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M de Larios BACKGROUNDOF THE I NVENTION 1. Field of

the I nvention [1] The present invention relates

generally to cleaning a sem conductor substrate, and
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an oxidizing solution to a surface of a sem conduct or
Substrate. 2. Descrlptlsgpgéjﬁgg lated Art [2] The
fabrication of sem cond F‘ s invol ves numnerous
processi ng operations. These operations include, for

exanple, inpurity inplants, gate oxide generation,
inter-metal oxide deposi Bydmentoret al | i zati on

oper atiEial KeRbh o M8 R AP S ek AgbelRide
As these oper at iFaC. 3RA&EALR JoR% M. gL esi@nd resi due,
there is a need to clean wafer surfaces, thus renoving

t he cont an nant sBaOEIGROUNRIOE TEE INWENTIONS and

adsor bed conpounds (e.g., organic and netallic) from
L theF§UPﬁ§B%§“@P“Phe waf er. Contaninants shoul d be
enpved from wafer surfaces, as the presence of such
(11 onf BErRTAREA SV EPAGM EPleaeTeT e Fleapig  perpRondHgior substzate, and

mo‘? FOGRRCH PdthdddGnd HLLRMS ?Jr%?pl?ﬂnﬁ o bkiaB&\ s6RSion fo3 surface of a

rous “configurations of eanrng processing tools
Smn@@EmU92ﬂﬂ$m¢¢enented One such doubl e-sided tools is
a brush scrubbing tool, which includes a pair of
symretri cal brushes. Figures A and IBillustrate two
types of prior art, two sided wafer scrubbers. Figure
2. | A Pbwviptian hbtheRehated Ayt ori ent at ed, conventi onal wafer
scrubber 100. Figure IB shows a vertically oriented,
[2]c onVnfabdentibn mﬁsfemicosdwcmn ldevicesGdolveBotineBigprn D%sﬂlgﬂom’aﬂions.
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oxill® 4épositions Iﬁ(éWthaﬁJS}Bd u§1ﬁﬁns Splbfo%ﬁﬁ)gﬁbhﬁpeﬁi&n@ﬁg, tfdBing operations,
brushes 104a and 104

chemical mechanical polishing (CMP), etc As these operations generate particles and

residue, there is a need to clean wafer surfaces, thus removing the contaminants such as

adhered particles and adsorbed compounds (e.g., organic and metallic) from the surfaces of

the wafer. Contaminants should be removed from wafer surfaces, as the presence of such

contaminants has a detrimental effect on the performance of the integrated circuit devices.

[31 Numerous configurations of cleaning processing tools have been implemented. One
such double-sided tools is a brush scrubbing tool, which includes a pair of symmetrical
brushes. Figures 1A and 1B illustrate two types of prior art, two sided wafer scrubbers.
Figure 1A shows a horizontally orientated, conventional wafer scrubber 100. Figure 1B
shows a vertically oriented, conventional wafer scrubber 100'. Both Figures 1A and 1B
include a pair of brush cores 102a and 102b each having been mounted by a corresponding
brush 104a and 104b. As shown, the outer surface of each of the brushes 104a and 104b is
covered with numerous nodules 105a and 105b, respectively. However brushes 104a, 104b

can also have a substantially smooth surface (i.e., without significant nodules 105a, 105b).



covered with nunmerous nodul es 105a and 105b,
respectively. However brushes 104a, 104b can al so have
wa@:2@dbsiiant i al |y snmooth surface (i.e., w thoutPCT/US2005/022172
significant nodul es 105a, 105b).I1n both orientations,
a wafer 106 is scrubbed asz2the symetrical brushes
104a and 104b rotate in_a corresponding rotation
In byith erdantasians & wedg 4 06 iscernblmd as fhﬁ]swp@egweﬁnwsh% 4310 104h)
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out er surfaces of the brushes 104a and
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having thé's ensity and conpressibility as well as
Simsilarfy athe outanduafates af thadrushdasH Oddhadidfileare cFimbmettd frem thesame

