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the manufacture of integrated circuit (1C) devices, a
sem conduct or substrate, such as a silicon wafer, is
processed by placing the substrate through any nunber
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whi ch coul d danage the g ice if allowed to remain.
[02] As IC device featuf® Vébi?ti'nue to decrease in
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exposing the wafers to liquid chem cals have becone

i nadequat e. For exanBaCRKGR&WNDenal i nmersion
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[01] ghem fRAhufastied ofmtétalel Gaviie (K deoites,Chegthicahduetorwabstrate, such
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and dophm I‘rﬁknaﬂpdnﬁtbﬁicésl friaterfad iDeerhovededddsd, ok rmedifibé by exposing the
chem cal. Furthernore, after being raised out of the
substragg ong @hq:mlcghg)rmtqdaqfetuﬁﬁy In afditiop athgreampy \pe clepning and rinsing

steps té ge%\%qjesﬁgpgf Fi%t(% &E le%:ﬁ‘ 5{: s su%fs Zitg Cwhit gsctoruﬁf &arﬁ%e the device

ne un e can e hove
ifallowddrtslré}galand drying station. It would be desirable to
re precisely control the contact tinme and the tipe
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traditiofiBEiffiraésioni method,twisstehes estsante it sulraengyd aua lighel chemical, such as
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substracd@ny dbaltheulastge bedowerediinterthpcloaeissl and the first to be lifted out from the
chemical. Furthermore, after being raised out of the chemical, the substrate may still have a
layer of chemical adhered to the surface of the substrate for some time until the substrate can
be moved to a rinsing and drying station. It would be desirable to more precisely control the
contact time and the time to rinse.

[03] In addition, substrate immersion does not provide an efficient use of the chemicals.
For example, immersion requires significantly more chemical liquid than necessary to carry
out the desired chemical reaction or process. In some instances, this liquid cannot be reused,
or can only be reused a limited number of times. It would therefore be desirable to reduce the
amount of chemical usage for a given process.

[04] Finally, immersion techniques are amenable to batch processing, wherein a number of

substrates are lowered into the chemical at the same time. While this improves the efficiency

of the immersion technique, it requires additional handling of the substrate to load a number



[04] Finally, imersion techniques are anenable to
bat ch processing, wherein a nunber of substrates are
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i nproves the efficiency of the imrersion technique, it
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a nunberof substrates into a tray and then unl oad

of subdtRAY infoat fray A tienSuHISId k. | Bachaiflé @ Gubstrage is Hﬁm‘dtmﬂ i.e., moved
fromone process station to the next, it del ays

from op¢ peocess statondethe pexscislslays dis time, tca@eme?(bhroca%t%% “In addition, a
time dgg% %th%%ti %r%gvz{l %%Vs%'bst%[te ?ré)%PQ Shédis géc{){paﬁnﬁ etjfﬂs?r?%/ and drying
a washi ng

operations C

operatiohe Barﬁvﬁtlynﬁ)ﬁén @fnu&iﬂéﬁbf aﬁmra&rsearé eémwaﬂi at ormephut theh are further
then are further processed only one at a ti

processgd Ardy Bac dled Fm@bIlé“ioélqw%%séfah}ésteﬂ@flﬂlﬁtaes‘%blém f?Wﬁ’é%meS and to
prov1d9?og' r{lore %on%{ tgr"?t }Iagfihﬂgf)ﬁ %9{1] ess frgﬁt %rl'éasﬂgg kzﬂ@ d)é-nf; n_Fxt

rates rom one € nex

[05] OMELbecrEEmE hige Mamtgagﬁmeﬂoibede aber¢ds at fvedefotr smproveédnechanisms
for i roved nmechanisns for treatnent of a substrate
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ways, mc@ﬂsﬂg@mafmocq@s cosPphragIsaa sysienr adevics opeavdthied. Sereeal inventive

ste ncl udes a proxi m a nmechani smto nove
embodj eé“?)?%@?? Rfetsemﬁg‘éedﬁ\?n“taﬁe 9?&85%‘?9?18 Va substrate (or a
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nozzl es fornmed on a face of the proxinmty head, the
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with respect one to another, maintains controllable contact between the meniscus and a
surface of the substrate and causes a thin layer of the liquid to remain on the surface after
being contacted by the meniscus. The liquid supply is configured to balance an amount of the
liquid delivered to the meniscus with an amount of liquid removed from the meniscus, the
liquid removed including at least the thin layer of the liquid remaining on the substrate.

[09] In another embodiment, a method for processing a substrate is provided. The method
includes generating a controlled meniscus using a proximity head, the proximity head having

a face in close proximity to a surface of the substrate. The controlled meniscus is generated



surface of the substrate and causes a thin | ayer of

the liquid to remain on the surface after being
w@owwaesoszl by the nmeniscus. The |iquid supply PGI/US2008/008199

configured to bal ance an anmount of the liquid

delivered to the neniscus sith an anount of liquid
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node), sBREEF DESCRIPTION OF THENDRAWINGSt i al | y
constant volune of the chemcal. [10] The advant ages
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structuaX@@Riehist he principles of the invention. BRI EF
DESCRI PTION OF THE DRAWNGS [ 1 1] The present
[12] Figeaitd on anipetspbaivee sidiv yf uatd exemplady Hynplémerftatidrowif ray substrate
detai |l ed description in conjunction with the ’
processéf&i?’ﬁf%‘hyi ng drawi ngs, and |ike reference nunerals
[13] ®er@makRold 5 Shy Ut eahple] §PRALMatid IedreSn®tion 8f iaSsydtem for
perspective view of an exenplary inplenentation of a
supplyisgbshemiaal fr psubstrategsmgst eomiroflgdmeAisgus.e 2 shows by

141 e RN wof PR § HRRBE PG RL of RNy nead
having 6Rg1bd @lshesbineréafds. [14] Figure 3 shows by way of

exanpl e a schematic representation of a proximty head
[15] Figure 4 shows a bottom view of an exemplary proximity head with a wafer and

carrier shown in phantom.

[16] Figure 5 shows exemplary meniscus control system with chemical recycling.

[17] Figure 6 shows exemplary meniscus control system wherein metering pumps are used
to control the meniscus.

[18] Figure 7 shows an exemplary meniscus control system wherein the proximity head
includes dispensing nozzles and no suction ports.

[19] Figure 8 shows a substrate processing system having a first proximity head and a
second proximity head.

