CONFI NEMENT OF FOAM DELI VERED BY A PROXIM TY HEAD by Inventors: Arnold

Khol odenko, Cheng-Yu (Sean) Lin, Leon G nzburg, Mark Mandel boym G egory A
Tomasch, woadodmseisHusai n BACKGROUND [ 0001] Due to advamCeaiseenodessize
scaling for sem conductors, sem conductor device features have becone

smal ler at the sanme tinme their aspect ratios have becone | arger.
Consequent |y, sem conduct or-devi ce structures have becone susceptible to

the tse. of new mat E?i“‘aﬁ?ﬁﬁmﬁme@‘Fﬁ?%\%@ﬁ%ﬂl?é#%?nhﬁcféfer pated by
manuf acturing. [0002] In res;ﬁ)‘ﬁ R%OMMIEXSH«E&DN lity and ot her

shortconmings in the technol ogy for &yefvettemni ng and drying, a system has
been devel oped that ,us hanj ¢ and, chem.cal cl eani to selectively
renove residue wit hﬁ?&aé{@gﬁfko’%ﬁ%ﬁ@?@ilagﬁqo %@Fnﬂﬂ%t ures. This
system transports %ﬁfknﬂhﬁdéﬁg)ni@@g&&% TR{BED, lah @ A&KaY HAGiiWeen an opposing
pair of proximty heads that deliver a cleaning fluid to the wafer in an

exposure time on the order of a few seconds. [0003] In particular

i npl enent ati ons, the cleaning fl UBAGKGR@GUNDbyY t he opposing proximity
heads is a high viscosity, non-Newtonian fluid in the formof a foam
gener at ¢@00dy nech@niccahdwanmdsinpgvicapcalingds ssmidondsctotst sengesndubdy device (b) a
fluid cantainjng water and a surfactant, See e.g,, U S. Publjshed Patent
Appl i calSeHC .V%W@&%&y@t @ﬁﬁﬁ@?él&w'tbfléameﬁfgra@%%ﬁfdﬁ&a%%i%%od and

System i . [.f ol : S.
nopl | cat o RE I, § G EETIrRy R TRAURES hald MERR@RGRRENENY ditnage ity v
Mai nt ai nicaginSepdadating Ahofsukdeptibidisy isrexacetoated by thedisd/bfinse mmterfalsliedheon June

19, 2007, and U S Aéop,l ication No, 12/185,780 entitled "Generator for Foam
to O eaR SGH<Iq4y o serpicprdyicioy many{Rsturiie. 2008. [0004] If the surfactant is

al | owed gpapscape if plfos0f LSRR AN TRPOHEHoAGo G AERENdhgBePTor e

f oam ont o tﬁe sem conduct or waf er, e surfactant candry into a §2F| d and
cont am mat elchrmbge anddnyingp adysitohawbdeardsvgopakthstaudebhynet mimy sidchemical
Consequently, a need exists for an.inexpensive and effective neans of
confini RGARRS tq:§eé%ﬁ1'1iVﬁ]g IPIOQKY %Wﬁ &’“ihP‘s‘t £l pEHcon uctor-device structures.

This system transports a single semiconductor wafer linearly between an opposing pair of
proximity heads that deliver a cleaning fluid to the wafer in an exposure time on the order of a
few seconds.

[0003] In particular implementations, the cleaning fluid delivered by the opposing
proximity heads is a high viscosity, non-Newtonian fluid in the form of a foam generated by
mechanically mixing (a) a gas such as nitrogen (N2) and (b) a fluid containing water and a
surfactant. See e.g., U.S. Published Patent Application No. 2006/0128600 entitled “Cleaning
Compound and Method and System for Using the Cleaning Compound,” filed on February 3,
2006, U.S. Application No. 11/820,590 entitled “System, Method and Apparatus for
Maintaining Separation of Liquids in a Controlled Meniscus” filed on June 19, 2007, and U.S.
Application No. 12/185,780 entitled “Generator for Foam to Clean Substrate,” filed on August
4,2008.

[0004] If the surfactant is allowed to escape into the system’s chamber during the
deposition of the foam onto the semiconductor wafer, the surfactant can dry into a solid and
contaminate later semiconductor wafers processed by the system. Consequently, a need exists
for an inexpensive and effective means of confining the cleaning foam during its deposition
onto a semiconductor wafer by the system. However, the invention claimed below has wide

applicability to other applications beyond this particular application, as will become apparent



onto a sem conductor wafer by the system However, the invention clained
bel ow has wide applicability to other applications beyond this particul ar
appl i cat iw0,2088062%181 becone apparentfromthe fol |l owi ng @#esarse@iocssiand
drawi ngs. SUMVARY [0005] In a n exanpte enbodinent, a |inear wet system
includes a carrier and a proximty head in a chanber. The carrier includes
pi ns on which a sem conductor wafer rests, exposing both surfaces of the

waf er ﬁome\f@iiﬁlaéag&gg{}g%%&&qvﬁg sough the system The proxinmty head

m ght be positione on both sides of the carrier. In this
exanpl e enbodi nent, the proximty head m ght include three sections in a

| i near arrangerrent. The first secti Sn suctions liquid fromthe upper
surface of the waf er as the wafer r the proximty head. The

second i@% Wil £0 ¢ %c%rgﬁ]@{%ﬂbg#%&t aohﬁe'& wfe{ %&Een?ﬁ%ﬁl]a@{'a c%ﬁ%‘xtsﬁ@ a\?\ﬂ film(or

meni scu cl eani ng oW onto er surtrace fer as
t he waf eroxpnig dedisinundembeh&hb emher Iﬁhmdbmnmsl of @dili¢honseniboreiucios watttrésgdjous
to the second sectl Qn, causes a fi meni scus), of rinsing fluid to fl ow

onto t hEXRASHEr bodly pyrces ofthe Wéfmﬁéhe%fewérwdﬁ%mw the systemdERe t he
proxi m Ly, Jig hedhd‘misg*h'(t:g% g ! aﬁg@&gbmﬁkr ol E&h;smeg dr $€ChiRY hnRartially

def i ned ar oun on an Irst section so that the

t hi rd sexdmpn cabddinteat, fthe sloxect haad rmgbialhelude toaf scogomsrih adinctiheranbeamtng

foamin éﬁ? second section [0006] | n anot her npl e enpodi pent, a |jnear
If

et syst@flirAergirasueiQariapy r%fﬂélheauP@FBWFﬁC? 9?%3@&“&5& ¢ Waleh gjovesrpler
carrier e |
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surfaces Is trans roug e system The
pr oxi m (ot rheagtus) @hﬂeahmgpfosmtto ﬁne/danabﬂmelppﬂoh/uoﬁacemﬂ thevwialie asdrerwafer I n this
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second section is contiguous to t Irst section, causes a film (or
meni scusirriofl uoleraind ptgxfrmﬂ}nhetad nl tbiw eaampletdnebodppert, thwtlﬁai:RctM)n tsipertwdal&er as

t he waf roceeds. under .t he hea In . t exanp cl eani ng
f oam fr BRI Fouidhe scpond sirtien cAdHRY ?%?%S&Sﬁ@l%lrﬁa&%@nﬁ%ﬁmg%sgm a@ﬁ
suct i on fRYLEQBALDS § BéhrlRRA cﬁghé aééﬂlné Q0071 tho s@BAY B&Kiogxanpl e

