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15  potential source of contamination. For example, sources of contamination may include process
gases, chemicals, deposition materials, and liquids, among others. The various contaminants
may deposit on the wafer surface in particulate form. If the particulate contamination is not
removed, the devices within the vicinity of the contamination will likely be inoperable. Thus, it
is necessary to clean contaminants from the wafer surface in a substantially complete manner
20  without damaging the features defined on the wafer. However, the size of particulate
contamination is often on the order of the critical dimension size of features fabricated on the
wafer. Removal of such small particulate contamination without adversely affecting the
features on the wafer can be quite difficult.
SUMMARY
25  [0003] In one embodiment, an upper processing head for cleaning a substrate is disclosed. The
upper processing head includes a first module having a leading edge and a trailing edge. A top
of a substrate to be cleaned is to pass below the first module in a direction extending from the
leading edge to the trailing edge. The first module includes a row of cleaning material dispense
ports defined along the leading edge. The row of cleaning material dispense ports is defined to
30  dispense a layer of a cleaning material downward onto the substrate when present thereunder.

The first module also includes a row of rinsing material dispense ports defined along the

trailing edge. The row of rinsing material dispense ports is defined to dispense a rinsing
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20 includes a row of vacuum ports defined to bisect a leading edge of the leading portion of the
projected curb. The row of vacuum ports is defined to provide multi-phase suction of the
rinsing material and air.

[0005] In another embodiment, a system for cleaning a substrate is disclosed. The system
includes a substrate carrier defined to move a substrate in a substantially linear path while

25  maintaining the substrate in a substantially horizontal orientation. The system also includes an
upper processing head positioned above the path of the substrate. The upper processing head
includes a first topside module defined to apply a cleaning material to the substrate and then
expose the substrate to a topside rinsing meniscus. The first topside module is defined to flow a
rinsing material through the topside rinsing meniscus in a substantially uni-directional manner

30 towards the cleaning material and opposite a direction of movement of the substrate. The
system further includes a lower processing head positioned below the path of the substrate. The

lower processing head includes a first bottomside module defined to apply a bottomside rinsing
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20  one embodiment of the present invention;

Figure 3B shows an isometric view of a vertical cross-section of the lower processing
head as cut lengthwise through the second bottomside module, in accordance with one
embodiment of the present invention;

Figure 3C shows a vertical cross-section view of the lower processing head as cut

25  perpendicularly between its leading edge and its trailing edge, in accordance with one
embodiment of the present invention; and

Figure 4 shows the upper processing head positioned above the substrate with the lower
processing head positioned below the substrate opposite the upper processing head, in

accordance with one embodiment of the present invention.

30 DETAILED DESCRIPTION

[0007] In the following description, numerous specific details are set forth in order to provide a

thorough understanding of the present invention. It will be apparent, however, to one skilled in



Figure 4 shows the upper processing head positioned above the substrate
with the | ower processing head positioned bel ow the substrate opposite the
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modul e %39, and an output module 123. A substrate carrier 103 and corresponding drive apparatus is
defined to provide linear movement of a substrate 102 from the input module 119, through the
25  processing module 121, to the output module 123, as indicated by arrow 107. A drive rail 105A
and a guide rail 105B are defined to provide for controlled linear movement of the substrate
carrier 103, such that the substrate 102 is maintained in a substantially horizontal orientation
along a linear path defined by the drive rail 105A and guide rail 105B.
[0011] The input module 119 includes a door assembly 113 through which the substrate 102
30  can be inserted into the chamber 100 by a substrate handling device. The input module 119
also includes a substrate lifter 109 defined to move vertically through an open region of the

substrate carrier 103, when the substrate carrier 103 is centered thereover in the input module



al so includes a substrate lifter 109 defined to nove vertically through an
open region of the substrate carrier 103, when the substrate carrier 103 is
cent er ed WRSPHHNRHS| n t he i nput nodule WO 2010/ 129115PECX{US20902029273 5
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25  [0014] Once the substrate carrier 103 moves through the processing module 121, the substrate
carrier 103 arrives at the output module 115. The output module 115 includes a substrate lifter
111 defined to move vertically through the open region of the substrate carrier 103, when the
substrate carrier 103 is centered thereover in the output module 111. The substrate lifter 111
can be raised to lift the substrate 102 from the substrate carrier 103 to a position for retrieval
30  from the chamber 100. The output module 111 also includes a door assembly 115 through
which the substrate 102 can be retrieved from the chamber 100 by a substrate handling device.

Once the substrate 102 is retrieved off of the substrate lifter 111, the substrate lifter 111 can be
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shows arbiingerstthe ower epcessingheadgd8ris gefbred 48 pPpdomeadinging preagsseRit e baiew

wi th one odi ment. of t resent .inventi ' 117
el udesutine dsBenthdeiey B if S sBiiG Yo Ry HE s BRI EH, o
117A and,agosL6apsileRE! ehardué apdd dad 16%er piocsdsiricopaise 1 Tagull e3 Jiihin trs an
effective | eading edge 201A and an effective 25 traili nge edge 203A. The

secdhd tpopsisdes methile 1217@nhhe defined flecpdrfpem| eagliongnekige subsgatenarogessing

effective trailing.ed 03 .of the substrate t | ean i 0
pass sedRERHPH |o§;gg1§ I %&S%ﬁg B*qusl%&gﬂ%ﬂaggt She nteo%g?() emﬁlgtdg %glpﬁ%?%gdarlfgw 178
in adi 3)?8cteisﬁﬂg gxdagndy Req | (O Withhemk Eﬂ%i&%g&ﬁ@@ul&ﬂl b defiged foadphh AQiAGger 143
of the upper processing head 117. T

erefore, duri ngg\frocessi ntg, t he
subst r atof thasbesatbdD3vsuch ¢hat ions pass o shalvibsisetalcarrien 798 hndey/oderrtae uppmy/lower

extending 30 fromithe effectjve |eading.ed 0lAtq. the effective trajling
edge 203’%?03??}%?‘6%‘{%1 157210158t Wﬂl Broﬁgssssaé]serglé’f%\%%ttﬁ%%Oéf’é%eg}?&l 9 %cleaog'[th%a&tfsga 17B
in godirggtion extending fromthe effective | eading edge 201B to the

effective trailing edge 203B. WO 2010/ 129115PCT/ US2010/ 029273 7 [0018] In
one enbddOnyitigure A slemenah isopeirteviewdefl the WpPS proceseingriedd dd emt dcgdidgnce

5 cont 1dbaee FPPROTFE pf R TESBLIHETATE PDTPIRCTHE TRpn  dPOMSary
maul e T B L b e iR
first tod9BdGhedfitsl ®piidd Ancdilatll Ve Has anheffetibs feading ellgeetilidoandfin teffavtete
ben%%t h t}rarillei}nguchgeé‘r203A. The second topside module 117B has an effective leading edge 201B and
an effective trailing edge 203B. A top of the substrate to be cleaned is to pass sequentially
below the first and second topside modules 117A and 117B in a direction extending from the
leading edge 141 to the trailing edge 143 of the upper processing head 117. Therefore, during
processing, the substrate passes below the first topside module 117A in a direction extending
30  from the effective leading edge 201A to the effective trailing edge 203A. Then, the substrate
passes below the second topside module 117B in a direction extending from the effective

leading edge 201B to the effective trailing edge 203B.



processi ng head 117 during processing operation. Also, in one enbodi nent,
the first and second topside nodules 117A/117B are independently

control | WPE1HZNEGer, i n anot her enbodi nent, the first PERASIEOORR7E opsi de
nodul es 117A1117B can be commonly controll ed. [0019] Figure 2B shows a
vertical cross-sectional view of the upper processing head 117, as 10 cut
perpendi cul arly between its | eading edge 141 and its trailing edge 143, in
accorda i Hodi gals ' ' [ es
of the. donay'th Bnd BELSARRAL TR terhd ORSIOBERSAIG | [T BUCy cof@h A aREAtIorS
bot h of th¢ Gist espsziy @mndul2 B.1 7Ah&hel pgrind pomidssiodgie H4&B i3 Téntiguoub evithethe st
fromessenti all type of material, astic, that is

i a/am{ e.q..,. pl nmetal, etc. .
compat| porsidg mAdylad 1 ann demirRrer Biocﬁ%ﬂf&h?@geldﬂﬁngu‘?&r%é@é% cHeetivereadinmrdseused
i soi 092 ot o< B Bpf RRRR I L RE BBy YHE R Aikans

cl eafii n@ ey Bst lpsidie IpRise 1 PRX tedatA@AA thebubsadtealiogort betrafel betdathetht @ppémg

edge 201A. The second_topside nodul e 117B al so includes a_row of cleaning
mat er i alPreficspeh deap iy AWHgEIEEISPIRE PPETAIRY. 1w, dR et spkodimsel fke daxjeandolB.