[20] Figure 9 shows by way of example a multiple menisci proximity head.



havi ng angl ed di spensi ng nozzles. [15] Figure 4 shows
a bottomview of an exenplary proximty head with a
wawdoenosaszl carrier shown in phantom [16] Fi guP@r/BS2008/008199

shows exenpl ary meni scus control systemw th chem ca
recycling. [17] Figure 6 skows exenplary neniscus
control system wherein netering punps are used to

[21] qQpireolo $Hdsvse AbSebsrt illukbBhtifg BYneay/oSEaiEplan rsesdquracyried out
meni scus control system wherein the proximty head

with a pyhsiratgasoctissipg 8¥itely- nozzl es and no suction ports. [19]

Fi gure 8 shows ubstrate.processi ng system having a
first proxim tyaDcEaHM]HEQIiESQmPJ&QNm ty head. [20]

Figure 9 shows by way of exanp ltiple Nj SCi
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rocess op er at |

nst ance 0
by suris | GRBREAG St sl RS G o A SGEHTOLRYF PBbgep he moved over a
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t urface, tension f t he SCUS, I .
controlffle, Blbsrbiorain imircts fhans Srpiechonlaned By Frrusit id detivery
and rethbal GORERS TRA 3O AP Bart Inﬁeﬁﬂ’&:@' WiIE a REREEIFRNE St system, which

meni scus is maintained by the delivery of fluids to a
may bes netivackedwhinl sonzd smbo@rrmtsng fiie delivarg systomt s grovided and no fluid
[ i.ns ont abl e. er nore, the
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[23] %ﬁr\éef Yis BN Ghek PRBNA  vES LETEN teh@inpBi ihipl@Aédtation of a substrate
interfaced with a controller a corrputl ng system which

procesgipy speemelor ke dhis | exagphe sehiitadé Heftis positiphed avithin a carrier 150

., delivery systemis ro.ied' luid renpval .
which G5y RRSHY UBRolr RS s D A e PIEETRIT halolgo in e
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i npl enentati on of a subst rat enﬁ)roces& ng system 100.

such as n sirtgle costatpiliconswfsr.r Alppen aad ilewgrogrpxingifie Headst Hilp 130, form a

menisci§ of fﬁud ]t')etween them. Carrler 150 may be connected to track mechanism 152,

represented schematically as two double-headed arrows on either side of carrier 150. In one
embodiment, track mechanism 152 comprises two slotted rails on either side of carrier with a
device that engages carrier 150 and causes carrier 150 to move between upper and lower
proximity heads 110, 120 in the direction of arrow 166. In one embodiment, a substrate 160
is deposited on carrier 150 at a first location on one side of proximity heads 110, 120, and
removed when carrier 150 arrives at a second location on an opposite side of proximity heads
110, 120. Carrier 150 may then pass back through proximity heads 110, 120, or over, under,
or around proximity heads 110, 120, back to the first location, where a next substrate is
deposited, and the process is repeated.

[24] Although only pair of upper and lower proximity heads 110, 120 is shown, any

number of proximity heads, generating a plurality of menisci side-by-side, with carrier 150



whi ch passes between upper proximty head 110 and

| ower proximty head 120 in the direction of arrow
was®9/ovsysone enbodi ment, substrate 160 conpri SBGI/HS2008/008199

sem conductor wafer, such as a single crystal silicon

wafer. Upper and |ower pro¥inmty heads 110, 120, form

a neniscus of fluid between them Carrier 150 nay be

passing€ EHROGH &LBh i@ séricaC kA PpREIAY Fiheisti carebe asinf@dcxample, to perform a
schematically as two doubl e-headed arrows on either
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substraga Kugtherdnaye, e oxienfatipnirfalie subgrata gg it mssab?twe%a@r proximity
heads fsrar&{tﬁydT ) ' {Hets%bg't 9? gl%to qurlggd toPBE %rlgt‘ﬁeg I?l%r&%ﬁﬁlgy, but can
ere nex substrat'e 1's deposited, and the

msteadweO\%eﬁ@alllySorfeﬁtbelairadani 2dgdle Al t hough only pair of upper
and | ower proximty heads 110, 120 is shown,

[26] du&s@mn&m@d@%ﬁwwcm@é@r [ rehigh mey be %g%neafiﬂ.mw%re or specific
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In s ura nmeni sSci

both, édmtrow(&féphﬁvementpef fearrigral 30 undlthé ylosd dfrﬂlatlsmntupper and lower
ste such as etch, clean, and then rinse and

proximpty, hes ridfe, | 201 The o Pedliidsety prsl frape PB‘B%‘W“é(nhe@Bﬁelrlo 120 is
control"f]&fjtolrﬂm{alrpﬁlg)fﬁ%gcﬁs n@@gtab%es a control |l ed neniscus

be generated on one si a substrate with a
[27] dHipgke2 phowk rbyt wageafl exqdple, lat schematicl rbpmetdfmaltidle ofiat syktem for
that, while in the exanpl e shown i urel
Supply §gER ChESa iR, 8 DR EGH g 6>aomr9l}£<ﬂ@%?a§cqfio Asy g in Figure 2,

prox1m:nﬁeheQHrlq@tﬁ18%solfo BE 1OV ahdr shibstlafe @éﬁﬂr&@§% %eerlgﬂtr as shown by

e substrate to remain stationary e the proXi
arrowsn@®ads thdtQherd mtelma&smmmembdtwmd @roxiimetyshebd;tlﬂﬁhad substrate 160.

Furthernore, the orientation r at
As a rﬁ?&@%%@é%@ﬁﬂﬂ@ﬂﬁ&? rﬁOWOﬂ%@gnﬁs fﬁﬂ @Pgrt h>i<§f3f’h111°1ty of
the substratd BE/SURSIHARAR dohtdiRlof ﬁguéHeﬁgcéloabtﬁlrpﬁdﬁpto‘?dﬁlm of chemical

orizontal 'y, but can instead be vertically oriented
remainder 202 aadhemsgﬂoesul{sﬁﬁﬂe 160 cser thait rsubstirdeli I6Onis effactively wetted by

