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fabrication is a conplicated process that involves a

coordi nated series of precise operations. It is well

known that during the various steps in these
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a sem conductor wafer 100. Sem conductor wafer 100 is

in a plasma etching chanber. The surface of
sem conduct or wafer 100 is coated with a photoresi st

mat erial 104 which prgotects areas of the wafer surface
frometching. Etchi nm&nom met hod to renove
material fromthe surface of a wafer to create
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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 substrate. The area not protected by photoresist 104 shows that a plume of
etched material 102 can form as the result of plasma etching. The plume showers etched
material onto the wafer surface and on the sides of the etched 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



ashing to strip the photoresist material fromthe
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Figure IB, the wafer has a variety of contam nation
speci es120 which can include post etch residue,
resi dual photoresist material, sputtered netals, and
metal oxides. [0004] Rerfoval of these contam nants is
a vital step in producing |ICs because contam nants on
120 which%a¥Bh8la8 Lsfjrofsta&g 9% qgsfxﬁi:atl hbfbr«%éﬁﬁ th&teWhi %Put"t&@&‘ Ifetals, and
i N decreased It ven ure of the IC
metaloxidﬂlerefore t he rem)val of cont am nants fromthe wafer

oovs R RA0EE ks BESHRR S PSS B ALIE) S Bpinn

on a waferf @ii'ﬁblb ahuserdefeste uﬁﬂl&ll[ﬂbhlehh'esuﬂtemmﬁerqase}i reéltabﬁnty or even failure

es. However, ornul N8 Jar ensi v
of the 1C., EIFIGE: (5 AVl TN UREN S B B TP he § Heckdlary t
produce th‘é@flﬁ(esff?l@l&f STibble@vicksipéhedfenr e, these propri et ar y
s often take several m.nute ? to effectiyve gc\{] residues.

[0005] Propsigiary  ehranicahiarmpiaHeRs e ¢ He 0 159 Ee POSHH

However, %s@fo&é\ﬂatﬂ&ﬁs‘»ﬁr& ebcPeﬂs‘P\V@fo piaéiefse o biigicio iqaintaitd ot Iarge scale
expense of enploying these fornul ations in the
water mamASERRR, oFuntbergarShFe MAPRFAREFISTIENS OFY ke Several minutes to

effectlvel)l\pé?nﬁreoﬂ{e' &hﬁélﬁllﬁl‘l&a@ﬂl Rk GREH Gdfase.NaiMs KRB ¢t tdsdRdn lower
ast for wafer cleaning. However, the anmoupt of
wafer outpgnvhishrraidh ¢ the @prmfrﬁgnmiﬁmaé s Ermyptogg dn the context of

- a i [
large scalz':;jl Sfé%ﬁvwgﬁﬁgkc hg%{% B% 1e\"aﬂ’#r géégﬁl‘é&rlﬁ?};avlﬁ SHE€§ utilized in
the past fozoueed glevugit Hiomeordu ¢he amoury qfwentgganatmn tehreaingon the wafer

surface regxfag}sh@h ]E;(geu i rl}] ggvﬁipﬁ es gfﬁ&t,e% gn}e-grlﬁ%gfcﬂ{) ed H) UkEWMhe wafer

ere |1 5'a nee
surface. 'n‘ﬁimv eqnalsy cetmdarpredmaﬂwe tohtberigoal of tatiaevmgrhlgh throughput wafer

ot b1 S C USRS dha Ao Dl Blafove v
etch residhMRMICAB thdtlchs effbepely eleds theysupfaoy bfla m\gifannlartpndyé’dshlon
cl eaning nethod to renoved contam nants fromthe
surface of a wafer. It should be appreciated that the
presegt i nvention can igvieRaMent ed i n nunerous ways,
| udi ng as a system an,_ appar at us
(00061 Broadireal nGo e DESENDOUTRISN, S bebn achie B ROV ety Gpproved

cleaning ML TS TbRBYed&RMminants from the surface of a wafer. It should be

appreciated that the present invention can be implemented in numerous ways, including as a

system, an apparatus and a method. Several inventive embodiments of the present invention
are described below.

[0007] In one 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. Next, the proximity head is defined in close proximity to a wafer surface. After the
proximity head is defined in close proximity to the wafer surface, an oxidizer solution is
applied through the plurality of source inlets to the wafer surface. The oxidizer solution
forms an oxidized layer on one or more contaminant species on the wafer surface. The
oxidizer solution is removed from the wafer surface through the plurality of source outlets.

