WO 2010/ 033144PCT/ US2009/ 004080 1 METHOD AND APPARATUS FOR SURFACE
TREATMENT OF SEM CONDUCTOR SUBSTRATES USI NG SEQUENTI AL CHEM CAL

APPLI CATI ONS | NVENTORS. ' Katri na M khayl i chenko, Yizhak Sabba and Dragan
Podl esni RVGPEY/EF3EE THE | NVENTI ON [ 0001] The present i BGEWBENNHEL At es
generally to sem conductor substrate iprocessing,
systenms and nethods for treating a surface of a sem conductor substrate
usi ng sequential chem cal applications. DESCRI PTI ON OF. THE RELATED ART

METHOD AND APPARATUS FOR SURFACE
TREATMENT OF SEMICONDUCTOR SUBSTRATES USING
SEQUENTIAL CHEMICAL APPLICATIONS

INVENTORS:
Katrina Mikhaylichenko, Yizhak Sabba and Dragan Podlesnik

FIELD OF THE INVENTION

[0001] The present invention relates generaily to semiconductor substrate processing, and more
particularly, to systems and methods for treating a surface of a semiconductor substrate using

sequential chemical applications.

DESCRIPTION OF THE RELATED ART

10002] Semiconductor devices are obtained through various fabrication operations. The
fabrication opefations define a plurality of features, such as gate structures, on semiconductor
wafers (wafers or substrates) that span multi-levels. During the various fabrication operations,
the substrate is exposed to various contaminants. Any material or chemical used in the
fabrication operations to which the substrate is exposed is a potential source of contamination.
Chemicals used in the various fabrication operations, such as etching, deposition, etc., leave
deposit, such as process gases, etching chemicals, deposition chemicals, etc., on and around
features, such as gate structures, formed on the surface of the substrate, as particulates or
polymer residue contaminants. The sizes of the particulate contaminants are in the order of the
critical dimensions of the features being fabricated on the substrate. These contaminants lodge
on the top, along the side walls and in between the features in hard-to-reach areas, suchasina

trench surrounding the delicaie features, and may likely cause damage to the features within the

vicinity of the contaminant particles.

[6003] A typical gate structure formed on a substrate may include a stack of layers made of
different materials defining the gate structure. The gate structure may include a layer of gate
oxide over which an electrode is fabricated using one or more layers of metal, such as tungsten,
tungsten compounds, etc. The metal that may be used in fabricating the electrode may include
tungsten, tungsten silicide, tungsten nitride, tantalum, polysilicon, silicon oxide, aluminum
oxide, hafnium oxide, silicon oxynitride, tantalum nitride, etc. A layer of polysilicon is formed

on top of the metal iayer and a hardmask layer is fabricated over the top of the polysilicon layer.

and nore particularly,
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WO 2010/ 033144PCT/ US20091004080 3 contam nation of the gate features. The
prol onged exposure to the cleaning chem stry may further result in the
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[0608] In one embodiment, a method for removing polymer residues from around a metal gate
structure during a post-etch cleaning operation, is disclosed. The method includes determining
a plurality of process parameters associated with a metal gate structure and the polymer residue
formed around the gate structure. The gate structure includes one or more layers of fabrication.
The process parameters define one or more characteristics of the one or more fabrication layers
comprising the gate structure and of the polymer residue formed around the gate structure. A
first and a second cleaning chemistry, to treat the surface of the substrate, are identified. One or
more application parameters for each of the first and second cleaning chemistries are defined
based on the process parameters. The first and second cieaning chemistries are applied
sequentially to a portion of the surface of the substrate using the application parameters in a
controlied manner so as to provide an optimal exposure of the portion of the surface of the

substrate to the first and second cleaning chemistries for an optimal period of time such that the



4 pol ynmer residues are substantially renoved fromaround the gate structure
while preserving the structural integrity of the one or nore layers of the
gate structure. 100091 In another enbodi nent, a systemfor_renoving pol ymer
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[0010] Other aspects and adifantages of the invention will become more apparent from the
following detailed description, taken in conjunction with the accompanying drawings,

illustrating by way of example the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[6011) The invention may best be understood by reference to the following description taken in
conjunction with the accompanying drawings. These drawings should not be taken to limit the

invention to the preferred embodiments, but are for explanation and understanding only.

[0012] Figure 1 illustrates a simplified schematic diagram of a typical post-etch metal gate

structure, in one embodiment of the invention.

10013} Figure 2 illustrates a simplified schematic diagram of potential issues and damages
experienced at the post-etch metal gate structure illustrated in Figure 1 during cleaning

operation, in one embodiment of the invention.



5 100141 Figures 3A-3Dillustrate sinplified schematic di agrans of various

gate structures after etching operation. Figure 3Aillustrates a sinplified
DRAM gate structure after full etch, in one enbodi ment of the invention.

Fi gure 3YP 'Wi¥{44ates a sinplified DRAM gate struct uPETHFIEY N0 a1 et ch,

i n anot her enbodi nent of the invention. Figure 3Cillustrates a sinplified
Fl ash tungsten gate structure after an etchi ng operation, in another
enbodi ment of the invention. Figure 3D illustrates a sinplified tungsten
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first cleaning chemistry and second cleaning chemistry, in one embodiment of the invention.

[6018] Figure 5 illustrates a simplified schematic diagram of a system used in the application of

first and second application chemisiry to the surface of the substrate, in one embodiment of the

invention.

[0019] Figures 6A and 6B illustrate graphs identifying effective removal rate of polymer

residue using the first and second cleaning chemistry, in one embodiment of the invention.

[0020] Figure 7 illustrates the optimal exposure time and carrier speed required for effective

removal of metal containing polymer residue removal, in one embodiment of the invention.

[0021] Figure 8 illustrates the optimum concentration for effective metal containing polymer

residue removal rate, in one embodiment of the invention.

[0022] Figure 9 illustrates various method operations involved in removing polymer residue
from around a metal gate structure during post-etch cleaning operation, in one embodiment of

the invention.
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surface Y0 #140¥strate will now be described. It will PEEUSHITYIE® however,
to one skilled in the art, that the present invention nmay be practiced
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polymer residue are determined. The process parameters are obtained by analyzing the
plurality of fabrication layers forming the gate structure and the various types of polymer
residues formed around the gate structure feature. The process parameters define one or more
characteristics associated with the different layers of the gate structure and the polymer residue.
A first and a second aggressive chemistry are identified and one or more application parameters
are defined for the identified aggressive chemistries based on the process parameters. The
application parameters are used in applying the aggressive chemistries sequentially in a
controlled manner so that optimal removal of polymer residues is enabled without losing the

structural integrity of the gate structure.

[6025] The advantages of the various embodiments include use of simple, common chemistries
to effectively remove the unwanied polymer residue resulting in a substantially clean device.
The controlled application of the aggressive chemistries effectuates removal of polymer residue

with precise control of critical dimension.



100261 In order to understand the effectiveness of controlled application
of the aggressive chem stries, the negative effects experienced at the gate
structure will be first described with reference to Figures 1 and 2. Figure
1 illust M BY3Enplified schematic diagram of a gat E&P?’lﬂﬁ%’%?%o in one
enbodi nent of the invention. The gate,structure is fornmed using a plurality
of fabrication |ayers where fabricatibn materials are deposited over a
surface of a substrate 100. The fabrication layers may include one or nore
| ayer sgmﬁé]matowermquemmfm offctiperess afdoagreﬂetbapp@mteorm&t%aggwsm t he

surface of a sybstrate 100. The gate i gh

di el ec‘ﬁ‘fefném&??n élﬁ%att Ie#O‘FtaW“F%ﬁgﬁeia QF@ S‘ﬁé&é%ﬂ”gig‘é ?S{a;&%@i%%l ‘%It_ﬁayers of
met al See@dréhcl SR ghRs |l AhaNa Filkal iIRkestks s)ﬁimpixlﬁadEclgmaec Hjagtanoof ayaes of
metal, Metal %20 and Metal 2 122, are used in for

n t he
el ect riﬁ@l’étur@éfh@“eoﬁmlt%“?ﬁétoﬂ@ inyeRHiOn She@ALT ST UHVIE &} gd tRe ﬁg{"‘aﬂh%f)ect rode
i ncl udg J&ﬁﬁg§§ @rs(%l\]e’re tla'ﬂﬂgaﬂoﬁQna%rIdl&ér@%epdEH@&ﬁfr&% Nk fhd ghey, subanitalom
pol y- SI i con oped or undoped), Silicon Oxide (Si02) Tantal um N|tr|
(TaN), T&dathbmumﬂaydts may inplegrieneoringue [aviersraf degialHzPn} 4Anfeansd Qsr & e <
etc. rard I Ed‘pﬁ I ayer
130 i Sg£ )ﬁé 4 Ovoenr thF %Xr% ]0%;5 b;ssgét% 1% Tﬂg %{iteto&ﬁiﬁﬁ]egrl ??rgﬁt‘lénﬁgyer %% 30 may be
made Udicleétria c@ibw’naﬁlrh}'ayef folnaycén@rdﬁe sImarodhm;h 1930 Laveapof meals amg/yried 40

rraterlals use l.ayers.inc r iJskgon

Oxi de, fogpE Mol eI‘fHP‘genar??[}ag‘ﬁgZ’rmoéa Bt ?rfe‘&& isk{g&alﬁo[igrcaé@ |1\m!ftL jap‘gzl’ aén c|§;s used
t 0 proLesimihd e URAQIcdctroge. | Sored & tl:i&lfriefw; B A2t akudrtgr fmmrr@tth@mﬁtamrl ng t he

et ching operation, the etching c C used M) ne t he qe aJ ‘ﬁ

st r uctalecsrogds meludg Fvaesien %F“P%%‘irdéﬂé ‘gﬁﬁt‘ﬁlﬁ?tﬁa tgidgy “é*}I‘ém F5PHEBRt ai ni ng
pol yne(goéf%sdr%ﬂgoﬁe%‘tsfi‘mdﬂm@e &43,)0Rntafkn Mgidal(0RNg), H‘z\ﬁl@hdﬁc\b@d Mutﬁfnuhhe

e structure Is essential to rempve the unwanted, pol
reS| duexidonigided dfafeiumadlicatel M I e ctor Askalyiiiern ReerdRaisiorasd St of t he
met al t.r 1 triatpeihfRkkdwgere 1 is
one e%g%tle il}#&%’%ﬁ@’e{é? %(?:St]f aﬁgﬁf%@nggiggﬁégkgﬁ%ygtkﬁr altéeh% Var i atylgons of
the gat® rﬁztyrmtmtteez;mfez posBiyif éa,yeﬁl of bewenagin 130 1321 Lk ripicabmaeriokmpdt | ons
of the ates ture i st.r,ate e u es a DRAM
gat e <ot b CaRG rers e EF SURER g Bear QRigerkey e BiuhbdiatiR B2
i ncl udgsmad gathowrdia lalbxk’éaﬁd}létrmdltopmteca thed Lkndedpmgdﬂ;&tsrchn'mgm@tchmgpol y
silicon layer_ 125 is formed over gat ehox1 dﬁg}g&; I Q% Iayer of
met al  opPenAign.a RYTIRE [hg\reshing ORFEALgP ¢ eitf e KRG %g 3"7'% 5t med over
the mefalonge \I«@M%v yrﬁ&rtem;e&%eﬂamuad‘ntﬂ4otdme r@ét@ltuongu@mcaymarrepds& et ch
pol ymer residues 1 met al cont aj ni n mer residues 142 faﬁrmaround

t he gatoptagtinans Tuir»?eon tpp 31‘%318“&:W8I51d§W§’é5 ‘tfdgﬁgtet gatestruetig- Bl gserta & dues
forned,a Ut Eonohgnts 1301wl i daERElgnE e var | ous
Iayers or 9%’{%‘;9 uagggtgg%)g%/g&eﬁ%g WO 2010/ 033144PCT/ 2009/118%4080 8 100281

