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John M de Lari os BACKGROUND 100011 Sem conductor chip fabrication is a
conplicated process that involves a coordi nated series of precise

oper ati ons.ywhhedsBo2é@ | known that during the various stpas:7birese
operations, the surfaces of the sem conductor substrate (i.e

sem conduct or wafers) beconme contam nated with a | ayer of residue conprised
of particulates, organic nmaterials, netallic inpurities (e.g. copper,

alum num titanium tungsten, etc.)z and native oxides (e.g., silicon

di oxi de). [00021 An exanple of wafer contam nation created as a result of a
manuf act uri ng operation can be seen in Figure 1A which shows a plasna

et chi ng process beimsﬁrmrmeFmsﬁrﬂmmmAmﬁa 100. Sem conduct or
wafer 100 is in a plasm fienT§eyyr f ace of sem conduct or
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the wafer surface from etchi ng J.s a well knovvn nmet hod to renove

material fromth fQ f patterns which
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surface of sem conductor wafer 100 to |n|t| ate etchl ng on the wafer. Areas
of the wafer surface not protected by the photoresist material 104 are
etched by plasma 110 to formtrench structures in the oxide |ayer of the
sem conduct or substrate. The ar BAGKGEROUNRCt ed by photoresist 104 shows
that a plunme of etched material 102 can formas the result of plasm
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because contam nants on a wa sur face cause fects |n he I(%valm ch
resul t syrfpcq of seraisapductriveasen §00yis gpates, with fagphiotaresigifmatereal |164 whitdrmspisele, t he

r emovab.0f oﬁﬂgtv\%.@rrﬁﬁ&& fsR B, iBEBhe U {86 fnbwn ARARATA ISR Ri:Qgdice the
hi ghest yield of viable devices per wafer.
from the surface of a wafer to create microscopic patterns which conform to an integrated

circuit (IC) design. Plasma 110 is directed at the surface of semiconductor wafer 100 to
initiate etching on the wafer. Areas of the wafer surface not protected by the photoresist
material 104 are etched by plasma 110 to form trench structures in the oxide layer of the
semiconductor subsirate. The area not protected by photoresist 104 shows that a plume of
etched material 102 can form as the resnlt of plasma etching. The plume showers etched
material onto the wafer surface and on the sides of the eiched trenches. This material can
then interact with other contaminants on the wafer to form a contamination film (known as
post etch residue).

[0003] After plasma etching, photoresist 104 is typically removed through a process called
ashing to strip the photoresist material from the wafer surface. Figure 1B shows the
contamination on the wafer surface that can result after plasma etching and ashing operations

have completed. As shown in Figure 1B, the wafer has a variety of contamination species



[ 0005] Proprietary chem cal fornulations are available to renove post etch
resi dues. However, these formnmulations are expensive to purchase in
sufficient quantities for |large scale wafer manufacturing. Furthernore,
these proprietary chemcals often take several mnutes to effectively
renmove the wopndaneze@nts on the wafer surface. This del acrassowesadot i n

| oner wafer output which adds to the expense of enploying these

formul ations in the context of |arge-scale wafer manufacturing.

Non- proprietary cleaning chem cals have been utilized in the past for wafer
cl eani ng. However, the amount of cgntam nation that remains on the wafer
surface renmai ns unacceptably high unless |ong process tines are provided to
cl ean the wafer surface. This is equally counterproductive to the goal of
achi evimgnivhghan tifvieteghyt ttchabsduerpmidhaicthot@esis ertefids pulipred ingfplofanthe

f or egoi n there is a need for nmethods to renove post etch residue

chem &% ’L“qua‘ﬁ‘ can effectively clean the surface of a wafer in a tinely
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begi Ng, Y ARR HeRkaising ARREoRMIS AGR tBe hirf3h ofk Q@R ida BRklifadiiod. 0 1 enove
one or nore contam nant species on the wafer surface. The first cleaning
solution is rerrioved fromthe wafer surface along with at |east sone of

t he one or nore contam nant specsem/mfil)sk:;|;;_<ir an oxi di zer solution is applied
to the wafer surface, The oxidizer so ’ an _oxidi zed. Ia er on
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cl eanlsygeﬁlohxubpmmmssmcmrnménbdf Semerthigvemive embodinzeses. of 00O iesdnt insention anot her
enbodi ne hod for cleaning a sem conductor wafer is defined. A