Each ro f iC N Il Lepens i i.pe

di spens \ge%nldagoggﬂg 15 93&@%86(:1 I1 Zj%lﬁ 'r% %gt glfj ?g{nhgrgmﬁg \%gilrltd&)q%meo %gﬂ’gé\}se 5 ng[ %lg(fﬂéervm en
present chivedpwhdahe fildiand band psideheyduids 1d78MaNBeapde tomaRAA HaaBliat. e
connected to respective cleaning material supply flow networks, such_as
descri bd@801H FegurpRdshaysie Bertipadtcspgs-saphinmiat stepoefl e uppey nresessing heaghiléh s

i ncopporated herein.in.its entinety.. The ¢ I.hg. nmateri .di_ spe orts
200R0 206! Ertmoiiel b Sebein ool Pl en ¢ har ST Lol BE 1 o6 RRIBRR A <
conf i gurgad ch®olintindbZ fiedrésehti@tionr vVafiodsTeatuiep 8F thedPphr H6&&SnE UedtERAY k17,
whil e ensuring that the substrate passing beneath the cleaning material

di spensadligsossed hegdmcaobareferenceddo dwth etiFigyres e endaBi e nprcs pregessing head

subst ant.i.al | y uni form pganner, 021] I n one _enbqadi nent,, .the cl.eanin .
ator | a1 141 Shefode R EPB0S b b e Aol RE 5 B obirate dnder St W i,
e. g., hob&patible valohBeEmRERARIFRIMtfer AR REtsH SndBctlitAd usid IRSEIS Carthhts
30 209A/ 209B are defined as one or nore slots extending in a |length of the

uppéb priscapsblerng bhimgdornied. intorthe penfigupasiwinrdiselosed hererl eani ng mat eri al

R e TR
2010/ 12 %%kﬁ?ﬁ#oh@%fe@ﬁ% 1e3difg 2AELP0 1. TR seCorDBpdidSottile! 11MBla@oSindIBAes

second (m1 sec), a correspondingly low cleaning material consunption
of abouta % ofi dli¢aning masripledispenbs portst 209Bddfmet stongttey effative leading adgednl Big

terial_dj rts 209, 09B d thej i d, cl i t eri.al
TRt S AR R PR R NI T
havibpg \é%a)ﬁ;fr%gg&'eﬁ@ &RInw2Pd ORBthd Sbstrh@UARh préseRNBeRFRRET TR leantd¥emsteaaNi Ng

material re nced herein can i nclude one Or nore Vi sqoel astic materials
f or ent rdigpehstoparGrQAl (9 sc pomsetet] tonespbivs widaning nofteri A supsplip Slowategworks, one

exanpl e enbodi nent,. the visco stic terial is fl by. pol yners of

| arge nﬁPQ&ﬂﬁ %Scmdgﬁtcp‘ﬂeﬁa&ﬁﬁ'ﬁeéat@%ﬁ%ﬂt&%‘ﬂilgﬁﬁégﬁ h‘@t\‘lleﬁésa_ Fergorated

Mt e | Alotdin 3n 48l enkitdif PR ¥idRAing 'hukeh heAAOLOK 26XQAD0E AERAGY Tekiarddhe
cleaning material is a sol, 1.e7, a colloidal suspension of solid particles
in a |igléalingl matgeil sapplyhftow eatvadisha@atconfihred toemniimgzenmfoemi fadtor of the lupgen d
sol ution. Contam nant_particles on the substrate becone entrapped within

vi s@del 5pseesipphpshihl velNlG FnsPHRE (st kheofubsiiate assing Repeatlt BeicgannggRetsfhant

ticl iRt ; el _ _
Bibst r arierEpe, RRCEPLEME il oo SRN HANERI AR R p ALl PHRCAA bilform
manner.

[0021] In one embodiment, the cleaning material dispense ports 209A/209B are defined as a
row of discrete ports, e.g., holes. In another embodiment, the cleaning material dispense ports
30  209A/209B are defined as one or more slots extending in a length of the upper processing head
117. In one embodiment, the cleaning material dispense ports 209A/209B are defined to

provide for substantially uniform and complete coverage of the substrate at a substrate carrier



15 substrate by way of rinsing. Sonme exanple cleaning materials suitable
for use with the system di sclosed herein are described in co-pending U S
Pat ent APWOI20HYi28HSNo. 12/ 131, 654, which i s incorpor at e@CRARIHRNR73 t s
entirety. [00231 The first topside nodule 117A includes a row of rinsing
mat eri al di spense ports 211A defined al®ng the effective trailing edge
203A. The second topside nodule 117A also includes 20 a row of rinsing

mat er i ag%e%h r%(rg 3}9 g?‘ ARl 6 r@iiﬁlrﬁeta%fﬂelp sstofll nayioR vafl @@ctriéégoﬁmﬁg'w 140 cREgAg

203B. E rinsing material dispense ports 211A 211B is defined to

di spenseagerial nshsagnptigh exfi ahbutd2wmikilitere peo sutistats (bd Y subsieatah &Xlsrtbe eleaning
t hereunder. | n_one enbodi t ch part in the row of rinsi.ng naterial
di spens 8451 sTisPPIRg PPIS g@n‘ﬁg?ﬁﬁe@dt amﬁa\?ésoﬁla_quaﬁ]f?f‘%lpgo?]a B ﬁtsu]ﬁ).%Sh?Vﬁch,
and ad) gesR oLt Be Belal AW Rhny UITEEAE TR RlaucHaRPRRSE; PO Ebta115

are 25 separate center-to-center distance of ab 125 inch.
Howes/ er prdpertiloul d be understood that in other enbodinents, the row of

rinsing material dispense p rtf 211Al 211B can be. defined to1 f&ave a
di f f er elf023i J& opp gmbpdiEaRy, the sloapng MUCHHJIHCPH Jeret &3 HCTYds oBF SR

therefr Q/{E'abaas%csrﬂbt%ﬁ?lg %o@%%%i{l%oﬁ%mih%@ ResEMadingBRtfacd BEtHeMb&Eaté. 1RSI NG

mat eri al "di spense ports 2 can be defined as one or nore slots
ext endi e ieRardplk icAbodinaigy, thbeisebélettici matesdtis definaigepyem263A 1298 Brdé¢culdie

first/second topside nodule 117A/117B. [0024] In one enbodi nen the r of
el ne gty Irapains FaATe S GpedmEAiAThoL FRNAAE AT 15 SOBTE SRRSO

mat erial__supply flo - r [ : [ secdidigd &1 & at a
wo S0t e B B e L o e o o
about 1 phitfc®%s iRed ligiiduTe ybl Amdthgr dnobaaliractt, el ¢lmarming Alasarjal tifie liquad ispigtion.
mat eri al di spense ports 211Al 21B and their associated rinsi .mat eri al
suppl y QopiamisaniopiEcles Prbéhco pelsiiaied begome ﬁ’é‘ﬁ“}Ppﬁiif‘f’@lPIEnYls?‘?eﬂagflﬁgcoﬁﬁ)[oé‘?I?tal s
havi ng varyi ng chem.cal | & LRSI NG i i
chem cal Ty Brar Bf 87 PRRRERRLFAL CABERAT PR Gl Bhoc g esning,

to be clgagned. art Ne@BeeE Mdad e ntbsirhleewhém sienglearihe madridl Ss deinovidz Edmntiteer
(DIW. However, in other enbodinents, the ri nsil_ggS mat eri al can. b% one of
many5 di fsfibsteate byrwe of ainsing rSameeranple gleaning makerials taRle{or uss vty e gastem

DVBO), dimethyl f i d ; . , t
casy m B aNTR Dot Sy b Y PeBE AR G 12 PR P K e

(e.9., DhMporfed®BdiCRR datdtpn thereof. It should be 10understood that the
above-identified rinsing materials are provided by way of exanple a[}gégg

not repr[@823tTrenfirshopbside weodska 1A inchisien g romiod ringing mateyis) sSpRRSCHALLS

further | ow,. a rjinsi.n ni,.Scus | crivel . t f
the. f1r <R o8e Bt TaRet o adnpe L0 PHRRR R i AR Ba R AoARNIR
eachnof Ihe, b fislin@AhtSRE AR eﬁs@%%hd@maduhasd AR Al FBectivb erafling cdife 2DBBI ng
mat eri al di spense ports 211A 211B 15 supplies rinsi n%pmat erj,al on the,

traili ngEshdewobf trivsingi meienigl disperssurortsnAl 1 A/24118 1p delingdy to rdigpgatfu i PSS
217A/ 217B re es fluid on the, |l eadi ng side,of t | nsi L.SC

