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1 APPARATUS AND SYSTEM FOR CLEANI NG A SUBSTRATE 5
BACKGROUND [0001] In the fabrication of sem conductor
devi ces such as integrated circuits, nmenory cells, 1o
and the like, a series of manufacturing operations are
performed to define features on sem conductor wafers
("wafers"). The wafers are pqocessed to include
integrated circuit devices in the formof multi-|evel
structures defined on a silicon substrate. At a
substrate Ilevel, transistor devices with diffusion

[ egl KPP Tb@fm% SYSTEARFORCL B AXANG A @[?Bﬁmnt
nmetalTization lines are patterned and el ectrica
connected to the transistor devices to define a 15
desired integrated circuit device. Al so, patterned
conductive layers are insulated fromother conductive
| ayers by dielectric materials. [0002] During the
series of manufacturing operations, the wafer surface
is exposed to various types of contam nants.
Essentially any material present in a manufacturing
operation is a potentialPAERQUAP cont ani nati on. For
exanpl e, sources of contam nation may include 20

(0061 98 $hRB8Sitiof BLMBESInSuctsleRORES dueR afrBii@fdted Sircuitfldnemory cells,
i quids, anong others. The varius contam nants Pa

e ptbgﬂtkeoﬁ ToRES WAMRATUEGIUFBE OPPAUIYEr 4F JFFIQPREd & fptie features on

sEllﬂ?coH@fc&drCNéf@Itse(["w%ﬁt'ﬁmTH@thagi'?s b ﬁ@EesEe%nﬁvﬁl@Lud& hﬁe%rated circuit
devices wth he vicinity of cont am nati on w

dewk@q ip thpdorimepemliblese! sihergres ﬁ@ﬁneé et 8ibisQlr §ubsiEate| drp substrate
g%ﬁ%@ ﬁgﬂzeg Gvﬂﬂ’]dhﬁﬁlo%ég%ns%% foﬁrﬁ&i in sfibsequent %eﬁels interconnect

'ete manher wt damagi ng
rrﬁewahmxes lld@famsedtemd eidelogifiaily comeplodwn/ibe tramSkﬁéorsieweeSdﬁ define a

t I t :
PR GO AAZIAI gy B AR LIS R Bl o o
cwvafuetive IR)mmMadhekaétnsmtermhal I part| cul ate contam nation

[(ﬁfghrﬁﬁ}n&g Vggrzei%lf()}‘ P%g{lt?ctur[u{% a%&%i \%}}eg\{/ﬁi’rnsg%ace 1? exposec{ to various
type€ aNchigaraippas. atBss‘eﬁiﬁallySM@t ﬁmtﬁl;lal gekenrinho dﬁninfamermg bpedtion is a
heavily on nechani ca

rce renove rticu
PRGHH VWS 16 PO RBTAAL AR F drabiler SORvesd foulitip@ionagay inchude
poLd® Spab&N IchéthiGalk,0depasifi oA ItcMAT, RAC QRRIEDAROg Btetse, The various

the probability of feature damage due tg aﬁgllc %
CONATHERR AR IOBE OB 16 VHE SAFEF 18 RIS AiPbagbdhe particulate

ccﬁl@a ImiBAFRRY Bot rEBe¢d! @8 dBAVdsREthilihg Ql&ﬁ@iecﬁtther &nk@FnAlo8 will likely
nerable to toppling or breaking when inpacted by a

bes, mom:reble nt Thuse it Hameesatant & elsan Tentamineiy frewnihe| wafelesurface in a
su%ﬁ%mtﬁhl?awnﬂgetgrﬁgﬁr%m witlfat rﬂ%}{ﬁgﬁlgv\@fédferaﬁ;g&c @ffirfed on the wafer.
However, the size of particulate contamination is often on the order of the critical dimension

Removal of such small particulate contamination

size of features fabricated on the wafer.
without adversely affecting the features on the wafer can be quite difficult.

[0003] Conventional wafer cleaning apparatuses, systems, and methods have relied heavily
on mechanical force to remove particulate contamination from the wafer surface. As feature
sizes continue to decrease and become more fragile, the probability of feature damage due to
application of mechanical force to the wafer surface increases. For example, features having
high aspect ratios are vulnerable to toppling or breaking when impacted by a sufficient

mechanical force. To further complicate the cleaning problem, the move toward reduced
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feature sizes also causes a reduction in the size of
particul ate contam nation. Particulate contam nation
of sufficiently small size can find its way into
difficult to reach areas on the wafer surface, such
as in a trench surrounded by high aspect ratio
features. Thus, efficient and non-damagi ng renoval of
contam nants during nodern sem conductor fabrication 5
represents a continuing challenge to be net by

GOk NN A1sBAUARE @Srebiib R TR theC LigABT Pﬂtlcﬁlﬁé hapla@@atior.t Particulate
shoul d be appreciated that the manufacturin

speteaitaters of sifigipnly waflelizediag Fﬂnéy@ weglumfoeqlff?cpgm #¢7gh areas on the
ST sﬁﬁgcret g‘&'ﬂ]aggﬁ' aq{enélhﬁntoﬂh@éar@t lﬁgh ﬁépre&%ﬁo features. ’{qhus efficient

manuf act ufi ng di scussed ove In view of the
fam’l guinrmagingr eiosalaofh sentamipnta drying @mﬁ@ntswoaﬁ@cmr fabrication

%ser%?r ag!r)nt%f.lﬁll call lg%gftgftpeguﬂqﬁ eéo’nﬁ%ﬁ%%m%n% wafer cleaning

[t@ﬁﬁ)cﬂ@gyBrlo glabluid ‘tﬁ:@pﬂecm@d thalh the pua@s fanturing vmnzmoom fdriflat ganel displays
5 S P a8 B P gt sore

$0004 Iih Yiew appledeigaingthérbada ndeh ﬁ)rmtﬁ&e rffedtive amd le@mahra;lnve cleaning
be i npl emented i rou |nclud|ng as an

APR3Et ﬂéyﬁﬁnﬁﬂnﬁﬁWﬁB fan aﬁl iitfEsYeral i nventive
enbodi ments of the present invention are described

bel ow. [0006] In one enbodi nment, an apparatus for
cleaning a substrate is diSeVMMARY The appar at us

‘IU'WS]nEr o@dlfy' §p§£kuli§e afe Wistnt QHQenﬁoﬁ‘ efiRN@eteadad 'Bfl;tprm-}r iBRg improved

rst head unit £93|t|one pFOXInHte to
anpafaiises, §Ystene agcbms pda for elarningwafyr surfages. dbthonkd be appreciated that

ﬁl@%%ehts1ng%ftlbﬂ %%? v tnﬂbl@m%?c@é LOHERG ohOwAR, HARRENE & {0 Paratus, 2

surface the substrate. The second head unit
msthpdgid i eystaah. sSdystab mvirtivie pmbadiimauie of thegreshet ihyengipn are described
h unit and proximate to the surface of the
Strate. A second and a third row of channels are
mﬁﬁé] n&donai entbiodintene as ep;tamﬂusrfeadeamﬁrig a sublteatessis cloaldsedo\Whefapparatus

channe S S ure
GliPRaeS i pEP R ARPR SR TR Gt Bt € ebilRted prginate v
0o Riutfgdr &cht Quinsppleyand hagaufidd taav bh ehaeluélﬁ ale finealfl withia conﬁgured to

substrat e. 007 I n_anoth enbo a

18Py @ faagh F(’né St 6 s PTG o b eGR et SpPaped substantally

Al dcBntao BRY firkiChead deipasd ﬁ@ﬂnﬁatbetba@msurﬁc@bpme deshtratd. fA0@Fond and a
Iurallt of tri-state bodies each havin

I ncl udin ng
third g9y of %@m e d?ﬁnaé méthigdhe segpnd head vait ghle §5691di 1 qf ghannels is

Bensad efsup gﬁ)ea fﬂgﬁ”ﬂo' e s@PRE I8 Ghd lefs@ﬁe suhi AGR Rfw bh Shannels is
substrate throug first set of applicators. A fluid

cosfigysed foarly @ Vaﬂhléﬂ f@lﬂiief aelacedf thembsitist rat e t hrough a
[6&&2@9 aﬁcﬁﬁ r%b%ﬁﬂehp %trﬁétﬁc]gd for %#ﬁfdlfllh 'aesﬂganféalgtdﬁsk%séé) §(§ubstrate

tanti Iy renoveé t oam he surface of
vathasparatle depasivealctbernon s paqypdeidedh fogmtlhréudlng a plurality of tr1 state bodies

each having a solid portion, liquid portion, and a gas portion is generated. The foam is
applied to the surface of the substrate through a first set of applicators. A fluid is applied to
the surface of the substrate through a second set of applicators in sufficient quantity to
substantially remove the foam from the surface of the substrate. A vacuum is applied to the
surface of the substrate through a third set of applicators to substantially remove the fluid

from the surface of the substrate.



10

15

20

25

30

surface of the substrate through a third set of
applicators to substantially renove the fluid from
the surface of the substrate. 3 [0008] In stil

anot her enbodi nent, an apparatus for cleaning a
substrate is disclosed. The apparatus includes a
contai nnent conduit, a pluraljty of supports, an inlet
end val ve, and an outlet end valve. The contai nnent
conduit is configured to apply a pressure on a foam

%@19 stF hfditter %nfbHHﬁr@ﬁf—‘ ah @ppdrdiSs fouRRbKiAL @ substrate is dlsclosed The
esta l'ishing a flow for the foamfromthe inlet end t

Bppaetup includes & peptaimpent gopduil ptpipr@fty §ﬁw@p$% ap igdet end valve and an
%ﬂﬁ%toe?h%dva‘f\éet hipf E&ﬁmﬁﬁ@r&%oﬂg@ms SRRl B! 9?1§r§preasme on a foam

configured to support strate. The in

\pa¢sug aards 4 frefaoifor dte subrdratecdstablishing a ftaynfor gigrfeain frgm the inlet end to
‘cl@tt e%dt hleh th? 1t?fof %ﬁ%mt 0 % &&gd Wlltinnocfle E&l@amment conduit and are
YAt nment - condu roI i n conmuni cati ons

‘Abﬁﬂ‘gutdtlletol mhp@brt ethel suhmaee dirvet mLﬁt Ieati et vzl e owlet repfl svalve are

gl%t%l e%v%/?] Ia?qati% gf’ gg%%Ppoe (%l tﬂet‘ con‘iamrg%ln l&aﬁcj}m]‘% controller