: |ch e a neral ase or
proxingigiend 1 16 spgug e ¢ Bl £ s BB drtpscpgption, is no
mtendédstoqgé&ﬁt@]ﬂ%ﬂré%é’nt'r@ﬁh@e Girﬁ&'}éiotn§ 09fhe5&%fr1to‘ﬂ@fé:‘atur9§ SRR

control s t'the novenent of carrier 150 and the fl ow of
[28] fRroxidstyt beadppld) inghdiel apdeaspoox |dmpelyslm$adszld]106 (bR0 .are shown in
Figure %Sg‘oqr%edm{nog afcle Lil qsoftp?o%pnqtyflrle% Iol )l%roug whlcﬁ1 S'hquug) is supplied to
form a meniscus 200. The face 111 includes at least one flat region disposed proximate to
and substantially parallel to surface of a substrate 160, although multiple flat regions could be
implemented having varying elevations and/or shapes. The liquid may be deionized water,
RCA Clean chemicals, or other liquid designed to process substrate 160. In addition,
proximity head 110 includes one or more suction ports 114 (only one shown) applying a
controlled suction to meniscus 200. In one embodiment, suction ports 114 aspirate,

substantially only liquid from meniscus 200, and not surrounding gases. The lower proximity



controlled to maintain the neniscus in a stable state.
[27] Figure 2 shows by way of exanple, a schematic
WO 299068982 at i on of a system for supplying a cheei/tsi008/a8199
a substrate using a controlled nmeniscus. As shown in
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proxi mty head structure and operation. ubstrate
surrouqoinrtgzephuraigy of smcttmnw(ﬁts dll4 as sy ahulsd@cuhednmmbresdqmqll below with

S m 18 ch cal val m 190. e
reterend i FlFuEd: At ANRerceERanoT L oI GyEE EnreItle. g cxample,
dlspen&?g RENRASUNAPHOPRVARALANGg 4 Radink@dgE 8¢Y OF pR&kiRity head 110 and
chem cal s. For” exanple, a tertiary recycling system
suction(poots 19 Kona) bmgpvuc&denlmg uteiingtedge 448 of puminityrhicadll 10. In other

codtfR sV RO TR TG) I eles Il 7 S ensing
nozzles” Bl6Wr8ipRSided and no suction nozzles are needed. Although various configurations
of nozzles are possible, in one embodiment, each configuration includes dispensing nozzles
116 formed as independent and discrete through-holes extending from a face 111 of
proximity head 110 to an internal manifold (not shown) which equalizes fluid pressure among
the nozzles, thereby ensuring each nozzle receives fluid or a vacuum at a pressure consistent

with other nozzles.



t he used chem cal to chem cal supply system 180.
Chem cal supply system 180 may i ncl ude heati ng neans

w@ pwb/oed982n) for heating the chemcal, e.g., tRCEORNAYE@S199
the reacting power of the chemical. Control unit 130
regul ates the operation of 7chem cal supply and
retrieval systens 180, 190 to ensure that the chem cal

[31] fFigus 3t showadby M Geddaniilé a2Rerdditec aetpr@s@ﬁtan@hloefoh pﬁixﬁﬁlty head
so that neniscus 200 remains in a stable state.

110°. Rroximity keagt d 0" mqludeg dmsmmg Rezzlesnkl ortbal e @gglﬁdéo aromote a flow

o e GRRTLRTRRoFPIE, WpHEh TN Rl RS g e chemic

as welb db Dlickt ﬁctdré; sGEHtak Ghé Q@dﬁﬁﬁloﬁi@i‘fp%fs Qilﬁdafeo 160, Tiggded dlspensmg
the fluid fl omnna to and from nmeni scus 200 is

nozzless 93 maytimprexe i siyaamicswyithin s1eniscusi?9Q. ci ent
di t I
[32] %ggulr?: usrhg)WﬁanH&tgonr% Ivﬁ%r& atno g{f)l :'Bsrg)ﬁgﬁtgn}gcat?igfeﬁq)e@/ﬁﬁtﬁafer 160

and ca@Pes0 ehowld Phantoh. daye 101 of Prddimite.heb3QN0 linclodes a substantially
enbodi nent, proximty head 110 includes a [)I ural i

flat surgice ﬁesﬁgssqqigsuh@tzlzquéhy 11316”%1 e pehstraten$Oa Haced &l plsp lmluges a plurality
of dlStléHtfalsli?é’]n[‘)SH}% oévértslélﬁ6 o e%?&%r&ﬁéfc& &gﬁlm%_%ugﬁ&? ports 114. This

configuRatha i 1s q‘:ﬁ«fkfeh@blrfai é)&l’ﬂﬁpl&fy PRBEdee snBr ahdakai dohégufadibns are possible.
exanp S enS|n nozzl es 116 may be pravi ded al on
For exanpléam Age é@@@dm ofuchPB RO t ) 4radiot povider enarg Bplaced with

addltlogﬁrc}lf‘peﬁgﬁg %&él@% :Egg OVIh da%g h%l‘ %{é’%(())gl e,rr?g'nt!thg s gglrﬁﬁbegzl% 116 are

surrouritied Q)ydsﬁltﬁbth pbaté Q\MWIIh hmbfhfee embodinent,F gow of dispensdigg nozzles 116
di spensi ng nozzles 116 are rOV|ded and no guctlon
are dispesgd|abs lepdingesgef POkt Readal 1 @8d GofrY @fisHetiheomsy 114 are

dlsposéa%l?h%ur 14 og%lflgé k&'fj)g%ilg} @Bﬁea%npﬂfj' n‘tlea(ﬁ%%dge” it 1 a meant the

con clu ensi ng nozzl es
forwardedgensfgpexigent hewdcthali is direttte ehbowghe hibsesteextienndbning in relation
froma face 111 of proximty head 110 t an I nt er nal

to the subsirptel dn(¥ré1anelsTueMbRAIRINt cGSRANSEsNIZElF ol 19y g sieEspersed with
suction 914 h&'; ! %gklﬁe%kert b&hERY&RASUr i ng each noz zl e

ecei ves urd or a vacuum at a pressure consi stent
[33] \Wigure Gt bleowsnexahplary dichiseuguoetrd sistoens 259 with dfemical recycling.
schemat| c represent?tlon of. a ?XIH]t

l e head :
Chemicg] 355 B0 £GFTHSECOPRPSIiaft [T RO BB SR ey Mo S Tate 160, is
I p t f ’
vy O 0 S8, PARTBL G YUY, o onc
270, cheiscad 255 \is aflowék tac Flowi umder theesinfleticeasf gra‘hey tlfrau:glnﬂmd lines 264,

26t St BRSO SR S S SyAPE 250 s et
under ama%glrl]rﬂexerrpl ar? %@Z%imﬁlt%ﬂycoﬁg‘ggﬁ?&?%hﬁ%@pm%sg?& %g%%f%@&’lsor 284
and flowanetee286l Stinshovamical rptremalomnk E&@s ift flbidEopmounicatioy with suction
port llrélevellz(lj ﬂ%nldO liiug1 S|6(%l ds%?neaofs éh%%lgﬂtjﬁ in’meniscus 200 is drawn up to chemical
retrieval tank 280. In one embodiment, the vacuum in chemical retrieval tank 280 is adjusted
until a predetermined fluid flow is registered by flow meter 286.

