscus
152 is formed between the back proximity head 110b and the wafer backside 102b. Front
and back meniscus 150 and 152 traverse wafer front and backsides 102a and 102b to clean
and/or dry wafer surfaces by applying front and back cleaning chemistries correspondingly
30 so as to remove contaminants and fluids from over wafer front and back sides 102a and

102b. In one embodiment, the rotation of the wafer 102 by rollers 108 serves to move a



and back neni scus 150 and 152 traverse wafer front and backsi des 102a and
102b to clean and/or dry wafer surfaces by applying front and back

cl eaning chem stries correspondingly 30 so as to renpbve contam nants and
fluids fromover wafer front and back sides 102a and 102b In one

enbodi ment, the rotation of the wafer -2 by rollers 108 serves to nove a
-20- wafer area that has not been processed into close proximty to front
and back proxs.m : [%%%i?d, . at ed,
the rotati oﬁé%w%lﬂf%?%g?ﬁ%b e%%%ogg&tg%gn tvvacﬁgﬁ P to téA‘rﬁgltqg%hg?&tcﬁ%g{ ’%ﬂt‘gw ng
subst ant i al haadehtOaraadduo.aces of wafer front side and backside 102a 5 and
102b be cl eaned and/or dried. As will be described in nore detail below, in

operation, [008%k and Hask by eppreiated, taseptationmd ralias 19%sseno ¥ESI0A nant s

and fluids _{r . t [ , . tigel y
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and fronts cigRandIg bebhed md/be diibé wWas atill be dedcribedién tR@a, deaid belB¥, and DI W
to the wafer backside 102b 10 [0093] It shoul d be appreci ated, however,

that in onecrsxaiop] Bont@nd bagkaneximitydeadsnd Oa pad k1 Bremoxe eordamipapts andluidppl i ed

to wafer frgnt side.and b 2 1 : i vel i ng on
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cl eani ng chgsiispyliaRehéTRIP DeddibEz&rwRet (I )Qindci@iTcRhdiig bidarhisgy fohhe wafe or
di fferent concentrations, or front and back chem stries can be different

conpat i bl e fientsidert02s, an@FPA andhiIEW t¢ therwader tgekagsplEsi at ed that the wafer 102

may be in any, suitable orientation as . ong as the.grientatio
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proxi mty ticR dhefidhRR Qfuld O IPBRQNE RGfdeh &t fidOphd PheliRNabarksize 102a
and 102b to be cleaned or dried, [0094] Wth continued reference to Figure

3A, the poresmoticdly, tdependafzern theapplisitive degdigedl ORepedding madhe applivaien, theat
| eadi ng edge .of {he fron roximty head 110a is partially .caoyvered b
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backside 102a and 102b to be cleaned or dried.
[0094] With continued reference to Figure 3A, the portion of the wafer fiont side
20 102a defined ahead of the leading edge of the front proximity head 110a is partially
covered by liquid 146, contaminants 147, drops 121" of the brush scrubbing chemistry 121
used to clean the wafer backside 102b  As illustrated, the portion of the wafer backside
102b defined ahead of the leading edge of the back proximity head 110b can be partially
covered by brush scrubbing chemistry 121 and contaminants 145 The trailing edges of
25 front and back proximity heads 110a and 110b, however, are shown to be visually dty. As
used herein, a leading edge of a proximity head is defined as the area between the
proximity head and the wafer surface defined in front of the meniscus. In a like manner,
the trailing edge of the proximity head is the area between the proximity head and the
wafer surface defined at the back of the meniscus.
30 [0095] One of ordinary skill in the art must appreciate that the [PA inflow may be

in any suitable form such as, for example, IPA vapor where IPA in vapor form is inputted



proximty head and the wafer surface defined in front of the neniscus, In a
| i ke manner, the trailing edge of the proximty head is the area between
the proximty head and the wafer surface defined at the back of the

meni scus. 30 [0095] One of ordinary skill in the art nust appreciate that
the IPA inflow may be in any suitabl elarmsuch as, for exanple, |PA vapor
where IPA in vapor formis inputted -21- through use of a N2 gas.. In a

|i ke manner gh*tgygtta%g[ﬁvhsttt@ﬂ{ atagg)tét@aemﬁeealm &va%é@egt{mve

been described=as US| ment, any ot er sul
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as, for exanple, water purified in_other ways, cleaning fluids, etc
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liquid 146 and brush scrubbing chemstry 121 on the wafer front side 102a
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cl eaned and dr as a result of the novenment of the front neniscus 150 as
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[0097] Accordingly, as the front proximity head 110a scans the wafer front side

102a, the front meniscus 150 moves along with the front proximity head 110a. In this
20 manner, the region of the wafer front side 102a previously occupied by the front meniscus
150 is cleaned and dried as a result of the movement of the front meniscus 130 as
applying the meniscus and removal of fluid is achieved substantially simultaneously.
[0098] In a like manner, the wafer backside 102b is cleaned and/or dried. In one
embodiment, as will be explained in more detail below, a diluted HF inflow, DIW inflow,
25 and IPA vapor inflow are applied onto the wafer backside 102b forming the back
meniscus 152. In such embodiment, a waste outlet may be utilized to apply vacuum to the
region in close proximity to the wafer backside 102b so as to remove any fluid,
contaminants, or vapor that may be located on or near the backside 102b.
[0099] in one embodiment, as illustrated in Figure 3A, it is believed that an
30 analysis of wafer front side or backside 102a and 102b may reveal the existence of

precipitated residue (e.g, HF residue) on wafer front side and backside 102a and 102b.



meni scus 152. In such enbodi nent, a waste outlet may be utilized to apply
vacuumto the region in close proximty to the wafer backside 102b so as
to renove any fluid, contam nants, or vapor that nay be | ocated on or near
t he backside 102b. [0099] In one enbodinent, as illustrated in Figure 3A
it is believed that an 30 analysis of-asafer front side or backside 102a
and 102b may reveal the existence of precipitated residue (e g HF

resi due) o L. fro Kk i . Fe@@en el ess,
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[00101] According to one embodiment of the present invention, once the front

20 proximity head 110a is moved in close proximity to the wafer front side 102a, front
cleaning chemistry, and IPA inflows are introduced into the front proximity heads through
fluid inlets 126a and 126b to generate the front meniscus 150 that is in contact with the
wafer front side 102a. Almost simultaneously, liquid 146, drops 121' of the brush
scrubbing chemistry 121, and contaminants 147 are vacuumed and removed from over the

25 wafer front side 102a.

[00102] Figure 4A is a simplified top view of an exemplary front proximity head
110a, in accordance with one embodiment of the present invention. The front proximity
head 110a is shown to have an oblong shape having a plurality of inlets design to
introduce different types of fluid onto the wafer front side 102a as well as a plurality of
30 vacuum outlets for almost simultaneously vacuuming fluid and contaminants from over

the wafer front side 102a so as to clean and/or dry wafer front side 102a.




25 wafer front side 102a. [00102] Figure 4Ais a sinplified top view of an
exenplary front proximty head 110a, in accordance with one enbodi nent of
the present invention, The front proximty head 110a is shown to have an
obl ong shape having a plurality of inlets design to introduce different
types of fluid onto the wafer front si.dg.102a as well as a plurality of 30
vacuum outl ets for al nost sinultaneously vacuum ng fluid and contam nants
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inlets 154 i.s a pluralit. f.yacuum outl ets 1 i . 5
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front proximty e , in accordance with another enbodi nent of the
present i nvEsitis fmtnedsn araarcheonfmedwithin the ellinti¢al patbfof thecaammoetless 558158' i s

defined gdj to the fraont. cl eani,ng,.chem str inlets 154, lurality
of rinsée{ nﬁ@f@]mo i SIEHES élﬂplﬁtét‘?/\é@rgﬁ’hﬁﬁ‘gtﬁ ﬁ}e\éﬁ pf‘tg,ns#tergégﬂt{fﬁfgﬁqﬁugﬁg

158' and thﬁ‘eaéielgyéf%% &lnde bt anoftier BRBoRHRAT She pleSs ihveh@6s AGQaRbe
configured to 15 introduce DIWinflow on to the wafer front side 102a so as
to rinse theewafguraliyrdfaaenun O@dets K8 srddfing adjacehteoitinpfrentelvaning shemisoywn i n
Figure 4B, the front rmeniscus 150 fiped tween,the fron r oxi m,ty head
11 Ca and tREtWktted PREaRY okiipse Hﬂ!@tﬁéggéﬁfﬂ’%@egﬁm%ﬁ?ggﬁﬂﬁ 0{ “%ﬁgﬂﬁ%/ri c
Meni scus, ajkd I.Seu n WA IoS; - confo@B8 1
exanpl e, t hgjg? %?@rﬁ%@@u@%@ggﬁﬁs%gﬂ%?at eclle’tr;%ﬁgteﬁﬁeﬂégsoll%fig%ncoof gt he ?ront
20 cl eaningingbére IDIW iafsv Bhibvihé hefdr Heond sider1 02e 5o sis us 1hSOthei wafkosurfide by
the DOW inflowl60. [00105] It rmnust be noted, that _aléhgga? the i.ll uiig@at ed
enbodi ment slBe- tAecopding dpithe [ARIERENETT FRAIHE BgHcuFE: Wt TREUES CPRani ng

chem stry i pliglh$ vhRdken (RS WM BRIk hiP110a and the wafer front side 102a can be

compromised of two concentric meniscus, an inner meniscus 150a and an outer meniscus
150b. In one example, the innet meniscus 150a is generated by the solution of the front
20 cleaning chemistry and DIW while the outer meniscus 150b is formed by the DIW
inflow160.
[00105] It must be noted that although the illustrated embodiments of the present
invention include a plurality of front cleaning chemistry inlets 154, vacuum outlets 158
and 158, DIW inlet 160, and IPA vapor inlet 156, in another embodiment, the
25 embodiments of the present invention may implement at least one fromt cleaning
chemistry inlet 154, at least one TPA vapor inlet 156, at least one DIW inlet 160, and at
least one vacuum outlet 158.
[00106] With tespect to the back proximity head 110b, the at least one IPA vapot
inlet 156 can be defined adjacent to the at least one vacuum outlet 158, which is in turn is
30 defined adjacent to the at least one DIW inlet 160 so as to form an IPA-vacuum-DIW
orientation. It must be noted by one of ordinary skill in the art that other types of



and 158", DIWinlet 160, and |IPA vapor inlet 156, in another enbodi nent,
the 25 enbodi nents of the present invention nmay inplenent at | east one
front cleaning chem stry inlet 154, at |east one | PA vapor inlet 156, at

