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METHOD AND APPARATUS FOR REMOVI NG A RESI DUAL ORGANI C
LAYER FROM A SUBSTRATE USI NG REACTI VE GASES By
wo poosnvae4s John M de Lari os BACKGROUNDOF THE pOWEBEODLNS610
1. Field of the Invention The present invention
rel ates to sem conductor manufacturing and, nore
particularly, to a nethod of delivering reactive gases
for cleaning silicon wafer surfaces. 2. Description of
the Related Art The pr f nuf act uri
METOB APPoAT & aaUT @gﬁsgﬁogfﬁégg%gg@ SEPI) hdm,Prom & sopsTeaTE

conpl ex process o epositing and renoving a nunber of
| ayers. Such layers, for exanple, include dielectric
| ayers, nmetal |ayers, polysilicon |layers and others
| ayers, all of which may be renoved either entirely or
partially during patterniBygngendgrs. Typically,
patterning of |ayer nmateri i.ncl udes the application
of an organic photoresﬁeﬁngﬁg%lﬁﬁ8ssiIicon waf er .
Then, the photoresist is patterned before conducting a
pl asma etch. After the plasma chem stry etches the
target nateri al BACKGROUNIDDOFVRHE INVENTSONO be cl eaned
to renove the organic photoresist. If the organic

1. pHoeldrdfshelnventiont renoved, the organi ¢ photoresi st

Wl contam nate t i lican er resulting i.n damage

¢ oM PP Bl Fe st B Rl R, ma Feutarly, to
a metB8 Bf dQ\RARL RGcOREERLI R §leﬁﬁﬁ% Bificén Wefey s@fické.cal step

that is repeated many tines throughout the processing
2. cyR¢sesiptinntof def Relatedhdrtnany | ayers of a sem conduct or

devi ce. One.nethed to r ve. oyganic photoresist is to
s HheC e pogyn B e e i PR B RLE TR tnyplveh & comlex
proce’§ @RHepodMNR BRE SdrBdvind al Rdtck OFf 15y2ed. eKQEIR IHeAUES example, include
between the ozone and the organic photoresist, thus
dieleetxric dayeisnonetah dayorsgpelysliggmdayareandsethemdayesOall offwhih may be removed

reactlon tﬁg val ,.,of the.or

cithe, Ea5sholy btk ufingdpierg, AEns ¢ Tonicals) paermitt 8 yer materials

inclu@es HE 2pH1ic@N0A 6REH bYAnic§MBIor&ESst 08 thd IBicEX WAFFATTIHRR, the photoresist
rat e depends on a conbination of solubility of ozone

is paiterndéibefure edndusting a(hinja atel. tafigrethatplasma eleniistrk atshes the target

Qzone i.s highly soluhle at lowte ratures,. but t .
matei g DU OR AT 60 B e RmoRh s G EUT L Bhotgizgt If the organic
photdt8sistds bORMoSEE [thO Brgaiic HholRARY &ill cbhtalindt@8R sHRIoHRYAFer resulting

in damage to the electronic devices on the silicon wafer. As such, cleaning operations define a

very critical step that is repeated many times throughout the processing cycles that define the
many layers of a semiconductor device.

One method to remove organic photoresist is to use ozone (O3). Ozone is placed in
contact with the organic photoresist. A reaction therefore occurs between the ozone and the
organic photoresist, thus oxidizing the organic photoresist into CO,. This reaction therefore
enables the removal of the organic photoresist contaminants. In particular, the oxidization
reaction requires HyO. The oxidization rate depends on a combination of solubility of ozone in
deionized water (DIW) and temperature. As is known, ozone is highly soluble at low
temperatures, but the reaction rate is slow. For high temperatures, ozone has a high reaction
rate, however, it is less soluble.

US Patent No. 5,464,480 to Matthews discloses a silicon wafer cleaning process that

immerses batches of silicon wafers in a chilled aqueous solution that is highly saturated with
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US Patent No. 5,464,480 to Matthews discloses a
silicon wafer cleaning process that i merses batches
wo@boosiobdseon wafers in a chill ed aqueous sol utiPeT/URBEN4/018610
is highly saturated w thozone. As a result of the high
saturation, there is a high level of oxidization with
the organi c photoresist. Imersing the whole silicon
ozond @81 refulf Gﬁth@%@pkﬁm@éﬁa&h&e iP4 Afphi 1B9U 08 DxIdiAtioh Rith the organic
whol e silicon wafer surface is exposed to the aqueous
photcsesist ilomersihg lmugholesilidosrmpeeminuthe iqpedusesotition also insures that the

so).ubi | i limt. of ozone, .the |owt erat yres. al so
wholg PP SR EPS it PR aibe HHER Bty TR0, | ¢ g ehrow lemperatures
raise 't ISLbLTE RN LLIRS (O &S GONPRLRiELst As@ sPWPEEWR d4§diPion rates,
hi gher tenperatures. Mreover, the process is terribly
therebynetfultingerin leingér tchaningetimes wathar compargdetd rae.ppcvcxessessing higher

tempefaTes: OO HY 408 PERRESS )45 bBdE oy Vith 459 BE wapr because the
proce&eﬁ&gggllcﬁis Rhwatd S FnRVeDnf Sdr) RfuamBlntde8RtaRhant.

proceSs that sprays DIiWonto a wafer surface and

r di.&t BatenthiSo W2 &7, 125TtocBargmian ief alg disclosescasitifort wefer cleaning process

tatli d di t he, DI W.i nt Yy thi
o bR, S P B Sk P T LSS e o
; r @t i inSlhddrC . theih ;
o GESEER B I DS By ML 0 i
concdnitratiorz ofiezalenmsd themibohnavaly Bipee bzonei laks taddfck itbliongls a very thin

t rgani ¢ phqtoresist.. In the case qof a.thick |ayer )
ayer of DYuRE peorecHBos imgpedigigly ShtoPIRI plEs th,pEgahic photoresist.
In th D EEOUP £ O LD ORI oo of B pPEORSILLREL ForSeoause the low
solubdlit bf thel dzgneNimits Berqzoandi¢fusiah throegh thathitk bypr efceser.

sprays DIWonto the center of the silicon er
su difEigulin withfaergman et ek iothat the Iragess SRIAYS ﬁ@\s’eow {ge center of the

silico?nﬁllelfglcstuﬁa@é arg:l; &8s & SuRlor 'iﬁ%_ar'ataﬁ n,t rﬁ@rqulgﬁ _c8ﬁec_tt%§( tﬁ@%ﬁﬁvsr than at the

ot her wor the rotation does not distribute
edge oY e wafen Thethst Woadsntheaberios dbésawne. disttibste DIV evenly on the silicon

non-uni formdistribytion of the DIW(e.g., thickness) )
wafer gyface.s This. ghe RoncHBiem fishibyken eP Fherlé%&ag»égwkness results in poor

and/d? m%'hgfn?%hﬁtreﬁlg%la@ ;g}ﬁ)%réﬂst-r({ynﬁnﬂﬂg}ité!n"lfh?s{]%r{-ﬁm&ﬂl removal occurs
occurs because I n some thicker regions the reactionis
becawik dnesomewdhidker ir¢gidsi the @eactioatie dlovey while tilhehineactdatesd regions the
is faster. In view of the foregoing, what is needed is
reactigndefdSt€bnduct or cl eani ng process that efficiently,
uni_f d j l: i t ' .
SR EP, 4, RSB Y YELBA' K, TR s rocss
efficisttlyl, améfowh lyhandi quickly delderothe DhadiSuUMVEIRYERtralid of reactive gases onto
I NVENTI ON Broadl y speaking,_ the present invention
the sificpn watep suréac satismpymaluse 0§PRY - 2 syst em and net hod to
renove a |ayer froma substrate surface. It should be
appreci ated that the present invention can be
i mpl emented i n nunmerous ways, including as a process,
an apparatus, a
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system conputer readable nedia, or a device. Severa

i nventive enbodi nents of the present invention are
walemsnidaed bel ow. One enbodi ment provi des for BCTES1004018610

to renove a |layer froma subsgrate surface. The net hod

i ncl udes providing at | east one encapsul ating

transport where the encapsul ati ng transport contains

at | east some reaghiEARPOF THE IRVEN encapsul ati ng
transport is apprrég—ro—rhe;ﬁgyerr—a#gﬁgke | ayer is a
CIBYBhdIf| shyakiigd Ghé \peeskRy@FentibRefi g GRS ubéisi g pfovadisdardystem and