Because IPW@“‘H? n"‘fa(‘ﬁ/o o t@%é‘l@fﬁﬁaﬁo\?’ % g‘ﬁsieﬂf B’fﬁnlﬁ% Epﬂrgl\%éi %ﬁ@%‘?‘hg&i@é’éﬁ ng
si de of ihhge fd'wﬁﬁ{ kiR ig&ﬁuﬁdis@e%s@ﬁmmﬁ/gl BRI HREOW 68d aatiarhathoftdbeut

| eading and trailing sides, ports within the row of rinsing fluid supply
ports 21004 24chB aad edmegitegbrionnthvarrdwt ofweinging meatdrial siispepsg prts 211A/211B ‘are

25  separated by a center-to-center distance of about 0.125 inch. However, it should be understood
that in other embodiments, the row of rinsing material dispense ports 211A/211B can be
defined to have a different size and spacing, so long as the rinsing material is dispensed
therefrom in a suitable manner. Also, in one embodiment, the row of rinsing material dispense
ports 211A/211B can be defined as one or more slots extending in a line along the effective

30 trailing edge 203A/203B of the first/second topside module 117A/117B.

[0024] In one embodiment, the row of rinsing material dispense ports 211A/211B and their

associated rinsing material supply flow network are defined to dispense rinsing material at a



20 vacuum ports 217A/ 217B. Mre specifically, each port in the row of
rinsing material dispense ports 211A/21 1B is defined to angle dowward in
a directiV¥R28¥RAUPNg fromthe effective trailing edge 2OIAS2008/82926har d t he
effective | eadi ng edge 201A/ 201B. [0026] Due to the angle of the rinsing
materi al di spense ports 211Al 211B, the 9insing material is dispensed with
sufficient hydraulic nonentumto overcone a drag force introduced by the 25
substra : t Néb § y
e R R R e A S AR S T

meni scusils® thdwensimymaferiabdispemspportss? 12 A7 B ddBtheir assveiakeeladhsingg matdealchippliye
rinsing meniscus. Additionally, it shoul d be appreci.ated that the angle of
the por % Wtw%srcaw%sfomaf&di Titgh gy ditdererf; s atﬁegléglaﬁlfwm@*}egncﬁ
defi ned u - Rr 1NSd i i L ilii ng
cdge 20T PEEE € Ee g P B B Bl
mat e i alandenils dieSsubktnatene bendiemhiedeht onaaamaodjirent) ghevei@sing roaatidrik idenofedeach
port in the row of rinsing material dispense ports 211A 211B and a_pl unb
vect or V&i&E €NV Howsige Bk PBsHicHpOdEnes, éﬁ%u‘tn% melfriabsan b g0l many
par t culggr YO, 20404 1A AARPCTCUSRALY B20A13 A0 GEDPEMYER! oirklln ANGh Rk ween
a centerline of each port 1n the row of ri'nsing material” di spense ports
211A 21 1BMm)ddineohyl abetyte DMACE agioddartsoR@ntdegy essabld GOR DW,he dtemized tigpidi de
nmodul e 117A includes a first row of vacuum ports 217A defjned hetween the
row of el i2 £0i YAMEsEL BN SAVERdeteheDIYW OF 2BY semAiaHaR dheraef di §*ﬁf§§%é>e

por gé gﬁ@a@@?a teﬁaé%xgeggangg%&ﬁm Jﬁeﬂg'ngaet%gaﬁgaée%wqgé bg\Jfgg?gtegﬁgwe%d ygeuum

ports I ne e Tow o ation port t he row of

ri nsi ng noeprdsalt adiivgadisesapor fifsidd ilbteries. each of the first and second
t opsi de nodul es 117A/ 117B, the first row of vacuum ports 217A/217B is
di sposed0925] Asdisassadafurtherfiedensta vnting Beniseysais 4espe¢ ¢hs foamed beatear s3cht ¢fe

oot e R EIR TR RIS, APA e 195 Sl Suklrdly, LG £ B IS A0S

r espect I'TSt row of vacuum ports | I ned

to prov is@&nﬂ'&b%éid@lﬁﬂﬁﬁleiulqﬂwrﬂ ™, theow|oFaitishg malegnl alspand pohie 211AL1NB
material fromthe substrate when present thereunder, and of air supplied
t hr dfigh stiplios owmsirfe waterial anitbe tydlings side A tha sBsingrmepecusnBHEHE e Atst 19 Hach

of the first an opsi de ul 117B. -t he. fir I uum
por t o 29 Pas A RRdTR LSS, ARG IR By heTibib el deo S Y5
provi de (e frrsti fhws WEtvaeiurh | goMsr 2ERA/2 7BV prévided andie: ®ostiigdiing of rihenrakigt
250 standard liters per mnute (SLM to about 550 SLM_ It should be.

under st oughitchatastdpposadad ibemgfraededatdwithel g ledding aid trding isidss, nogig Wathiy dreuum

217A 217B.is Jijm i f i h
B ubst r aten & g deidougly e 2RESaA 08 orf el P Waishid o Y BBua® of
shoyhd REcupe g&% QWMZ@@I?. Mo?é‘s@cifﬂcél@ﬂ chét pdrt Sgkirew JflrReingQhatiidl ispehdexed

total cross- 20 sectional area for suction flow, a |ower vacuum port size
limt exyiosts<2WA&Id B seddlnedrtp rggleadamyiivedrd dar giresgion leatepdmguiiepdhe cHgetive

dest abi | i i bet he rinsi ' | eani terial,
and ai r o inciss PHEALDSB e aEe era B Ik R G A2t ot al "Sucti on 11 ow
or with F;@oidlm fbQh&hnSE B HreSBRIneQRALA @D A porachiil AM 1M1IBO e MRinENASErial

vacuum port 'size limt exists wheére the cleaning material can |eak between
t he vacusdisparsed witcauffeenf hydrsilit menentmsacvesnne filagolse tintewsticedby thecuum

ports. The vacuum ports shoul d_be sized small en 0 enable reduction in
R AR St Al o e R
| eakage patygen, ‘oggpdéﬁgmmoagﬁ tifie AHEng OB MmeHiRLS 18Sthe Orod) loPWaRhMAThdres Of
t he vacuum ports the cleaning materi al .
217A/217B on the leading side of the rinsing meniscus. Additionally, it should be appreciated
that the angle of the ports in the row of rinsing material dispense ports 211A/211B is defined to
reduce a pressure of rinsing material at the effective trailing edge 203A/203B so as to assist
30  with confinement of a bulk of the rinsing material meniscus. In one embodiment, an angle

between a centerline of each port in the row of rinsing material dispense ports 211A/211B and

a plumb vector is within a range extending up to about 45 degrees. In one particular



[ 0030] In one enbodi nent, each port in the first row of vacuum ports
217A)217B is defined to 30 have a dianeter of about 0.04 inch, and adj acent
ports in WRaMWRESr ow of vacuum ports 217A/ 217B are seB&ldiSe10/699233
center-to-center distance of about 0.0625 inch. In another enbodi nent, each
port in the first row of vacuum ports 20/A/ 217B is defined to have a WO
2010/ 129115PCT/ US2010/ 029273 11 di aneter of about 0.06 inch, and adj acent

ports i nptRRirthértSin A0 BwLALH BEREARL Sf SERNRLS BrdfoS éﬁﬁ?s'ir?gts Iﬁgtﬁﬁﬁl cgs ense

center-to-center di stance of about 0.125 inch. However, it
under st qoutst2i&8/214 Banderplenb oditoentabouttdelegicest row of vacuum ports

217A 217 be _defi t diff [ d [ th th
e B A ool ALl S b a ol A b
o Sehfmly oL 2L 08 0 SRS AR T LTS,

217 A521 7Biecsenotietogeitle medlues] iBeinotudaoa dirstlrotvsof vhoRBa porihe 1 71 rdsfinddosw eken
nodul e 117A i ngl udgs. a projected curb 221A defined to circumscri