Then a cleaning solution is applied to the wafer surface through the plurality of source inlets.



[0007] In one enbodinent, a nmethod for cleaning a
sem conductor wafer is defined. A proximty head is
wonraoosiodzdo whi ch i ncl udes a plurality of sourcePCHUSE®7/015249
and a plurality of source outlets. Next, the proximty
head is defined in close proximty to a wafer surface.
After the proximty head is defined in close proximty
to the wafer surface, an pxidizer solution is applied
through the plurality of source inlets to the wafer
surface. The oxidi zer solution forns an oxidized | ayer
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the oxidized layer along with the remaining contaminant species. The second cleaning

solution is removed from the wafer surface through the plurality of source 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.



surface through the plurality of source outlets. Then,
an oxidi zer solution is applied through the plurality
wohommozae i nlets to the wafer surface. The oxPdTas2007/015249
solution fornms an oxidized | ayer on renaining
cont am nant species. The oxidizer solution is renoved
through the plurality of source inlets. A second
cl eaning solution is apglled through the plurality of
source inlets to the wafer. The second cl eani ng
solution is configured to substantially renmove the
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Figure 2A depicts a proximty head. e
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[0020] Fi@lte 5B is a flowchart of a cleaning process employing a first cleaning solution, an
oxidizer and a second cleaning solution in accordance with one embodiment of the present

invention.

DETAILED DESCRIPTION

[0021] An invention is described for apparatuses, systems, and methods for cleaning the
surface of a semiconductor substrate. It will be obvious, however, to one skilled in the art,
that the present invention may be practiced without some or all of these specific details. In
other instances, well known process operations have not been described in detail in order not
to unnecessarily obscure the present invention.

[0022] A semiconductor substrate can be made of any silicon-based material. In one
exemplary embodiment, the substrate is a semiconductor wafer, which is a thin slice of
semiconductor material, such as a silicon crystal, upon which microcircuits are constructed by

diffusion and deposition of various materials. In this document, the terms semiconductor



associ ated cluster attachnment in accordance with one
enbodi ment of the present invention. [0019] Figure 5A
woom/hteemchart of a wafer cleaning process enpCogiSeg®7/015249

an oxi di zer and cleaning solution in accordance with

one enbodi nent of the present invention. [0020] Figure

5B is a flowhart of a cleaning process enploying a

first cleaning solution, an oxidizer and a second

cl eaning solution in accdrdance with one embodi ment of
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operation cleamng process is now discussed.

[0025] An improvement over the two operation cleanmg 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 initial 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.



cl eani ng nmechanismw th the cleaning solution to
remove contam nants fromthe wafer surface. Suitable
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that the conbi nati on of oxidizer and cl eaning sol ution
wor k cooperatively to renove contam nation fromthe
waf er surface. The selection of a particul ar oxidizer
and cl eani ng sol ution can be readily identified if the
contami nation species on the wafer surface are known.
[0024] Practical experience has shown however, that
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nitric acid, and sulfuric acid, an oxalic acid are listed as only examples 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 include



over an identified contam nation species on a wafer
surface. [0027] It should be pointed out that these
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Table 2. = c[én ’ﬁ%ﬁ?ﬁb&ﬁ% #gﬁl%l-ggl?gnﬁ{@pégglﬁg(j@hb&ﬁraﬁbﬁs ComTer ci al

ornul ati ons made and Rezi -38

Chemical whi chHigh a cqrhﬁmmum clleMndcﬂg f or miPsafewed made Ib"ycqsse
. J Baker. -
(acids) _| FonPlinh | CPReRuPRIELEp R Rhtion [EapbeBltch | Time
HF thaovakout 7 |@0Bspl neu I%Ib;swblghtz D19.049¢% shoul |D.be— 60s
ppi nt ed out tlhat. theseprtlcularf n%g i ons [ar )
afii8Mbased | eact wel | in cl eahi’s ﬁ% bper - ‘ﬁglé%dms
cont ami nant s |whi ch may be on a waf erf v&mgtftace Theeferred
i chncent ratior t-he mmwmj HH-EF
Acotic 1 b S0%ely wi t h [IGAADY 1] npion Y YHERE 150 bHM SO 15 00"
acid 1;?%1@@ effeq;,élgﬁ cleanjng to be achieved. [003Qith 2-10s