pr oxi rﬂr?g Sﬁ Q%ﬂ‘f provr ded which includes a plurality of source inlets and
a pl ur[anmmnafnesmmnmx hemethod ter pleaningriot sprhiecndupter geferps dlefined| dse

pr oxi rBI'E)XHT}I H3a R r?%vrﬁég WALS chNﬁiéE apﬁ:r:ﬁlitff oF s&ﬂ@eaiﬂle%rﬁ%l ﬁﬁl‘aﬁ‘@ dr@ourgdove one

or nor'e contam na ecl es on fer surface is applied through the
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sol uti oR. . ﬁélﬁ%@%ﬁhémﬂm Viobd) pRfxirhBRSS tEOWRR fsulfh®, G OxQlizeiBORIBANE am nant
sp ecres? waf er surface through the plurality source outl ets.

Then mh@& ﬂtrplz@r thegpluafibn of §ouph rrrlréa g ﬁ‘?%ﬂ’@ﬂ”—f tSHEfa‘tﬂ ur 8 ioFHZST satiPLe
i nl et Sgoh@s GRGXBERN 1058 bG8 of NforeXdotttatifiant GbetiésObn iy Waferurfdedi Thel | ayer

on renmi_ni ng contam nant species i di zer, sol renoye through
Che. bl eHBETpIgIon do e atirean aho Kol sedrehagRp igF B shed SEE

t hr oughhdnhecipdnitigpdaliitionGh applisdas therhhfﬁ’essmface Heowgtf the plufilsy s&oomek mle@anr ng
solution is configured to substantially renove the oxidized |ayer along

wi th the remaining contam nant species. The second cleaning solution is
removed fromthe wafer surface through the plurality of source outlets.

Bl unt DESCRI PTI ON OF THE DRAW NGS 100101 The present invention will be
readily understood by the follow ng detail ed description in conjunction

wi th the acconpanying draw ngs, and like reference nunerals designate |ike
structural elements. W) 2008/ 002669PCT/ US2007/ 015249



4 [0011] Figure I A shows a sem conductor plasnma etching manufacturing
process on a sem conductor wafer. [0012] Figure 1B depicts contam nant
resi dues on a sem conductor wafer after typical plasma etching procedure
conplete. [0013] Figure 2A depicts a proximty head enpl oyi ng cl eani ng
sol ution t eva2ongbozseei N accordance wi th one enbodi ment @CTUlmOpeESEONt

I nvention. [0014] Figure 2B shows a proximty head enpl oyi ng oxi di zer
solution to a wafer in accordance with one enbodi nent of the present

i nvention. [0015] Figure 2C shows a proximty head enpl oying a second

cl eaning solution to a wafer in accgrdance wi th one enbodi nent of the
present invention. [0016] Figure 3A depicts a wafer cleaning station
enploying a two station wafer surface cleaning operation in accordance wth

one enbbeltisereg eflutiands gpaliged twpbpentinly rppoveribe pxigiged 1R glope it the waf er

cl eani ggt &t RotdBorRiindM HPcids bh rtﬁé‘ vl LT R chQAR sBRP S Alnd¥Bd i N
accordance with one enbodi ment of the present invention. [0018] Figure 4

depi ct Fom thewefer E%%Ehf@‘égh @EPB@E%GfW@r"”@F’éam ng station with an

associ piofd] & SdiRdr MBRAGHEMN G MBthad X0F dRA%IAY Y &Janle&mueﬁquf&esé%l@s’ vy he
present invention._ [0019] Fi gure 5Ais _a flowhart of a wafer eani ng

pr oc esTPRAPE &9 ianyes S‘b‘)f‘?cﬂlazgfﬂ REniNgeSAYieg QIIEBIONS PP (P JREE r SPRHTNNAR ¢ h one
enmbodi §Rbies 0h thd@afRr aGite. ITheembi aeanu{goﬁa?xﬂionﬁb gein@edBrdis e Whigvelaict of a