enbodi nent, an automated nethod for a ITnear wet systemincludes three
operati {1)11506] In thén m]im@X&npiere&tbodpmm lorear avef Syseim mehltiemcamelaamﬂra)m mty

road suStion, LA LLOTLL IS UBRer, ShELoce, o 5 Sem canducior uater, sc ne

the met Q%sﬁlgss%ﬁgg& STRIEY RhfPL thd v&%?&%‘ﬁlansported through the system. The proximity
head might be positioned above and/or below the carrier. In this example embodiment, the
proximity head might include two sections in a linear arrangement. The first section suctions
liquid from the upper surface of the wafer as the wafer moves under the proximity head. The
second section, which is contiguous to the first section, causes a film (or meniscus) of cleaning
foam to flow onto the upper surface of the wafer as the wafer proceeds under the head. In this
example embodiment, the cleaning foam from is prevented from escaping into the chamber by a
barrier of suction surrounding the cleaning foam.
[0007] In another example embodiment, an automated method for a linear wet system
includes three operations. In the method’s first operation, a first section in a proximity head
suctions liquid from the upper surface of a semiconductor wafer as the wafer is transported by a
carrier under the proximity head in a chamber. In the method’s second operation, a second
section in a proximity head, contiguous to the first section, causes a film (or meniscus) of
cleaning foam to flow onto the upper surface of the wafer as the wafer proceeds under the head.

In the method’s third operation, a third section in the proximity head, contiguous to the second



section in a proximty head, contiguous to the first section, causes a film
(or nmeniscus) of cleaning foamto flow onto the upper surface of the wafer
as t he wavenomrwewasds under the head. In the nethod' s tRCTaSe@ensision, a
third section in the proximty head, xontiguous to the secondsecti on,

causes a film (or meniscus) of rinsing fluid to flow onto the upper surface
of the wafer as the wafer is carried under the proximty head. In this
exanpl e r
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Fi gure I %ﬁmﬁ ustrating an overhead view
of a carlﬁsgétegggwawgrfgk&ﬁgl ty hea hﬁ?\sddaﬁ%ﬁlggﬂrltwv{}et system in accordance
with an exarrpl e enbodi mentBRIE WESCRFTHMY OF ZHE DRAavdiNagr am i |l ustrating an
over hea w of he S t| ons | | i near wet system. in_accordance wi.th an
exanpl e Wi rmen lgum m&@%h@a&ca{ﬂ%&%ﬁﬁrﬁ%ﬁa?ffaﬁdveassﬁéqrwé tive
view of , aﬁ'"@ffH] 'imﬁ‘?ﬁeé%ls %IO S d%f%gﬁ?ldonl[t@a@e fcaﬁcﬂfctd%&aféryﬁlt rdaflce with

accordan e w an exanple e 0013] Figure 4 IS a I agram
i Il ustr atiexegnplc pmbsgdiecnt.ve view of a pair of proxinity heads in a l|inear

wet sys em in accordance with e |.e enbodi [001 Fi gure is a
schemat 10010 agranﬁgum i ?lmyh?lﬁ% g@fl&ﬁ@g&maﬁleﬁmmwelh ?g%nce
wi th an gxam e, ﬁr‘&?ﬁﬁ'ﬂtﬁﬁ&ﬁ in B%’i%?f]wé:t' ?é{&% B doSor@aRCREIRL Sxal Ng?%r am
illustrating a cross-sectional view of the sections in an A in

accor danmbodmteht an exanpl e enbodl ment. [0016] Figure 7 is a schematl C

di agram strati ng a cro -sectional view he d l ected flo
cl eani n % id (e g%ure ?aga lﬁléar%gng&ﬁ X ﬁie&dawq rDGRECUPRAA ﬁﬁwwetan

exanpl esmqh%ﬁrda&g%@angxgﬁg% SnbSlifegchematic diagramillustrating
several dinensions rel ating to an

[0012] Figure 3 is a diagram illustrating a perspective view of a carrier and a proximity

head in a linear wet system, in accordance with an example embodiment.

[0013] Figure 4 is a diagram illustrating a perspective view of a pair of proximity heads
in a linear wet system, in accordance with an example embodiment.

[0014] Figure 5 is a schematic diagram illustrating the sections of an AMC head, in
accordance with an example embodiment.

[0015] Figure 6 is a schematic diagram illustrating a cross-sectional view of the sections
in an AMC head, in accordance with an example embodiment.

[0016] Figure 7 is a schematic diagram illustrating a cross-sectional view of the
deflected flows of a cleaning fluid (e.g., P3) deposited by an AMC head, in accordance with an
example embodiment.

[0017] Figure 8 is a schematic diagram illustrating several dimensions relating to an
AMC head, in accordance with an example embodiment.

[0018] Figure 9 is a schematic diagram illustrating the shear rates of the flows of a
cleaning fluid (e.g., P3) deposited by an AMC head, in accordance with an example
embodiment.

[0019] Figure 10 is a schematic diagram illustrating the process face and the back side



AMC head, in accordance with an exanpl e enbodinment. [0018] Figure 9 is a
schematic diagramillustrating the shear rates of the flows of a cleaning
fluid (e.wo0,2003)29d8posited by an AMC head, in accordanc@Crushoonestanpl e
enbodi ment. [0019] Figure 10 is a schematic diagramillustrating the
process face and the back sideof the process face for an AMC head, in
accordance with an exanpl e enbodi nent. [0020] Figure 11 is a schematic

di agram,kJi i t ;o cli i an AMC head,
I aceo g g A Pl R Ml 0 ot ¢
di agr am0020yst r at Fixgiré heisreesshematic diagmmatiuAddinp ewd featireatcoecrdssacetional h an
exanpl e enbodi nent, [0022] Figure 13 is a schematic diagramillustrating
the 1 oY of 3 AXKhSRg; In depordpncavithaerample rbslidaice with an exanpl e
enbodi 11 [ 0023}:; Fi ' - ' i iLLustrat -
down-fe 52 1} rom t glégllr%gff gs %%hgﬁamgagﬁ?lhﬁﬁa%ggg%r aérl{géélps\?\nﬁlt %lﬂ%e%(éggblfle
enbodi macdordgnd® 24th akicgaimelekbtoglimcrft] owchart diagramillustrating the
operations in a nmethod for confining a cleaning fluid (e.g., P3) in a

li near W2y st enfguse ht Bor ¥ ﬁ@@l%lﬁﬁa@ml@%ﬁlﬁgéh%ﬁ%wnr?eﬁ%e.w?wz@] AMGure

16 is apdi o)1 WaTo - Wy ofol skl 0} : iscus in an AMC head, in
accordan(g:ideda’l%{?(%bl?r% %Ex\grrp%é%e%gigﬁnlgg%@gom] Figure 17 is a diagram
show ng[@23hcuum Eani¢ e iverdchematindidddamhidagirating tlacdordrde frami'th adyre in an

alternative exanple enbodi nent. DETAILED DESCRI PTI ON [0027] In the
fol | ow ﬁ@/lgé’@%‘ii“bt*‘FC@Fﬂanﬁ%Wgtg&G§X§IBE]€ieFI}b@dH%€tné-i |s are set forth in order to