ruptures on the chemcally reactive |ayer and rel eases
methedhéo rempyeia/ lyefaiomrm srbshiate shefagec alt Ishoyld detappesciatgdethat the present
14 ¥ S TRARh I8 e OB B sppars, o

systeME bSRButEOreaddBNY thedial 8y 8deficOmSaveralbiatémive esboldaents dhhe present
nmet hod m xes a reactive gas and a reaction inducing

invengige gre descriheddelde at | east one encapsul ating transport
and th ncansul at i transpart ntains at | east sone
o0 R PR PO Gl 0 BRRRG Ferb KAl Bl a5 gl WWace. The
methéd) GnENERP prdvating) Gt t Iead SRR tndaPsidatalpe fafsokty WheRC theV @ncapsulating
| ayer. The encapsul ating transport ruptures on the

transpdrbedniaing gt leash seme eeachyeegasartt least ens ercaphidatingaieanspert is applied to

as ont,0 the .chem cal reactjve | er to cilitate
the 19350008 IR S ARy Y efrE e oY o e byl afah bR ruptures on
the cHYMAEABT re@tRRAbyER RRd dledsbIBiS redetiod paY @it $hd Senfi@IBMERGive layer to
a layer froma substrate surface. The apparatus

facilifateciengwal ofthealopéri feam thersubstrate swtfabe.gured to receive at

| east, one. encapsul ati ng t.ransport e encapsul ati.n

{ P P TR, Ayl PG med 05 R6E0E Yl e substrat
surfa@) TAR HEIRId Mfkel hRORPOE baCAHI DRAARR ih@tihPadenetd @Bfate at least one

When the encapsul ating transport ruptures, it causes a

encapsglating transportwvesinthe eacapsyleting transpog qosteans steleghsomarof the reactive
alternative enbodi nent includes an apparatus for
835 renpving a layer froma substrate surface. The

apRREALHS thetabHeE Spptick @lﬂ.ﬁéﬂcyﬁu%;ﬁg HAMPOR: to a,ch&arTctﬁnp Feactive layer.
e

i nduci ng agent source and an applrcation unit.
The capapsutating dranspoirtt rupgiresoorf thgohenlidally reactives Biyer and releases the reactive

comhi natian .of the reactjv s obtained. fromth
s qiindts geergiaBomarte BRE toEolRietPhRvlen b g oo the substrate
surfa@bt ai ned fromthe reaction inducing agent source.

Furt hernore, the apparatus produces at |east one

entmpbarl enbetmentainspuoles anoapparatisnépratenlopagt aslay 6m a substrate
t he Jl;eact ive

surfa%\epm Rey apparpty aifslglyggs,e axS%% SU{Q%I hlréllg é::ﬁ)%ﬁgé\,éa ;ttpi %ingeat least one
encafshRARP RahspbHP ik @RcapshlaGRY B Sipbrt CERGS AMeRR SYRE Peactive gas and the
encapsulating transport can be applied to the layer. When the encapsulating transport ruptures,
it causes a reaction between the layer and the reactive gas.

An alternative embodiment includes an apparatus for removing a layer from a substrate
surface. The apparatus includes a reactive gas source, a reaction inducing agent source and an
application unit. The application unit is configured to receive a combination of the reactive gas
obtained from the reactive gas source and the reaction inducing agent obtained from the
reaction inducing agent source. Furthermore, the apparatus produces at least one encapsulating
transport containing at least some of the reactive gas. The encapsulating transport can be
applied to the layer, and when the encapsulating transport ruptures, it causes a reaction between

the layer and the reactive gas.
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the layer and the reactive gas. BRI EF DESCRI PTI ONOF
THEDRAW NGS The present invention wll be readily
waeasne4ood by the foll ow ng detail ed descri pt PONUSI004/018610
conjunction wth the acconpanyi ng draw ngs, and |ike
reference nunerals designate |ike structural elenents.
Figure 1 shows a number of encapsulating transports

defining foangripf NOPHFE 'y of the

present inven or
ey pres@t invenyic wﬂhlﬁé refdiBr drdlestdodtbyaRafalving detailed description in
encapsul ating transports in accordance to one

conjm@mmélhtt ofacedmepagyiag edrawingse and dike mfejence pmnenalsndesignate like

ulating transport rupturing on an organic
“nmﬁgﬁl %%I n accordance to one enbodi ment of the

prlﬁgﬁﬁtl dhowe Atnuiber & &idagialabifg trdlspoREdefiviing Bash Bccordance to one
various nethods to generate foamin accordance to

embagdampiied thapreshinhiWentiast t he pr esent invention. Figures
Al?‘)llgk}ref gg‘rcri s{%'v% ﬁag dde?'aglgﬁ § 1t?e v%w 0(91J ri‘ﬁentlgte%fgc between two

2ria Fayer  i'n” accor dance
encaiﬁ_ latiak |t1@ki§bo@tﬁ*ﬁ@§’dcﬁﬁﬁh§e @fon’é Renbpdi@sdnbf the pedthtGfivention.
ur e shows a proximty head to renove the organjic
wieaIZBl shioays AR mﬂcamlasmgstvmpm Jypfusieg ¢m an organic material in
.ane odi nen he present invention.

acco%%ﬁ(ffrtg%ggg@ ‘f‘F&EﬁF PreS?n V%rm&% hod operations of

I EPRMUI 342 3B23ET arfdd 9 showURSbluR hRtHdE t@@endrite foam in accordance to
accordance with one enbodi nent of the present

varioup geshodirenSET e IEESCDEBCRIIPNE ON OF THE EXEMPLARY

QDI VENT i s_disclosed.far h
agﬁg}‘%ﬁ%ﬁé ?Q“BAE?’a‘g?] ‘ié‘?s Yol VRIS SRS gim%’ﬁs ﬁaa%PB f%am% the organic
matef'iﬁlt 18Ydrah gcdoFdiit @toSyipidhs éthBodiments € tHeQIréseid ifGention.
description, nunmerous specific details are set forth

i nFigreet showspruoxidetyzhent o7 woive Mgman@m@l layen fixgm the substrate
present .invention however, by

surtaf B0 ier i3 09 SieppimFt o448 RIS B0t e oy osent
' nP'l%ﬁFe' O M weRarP b el Iﬁ@tﬂo&\ﬂohéﬁﬁ'&nssﬁ' Bmevingld la?ér from a substrate
these specific details. In ot i nstances, known
surfape orassrdoner with omserhbadimantof itheeprestatinventan. i n det ai |
in order not to unnecessarily obscure the present
invention. Figure 1 illustrates a nunber of
encapsul ating transports 101 defining foam 100. As
used herein, one or nore of the encapsul ating
transports 101 can be said to define a bubble or foam
dependi ng on their arrangenent with respect to one
another. In the illustration of Figure
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1, a nunber of encapsulating transports 101 are
collectively joined in such a manner to define them as

wa bwshaam 100. OF course, if one or nore encapBUl/E$3004018610
transport 101 separates fromg4he foam 100, each
encapsul ating transport 101 can be considered a
bubbl e. I n accordance with one enbodi nent of the

it %e:yﬁ’f’&‘mﬂﬁmﬁ%ﬁﬁ’ﬂr(ﬁﬁ 0RO iE WPLAH% GDIMENTS

ench asRALbY iadiseiosdd Bt 4 MdthodnghdagppatatubOdr fddiktating the removal of
reaction inducing aggnt 102 defines a nenbrane or film

layertnwéqual}bfrq@ @wstsm r Huthg Sollowing glasariptien, ga%nq% spgeidic details are set

forth 18a rtd 33% Vi ghor ngﬁ];?ﬁcﬁ?ﬁt%/nda qé r%% lp?&%rétag{vegtrlon It will be

undeMtdol, B@@é\l'elrt B @na of Rdihg sklilea&tth@ﬁrt\/\ﬂﬁﬂ t}fél ?&ﬁﬁht iifivention may be
direct contact with anot mat eri al es

practicedpvitheut spaseeer albef thass melﬁgadg@elg im athef éﬁ@m% wgll known process

m nat.i.on such,as.o
opersii BV Bt Eon B pR SERE i es P SR LRIy aByeus, e present
inverffi®f- r eacti ve gasses such as nltrogen (N2) and argon
(Ar). The reactive gas 106 may al so include an
cdipumal ilstrases gaslé&es ot BnegpsWatingetrarogyrin Q] dﬁ%mogéﬁam 100. As