| east one DIWinlet 160, and at | east one vacuumoutl et 158. [00106] Wth
respect to the back proximty head 11 Q. the at | east one | PA vapor inlet
156 can be defined adjacent to the at | east one vacuum outl et 158, which is
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forman | PASA orTén yoneo I na

skil'l in thee afilized Rberdidpeén Hﬁép@&e@f;xocésées @fsirentidt type of SHeh o@@mng and/01
| PA- DIl Wvacuum DI Wvacuum | PA, vacuum | PA-DIW etc. may be utilized

dependi ng oﬁymmwﬁmmemg@ib@@e@e!ﬂ preoprafsered 9@@0@111%1ﬂ@rﬁ’é| ‘@&hﬂlﬁ@%d/ or

dryi ng nmecha bei n ha erred. enb

oA Vot SraoR it e PORRAER et And B RFED EhEReS ToR Bl mob fe, pack
gener at e,5 CRBAKALs, 1 2NcARY Betllen BRClack pFBMiSGURadd21d08R1 a@d \bﬁbﬂ\@ﬁﬂsﬁl@e
back proximty heads 110b and the wafer backside 102b. In another

enmbodi ment , 1020A-Inzoalmy enbedimant, SiA-vasuubeouggadioneean | bsaned i¢lean andjor diaf er

front and bac ides 0107] Still further, it nust be noted
that DI Wi nl Eﬁ?%ﬁ“dgsﬁé(ﬁl ,&q\()%fb@% O[r%gets 156, the vacuumoutlets 158, and
front cl eanjppgoghem sghy fafs, Qaﬁiﬁs%@ﬁaﬂea%ﬁhﬂwsﬁm 16330tHerI!PS?Xt BRYI&E
arranged on the ‘top surface of the front and back proximty h é’ 10a and

110b i n anyl¥uithcatdceumenitiets IS8, Moﬁs:lmmgeﬁtm@yr@dl t@chsieamng lohergpemer at ed
and control For exa ion to the front cleanin emstry
inlet, I'A w&&m ¢ @EanESR A UigR GG G, o dnd PesvBrongy deads {03 And

addi ti onal %Qfsunatbhbehﬁnﬁaysob% gagsd'zésb&ﬁ% Betiseu®fcah PR ¥aRPHed BhEt S,

DWinlets an /or cuum out | ets depending on the 15 configuration of the
proximty hmdoﬂmlﬁmdxm{lﬂejlﬁ&]ldlﬂem td the ﬁloatclemam@dimmhsdhybnleameapmmddt t hat

front and back proxi mt ea Oa,and 110b can hav yunber an type
of inlets ahf Wﬁ’t‘%t%‘]& h'g‘f’ Ii)#e‘ﬂ’?tsaﬁ’dancﬁgfq tiopal §°‘ﬁ’@ t SY0RC f 1 ont
and back pr r ther,
front and bzga&é1 tm%%?eggﬁg&ﬁgaﬁpgﬂ%gbggnm%%%dégg%%ggtrllets 2 |e'%l gmégh ntgﬁner

20 by calst r @nfigmgtisihef thepronimiof hdatidesietl. f | ui ds onto wafer front and back
sides 102a and 102b and by contraolling the vacuum applied., Yet farther,

it shoul d b@OHMr eci a¥ edfuithen 1tt5H@u§|b£@PPT§§IaW§I thatgfgont F’?@d baekaprogimitokeadne
inlets and pypl g4 188%af haVhlyeHulfer  dndHp P BEinPAE kn® b@KSbAY that inlets and

outlets may be oriented on front and back proximity heads in any appropriate orientation.
Still further, front and back meniscus 150 and 152 can be managed in any suitable mannet
20 by controlling the amount of flow of fluids onto wafer front and back sides 102a and 102b
and by controlling the vacuum applied. Yet further, it should be appreciated that the size
as well as the locations of the inlets and outlets may be varied on front and back proximity
heads 110a and 110b so long as front and back meniscus 150 and 152 are stable.
[00109] Still further, one of ordinary skill in the art must appreciate that it is
25 believed that the brush scrubbing proximity cleaning and/or drying system of the present
invention can be used to clean the wafer front side and backside 102a and 102b without
having a need to 1inse the wafer front and back sides 102a and 102b with a rinsing fluid.
[00110] Reference is made to simplified cross sectional views depicted in Figures
5A-5C, showing cleaning and/or drying of the wafer front side 102a using the front
30 proximity head 110a after brush scrubbing the wafer backside 102b, in accordance with

one embodiment of the present invention. By way of example, in the illustrated



heads 110a and 110b so long as front and back neni scus 150 and 152 are
stable. [00109] Still further, one of ordinary skill in the art nust
appreciate that it is 25 believed that the brush scrubbing proximty
cl eaning and/ or drying systemof the present invention can be used to
clean the wafer front side and backsi des102a and 102b w thout having a
need to rinse the wafer front and back sides 102a and 102b with a rinsing
fluid. [00110 Refe i
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DI Wi nfl ow. [00 Fi depicts a cross sectional view of the wafer
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t he brush scrubbing chemistry 121, and contaminants 147. The wafer front side 102a is
shown to be cleaned and dried while the proximity head 110a and thus the front meniscus
20 150 is moved in the direction 144
[00112] The portion of the wafer front side 102a defined at the trailing edge of the
front proximity head 110a is shown to be visually dry. That is, after the portion of the
wafer front side 102a is processed, all of the liquid 146, contaminants 147, and brush
scrubbing chemistry 121 are intermixed with the front meniscus 150 and thus removed,

25 leaving a visually clean and dry wafer front side 102a. In one embodiment, however, it is

believed that the portion of the wafer fiont side 102a cleaned and/or dried previously, may

As the front cleaning chemistry, back cleaning chemistry, and the brush scrubbing
chemistry are configured to be chemically compatible, negative effects resulting from
30 wafer front side 102a cross contamination caused by penetration of SC1 associated with

the prior art is significantly eliminated.



front proximty head 110a is shown to be visually dry. That is, after the
portion of the wafer front side 102a is processed, all of the liquid 146,
contam nants 147, and brush scrubbing chem stry 121 are interm xed with
the front neniscus 150 and thus renoved, 25 leaving a visually clean and
dry wafer front side 102a. In one enbadigent, however, it is believed that
the portion of the wafer front side 102a cl eaned and/or dried previously,
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embodiment of the present invention.

[00115] In accordance with one embodiment of the present invention, when using a
20 front cleaning chemistry and a back cleaning chemistry, the front cleaning chemistry and
back chemistries can be a solution of HF and DIW. Depending on the type of application,
however, a concentration of HF in the front cleaning chemistry and back cleaning
chemistry may be equivalent or vary. According to one implementation, the concentration
of HF in the back cleaning chemisiry can range between approximately 10:1 and 1500:1,
25 and more preferably between approximately 20:1 and 1000:1, and most preferably
approximately 50:1. Like wise, the concentration of HF in the front cleaning chemistry
can range between approximately 50:1 and 10,000:1, and more preferably between
approximately 100:1 and 1000:1.
[00116] Reference is made to a flowchart diagram 600 shown in Figure 6A
30 depicting method operations performed in an exemplary brush scrubbing proximity

cleaning and/or drying system, in accordance with one embodiment of the present



back chem stries can be a solution of HF and DIW Depending on the type of
application, however, a concentration of HF in the front cleaning

chem stry and back cleaning chem stry may be equival ent or vary. According
to one inplenentation, the concentration of HF in the back cl eaning

chem stry can range between approxi matel7. 10:1 and 1500: 1, 25 and nore
preferably between approxi mately 20:1 and 1000: 1, and nost preferably
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[00118] Continuing to the flowchart diagtam shown in Figure 6B, method
operations performed while brush scrubbing the wafer backside can further be understood,
20 according to one embodiment of the present invention. In operation 602a, a brush is
provided, which in one example, can be a PVA brush. Next, in operation 602b, the brush
is moved into close proximity of the wafer backside. In one instance, the brush which
initially is defined below the wafer backside and close to the chamber bottom wall of the
brush scrubbing proximity cleaning and/or drying module is moved so as to be defined in
25 close proximity to the wafer backside. Thereafter, in operation 602c, brush scrubbing
chemistry is introduced into the brush scrubbing interface. In one example, the brush
scrubbing chemistty can be introduced through the brush.
[00119] Continuing to operation 602d, the brush is applied onto the wafer backside
while brush scrubbing chemistry is being introduced. In one example, the brush is rotated
30 and is moved in an arc direction so as to brush scrub the entire wafer backside Next,

applying the brush onto the wafer backside is discontinued in operation 602e. In this



20 according to one enbodi nent of the present invention.. In operation
602a, a brush is provided, which in one exanple, can be a PVA brush.. Next,
in operation 602b, the brush is noved into close proxinmty of the wafer
backside. In one instance, the brush which initially is defined bel ow the
waf er backside and close to the chanbernghottom wall of the brush scrubbing
proximty cleaning and/or drying nodule is noved so as to be defined in 25

close proximty to the wafer backside. There i i brush
scrubbing ’@Vﬁoﬁl@np}fﬂl{s&&gi@aﬂi Iﬁ’?@%“ﬁ?%s ﬁ%c&ﬁ%ﬁﬁ%ﬁﬁtﬁe&?? %gmey . In
one exanpl & thdiGnEI W progaaRiopeiafbe s tovthERmdved fbinrvadudadksidy ough t he

brush. [00119] Continuing to operation 602d, the brush is applied onto the

waf er backsjoaE0]whi | eAbthis tpointy thsbbrugh dhemdeedr ywass figat il matet dgkdde In | n
one exanple, the b h_is rotated , 30 and is ed in.,an _.are. di.fecldi SO
as to brusHRSEIGH éoﬁ’g Ihong ?‘%ﬁ’ﬁ%rﬂ]%gwgil%@w%é?% {é’p%fifin ﬁ%l 13(%{&{0 robfs é1onto
the waf ers haglks iv\ﬁg?chgﬁ loﬂé SEBBinRe f 1h R1RP BokkhBRtBAE trodulebotibisvall28n t@nner ;

any contam nants an i quid remaining on the wafer backside subsequent to
any of themairdeerthechiresh preelrmicat camnobpréer&ne onith sree opwsatiany of gl éad foedkn
waf er backside.. [0Q1201 At this point he, brush. i s,noved a fromthe
vaf er backsPEEMily hegpe, é%tqyoer’ilc%@fmgqt &qéh%tbﬁﬁﬁﬁﬁﬁ“zglnﬁﬁé‘ewﬁé’ hoq\{\@ﬁ}?o‘\ygm back
to the initial POSLE Qe Qhinid RliHSiicchGhe WS efiRRRl dRfitioniss the