provi de or ough: taa@ﬂjr . -ﬁ]mqﬁ I r, it
Wil be[(g)pztf)‘ rent ?gﬁgﬁgi 1Zskl e‘gﬂftgﬂ%gﬁ%ﬁért t ggth%h g%??lﬁ%%?%ﬁ@%@?ﬁents may
be practodadnga tkening Sloide(cqf, R és e linpacidt sgsteef iaiaksorddnee otithern dxasipdnces,

i mpl errenﬁtngti.on details and process operations have not been described in
det ai | , ePodim<ahdy wel | known. [0028] Figure IAis a sinplified schematic

di agr amgglspst r at i 16 [seRherMflshS WihBmenRAldisdb iPLPAME h¥adIfiRds for
deposi {ni[ng r,l eani ngggltr?u(lgc? ont%r assem on uclt or walq?éerls Fh accor danacé with an
exanpl e aambddicereth.anlerampeneodAnera | i near wet system 100 includes a top
proxi mty head 104 and_ a. bo&-tom proxi mty head 193. Each of these proximty
heads fbdl(]&g] a Figure 17 is a diagram showing a vacuum confinement in an AMC head, in

accordance with an alternative example embodiment.

DETAILED DESCRIPTION

[0027] In the following description, numerous specific details are set forth in order to
provide a thorough understanding of the example embodiments. However, it will be apparent
to one skilled in the art that the example embodiments may be practiced without some of these
specific details. In other instances, implementation details and process operations have not
been described in detail, if already well known.

[0028] Figure 1A is a simplified schematic diagram illustrating a linear wet system with
a pair of proximity heads for depositing cleaning fluid onto a semiconductor wafer, in
accordance with an example embodiment. In Figure 1A, a linear wet system 100 includes a top
proximity head 104 and a bottom proximity head 103. Each of these proximity heads forms a
fluid meniscus 105 through which a semiconductor wafer 102 is linearly transported by a
carrier 101 with pins on which the semiconductor wafer rests, exposing its surfaces. In an
example embodiment, the fluid is a foam created by mechanically mixing a gas (such as
nitrogen) and a fluid (an aqueous solution with a surfactant such as a fatty acid capable of
forming micelles) in the generator described in U.S. Application No. 12/185,780. As explained

in that application, the term “P2” refers to the two phases of matter that are present in the fluid



fluid nmeniscus 105 t hrough which a sem conductor wafer 102 is linearly
transported by a carrier 101 with pins on which the sem conductor wafer
rests, exwoxrigepd18 surfaces. In an exanpl e enbodi ment, PCmAISkéoioassils a f oam
created by mechanically m xing a gas §such as nitrogen) and a fluid (an
aqueous solution with a surfactant such as a fatty acid capable of formng
mcelles) in the generator descri bed in U S Appl ication No. 12/185,780. As

expl ai ngh b 03RBSRI WhRPPLIATERiCHA PhoihA -PBe iR PRSAROf

matter that are~presert nput to the generator, e.g., liquid
wat er aphassobf daserrthactaptesent etht éoam bEPut byethe rgsmtra)tot heeg. | liqued watvassedid of
mat t er tht are present jn the foam output by the generator, e.g., liquid
wat er JORE AN ZAECOHE NItOREN Pisle LY ?ﬁampé@%lﬁbq nt, P lsa%hléhéfhﬁﬁp%fy Jm the

enbodi ”?Jhge oP300-3060 &p gI.hCGYlltl Qé)' b d%glqlcib 5. d1P3 are

centi poi s€), non-Newt oni an UI d. The hyér |c pr pert| P3 are

f undane filralahgndll{ deffeeert ffono arregut& g{d\xaomhieﬂmmn bunh afs waital, P3 uazhbeagen\aaaﬂiefd asP3
can be generalized as udo- Iastlc mat eri al vvhe e the fluid vi SCOSlt

decr easBsigpiisfip e WS\%@H B flupdafigeopisy §ecre%8?s W incsHame SPHITAHE & g8~ .u)l!
[0029] kihoWlthindg8ppreci ated that the fluid neniscus 105 does not confine
the P3 so as to p% vent it fromescaping into the chanber that houses the
carrier [@29] and t iewiblrtexipprdciatduethetsthd @8idamehniddd, IOMewﬂdI kenflB® the §Btso ds 1o and

rel ease the solid surfactan aﬁ a.g F g}gnant in.th ear wet s tﬁm In
an exanpl¥Hibbamfstaring e g ichamagyhafdouses thy we@ aéli“i RFOFEMY, "Lhdugh
ot her fapj ynAEOLCANLES3 Lﬂﬁgﬁ't @5 afil }&§a@§rtﬂevs%ﬁd§§rf§8‘tﬂlt%'s Q%Qnt'af?u&alnﬁm the

Publ i shed Patent Applicaiio 2006/ 0128600. Those other fatty acids

i ncl udehhealrrwect ,syspah niintanexamplei emboldmmit,ethc sol[d swofaeantmight he bticglomaad, though
gadol ei c I‘CI c,, butyric, caproic, capr t rgaric,..behenic,
7 gnose Pt M i e PEuscsas AR Bp T o Reslotai o U sh P e Peimhabeispen

brassi c NoaQGb(P(*) URBOGARRLE o6t fitty%bffd'é' %{Clﬁﬂqulﬁ‘l@ bal'rrﬁtl@ QI rlﬁifo!e%‘ 1MbicRic,
thensel ves or with stearic acid. [0030] Figuré IBis a sinplified schematic

di agr armralchldemlcagadn@lcaraum&ebh‘erald wpawc a:faplazhc,amymﬁrc srackagicppabrnia] ignokead i n

a |linear we%lg ﬁ? in accor.dance w H aqrr}é)lee dlmeg As. shown in
this fi gurSolC.PRpiQlpicsjevaC, RaERHG, Hmé? SHs Bt £18Pepogapie A6Idaticor

waf er 1@1%n@bpﬂﬂco%1‘tﬁﬁ’dtfon%ltﬁ hekavdds \*Jl'fh fedrldR@. wet system 100, beneath a
top proximty head 104. In this exanple enbodinment, the top proximty head

104 i ncl38% fi veFenmpbBend sibmgpdidisd sc(la)naac dowgdin 1lbmtrmtglgmaweﬂ@z5d wiw ofa i s

optional and ich m erf rmrl and/ or sucti nin nd/ or dryin
(B o R Al FoaE RebrBnh o i wel e et Wil BhOuaBts: £ s and

suct i ongmBadinfel. A& it @Qﬁﬁgﬁl@da Q?ﬁé? Rﬁlas%ﬁ@%ﬂgﬁo%Q?ﬂl%porgs%?a and 107b,
whi ch deposit and suction othér chemcal cleaning fluids; and (d) an exit

head 108¢miconductor wafer 102 along a pair of tracks 103 in a linear wet systern 100, beneath a top
proximity head 104. In this example embodiment, the top proximity head 104 includes five
component heads: (a) a conditioning head 105, which is optional and which might perform
rinsing and/or suctioning and/or drying; (b) an AMC (Advanced Mechanical Cleaning) head
106, which deposits and suctions P3; (c¢) two C3 (Confined Chemical Cleaning) heads, 107a
and 107b, which deposit and suction other chemical cleaning fluids; and (d) an exit head 108,
which might perform rinsing and/or suctioning and/or drying.
[0031] Figure 2 is a diagram illustrating an overhead view of the modules in a linear
wet system, in accordance with an example embodiment. As depicted in Figure 2, the linear
wet system 100 includes three modules: (1) an input module 110; (2) a chemical module 111;
and (3) an output module 112. In turn, the chemical module 110 comprises a top proximity head
104 with five component heads 105, 106, 107a, 107b, and 108, as described above. In an
example embodiment, the chemical module 111 might also comprise a bottom proximity head