[34] Sensors 262, 262’ signal control unit 270 when the liquid level in chemical supply
tanks 260, 260’ becomes too high or too low. In response to a signal indicating that liquid is

too low, control unit 270 operates pump 275 to recycle used chemical 257 from chemical

retrieval tank 280 to chemical supply tanks 255, 255’ via fluid lines 268, 276, and 276’.



flat surface disposed substantially parallel to
substrate 160. Face 111 also includes a plurality of
wWaele@ves982 di spensi ng ports 116 surroundi ng a pPCr/EB1008/008199

of distinct suction ports 114. This configuration is
presented for exenplary pusposes only and ot her
configurations are possible. For exanple, in one

ValvesVP &M} BRNGperftd bl QBnR6T disit 216 te@ufOthapFytd@Ehemical & supplied
replaced with additional dispensing nozzles 116. In

to the Carrcct‘rrélemﬁi@dpphémnk t he di spensing nozzles 116 are

551 THEERRERs HepbinPeafitoltf ovdn B8 Wiblein petering pumps 308,

310, aré hme&mabl fehBash 7. ﬁﬁ:@lﬂ@f«lllp ra%trdl fiyit BeAdperas atedering pump
row of suction Eorts 114 are disposed along a trailing

310 to duagechsimipal dramic ynw@hwppbow@gnd Jupabi idn aggetroljed yodumetric flow

f or war px t ea
rate o PR Bl o AT Cl ASPPRE ye LB, MigRRE P05 e aiven
to rembVE cBhRAY Bbfh rﬂeﬂ1s)éﬁ§ 2@0 %ﬁ?as@ﬁﬁ’@dbé&-‘ Bhemidhls REBRdMiGal removal
nozzl es 116 are interspersed with suction ports 114 ]
systemé%Oé Metaring phewr Sd Ob&ff @rewtzh eanablq airarsieiTipg chemisglgstrom their
respect}vg n&l &(}/ thrée&ri'gs?ﬁ% g@'@ut% %%:e% sg r\poﬁérgetl\% hﬁwcﬁ?e@o‘&@% a wide range

as a C

of presﬁﬁ%ﬁi’ér&hﬁ&s B&l’weﬁﬁ geesHldgand o@tl&@nAREo@bﬁﬂléﬂlb&cal@Q,epresented
is held by chem cal supply tanks 260, 260'. Wen

with lopgiside ippelers, wpy tmeeo prtRingbpuBBendre usad: yene embodiment,
controléypen‘%q‘f dlilZSSSmCﬁerlg 3f(9 to f g@y{’/ey gg%{nc%p?o dh%ﬁlst@O 9{ a higher

roug |nes I Spensi n

flow raﬁ@%bﬁﬁ‘oxlﬂ-lﬁgtrﬂexﬁwum 200D asd ten2) bwecher efaflow Qinbe eMiilhscus 200 is
tank 280 is held under a vacuum by vacuum punp 2 and
formedg ot gnethey mbogimpentnnptemgBialy exelupive ith athse ﬁwpdmts described
I
herein, %Qﬁitr(f)l lg]v% @ & cl)‘r/ﬁ%ruslﬁetgatlg gﬁm%‘%? tg 3%: f)gén El%egx)rﬁ?lll %ﬂiﬁngﬂ?f&us 200 at

a sllghflfyulbd'ef ifftfv 2618, thap MMctefing primipc 30 45 Sdriven n@népplys cReical to the
is drawn up to chemcal retrieval tank 280. In one
meniscyrh Bt e rannety slighibumers Auidhis dipanseddhan é%?qua%kp@germty head

10,3556} PR b ARG L st 202

[36] Fignal7 shows re&bmpm'rjz n&?@scw emtt&%yktbmu?»iﬂ) Wwherein pmox1mity head 110
chem cal supply tanks 0' becones too, hig

includef gisneBsing nez¢les ébﬁ gad tn@ Sawgprg ﬁaﬁs ilhdhi dARncRgint fhik emﬁodimem, the
chemlclilI 19 lfl'og aétﬁ'ei}pfé e Fdtnl alfeorllz‘lgﬁ’@# %7&% g%&ggﬁ@%&&ﬁ@&ﬁ& unit 352

recyc use retrieva
drives tm&kmg&ﬁhrhp 3(5!49%1 dalv suwhpmycal drdos cA&mjcal 56pplyi I6f and dupply the

chemical ok 2R SRoTSiEHFal<S 1 fialOneBCyAeTsts QU fogmed, control

unit 3§'gi gﬁ#’glg% ogxﬁ}(') S diént CHehfGl NEEhsals S6PRS YeonPelisaté 3@} chemical

ws exenplary meni scus control system 30
remainddre202i adherihg to sgbgdrang $6(BGAd Iﬁﬁmtlaﬂyeﬂsms@dcamercbiﬁ (Elgs 1, 4). It
should ﬁ?fg grgé)oét}ﬁ% asgeg(ﬂgﬁll)lg %lrrlo nt o tqlterc emlflcgll tma?)’foa%id%PoenraﬁgI %Sé removed
by evaporation and/or lost to carrier 150 (Figs. 1, 4).

[37] Figure 8 shows a substrate processing system 400 having a first proximity head 110
and a second proximity head 410. Proximity head 110 is substantially as described above
with reference to Figure 2 and generates a meniscus 200 leaving a chemical remainder 202
adhering to substrate 160. Proximity head 410 includes centrally disposed dispensing nozzles
116 surrounded by suction ports that aspirate a mixture of liquid from meniscus 412 and

surround gas. Proximity head may be constructed and operated as described in U.S. Patent



310 to draw chem cal from chem cal supply 306 and

supply it in a controlled volunetric flowrate to
woreevn9es982 200 by way of di spensing nozzl e 116.PEEUS0081¢P8199

punp 308 is |likewi se driven to renpove chem cal from

meni scus 200 and pass the @sed chem cal to chem cal

removal system 304. Metering punps 310, 308 are each

Applic&@da /26 DR39 HRISSIESEptE@bE30Y2082 Sorf I STPhieai Application 10/404,692,
respective inputs to their respecti ve out puts at

filed Marelc 3 52003} wihechr 416 inpamoratadekereindry referprge. r lingpe gpbodiment, gas
nozzle%d? ? Zsﬁgreougﬁll Isﬁgtlrj(gﬂtplg lﬁsl lget ?H;p)})tl hel l:mxtm' e'&)? n?t? en and 1sqpropyl