Fi gur echaﬁclehlsmstorfdteesetaigmsltralt:ivmq of the gate structure shown in Figure 3A
The gate structure in Figure 3B is fornmed as a result of an open etch
procesy it haY&ihe 1 %ol aREIONE catd\ruBfitd fofth¥d §fert he
gate @f@gg Sgr%{:%resmh%tgﬁ%tlac |r?s for r(r:ex oger a SOI"[I on of0 t he poly

Sili Cahe I;lfbﬁﬁite 1%mttce@2>9ahe@awmct3@ 4rg possibiet Biguren Sardld diwepie soea | ash

tungsten netal. gate C 0 r tar e100. The
gate s‘taa‘E‘I{OIﬁtOftl%ega&a‘ct E‘tr ﬂfuftﬂarted’igﬁgg& gq Fg Ae lgl;%? %{?ﬁ f ?rgred over the
subst refenrdAfRE atfgceiceAl @yﬂtacafof giel gamoawnmtm 1rdhxd&52 gate oXide Abdifcomed t he

gate oxide 115. Layers o , 1120 ne 3, 124, are
forrred“’@hat‘lﬁbo’bsf“bﬁ‘ﬁ%e%?@|‘é(9ﬁfyrﬁ‘lt°r°flch@'efa§/§}% f%%r%ed(}k éﬁ?ﬁés Cfavg 130 is
for ”E‘Ctoﬁﬁvé tm HEbal 1d0ayeh 14 of HOABH12F BUHaenBkildylet! 530 @ tfamned
post-etc ate s ructure formed qver t@ﬂ;sl licon substratqei 100, .i.n one

embodi cnventbe ofetal Bdayany dscribhe Sea8, AWEhieSirdingRneration pRstHchplepergasidues

St uCt HioSRa rrfeteh 'csﬁaﬁtrg rfxér%s@a% 4 8 borkul drB BNE Gatd IRudtsre | QriFRERANAEe t he
silicon su ura netal |ayers, Such as a |ayer of netal 2,
122, angdemnidt eff th&polyﬁ@r reatdee&f@rm@chfemtht? gate lsirgeturgi veithot aqteallyclagagg fi| m
Iayer 15. Th net th LS be tungsten or tantalum based netal |ayers,
such & efﬂﬁﬁ@ B G e h'SiTicide, tantalum tantalumnitride, etc. On
top of the netal Iayers a layer of poly silicon 125 is forned. On top of
the poly silicon 125, a hardnmask layer is fornmed. The various chemcals
used in the etching operation deposit around the gate features as pol yner
resi dues 140. Renoval of the post-etch polyner residues 140 incl udi ng netal
cont ai ni ng pol ynmer residues 142 are challenging as the chem cals used to
remove these residues during a cleaning operation, tend to danmage one or
nore |l ayers of the gate structure. Figure 2 illustrates one such exanple of



WO 2010/ 033144PCT/ US2009/ 004080 9 underlying | ayers of the gate structure
to the aggressive cleaning chem stries during cleaning and post-cl eani ng
process. The exposed |ayers of the gate structure may r severe damage
fron1the“§b@ﬂ$?gﬂ@e cl eaning and other fabrication ch%ﬁﬂ&g*gﬁwggﬁlting in a
damaged or inoperable gate structure., 100321 Conventional nethods used an

i mersion tool to expose the surface %f the substrate to cleaning

chem stries. Wien a | ess aggressive cleaning chem stry is used in the

i mrer sjo0nsit Biglre 3BhBustacan vagiatiersof the Edte sireateresheown yieFigugsolsy. Phoddls e

{7 et TSR PGEEe 0P ' REenatt Fav g ol Bl SRRt A AT B0 KB MBBC Do

| ayer s | BrCBuHh&d dve the@nig ol thbasik orfde tlhe albthd pslstdchyeforaad o vmderoditn off t he
various fabrication |layers, as illustrated in Figure 2. This is due to the
fact tHaPolHEiEBI3YREI2Y esi dues on the sidewalls and on top of the gate
structure contain nmetal. In order to effectively renove the netal

cont ai piphe) Mk Terilli fSitduaSmbag@ias sf ¥ fashhengstorhasl grestakaseforsueh t hat
t he aggressive chem stries _are capabl

V€ ﬁ of dissolvin gnd/ or regro%sng t he
met al  ewntheisHicap sPoiywe00r d8¢ gife sHek Phige Br SEPEUTf ‘ng P& TR Tiese
agor esglhéd SY*%‘?EHe%LﬁétFa , Aﬂg}‘xﬁéf&{ve 1R)eS OF JiERAtniMdE 58 RefoRBEPbves Bt @t NG
fabrication layers and the hardmask | ayers resulting in renoving portions
of har diieskl 3. dysers of hetad a0, putal 2bEiand aprda!in d et cug formed poIPi BREE of t he
metal contai.ni.ng f I cat | f. there is a
pul | ba¥ cqwlqﬁg%gfgg%sﬁh%rg&g%?%? %ﬁlﬁﬁﬁgﬁﬁg%%ﬁt%gﬁ {ag%]ayiw]a%fs that form
the gate structure are prematurely exposed to anbi ent environnment which
i ncl ud@3ejhapire ADsillustextesiaposudisle gate nirudtere fpraradiayar Bipsilison sybsirated88liiAg t o
contam nati.on. or_ d e of th n | yi [S. i d/ darmaged
cnder 1 g eagers SO Hafte S eEne efe! GHFbier HIE EOMALURES,
t her ef geRctribengidne figh ldyer prici éninetiheetiae diltasksybatritback unehiy & metedayrevd,ng t he

gt o oweles R BB oHT gl FLrs B Rite ML AT O eL e it S e TR T ust rat e

the cl ganiap& nesyhé mete dyeRndy WuAgtdneamimguanasal el fagérs,\sach as gat e
structures depicted in Figures 3A-3C. . The expected g]esi red result ln\;’gr(?aserves
the vabngien, fpapsieraliride PEyaps efalyp gitgds st Oy P H demrir el adeyv el y

r enovi - Y, 85 RGP MeBNaNtch fH0MhatpiAReilaas gahRdSTReICt Ur e.
Towar dgcg}{%]lpgoﬁgjcilg%raﬁre 7y NN ustr_a)'?es the desired reflgults expected after a
cl eani nagicopehreaticadnustdin tefetphingemeratigndeposit erpund the gat¢ {paturestas @OlYeF gure 3A

Figure 4B il ystrate JWs (WaTol : 5 h gate

st ruct ﬁ?’gufi'sl 1Izlﬁ's %{F ArE qunn]eelfg)gﬁ%%ﬁgg%%gﬁﬁagﬁr 24%2116551}1{11?%?? rtEg{e g’ga??thrfe% desired
cl eani pgymestdituet a42 aretabalistgen asebathegatads wed trtegrove ihdsestsidaeediring aFi gur e
3C. As can be seen, the desired results require effective. .

2010/ O3STAESEHAHROBY! B BHEE0 100 RSV |‘°”So‘§wt“‘h%at%%‘i“§f?‘rr}er?' E‘é&u}@?u‘eﬂ““ates

cont andRantPexampsd dioR@tibnBediigaksueoof @ik padibicksindumdercw tb ieuhetddlapgs ng any
of the fabrication layers. [00341 Figure 5 illustrgates a system 500 w thin
a cl eatvertoSi1pial SHEsiw. MRER BURASIgNR| Gleaning tRols weEe W@m stry and a second

cl eaning chem stry to a surface of a substrate 100 in a controlled manner
t 0 subgigf)ttigit YEBERYRs RAGHERJotdrEa] dedingdenesitead U ismededldugag e
structures, In one enbodi nent of the invention. syst 500 i ncl udes a

Th
housi ngjeasfngrAperation.0APaEhHgelasush 98 £7 éi’f“é‘efélﬁ’ﬁﬁﬁ}kttf’ﬂlg(fgé%ae& &MY a carrier

550, tiQecrg%@O\fﬁ’tarﬁcL{P&Qfstus@({'ﬁ) dFfBASRP Fdmdve SISy A e diiOM@RntiRath oDl ng

chanber on‘a selected plane. The substrate 100 is received at the
subst rizte telpuposes tieonbSms: with thepswctated gaky Bughratortby Fisaning eEmHE BF nore

sets of_..pr.oximt 5535, i ; . - out put
regi onefgeg Ve ‘FW&‘%‘#@% r%ﬁﬁérggg %’l‘egﬁfséﬁggéeﬁ%/gsgyeﬁglggﬁ&%%@%}%??n&g( 35 cﬁeads

posi t i ehiado aRrfiidrheleasing pravtsst Wéheaed moteedgpbavechehisngh usdd iothe ek substrat e
100 is transported, to deliver. the first and,second €l eani-n hem stries to
bot h s‘ioﬁ{eg‘e&ﬁtetsﬂ-é‘:tg'ifbeé"?f’%‘fr’éesllﬁﬁg rqafer?[]%aﬁ,as Bt Stﬁ%?(:géf Ifciﬁ‘ér{%r}? h?%h%confi guration
of pr oxgfistive RGN Se@XEMRMIhantas batiding polybeer casithiercopdmasnt will ting. As

a result, other conbinations and confjguratiqns of proximty heads may al so
be cordsareresdithghe Rardmask lpyer sevessly SEPIgte ‘E‘ﬁéafgma%‘i laggrabereby exposing e