] be a
ri nsi ng e CLEHEYiBPIBIA Banddbiiranel Fingiag maspabdispesaamtpol il Ip ek and
the eff | Lk ng: , | e
i ncl udes éh%/ggsé%g%ts%gﬂi :t(%%lcgﬂg&%l%%i iﬂ%%ﬁ :t}i'i%‘fri]rsﬁ @?ggﬁ?%c\?gfnﬁ é%%llzéﬁﬁigout
a | eadi g dispbdedan dulsstantially bisgethabfal sdpataien distsica detwesh sxusSTacag RAdid2 3dge The

second topside nodul e 117B i ncl udes agf)ro'éect ed curb 221B defined to
ci r cuns FU1HE2 U B anddthe giferiive deilngedge ap0 A28 EB JesreebYelY-he first row of vacuum

Cur 1022 1028 ch dfs G0 otk s ALY EERT ok g RSP iR BB ROLFY

def i ned tabolhnig heacad gnd 8l rimivt @aferial frorRghd albstroe WH prédeai MgrelBddr S
region 223B. [0032] In_each of the first and second topside nodul es

117A111 78 2inWepkied droughihorow acvrniiasienperts 272178 Insongenbodimens, ipicadvef a
2619 50y D P DR R DR LR R SRS L 2 B,
t he and their associated vacuum supply networks are defined to provide a fluid suction flow rate
15  within a range extending from about 250 standard liters per minute (SLM) to about 550 SLM.
It should be understood that the suction force provided through the first row of vacuum ports
217A/217B is limited to a suction force that will not cause the substrate to be sucked against
the upper processing head 117.
[0029] It should be understood that with a fixed total suction flow, or with a fixed total cross-
20  sectional area for suction flow, a lower vacuum port size limit exists where the cleaning
material can plug the vacuum port and destabilize an interface between the rinsing material,
cleaning material, and air. It should also be understood that with a fixed total suction flow, or
with a fixed total cross-sectional area for suction flow, an upper vacuum port size limit exists
where the cleaning material can leak between the vacuum ports because of insufficient suction
25  flow between the vacuum ports. The vacuum ports should be sized small enough to enable
reduction in a spacing between adjacent vacuum ports so as to avoid cleaning material leakage
between the vacuum ports, but not so small as to allow plugging of the vacuum ports by the
cleaning material.
[0030] In one embodiment, each port in the first row of vacuum ports 217A/217B is defined to
30 have a diameter of about 0.04 inch, and adjacent ports in the first row of vacuum ports
217A/217B are separated by a center-to-center distance of about 0.0625 inch. In another

embodiment, each port in the first row of vacuum ports 217A/217B is defined to have a



20 effective trailing edge 203Al 203B of the first and second topside

nodul es 117A1117B. Al'so, in each of the first and second topsi de nodul es
117A/ 117BYORRW/ 285 0of rinsing material dispense ports 2PCAUBINB0RRTHef i ned
within the rinsing neniscus region 223Al 223B near the trailing portion of
the projected curb 221A 221B. [0033] The trailing portion of the projected
curb 221A/221B is defined to provide physical 25 confinenent of a bul k of
a nmenis

et soug i it 808G e 3t R pBr T R TEA o MMt B PBL B e
221A 22 i&parged Bf hrettet--tender elistanieniof abont K)hlIZIS ihety &fowadvet, ﬁl&hbul‘(iﬁjerlgldﬂﬁtdbﬂl al
on the substrate when the substrate enmerges fraombeneath the first and

second thhan a@eﬁ%bwgﬁemtfﬂ&flfwlsfowfeva@wapmoag 25214k can berlefipsbiodiaved
curb 22 r an rves
to 30 hg)iﬁdfdﬁ% égt%ﬁ&o%dt gﬁglfn% thg& ?llen ﬂﬁ&ﬁé}s r| aﬁ%grté;}#ésdéﬁgéfﬁé'% § I?%]?sngllgng
meni S cusudtR@ m’ceZI’;’rBNdBQ Jereby\® Qlﬁliﬁlb 11819 fESeGiTirdaTedsl Of €h2ORb3r i;?oc[e&ﬂigﬁlﬂleahn
one enbodi nent, the projected curb 221A/ 221B projects about 02 i nch
downwar d 17 rpgiaiionofispoit ane stbpdiarentfthe Hiast sopeet ﬁ%@@ésgvrﬁiﬂh%/almrawb@m n
the ri n%l fﬁ ﬁlg%y%org?l LRN 223AJ223B. However, it should be understood
that i n other enbodi nent's, the projected curb 221A/ 221B can project a

di ff er epooi) Sthe s thpode inb@ulbquF/AQﬁ&laBesSdJﬁlfo?&%dQﬁrﬁ b1 Al @pRiicdoto @eeeBbdibedS
head 117 within the rinsing nmeniscus region 223A 223B, so long as the

ri nsi ng armasinecuenipeys gegipn ﬁg%lAé)ﬁtwe;@a thefitst saw PREauEBTRAtS 3d A wnshihpefesiiver of

subdl antredme R, 309 faf g BRelRA ko b ER Gl BIRER ISl .

[0035] TBRidnl feSpectitls i d@ensPdbd iR alleddink NalfUgRISa arafli@y Hff am%nrh@tﬂgoxﬂem@mss
213A defined along a 10 trailing side 215A of the row of cleani ng mat eri al

di spensecgion 28320The sTeandsopside masfudd dié7%nmll@slé!m@}%ﬂt®bc‘ﬂrhcﬂl@e eféleﬂdw of

ventllatlon orts 213B defined alo n de 215B of th

ol eani ngRarETPg e e nensdEreSo80ga vlien SPEERL Sy LT Ralle AR ATE s ce
modul es tﬁelZf%c%J«Z %aum‘gl &E203B! QRAARAL tHE pR)jQAHRUTE QR OB iR Bd¥s22RRiAE hbARE
between the row of cleaning nmaterial dispéense ports 209A/209B and the first
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For exarfpreagesdian beneath the first and second topside modu 117B. The trailing portion of
the projected curb 221A/221B provides a local increase in hydraulic resistance and serves to
30 hold a majority of the rinsing material meniscus inside the rinsing meniscus region

223A/223B.



WO 2010/ 129115PCT/ US2010/ 029273 13 such adverse air flow effect could be a
drag force of air upon the cleaning material |ayer which would cause the

cl eani ng Wt281/12P115ayer to be spread thinner or devel op PETRSRUE/029%fEr ef or e,
the row of ventilation ports 213Al 213B and correspondi ng pl enum regi on
225A 225B are defined and optim zed to gustain the cleaning process
performance w thout adversely inpacting the 5 cleaning material coating
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facilitate air flow from the row of ventilation ports 213A/213B to the first row of vacuum ports
217A/217B without air-flow-induced disturbance of the cleaning material to be disposed on the
20  substrate by the row of cleaning material dispense ports 209A/209B. Each row of ventilation
ports 213A and 213B is defined to provide substantially uniform ventilation air flow into the
plenum regions 225A and 225B, respectively, along the length of the projected curbs 221A and
221B, respectively.
[0036] Confinement of the rinsing meniscus within each of the rinsing meniscus regions 223A
25  and 223B depends upon sufficient air entrainment within the fluid flow through each of the
first rows of vacuum ports 217A and 217B, respectively. In each of the first and second topside
modules 117A/117B, the row of ventilation ports 213A/213B is defined to provide sufficient
air flow in the plenum region 225A/225B so that sufficient air is available for entrainment
within the fluid flow through the first row of vacuum ports 217A/217B. The volume of the
30  plenum region 225A/225B is defined to provide sufficient air volume for flow through the first
row of vacuum ports 217A/217B while avoiding adverse air flow effects on the cleaning

material layer present on the substrate within the plenum region 225A/225B. For example, one



30 di aneter of about 0.03 inch, and adjacent ports in the second row of
vacuum ports 219Al 219B are separated by a center-to-center distance of
about 0. %9 2PH¢RIIAdAdi tional ly, the ports in the secondPE&HSSI10HARTEM port s
219Al 219B are angl ed downward agai nst the substrate novenent WD