@ﬂ ecﬁﬁhhtmgcawoﬁy hshriad Bildt end ivaiee @ﬁdé dutleAen(S uils¢ cattelswhe logw of foam
article deposited thereon Is inserted into a

ekt 2Rl 9UtA f oam  supplied to the

FOD0Y PInNABMN et GRS LY émtsdaﬁ@éi@,m aRthod | fet clvalingea efibstrite is disclosed. A
cont ai nnent conduj t. pressure is plied throug
CIB% nduit. A foam

syhstratp vath 3 gargige &FPQSH%d EhSFROR 1% HesTeddBi9cR Fentaigment C

SRR {o3the RoRERSRHI Sondfik i ﬁ%lf :lrpi\fﬂeft Qhlvk e tﬁeoélﬁ\:aﬁﬁﬁdﬂlt conduit. A
that the foam npbves across the surface of

pigbire iaeppligddhroagh the érleicelyewif the qon‘@maﬁm ‘F%lld%‘t torestaglish a pressure-
8&%@?@ ofr hd%a ﬁfgi%l it qh g Lea st ﬁm\ﬂﬁgceaéfQHQ substrate and
e partic romt e cont ai nnent condui t
inbarotsyiith ﬂne p@ntllt:]eein theaguiscood! thhaubestate. alherfesm iscemeyddtalong with the
é rp glol"romnchéc’ éo an% ?E&ed{nt g{}g%% tﬂggfﬂetr 1\§‘ey§fttﬁemo§1{%§nment conduit.
ean ng a su e ls
[omo ud%ﬂlaaxfoﬂrestembbdmrenMQ gotes faa csk@nmgda sﬂlhsaatﬁ rig) disolgsed. The
abl e of hol di the s .
FhPul gty SRRGePAR adee™ Rrild Bl 4l bl gebilfe of noaing
hekdbsgaaf T Efuﬁﬁdclézﬁmrmphy in2Rhdes f Iﬁaemu*eairﬁels floW agie coffigiited to apply

substrate. The nd cl ean ne. i ncludes an . . .
S5 © O SO U g SN BRI 1 apfggtor thati
SaBsiantd Akl kﬁ&’nsé i@ HhRbSHAAAY rembieh@e Sfosith aE@n afie blieice of the
substrate. The carrjer is confugured to transpor %he
whyee alke CHENSIAPBREe] {P Tanshert Hig supstiafe trgns ﬁli*%i‘éj from the first
AQREo8nd BQh@s%@&Hﬁ:lé‘ahﬁx@%ﬁkg zone. [0011] In yet st l I I

anot her enbodi nent, a System for cleaning a substr

[Pe11dils gptodidcrnothge emQ@h@?xg{ & Aystane fqy steaning fa sypgirate is dlsclosed The
g%téﬁgﬂgﬁfes a Bul CARedies, efag‘lﬁrdwg@rﬁgr aﬁldra%ﬁhh%‘glu‘éﬂu@ﬁe fldiAQlispenser

I spenser 1S pOSItIOﬂ roximte to a surface
ippoditivmed ptwstmam » asnwdfaisoftbn $ubgfmt@ ghd is cerflguragyto delfveyp duid to the
surq’ace of: éc’ %Iubs%gtg Olfhe th?n %]?J&isé%{(])ﬂs Sp ‘I Iaﬁed‘ %?%%Peoio #i85QFace of the

1 ohe I oxi ace t he
substrate and is conﬁgured to supply a foam to the surface of the substrate. The rotating

chuck is configured to support and impart a rotational velocity to the substrate while a

plurality of grippers are used to secure the substrate onto the rotating chuck.



10

15

20

25

30

substrate and is configured to supply a foamto the
surface of the substrate. The rotating chuck is
configured to support and inpart a rotational velocity
to the substrate while a 30 plurality of grippers are
used to secure the substrate onto the rotating chuck

4 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0012] The
present invention will be readily understood by the
follow ng detail ed description in conjunction with

t he acconpanyi ng drawi ngs, and |ike reference nunerals
designate |ike 5 structural elenents [0013] Figure
1A is an illust BRIEE HELQN RMAAYIR

T AT e TR
i ¢@lrictibn witBQAd hecbm@atlythgl drBwings, ang ilitte rafbreiée numerals designate like
illustration of a proximty head unit for cleaning a
SUpSHrRLRlEendSyr f ace, in accordance with one enbodi ment

Pd018]1BighfeCISeRtan HINSB A InQT thelHd ttbRAEG ceFIf @ Pr BEm A h&HAGn# Bor cleaning
are enI ar %ed cross-sectional views of proximty head
T

asilsgate spriace) i Apqopdpnge Wihener aanbodinant afciBe Piesenh HEBHPENCe
‘Q(}tlb] F’l%ﬁreel@fgcy 1e\9fxlhfsﬂ§aoﬂrcﬁ%%$xﬂnﬁ¥ @Bid @ for EROERL a substrate

ure 3 is a op-wewo an integrated cleaning
appag.an a@Ofdancq:Wléfawemglbadlmbmfﬁm presegyinyetien. i n

P RS L, 9952 0hRdh TNk BLeh i LS8 oy st s

clomingd s@sﬁtewrfabe amacegrdampp avititans ebedivketaitiregresont inddgtion.
e of bst.r at accordance wit
Eﬂrl(é%%]gkc IS 3 1s VleV\rf é)g an tnﬂe%r\a/tgn (Cfeaung [aB]aaf%.\ %r clean1n§ a substrate

fsfage, S deel\daw with mteﬁﬁbahmantaff tlee Iﬁmhteme‘noon cl eaning a

808 2 ke 15 RS B8 RS B icwg e

$urRYEsar Jubated inwRbsaghct Qilith eheafibdtiment 98 bﬁtpfe’éér& invefition.
accordance with one enbodi nent of the present
[0R18) diigwp S5 B Tl@lmwge‘jv 1]&}13&@[}1@1 of p sys{era Cfﬂreﬁlﬁw%g a substrate surface, in

dchd}ﬂd%c%@sﬁlﬂh%e ehb&IiRERDS Herdlbhi\BRnfibPW apparatus for
cl eani ng substrate, in accordance with one

(@AY eﬁlmﬁé ip foehast elserethpdfarrlsasing o pbstefe, i gserdapgg with one
én%ooﬁ1n5€n98@tﬁ§p1fekéﬁwin99{ﬁfoh of a systemfor cleaning a

substrate, 1h accordance wth one enbodi nent of the ‘
(09204 dingurg ﬁmﬁqhomath idostetiorpfu presgR-ildves flomonparatus|fonpleaning a

f 4 . in
Sggsg%ged glnag gora%%g with o%rgtogdﬁﬂélg ?ﬁglﬁ ?) %ggl{ttl eg%orﬂé sent
[0m¢ iriguon3A 100 2Bkeskiflpur éhad of 8 sstérh dovedieaningof substrage, i dccordance

r cle ubstrat.e Ln accordance with one
o R AR AR B E R frenlifly a0 C o

[0022] Figure 8B is a process flow chart of a system for cleaning a substrate, in accordance

with one embodiment of the present invention.

[0023] Figure 9 is a flowchart of a method for cleaning a substrate, in accordance with one

embodiment of the present invention.
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30 5 DETAI LED DESCRI PTI ON [ 00241 An invention is
descri bed for apparatuses, systens, and nethods for

cl eaning wafer surfaces. It will be obvious, however,
to one skilled in the art, that the present invention
may be practiced wi thout sonme or all of these
specific details. In other instances, well known 5
process operations have not been described in detai

in order not to unnecessarily obscure the present

i nvention. [00251 As | Iy State body
cleaning material con ﬂlﬁﬁg ESCRTP Irde tri-state
t[ﬂ]éﬁﬁt]?%ntilﬁ@%ﬁblm@ @B@&ilﬁdg&saﬂp@faﬂs&g systentsi, giid ehephodd fowrleaning wafer
and a solid portion. In one enbodinent, the gas . . :
pefeeont 3 OF PRIGT . BT Fo P PO B G btefig Eelrsgpy npgtion may
BE iR HELe wRRbd doROoF @ DfithHs® s%écﬂﬁ:edelfglsp MR XJtHEr tistadcd) well known
contam nant particles on a substrate surface. Sone
exasas| opeiptionsaxe ot beprmdaseribgr dn feiait Incader pat ipwaeqessaplybscure the
g&srﬁﬁnéﬂﬁ&ﬁ portion includes aliphatic acids,
rboxylic acids, paraffin, wax, polyners,, ) )
DGk Ay rusere herginl ypleiptitel dody aleaning mesteria] sewaias gasplpgality of tri-state
.erial.s. - Th j i on.- ri.af: -
TPAELH e 15, BOK PR AP oy AORU g e, o
kaspdrtionminidhliquid petibn grovilepan tritamedislysto bring thehwslid gpofsien into close
understood that .the cleaning effectiv SsS
HESERPAPEH Pt 2 RS AP SURR SPRRS S Shiteesemplary types of
maerivBriyataan de fussdctbi makeadp, the esltiepurti@t inokudes aliphatic acids, carboxylic
teggera re, pH, and other eanron ntal . conditions.. il
0GR 6= "] BT, BRI B R e A8 ARG Yoy HRgie mateials.
@pd 5i>1id?)f>ﬁfaﬁdnéeaﬁaoﬂgﬁm e HEBRQUA Bsncbitrativh ifahexeasdd @9 solubility limit
atons form open chains. A fq%ty acid ig an exanpl.e of
‘é(ﬁhlé! the H&P}%P%P%I t“H&b it ghpuldy g yadgrstged dhat thgplegning effectiveness
RSO with thiaRtiduhe sbifd pottidt RalASlYmS) @ANIa0G RSB o8| concentration,
Exanpl es of fatty 20 acids that may be used as the
soIPPEtus PH, el 9theg lepdeonmgntal «ondigipes. “ pal mi tic aci d,

o 4. ol . oLl oA i LG i
G081, Ay A8 SRl 1085 b0k oo i
whicl carboragimls formapemiteingc Adattcanid ifleh exananlelof analiphaticacid that can
aci d r gakii,c i d, e [ Lan i ¢ AcCi
A TR R DETLEAREMy LLIR Bl ks of
péxsithea niag baabed, as thersbidiperiion mciudg labriaadd, palagticlacid, stearic acid, oleic
cl ypanodoni ¢.acid, |ignoceric acid erotic j d, .
4 TEPRE BHE B g BT 256 g B Bl Bloric cia
PPRSE ati} efmelics avidt ytike pedt mateasic duid] rhghalie acidndgighweric acid,
effectuatg thejr remgval . . A substrate, as used . .
HEETIFC agidrRofTBLOIge AP GBI GF R B 34 Jnagdpay acid, brassic acid
GhpaRbMicsddld ﬁ?@éeﬁ&acﬂi, cerofid &, EnChydirad thebesH hidyisg others.
etc.), and wafer handLin% equi pnent anpd hardwar e thgt
(RO ] e el PhagsminisFACH Y BU eI rles FHaE C5aRInE [dgfectuate their removal.
L RSBt OfNSused herein, denotes semiconductor wafers, flat panel display surfaces (e.g.,

liquid crystal displays, etc.), and wafer handling equipment and hardware that may become

contaminated during manufacturing operations.