100. [0035] The first set of proximty heads 545 are used to apply a first
cl eaning chem stry and the second set of proximty heads 555 are used to
apply a second cl eaning chem stry, respectively, as nenisci to the surface
of the s¥BIHYEYuring a post-etch cleaning operati oh¥HI" YR

"meni scus," as used herein, refers to,a volunme of |iquid bounded and
contained in part by surface tension %f the liquid. The neniscus, defining
a contai ned chem cal region, is controllable and can be noved over a

sur f acedenyibl tyesnif gierpatk stapee toftie tfressve eleaning chemistriassiughaplsaia® be

controlled through a conputing system 505 n d to t roximty heads
545 arfpdpgst- qul"ﬁ‘ g‘feé?nr%ieoexﬁgvdi lﬁ\t’qrﬁ?}tgtg? %%Ctg P Qr%cﬁlrg WSunéiEcFFD%ggé% 0 receive,
hol d afichasb BRIVhE Reprédsivelcleaniig 306 ofidr fibsianioaghelimalsatailitsg ha dadreged oxi mity
heads, 545 and 555. A chem stry application mechani sm 520 connected to the
r eser VioPPEsalRBRIGHECEES control the flow of the first and second cl eaning
chem stries through the proximty heads 545 and 555. The chem stry

appl i cation mechani sm 520 may include one or nore precision controls to
enabl 003 tGaivemsibndiehethedsyused an frampisiogttoad el exrase Hie serfaemetihe subslirefties to
the proximty heads ) 5 : | S ely
contr oq??aélﬂlgb%le?lﬁgn Co %}betni%ﬁgsssaégfees%qbg (C‘)lggnq@bﬁe\%vg?t&p? trle%thx tg‘?{rr%]ﬁﬁsﬁg mg{}’s tem
505 naje bRanisgdrad meffRinp whthtverst frer predidé sinomel.cOntiregdtberiaod, whala more
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appl i ca.ﬁtgfeéﬂ""cﬂ?m‘%t’fyr’ﬁé‘§CdatPére§h%BF'i‘rgﬁetogg{éﬁgb%?a exf‘%ﬁsfay u fe&a‘?l sagg?‘g%%pr opri ate
st agesfa@icalibe 165 LR JBERY iR RGBSl ibdcipbfii@hdrtivagd lapsrand sadgaitafetievasious
associated with the various fabri éaﬁ_'h,on | ayers fand thg goll %lmer residue

. §fa ¢ poly

cont arfabragstign jayergsisdilpsratraip Siguat B i ‘Qék!‘ &t_dh‘t‘trt “t RS Mguat e
anmount,g. gf; Mlg Al b8 toPO¥dnS 840 86 LB BARB HASITIE bideeto SR tidelyirmfsRdhé 0 t he
pr oxi m%y heads. 100361 The application of the first and second cl eaning
cheni shethlemniagimgparmencesideesphgaressive phernisiies aechoparafp the e a88ESH0cess
parameters are_obtain ' ' ' ' r&iddgat form
he gavemiy et iR ge (e BBE X bF O Rhe B EorR A ol P LIMET. The

pr ocesduripgtiansdaning gpefiioe These aggressivt dhemistfiesehewevst, aldoaredcainthdhg el | ayer s

and the pol. residue. S f.th r nar iated with
each &Png‘ﬁéxgngb??aélgfl?%’ﬁrﬁ g@gﬁ%ﬁa Pm?%eigﬁeg%%ﬁltt@gé%%%ﬁ u?ie 6)2e or nore of
type, kdBask dMyQdrsqammaaakt puihbacEpami widetcheingmoctams op thicaneslenstagsspci at ed with
t he pol yner residue renoval mi% j_ncl gde.che 'strgﬁgxged c%?@ent ation,

t enperfabigaBon BYPESGHE SRiGRUCH \;\”ﬁ‘?\d Fr ISR HECk Iy TRC BHUITERK BEHatiEt or

mat er '&Béﬂ&lﬁg?’abheado!ﬁqa)n!rmﬁmgﬁftheggjx@stmfuﬂé aRtpdrhaigrelySaupes@f to tahient

sem conductof materials used in the process of gate manuf acturl_nnﬁ% may

i ncl udsvigirnens whiski igdudasichomicatp ek insubeayent faprgatEreneratiops.derditg st en
Ntri dc%hta%%é@h%%h‘hﬁée‘&%a M@?lﬁh%@ycﬁn@h@%ﬂ%ﬁina@&%aﬂa@;@& ufde@i@igng

chem stry and second €l eani ng chem stry are sel ected based on the process
par angtersmsprantetthe tesulpiog deee inepérative. dbist hatefuntbsnefidalde peyentybt y and

subst ant i al enpv wi_t hot i the . yr.e. The

or oceder sk el R e dtooaiill IR R AR ISRl QRRWEE O

r esi dygemaraselvédpysd the guteneidslbat reafabritaion kkemiexs. |t is essential to
preserve the gate structure forned on the surface of the substrate during
the cl eaning operation so that the functionality of the gate structure and

that qheiN&Fissd £098URLMatkAY tRenihg rdfBitdaireetombQdehingldperdtion sér and second
cl eaning chem stries that are sel ected b%sed on .pr chss%{ﬁar ameters are

aggr eseripes gasiustyesalspickrdin ZiBUeotArabt IR SrPSGiedAesFrd iPsHl RIESRES W00l s
during,.t. | ] REE wRAAG LRSSV rEBWhS tHd R¥yAdrgedidi@WN t O
cause%€%§§§ @éﬁ%@?@%ﬁ%@%%ﬂﬁ%@&f eat ures forvrrgé on tlé"le_ sﬁét rra?e 100 when
ex pos ednawirangfrex tondeé thematd sacwfe. t TonardHbisends Figegddeillagiriessbe ve

chem sfries facilit ff ' r ' ned around
the gaterErr ot opeetl i o ahlnEobRTE B o AR e e R
anmountfigfre B ANBigutent Boitiesearixoitle desited cldasing irgssit forl aeapensetehegremstarcnye i s ammoni um

per oxi.de m xture : d th cond cl eani chen st is, dil ut

Fyar ofilespies i b Pikuta 1 TGRORR Bt ADRS I BART RS o Supbyst@lal |
known &, dimt@FaibtstiddinRiut 3ComMsaan bageepothy deviret esiuttu aguet bfedtiveel y WO
2010/ 033144PCT/ US2009/ 004080




12 renoving them from around features fornmed on the substrate. However, as
mentioned earlier, APMis also known to be an aggressive chemstry with

hi gh renoval rates for tungsten and tungsten contai ni ng cormounds making it
di fficul VPB4, as an effective cleaning chenistr o Tor* 8 ¥4 ng
tungsten contai ni ng devi ce stacks, Slé%h as the gate structures, in
conventional batch cleaning tools. In“order to avoid danage to the
fabrication layers of the gate structure, especially the ones that contain
t ungst R{ovbingskepol graeqretidetscontanandrits, Stchatinp $econa coheimmggsidhesyivitheites are
applied in.a ver¥ cofgtr,ol.l ed manner using the proximty heads 545 and 555,
r es pecdamaging 2y &'t e BY19aHRs {aYFe exposure of the surface of the substrate
to the cleaning chem stries. The length and preci se exposure tine using
proximty heads may be driven bg a desired targ%t removal rate of .the

pol yel0034sF igure SsHussies g syHamI 80 GHE B olgat o éé‘b{"érﬁﬁﬁceaﬁwgﬁﬁh?le%’l’ngmt al
filml | i i g cOHMIirgp! | cati on.
[00381&%2“1%@5%"?1% S‘fen dicﬁlé%!nggh%ﬁ§%g§%ggt¢%€8?§? %%hgtggsle? rgte surface to the
cl eani mgnreheniussrntadly ronevaolymeraesigpdsidepasiton appand metad galc SHECHES IROHC f or

each of the fir and se ] ] [ ]pam:% rocess
par arre?r@t?%ﬁ@g‘g(?ilhéet“é‘éen\?\ino'[%ﬁﬂ‘t%ﬁggtgﬁﬁoggns& ag}ri ?l%gétl?%% ayg?g?%% ki ZEe) f eat ures,
such agsibe@ite swipbttitigeeise, sattdag hwearped S50et0 recesyed seppoorand iianspotis suBgrme of t he

application paraneters th may be defined.for each .the.fir and second
cl eani HEpuehdif F‘i“§§£fﬁ’é'§ﬁri%§1% Pﬁ)éée S‘F\tg‘ﬁi’%{l?'gr b st q?lé&jof'scfg?e“befd agéhﬁl i cation
of firghs@Rdinp8cRBB:GI S ARINSEHreemoBEHN ¥ regh@NCRN biicdr radte seis PO Btixemity me,
tenperature, pressure, and flow rate. In one ,engg(gi %t, ecﬁ%gsurghti me my
be furheads SHeanidisd 2ad deliverpddeitessuBsrats Aupyt regaB ao%: Thih PR REMA T Y Gt e i s
transp | by bgRadh ARE SaCoMheidleddd fBge MPdkgh GScH hat
may be?%l%%%a&%ﬂfcgp%ﬂ(gmg ??dg?gbg%l t he substrat%. Acq%rdi%gl y, F(t exposure
tine) thekulfshbrei 196 istransphreds rdediver the et ard gssorbeieaninhemigpese@)bothThe | i near
speed of t waf er ] L ] b &Uysh as a
not or .Si%ror}i Se %f:aé? | quﬁhégg%%xriorltn&ﬂy%ﬁ@ggoﬁén%@ ng(glﬁé‘%ﬁkéhgﬁgagy ying a
meni scaeniphay ahdstabhittot BO comstruediss, linnieg. Ake résulteethersqpedunations sl substrat e
may be adj usted to about K 20 mn/sec to give an osure ti 0