103, which is not shown. A carrier 101 with a semiconductor wafer 102 is shown in the output



whi ch m ght performrinsing and/or suctioning and/or drying. [0031] Figure
2 is adiagramillustrating an overhead view of the nodules in a |linear wet
system iwoOacwaweaace with an exanpl e enbodi ment. As depCttusdomoneiBiyure 2,
the linear wet system 100 includes thsee nodules: (1) an input nodule 110;
(2) a chemcal nodule 111; and (3) an output nodule 112. In turn, the

chem cal nodule 110 conprises a top proximty head 104 with five conponent

heads 108k, AE3nodRTPriAc K00 oA lP I8 LARA IRROSe BuARoBHBIR) e

enbodi nment, chem ca SO conprise a bottomproximty
head 108henakalahodwde hbl, asthdwroutput@arduicer12101 wi th a sem conduct or wafer 102
is shown in the outputppdule 112, Also shown in Figure 2 is the chapber 109

whi ch h&dL t he FryGe 3 Aotidipgamidlustalias pskPesiivendetog 2 garticr aixhe PIREIBIEY put
modul e ] i ' i i iLfg A p i veryi ew of
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transporting a, sen conductor fer 102 from an jnput dule 110 to an
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Figure 4 is a diagramillustrating a perspective view of a pair of

proxi ni CYRHREISELLPAMENf-i near wet system in accordance with an exanpl e

enmbodi 21 Bot h QX ; t | Mg ad
703 ar T 3ha i n ¢ HRest PR PGGH Sk REAL o B0RC Ty BPLDRRLPRRAITHY Nedany
head i nal alesir avePSysgmen at@rd4t8 withhincdxainglerepatahidingent elfoh el foprpredsyty

I ing, d i pbed i t detail in US,. | icati .
T2/ 185, Bt AR AR BroRHDBB O e (g da T Bb IRABORANE r eceive P2
(e.9., WRbLEHinRAL tlﬁet 6p ﬁoh&ciﬁ% frad AERKHGN, Pg%eﬁé?ﬁkﬁ 1 ﬂa%%ﬁégfjis FeAIAS réBoekd for

nitrogen or N2) through the input 115 and produces P3 by mxihg themin a
seal ed halyi da@hinghandestribdd iolgréasermiotailsh div. Apd3ddn Roglt/ 885780 limars cteemdt i c

diagramillustrati t he sections, of an head, in accordance w an
exanpl ee@b?{a b Agélﬁéaa?rclﬁlécrnﬁght Fecyur @%?-gawakw%taﬁm !tﬁauaﬁﬂﬂf a
first st oM ddPa fAQPIC LAY 0R NOY @leERH thBEnpik I s Q1 SbdCQREPRIS I AGirR
structure for a | eading edge air confinenment which prevents P3°from

escapi nthemine sehled dpbicad chanehwhiskris iyt sbereti oni ng the P3 upward into head

106, as w. | be describped i reater detail below Additionally, the first
sect i onlWad! f aci | Fieres N mehadat diaeran Brrss e B tBOB A IeEME g 18
sem conguGh@nc¥@filan bR dAbodiment. As depicted in Figure 5, an AMC head 106 includes

a first section 116 (depicted by a broken line with dots) comprising a structure for a leading
edge air confinement which prevents P3 from escaping into the system’s chamber by suctioning
the P3 upward into head 106, as will be described in greater detail below. Additionally, the first
section 116 facilitates the application of P3 to the surface of a semiconductor wafer, since P3
might work better as a cleaning fluid on a surface that is dry, rather than wet, in an example
embodiment. As depicted in Figure 5, the first section 116 is the initial section of the AMC
head 106 encountered by a semiconductor wafer as it is carried through the linear wet system.
The AMC head 106 also includes a second section (depicted with a broken line) which
comprises two P3 zones, 117 (P3 Zone 2) and 118 (P3 Zone 1), where the head 106 deposits P3
onto and suctions P3 from the wafer (e.g., using a partial vacuum). In an example embodiment,
the P3 deposited in zone 117 might have a different composition than the P3 deposited in zone
118, e.g., a different relative percentage of P2 to gas (e.g., nitrogen or N2). It will be
appreciated that multiple P3 zones allow for a degree of variability and control in a linear wet

system that tends to be somewhat fixed.



m ght work better as a cleaning fluid on a surface that is dry, rather than
wet, in an exanple enbodi nent. As depicted in Figure 5 the first section
116 is thwoizniotdead18secti on of the AMC head 106 encount eP€u/Usg008/065812

sem conductor wafer as it is carried 1hrough the linear wet system The AMC
head 106 al so includes a second section (depicted with a broken |ine) which
conprises two P3 zones, 117 (P3 Zone 2) and 118 (P3 Zone 1), where the head
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119abc, a schemat ose-up Vi ew. shown i n cl ose-up view, the
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Fi gure Is a schematic diagrami| Iustratl n cross-sectional view of the
sect i onsn amANMC AdAd, heaadorduamcmnknamamlmmhodlmeakémilﬁoeeammatahﬂlat Figunei | |

be appreciated that Fig rresponds t A- utti ane i.n Figure
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suct i on|pP3e plo'yglwa&hﬁl NacheRps &?%ﬁ% &pfcefiieaah%eA%&e@ab&l%%ata@d in this

figure, the Tifst section 116 is the initial part of the AMC he

encount demdtethyn thisiegrre.chelficit sectinafléd istbe intitialpactarf ithed MO hcndgﬂmcomeerbd hgar
section 116,

Tone 2 STMIERREIE SHICCRAt ST AHEPuEk | TARE HEQHS T MO BT AR Fiput
channel sdclipa 116, the Wafdd cARAIPEY oLy of thB8EbondSedtidd, WRERINEXMGhER HBTRHwE the
waf er enters P3 Zone 1 of the second section, where the AMC head 106 fl ows
P3 fr omPBripm input channel 117a to return channel 117. Then as the wafer exits P3 Zone 2, the
wafer enters P3 Zone 1 of the second section, where the AMC head 106 flows P3 from input
channel 118a to return channel 118b. As noted earlier, the composition of the P3 in Zone 1
might be different than the composition of the P3 in Zone 2, in an example embodiment. As the
wafer exits P3 Zone 1, the wafer enters the third section, where the AMC head 106 flows DIW
from input channel 119b to OR channel 119a and IR channel 119¢. In an example embodiment,
the wafer might be wet when it emerges from the meniscus (e.g., DIW flowing from an input
channel to an OR and an IR) in the third section. It will also be appreciated that the wafer might
enter another meniscus or a partial vacuum upon exiting the third section, as indicated by the
carlier description of the chemical module 111.
[0037] Also depicted in Figure 6 is a deflecting edge 120a which deflects the flow of P3
as it leaves the AMC head 106 through input channel 118a, as described in further detail below.