2010/ 129115PCT/ US2010/ 029273 14 directijgn in a manner simlar to that of
the ports in the row of rinsing nmaterial dispense ports 211Al 211B. This
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material can uniformy disperse 5across the substrate within the rinsing

neni scusow @fiventil2nanparsBl 34y 2 biB ard eqrecsnending pignumaegion 27 oY 2288 cee 6<fﬁnteﬁe

second roQ uum por 1 004 FL qu A s n.J ric
vi ew of a{l‘&lé)ppg’v\%e Br e 1P%§s§)ﬁgg1§§(m %%?els ??efg%r@o}rl%a%@éghw atd%&y\@lé’aim%&g‘{gre Nt of
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modul es, nanmely a first bottonside nodule 118A and a second bottonsi de
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sequent PETFTsg0 PEREH PEring Beldad B8 Pl BB LAIPChe 1ak uliings 1
a di recqlbwlpmsembﬂgﬁrsgmréh@hj eadi ng edge 301 to the trailing edge 303.
The second bottonside nodule 118B is defined sinmlar to the first

bot t onsi[0@3 Tidu ohecmbadiment casheofdhb et archsecontiopside sroduled 1$44dAdB b@ﬁh@@ﬁr@i de
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cross-section of the |ower processing head 118, as cut |engthw se through
t he secomdtiiphiseosreiide oftidutleaningBaterial aubthedzmm matenal from the substrate when
present thereunder. The second row of vacuum ports 219A/219B can be controlled
independently from the first row of vacuum ports 217A/217B. The ports of the second row of
15  vacuum ports 219A/219B are defined as single phase liquid return ports and are configured to
avoid disruption of the rinsing fluid meniscus stability.
[0038] The second row of vacuum ports 219A/219B provides for fine-tuning of the cleaning
process. The second row of vacuum ports 219A/219B provides for additional control of the
liquid velocity force distribution along an interface between the rinsing and cleaning materials.
20 In the event that cleaning material leaks past the first row of vacuum ports 217A/217B, the
second row of vacuum ports 219A/219B is capable of removing the leaked cleaning material,
thereby providing a backup rinsing capability and preventing additional mixing or dilution of
the cleaning material with the rinsing fluid within the rinsing fluid meniscus region
223A/223B. Also, operation of the second row of vacuum ports 219A/219B may allow for an
25  increase in substrate carrier speed, thereby increasing throughput and broadening the cleaning
process window.
[0039] In one embodiment, the ports in the second row of vacuum ports 219A/219B are sized
similar to the ports within the row of rinsing material dispense ports 211A/211B. In one
embodiment, each port in the second row of vacuum ports 219A/219B is defined to have a
30  diameter of about 0.03 inch, and adjacent ports in the second row of vacuum ports 219A/219B
are separated by a center-to-center distance of about 0.125 inch. Additionally, the ports in the

second row of vacuum ports 219A/219B are angled downward against the substrate movement



one enbodi ment of the present invention. Figure 3C shows a verti cal
cross-section view of the 20 | ower processing head 118, as cut

per pendi csbanioizbasween its | eading edge 301 and its tra&criusgoiedge7803, in
accordance with one enbodi nent of the present invention. Various features
of the | ower processing head 118 as di gqussed herein can be referenced to
each of Figures 3A, 3B, and 3C. The lower processing head 118 can be
defined from essenti al
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head 118, as cut lengthWISe through the second bottomside module 118B in accordance with

one embodiment of the present invention. Figure 3C shows a vertical cross-section view of the
20  lower processing head 118, as cut perpendicularly between its leading edge 301 and its trailing
edge 303, in accordance with one embodiment of the present invention. Various features of the
lower processing head 118 as discussed herein can be referenced to each of Figures 3A, 3B,
and 3C. The lower processing head 118 can be defined from essentially any type of material,
e.g., plastic, metal, etc., that is compatible with the semiconductor wafer cleaning process and
25  chemicals used therein, and that is capable of being formed into the configuration disclosed
herein.
[0042] Each of the first and second bottomside modules 118A and 118B includes a respective
drain channel 305A and 305B defined along the length of the lower processing head 118 to
collect and drain a material dispensed therein. As shown in Figure 3B, each drain channel
30 305A/305B is sloped downward from each outer end of the lower processing head 118 toward
a location near a center of the drain channel 305A/305B at which a respective drain port

315A/315B is defined. Figure 3B also shows liquid supply ports 317 defined at high points



15serves to prevent premature drying of excess cleaning material that may
reach the bottom surface of the substrate. [0044] Each of the first and
second bovoanwyvdelrisodul es 118A/ 118B i ncl udes a respect i PETASMION2927hSi ng
mat eri al di spense ports 311A/311B defined within the respective rinsing
meni scus regi on 309A/ 309B al ong the trgkling portion of the respective
projected curb 307A1307B. Each 20 row of rinsing nmaterial dispense ports
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ensure that the bottom surface of the substrate remains wet during the cleaning process. This
15  serves to prevent premature drying of excess cleaning material that may reach the bottom
surface of the substrate.
[0044] Each of the first and second bottomside modules 118A/118B includes a respective row
of rinsing material dispense ports 311A/311B defined within the respective rinsing meniscus
region 309A/309B along the trailing portion of the respective projected curb 307A/307B. Each
20  row of rinsing material dispense ports 311A/311B is defined to dispense a rinsing material
upward onto the substrate when present thereabove. Each port in each row of rinsing material
dispense ports 311A/311B is defined to angle upward in a direction extending from the trailing
edge 303 toward the leading edge 301. In one embodiment, an angle between a centerline of
each port in each row of rinsing material dispense ports 311A/311B and a plumb vector is
25  within a range extending up to about 45 degrees. In another embodiment, the angle between a
centerline of each port in each row of rinsing material dispense ports 311A/311B and a plumb
vector is about 20 degrees.
[0045] Each of the first and second bottomside modules 118A/118B includes a respective row
of vacuum ports 313A/313B defined to bisect a leading edge of the leading portion of the
30  respective projected curb 307A/307B. Each row of vacuum ports 313A/313B is defined to
provide multi-phase suction of the rinsing material and air. The lower processing head 118 is

defined to mirror the upper processing head 117 in form factor and hydraulic force applied to



different port size and port pitch as conpared to the ports within the
first row of vacuum ports 217A/217B of the upper processing head 117. It
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processing head 117, in accordance with one embodiment of the present invention. The first

topside module 117A of the upper processing head 117 operates to apply the cleaning material
401A to the substrate 102, and then expose the substrate 102 to a topside rinsing meniscus
30  403A. The first topside module 117A operates to flow the rinsing material through the topside
rinsing meniscus 403A in a substantially uni-directional manner towards the cleaning material

401A and opposite a direction 400 of movement of the substrate 102. A flow rate of rinsing



substrate 102 by the topside rinsing neniscus 403A. The first bottonside
nodul e 117B 15 operates to flow the rinsing nmaterial through the
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opposite the direction 400 of novenent of the substrate 102. The first
bottonsi de nodul e 117B | eaves a uniformgthin filmof rinsing material 411
on the substrate 102. [0051] The second bottonsi de nodule 118B of the | ower

pr ocessi h es. . app . i rnsi {

005+ o T ot Ee@REHEang R pR RO S LIRS T, OIEPISRHR, .
102 by the thepsistR rinsiyl Mgniv@RIKCUS TS IBst tdhedsmeaild 1N0A! leMKks daunie!tkinl 18B
operates to flow the rinsing material through the bottonside rinsing

neni scudilmogBinsimganaend ¥Qhonahe spbstrate d0?.ect i onal manner opposite the

directi of novenent, of the strate 102. The sec bot t ide
modul e 00487118 selRETR s Mach i1 B IR ok Brond e BRE 117 395 B b Pty
substr ategeadfie mhRABIRI0 IBASKE theOdubbti@e APROSI ek POGERE RibRatd DB tPPespsard

| ower processing heads 117 and 118, it shoul d be appreciated that when the

subst r atrmsi@ané¢nssous 0B eElemzeconthiwpeide amiduly higBeeneadtesdiosivan dedinsingrmataddl r ow

of cleanjn terial, dispense.port 09Al 209 i, 1 Dbe.,.col.lected into
respect %@gal?ng?en{og ﬁlgﬁ Aer ggag}.&?% @3 %f mt%%u%sgﬁﬁ%ﬂyp?%édégeg il%lba? ﬁ%agﬂerl%gardlsh us,
a curt aiffe Oba3RE hRARMaNG0 IRLRT dpHositdihe RirePicUIDESE RéVeRient Of BBLHRRGR WL, Ahe
substrate 102 between the upper and |ower processing heads 117/118. WO