[0028] Figure 1A is an illustration of the bottom surface of a proximity head unit for cleaning
a substrate surface, in accordance with one embodiment of the present invention. In this
depiction, a proximity head unit 102 is shown with a plurality of tri-state body dispensing

outlets 104 for dispensing a tri-state body cleaning material, a plurality of fluid dispensing
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[00281 Figure Ais an illustration of the bottom

surface of a proximty head unit for cleaning 30 a
substrate surface, in accordance with one enbodi nent

of the present invention. In this depiction, a

proximty head unit 102 is shown with a plurality of
tri-state body dispensing oytlets 104 for dispensing
atri-state body cleaning material, a plurality of

fluid dispensing 6 outlets 106 for dispensing a

fduHLd, lyi Y r applying a
108 & 1 nd ST PRI cPugsgI08 for applying
[V@OQ@thIthﬁwn%cmﬂm‘dbmm the tri-state body

0?@5 ani{ojﬁl]e?nengb%te rﬁ?en% tﬂ'e(ig—bstgte %B@ &ii u;?e‘ﬂ?iﬂgl F@etg i;ﬁﬁgﬁhgl d;h%p%@sing outlets

rlOWSaﬂdewg:uhw qeniags 468 atd eequﬁltsllly faalcaagedf maromsolxng‘rhwi,%e across the

012. nf.i d
éh{? ace é’ Ialt gﬂmlé}? eag:Cu% gg Sx% re Vt!) 'Ereovui% c%v&?%e cgv\éﬁ{he egﬁre diameter

fof # sitbstrite. eBort @H‘wﬁpl@f the fist &1?68: TOWS bﬂ’t&ltlpirs X ithw mwlmﬁ&ﬁeadmmt 102 may

02 may b tri sta dis nS|n
Podertp odnibsieBiias Bl e aRaragBLe| BEY tisggipine outtrs
206l afd@sh trote WE vAR LM dpekifgsAPENINGsuld @8undeksltodﬂhﬂhuﬂ ttlis is just one

be understood, that this is_,just one exaqgle of
5D PG 2 RORTIg EPBgHSHIONJPT o SR 158 fﬁé%ts/za?enmgs can be

Qﬂﬁﬂg@@ PhaRe gkﬁgﬁt}p acdb&i thoakd pReed MBrethe aQﬁﬁi@d%ft dbnfigurations
uni t In praCtlcethere arear‘?/rla

boing diffeaant enEet/openin gypes. G e seaipnresty dh‘élﬁ‘i/QP@mP? pggees, and the
Hﬁrg e?r w%etﬂ&e e Qlsiddbd &t éé&ﬁe&ﬂtl@%ﬁe}{ﬁggtﬁpcan@hte hutlet/opening

r ows at can be assigned for ea
gtutﬂggltanmemengﬂy ylpeitedThe tbq,urd:cgur/:mg@mqﬁghe application, the number of

91%{16123/%%151%% t?lgtsthg £r§(‘)ﬁ%hyhr%a [ﬂnE tblte Q:gniﬁgglg&f th %ﬁgﬁiaﬁg t‘i.:ﬁe types of

I'on er o enl ngs
blhktsmpemnm thyt dae elinghidéd %Qﬁrt@ﬁﬂlemeacbmﬁ IO@u red to house

ﬁ)ﬂg?]b}g é)&e %cgga%nt %Ae i g{ah: gy %%S?nsn fuh?: ggégjue cggfd%lred to supply

£ rpeie rBaaY clebhlﬁg tnfiateriait &i the l:mﬂa/ceohfap@:bsrram () V53 trei;ta;te liaéy cleaning

are confl tQ su tri t

maeEslimgy e 813 Caél C&U?%O%@ngf ;gﬁtéf:ttyrq e bodies. In
@ﬁdéfnb'éhﬁﬁ’dﬂt ke ﬂﬁi@tcﬁ éieﬁdmgrf&}ﬂeﬁel 081 drd) Stﬁnf%ufeﬂamdﬁ;peraél a 11qu1d to the
enul si on that i ncl udes a plurall%Xﬂof tri-

piared thg fibstrte ErBwRs 96 pe YRGS pigs &agw&gIWensed include De-
@H&é@b@a&%lﬁr)e AR O bR (N}%,l@ﬁf)s @Iyarolgblﬂ Pexide (e,), SC-1

O surface o he substrate. Exanples of sonme types of
soilmqn @gHqu@a(Hz@b detifenmeing egenisneiF uHewpkst, it o understood that

%gér“oxll }ég}’%ﬂ)ﬁm&g&% Be [cﬁé% ?Sg%l@ ?‘lﬁﬂ%n at{y(%lﬁt‘égeﬂ%move the tri-state

ey fclzaming gategienfrem tlet wbstratavawiaes per thestgitegnents of the application. In
a]lfllg & esr}llg)o ﬁﬁénrl] athe ﬂlsgscg%tﬁﬁs?loée% e yl ok'a%éo%ﬁg@té% Eoedlkfbﬁge ans to the

gs as remov
snffaeesctfameesubhmnigz Eimaﬂ&smg somt gpeabf gas@rthztth:en bm Bispena¢deby the fluid

f
it re b e Tt ShESR eh LRENSRRY ERbbE oo, air
ndf&ges ON5)| g6 dAD) Ooxdie&PENS,ozangd@s),tetc. tESentlally any type of gas can be

dispensed as long as the gas can be used to adequately dry the substrate surface without

damaging the multi-level structures defined on the substrate surface. In one embodiment, the

vacuum openings are configured to apply a vacuum to the surface of the substrate. The
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surface of the substrate. Exanples of sone types of
gases that can be dispensed by the fluid dispenser
outl ets 106 include isopropyl alcohol (IPA) vapor,
carbon dioxide (CO2), air, nitrogen (N2), argon (Ar),
oxygen (02), ozone (03), etc. Essentially any type of
gas can be dispensed as |ong as the gas can be used
to adequately dry the substrate surface w thout 30
damagi ng the multi-level structures defined on the
SR LS ke ety Hf?éﬁﬁpﬁmgﬁ%gycﬁﬁﬁﬁ oothe o body cleaning
suatdriab@dair lighids thabart depositeding e?surf@amfuhq qslbéts%fu re
t S I
AL P B i SRCLT AER LRSS Bl T k) BETRASIARNG o substrate
atiréace enpmswrdmhc@ with oee smbédamentaff tluemees:ub@tvmme As0Bpitled herein, a

ﬁbog(gjn% %?a%ftg]ﬂt €q2 ﬁl’i(le & drl Wge ES yfrg%tgrtié 3ur i Ig)glgl) Qzﬁ% Iﬂlé Y10, a fluid
GO HenTr, whd b v@d’iﬁnﬁﬁippk;ﬂ lineritl4 af sHolv@ aprpesiéinted proximate to the top

eg tfl‘égrs]Ws{rﬁte g?gr"\"i’ i i %axpg\ceip E’i%nil?tlo Xlly flrg%ﬁihe proximity

ﬁéuapllm{t :ume Als}glsc@ssédh ldb(dfes ltﬂ?:pfmystlitb nedit ]ci’eanﬁh@dmateﬂﬂcmnanther be
supply line is shown as positioned proxinate to
EIBETERh 25 Gy AR @ G SR GiS8 ARPBing @i | @Riion and the chemical

SoBSsfiRh 6f thi & ARNAR Y El%ﬁﬁhgaﬁlhtgﬂzﬁ' l'y under the
proximty head unit As di scussed above,

{0082IsA s sho e the selrfe%m@fﬁge FrettsERE AIL6 dsatvitiily fsptes éVlth “the tri-state body
gl%ast el Ao fo J{ré?ihqg) & 109&6@%&0‘%&39 %%Mél@eﬂnﬂ@f"mﬁ@ﬁal and then a

appl i catl on ‘an chem cal 10 conposition
vacuum tia tepliod dy rapkayarthande-ivnized water ﬁP@U@QFUIﬁ@esH@\me empediment, a

S W fcf‘ r%u%{tg z?%&ngp 3 535%{ cﬁle& #90)('1&3#& H) th 43 (%ﬁ? %1:\[}\%3& Efjthg\”sﬁﬂgtrate 116

eanl
ﬁtal ik mblsmﬁniallwahgrredtvutlrtham@ pmcﬁxﬁmttjn headlueaﬂ Dhg Thraseondiproximity head

e B SRl G S BB 54 S B e o
(Eéé@%ﬂgrﬂldtéhiﬂ @ﬁﬂdd}k;ﬁliedlvﬁatd@ g&ld\ved e dtyﬁl’(gmitlﬂm @pht)atioh @f the vacuum.
ottam surface o substrate 116 .15 and
ORBEES 30 TuPHgEhe R T LoRel YEE o5F GRTTLY PR gleaning o
shBdratel BEFRECRANLECHIdRNI it oh€@thbodificht Bthagpreeaf irguiittd. In this
to treat the bottom surface of the substra 11(? ith
donistion.ithespraxigudiggd weit K0S skpvaveh  aluratiiy St bt extend from

WRsBortt 8h |t1§5’\6% sﬁﬂfac@r&f |Gk inftydad PO iealchab tf odtl®/openings on
vacuum @t] Figure 2A is an enl arged
the detiors é@tﬂ“@n | the | psowiwity diepd 43 mﬁwsm@v@d thenproxfggy head unit 102

1%{@@63' 8- Qtate %Qiﬁt cl:l@a{n?n HofAgCinldt H08CE oé'ugﬁlgczﬁ it ORE cleaning

i ment ent | nvention.
o giat 20D g tltehcélamedmpmﬁguyedhfea&hmﬂ the m@Eﬂlals2%t§\/\ﬁhe \ihbstratg surface

tfx)rlo%’l%l}]aell ht Xtat% bod @fggrﬁ%lﬁs m%l{%:ﬁgl %to%ﬁg £ tﬁﬁ afegggf / éﬂg%lgsa fluid (e.g.,

surft ace roximty
dedortibeel mtrvcktﬁeémmg mgﬂg,set@hto thé ehdnmltoonﬁgmcf wodslipér thdr8uid in the

r ox head roxi mt
gt i giee e B TSt Bay R iRy ST s vacuum
t@ @ dhanisel ppifigusedt tb iapplyahe vivady: aphiestrtheigubstrate 116 surface, and a gas
supply inlet 214 to supply a gas 206 (e.g., IPA vapor, CO2, N3, Oy, etc.) through the channel

configured to supply the gas 206 to the substrate 116 surface. In one embodiment, the

substrate 116 moves translationally under the proximity head unit 102 during a cleaning

operation where the tri-state body cleaning material, fluid, vacuum and gas are supplied to or



10

15

20

25

30

material 202 to the channel configured to deliver the
material 202 to the substrate surface 25 through a

tri-state body cleaning material 202 outlet, a fluid

inlet 210 to supply a fluid (e.g., de-ionized

wat er / de-f oam ng agent, etc.) to the channe

configured to deliver the fluid in the formof a

fluid meniscus 204 to the substrate surface, a vacuum

inlet 212 to supply a vacuum to the channe

ia%gﬂe(g ?nst {h% s%@s%la% fl%esu}[f%%gulgﬁl 2?1% epér%b<§cﬂﬁ%1ﬁgﬁlgtgq‘§&1§ﬁy head unit
gl 12@6nf($1r@l to &k tta;sbtlpna@@@vezr\ﬂw s@xzfaceeqfcthy stlistratggii 6 during the
gcﬂ%gﬁlggq%gr%hsogﬁgg I uordienrllde dgaegogl { %/s{e a9 @?%V%p 91 f'"lguttehl%) may be
PibsEddatTae Ldfirdmyasmtis atilsﬁ@ltddomahilrylgu Itidaeﬂow ko fluids to and from the

proximty head it 102 durin iy

ey e Bt dD%: TSRy Pt o THE DPY arey PR, fow meters and
BRI EnARS iRk 8 pidpePhkittut & RFm&. Ehmleleﬁ%o&gﬁ:ht) glie meniscus is
the substrate 116 surface. In another e od

