WD 2012/ 048079PCT/ US2011/ 055049 COVPCSI TI ON AND PROCESS FOR SELECTI VELY
ETCH NG METAL NI TRI DES FI ELD [ 0001] The present invention relates to
conposi t iwoxoendsemet hods for sel ectively renovi ng one mecalusgati@s3vas eri al
relative to a second netal gate material froma substrate conprising sane.
The substrate preferably conprises a high-k/nmetal gate integration schene.
DESCRI PTI ON OF THE RELATED ART [0002] The nmajority of present day
integrated circuits (1Cs) are inplenmented by using a plurality of

i nt er conMe@MPOSITHIN ANTF BROCESS FOIRSOLECTPHIISY ETAIHYGCMIETAD. NEtRIDESX| de

sem conductor field effect transistors (MOSFETs or MOS transistors). An MOS
transistor includes a gate el ectrode as a control electrode overlying a

sem conductor substrate and spaced-apart source and drain regions in the
substrate between which a current cdﬁ_kﬂbw A gate insulator is disposed
bet ween the gate el ectrode and the sem conductor substrate to electrically
i solate the gate el ectrode fronlthe substrate. A control voltage applied to

the g |L.ectrode.controls the flow.of cyrrent thro channel in t
subs T R GREOT G SR i Foramtrgay SHoidim Mol Botaatng s et

regi onste anﬂ@raErejla‘ﬁvatd:@chbﬁwmagl dakcemsteridd floRCOEDOIAS ConipRis Rg 3Mbe. MDREsuBStatdli t Iy
on a sin | C chip...To inc orate the increasing amount of circuitry, the
si ze 5W3%ﬂ@%CWW%FWVHHQ}MHﬁWF%g‘?Wg?H@”fP?%hlt and the size and spacing

bet ween device el enents (the feature size) nust decrease. [0003] To achi eve
scal ing of sem conductor devices, a variety of unconventional, sensitive,
and/or exotic materials grecREFON pﬁgfgggigqfltgﬁf dlelectrlc const ant
materials, also referredﬁru—as;ﬂ%%gﬁfk—u .~ such as haf ni um

di oxi de (H 02), hafniumsilicon oxynitride (H SiON), or zirconium dioxide
(2r02), are considered for the 45 rim node technol ogy and beyond to allow

scal i N6 198ty ot ?;e&rng day! RitdRfaRNERHcu 1Y) 4r8 VR leRé Y qusn‘fgaﬁ ﬁiuregr?;t 6§
with the proper work tfunction are used as gate el ectrodes on t

gat e ditercewested dicldselisst pgstoy aFETe) aber gded majgdi edde w@ﬁwdv%wnﬁ@ldogffeat

met al (Qaki&ord W@SPETM RIOSakanSiUER). 23n IO RARWR:(ihédes @l %df@ A&EA) a control
magnesi um (My), ruthenium (Ru), titanium based materials such as titanium
(Ti) absarederoxerixing hiargagduciorisnBeirate enthtRarasraDBA s@tcere draimicgiosyBHhasbYENE al um
(Ta) @Rk Mhfth WMbuMchi éaqeﬂ&wTaw atc bsbIR®} ﬁnalgﬁgéal 8w deh RChatO lck @i 3l The
carbide (Ta2C), or the I|ike. 2012/ 048079PCT/ US2011/ 055049 [0004] The
opt i MAPMIGERCPLFBSFashof dictrisalip isalteghe gate Fleetiads domihe subksiratre A erapehvilage upon
whet heppiich 1d Wﬁz&@ et df B8RRI L AR S bRh aQhac ANHR shbaRIuaI@HingTRY

t hat reason, en the same material is used to nake netal gate el ectrodes
for NS claodonrigesy hasqussesind draimisgigay dheledyt paiaeng Hefde ingeiptstmet aid he
desir %rmgéﬁltiw&pé kiRl i@ rchlpotﬂa 15669&§at9theq§éféa§ﬁ§ amloam h@%lraﬁ@;n e hat ed

that this problemcan be elimnated by formng t NMOS transi stor's netal
gat e drdbddyeddeviderip thegiteyit ad thatiesrngd ISpagHE b@ﬁ@emmeteﬂearﬁ@iSéthé fealirgized Mugiat e
el ectrgpdeskrom a second material. The first material nmay ensure an
acceptabl e work function for the NMOS gate el ectrode, while the second

mat er i[@d03yaYy LRS! sEal@b oA&ERRhARKR MWREK, £ WRel ioPihcbaventiifl, VRV ah@or exotlc
electrode Processes for formng such dual netal gate devi ces may owever,

be cormteRlsaae hslngerrafepplatador Higha fislegiric tqqastand | raterialie alse clisferrgd de o H‘éug\nd? k

f unct ign@trici®tirhas ﬁéiﬁlﬁnﬁﬁodeeNHf@) Chafid siliBord (& nith @NHKSORS, b z8RhRm dioxide
i ntegration scheme has been challenging due to the sim.lar physical and

cheni éélloz}a Prssaptideas! for the A am ndy tephnlogy prhsyondge o)™ saling %f§ateh%svla@ﬁﬁ Togn

obj eCtprQ@bnt tFRIANILIBNEHhAIAR nhebal leted WY ihE Brop BN @N BFhcGAROSIH bOBSe aBskolBidAags for
the selective renpval of one netal ate material relative to a second netal

gat e ridhdy g2 dielpiHgsa Sﬁffblin%li Bl lsHPdes gangate ans fomsg o a mstal gds foaming agfgial

corrposm&ua@mtﬂamlﬂmcamﬁm A, hdohes@inh Oﬁrf O@tRniehdRk), MBheMRLS RAGRERLCHON
the substrate OF THE | NVENT] 0006 The present invention

gener &f filpnivgy (AP @ad Hignigp s ﬂﬂ&ista%rﬁlamr@f%%erfa&ﬁrsu%%ém% R padidvielg: one
met al ngads TARY Sithi@hm tabRAE (ML) bPradtaf@tQRAINELY), Malaikgrt erial froma
substrate conprising sane. The substrate preferably conprises a

hi gh-k/ netal gate integration schene.




[0007] In one aspect, a nethod of selectively renoving a first nmetal gate
material relative to at | east a second netal gate material is described,
sai d net wao 20ma8678i Nng contacting a substrate conpri si ngcrhms2diinsio4net al
gate material and the second netal gate material with a renova
conposition, wherein the renoval conposition selectively renoves the first
netal gate materi al reIative to the second netal gate material. [0008] In

anot h a met el ectively renpving.. rst. nmetal gate . .
mat er ﬁ@?‘ﬁ‘ﬁ el atoptraalt%mg 1106%& fOfa TRl S tE wﬁt’e tjﬁt e?frrafteertdarg $pon d@@@a By,
sai d neddre GorGUNNNIOR MG oAE PMEB RarSidiSt FaltRat esagtpr bvﬁd:nntﬁe tatite Iflzltérﬁﬂl isnetal
gate material and the aecond netal, gate materi

conpodf PRETMCRh& s FFrenE PR and SRESS rinsiirs eegetel etférfefdeﬁ éﬁa@b@,ﬂntor%%farq r st
rrﬁt al twdealrma&@k if@lctiieforbbM@yed of tt@lcelecnrhds ﬂ&h@km@@tr@te@&faﬁﬂﬁs%imbl@igdaﬂ\ﬂ%l?r ein
t he renova onposition_c rises at east one o ent and_at east
one. mELRINlSH O R e W@%anwrm%l@aemtﬂ@w%e?t olaﬂé,ft%lagalfddbawct& her
as peCttﬁnsﬁft@&tIﬁHaﬁ §at@-ﬂ€ct®d¥ﬁ3ﬁ1@9ﬁﬁm@fmﬁeﬁﬁ TRY B8Rt %agmw:nta& eﬁkﬂremra%ef)l_tublle Work
appar ent m.t he I SClQsure andg appenaed cCl al ns

DESCRIEFHied or R PR O PR rremengeefﬁeépnw@m anr4(g l% F %ﬂﬁwht i on
gener abd the pelas 8&tc LRCERIBP PSbdedseNFor &aehurgetda@draalfrﬁertatsgetee@etvicvgatnyy, I’IQ)KKEVdr nge one
net al ate material relative tgla second neta at e naterf from

subst FAPRICE BHPPIPEIHG SAREE RISy ECSPETVF iStehing ¢ thepeorh fusip! Mrs St TN
gener ahd yaN,gh &te%ghtmma@rgaesmt:gr@trbsl salitchcay®icn biasiekkinpaiub @othé gmilsgihesatdl wal y
rennviggﬁige net al erial relative to a second netal gate materi al

f r om &"SYE ProRerdey r%gaﬁﬂgﬁﬁb wherein the conposition and nethod do not

subst ve ot he stack materi al resent on .the s te.
The s A0S kel BRLPuby Shistlat Tdu G B SRRk AP ERE orROuBS RO Aot ere