efTHtI ca epr esen

alcohol gRewsichl Rt {0RPrbeS the iBYrityyFeiqald- U@io@lbhﬂ&'r Iwﬂ’ﬁ: mamsas. In one
used. I n one enbodi ment, control unit 302 drives

embodmr@,r megiseusnd 13119 fasmeg| fremr deiainedamates %P@%yememses and
a hi gher .f a

remov o iAo} MR SO SRR S0P A% oAy misus

412, egnaﬂe@;thﬁmmnbodl ment, not nutually exclusive with

ot her enbodi nents descrlbed herein, control unit 302
[38] drigwed shewstynyayohprasuge ganylEplsvecnisa preamiprhsad 450 generating
S S| I t
memsc%ﬂg,r Iﬁ%% /-%)40 a%§11856 S'Itggﬁé\}%c}] btg‘(’)\ﬁ)se({ I‘Fa\fvarnﬂerrﬁnmté@n?f meﬁlsm can be

generaﬂgﬂnll\‘dﬁlﬂ@}je inﬁnishll ﬁl‘oﬂﬁmg}eheadﬂﬂgtﬁd be ﬁihtfdecdafl‘l}ﬁ%lﬁ m?lltl step processes

i spensed than renove oximty hea al | owi_ng

on subgirajegy| Forammle,o@efsmdarg BCAe ARG praqess faraiicon ajess requires
cal e

O T

removdﬂﬁéiaﬂﬁﬁﬁao@s&pﬁ{)& ng nozzles 116 and no suction ports
Hence, in_this enbodi ment, the chem cal .is not

[39] gegurv épwhpym@@weh%h?% dlusiating by Wy eltfxapi e rﬂf?%ﬁdure carried

o il SRR 6, BRSS! PGB, s i

by start bleck §62Zriand iprdceedeni qrrgio2BDawkerdinspeosialigd maddoas is generated
Once neniscus 200 is formed,, control unit 352.

116.
by delixgrpp 4 ehsmyalyfo s mp%lﬁ%tmusme#ﬁr&gﬁlng&Oﬁ%ﬁ? it Pog@mity head. The
tow cGPIREIRFIRY S ol RO PRPARISH T [y s i
above (vﬁlhg&ferdnce4!)o Fignrsliomﬂ kihe numdm§pmnﬂs tohatthex means to control the

i gi ble of the chem cal nmay additionally be
dellVCW@%ﬂG‘é‘é"Bﬁ’“&rfr‘gﬁb SIRGYSCYPd/ or | ost to carrier 150

[40] o gératlgm 58 thk i)?&)ml‘:rh@'l'ﬁe%d% ﬁ{b@?@ oferSHESLb&fte, leaV1 aving a chemical
protessi ng syst 400 having a first proximty h
remainddrComthed sabstexte surfpreoxXTha thenheddehahdePmayibe, for emaarple a film of

is. substantially a dez‘gzrlbed above with_.referen
€S

chemicabadiegE do MG PSGeloREReS I ARmFOEAGTSGY 3 BRGHORT i added to the
chemlcﬁﬂ%r@nglﬂje AIRERHTHRN tROLRENR LA YhiHORhy 8 ﬁla} %8t be hydrophilic.

Proximty head 410 includes centrally disposed
[41] dn snmeramongSO&) zuded schetiical uisr eptivaielly hymoued ifoom pbe tryeniscus using

suctlonaﬂgps orgulerdaltneth% g}o))%tmlillrtﬁ h%];dl Iﬂ h(cj)u{d 8e nm?ely ﬁ?lflsdependmg on the

chemical processes, the chemical may degrade and need to be refreshed by removing used

chemicals and supplying new chemicals. For example, if the chemical is used for oxide
removal and the chemical comprises a solution of sulfuric acid, the acidity of the solution
may reduce as it reacts with the substrate surface. In one embodiment, therefore, the
chemical is constantly being replaced with unused chemical for the purpose of maintaining

desired properties thereof. The flow rate of chemical removal may depend on the chemical



surround gas. Proximty head nmay be constructed and
operated as described in U S. PatentApplication
waio20ds9889 filed on Septenber 30, 2002, or U. BT/P810681008199
Application 10/404,692, filed March 31, 2003, which
are incorporated herein bylereference. In one
enbodi nent, gas nozzles 113 surround suction ports 114
and pr@dé@s SRR, dnHnstHer @mbbdivhdnt CgRMmied deplacemean)is ned eqbized so that
q whi ch act to inprove t he integrity of
removg |l%1wm@99$§p¥)’r barrier of the nmeniscus. In one
nbodl S 4 fir
421 TSR Sy 3Bk Fistiorty s But I By Lo RL A, e of chemical

delivere@ lf(ﬁtHédﬁémE&n%,w@ﬂ thel BAMER oF ¢herhical ﬁ:niﬁz@ddih& tﬂfﬂﬁimount of chemical
spot -free behind neni scus 412, e.g., at |location 4

remalnpgg] Thg pigceduye ghﬁg\@@wsmc@pd @xm{a@oa 5Kt E]]l(élld be noted that,
althouéb?@l Soi)g f? ot hﬁ-}ié%teﬁ] ;ﬁfg S%ivg(% Ilg% ef)x%é%lﬂgd gﬁgélﬁg'seggo%ag operations

may bd}ferfﬁ?ﬁb& @bncﬁiﬁﬁnﬂ? s @i aH toperatibhd fake bﬁc&@ﬁmﬂmneously
pr oxi m head 450 can be used carry out nultj-step
[43]  prlgwsh ég e fpreaQipstinanaen hag beary éﬁiﬂr%edtlﬁ éoglﬁ isérak Eprraeaposes of
clarity %lf%ﬂﬁér'g&nﬁfn Cﬁs\%lf 85 agflgérlat‘f’to at'Barflie cfl fafd r{;écﬁﬁt:atlons may be
renovi ng or nan a secon ste
practlcé@MiMe @&((b}ﬂﬁif théiﬁlp‘beadéd ﬁlaim§t&a&mng@mrﬁmaémbﬁdlments are
aces |on52 [39]. Figure 10 shows a flowchart 50