F;qaaglytplﬁqu 9etwggydth9 mrqmm@?equunéto]ﬁ)?iaﬁ Ahsgsupige e substrgte 116. This

teFlQR@S' ﬁédlé@%hﬂrdd oPURIc1datiBg Bk B&Etriofaté Pedysubst rat e 116
durin cl eani ng operation. In one enbodi nent

et %lgu@%B élfustraies &noden cprigaTagon.evhen) a yagrugeinlet 216 % provided to
%Eaﬁ)\f ﬁx% ngl;{(!}?fn? 8Pk FluuRY %ttﬁmri -State Yok OMhAE: ?rﬁteﬁﬁf‘ﬁ%eand the fluid

uids to and fromthe 5 proximty h
@6t IO, erﬂﬂm@mmnage; vagueh inlpte2 16| mgycbef in dhe fmy of gPlyialdy of discrete

man}%lﬁege%r gh es or f tl?zlt lvsﬁfl %n b(fe § 'Béﬂflsrrqnt% RidHeRARE material 202

nmenit scu one e € nMeni scus 1S
aad teafluie @0, ethema el’rfbedlplemix fitrviis teymh]@acdi ’dmat the d@Puuam dhlethdd 6, which

surface o b te 116, Thi
BUMRSR bR e ol e s AN RO TisRlEARbREn the materil
bOD 3 thEiflgidr 342 Bepbdditgt snthe ﬂe@d&h&ifhmxmg C(ﬂnilregufoathecgwen application,

where a vacu inlet 216 i royi ded

Horacedni 5 o0 & Bttt (he: PY PEPa PRt SOHG" BrBRRFGols)
BR{EkLiBE waDdeRRSe Helal diffdlentd@gree bMtuhinp of SEtdditerbady, 208, vacuum
the vacuuminlet 216 may be in the formof a plurality

816, dluidcd 18t weuwg Ail @F%&asé@ , holes or ports), that

EUOB%] grable tl?erggltetl?eruﬂdéﬁsﬁfoﬁ QH& t n_gﬂﬁﬁlﬁtﬁ & dnmiterg2adan have many
and the fluid 204. In one enbodinent, it is

difieront eondugutatians widethotatbisuimbithpre SxpBlarnReTHigUTaPRy (Qfi proximity
ﬁ‘?agel'iﬁ Cbnfidi aq{of'@ﬁlg ﬁ’(‘f'lddle dﬁf’e?érﬁ 68 aﬂcﬁﬂﬂﬁde@oﬁdﬂ@mﬁ@d Rbquired by

m Xi ng between he material 15 202 and the fl uid
@@@am@elplemﬂlcﬁgmo mhatt the poedmiechaat] upit iﬂ%g biagjupasifor.f or

t: ]gIlH EDA lo%a\%vg 03 an tnlﬁggr}ﬁ%g léyegfnhg géz}rgtgé 6t acnealﬂﬁlg a substrate

s~ an program
mfates o:h sc)cordaEacmth end pxabmilmdsnttolﬁ dreafrcaeet idednition. &s shown, therein, a

d he .t
oL L k) D0, AL T B2 . v
1hblu8&®irﬂstitb obéyf 01%&1@mumdﬁrda§paﬁxdng jSka‘tlort B@2, prmokimity yhead portion
head unit 102 can have

HYnerd @r &5 YPRENSIRg ppﬁlgfl Tllges trfs E};Fte etwgy ecsleeaﬁ,gllg arP?./terlal dispensing
52160 902 BlcoRauréd fdeduppll Axd ﬁﬂ—sﬁtafce body cleaning material to the substrate 116

surface as the substrate 116 moves translationally under the integrated cleaning apparatus 300

or the cleaning apparatus 300 moves translationally over the substrate 116 surface. The
cleaning material can either be in the form of a tri-state body foam or an emulsion. In one

embodiment, the tri-state body dispensing portion 302 is configured to supply the tri-state
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head 102 configurations may include different types

and nunbers of channels as required by the particular

application that the proximty head unit 102 is being

used for. [0036] Figure 3 is a top-view of an

i ntegrated cl eaning apparatus for cleaning a substrate

surface, in accordance w th ogye enbodi nent of the

present invention. As shown, therein, a 25 substrate

116 noves translationally towards the integrated

06039@1 Jin %%Qéﬁl %ﬂ?’%ﬁcﬂ@ﬁ' fobbel B Hele ?at@ 1Bt%fac§$rét}?etween the solid

ing material di spensing portion

moamrmo{ thetetcaning orateirighand3outaminanlt partides oautb,mﬁsw@l 16 surfaces. For
g(gnthg@n th?éogean}_r%t mta{eh Al & Ggﬁ%ﬁs&i ?@ A% e{réllf rce (or force in
di % IS CcO gure to supp t he

t genersl) at @pbexﬂggauisetan itngtatretodies diat 4re po$igorsd bsbstémttlell}mctiacent to the

t {
e
Ghe@amingt sp@dssatedssitddOn te\sebstiatealri§lsatfacondh baseowhere theewafer is not

ubstr 16 surface. The Ieanln

SDRRTILBe RS FE 1 P 4PV ORT VLBt PGS DA ggelative to the
tish 6Nthe WALQN G he @FEQE0RE Bétwed e sblid SArflb® dmm/m state bodies and

I spensing portion 302 js configured to supply t

th CartypBay PR EPWEnitnte RS AP TPROYEY PP (B surtuce of the

fs@BE8tet O16PLOMY 1ERLR bEiQ A6 kAR dDetVEe hitéB&icnOIn# be established
portions of the cleaning nmaterial and contam nant

papeshcine ot ara thechanjpas ingluding aghesigp.foqision, mgrattraciixgiress.
E&ﬁﬂ;gﬁ@ﬁl&gmgp}éeﬁﬁ 'p 10 304 R S Ql?c&%efgr §19b1§'1|3$ta 18uid meniscus onto
ownwar d" forc orce in general) is app
dgasiurface affflee substratet Hibeand op¢rengstioraapping pEsium @g@@st the substrate 116
an e t
SHRLerbl Al X asetle LRge ooSHiE e oty L 6800 0t i
cortfeuedt tovwffdatuateotmb amnnmhtthcp anitsiat balydeposig evhtasial ahd associated

ate 11 ere t.h fer. i.5 not.
FeP R arroTonc OB spifhe Y BB UG, TNk Pffiscs and
Bu‘b@ﬁz&adlﬁ surfacd Brupearly HEBdeﬁnsd lb}edtr&trea/@hdreth‘ei‘lﬁs apasd &xchimge of liquid

maf r. The.intera t|o s_.bet oI|
Bt tueTiobe pHEREHs TERATE W alTFRas SHF L RETCBR A6 surtace
BRInhpl&d 66 séS Whes of Miduhe uﬁ@cr tdnChe ubgl rmgluﬂe nmuyi@dlzéa OMater (DIW),
the surface of the 10 substrate 116 as(%ge tri- st% .
powedmy Loty edNHREse Fitwsdct iTHEIdeay 16?92) solution

M@/Hﬁﬁﬁzoﬁ hé-esatingd Q@en%r efdDI1e sHREN B i sthAE thd€lbRehtially any

dhesi on, [ision, and afttractive forces. [003 J The

lg%d( 3 bwuwé@a Iy e die 1B pamcadgarstely tRmayedhe gi-stafe body cleaning

RARRLMI g C@Ilt!lﬂl&%tﬁ)él%[ys $OHShO JitRtratk fj% siidass e rdgifements of the
substrate 116 and openings for applying a vacuum

aghtation. t he substrate 116 surface. During a substrate

[Iﬁé%]! ?oglgﬁ%ilﬁg wih g‘fg?l%é éé);t]l%e e% F gls?éﬂ%iﬁﬁ ?o}t%n %8@?5 c{%ﬂféé&rgﬁ]to%géply a gas

ure renova
to rsitbssangibldy tem@ye tifnednirory thepduefacead! thanshibstsgo ¢1@afeml the proximity head

pogtg%&a@{ silggarlr}]tﬁgy ?e?r&{uj\{cg%t 12 t%t%;bogc s?le%mngsrilater als. ]Eéamples of
@sttaﬂecabdmrﬂi@feysed&)ydtﬁfsim)etﬁbnbiylclaﬂe aopapyindcahot (@A gas CO,, air,
n?trcggaeg (Iglz)egr%gl? r(]lgr? oxygl:r{ Bdozone (0s), etc. Essentially any type of gas can be
dispensed as long as the gas can be used to adequately dry the substrate 116 surface without

damaging the multi-level structures defined on the substrate 116 surface.
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that results in the substantial renoval of cleaning
material fromthe substrate 116 surface. Exanples of
some types of liquids that can be used include

De-ioni zed Water (DIW, 20 Ammoni um Per oxi de (NH4OH)
Hydr ogen Peroxi de (H202), SC-1 sol ution

(NHAOH H2Q2/ H2O), de-foam ng;pagents, etc. It should be
understood that essentially any |iquid can be used as
longs as the liquid can adequately renove the

g ?f%%‘éﬁe %qunq &ﬁgﬁ of TBLRL AL R0 ILRE %Bbﬁ@tﬂ& for cleaning the

rom-t strate 11 surface per' the
seduge rofreesitbstraé, in mecorézppb ivGtht prenemiREine 38 ]thaCoigsqng llﬁ“f‘f@tlon As
ure 3. the
Ui P e 2P RO BRI PO ek e i 10
IbthBlLtloﬁiﬁglfrdfd)tm dphetessubdtaciellpin thiwnse sty madve thhatichnldy across the top

?ﬁﬁg 88 X ISlFBétr%/tF H?@ g\éql%oag%%a%?n@f’oggﬁ 185 R k%l%tea %Fbl%elﬁy the manifold unit
Emiﬁﬁ’ﬂi 188 pRfximigAB@d a2 @&rbohﬂbnﬂdsme g eldegiytedl biegning apparatus In

portion_include isopr C | PA
RSl e SoREE i FhEShChe b B ey
SdparateESIQNITA @hé ¥mBEWmEMPEurRl 0ASstEadd 1 hfclé’d}nr@l SpReIMsE dhe substrate

as long as the gas can he used to adequat el
ém)glpyeﬁtt@ng_li'@o@ﬂy perews and el ﬁrsﬂtgﬁgﬁmp%@dtqqg)ﬁog tl‘}/en th l?owed by the

[ .stuct i Nt r
B g GRCL I SRS AL b 8 b

nloatmmgwmetgnalt fotl clemingm theguefprsantdheisubsrte d 1 @ amicrigs tipeproximity head
S r

SHL LG ol Y RRY £ P GRRIAEER I MRS o syt 116 o8
the ealsiratg. appar at us i ncl udes a nanlfold unit 402 and a

@{98@{ "Q%: %1%1{]1?039 urlillrg I452 102 311:1 QL?{!] gro‘;{?rﬂgtle 9 t}?eds Q1P %?%ﬁ‘rface and is

I'n UnlSO nove ranS atl ona
eodifigeisd td dispenpe b tﬁafafea}nmly@ﬂeamng mﬁm&mhtethaﬂﬁuﬁacﬂ i g Hl -state body

cl eanin er at.i | n one
SFREE TS Ao BPORH At £y <hade Ll i sl Aok Bcdesyptuale
bMtiQtaddbd ddse gh @ﬁeﬁ&nﬁ‘ddﬁﬁéﬁt e Appidslatosis donfiguaetototsepply the tri-state

enbodi nent, the faold t 402 and th
bdy elepring @@erairvgx?}g :%ngple]ét'u olyse tgéﬁg]?lgllggtedﬁﬁe%gtloqsr%eﬁ')\}ﬁ/%en the solid

i Jremé ’clth'lB% Neatéiab WRS At ehtabdiBark | RARINOI0APET i smBstrate 116
t he substrate 16 noves transl ati onal | across a

welew fThes interpgionricheica i olidoridnsnok g9 Fhgtcn Sifand the
bRt gajlé/le@f‘e@lqtslm'tﬁe J8Rcle DOy PaRvE@ i mbiRk burkQd of $he substrate

conf 1 gur to supply the tri- state body cl eani ng
it asrthairi-blote ridisarmripnaved. s dsfdiscdosed prafyiouslybidie rigfergctions may be