used E‘n%%gn, gﬁé %E %}0& oa%ﬂl%%%ﬁaaﬂsglgggé ga%s&g%z qgﬁﬁé‘éﬁg aég)fg gﬁgne a bubble or

foamaﬁﬁjéﬁdlﬁ%oh th&Q¥ &Bzﬁlgél%ﬁb Wi Y@Bétt (6 Bne aﬂUtEdrOglEEhe(thQtraﬁﬁﬂ of Figure
argon (@) and argon (Ar); oxygen (Q2)
1,a ram@ben jo pm@@wlqtmg) trargpmsok@/lg@m cptl;@gtwe]ar_]gmnd Qmpu)chammanner to define

them s e 558 {00 DieRuST L Rb Bihg enidBliSe Folernd AL stiffuss from the

foamqmbéaeﬁenwp&dlam?gﬁnsﬁcwm caff Bel confiasre@ albuybleeact with
an organic materital. In one enbodi nent, the organic

rreln@pcpcaﬂamaywtbleanar@mhogmmn@ Obtlnotlmreegomtanwacmsulatmg twimspbrt 101 is a

i,S conmonl. d in semco ctor,ph i thogra .
owo-iss STma W R StETe Bl il RRS bY gyierctunadicige agent 102
The &acmmduaqgvugm P(?-'Pﬂ@ﬁﬂe@ d BRORRER SMEInt INEHHdPhAdP Burrounds the
ozone in the encapsulating transport 101. In one

reactlermggsd 1 @fenThe tehetiveeszas i 0@ 15 prnfgmbi}n@ gagerany tombingtian of gases that will

Dl W hat
chemjcal réagt Sl of Bias  Ehgrmea] haslinh i plasd Feifephidtact with another
mateRA1238@niplesifresctive 38edq b6 \I‘ﬁcthﬁtﬁ%fs!@ thdlBeRE With-cohfdfhination such as

reaction inducing agent 102 may be an aqueous sol ution
0zono {07 Wygemt(@ﬁ)nhyryo@ﬂomcamé (HCBa!mddxydfdﬂmpds aad (8F) and non-reactive

o O ) 0 S0 T et e R e
comHnﬁﬁloHQﬁ rg‘ﬁ?etsesﬁcl{ EP&one Q@%Pﬂdzﬁﬁog@# @Jzz,(débw SO%Q’%BQ fargon (Ar); ozone

d the cleanin | uid; water

O), smnygan(@m anfOifropett 6%,)( D, (QsheoyigeafOngard arigdn 4Ad); ozone (O),
ur fact a 8 ed wat er

oxye, QR iFEeR bk Ak e T omroEeh (Rt erd Prsomy (Arfingygen (0) and
n1tro%éfne(?\ﬁ rh%dfcjx @5551 ér?&h EA&') 88 hitRigen AR,). Aln QARBEINMERR LS the present

3] pres i nven uses water ‘a5 the reaction
inventiod ws¢snezoag eanthe]r@@tlbe gau kb bezbese ozned) véen@obmbined with water (H,0),
faci| |1tates E

will chemically react with an organic material. In one embodiment, the organic material may be
an organic photoresist material, which is commonly used in semiconductor photolithography
operations. In another embodiment, nitrogen can also be combined with ozone to increase the
concentration of ozone in the encapsulating transport 101.

In one embodiment, the reaction inducing agent 102 is a liquid (e.g., water or DIW ) that

will chemically react or will facilitate a chemical reaction when placed in direct contact with
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chem cal reaction between ozone and the organic
phot oresi st material. The reaction inducing agent 102
waeosoeads the reactive gas 106 and the react i BET/US2004/018610

i nduci ng agent 102 may al so gxist in the space between

encapsul ating transports 101. As sinplistically

illustrated in Figure 1, this space forns a channe
anothéPmaddridli NThe ravcebh iaMRirigh@gan€aA0Ri MAy ibRAMS aGkodd &dlution of DIW

102 flows through the channel 104. It is believed that )
contajriieg suitapls, eteaning: flnids 108 e s¢rBIRqRIRYS oRioageantainipg suitable cleaning
o U5 A%t R3B! A RORE SR Bl R wover 1w
watertiPOY eiid the ctaamedluid;OdteqEBEONMd NaGeIeat 108, WalrTH,0), the cleaning

bet ween two encapsul ating transports 101. In such a o
fluid end thet atanty 0% daionizeh WarRI(DT WG aad éhs surbiotans 108 and the deionized

S Lng. the reacti ases . 106, . Furthermore [n
wate, HORE1 e ol BRRERAY T RRRYaront ot Emgierk R ghe presen
inventibR afdsywAtBOf the ancdelingaéihg @ent NDD beshukd Watel bilbles or facilitates the

ravity or other forces cause the reaction inducing

chemggbreactigpbetween azanecnd the ordapicfphwiaraiey materdal g Therreaction inducing

nnel s . _Figure illustrates .a.detajle .
agem iR EP R e igoi B G Dhant MRCERIER ButfhdieFlal may aso existin
the s;ﬁB&B&%k@éﬂdﬁﬁsﬂz{tﬁ%&fhﬂﬁﬁ&ts]1@1.- The figure shows

reacti ve gases 106 separated by a channel 104 of

r decsimplisticatly dilusiratedantFiguoe 1, s spate forms 120chaond M eififinite width
and B RRT B B2 RS BB LASARHY 0 B s B g ere s

very ii&fesre%&%rpiﬂd%cingrb%eﬁtal@ SireouRiding e SreS@VéEak €6l &dOmost reaction
fatty acids, and incorporated typically as sodi um

inducsing agent G8Ras flung in theechgunel 404.ahlower@ga chatmek1@hdoes not necessarily

form Bptwefit Byg Bttt ftinegmactB BT 25 bt Raittatich i eetiony fcing agent
102 &h@usd rsﬁﬁ@ﬁﬁﬁﬁ% tHO Geativd ?bée@ e| o6he Farhdrafofe, Gh ‘%n?%tus circumstances,

encapsul ating transport I01 agai nst rupture. her

inclugiogalpawceasiby which a seshlyymedaofoagi HWO0rsetles imn equilibduinpgavity or other
to i ngrease. vi.s¢cosity a ence. i nhi pj,t drai e of
foreef it Shsrenciingan i gzl TR diini sk s o, 18 Hioheh the channels

104, foam products al so contain small additions of
i ngredi ents descri bed as foam boosters which are known
t dFigurh adc dlustretep ar dataitednaremagnified viewr fl 6T ofihe imt@&ce between two

Fi gure 2B sho an, enbodi nent of .the pr nt inventio
encagspGE FATPRES 0! e BEUTPG "N Pt | do RRALHRGY hghannel 104
of refioANindLARR dgeMBIE. | Nlodia8ins 18- o bitReif TRANEERS the pPesence of

organi ¢ photoresist as the organic material because

surfagiants @08 Ag examplesifracsuefadta®® i08as$ swpsvhibleisappdel frah ifatm and oils. The

organi cphotoresi st onto the, substrate 110. The .
fats %ﬂﬁﬁgﬁ? & cppyerfed e atéw&ﬂsﬁéﬂﬁ incorgoraed; typirallysasy sodium salts.