oth . conpfi.gurati ons a rior art .wafer scrubbers..a
maRgiah e B e e el e R o e FARBET e e
with G dftr, ameRfordSn bt chifigaheionsidideondithwd@ddenibbers, an identical
respectively applied to the front and the back side Ef
ampps ofpeesurerid gpried fp Gagl ftthe cantachireasas thedyesbei Eie |f'tf9/f,ij 1G4R are
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. wafers are treated identically, even
Congequayky,an pyiot drewifernetubbérel gheoffont pide g the badksidgdpé ghe wafers are
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fromthe wafer. The cl eaning chem stry 110 can be D
alsougaresy the dislegeesl and dilvted eontmeindtes awag frogufam watr.c Rrerleantiged

ché?ﬁ‘i?tag | 149%h BRbE Y aRPEThak tdaBiSve Afisties WRAGs a%g,%a@ed and
SO I'ons, or one or nore alkali solutions. The
flusatectt cheinstrizanina gr moervcilicrsplutisnsg epaede ntoreoglkalhelutions. The

sefcpet it e Blrd i afendah oh R negingls EYeD e SRR By way of
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hereafter "SPM') cleaning chenistry jis IYDL%QLIy
hyqressm pencprédeapiz s (hgreafies oYy \clepnime shemisity siwpicly gpede e
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contamn s are very comon and therefore each wafer
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contam nants. are SPMi's used very often.
requirbsorl¢aningtte remove i arganidyenissprnisi Ye aaerlt SPMiif dsed vgry often.

Unfituael St pe st dficUflalifogit KFF cashite prore
Fulthé, the Waste stream/by-product (i.e., used SPM that contains the removed
contaminants) can be expensive to neutralize and safely dispose of. In view of the foregoing,
there is a need for an improved cleaning chemistry capable of cleaning organic contaminants
from the wafer while also minimizing the cost, handling problems and the waste stream/by-

product.



contam nants) can be expensive to neutralize and

safely dispose of. In view of the foregoing, there is
w@20edt21for an i nproved cl eani ng chem stry cape®l/@Smh5/022172

cl eani ng organi c contam nants fromthe wafer while

al so mnimzing the cost, Bandling problens and the

wast e streani by product. SUI\/MARYC]: THE | NVENTI ON [ 7]

Broadl y speaking, Wfl Il1s these

needs by providing a nethod and system for applying an
[710Xxi BioadlpgpeaRing} th©pretedt mvaitioh fitlethese redshi e oviding b @fethod and

Sy B AR ho RSB R o B0 e AL T R Hdabsat. T should

be bbbl dHat e edéﬁﬂﬁ?eiﬁon &h lﬁﬁxﬂﬁl’éﬁ‘ﬁ:ﬁéd 1n5hu§ié§5u‘§ Riays, including as
COTTpUt er rea | e nedi a, or a devi ce. Sever al

2 PFOSESE AN apRaraiih @dyﬁ@m comphter feadahleanestin, of mdestigs Svapldnventive
emggaﬁaﬁtpsﬂhp HeO0Mt m[vglltlo% &5@@9&5@5\% provi des a met hod

rocessi g a substrate e nethod i ncl udes
[8] ap pré &gbo%lrﬁé}llt Plto'v%@s L 816@10& Hf;]%@gegsu?% 9uéa§t¥§é t gﬁet I%éth(% includes
st one reac y
appiymg osolaidngo a @tﬁrfatcb ef s mibsttat@ nAt léest Olfea*bacﬁﬂg gecieb carbetphi®luced
r st

.ate. i s react dth a terjal
by FkSPoisioh S iR, & B i o B ShRels b o b Sgsed
ﬁrs@fna&rl@lfo@hl Be feivve® t THRGoRtiohtd ifdludddleastd@e 6 Sodp Shsisting of
radical can include at |east one of a group consisting

Hz@# orbl20. Ghe ogydizing rgdiceopp inplyfle atieast eng of & grpup sersistig eb@s, 02,
O}p@d}ro&qlced by dissociation of the solution by
applying a light to the solution. The l'ight can be an

[9] ul t Tl?evﬂe&ltlg% Fﬂe’cgp Eéﬁl E) d&%% (ﬁ@@m&’tﬁ)n%? e sgﬂltlg %ﬁ) (%mg a

sol ution ore t contact's the sur
llghth@ths sdistiomathe lighiecah ibg bt ultravioloElighp pTheelcght cxantHeelpphed to the

solfbakpe o R lin TR R ecechBecpuetiale (o O5ea bt b o

theGaltibiafoe atifledBy porao@bin irhe the SSutidiesdn@tts @Ualfade®f #2Gubstrate.
300 nm The light can have a wavel ength of between