ﬁjsgagllshgé] ?ﬁrgl‘?l‘% b P &%%gomeé%ngﬁgqﬁclwﬁlé adf&ioRAPRIIiSsh, Iand attractive

vacuum renove t eani ng materi a
fofcfes t Aeths tni-face ol 6 refmoveadnfeons thestibsiriate. 1 1p @@rim, spHethe contaminant
nﬁ i d unit 402 is positioned proximte to the
R T4t e 116 surface and is 15 configured to
[dozs@ Safievith Ripure 9f dit @rdmdyy bdadanitri(2 mspositiondd riroxitoatgtto the surface
r-sta

osf the su%strate P16 éunng operatlon an% is configured to form a circulating liquid meniscus
on the substrate 116 surface to substantially remove any tri-state body cleaning material and
contaminants 404 from the surface. Example of liquids that can be used by the proximity
head unit 102 to form the liquid meniscus include, De-ionized Water (DIW), Ammonium
Peroxide (NH,OH), Hydrogen Peroxide (H,O;), SC-1 solution (NH4OH/H,0,/H;0), de-

foaming agents, etc. In one embodiment, the proximity head portion 102 further includes gas
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cl eaning material may be di spensed as either a foam or
an emul sion that includes a plurality of tri-state
bodi es. I n one enbodi nent, the manifold 402 is
configured to supply the tri-state body cl eaning
material with sufficient force to promul gate
interactions between the solig portions of the

cl eaning material and the contam nant particles 404 on
the substrate 116 20 surface. The interactions between

tch%teﬁs%é GutRRY hhiof}s Bhakh& For bipplyad Ea@@%@%ux@[&{ df hﬁe substrate 116.

ammnant particles tesults int article bei
rfemmvbd of gasen thitecan be flispensest byt theseubiels rnatuge ISPR@p‘élsaquli‘@l (IPA) gas,

i FAPLEOSPI L oL BIRLCH, e B A kot o

marmsp&mhamlsm@ ad thel grdicag badised toadeqoatlyi &y ohe sehsdate 116 surface

Il ve. or C Tl
e s 00 O (SR,
2@4@?F1’gluﬁel & 0 4ide{+0 LlusBitionl ofvd tyfsteRi glnrodieaﬂmgtdﬁﬁlbstrate surface, in

rox ead it, 102 i.s 03|t oned. pr
ot Yol e Sigtiocens ok B TREMBEr i PR Segiiopgfie system
eanidegwlf@@itaﬁe%oﬁp ERAng nbethladiipdgsel 50 iadiquiindispenting mzzle 504, and
the substrate 116 surface to substantlall¥ r%ﬂqﬁe an% he liquid
erplatrg elick o8y dihedHisk Pribedispsnseantl 1ScRAstS fcenty 9 the liqui
ﬁfsﬁéﬁsfn@%o%ﬂé kos §nd ﬁmlteetOQfle Lirfidé d8a bitrate ane lb@lng% orted by a
b roximty head unit 102 to formthe |

igjc sqbﬁ@tm@@s 5% consigused do \s]mugefth? E)}bgyate Absenrip rotating chuck
Oi‘lﬁed&p% %%takéﬂr&jw& 5989nﬁ§ur§tli@19 Znd ag?so]netlmels referred to

ution foam ng agent s, etc
emﬁnm ddidasnwhedsheolfroerinpery ohbadikporlhe epniiEpmtipg of H@rbody that
&8# lth%eéfafgxaf s‘lit:l’nlard} > B %Bﬂc'llrﬂg% g h%ﬁlzllejtr 6$ht ﬂlgpenser 502 of the

configure
pnehrmt rrﬁtlmoﬁ]lﬁcahbt?}x@"npleﬁsnobrogas@hvetrh aft t}maﬁ-stme body over the surface
ense t hese outlets include isopropyl alcoho
égsmﬁ%g ?yalr nitrogen (N2), argon (Ar), oxygen
((1023] ADDORE, (11031)e e@bedimests elnd itralstbtye oy disyeesenf50gas @afigured to

e dis ensed as the nb ed to .
et Bers S boey hBuRE motitial 2 Blipiet ado8h, i musger embodiment,
W8 R giaRMboli dispastd 5026Y ebnfiufedab dispensél &feltﬂ%fﬁtd)ﬁbdyfbﬁbeamng material
substrate 116 surface. [00421 Figure 5 is a side-vj

) the, Grmeafiap smylsion. dpope ﬁﬁ%@lm&%gﬁﬁﬁ@ta& g patafal dispenser 502 is

SEEREE to dibhenRGEOHARNE B0y §1BarONEMABRA KifNROE iRt fA& to promulgate
present invention. In thi's depiction, the system

injeeictiensdetivaen ithestolid @omsiony otthe slsrng mate?] ap ﬂéﬁ PRt particles
éﬁt%e sﬂg%JSaPe ﬁe%rﬁggnsﬂh@ Qntrbéﬂt%ﬁérg Rfeenand solﬁi ﬁ&%@ﬁé HOthe tri-state

tri-state i spenser
hodiss tndihe dortainmertartickestreralts mqm: parti¢je bﬁlsg) émqm@ fiaewthe surface of
0 rLoxi mat t r
L e
fuxmhﬁringﬂmbsi atfacs epiplmaot hmﬁgulbé to aipéy 4 dowomard forhe against the tri-state
%#ﬁﬁg ck 508. The .c can .t ak

IJﬁa 5)&1 Iin]ul(%t 1nt§rr?§ts (gjrse S%er?% ttllle rTseozldr é)ft%rr]lyof C}he material
ah@ the contaminant particles on the surface of the substrate 116.
[0044] The liquid dispensing nozzle 504 is positioned proximate to the surface of the
substrate 116 and is configured to dispense a liquid on to the surface of the substrate 116.
Examples of liquids that can be dispensed include De-ionized Water (DIW), Ammonium

Peroxide (NH4OH), Hydrogen Peroxide (H,O,), SC-1 solution (NHsOH/H,0»/H;0), de-
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as fingers, holders, wheels, rollers, grippers or the
i ke. The configuration of the body that holds the
wafer is simlar to a spin-rinse-dry nodul e, however,

t he di spenser 502 of the 15 present invention is
calibrated to ensure proper delivery of the tri-state
body over the surface of the substrate 116. [00431 As
not ed, in one enbodi nent, th&tri-state body di spenser
502 is conflgured to dlspense the tri-state body

L
GO mctﬂggzu;r ﬁid ltilddctaﬁpele@&teﬂ)h eeridvi -t]Set at-etato dabyly cleaming mgpterial from the
mat eri al emul sion. In one

m of a
éﬂﬁ@é@ﬁéﬁ?ﬂﬁ¥ﬁ8mF??mQWEW@“E gﬁwﬁﬁPetlgt di spenser 502

i[6045F O Ivaik @shukd Sdltl%pﬁi'ﬂ:&ﬁlgt ORck 1508 sik é’doﬁﬁ@ﬁtéty t€ legeduteng spin-dry
naterlal with sufficient force to pr omul huck
oReratieicvherky e swsaatetiHe surnortad BB sthsHRAS © gPS Sfpattached to the chue

%b@ ANioRGedTRL ae{/élé’dltyas{lﬁicﬁéﬂﬁ td %Et@ﬁﬁa!ﬂ? HmbR fri-84t€ HodyP haterial and/or
the substrate 116 surface. he i nteracti ons between

fifpeids dérioitqsiorn thearfese of e tubfﬁtraéq At Ingygi dodiment H’éstead of using
GOk gﬂ&ngGOﬁ'Ltﬂo& iff® R @Pé £ z{nnel&,tﬁ%stg@cr tvek €o to secure the

renove e surface o he substrate 116 as )
sitetrate | L1st itk dubiliied farce soetb@t/ éhj: substrataol e fvill remain substantially

gtgg(lmagfa?n {he cilu ?( SQ@QS& GH% a sglrn!c{x]g o%ér%%nu qﬁ sata@tPéroé'n%diment instead of

or con I gure ownwar orce
agng Bsstritbelips 506 tiat wtating dipudk| W&k Rgranmme cak doofigured to apply a

romul gat e i.nterac t he solid |
OB SR TS PP Pl o B el 116 v
fafalirog@statiallp @taﬁ(l)ﬁhﬁ}t dhaing akp-dry GﬁlﬁaﬁtibnThe i q uid
dIS ensi ng._nozzl e 504 is pgsitione

t.h :
AP Bosh TR e TV RTE TIMaECY SAROR FRUPACSL b Sationay

§3|ib§t9£@ ﬁﬁn@disbé]l%ﬂng s@hrk Br $Hee FUlidCckR th b h%esﬂlbsﬁtsateebody can be
116. Exanples of |iquids that can be dIS

Anbied, Hiea flbenubét?rezlé Beajustte foapl We, fTudnif Peﬂm&“&@“ or sheet onto
@%9&96 ot{_{ﬁg rsﬁ’&ﬁﬁte Pef&xélrgﬁlg(d'g Q. oc§§' deirfOh bir Qillade such that the

f oam ng. ents, etc.
mrfaseh@dbﬁtl ube dtmﬂ@tﬁ sﬁdé@owlat a e%ew bgaplpam by Uqucfe |Parf01m the dry

&gguggayﬁ g4 aRSel ONg as the liquid can adequately
renove the tri-state body cleaning material fromthe

B'M)‘Htmatre 6146 fowchatef pewthof éorr@@mngmmtsat%fm pererdance with one
0I rﬁe@%g? I’lhe ér% 1nvi§1txtl InI ma oq l‘tflee cl%anntl rg a‘l:’atstﬁ?sI ﬁt‘ﬂ&ed in this

gured to e eCut’e a SpI n- _
Iﬁaﬁts(ameoshowh an @hgaretshe 2 28 Baami éth@hmbé@(t Sdrtdoyvith operation 602

substra to the

where a5y §{a?e ccglzarngezlgfcg tgfaf Pagtl rov1 S t an? 9&1 el previously, the

JUBERVE af fin exSinpleeuddd ﬂyreﬁiaﬂ@btealmﬁﬁd/ lﬁmtatloh [ ﬂmllcd)ﬁductor wafers, hard

deposited on the syrface of th uybst r.at.e

‘EWBo‘Htl‘ﬁe H]?tlca ] disfs Séfsuwgﬁtﬁﬁ r@u@ tl?,agel (thérl)lft)b §u1§2685 qio#éd crystal
?yt Jub@ceghate K ThO Gethod 300 bemELET dpéraﬁbhl 68(4 where a tri-state body

con gured to secure the substrate 116 w

Samris GFied o1B6 19t (RMICE ReP St FAESR GOt Facheing @ solid
p%ythﬁxt, Q'ﬁﬁﬁlﬁl bition and a gas portion. For further explanation of the composition of the

tri-state body cleaning material and its mechanisms see U.S. Patent Application (11/346,894)
(Atty. Docket No. LAM2P546), filed on February 3, 2006, entitled “METHOD FOR REMOVING

