METHOD AND APPARATUS FOR CLEANI NG SEM CONDUCTOR WAFERS

USI NG COVPRESSED ANDY OR PRESSURI ZED FOAMS, BUBBLES,
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present invention relates to the field of

sem conductor wafers. Mre particularly, the invention

relates to a nethod and apparatus for C eaning

Sem conduct or Wafers Usi ng Conpressed and/ or

Pressuri zed Foans, Bubbl es, and/or Liquids. BACKGROUND
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tMﬁQRb@ULMd to performthese processes are
extrenely expensive. Mreover, with the advent of nore
advanced |ithography and other techni ques and nore
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~design on the sem conductor wafer, the above
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requi ring control of contam nant particulate matter to
[stesigaront hhgrbepriecnsiyeton w%ﬁretmeral@we@r@ﬁe@sm teghniqueset t er

tahvaﬂ %Qen d{(j%%‘dm%éc @1&@& 4l 'ﬁ%@ééd’gr%cg?éﬁﬁ the
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[0003] As above, with the increasing complexity of semiconductor
devices, semiconductor wafers are increasingly vulnerable to multiple
contamination sources. The sensitivity is due to the submicron feature sizes
as well as the decreasing thickness of the deposited layers on the wafer
surface. The minimum feature size being designed at present in dense
integrated circuits is about 0.11 microns. This will soon shrink to less than a
tenth of a micron. As the feature sizes and films become smaller, the
allowable contaminant particle size also must be controlled to smaller and
smaller dimensions. In general, the contaminant particle size should be about
10 times smaller than the minimum feature size, therefore requiring control of
contaminant particulate matter to better than one-one hundredth of a micron
(i.e. better than 10 nm).

[0004] Such physical dimensions make the eventual product very
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air (fromthe workers and equi pnment) and the materials
used to process the sem conductor. For exanple, npst
w@booshetssubst ances used in the cleaning and cheeom/vsi004/042831
treatment processes, such as fluorides, solvents,

acids, heavy netals, oxidizers, etc., are toxic or

ot herwi se hazardous to both maintain and elim nate.
Simlarly, the high purity deionized water (D water)
typically used in existing processes is expensive to
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[0006] Substances other than DI water and isopropyl alcohol may also
be conduits for introducing contaminants to the semiconductor wafer. The
contaminants on semiconductor wafer surfaces exist as films, discrete
particles or groups of particles and adsorbed gases. These surface films and
particles can be molecular compounds, ionic materials or atomic species.
Contaminants in the form of molecular compounds are mostly condensed
organic vapors from lubricants, greases, photo resists, solvent residues,
organic components from deionized water or plastic storage containers, and

metal oxides or hydroxides. Contaminants in the form of ionic materials may
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nmet al oxi des or hydroxides. Contam nants in the form
of ionic materials nmaybe cations and ani ons, nostly
W0 c@§10648aT gani ¢ conpounds that may be physi cal PgT/US2004/042831
adsorbed or chem cally bonded, such as ions of sodium
fluorine and chlorine. Contam nants in the form of
atomc or elenental species nmay be netals, such as
copper, alum num or gold, which may be chemcally
bonded to the sem conductor surface, or silicon
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location on the surface. In addition to these problems such conventional
techniques may not be able to remove enough contaminants in the future.
[0008] Another technology that may be used to clean semiconductor
wafers involves using foam rather than a hard surface (brush scrubbing) or
megasonic waves to contact the semiconductor surface. As shown in Figure
1, a semiconductor wafer 100, enclosed within an apparatus 102, has a foam
106 containing bubbles 108 and liquid introduced to the surface of the
semiconductor wafer 100 through a port 104. As the foam 106 decays and

drains from the surface of the semiconductor wafer 100, the mass of bubbles
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sem conduct or wafer 100 through a port 104. As the
foam 106 decays and drains fromthe surface of the
wa@essoewduct or waf er 100, the mass of bubbl es1PGI/Es200H642831

particles fromthe surface of the sem conductor waier

100. Such a foam process may be inproved to provide
cleaning to the extent necessary for current or future
sem conduct or processi ng. BRI EF SUMVARY [ 0009] The

i nstant di sclosure provides an apparatus and net hod
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the pressure is provided to the foam over the entire surface of the
semiconductor wafer. Alternatively, the form may include a pressure structure
that is smaller than the entire surface of the semiconductor wafer such that
the pressure is provided to the foam in a local area over the surface of the
semiconductor wafer. Such a pressure structure may be a mandrel or a
wheel.

[0012] The foam may include bubbles having a diameter of at most a
largest linear dimension of the particles on the surface of the semiconductor
wafer. Alternatively, the foam may have a density (the number of bubbles per
unit volume) sufficient to permit the bubbles to be rearranged into a first
energy state when pressure is applied rather than rupture, in which the first

energy state is lower than a second energy state of the foam existing before
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energy state when pressure is applied rather than

rupture, in which the first energy state is | ower than
w@2@s06md7 ener gy state of the foam existing bePCr/esive4/042831

pressure was applied. The apparatus may be configured

to provide an additional |ayer of jamed foam between

the sem conduct or wafer and the support. [0013] The

foam may include a liquid and bubbles, the liquid

contai ning a chem cal providing a chem cal treatnent

tiee prlesssrenvaaphliet o Thepparattfheay bgwosfigrrgd e provide an

aﬁ@ﬁs@%‘l&gﬁ# 7 G2 Ve AR e FoiochBlEpr frf pByee

ppat.n cl eani ng agents swtabl e to clean the

duct f .
t&é“teﬁ"l}n:"'tﬁét%? Pianigvds i ol suBYigen e diifHonpining
&l @RMidal ré‘ﬂdlﬂ M&Yﬂb%ﬂwwwﬁﬁommtmﬁew\mm
mxturet pi ca 0. 25: standard claea 2 -

figdegony bé Centaurie w@pams%@pew%@rwa BF Or 4 [V @Sposed
toﬁ%& abhycohdbct! wa?é?dth@'l_'quf'&hﬁai %lﬁ&ﬂ'edrﬂfd Bt t-itb]tﬂb%

contaln a reactive gas. [iq The act uat or
lbe cleanftig semitonduetor/waleneorftiog Lwhmaey inclyde pt least K Qf he

z_@bg@%% nrﬁ hyARfde, 581 aﬂ&éﬂdrtﬁéjan fb ?P %‘?ﬁd’l@ﬁlefn HWJYOXIde-
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é*j ?I ity of non-parallel directions. [0016] The

rreg s may further include a container housing the
qoopsy t, t mhefapamtoranay bé donfigueed @ mpvetic: semdcamdugtaror