[1020 OTHe 1ibBOcaRRatd lwake@dnbthd2 Rosfiiian dHRublitg Bbout 300 RS, The light can
collimated. The | |aght can be pul sed. Substanti al |

havg,f Wavelepsih of Beivesn abeig 150 Pt 220 noe hBke ght é%ﬁ&é@ﬂlmated
Thé Re Httaaen el e | &&ﬁh@am@l Iy Jﬂomon%?m{&ﬁrg%&cgﬁl b G ed o

ot he surface of the substrate can | rmn
theliglrids oxiflizedhe sol uti on on the surface of the substrate

havi ng a thickness | ess than a reconbination | ength of
[11{ heApmying thegolsparciodis sufthes of thelsubsinatecan irichule ficteniag a layer of the

SOhlltleO%SOl’l e suri%lglcéD Sttire Estra(t)erhca\enrﬁtg ra"%hu: esscl);sH%hcgn'a recombination length of

the reacting species. The solution can include at least a ten percent concentration of H,O,.

[12]  The first material can be an organic material. The first material can be exposed

through a pattern in a mask layer.

[13]  Applying the solution to the surface of a substrate can include applying the solution
through a dynamic liquid meniscus. The method can also include rinsing the surface of the

substrate.

[14]  Another embodiment provides a system for processing a substrate. The system

includes a substrate support, a substrate supported thereon and a layer of a solution supported



[12] The first material can be an organic material.

The first material can be exposed through a pattern in
waoaskeirayer. [13] Applying the solution to tP€r/US2005/022172

surface of a substrate can include applying the

sol ution through a dynam c4liquid neniscus. The method

can _alsg in Iude I NSi ng ishe surface of the substriate

on p gurfacappibf S%%o erf%ﬁ?m 8RS ap FEaYSAYTF R apable o

dlswc?dﬁﬁ§ﬁie@gluﬁor§t6*§%(ﬁl@é Ereadt$ s ?ééfefsem i ncludes a
substrate support, a substrate supported thereon and a

[15] 2YBle Qfred sRbdlah BB aﬁgﬂ@%ﬂcgm rgyﬁél'ﬁl&ecaﬁfbe BB light source.
Substrate. The systenral so I ncludes”an energy source
The eyl soursé casi begundided imap ankloswol Thd awraysoproehnde igrluded in a
prolgu(:“nfril tllleg.g alfdgtgg ﬁ% of Lh]e%l)lutllc?rg %aglﬁ)%re g%tgéj C&le %}%?a[c? glf]?xe substrate
wﬁmwdyﬁamﬂihﬁuﬂnwmyussour ce can be incl uded in an
encl osure. The energy source can be included in a
[16pr OXettnbihert@fddiatat progideaysstenffot dichipinWrgmic g iesubstrate
) uoported on the surface of the substra e W t hi n‘h% )
mcﬁg? AU strat TP RO A iirate sypportpd thezaop B S fBSER HlpR having

a pRERYdIRRk BrySB e @k o?%tﬁﬁ'lﬁgr ap £t YRbE of BY BFgahid 1dyer is
substrate |ncI udes a substrate support and a substrate

expospiiora et noréoned thegatiern fithide suapls lapeat & layes of #epkuting igsupported
t
on PROGHAGH R Bl AL EREL AR B AR Mt o
protliicestt lqastrohe mactolg spvges pmnntleded inthetshgemask | ayer. A
| ayer of a solution is supported on a top surface of
[17] heOthebaspecad and advantaged ofsimineantion pébbezomb appasso fromttharg

he roduce at. ast .one reactin eci es
rtlog et AP iR ot etoncio wis e mennte SRy mes
ill@ﬁlé/cﬁh?%?%i} oPéxahipR themBRigIQDH WelihvdageRme apparent from
t he | owi ng detalled scrlptlon t aken in
conj uncti on WHBRIEFHIES DRV
illustrating by way of exan‘pl e the pr| nci pl es of the
[18] NVERY present iBrInfibn WERERERTy Ghtidoitodd-y tRRANbMLG defeltd dd3eription