[ 0011 ]forFme seaslee @émcrvet er &R:Cﬁetal fite ﬁﬂehaclteraaw © zd@éébﬁ‘d?meﬁl) gatesrmrmds fib@ a

sem conduct or supstr a% ganel é hase cf; g devi ces,
sol ar nasm%‘remaﬁ “oth *rV“t%S&Hti& < nn%"t“h&‘? S%l 5 & NefOmPERyy &k of h% BV8fY ai c,
and nmngroals@edemorddanseat. systens (MEMS), manufactured for use in

m croel ectronic, integrated circuit, energy collection, or conputer chip
applications. It is to be understood that the terns "m croel ectronic
device," "mcroel ectronic substrate” and "m croel ectroni c device structure”
are not neant to be |imti AHMMARMOGAWFANVENEIONie any substrate or
structure that will eventually becone a mcroel ectronic device or

m croel ectronic assenbly. The m croel ectronic device can be patterned,

bl anketed, a control and/or a test device. [0012] As defined herein, "netal
gate rBY08] iThe preseht xeion aRIcrly Frktie P SnaPoRigRy A ethofior selssuyel L ISPPBES BRI ng
t 0 t hendil du@aRatQial 1418 @F1aCRAMGhAL SHDSAEAN Gront! § RuBiSratl oomigﬁsm%/\éanh\éb TRY,

Al, La, titaniumnitride, tantalumnitride, tantal um carbide t ani um

car bi debstrats PyRkaRhhsAT o iadigh-W ipfglgeisintagretigngehenieut heni um (1V) oxi de,

tantalum silicon nitride, titaniumsilicon nitride, tantal um carbon

nitri d@‘"”l il 4P ERESat BEROGPT Soload/elot Temaning it ariahistfe mateait telaing o) i dsari de,

titanistyh@ it BMBMRLh HelesciBt 8did Metlod ToRMPRiRY Edntadng 4 ABLRANERKind@he OF
conblnatlons thereof It should be appreciated that the conpounds discl osed
as metiEt B e irarEsizhrad ey eIrad &SR gyt g b Wéh.aorﬁ@f)rﬁl ESTPREBr WGP yhe
titanishoval &dn J}éauw Sdicchely RIM0OSOME ekt Aetal LA nARKBI RiatilAMOLAE WILAY hEthd@itdM | |
be represente as TaNx herein, and so on. [0013] As defined herein, ™high-k
di el eciafqrigh naterlals correspond to: hafnium oxides (e.g., H02); zirconium
oxi de haf ni um oxysi | i cates; d(»afnlurnsulcates zi rconi um

silic it’@@] thl rtoatrrr Eﬁli’F“éa q inethqdend sclegtively FmAvEIgiadas - mofak g4th FRITH delped ‘aHdtious

t her eQfcoh® n@ial gha ML) is AedMbOL RIS tﬂeueatceapmtmgt aﬁtamsg 4 SubGtrate Jaﬁ&ﬁﬁlg tEsX| des
and nitrides of hafniumand silicon | ant hanum dope

2012/ GUBORAPEHEURSH R pobBe secoad A1y @é@ Itl"}‘ii‘é%éﬁth (aefeﬁloval H@@PWO("L‘X; ein B%Fr i um

St r ontrkhidVal Edndyodition {dRRfiycly Rx%iodesthe Firddafchil Wire aRekrial MEHHD thes@ond It-qttmﬁgayéJZ)

strontiumtitanate (SrTiO3); bariumtitanate (BaTi O3);. and conbi nations
t her edfaterial, and wherein ‘the removal composition comprises at least one oxidizing agent and at lcast one

metal nitride inhibitor.



[ 0014] As defined herein, "gate stack materials" correspond to: tantalum
tantalumnitride, titaniumnitride, titanium nickel, cobalt, tungsten,

t ungst en wiot2ni2dago7and silici des of the aforenenti oned nmeCaIGS2011.085049

di el ectrics; polysilicon; poly-SiGe; silicon oxide; silicon nitride; BEQOL
| ayers; high-k replacenent gates; hafnium oxides; hafnium oxysilicates;

zi rconi um oxi des; | ant hani de oxi des; titanates ni trogen- doped anal ogues

t hereqf. r enium pridiu adm um_ | ea sele iunm sil nd
conbi ﬁé‘t‘%t@ AP tegtu{eﬁ@%ag aB‘iZ}g‘r‘tSh‘?éc Lﬁ B]rVF)‘EtOBc"t’l &ﬁ.femaékﬁ' @’Pa‘[eﬁo%‘jla]ﬁs
used hkedugignliscloabeuid'aphandediélginded to correspond to 5 % of the stated val ue.
[0016] "Substantially devoid" is defined herein as less than 2 wt. %
preferably less than 1 wt. % nore preferably Iess than 0.5 w. % even
nore preferably less than 0.1 wt. % and nost preferably 0 wt.% [0017] As
used her ei n,DEBAILEFD DESCRIPHON;AND BREFERRERFEMBOPHMENES EHEREOFe| ati ve to
a second netal gate material" corresponds to etch rate selectivity of about
2:1 to about 1000:1, preferably about 2:1 to about 100:1, and nopst
preferabuﬁ about 3:1 to about 50:1. In other words, when the etch rate of
the fil0CkO] Rbe aresqgatacniign aercrly rdates tacommesitiopsgnd grsthogs fPDEYPCIVAY FFmPYing pe
et ch @k oo hfiGiaP REANE (BL&nO BRI gat %rataltu frémla Aokt dondpPh lsa1€§ NRed
herein, the term"renove" corresponds to the sel ective renova the first
met al Sprstfisa bt thy ipagscHtr wHeniipr esuasallyr sladesi it eominsitionpedsiat Werbasqdy H@th@@nfer be
appr eghiadRdyt rElﬂ&wﬁé“@nef &SIt gafBhitbrid fi‘&lﬁw%% @ st@nd infetf (%%t%%d{é?gl R6mOL fBLwksSe
solubilized in the conposr%ron preferably dissol ve Further, it should be
appr e PPN gyRnch & hekin| the qompesitionrsng aathodile e pksdntislbnremaye phel g stack
negli gil&1s 3Rt ondhe glhﬁtr§t9CQHg supRt-b p%ﬁ)l}”@& rls& a bbb dgﬁtéQﬁttegraﬁﬁl
drssolved or otherw se solubilized therein. 19] As defined herein
antné°e§ﬁecres i nclude at | east one prlnary secondary tertiary am nes
and ani ne-N-oxides, with the proviso that (i) species including both a
car boxX 09114 Eag ieese gf deferenssd misrostrcieniAeiss. compspordsrtp agmisARBICon Agbsires e
am ne G HURPlay @-f’lﬁlla{el éﬂaﬁgesﬁh@ﬁbﬁsdemeé' QofaP@aMl DR GHQUROMRsRinSIHMRS 'sBl'a!le @511
(e , attache an aryl het er ocyclic nnlet% are not considered
‘am néiéwceac dtbpf@rﬂtjws 0*dh mecraerqtrﬁmﬁq%wcalrrpéte% MEMS)-mimeavagired efor epeedent ed
by NRI &G ectihR! §rdbrdtbd c%ltaréQer% ®ARBE h8orRAE @h% ‘aﬁplghtﬁ(ﬁ@r efitisfiope one
another and are selected fromt roup consisting o dr ogen,
st r ai gRECYeRd thatgthe ey aﬁB‘FTé?ieC@Pn YRy | §11C(f‘@lf‘gtr°m?ré’tﬂﬁ§}”tﬁe anchymnicraslegippic
but yl ,deR&Nibturd @XMol mebh t&%@lnﬁﬂiﬂi% $ 409 -vehy anl GREME dny s%rtarmtsrrﬁdtab Redwar
branched C -C6 al kanol s hanol , “et hanol , propano but ano
pent afbiuale RecqBr p migaele r@ﬁ‘ﬁrdﬁ‘a‘tq o pRECTPHqUgBiE 2ssimblpy: L AgMS r@(lﬁc%nq dexice R R2

and R%eggﬁﬁgalg&kmgeaQMgﬁpg&mna¢¥gth§2/048079PCT/U82011/055049 [0020] As
used herein, "fluoride" species correspond to speci es including an ionic

fl uorijger2 EXS) d&@Tne® MRS Moheyal PR @t 108 drRGondld td Smak@iaREnARY € CFhEdevbhat
the fluoride species may be included as a fluoride specres or generated in

si tu. SPoERdings° theardisar &f the somismrgid dsubsipie i dss Corire¥plitaRt-oMslre dfagym

I ncl UgitN@e, afntlGRi FirklB] Gbdaléh Chbkle, Wahilim! BLHIDE, OMbISRIchALniSHE, faﬁgs@ettt sitrfdaat
i ncl ude chloride anions are not considered "chl ofi des" accor |n%:to thrs

def i ni'tthewm (30 23e.dotipeBistrehairgl HRRun et Pgiicnaya e GmBdied fiFmi de

var i eteyrbef nSRC tifahiem Mihiklda! ta@BiSm ASmiARE LiitAdhh QunlTBI® nftidd YanB8HE bluR@fm
[0023] .I.n all such conp03|t|ons wherein specific conp onents of the

conpodittifiofntprin Pedussentintion iy ehcd sheyl @ﬁtwa@ri%ﬁtha@enwﬁ@%sclosed

i ncl udk NBetd ZLJ GhatcPUBImdyl Msle, vdryindstdichRnctider AtRandly) afitafibke MniGREPANERY S
may be present or absent in vari|ous specific enbodi nents of the

conmpodrsseed asrdNy esginiteptala pifigeadll Rh Epres irdps dehipsHeh 28d $r®- present, they
may b sen onceptrations as low as 0.001 wei er cent
th)e tgt"fﬁ %qftredo cIeife Mgk &éﬁlthftfﬁ IP*HG%% e te&%gah@r&?@ear%ge#ﬁtggyed