Cu b SRR o N6 5 PR bt oo
configured to laterally oscillate the semiconductor wafer, configured to
laterally oscillate the semiconductor wafer in a plurality of non-paraliel
directions, configured to rotate the semiconductor wafer, or configured to
move the semiconductor wafer in a plurality of non-parallel directions.
[0016] The apparatus may further include a container housing the
support, the foam manifold, the form, and the actuator or may include a
channel through which liquid resulting from collapse of the jammed foam is
removed from the surface of the semiconductor wafer. )
[0017] The apparatus may further include a plurality of manifolds

configured to introduce the foam to the semiconductor wafer, one or more
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renoved fromthe surface of the sem conductor wafer.
[0017] The apparatus may further include a plurality
w@boosmedsfinl ds configured to i ntroduce the foanP€DUS1v04/042831

sem conduct or wafer, one or noremanifolds configured

to dry the sem conductor wafer after the sem conductor
waf er has been subjected to the jamed foam one or

nore mani folds configured to create the foamprior to

the foam being supplied to the foam manifold, or one
atanifolde comfigured thsdrydiné semicedduatorivaipeatier thasemieandustor

the f ifold. 0181 The. fal | qwi j d
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advant ages o e invention..

SRRPICH PRROTSTIOR AT PR AFRETSE, Tt FoArklo e
%%ﬂﬁhﬁgm@matus. [0020] Fig. 2 shows a view of a

cl eani ng apparatus according to a first. aspect of th
BeRHdNnt i nlieniollewing[figyres and @%@"egﬁeéﬁaptw @fﬁﬁwp(ﬁf%%
Unddfini0 BhiFRoREEIBEFy FbifloRifaf tHesd BhaRERRedSaRd
aspect of the p

resent” 1 nvention. [0022] Fig. 4 shows a
\ddeantafesofcthe imvientiomppar at us according to a second
aspect of the present invention. [0023] Fig. 5 shows a
view of a cl eaning apparatus according to a third
BRECIDESCRIFRTIONeGEMHE DRANWINGS [ 0024] Fig. 6 shows a

view of a cleanj ng appar.atu ccor di ourth

d99Edt of '%'ﬁe Bt"é&@ﬁg Q‘ﬂ%ﬁf ?%How?gq?g'g]abﬁ?r%tg% shows a
beyojof a Fi??@@'h&gs anmsw ot &l8leaning appagtioaecdrding o a first
spect of the present invention. [0026] Fig. 8 shows a

\aspeciaif the presaitiIRYeIBPar at us according to a sixth

APOTHE Pre SRy S B BB S S The tee

abafrarganient i eaaspret obeduasrd ieniRf-ers i s
igﬁ?ﬁ ageoiffgr fé%{\oﬁﬁgmrof Qh1aRRgUpPardlls hedlinghy at he

y to
second aspect of the present invention.

[0023] Fig. 5 shows a view of a cleaning apparatus according to a third
aspect of the present invention.

[0024] Fig. 6 shows a view of a cleaning apparatus according to a
fourth aspect of the present invention.

[0025] Fig. 7 shows a view of a cleaning apparatus according to a fifth
aspect of the present invention.

[0026] Fig. 8 shows a view of a cleaning apparatus according to a sixth

aspect of the present invention.

DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED
EMBODIMENTS

[0027] The use of foam in treating semiconductor wafers is
advantageous for a number of reasons, most notably the ability to treat the
surface of the semiconductor wafer without the use of large physical forces

that are likely to destroy fine structures. Furthermore, a foam-based cleaning
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surface of the sem conductor wafer w thout the use of

| arge physical forces that are likely to destroy fine
warrsotasnes. Furthernore, a foam based cl eani NBEYEEmN/042831

is capable of renoving nore particles than it

generates, unlike other systens whose particle count

may i ncrease in successive processing steps. [0028]

The process of creating a foamis relatively sinple: a

SU|tabIe liquid is transforned into foamby m xing a

§erg¢ it laap%tﬂ? bf ﬂéﬂm@mggmsm parhbles thaguit denesateseunlikewitierh
e desire oam can d d
éé%t?méd';”&%érﬁa@é% 2 S PraRnCEsSs S RerBanh bR g sees
e li I bl
Fo02e1" ) i pReastoiodii J ‘5’8.“%‘332'23‘“’?%@'2'?‘22 “”'Eg °

figuithis framsformed ipto fpamw'rrg/a gax Mg tog lopsd
Qfgﬁ.ﬁﬁs ohé hﬁwﬁ* eodiesk?r)éd%é‘aﬁféah%%rem&fd & proliass the

ainin gases into iquid. In_either
clesieed etrmuggl tr@tmadteta tlB@S@fﬁ@OﬁﬁWthr‘éafleé ap fraiqui PRZREf

|90, ERTB AR e EPERES PR PPl Pusled GERBTA b

g production, the -
froam sdraloé aroﬁocehbbaymxm@ ef e@ysﬁsblergasa‘ﬁ,l likerairppoBYici ng