cl ose pr oxifgn tyS oé#hlgﬂﬁoq@tﬁdg bogt om vva?cl o net hi srﬁrranner_ ,@he_ br ush
mechani cs cansibility of leavirgr ssdanfidetst taenl tefiami ioeonafatibleaieméstribsiragskiatadr ot mi t y
heads.. Any encroachnent qf ";fge _brugh scrubbi ng chem stry onto the wafer
front sil@e thanrieaes sibstastalbrREainiee ef fect on the wafer preparation

e 1o ROI4HE | POSRelchid i nilie REHL RS SBLEREUDWHAR Fldu 6L I defidting

i nconpat i bl stries associated w't e prior art"is su

el i m nat ed. mE86d 3dctatRefk pegnaediding fdent mdttaek plomimitacitardigefreatersimband n
Figure 6C, depicting method operations _perfoﬁr med during font and Lg{ack
proximity chaskmides isfacepirence ryighensembodimert & WePresert B¥eioarl OPFHRERR one
enbodi ment the. pres - tian, E@]m: 4 o Adddr ORexP ¥t M ty
head and a (gfégkagj?(gn}i%&g%uﬁg%%eadrng %rbg% gygﬁz )C(}ié,ad?a?%%%o 15 cl eaﬁ?ng

cheni st iy | demipbepfbtlyds biplitd @nhe Hioax piokinyithiead aaddadkad tanirgadrinisgyy is
chem stry is supplied to the back proxi mﬁ% head  al on[g ,ﬂ&th reié)ae(ﬁ?i ve | PA
i nflows so supalied tootie baskrmexinstyairedpiene Hathi werestivea i bdnidewwss i dat jfppnt

P o SR PR Ny S PR B pd S0 b
application, in one example, the fiont and back chemisiries can be the same chemistry
having the same concentration or diverse concentrations. In one example, front and back

20 chemistries are solutions of HF and DIW having the same or different concentrations of
HF. In a different embodiment, a back cleaning chemistty may not be implemented thus
allowing the rinsing of the wafer backside with DIW inflow.

[06122] In operation 604d, the front meniscus is formed between the wafer front
side and the front proximity head and the back meniscus is formed between the back

25 proximity head and the wafer backside. Thereafter, in operation 604e, wafer front side
and backside are scanned using front and back proximity heads respectively.

[00123] It must be noted that by using compatible brush scrubbing chemistry and
front and back chemistries, negative effects associated with having cross-contamination
within the module are also eliminated. Additionally, the same waste mechanism can be

30 used to eliminate brush scrubbing chemistry and front and back chemistries, thus

simplifying the system.



havi ng the same concentration or diverse concentrations” In one exanple,
font and back 20 chem stries are solutions of HF and DI Whaving the sane or
different concentrations of HF. In a different enbodi nent, a back cl eaning
chem stry may not be inplenmented thus allowing the rinsing of the wafer
backside with DIWinflow [001221 In aperation 604d, the front neniscus is
formed between the wafer front side and the front proximty head and the
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Yet fotlfSerli(]O'Mﬁ]One exenplrétey, idNvneneridldrg nimpldrerationh the rtutshi ngubbing

proximty cleaning and/or drying system of the present inventf’ on can be
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in an aut Ona{zs%gre&\a vyafgryclganing apparatus that may be controlled in an automated way by a

control station. For instance, the clustered cleaning apparatus may include a sender
station, a brush scrubbing proximity cleaning and/or drying module, and a receiver station.
20 Broadly stated, wafers initially placed in the sender station are delivered, one-at-a-time, to
the brush scrubbing proximity cleaning and/or drying module. After being scrubbed and
proximity cleaned and/or dried in the brush scrubbing proximity cleaning and/or drying
module, dry wafers are then delivered to the receiver station for being stored temporarily.
One of ordinary skill in the art must appreciate that in one embodiment, the clustered
25 cleaning apparatus can be implemented to carry out a plurality of different substrate
preparation operations (e.g., cleaning, etching, buffing, etc.).
[00127] Figure 7A is a simplified cross-sectional view of an exemplary proximity
substrate preparation system 1000, in accordance with one embodiment of the present
invention, The system 1000 includes a chamber 104, a plurality of rollers 108 defined
30 therein, a fluid handling system 106, front and back proximity heads 110a and 110b, an

actuating component 114, and a system controller 116. The chamber 104 is disposed over



control station. For instance, the clustered cleaning apparatus may include
a sender station, a brush scrubbing proximty cleaning and/or drying

nodul e, and a receiver station. 20 Broadly stated, wafers initially placed
in the sender station are delivered, one-at-a-tinme, to the brush scrubbing
proxi mty cleaning and/or drying nodul e After being scrubbed and

proximty cleaned and/or dried in the brush scrubbing proximty cleaning
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liquid drops 146 and 146’ may have been generated during a preceding wafer preparation
20 operation, which for instance, may be a brush scrubbing operation. Liquid drops 146, for
instance, can be any liquid that may have remained on the wafer front side 102a
subsequent to any of the previous wafer processing operations (e g., chemical mechanical
planarization (CMP), etching, etc.).
[00130] The fluid handling system 106 can be pulled out of the system 1000 using
25 for example, a slide mechanism. In one embodiment, the fluid handling system 106
includes two components, a drainage exhaust component and a flow-handling component.
The flow-handling component is configured to include a plurality of flow controllers
designed to contain raw chemistry to be used in preparing (e.g., cleaning, etc ) the wafer
102. The drainage/exhaust component includes a waste treatment unit designed to hold
30 excess fluid, waste, residues, and contaminants being purged from the chamber 104, In

one example, chemistries contained within the flow controller can be mixed at a manifold



respectively.. Liquid drops 146 and 146' are further disbursed over the
wafer front side 102a and backsi de 102b, correspondingly. In one exanple,
contam nants 147 and 145 and |iquid drops 146 and 146' nay have been
generated during a preceding wafer preparation 20 operation, which for
instance, may be a brush scrubbing opergtion.. Liquid drops 146, for

i nstance, can be any liquid that may have renained on the wafer front side

102a subsequent to an of t revi ous waf e
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t hrough cor respon I ng manner tional chem stry
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110b. Ther egfgt PFOb Kve ddﬁ@h&d preparing (ie., cleaning and/or drying) wafer front side and

backside 102a and 102b, front and back proximity heads 110a and 110b are transported

20 out of the chamber 104 using front and back arms 112a and 112b, respectively.
[00132] One of ordinary skill in the art must appteciate that while in one
embodiment the actuating component can be a motor, in a different embodiment, the
actuating component 114 can be any component capable of moving front and back arms
112a and 112b. Furthermore, it must be appreciated by one of ordinary skill in the art that
25 different mechanics and engineering can be implemented to move front and back arms
112a and 112b and thus front and back proximity heads 110a and 110b into and out of the
chamber 104,
[00133] In one example, when front proximity head 110a and back proximity head
110b are moved horizontally in the direction 144 so as to assume respective positions
30 substantially at a center of the wafer 102, for example, the front proximity head 110a is

moved vertically to a position in close proximity to wafer front side 102a and the back



materials are delivered to the waste unit (e g,, collection vacuum tank)
and are then purged fromthe collection tank to the facilities drain. Once
front and back proximty heads | | Oa and 110b have concl uded preparing
(i.e, cleaning and/or drying) wafer front side and backside 102a and 102b,
front and back proxi mty heads 110a and;110b are transported 20 out of the
chanber 104 using front and back arns 112a and 112b, respectively. [00132]
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10C. Yet finther, one must appreciate that front and back proximity heads 110a and 110b
can have numerous types of configurations capable of performing the processes described
20 herein.
[00135] According to one implementation, as shown in Figure 7A, froni and back
meniscus 150 and 152 traverse wafer front and backsides 102a and 102b so as to clean
and/dry by exposing wafer smfaces to front and back chemistries. Thereafter, a next
wafer preparation operation can be performed on wafer surfaces without having to 1inse
25 the wafer front side 102a or backside 102b with DI watet. For instance, by applying front
and back cleaning chemistries correspondingly to the wafer front side 102a and backside
102b, contaminants 147 and 145, 146, and 146 can be cleaned and removed from wafer
front and back sides 102a and 102b, leaving substantially clean and/ot dry wafer surfaces.
In one embodiment, the rotation of the wafer 102 by rollers 108 serves to move a wafet

30 area that has not been processed (¢ g., cleaned and/or dried) into close proximity to front



15 110a and 110b can be noved from an edge of the wafer 102 to the center
of the wafer. Furthernore, it must be noted that front and back proximty
heads 110a and 110b nay have any suitable size or shape as shown by, for
exanple, in Figures 7E, 9B, 9D, 10A, and 10C. Yet further, one nust
appreciate that front and back proxi m.t3g.heads 110a and 110b can have
numer ous types of configurations capable of perform ng the processes
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102a and 102b, respectively, depending on the application desired. Depending on the
application, front and back cleaning chemistries may be the same type of chemistry having
20 the same or different concentrations, or front and back chemistiies can be different
compatible chemistries.
[00138] One of ordinary skill in the art must appreciated that proximity preparation
of wafer front side 102a and wafer back side 102b using the front and back proximity
heads 110a and 110b can substantially be performed in the same manner. In the
25 illustrated embodiment, the wafer surfaces are being cleaned and/dried such that
substantially no precipitated residue can be detected, thus eliminating the need to rinse the
wafer surfaces prior to proceeding to the next wafer preparation operation.
[00139] Reference is made to Figure 7B depicting a simplified top view depicting
the beginning of the wafer front side 102a being cleaned and/or dried in the proximity
30 substrate preparation system 1000 of the present invention, in accordance with one

embodiment of the present invention. The front proximity head 110a has been brought



15 surface preparation properties (c g, sem -aqueous solvents having nostly
| ow surface tension, etc..).. Furthernore, it should be appreciated, that
dependi ng on the enbodi nent, different front and back chem stries could be
applied to wafer front side and backside 102a and 102b, respectively,
dependi ng on the application desired.,.4epending on the application, front
and back cleaning chem stries may be the sane type of chem stry having 20
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remove contaminants, fluids, and etch thin film from wafer front side and backside 102a
and 102b using front and back menisci 150 and 152, respectively. Specifically, isopropyl

20 alcohol (IPA) and front cleaning chemistry are applied to and evacuated from wafer front
side 102a, while IPA and back cleaning chemistry are applied to and evacuated from the
wafer backside 102b. As can be appreciated, the rotation of rollers 108 causes the wafer
102 to rotate, thus allowing substantially entire wafer front side and backside 102a and
102b be cleaned and/or dried. In this manner, the process time as well as cost associated

25 with rinsing the wafer surfaces prior to proceeding to the next prepatation stage is
substantially eliminated.