It will be appreciated that inner return channel 119¢ might also return some of the P3 deposited

by input 118a, in an example embodiment. That is to say, inner return channel 119¢ is a “mixed



channel 118a to return channel 118b. As noted earlier, the conposition of
the P3 in Zone 1 mght be different than the conposition of the P3 in Zone
2, i n an weanples29sbodi nent. As the wafer exits P3 ZonePCT/ush@9omwedser enters
the third section, where the AMC headg 106 flows DI Wfrominput channel 119b
to OR channel 119a and IR channel 119c. In an exanpl e enbodi ment, the wafer
m ght be vvet when it energes fromthe neniscus (e.g., DIWflow ng from an
i nput ck 4o an OR and an IR) in the third section. It will also be
appr eci at ed tlhat the wafer mi ght enter another neniscus or a partial vacuum
upon em[(l(BBg t he th'umw sectdhomati@diapiradi dlattedingyy drbg-swatidnaévicdasthd pti on of
.[0037] Al sq picted in re 6 is a deflecting
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as 120b in Figure 6). Also as depicted in Figure 7, an anount o flows

to the hhﬁmmd{y1mtheetdef¢hennelr198‘Edge 120a to an inner return channel 119c in

the thir ction_ of.the AMC head. Thi s.anbun relativ smal |
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meni scusy 8 drdih Hérﬁ?ﬁeedaﬁséd jifRt &Hv%v%}a M) ontd 8R- suk@OBSIM thé tvatir! FurBfr, the

appreci ated that the deflecting edge 120a protects the sem conductor wafer
f r om dadefiectiogudsd]l 2p adi rits oppakovgnaettedtifig ed/gedd()b thmcaéllyrobaﬁee tht P3hecnasfusr .

Further deflectl n 120a and it 0si ng deflec ed 120b
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flow of P3 to the "mi xed inner return” 119c, which is responsible for

suct i onbAy inrtbe DI'W ¢omfinbmeDiriyrismubi nement meni scus. [ 0040] Also shown in
RREAR REAITERING & R A TR AR S Gy
of semiconductor wafer flows toward the left side of the ﬁgure (see Figure 6) at a velocity of
about 20 mm/sec. In an example embodiment, P3 flows down input channel 118a at a velocity
in a range of 5-30 mm/sec, until the P3 encounters the deflecting edge 120a. At this point, the
velocity of most of the P3 increases so that the velocity is in a range of 25-45 mm/sec. This
increased velocity is maintained by much of the P3 flowing left toward the inner return channel
119c¢ in the third section. Most of the P3 flowing into the P3 meniscus 121 decreases in
velocity, to a range of 15-30 mm/sec. The velocity of the P3 decreases further as it is deflected
back into the circular flow of the P3 meniscus by the opposing deflecting edge 120b (not
shown), to a range of 0-15 mm/sec.
[0041] Figure 8 is a schematic diagram illustrating several dimensions relating to an
AMC head, in accordance with an example embodiment. The figure shows a semiconductor
wafer 102 between the AMC head in a top proximity head 104 and the AMC head in a bottom
proximity head 103. As depicted in the figure, the gap between the wafer 102 and the AMC
head at the outer return channel 119a (for the DIW confinement) is approximately 2.25 mm.

The gap between the wafer 102 and the AMC head at the DIW input channel 119b (and the



about 20 mm' sec. In an exanpl e enbodi nrent, P3 flows down input channel 118a
at a velocity in a range of 5-30 mmisec, until the P3 encounters the
def | ecti nyoedyaeifi®a. At this point, the velocity of noeCTafS2000063832
increases so that the velocity is in @& range of 25-45 msec. This

i ncreased velocity is maintained by nuch of the P3 flowing left toward the
i nner return channel 119c in the third section. Mst of the P3 flowng into

el oot ty ol ot RRebS U ACFARRTTRO R HEROGRND D25 Fub MOBFLG0 shn O P SRR T

ci r cul aforfthothimfscttom iP8.7Famins ts dxyniphecrolppidmentgThkegdpdatwom thdgafctA0D ( not
15 nm sec. is a schenati i.,agram

?Pf’ﬁ”s‘%ra% w%é@”%eaﬁia%ﬁgﬁ@mag cAgg ié(%) Oar(é]gt chgrgllﬁlroe ameédmwl’a?c%mﬁﬁ%e Wit h
an exanp fﬁ[ﬁ medy B8im. AhEuk yﬁbﬁtea YR @af%ﬁ%é}mm% g@é&ébow%hebﬁ ween

t he AMC |natop pr oxi m 104 and t In a bottom
pr oxi m menhsead] 2103or BsZalepl)at egproxintatedy 1‘21ngu fTaat i hesayathebptavessgaplidorvtht er

102 e B Lo ot TS, S Ll LR, SRR 5SSt AL P,
confine 1 tt 1 and
the AMCghead @ Putt deankd X{(dt %Rg}w}}ﬁ% WM%%Q&&%W@%&H‘ a?é%ll dsrlﬂﬁﬁ ah Gt N

channel 119c) s approxi mat That is to say, the "process gap"
for thechetnnlehl(nsempliohlyisho@nY’&larmpAMCdmaéxanpl e enbodi nent. The gap between

th f 2 dth MC head at .t he defl t d 120 i t
chgn\rllvgl ?ﬁﬂﬂég .ﬁnpglgzg% 159 8 “ngﬁ%bii]&%‘ieaﬁh‘? it 'n%’%‘ﬁl %e@tets ﬂbf’a%og‘ﬁ%?{ﬁgenl tn ﬁg
waf er 191%aﬁﬁg ﬂ%%e%ﬁ?%?@os@t@@%? ah ame%eg@% §8&6§da11%é-wﬁti1%h e|>:()§m gne 1) is

appr oxi mat el to say, th process gap" for 3 meni scus is
2 mm i amaodiexatpheindrdatdi imehat figuds, tﬂepmmt)ﬁnieasmrdnhnm fcfnt@wlearﬁ&‘mujsht flow

froman j nput channel .(not expljcit hovvn) a bottom AMC head, as wel |
IR R A S e B R L O R v S i PR
Figure 917 ?Paazé&*@ nRki1Gs @Pﬁzéﬁ"éﬁ Il hisityeal 5@&%&%&%@1{ of L &%o 9$nt¥glii8u§ ppws
of a cleaning flui'd (e.g., P3) deposited an AMC head, in accordance with

an exanpbeesengbdinfeerice cAsh ¢thar s:ﬂtwdratem, mnhe ekalgple@mhold'emwl As oidicatdsutlenent
for the_.shear rate js . 1/s (1/sec r i nverse seco The shear
IRy e Pt AR A it R s e R A 1 A
Zone 1) llﬂmM‘ﬂtb'm%n@@H)S ‘%ﬁ'aﬁ%?ﬁnﬁl@%hlb%éﬁ%n@f the two contiguous P3 zones

m ght influence each other's shear rates, in an exanple enbodiment. As
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117a acpRssel NRaReISOMYottBM of an AMC head to a return channel 118b. As depicted in this

figure, the shear rate of the P3 near an input channel is in a range of 175-275 reciprocal
seconds. As the P3 spreads across the bottom of the AMC head, the shear rate of the P3
decreases to a range of 50-175 reciprocal seconds until the P3 nears a return channel, where the
shear rate increase to a range of 125-225 reciprocal seconds.