&pp%ﬁ?@%&%rﬁfgglu? % lglngf -ﬂrlgéne;s iR ctf\% llg{llgcqﬁélﬂllecf
?;E@é (rjbﬁdrgseuis ddaé?&str:‘éenmnﬁem@fwm thhéoa‘nmam For exanpl e,
e drain time for foa
dBe8Ing cr ERMFALF BS ngﬂsga%?% ﬁgg'?ér%eéjnrrsc%ﬂ aher? g°
éﬁﬁ iTRRsiREIOAGIOWg SloauBRh, tmyfoam ﬂhnsltc.esecmy thessby The
rain time can be control|ed by aI teri nfglthe

|esqant¢allw¢m@§wnrgg thecoascHd tha @ripine! i S&PC?%EWB%S
[ Qie& {i Tﬁé r%@%\‘ B%‘i"mﬁ% c%llé’d tHe drBf tirh&@ alaies depénding

sem co he foam may be created or

?Irdhed%am &opemmiﬁl ttlédir@lﬁ\ilmﬁbfﬁﬁfﬁﬁms lagdreg the| congisigncy of
romt i

SO S B SR LA R Sy b aser e
Vsbiammo riebe ammesadr leks.olihé dtdie tlrmman&edcqrﬁfotlwé by

S duct
AR AL ShA bt LR kB Ho T BRM AR MERE AT o R e Hor
oa expgassﬁiasrreafwa:tf ﬁg in H'lma/vbaeroﬁm;ent bighé semicainductoewatass

em conduc
d8A8GIm nanEr ge ?‘??ni‘ H@y ‘Hﬁ?{ég focgﬁ(éﬁ' %feﬁ%u? A& f oam
hasvirBaRRnt. ronsd RidRedfont this Q@esummd weivbonmafitee.gafrom a
| ess material passes through the congm ts. Ilqu]gap’?‘ia)al SO

esmramfa@lnv%pvgma ananifglg, B?eofﬁam@@n Gl
bé?p?heH R8hg ﬁﬁ‘\%%amm theagmicondabtorwatdtosechhaioany

properti es stmlar
reduces the volume of reactants and solvents in the liquid that contact the

semiconductor wafer. However, the foam also reduces the exposure of the
semiconductor wafer to contaminants in the conduits through which the foam
has been transferred to the semiconductor wafer as less material passes
through the conduits. Foams also exhibit thixotropic flow properties, and thus
flow best under shear. Some foams, such as those having properties similar
to shaving cream, spread easily under high shear but remain substantially
stationary when the shear force is removed. Under low shear foam generally

acts like solid, having elastic properties. In addition, as the walls of the
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to shaving cream spread easily under high shear but
remai n substantially stationary when the shear force

wo gooseewyed. Under | ow shear foam general |y acPGI/U51004/042831
solid, having elastic properties. In addition, as the
wal | s of thebubbles in the foam provi de surface
tension, the use of liquids with |ow surface tension
and | ow viscosity permt penetration of typica
structures fabricated on the sem conductor wafers,
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t gc#%ss ﬁag]esffg%rﬁ%g?a% \g/ coﬁtawﬂﬁarlntk %Hé gre‘é’gﬁﬂo l%%r’églvlth

gam n etter at warner
tfeamRIgat Ko exanhpi, taddltldneoﬁ@camﬁdwatme@neﬁaoéat@t%\ﬁ@n such
the tenperature of the

I id d n.b '
G5t $9RP2 IGtBLA7 Iy 'SHRIRRV e R oaﬁ"??&ﬁ%%u?fngéj’ obf
Highidle iyl b@adddd t@bh@l:(ﬁtﬂ@mhﬁﬁ)for’ﬂﬁng greSohinarduitonally,
two m nutes. Accordingly,

rasi feeming iy belst algyarmer Fﬁg“l?% aWéeS g‘h‘f‘ fPéB? %Fﬁ’&aﬁ%‘ gyrface

5’(8%}9@ QBeftélﬁber‘éfLﬁ‘é Bf g llﬁgﬁriﬁseﬂ%‘éntb@ dpsstécpd) aptimiizd hat
if any, ditional such foans avoid the negqﬂﬁg

afddmnngcb@avmabwr&embmﬂ@mv ¢he grair hpa of a pHitekle
Sd‘églggg' {ﬁ%a% Jr% & tﬁ/@%lh@t@ssﬂ'&&r@ﬁ@%ﬁ% pYRIHE to e l@ﬂéﬂ%ly

een to imerse the sem conduct or vvafer
|fastt-d!ralrﬁmgaiwams din Fast thiesusexofisomewhat fashaiairingrinagsovay be

A T R B By 8
@dﬂlﬁm@eﬁteaamsemmrmm@y to the surface of the

S nduc fer as th les..co
APe5] ST i 0ebe 60 1 De R e fa il S os
f grRmradlg e, aak baps esinimerse mmxgemnbenmmtmamfesamnbmfdanmm
the surface of the sem condui:ng rfwa B ér%t '{Fr uah
eBey sRAROV e fRM P BIYROVER i Bf ngsrparig Wpuo
Fd&tay%nd drainage. Decompression of the foam during the drainage
transfers energy to the surface of the semiconductor wafer as the bubbles
collapse. However, this technique releases too little energy when the foam
bubble collapses to remove the contamination from the surface of the
semiconductor wafer.
[0033] The embodiment of the present invention illustrated in Fig. 2,
however, uses a so-called “jammed” foam to clean or otherwise treat the
semiconductor wafer. In this embodiment, the semiconductor wafer 10 is
disposed between two platens 12, 14 and foam 16 is disposed on one or both

sides of the semiconductor wafer 10 (as shown in the figure, on both sides).
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however, uses a so-called "janmed" foamto clean or
ot herwi se treat the sem conductor wafer. In this
werwodo4sent , the sem conductor wafer 10 i s di SPOBES2004/042831

between two platens 12, 14 and foam 16 is di sposed on

one or both sides of the sem conductor wafer 10 (as

shown in the figure, on both sides).Any of a nunber of
types of sem conductor wafers nay be treated using the
enbodi nents of the present invention, for exanple,