[00142] Although in the embodiment shown in Figure 7C the front proximity head
110a moves in the direction 143, from the wafer center to the wafer edge, it must be noted
that any suitable cleaning and drying path may be generated by changing the configuration

30 of the system 1000, the orientation of proximity heads, or movement of proximity heads.

It must further be appreciated that the wafer 102 may be engaged in any suitable



preparation systemof the present invention results in clean and dry wafer
front side 102a 15 and backsi de 102b such that the next preparation step
can be perfornmed on the wafer 102 surfaces wi thout having to first rinse
the wafer surfaces in a rinse operation [00141] In one exenplary operation,
front and back proximty heads 110a ands110b renove contam nants, fluids,
and etch thin filmfromwafer front side and backside 102a and 102b usi ng
front and back. neni sgi_ 150..and: N Ck ) i oF i pyl
20"al conol (TPRNCLTS IPROAL 15 Sishhee eRIARCho Sl balBERNIRRE belte FIRIRREEY.
from wafer {ropnb be$h G@selPdRimin ol aporith edrieginditkaaiiiripne kidehasd backside
applied to and evacuated fromthe wafer backside 102b. As can be
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[00144] In one exemplary embodiment, proximity cleaning and/or drying of the

wafer front side 102a can be described as follows: A front cleaning chemistry inflow and
20 the IPA inflow are applied onto the wafer front side 102a. In this manner, any fluid
remaining on the wafer front side 102a is intermixed with the front cleaning chemistty
inflow At this time, front cleaning chemistry and DIW inflows, as applied onto the wafer
fiont side 102a, encounter the IPA inflow. As a result, the applied front cleaning
chemistry and DIW inflows teside in the region between the front proximity head 110a
25 and the wafer front side 102a along with the liquid drops 146 (in certain embodiment,
liquid film 146) and back chemistry droplets 146°, forming the front meniscus 150.
Therefore, front and back menisci 150 and 152 are configured to be constant flows of
fluid being applied toward the corresponding wafer fiont side 102a and wafer backside
102b and can be removed along liquid drops 146 and back chemistry droplets 146” on the
30 wafer front side 102a at substantially the same time. According to one embodiment of the

present invention, once the front proximity head 110a is moved in close proximity to the



configured to | eave behind clean and dry substrate surfaces. As used
herein, a leading edge of a proximty head is defined as the area between
the proximty head and the wafer 15 surface defined in front of the

meni scus” In a like manner, the trailing edge of the proximty head is the
area between the proximty head and t hggwafer surface defined at the back
of the neniscus.. [00144] n one exenplary enbodinent proxinity cl eani ng

and/or dryin of t S e A
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inflow, DIW inflow, and IPA vapor inflow can be applied onto the wafer backside 102b
forming the back meniscus 152. In such embodiment, a waste outlet may be utilized to

20 apply vacuum to the region in close proximity to the wafer backside 102b so as to remove
any fluid, contaminants, or vapor that may be located on or near the backside 102b.
[00147] According to one embodiment, as illustrated in Figure 7D, it is believed
that an analysis of wafer front side or backside 102a and 102b may reveal the existence of
precipitated residue (e g., fluorine ions generated as a result of exposure to aqueous HF)

25 on wafer front side and backside 102a and 102b, if leaving the precipitated residue is
intentional That is, it is believed that the portion of the wafer front side 102a and the
portion of the wafer backside 102b previously occupied by front and back meniscus 150
and 152 may include precipitated residue, if so sclected. Nonetheless, substantially no
liquid may be present. As will be described in more detail below, precipitated residue can

30 be generated as a result of removing contaminants and fluid from wafer front side 102a

and wafer backside 102b, or if selected a layer formed over the wafer surface, entering



invention so as to produce a clean and/or dried wafer surface thus
elimnating the need to the rinse the wafer front side 102a in a rinse
operation., [00146] In a |ike manner, although not shown, the wafer
backsi de 102b can be 15 cleaned and dried in the proximty cleaning and
drying system of the present inventionsm thout having to rinse the wafer
backsi de 102b with DI water prior to perform ng the next preparation

operation on,the,waf ‘ S| I i il ut
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exi stence of precipitated residue (e.g., fluorine ions generated as a
result of ercpidseran heonwgiewlly chiRyatobsapas taagragin pn dre waltuond sidesad kagkgide 102a

and 102b, i% | eagiﬁlg he pr eci _o{.tat ed residue is intentional. That is, it
i s believed ™ H&t '%%?elxl BRPEFIPHPIOBr front side 102a and the portion

of the waf egmﬁ?@ﬂk_Si der; e8] View ©F 4R eRdniliy R0 brokifitPR&M ITBAIISCUS
150 and 152 may include precipitated residue, if" so selected. o
Nonet hel essacceudasteawith ahd smbalimeintepfithe pmsdne inyeatsent Theadepited frgrd peesd@ity bed

in nore detail helow, precipitated residue.can 30 be generated as resul t
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backsi de 10glps Qledifneith GGt R cditR¥RT tyb&faﬁﬁu@ﬁﬁﬁ tﬁmaféﬁlﬁ@ﬁt s&i4r 1026 Qhile

entering _37_ 1nto a chemcal reaction wwth the front cleaning chem stry
or back cl eapluditg b&wicatunyoutlbsiangcardigdretido bt esnd tantthest sumytanedusly Yacann and

backsi des 102a and 102b. Thus, the, enhodj nent,s t he present .invention
are desi gne@u‘flcfmaéﬁ@fémﬂ?éts\/%‘?”érov?‘r@ﬁtwgg?%néﬁ&e 1@%%%&?%‘5 8 and Sy T’@}fﬁ
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waf er front side and backside for use during,the next preparation

oper at i on. . | TQacouspe gisybstantiaky jineay 118%9?%%69it%\‘rl}“6‘§“%§‘§3¥§[’$%ﬁ?¥ "ffﬁ%‘i’nm
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i nvention. h%%&#érg?g{l{egd? ?g% ) (pkrao([g%?1 ttgllg| %?ﬁg‘gﬁgﬁ‘{igg@ﬁag an ogpgng?shape

havi ng a pldcaluntoatlef 168 dkegedan daduntredrs, elitiratptemahintyts afid any type of fluid
defined between the vacuum outlets 158 and the wafer front side 102a. As can further be

20 seen, a plurality of isopropyl alcohol (IPA) inlets 156 are defined bordering the vacuum
cutlets 158, which in the embodiment shown in Figure 7E, define an elliptic path. In the
llustrated embodiment, the front meniscus 150 is formed in an area confined within the
clliptical path of the vacuum outlets 1358.

[00149] One of ordinary skill in the art must appreciate that the IPA inflow may be

25 in any suitable form such as, for example, IPA vapor where IPA in vapor form is inputted
through use of a N> gas. In a like manner, although several embodiments of the present
invention have been described as using DIW, in another embodiment, any other suitable
fluid may be utilized that may enable or enhance the wafer processing such as, for
example, water purified in other ways, cleaning fluids, etc. Yet further, it should be

30 appreciated that the size as well as the locations of the inlets and outlets may be varied on

front and back proximity heads so long as front and back menisci are stable.



inlets is designed to introduce different types of fluid onto the wafer
front side 102a while a plurality of vacuumoutlets are configured to be
used to al nost sinultaneously vacuum fluid and contam nants from over the
wafer front side 102a so as to clean and dry wafer front side 102a w thout
rinsing the wafer front side with DI wajger.. The plurality of 15 chem stry
inlets 154 are defined substantially in the mddle of the front proximty

head 110a i.ng a substantial. | i Fe | - I : ont
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cheni stry aRarngieillestaled pronaeation QReIREOT, thegT IR hse 15 PnBRVER Fe i ng
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i npl ementAat | @is beihg retaka antheatiectionof40HRA s shotvhen vk oxich dayest03ydefiaed peaige

bet ween approximately 10:1 and 1500:1, and nore preferably between

appr oxi mat ethg veafar fxeny sidgd02a is bemg stirned 35 dedpeHsaps iﬁ(grlégf?%ﬁtaﬁﬁiﬁ\geﬂofhﬁi ke
w se, the concentrati on ' erd Rt i S hAANOL HRGARSST

appr oxi mat ef'HVes! l%eé 1% ggﬂ&?‘?}}a&%&’mre&uggggg‘?g ?éryi:%j;t ween approxi mately
100: 1 and 1QQfsdimately 12 angstroms can be stiipped by the proximity head 110 of the present

invention by applying the meniscus 150’ including HF having a concentration of

20 approximately 6:1. In such an example, the meniscus 150 is applied onto the native
oxide layer 103 such that the native oxide is removed as the HF defined substantially in
the center of the meniscus 150 is being applied on the native oxide layer 103. Almost, at
the same time, the native oxide layer 103, as stripped, as well as the HF are removed from
over the wafer surface, by vacuum outlets defined in the proximity head 110, leaving the

25 wafer front side 102a stripped of the native oxide layer 103 and substantially dry. In this
manner, the native oxide layer 103 can be stripped from over wafer surfaces and be
subsequently prepared using a different preparation operation, without having to rinse the
wafer front side 102a in a tinse opetation, thus eliminating the cost as well as process time
associated with 1insing the wafer front side 102a.