[0044] It will be appreciated that both the staggered locations and the sizes of the input
and return channels in P3 zones 117 and 118 create a radial flow pattern on the surface of the
wafer that is gentle and non-directional with respect to shear rate. Such a radial flow pattern
deposits P3 on the surface of the wafer without preferential direction in a manner that prevents
damage to structures on the wafer.

[0045] Figure 10 is a schematic diagram illustrating the process face and back side of
the process face for an AMC head, in accordance with an example embodiment. The figure
shows a cross-section of an AMC head 106 as described earlier, comprising a first section 116,
an input channel 118a for depositing P3, and an input channel 119b for depositing DIW. Also
depicted in this figure is the process face 122 for the AMC head 106. It will be appreciated that



AMC head to a return channel 117b. Simlarly, in P3 zone 118, P3 flows out
of an input channel 118a across the bottomof an AMC head to a return
channel MBhko10As248pi cted in this figure, the shear ratecofusténe/oPBinear an
i nput channel is in a range of 175-2%% reciprocal seconds. As the P3
spreads across the bottom of the AMC head, the shear rate of the P3
decreases to a range of 50-175 reciprocal seconds until the P3 nears a
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the full back si de . The conpositée b

view of an AMC head n accordance with an exarnple embodiment. The figure shows a cross-
section of an AMC head 106 as described carlier, comprising a first section 116, an input
channel 117a for depositing P3, an input channel 118a for depositing P3, a “mixed” inner return
119c¢ for suctioning DIW and P3, an input channel 119b for depositing DIW, and an outer
return 119a for suctioning DIW. Also depicted in this figure are the bores which provide P3,
DIW, and suction to the AMC head 106. Bore 126 provides suction (e.g., VAC) to the first
section 116. Bores 127a and 127b provide P3 to P3 Zone 1 and P3 Zone 2, respectively. Bore
129 provides DIW to the DIW confinement in the third section. IR bore 128 and OR bore 130
suction the DIW from the DIW confinement. As noted elsewhere, IR bore 128 also suctions
some of the P3 deposited into P3 Zone 1.

[0048] Figure 11 also depicts the bond line (e.g., resulting from thermal fusion) between
the process face 122 and the back side 123 of the process face. Additionally, Figure 11 shows
two features A and B. Feature A comprises the reservoirs used to deposit P3, such as reservoir

126 in Figure 10. Feature B comprises the down-feeds between a bore (e.g., bore 126, 128, 129,



side 125 includes (a) a reservoir 126, which feeds an input channel 118a

and wil|l be described further below, and (b) a return 118b. It wll be
appreci atwo 20tvat2RA8 fl ows fromthe i nput channel 118a t®@Crhis2e0eiaism2 118b,
as illustrated in Figure 9 (relating1o shear rates). [0047] Figure 11 is a
schematic diagramillustrating two features in a cross-sectional view of an
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flows down froma bore (e.g., 7a and 127b in Frgure 11) to P3 neni scus
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Fi gur es ;AR A rah AR P ARG dRtRLIME laYaIBRIA.03-M7. In the middle of the
reservoir, the velocity magnitude of the P3 is in the range of 0-.04 and then increases to a range
of .06-.11 as the P3 approaches the input channels (e.g., 118a, 132a, and 132b).
[0052] Figure 14 is a schematic diagram illustrating the down-feeds from/to a bore in an
AMC head, in accordance with an example embodiment. As depicted in this figure, a bore 130
(e.g., an OR return bore) in an AMC head 106 suctions a fluid (e.g., DIW in a DIW
confinement) from a meniscus through return channels 119a. As indicated in the figure, the
size, number, and location of the down-feeds leading into the bore 130 from the return channels
119a have been selected so as to facilitate a uniform return flow, e.g., the down-feeds are
relatively larger towards the distal end of the AMC head (e.g., the right side of the figure),
which is relatively farther away from the source of the vacuum in the bore 130 (e.g., the left
side of the figure). It will be appreciated that that a similar selection might be made with respect
to the size, number, and location of down-feeds in delivery bores, rather than return bores. It
will also be appreciated that the down-feeds shown in Figure 14 are also depicted as Feature B

in Figure 11.



conparison to input channel 118a. [0051] Figure 13 al so shows the velocity
magni tude (in msec) for the P3 as it traverses the reservoir fromthe
delivery wassuge2di81 to the i nput channels 118a, 132a, a&ow/us3@b/063sm2t he
vicinity of the delivery passage 131,12the velocity magnitude of the P3 is
in the range of .02-.08. As the P3 noves away fromthe delivery passage
131, the velocity nagnitude of the P3 increases to a range of .08-1 .2 and
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down. f cEMEOLSH- (1 the Bisihed “é‘fPP&R?@OHeléQl 4 lincaE Wt takaesugfios apy | | e

enbodi ”'Pé?ﬁamfﬁ%gﬂ?ﬂé g_ép%g %ﬁr@acE g sﬁlbs@ﬂalg eﬁ, e.gd at%%ﬁl‘?colqﬁ%?t&ewgfer a%@t\/\?ﬁ

bore) in an A suctions a nenent)
from a bgaicanies uhderohgfirst etctiom o iraANET heaﬁlm noAsl caridhr,chisegetanon heglitibgur e,
the size, nunb and | ocation of the down-feeds. |eading into the bore 130
from t hBCHRTTRPYHERREIS fof fdsa%&/%&as@éfrfsogﬁp%m@%msaa cxamply qupodimenitla the
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(e.g., the left s of the figur will he appreciated that that a
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al so be appreciated t t he down-feeds shown in Fi 14 are al so
deplctedwasnﬁehwmb@fEmmmxﬂm@umenmmnmﬁgﬁﬂkIﬁﬂ@unaimﬁaPézanéhmmmhammﬂd!agram

illustrat t he operations hod for confinin cl.eani ng f
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suctions any |qU|d remai ning on the upper surface of a substrate (e.g., a
sem conthecABIC hwaflewhichsedtioniis partialiys pefirted drdmnddhe sacondsectionend o thi fisgt
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causes a film (or neniscus) cl’eani ng foa ow onto 't he upper surface
of the soifstenmng imgn t:)kmp_l@lbmboan@np%dsﬂeesjsotadudaﬂlelt, lve obcorfdhsdendtionalgy t he

AMC head., As noted earli hi s ¢l eani ng . fgam m ght i.n an exanpl e
g RS S S i SR e b S A R AT el d
the |ineggsqpet systRmd s6 %fhaﬁ@ﬁé shdwih§ Rebnfifdmhéht ARAIBLY iARnAMOthARE, iRer f or med
by a P3 zone, in an exanple

accordance with an example embodiment. It will be appreciated that this figure is similar to the
schematic diagram of an AMC head shown in Figure 5. As shown in this figure, a first section
116 is the first part of the AMC head 106 encountered by a semiconductor wafer as it is carried
through the linear wet system. In an example embodiment, the first section 116 suctions any
fluid from the surface of the wafer and bounds the P3 meniscus which flows onto the surface of
the wafer in the contiguous P3 zone 117. The AMC head 106 in Figure 16 includes a second P3
zone 118, which also deposits and suctions P3 on the surface of the wafer. As the wafer is
carried out of the second P3 zone 118, the wafer enters a DIW confinement 119, where the
AMC head 106 rinses the wafer with a DIW meniscus that extends around the two P3 zones to
the first section 116.