Ref erting bagk to Table R, the cleaning sol utigns

listed benefijt frombeing readily ayailable in Rypferred
Nitric aci?f* a;;gge g‘c Zlbed\'ﬁ 3 %?A,%‘}' Ual[ So P Wwedknt §%84 By WeigHtH ®Ys L160s
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




manuf acture. These cl eaning solutions al so are capabl e

of being delivered in an aqueous sol ution using
wexistoorg waf er cl eani ng technol ogi es. Tabl e 2PCT/US2007/015249

Exenpl ary C eaning Sol utions with Operating

Concentrations[ 0031] An illustration of a wafer

cl eani ng technol ogy which can used to enploy the

cl eani ng sol utions and o§|d|zers i sted above is the

proximty head devel oped by Lam Research which is the

assi gnee of the present invention. Figure 2A depicts a

[0031] AR Elﬁ?&h&h&bf ofgach 200 &RE @é@hﬂelo‘gy%ﬁbn ars Qbdd ﬂo%?nﬁley dhe cleaning
fer 210 in accordance wth ohe enbodi nent of

solutions pm@gemzqrmetné jabeie Fithe praxmity thead dapelope! Pﬂabame@ﬁ%@h which
is the assi%%é 'o@@h e séht 19\‘/@&109”%@@% ; O'd% ol £ Hﬁfn‘nﬁga chd 2@b %?ﬁp]oymg

tothe to urfa fer
cleaning s@hmmx:itosdwa&r il 0 i mqoydMamﬂrO@nmmbqhment ef the @Zesanblmventwn

n.o Th t
e proxloPsCA0E ek 47 i Blortps Rn@onton ol B Rpiped in close
proximityt tbethp top and bytttraatrfadd of iaferdidl Charntedoipnotinrity hepald200 are
. u rce.dnlets a pluyraki f .
an ot 2838 B bbb C S BT YR B o ntera
channels lodafediifisid® tiel 6LinfltyObdadi l'lShetiifite\“riila?j chardrels ﬁxtmfrﬁleeg tdhphaality of
red to an

.jnlets and qutlets are confi ver
source inlegi e PIRRY PP L HIGh o8 doh SR S e RrRUTaO hagthat is in
close pmm&mgh&) fRPwhet Weeie hraha@flﬁretgsyﬁd 8Ggeta Atk Eé}ﬁigﬁlﬁéd(tmﬂél&‘ver and
surface. This is shown meni scus 206 whi

temove flujglsnint 3 Eshiasnsuch éhettcﬂom&ﬁw%fqrmﬁ 13 fhe gaw bETeRRS ‘@P veafgr surface

and the pRRERy BChdirfadde %l@@%ho&zhw SreRie i TEwRicE 8RN Blween the top
sol ution bein to wafer 210 in accordance with

and bottogm sueleo @i rfsafer éﬂg tamé proaaiy head 0 oFigurn 24 sBRVVAia gleaning
- o.the

sonion 965 GRCISERIRS 21, LA DA LIRS 2 presens

inventiont Hﬁueqirenimitngh@dl aanibsrmovead ighelatidn e thshwafersurfase sadhat the entire

surface ofc' %eﬁ%qo i tr%gtgfl %iLhe%g%gcgkp%a%ﬁi& nﬁ%hgﬁdrﬁ% qudlﬁst? %%g skilled

roxim “entiIre wafer sur
in the art cﬂaat the vxtalf@ahexd bbyncmed in$teahofthegobxinignheddo@3that the entire wafer
ows_an oxi di zer sol ution being

Li kew se, . Fi.gur,e 2B s
““ﬁwecéﬁﬁﬁ?%%ﬁqugﬂﬁg?%Pngﬁaﬁgg%rdance with one enbodi ment
[0032] ngé\lvvtdege mg&geelzB lsnuﬁmtangrbmd&zar csmunohybémgdappmedsad 4 owafer in
er and . repove oxi di zer solution tqQ the. . wa
accordancg it @nS FGREISE 91 GSRESE O HeR Banin GrEuLY| Bad is used to
deliver altEkéHodPd Bkidedr isbludies @b dRO GRfH filkfeBe Iﬂgﬁi@dimmﬁstﬁfestileleanmg
present inventign. It shoul d, be understood that th