present invention will pe readily understood by the
m‘l“oé‘lulnﬁtéﬁ%‘&‘ ?é‘?cP@Ba ?"b‘f‘gson in conjunction with the
acconmpanyi ng drawi ngs. [ 19 gure | A shows a

ll9ﬂ1or Flgkblﬁtlél Fgwp h@‘ﬂ@ﬁftﬁ@ﬂ ori %mquwwawgﬁc%\%ber
) qure I B shows a vertically oriented
[2 o n Brihowsyeatically priesieds conventional wafer scrubber.
[21] Figure 2 shows a side view of a system for cleaning a substrate, in accordance with

one embodiment of the present invention.

[22] Figure 3 is a graph of a concentration of the oxidizing radicals as compared to a depth
of the solution from which the oxidizing radicals are generated, in accordance with one

embodiment of the present invention.

[23] Figure 4A shows a portion of the substrate that has been etched exposure to hydrogen

peroxide and UV light, in accordance with one embodiment of the present invention.

[24] TFigure 4B is a graph, of a scan across the region, in accordance with one embodiment

of the present invention.



[21] Figure 2 shows a side view of a systemfor

cl eaning a substrate, in accordance with one
weedvodiarent of the present invention. [22] Fi geePUS2005022172

a graph of a concentration of the oxidizing radicals

as conpared to a depth of $he solution fromwhich the

oxi di zing radicals are generated, in accordance with
[25bn Figurd & ghowes subfiraien i asprdange With yasembndimens of theprrgerd
kwéﬁkﬁhoms a portion of the substrate that has been

et ched exposure to hydrogen peroxide and WV light, in

C Py . .
6] U3 Rn floa BOE, TSGR ol SRl culs pstre of
the sin€ace efjihe sybsirate,du econiammevithi dre eorbedierehoafitmeepresentf invednéion.

present invention.[25] Figure 5 shows a substrate, in
[27hc dtigpwtand¢ea diagrhm ofi e systeoofdr penetatiog otiieingratiealy upstream of the

nvention. [26] Figure 6.is a detailed view qf a .
surlagt Ghe Rse bk Pitss sfinshs Prbdm oL mé riped oo
he_surface of the substrate, .in accordance wth one.
28 RTS8 & GPEEHAT pPRSENY TeRY ORI HE Ay e Foepisous,
in AcSHIABE Hifh Ofe AnBodsh@ibf @E pReRHeInAtdA. 0Xi di zi ng _
radi cal s upstream of the surface of the substrate, in
[29f.C CRALHR DGR wWehAH b IANEMERRPSHePRIBAs G gehBRin REBAAg radicals for
Invention. [28] Figure 8 is a diagramof a proximty
propessidg & substaipin pecordgnes viijnaeiembpdigentoffeapresenicnvengion.

accor gae Lﬁg@E@FJﬁ{&i%fﬁﬁi Septeicily EXGRbprnpnrs

a)
- 3
I nvenL| Tl dul‘\. 4 LELEA"A mar o Ul
operati ons of generating oxidizing radicals for

[30hr ovevers] prgmplasy g3aiodipcats TPHAPREERE WAFBZNE sqlutipgdo a surface of a
senBRQ0L BB bst ke WilGoR R SRR b ER B hppHETAD HIER skilled in the art
DESCRI PTI ON OF THE EXEMPLARYEMBODI RITS 30] Several
thatethe pysbent inventivo diayibn practiesd vihpitsomg oanll ofdhe specidig details set
for@ﬁe%ﬁﬂ on to a surface of a sem conductor substrate
iT1""Mow be described. It will be apparent to those

Ki .in e art that the present.,invention m .
1], ity SR e R RO Pt S Rl g fgnants
frometsuffadeldf a Retsahtd by bdidizingRM drigarfc contdmifidhtd. SPAL bh alsache used

hydr ogen peroxide m xture) cleans organi c .contamn nants
to xFRIGYA lakHf QEENpmalerials B pYAFREbe 8 f DP9k he or gani ¢
contani nants. SPM can al so be used to renpve a lda%c/)geacting