2010/ 129ok6 POT/ dfiS2esing 02028 thigufio OB3 fopsuigi tinorg mepischadedB dn sehéo ppmyest ng

arrapgenent. of the er and | ower..processi ng he 7 and 8,..it should
e Jfpr exraineamihge BlkGRe Po b pscl e R b st AR SH NP iR

pr ocessingpheads 1 18ir52% BES fild 8F VinSRERIBFRNLST 6RER s@bstiafe1d2. rst rows of
vacuum ports 217A/217B of the upper processing head 117 in suction force,

t her eby [p0%0]i Kierfy st mttonsideuwaddudé 1 BA hEtheilowemyormsiog hedd Hidsqperaesdo lapplyat h

t he upper and. | ower processi heads 117/118 when 't substrate 102 ig not
br esent IoEpSid AEEIBRarcA AT AdAGH PESEEEINAGoRedobies S ket Sorld u e
opposi n%u@étf]ag@ag@m 19 tdpRRler Hﬂ‘ﬁné’fméffi’s%ﬁy MOBAI the3ARA &&Qm@i&%?n@&ul& hg 7lgower

processi ng to the first Tows of vacuum ports 217A and 217B,

r espéct iopetayes of flbiwetheppesing netessithgupledie bdopside emsmgt menisulss40% en 102
from bei ng sucked a%ai nst either the upper. . or .10I(§)we£ pr ocessifng he}gds
117/ 118.5upgasly paeRIrgeianab menpes oPRAY IS BE ST YT ROYEmEY ol 1A syasyiEtcf
t he upper,p i i of
the secoa 1o ar e R e A o o P St B e
nmodul es thd kkatéB02an be operated i ndependently. Al so, each of the first
and second_bottonsi de nodul es 118A/ 118B of the | ower p_rocesaielqg head 118

can 15bd08pHdrHicetrepidi bptomeine Iyoduthd 1§51l gBe e Piasessgricete 1P StReEF Y
e T T S T
modul e 138Ae gabstiand 162 bonte haisidenmnsite; medistwes 44338 Tifef second bottomside module
118B operates to flow the rinsing material through the bottomside rinsing meniscus 409B in a
substantially uni-directional manner opposite the direction 400 of movement of the substrate
102. The second bottomside module 118B leaves a uniform thin film of rinsing material 413 on
25  the substrate 102.
[0052] Based on the opposing arrangement of the upper and lower processing heads 117 and
118, it should be appreciated that when the substrate 102 is not present, the cleaning material
dispensed from each row of cleaning material dispense ports 209A/209B will be collected into
respective drain channels 305A/305B of the lower processing head 118. Thus, a curtain of
30  cleaning material can be produced prior to entrance of the substrate 102 between the upper and

lower processing heads 117/118.



Mode 2: First topside nodule 117A on with second row of vacuum ports 219
on, 20second topside nodule 117B off, first bottonsi de nodul e 118A on, and
second bovoanmydelrisodul e 118B off. Mde 3. First topsi @#€Trasduom292I¥A on
wi th second row of vacuum ports 219 off, second topside nodule 117B on,
first bottonside nodule 118A on, and sggond bottonsi de nodul e 118B on. 25
Mode 4: First topside nodule 117A on with second row of vacuum ports 219

on, sec psi.de ule, 117 fir t i I :
cecond BAPThARRUE AU DA P RPepubE BadiRhbACRL R R a 1490 B $BE
| over phesRsSiTHdhaddit khéulg beappRreiatedshansach se of escuer sorts PIBVS s of the

i nproved particle renoval efficliency (PRE) at higher substrate 30

t hr oughpuwer mbedssingleadhsdingsppaiivebs cammlampnty caeh ef ths| firstoavscolensiwg POYISt em
B e b A ST e T

rinsing St de uum suc

Meni $CUghe ﬁ&%%emehapaimisémw B&RIthez@shes bied ioer hRicegitigtheallDl 17/118 when the
2010/ 129115PCT17 US2010/ 029273 19 i nprove PRE wi thout |oss of rinsin

meni scusulsstrateal (Rniemot prabed betvwesgk slrpeunpier andelamicn grosatsérg kgadpaky/1 i&eA?sea@r:ng

edge vacuum.ports at each_.of the topside rinsi IL,$,CU IS I by
i ncreas iOHBOSt“['I?Fe a%?ffgé{%‘tef@%pmer{g 'S Of o &Y PSHS 1’3 2?@8@@ 3?’h%t$€%§ é%?’ﬁrggrggégéggg
vacuum pard § 19 fohelt fifsE oG idTOvR At piab11Rtald $17BY REpetoly0Bf iRy afper
5[ 0056] Wiile this invention has been described in terns of several

enbodi mpnecsssing hedd 11 7hpreepits theisabsgstite hed fromoseng kiokpé dgdinstioiberathe vgpRyPr
readj ng .t he precedi ,fpcations and studying the drawings wll realize
var iléus loyver, a‘ffiS%}H%ggaé‘gﬂﬁﬂl&hs, pernut ati ons and equi val ents t hereof.

;Pte:aregf {[2(?\54] tRakR of Heedeshd Rabnd RBsiBE @RRANIes 1NYANLTBNOAItAE h?tdﬁ praebsigidad
s, additions, pernutations, and equivalents as fall within the

true spilni7tcambd operaeé indepetrienilpvAlse. canh oflhivisetond sows af vasguingorts 219A/219B

of the first and second topside modules 117A/117B can be operated independently. Also, each

of the first and second bottomside modules 118A/118B of the lower processing head 118 can

15  be operated independently. The foregoing allows for the following modes of operation:

e Mode 1: First topside module 117A on with second row of vacuum ports 219 off,
second topside module 117B off, first bottomside module 118A on, and second
bottomside module 118B off.

e Mode 2: First topside module 117A on with second row of vacuum ports 219 on,

20 second topside module 117B off, first bottomside module 118A on, and second
bottomside module 118B off.

e Mode 3: First topside module 117A on with second row of vacuum ports 219 off,
second topside module 117B on, first bottomside module 118A on, and second
bottomside module 118B on.

25 e Mode 4: First topside module 117A on with second row of vacuum ports 219 on,
second topside module 117B on, first bottomside module 118A on, and second
bottomside module 118B on.

[0055] The upper processing head 117 and lower processing head 118 cleaning system
disclosed herein provides for improved particle removal efficiency (PRE) at higher substrate

30  throughput, with low consumption of cleaning material. The cleaning system provides for an

optimized pressure distribution at the leading edge of each rinsing meniscus to enable single-

side vacuum suction at each rinsing meniscus, thereby increasing localized suction force to



WO 2010/ 129115PCT/ US2010/ 029273 20 CLAIMS 1. An upper processing head for
cl eaning a substrate, conprising: a first nodul e having a | eading
edge and wotnavi2drig edge, wherein a top of a substrate PoThS2alom292e8 is to
pass below the first nmodule in a direction extending fromthe | eadi ng edge
to 5the trailing edge, wherein the firgp nodul e incl udes: a row
of cleaning material dispense ports defined along the |eading edge, the row
of cl ean] ' [ - - j iASPEe - of :

ol cani nRgy TPRE Bl SR S SRR i LR AR AR IR BB eria

a row Obagti the laagingeédpei vakuth gperR e epdr b tidebpside riabiapgnétisutesa Irediged dge,
the row 10of rinsing material dispense ports defined to di spense a rjnsing
mat er i alincieARingathg etectve Hase ad sveiios IRrees 35rthe depdingnhedesyyagapm ports without =5
row of ventil ation ' - atrailing side of the row of

cl eani n?je%rt“é%"‘lldglﬂm ?g%éaﬁéfég{)éorgtﬁgt}ﬁa%p a first row of vacuum ports defi ned
bet ween [#65%) VMO thiy eiVlehtigt haNb@er ddsciibed inhermld of sowrdfeniiodhegs, Tatell ibal

di spense ports, wherein the first row of vacuumports is defined to provide
mul t i - phaprecisigdtthasrthese skilled dn éhaarhypereticading theaprgcading spiepidicatéPnand siudyingr om
t he substrate.when. present thereunder and.. i i ow
of vent i%ilea&ia&'hn%o\wglfea 2 e 6%81}3%%8 g(glg?{l]sg eé%%gﬁgllrs ﬁ%e%ﬁ‘%g&%]{g&%&
subst r aty@eR$ork €4/ ik SfltehBed kil Ahel pred@whiak &itiont Melutiey all siold Wlteratiog, wdesioas,
projected curb defined to circunscribe a rinsing nmeniscus region between
the firgermowiof, sabequinalants as fahovithirethe taiespind aedigiope of B inyeationhe
projlﬁcted curb ppcludes a,lLeading portion and trailing portion respectively
defifled about a”f"85§iHY R4l and a trailing half of the rinsing meniscus
regi on. 253. The upper processing head for cleaning the substrate as recited
inclaim2, wherein the first row of vacuumports is defined to bisect a

| eadi ng edge of the | eading portion of the projected curb, and wherein a
trailing edge of the trailing portion of the projected curb is the trailing
edge of the first nodule, and wherein the row of rinsing material dispense
ports is defined within the rinsing nmeniscus region near the trailing
portion of the projected curb.