cleanlgl g, ng a first cl n SsoI. lét ,an o |d|S zel and a
Cecond BrE AL SR RIS BhO o8 oE BRI EE A B o NSNSt R esent
I nvent amitied DETHY lvkder BisBédel PThéObkkidizer solution forms an oxidized layer on remaining
contaminant species. The oxidizer solufion is removed from the wafer surface. Next, a
second cleaning solution is applied to the wafer surface. The second cleaning solution is
configured to substantially remove the oxidized layer along with the remaining contaminant
species. The second cleaning sohution is removed from the wafer surface.
[0009] In still another embodiment, a method for cleaning a semiconductor wafer is defined.
A proximity head is provided which includes a plurality of source inlets and a plurality of
source outlets. The proximity head is defined in close proximity to a wafer surface. Next, a
first cleaning solution to remove one or more contaminant species on the wafer surface is
applied through the plurality of source inlets to the wafer surface. The first cleaning solution
is removed along with at léast some of the one or more contaminant species from the wafer
surface through the plurality of source outlets. Then, an oxidizer solution is applied through
the plurality of source inlets to the wafer surface. The oxidizer solution forms an oxidized
layer on remaining contaminan{ species. The oxidizer solution is removed through the
plurality of source inlets, A second cleaning solution is applied through the plurality of
source inlets to the wafer. The second cleaning solution is configured to substantially remove
the oxidized layer along with the remaining contaminant species. The second cleaning

solution is removed from the wafer surface through the plurality of sonrce outlets.

BRIEF DESCRIPTION OF THE DRAWINGS
{0010} The present invention will be readily understood by the following detailed description
in conjunction with the accompanying drawings, and like reference numerals designate like

structural elements,



[ 0021] An invention is described for apparatuses, systens, and nethods for
cl eaning the surface of a sem conductor substrate. It will be obvious,
however, to one skilled in the art, that the present invention may be
practiced without sone or all of these specific details. In other
i nst ances, weldosmneon process operati ons have not beenPpdegsrnbed2n det ai l
in order not to unnecessarily obscure the present invention. [0022] A
sem conductor substrate can be made of any silicon-based material. In one
exenpl ary enbodi nent, the substrate is a sem conductor wafer, which is a
thin slice of sem conductor materigl, such as a silicon crystal, upon which
mcrocircuits are constructed by diffusion and deposition of various
materials. In this docunent, the ternms sem conductor WO
2008/ @021:‘]6&@6‘{5/ UEZ%MO&S@&Gc@dscﬂostpim aching empeAdluted rIergReFerfafe used
i nter-change at é’ is disclosed by the enbodi nents herein is
essentarYHEYs n%.e(%onductor substrate cleaning nethod that can Pe used with
cust ofti012)dFigoref IBydepédts oordarninapirresiilvastop ah‘é&’éi@ng?“?ﬁ"l'ﬁﬁ afprs dynica) plasge
econori (;lall%(L g@% g@h%{ LNtly remove contaninants fromthe surface of a
subst '8 l?ggpo(ﬁ 1 erally speaki ng t he net hod, appl.i es an oxi di zer
sol ut 0083} Bighitee 2haflenicts i Peoedmyy thepd toveplowng Claepio it At 8 by post
etch %)‘{] ﬁ}a Jwﬂﬁgg‘;é}ﬁﬁ&!ﬁ}n%o@h&cﬁ%&%ﬁmvﬂﬁnw' di zer soI ut| on is selected
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neces e us gh concentrations of oxidizer as .mych as 5% by

wei g hlasamtatedpah@tﬁe sttachimentingscordgireyethsengembodigant plotbe PESHEANYRIRR 7 o

sol ut i(i%y ¥k % als ¥ SlowcBXR TS sz‘afertchéaiuﬂgr P& dnpledtiglanyotidiaeceyt abl e as
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sol ut i;@fentisn.appl i ed to the wafer surface, the first cleaning solution is
renmoved with contam nants that inhibit oxide |ayer growth. The oxidi zer
solution can then be appli tI_o ace so that an oxide |ayer
forms. In general, the init S renoves contam nants which
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contamnatl on speci es fer surface. [0027] It should nt ed out
t hat tdiéfosion hemd@mssncmref ve'msvpata%lfl Ap s decypent. thgaatry Fﬁ'é%““gfﬁid‘
suitable purity levels to enploy in large scale mafer manuf act ur e.
Additionally the oxidizers listed in Table 1 can be enpl oyed in aqueous
sol utions using existing manufacturing equi prent technol ogies as will be
di scussed | ater.




Table |. Exenplary Oxidizer Solutions Wth Operating Concentrations.