to be cpmmrsw ay Lvgtrasve ag not resiagteeand (e dewation IxaettP e 1t5mted to the
S r
details Yoich Hch B HTHEF BE oRISAEF R, BXCBER O BulyPEREdi15¢ appended
claims.and proceeds to operation 504 wherein a controlled
meni scus i s generated by delivering a chemcal to the
meni scus usi ng di spensing nozzles in the proximty
\thlbﬁﬁgn(ﬂ-e fl ow can be controlled by gravity feeding
fenical to the proxi mty head as descri bed above
with reference to Figure 5 or using nmetering punps or
ot her neans to control the delivery of liquid chem ca
to the nmeniscus. [40] In operation 506, the proximty
head i s noved over the substrate, |eaving a chem ca
remai nder on the substrate surface. The chem ca
remai nder may be, for exanple, a filmof chem ca
adhering to the substrate surface. In one enbodi nent,
a surfactant is added to the chem cal to ensure
adhesion with the substrate surface, which may or my
not be hydrophilic. [41] In operation 508, used
chemcal is optionally renoved fromthe neni scus using
suction ports forned in the proximty head. It should
be noted that, depending on the chem cal processes,
the chem cal may degrade and need to be refreshed by
renovi ng used chem cal s and suppl yi ng new chem cal s.
For exanple, if the chemi cal is used for oxide



renoval and the chem cal conprises a solution of

sulfuric acid, the acidity of the solution nmay reduce
W@200000898ncts with the substrate surface. |n oOPEI/US2008/008199

enbodi nent, therefore, the chemical is constantly

bei ng repl aced wi th unusediichem cal for the purpose of

mai nt ai ni ng desired properties thereof. The flow rate

of chem cal renoval may 0 on the chem cal and

process involved. In anm%odi ment, chem cal

repl acenent is not required so that renoval is

unnecessary. [42] In operation 510, the neniscus is

dont r & bysterh Yorgarbeessing@ substraguhansysedfm comaprisial:

delivered to the meniscus with the anoun cheni ca

eV aHi B et KV RRTURNFIIY CHCAHTSARInEGHEPIradprmahan & face of the

L
provimf3y BE54 HhE FcSHRFES 18 p ALY Al Dot SATAC; U prdRinic) head being
config\pédregdnerchté a cobmtenlteed lilcﬁuchmn'qscmsscmrn sdfams olﬁa|snk3;st1>".aﬂae.r ial,
t hey . operations. may be perfor ncur r ent at .
a1lduighgeply fhSuidgammppaiceian vl nF &aﬁ%qsylg TQ% R the 1uid supply
syster Beld U ehi2d & BRAACL BB A1IFA0 PRIISARI Mo iFscu with an
amounli bf Vllidulid hemapghfent théaherssusaihe allmangﬁesf diygid removed from the
|cat|onsrm edWIt n the scope, of th
memscawe ¢ lgasta ¢ wclazsgrd%afﬁﬁq ﬁquih%le iBdayir ol MG ariding on the
surfaceMfEhd QubBRate A8 %Heg[?rbﬁgm?}ﬁhéd I%éé%srcﬁrtef MR Andcdof the substrate;
restrictive, the i'nvention is not to be limted to
hhaedmhﬂ;rri 2 mowenhh@ralm;tythmd mash bespesdofthedurfacehpha substrate
he scope and. e W%Lents of tE appended cl ai ns. Wat
while I?aé,méinéﬁ‘ t‘?céb e_LSUbAt@S?@P q‘% MpTBeessing a
substrate, the systemconprising: a proximty head

having a plurality of dispensing nozzles forned in a
Race dﬂletsblsiemrqfﬂaﬁny flmtet cotmipeisingce having at | east a

Ay flat. f t.h head .b
BBt edasthetafited e SEeng ARCBS PLIF e e Yalsetotnd
8 IRMId ReRVal sRtal Q§ﬁlgﬁ§1ﬁg advabhngtHisBurte P kvid britbhidation with the
conmuni cation with dispensi ng nozzles, the liquid

suctionsnapts) thesyestrem sgwsmgapnpdmﬂg guostiolled yetiande thesuntionrorisfso that a
A TN M N R 1 A T

supply H@lm)fﬁ% fheamuid o BRNNSAMSud 4ACd Adn@tcbufieREt td céipéhsate for the
ayer of the liquid, the thin layer of liquid

flow ofrtbmhqlndrﬁ@atowmedlbwﬁh@quﬂ remeval gpyfemat e as t he
proxi mty had passes over the surface of the
substrate; a mechanismto nove the proximty head with

Bespeqhet siehf of IARCE WherdinStheSHlialiey Whidigpensin nozzles and the
mai ntai ni ng contact between the substrate and t
suctionmenis g @rranged on the face of the proximity head so that the plurahty of suction

ports are located centrally and surrounded by the plurality of dispensing nozzles.

4. The system of claim 1, wherein the liquid is fed to the proximity head under

influence of gravity.

5. The system of claim 2, further comprising a flow meter configured to generate
a signal indicative of a flow rate of the liquid being removed from the meniscus and a control

unit controlling an amount of the suction in response to the flow rate.



2. The systemof claim1, further conprising: a
plurality of distinct suction ports forned in the face
w@Rooviesogr oxi mty head; and a liquid renoval sPGI/EN008/008199
conprising a vacuum source in fluid conmunication with
t he suction ports; the vacitum source applying a
controll ed suction to the suction ports so that a flow
&t herHel Gidieth b cla@AD! 8ehdréiarnthé peoxiBitystedd is a first proximity head
substantially w thout draw n as; the liquid supply
and thegaenisensiihg firdi endnisgus,dhe systane rSeWPNIENga | ow rat e

sufflc ent .t qQnpensate for t I

Ao B 0 SERE e, Bisg M oy A Eecohfifomity being
positioBdBARN thé figdt Prokizity'Wadeiubh ke 1 ticahd yenddcuslicomaats iangprtion of

nozzl es and the suction ports are arranged on the face

the surggcet prevmuglm mm@nterﬁehm the filshmenisup| e ajerend groxdmityiknad being
conﬁgl.EF{J Zpl%rv?d a?ci g & &F %urﬂler ¥re?{}rqe.n§ %F E’%ﬁé\gja?%f k?P{e fl%\ﬁd remaining on

ensi ng nozzles ste

the surfak@bhd dsy m@gﬂiﬁac@ the liquidis fed to the proximty

head under i nfl uence of gravity. 5. The system of

claim?2, further conprising a fI ow neter configured to

ner

Ig]:eqw Zﬁ%e ?rs_]t%m?%?rcée\l}ggg,f \%@éﬂeinht e%h]:n]ugl‘g cg:nggrsqle E\{ﬂ%trlate from the
prox:muplhtea@ﬂmné@éddnﬂ@r@ﬁnﬂﬂyman of the suction in response

to the flowrate. 6. The systemof claim5, wherein the

proximty head is a first proxinmty head and the

%Em SGH)% g)%te?n fdfr &5 1nI &/ﬁé{% 'ﬂﬁ: %%ﬁhte m“fll‘qu'iéﬁémoved from the

conprisin ead gener at
meniscﬁ@ﬁﬁﬁdleﬁfeﬂllysﬁélﬁnn Id?&r Sﬂherllquﬁf oxi mty being positioned