WO 2010/ 129115PCT/ US2010/ 029273 21 4. The upper processing head for cleaning
the substrate as recited in claim3, wherein the trailing portion of the
proj ect edwountw/i2giidef i ned to provi de physical confi nenerCTafS2@oloed2k3 of a
meni scus of the rinsing material to be present within the rinsing neniscus
regi on. 55.The upper processing head fop cleaning the substrate as recited
inclaiml, wherein the first nodul e includes a plenumregi on defined

bet ween the row of cleaning materi al ilme ports and the first row of
vacuum ports, wherein the row of venti ports is connected in fluid

communi cation. to tAyeulee privessag vad fdiQfeahlify dapSiatpcdapsisingy head for
cleaning the substrate as recited in claim5, wherein the plenumregion is

defined to fachisi madelenyingladeadingedzetiad adwiliie edgat Whereingniop of esubgrateie

first W vacuum a ro |nduce tur banc f the

cl eani n% rfg aé‘??éﬁ 10 %ap%éela?"l%ago Sg Odug%g’ L OB gtee(getgy “tsghéleor‘?ghw %?8 S8 Wy
mat egi althgg@ggggg%ep%g&m 2 FirdtheodddPREIugESHCESSI ng head for cl eaning the
substrate as reci in claiml, wherein the first row of vacuum ports is

di sposed to subst antavabf ylebmgecnate’lqlotlmen@em%dﬁfmd@d@xgath@éeaﬁetm thee
| eadi ng edg nd .t he trai.l edge_ of first rmdu 8. Th

processi'AY ‘P]feglﬂmi“% eqterial; (hﬂ%flﬁe %%Sog?tf’réet%etoagls?eé]é? taeﬁy?rno%?ﬁfer?{l% mﬁtﬁnal
wher el 1 ddiGiftd 5o WRPSIbsREGASRDRGE RG] e | el udes a_second row of

vacuum ports defined along a trailing side of the first row of vacuum

ports, wherein the mecofnsingmeterivadspamspportsdifed afongdle tralipg Q@gﬁ‘déle row
mul ti-phase suction of. the cl eani terial and the rj i from
{he 10Ub<HsiE gl LsBHbe PRGr SSHOR 1 SE8PHRa 5k BB EL0er R A i

cl eani ng,i,heSHRsE {)@g&t%r&ﬁg&g ed in claim8, wherein the first and second
rows of vacuum ports are | ndepéndently controllable. 10. The upper

processing head for raov eénemgatidrepsrtshddimed eleng # geilingdsidenofcthairawiof cleaning

wherein each port in the row of rinsing material dispense ports is defined
to angl engfeuphspgnseports, and

a first row of vacuum ports defined between the row of ventilation ports and the
15 row of rinsing material dispense ports, wherein the first row of vacuum ports is defined to
provide multi-phase suction of the cleaning material and the rinsing material from the substrate

when present thereunder and of air supplied through the row of ventilation ports.

2. The upper processing head for cleaning the substrate as recited in claim 1,

20  wherein the first module includes a projected curb defined to circumscribe a rinsing meniscus
region between the first row of vacuum ports and the trailing edge, such that the projected curb
includes a leading portion and trailing portion respectively defined about a leading half and a

trailing half of the rinsing meniscus region.

25 3. The upper processing head for cleaning the substrate as recited in claim 2,
wherein the first row of vacuum ports is defined to bisect a leading edge of the leading portion
of the projected curb, and wherein a trailing edge of the trailing portion of the projected curb is
the trailing edge of the first module, and wherein the row of rinsing material dispense ports is
defined within the rinsing meniscus region near the trailing portion of the projected curb.

30



30a direction extending fromthe trailing edge toward the | eading edge. WO
2010/ 129115PCT/ US2010/ 029273 22 11. The upper processi ng head for cleaning

t he substWat281048918cited in claim 10, wherein an angl e BETHSEHI2VEht erl i ne
of each port in the row of rinsing material dispense ports and a plunb
vector is within a range extendi ng up tx}@ about 45 degrees. 512. The upper
processi ng head for cleaning the substrate as recited in claim1, further

comprising: @ secoid iR dRlihNflhd ARNLILGRNe (R HRbE! &l RGNS ciffies el N

t he second nodule is nt i guous I'rs eln t e upper
processiwigrdipale tsaiting porion af Itl&aﬂbjegteédgﬁa iotdefiliel to provideplyysitaiodhifinemest of
posi tioned be E%nd the trailing edge o the first nodul e, wherein the first
and 10séddHgonbugniseusHfahs %%Ipfelﬁa@ﬁﬁ o beprEseRl Wilyn dhe rinsing MERiETUSFEBeRs si ng
head for cleaning a substrate, conprising: a first nodul e having a
| eadi ng edge and a trailing edge, wherein a bottomof a substrate to be

cl Faﬂgd is Ej G. passr}ﬁbmper tmeﬁdimmammﬂ elearting th s@straenasexdcaad imgldimom t he
15l eadi n ge . to the trailin wherein the first nmodul e i ncludes:

a drain vgwa%etbe dust medulg) @ﬁb‘%ﬁhé Plenimn igeieageetingd st esay thenipve dickeaging

gﬁ gL'm?erIg% a%ﬁ%&éﬂb‘?{s%& ‘the first row of Vacutﬁﬁlggo%seﬁf}lgxgmctﬂé l?oxg%?f'vgrﬁﬁ%tﬁ(ﬁl gpoé;l*ts

I'NSi nNg Neni scus re rojected curb in
| eadi ng ipedrneadd aﬂﬂulﬂroatdmmgcamﬁtomﬁpﬂmmgiowel y defined about a

10 6. The upper processing head for cleaning the substrate as recited in claim 5,
wherein the plenum region is defined to facilitate air flow from the row of ventilation ports to
the first row of vacuum ports without air-flow-induced disturbance of the cleaning material to

be disposed on the substrate by the row of cleaning material dispense ports.

15 7. The upper processing head for cleaning the substrate as recited in claim 1,
wherein the first row of vacuum ports is disposed to substantially bisect a total separation

distance between the leading edge and the trailing edge of the first module.

8. The upper processing head for cleaning the substrate as recited in claim 1,

20  wherein the first upper processing head module includes a second row of vacuum ports defined
along a trailing side of the first row of vacuum ports, wherein the second row of vacuum ports

is defined to provide multi-phase suction of the cleaning material and the rinsing material from

the substrate when present thereunder.

25 9. The upper processing head for cleaning the substrate as recited in claim 8§,

wherein the first and second rows of vacuum ports are independently controllable.

10.  The upper processing head for cleaning the substrate as recited in claim 1,
wherein each port in the row of rinsing material dispense ports is defined to angle downward in

30  adirection extending from the trailing edge toward the leading edge.



20l eading half and a trailing half of the rinsing nmeniscus region, the

| eadi ng portion of the projected curb located at a trailing side of the
drai n chaWeap10/129115 a row of rinsing material di $p&AS2010629233 def i ned
within the rinsing nmeniscus region along the trailing portion of the
projected curb, the row of rinsing matepial dispense ports defined to

di spense a rinsing material upward onto the substrate when present

t her eabove, an ; ' i.sectna

| cading edge 31 1 REIBRST Ressih Ao B ol e o A O o
of vacuwhepsi s angle detfricord ctiiteidine vif dachmolrt in -tiph@seo SuGingomatefialtdigpensensirtsg
material and air. 3014. The | ower progessing head for cleaning the substrate
as reci 2Bd2PHTRD Xeoeris WithHe: Bnge eHEdipg P f9poybtt flegiest the projected curb
is defined to provide physical confinenent of a bulk of a neniscus of the
rinsing material to be present within the rinsing nmeniscus region. WO
2010$ 129115PCQT/ US2A(tOdpipP prikedsing head forl8eanlie theowwrstrpteomessited) ihemdinf Qr
cleaning the substrate as recited in claim 13, wherein the drain channel is
sl oped PAPTIPIBE each outer end of the first nodule toward a | ocation
near a center, of [ nnel. gt ' ' 14 | d
wherein |i quiadS%gOAC{s]ﬁlﬁg{ﬂ?; d&g(rﬁ glcz%?llgcﬂet? %‘%a?p%?n (ﬁ“fug%q‘é%%ﬁ{’éhgf%ﬁ% t glegirgai n
channel chatiddoawwhihok dirstanedulfién theaippechraoesingthead awdhl thied Rading edpadf o
materi al dispensed within the drain channel toward the drain port.