Chem cal Hi gh Concentration M ninmum Concentration M ddle Concentration
Preferred Concentration Process Time 14202 30% by wei ght 0.01% by wei ght 5%
by wei ght 0.1% by wei ght 1s-10s 03 di ssol ved in water

WO 2008/002669 PCT/US2007/015249

substrate and semiconductor wafer are used inter-changeably. What is disclosed by the
embodiments herein is essentially a semiconductor substrate cleaning method that can be used
with customized configurations of proximity heads or other apparatus to economically and
efficienily remove contaminants from the surface of a substrate.

[0023] Generally speaking, the method applies an oxidizer solution to the wafer surface after
the wafer has been contaminated by post etch or other manufacturing processes. The oxidizer
solution is selected such that the oxidizer solution causes an oxide layer to form on the wafer
surface to entrap contaminants both on the surface of the wafer and within patterned
structures. Once the oxide layer forms, the oxide layer can be removed by applying a
cleaning solution. In this manner the formation of the oxide layer provides a cooperative
cleaning mechanism with the cleaning solution to remove contaminants from the wafer
surface. Suitable oxidizers and cleaning solutions can then be chosen so that the combination
of oxidizer and cleaning solution work cooperatively to remove contamination from the wafer
surface. The selection of a particular oxidizer and cleaning solution can be readily identified
if the contamination species on the wafer surface are known.

{0024] Practical experience has shown however, that there may be sifuations where the
formation of the initial oxide layer is inhibited by contaminant species. When encountered,
this situation necessitates the use high concentrations of oxidizer as much as 5% by weight
with process times as high as several minutes. Since oxidizer 'solutions are relatively
expensive, this problem is equally unacceptable as the initial problem of using proprietary
cleaning formulations or using cleaning solvents alone. An improvement over the two
operation cleaning process is now discussed. _

[0025} An improvement over the two operation cleaning process is obtained by employing an
initial cleaning operation prior to application of the oxidizer solution. After a first cleaning
solution is applied to the wafer surface, the first cleaning solution is removed with
contaminants that inhibit oxide layer growth. The oxidizer solution can then be applied to the
wafer surface so that an oxide layer forms. In general, the injtial cleaning process removes
contaminants which otherwise would inhibit the formation of the oxide layer. The cleaning
method then employs the same oxidizer and cleaning solution treatment that was discussed
above. A benefit which makes this process suitable for large scale wafer manufacture is that
dilute chemical solutions can be utilized with process times that are below that experienced

by previous cleaning methods.



Saturated 1PPm | Copm | Qopmis-10s Nitric acid 90% by wei ght 5% by wei gh
20% by wei ght 10% by weight is-1 Os [0028] An exen%laryglist ofyacidigct

cl eani ng sol utions enpl oyed in accordance w th one embodi ment of the
present invention is listed in Table 2. Hydrofluoric acid, acetic acid
nitric aci eko mosleassbfuric acid, an oxalic acid are IisPeﬂmamovmﬂy9exanbles
of typical acidic cleaning solutions which may be utilized in the present
invention. Additional cleaning solutions may also be selected depending on
t he oxidizer to be dissolved and the nature of the contam nant species on
the wafer surface. Exanple acidic golution should have a pH | ess than about

7.

[0026] An exemplary list of typical oxidizers employed in accordance with one embodiment
of the present invention is listed in Table 1. Hydrogen peroxide, ozone dissolved in water,
and nitric acid are listed as examples of typical oxidizers which may be utilized in the present
invention. Additional oxidizers can be readily selected and tailored to form an oxide layer
over an identified contamination species on a wafer surface,

[0027] It should be pointed out that these chemicals are readily available in bulk quantities
and in suitable purity levels to employ in large scale wafer manufacture. Additionally the
oxidizers listed in Table 1 can be employed in aqueous solutions using existing
manufacturing equipment technologies as will be discussed later.

Table 1. Exemplary Oxidizer Solutions With Operating Concentrations.

Chemical | High Minimum Middle Preferred Process
Concentration | Concentration | Concentration | Concentration | Time

H202 30% by 0.01% by 5% by weight | 0.1% by 1s-10s
weight weight weight

O3 Saturated 1 ppm 10ppm 10ppm 1s-10s

dissolved ‘

in water

Nitric acid | 90% by 5% by weight | 20% by 10% by 18-10s
weight weight weight

[0028} An exemplary list of acidic cleaning solutions employed in accordance with one
embodiment of the present invention is listed in Table 2. Hydrofluoric acid, acetic acid,
nitric acid, and sulfuric acid, an oxalic acid are listed as only exarples of typical acidic
cleaning solutions which may be utilized in the present invention. Additional cleaning
solutions may also be selected depending on the oxidizer to be dissolved and the nature of the
contaminant species on the wafer surface. Example acidic solution should have a pH less
than about 7.