solution Hei@aRpligdn aetardansecyitiprg prbodimeng ophepupien WVPP@%H el should
be underst6oP it Ae Méls 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



have only been excluded fromillustration for

conveni ence. [0033] Figures 3A and 3B depict further
wenhsdorent s of waf er cl eani ng technol ogy whi cRCENSE@®Y/015249

proxi mty heads. Figure 3A depicts a wafer cleaning

station enploying a two station wafer surface cl eaning

operation in accordance with one enbodi nent of the

present invention. In cleaning station 300 an oxi di zer

solution is sinultaneously applied and renoved from a

waf er surface through the use of a proximty head.

layer and otnF;{1 fngﬁtfsox' rl ¥elvafiaSis PQ8theldoi R EaRMgt BatisH 302G Et can be
er e wafer |stransferredtocean|ng

transfenectfoaifulmlmeﬁﬁ@nuth@mnﬁpmm proximty head

L ane P .
[0034] Fl%lsﬁ? @?Plgt# 2 Sﬁgeﬁlclééa%?n%&g {)rgég%) dp%{ ﬁ% éoanmwra]tger cleaning
operation #0h¢tordanceenil ede yntddénertoodi thetmemamwenumd dg cleaning station

o S S S W g0 S Bt
solution. Hﬁl@ﬁﬁéé&ﬁﬁ@@ofu@bnffdmbhed bgr&ﬁelfpa@tmﬁtyngeqdr xscchsyl\myh contaminants

i wero B b o SR b et BT B0 O e rsmin

solution. %‘éq{/étﬁ%f‘ @sﬁt}ilﬁhttheluﬁf&reﬁnfﬁoﬁat[&ﬂmgf{vékmam I’ogﬁﬁi&r solutlon is apphed
i nvention n cleaning statio an jinitial _cleanin )

and remoysldeecoRe PERTHIY 8% Ay SHEIEE Simapshan sen ZHEWER fap A oxide

layer to fcﬁ*mc hgaRhRY i$ thidfbR8d toT@l%alﬁhg apkiod 330! Uhickinif®xeeh BY4 a third

proximty head is dirty with contan1nants t hat
proxnmlty\h@aé appkesotloaning poluEeR &n e WaigH AT R Wates i P‘ge&edoy’ cleaning
station 31%}1 €it 3R Ealrh dx‘?éd te hHBAN R AL Brockigin¥al ¢ shéuld be
en transferred to station 312 where an oxidi zer
understoog shaitHigures $Aapnd BBclcamet depintveeionly rpssibloerniigugation ¢fcleaning
X h i a .
scons. S, SRSk B S RSE b U Bt o
ultrasonic(cﬂ@amg\@p\&diastl on 314. In cl eani ng station 314 a third

.proxj mty head lies ¢ ol ution f
o0ss) FBEY Bt SRELERE S5 LSAR SR Eh el ob Bl e
automate @A eldahafgsétﬁimﬁdml‘gng fan ratsh&iatéﬂiﬂlufstaﬁ tttudhngent 420 in accordance
processin shou e under stood t . Fi es_3A .
with on poRBE® 6 ha e (MGG, RIS GAUERY T HueapRgR moltipl
hambersQ)fn tﬁl: %ﬂbﬂ&yﬁf&t ée@xﬁ‘él cm&lvﬂﬁdh it Qi Ic@ﬂtfaﬁtsl DOWafedt@nsfer robot
| e whi ch enpl oy physical scrubbi

arm 419. uAtlpa@ k443 é@m%@s devregstatippgib)iom E‘?}f»fsr Attaphgneot 420 which

contains ﬁﬁﬂi—fﬁé‘%ﬁ%b@& &?lt}{e ?&%H@W ol a' Ser@RIMhAHBE Ghich contains a wafer
ti - chanbered omat ed wafer cleaning station 410
transfer IWb'Pth 435, adbecrltinic GETOETS ANAGHEHnion fhes sEtra) chamber of cluster

attachmerft 429 gt%”&@dlcated 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 after 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



wi th one enbodi nent of the present invention. C eaning
station 410 contains nmultiple chanbers on the
woeoispoziey of a central chanber which in turn eonUaR3/015249
a wafer transfer robot arm 419. A |oad |ock 422
connects cleaning station 410 to a cluster attachnent
420 which contains multiple chanbers on the periphery
of a central chanber which contains a wafer transfer
robot 425. The multiple Bhanbers attached to the
central chanmber of cluster attachnment 420 are
. i f el pr ' o) ' I
Figuro 4 G5 158hEo? SalHoSSio, ARTRRIRGR AT MdrpliSora iRl oEN AR fat otber
combinatiet e rgmphtibleamith s aperatiing of therffragens invastiomy be