Genemy?ﬁl% Fsurfadtgnts Y08 L RLE thklQirfase B Bmeflﬁgn b QoeialedGRith the surface
wafers. O b led to a

gani ¢ photoresi st can app
of aneacapetlygting transpert l t.eMoay mrtaotly, pla suefaniantg. 1 0Bstabjlize she surface of
the er(l)cfapssulfz?tlsr}gr t?etmesplor? ){8{ %gaitirqgtlnlilgnelre(.ji gllgtﬁgrr pi)cg:pular additive is glycerol (in high
concentration) to increase viscosity and hence inhibit drainage of reaction inducing agent 102 in
foam 100. Commercial foam products also contain small additions of ingredients described as
foam boosters which are known to enhance the performance of the surfactants 108. Figure 2B
shows an embodiment of the present invention illustrating an encapsulating transport 101
rupturing on an organic material layer 112. This embodiment uses organic photoresist as the

organic material because patterning a substrate 110 includes the application of organic
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| ayers, netal l|ayers, polysilicon |layers and other
| ayers, all of which nay be renpved either entirely or
w@anosioad4ky during patterning. The organi ¢ nat ePCHBUSI08Y018610
also originate froma photoresi st that has been
processed with a suitable dry strip process or a
suitable wet strip process. Mst encapsul ating
phototré'sﬁ'ﬂ SRR the shBskra@N 010, OFHS sid@aleaM® 3n tHif einBodinde@f Redsilicon wafer.
Usual Iy, the exposed surface of the encapsul ating
Howaven tlsgenbstrate 110 igpnetrlissitadgo sHigon weafdrs.f ©rganiq phwtoresist can be applied

to a vgglgﬁp %tgsu%tstlragg &%{ﬁ%{] fso? %rpttt?rﬁlglér L]%/igﬂﬁ)ées s&i)ﬁtaagg li]%/]ers include dielectric

layersr Qﬁ&&l' 1afers, NSHIGMGnAARRS Snd Gthet JayePD ANt AWhICR Mi8AbE kedbved either
he t hi ckness™ of encapsul ating transports 101.

entlrelE\)v a)p opagtidllyn dneng metieromgt helhehorghmie swateriak vsty. also originate from a
sur f act ant conce

photoqu?ésa éfiﬁ :r}tal ll}éala gocr?ﬁ éat subtﬁ&f: hc@’y éﬁé% BE%F%& P suitable wet strip

procekd.@ansports 101, or |npur|t|es and additives may
pronote their instability. The reactive gas 106 al so
maost eacapswiatihg traesports flAt end foarmse l%b@msm fiaite hidespan. Usually, the

t ransport 1 to lLimt the
exposgil BRI Ne SRR HIP Bt OF TR-"EY G o e encapsulating
transﬂ()‘i‘m(ylr eRfan} TEct6rdREH 'b@ aH8hRA I8 acdft fRaRd rurgaDra8ge of reaction
and the reaction inducing agent 102 and places themin

inducihigr agemtsc bOR wctmwrtaht ithecduriggrthe thiekness af eheapevlating trapsports 101.

the interf 14 betme n the a | ati transport.
Evapigon, 9 HRueGr e HEKTFAR BRIAT ARJRETELES SRR CPRg etign may be
1nadeﬁ§ﬁ§tdu\§?nﬁ9§m 0& (ﬁf‘ﬁlleterﬂ@aﬂsﬁﬁﬁﬁé AaAndpagty Q'Oli‘,goﬁﬂl%ﬂntﬂeg%nd additives
i'n direct contact with the organic naterial |ayer

may pron’mem}wai inshdity.oTheatestivn gakhd 06 edst mag rgaxs vm(lﬁthet shleface of the
reaction ind e 102 d the organic material
encapsulafing t_’f?cr?p%tcim é‘%ﬂﬁ‘g tE %ﬁéﬂ?a&‘t ing the renoval of
the 095 OABb&in{ERE, Q{/Heﬁl thd @ﬁ’cﬁfgsxﬁzﬂt& of tRp I 80 BHPRIrE Q1% rupture releases

surface 111. Fi'nally, Ing the reaction inducing
the reaguivet gat AD6iand dhher meacttloanondhmng agenh1@Zhandoplgees itlenmit éiréchkontact with

| ayer 112 oes uire t encap lating.transport
the orgapc mA A EHCR | LAt {B*Fgfe Sied 14E00Endhe PRI frsport 101 and
the 01;%@919%8& d1T4len 1Y E inkQRe feraemeagas Q98248 theledQion mduﬁ:mg agent

aces the reactlon nd ing agent 102 in contact
102 inhdireat gamiact with eh¢ @rganay avatetial layét tl haugkkh¢rtheakereaction between the

s.to generate foam1l igures 3A thraou
reactwmga%tlpé @‘e\fﬁ?‘it’cﬁ?ﬂs‘n %%P%‘ﬂtrqﬁ%t 635@ pﬁgaewa*a@@rleﬁgyer 112 oceurs

there%ﬁﬁ@ﬁi@&t{ gr{he Fnfih EoShe b{'éaHﬁtrﬁﬁér@ﬁl ﬁ"ﬁeﬁl' the bs cfite irface 111.

capsul ating transport generator I nc es a
Finalfyi placing Z}Zd radiih ipdudihg/agentrbiXsiadirent d:dmmct wathtthcoorgamc material layer

i nduci ng nt 102 caqontai ned in.a container 310.
112 dogg agtsraﬂw ﬁwg enFapsulsHng tra%weftal{ﬁé o TuRsureq ¢Hedisgussed "above, drainage

of theggég&%gh%dégg %e‘h?'i‘é’?%ﬁxsa 3 16 a14PRhs Mk LB&idnSAGIdiNEagent 102

in contact with the organic material layer 112.

Although there are many ways to generate foam 100, Figures 3A through 3D illustrate
various exemplary methods to enable the generation. Figure 3A illustrates one embodiment of
an encapsulating transport generator 120a that includes a fine nozzle 305 partly immersed in the
reaction inducing agent 102 contained in a container 310. The encapsulating transport
generator 120a generates encapsulating transports 101 by supplying the reactive gas 106 under a
constant pressure through an input end 301 of the fine nozzle 305. The supply of the reactive
gas 106 generates encapsulating transports 101 at the output end 302 of the fine nozzle 305 that
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constant pressure through an input end 301 of the fine

nozzl e 305. The supply of the reactive gas 106
w@eonenad4es encapsul ating transports 101 at thePODUSID4/018610

end 302 of the fine nozzle 305 thatis inmersed in the

reaction inducing agent 102. °®The encapsul ati ng

transports 101 then float to the top of the reaction

. . induci agent 1Q02.. In on di pent .. anot her

s imieEiiEr RASEon Pfcipe e a0  Ehe cBuPpUR RSB 0 thgn float 10

the top oPtheN@FHoR iR@RIAG ARAt 107 RNHRRAYoAIhdH, dnofiRs BSithiner D5 situated
at the top of the reaction inducing agent 102 whereb

abovettheowpetagnd 302 taf thy ﬁneam;pl@ 30§ trapsi the gnedpgelating trapspors 18/ 1 at the top

o R A5, L0 B BT i s

manndrt8 QSRR the MR Aot HAOb that includes a sparger 320
I mrersed in the reaction induci ng agent 102 contai ned

i Rigare 3B tibustates Jnother o bedimapisef an ¢negpsutading gransport generator 120b

oo LS AL TR SRR AR Fhies i
contai%lg% PUINTRN ehdaBslatirNEshord gil?éiﬁﬁf‘ e2ALL LerlopatdshecBPMIARE transports

The reactive gas 106 fuse through the sparger
101 bg 2@ppdyivg thetreactive gas Bt ingiar preshves thepughentinpup 2zondit Frlrponnected to

enca I i ng transpqr.ts,.J01. . The capsul j\n . .
the SEREAGR0r { e 1 Rie (0B TV HrRAER G SPERre 00, i he reection
_ . ! 1 . . e '
ndocEHERO B o PRI 1 OK T8 BT g 10

then flvmotahte tenibiitie maationindasing ngensd 02 and pembina irs pahta manner to define

enerat or. _12Qc that, .jncl udes sparger 322 with a .
them ety 100s Mo aC BRI SaebentTaP et hnr pauiapg ranspor
gener@8€ Moc t(RRUhcIGEG M idargd3 322 With LREARIWaS AT coERNSTHA dnd a reaction
generator 120c generates foam 100 by supplying the

inducingagentvieputamnd @i 33nd Thb encapadatimgntransgont igageratge h20d geherates foam

o A OSSR o g ol B S e o
331, 33@%%9?1’@&1?@%‘(&% %Ba?‘geWBQﬁ' Tht R&cEPAERET06344 1he rédé6bBn inducing

a manner to generate foam 100. Figure 3D illustrates
agent 40D e withirhihe isparper 322 imsudkrcapsel &t gangrate Gaspldit

generatqr. 12Ce that includes a chani cal . agi tator 325

Bt S P S EReSATOBIeR EPRGTEHEF of 8 EHFAPHOING iy oBirhggistator 1208
that intfhtes Ihechhads gt $Il tmmﬂgﬁl rteﬁﬁhg sk lth Mliating blades 341,

ucl ng agent 2 saturat e feactlve gas
The bldd6s 3T hearerioinadrsedgn tiedieattiong ndicatpapge8t 102 atwrbted tvath the reactive gas

agjtate.the reactjion i ci ng agent 102 saturat.ed with
106. ¢ Tbe ety Felige boges ot Gk Bnariat ke Shcne indigie, aent 102
o} : e | &t r ; a
st SPTRICHE L, T BR08Y) AghReol aapgg Bhbitolor. o

encapsahtingtradpoitd b0l Heatrteahd topeofghs rdidtomimdiucingiaigerg 102 saturated with

such a manner taq.define them as the foam 100.
the reagliteierb Al ad comping weﬁuclé%@amféﬂfigf?nq RS dbeaferea00.