[0024]21r&dh1191ﬂ%xﬂ§§3@é3§ ZRON Fialﬂﬁﬁlmexy§B(|:a@é§t h¥Blu SiBamRNI ngcoalutﬂ kifibatd¥E tikthiugat e
material relative to st a se nmet al te mater | S descrlbed
sai d TEFHEY wsqxw% b awlpedps dhe %dr‘rﬁrr% ‘t HBminps pilicatasg
gate n@dngted @é.g.,amslzds)be)xﬁteg:anﬂnmiatealofgatnmmﬁ@@ﬂladn W d hHESiORO¥Rhanum-doped
conposition, wherein the renoval conposition seIectiver renoves the first
netal gate nmaterial relative to the second netal gate material. Preferably,
t he conposition does not substantially renpbve other gate stack materials
present on the substrate. In one enboé’nent the first netal gate materi al
conprises titaniumand the second netal gate mat eri al conprises tantal um

I n anot her enbodi nent, the first nmetal gate material is a first netal
nitride and the second netal gate material is a second netal nitride. In
yet another enbodrnent t he frrst net al gate naterral |s trtanruntnrtrrde

o o . o, e - Y oy




[ 0025] The net hod sel ectively renoves the first nmetal gate materi al
relative to the second netal gate material at tenperatures in a range from
about roowpterpEsEbure to about 100C, preferably about 20Tuseoialosien9 80C. |t
shoul d be appreciated by the skilled artisan that the tine of renoval

vari es dependi ng on whether the renoval is perfornmed in a single wafer tool
or a nultiple wafer tool, wherein tine preferentially is in a range from

about 1 mnute ta abo tes .for the f rner
ST T R e T T
contaehmﬁgnﬁKags}Hpﬂ;Lﬁnmemamuneﬁma«eﬂh®$usﬁﬁminmeneaﬂdhagyamih@ﬁhﬁmbﬁﬁble
tinme a]il enperature conditions nay be enployed that are efficacious to
selecth? 'y renmove the first netal gate naterlal relative to the second

i fron1 ubs t.e 002 fera t he. r val rate
or ¢ hd O AP e "Rl R oo RSt SR Bt Bt g
about nzZfi@k, Atamiumn, Injicka® z:e'bap; elﬁglt@bhmgahomtrldBOarﬂ dificidel of dleadfmﬁﬁleritﬁﬁedb«nmals I
Preferably.th e.first netal..gate mteria The
Ferov A B Bl heb e n i SRR TR ey er PP Risephe
flrstgmeiahﬁgahexmmienﬁmm;oaﬁﬂdeegmmbﬁdnhekﬂhn1mﬁMﬁ2Bkmkhsanaﬂegnduaspect,
a fluopl anaont althnl n tﬁrmvn?' Ju I t'l O %erécm“ T7 ?a binati.
quorlagzconP%Fnlﬁdm eiova ﬁﬁ sf% grﬁ l Vﬁ %C? TUS Poe, at
| east aoaheﬂtsrﬂteabfmnmfmweoeienmmm dawice. opt| onal ly at | east one oxi di zi ng agent,
optionally at |east one surfactant, and at |east one solvent, for
sel ect[PYI] Asruseritherairg “abofii”risintendetlad camsendrat £F Padf thesstaaddwalret 0 a second net al
gate material. Preferably, the conposition does not substantially renove
ot her [G@&k6d “smamlntiaim(ievdidﬁ is dpfires dareincin lctsht;hasabet Yoapreferably lemehaeribmd%rmme, t he
reanaI L, the inven gonsi st of i st
essen? qﬂ?ﬁ?s ?iggf@gn%”??egmhﬁ%ﬂﬂes 2@&% one 3 2 mﬁ& dFWﬂihlbltOF
and at 0¢ SAts u%?de }tl ngaéctlvél réﬁ?otvm %O%rht%e&%%%ﬁ? Qﬁ relétplg td & g&%{ metal a_te
conposi tions %e ‘invent | or consi st esse
of at nhagasl” comespbids o I:tdleratfaielebe‘ats’tof @brelt Adttalabavit ﬂ@GOdle prefidnatily ttont 2:ato Itb@atst
one OXlPSI Zé%ﬁ mos{] ref%rabf a% t 3ANG aﬁot‘éS Tn otﬂersx;gf(;rds w% re]%trch eagb (c))fqhe 1rs¥ 1’net pe
renova Of T hé rwenilon conpri's of " St
essentgwalnhayer@f is atA hma%ﬁor ome lfOIO(hdrmuhé) thet etdheastof dneseamd aietafn gzttc mderwlnhil Bitor,
at legsfione surfactant, and at |east one solvent. In yet another
enbodlnent the renoval conpositions of the invention conprise, consist of,
or co I s t g ri de
o CoPA GIRETh B! e Ryl £EL ORI B0 SRl RS E LB
sol vemtaterpDB@Bhelswbstratp kred e c@uboembmd]t sherotd tefappriogatedithetribg fomt métdd gate material
fluori. I S asi ve
or ot ﬁscejrglsé%)ﬁl)\%ﬁgoa%&ﬂc%g%lgere Eﬁ%ﬁ%‘% 1ze§ qgr?l?e Jéor pgp‘u!n? rﬁ?&&ﬁ%l?% S(?ll/édy g@r}ﬁ%;) t %ou?]%
hal i despregated bjaﬂ)essklllad\dms@mhaMt commositioe megyfinchints qoMgbglbtehitmount of the second

f1 uor 'n%“r‘aigﬁghﬁleﬂm%n{tﬁg& @Jratsﬁout R@& bi 815&5\855 Elgﬂgollﬁ%& diaspect is preferably

in a rang rom about ast one sol vent can

conpri loc
from URDIAPLELAAI AL, - S3RL, 9%93%%%%%%%1 F i L T B g L
R2 andmRB-Nhoeidesn afepehﬂjlemlscf thantespeticsonblading heth ararboeylsccalder fupoandtap anhiee

rou 0 . I
57 GRS gl iy BERGE G By BV Spocts v R $RE Boup K S 3%%%*115
S oI veri¢-g.cattackedripai wl Qartheﬂe@amhc oty peTicd sorgeibledf auingsi’ @enotdieg tg ithow gefinition.
consi st g 0 rIIII%Ia% bé‘i‘%}%lfé?e%hb RIRRAC! whel GPRT %I” ’caI?Hé t%]%‘?alm RGP L
hexanol , -et%y -1 -'hexanol, %tanol oct anol’, yl ene yco propyl ene
gl ycolfronbmeydnetner gyidyaecoielectsd fipinethe gtoap bowatleg O%hmgemetrelahtbdma@de@r peruspsd ene

car bo , p ey, ¥C I YT ORI
trletggﬁgﬁgggﬁég%Eﬁ@hggéiéﬁﬁyl hﬁﬁﬁ%% yl eng g gg%?hgﬁg%ﬁﬁggﬁt%ﬁgwd
2012/ 04 8078RIT /OuS2 0alkangl 5340 @mheml mhmeihybeneldnymellnvneetnwnmehhemi
ethyl g utyl ether,
dlethy %%&5’55% ngﬁgg§¥hi m%'R %f9¥£$ﬁ§F&%gESIh ﬁnnobutyl et her,

et hyl ene gl ycol nonohexyl ether, diethylene glycol nDnohexyI et her,

et hyl ene gl ycol phenyl ether, propylene glycol nethyl ether, dipropylene
gl ycol methyl ether (DPGVE), tripropylene glycol nethyl ether
(TPGQWE) , di propyl ene gl ycol dinethyl euher, di propyl ene glycol ethyl ether,
propyl ene glycol n-propyl ether, dipropylene glycol n-propyl ether (DPGPE)
tripropylene glycol n-propyl ether, propylene glycol n-butyl ether,

di propyl ene glycol n-butyl ether, tripropylene glycol n-butyl ether,
propyl ene glycol phenyl ether, 2,3- dihydrodecafl uoropentane, ethyl
perfluorobutylether nethyl perfluorobutylether aIkyI carbonates al kyl ene
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[0032] Metal nitride inhibitors preferably inhibit the renpoval of the
second netal gate material relative to the first metal gate material and
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gallic acid, diphosphonic acids such WD 2012/048079PCT/ US2011/ 055049 as 1
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Hitridd A 'tive selor metal gate materla is & Second metal nltrlde In yet another embodiment, the first
metal gate material is titanium nitride and the second metal gate material is tantalum nitride. In another
embodiment, the first metal gate material is tantalum nitride and the second metal gate material is
titanium nitride. The substrate preferably comprises a high-k/metal gate integration scheme. It should be
appreciated that the first metal gate material is not necessarily the firstly deposited metal gate material,
e.g., when at least two metal gate materials are deposited on a substrate, but rather the metal gate material

that is preferentially selectively removed.

[0025] The method selectively removes the first metal gate material relative to the second metal gate
material at temperatures in a range from about room temperature to about 100°C, preferably about 40°C
to about 80°C. It should be appreciated by the skilled artisan that the time of removal varies depending
on whether the removal is performed in a single wafer tool or a multiple wafer tool, wherein time

preferentially is in a range from about 1 minute to about 10 minutes for the former and about 1 minute to
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nitride inhibitor conprises a conpound having the formula

(RI) (R2) Ryeyp2Ra3q79wWherein R, R2 and R3 are i ndependen®Cirrusaoigssoanot her
and are selected fromthe group consisting of hydrogen, hydroxyl, Cl-C30
al kyls, C2-C30 al kenes, cycloal kyls, C2-C30 al koxys, or WD
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wher eiabouRR()0 RZmn R3norRdreferably, about 30 A min’' to about 100 A min™ Preferably the removal of the
first metal gate material is isotropic. The removal rate of the second metal gate material is lower than that

of the first metal gate material, as described herein.