16. The seemdrmpshude ssasisiignpéhehindhecraiting pdgeraidhs firs mogdule, adieret thediist and
cl ahg} il%8%9%9\3{9%{?3%52”%%@g?%%?lwa&a‘?@g%‘?gw of rinsing material dispense ports

is r'on extending fromthe trailing edge
toward the | eading edge. 17. The | ower processing head for
cl eaning the substrate as recited in claim 16, .

13. A lower processing head for cleaning a substrate, comprising:

a first module having a leading edge and a trailing edge, wherein a bottom of a
substrate to be cleaned is to pass above the first module in a direction extending from the
15  leading edge to the trailing edge, wherein the first module includes:

a drain channel defined along the leading edge to collect and drain a material
dispensed therein,

a projected curb defined to circumscribe a rinsing meniscus region, the
projected curb including a leading portion and trailing portion respectively defined about a

20 leading half and a trailing half of the rinsing meniscus region, the leading portion of the
projected curb located at a trailing side of the drain channel,

a row of rinsing material dispense ports defined within the rinsing meniscus
region along the trailing portion of the projected curb, the row of rinsing material dispense
ports defined to dispense a rinsing material upward onto the substrate when present thereabove,

25 and

a row of vacuum ports defined to bisect a leading edge of the leading portion of

the projected curb, wherein the row of vacuum ports is defined to provide multi-phase suction

of the rinsing material and air.

30 14.  The lower processing head for cleaning the substrate as recited in claim 13,
wherein the trailing portion of the projected curb is defined to provide physical confinement of

a bulk of a meniscus of the rinsing material to be present within the rinsing meniscus region.



wherein an angl e between a centerline of each port in the row of rinsing
mat eri al di spense ports 15and a plunb vector is within a range extendi ng up
t o about Wb 2dwgRens. 18. The | ower processi ng headTfuseololoeens ng t he
substrate as recited in claim 13, further conprising: a second nodul e
defined identical to the first nodul e, 28herein the second nodule is 20
contiguous with the first nodule in the | ower processing head such that a

| eadi ng edge of the second nodule is positioned behind the trailing edge of
the first nodule, wherein the first and second nodul es are independently
control | abl e.15.  The [bWer praxyssimyrhéar for| deaninggtha ssiblisdie at ecciednipralamny3, 25a
substrate carrier defined .to nove a substrate_ in a substanﬁl ally linear

pat h whithereraitha Gpim fhgnigids slaped domvarA Tepns aaedy ari A 1of Urolist Bystiule toward
orient at ' &{non nte%r a @éﬁtéﬂ%@ﬁ{e cﬂﬁﬂ%ﬁ%‘ﬂeﬂgt Vbﬁ"i@g a%? fl hbx‘? rf'&?ﬁfﬂl@@ Va%dt\ﬂ% dﬁgg?‘rglélul

the substr per processing head |ncIu rst” tops

def i ped supplapptty are dﬂfﬁ@alan bighrgiodts ahthirot}iehhamwbsﬁrreatceﬂawdlquitem\exx fesdkainhe
substrate to a topside rinsing meniscus, wherein the first topside 30
modul e ickariet [ni@ailitae maymant ieateral ispensed | within eghainedamnshiqvrsd theiping
meni scus_i.n a substantially uni-directional manner towards the cleaning
mat eri al "ahd opposite a direction of novenent of the substrate; and WO
2010/ 129115PCT/ US2010/ 029273 24 a | ower processing head positioned
bel ow the path of the substrate, the | ower processing head including

first bottonsitde rdwulower@rocsesng beadpfirycleantis: thenwibsieate .aﬁgpﬂtfdriﬁrﬁ@eué&t 0

h b
t op&Pde VIR 3T LOEPTRE FirSoe ST BREREE iy Seio aif uPadf g,
drai n chaRpgin é@énd@v:g fre@tthé1gaiding cSgbrtaivaid e 1dagingledani ng material to be

di spensed fromthe first topside nodule when the substrate carrier is not
present between the upper and | ower processing heads.

17.  The lower processing head for cleaning the substrate as recited in claim 16,
wherein an angle between a centerline of each port in the row of rinsing material dispense ports

15  and a plumb vector is within a range extending up to about 45 degrees.

18.  The lower processing head for cleaning the substrate as recited in claim 13,
further comprising:
a second module defined identical to the first module, wherein the second module is
20  contiguous with the first module in the lower processing head such that a leading edge of the
second module is positioned behind the trailing edge of the first module, wherein the first and

second modules are independently controllable.

19. A system for cleaning a substrate, comprising:
25 a substrate carrier defined to move a substrate in a substantially linear path while
maintaining the substrate in a substantially horizontal orientation;
an upper processing head positioned above the path of the substrate, the upper
processing head including a first topside module defined to apply a cleaning material to the
substrate and then expose the substrate to a topside rinsing meniscus, wherein the first topside
30 module is defined to flow a rinsing material through the topside rinsing meniscus in a
substantially uni-directional manner towards the cleaning material and opposite a direction of

movement of the substrate; and



20. The system for cleaning the substrate as recited in claim19, wherein
the first topside nodule includes: 10a row of cleaning material dispense
ports defWRaH1ARBH§ a | eadi ng edge of the first topsidePkbAirRE0/029273 a
projected curb defined to circunscribe a region within which the topside
rinsing nmeniscus is to be forned, 24 a row of rinsing materi al

di spense ports defined along a trailing side of the projected 15curb so as

to di spense LhRwe NStoB&GsiiBt Béddabodifiéredt BElotwoRR @ethr bNShOGubBRRIE CHR, 1 a
row of vacuum ports defined along a | eading side of the projected curb so
as to p:pmdeetglg’rhmdi inghidie & dizsti baitopfsidenmodilla slefigedrie @pplal 2 betiemsifle ainping
material, and air. 21. The system for. eani t bstr . as
recited n?eﬁusff]‘%forf‘hi &UbS{TALES8;AN 1Q Rga?ﬁe)r/asﬁowf&%[l?cg{%tﬁﬁ égb(r%ga{%ﬁ)éfstﬁ%g pﬁ@é%:n Sihg

a proj eqiBtkcGyRe 48t vaREnisRle GhoGHEBEShdIEI03poRle ANdirt BhaRn¥ihioe Rolleiging and
bottonsi de rinsing neniscus is to be forned, a row of rinsin

mat ef i aldrainisp¢resdegping wadohl tode didpenseddram fhd fimgtogside metlulerehaprtby subsetecur b
so as to djspense thebri nsi E&&Jm&teri | into the &%téomsi de rinsing

meni scuSATShE BRI, O§FVErY ?HPSB?I{@OB’SWW%SSW 8% 1 eadi ng side of the
projected curb so as to provide multi-phase suction of the rinsing materi al
and air. 22. The system for cleaning the substrate as recited in
claim 19, whéfei n Thheysippefor pteaviag shegulistatt dsrretitadein daigetdnaheropsthel dirst
modul e defined identjical to the first topside nodul e 30and contiguous with
the firdePsidsyaodEe HSIPE, wherein the first and second topside nodul es are

10 a row of cleaning material dispense ports defined along a leading edge of the first
topside module,
a projected curb defined to circumscribe a region within which the topside rinsing
meniscus is to be formed,
a row of rinsing material dispense ports defined along a trailing side of the projected
15  curb so as to dispense the rinsing material into the topside rinsing meniscus, and
a row of vacuum ports defined along a leading side of the projected curb so as to

provide multi-phase suction of the rinsing material, the cleaning material, and air.

21.  The system for cleaning the substrate as recited in claim 19, wherein the first
20  bottomside module includes:
a projected curb defined to circumscribe a region within which the bottomside rinsing
meniscus is to be formed,
a row of rinsing material dispense ports defined along a trailing side of the projected
curb so as to dispense the rinsing material into the bottomside rinsing meniscus, and
25 a row of vacuum ports defined along a leading side of the projected curb so as to

provide multi-phase suction of the rinsing material and air.

22.  The system for cleaning the substrate as recited in claim 19, wherein the upper
processing head includes a second topside module defined identical to the first topside module
30  and contiguous with the first topside module, wherein the first and second topside modules are

independently controllable.



i ndependently controllable. 25 23.The systemfor cleaning the substrate as
recited in claim19, wherein the | ower processing head includes a second
bot t onsi dworodvi2e1idef i ned i dentical to the first bottonpCaiaSandole’and
contiguous with the first bottonside nodule, wherein the first and second
bot t onsi de nodul es are independently cotroll able.
23.  The system for cleaning the substrate as recited in claim 19, wherein the lower
processing head includes a second bottomside module defined identical to the first bottomside
module and contiguous with the first bottomside module, wherein the first and second

bottomside modules are independently controllable.