?g\gfldg%o?x%gy?’,ﬁﬁ gggisf e@ﬁ{)diﬁ%@%é@%{/&gﬁﬁl ggpébg 95 £HhafSot necessarily be
configuped asgradiating bladehiapenayrist/ amy saitzbde sardigussion, shape and/or size such as,
for example, a stick, a bar, a tube, a plate, etc., as long as the mechanical agitator 325 is
configured in a manner that would agitate the reaction inducing agent 102 saturated with the
reactive gas 106. In another embodiment, agitation of the reaction inducing agent 102 saturated
with the reactive gas 106 is done without a mechanical agitator 325. Instead, agitation is be

done by shaking or beating the reaction inducing agent 102 saturated with the reactive gas 106

to generate encapsulating transports 101.
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for exanple, a stick, a bar, a tube, a plate, etc., as
| ong as the nechanical agitator 325 is configured in a
wornmseocsehat woul d agitate the reaction i nduci POI/E§EN1/018610

102 saturated with the reactigve gas 106. In anot her

enbodi nent, agitation of the reaction inducing agent

102 saturated with the reactive gas 106 is done

wﬂawareavmiaaaadwname&md@rar{a%p atdiSde§ a6, gedbiatedfdad 100. For

i s be done by shaking or beating the reaction i nducing
examplge mucleations o mamlmnghtrmaomed@ﬂuMetl@aseam@l tinducing agent 102

saurdJS] ol aBe, FAFRTRS o TClnt G hmalthn U8 2K omupty g st

varlolfléjéf@n;&@?' Sibodiman® |16, applc fRat 1100 t@fth@BFg"éﬂﬁzuhﬁfehﬁg layer 112. Of
transporfs 101 in the reaction inducing agent

coursg.antheremerdduneriis mlcrsenmamted,vse) lgag aslhe fanctiongd raeplatngsxhe foam 100 to
f oam 100. Fi qures r trat ri Qus

the sifeR T A1 greanireaAL et 498 piiissi e . YREHSES ap prabodiment

wherdB %F}Jh%t& Wf-‘ﬂlrécllg' apgrlesctﬁ@ fough 160 &?ihe %@MJ MBRESl 1@;& 112. In this
envi'si oned ong as the function of applying t

embofiimaant, 10O appilcat@e 4@51 rsf aaloadloo¥ cydimdgea) dwhecusedteeanaluct tay éoam 100. The

.112 j s achieved. Figure 4A IIutrate n enbodi ment .
appliGat A0S afSeliss i iop R Sonaits e Kt TadSw R e g erial laver
112. O'Thtehfppq’i'égt%ﬂ ®f 'HRE Sfohl 10@3’&{ tli'elgrgahfé Hh'te%a?rl@ﬁq' I‘ﬁ“spreads the

he applicator 405 is a hollow cylindrical tube used
encapsulatlmgl thanspotthd O caamsml@: sufface ap phhd orgawic M@brialdewirvid2. When the

t he .f oam 100 cond s t he foam 100 anto
encapsplgting fransposs | ﬁf rm{w@?‘ 19Piusgplaces 4 ?%‘?‘P%}W“o‘%e thp geactive gas 106

and a tﬂﬂma}goofotﬂe LOR 0L SRRk ig rﬁ%&ﬁrl'@l in! BX%6Y cohlett SRHHERE %r% AR material
encapsul ating transports IOl across the surface of The
layer drl@anbincergheerdaativd gysei 06 bas td/\ldefﬁlst Herogple apwery ahinnlgyer of reaction

trans 01 rupture e ru aces a
induchigo et Vo Mo eabHE: Basalq DophiiboReBliEreatt fiity the paganic material
layer qf 2 ttﬂ@reﬁfv‘ aetiitdEngd 68 Lf&hﬂ@al 2B org i nthtdidl %fer @ PHEREL the substrate
he” organi ¢ material |ayer "112. Since
surfacreehhlt | E'm't@amofeosmhaﬁlet thicdtnéss ef ehd i'ﬁaomrghmdumag )agd:mumyer is uniform

I d 102, th t
acrosy egqlr gtoef ﬁﬁ;gggr]ag%cgpijg%e:ngg&%gs \r}lﬁi%,htg? H@ng?adgfﬁ"age Io¥§an9c material is
belie@ttg‘bb%lf&%’er 112, thereby facilitating the renoval
of the organic rmterlal | ayer 112 fromthe substrate
sUnoae emhddimeft) thehapphoater, 4065, acilustraed ini Kigure g, cniaytrheve in a linear
reacti on i nducj ng i s uni fortngéacr 0SS
ik

|
fashioq frem ecepier PREIOHAY, R AN thgydge qlrthe StRaatechigy df should be
appreg%éehgié%}qgﬂéréhﬁo &ftd ﬁ’lla e uﬁﬁ&éd%@éile e eﬁ)?)}ll:'aﬁblf wﬁmgofz% in a linear

I nent e app I cat or as | ustrate
fashidn Grofe odd edpaf by aubstrage [1iMearanbthsh Idmmeftmmiﬂyaoppmﬂteeedge of the

portion of the substrate 110 to th? (g ge of
substiata LG 4 gthen pon- fiveagmealea@% reetilized guahrag ters%mple in a radical

motidHT P Qél%%ﬁm ﬁe? %&ﬂal fnéﬁgnr,wnsa%eygga& t:feat or 405

noves I n a |l near hi on om o t he
S Wdliti@iadly,1 XRe tapphicaidhet0Sdinayenot artdsyariippbsi 4 ecydieidécal tube in

conﬁgrattl(?n but may be any suitable configuration, shape and/or size such as, for example, a
manifold, a circular puck, a bar, a square, an oval puck, a plate, etc., as long as the applicator
405 is configured in a manner that would enable the application of foam 100. Figure 4B shows
another example of an embodiment wherein the applicator 410 is in the shape of a circular

puck. The width of the applicator 410 spans the width of the substrate 110 but the applicator

410 may be varied to any suitable size depending on the application desired. In one
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substrate 110, or other non-linear novenents may be
utilized such as, for exanple, in a radical notion, in
W@ 2@s/0ekar nmotion, in a spiral notion, in a zZPQFESZH04/018610
motion, etc. Additionally, thg applicator 405 may not
necessarily be a cylindrical tube in configuration but
may be any suitable configuration, shape and/or size
embodHhdht Afe apicaRr AMPkReives foani fov edld L&li@hﬁ@tﬂpﬁﬁed%ﬁﬂﬁ 109 to the entire
bar, a square, an oval puck, a plate, etc., as long as
surfacehed tb@pﬂgamammterwsiypsl Goinfong epelttation.a manner t hat

it A5 Bl et Gl ashh o ol 00 g applied to th

orgarﬁ@%dt&'?a‘l qa%efilplzl By it @in® P Qurake T10 GHItAE f@édﬁk}OOTh¢"1gure 4C
dth of the applicator 410 spans the width of th