[0027] In a second aspect, a fluoride-containing removal composition is described, said fluoride-
containing removal composition including at least one fluoride, at least one metal nitride inhibitor,
optionally at least one oxidizing agent, optionally at least one surfactant, and at least one solvent, for
selectively removing a first metal gate material relative to a second metal gate material. Preferably, the
composition does not substantially remove other gate stack materials present on the substrate. In one
embodiment, the removal compositions of the invention comprise, consist of, or consist essentially of at
least one fluoride, at least one metal nitride inhibitor, and at least one solvent. In yet another
embodiment, the removal compositions of the invention comprise, consist of, or consist essentially of at
least one fluoride, at least one metal nitride inhibitor, at least one oxidizer, and at least one solvent. In
still another embodiment, the removal compositions of the invention comprise, consist of, or consist
essentially of at least one fluoride, at least one metal nitride inhibitor, at least one surfactant, and at least
one solvent. In yet another embodiment, the removal compositions of the invention comprise, consist of,
or consist essentially of at least one fluoride, at least one metal nitride inhibitor, at least one oxidizer, at

least one surfactant, and at least one solvent.

[0028] In a preferred embodiment of the invention, the fluoride-containing removal composition is
substantially devoid of abrasive or other inorganic particulate material, amines, chlorides (Cl'), metal
halides, silicates, and combinations thereof. The pH of the fluoride-containing removal composition of

the second aspect is preferably in a range from about 3 to about 7.

[0029] The at least one solvent can comprise water and at least one water-miscible organic solvent
selected from the group consisting of a compound of formula R'R’R*C(OH), where R', R* and R® are
independent from each other and are selected from to the group consisting of hydrogen, C,-Cjealkyls, Cs-
Cspalkenes, cycloalkyls, C,-Cspalkoxys, and combinations thereof. For example, the at least one solvent
can comprise at least one species selected from the group comsisting of water, methanol, ethanol,
isopropanol, butanol, pentanol, hexanol, 2-ethyl-1-hexanol, heptanol, octanol, ethylene glycol, propylene
glycol, butylene glycol, butylene carbonate, ethylene carbonate, propylene carbonate, dipropylene glycol,
diethylene glycol monomethyl ether, triethylene glycol monomethyl ether, diethylene glycol monoethyl



K and R6 are independent from one another and are selected fromthe group

consi sting of hydrogen, C2-C30 al kyls, C2-C30 al kenes, cycloal kyls, C2-C30

al koxys, wR-202048@pboxyl at es, or any conbi nati on t her eoPCTAISAOMI0E5089 N N =

any integer from11-12. In another enbodinent, the netal nitride inhibitor

conprises carboxylic acids with the formula RLC(=0)(OH) or
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hydr ocar bon groups of 6-20 carbons (e.g. hexyl, 2-ethyl hexyl, dodecyl) are
preferred where the nol ecul e contains two functionized al kyl chains such as
i n di met wbodbosayecyl ammoni um chl ori de, di et hyl di hexa@eTyuiSanmosioum

brom de and di (hydrogenat ed tal |l ow)di met hyl anmoni um chl ori de. [0037]

Ani oni ¢ surfactants contenpl ated include, but are not limted to, sodium
pol yoxyet hyl ene lauryl ether, sodium di hexyl sul fosuccinate, dicyclohexyl
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1,3,4-thiadiazole-2-thiol (ATDT), benzotriazole (BTA), citric acid, oxalic acid, tannic acid,
cthylenediaminetetraacetic acid (EDTA), uric acid, 1,2,4-triazole (TAZ), tolyltriazole, 5-phenyl-
benzotriazole,  S-nitro-benzotriazole, = 3-amino-5-mercapto-1,2,4-triazole, 1-amino-1,2,4-triazole,
hydroxybenzotriazole, 2-(5-amino-pentyl)-benzotriazole, 1-amino-1,2,3-triazole, 1-amino-5-methyl-1,2,3-
triazole, 3-amino-1,2,4-triazole, 3-mercapto-1,2,4-triazole, 3-isopropyl-1,2,4-triazole, S5-phenylthiol-
benzotriazole, halo-benzotriazoles (halo = F, Cl, Br or 1), naphthotriazole, 2-mercaptobenzimidazole
(MBI), 2-mercaptobenzothiazole, 4-methyl-2-phenylimidazole, 2-mercaptothiazoline, S-aminotetrazole,
2,4-diamino-6-methyl-1,3,5-triazine, thiazole, triazine, methyltetrazole, 1,3-dimethyl-2-imidazolidinone,
1,5-pentamethylenetetrazole, 1-phenyl-5-mercaptotetrazole, diaminomethyltriazine, imidazoline thione,
mercaptobenzimidazole, 4-methyl-4H-1,2,4-triazole-3-thiol, benzothiazole, tritolyl phosphate, imidazole,
indiazole, benzoic acid, malonic acid, ammonium benzoate, catechol, pyrogallol, resorcinol,
hydroquinone, cyanuric acid, barbituric acid and derivatives such as 1,2-dimethylbarbituric acid, alpha-
keto acids such as pyruvic acid, adenine, purine, glycine/ascorbic acid, Dequest 2000, Dequest 7000, p-
tolylthiourea, succinic acid, phosphonobutane tricarboxylic acid (PBTCA), and combinations thereof.
Other disphosphonic acids contemplated include derivatives of formula I, wherein R, R* R®, R*, R’, R®,
R’ are independently selected, but not limited to, hydrogen, alkyl groups, cyclic alkyl groups, alkoxy
groups, and n is integer from 0 to 20.
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In another embodiment, the metal nitride inhibitor comprises a compound having the formula
RYR*)P(=0)(R’), wherein R', R* and R’ are independent from one another and are selected from the
group consisting of hydrogen, hydroxyl, C,-Csy alkyls, C,-Cs alkenes, cycloalkyls, C,-Csy alkoxys, or



about 0.01 wt%to about 20 wt % about 0.01 wt % to about 10 wt % oxi di zi ng
agent(s) 0 to about 30 wt % 0.01 mt%to about 10 wt % surfactant(s) 0O to
about 10 wOZelasi790. 01 Wt % to about 5 wt % sol vent(s) PCT/US2011/055049

any combination thereof. In yet another embodiment, the metal nitride inhibitor comprises a compound
having the formula (R1R2R3R4)NX, wherein R', R?, R?, and R?, are independent from one another and are
selected from the group consisting of hydrogen, C;-Csy alkyls, C,-Cs alkenes, cycloalkyls, C;-Cs
alkoxys, C;-Csg carboxylates, or any combination thereof, and wherein X is any anion having a -1 charge.
In still another embodiment, the metal nitride inhibitor comprises a compound having the formula
[(R)RHN]C(=0)(CR’RY,C(=0)[N(R)(R®)], wherein R', R*, R’, R*, R®, and R® are independent from
one another and are selected from the group consisting of hydrogen, C,-Csy alkyls, C,-Csp alkenes,
cycloalkyls, C,-Csp alkoxys, C,-Cso carboxylates, or any combination thereof, and wherein n = any integer
from 1-12. In another embodiment, the metal nitride inhibitor comprises carboxylic acids with the
formula R'C(=0)(OH) or R'C(=0)(OH)(CH,),(O=)(HO)CR?, wherein R" or R* are selected from C;-Cso
alkyl or C,-C3 alkylene chains, preferably C,-C, alkyl or C,-Cy alkylene chains, n are integers between
0 and 20. Preferred inhibitors include at least one of decylphosphonic acid, dodecylphosphonic acid
(DDPA), tetradecylphosphonic acid, hexadecylphosphonic acid, bis(2-ethylhexyl)phosphate,
octadecylphosphonic acid, perfluoroheptanoic acid, prefluorodecanoic acid, trifluoromethanesulfonic
acid, phosphonoacetic acid, dodecylbenzenesulfonic acid, dodecenylsuccinic acid, dioctadecyl hydrogen
phosphate, octadecyl dihydrogen phosphate, dodecylamine, dodecenylsuccinic acid monodicthanol
amide, lauric acid, palmitic acid, oleic acid, juniperic acid, hydroxystearic acid, octadecylphosphonic acid
(ODPA), and combinations thereof. Most preferably, the metal nitride inhibitor comprises HEDP,

dodecylphosphonic acid, octadecylphosphonic acid, or any combination thereof.

[0033] It should be appreciated that the metal nitride inhibitor preferably inhibits the removal of the
second metal gate material relative to the first metal gate material. Even more preferably the metal nitride
inhibitor simultaneously accelerates the removal of the first metal gate material. There may be situations
where the metal nitride inhibitor suppresses the removal of both the first and second metal gate material,
in which case the metal nitride inhibitor may still be acceptable assuming that the second metal gate
material is substantially inhibited and/or an accelerator for the removal of the first metal gate material is

included.