CONTAMINATION FROM A SUBSTRATE AND FOR MAKING A CLEANING SOLUTION”.
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10 stationary on the chuck 508 during a spin-dry
operation. In another enbodinent, instead of using
substrate clips 506, the rotating chuck 508 is a
vacuum chuck configured to apply a vacuum agai nst the
substrate 116 with sufficient intensity so that the
substrate 116 will remain sybstantially stationary
during a spin-dry operation. FOO461 In an alternative
enbodi ment, the tri-state body can be applied to a

h@é@ﬂ of@l?rn%leltho%ig()é Fr%% c%htg oBéJa&‘ch 6%'6%%&%1991&5& %959 f‘?)ﬁm is applied to

case, -state body can
bEe suafapé bfittle kubsaate drrmgheaf finsteset of a’pplgcpatms thn CfncambOdih@nt the first set
fluid,. thus is St ream t
§)l§ rEprH(‘eat(BF I$ ﬁgn%.%sdl[ f atslépplyl.ﬁhc foa 8 ngcfl nglgfﬁ:g%né ggxtcg to }Hgmulgate an
Uﬁtﬁﬁltl@be’iw&enbﬂha@@hd Battibn bhee ttlhate lscmyfmdehe partiglf tdepcn;ltcd on the
a ar Addi t onal

dudiee o B rrticy nbvary o 500 BBH AL RoTepaye. vhegs @ fid is
EQM%& t51 A8 @R e oF tHe hiawaid ahiough aaseﬁﬁidh@:d of @pplicators in sufficient

cleaning a substrate, in accordance
SHYBHY He ﬁqbs‘@ptlztl}yereglpgg st fopmfER ltltcnsur a$ gnﬁﬁugsrtra{en eExamples of

GhERNhA %2 Q@ﬁ[}ﬁéﬁa&t@ fodtehib 'oﬁtﬁgndrﬁm&lhﬂeg Dei&liadwalee (ISIWYMAmmonium
in Figures Met hod 600 starts wth

@pwaie. ovL60D, Takesen :fe’sqmt Do), Gt hHiae GTUPEHTOAH:0), de-
@@%ﬁlhg L%Jen{s etP! RVASREbe 1%@ e‘éia?églﬂﬁ edeR28Y hAHE A catnh% used as long as

as an exanp used herein, denotes w thout
tientiquid icom ademwictyo rrthevt Ghe Warbtetesbodyatietning mpfeyd fpmile substrate

algr'fac% gcr tgela e Sl‘rengén Sof thc‘eu«gﬁﬁgaﬁg S, an.d flat panel

surtaces, liquidicrys di spl ay surfaces,
gnms]Sh@vmmﬂhgmeGQmeumﬂmdmnéadcmumamdp@paaﬁ@h6ﬁbwhmea\mcmnnis

LRSS B AL SRS, DOt B BUTLEL s s

Seddve anP diid fodin tiee suifagsl of t}immbistfme ainchna eghedipent, IthErﬁrst and second

For further explanat.i 0S .h . .
0T SO o8 PR GT AdrRaeel o e Shabinalif g s metuded n
8880kl BeadRatieNMh 2APRED &hdMddBient, kid BADse3 Qﬂ)lppﬁﬁatbﬂt it yncluded in a first
Docket No. LAM2P546),. filed on, February, 3, 6 2006

beedunitead eseeend JoerhinERbOf REPlCEeREAVITIRTPOIT EpeRMdhead unit. In

m-g%-xrEmﬁ&@m%@t%bt@c@h@aﬁ&%ﬂﬂﬂ@eggwl%rs atd3all included in a
[ 0048] The net hod 600 noves on to operati on 606 where

sihgle intgerajeibeadpaily foamis applied to the surface of
fghgm nglﬁg 7at & sEﬂ%ﬁﬁngh@trgt oﬁ%tf a%‘?éss&g dﬁ{?é?ll &R b Maatus fBr cleaning a

ne ‘e i ment I rst applicators is
mbstfatfg lin edcardanse pspﬂhyorteheenlfodamnWOf Fhesprefec ingptionor 4 dericted, the

JES (g teg fl l|>s£c} ?e%}uln ! ?J?’M%‘? 1S J)f adco%ﬁ é?lpcondult 702
PR 1B sl R i

ri-s y an osite
thixenGudsy inh adet valve 70k as obigdt lvalt/e706r h @lmm@ﬁubwte grlppers 701 and a
roce eds on rati a fl o .
’gﬁﬁlﬂ ¢ sy %ﬂ% |[slﬁ}ef 5%63 he s u 5% 8 tget S’ ﬁdr‘%d% gre respectively

@ﬁﬁ@ﬁtéd setegdlbte appilove af of-Sate rboélsuéléandngerﬂﬁtcnﬂmanﬁ ﬂmi;ls int and out of
%g@{tgg%lél?tl clgﬁ@ﬁ%f@s e’la-feht% stca?ea gc])(Iy c%gn¥n2ema grgl ¢ Eupgfle& dea material

reservoir 708 operatively attached to the inlet valve 704.

[0051] By regulating the inflow and outflow of the tri-state body cleaning material through

the containment conduit 700, a force is generated and applied against the tri-state bodies

adjacent to the substrate 116 surface to promote interactions between the solid portions of the

tri-state bodies and the contaminant particles on the substrate 116 surface. The interactions
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fluids that are appropriate for this operation include
De-ioni zed Water (DIW, Amoni um Peroxi de (NHAOH)
Hydr ogen Peroxi de (H202), SC-1 sol ution

(NHAOH H2Q2/ H2O), de 10 foami ng agents, etc. It should
be appreciated that essentially any liquid can be used
as long as the liquid can adgquately renove the
tri-state body cleaning naterlal fromthe substrate
surface per the reqU|renents of the application.

[2042], et éohld p@'}lg)'ﬂ BF BU8-sBie §diesTRE t&f@coﬁ%@rm%i’ﬁﬁﬁ@l@s RBults in the

to opera ere a vacuumi s app iedt
alartfcm: éemg rerhezeslm rth¢ eurfive oifcthe aubdtmtedlléeas 616 tn Sstate bodies are

?r%go 'lgl(%ie 1%% rac c?ric’sgnﬁ%ts Ieaelska)é%lshl%ﬁ t%ﬁﬁgﬁeosﬁo %?)‘nofré fﬁ'egnaklrsﬁﬁg]mcludmg

odi ment
faidhé‘s‘iona&dhﬁeﬂ; and aSﬁttn&ffoapspl Thmmm 30dnmel outiet Ufehlyes age controlled

H}((rﬁs Emlg‘gﬂ?r ’H%L{L%tgg gp]%gtﬁvg ccﬁlﬁf:c[ edt ﬁoogoéh g@l (!:SC afh%rp?lmlaﬁty of substrate
%ﬂf@@é‘ib mNtenclobdl Hithimt ths edoninnaap lcowhitoT® lsScdnlﬁlghnﬂd gd support the

a first head unit and the second and_t
asptgﬁma@altlérlg oB PGV PR 1 PO GooraHERE tis ol 116 to preven

%r hhlnﬁ%ﬂﬂ?&oﬁm% JUBRE a clefiBnd bpesdtionsecond, and third

applicators are all included in _a .20 singl .
1520 Canbuinioth A 7. [0OBOIKAONS he G- 8 eRbIRd) fctions (o diy

'tl:lé HBLA Hinangfor @u;gﬁ}e £ SUELaFAsVER i AW RIRRkAprsufgfe interactions

eaning a substr i n accordance with one
értvadi fervlidportties pf e anstaterhndies iaph congnigargipgttislps deppsited on the

elrlr%ac%éjgtetgg o\#b\éﬁﬁe fl h? WA%%E%J}&t otccie f?:ﬁt'drlﬁ’ FQgE d PSs 6 aﬁv%ly attached

nt condui i ncl udes
an thfﬂinﬁt “ah*evﬁ)47®4$upaly thatdaetto \thd ventml@entac%rlmt apy-t yExampleS of

SR PP G MR, PR 4] 580108 e 0

cebpediokidel(§O,)¢ etf iRysemeallyt anyrtppeibgae dah éeefdllsowsgcﬂ as long as the gas

HRCEEN RIS L R NN -,

b oslyuredcgamh Beothdtediboaimen thdIflpidiied lbjjdldathmﬁifs elsd:chio rinse the tri-state
reserv0|r 708 operatively attached . to the.i.nl et val

ol clpuins aispat g e iSHEFurRe TonTB6ant Bt FRGHgr > operaiively

LR hEd fo-tBd Al vRREY16100aPpIN She i€ Ed @b cbithianght coduit T0®. Examples
contai nnent conduit 700, a force is _generated and

ap pPreriiaig linwds nchige tDg-10a128d Vaeia(NV), Apmenipp Fgotifie (NELOH),
a n

FYERLEF Porokk GHODASE-| RoR N ORI SRR AR Bgents, et

Besantiably rantliqpidraah bk aisedoss long as thediquist ean etlequatehf Eawve the tri-state

Tcnﬁr &1? nt?ﬂgag'xta{ oo arilcfL aor?%té CO ahlﬂ:?e sﬁ%l'd qqep%gtka%‘ql@fsuﬂﬂ% per the

I'es an am nant particles results
1equ11rd1®ntspﬁrthe|apbécaltielh ng renoved fromthe surface of the

BHSELF B e enf i LR R o MR s
Wik end@stvalithairsf tha tpfdseht mg/enim]hh &S dera;led: 0l thispr@ass chad, the substrate
Jg:ﬁtésrtgglitql?%t/%eﬂ t{o%r ?eanmg]t;y a plressure dr719é}1 A8 cl%;liglrllgeépnggxs\{@ !a\ﬁ?s% cleaning
zone 802. The pressure-driven flow cleaning apparatus being configured to apply a tri-state
body cleaning material to the surface of the substrate in such a manner as to promulgate
interactions between the solid portions of the tri-state bodies and the contaminant particles
deposited on the substrate surface. The interactions between the solid portions of the tri-state

bodies and the contaminant particles results in the particle being removed from the surface of
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5 by a controller 710 that is operatively connected to

both val ves. The plurality of substrate grippers 701

encl osed within the containnent conduit 700 is

configured to support the substrate 116 in an

el evated position and provide a restraint for the

substrate 116 to prevent anysunintentional novenents

during a cleaning operation. [0052] Continuing with

Figure 7, in one enbodinent, the fluid is a gas that
ftﬁén&ﬁaktpalaesast Be - ¥tate]ogdite£‘§rest%§$erdat@fte1 16ing RRARI BHUBP biksdre-driven
force against the tri-state bodies to pronul gate
iflotedlerotrigomparatyetthamstdie issopied foor the ép o Cé?ﬁmfla gone 802 to a second

the%niu %%n% S%Q%lﬁg @?& t@'}g &@ﬂﬁckpﬁﬁ é&]!ru?cct tﬂ%@ﬁgoﬁz%ﬁd the second

surface strate 116. A gas source
Cleaning eqmee ted Tie dépcgmlr@eamnglzsnfo&&rlaclu@féme at marehapglicatess that are

g%nﬁ}glgpe!q ﬁ%/sgen\ée thA(]i t gl&sﬁgghﬁpxﬁrﬂg 1&;‘?&’rytag¥){rrg§zrite bocéy material, fluids,

gaBes cdirmamlﬁﬁltl mﬁa]ﬂeremame ioh rtbg emf{di29f, thar gpbstratedr ) Examples of

0 ozone 3), .15 ¢ 0 xi,de

PP s R S Pegau-EEN R PG FrigRyE ovinom,
H?gljogﬁl Q’ﬁﬁamdle@EOlET)QtSClT eaolutivh t(NPLOH%HbKEIPEOb;Odh ﬁﬁmmg agents, etc.
and/or. the multi-leve ucture on, the .
Sensatallyraay lifyg cepbedeed ag f?n%ﬁ%)#ﬁﬁ léifn‘b"ﬂ e'iy {qmyve the tri-state
E(Ldg/l dleh®in@ thhtetdd1dardd @bnthhinde Partitle FBSE tHeh GuHsfrhteSELﬁlfaee per the

cleaning material fromthe substrate 116
@EIWF@@&S of gherappliptipser voir is operatively attached

f0954NEgd:P 88Btis \é%lré/c%sslﬁtﬁzv Elﬁ)anséjfpaoéyléteﬁlht%r ElbAtigh 4 Qutsh&e, in accordance

cont'al hment conduit 700. Exanples 20 of approprlate
Witly aiedembodirhend eftbepre@mt mevantingr r thisoirygess Aewrlri e substrate is first