111uststtﬁ331tsn®t aitaut gidyof thheubkstiatei d&tio thedfbompdp Siie:onavaf@dl 10bcompletely

immeGiedi die Sr WRiER TR deoteier A0 FolieoS Hhires aopgew of the
sﬂlcoﬁc’o@t{fér]ﬁgnéﬁ@ ithé RSat yocapml%mfgqmﬁeﬁ sIRoh RPaf&ML1i0P €0 foam 100
surface of the organic material |ayer 112 in one

exposgphé emtireourfagd glithe arganit imeseriadtlaxer didtthdhe évaond0Pems discussed

wher eby the f a 100 i s to,the organic )
abovciiisr i CPeApatIoA RS PP b PTG e dURSIT LSSt Teagtive ees 106
and tﬁé‘ﬁeaéﬁﬁmnﬁ&gng Egé}ft' ne2 @diréétl&%h{a@tt @ﬁh %esé i€ 'ﬁ’ia@éﬂal Yd BiWilitate the
he substrate 110 in the formof a silicon wafer

remostall @if tieoongheit ehateriantayes &2 fromt the silisanmwad® 1d6ht Sinke this embodiment

expofipSEURAE Shrarin e il S USRSt hgm 100, e
immédrd16n WAL hhd ORFNRHIE rertdRs th@ofg%m Iﬁﬁgnmw ag ztfftﬁn the silicon

entire surtface of the organic material |ayer 112 t
wa&ﬁh@ffoan1100 As di scussed above, mhen the

ransport 01 ru e, ,
o HEER Ao e PO RRE tBadipeat iaray Tnate i stita wefer 110” are
1mme@§b@nﬁ1 #a2rohM #0d. e%gtﬁ@'ﬁlﬁﬁlusﬁ‘ﬁt%;@ t!@)g AEGady ﬂ’ué@aglﬁ{:érﬁlwafers 110°

to facilitate the renoval he organic materi al
immdrsedan thd Poain d)m t hemsrsing:mbatmhibé silitd0 wafess M@ inrthe foam 100 cleans
poses the entire surface of th

enbodi ne
more ﬂT’ cgp.‘%ﬂfn efs a‘)elér atjqne tige thangpmersing op¢ sibicon Bafar 1168‘El ﬁ*@ foam 100,

herebyTFRFcSiAR effi@neyghl y and uniforniy renoves the organic
there erel alﬁgeayelrn ng fromthe silicon wafer 110'. Figure

4E[n|dtlhetn$hrb@tiﬁ1$em colhmphacmndm«bif ﬂmixliwdmwmﬁey 1 h@ria théaontainer 415 of

one sil] con waf er 110" ar nngrsed in th f oam_100.
foampk@u?aél £ AP, STERERID aT PIIGE 37 dUPEES FOTEST dhe swite of the organic
matel‘b{‘gp% %é- in B Rl \Qn&?gq %?ﬁﬁo&g%dgg%g%' il9néther embodiment,

|con waf er s cl eans

the comthimesél’ ooy nmfrxecssa‘riljb beai reotaegilanbox havorfigwestonrigt may be any
one silicon wafer H} in the fqgn1100 there?

suitable, CoRIGIrHIPTe FRAPEIABAOY SIZP 7S deTHeds BR15EBIRINER ssconfigured in a manner to

C nt of the silicon wafer 110" in the container
holngfgl RIFe

As illustrated in Figure 5, another embodiment of the present invention uses a proximity
head 501 to remove the organic material layer 112 from the substrate surface 111. The
proximity head 501 includes a head having a head surface 515 where the head surface 515 is
proximate to the organic material layer 112. In one embodiment, a sparger 320 is part of the
proximity head 501 whereby the sparger 320 is connected to a reaction inducing agent input
conduit 510 and a reactive gas input conduit 505. The reactive gas 106 and reaction inducing
agent 102 are supplied under pressure into the sparger 320 through the reactive gas conduit 505

and the reaction input conduit 510, respectively. The reactive gas 106 and the reaction inducing
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foam 100 can be in any orientation or place as |long as
sone of the surface of the organic material |ayer 112

WO 200500624 ect contact with the foam 100. Addi t POTVEE1094/018610
i n anot her enbodi ment, the ceptainer 415 may not
necessarily be a rectangular box in configuration but
may be any suitable configuration, shape and/or size

agent2f02 RN vathid AR %@ge@imrini suck QNinbaitdr &6 deflerdteRAMEI0C Between the
hol d f oam 100. il lustrated in Figure 5, another

proxisnitydwad¥ii anfl théeurface dithe organiet matarigislayeral 13r okdditienally, in other

ead 501 to r ve the qr ic material la 112 from . .
embog ey B8 o7 1 TR P 48 A1 A0, THCSTRTASH o) (3P R e 8 of U proximity
head 50C! HOBR nbdRAHMANE Bebxdme BeadSdet A6LgbRtdMORMEI (0N may instead

head surface 515 1s proxinate to the organic nmateri al
have laay esuitalile . numbeorod igleboondmtst (o supphafeper 1900whereipathe fohm 100 is

th rgxi m head 501 whereby the sparger 320 is
gener@@ﬁ#&@ﬁ?&‘qegyogsféﬁmaf Wnduci ng agent input conduit

51 afbflePeth BRMENE RS okiRIH hea@ROY 'rﬁailaﬂcﬁeonﬁgﬁfreﬂ S RAVeVA least one

gas 106 and reaction inducing agent 102 are supplied

removing eongurieSAlicanfignted to lostpuphqeds, 2838, foamewgd/or heganic materials from
reactive gas condyit 505, and, t he action input
a reetog fatieenclp v S AR LT DRRYAIDTheet L e gae Vi R0 known as a
vacul outRAC! [108houH¥E 1 NABIRBE tht2ady Yuibldhmb&e of Bﬁa{r?@rﬁ, removing
320 in“such a manner to generatée foam 100 between tThe
condydtsoandiort foaime adet5@hdaitd ntalyebes utilizededapendihg oor harbonfiguration of the
materjal . Jayer 112.. Additionally, in ro . .
eppaigiocinitil Stheh crbatmant. e Bruti, hiph S can incluge, pier inlets for
: qbe rte ofi.t X L 1% 1 j
deliveiifh s WML SRR bs Phiy DOpBEEY HIEbhA (PAY, B walch, bitiical, et
Additi@@llgndthenypuilets tregyd akave Blnded)i depohdingiombthe applicatioat Thus, for
. caonduits to suypply.foam 100 erejn the foam 100 is
simplicityes Paly e B5t ngﬁ‘%gw%?%gs 6%%{&&59‘3?“%5. I n anot her

e ‘ﬁdzﬂi&ﬁ'ﬂ ; 1hte o R HELd B0 P ERY rﬁ;@%eé@%r& b€ QML i8S onfiguration
to have at | east oné renoving conduit 520 configure
but may eudmyusuifablguicdfigugter shapoamiiorasizk suchoasg fori axample, a manifold, a
. materials froma regiqn between the wafer, and the . .
circulgr gRckyiat BT Hesdyatspan 8‘9&? APV wge,\é%ﬁw( 23 loBe R HiRPreximity may be
conﬁéﬁ%&'%g? %‘hh@rtt)lat wduld Mléjthg%p#MEE)ﬁ' Bpﬁﬂmt hﬁ [A'$he embodiment, the
ui tabl e nunber of spargers, renpving conduits angybr
proxifrigrhead 561 maynbiua typendicitbelatpiudk aeillusteqied i Rigurens.t fde size of the
configuration of the apparatus. In still other .. | i
proxighgyduadeiit may bp éa%?do%aﬁwwa% zesgppending PR e apgligatipadesired.
[ . ' in £ Ui i @ .
| ShEhe enScifahd B0 e BrEkiniey Head So1 G IR il fncar fashion from a
centeAgditidnasfathé wubsodateel 1 0otot the edgaratythal sabstiage 1| h| itdshduld be appreciated

that oryTORATRS B P RV Prar iy s S Aoaes i  linear fashion

from '%qg ie&%egé?t:hi:/ ¥%bestt1]§€e" ﬁré)a !,am)tth¥r m@?gﬁg‘:{’( %OSRQ Edge of the substrate 110,

neces In con
or other non-linear movements may be utilized such as, for example, in a radical motion, in a

circular motion, in a spiral motion, in a zig-zag motion, etc. The motion may also be any
suitable specified motion profile as desired by a user. In another embodiment, the substrate 110
may be rotated and the proximity head 501 moved in a linear fashion so the proximity head 501
may process all portions of the substrate 110. It should also be understood that other
embodiments may be utilized where the substrate 110 is not rotated but the proximity head 501
is configured to move over the substrate 110 in a fashion that enables processing of all portions