ﬁh of M ﬂ{be?‘bhg/ﬁeg Bpé@nlbyn&kﬂﬁtvﬁﬂér%ﬁn@i bélkreXte@r udihgihe

oun sem conduct or substrates. [0034] |n general
emobmerﬁmbihatpéﬂsem inyeotion &y exaB\Rlsh S0 8F QI ARy

R5ELERASHERIAY oA ool g ShARGRGSLOMR fes! 0am
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sodsant i ahlg,entai'w tbabottensllméradé podvidasea sepRarbaRwbichithe

spmicondUaiAtmERT d0:® HisbBsrR e s b PR B, P foom
qB§s @Fsp%@om%ubabdﬁanyﬁﬁe shttrmurfam oiohesemisangduetor s

plied he f
wwé&or&%pics?ﬁ et e FATLca e SO IER ey BA Sy

Jaﬂgjl%? dopam ﬂa@aﬁ?@ﬁcht ésadiﬁ‘éc & hoRNBagIolde Adiehown, uniform
uctor waf er 10 primar

oeorsusesnpned b herfeaBaREN@eh i1a 108 R 2Nt periians
E})ﬁﬂerﬁﬁﬂét‘gﬁﬁw ng‘ﬁl%gg% etc'i‘@a@@la i AR®ed %darh e théhﬁr%ﬁers

isis |eved to occur is:
tdmergyrtestls@ semicopdecieewafer H@ Pflﬂi@ﬁM’fhrrOélﬂhé'Pﬁ Y ’%geme”t of

ge %ﬁ l%ba' gﬁtﬁﬁggarﬁq%r %\fhesrttﬁél?pﬂlrﬂam?'ﬂﬁau tHee@cFIFa Q(QBfﬂﬁét

at’a critic ess e foam
ebbkes Thetmarndrawwbichitigy isbelieged to WQUCHS taﬁéh% RESEYE s

rel eased, no e .bubbl '

R sy Mo P st f1bh BerdStatdin which no
jrasmBshenidi cfc@l&r@dnayﬁdén gaebszrltid:él stress kenel, the foper relaxes into
it reaches a mni

Th
OB GE B WHE INe RS RHOOR B A %%%gﬁ'é%lbé%@é?“
f}gwfé\fﬁg mnfw ¥ohiganding Pebers10- 50 mmin di ameter may
be used

reat t e sem conductﬁ?fsurfacel, t?rﬁl a er
tAP3Kness Aayheinarbeegasies lamaEch M BABHRECTHERIV YR
atH‘fil'nE'll Qﬁhl lt1 % éﬂé% S8 tRickhds. fPRMinintdahigRBdds,is
gravit the bubbl es apart and rupture t%ﬁI]Ily
e

mmhesntmmeéquﬁ@ndr@émmn@@en {USES RN ag ¥l

1R ROl PR TR oo SR et ser s
S&Maberthbd@tdr&ck@smﬂya@@etlm tga@mq-@m le frameteh dy
a%/ddtltncr Gl ansng'/ S HEREM i9toP SRR, SFaiE VAR plf e SRS
apart and rupture the bubbles before they reach the interface and are able to
be rearranged. Furthermore, as smaller bubbles are more stable than larger
bubble, providing a foam with smaller bubbles may enhance the treatment
efficiency by increasing the number of bubbles being rearranged at the
interface.
[0036] In general, the upper surface of the semiconductor wafer 10
contains the patterned structures that require cleaning or other chemical
treatment. Thus, if lower surface of the semiconductor wafer 10 does not

require treatment, the bottom platen 14 may be removed and replaced with a
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interface. [0036] In general, the upper surface of the
sem conduct or wafer 10 contains the patterned

W@ R00806468ES t hat require cleaning or other chePdT/EE2004/042831
treatnment. Thus, if |ower surface of the sem conductor
waf er 10 does not require treatnent, the bottom platen
14 may be renoved and replaced with afi xed support
structure that nerely supports the sem conductor wafer
10 and does not provide pressure to the sem conduct or

; oeéuspé) rt Stfdiclufd that ARfely sOppdreatie kentidndootor hefer 10 and
I Spo on the | ower surface of the sggn i:rg duct or
S

daeenoti@ovith eresspisoiortha gemifondedonygen iSeAsey Sy
E%?airh \?\ﬁ I’rrllaé) Bt ba rdti)éed?)fs@d %ﬂgH@ ¥oer RBHhce ditAe BEAMi®Mductor

_ can be formed using any suitable materi al
taitdr 1i0s Tiersupgosinguayiface meythesstalirnasn e H9Ving eHEfldr P&y

to the platen hy.th i ;

eorveips Pl Tl BPLY" TdsBaE R RErfiREHEG Uy oy suitatte,

lirlédtelﬁél g@t@Qstrcfjng-'ergmr?hZAvxéthdtaﬁR.enBrgylira@_sfezmd tottiee pltam by
is disposed o f. h '

Tt wPoR S PRI 1RSSR DA PHE Bl i od. Fi gure 26

idg)%efj hm g@iclfa@f@fm@bn{éfh]t ishiustraten it Figss 2praasisaB. elni Kg.

aten or ' '
o B e e 5L T PSR LAY el 16
W{ghﬁﬁtc'ﬁgswﬁ %e‘%ﬁﬂﬂém ERyups 98 eAeWs tricom@atrangement of the

er-energy, e disordered state, to a

éoam g ampease ieaicd {Re@IaTEr SPREPIESAG LKL ot
%55%9312 Blig ﬁgtﬁggv‘ﬂs bih bBSebh BHeRSy ik 2OlE88sddwhéritesobne 6

rearrafige I'n a hexagonal® cl ose-packed
i;ilgbctt;ﬁds fiem b BRBET-eAbtgyr morredisprsigradesiaiep IR EWET SOPTRY,
e foami,s,co t . )
rTiiead00p R 8; R B oL B pber SR Caouree
aghdd iodhdlcel the fivain thesdnaabe in abexagsnat doserpagied miusture.