[0034] Surfactants contemplated include, but are not limited to, acids and bases, non-ionic surfactants,
anionic surfactants, cationic surfactants, zwitterionic surfactants, and combinations thercof. Preferred
acidic or basic surfactants include, but are not limited to, surfactants having an acid or base functionality
(“head”) and a straight-chained or branched hydrocarbon group (“tail”) and/or surfactants having an acid
functionality (“head”) and a perfluorinated hydrocarbon group (“tail”). Preferred acid or base
functionalities include phosphoric, phosphonic, phosphonic monoesters, phosphate monoesters and

diesters, carboxylic acids, dicarboxylic acid monoesters, tricarboxylic acid mono- and diesters, sulfate
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Preferably, the oxidizing agent |ncluq§s hydr ogen peroxi de. The oxi di zi ng
agent may be introduced to the conposition at or prior to the fab. Wen
oxi di zing agent is present, the renoval conposition may be further

suppl emented with at | east one acid including, but not limted to, sulfuric
acid, nitric acid, acetic acid, trifluoroacetic acid, and hydrochloric
aC|d MD 2012/048079PCT/U82011/055049 [0043] thal nltrlde |nh|b|tors
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napht WO EESIACH TSR CaoBaS 07 S bR bR 2RBAPH 2o e,

4- net -phenylim ol e -mercapt ot hi azol.in 5-am. not.etrazol g,
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di spt o cacids—conpt en ' Vb i formula I, wherein
R, F@B%:(E)m, R5, ms?"*"ﬁ%"”'%ggﬁfﬁ"' (la%ﬁetn eﬁ?ﬁjydzlgxgﬁetéﬁ E%ﬁ) but not limted to,

hydr ERY o OB o el oups, and n is
T P R T T T BRI PR 56" S
For my

=

|l o 1
'oXidizing agent(s) 0 to about 30 wt % 0.01 wt% to about 10
wit%
surfactant(s) 0 to about 10 wt% about 0.01 wt% to about
5 wt%
solvent(s) about 55 wt% to about about 84 wt% to about
99 wt% 99.5 wt%

[0040] In a third aspect, a second removal composition substantially devoid of fluoride is described, said
removal composition including at least one oxidizing agent, at least one metal nitride inhibitor, at least
one etchant compound, optionally at least one surfactant, and at least one solvent, for selectively
removing a first metal gate material relative to a second metal gate material, wherein the second removal
composition is substantially devoid of fluoride. Preferably, the second removal composition does not
substantially remove other gate stack materials present on the substrate. In one embodiment, the second
removal compositions of the invention comprise, consist of, or consist essentially of at least one oxidizing
agent, at least one metal nitride inhibitor, at least one etchant compound, and at least one solvent, wherein
the second removal composition is substantially devoid of fluoride. In yet another embodiment, the
removal compositions of the invention comprise, consist of, or consist essentially of at least one oxidizing
agent, at least one metal nitride inhibitor, at least one etchant compound, at least one surfactant, and at

least one solvent, wherein the second removal composition is substantially devoid of fluoride.
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WO 2012/ 048079PCT/ US2011/ 055049 [0044] In anot her enbodi nent, the netal
nitride inhibitor conprises a conpound having the formula

(R1) (R2) Ryop2Ra3q79wWherein R1l, R2 and R3 are i ndependen®Cfrrusaoigossoanot her
and are selected fromthe group consisting of hydrogen, hydroxyl, Cl-C30
al kyls, C2-C30 al kenes, cycloal kyls, C2-C30 al koxys, or any conbi nation
thereof In yet another enbodinent, the netal nitride |nh|b|tor conprises a
conmpo hayi ng. . the forpul a R1R2R3R4 NX, wherein RI, and R4, are
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Cl1- C3Q carhoxyl ates r any conbination thereof, and rein_ X is any anion
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pal mi t yeolady IH“Y oFBfTe BTyl ei“hrﬁ e i whupyh &t ehyBF"BX‘ﬁ%"t eydok Rhend
?ﬁ tad Qlﬂbjfh@b@tﬁﬂlﬂgﬁpeﬁtaﬁ&l ehtaﬂoél?ﬂ:)mrolamﬂetﬁ@nbndam | %Bﬂﬂudr(ﬂﬂfy%ﬁﬁer Makt/| pa@&&ﬁea,bl Y,
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conpowﬂdmﬁamtmm@hu@&mmbuﬂmamekﬂ&gukmﬁhaﬁﬂmho anmoni um or tetraal kyl ammoni um
salts of hydroxide, chloride, nitrate, bromde, iodide, nitrite, sulfate,
sul fi t{@042qcrdiditieg agnd cphoespbad ﬁeremhﬁmﬁienbdt e doetimaad oy bmmyldwgmpetrbmb has
the f a [ NRIR2R3R4 wher e S. or..
T ol R Bz SaD b B JaF G aial FRO L 2oGs oS aoh L BBl Rt
Cl-FBaahNyMegxpagmm ﬂﬁiU?JO@?p&%ﬁmgppﬁﬁwﬁymﬁMU%MnOﬁeg&yhnghEX?h%S@ﬂdOQB-ClO
aryls (e.qg., nz : pot assi um r ox m r ox i thium
e it BTG yaPRE b RN OO HE M A0 ATNO: BT cof
gr e; erchlotite, (NHI;\@ltO@); ailna?hluﬁlwmpm?a CNEL{Q]@;),Id aﬁﬁﬁorﬁamir:imlam IINHyId)E)medﬁmu{nqg%}art]e
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g1 T ek N A et ot R RAR E
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o} e ir s substanti a 0i e or. other inorganic
ot bR AT R AR i Ruf P EEIAbYS, ipeltSamnth
2012/ Q4867 9RCGTHIGR0D 1/ RbhO4RyIhahodes, p&mmm&auesaxﬁnﬂmmpnbuﬂmkﬂ@mﬁmkhameof
The p t he eanaI osition of th spect is ferably
e P BaRlaters (RIS e s TR doaten O HebloB B el ot
secon®m@aﬁmyaN«HQmmggwt@@mSyatgmhenmhmK@Xﬁﬂp@@ﬁhognmﬁM£msumbQH&KHMQCQD, or
consi Sa% co Slrelar‘gllolnsalhel%of(.) f Prefel%)Fy]: ﬁlréaf)t))iid¥zing agent includes hydrogen peroxide. The oxidizing
agent may be introduced to the composition at or prior to the fab. When oxidizing agent is present, the
removal composition may be further supplemented with at least one acid including, but not limited to,

sulfuric acid, nitric acid, acetic acid, trifluoroacetic acid, and hydrochloric acid.

12



nore preferably oxidizing agent(s) about 0.01 wt%to about 10 wt % about 0.5
w%to about 3 wt% netal nitride inhibitor(s) about 0.01 wt% to about 20

wt % aboutwO.201 7486790 about 8 wt % et chant (s) about 0. 01 WC¥USe01AL6INM 20 W %
about 1 wt%to about 10 wt % surfactant(s) O to about 5 w % about 0.01 w %
to about 5 W%

[0043] Metal nitride inhibitors preferably inhibit the removal of the second metal gate material relative to
the first metal gate material and include, but are not limited to, boric acid, ammonium borates, ascorbic
acid, L(+)-ascorbic acid, isoascorbic acid, ascorbic acid derivatives, gallic acid, diphosphonic acids such
as 1-hydroxyethylidene-1,1-diphosphonic acid (HEDP), 1-hydroxyethane-1,1-diphosphonic acid,
nitrilotris(methylenephosphonic acid) (NTMPA), N,N,N',N'-
cthylenediaminetetra(methylenephosphonic)acid (EDTMP), 1,5,9-triazacyclododecane-N,N',N"-
tris(methylenephosphonic acid) (DOTRP), 1,4,7,10-tetraazacyclododecane-N,N',N" N""-
tetrakis(methylenephosphonic  acid) (DOTP), diethylenetriaminepenta(methylenephosphonic —acid)
(DETAP), aminotri(methylenephosphonic acid), bis(hexamethylene)triamine phosphonic acid, 1,4,7-
triazacyclononane-N,N',N"-tris(methylenephosphonic acid (NOTP), esters of phosphoric acids; 5-amino-
1,3,4-thiadiazole-2-thiol (ATDT), benzotriazole (BTA), citric acid, oxalic acid, tannic acid,
cthylenediaminetetraacetic acid (EDTA), uric acid, 1,2,4-triazole (TAZ), tolyltriazole, 5-phenyl-
benzotriazole,  S-nitro-benzotriazole, = 3-amino-5-mercapto-1,2,4-triazole, 1-amino-1,2,4-triazole,
hydroxybenzotriazole, 2-(5-amino-pentyl)-benzotriazole, 1-amino-1,2,3-triazole, 1-amino-5-methyl-1,2,3-
triazole, 3-amino-1,2,4-triazole, 3-mercapto-1,2,4-triazole, 3-isopropyl-1,2,4-triazole, S5-phenylthiol-
benzotriazole, halo-benzotriazoles (halo = F, Cl, Br or 1), naphthotriazole, 2-mercaptobenzimidazole
(MBI), 2-mercaptobenzothiazole, 4-methyl-2-phenylimidazole, 2-mercaptothiazoline, S-aminotetrazole,
2,4-diamino-6-methyl-1,3,5-triazine, thiazole, triazine, methyltetrazole, 1,3-dimethyl-2-imidazolidinone,
1,5-pentamethylenetetrazole, 1-phenyl-5-mercaptotetrazole, diaminomethyltriazine, imidazoline thione,
mercaptobenzimidazole, 4-methyl-4H-1,2,4-triazole-3-thiol, benzothiazole, tritolyl phosphate, imidazole,
indiazole, benzoic acid, malonic acid, ammonium benzoate, catechol, pyrogallol, resorcinol,
hydroquinone, cyanuric acid, barbituric acid and derivatives such as 1,2-dimethylbarbituric acid, alpha-
keto acids such as pyruvic acid, adenine, purine, glycine/ascorbic acid, Dequest 2000, Dequest 7000, p-
tolylthiourea, succinic acid, phosphonobutane tricarboxylic acid (PBTCA), and combinations thereof.
Other disphosphonic acids contemplated include derivatives of formula I, wherein R, R* R®, R*, R’, R®,
R’ are independently selected, but not limited to, hydrogen, alkyl groups, cyclic alkyl groups, alkoxy

groups, and n is integer from 0 to 20.