30 [00152] By way of example, the wafer front side 102a, as stripped, can be

substantially fiee of contaminants and excess Hquid thus allowing the next preparation



10 [00151] Reference is nade to a sinplified top view shown in Figure 8A
depicting a proximty head 110 of the present invention preparing the

waf er front side 102a for a subsequent operation, in accordance with one
enbodi nent of the present invention. During the illustrated preparation
operation, the proximty head 110 is hegyng noved in the direction 143.,
fromthe center of the wafer 102 to the edge of the wafer 102, as the wafer

15 102 i s being. rotat in the dir i 40 . - i
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native oxide |ayer 103,t. as stripped, as well as the HF are renoved from
over the walf'&& HANFAPERLIOR,y vacuumout | ets defined in the proxinity head
110, leavi ngoidy 25 WafiBhink iR Hativh d8idd BRer B63 JonRes ciehte tthastiiel warf@ fdhe

| ayer 103 anhd substantially dry. In this nmanner, the native oxide |ayer
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[ 00152] Byn%g%}ﬁ%ﬁ' Aési%aaﬁg‘iege t’he waf er fro% Si deaSlOZa, ?s stripped, can be
subst ant i al baenfreraevedfas @ oesnbtof teenirexianty head &Ekaridi thus e nisnisced 13WiAWISIAG next
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preparat i onSPETHt [GH. - POOTEST ST PR ng The mati v oxi de | ayer 103 so as
to create tfeostd fippabe wafee frohtsidt, leaving a stripped, cleaned, and/or dry wafer front side
102a. In this manner, the next wafer preparation operation can be performed without
20 having to first rinse the wafer front side 102a.
[00154] According to yet another embodiment, a sequential proximity preparation
system can be implemented to prepare the wafer surfaces such that wafer surfaces can
exhibit a different property. Figure 9A is simplified cross sectional view of an exemplary
sequential proximity preparation system 300 implementing two parallel bar-type
25 proximity heads 210 and 210° to sequentially prepare the wafer front side 102a, in
accordance with one embodiment of the present invention. A first proximity head 210 is
secured to a second proximity head 210° via a connection arm 113 while the second
proximity head 210’ is secured to the actuating component via the arm 112. In operation,
the first proximity head 210 and the second proximity head 210°, and thus the associated
30 first and second menisci 250 and 250 are applied to the wafer front side 102a and ate

moved in the direction 144. In this embodiment, the wafer 102 is configured not to rotate



side 102a is shown in the sinplified cross-sectional view of Figure 8B
depicting the wafer 10 front side 102a as shown in Figure 8A in
accordance with one enbodi mrent of the present invention. As can be seen,
the native oxide |ayer 103 as narked by the dotted |line, has been renoved
as aresult of the proximty head 110 .agd t hus the neni scus 150" traversing
fromthe center of the wafer front side 102a to the edge of the wafer front
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oxi de | ayera ener a iquids a Icu are renoved by
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waf er frontS"EFgd? a.~1n this manner, the next wafer preparation
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surfaces such that wafer surfaces can..exhibit.a different pr r igure
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175" whi 140 ¢ phed Bb B deaBabselefion o Bif oHoprbrdBeeit oy e Rus GRS e 1
conponent vj im. of td hayaf 1 MREOMEATEdY 23028hd240 and
t he second 6?18%%% %yﬂ%%% nggﬁ?ﬂ%ﬁgétdrﬁb 1ta#éeI gjs?stc?rzi&lgt eoi[ 30 first and second

meni sci  250de3fied RSE' 108rfornagipdsiaadsiliooftchemival eactiondwtweshndle nrocigitatediregidge
moved in the direction 144. |In this enbodinent, .the r, 102.is configured
not to rotalld andghe geop Eleéﬁ?‘isﬁégsup(f Sose, 6%111}1%@60@&#3%%@@6; ‘?nr?gg'pe
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si de 1028 cavebiae pafd dronesidé N2hhentimmudy.aindadimsdmrtin the foef ef a fillont  si de, as
shown in Fi éure 9B. 5 [00155] In one_ exenplary.enbodi nent, .the waf ?r front
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can be achieved as described below. Initially, the leading edge of the first proximity head
210 is brought in close proximity to the wafer front side 102a as the arm 112 is moved in
20 the direction 143°. At this point, the first meniscus 250 generated by the first chemistry
and IPA inflow is brought into contact with the oxide layer 103 as defined at the edge of
the wafer front side 102a. As a result of a desired chemical reaction between the oxide
and the first meniscus 250, precipitated residue 111 is generated, almost covering the
entire portion of the oxide layer 103 that has come into contact with the first meniscus
25 250. Substantially simultaneous with the formation of the precipitated residue 111, any
liquid generated as a result of the chemical reaction or remaining on the wafer front side
102a from a previous wafer preparation process is vacuumed and removed from that
specific portion of the wafer fiont side 102a.
[00157] ‘While the first proximity head 210 and thus the first meniscus 250 is being
30 applied onto the wafer front side 102a and is being moved in the direction 143°, the

second proximity head 210" and thus the second meniscus 250’ trailing the first proximity



three different sections can be visually depicted on the wafer front side
102a. The section 103a is the oxide layer 103 initially forned over the
waf er front side 102a and defined 10 ahead of the | eading edge of the first
front proximty head 210, precipitated residue 111 generated as a result
of exposing the oxide |ayer 103 to the fjirst neniscus 250, and a desired
| ayer 109 fornmed as a result of chem cal reaction between the precipitated

resi due 111 t h econd. i S 5. ol 1 ed
that dependig o 4 JREHRECTLAET ol oprCiheSRERp g€, 3 e

preci pi t at eghrfi@shflenlibd: goaforber GeRfdfguetlcs 002aliirocwal intrhelimely diefdre bt
side 102a continuously, and thus be in the formof a film, [00156
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| ayer 103 tdmthenasichotiet it degedt byer WP hist foeméd rsubstangtally cditecly afsg . the
Substantjally .sjnultaneous with the formati on of the precipitated residue
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process is med and renoved fromthat ‘specific portion of the wafer
front side df8Red plfiEEl tdidhe 1t hand isulsseqpanbxheriicyl teaetibn@ 0 @nid formsthe he

first nmeniscus 250 is_ bei 21%{ 3% applied onto the wafer. frli(gmé si de . 102a and
i s being movesHed RyemE9sanduithesrbe pagerstopd avithsresnsittodhe SimAliTsd FRIFHESI £55S ang
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i mredi ately before by t ast proximty head, 210

‘the, f . resulting in the
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both, the faall'gé dle'crac%);i l?eintegthhtgg dﬁrst proximity head 250 not completely covered by the first
20 meniscus 250 is being changed as the first front meniscus 250 is moved across the wafer
front side 102a.
[00159] Analogously, the portions of the precipitated residue 111 previously treated
by the second meniscus 250’ is currently covered by the desired layer 109 whereas the
portions of the precipitated residue 111 just being treated by the second meniscus 250” has
25 not yet fully been transformed to the desited layer 109. Thus, beneficially, as the first
proximity head 210 and second proximity head 210” are moved across the wafer front side
102a, a layer formed over the wafer front side 102a can be removed by chemically
exposing the layer to a first chemistry. Thereafter, the layer removed can be replaced by a

desired layer without the need to tinse the wafer front side with tinse chemistry after the

30 removing of the formed layer and prior to forming the desired layer.



210 and the second proximty head 210'.. In accordance with one enbodi nent,
the first and second proximty heads 210 and 210" can be defined in close
proximty to one another such that the desired |layer 109 is forned
substantially directly after the 10 precipitated residue 111 is generated.
[ 001581 Chemi cally renoving the oxide Igyer 103 so as to intentionally
generate the desired precipitated residue 111 and subsequent chem cal
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example is plating a wafer front side by removing of a layer formed over the wafer
surfaces and forming a desired layer instead. For instance, an oxide layer is removed and

20 thereafter the seed layer is applied through a type of chemical processing. In accordance
with one embodiment, temoval of the formed layer and replacement of the layer by a
desired layer is configured to be performed in an inett atmosphere. In one example, such
results can be achieved by using nitrogen and not exposing the wafer surfaces to oxygen
by for instance, using a closed chamber.

25 [00161] This is achieved by using nitrogen as the inert gas between different strips
of menisci. In one example, sequential removal and formation of layers on wafer front
side can be achieved by using dilute chemicals to achieve the layer removal as well as the
formation of the layer. Thereafter, the wafer front side can be processed in the next
prepazation stage, which in one example, can be deposition, etch, passivation, storage, etc.

30 [00162] Although in the embodiment shown in Figures 3A-3D first and second

proximity heads have been implemented, in a different embodiment, multiple proximity



renoval of the forned |layer and formation of the desired |ayer can be
achieved in a substantially uniformfashion. In this manner, the first
proximty head 210 can be inplenmented to prepare the entire wafer front
side 102a such that a substantially 10 honbgenous wafer front side 102a can
be created" In one exanple, sequential-groximty preparation processes can
be renoving an oxide layer followed by a passivation operation, a plating

operation, re-growh.of i | de, .. et - ; | h :
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Proceedi ng *80oRpgdioe ar the wales frogt side ﬁﬁ%r ﬁl BRI ARIS S 5&%%‘%6&4%?%
residue, and formati. e, 088 : AM5i,091a two-neni sci single
bar -type pr%oﬁcﬁlir%@%tgqﬁée)%g&j%goq(ﬁﬁ%ésﬁjggkgﬁgéh&ggggrdance wi th one enbodi nent
of the prespoiedjnvent Howevel @ shown, the second meniscus 250’ is trailing the first meniscus

250 and as such, is being applied onto the wafer front side 102a, and more particularly,

20 onto the precipitated residue 111. At this point, the second chemistry and IPA inflows of
the second meniscus 250’ chemically react with the precipitated residue 111 so as to
generate the desired layer 109 over the prepared portion of the wafer front side 102a. In
accordance with one embodiment, the desired layer 109 can be formed substantially
immediately after the precipitated residue 111 is generated.

25 [00165] Figure 10B is a simplified cross-sectional view of the wafer 102 being
sequentially prepared in Figure 10A, in accordance with one embodiment of the present
invention. As illustrated, the portions of the oxide layer 103 being chemically treated by
the first meniscus 250 are being modified that the precipitated residue 111 can be
generated.  As can be seen, portions of the oxide layer being treated by the first front

30 meniscus 250 has been chemically transformed, at least partially. However, the area



| eadi ng edge of the proximty head 310 is brought in close proximty to the
wafer font side 102a covered by the oxide |layer 103 as the front arm 112
is noved in the direction 144.. At this point, fast, the front neniscus
250 generated by the fast chem stry and IPA inflows and thereafter, the
second meni scus 250" generated by the .smcond front chem stry 10 and | PA
inflows are brought in contact with the oxide |ayer 103. As a result of the
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this manner, the proximity head 310 can be implemented to prepare the entire wafer front

20 side 102a such that a substantially homogenous wafer front side 102a can be created.
[00168] It must be noted that although in the illustrated embodiments the proximity
heads of present invention include a plurality of front or back chemistry inlets 154, 154°,
254, and 254°, vacuum outlets 158 and 158, and IPA vapor inlet 156, in another
embodiment, the embodiments of the present invention may implement at least one front

25 chemistry inlet, one back chemistry inlet, at least one IPA vapor inlet 156, and at least one
vacuum outlet 158. It must be noted by one of ordinary skill in the art that other types of
orientations such as IPA-DIW-vacuum, DIW-vacuum-IPA, vacuum-IPA-DIW, etc. may
be utilized depending on the wafer preparation processes desired and type of wafer
cleaning and/or drying mechanism being enhanced.