of the substrate 110. In addition, the proximity head 501 may be utilized to apply foam 100 to
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but may be any suitable configuration, shape and/or
size such as, for exanple, a manifold, a circul ar
w@omk/oo@2bar, a square, an oval puck, a tube, PtEUS2004/018610
etc., as long as the proxim iy nmay be configured in a
manner that woul d enable the application of foam 100.
I n one enbodi nent, the proximty head 501 nay be a
any shgpreanst sig rof substragasckl Oass forlexampkt @40 intmFvalerse 360 nfiewafers, flat
lsi z€ of the proximty head 501 may be varied to any
Panels, {4 abl e si ze depending on the application desired. In
t ' h { X171 : e .
e e
embodinpent ofitaemdthod to raneveatie ergahict metesialblaydratie Jif.thé bubstrate surface
houl.d be a I ated that other enbodi ments may be
111, FHis} i, gperofit 60% ki PR Brada ahipasioane mpvaRsulafing transport 101 As
: ' f ' d t.o
fiscub B85l 1L 90, LA 008 08 ol DAL S e anspons
101 and €arroit 0t Ineaperation 6l fethe mathod ripplics thiwyndapsulitingi tZ@Gports 101 to the
such as,. for x?rrpl e,.in a radical notion, in a
organi ARSI 125118 10 PRETAia6|Sa 1hed fheomicapsilating fignsnsefs 101 rupture on
K i . an i.tabl e.
e oABL iR B o AR AR s 106
thin fdmoohthe readtiodi inéwting deat 40Dsik data cbhfichrmythige oeaaicedaterial layer
1 nd tge.fi)roxi ity head 501 noved in _a |linear fashion
112, tagrebnicilitaingthe jmayatiofybe orgayicmaseriad dayar | 1pGpmithnsubstrate 110,
t t I b ngder st that, . .
opﬁl glr%ggﬂi’bg i nct]@mtr?a{fe gfe?@%ﬂ ?Y’i?}lz grgmv\ﬁl Sr lelg%%ﬁa X i E@QY Pafiganing fluid
and didd Asy nomberodfaieding grodebes piaydenistd, Anaakk §Ads éfFluids used in such
configured to nove over the substrate 110 in a fashion
CIGaHIPﬁé’Pegﬂa'aﬁ e Yo veysilag Hmplg rlepning operetion. theeleaning fluid may be
. Lid.00n, ity head. .
D, SRR S L0 bt 508t SRR3R DBt
acid @1yt aramesniuid Gydoxfder oexayTIf &evatB0 proprieRie agueod® br"¥Bmi-aqueous
wafers, flat panels, etc. Figure 6 is a block diagram
chemisigissi g @k SmbPAWEn. ithe t drsing| onsrasiorsmAY |uss tar spif rripsandrying (SRD)

techni@ iR Ol f 0 Ve t.h rganjic naterial .

om0 s R0 b, e BAPELE SRS, s o

at a higheata! iAaris 6@ knbha, iethd SRODEEMIGRS iRt cch@F8Eal 9618e pulls the cleaning
encapsul ati ng transport 101. As di scussed above, there

fluid apdany partigdatescfrom the Ayader sypfaceatonsrd theedge 08 thet wafer and finally off

j t 1. d f 100.
e B RS LERIFASH R GO RG dlng no be vst
perforhy tha ipalr dléanldptrationt he organic material |ayer 112. In

operation 615, when the encapsul ating transports 101
r Ofbongh b forrgomegiamentionalasregn desgrihed lin Sontehdetailiforupwerposes of

: C .pat.| of the reacti.ve,gas 106 ang..a .
PGSR TP )3 BB 6200 i o v
practicedntidtih thd §dopé BE tHer (ppBhded iRk AlcchAnly, tepre! Qﬁ%ﬁl‘%diments are

facjlitating the renoval of the organi'c material |ayer
to be qopsideregps iHestiatiig eacanet restgctiven end tietisventiones bytptodsuiised to the
detailsfaéiglelﬁ;I 'hgr%ﬁ)g b%Y\anﬂ}/ayfbreorrnnoEiil?i%d W Sirtx rthaet seco%)% %ng%qgivglegfasnéqu tge appended
claims.

What is claimed is:
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and dried. Any nunber of cleaning processes may be
used, and the types of fluids used in such cleaning
wep@satiions can al so vary. In a sinple cleani nBCT/US2004/018610
operation, the cleaning fluigymy be DIW m xtures of
DI Wand various acid and bases such as hydrofluoric
acid (HF), hydrochloric acid (HC ), ammoni um hydroxi de
or any of several propriei@ pp§lueous or sem -aqueous
chem stries. In an enbodi ms'n‘t—the dryi ng operation
MEY USEA hefoldIfof feffo@inld/lafkd fiorRPbubiseaRRnRufice, cdmplisihg
dryi ng techni que, the substrate 110, in the formof a
s mmw%n&%keg?t ong gngapsulaténg tsansporhiththencapslating tagspgst qontaining at
n the SRD technique, the centrifugal force
leaStﬁmoni“i ea%thve &Peaning fluid and any particul ates fromthe
\A@Ppl&ufgtthé acCleast Qﬂ@érd:af):ﬂﬂ?atﬁl@gﬁn%ort taeho Rl e thangyet beiabhy
the wafer. In sti anot her enbodi nent, proximty
ChemWéHﬂrQ@P@émllaY@ %ﬂdd drying can al so be used to perform

WhersiflBe disBARE HRMBM gl SHIhE il SN tayer and

releasi%'sfI ﬂfé(ﬁﬁﬁlv@fgaﬂnﬂb itHeycheidanel egasti v Riyétdo fadilitdtel remBe@al of the layer
apparent that certain changes and nodifications may be

from thegubsteatisurfaceri n t he scope of the appended cl ai ns.
Accordi ngly, the present enbodi nents are to be
considered as illustrative and not restrictive, and

t e i VRt foSrefdlvideQ 1afer!fiom h Sebstratetsifastedsatdifed in claim 1,
iven herein, but may be nodified within the scope and

wher@q mlwumhs claﬁmlt:ﬁé/ ramm'n @eglontp shashemyypdly reastive tayemplaces a
combyaih PEIE reissive B AL etoh R ciRchef iR U BB it e

chemRANARSU W laft. t ransport, the encapsul ating transport
containing at |east sone reactive gas; applying the at

| east one encapsul ati ng transport to the | ayer t he

L eneh BB PF GTIcH SR BIE bt Syt PG eHEeadn plpim 2

wherélﬁﬂfetﬂeélcﬁloh&}ﬂd‘dcu%rﬂﬁeﬁﬁE 1553 Sﬁwﬁtgle(Hﬁ)?Cdél&ﬁzeglaxﬁatmv&f)h%ater (H,0)
chemcally reactive layer to facilitate renoval

and alc@ﬁemgﬁhmdnwaw (503 andaa surfagtant ceater 7H, Q) arsk tho dleamng ﬂu1d and the

bstrate ,sur.face, as r
surtad AP et T s dPRiAE RS Sioies Pt ASiu) g e
surfa@&s, SHitfe HEI%ni%Q&Wafé@ klbI?W)" SRChE Vl%arluﬁg/ BLid GRS siifactant.
conbi nation of the reactive gas and a reaction

i nduci ng agent in direct contact with the
4. A method for removing a layer from a substrate surface as recited in claim 1,
wherein the at least one encapsulating transport is combined with other encapsulating transports

to define a foam.

5. A method for removing a layer from a substrate surface as recited in claim 1,

wherein the at least one encapsulating transport is a bubble.

6. A method for removing a layer from a substrate surface as recited in claim 1,
wherein the reactive gas is one of ozone (O3), oxygen (O,), hydrochloric acid (HCI),
hydrofluoric acid (HF), nitrogen (N3), argon (Ar), ozone (O3) and nitrogen (N3), ozone (O3) and
argon (Ar), ozone (Os3) and oxygen (O,) and nitrogen (N3), ozone (O3) and oxygen (O;) and
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chemcally reactive layer. 3. A nethod for renoving a
| ayer froma substrate surface as recited in claim 2,
wobk@s®eoda24 he reaction i nduci ng agent is one of PREUS2004/018610
(H20), deionized water (DIW jgwater (H20 and a
cleaning fluid, water (H20 and a surfactant, water
(H2O and the cleaning fluid and the surfactant,
argongkwrg Riz&RA OVRhRT O)E;%lek\%og ragd hhRgeh B%)iang aféoH'(ﬂQ, oxygen (0,) and
a an e