6 OR3

OR* OR' Formula I
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sol vent (s) about 40 Wt % to about 99 wt % about 66 wt % to about 99 wt %
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| east one oxidizing agent, at |east o metal nitride inhibitor, at |east
one etchant conpound, optionally at |east one surfactant, for conbining

wi th sol vent and/or oxidizing agent(s) at the fab or the point of use. In
anot her enbodi nent, the containers of the kit may include at |east one
netal nitride |nh|b|tor at | east one etchant conpound optlonally at Ieast
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WO 2012/ 048079PCT/ US2011/ 055049 enabl e fluid comuni cation. In addition,
the system preferably includes a dispensing port for dispensing the bl ended
renoval cwoposlM8@m to a process tool. [0054] Substanti aCiryusehantivas | y
inert, inpurity-free, flexible and resilient polyneric filmmaterials, such
as high density polyethylene, are preferably used to fabricate the |iners
for said one or nore cont ainers. Desirable liner materials are processed

wi t hoyt Iru3| on o rrier.layers, and without an i nts
O 1 Pt ot iy e 9% Wi o5 Y00 rSR ekt R WAy
requi ragyeetrit prefetublycio apaige fitim abaut Beo ghosppldsed in the liner. A listing of
desirable liner materials include filns conprising virgin (additive-free)
pol yet[ﬂ(yl& nea prefargi Iasp[Bﬁ] it edco@f letmovad edhydsiioes (RAMR)r agpodtypnprigd, @osists of,

pol yur et na1 gq HVi pyl i dene chl oride, polyvinylchloride, polyacetal,

pol yst% FERE™ e% l?ya%f’yl onitrile, polybutylene, and so on. Preferred

thic ||caaca of —such—t+rer—rmateriat prgfel%b nm—at ou:%F 1 U”m%lpq‘f[)liléfer%bl s IG 005
1 \ + aY -l o Al a) 2N HEE ~ oo o r\ + =\ =4 N A
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gate material fromthe mcroel ectronic device having said material thereon,

and incorporating said mcroelectronic device into said article. The

renmoval conposition can conpri se, con% st of, or consist essentially of at

| east one fluoride, at |least one netal"nitride inhibitor, optionally at

| east one oxidizing agent, optionally at |east one surfactant, and at | east

one solvent. Alternatively, the renoval conposition can conprise, consist

of or consist essentially of at |east one nmetal nitride inhibitor, at |east

one et chant conpound, at | east one oxi di zi ng agent, optionall 'y at | east one
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[ 0062] The features and advantages of the invention are nore fully

illustrated by the following non-limting exanples, wherein all parts and

per cent ag®e 2ar284ky79wei ght, unl ess ot herw se expressly straras20iEosiopd e 1

[ 0063] The follow ng conpositions were prepared. WO

2012/ 048079PCT/ US2011/ 055049 Conposition A1 0.6 % boric acid, 25.0 wt%

tripropylene glycol nethyl ether, 29.25 w % tetrahydrofuran al cohol, 0.1

w% T 56. wt. % arrm)nlumbl | uorid 0. 015, wt % ATDT, 0.3 wt % TAZ,

29, 17O N D G e Py e B PG 4 ik BB T 00g

15 wt YatldERRy bd Th N\iaBKng@dIﬁﬁboﬁDmﬁ)@Sﬂt tilent: Gyardreit ¥4l asmmnitioncdi¢ehiai to@boud 100 %

H202 %318‘@/3111 Jt wt % bori ¢ aci df wt % wat er Conposition D. 4 wt % anmoni um

hydr oXf de" 2“&%“@%? ?BW/SSUTW%H%EP 91 w % wat er Corrposi tion E 4 vvt%
xi de, 4 W %o 9 w %

anmoni H20 3 W 9 or i id,.
ool MR FEG st Af HbaPepriad o, MY A B Soamrl slbhye

W % watspéctiCo mg&sllehtsomd @Gixifdg b %mgmuu mﬂalyd)nomudhcrmérey\/t}%rbiﬁﬁ)@l (:aﬁﬂ@nwﬂso wt %
HEDP, 82 % wt 9 oxi de, 4 wt %
(500 o s S Bloma R 05 wh S Pab e dralu IO et RO s St e

wt % H%@ﬂre( 809%)ojint Jofisep M%blﬁ&ummmlatﬁmﬂpdmet mdhmdﬂal partet oFo t Baormilti- pum
hydr0| 4 wt % H202 /() 6 wt % HEDP, 86 W % ostlonK
amo n:% rm“h’“‘“&“ 8oy & Em“ifd\(?v? ﬁ) SHEY ST ‘é?)%xm%fe%lf”v&e%s‘b\g? 8“ g “Eﬁ el W%a%\?at er
Corrposarikl upstrdam ﬁ the wto% bhds centaqilded Mabtifie wﬁﬁbuamsnmoﬁjm i ti- pmrr fotkeylataB. 84y Wt %

H 3 wt %

HEDP g‘(‘}al aﬁ% m%“? ma r?p ?efhelqgép?ﬁ“y%%%g) “n‘?“&‘ﬁq % dhap r&‘é‘(h ?i’/%&eﬁ‘/r%i?
(30% ,co@posittoo Wat arnccirﬂﬁﬁ(ﬁl]s oAthblrapdcet etlgrediests magbe wgleaz \Iaaydann spéc1ﬁc| rhuatiplesn
nitrid and a

o vy e eRPEEE e D Re o REFE it ARLR LR SLBE oo

f or mulaad lt(W]ll b agtrec8dd tha rthelrenoval tempobhenedfcthe rnat@omi:aremhum durdi adternw@sly

.?.g})lererpinqgr%ey ConSi%k osr%grcl:srisrf %‘slserﬁialblf BP gnrgfec;on%m(afs @ oté}ngre&len?s conglls'ltlertltS\)V&hatgé“l |d1as‘(lglosureI n

herein.

[0053] Accordingly, another aspect of the invention relates to a kit including, in one or more containers,
one or more components adapted to form the compositions of the invention. Preferably, the kit includes,
in one or more containers, at least one fluoride, at least one metal nitride inhibitor, optionally at least one
oxidizing agent, optionally at least one surfactant, for combining with solvent and/or oxidizing agent(s) at
the fab or the point of use. Optionally, the containers of the kit may include at least one oxidizing agent,
at least one metal nitride inhibitor, at least one etchant compound, optionally at least one surfactant, for
combining with solvent and/or oxidizing agent(s) at the fab or the point of use. In another embodiment,
the containers of the kit may include at least one metal nitride inhibitor, at least one etchant compound,
optionally at least one surfactant, for combining with solvent and oxidizing agent(s) at the fab or the point
of use. The containers of the kit must be suitable for storing and shipping said removal compositions, for
example, NOWPak® containers (Advanced Technology Materials, Inc., Danbury, Conn., USA). The one
or more containers which contain the components of the removal composition preferably include means
for bringing the components in said one or more containers in fluid communication for blending and
dispense. For example, referring to the NOWPak® containers, gas pressure may be applied to the outside
of a liner in said one or more containers to cause at least a portion of the contents of the liner to be
discharged and hence enable fluid communication for blending and dispense. Alternatively, gas pressure

may be applied to the head space of a conventional pressurizable container or a pump may be used to

16



Table 1: Etch rates of TiNx and TaNx in renoval conpositions. Fornulation
Etch rate TaNx/ A mn-1 Etch rate TiNx/ A mn-1 D 10.47 66.01 H 6.53 66.53
WO 2012/ OX6Qerdgi79S2011/ 055049 | PCT/US2011/055049

enable fluid communication. In addition, the system preferably includes a dispensing port for dispensing

the blended removal composition to a process tool.

[0054] Substantially chemically inert, impurity-free, flexible and resilient polymeric film materials, such
as high density polyethylene, are preferably used to fabricate the liners for said one or more containers.
Desirable liner materials are processed without requiring co-extrusion or barrier layers, and without any
pigments, UV inhibitors, or processing agents that may adversely affect the purity requirements for
components to be disposed in the liner. A listing of desirable liner materials include films comprising
virgin (additive-free) polyethylene, virgin polytetrafluoroethylene (PTFE), polypropylene, polyurethane,
polyvinylidene chloride, polyvinylchloride, polyacetal, polystyrene, polyacrylonitrile, polybutylene, and
so on. Preferred thicknesses of such liner materials are in a range from about 5 mils (0.005 inch) to about

30 mils (0.030 inch), as for example a thickness of 20 mils (0.020 inch).

[0055] Regarding the containers for the kits, the disclosures of the following patents and patent
applications are hereby incorporated herein by reference in their respective entireties: U.S. Patent No.
7,188,644 entitled "APPARATUS AND METHOD FOR MINIMIZING THE GENERATION OF
PARTICLES IN ULTRAPURE LIQUIDS;" U.S. Patent No. 6,698,619 entitled “RETURNABLE AND
REUSABLE, BAG-IN-DRUM FLUID STORAGE AND DISPENSING CONTAINER SYSTEM;” and
U.S. Patent Application No. 60/916,966 entitled “SYSTEMS AND METHODS FOR MATERIAL
BLENDING AND DISTRIBUTION” filed on May 9, 2007 in the name of John E.Q. Hughes, and
PCT/US08/63276 entitled “SYSTEMS AND METHODS FOR MATERIAL BLENDING AND
DISTRIBUTION filed on May 9, 2008.