30 [00169] In one preferred embodiment, the IPA-vacuum-DIW orientation is used to

intelligently and powerfully generate, control, and move the menisci located between the



has not yet fully been transforned to the desired | ayer 109. Thus,
beneficially, as the front proximty head 210 is traversing the wafer
front side 102a, a |ayer forned over the wafer front side 102a can be
removed and thereafter substantially instantaneously be replaced by a
desired layer without first rinsing theqgsnafer front side wwth a rinse
chem stry.. 10 [00167] Figure 10OC is a bottomview of an exenpl ary doubl e

T 5o o PR ALAL PR IR SR o

t he present B can ~be seen, vacuum out | ets 158

is defined agmaeed td@edn@dfor U6t wabefbs ahy backkides1022%4d 1026, | Boraxghpledhi ty
of I PA vapor inlet 156 is defined adjacent to the vacuum outl g%ﬁ 15 I n
the same maadibiion to fhedrent ichgmisty valeh URd oapeieiniet the viaguyge PR }hac%ﬁ’Y to

t he 15 second .chem stry i.nlets. 254'. whjl . l.J : , rmyival et s
156 is defi H’g‘ﬁ lﬁcﬁné'@élﬁ%mlte %toa’éng?&cﬂ?ﬁ?nmoaﬁt% %fi @h%@sbt&%ﬁﬁg%&%% étYrg&g’n%w?nl ets
are al so subsganhidl Wcwmh foutiels Yddpeidag onother cdnfigutatibl o thelrfradmitgf hdade
proximty head 310 so that the renoval of the forned |ayer _and_foymation

of the desi destted ayént fuherpis shomi dgawpiepiatedthysienitand tagk praxiBRmbeadsiaBn. | n

this manner, the proximty he 0 can.he inpl nt e r

entire waf ePa“i‘eraSﬁF‘ egqn&érya@jn@é&qﬁpﬁ%@s gncgﬁ%tg aeﬁ%almg] (%u?/l eﬁg‘? ggﬁ%%gé\c}vaf er
front side d0&ancCafd &%kﬁ)f&@ihﬂﬁ heads[i® Q4P Sprofriardisliengionotsed fuhbdr, Abdthadgh in
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oW surface has been exposed to chemicals is eliminated thus reducing the wafer process time
20 as well as the cost associated with preparing the wafer surface.
[00171] Continuing to the flowchart diagram shown in Figure 12, method
operations performed in a sequential two bar-type proximity head preparation system can
further be understood, according to one embodiment of the present invention. In
operation 1202, a layer formed over the wafer surface is removed by a first proximity
25 head utilizing a first meniscus. In one example, the layer being removed is an oxide layer.
Next, in operation 1204, precipitated residue is formed intentionally as a result of a
desired chemical reaction between a first chemistry in the first meniscus and the layer
being removed. Thereafter, in operation 1206, a desired layer is formed over the wafer
surface using the second proximity head and second meniscus and the precipitated

30 residue. In one example, a desired chemical reaction is achieved between a second

chemistry of the second meniscus and the precipitated residue, forming the desired layet.



5 inlets and/or vacuum outl ets depending on the configuration of the
proximty head desired. Yet further, it should be appreciated that front
and back proximty heads can have any nunber and type of inlets and
outlets and that inlets and outlets nay be oriented on front and back
proximty heads in any appropriate ori.egtation. Still further, front and
back nmeni sci can be managed in any suitable manner by controlling the
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[00172] Refdesrabmicshapigabpelishingr CHHO P Emofta ots asH SRR §1 CP:IP“S%/?P siflg can

B e e
Wi th one ermfgmi fiemtsidefortbaekside, the wafer backside and/or front side can be post-processed in
an etching chamber, a chemical vapor deposition (CVD) system, physical vapor
20 deposition (PVD) system, electrochemical deposition (ECD) system, an atomic layer
deposition (ALD) system, a lithographic processing system (including coater and steppet)
module, etc. Of course, it must be noted that wafer pre-processing may be performed in
any other apparatus, systems, and modules capable of providing other substrate
preparation operations (e.g , spin, rinse, and dry module, proximity vapor process module,
25 rapid thermal processing systems, etch systems, etc.).
[00174] The following figures desciibe an exemplary wafer processing system with
an exemplary proximity head that can generate a fluid meniscus. It should be appreciated
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

30 Therein.



present invention In operation 1302, a |ayer fornmed over the wafer surface
is renmoved 5 using a first nmeniscus of the proximty head foll owed by
generating precipitated residue in operation 1304.. Precipitated residue
is generated as a result of a desired chem cal reaction between the forned
| ayer and a fast chem stry of the firstgeni scus.. Next, in operation

1306, a desired layer is fornmed over the wafer surface using the proximty

head utili zj second i,scus of.t i.m ‘ :
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proximity heads 110a and 110b and moved onto the top and bottom surface of the wafer.
The front arm 2112a and the back arm 2112b may be configured in any suitable way so
20 the front and back proximity heads 110a and 110b can be moved to enable wafer
processing as described herein. It should also be appreciated that the system 2000 may be
configured in any suitable manner as long as the proximity head(s) may be moved in close
proximity to the wafer 102 so as to generate and control a meniscus on the wafer surface.
In another exemplary embodiment, the proximity head 110 may be located at a first end of
25 an arm which rotates around an axis defined by a second end of the arm. Therefore, in
such an embodiment, the proximity head 110 may be moved in an arc over the surface of
the wafer 102. 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 110
for each side of the wafer, a single head can be used for a single side of a wafer. Other
30 surface preparation processes can be performed on sides where no proximity head 110 is

used, such as a wafer scrub brush,



The system 2000 may include rollers 2108a, 2108b, and 2108c which can hold
and rotate 5 a wafer to enable wafer surfaces to be processed. The system
2000 may al so include front and back proximty heads 110a and 110b that,
in one enbodi nent, can be attached to a front aim2112a and to aback arm
2112b respectively. The front aim2112agand the back arm 2112b can be a
part of a proximty head carrier assenbly 2112 which enables substantially
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ont o the- t JBORFA ot  BRS PdBHSHesRHESHEN S oo HIEPF PO WIS PIOGSRG e
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back proxi mty he a and 110b can be noved'to enable wafer” processing
as descri beighatidnejiin.ont embbditedt, alcses bdilappeloss morihitytatthd top ssxfateci?2000

maybe configured in any suitable manner as |ong as the oxi m t. ad(s)
oy be rhwehe praten 1800 ndit dha yaieh Provessingr ey db sireid b getecitied Bh
control a i t . n 3 I j ment,
the. proxi m e Rangof s e, ML selRs e et By A TR R e
rotates ar osneheaproxkhity dehd ned &y the sedansinéoe WRathey denanyThetbleoweier i n

such an enbodi nent, the proximty head 110 may be noved in an arc over the
surface of DPIPERSSIAEPBAtigDsuch gs.fat expmlh Sleapivg odnsih CIyingh &1chig: Ral®h E%oved

in a conbi nati QR I i I : i C , hough
shown v ¢h 1 Siilk Bt aByei@L8 o B pERBEEAIRRTA iy IRERE wATE Bloccectul 1019
can be usedhdiem arBta o itdewafer a0Malnarne.enfBolignicnd Ghswafeat@ map parastedn

processes can be perfornmed on sides where no proximty head 110 i&lﬁ used,
such as a wef e pseximitydiead 10 nag- bg ooy hily fﬁﬁ%ﬁﬁ@%sc@gnﬁ%l?’f?é?ﬁﬁ?s doByst em
2000 may i ncl ude proxi m t ead [ I . . I.4],0n
2P oy SR B 8o DR ROARAPR: RRSah et SRR

head 110 generates the fluid meniscus 150 on the wafer surface. Then the proximity head

110 may move or scan over the wafer surface and therefore move the fluid meniscus 150

20 along the surface of the wafer 102. In yet another embodiment, the proximity head 110
may be made large enough so the fluid meniscus 150 encompasses the surface area of the
entire wafer 102. In such an embodiment, by applying the fluid meniscus 150 to the
sutface of the wafer 102 the entite surface of the wafer may be processed without
movement of the proximity head 110.

25 [00178] In one embodiment, the proximity head 110 includes source inlets 2156
and 2154 and a source outlet 2158. In such an embodiment, isopropyl alcohol vapor in
nitrogen gas IPA/N, 2155 may be applied to the wafer surface through a source inlet 2156,
vacuum 2159 may be applied to the wafer surface through a source outlet 2158, and a
processing fluid 2153 may be applied to the wafer surface through a source inlet 2154.

30 [00179] In one embodiment, the application of the IPA/N; 2155 and the processing

fluid 2153 in addition to the application of the vacuum 2159 to remove the processing



enbodi nent, the fluid neniscus 150 may transition between a docking station
and the surface of the wafer while in a controlled and nanaged state.
Again, if' only one side of 5 the wafer 102 is desired to be processed, one
aimwi th one proximty head 110 nmay be wutilized.. [00177] Figure 15A
illustrates a proximty head 110 perford4fing a wafer processing operation

i n accordance with one enbodi nent of the present invention the proximty

head 110, i fy@netBnAROHTEIPA/NIRYSS itk HR Wafef |s098ePT024i dBhl denb@te #8108
surface 102a of 10 the wafer 102 to conduct the wafer processing operation.