{0029] Although the examples of Table 2 are acidic cleaning solutions, suitable base cleaning
solutions can be employed in the present invention either as the only cleaning solution to be
used with the oxidizer solution or in combination with a prior or subsequent cleaning

operation employing an acidic cleaning solution. Examples of base cleaning solutions inciude



[ 0029] Although the exanples of Table 2 are acidic cleaning solutions,

sui tabl e base cl eaning solutions can be enployed in the present invention

either as the only cleaning solution to be used with the oxidizer solution
or in conbination with a prior or subsequent cleaning operation enploying

an aci di ¢ ef@aRsmEs®0! uti on. Exanpl es of base cl eani ngpgelustionnsz2dncl ude
WO 2008/ 002669PCT/ US2007/ 015249 7 ST250 and ST255 which are conmerci al

cl eaning fornul ati ons made by ATM, Inc. and Rezi-38 which is a comerci al
cl eaning fornul ation nmade by the J.T. Baker of Mallinckrodt Baker, Inc. A
basi ¢ solution should therefore be,one that has a pH greater than about 7
or a pH neutral solution. It should be pointed out that these particular
formul ati ons are ammoni a- based and react well in cleaning copper- based
cont amzmn&r&i BirD S wilsh &€ comnacrsisll elearsivg faroedatibhe medndens Tl &ie- sedengt h
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[0030) Referring back to Table 2, the cleaning solutions listed benefit from being readily
available in bulk ¢uantities and in suitable purity levels to employ in large scale wafer
manufacture. These cleaning solutions also are capable of being delivered in an aqueous
solution using existing wafer cleaning technologies.

Table 2. Exemplary Cleaning Solutions with Operating Concentrations

Chemical High Minimum Middle Preferred Process
{Acids) Concentration | Concentration | Concentration | Concentration | Time
HF 49% by | 0.01% by 1% by weight | 0.049% - 0.1s - 60s
weight weight 0.49% by with 2-10s
weight preferred
Acetic 50% by 0.01% by 5% by weight | 5% by weight | 0.1s — 60s
acid weight weight with 2-10s
preferred
Nitric acid | 50% by 0.01% by 5% by weight | 5% by weight | 0.15 —60s
weight weight with 2-10s
preferred
Sulfuric 50% by 0.01% by 5% by weight | 5% by weight | 0.1s ~ 60s
acid weight weight with 2-10s
preferred
Oxalic 50% by 0.01% by 5% by weight | 5% by weight | 0.1s — 60s
acid weight weight with 2-10s
preferred




49% by wei ght 0.01% by wei ght 1% by wei ght 0.049% - 0.49% by weight 0.1s -
60s with 2-10s preferred Acetic acid 50% by weight 0.01% by wei ght 5% by
wei ght 5% by weight 0.1s - 60s with 2-10s preferred Nitric acid 50% by
wei ght
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[0031] An illusiration of 2 wafer cleaning tectmology which can used to employ the cleaning
solutions and oxidizers listed above is the proximity head developed by Lam Research which
is the assignee of the present invention. Figure 2A depicts a proximity head 200 employing
cleaning solution to a wafer 210 in accordance with one embodiment of the present invention.
The proximity head 200 has an upper portion and a lower portion which are defined in close
proximity to the top and bottom surface of wafer 210. Connected to proximity head 200 are
an inlet 202 and an outlet 204. The inlet 202 and outlet 204 route fluids to and from internal
channels located inside the proximity head. The internal channels in turn lead to a plurality of
source inlets and a plurality of source outlets on the surface of the proximity head that is in
close proximity to the wafer surface. These inlets and outlets are configured to deliver and
temove fluids in a fashion such that a meniscus forms in the gap between the wafer surface
and the proximity head surface. This is shown by meniscus 206 which forms between the top
and bottom surface of wafer 210 and proximity head 200. Figure 2A shows a cleaning
solution being applied to wafer 210 in accordance with one embodiment of the present
invention. The proximity head can be moved in relation to the wafer surface so that the entire
surface of wafer 210 is treated with the cleaning solution. It should be obvious to one skilled
in the art that the wafer may be moved instead of the proximity bead so that the entire wafer
surface can be treated by the cleaning solution.