after the first proximty head such that the second

meni scus contacts a portion of the surface previously

ont a S Ximty

Sead Boligred o Frokkishte LR BEK e P COREARET

fgendrhgiig & cemistdtmeatisoug ingla pioxinhiey hezqi,l Itlﬂ: ProRimhing h@d having a

on the surface and dry _the surface. 7. ac, ystem o
face mcqlesemr@xnméf%aﬁwfﬁee ﬁﬁ&%ﬁﬂ@ﬁﬁ@eﬁhe\/@% "eq%e iag @sflrhéfaé‘tlally flat

surface Jrnx%ll@ C| aﬁ%ﬁd%&% vé% %‘ﬁggﬂ QX InEhdidal QSQH(; glemscus

e sys ere n the a unt of 1 qui
through‘ élﬂn\t&:dld‘zzkasrfmhednﬁmesfausd the lpuabamityriendt he thin | ayer

of the liquid. 9, nmet hod for processing a substrate,

Y IR EERIOT FHBE h%qﬁn@ver g&h é%%tm%gsoa&ebm s dlgpontact between the
meniscE?QﬁdsﬁlléSSu*ﬁ&éqgf @le%{lggﬂ'ﬂé h%vgg ﬁgm § B2t RbQXolth % s@@&lﬁl location on

ving a race i1 n cl ose proximty to a surface of

the sulstibtet it eqovirpe of dmeprcm:ﬂnuﬁlhegdacasmbgteanheraicblyraihander to be left
behind on the surface of the substrate at the first location, the chemical remainder being a
layer of the chemical from the meniscus that adheres to the surface of the substrate;

balancing an amount of chemical being delivered to the proximity head with an
amount of chemical removed from the meniscus so that the meniscus maintains a

substantially constant volume of the chemical, the amount of chemical removed from the

meniscus including at least the chemical remainder left behind on the surface of the substrate.

10.  The method of claim 9, wherein the proximity head further comprises a
plurality of suction ports formed in the face of the proximity head, the method further

comprising:



surface, the controlled neniscus being generated by

delivering a chemcal to the neniscus through discrete
woowz2hessst ormed in the face of the proximty heerrs2008/008199

noving the proximty head over the substrate so that

an area of contact betweenid he neni scus and the

surface of the substrate noves froma first |ocation

tremavin@Che theARcl i fedin Qhe tnikdiud Byr &ptyinghe comvilied Qiction to the
the proximty head causing a chem cal renmmi nder to be

suction pdrts, Biehiemovang bates perferred sof thahhe Jigyid ehamicalis reppoved from the
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surface of the substrate; bal anci ng an anmount of

chem cal bein&pdellvered to the _roxinité@head,mﬁth an |
driountThsf methediof alaim Sqvherein therfelimeringpf te ghemisal fpgthe meniscus

t he ni. $cu ' LS i al constant vol une
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the nmeni scus including at |east the chem cal remai nder
| eft behind on the surface of the substrate.

10. Th ,
et hod st methadned clajmel bi whemin Hreorioxmify Head ﬁuah?lthmprlses a
. . ¢ ti .
purat GRS, ol WAL o s S, BETLBIGnI9TIR, VR W e
compri§id@pPri si ng: renovi ng the chemnical fromthe nmeni scus by

applying a controlled suction to the suction parts, .
{rRBOY BEDE rifemesah dTqse the maRISCYS bynarplyIRg 4 Feirelled suction to the
e Coal i . o a .

suctiorlp i 6 rel i AERAE RS, ARIE DA LER S HEhORD from the
meniscg&sia thd suctiva poetks hathoat diahanga SybstdneinEvelutnbef delbiene gas) g

of the chemcal to the meniscus conprises feeding the

dPRESTIERE 2 HRwdinte ofthe ehrsricelbegigarsmoyed#ndne neni scus.
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Fop A st Sbuitedh Mok O g e H B8 BT el ovlying
the suction tdéhefsacttoroportshe proxi mty head, the nethod further

conprising: renoving the chem cal fromthe neniscus by

applying a controlled suction to the suction ports,

tihe r Vi [ -peg f : Ui imitv h

e o inBAod SRR SRTRE B8 frdfmib el 74 st progimity head
and thepaerniscusiit A diudt nokmdssusgha systdns fattter abmpokinge of anbi ent

gas;, neasuring a flowrate of the chem cal bein .
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suction to the suction ports. 13. The nethod of claim
portionSf tdsuréica afthethp fostimertiscuk eantacts tlee partien ofthexsunface; and

head . : . : : o
removing the chemical remainder and drying the surface using the second proximity

head.

14.  The method of claim 9, wherein the chemical is not actively removed from the

meniscus by the proximity head.

15. A method of using a proximity head to wet a substrate, the method comprising:
causing the proximity head to generate a controlled meniscus formed of a chemical,
the proximity head having a plurality of discrete dispensing nozzles formed in a face of the

proximity head;



and the neniscus is a first neniscus, the system
further conprising: generating a second neniscus wth

W@ 2®e00982 proxi mty head, the second proxi m t yPEEUSZH08/008199
positioned after the first proximty head such that
the second neni scus contact4s a portion of the surface
after the first neniscus contacts the portion of the

gjéﬁlftl@ﬁﬁi,g tBe SuiseaRVAndght Peoxidanihesd i c1o® mrdeimianeith each other so
ying the surface using the second proximty head.

that theaaeni¥ins QQB(RISANGNS BATARHY boungedbyithe sustratéeni cal i s not
aCt i 1¥ge li%e {)F)&%ﬁlﬁg h&'é&) 'Mﬂ‘ ?esg&w tﬁctﬁé smfﬁﬁal?f sb éﬂﬁ(t' éﬂv\g%éaaof contact

betweeﬁ lib@frfeﬁis@us dddethestiffact (ﬂﬁh@ Smliﬁtrﬁg; mG@&Q;Sﬁ(Elg atfirgt location to a second
proximty head to generate a controlled penis

location on the slistrates HienineXing afithe praximiy hgadeansingad Fhﬂﬁigal remainder to
be left Béﬁiﬁé‘ I# %{Jﬁﬁfce dF ﬁucers%zugtraﬁé ﬁpﬁgg‘g&?o%ﬁ)ﬁgﬁ%h@g@s 1) r%rgalﬁder being a

layer ofithe chb@idal &imthe Yndeds that adleses tpioxsurfacy ofitlicdsubstcdte; and
ot her so that the neniscus contacts and js parti.al