It shoul d bmenigprsetitat €khet Aaid meeipandl yney bche flyigdapdr ddimed bteppdenetict o
the wafer 102, . the fl ui i sc 15 nerated by the proximt) d 110
on the waf eprow%la%idtﬁégan% %%%W%g%ﬁi@wné%@ acmsagé\?iﬁrﬁ&%ﬁ@?ﬁ?i on
such as, fof, examPhid f@&ﬁ?ﬁbl@% LNShRGe ofb%iiREnt, LA Inen¥cal | MVmafbe - -

It shoul d be apprecra at the proximty head 110 may al so be utilized
to process ddfimed bybotdmtns apflizstion] fRbrenfovalhel tha fpercedsiryy fluid2168e Tetfbdd ment

the wafer 102 be rotated ,so the proximty head 110 . be noyed while
fluid meni s@ﬁ@'r%emgrtﬁ%ﬁ%@é%ma%s Fpmag by ?Ia'c%ﬂﬁlgggbape %ﬁ%%%@w 8% nent ,
t he wafer y. L b i ‘ Qxd h s the
fluid nmeni i@léss BJE)LQIE?]JPS% e\?\/g?%n ]‘é\%ire 4[1{;%12% ege(t e§ %lr%f(lg%ﬁi%y g%?lg%%&may
nove or scasoufedhletstddsevaf er surface and therefore nove the fluid nmeniscus

150 20 along the surface of the wafer 102.. In yet another enbodi nent, the
proxi nity h848010 niyaddiionsary suiehle flaveiaies efofhe HacuunyilRA M vaya, 50

cmboar ment . by oB M AHRE b Lnely Wpn il SF HGYFLof R Pl ePa tobe o,

102 the ent ganerasadr flaget afotlchembodigient)dypddinglodCBs 8RNV bdiowdn thepusiiy of
the proximty head 110. 25 [00178] I n one enbodi nent, the proximty head
110 i ncl udeksaddup erd theveafey spufa®:. thedBAASNapriomiticd Ghen gensrating and pilizing

oy bo appl TedeorEReRarS: tofhERatbn/BRRh o e WRT P0 S et MEAE T

may be appl I8 0 wa sur urc vacuum

2159 may behaRphice thitt 15 anvah@éfofllbilnar dopliosdh of thoproeessiigtihed 22958y and
a processing fluid 2153 may be applied to the wafer surface through a

source i1fi ethe 2084¢ inlgR15eGmU dhe remayakoitio pirasesing fluid215p dryitbesquses ejftlet he
of the vaculim et it P Ras g hceasi ng 40 T1u1d 2153 and the | PA N2
2155 from tjpe18@f er SWIdiRE @mbedihen b ARBDANALyHRAA | 101itkk processing surface of
the proximity head 110 (the region of the proximity head where the source inlets and
source outlets are located) may have any suitable topography depending on the
20 configuration of the fluid meniscus to be generated. In one embodiment, the processing
surface of the proximity head may be ecither indented or may protrude from the
surrounding surface.
[00182] Figure 15B shows a top view of a portion of a proximity head 110 in
accordance with one embodiment of the present invention. It should be appreciated that
25 the configuration of the proximity head 110 as described in reference to Figure 15B is
exemplary in nature. Therefore, other configurations of proximity heads 110 may be
utilized to generate the fluid meniscus 150 as long as the processing fluid can be applied
to a wafer surface and removed from the wafer surface to generate a stable fluid meniscus
on the wafer surface. In addition, as discussed above, other embodiments of the proximity
30 head 110 do not have to have the source inlet 2156 when the proximity head 110 is
configured to generate the fluid meniscus without usage of NL/IPA.



meni scus 150.. The fluid neniscus 150 may be a fluid | ayer defined between
the proximty head 110 and the wafer surface that can be noved across a
waf er surface 102a in a stable and controll able manner. I n one enbodi nent,
the fluid neniscus 150 may be 5 defined by a constant application and
renoval of the processing fluid 2153. -Hfe fluid |ayer defining the fluid
meni scus 150 may be any suitabl e shape and/ or size depending on the size,
number, s hagms. nd/ or (AL tf e bf &&E‘en%dﬁﬁ&é'ﬂﬂn%ﬁ 1832 ar§ QUEGR HRULLRES
2158 and source inlets 2156.. [00180] In addition, any suitable flow rates
of the vacuinbgt 21 55/aNgt ofitlxcsourge oatlel 2158, 4 fetofthosess inlpt £134i, d setanf thzssoused

Sother "o Ualshh 8. o il e RoRHR TiFist R oL iatinkee ds DBy o RroEs nfioad
110 and the . . : L. k b1 d
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head 110 3Jraghe vatuunhednusies thehd,/Founmbthehedes@Ab Chearistryt Hieng fdtheangfluyd fihe
application of the processing fluid 2153 by 15 the sourc? %21 et 2154 and

the renpval aforcralapirmisdaatipayesideon howaly Yke 1hgapuee Bty &1°0, thesgurce
t t i d i \ * | i '
I e e L L

regi on of tfenRaexuth dsyfoheathpid eireulaihepeniigl tanglalopéEng Rguars opentigg, otet |Iet s
are | ocated) may have any suitable togggraph% dependi ng on the 20
confi gur at | & ebediacnt, ihedsorsen Heeis 2 o6 Bad Jdadraad dhie sofge owiets rAladi hasht |

the pro Sl surf. I i ‘ el 11} r may
prot rudel 1 S SRUES o ol B ApluBlinty d5 R0 BB MEAE D BT EE MY TR,
of "a porti@mapk stepEipearddorneadgdifon depeadiagrofiathe 8izelidnld g eftediui@nt of
the present invention.. It should be appreciated that 25 the configuration
of the proxipisgusHé8desind tagepsatedi Brang embadimentnthe proximity head map extend

exenplary in ture... Therefore, oth confi eIk . i m t s 110
may be e 1 PrB B N B 48 b e Sk e 0B Rin I L ot R

processi ng hbiti Ghak ae BRIGPH hedvafb0 & WEGEBE GHbd@@Entafd proRBNMEMhé@uma he
waf er surface to generate a stable fluid nmeniscus on the wafer surface. In

addi ti onl5 asxtetidgrente dbanabdiometenetibe wafdsodherefers thst sizerad the Byid manjscomarad
110 d t h t e the s inlet. 2156 when the pr.oxi.m.ty h 110
T Cont qUraA el tlhFs beRpRE or Srd et SR HRRRe RS (BEK SPtkRRRR 5.

at any given time. In addition, it should be appreciated that the proximity head 110 may

be positioned in any suitable orientation depending on the wafer processing operation
such as, for example, horizontally, vertically, or any other suitable position in between.
20 The proximity head 110 may also be incorporated into a wafer processing system where
one or more types of wafer processing operations may be conducted.
[00184] Figure 15C illustrates an inlets/outlets pattern of a proximity head 110 in
accordance with one embodiment of the present invention In this embodiment, the
proximity head 110 includes the source inlets 2156 and 2154 as well as source outlets
25 2158. In one embodiment, the source outlets 2158 may swround the source inlets 2154
and the source inlets 2156 may surround the source outlets 2158,
[00185] Figure 15D illustrates another inlets/outlets pattern of a proximity head 110
in accordance with one embodiment of the present invention. In this embodiment, the
proximity head 110 includes the source inlets 2156 and 2154 as well as source outlets
30 2158. In one embodiment, the source outlets 2158 may surround the source inlets 2154

and the source inlets 2156 may at least partially surround the source outlets 2158.



[00183] In the top view of one enbodinent, fromleft to right are a set of
the source inlet 2156, a set of the source outlet 2158, a set of the
source inlet 2154, a set of the source outlet 2158, and a set of the
source inlet 2156. Therefore, as N2/I1PA and processing chemstry are
inputted into the region between the pr\dxi mty head 110 and the wafer 102,
5 the vacuumrenoves the N2/1PA and the processing chem stry along with any

fluid film {@ngﬂor Comtamt 'Tgl@tlﬁusﬁﬁfég a%ﬁh&fxQﬁleﬂ%uﬂ@tstﬂaﬁel‘l‘y&;f%rpléﬁ%my rkae
source inlets 2 the source inlets 2154, and the source outl ets 2158
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onbont ment | I ey e Hospeuaaans st rb 2 F eI BsPuE pulir o fag
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110 may be any suitable size, shape, or configuration depending on the
si ze and 5% hapkoditherthie fraxighity iead Bifudoed 56t melsile emiuca)mw&%tk@dausb,nn@ne

enbodi ment, the_ proximty hea y.extend less than a us, of t vvafer
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extend great an a rreter 0 ere ore, the size of the
fluid nmeni sgasermsaye em;ﬂmy is nhtuabirel thazanydafishieitypg drinltts@utetz pattdmamanf er
surface area desired to be processed at any given tinme. In addition, it

shoul d be alﬁ?d%sééﬁ%]t"é%la%%&f‘blﬁﬁﬁdEf?f@)@iuﬁ‘i’lt:ﬁuﬁiéaﬂnﬁéc%kiﬁge&@a gsi ti oned in any
sui tabl & pry 3%%7?“ on ‘g pt%ﬂﬂé n | Ca{s:%b%ﬁ@ﬁ&%ﬁféh%ﬁﬁiﬁﬁh e ?)Pcﬁ:ﬁﬁh%%fhpat%%ﬂ as,

for exanpl €' i zonta Iy, er ’sul srtion in

bet ween. 20sydfam of thel predent fﬂﬁ&ﬁtldﬂ@aﬂ%y lﬁipﬁemdnﬁbdl incH cheteaidedaien peparaviad er
pr ocessi ng syst em where one or nore t ypes of wafer I‘OCESSI n% oper ations
rray be condirpe@is thgamade Engolied inso aultqnemd weeky aﬁontmleﬁtaélpau Peinstapes t er n

‘a proximt e t e sent
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the source outlets 2158 may surround the source jnlets 2154 and the source

inlets 2B56sendsy staioncun delivesed mﬁ@éa@m & ﬁlemssmpom’@s]p@a@ﬁ% masiple.

illustrates,an ther i nl ets/out| rn _of. a

accor dance ‘Wth %%P‘é’ﬁ%l &R e@’f dsl?’ fegl% STferp veﬁ’fa’l 6 nltl%lI de%hthe Heivef
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2154 as mell as source outlet's 30 2158. |In one enbodi nent, the source
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20 apparatus can be implemented to carry out a plurality of different substrate preparation
operations (e.g., cleaning, etching, buffing, etc.).
[00188] Although the foregoing invention has been desctibed in some detail for
purposes of clarity of understanding, it will be apparent that certain changes and
modifications may be practiced within the scope of the appended claims. For example,

25 the embodiments of the present invention can be implemented to clean any substrate
having varying sizes and shapes such as those employed in the manufacture of
semiconductor devices, flat panel displays, hard drive discs, flat panel displays, and the
like. Additionally, the present embodiments are to be considered as illustrative and not
restrictive, and the invention is not to be limited to the details given herein, but may be

30 modified within the scope and equivalents of the appended claims.