app! | c%ﬂn%swaafrm%qfrpéex“@}%amdﬁaméﬁi%ﬁcbsetcrog}g%‘?"ei%sf L Cb%ﬁﬁg‘ﬁg'ffrﬁ%e B
exposuyg.time desired for each of the first and second cl eaning

chem stries, the |linear speed of the substrate under the proximty heads
may be adj usted accordingly using the notor. 10039t Upon establishing the

appl i P@h&ﬂnnfé%@&%% 8 profiffityHegdsH 48R Rad EBIPISE k@ Sleahi@ chérhiSiry andlthsecond
cl eaning chem stries ‘are applied to the surface of the substrate,

sequersetend st pFpraxiguirtheads 2§ ananssdito aanlng seoned elepring ShRINSEGIRPEHHER i ty
heads, 545 .an [ $14S2RQ940P 480 13

appl i caast’?%ﬁscbg)rtggg%%#gg?%gﬁ%struggrduo gt% %égacgp %éﬁ%n&of. the cl eani ng

chem stréregus,s anmted heging refém toneolemoediimed boutdedsnd eptaimeh i R stry ( APM

is appliged usi.n e firs roximet ead : : application
b ¢ Pesuehte R et he Ha“‘éhkﬂg&ewmtscgi‘f‘lp’\f‘fg %g‘f}‘ﬁ"“g‘g‘?#eh%}ﬁg%égy “%'%Sxi mty head
555. | dynaBRifeineanodinired ovérhsuffacsin tid @aniimg shysni Birthyrmid®Mpe i s appl i ed
using the second proximty head 555 sequenti al | fter .the | ication of
e S ctmHEr i FeRmRG o6 HNELES Jogey coTBHHGE D S0-Seongressd 1o PE Pk a5. “The
order f japP Jnaaisk OrhOtystenes 1) @apinetide ha@Bheirk 525 add Pitiohecehasrsidand desired
out cones, such as the anount of netal oxide to be preserved. The controlled

sequentupgly thpfist et seepndaieaning dhemiries’iel ths PEGHILY Iheads fy ¥WerPstYies aid in
substapt| ! EPlodHEr SEQBAEBUNE f302bHEGThe BUWN as
gate sctq’re% ﬂa;ragg?ya\?\lno? gﬂiﬁ?gﬁ%ﬁ)’%&gﬁe foeat I{Jer es'.i. As nmenti onedrear? ier, the
exposusfeht firvearef sceachrlohingdemisgzasithrgugh@aprsiximiy heads Sdherdfiedl sy
controlling the.l]inear eed he o 1 i ng
proxi e Ié(aa(?gl.ica[nﬁaﬂﬁfg e g%&p ,E%gﬁ‘}é?%ﬁ gx}a@%ﬁ%&?%ﬂ%#&é{sgﬁ%ﬂgecond

cl eani g6 handesiveiyas teftstamdiset dndwidning chernisnizh ngthe peramitp headsiSA§aed r i nsi ng
chem stry. The rinsing chemstry is used.to renpve any resi | cl eaning
cheni st¥%y s precien @Al %%’Fé?@?ys‘iﬂnﬁ%eép% tﬁgfoqlﬂ'gh 5 Btgﬁd#b\%e cl eani ng
oper at g varCANBeasaMiting sydiia 505 dek befusdd 1 admmtiate theydédiguis calt@is itk i es, in
one enbodi nent of the invention, may include application of first cleaning
chem stry, rinsing operation with a rinsing chem stry, application of
second cl eaning chem stry and rinsing operation with a rinsing chemstry.
The rinsing operation followi ng the application of each of the first and

second cl eaning chem stries may use the same rinsing chem stry or different
rinsing chemstries.



[ 00411 The first and second proximty heads (545, 555) are configured to
deliver the cleaning chem stry and the rinsing chem stry as nenisci to
clean and rinse the surface of the substrate. The cl eani jstry and
rinsing AH&AM¥PF reni sci may be connected or separat Egj.r}%g%’ﬁ‘gﬁ’gb@nbodi nent
the cleaning chem stries and rinsing chem stry nmeni sci are connected. The
proxi mty heads (545, 555) are configured to enabl e connection between the
cl eaning chem stry neniscus and rinsing chem stry neniscus. In this

enbodi engropdrhencappdf fest andservind gppiivetivs tirenastrigs eressprliednie theamaxinoty

reclaimed after the application.. |n another embodinent, the cleaning

Chon shtsd SRiPHASHRE LhBHF BFHOE RiofrScr MPETCCpLTELe: RIS anbadi ment
each ofgbhifeP i@l itid $a¥iohe adsicdtAIaycdbid thepslgnier gHsidad centarhiniahitis tded tel eani ng
chem stry neniscus is kept distinct fromthe ri nsti“(sltga chem stcrlégnrreni scus.

Accor dinagipylatej the @fﬁwgrymgahﬁe that adqquate apioupls of s nd second Ing

2010/ 0 }ﬁ}é}ﬁ%ﬂrg haAQ0Y Q080 ihftyHegdi Ng chemi stry can be reclainmed after
application for re-use I n subsequent cleaning operations. [0042] Each of
the first and second proximty heads, 545, 555, is further configured to
provid I na..oper ati o dr r - 1.h t : t he
Gl cani Y 38h e FRLPRE S g ol st a1 Bk S i Ry B IR T
dryi ngprepes phlameteryTHeptdusdepappttecatd arizioéd by dnafyamg chisns &bogatiguch as

i sopropyl al cohol (1PA) vapor, .t.0 the substrate surface. In gn nbodi nent ,
he dr P dpr RO EF Sl hd P RS P B R e T ng

O]E)er at {n%eess bfkafRRrLadTRe chBRderistle bedch of the Yhintradpe lagtis and s padtmgrer f or ned
after

he application of the first cleaning chenistry and rinsin
cheni stesifue.aSame ph e p@é@ﬁsma%&f%\%%‘ilateﬁmg qa&’ Peipe hRCRYRE ey 3‘3_8‘3 of the
subst r gétgstﬁ%u% iR dRT0RY BN ol GTHRTU EiSe, Y b S p SR Sdnit $11BE plog@dkarm nat i on.
The drying operation is, however, included after the second cleaning and
ri nsi nppraperataswniatgdogidsihe Dolyimey rasivae ceraaid AEY prdedeshemisy Rfbstrate i s
made to nove .radial | : § m 45enmeiductoPmrBRsiHie even
appl i cEPSHAEP n’&%@?%ﬁ@@%@rﬁ%&ﬁ“@%gﬁ%%é%ré&g%%a&\% of The substrate.
sur f acgsed imtht pra:esnfadicmeatifachirmgs Spmeof theremprondierbt mathbald ysddsn ghval | er

than the widih of the substrate, The.speed L Qtation t strate
under nBREEHS Ph%ﬁt‘bfn&’ﬁi‘iﬁ%qlg}“%’%éncf”sdeggljwﬁ)gtoél egggs(ézg %’ﬁ & S%W%’c#:@%%glgure tine
and t hgjitia¢, Gohedt@NMAke, Tah@iuaf Nittige, (Tahlen, and siltoe. THe@B44]canmganot her
enbodi ment, the proximty heads are confi g%gd tg have a head that}i ti S

sl i ght $hemisipyged Seqpad cleABINgChFRIBEY aErseienigd PP BAFEF BT G- a nore
I ocal !Eﬁ@ggg%} FeSRluL 0Bnihirk e a6 SRRy BREMILSLAIEE finbledRnhdut xpogiig e ti ne.
In this odinment, the substrate is noving linearly under the proximty
heads. the @& 5tructine featwiet Tog prosessaramagers 35sagatse 3¢ {poReatire layaroid use of
concentra j ] [ ' he; ' PERIS raldie hi gh
1 ow Bt B B e e

di spl aaeeeind formtdon thesirfgeeatian Ribstrase deningishe sleaming eperaléQicoith td t h t he

pol ymer resi due .cont am nants._a f e i on. of. : tion thereby
Cnabl | HE-GBET e RaHOUScor PRy pElerdEHEt il FIBRRE, | DY

m ni m zing the exposure of the features to the aggressive chem stries

t hereb reventing pull Qack and undercyt of fabrication |ayers of the

f oat ur BeN e e pd PR sutrges s frgeBrt BRB A metiRRedee b
for i ngbangessivaREGARiRehad aRGoHAIEAR\Sed R AIItRALMOBE diasd theetanibgund a
netal gateé structure where tungsten/tungsten conpound i s used. Even though

APM i soferadign. flbesgiageshsie chepystiespre known to cause considerable damage to the
features formed on the substrate 100 when exposed over an extended period of time. However,

these aggressive chemistries facilitate effective removal of polyrﬁer residues formed around the
gate structures when applied in a controlled manner for a limited amount of time. In one
embodiment, the first cleaning chemistry is ammonium peroxide mixture (APM) and the
second cleaning chemistry is diluted Hydrofluoric acid (dHF). APM is an effective cleaning

chemistry as it is known to interact with metal containing polymer residues effectively



WO 2010/ 033144PCT/ US2009/ 004080 15 very quickly, the controll ed exposure
time enables efficient renoval of polyner residue while preserving the
features around which the pol yner residues are forned, Figures 6A 6B and 7
il lustrat™® WYPPE41, 2, and 3, respectively, depictinﬂcpﬂgwwg%%ﬁﬂe cl eani ng
rate with m ni num oxi de | ayer | oss. can be seen in Figure 6A, for

i nstance, the concentration of the Aﬁ may be adjusted to provide an etch
rate of about 1 ksec to about 10 A/sec with an optimal etch rate of about 5
Al sec.refibeingelieai frain dross feanurehforget enshe wbsteate Hawetrs, dsenensiencdeislier. 5 A and

about 10 A with about 5 second. exposure tine. f t he APM
and th%P%{%f)\é\féﬁp'éo‘f‘? PP AR SHYT TS n}al%iryt ‘ggtiégfe%ﬁr%plg\é%g%%:ﬁéﬂ) %ﬁggg%f pol ymer
r esi dUgngRRGAlaitthg £ Sn b Rbking @ diffivulred edel inhs drosffectfe tlbmigntienssmuct ur e
materi al. The exposure tine can be adju te(ii]ﬁusi n%ggleci.si on caontr lat%hto
fine tfandeartineg BREveLsEARiAG IEHOGHAGSRYFD 8 th At SUUEIFS 1B SERUITORY

| nst a”&ffean'f%lt&é{zgi 620 dEADYE01A a8 GORPaBIELQM 18FerdTMhE aite dtrb@uich the or der

of abou on the concentrated side to about 1:4:50 on the diluted side
Wi th asptciuiiyaheoms e gontainitepeseh/ tupgstan cpmpownds, thefirgtapd seqead cleapias of
concentration coul d be bet o N LE B GARG Bl 3 edndbsie t 0 about
1: 1000F WFS“ﬁSIaﬁ?@’&’%gagleagﬁ%ggbgggzﬁfggjﬁéﬁen?rz;Ctigf] of “about 1°100. The
st andagsheeta0g 46 @s tol limit weldxgoduee abthe surfacs of dredwbstiathtodhe elagrendet ween about