43 % egizé%i gﬁa %%Eﬁ%::})m é%/sg&%gﬁ@%q vg gfr%gxﬁ gé ?éagﬁa%uss 1§g first cleaning zone

&Qsekﬁdlaiulsspd ahtyvel ihq tprqssmadntﬁel fiyedeamsng appgratys it mﬁgured to apply
r1 sta\% bo%!n eam §I m %Vgurgcacg otfrthe ?ﬁb%frgte 1Q %ﬂé‘l} ﬁ manner as to

eSS ng am nant efro
mu@sltgatam&eridtﬁms betﬁvaaethp edshd petions e thertammm Isodifs ahéhéhe contaminant

application [O ure Ais a

R B0 g argte By i bl SRy i breSie-driven low

26 dppsatus Whe hu@dﬂ@teeﬁbﬁd\veﬁEme afe ik cl&faﬁﬁlg Ndone 802 to a second
detajled in this process chart

i nvention
cleapag @glfeeg f@lnglarsg st@ﬁ:djagtqr ap tragis that F%tg]ﬁftﬁge )gvt gOGZ and the second

daBBE WoResd06Y EThel de00MACE QAN gNEHNB BPE iR MES b hrékifnity Head umt that is
cl eaning zone 802. The pressure-driven flow cleanin

capisi et QPP aniluibmeRisiys iR aap prjeing fri-staedody Clﬁ%fﬂ?fg material

ot BRNuPGrIBLREL@hnd ApfiPe \%éﬁlfnﬁctg BF bR ASHR LR @nl fRe substrate
such a manner as to pronul gate 30 1nteractions between

suifieees &t Pep pohaditornd, the prowianityriead veit & fhrr eenfimverditagupply a gas to
Cﬁ%%@ f tﬂéaglhfa‘c}é §Bthe dRRASH! %ﬂaﬁ?lhtol? %%IFIH%%J ?%ssgs to use for this
surface. e sol I'd port

I nteracti ons et ween 1 ONS
apyflicatien mvlhdfsli’ast eporh aigi nesogan N1 hesg@odr g ek ygen {Opaszone (&3

[60%%1‘1%1@{6}%138 1 c%r {t eo(f;léls %ﬁodﬂ @F cl_%go W eg s%l{sgg%,ts itfl:zirczé&ﬁa(n%g Svith one
etbodiment. ofAht @reséxenm@nnbleam:ezdgrms dvhhe plaasimgrappantuy etilized in this
method are shown in Figures 7, 8A, and 8B. Method 900 starts with operation 902 where a
substrate having a particle deposited thereon is inserted into the containment conduit. As
discussed previously, the substrate can be either a semiconductor wafer or a LCD flat panel.

The method 900 continues on to operation 904 where a tri-state body foam is supplied to the
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fl ow cl eani ng apparatus, the substrate is noved from
the first cleaning zone 802 to a second cleaning zone
804 using a substrate carrier on tracks that connect
the first 802 and the second cleaning zones 804. The
second cl eaning zone 804 includes one or nore
applicators that are 5 configured to dispense a fluid
to substantially rinse and dry any tri-state body
material, fluids, and/or contanminant particles

rema nln onrgilul qu|o§1§}§ fa%C%Ie‘vaafvla eofSﬁllQS Bpa!ir&nenp&@ﬁmhtes A discussed

583?%nwnaf° t'o use i ncl ude, -ioni zed Water

&)EBIVWlslthiﬁmm-lsﬂam Hedy doands S@W@ﬁa a re&dymlo@einls pg(rr@t)(\re&beconnected to
H2! solutlon
gttf er% algf c soEg?ethstaéi( Pl(gl q_'ém is ac&m 1%’% r(l)ggi éJl Qf@grbg gn -state bodies

|e&ih91aaf‘ngta|38hd pdttion] aclqmd@ﬁﬂﬂw&tndla)gas pordwe the tri-state

10 bod mat e nant part.icl

RO € e iR Pe et Rt Tt Py BAUFSREdt gjed through te
& aRRIJreRd ¢ RMmidROP 4dndnitqsl eQatdBh apréspe-deieas bl dvr the foam such
chart of a systemfor cleanin a_substr [

Het hedama anovis RO WS SHE G q#é sybptrgie, én(g F@?%‘!ﬁ{] with the contaminant

Pﬁ‘ﬁ?l@toh% su&ﬂcé 0 Be BIREASS AL |d@!£\lo§éae}fréwodslye theWBBd pétiens of the tri-
irst subjected to a cl eaning dﬁressure driven

sua@vcoodleeahatr@nmp@@ﬂm figami ip, the ﬁqm@pew Aathp hepny Eié mtgracts with the
§(?n%am1A§nt %'aﬁ%fés Sf‘ﬁgsqutgr\é@non% ey Bk @sct%{fsﬁe&jcﬁx'o\ﬁ@porfel d\Whore mechanisms
eani ng ‘apparatus Is configured to apply a tri-state
bmﬂ@ughdamumgmﬂhmwxamimu@mwhéﬁgm{face of the substrate
h.a manner 0 I here the fi
L@?@eé%ntltnﬁlélg 3 lag%rgh ’Ichce) Eﬁse ﬂ)ﬁ dn@ésgt?a?éﬂag%}gﬁl)(gswaeﬁe the foam
tshemo st Aoignaith thepartidle frem the potditrecht ennduitethmupls fr quidet valve of

urface. Afte t.he e
SRS Gned e D PO Pégh R0 B8 i o
thBenléd vabile dflﬂmhfagmmnamaﬂﬁz tol tinsa tisemeicks 20 thel sabmatagof the tri-state

zone 806 ysi ng strate carrier on tr

bhiragr- (e CeBuBa AL FHETLRE g %?va"ﬁéh S Bifigh valve. The

BRBactidRELINER e GbIRPPIrGnsZEMEBe Gtatc ot aﬁd ﬂlepd’cmmmmdny particles

head unit that is configured to:§ ng bodi

ieeHiiRginghe partislp beng Frmoy P’ﬁltl?FgSL‘F pe ftth %lbs%‘g/as the tri-state bodies

Lleanjpg material off the substrate surface and apply

a vacuumto dry off leftover liquids on the substrate

19058 adthougina dete cavbbdigicnts of thetHesepl BXFIVOR hatfehn dpapibpd in detail

lgilfjé‘lﬁ eihno d QS ohoo 93%' of o?dl skif), @2t 80 Bﬁ:@&ﬁ invention may be
ng o e surface o he substrate. Exanple of

@mﬂaprmawyg@m@ssps@ﬁq§@msomthqut depaatpm fremtthoApiriher geppe of the

BT 2 el B BT bk 8 @olbfoh REVODy cqnsiderd as

iftedtiadce fraf nat|resmidtive, zaldsthebstvma;toa is inpt tadedifmigadcte thé tefails provided

odiment.. of. the pre venti o
tﬁeﬂgmclpgo |l?§ ng)élgg Id g{lﬁ gra@t&ceﬁl th&éldl tﬂe sGope oﬂh%%%g%%ﬁaéﬁg.
Bhawcliimelfisgures 7, 8A, and 8B. thhod 900 starts with
operation 902 where a 30 substrate having a particle
deposited thereon is inserted into the contai nnent

conduit. As discussed previously, the substrate can
be either a sem conductor wafer or a LCD flat panel.



The net hod 900 continues on to operation 904 where a
tri-state body foamis supplied to the 16 containnent
conduit through an inlet valve of the contai nnent
conduit. As discussed previously, the tri-state body
foamis supplied via a reservoir that is operatively
connected to the inlet valvel”Also, the tri-state
body foamis conprised of a plurality of tri-state
bodi es each having a solid Sion, a liquid portion,
and a gas portion. 5 [0056] The nethod 900 proceeds to
operation 906 where a pressure is applied through the
li. nl etArvglpaeatad fok brragioghaubumn, comprdsing: t o establish a
pressure-driven flow for the foam such _that the foa

hoves fierisad Ui @osiPReROBMAH D SHBECF 8f e gHpptrate, the frst head
, . . - i cl . foured
o SRR QBB AnRE Vi PR LB Dn R configured o
sely d fgeon to thesurfhcd dfehd sibstrstepdrel bodi es t hat conpri se

the foamis the conponent of the foamthat interacts

with the 10 contam nant particle. These interactions

may Qgﬁéao?ﬁﬂ%hﬂ ﬁfi‘i@gostiﬁ&fé‘dg;tlbﬁﬁ‘rﬁiaﬁ& AAREEN TS BlAMkSRERd unit and

i ncl udi ng adhesion, collision, ahd attractive forces.
p{3QEFE tCtrtsunfacagf the stbsEaguthe segondheadrenibbavigego

advances to operatiqn, 908 re.the. foam | r epov.ed
2l ong w t f SPHBASawr Ehanels SRrnRd abin BF frnon biaheRif pnd
thr OH&ﬁigﬂﬁecPﬂétsh?%ly\é@IM@ tPhhe shfffceCAMhALIBIREAE; ANdui t .
The renoval of e foamis effectuated by applying a

liqui d t hedhighroysof dhenials defined|within thetsgeonsldivadivniend configured
conduit to rinse t sur.f ac of ,t.he substrate of the
tri -E‘}aéjcpiya%cdvn*té’gﬁ? Suf?flgelo?aﬁis bsen\?g%uati ng the

cont ai nment conduit through the outlet valve. The

i nteractions between the solid portions of the
2t ri - Shertrpaies ©% clearing Beubsde if Freied pragleing | egherein, the first

M09 BBy e A SRS L A e

progimitelkad20 [ 0058] Al t hough a few enbodi nents of the
present invention have been described in detail
herein, it should be understood, by those of ordinary
3.SKi Iy %@%a‘cﬁmr ?lreﬁﬁ:?%g ShBWGRE LORCRY inREain TR &, the foam is
many ‘ot Her specific roms W t hout departing ’fromthe
cosfpirised 0B pheafye obfri-tthie boidive cthe itrdutateThreliasfincleding hesolid portion, a
kgéfsent exanpl es and enbodi ments are to be consi dered
liguid poripRsANAL §85 OHIM not restrictive, and the
invention is not to be limted to the details provided
25 therein, but nay be nodified and practiced within
4.t he Begppanafustfecleppend edsthi@i asreciiabin clasmd, avheeadn it solid
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5. The apparatus for cleaning a substrate, as recited in claim 1, wherein, the fluid is

one of a gas or a liquid.

6. The apparatus for cleaning a substrate, as recited in claim 5, wherein, the liquid is

one of de-ionized water or a de-foaming agent.