132 Qngyembadiment e the presagt Ingstign Proyiies f aYstmyan| metho

matPBhE '(é Q! oxidizing or otherwise reacting the materials) on the surface of the substrate

using a combination of hydrogen peroxide (H20-) and a selected wavelength and intensity of
light. By way of example, hydrogen peroxide and the selected wavelength and intensity of
light can be used to remove organic residues or polymer films (e.g., photoresist). The
selected wavelength and intensity of light dissociates the hydrogen peroxide into two
hydroxyl radicals. The hydroxyl radicals can also form hydrogen peroxide byproducts (e.g.,
hydroperoxy radicals, atomic oxygen and ozone). The hydroxyl radicals and hydrogen
peroxide byproducts are hereafter referred to as oxidizing radicals. The oxidizing radicals
are very reactive with organic materials and can readily oxidize organic material to form CO

and other organic by-products (e.g., CO, and HHCO, etc.). The CO and the other organic by-



[32] One enbodi nent of the present invention provides
a system and nethod for reacting materials (e.qg.,
wo@oodioriimg or ot herw se reacting the naterial shpCDOS1008022172
surface of the substrate using a conbination of
hydr ogen peroxide (FQCQ) aed a sel ected wavel ength and
intensity of Iight. of exanpl e, hydrogen
Proguste %ndbelhbmn@rn gasily F%'é‘t"é‘él S%@%P%?ﬁé @W%ﬁ@lmlﬂi*ﬁ %ﬁfé‘?et qf sy
sulsh:gBt can be used to renove organic residues or
pol ymer films (e.g., photoresist) The sel ected
\Y {
[3?1Va d?%ee%%uég ?Jggelg‘%fﬂ?migh%aﬂfbe r glxa)?ﬁﬂt?aﬁr? é(::ta hgdﬁ%pectrum
@i. dm)bdt\mg/ Waveiemgdm lof almoseh 1 89nmenfl @bcmt ROGMYg &ys thneWﬂlgu@asses

o B By OB iR RS PO T AR

oxidRAr@xhdleald) YREWasLE ties WV Hglitey @AY g o' RfShfoagh b l@iely small
oxi di zi ng radicals. The oxidjzing radicals are vert)f1
(S

depth (g4 APeUL R 6F ha Ry dograperorle Seigrrbeamgrfulleahspibgd by

hyc%ﬁe‘i’x'p%ﬁ)xﬁfeg "’Iﬂér@fo[@ﬁfearrblaiw dfthfn%lfﬂ (@Q RS fRht P '8? C
by-products (e.g., HCO, e CO an

hy@vmwewghm nbsqmmfb@: sﬂr@ceaﬂim Wéﬁir%e tﬁmrﬂee @adiring radlcals can
v KRB0 G BTN LA B A5 e

suf&eemfhhsubsmteul traviolet (W) |ight spectrum(i.e.
bet ween wavel engt hs of about 180nm and about 300nnj.

[34hs Inhume eMbbdigleiit, {ha sd & elytihia didrh of hﬁirdsged me:geﬁie pat bedotteed on

th y er oxi de. ahsorbs th o for
the SRTEHEST g SR RAE b SPITTIB BT GOt P oGRS iy bagegean
be %}an fer Hﬁh QAbE 260 Rl aAd tlﬂ@ko\(atﬁﬁﬁ's?eda%ﬁﬁé sﬁ@s’nﬁtea 1s ﬁl@féhﬁed the
of the hydrogen peroxide before bein

depth ebip Elm 9&%@@%%@@5@@%@4 Qxthe surfapp af he gt@tratr: fs rgduced.
relatively thin fil (l e., less than about 2 nmm of

334y dPaeserropisrdodepdheotithe ff mrqu regentpgExifgry emeden thpgurface of the

subslt ?ttﬁéht t1 ﬁ{‘s % e? '19 of 'pifled A Cﬁ%ﬁc& %thgﬁ%edq{gqﬁs%urce,
on the su esus’ra? S6’ as t06 reac

etcgoyn bnr@@hed:tor‘rm hydrc@lexs paoxitddilng uAd aa:eeulo i:hetdmhm@mﬂrcals are