1 second to.about 20 second. Dependi on. the praxim i t he
speed GEMisHaess ﬁgﬂ?ﬁflbame%ﬁ’ & g}’ﬂ’ﬁ g‘%“*t‘*&‘“é?&%"?’&ﬁ% ggec}s)r(%%&%?dé?eé%gsur e
time. JEBgedhtt Fnlovahgrb Wcdidlyauksdhesdstivesiblabeitb difincadcoptabbout 40mm
and the speed of the substrate could be?ég% gzt edd&ﬁ@é@ﬁyf epgri red exposure
tinme. gt el el filislopnindhe fbgration lpyers Wt HRgEe PR carrier
speed for effective renoval of polynmer residue contam nants. 100461 The

graph illustrated in Figure 8 depicts the scanning speed, agai nst . exposure
time flOP38f Tocassisnia lingting tie csposurreofbe Hbsirale SUiRRGL0 S IHRRHNSERETISHEEh t wo

different Dfoxi m!ithtiorhgp%?aé%%%ts %ﬁz‘ def€d ﬁfr%ggh d&ﬂﬁ@ﬁi‘sfc hiBseb el digd@e renoval

rate o™ th&PofRPver ¥ ased on the desired rempval rate, the
concendhemisitys hafedidnahé prostss padineepagodptel ivithtthovarishe fibsicpiiaslaygpabdcof t he

substrate under the proximt eads and_expo 1 dj usted. For
ot areutrep st o B BERHEE o PRRSIE e O P SRR AL IS e

gr aph Jpgeetiohipe@niches ®at ngpbe xthrd dsrecath ottharidst apé edond clebmng olpstistaie t o
achieve that goal. 100471 As nen ioped. ear.l.ier, Fi Eu& S 35) §e§ni§n 4D

i |1 ustpax Bclude chesysry YRe: *Pr%‘?‘%ﬁlf"r%r[aqpé’ iR Grsl apd pesPRe SRS FEMETR eani ng
oper at&ﬂ&dnﬁti&?%ﬁ;&ésﬁ%@im&@e@ﬁt@at@fﬂ?@ﬁﬂsmﬁﬂtan@fﬂotvhetei My e érobodiMentcan be seen

in Figure 3D illustrates a typical_ gate structure wth_ pol r residue
cont anixpasestite ma de fridhes defiteed agafundiopipt {igeas spesdgh Wg‘C@Eg‘? W’Eg‘i’t? tes the

resul t, of @i AL hOPRkinGhPRALSEd MO Y HRIMAARE] (HISRAP 8E AHRAM0 the

surface of the substrate. Accordingly, F(t exposure time) = f (Meniscus Width/surface area,
substrate linear speed). The linear speed of the wafer may be controlled using mechanical
devices such as a motor, For instance, if the proximity head 545 is capable of applying a
meniscus that is about 20 mm wide, then the linear speed of the substrate may be adjusted to
about 20 mm/sec to give an exposure time for the application of first cleaning chemistry of 1
second. Depending on the exposure time desired for each of the first and second cleaning

chemistries, the linear speed of the substrate under the proximity heads may be adjusted

accordingly using the motor.

[0039] Upon establishing the application parameters for the cleaning chemistfies, the first and
second cleaning chemistries are applied to the surface of the substrate sequentially in a

controlled manner using the first and second proximity heads, 545 and 5335, based on the



16 operation using aggressive chem stries. The pol ynmer residue on top of a
hardmask | ayer is stripped with severe erosion of hardnmask | ayer, thereby
exposing the underlying layers. Figure 4D illustrates the result Mer a

cl eani ng WEIUIPEHE using the first and second cl eani nECEHEWEP s of the
present invention. The precise delivggy and control |l ed exposure of the
first and second cleaning chem stries™to the substrate surface enabl es
efficient renmoval of the polyner residue formed on top of the hardnask

wi t houdpptieation pgraareyers eTat order dfthiccappiicasiontofi heeleaingsdhemésyaes. is petdigiflobal |y,

the controll ed exposure of the. cl ' I SL.L - of the
pol yreeBea e GE R BiTEhE RS LEMDE SRR Bhe il REARLSRb RS U 1 o
subst aptibabd vy Peapglicatiog of e semhaklehaiyg thentibiry iHBatsmgabe second prox{nligas1

ool disag S5 BreoaRaT ARG SrSCFRTE CETRRY R0 Okt A ERIITEAN g
resi d

oper at .ok gd glig’{,\l]ﬁ HRAP9H fBNinRfly bR& thO¥RINchdh of kHEsREAS BEMINEH AL

oper ation f , erein a plurality of process paraneters associated with
the ne@HIF) gungthstfirsararimituhdadpidy mée qr&ioa eRplicationef the BlGRRINg MRETHBINET gate
:t Ir, 3&{%}” t !?ea‘tga%eéj &4 8&8%8&89&0%5% sﬁtba%!thegﬁfx&m% bf Hg{ayﬁﬁd@ﬁybeb;gre&w@&l trpel ayer

ormed using vari rication operations. The process
par anedoatrsllal eqohitial apptichionad deyrsragpdisbentl ghaningtchemistréey @rbintshbdtaitigl m t he

oAt e SLEUCALS, 00,0 SURLYELDGL LS SRR SSLAULOENG R e 0ot

t enper@t Wakir@S ¥RChattReeNbdrhicrote Rxpdsutdemé afach af iherldanipgrcheraiddiesfis t he

pol ymer residue and target renoval rate associated with the pol yner residue
Do b GoeHBIREy cPREO ke LPe SIS PR U P e P TETBKERen of ¢ he

fabricatjjon layers that conprise the gate structure and the pol ymer residue
to be renpved. 100491 A first cleaning chem stry and second cl eani ng

chem stry are identified based on the process paraneters, as illustrated in
oper at | camd 26 E LT [ 1 Si I ive
R L g

di | ut e diiystiteafdetmioh asiag kdinfukhemifine Ehanpliescheorisify is ysedtndeseond cl eani ng

chem str, re exenplary and. are,not, restri.cte ; - hut may

i ncl udES‘é‘Eaiulélrea‘aB%%@‘F%a@g’gﬁit%’thf is"ét"::SErf'1 %’eﬂ" rfg(tfee&%%gl\fﬁg¥gag%§g%& or

ef f ectgpe@kiyn. €asdeqhentisLins bakt bAkdymer wbvariduseherisales poloprembodisiedues. . Sone
of the other aggressive chem strjes that rr%/ be used as cl eani ng '

cheni she i%@“ir%*yniaﬁé‘}%‘ﬂié,apf"&a‘@&a%sé?‘e%‘ﬁ CHEE R fOEDE PRTRYDY YET And

Hy dr 0G5l che @ity Sapptid thdloF secoMPc iR BR3idranl Al 0Se0/ba Sthla/ripBRH0] A

plurality of application paraneters associated with the first and second
cl eanichgmisktriEnilae Fineiag apasattrst foHewing daepphiratione! speh of the Yrsbinaicsetss

par ames ol 8y cﬁ§mishjiel§§1’icffy3mfst§ ﬁne‘ sSAm@ P iﬁ% RMmiBP or éi%n@ﬁnsﬁ{}?c&ﬁ%th&@t ion

par anet er s “assocl at e each o he first and second cl eani ng
chem stries may include type, concentration, exposure tine, tenperature,

dfl te, In. L t i i
Mot udbfuyda o A RLin iR heeSfeg 1 PR BRI IantiBY
heads casdlistrhaniidtrinsing chiaistrpai sedisciab ckae Angrioseithe surfahe afithe Fhlstreteposur e

tinme may be cal cul ated as a function of. the speed of the substrate and the
i 0t n B deangshani ad Medun RN eYst ay PRI Sl o Sabr Rt (R e o ¢
ar e deljyRashdasrdciomitd hchidigatand eemglchéaisty efenisbearpobntieiedr €8¢ due from
around t he netal gfte structure. [0051] The process concludes with the

e [
appl i CaeN iy Sradsied T 5P ara pnieaEedie Rt FATREC ORI EReh RS ANRETHER Y i n a
contr 51,'%1{8@? SdHR G L CRlil appfied bledind ERdn@6trikd
opera?llléon(r:rl‘g& : Séﬁé;%g |1%1§,?P%2&g# ?ﬁ%@?@??ﬁﬁ%@iﬁggﬁd cl eaﬁél ng chem stries
enabl ese st sterridaiot rastadved afist therppppesitiphe fn aroshed gmbpdigient tumiernitge net al
gate structure il i : Vi : - t l.ebntegrity of
the mét's ‘Sé’éetsea"%?%‘ﬁ% @?ele%% E%ﬂeeg%)%lléfe(?%? %g%. gﬁq}]igﬁ?ﬁé?& é%{%ﬁsogk:ﬂgnd cl eani ng
chemni girdiimity headskisd AS6HNp Loshackdtshcinthghtha conipg chemisky steaiseushakets
conmmunj.cat i vel¥ connec%led.to the fi rol oaé;d $ec d E‘ o(?ci réi {Jyhehaeagg One or
mor e PRSEPSTOR REGTSIH QMR MORICES: 5 RTURE N BN © %?) Téar o PRethani sm
communi catively connected to the proximty heads, may be mani pul ated usi ng
a software in the conmputing systemto enable controlled application of the
first and second cleaning chem stries so as to optinmally renove the pol yner
residue fromaround the netal gate structure on the surface of the
substrate while substantially preserving the structural integrity of the
one or nore fabrication |layers that nake up the gate structure. The applied
cl eaning chem stries may be reclained so that they can be re-used in
subsequent cl eani ng operations thereby enabling optiml use of the sinple