rinse, for exanple. The.reminin :

10RSeq | nAle Bl Fammm e GGt et Sreerishat, the

?\ﬁgﬁﬁ@éﬂ ?Eetrﬁg@gégsml_t Anddteofensing D wetaTorwahg mlsuetgire an
olle ryin i. e, i L

BOAIRL ChaIcal OGe BPipretidh Bl il TAEn it Arirlg,  The

%Pnalirﬁﬁ% 1 WaerGREY BENBE i 6\RI0K @cdntrollée niomer by applying

unwant ed resi due and chenicals of the Ioam

Fitrogrir oprafaess ety 98a%eS ferine aﬁ@énwa?%i&,orawafetfissfedr{abe- An
35735 B5H BARAERY by o epuanduont s o
haitreout heme\ding ther foarticandeave: the wemagti'ﬂ@ﬁtaéemﬂ\éecﬁﬁ Bi'%ﬁm
foam as, appIOPLI A fenehhEald B8R el SameR8H 2FLdther processing can
then take place, and, if desired a new foam may be later introduced onto the
surface of the semiconductor wafer. The new foam may have the same or a
different chemistry as the original foam as appropriate. The foam is generally
not recycled after it has been used as it contains contaminants and resultants
of reactions with the surface of the semiconductor wafer.
[0039] Although the platen shown in Fig. 2 covers the entire
semiconductor wafer, thus supplying a uniform pressure to the foam, pressure
does not need to be uniformly applied to the foam. As illustrated in the

embodiment shown in Fig. 4, the semiconductor wafer 20 and foam 26 is
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not recycled after it has been used as it contains

contam nants and resultants of reactions with the
waesaecw4df the senm conductor wafer. [0039] Al p¢usivo4 042831

the platen shown in Fig. 2 covers the entire

sem conductor wafer, thus supplying a uniform pressure

to the foam pressure does not need to be uniformy

applied to the foam As illustrated in the enbodi nent

shown in Fig. 4, the sem conductor wafer 20 and foam
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FEnAR® a8 e G oI s Ehepgg e
PIHtERAE dRbotdiove the opphratidacewaf ke seolcandueier waéer 20,

patterns that require c|eanin [

ihese At patlt TG aauire A1 Oter R e el S apEERRL

MAithbLgh Bof MisatddPinahBabdarhést; multiplefoymsylatess, rollers,
oSed on one surface of t E@sem’.con uct or vvain(gr 20.

di s
[e@@gmayméiiwéﬁﬂ@e Qe sUHEce i SRaEOsCter yafef sy or
g@j%(ﬂm berhd 08 PR erh RIiRBAT sfetiy. 40hay bensynioabe
e sem conductor wafer 20. In the |latter cas t he
fdispras28 ovetheendietpotibe svifase 8hiNG seRUEONEHFCr Wﬁ?%fzﬂt HB
o ¢ ’ . c
APEARRRHES e MBLFRe My o B D S
magﬁiém;orw\{ﬁ;ergfmhememm)demﬂ@ or freatment e 45¢ fIfse2 24
cth . .
ey b8 el thss thy SHcsDiine SEhoRthaby wiie] D6t 4t
SHHEe AR Bad fort. af multiple foonsrexish either ovev &t sarpe syrfageeor

surface(s), of t sem. conduct ' [

SonpesRosyfaces otiBe REREOALLE SRt PRt B BEPndlea

%rmuct éesjuffﬁc%(@} bfahe ,semml Hectopwatenyn wiib@T opsassately, as
ure at cover '

SaanTetndsahennyiedeon 2 Bel Bradtirs. ispaneris oy

Cath¥estesE B 4kLiciNRS that Bafers bhlyerhdrionsf thasemicomdbetor wafer

easier to inmplenent than flat fornms. In addition, the

t 20reThiess dhifords Mayahe At or ce¥edt he seni conduct or

2@6&%? Fﬁ*{oﬂi@{sﬁ%}: EQQFWS ARy W8 Heedastdi o infslamient fhant
flat forms. In addition, the time needed to clean or treat the semiconductor
surface may make an impact on whether the form is flat or not. In this case, if
only a short time is needed, a narrow line of contact with high pressure can be
used and thus the form can roll along the foam. Conversely, if a long time is
required, flat surface is probably better. In addition, if the drain time is
relatively fast, any reactant contained within the foam will be applied to the
semiconductor wafer as a liquid.
[0042] Figure 5 illustrates one manner in which the foam 38 is formed

and moved. In this figure, only one pressure structure 32 (shown as a platen)
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only a short tinme is needed, a narrow |line of contact
with high pressure can be used and thus the form can

wo olos/oedeeng the foam Conversely, if a [ong tiPEI/US2004/042831
required, flat surface is probably better. In
addition, if the drain tine is relatively fast, any
reactant contained within the foamw |l be applied to
the sem conductor wafer as a liquid. [0042] Figure 5
illustrates one manner in which the foam 38 is forned
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rance tovvard exit "hole 36 th roug
dlsalaﬁ agmnereactme gﬂscamh alsmtmﬂ tThe nisegasrmay push the foam

r ea t
dhe Rl PSR Bt et SepEhub{eh Rl SR e
%&mh@IH?BJCTm mt!ﬁéménﬁ@‘ thevaemal 88 talmngemﬂt thhciB@rra@gem'em,t
novenent  of al on th th
caysePyihe ?R?"Sﬁ msgarep?lgggqﬁre\{m%qt%g}? ee&ﬁ ' @ﬁ eat se%@%e
%ﬁé?&ﬁ{mﬁ l@ur othbFf @@@urécalffe@ewm way ber appiibe o reeeduinade 36
entia