[0055] Figure 17 is a diagram illustrating a vacuum confinement in an AMC head, in
accordance with an alternative example embodiment. As shown in this figure, a first section
116 is again the initial part of the AMC head 106 encountered by a semiconductor wafer as it is

carried through the linear wet system. In an example embodiment, the first section 116 suctions



enbodi nent. Then in operation 1503, the linear wet system causes a fil m of
rinsing fluid to flow onto the upper surface of the substrate as the
substr at ewproasemsunder the third section of the AMC heau/USedoobsssect i on
is partially defined around the second section and up to the first section
so that the third section and the first section create a confinenent of the
cleaning foamin the second section. As noted earlier, this operation m ght
be per f Qﬁyﬁgmtyorﬂﬂg Wﬁg 9 %%r’anﬂ 'Bo@rﬂs%ffeaﬁ?hl%nﬁ%oxghlgﬁ@row '%‘hﬁ)othe as noted
earlier, "an object unctr onal ity is to prevent Feani ng foam
fromes smﬁacrag)f rlra:tx@afehm the beaiguord P ysteelti7sTehAMIEhead] IIIGSA]Flg%lrg U6 enchilck s a
figure show a confi erw aﬁt meni scus i n_an AMC head, %cordance with an
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wet system. In an | e enbodi nent, the.first s n suct i ns any
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ont ot NeRUALASE ofiEw B TRl 18 kiRt hRKSiRDiRpne 117, The AVC head
106 in Figure 16 includes a second P3 zone 118, which also deposits and
suct i on$0088] on t halthonglathe fon‘egdnhg emﬁpﬂe cemhsdinteatstafve be¢rsdasaribddad some of t he
second P3 %%ne 118, Wgel r nt er a .DI V\Lﬁonfr ne nt 119, where the AMC
head 108 AURUPGRES r-%rrty SaRHEN B £ SBEREhe  wo
P3 zones,dqfidafiend by be gﬁeﬁeéa%hﬁﬁ the[ &Qﬁé&ftﬁb Ghichadd claind (9 2AR, the

illustrating a vacuum confinenent 1n a in accordance with an
al t er natAM€ hexdamuthe cemfomd ﬂmdtotheﬁ@wrwmghwmcosrmysncﬁn-gluwmmem foamssucls ecP3,on

116 is again the initjal rt of the A head 10 n Jnteredb

sen condUMSRATEEIMElS Spodincal ﬁceerdrfvrafrﬁb b%e%aﬁg)?r R Bo MRS s 1o Qem 10 an
exanpl e &m&%d@smrus&ame fahd[ bt BRALHRN ardd-re %ﬁk%h@@%ﬁﬂ% tJ whﬁhtw Rﬁfh& B@taﬂs
surface of the wafer and bounds the P3 neni scus which flows onto

sur f ace gofen thheinydiiemay he trivdifednyitigo chesscPe zmimuilsfﬁ?cntsﬁfethﬂh@ehé@;blclmﬁ in

Fi gure |nclude3 a second P3 zone 118, which also deposits and suctions
P3 on t W& H4@E4% the wafer. As the wafer is carried out of the second

P3 zone 118, the wafer enters a structure for an inner-return (IR) vacuum
confinement 135, which extends around the two P3 zones to the first section
116. It wll be appreciated that in this alternative enbodi nent, the AMC
head 106 does not forma DI Wneniscus or otherwise rinse the surface of the
wafer with DIW [0056] Although the foregoing exanpl e enbodi nents have been
described in sone detail for purposes of clarity of understanding, it wll
be apparent that certain changes and



nodi fications may be practiced within the scope of the appended clains. For
exanpl e, the AMC head m ght confine a fluid other than a high-viscosity,
non- Newt owo2nidmw29mssuch as P3, in alternative exanpl e erbodiSxeiness12
Accordingly, the exanple enbodinentsiare to be considered as illustrative
and not restrictive, and the invention is not to be limted to the details
given herein, but may be nodified within the scope and equi val ents of the
appended clainms. What is clainmed is:Clains 1. An apparatus for processing a
substrate, conprising: a carrier for the substrate that transports the
substrate through a chanber, whereinGladmsarrier includes pins on which the
substrate rests and which exposes surfaces of the substrate; and a head,
further li ncl ddi apgagtusifpiprogessing griubHite. SOMPTIHAS: | i qui d from the upper
surface of t r - ond
section, conlt(gl %ﬁ%ﬁg&t@é Wgé?%%tﬁgg%%ﬁg%& stﬁﬁﬁéétfa?? S %@%%ﬁg@%ﬁ%heﬁlg%% afilm
of cl eanamigr inohiccOpin® oh ehidhpthe sutstinfeacas add wheh skpstes adrécasof the sshshater at e
proceeds under the head, and a third section, contiguous to the second
section294hat is configured to flowa filmof rinsing fluid onto the upper
surface of t - he substrate is carried under the head,
wherein the tg(r?]ﬁe?&ldl@ggeﬁ%%@gé defined partially around the second section
and up to the fir stfirgsecttiomrthandctidmsriguil frdre thduppdr sier€ice ofi tharsdbdtiuee 4d thet
section create a confinenent of the cleaning foamw th respect to the
chanber. 2. A‘r‘bsérﬁtﬁéP%‘feéélgg%”h?\ ®@dai m 1, wherein the second section includes
one or more i nput o CHARAGkSichOEarfiBloVEb RS ClibA Thatlis ChifRRRG. A AR one
or nore output channels tor renoving the filmof cleaning Toam 3. An
appar at us asof dealing foazh ovth éhiceuppet frefaca plitheanbstatd puhe sltatratelpsoeds under
configured tg cause the filmof cleaning foamto flowin a radial pattern
across the uﬁk? adyface of the substrate. 4. An apparatus as in claim?2,
wherei n each of t henii Qi RBRAGIGRS kdihlk RERBSONDnS BGE 1sQBnfi ARk HLRoR A rafige
that projects over the nouth of "the I nput passage. 5. An apparatus as iIn
clai m 2, whepériinsiag fnoumtofhetupeer supfiate cithandissra@ras thoxdbtede &t catriel under

the head, wherein the third section is defined partially around the second section and up
to the first section and wherein the third section and the first section create a
confinement of the cleaning foam with respect to the chamber.
2. An apparatus as in claim 1, wherein the second section includes one or more input
channels for delivering the film of cleaning foam and one or more output channels for removing
the film of cleaning foam.
3. An apparatus as in claim 2, wherein the input and output channels are configured to
cause the film of cleaning foam to flow in a radial pattern across the upper surface of the
substrate.
4. An apparatus as in claim 2, wherein each of the input channels in the second section
includes an edge that projects over the mouth of the input passage.
5. An apparatus as in claim 2, wherein a group of the input channels are located at the
bottom of one side of a triangular reservoir fed by a main passage above the intersection of the

other two sides.