18 100531 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 Septenber 9, 200 it)ed
" NETHODS™MEGRI4RREER PROXI M TY CLEANI NG AND DRY! NG, " Thﬂg%ﬁﬂggﬁﬂ%é{]tts!ént, whi ch

I s assigned to Lam Research Corporat:l n, the assignee of the subject
application. [00541 For additional ihformation about nenisci, reference
can be made to U S. Patent No. 6,998,327, issued on January 24, 2005 and
ent i t |eninyERtDGy AN ESREMS HERaNRODESSPNG-WseSUBSTRATE! EJSANEE A DYNAM C
LIQU D MENI SCUS," and U.S. Patent No. 6,998, 326, issued on January 24, 2005
and erfPFEPEY- " PHOBI C BARRI ER MENI SCUS SEPARATI ON AND CONTAI NVENT. " These
U.S. Patents, which are assigned to the assignee of the subject

application, are in their entirety for  all . pw.po . 100551 r.addi tional
PF o ridb420rashokihe Dess S irBoH PORITIBHIcEET 543t Brgdnersaaa e B Btk he
exenpl aa({ryiﬁgggéﬁgﬁdﬁe B 1HdisaFh Q@S thd fibdrate afRRlieNilcANIR arkirtinsty dyeratibf¥, 380, 843,
filed on c er 24, 2002 and entitled "MEN SCUS, VACUUM ‘leA VAPOR,

DRYI N@nkibdiment'of The imvention. [Fhe dRting oReratienimay 8siugn applicatiomeh RU¥ESr ch

Cor porati g e_Aassl t | | | ) lmpdihestgh t he
for egoclﬁﬁlalspr%’vsgéér}f E|ior§1 ;}{g@ﬁg%cg%old@gﬁé)ﬁﬁ%ggﬁ %lgggﬁn%ﬁage%tﬁgﬁafe 1El gr%f)ur poses gf

cl ari tiye efyingngemsbdmisdipignaliaftemibk Fird eleappg prechtingingpperetianailn ththanges and

dificati, b ti . Wit hi f | ai nms.
Accor dRRBHPERt Rerepr B BN sGtichan e bar BT S BRF (R el BRREIAE T T

and NQleahRg chérikiry 8ad ARging bR niiwe atfilan{ deiodtedoatbe(IMYiis B@ anaht he det ail s
gi ven herern, but may be nodified wt hicp 1t he ope -hand e ui val ent,s of the
appendgtfaqgtgitl}%spbstrate so as {o prevent premature drying anc/or rther ‘con aminanon.

drying operation is, however, included after the second cleaning and rinsing operation.

10043} During the cleaning process, the substrate is made to move radially under the proximity
heads (545, 555), to ensure even application of various chemiétries to all portions of the
substrate surface. In this embodiment, the size of the proximity heads is smaller than the width
of the substrate. The speed of rotation of the substrate underneath the proximity heads is

adjusted based on desired exposure time and the target removal rate of the polymer residue.

[0044] In another embodiment, the proximity heads are configured to have a head that is
slightly larger than the diameter of the substrate so as to provide a more localized application of

the cleaning chemistries with short exposure time. In this embodiment, the substrate 1s moving

linearly under the proximity heads.

[6045] The short exposure time using proximity heads allows use of concentrated and
aggressive chemistries in the cleaning process. The high flow conditions of the aggressive
chemistries and the subsequent displacement with rinsing chemistries enables faster reaction
with the polymer residue contaminants and faster suspension of the reaction thereby enabling
optimal removal of the polymer residue contaminants while minimizing the exposure of the
features to the aggressive chemistries thereby preventing pullback and undercut of fabrication
layers of the features, such as the gate structures during the cleaning process. Thus, for
instance, APM can be used to remove metal polymer residues around a metal gate structure

where tungsten/tungsten compound is used. Even though APM is known to dissolve tungsten




MCSLLP 19 CLAIMS 1. A nethod for preparing a surface of a substrate by
r?anLng p?st-eécp polynE{ residue frometched surfaces that define gate
structure forme romat |east one |ayer of 5tungsten_netal, conprisin

appl yi ng %P #1P8PI4 eani ng chenistry of an annnni8n1peP8yP§@mWW%P re (AgN9
as a first meniscus to the surface of .the substrate for a first pre-defined
exposure time so as to etch an amount!3of post etch pol yner residue that

i ncl udes tungsten netal at an etch rate rangi ng between about 1 ksec to
about J&yALisEg, tht bentfdlled expusseredithd eratiles xffosunt enidial ofpadpnermiidedviie a

| i near speed of the substrate,novi under, the fir ni S first
it BYIGE e e PR S HEHARS PUTPESS PYar o el B PAr N8 04 Bt 1 at e
and  justrAPBaYE 192, 3nd 8CREsEcEV@ANI DR tiIaE BRiredidye @anthig rateaditiyndhiodinuori c acid
(dHF) as a second neniscus to_the surface of the substrate £e?@ﬁ?tially

g

after oxide kyerdessndicat besess imEiauee Ghfot RARRSH IF CoBRBFAUHLSE pBY ymer
resi dugesac{i&?é[d th B%vﬂﬁeﬁ St lafUT 185 Al AKE&SH@AUES: 10 A/sec with an optimal etch rate

of about 5 A/sec. The material loss in the gate structure can be between about 5 A and about 10
& with about 5 second exposure time. The concentration of the APM and the exposure time
may be adjusted to obtain acceptable range of polymer residue removal while maintaining low
material loss of the gate structure material. The exposure time can be adjusted using precision
controls to fine tune the exposure time to an order of about +0.1 seconds. For instance, a
typical range of the composition of APM could be in the order of about 1:1:1 on the
concentrated side to about 1:4:50 on the diluted side with a standard concentration of about
1:4:10. For dHF, the range of concentration could be between about 1:10 on the concentrated
side to about 1:1000 for diluted side with a standard concentration of about 1:100. The
standard exposure time would be about 2 seéonds with a range between about | second to about
20 second. Depending on the proxirmity head size, the speed of the substrate may be adjusted to
provide the required exposure time. The proximity head width could be between about 10mm
to about 40mm and the speed of the substrate could be adjusted to the required exposure time.

Figure 8 illustrates a graph of the target exposure time to carrier speed for effective removal of

polymer residue contaminants.

{0046] The graph illustrated in Figure 8 depicts the scanning speed against exposure time for
effective removal of the polymer residue contaminants with two different proximity head
widths. The graph identifies the target removal rate of the polymer residue. Based on the
desired removal rate, the concentration of the first and second application chemistries, speed of
the substrate under the proximity heads and exposure time can be adjusted. For instance, if itis

desired o remove 5 A of tungsten based residue, the graph identifies the optimal exposure time

and speed of the substrate to achieve that goal.

[0047] As mentioned earlier, Figures 3D, 3E and 4D illustrate the resultant metal gate structure
before and after a cleaning operation is performed, in one embodiment of the invention. As can
be seen in Figure 3D illustrates a typical gate structure with polymer residue contaminants

formed around the gate structure. Figure 3E illustrates the result of a traditional cleaning



15 left behind by one or nore fabrication operations, the second cleaning
gheant{y bei ng apglifd Lor a second pre-defined exposure tine determ ned

y the |linear speed of the substrate noving under the | scus and a
second mFH%%”%?gF%e second meni scus t hat ig | ess thanpéﬁﬁgﬁﬁgﬁég r of the
substrate, the application of dHF us to substantially renove the post
etch polyner residue that includes silicon oxide, 20 wherein the first

meni scus and the second neniscus are applied in a controlled nmanner using
one oropematien psiog aghresgivinehepistrivat Thewelymer peaiducam tep of #bardpigsk layerds ¢ he

first meniscus and the. i Scu : exi,ends t
a1 eABTPPE & QrRtEr QPO LR BETY PG, BBy Ep e e b A R ER N
{T’(ﬁnl smg,s%{fl@&?&!eﬂﬁé 'rd?;eicti atgﬁhemt h'm};&i_g apegition uving tled firspord seoms! adanige sur face of

e substrate covered b e st _neni,scus an 5.t he secon |, SC a
expos RO ESEEE TEtions I hE R RE ORI, PRSP SN S EF COd Iy Che o
second, ARA38 YRafMY 8Ferhig@iRt Rthe YWhtlshraleRErfidereviable®effisusreniovh e the near speed
of the first meniscus. The net hod of_cla|n11,.mh%%%in agglying t he
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st s%s%n%&ﬂ? preserving the metal layers of the gate structure.

[0048] Figure 9 illustrates the process operations involved in removing polymer residue from
around a metal gate structure during post-etch cieaning operation, in one embodiment of the
invention. The process begins at operation 910, wherein a plurality of process parameters
associated with the metal gate structure and polymer residue formed around the metal gate
structure, are determined. The metal gate structure may be a multi-layer structure formed using
various fabrication operations, The process parameters are obtained by analyzing the
fabrication layers that form the gate structure and by analyzing the polymer residue formed
around the gate structure. The process parameters may include type, size, composition,
temperature associated with each of the fabrication layers and of the polymer residue and target
removal rate associated with the polymer residue to be removed. The process parameters define

characteristics of each of the fabrication layers that comprise the gate structure and the polymer

residue to be removed.

[0049] A first cleaning chemistry and second cieaning chemistry are identified based on the
process parameters, as illustrated in operation 920. The first and second cleaning chemistry
may be aggressive cleaning chemistries and may include Ammonium peroxide mixture (APM)
and dilute Hydrofluoric acid (dHF). The examples for first and second cleaning chemistry are
exemplary and are not restricted to APM and dHF but may include other aggressive chemistries
that are known to dissolve or effectively react to substantially remove the metal polymer
residues. Some of the other aggressive chemistries that may be used as cleaning chemistries

may include, for example, a mixture of Hydrofluoric and Hydrochloric acids (HF/HCI).