3 h one e herelatlve th|n i | m of
forh‘&?él’%ﬂ’éﬁ 1) é“lgsgﬁte B’é‘s TBF PR 3% °’E L‘é‘a‘dPa%q‘Fe
preSémRstrate by spinning the substrate. By way of

exanpl e, the substrate can be spun greater than about
(362 00mr dABemBSditnd, theeahbiffiith of RER6oeAT fpefohﬁie%ﬁ@etvrwghecdnsoe used
I ncreased, the dept h of the film of hydrogen peroxide
to pesiorra @ NEH-anisetIenie. et eiclopropase Tyminel wak dchi yogesteh atedsotropic in
5 %ﬁlpe?l
nat[n% ]Byl%}g%f @xd?lgﬁé 'it?dp Ea.yg{ltP gggﬁéilﬁklﬁées%gﬁﬁﬁg thask layer
(e. g hard mask or other opaque mask layer suitable to sufficiently block the type of energy

applied) covering an organic layer (e.g., photoresist). The opaque mask layer is pattered in a
conventional patterning process. Once the opaque mask layer is patterned, the desired film
of peroxide can be formed. The thickness of the peroxide film can be between 1 micron and
about 100 micron in depth. Once the desired film of peroxide is formed, the light (e.g., a UV
light) can be applied. The UV light causes the oxidizing radicals to be formed on the surface
of the exposed substrate and react with the organic material in the organic layer that is not

protected by the patterned opaque mask layer. As the oxidizing radicals are formed by the



substrate, then a UV |ight source (e.g., |aser, pulsed

| anp, bl anket, collimted |ight source, etc.) can be
wappbioeri74 o t he hydrogen peroxide film As a reSIIUB2005/022172

the oxidizing radicals are formed on the surface of

the substrate and react wiyh any organic material that

may be present. [36] In one enbodinent, the
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mask | ayer is patterned, the desired film of per

subsiggie BRPPPIS AR end tihebsirate kifdu e verrictlidireqiion 30f aud vany oo it the

sud%atp%%mam&fe@aom about 100 micron in depth. Once
the desired filmof peroxide is forned, the |ight
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fromahon’t 32@sreo fhartasmsilrhge 1M8ar eaction of the UV Ii ght and
t he hydrogen peroxide, then the etching is generally
[39] Or AR encPii} spuics 28MB oriewas toiant the 10 shiadei208A of thpistitgaste 208,
upon due to the fast ra i cal reconbination rate and
ThejpriergysPwise pait g irahyflers Lisht SouRce PRAHE spyroe plenstpy soee gifficient
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systen1200 cleaning a substrate, in accordance
spegies pf @qyeerenaﬂjgd) ngene em lemerpj thesarrey BeweaR30dnoriented such that
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B E 200, | HF5 RN o e R 200
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210, 212. A puddl e processi ng sol ution 222 (e.
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some relatively minor organic residue, then a low intensity may be selected. Conversely, to
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the intensity of the light is at its greatest and therefore the corresponding concentration of the

reacting species is also at its greatest.

[44] The concentration of the reacting species at least in part determines the reactivity or

oxidizing rate of the organic material on the surface 208A of the substrate. Therefore, if a
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substrate. [45] By way of exanple, if sol ution 222
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graph 450, the surface layer has a thickness of about 3200 angstroms. Toward the center of

the portion, the surface layer has been etched to a thickness of about 1900 angstroms. On
average, the thickness of the surface layer has been reduced (e.g., etched) by about 800

angstroms.

[SO0]  Figure 5 shows a substrate 208, in accordance with one embodiment of the present
invention. The substrate 208 includes an organic layer 504 formed on top of the substrate. A
patterned mask layer 502 is formed on the organic layer 504. The mask layer 502 can be of a
material that blocks the transmission of the light or at least those wavelengths of light that
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isotropic wet etching processes.

[53] Some devices and processes cannot easily tolerate exposure to some wavelengths of
light or other energy sources. By way of example UV light can damage certain structures
such as by promoting corrosion or otherwise. Therefore, it may not be desirable to expose
the surface 208A of the substrate 208 to UV light. Figure 6 is a detailed view of a system
600 for generating reactive species upstream of the surface of the substrate, in accordance
with one embodiment of the present invention. The system 600 includes a light source 230
that is enclosed within a light source enclosure 610. The light source enclosure 610 includes
baffles 612 that block the UV from impinging on the surface 208A. In operation, the light