What is claimed is:



-51- [001861 Figure 15E illustrates a further inlets/outlets pattern of a
proximty head 110 in accordance with one enbodi nent of the present
invention In this enbodinment, the proximty head 110 includes the source
inlets 2154 as well as source outlets 2158. In one enbodi nent, the source
outlets 2158 may surround the source i-fizets 2154" In one 5 enbodi nent, the
proximty head 110 does not include source inlets 2156 because, in one
enbodi ment, the proximty head 110 is e of generating a fluid

meni scus wi thout application of |PA houl d be appreciated that the
above described inlets/outlets patterns are exenplary in nature and that
any suitable type of inlets/outlets patterns may be used as long as a
stabl e and contrbl | abAemethoil dfoneitapings amhiiving gefientted 2 bkl 90fRF lof vt

further, in one ex | ary inpl.enentation, the proximty preparation system
of the pres Fn?t?ﬂ}'g%%e@‘ﬁx{f%‘ﬁ&ﬁ%ng'npl enented in a clustered wafer

preparatison app@idf 4Subthed HEBACR QudRRtSf0ht 8GbshBteAlkiUs SR QBB Phid
control station. For instance, the clustered preparation apparatus may

i ncl ude a s@wdestrysgrati on, a proximity wafer preparation nodule, and a
recei ver station. Broadl

.stated, wafers.initial | aced in the 15 sender
tation are del | WSRCELIEHiES fiso PRlebgineng! o Rbi £ BPPHRE A et on
rodul " A hefiudi i IO SR SPReSostli 8PChEh RRLAL BiSiabiRa (AP

delivered to the receiver station elng stored tenporarily.

appr eci at ecslednire slefrastrys dief fomtscleimingothondsity bany ehemicaite corhyatibiensihvibt er
prior to storing the fer tqQq the receiver station One of ordinary skill
in the a %&SC&&BF@\Q?@@GPH%HM n one enbodi nent, the clustered
preparation 20 apparatus can be inplenmented to carry out a plurality of

di fferent substrate preparation operations (e g, cleaning, etching,
buffing, etc.). 200188 mefiddsugited reclhiar Bghe megthbd fiethict comprizingreen descri bed
in sone detail for  purpagses of clarity of understanding, it will be

appar ent t hat ceﬁcﬁlﬁvﬁg@ﬁﬁﬁa‘é%ﬂf&%f%ﬂiﬁ?@ﬁti ons may be practiced within

the scope of the appended clains.. For exanple, 25 the enbodi nents of the
present invention can be inplenented to clean any substrate having varying

si zes andg shapes3 suchA agthddes eccitoPiroyigich 1,hd Metho@Ruthactoni@iste:
sem conductor devices, flat panel displays, hard drive discs, flat panel
di spl ays, and t H@plyinga. bagliomenispvgl oo thiagk esyifpee ehilriiswstets. dhe bk pe

Co be 1t m coaieys ARoEhb of B0 hingl PRI, Y af gt SEERRhE i 17
t he scope amgmegly ¥ahpdibte with tHedrahRemnebidg fluai d®mistry.

20 4. A method as recited in claim 3, the method further comprising:

scanning the back surface of the substrate.

5. A method as recited in claim 1, wherein the front chemistry and the back
chemistry of the front and back meniscus are configured to be compatible with the brush
25 scrubbing fluid chemistry so as to prevent chemical contamination of the front surface of

the substrate.

6. A method as recited in claim 5, wherein chemical contamination causes
particulate contaminants.
30

7. A substrate preparation system, the system comprising:



What is clainmed is, -52- CLAIMS 1. A nethod for cleaning and drying a front
and a back surface of a substrate, the nmethod conprising: 5 brush
scrubbing the back surface of the substrate using a brush scrubbing fluid
chem stry; and upon conpleting the brush scrubbing of the back surface,
applying a front nmeniscus onto the forfi3-surface of the substrate, the
front neniscus including a front cleaning chemstry, the front cleaning
cheri stry being §RARHGALIYEPTIBhid @l § Dalihew (k0 IS ibseAE UBDENG bidsHi d
chem stry. 2. A nethod as'recited in claiml, the method further
conpri si ng: scngbargvhagugsidye front surface of the substrate.. 15 3.. A nethod

e O end A G o B B0 B BB B

chenlcally‘conpatf;'e mffh-therbrush sdruoblnQ-fIU|d‘5henlsfry'd 26 4.. A
net hod ass riexktheal baingpaitiond] subsenti@lylopgoditerto Herfrawhgad, si ng:  scanning the
back surface of the substrate. 5. t ho recited in claiml1, wherein
the front cheni s‘f"g‘ife@ ¢ fipat E%?@kanfﬁqhgﬁfl&g‘@a etaHthdoﬁ‘FtaB?FEit‘bg& SYpsHAS cus
are confi gugfd 404 Rﬁhﬁﬂgﬁﬁ%bﬁl Aqg &he brush 25 scrubbing fluid

t chem ca

chem stry so as to prev contami nation of the front surface of
the substrate. 6. A nethod as recited in cIa|m5 wherei n chem cal

contam nation causes  particul ate contam nan 7. A s@stra;}je |
preparation syst%m t%éYﬁ@t@rﬁe@Eﬁﬁip‘Inl QiR W eISm e b headoist optiewad e
brush scpbg, QITl 1‘[‘14:}%] RUBRiIA e Uedd ket 1?56{13%% %%@Q{ back
chem stry; ron |ne in close proximt ront sur ace of

t he subst r afugfacasrdhe subs‘uate substantially synchlonously

9 A system as recited in claim 7, the front head including a first front
conduit, a second front conduit, and a third front conduit, wherein the first front conduit,
15 the second front conduit, and the third front conduit are configured to act substantially
simultaneously when in operation, and the back head including a first back conduit, a
second back conduit, and a third back conduit, wherein the first back conduit, the second
back conduit, and the third back conduit are configured to act substantially
simultaneously when in operation.
20
10. A system as recited in claim 7, further comprising:
a front arm secured to the front head for moving the front head into close
proximity of the front surface of the substrate; and
a back arm secured to the back head for moving the back head into close
25 proximity of the back surface of the substrate substantially at the same time as the front
head.

11. A method for preparing a surface of a substrate, the method comprising:
scanning the swiface of the substrate using a meniscus;

30 prepating the surface of the substrate using the meniscus; and



a back head defined in close proximty to the back surface of the
substrate, the 5 back head being positioned substantially opposite to the
front head, wherein the front head and the back head are applied as a pair
to the substrate when the brush is apart fromthe substrate., 8. A system
as recited in claim7, wherein the from4-head is configured to 10 scan the
front surface of the substrate and the back head is configured to scan the
back surface of ,&hemPloshea ;%&Eﬁ)hadﬁeiaﬁbﬁbn%M@chfééB%%ﬁé’sub@txat@ﬂ%Y%&@m as
recited in claim?7, the front head including a first front conduit, a
second fronplepa:nriimthoutquommgaummgomratwndwt wherein the first front
conduit, 15 the second front conduit, and the third front conduit are
configured to act substantially sinultaneously when in operation, and the
back head including asfhEsbahackirAneUitim &1, @ﬁ&e&dthe%ﬁa@@afﬂmetsubwﬂe
third back condui't, wherein the first back conduit, the second bac

condui t, hnﬁathmpxhpamﬁisa:okﬁgmedﬂinlhedaye configured to act substantl aI |y

si mul t aneousl| y when in operation. 20 10. A systemas recited in claim?7,
further conprising: a front armsecured to the front head for noving the
front head into ose rgn r and
a back arm secur?d toAtrﬁéth gitr%lt%u#gﬁuﬁm)lgl %@ﬁ%&%g% Sﬁtgsg@%%taci?%ge
proxi mty ofavirlye dubstkatssuifaac prepiratittepispdast rat e substantially at the sane
time as the front head. 11.. A nethod for preparing a surface of 'a
substrate, the nethod conprising: scanning the surface of the substrate
usi ng a ni scus;, 30 Rpr o] ]-igtm

meni scusrbeand 5144 eﬂfﬁgétﬁ]&dn%xécﬁgd ?P El%@%g}a%llll%%ﬁotﬁgrgg%?%%rﬁgﬁﬁteﬂg ur?ace
of the subsgufate othbé sMatephﬁmaésednth twuteanieg floy mulf@eaofr thasdubsgftrate and
operation.. 12 A nethod as recited in claim 11, wherein the surface of the
substrate %ripmag ohaslapicprpediovy té@rﬁﬁifg‘t?r‘@cdth?éubﬁwéﬁ)ﬁn further WhgteiRdle as
recited in 1§:e ? gng %ﬂa’ho %art%hgn H&?ucfgg Q)%l)% %?%pbl@ﬁtl u&eé Ia%'e:lf Bﬁltbqhe Qﬁt\fé&gofathe

substrate sUrTace prepa I'on prope
substrate and storing the substrate

15

15. A method for preparing a surface of a substrate, the method comprising:
applying a first meniscus onto the surface of the substrate so as to prepare the
surface of the substrate; and
applying a second meniscus onto the sutface of the substrate that was prepared
20 so as to prepare the surface of the substrate that was prepared for a second time, the
applying of the second meniscus configured to substantially directly follow applying of

the first meniscus without performing a rinse operation.

16. A method as recited in claim 15, wherein the operation of preparing the
25 surface of the substrate includes,

removing a layer formed over the substrate surface.

17. A method as recited in claim 15, wherein the operation of applying of
the first meniscus onto the surface of the substrate is configured to leave the surface of the

30 substrate substantially dry.



10 14 A method as recited in claim1l, wherein the operation of preparing
the surface of the substrate includes one of a cleaning the surface of the
substrate and stripping of a |layer formed over the surface of the
substrate, and further wherein the next preparation operation includes one
of applying of "a layer onto the surfac¥® -of the substrate and storing the
substrate 15 15. A nethod for preparing a surface of a substrate, the

met hod conprisings  apnh¥h8adrebitdd in @RS WP He RPeatibd @Fﬁ)}tﬂ’fm BEthe
substrate so as to prepare the surface of the substrate; applyin
second neni Swtsnanizcos bhte hursieeee of thehaibstdis iy aomiguhal twwepﬁfepmcwdatego o)
as to prepare the surface of the substrate that was prepared for a second
time, the ‘&P?/l ng of the second neni scus configured to substantially
directly follow applying of the first neniscus wi thout performng a rinse
operation. 16.. A nethod as recited in claim15, wherein the operation of
preparing the 25 .surfAamethod asha:itedltiﬁtctaiaheli, wdieredie ghe mpermimhmj' applymgethe
fornmed over the substrateoégurf 1'7. A nethod as reci in claiml5,

wher ei n t heSe§PRd BERISHIS SRtoLaR Y aﬁ@“%'ihe sybsirate;thal vagprRpaE én % the surface
of the substrate trate
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