5 4. The nethod of claiml, wherein the conposition of the APM ranges
betvvegag about 1 ?/ol ume of ammoni um hydroxide to 1 volume of hydrogen
peroxide to | volunme of deionized water and about 1 v f ni um
hydr oxi d& Y unes of hydr ogen peroxide to 50 volgéﬁgg%]&’% 1'oni zed
water and the conposition of the dHF, 10ranges between about 1:10 and about
1:1000. 5. The nmethod of claim2, wherein the first cleaning chemstry is
applied through a first proximty head and the second cleaning chemstry is
appl i 030 LAD plyaliy sBenphigatipnaprametsrs psaeiatedMadhe fifshand secerd dpghithe second
proxi m;ty.he Laur, - LS i oW n
B e s e N L St
t he switacemefoftieeapplibision phmmeters asBocidthd withteaddofGhe Hisahmd Scontheleaiing

appl yi n% the first and second

por T or RS Sdn g G EP R OB T D R AT pprPa b EHur 64 MBS e ong
cl eani g ¢heddiséd, Yheadp@litdiRn hafgiengs maghirliderpeed of the substrate under a first and
a second set of proximity heads and the width of the meniscus at each proximity head. The
exposure time may be calculated as a function of the speed of the substrate and the width of the
meniscus at each proximity head. The application parameters are defined based on the target

removal rate of the polymer residue from around the metal gate structure.

[6051] The process concludes with the application of the first and second cleaning chemistries
sequentially in a controlled manner using the application parameters, as illustrated in operation
940. The application of the first and second cleaning chemistries enables substantial removal of
the polymer residue from around the metal gate structure while substantially preserving the
structural integrity of the metal gate structure. The application of the first and second cleaning
chemistries may be accomplished through a computing system that is communicatively
connected to the first and second proximity heads. One or more precision controls, available at
a chemistry application mechanism communicatively connected to the proximity heads, may be
manipulated using a sofiware in the computing system to enable controlied application of the
first and second cleaning chemistries so as to optimally remove the polymer residue from
around the metal gate structure on the surface of the substrate while substantially preserving the
structural integrity of the one or more fabrication layers that make up the gate structure. The
applied cleaning chemistries may be reclaimed so that they can be re-used in subsequent
cleaning operations thereby enabling optimal use of the simple but expensive cleaning
chemistries. Thus, the various embodiments of the invention provide ways to remove polymer
residues from around metal gate structures while preserving the structural integrity of the metal

gate structure using aggressive chemistries that are known to easily dissolve the metal used in

the metal gate structures.

[0052] For more information on a substrate supporting device, such as a wafer carrier, reference
can be made to U.S. Patent Application No. 11/743,516, entitled “HYBRID COMPOSITE WAFER
CARRIER FOR WET CLEAN EQUIPMENT”, filed on May 2, 2007, and assigned to the Assignee of

the subject application.



7. The nethod of claim5, wherein the application of the first and the
second cl eaning chem stry further including reclaimng the first and second
cl eaning chem stries after application to the surface of the substrate, the
reclaimed first and 25second cleaning chemi stries re-circulated in
subsequent cl eaning operations. 8. The nmethod of claiml, wherein the gate
structure is nade of one or nore layers of netal including one or nore of
tungsten, tungsten silicide, tungsten nitride, potysilicon, silicon oxide,
al um num oxi de, hafnium oxide, silicon nitride, tantal um 30nitride or

conbi ”gc{ﬂsﬂ“ﬁor%ti&‘ EIGREIE mm}oﬁ v%gh re?pecﬁto%ﬁ@ bﬁﬁ‘lfﬁ@j} h&dd¢ Rifércié @Anveiiaaee Of a

subst by renmoving post-etch polymer residue from etched surfaces that
def i neaigetemptiry protimiey haadnasctiesarthed at thedaSt Pyt Nuped! 60172t sHgdo8n et al

conpri §eptgnber 9, 2003 and entitled "METHODS FOR WAFER PROXIMITY CLEANING AND DRYING."

This U.S. Patent, which is assigned to Lam Research Corporation, the assignee of the subject

application.

[0054] For additional information about menisci, reference can be made to U.S. Patent No.
6,998,327, issued on January 24, 2005 and entitled "METHODS AND SYSTEMS FOR
PROCESSING A SUBSTRATE USING A DYNAMIC LIQUID MENISCUS," and U.S. Patent
No. 6,598,326, issued on January 24, 2005 and entitled "PHOBIC BARRIER MENISCUS
SEPARATION AND CONTAINMENT.” These U.S. Patents, which are assigned to the

assignee of the subject application, are in their entirety for all purposes.

[0055] For additional information about top and bottom menisci, reference can be made to the
exemplary meniscus, as disclosed in U.S. Patent Application No. 10/330,843, filed on
December 24, 2002 and entitled "MENISCUS, VACUUM, IPA VAPOR, DRYING MANIFOLD." This

U.S. Patent, which is assigned to Lam Research Corporation, the assignee of the subject

application.

[0056) Although the foregoing invention has been described in some detail for purposes of
clarity of understanding, it will be apparent that certain changes and modifications can be
practiced within the scope of the appended claims, Accordingly, the present embodiments are
to be considered as illustrative and not restrictive, and the invention is not to be limited to the

details given herein, but may be modified within the scope and equivalents of the appended

claims.



a substrate supporting device to receive, support and transport the
substrate; 5 a first proximty head configured to introduce a first B
cl eaning chem stry of an amoni um peroxi de m xture (APM to a portlon ot
the surface of the substrate as a first nmeniscus for a first pre-defined
exposure tinme so as to etch an anount 16f post etch pol yner residue that

i ncl udes tungsten netal at an etch rate ranging between about 1 A/sec to
about 10 A/sec by controlling a |inggnispeed of the substrate noving under
the 10first neniscus, wherein a first widih of the first neniscus is |ess
than a dianeter of the substrate; and a second proxinity head

configure nt% (r e _a _second gt pentstg lof dil y X drofluoric
aci d (dHFy to H%eﬁ% G SRTSFE Ae™ 6?‘%%ce ARUFED it ingosheeh polilen

meni scus, retifge frofmSdiciadduthes 388 aBne gﬁa@ﬂmrtgmehemléd frb@Sat ldakt @duagd of
sequentially, the 15 second cleaning chem stry being applied for a second
pre- déf i nudeséseposiah somprtinget er mi ned by the |inear speed of the substrate

novi ng under t ni scus
That s Tocs (RBHIEEER TR Bl S aE Rl pholec MRGERRPEY T 901
second proftishineyisheadshenaibeofiplsiieaticofor affirtthec-tiefisdd expdsirbénmsscand
cleaning chemistries in a contralled to the portion of the surface
20 of t heosifist @P%“n*tagé’oﬁti CHIA %%aﬁﬁaﬁlﬁeuef‘ééaﬁet%lﬁﬁei as2edeR have a
length thaf, dt%% e a&mh@@%s@c i ARt eh Rhed e ﬁi—k‘??&é AEnedt otarest
nMeni scus an e secon menl scus each define a contained chemc regi on
wher &iln mm«t d@tﬁsmoéd bhe hscarfsmrd odfthet h}éstsajbstqvatgumiet/élﬁé‘dstbyemms tmd st

d to t ectlv first and

meni scus and t ﬁgﬁ? d meni scus, .are 5
second cl‘Han¥ Y rEb e i RS BB ele mivBEaiGget her with
the first menigelsndh staRdldidRaly SREB6PHT Netell iH ko MRMCSLNE (dHF) as a
second meniscus to the surface of the substrate sequentially after the first meniscus so as
to substantially remove post etch polymer residues that includes silicon metal residues
15 left behind by one or more fabrication operations, the second cleaning chemistry being
applied for a second pre-defined exposure time determined by the linear speed of the
substrate moving under the second meniscus and a second width of the second meniscus
that is less than the diameter of the substrate, the application of dHF used to

sutbstantially remove the post etch polymer residue that includes silicon oxide,

20 wherein the first meniscus and the second meniscus are applied in a controlled
manner using one or more proximity heads that cover a portion of the substrate, the first
meniscus and the second meniscus each have a length that extends to at least a diameter
of the substrate, the first meniscus and the second meniscus each define a chemical
region wherein portions of the surface of the substrate covered by the first meniscus and

25  the second meniscus are exposed to the respective first and second cleaning chemistries

and the second meniscus moves together with the first meniscus at the linear speed of

the first meniscus.

2. The method of claim 1, wherein applying the first meniscus and the second

30  meniscus is through one or more proximity heads.



10. The systemof claim9, wherein each of the first and the second
proximty heads is further configured to apply a rinsing chemstry to the

surface of the substrate, the rinsing chemstry is applied after thRs,|p
application of each of the first and the second 30cl eaning chem stries to
the surface of the substrate. MC S I120p 22 11. The systemof claim 10,
wherein the first and the second proximty heads are configured to apply
the rinsing chem stry and the corresponding first or second cl eaning

chem stries as distinct nmenisci to enable reclaimng of the correspondi ng
cl eani ng Theni Bha yethod efseaim 2s aibsesp drt lindas sapiery op thec adbsirats is BiusEhe
system of _cl ai m 10, erein one of th i rst proxim head. or. t he second
o ox m ¢y P82 o HRePeco ATy PRt Lo i poPvhE B G gapeR s rERS

f ol | ow NgaddhBe FiASHAE oPBRS ki QbhisduRe dryi ng operation performed at the end
of the cleaning process based on the sequence of application of the first
and tHe second cl eaning chemistries to the 10surface of the substrate. 13.

The systepm of eﬂn@l&%ﬁ@f"@sﬁﬁ@i,%ﬁ&% QL chﬂlﬁogih&?tof%'%AtP@? r§n%%€%gﬁvxperéﬁ)(i mty
heads further 1ncluding one or’ nore precrsron controls to C rol the
appl i cat i #tipupf velagh @lanivhenifimh hstrogideanilnghehe ot Bidrygent feeosécondvadlm@ani ng
chem stry, the rinsing chem stry and . .
of deionized water and about 1” volume of ammonium hydroxide to 4 volumes of
hydrogen peroxide to 50 volumes of deionized water and the composition of the dHF

10 ranges between about 1:10 and about 1:1000.

5. The method of claim 2, wherein the first cleaning chemistry is applied through a
first proximity head and the second cleaning chemistry is applied through a second
proximity head, wherein the first and the second proximity heads are configured to
15  perform a rinsing operation following the application of each of the first and the second

cleaning chemistry to the surface of the substrate.

0. The method of claim 5, wherein applying the first and second cleaning
chemistries further includes performing a drying operation following the application of

20 the second cleaning chemistry and the rinsing operation.

7. The method of claim 5, wherein the application of the first and the second
cleaning chemistry further including reclaiming the first and second cleaning
chemistries after application to the surface of the substrate, the reclaimed first and

25 second cleaning chemistries re-circulated in subsequent cleaning operations.

8. The method of claim I, wherein the gate structure is made of one or more layers
of metal including one or more of tungsten, tungsten silicide, tungsten nitride,
potysilicon, silicon oxide, aluminum oxide, hafnium oxide, silicon nitride, tantalum

30  nitride or combinations thereof.