ft@ff@réettheefmma% gm"%vd fPfa'Jh%l dtpg%ﬁg&%ﬁgg%@égdﬁe 3@&%“%

ts%nﬁédﬁdut:fo‘? RS SENTROREIES 32! 36 Hidyarepcditionebeat lanl @sint
positi oned at any point al or]%gq]{?he | aten

fiﬂQ”Sbih!l.e Q!ﬁ't@n |§Qe$létr8éﬁ |p§efgra§b/d§%q98§g SHCh gt t mis
'lé(?&éeg\fﬁ{eﬁ GRhEL Bf tﬁBrsfeﬁfﬁ&n@EcttoF' SurFRId 3@NLiaidas

ace I's supplied through the entrance
rwnopnémﬂmmrahe @rlﬁan@/hdeédsafﬂaaﬁf%‘ﬁé%d agps @s shewm@ado
f.oam, 38 QQ&S] Figure 6 illustrates an enbodi nent in
Jﬂ H" %@ oamis present on both sides of the
s{emt:s]onducF@Ure!\aﬁlmstr(amlstdnmjglbndlmenfIoa\rhl@hthﬁﬁéampbéfesent

Tl L S
RiurRice bAd iies stifTsieichecire hoheticavn) 4 Fobei 4fisdintspied tothe
GeteR 2dobp R EP ST ARGST ipAnG PerYendUgRovees 30 B *°
sdigpiedth tRé fodrA @Bt Mp@lsehficdiiduetor wafer 40 is then placed on
three or more stands 44 of the support 42. The stands 44 are identical in size
and shape and extend from the support 42 through the foam 46. Once the
semiconductor wafer 40 is securely placed on the stands 44, the stands 44
may be retracted into the support 42 so that the semiconductor wafer 40 lies
on the foam 46. An additional layer of foam may be applied to the opposing
surface of the semiconductor wafer before or after the stands are retracted.
After the foam is injected, the semiconductor wafer 40 may then be treated.
[0044] Figure 7 meanwhile, illustrates another embodiment of the

present invention. In this embodiment, although the foam 56 may be
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and shape and extend fromthe support 42 through the

foam 46. Once the sem conductor wafer 40 is securely
wpb@smedican t he stands 44, the stands 44 nay bePCT/US2004/042831

retracted into the support 42 so that the

sem conductor wafer 40 lies on the foam 46. An

additional |ayer of foamnay be applied to the

opposi ng surface of the sem conductor wafer before or

after the stands are retracted. After the foamis
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ef00481 i vendissshomn Hie sasmiponsicton waier bares!
Wﬁ' ﬁ§l?l%9 in qugéﬁﬂnopegdl?é&%ﬂs Iéte%"??ﬁr@ GOHHEUNERE ofeer 50

at en can be translated in one or_ nore
dsemwndmtor) bat/@ilaallyyW(th resperhiotansh pthate Tois isfie say that the
S
R
csaproeadmloramfee&(p and ebhtehy52/ ean be arovedewaids oriaweay fiove

seni co
¢ E0bIT S0eh MBS e, o S b 68 sider b By el Hfeprment,
f Darth5§em&f<bnb@ctsmafleego fayi(cji Ipiettens &2 canberlmuga,d tb. a@;usﬁ he
seni ctor an t.e n _be V2
BT ey bitg, TRt eve Rl 'S RisteehileRey BRI U
PE&hRIoABN dtor WareRE@ End ipleten 52 Qré@éﬁlﬁtﬁtﬂm@m@mru@érerdn‘éﬁtlons
and, platen 52 are oscill at or. nor.e di re%éi58ns

¢ 1 PRUER @O FECERY reatmRpL 'H‘.ﬁl’f"i‘ﬁéﬁ'? eS@ﬂlﬁOPQvW we
S GHU/BP PR 57 mig berofatb AR EHREL IRbAErABNITEtHER thaPethE Positiets

to effect novenent rather than the positions of 'the

t @bthedvadeingjadiuster relativeito sachobgENHEWRYS!, animialiyr cregles
r Bfﬂ%}érﬁ qn&ér%%%@&s g difr&efniadli d’h‘%ﬂlétl&ﬁ)ﬁ%?%nﬂat béﬂé‘rfp%c%'%blng

radil, oscillation may give better processing results.
| ressifaarir Summaey, fenserpiseniict Waigrdecatispana el constant

r SHB“}@; n’%ﬂﬂﬁ%{%’t @%ﬁo@q g)cfaﬁém\f@rqamt&‘ﬁsfa% Hh @At i on
semlconductor wafer moved, or both the semiconductor wafer and the form
may be simultaneously or sequentially moved. 3
[0046] in the above embodiments, only a single wafer is disposed
between the form and support (or between the forms). In other embodiments,
multiple semiconductor wafers may be disposed between the form and
support or between the forms, with the semiconductor wafers sandwiching
foam layers. In this case, however, it may be difficult to position the
semiconductor wafers and, if movement is involved, get uniform motion

between the semiconductor wafers (and thus uniform resuits).
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sem conduct or wafer noved, or both the sem conductor
waf er and the form may be sinultaneously or
waegaeatoirnl |y noved. [0046] I n the above enbodPCETSHN4/042831

only a single wafer is disposed between the form and
support (or between the fornms). In other enbodi nents,

mul tipl e sem conductor wafers nmay be di sposed between

the form and support or between the forns, with the

sem conduct or wafers sandw ching foamlayers. In this
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f pesiidvely eitargecharhatiachegii to lsudaces gace vemovechiy them, becomes
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ttac 0 su ace once re y foam
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r eadhesi on e onl n
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iR ke Suflén Sitenoswer piokien & UReld Aoy SVl g s to
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ﬂﬁn%ésénﬂ{c%@&tor wafer 60 passes (only one is shown in the drawing).
Multiple manifolds are present. At least one manifold creates the foam as
shown in Fig. 4 for example. At least one manifold 67 introduces or
dispenses the foam 66 to the semiconductor wafer 60. Gas and liquid supply
lines (with appropriate valves) provide the ingredients for producing foam to
the manifold. One or more manifolds 68 rinse the semiconductor wafer 60 in
Di water after the foam 66 has been applied and the form 65 has acted on the
foam. After the semiconductor wafer 60 has been rinsed, one or more
manifolds dry the semiconductor wafer 60.