.heeded,. af t.er h t e 3
oosen TS 58 i 2 NEKRalUEK VHES, NP SPp R R BRI o apder and
cleaning sbhﬁmfiﬁra_cb@bl@hcé%hvmdel eniticaiivaétr ofathe @i sani narbatiom/alreoperation
500 an 3B i TSpuEa 3 SR B SRS A0 By Ve o
the conﬁgbfa%i&ﬁfcﬁ'fth@ r(ﬁc‘{m‘i@flﬁﬁdtthélﬁﬁfd&:ier s6laeibn 4dif sirauRaiddaslyapplied and
cl ean cha or an OXIdI chang dependi n
removed {ipat WErVAIST BLBERer AfioETULLRTICIERS Ot BT §1YMoReQiergon, 500 to
allow for b} Bﬁﬁl‘quﬁ‘éﬁb'feﬂn ohUhE 36:LerCuefbe, e RIRARETR procédisPaAt this point,
r%a fer transfer robot 49rm transfer the
an optiongl ar vipfePPaRtet may bs MRk Ahis &&mﬁa‘v%%@éﬁ provide more
efficient ;%Qéggélﬁ% & sh&eﬁu%fﬁerékﬂﬁ agr?oﬂé}hﬁox{l 3% Waﬁlﬂ?é(ﬂﬁt%rpﬁrhpphed
manual I'y "or automatically transferred for
to the wafferr suntace rmdLﬁeamvw ithe) clegaingt Jodgtion plonghwith goptaminants from the
[ e
e sucHRSSSEROLORLATLG' BHEE o, GOLL JC LU LSO BRI iy end
both the apphtbltlnatamd memaval ativpabedur einmltancotrty.opee gtaaning S@iuttomnay be
resent..inventiaqn,..[ 00 F [ AlsS f
e » BLESERYb S50 30 TG oE oh 48, AP Shfu and v
contammaﬁteﬁfmwsghsodratplrment on theomfeiance wi th one enbodi nent of

[0037] Flglbrle eseﬂgwgﬁ:?ﬁ %Iaoc?%any g%s%telﬁﬁgggg&sf WE cieamng solution, an
oxidizer, Mid¥isBtdnd ¢eading Bﬁlmiohtlhaicc@ﬁaﬁdwwﬁh ﬁfﬂeg@dﬁlﬁﬁdmﬁnoﬁf theepresent
proximty head, the oxidizer sol

t W
invention S GPERHDBUSRY SI5AIngcrais B0LEE R A atHesHdieg, The cleaning

solution s baGfthe\h ke Sufutiofl ®Ndn hdifR dHhSidHE8EPGHdWRoh Rhe contaminant
eration 500 to allow for an oxide |layer to formon

specios thahara/RIEeNt Uy thgcwalepp dibgtgleaning solptier abEmoved VHhgontaminants
from the RBTPR’tsurﬁee %%@%lonqnwaﬁ@it 4l 87?1@12%9%6@&1‘09% RBYli&Eto the wafer
perfornmed. This optional step may provide nore
surface. Blfeﬁféb‘e'nthem?@d@@?, istpign@m isy giuiguenitionmsy Buppsd in fable 1. Once
sufﬁcientor‘ﬂflé Hab Q2 Oé eaﬁBWQn AN déti ?Qr tp f&ﬂpldneglet \Qafep Surface, the
durf renoves t eani ng sol ution al ong
oxidizer smluttpncxsmemwnarﬁcmmfth@ mafeh‘esurface in operatxon 516. After operation 516

completes, a second cleaning solution is applied in operation 518. It should be understood
that the cleaning solution may be the same or a different cleaning solution as was employed in
operation 510. If only one cleaning solution is to be used to clean a wafer surface, different
concentration levels of the cleaning solutions may be employed in operations 510 and 518.
After the cleaning solution is applied in operation 518, operation 520 completes the cleaning
process by removing the cleaning solution with the contaminants from the wafer surface.
[0038] For additional information with respect to the proximity head, reference can be made -