ei oni zed wat er nd the surfactant,
argondirh ik yged (W) and fimpggn @hY anth exydea 40 rapdfargand Aghahd tiogen (N).
surfactant. 4. A nethod for renoving a |layer froma
substrate surface as recited in claim1l1, wherein the
at7 | eat nRARISDERRTVIRLd Aeriffod & BelistraleSufRED cHBPrithd:h
other encapsul ating transports to define a foam 5. A
marerading @rreacdivogisig a | ayer from a substrate surface
as recited in clajm1, erein the at |east one
oy e e ihEpE et o bubbl e, 6. A method for
I GARMigNHe Peab@VeSdas ah@ Medre iR if AR HYEAtAE GeTatt @EIchR Gne
in claiml, wherein the reactive gas is one of ozone
encaps@Biing tanspert, thoehcaphylatingtrdnsport cerdaiging ldCiepst some of the reactive gas;
d hydrofluoric acid (HF), nitrogen (N2), argon (Ar),
and ozone (@B) and nitrogen (N2), ozone (OB) and argon
( ApplyifZ88 8t 1648 bn@BikkaBN AR thar¥poreiddhdlal e in
o?g%gr%és?gtand oxygenﬁ(@@anﬁ gon (Ar§’, ’gggﬁ}é&l(%}dfa
chemipatly sagtyenlaye®) and nitrogen (N2) and argon (Ar),

oxygen (.O2) and, argon (Ar oxygen, ( .a ni trogen

(R i e St B nsae rap ik SR S proPaseR B and
releaded M¥reacfive ghs 5Rb I't‘l%dchfeﬁﬁca!ll? !?&‘éti@é?la?eﬂ B ¥&ilith{ed8Indval of the layer

substrate surface, conprisSing: providing a reactive

from gmssubgiratessutfacg a reaction i nduci ng agent; mixing the
reactive gas and the reaction inducing agent to
generate at | east one encapsul ating transport, the

ergcapsy alettdd b RERNAa RN RIML Sbstthtel sGAale 8Q0E R in claim 7,
the reactive gas; and applying the at |east one

whergn cegasirigahe ngenicahyspadtivetgas oite theaghemicallyaredctiye taybeplages a
a chem.cally reactive |layer: wherein the encapsul at|
combiR SHIE TFAFE e Eeanding RECkinAecins et s b Epiti e

chem®afly t&LEASESerl N€ reactive gas onto the chemically
reactive | ager to facilitate renoval of the layer from

the substrate surface. 8. A nethod for renoving a
| gyer froma substrate surface as recited.in claim.7,, .
a&'/ A method for removEng a layer‘}rom a substrate surface as regteTm claim 7,

wherein the chemically reactive layer is an organic material.

10.  An apparatus for removing a layer from a substrate surface, comprising:

an application unit, the application unit configured to receive at least one encapsulating
transport, the at least one encapsulating transport containing at least some reactive gas;

wherein the encapsulating transport is capable of being applied to the layer to cause a
reaction between the layer and the reactive gas when the encapsulating transport ruptures on the

layer.

11.  An apparatus for removing a layer from a substrate surface as recited in claim

10, wherein the encapsulating transport is capable of being applied to the layer to cause a
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wherein releasing the chemcally reactive gas onto the
chemcally reactive | ayer places a conbination of the
WO e@shioses gas and the reaction induci ng agent PET/U8200018610
contact with the chemcally feactive layer. 9 . A
method for renoving a |layer froma substrate surface
as recited in claim7, wherein the chemcally reactive
reactibAYEfweks thRa@h dad b CoMBinafibradf thd CoachVe @3RAH atréfetibR inducing agent
renmoving a layer froma substrate surface, conprising:
whenghe efsppsudadinigdranspirt ruptuses andpe laye i on unit confi gured
to receive at | east one encapsulating transport, the
at | east one encapsul ating transport contai ni ng at
| gast oM Eppapdes fo¥ fentihg MAGEEtdin hREbstRGARUSES4S 6ited in claim
transgort I s capabl e of being applied to the layer to
11, whergiethe reagtien indncipg agané is ange! wales (HzA deieaized svgter (I-IW), water

(0P Gt e SRRRT D 8 DRIkt FLOD R R 1 G Fins i

and tisdHRSfat@hte dSibhized ®aRs (DBR) ArRictht Bleghing MuitD deivhiRe®ivatet (IBIW) and
encapsul ating transport 1s capable of being applied to

the surfastanhpad thegletanired veater B Wo ang thevodeaningHtuid agdthe sndaciant.
conmbi nation of the reactive gas and a reaction
i nduci ng agent when the encapsul ating transport
rupt ur e6n s¥pakai®s fori@ioviri?a lafér fedp aksabsuate EfabLATEIRD iA claim
| ayer froma substrate surface as recited in claim 11,

10, whereinethe applisatiemunit e dontlineing agent is one of water
(H20O), deionized water (DIW, water (H2O and a
cleaning fluid, water (H2ZO and a surfactant, water
(HAO afagpararsd RaRild dllagerafﬁgn t REbstdfel et dd s recited in claim
dei oni zed water (DIW and the cleaning fluid,

10, fudbienernpsthinga er enqapsuigtingfehnspest genefatioganit, and t he
dei oni zed water (DIW and the cleaning fluid and the
surfactant. 13. An apparatus for renoving a |ayer from
a 13UbstA RS pasatlsl RE RBNVINELLlay&drdm a GhisutelRirfa¥8Y @Eiked in claim
the application unit is a container. 14. An apparatus

10, whereinr therpsactige gasliager offazone €03y geni@).ydfablriasicid (HCI),
reci.ted i laim1 furth conprisi.ng, an

hydrofiageip st SHF K A Lo FrEgR en ot /oRg (GRidd ndiogenNa), ozone (Os) and

argordARR06AS(J;Phnd &ERY () @nd ﬁbﬁ%geﬁ 09 Grond @SRl 8xygen (0,) and
surtface as recited in claim210, whérein the reac¥|ve

argong(ds), iogomn(@©3pandaxygen (@3)and oitsogem (N2hd atgpdi(Aohbxygen (O2) and
oA S el B

and argon (Ar), ozone (O3) and oxygen (O2) and
nitrogen (N2), ozone (Q3) and oxygen (Q2) and argon

(A6) , JroamatadB) forrehayvingrelay¢rdBym asubstiater sugface {sN2gitealrid claim
10, w%gr%&nthg llbéryzer’ is AN gegrllic(r%t)eriglp d

17.  An apparatus for removing a layer from a substrate surface as recited in claim
10, wherein the at least one encapsulating transport is combined with other encapsulating

transports to define a foam.

18.  An apparatus for removing a layer from a substrate surface, comprising:
a reactive gas source;

a reaction inducing agent source; and



10

15

argon (Ar), oxygen (@) and nitrogen (N2), and oxygen
(@) and argon (Ar) and nitrogen (N2). 16. An
wap@anadsas for renmoving a |layer from a substraPer/Us2004/018610

surface as recited in claimig, wherein the layer is

an organic material. 17. An apparatus for renoving a

| ayer froma substrate surface as recited in claiml0,

Wha@pRcatibg udit, the asplicafiéh Si€aFsurdith 8eckiv@RSRRIbinatidn of the

conbi ned with other encapsul ating transports to define
reactiye gapohtaingl from thprsactinagss Source anoihe mepcon myueing pgent gbtained

ubstrate surface, conprising: reactive gas..source;

from I xgaceion dndciRRER SO At Progtisect it o Sy BRTese rafspors, the at
least M dncapdbfatiAB Rlah &Rk Q@RtaiithE atCe4dt bEHE 8Ftht GedcBEEhISE @

combi nation of the reactive gas obtained fromthe

r ederéin thepmsapsolatiog trangportiis capabletaf beingagpléddig thalaper to cause a

obtaj ned fromthe reaction inducing agent.source to
reactigRBRUNED e IRUE R iraotted AaL o g bR Rt Byptures on the
layer! €ast one encapsul ating transport containing at |east

sone of the reactive gas; wherein the encapsul ating

transport is capable of being applied to the |ayer to

cause a, reaction. between the |ayer he reactive .. .
92" AP ERETARLOp SR R T, YU AP DRSS Bhebipg in claim
18, WheX&] the t8capbia@RPRARPYS isf @padlE BPNdiRapplicdYEhe l4RMAcause a
substrate surface as recited in claim 18, wher€in the
reaction batyexeh dhd lagertandaspmbinatign chihbantastivd gdseind ghearspétiondndusing agent
the | ayer to cause a reaction between the |layer and a
whenctB%qqz}équgHag&fanfm Wé’ég?sl %t?‘ﬁ 1*5nd the reaction
i nduci ng agent when the encapsul ating transport
ruptures on the |ayer. 20. An apparatus for renoving a
| Bper fAmapmrauhdr renevisga fayercfras arsgbittatedsurface hsiepiteldSin claim

erein t lication unit. is a proximty head.
18, wwgregn the apl:r)]hecataigg unit 1as a proximity heaa. P y