[0050] Of course, the same or different manifolds may distribute
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whi ch the sem conductor wafer 60 passes (only one is
shown in the drawing). Miultiple manifolds are present.
wW@Roosmest7 one manifol d creates the foam as shomiT/U82004/042831
Fig. 4 for exanple. At |east one manifold 67
i ntroduces or dispenses the foam66 to the
sem conduct or wafer 60. Gas and |iquid supply lines
(with appropriate val ves) provide the ingredients for
producing foamto the mani fold. One or nore manifolds
GffrdrbSBainBewhRAIaFE BbkoIressurié@to SSbly a jdhmedtieamabd tier
the foam 66 has been applied and the form 65 has act(g‘h
cﬁfPTTt"F@qUﬁ% Andiryisg W?f@%é’?ﬁté‘éﬁ%?&?’%fm% s Dedi5ed &
?&fs@ 6?:5?)08;%6(?39%959@“ fvated %lﬂﬁbé nBf pFRCPRAEIBd foam.

course, the same or different
Manyf eihesconfigutiitions iohsYaAT ArNAsAUS RERRRSSIRIA 2hisdpnewn in
en of
E RGBT BRRARRLY, Rol SRRl 8RRy eherica
afesxbmbet amemmgrcamueke alape eitherdn the same ondifemat ghambers.

%2 agy}']@ iwqugg%ﬁ(g?qeﬁgﬁ g?gésegg @?ep%qgké g%cg(%@ahennally

PM&F%JID bRy irdérmeilidte @vying ateb‘slearmleirymg ns:lcm‘ned opt ouly sisiafipal
I e For exanp e cl eanin eat t
L516P WhgT e A CORRCHT eBr AT PIB Pe Fp T Comghe BVSTER!
bk &Fed Nthe AR 8nd disniBalltieatrh&iet maebe cagiedrulit alterately
chem cal processi steps take place sequentially
wWithédiyinganyhe ﬁ@'@?rﬁgamﬁé drying steps, and drying is
C@bﬁ‘lﬁd OUWH@ the AiveBtibh RA b(f)ér?@eém%‘d VAR reference to

S nduct or ers are to renoved fromthe
sgmémemments trheﬂe@pmtmngnllaﬁfaatwmfmnvwm Fichaot to

S5l L b\ Rl o e

Wlnbjil obeirebehm stkniladplethe‘ artwidindyd diepering fronhthe true spirit and
descr [l ustrat.i.v i on and not
tFORE dg 'P?’ﬁ'étﬁ’ S fefipe; "ﬁg‘ t%@te!qﬁ%éeg ﬁ"ggn Vari ous

nodi fi cati ons and applicati ons may occur to those
skilled in the art without departing fromthe true
spirit and scope of the invention as defined in the
appended clains. 1. An apparatus for treatnent of a
sem conduct or wafer, the apparatus conprising: a
support configured to support the sem conductor wafer;
a foammani fold configured to introduce foamto a
surface of the sem conductor wafer while the

sem conduct or wafer is supported by the support; a
formthat provides pressure to the foam di sposed on
t he surface
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of the sem conductor wafer to produce a jammed foam
and an actuator to effect relative novenent between

wo b@sheronT and t he sem conduct or waf er whil e t heCT/as1084042831
foamis in contact wwth the surface of the
sem conductor wafer to renove undesired particles from
the surface of the sem conductor wafer. 2. An
apparatus according to claim1, wherein the form
conprises a platen disposed on the foam and the pl aten

den S SPr8fatn EBR e ford PR BR e e

appatditas eomprisisgir f ace of the sem conductor wafer. 3. An
apparatus according to claim1, wherein the form
conpr i $e8URPYF e9Rfigused to sepRATS thensemicongwalor wafer an

the et fend i Aef Olnddfod BT AORHE K04 BLet, ANt e

that the pressure dto

semlmmmafdn@vmwme@@nutomdmtmf@o il sgsdrtetpbe the dupport;
An appar at us, accor di ng m 1, wherein the

cl ai
act uat & o @aﬁpfcaflﬁee%pﬁeésv@rtnteaﬁ@@m@gma%ﬂt@ fheesurface
t a di st ance
of th gé@e%&‘ﬁgorﬁlgér?ﬁf%g% E’ﬁ'ﬁ:e 0 ’hée}?dsem conduct or
waf er iamn acatuamli to Ie&‘be’fr&llatwemovémahEbétM@ethhmfarm bhd the
nduc r.in Iurallty of non-paralle
Sem"at?r%&?@rowa er yyhi \A@otgﬁﬂ%m fPaMhisdh coptadd é\fﬂhdbﬁoﬁ%ia&? of the
semléﬁfcﬁfctoﬁn/a@? t@P@rﬂB@é dasi ?ér‘ﬂi&lés%(‘gé%@sa Wb ek &

the apparatus is con gure 0 provi an a |t|ona
semitayictafwatemed f oam bet ween t he sem conduct or waf er
and t he support.6. An apparatus according to claim1,
rther, conpri sing a neI Liquid .
F doul s ATGARPE A e SpaaP Qaik ] it ot eihises =
plateh dsPdsee diifHeaeanPand ke slafBrrieaslHe epéa WeleRist that of\the

apparatus according to claim1l, wherein the foam
semlwqw@egafar Isughitlatdhe poesssire s providad iguhe feamtaueniting

ey HB0L GRS GG SR 2L Lreatrent Lo the

claim7, wherein the liquid is configured to etch the

s COMuaeraw @d:ccmﬂlng tb@l&n‘n ﬁi\ﬂmﬁﬂtr@r\‘otr’ﬁ@omprlsas a
sem conduct or waf par at us accordi ng

pressurasiIolUTe isatdh smater asing SrUdt alace PLaA $aTisgBRvstor
waferS$lidHAREE tHPp s i oSiRBH GO MRS iali&8al area over the

surface of the semiconductor wafer.