[0056] As applied to microelectronic manufacturing operations, the removal compositions of described
herein are usefully employed to selectively remove a first metal gate material relative to a second metal
gate material from the surface of the microelectronic device, and may be applied to said surface before or
after the application of other compositions formulated to remove alternative materials from the surface of
the device. Importantly, the removal compositions described herein selectively remove a first metal gate
material relative to a second metal gate material while not substantially removing other metal stack

materials present on the substrate.

[0057] In removal application, the removal composition is applied in any suitable manner to the device,
¢.g., by spraying the removal composition on the surface of the device, by dipping the device in a static or
dynamic volume of the removal composition, by contacting the device with another material, e.g., a pad,
or fibrous sorbent applicator element, that has the removal composition absorbed thereon, or by any other

suitable means, manner or technique by which the removal composition is brought into removal contact
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2.95 66.96 N 4.03 66.24 [0065] It can be seen that as the anount of HEDP
added to the formulation increases (e.g., fromfornulation Dto Hto 1),

t he et ch wet2e12af4807aNx decreased while the etch rate of PCRUSz@masived
unaffected. It can be seen that formulation I was the nost effective at
inhibiting the etch rate of TaNx. Al though not w shing to be bound by
theory, it is thought that as the anbunt of HEDP present increases and the

pH decr.eases, that the activity of the oxidizing.agent decreases. and nce
Phe. ot PacisVl MRk Harrbatda®opbasut s rafilu ad AT e Rad AGEE Vagor of
ti t anipotessing id dateamptited hidemnket ed waf er having a | ayer of tantalumnitride
were individually imrersed in fornulation M as well as control fornulation
N, at [@@83]fFolodingitieudchvenidne o thehicsiaklerembvat acthonniteriedevahasmgisiten id redilyusi ng
SE and t he resu tg tat%ul at ﬁdtlian Tab|§ % Tabl"eﬁ 2. Etch rat s oft Ti Nx alnd
Tanx i FRPSHGTE Be SEEdP PSR M SrRitray PER P Fae & PRSP R 2 Bt at e
Ti Nx/ Ateprisy)-ad miv be desired and efficacious. For example, the device may be rinsed with a rinse solution
including deionized water and/or dried (e.g., spin-dry, N,, solvents (such as IPA) vapor-dry etc.).

[0059] Another aspect of the invention relates to the improved microelectronic devices made according

to the methods of the invention and to products containing such microelectronic devices.

[0060] A still further aspect of the invention relates to methods of manufacturing an article comprising a
microelectronic device, said method comprising contacting the microelectronic device with a removal
composition for sufficient time to selectively remove a first metal gate material relative to a second metal
gate material from the microelectronic device having said material thereon, and incorporating said
microelectronic device into said article. The removal composition can comprise, consist of, or consist
essentially of at least one fluoride, at least one metal nitride inhibitor, optionally at least one oxidizing
agent, optionally at least one surfactant, and at least one solvent. Alternatively, the removal composition
can comprise, consist of or consist essentially of at least one metal nitride inhibitor, at least one etchant

compound, at least one oxidizing agent, optionally at least one surfactant, and at least one solvent.

[0061] Another aspect of the invention relates to an article of manufacture, said article comprising a
microelectronic device substrate and a removal composition, wherein the microelectronic device substrate
comprises a first metal gate material and a second metal gate material, and wherein the removal
composition may be any removal composition described herein. For example, the removal composition
can comprise at least one fluoride, at least one metal nitride inhibitor, optionally at least one oxidizing
agent, optionally at least one surfactant, and at least one solvent. Alternatively, the removal composition
can comprise at least one oxidizing agent, at least one metal nitride inhibitor, at least one etchant

compound, optionally at least one surfactant, and at least one solvent.

[0062] The features and advantages of the invention are more fully illustrated by the following non-

limiting examples, wherein all parts and percentages are by weight, unless otherwise expressly stated.

Example 1

[0063] The following compositions were prepared.
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1.10 (16 = 0.27A) 63.12 N 3.25 (16 = 0.34A) 67.10 It can be seen that the
presence of HEDP adequately inhibited the etch rate of TaNx.
WO 2012/048079 PCT/US2011/055049

Composition A: 0.6 wt% boric acid, 25.0 wt% tripropylene glycol methyl ether, 29.25 wt%
tetrahydrofuran alcohol, 0.1 wt% TBA-BF,, 0.56 wt% ammonium bifluoride, 0.015 wt% ATDT, 0.3 wt%
TAZ, 44.175 wt% water

Composition B: 4 wt% ammonium hydroxide, 4 wt% H,0, (30%), 15 wt% HEDP, 77 wt% water
Composition C: 4 wt% ammonium hydroxide, 4 wt% H,0, (30%), 1 wt% boric acid, 91 wt% water
Composition D: 4 wt% ammonium hydroxide, 4 wt% H,0, (30%), 1 wt% HEDP, 91 wt% water
Composition E: 4 wt% ammonium hydroxide, 4 wt% H,0, (30%), 0.1 wt% boric acid, 91.9 wt% water
Composition F: 4 wt% ammonium hydroxide, 4 wt% H,0, (30%), 8 wt% HEDP, 84 wt% water

Composition G: 4 wt% ammonium hydroxide, 4 wt% H,0, (30%), 10 wt% HEDP, 82 wt%

water

Composition H: 4 wt% ammonium hydroxide, 4 wt% H,0, (30%), 2 wt% HEDP, 90 wt% water
Composition I: 4 wt% ammonium hydroxide, 4 wt% H,0, (30%), 4 wt% HEDP, 88 wt% water

Composition J: 4 wt% ammonium hydroxide, 4 wt% H,0, (30%), 6 wt% HEDP, 86 wt% water

Composition K: 4 wt% ammonium hydroxide, 4 wt% H,0, (30%), 0.01 wt% boric acid, 91.99 wt%

water
Composition L: 0.6 wt% boric acid, 0.56 wt% ammonium bifluoride, 98.84 wt% water

Composition M: 4 wt% ammonium hydroxide, 4 wt% H,0, (30%), 5 wt% HEDP, 87 wt% water

Compeosition N: 4 wt% ammonium hydroxide, 4 wt% H0, (30%), 92 wt% water

[0064] A blanketed wafer having a layer of titanium nitride and a blanketed wafer having a layer of
tantalum nitride were individually immersed in formulations D, H and I, as well as control formulation N,
at 80°C for 1 minute. The etch rate of each nitride was determined using spectral ellipsometry (SE) and

the results tabulated in Table 1.

Table 1: Etch rates of TiN, and TaN; in removal compositions.

Formulation Etch rate TaN,/A min™ Etch rate TiN/A min’!
D 10.47 66.01
H 6.53 66.53
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[ 0067] Al though the invention has been variously disclosed herein with
reference to illustrative enbodi nents and features, it will be appreciated
t hat the wobotiwsetws and features descri bed herei nabovePraraseat/ossosended to
limt the invention, and that other variations, nodifications and ot her
enbodi ments wi |l suggest thenselves to those of ordinary skill in the art,
based on the disclosure herein. The invention therefore is to be broadly
construed,—as—enconpassthga-—sueh—variati-ons—npdificatiens—and
al terdati ve enbodi nents witlhin the spi9it and scope of theo66bai ns hereafter
set florth— WO 2012/ 048079RCT/US2011 655049 THE GLAHYE What s ctarnmed s:
1. A|Ret hod of selectively [renoving &%irst netal| gate mat @24l relative to
at | east a second netal gate nmaterial, said nmethod conprising contacting a
substrate conprising the first metal gate material and the second netal

gate ial wth a renoval conposition, erejn_the renpval conposition
sel ect ];}t PRI 81 ! aﬁitﬁ%?mﬂg{%é’? ’%%QO% a?‘lfgpetf’it § forgpalafion, depegse et dioBhd
met al fgamﬁmgbeb Hab 1), the gtcf[ﬁ&e @Elltalrmde@éas&i \ﬁlﬁimﬁﬁe et @ TN, Remdifdiia at:fected.
conpos] tion does not substantja enopve .ot her ate stac teria
present@BRe £¢8 1y, E%PP‘]&F‘&%I W%S.dlel*ﬁ%% ﬁ&?‘i‘f&%latthﬂ&lP%% %’ﬁ otph gte ?%T%Ieﬁét#‘ﬁlg?‘ﬁ]@t
first _m:c'l,aﬁ@l to @@ theuiEtetht @y, i€ BNRGugEEHatt ds tiaddiinAUHEDE pEe&® NdrdaRs ahd gatper
materi a

conprises.tantalum.. .4. The nmet hod. of cl ai 1o wherein the
(v ot R B Ui e SR diziptiasrl fodigea ot et e cap e s f1d Ko B Rer al

gate ial,is second. metal nitride. . 5 The hod o ny of .the

o ccoaM o b R o e Sy 2 il b R ol SIYHEE HAPE e
and t}t’ﬂz&tﬁlﬁﬁ Qiﬁ(ﬂderﬁgéraind@?;ﬁl@l}fmﬁﬁéemin fosmilatmnahwmvfﬁuta@ cel@rol fmulliie Nek hod of
any of_ the preceding clajns, wherein the renmoval conposition conprises at

| east WemBYiCHi Ao AYE At caghiTe WeR AL myIee Uitk AF i oy Fegdts B FE 2 The
met hod of claim 6, wherein the at |east one oxidizing agent conprises a
species selected fromthe group consisting of ozone, hydrogen peroxide,
0XONe 1, K ANfrch EILAPHAYL APTRY W R omf SRIhE i trate, potassiumiodate,
i odic acid, ‘periodi c acl d, potassium permanganate, pernanganic acid,
chr omrum— (1) —oxirde, amomnrumcerium i trate, nitric_acr d, _ammoni gm

chl onifenuldigfoni um chl or at d, anfehiATNbden®, anmpni uRicher®ERAeminanmon| um
per chl orat e, ammoni um peri qdat e, ni ersulfate, sodi ersulfate
pot agst um persul fat e, tetranethyﬂgﬁggﬁfﬁgkghlorite, tetrangghglannnniuw

chlonat e, tetranethyl ammonijlumi o et t hyl lammoni um per,hor at e,
tetrﬂﬁ%thvlannnniun¥perch|orate.ggéﬁgﬁigf%%gg79¥ T/UQ?Oll/%ggg49

It can be seen that the presence of HEDP adequately inhibited the etch rate of TaN,.