232 generates reactive species 614 (e.g., oxidizing radicals) in the solution 222 at a first
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[S6] Figure 9 flowchart of the method operations 900 of generating oxidizing radicals for
processing a substrate, in accordance with one embodiment of the present invention. In an
operation 905, a substrate is received for processing. In an operation 910, a solution is
applied to the surface of the substrate. The solution can be water, hydrogen peroxide or a
mixture of water and hydrogen peroxide or other solutions from which reactive species can

be generated as described herein.
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[62] The invention can also be embodied as computer readable code on a computer
readable medium. The computer readable medium is any data storage device that can store

data that can thereafter be read by a computer system. Examples of the computer readable
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determ ni ng, or conparing.14[ 61] Any of the operations
descri bed herein that formpart of the invention are
useful nachi ne operations.C Sinvention also rel ates
to a deV|c or an a tus for ,erforning t hese
1. opé?&?ﬂ@ﬂg ’?ﬁ?“&%b%ﬁ’ %g “speci al |y constructed
f Or apb Yol 1ibR t DERESHTS, sulﬂdtratet wheyin eleast one reactive species is
geneér al - pur pose conput er selectlygkﬁ gH} ted or
prOdtmﬂ ibY dtswaﬁyn af the ﬁﬁi\&ttOélrbYﬁPdgtnam P lf”i’fe
r@&'&ﬁg a ﬁts@ nffhib &Hh@gubst\‘afté lq4s general - pur pose
I'ne pe used with conputer progranms witten in
ac cengging éle\matctedtﬂnﬁ maé@@hfrwgéhetﬁ@b%ta@ or it may be
nore conveni ent to construct a nore specialized
apparatus to performthe required operations. [62] The
2. i NVERS h@Rodentlaith 1pwhereiarblotoreiicladesaiblepiivae of sgrovbéansisting of
code_on a conputer readabl e medium The conputer
HQp0id®Y e nediumis any data storage device that can
store data that can thereafter be read by a conputer
system Exanples of the conputer reada

3. i ncTheieethed of cdpimie whergiaithgresctiye f@&ﬁ%d‘cg’fi@ra& Stmﬁgfagroup
OTEHRY omaccess nenory, CD-ROVs, CD- Rs,
CWE§?%%§ﬂb%a netﬁ% tgggg and ot her optical and
nonoptlcal data st orage devi ces. The conputer readable

comsht Brogy Sl < atrRb b HUT B RSB PR o “Cohe T <

stored and executed in a dlstrlbuted fashion [63] It
will be further. apprecjated. that the |nst

5. r epFBeBathadoffie WBB"@P&%‘? bghe 35 aﬁpﬁ‘erﬁleto gt?os\‘? b?(}?lg fhe golution

aﬁt% ﬂﬁgMﬁ&@gf&@mhﬁﬁﬂgrfornEd in the order |IIustrated
and that all the processing represented by the
operations may not be necessary to practice the
inventio F r f
61 e 10004 PHIRECT, ok B ARESTERIERSTE o bramad

poilo@logd tiime tl&rsyshmnﬁ c@ﬁaomhc arficaeftthoswstofie.t he RAM t he
ROM or the hard disk drive. [64] Although the
foregoi ng inventi on has been described in sonme detai

7.f Or TRYERASE ST QSinCl, Ahieteih 186 lig they Sivavettingth, of idss thiah br dmal to
appar ent that certain changes and nodifications may be

abpt38P ped within the scope of the appended cl ai ms.
Accordi ngly, the present enbodi nents

8. The method of claim 1, wherein the light has a wavelength of between about 180 nm
and about 220 nm.

9. The method of claim 1, wherein the light is collimated.

10.  The method of claim 1, wherein the light is pulsed.



are to be considered as illustrative and not

restrictive, and the invention is not to be limted to
wo b@otiediad | s gi ven herein, but may be nodifi edP@i/Ubio05/022172

t he scope and equival ents of the appended cl ai ns.