15t he drying operation to the surface of the substrate. 14. The system of
claim 13, further including a conputing system conmuni catively conngcgigd to
the first and second proximty heads, the conputing system having a
software to control the precision controls. 20 15. A nethod for preparing
a surface of a substrate by renoving Bbést etch polynmer residue from etched
surfaces that define a gate structure fonned fromat |east one |ayer of
tungsten gret alg sGRER hiSpldPariPP kWY o af dubstiate heabinbging pesi &t yolghesi | ut ed
Hydrofluoric acid (dHF) as a first 25 nmeniscus to the surface of the

subst r at eesidie fomjefabed sydacgs thah definspvs sirestye dameyl 5op $f KAt oBeIl3yeF 8hove t he

post etc ol yner, residue that includes silicon netal residues |eft behind
by one o?uﬁ%#%I?%%%F%%?#%%éoperations, the first pre-defined exposure tine

det ermi ned by axubitheasupppaizg devict hercseivstsuapert omyiragpon der subkieatéi r st
neni scus and a first width of the first. me s |l.ess tha

di amefer of t HelliSUBEYALE ;he%bﬁ?iﬁig}*‘ir%toamgéa‘g%gg ( %ﬁéaﬁ{j’gcﬂ’@fﬁlgm 9P6?a an
S SN TN 8 RGeS bapsped gy ol e
t he post mednideupdbrymeirstri@siddfiecd entaainmi ge tsargstoeetchman aimount of post etch
polymer residue that includes tungsten metal at an etch rate ranging between about 1
A/sec to about 10 A/sec by controlling a linear speed of the substrate moving under the
10 first meniscus, wherein a first width of the first meniscus is less than a diameter of the
substrate; and
a second proximity head configured to introduce a second cleaning chemistry of
diluted Hydrofluoric acid (dHF) to the portion of the surface of the substrate as a second
meniscus, the first and the second cleaning chemistries introduced sequentially, the
15  second cleaning chemistry being applied for a second pre-defined exposure time
determined by the linear speed of the substrate moving under the second meniscus and a
second width of the second meniscus that is less than the diameter of the substrate,
wherein the first and the second proximity heads enable application of the first
and the second cleaning chemistries in a controlled manner to the portion of the surface
20  of the substrate, the first meniscus and the second meniscus each have a length that
extends to at least a diameter of the substrate, the first meniscus and the second
meniscus each define a contained chemical region wherein portions of the surface of the
substrate covered by the first meniscus and the second meniscus are exposed to the

respective first and second cleaning chemistries and the second meniscus moves

25  together with the first meniscus at the linear speed of the first meniscus.

10.  The system of claim 9, wherein each of the first and the second proximity heads
is further configured to apply a rinsing chemistry to the surface of the substrate, the
rinsing chemistry is applied after the application of each of the first and the second

30  cleaning chemistries to the surface of the substrate.



MCSLLP 23 at an etch rate rangi ng between about 1 A/sec to about 10 ksec,
the second cleaning chem stry applied sequentially after the application of
the first cleaning chem stry, the second pre-defined exposure tine gicgrip
determ ned by the linear speed of the substrate noving under the second
meni scus and a second wi dth of the se@@nd neniscus that is 5less than the
di aneter of the substrate, wherein the first and second cl eani ng

chenistrigs arg,aQRlchfar tRiR 190RLERNA 8f MBNARY HESERENEPRXOMIIMERIPIEXi M ty
heads, the first meniscus and the second neni scus_each have a | ength that
ext ends tenéipuied s apply dicamsing chemistieandihe eoragsponding firdt og pecppd csaisZ and t he

second neni scus each.define a chem | region in ti S .t he
surf ace %m #n?sh%s th%gi:tr I enisgt 1o enagﬁ% ;ecﬁ%gu?% V\(Qetlhg R ada] dc@%rghgecon q

e covere st meniscus a

meni _SCUS_@@@ﬁs@@ﬁ@ﬁ@ﬁih@uﬁéagmernesmeﬁhwﬁmasrst and second cl eani ng
chem stries, and the second neni scus noves together with the first neniscus

at thé linear speed of the first meniscus. 16. The nmethod of claim 15,

wherein t [ £t t r.at e i ; i f
the one o mor s EfEsdain SRR AR & S AU HELH SREIEhOLdnd e

t he secondoxidiythead id faethseafidurene patism a didheparatidicidllofving the nmdibg
wherein conposition of the APMranges b
opgreltion, the drying operation per%m%led atet Q:Aggc? O?H%J&eanmg process based on
the sequence of application of the first and the second cleaning chemistries to the

10 surface of the substrate.

13.  The system of claim 10, wherein each of the first and the second proximity
heads further including one or more precision controls to control the application of each
of the first cleaning chemistry, the second cleaning chemistry, the rinsing chemistry and

15 the drying operation to the surface of the substrate.

14.  The system of claim 13, further including a computing system communicatively
connected to the first and second proximity heads, the computing system having a
software to control the precision controls.

20
15, A method for preparing a surface of a substrate by removing post etch polymer
residue from etched surfaces that define a gate structure formed from at least one layer
of tungsten metal, comprising:

applying a first cleaning chemistry of diluted Hydrofluoric acid (dHF) as a first

25 meniscus to the surface of the substrate for a first pre-defined exposure time to
substantially remove the post etch polymer residue that inchudes silicon metal residucs
left behind by one or more fabrication operations, the first pre-defined exposure time
determined by a linear speed of the substrate moving under the first meniscus and a first
width of the first meniscus that is less than a diameter of the substrate;

30 applying a second cleaning chemistry of an ammonium peroxide mixture (APM)
as a second meniscus to the surface of the substrate for a second pre-defined exposure

time so as to etch an amount of the post etch polymer residue containing tungsten metal



1 volume of anmoni um hydroxide to 1 volune of hydrogen peroxide to 1 vol une
of - 20 deionized water (1:1:1) and about 1 volunme of ammoni um hydr oXigke. |tro
4 vol unes of hydrogen peroxide to in volunes of deionized water (1:4:50)
and conposition of the dHF ranges between about 1:10 and about 1:1000. 18. A
met hod for preparing a surface of a sWistrate by renovi ng post etch pol yner
25residue frometched surfaces that define gate structure forned from at

| east oneyl AY&EL Pfie tAHIES! BAWEBE Mout GONREL & Asbut APPAXENThd sédohd lclah@gni ng
chem stry of an ammoni um peroxide m xture (APM w th a conposition ranging
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Substrate for a pre-
less than the diameter of the substrate,

wherein the first and second cleaning chemistries are applied in a controlled

manner using one or more proximity heads, the first meniscus and the second meniscus

each have a length that extends to at least a diameter of the substrate, the first meniscus

and the second meniscus each define a chemical region wherein portions of the surface

10 of the substrate covered by the first meniscus and the second meniscus are exposed to
the respective first and second cleaning chemistries, and the second meniscus moves

together with the first meniscus at the linear speed of the first meniscus.

16.  The method of claim 15, wherein the linear speed of the substrate is adjusted
15 based on a size of the one or more proximity heads applying the second cleaning

chemistry and the second width of the second meniscus.

©17.  The method of claim 15, wherein composition of the APM ranges between about

1 volume of ammonium hydroxide to 1 volume of hydrogen peroxide to 1 volume of

20 deionized water (1:1:1) and about 1 volume of ammonium hydroxide to 4 volumes of
hydrogen peroxide to 50 volumes of deionized water (1:4:50) and composition of the

dHF ranges between about 1:10 and about 1:1000.

18. A method for preparing a surface of a substrate by removing post etch polymer

25  residue from etched surfaces that define gate structure formed from at least one layer of
tungsten metal, comprising:

applying a first cleaning chemistry of an ammonium peroxide mixture (APM)

with a composition ranging between about 1 volume of ammonium hydroxide to 1

volume of hydrogen peroxide to 1 volume of deionized water (1:1:1) and about about 1

30 volume of ammonium hydroxide to 4 volumes of hydrogen peroxide to 50 volumes of

deionized water (1:4:50) as a first meniscus to the surface of the substrate for a pre-

defined exposure time of up to about 5 seconds so as to etch an amount of post etch



defined exposure tine of up to about 5 seconds so as to etch an anount of
post etch MC S 1. 1. P 24 polyner residue that includes tungsten nﬁtt(:%JLL%t
an etch rate rangi ng between about 1 ksec to about 10 A/sec, the '
pre-defined exposure tine defined by a |linear speed of the substrate noving
under the first neniscus and a defined?4Mm dth of the first neniscus;

appl ying a second cleaning chem stry of diluted Hydrofluoric acid (dHF)
Wth a 5peRaReséddiRnhhvimgiudes hebwee Ml ottanledO ras damio bethicd D@BAS a
second neni scus to the, surface of the substrate _sequentially after the

first meniddwaso abows 18phpece &t BR-dsfinefEripoyde dmodsiaey 4 Weedparted of dip

pol ymer resifue JAdho hiteh H%qfrsﬁ‘géﬁig&]@ aﬁ@fhﬁ@ﬁﬁlmﬁfcﬂl B R &irki h&fiscapd second
cl eani ng chem stries are appli e In a controlle manner using one or nore
proxi mty headspplying afsecatd demiigcasnastdy ohdlged biydrafewniis eos! (A1) eatble ext end

to at |east a dianeter of the substrate and have.a defined wi.dth covering a
portio OFOWH%”%W’F‘&%@%%FWWE 338%‘51{-5 pd %??gtt q?]sO%Pé%? FRAR BRMEALI® & ur f ace
of the SubsfcabetheldiBstidid Squbmpils Gusr dpdirithecsesonde ApRicaus obd@gh usf i ne a
chemi cal region wherein portions of the surface of the substrate covered by

the first tawsniove the postictehpolssbragidve thas ighider silieapeside. to the respective
first and Secoly er%%neﬁl%' o %Hg JACISAL aéaning chemistries are applied in a controlled

manner using one or more proximity heads, the first meniscus and the second meniscus
10 each extend to at least a diameter of the substrate and have a defined width covering a
portion of the surface of the substrate that is less than an entire surface of the substrate,
the first meniscus and the second meniscus each define a chemical region wherein
portions of the surface of the substrate covered by the first meniscus and the second

meniscus are exposed to the respective first and second cleaning chemistries.