4. An apparatus according to claim 1, wherein the actuator is
configured to vertically oscillate the form or the semiconductor wafer such that a
distance between the form and the surface of the semiconductor wafer is varied,
laterally oscillate the form or the semiconductor wafer in a plurality of non-parallel

directions, or rotate the form or the semiconductor wafer.

5. An apparatus according to claim 1, wherein the apparatus is
configured to provide an additional layer of jammed foam between the

semiconductor wafer and the support.
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10. An apparatus according to claim1l1, wherein the
foam conpri ses bubbles that contain a reactive gas.

wda o5Meu6appar at us according to claim 1, furthePCT/US2004/042831
conprising a manifold configured to: introduce the
foamto the sem conductor wafer, apply de-ionized

wat er (A Apdratusheccdedihg e dlmhor, iwaher cahpiesing Rechannel
sem conduct or wafer has been subjected to the jamred

througb arhiclapavig rasdlliegiliem cellapseriife iammmpdeam istiemoved from
e C . f t he sem conduct or waf er has
the s@ri%%e §ﬂtgﬁléecq?@8gﬁéﬁétﬂg\'\ﬁ%§erﬂhed foam apply an inert gas
to the sem conductor wafer after the sem conduct or

waf er pasapesratusidgoecdiag td eldimel , jvemareih thedoamce@apeses a
am prior to the foam bein lied to the foam

. the fo o uppl .l ¢
liquidrait] pipRies dha/igHItPYHRREY @ REemicahEroViFing 4 easical
treatrﬂ@ﬁ‘ﬂtﬁ%g-se}rﬁconbd &Rdiepf treating a sem conductor

waf er, the method conprising: supporting the
sem conductor wafer; providing foamon a first surface
oB. t he Aseappayatiscacoording e claiinl & wheyelelinedionist eanfigured

er i s suppqrted; providin ressure to the fpa
to etcff b cemioaniner Gafar B Adarebi sRaTeT Shdn Selrasidfl water.
produce a jamred foam andeffecting relative novenent
bet weemyd Aspdrafus asvdrding t6 emimondusdrem wefiRuidbohtairishe
jammed foamis in contact with the sem conductor
cleanig agentsuitablesordepmatheosamisgnedcter wateri2, furt her
conprising providing the pressure to the foam over the

bl A bl 55 e ST SR G i

bubbsarbtthtalirmhe rédcvew=s. to the foamonly in a | ocal
area over the sem conductor wafer. 15. A nethod

CR-T o pPRRLS ARG ABE Cm AERNeECa e gRo Manfdld
conﬁ@hef%h%%n%%w@% i 1018 alicbRauster bafsr, bphEe-ionized

conduct or er or an anount of overlap between
watert (VY )olorthersenti benduatdrawafeo afteh thessemisonductos waferf kas been

suebio PRy SR A B et AR TOFRLI
semiSSTRIoSWERRePthd SMRBAUGEIBAWSF&T has been subjected to the
jammed foam, apply an inert gas to the semiconductor wafer after the
semiconductor wafer has been subjected to the jammed foam, create the foam
prior to the foam being supplied to the foam manifold, and/or dispense the foam

to the foam manifold.

12. A method of treating a semiconductor wafer, the method
comprising:
supporting the semiconductor wafer,
providing foam on a first surface of the semiconductor wafer while
the semiconductor wafer is supported,;
providing pressure to the foam disposed on the semiconductor

wafer using a form to produce a jammed foam; and
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wafer. 17. A method according to claim 12, further
conprising chemcally treating the sem conductor wafer

waigingesm4t i quid of the foam 18. A net hod accoPdi/ng2000042831
claim 12, further conprising generating foamin which
bubbl es of the foam conprise a reactive gas. 19. A

met hod effentindireltive nudvainmeritbhetveeh ties faanand sheg
.conduct or fer after the sem conduct or

the se
Sem'wa e %lwatﬁéé'rv?"%fﬁﬁé%mg@ Camis inAantertmginhexemigonductor
wafefet hod according to claim 12, further conprising
appl yi ng: dei oni zed wat er (DI W to the sem conduct or
waf er after the sem conductor wafer has been subjected
t dl& he A amatbdd caondir W claith 42chustriec abrriprisigmemviding the

t he onducto wafer after_the m _conduct or waf er
prosgiitS A A 0t InF SOTEIES) SHASH araBm SSRGS Clar W eF

gas to the sem conduct or vvafer after the sem conduct or

vafier hemdieed asbbidatg Rocibn 4 hefurtidiednmip?RRg providing the

pressure to the foam only in a local area over the semiconductor wafer.

15. A method according to claim 12, further comprising oscillating the
form or the semiconductor wafer to change a distance between the form and the
surface of the semiconductor wafer or an amount of overlap between the form

and the surface of the semiconductor wafer.

16. A method according to claim 12, further comprising providing an
additional layer of jammed foam on a second surface of the semiconductor

wafer,

17. A method according to claim 12, further comprising chemically

treating the semiconductor wafer using a liquid of the foam.

18. A method according to claim 12, further comprising generating

foam in which bubbles of the foam comprise a reactive gas.

19. A method according to claim 12, further comprising drying the
semiconductor wafer after the semiconductor wafer has been subjected to the

jammed foam.

20. A method according to claim 12, further comprising applying: de-
ionized water (DIW) to the semiconductor wafer after the semiconductor wafer
has been subjected to the jammed foam, DIW and a chemical treatment to the
semiconductor wafer after the semiconductor wafer has been subjected to the
jammed foam, and/or an inert gas to the semiconductor wafer after the

semiconductor wafer has been subjected to the jammed foam.
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