Wiat is clained is: CI ai msysl. A method of processing a

substrate conprisin applying a solution to a surface
llof EhemeBed eficdaim i wherpit substangallt Of’&h@eP?f@@%:?ﬁ the fishwgieal that

is éﬁp@ﬁ?@ﬂsﬁg?t?yﬁggt%ocu ation of the solution by

ying a t to the solution; reacting a first
material on the substrate; and rermV| ng the reacted

f|r fro thesbstrate of

12¢) o s b oy IR hER SRR M Sl 1 e PRER 8P bupstrac
incfyides!fora g ailglet ShOfonttiondn tie suithde of the Bhlstartaoilg fafthwkness less

claiml1, wherein the reactive species includes at

thap g Feqonnatios leneth phiE @GN BEIHg of OB, 2, OH, O or
OCH. 4. The nmethod of claim1, wherein the light is an
ultraviolet light. 5. The nmethod of claim1, wherein
131 heThg gethod ef clgap| 1, wherein splyton inclyd¢sc lepw pdenaper¢eat concentration
Ofﬁ%utl on contacts the surface of the substrate. 6. The
nethod of claim1, wherein the light is applied to the
solution for at least a portion of a tine the sol utlon

t t f bst t
1400 MERS RS St bt el e BrCREA E R BRI T oss

t han or equal to about 300 nm 8. The nmethod of claim

1, wherein the light has a wavel ength of etvve n about
151 goThmethed %.fwiqsm gzwh«ﬁ?ﬁl the fi lfﬁ"H’éat?fé‘? ﬁc?EﬂPQ?F Hyopiefa pattern in a

madRy& N the light is collimted. 10. The nmethod of
claim1, wherein the light is pulsed.11. The nethod of
claim1, wherein substantially only a portion of the

1651 1 LAl .that .l S. t e, |
6! e G0 PO e B bk o
includes gplyirig theisdhatidnhtierosgl £ dmemafliguliemenidosd.r at e
17.  The method of claim 1, further comprising rinsing the surface of the substrate.
18. A system for processing a substrate comprising:
a substrate support, a substrate supported thereon;
a layer of a solution supported on a surface of the substrate; and
an energy source capable of dissociating the solution to produce a reacting species.
19.  The system of claim 18, wherein the energy source is a light source.

20.  The system of claim 18, wherein the energy source is a UV light source.

21.  The system of claim 18, wherein the energy source is included in an enclosure.



includes formng a |ayer of the solution on the

surface of the substrate having a thickness | ess than
wa@200e001d nati on | ength of the reacting speci eBCT/1S2005/022172

The nmethod of claim1, wherein solution includes at

| east a ten percent concentgation OFH2Q2. 14. The

met hod of claiml1, wherein the first materjal is_an
220r g ARG Bsiea ol clan 18, yehereiibe gperawipusse icinglpdqdin 2 PigFEREY head

| r . . . .

ond BB IBLLIRbER Hiuich FRASAH AP HIBCORE WPl it o
dyegopt liquid ntehigcusol ut i on to the surface of a substrate

i ncl udes applying the solution through a dynamc

liquid neniscus. 17. The nethod of claim11, further
23 conprsiystem orretdhivigrag okdaeicdayef messubdtratdvemprikiag:r ate. 18. A

system for processjng a substrate c rising: .a
subg F‘ir‘gé%te SRSy %P%ﬁ%gmr%?@ éhe&’t?ﬁptg?gg’am(tﬁ E?’Vé‘%ﬁw? pajterned
masRSEr 16fmed on@h 8dahia 156R B Frdt BOrtiORN ofths bFchie Sayedf beifiexposed by a.
substrate; and an enerqy source capabl e of
fird pegios phthie peftermia tBomagkilayert o produce a reacting
spegi f ' [. he
cnet iEorhout P BNHATHS b ER e YREHE, Iod =
cl ak iiglit8puredeapable of disoandngite sudutiongo podeceldylchstghe reacting
source. 21. The system of claim 18, wherein the energy
SP¥Urce is included in an encl osure.22. The system of
claim 18, wherein the energy source is included in a
proximty head and wherein the | ayer of the solution
is supported on the surface of the substrate within a
dynam c liquid meniscus. 23. A systemfor etching an
organic layer in a substrate conprising: a substrate
support, a substrate supported thereon, the substrate
having a patterned mask | ayer formed on an organic
| ayer, a first portion of the organic |ayer being
exposed by a first portion of the pattern in the nmask
| ayer; a layer of a solution supported on a top
surface of the substrate; and a |ight source capable
of dissociating the solution to produce at | east one
reacting speci es.