1. An apparatus for cleaning a substrate, conprising:
a first head unit positioned proxinate to a surface of
the substrate, the first head wunit having a first row
of channels defined within the first head unit and
configured to supply a foamto the surface of the
substrate; and a second head it positioned

substantially adjacent to the first head, uni %gd‘ .
Tor oxiThetappereiusHer deaing e SWsirpiRAsIaHEad BRI Y, ek fhe gas is

head unjt Na ongl. efi ned

R £ ﬁf’uﬁ’ %’8%‘39@%‘& %%Zgguﬁl?rtoéang 2f)’caq'olﬁfadlﬁl %ﬁ@ﬁ't o supply
a fluid to the surface of the substrate; and a third
row of channels defined wiithin the s cong.hq?d uni. t h
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aéﬂ%at‘?ﬁg ?sséornzﬁgﬁred%o In%Ung t@ﬁﬁ?ﬁﬁfaﬂ? abRks HleQaTh&of@he substrate.

Strate, das rec aim1l, wherein, the first
head unit and the second head unit are operatively

connected to fqrman.integrated r.oxi.m ead. 3.
9The g%ﬁ SPRarakus ggrclgqnggrﬁ s%atg,ﬁggggfy}ér’l c%im!l eg/%Free , iﬂr11e second
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plurality of tri-state bodies, the tri-state bodies

isopodpytialaghal (BB )i dppoett dadyen dioxitle (uO?) toche pwiface f thegubstrate.
gas portion. 4. The apparatus for cleaning a
substrate, as recited in claim3, wherein the solid

1901 t A0 eihd8 rtaSarfidt 4 YubdGhtdScondprisiize apparatus for
cl eaning a substrate, as recited in claiml1, wherein

t he ptaviding s substratedfavinggagiriaee.dhe sugtice hagngppparticle thereon;
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cleaning a substrate, as recited in claimb5, wherein, ..

the gerlying thefsemgp the surfage ghhe spbyratehyeneh 3 fysh set of applicators;
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across the surface of the substrate. 9. The ratus ..
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supplying isopropyl alcohol (IPA) vapor to the surface of the substrate through a

fourth set of applicators.

12. The method for cleaning a substrate, as recited in claim 10, wherein the foam is

comprised of a plurality of tri-state bodies, the tri-state bodies including a solid portion, a

liquid portion, and a gas portion.

13.  The method for cleaning a substrate, as recited in claim 12, wherein the solid

portion includes fatty acids.

14. The method for cleaning a substrate, as recited in claim 10, further comprising:



10. A nmethod for cleaning a substrate, conprising:

provi ding a substrate having a surface, the surface

having a particle thereon; generating a foam

including of a plurality of tri-state bodies, each
tri-state body having a solid portion, a liquid

portion and a gas portion; applying the foamto the
surface of the substrate through a first set of

app! i apaiyong 2 vaaypl i the surface of thersybstrase Bupydicilogrthispieof
substrat.e t hrough, a.second s f._appli ! [
surtiBpurroq aner Ry FiGihs Ranf Al fiChRIRe of the substrate a
sur f agenRifabdiBetseBsincapplicatiog of el fighmging taapplivation dfitke fluid.
surface of the substrate through a third set of

applicators to substantially renove the fluid from

the surface of the substrate. 11. The nethod for

cl eaning a substrate, as recited in claim10, further

lisncl utth& giethodUpPIyarige & Sutstra@y4s @ticahialcl(imPA) wharedr, tholiquid is
the surface of the substrate through a. fourth set of

oap pf He-igrizes wator orrp deipamniga age apd 5aﬂ(?1ﬁ§edavv%tabst rate,

as recited in claim10, wherein the foamis conprised

of a plurality of tri-state bodies, the tri-state
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setsitpte sidregtablishingp fowi fogtha fos dom the itleeersitoftbe eutlstt end;

the substrate through a fourth set of. applicators t
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siipostthekgbshhte; an interface between the application of

the foam and the application of the fluid. 15. The )
met heu irflefrend| veliiei cogfigursd bstegnlats, the gloweiaiar the coraigmenhronduit;
14, wherein, the liquid is one of de-ionized water
Yt , a de-foam ng agent and de-ionized water. 16. An

appag@biigeticnd valve aphMcired ®UBSHIER!R: {16@HRE bSThe Gont@inment
cont ai nnent conduit having an inlet end and an outl et

enduititand cont ai nnent conduit configured for applying
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thdeoritivet ceififutadl tolken@oltsueh ttanthe fowbiifoa thyough the containment
supports enclosed within the containnment conduit and

coB@if-gured to support the substrate;

17. The apparatus for cleaning a substrate, as recited in claim 16, wherein the foam is
comprised of a plurality of tri-state bodies, the tri-state bodies including a solid portion, a

liquid portion, and a gas portion.

18. The apparatus for cleaning a substrate, as recited in claim 17, wherein the solid

portion includes fatty acids.

19. The apparatus for cleaning a substrate, as recited in claim 16, wherein the

plurality of supports are configured to impart a rotation to the substrate.



an inlet end valve configured to regulate the flow
into the contai nnent conduit; and an outlet end val ve
configured to regulate the flow out of the contai nment
conduit; and a controller in comunications with the
inlet end valve and the outlet end valve, the
controller configured to cont®®l such that the flow of

foam through the contai nnent conduit. 17. The ' '
Appar Biempphotusdoealramiygg a ssbiste; at wcitedinrdain Ky wherein a gas 1s

claj.m 16 erei,n th oamis conprised of
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including a solid portion, a liquid portion, and a

gas portion. 18. The apparatus for cleaning a i .
Hubst Fletappamssrfecleatng asehstirin asreciigrbingilaim ke whigraigthe flow is

ortion,includes fatty acids. 19. The apparatus for
agl?rg%?meri‘éméensftlp&'t rate, as recited in claim16, wherein

the plurality of supports are configured to inpart a
rotation to the substrate. 20 20. The apparatus for
28} ean mythodsfaheleaning 2 salstiates FQIBRISIAL:C] ai m 16, wher ei n
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press

tl@@ﬁﬁfa@éh&vi&%ap@ﬁﬁwﬂhe@oﬁ; substrate, as recited in
claim 16, wherein the flowis a pressure-dri ve?ﬂ flfo\ﬁ/.
22. AUpRIYIEE tPam te thegominynrmend spadyhhEoughsmRiRie y4iye ot the

i rti .Substrate into a contai nment conduit,
Cf)ﬂ%ﬁlg{iﬁgg??ﬁa({&g’ having a surface, the surface having a
par t iapplgirighepressare thupphythamnla vhbvanf tle ¢cdneicoerttaondmento establish
conduit through an iplet valve of the containgent
o wARaPIrVAD 1OV oG (he BRmueh ot 1O GOR PRaves Aefpe i agase of the

. it t | b$he sbstrate; and
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nov e seracviogs thetthamsilorfgaeith e patteele Salghe aordaiamgnt conduit through
intgrac{s \%vith the particle on the surface of the

a gpdstvave of Prean PGP f oam al ong with the

particle fromthe contai nnent conduit through an

outlet valve of the containment conduit. 23. The
2%et hdte frethod fendlemgnga sulistrateaasereciied inaddimed?, iwherdim the foam

in%ﬁideg\@ %fu?gllﬂytott] ?ri-fst%%rgodies, the tri-state bodies including a solid portion, a

liquid portion, and a gas portion.

24, The method for cleaning a substrate, as recited in claim 23, wherein the solid

portion includes fatty acids.

25. The method for cleaning a substrate, as recited in claim 22, wherein the removal

of the foam is effectuated by applying a fluid through the inlet valve of the containment

conduit.

26. A system for cleaning a substrate, comprising:

a first cleaning zone including a pressure-driven flow unit configured to apply a

foam to a surface of the substrate;



includes a plurality of tri-state bodies, the
tri-state bodies including a solid portion, a |liquid
portion, and a gas portion. 24. The nethod for
cl eaning a substrate, as recited in claim 23, wherein
the solid portion includes fatty acids. 25. The
nmet hod for cleaning a substraté, as recited in claim
22, wherein the renoval of the foamis effectuated by
app! yi §goad Eletniflg toicougindinigeniappBtatoradonéigaded ttddispense a fluid to
contai nment conduit. 26. A systemfor, cleaning a
%lbﬁgtltﬁaé’t}’éeﬂ@ﬁ?rﬁ’@i feqm dromy thyejsu ?Cf‘c?&aﬁ SHR§T2n& ] nel udi ng
a pr esga%gr H@lylg Af fx{gl‘ai@{#{ﬁé Luspal aﬁH%@ﬁlﬁéﬁe@Rpﬂréhsﬁort the substrate
foamto ace o e Substr at e, a second
t&h@aﬂbmgbz@@ﬁthmﬁﬁudbmgngnmapphh@amomdcbmﬁnga@uﬁ to
di spense a fluid to substantially renove the foam from
the surface of the substrate; and a carrier capabl e of

ol difig séfgl%n?fépé 51%1 a%ﬁgstfé%"faé gL tedl i Qaiht 261 ¢in tefoam
substrat trans atl 'y fromthe first cl’eani n
lﬂﬂnéestapltlhﬂibsefétﬂmﬂatc Ibedlns e bstete @dies Thduding e sphid pertion, a

nlngﬁl naubstrate as recited in claim26, wherein
NHA I8 | ural ity of tri-state bodies,

the tri-state bodies including a solid portion, a
liquid portion, and a gas portion. 28. The system for
28 earfhegystesufbs tleanting a agbstrats, aerpeited il daim 27 Wherin ghersolid
t he SO|Ig ?@88 an includes fatty acids. 29. The
POYIQnIAFIGES fifg a substrate, as recited in claim
26 further including a controller configured to
regul ate the flow through the contai nnment conduit. ?
TWhe Shhetsastemdor eleening ngubsirgishat osited inedaimelq, fiagher jpcluding a
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substrate. 31. The systemfor cleaning a substrate, as

recited in claim30, wherein the fluid. i.s _ one of 11 ]
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1s q Hﬁéerr?otzgl’e c%ﬁﬁgl?rgh 'ic?&ilséné?xtsg b ﬁllugﬁdt%ﬁtﬁfl: %Yﬁg{)cﬁ'fol@ gterszlbstrate

ator to
supply a f|UId to substantlally renove the foam from

the surface of the substrate;, and
The system for cleaning a substrate, as recifed in claim 30, wherein the fluid is

one of a liquid or a gas.

32. The system for cleaning a substrate, as recited in claim 26, wherein the applicator

is a proximity head unit configured to,
supply a fluid to substantially remove the foam from the surface of the substrate;

and
apply a vacuum to substantially remove the fluid from the surface of the substrate.

33. A system for cleaning a substrate, comprising:

a fluid dispenser positioned proximate to a surface of the substrate and configured

to deliver a fluid to the surface of the substrate;

a foam applicator positioned proximate to the surface of the substrate and

configured to supply a foam to the surface of the substrate; and



apply a vacuumto substantially renove the fluid from
the surface of the substrate. 33. A systemfor

cl eaning a substrate, conprising: a fluid di spenser
positioned proximte to a surface of the substrate and
configured to deliver a fluid to the surface of the
substrate; a foam applicator ﬁ%sitioned pr oxi mat e to

the surface of the substrate and configured to sup
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bei ng secured on the rotating chuck by a plurality of
grippers; 34. The systemfor cleanjng_a substrate,

3eci t"Jéb@ siygsic@q fgr ﬁﬁc@gng asebsate, ag ’eitedhiRmlamyds lydvégcl%, the ?oam
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ng a soI por |qU| portio

l@@ﬁhﬂﬁﬁ&h@ﬂda%ﬁsp&h@nsysten1for cl eaning a substrate,
as recited in claim34, wherein the solid portion

i ncludes fatty acids.
35.  The system for cleaning a substrate, as recited in claim 34, wherein the solid

portion includes fatty acids.