to an exemplary proximity head, as described in the U.S. Patent No. 6,616,772, issued on



waf er surface using a proximty head. By virtue of the
configuration of the proximty head both the

wappisioozdsh on and renoval actions occur sinul t aReowskop7/015249
The cl eaning solution may be either a base sol ution or
an aci dic solution depending on the oxidizer chosen
and the contam nant species that are present on the
wafer. [0037] Figure 5B %§ a flowhart of a cl eaning
process enploying a first cleaning solution, an
oxi di zer, and a second cl eaning solution in accordance

Septembe 9, rBUOB%ﬁ”&QQIeHBMEﬂEoéshﬁox{) m%@ﬁtPRbﬂmlﬁldl%ANNb AND DRYING."
Vig;trauon 510 a cl eaning solution |s]%g lied to a
This U.Syatent Applicgtian, whish ds asstangg t@ bam RessarchCapostiopethegssignee of
the subjedBBBIiEAIH, IHRcHoRled fibiinpP Rkt depending on the
am nant specCies that are present on the wafer. The
[0039] Fex asiditiong] sdbrmation about mm@d)qnﬁonhm@nﬁelamfnmg cn bermade to the
h ur 0 a

exemplarg ﬁuﬁﬁgﬁg | %‘s gpsgfo%e% QPOEJ% i’étg §\ hc%@ ce )ggg,gsl% filed on
Decembet 1, 3008 anek enwlaat I"elENISECUS, MNCMJM sIBLAuanRaDRymG MANIFOLD."

lustrated.in Table 1..0n uf c en i me_has en .
This U.S Pt 4P 1ERrgT, which s fisidneg o EAG REieRth CormBraliah, 8 Ssignee of
the subjestitipbicstiont, hﬁn@dﬂpdi‘éted heelnby wferesice enoved f r om t he

fer,. surface on 516. . After 51, ) .

(00401 A 8 dEv SiadlmiR bR hrekeat et PBve, Bt Bereried in detail

herein, it%lhaﬁlﬂtb@tfﬂndi‘ilﬁood tbySih@tdé df bﬁhhﬂ’tﬁ%kﬁt (6] s tgé'l ];@?e%hﬁmventlon may be
. eanl ng ol utigQn may be the sane or a | er

embodwfg iR ZRATH GO @15{ §PeHc a@%wm}r S§RAtIPG %caartams’mtm scqpe of the

mvent10n0n|’19he@&6r&| @8 NpRGerR 0L nABs ahidt EnbEdiHRAE bR &b e&n cansmered as
waf er surface di fferent concentratlon | evel s of

illustrativel anghRtgesBictive.cins heynpentionps dpe e bR lipirchiq Bﬁ‘sdﬂga@s provided
therein, &ndné Sbe Ahb&itich Nend [pRadMcBY WRhiH! Pfén s¢opelBP|th€higplnded claims.

erafion 518, operation 520 conpletes the cleaning
Addltlonﬁi o dbe prtlp@airme;gdlsﬂesqﬂl lélafhﬁ mectBed glaims hafain doheot follow any
n f rfac 0

pre- deterﬁ‘xgxgkt L o%gl En?crl] f%‘lrgﬂ;{)p g%r ?rgsa{t)l Ct%rc%e& %ﬁﬁhgﬁ%& to the specific
applicatidread, reference can be nade to an exenplary prOX|n1ty
W%atw(peag as described in the U S. Patent hb 6, 616, 772,

[E2G4E onsSept ember 9, 2003 and entitled "METHODS FOR
WAFER PROXI M TY CLEANI NG AND DRYI NG " This U.S. Patent
Application, which is assigned to Lam Research
Cor poration, the assignee of the subject application,
is incorporated herein by reference. [0039] For
addi tional information about top and bottom nenisci,
ref erence can be nmade to the exenplary neni scus, as
di sclosed in U S. Patent Application No. 10/ 330, 843,
filed on