6. An apparatus as in claim 1, wherein the foam comprises a liquid, a gas, and a surfactant.
7. An apparatus as in claim 1, wherein the substrate is a semiconductor wafer.
8. An apparatus as in claim 2, further comprising an additional section, contiguous to the

second section included in the head, that is configured to cause a film of cleaning foam to flow

onto the upper surface of the substrate as the substrate proceeds under the head, wherein the



bottom of one side of a triangular reservoir fed by a main passage above
the intersection of the other two sides. 6. An apparatus as in claim1,
wher ei n twe 2hpaseoenpri ses a liquid, a gas, and a surfa®CaMLS2009/0658m2
apparatus as in claim1, wherein theisubstrate is a sem conductor wafer. 8.
An apparatus as in claim2, further conprising an additional section,
contiguous to the second section included in the head, that is configured

to, causecanhl kPhacl EAMIAAIAATLE Bk OO AT DA RRRT AGHELALS Al sd:Bd

substrate as™t e proceeds un erein thecleaning
f oam haseatioaonposi ti on which differs fromthe cl eaning foam delivered by

the secgnd section. 9. An apparatus. as in claimS8, erein the input and
out put EhannéP<Perrafiseap it Hélr%éc%hﬁe@é§? 1IHHE AUt © %fmefSi Q}WQ{L theetqo8f ar e

. ioh ‘an dieRBaf dcbfdPhre |r0td f1 cleBni g a
confi gugedhoh In§ MSRIdIRE l‘;]§ biRPhre Ch 89tdf QAR e Q¥ clclniAg FGHN &G 9

radi al patterns across the upper surface of the substrate. “10. An apparatus
as i n chajummd ofwhdinkgpattcats acmas theampperafurfabeosthe sutpnatel ncl udes a plurality of

down-feeds that are sized, nunbered, and | ocated to.pravide uniformf| ow
wWithr eigect Qtn&paa%}séls ihclpma [ wherpigpt ?efit. ong ofghesatiensingp eastgvﬁé}tyao
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substrate as the substrafte 1s transport é carrier un%er a head in a
chanber powhetle sectidre carrier includes pins on which the substrate rests and
whi ch eéﬁose surf&g‘%s of the substrate and wherein this suctioning

oper at i o isip‘@FtIhB PIRSPSHAR APPSR EUPPIHNSf t he head; causing a fil m of

cleaning foam to §lQWnRtRQuidEoMPR&HPSMUERESO L] sibtifats U BT @b&rdSist he
substrate proceeds under the head V\/Iplerel n this cleaning operation is

per f or med by trangpedomtly aeanieonn&dnia&had 81 cdnrnitguovwrtio thharfi¢rmstludesqinsom i n
t he head; and.causin filmof rinsing fluid to ow.onto the . upper,.

sur face of ¢ REQBstrafacash i whiSEerthees uficar o bE RTAE e tREgs i
wherein thi S slidtidalnd®pRREbALd B fdn%_e@%?ftﬁ%rﬁ%fjse@b{o@oﬁﬂﬂ!e heahgection which is

contiguous to the second section in the head and which i's defined partially
around t he secondcasotg oifilmmd clepning fodre td flow onetbe upperandassheitied substigct hi r d

w th 1 ospoct ot BerHETASRBEIT 1S BB oHR e Gl e DR Ao O
second secti gy aisB&IndA8&idAPhieR iSBhBghdIRYS HNRINRLGod ArthdRéddy&id ng the film
of cleaning foam and one or nore ou%put channel s for renoving
causing a film of rinsing fluid to flow onto the upper surface of the substrate as
the substrate is carried under the head, wherein this rinsing operation is performed by a
third section which is contiguous to the second section in the head and which is defined
partially around the second section and up to the first section and wherein the third
section and the first section create a confinement of the cleaning foam with respect to
the chamber.
12. A method as in claim 11, wherein the second section includes one or more input
channels for delivering the film of cleaning foam and one or more output channels for removing
the film of cleaning foam.
13. A method as in claim 12, wherein the input and output channels are arranged to cause
the cleaning foam to flow in a radial pattern across the upper surface of the substrate.
14. A method as in claim 12, wherein each of the input channels in the second section
includes an edge that projects over the mouth of the input channel.
15. A method as in claim 12, wherein a group of the input channels are located at the
bottom of one side of a triangular reservoir fed by a main passage above the intersection of the
other two sides.

16. A method as in claim 11, wherein the foam comprises a liquid, a gas, and a surfactant.



the filmof cleaning foam 13. A nethod as in claim 12, wherein the input
and out put channels are arranged to cause the cleaning foamto flowin a
radi al pawoenn/@mer18ss t he upper surface of the substrat @CTAS200/06881hod as
in claim12, wherein each of the input channels in the second section

i ncl udes an edge that projects over the nouth of the input channel. 15. A
nmethod as in claim12, wherein a group of the input channels are | ocated at
t he bot ttem of i . ri r i . .n passage
above t he | nieragef e it LSRR R SR Sl ot L P e m 11
wher ei n18he fAomamthodapin dasn B, finthur domarigiag an aperagorsthaf ekt filhyof deamirighod
as in claim1]l, wherein the substrate is a sem conduct or

fer. 18. A
met hod &M 19 #evappothe uprsr swdace of thsr Jubptirie anths subsiiefcaroeqsds uedeydheshedds j | m
of cl eaninagif AR LMidd WA HESoRRSy SUdlAGLRaechidfinsiiSd [AhE hasi, t he
substrate prloceecls tljrédée)q&rtﬁ)(t'a1 ﬁggﬁo \/\hg&eal?ln t |saclecea$r¥flﬁlg oper at fgo%ﬁl’s
per f or mechtipyoantoatidsdcond adctipecandorhareia ltheddehning folam hwsadompostiogudich t o t he
second segtion, and wherein e cleaning foam has a conposition which
differsd#fe_é rPWéﬁ%PIQ%}HP&EO%;@ V&Eqdl%et}“%geoﬁg}g??%logecond section, 19. A
met hod 4§ in AChgingh 18in MMIGT A, WcRén tHARbUARE o gbhp&ﬁanﬁQQBF%tﬁ o se%ﬁ&(h the
second section and the additional section are arranged to cause the
cl eani ngedtioamnd thefddditional secs@nare aoengdd to adisalthgatinngmbaaciodksy inheseqppree
surface of the substrate, 20. An_app ratug, conprising: a carrier for a
subst r aPErAdiph et AgeSttRe upnst ufecs o8 hHBEiHc-a chanber, wherein the
carrier spncl udespRiaA], QMY the substrate rests and which exposes
surfaces of the substrate; and a head, further conprising a first section
t hat sucti ons chirgufat of substrathithatippeposua fseawfthiohgh g uhhbeat ehasintthe
substrate is.carried under the head, and a secpond sectiaon, contiguous to
The 11 1 SETISBEE NG, DAY NinuBE SN e drat »2 BBRA RrRERMITsts S SHG Ehe
upper sypface of the substrate as the substrate proceeds under the head and
that prevents the cleaning foamfrom escaping into the chanber through a
barrier of sadtibdurthericompdsing t he cl eani ng f oam

a first section that suctions liquid from the upper surface of the substrate as the
substrate 1s carried under the head, and

a second section, contiguous to the first section, that causes a film of cleaning
foam to flow onto the upper surface of the substrate as the substrate proceeds under the
head and that prevents the cleaning foam from escaping into the chamber through a

barrier of suction surrounding the cleaning foam.