belaneiss ¥y amesnt oh<shemical being Aglivered &0 dhe rﬂr?’y‘nH@aggad with an
L f der so that
smountthf chehFERTEhalel 3 ALRTRIELEaCE iR or ¥, SAERCH ropainder so ha
the megishistmsihainsovadsfantatiyacdnstaat volanetafoire ¢hendcadecond
| ocation on the substrate, the noving of the proximty
head causing a chem cal remai nder to be |left behind
4ige Sulrl}‘eaﬁl%fh%fd {)pSla I Fhé&efil l}eh ofxir?ﬁi He8 3ubR G comprlses a
the chem cal renmain el ng a he chem cal
pluralityr @mﬁdmmrrpm§¢¢maihﬂt teed feee esf tha pmlmmy flmad, dfe tigéhod further
Substrate; and bal anci ng an anount of chem cal being
Comprlﬂégi ver ed to the proximty head with an anmount of
8%9 uslf:&E RYGtal HIM Hﬁem LRCHP a@ﬁla%g@?%throl@d §f%ion to the
remal nder so t at e neni mai ntains a
suctionspdm*.t &retneaidv%g:bmﬁg @atfonm:édJmsthaf thehesed rohenoaal .is ﬂeﬁnov‘léldefrom the

met h of claim int rOX|mt ad .fur
memsce%wﬁﬁ aying 43 apy SroTTe of BRbISB ES: HsrdRbECTIRg P the'chemical

supplylﬁlgcae s@fficidi® VTN Brithe Qﬁ@lqlcai he c@ﬁltpléﬁglté Y6t BS "amount of the used

nprising: renoving used chem cal "fromthe neniscus
chemicbyreampwkd.i ng a controlled suction to the suction ports,
the renoving being perfornmed so that the used chem cal
is renoved fromthe neniscus wthout drawi ng a

§4Dbst el fernt@l Hﬁ%la‘?ﬁl 3FP LI Afe ﬂlﬂl‘%h%’i"deﬁfchBQ Srts and the
t he chem cal supplying a sufficient vol ume of
plurality hefndispansing marajes resataerahged am thﬂnﬁimtofothetmgxmgdhead so that the

plurality of suction ports are located centrally and the plurality of dispensing nozzles

- surrounds the plurality of suction ports.

18. The method of claim 15, further comprising;:
adding a surfactant to the chemical so that the chemical adheres to a surface of the

substrate.

19.  The method of claim 15, wherein the chemical is not actively removed from

the meniscus by the proximity head.



chem cal renoved. 17. The nethod of claim 16, wherein

the plurality of suction ports and the plurality of
waele®peessng nozzl es are arranged on the face 0PCT/082008/008199

proximty head so that the plurality of suction ports

are |located centrally and tshe plurality of dispensing

nozzl es surrounds the plurality of suction ports. 18.

e met btk forgiraéditihB a sibstidie the PN somprisiagdi ng a

surfactant to the chem cal so that the chem ca

adprxinsity cheadseerifiguieedofto t graceid st canteolledo menpsusfprped from a
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of distiftSheior surtsFoRtessn Aface duhsproaimity héwl; syst em
conprising: a proximty head configured to ?enerate a .
ectiemival sepPky ISR P rAOAARGS RORtAAHB A HHPPIY KE the chemical, the
. r oxi mi . NQ I i 151 .
e e A
RO¥dcGuhOJoiest, @it sudtid@epdfs bdirg i duidricbmniimédhtioa with the vacuum
chem cal supply conprising a contai ner containing a
source;sypply of the chemi cal, the dispensing nozzles being

in fhui. [ L QR_Wi LCal ' :
o TV QO DRLSREBLESLs SpREL Yoo Sbsrac white
maintai@HEtelitaaticonesti the mbsissacandnteoduifaee of the chlesniase) the movement
_ nove the proximty head with respect to a surface of %
causings afbin laver whithe lidkichtairamay enthasurfags; debeipg contacted by the
- l.scus and the surface of the substrate, the
memsc%\%ﬁent causing a thin layer of the liquid to remain
Qncdni®l smitf alge calti@r ulieiopgracioelyacinadctby tb hthe niheirscal ssupply, the

and a control wunit, the control unit,operativgly )
vacuun: ek e thomepanisenthe sPngelgpliybalencing a dodnpkiygcbgmical to and
: ' . ; i ancing a flow
from th@ftr i KEBHP o Hinid ol bt Bl o MR o o "That ¢ he
meni scus remains in a stable state. 21. The system for
rocessing a substrate of claim20, wherein the vacuum
Sour cdhe SHPFMSIOE PEOCGSNNA ArpRptpte FLlaim, 5,3‘%?%%? vacuum source
compﬁ&k%hﬁk%gn rein the chem cal supply further
conprises a downwardly extending supply line and a
control valve, the chem cal being delivered to the

22. The system of claim 20, wherein the chemical supply further comprises a
downwardly extending supply line and a control valve, the chemical being delivered to the
proximity head under influence of gravity, the valve controlling a flow rate of the chemical

through the supply line.

23. The system of claim 20, wherein the chemical supply further comprises a
metering pump, the metering pump being operated by the control unit to supply the chemical

to the proximity head at a controlled flow rate.

24. The system of claim 20, wherein the vacuum source further comprises an
evacuation tank in fluid communication with the suction ports, and a pressure meter
configured to generate a signal representative of a pressure within the evacuation tank, the
vacuum source being in fluid communication with the evacuation tank, the control unit

operating the vacuum source in response to the signal to maintain the pressure within the



proxi mty head under influence of gravity, the valve
controlling a flowrate of the chem cal through the
WG eplogsdBi ne. 23. The system of claim20, wherRCTIUS10688/008199

chem cal supply further conprises a netering punp, the
nmet eri ng punp being operat®wd by the control unit to
supply the chemical to the proximty head at a

evacuaGé tan@l dteddédiew 1eadl Sthereby coneroHiitit &mudbust 6f the2themical removed
wherei n the vacuum source further conprises an

from the yagniggns by theawRtipmpentyi d conmuni cation with the
suction ports, and a pressure neter configured to
generate a signal representative of a pressure within
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suction ports. 25. The s%stem of claim 20, wherein the

dbsperdemysian,of daim A0, vhereu ibeistable,datesolthe maniscyg ggmprises a
- head so that the
memsc‘g{}batr\);\r%%g&gp%g%ﬁ??%r%mglrvtméﬁ%ere | ocated centrally and
surrounded by the plurality of dispensing nozzles. 26.
The system of claim 20, wherein the stable state of
t he meni scus conprises a nmeni scus having a
substantially constant vol une.