Decenber 24, 2002 and entitled "MEN SCUS, VACUUM | PA
VAPOR, DRYI NG MANI FOLD; " This U. S. Patent Application,
wohbshoza9 assi gned to Lam Resear ch Cor por at i onPCThs2007/015249
assi gnee of the subject application, is incorporated
herein by reference. [0040] Al though a few enbodi nents
of the present invention have been described in detail
herein, it should be understood, by those of ordinary
skill, that the present inv@ntion nmay be enbodied in
many ot her specific forns without departing fromthe
spirit or scope of the in Lon. Therefore, the
present exanpl es and enbog%{%s}ts are to be considered
1. asA nethst foaclearingracsentcondustarivefery epmprisinghe i nvent i on
is not to be limted to the details provided therein,
but may be nodified and practiced within the scope of
t hfoﬁrlb@utlpmi’xhh'mj/ head Whithtindndéd a/plutdiity ofsswate oriets and a
I 1? di sclagsed in the nmethod clains herein do not
pluraigty W’é?ﬁf“g?té det ermi ned order and may be practiced
| rleiRihegothd PEoxamiy dRad @i elob®pidkémapesh mafempﬂace;at i on.

\é%&%%bymﬁﬂe?éﬁe R%ﬁﬂ’%%‘q'%’o‘;%"f’g‘%ed@ %53@? i C'&ﬁa %?Wfiyzef

solutibf e \WRidiXerisBRitied F6rnRing|anroXlidiked I&&eﬁ&ﬂéﬂ@oﬂ ﬁhbﬁ Somdddinant
plurality of source outlets; defining the proximty

SPeCl?Fe‘Hcheﬁ”%be%‘EfaﬁFOX| mty to a wafer surface; applying

t HeRidgthotthE oﬁid‘x‘ie@ sblutioR fron® eGRateNhi e tRrolBE tNeHI8Fality of
surface an oxidi zer solution, the oxidizer solution

SOUfCﬁ@M’fPTﬁg an oxi di zed | ayer on one or nore contam nant

greﬁo i b@%\/a‘f@'frﬁ{s?%rélfa'f%?’;cr enovi ng the oxidi zer

ution Tromthe wa sur e through the plurality
ofappbying through deolyalifyorfisontpednkerls tadhewafirsyeface a cleaning

solutx%Heﬁrfcf' on; applying through the plurality of source
s to the wafer surface a cl eaning solution; and

removing the cleaning solution from the wafer surface through the plurality of
source outlets, the cleaning solution being defined to substantially remove the oxidized

layer along with the one or more contaminant species on the wafer surface.

2. The method of claim 1, wherein the oxidizer solution is hydrogen peroxide in a

concentration range of about 0.01% 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.

S. 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.



renovi ng the cleaning solution fromthe wafer surface
through the plurality of source outlets, the cleaning
weabestoozaa9 bei ng defined to substantially renovecrhs2007/015249

oxi di zed | ayer along with the one or nore contamn nant
species on the wafer surface. 2. The nethod of claim
1, wherein the oxidizer solution is hydrogen peroxide
in a concentration range of about 0.01%to about 30%
by wei ght. 3. The nmethod oft3claim 1, wherein the

6. oA methed fontlstning aissminonductdi wabin/eunpHEsingit er with an

Py 5 DaleE plefie e i BoBRRY) relp ¥ G more
contamimahespecidseonake diaf@rsusfatet i on is nitric acid in a

e he Bt ERaRRe FouPoR ot e Fp@ERE AR it at oas

some Sﬂfﬁétdrférbrirﬁoratcohﬁﬁﬁﬁar?rsp%(ﬁés;hydr of luoric acid in a
concentratjon range, of aboyt 0.Ql1%tq, about 49% .
PG thE 0 e S SUERGE g irer SolAEo hERRLizeE Folu i fopming

an oxildized 18R YefRllifR combfitaat spleeust 0. 01% to about 50%

y weight.6. A nethod fqor cl|eaning a_ sem conductor
WESTBPVing dhe PYig1Z5ESARYPY IRy e VefeituEfaceur f ace a first
CLEARINEoBL WArQulfcd £5RRI/Mang JFMitforg @Rd am nant
specires on the wafer surface; renoving the first )
ciremaving thoperond glepning sphuiondfan ﬂsWﬁgﬁé SUERGsn theyfleaning

solutib ﬁ?ﬁﬁgscgﬁﬁg&feﬁttg Su 131y Toh6vE L ATiRed fayePAGLE With the
applyi'ng t0 the wafer surface an oxidizer sol utrion,

remaihing apntathinent spetigs.i on forni ng an oxi di zed | ayer on
remai ni ng contam nant species; renoving the oxidizer
solution fromthe wafer surface; applying to the wafer

7.  sUikanethad s€clhand 6¢figther ngmpokingi on; and renoving the

second cl eaning,sol ution f.ro . - 4 :
c PEEATRrecH P ik Atk RBEabRY At Bs YRhoLind S aRe Grig P sotution
from fhemnvfact bethexw dezad beyertha karngdwidanitghelutemeis mappiged to the

. conf am nant species. 7. The nmethod of claim®6, further
wafer SYRSFe-si ng:

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 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.