{0032] Likewise, Figure 2B shows an oxidizer solution being applied to a wafer in
accordance with one embodiment of the present invention. A proximity head is used to
deliver and remove oxidizer solution to the wafer surface. Figure 2C illustrates a cleaning
solution being applied in accordance with one embodiment of the present invention. It should
be understood that the inlets and outlets of Figure 2A are present in Figures 2B and 2C and
have only been excluded from illustration for convenience.,

[0033] Figures 3A and 3B depict further embodiments of wafer cleaning technology which
employ proximity heads. Figure 3A depicts a wafer cleaning station employing a two station
wafer surface cleaning operation in accordance with one embodiment of the present
invention. In cleaning station 300 an oxidizer solution is simultaneously applied and removed
from a wafer surface through the use of a proximity head. Afier the oxide layer has been
formed on the surface of the wafer, the wafer is transferred to cleaning station 302 where a
second proximity head simultaneously applies and removes a cleaning solution. It should be

understood that the cleaning solution removed by the proximity head includes dissolved oxide
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layer and contaminants. After the wafer is cleaned in cleaning station 302, it can be
transferred for further manufacturing processing.

[0034] Figure 3B depicts a wafer cleaning station employing a three station wafer cleaning
operation in accordance with one embodiment of the present invention. In cleaning station
310 an initial cleaning process employs a proximity head to deliver and remove a cleaning
solution. The cleaning solution removed by the proximity head is dirty with confaminants
that were dissolved or loosened from the wafer surface by the application of the cleaning
solution. The wafer is then transferred to station 312 where an oxidizer solution is applied
and removed by a second proximity head. After sufficient time has been allowed for an oxide
layer to form, the wafer is transferred to cleaning station 314. In cleaning station 314 a third
proximity head applies cleaning solution to the wafer. Afier the wafer is cleaned in cleaning
station 314, it can be transferred for further manufacturing processing. It should be
understood that Figures 3A and 3B do not depict the only possible configuration of cleaning
stations. Additional configurations are possible which employ physical scrubbing and
nltrasonic cleaning devices.

[0035]} Figure 4 depicts a :ﬁanufacturing cell 400 which is comprised of a multi-chambered,
automated wafer cleaning station 410 with an associated cluster attachment 420 in accordance
with one embodiment of the present invention. Cleaning station 410 contains multiple
chambers on the periphery of a central chamber which in turn contains a wafer transfer robot
arm 419. A load lock 422 connects cleaning station 410 to a cluster attachment 420 which
contains multiple chambers on the periphery of a central chamber which contains a wafer
transfer Tobot 425. The multiple chambers attached to the central chamber of cluster
attachment 420 are dedicated to wafer processing operations. For example, chamber 424
employs a plasma process for plasma etching of trenches on wafer surfaces. As may be
needed, after a wafer has completed one or more processing operations in cluster attachment
420, wafer transfer robot 425 will transfer a contaminated wafer so that it may be cleaned in
cleaning station 410. The wafer passes through the load lock 422 and is transferred by wafer
transfer robot 419 to either a clean chamber or an oxidizer chamber depending on whether a
two-operation, surface cleaning process or a three-operation, surface cleaning process is to be
employed. Wafer transfer robot 419 may transfer the cleaned wafer afier cleaning operations
have been completed to a wafer storage unit 418 where wafers can be either manually or

automatically transferred for further manufacturing operations. It should be understood that
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WO 2008/ 002669PCT/ US2007/ 015249 10 Figure 4 only illustrates one possible
configuration of a manufacturing cell and that other conbinations are
conpatible with the operations of the present invention. [00361 Figure 5A
is a flowmhart of a wafer cleaning process enploying an oxidi zer and
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i nvention. In operation 500 an oxidizer solution is applied to a wafer
surface using a proximty head. By virtual of the configurationof the
proximty head, the oxidizer solution will sinultaneously applied and
renoved fromthe wafer surface. Aftigr sufficient time has been given in
operation 500 to allow for an oxide layer to formon the wafer surface,
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After the cleaning solution is applied in operation 518, operation 520
conpl e84t i KiBeEsni ng process by renoving the cleaning solution with the
contam nants fromthe wafer surface. [00381 For additional information with
respect to the proximty head, reference can be nade to an exenplary
proximty head, as described in the U S. Patent No. 6,616,772, issued on
WD 2008/ 002669PCT/ US2007/ 015249 11 Septenber 9, 2003 and entitled "METHODS
FOR WAFER PROXI M TY CLEANI NG AND DRYING " This U.S. Patent Application
which is assigned to Lam Research Corporation, the assignee of the subject
application, is incorporated herein by reference. [0039] For additional

i nformati on about top and bottom neni sci, reference can be nmade to the
exenpl ary neniscus, as disclosed in U S. Patent Application No. 10/330, 843,
filed on Decenber 24, 2002 and entitled "MENtscus, VACUUM | PA VAPCR