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



performng a DI water rinse operation after the
renmovi ng of the oxidizer solution fromthe surface of
woheoswate@® and before the second cl eani ng sol uPCOUS2®7/015249
applied to the wafer surface. 8. The nmethod 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 nethod of claim6 wherein the
oxi di zer solution is ozone M ssolved in water with an
the sesppd cleanineaolution is 8 bape slptitige of about 1part per
mllion to saturation. 10. The nethod of claim6,

wherein the oxidizer solution is nitric acid in a
13.  cohwemethadi ofielaiony evhereia bl firss sdepningtsolittionism pse solution, and
' oAl ; . l.aim6, wherein the first
the Séﬁégﬁyeﬁaﬁéoﬁox‘%}%@n%%ﬁgg'tdlgéesoglé@%{r?d cl eaning solution are
each at |east one of hydrofluoric acid in a
copceniration range of. about 0.01%to about 49% by
14. ek Githad Forcledriieg pemicBRatR A G REART sl | ¢ aci d
| NpravME & ptdrainitgheadnbichoihciged s plirflidodfeoatke ihlefsGifd a
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performing a DI water after removing the oxidizer solution from the wafer
surface;

applying through the plurality of source inlets to the wafer surface a second
cleaning solution; and

removing the second cleaning solution from the wafer surface through the
plurality of source outlets, the second cleaning solution being configured to substantially

remove the oxidized layer along with the remaining contaminant species.

15. The method of claim 14, wherein the oxidizer solution is hydrogen peroxide in a

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

16. The method of claim 14, wherein the oxidizer solution is ozone dissolved in water

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



cl eaning solution along wth at |east sone of the one
or nore contam nant species; applying through the
wolorsab2dsy of source inlets to the wafer surfaeeTan2007/015249
oxi di zer solution, the oxidizer solution form ng an
oxi di zed | ayer on remai ni ng contam nant speci es;
renmovi ng the oxidizer solution fromthe wafer surface
through the plurality of source outlets; performng a
DI water after renoving thel®xidizer solution fromthe
waf er surface; applying through the plurality of
17, SOHGckBU TSI TG AL IneiEBE R R e LA
uti removi ng e second cleaning solution
concentrativn hangeaffabosuifodo @btom NPGrbyvt weight-.ural ity of source
outlets, the second cleaning solution being configured
to substantially renove the oxidized |ayer along wth
18. t hﬁxdmambdiom'glarmrﬂt%mmm tkmpﬁaxst argl setbnd ?Ela:enimgtsbhniionfare each
he oxi sol ution,is .hydr
ot leaf R bero ol il Ape e bt PlnER Hie B hiad SIS
concai@tibn 38 gelnf abeugh01 %16 .abdes 0t bigaekight. cl ai m 14,
wherein the oxidizer solution is ozone dissolved in
water with an ozone concentration in a range of about
19. 1 ’ﬂfHﬂheﬂheﬂ oFicldimOn, txhefcth tietfilsOledring tbRitIBR ih@Eladiflic solution
claim1l wher e n, t he oxi di zer solution is nitric acid
and ﬂi%seéoe%ﬁ%@ﬁmépi%wnrlaﬂaéseosro Wt 5% to about 90% by
wei ght. 18. The nmethod of claim 14, wherein the first
and second cl eani ng solution_are each at |east one of
20. hykheoneihediof cladingl4, aherain thechingt clgaping splutigaiga bagggolution, and
[ range of about 0.01%to
the <GB bleaBleohlich S ARAGRIC kb, 04 of craim 14,
wherein the first cleaning solution is an aC|d|c
sol ution and the second cleaning solution is a base
solution. 20. The nethod of claim 14, wherein the
first cleaning solution is a base solution, and the
second cl eaning solution is an acidic solution.