DRYI NG MANI FOLD. " This U.S. Patent Application, which is assigned to Lam
Research Corporation, the assignee of the subject application, is

i ncorporated herein by reference. [0040] Although a few enbodi nents of the
present invention have been described in detail herein, it should be

under stood, by those of ordinary skill, that the present invention may be
enbodied in many other specific fornms without departing fromthe spirit or
scope of the invention. Therefore, the present exanples and enbodi nents are
to be considered as illustrative and not restrictive, and the invention is
not to be limted to the details provided therein, but may be nodified and
practiced within the scope of the appended clains. Additionally, the
operational steps disclosed in the nethod clains herein do not follow any
pre-determ ned order and may be practiced in any order appropriate to the
specific application. What is clained is:



12 Gains 1. A nethod for cleaning a sem conductor wafer, conprising:
providing a proximty head which includes a plurality of source inlets and
a plurality of source outlets, the proximty head including a head surface
fromwhich the plurality of source idPets are formed; noving the proxinity
head i rcigihfase proximty to a wafer surface; applying through the plurality
of source inlets to the wafer surface an oxidizer solution, the oxidizer
solution form ng an oxi di zer nmeni scus between the head surface of the
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2. The method of claim 1 wherein the oxidizer solution is hydrogen peroxide in a concentration

range of about 0.1% to about 30% by weight.

3. The method of claim 1, wherein the oxidizer solution is ozone dissolved in water with an

ozone concentration in a range of about 1 part per million to saturation.

4, The method of claim 1, wherein the oxidizer solution is nitric acid in a concentration range of
about 5% to about 90% by weight.

5. The method of claim 1, wherein the cleaning solution is at least one of hydrofluoric acid in a
concentration range of about 0.01% to about 49% by weight or acetic acid, sulfuric acid, and oxalic
acid in a concentration range of about 0.01% to about 50% by weight.

G. A method for cleaning a semiconductor wafer, comprising:
providing one or more proximity heads, each proximity head including a head surface, the head
surface including a plurality of discrete inlets and outlets, the head surface configured to be placed in

proximity to a surface of the semiconductor wafer;



6. A nmethod for cleaning a sem conductor wafer, conprising: providing one
or nore proximty heads, each proximty head including a head surface, the
head surface including a plurality of discrete inlets and outlets, the head
surface configured to be placed in pfdxinity to a surface of the
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The nethod of claim6, wherein the oxidizer solution is hydrogen peroxide

in a COince”tTrh@trﬂegr{bdmﬁgQﬁl 6ofu g;np,q}sr%l%to about 30% by weight. 9. The

met hod of claim rein oxl di Zer solution is ozone dissolved in
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8. The method of claim 6, wherein the oxidizer solution is hydrogen peroxide in a concentration

range of about 0.01% to about 30% by weight.

9, The method of claim 6, wherein the oxidizer solution is ozone dissolved in water with an

ozone concentration in a range of about 1 part per million to saturation.

10. The method of claim 6, wherein the oxidizer solution is nitric acid in a concentration range of
about 5% to about 90% by weight.

11. The method of claim 6, wherein the first cleaning solution and the secend cleaning solution

~ are each at least one of hydrofluoric acid in a concentration range of about 0.01% to about 49% by
weight or acetic acid, sulfuric acid and oxalic acid in a concentration range of about 0.01% to about
50% by weight.

12. The method of claim 6 wherein the first cleaning solution is an acidic selution and the second

cleaning solution is a base solution.
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cont am nant qs}geci es. 15. The method of claim 14, wherein the first
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configured to substantially remove the oxidized layer along with any contaminant species.

15, The method of claim 14, wherein the first cleaning solution and the second cleaning solution
are each at least one of hydrofluoric acid in a concentration range of about 0.01% to about 49% by
weight or acetic acid, sulfuric acid and oxalic acid in a concentration range of about 0.01% to about
50% by weight.