[0067] Although the invention has been variously disclosed herein with reference to illustrative
embodiments and features, it will be appreciated that the embodiments and features described
hercinabove are not intended to limit the invention, and that other variations, modifications and other
embodiments will suggest themselves to those of ordinary skill in the art, based on the disclosure herein.
The invention therefore is to be broadly construed, as encompassing all such variations, modifications and

alternative embodiments within the spirit and scope of the claims hereafter set forth.
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t et ramet hyl anmoni um peri odate, tetramethyl anmoni um persul fate, urea

hydr ogen peroxi de, peracetic acid, and conbinations thereof 8. The nethod
of cl ai m&Q 2042848470 t he at | east one oxi di zi ng agent coRrpritsesihydrogen
peroxide. 9. The nethod of any of clains 6-8, wherein the renoval
conposition conprising at |east one oxidizing agent further conprises at

| east one acid selected fromthe group consisting of sulfuric acid, nitric
acid, acetic acid, trifIuoroacetiéﬁgﬁbg%m§§d hydrochl oric acid. 10. The
met hod of any of clains 6-9, wherei | east one metal nitride

i nhi bitor conprises a species selected fromthe group consisting of boric
aci d, ammoni um borates, ascorbic acid, L(+)-ascorbic acid, isoascorbic
acid, ascorbic acid derivatives, gallic acid,

1- hydr oxyet hyl i dene-1, 1- di phosphoni ¢ acid (HEDP),

1- hydryoiy gtdh@angtid, 1- di phosphonic acid, nitrilotris(nmethyl enephosphonic
aci d) (NTMPA),

N, N, N , N - et hyl enedi am net et r a( net hyl enephosphoni c) aci d(EDTMP), 1,5, 9-tri aza
cycl ododecane- N, N ,N'-tris(nmethyl enephosphoni c acid) (DOTRP)

1, 4, 7,110A rethod a? sddycdl dy agdes mne- fidstNhetd' gald 'hateria tdlakt sd adtdhyh enephasphand ¢

am notprebtHg Pl oS Rotn ST UhteFkneteDr RO G R b ln ¢

aci d, sdgodd fetd htazdcyal oitbnarmoM] Nompsition) $hereih hiyd enepdiasphaitich @titively

NOTP t f ph hor i ids; 5-am nol,k 3, 4-thi adi | e-2-thiol (ATDT
benzotFTasole TR S o BRES iR g e e aei .
et hyl enedi am netetraacetic acid (EDTA), uric acid, 1,2,4-triazole (TAZ),

tolyltrigzol -phenyl b.enzotri azole, 5-ni.tro-b enzpotri.azo le 3 -amno-5

et cant B iIgE nSHRG % Compodii Sy e G BoreRye rP o e
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tetramethylammonium iodate, tetramethylammonium perborate, tetramethylammonium perchlorate,
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\ / (CR7TR8)n0 O P..,5zPi 1 ORRACR 26 | 1 OR"' Formula I (ii1) a conpound
having the formula (RI)(R2)P(=0)(R3), wherein RI, R2 and R3 are independent
from one woavteaus@nd are sel ected fromthe group consi sPcmgisedithyidnogen,
hydr oxyl, Cl-C30 al kyls, C2-C30 al kenes, cycloal kyls, C2-C30 al koxys, or
any conbination thereof; (iii) a conmpound having the formula (R RZR3R4) NX,
wherein RI, R2, R3, and R4, are independent from one anot her and are

sel ected f the roup consjsting of hydro , 0 aIk s...C2-C30.
al ken é ra {}18 81&}0}291 per at%gtﬁtraéiliyg%’%moné?/m @g]%&l?aé? yéjfo&gn 8r'ok1gﬁ peracetic

conbi I’ilalﬁJzﬁhﬂct)lhBﬁiﬁQ)ﬁsthatﬁﬁf wherein X is any anion haV| ng a -1 charge (iv) a
conpound having the fornmula [(RI) (R2) NLC( 0)(CR3R4)"C( =0)[N(R5) (R6) ],
wherein RI, R2, R3, R4, R5, and R6 are independent from one another and are
sel ectsed’ht matibd brlgmhouphaen sicsit leag ond oxtididh®aenr, cofiprides Bydbdeyt Ipsroxid2- C30
al kenes, cycl oal kyls, C2-C30 al koxys, C2-C30 carboxyl ates, or any
conbi nation thereof, and wherein n = any integer from 1-12;

9. The method of any of claims 6-8, wherein the removal composition comprising at least one oxidizing

agent further comprises at least one acid selected from the group consisting of sulfuric acid, nitric acid,

acetic acid, trifluoroacetic acid, and hydrochloric acid.

10. The method of any of claims 6-9, wherein the at least one metal nitride inhibitor comprises a species
selected from the group consisting of boric acid, ammonium borates, ascorbic acid, L(+)-ascorbic acid,
isoascorbic acid, ascorbic acid derivatives, gallic acid, 1-hydroxyethylidene-1,1-diphosphonic acid
(HEDP), 1-hydroxyethane-1,1-diphosphonic acid, nitrilotris(methylenephosphonic acid) (NTMPA),
N,N,N'"N'-ethylenediaminetetra(methylenephosphonic)acid ~ (EDTMP), 1,5,9-triazacyclododecane-
NN N"-tris(methylenephosphonic  acid) (DOTRP), 1,4,7,10-tetraazacyclododecane-N,N',N" N"'-
tetrakis(methylenephosphonic  acid) (DOTP), diethylenetriaminepenta(methylenephosphonic —acid)
(DETAP), aminotri(methylenephosphonic acid), bis(hexamethylene)triamine phosphonic acid, 1,4,7-
triazacyclononane-N,N',N"-tris(methylenephosphonic acid (NOTP),esters of phosphoric acids; 5-amino-
1,3,4-thiadiazole-2-thiol (ATDT), benzotriazole (BTA), citric acid, oxalic acid, tannic acid,
cthylenediaminetetraacetic acid (EDTA), uric acid, 1,2,4-triazole (TAZ), tolyltriazole, 5-phenyl-
benzotriazole,  S-nitro-benzotriazole, = 3-amino-5-mercapto-1,2,4-triazole, 1-amino-1,2,4-triazole,
hydroxybenzotriazole, 2-(5-amino-pentyl)-benzotriazole, 1-amino-1,2,3-triazole, 1-amino-5-methyl-1,2,3-
triazole, 3-amino-1,2,4-triazole, 3-mercapto-1,2,4-triazole, 3-isopropyl-1,2,4-triazole, S5-phenylthiol-
benzotriazole, halo-benzotriazoles, mnaphthotriazole, 2-mercaptobenzimidazole (MBI, 2-
mercaptobenzothiazole, 4-methyl-2-phenylimidazole, 2-mercaptothiazoline, 5-aminotetrazole, 2,4-
diamino-6-methyl-1,3,5-triazine, thiazole, triazine, methyltetrazole, 1,3-dimethyl-2-imidazolidinone, 1,5-
pentamethylenetetrazole, 1-phenyl-5-mercaptotetrazole, diaminomethyltriazine, imidazoline thione,
mercaptobenzimidazole, 4-methyl-4H-1,2,4-triazole-3-thiol, benzothiazole, tritolyl phosphate, imidazole,
indiazole, benzoic acid, malonic acid, ammonium benzoate, catechol, pyrogallol, resorcinol,
hydroquinone, cyanuric acid, barbituric acid, 1,2-dimethylbarbituric acid, pyruvic acid, adenine, purine,
glycine/ascorbic acid, Dequest 2000, Dequest 7000, p-tolylthiourea, succinic acid, phosphonobutane
tricarboxylic acid (PBTCA), decylphosphonic acid, dodecylphosphonic acid (DDPA),
tetradecylphosphonic acid, hexadecylphosphonic acid, bis(2-ethylhexyl)phosphate, octadecylphosphonic

acid, perfluoroheptanoic acid, prefluorodecanoic acid, trifluoromethanesulfonic acid, phosphonoacetic
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(v) a carboxylic acid with the formula R C(=0)(OH) or

RI C(=0) (OH) (CH2) n(0=) (HO) CR2, wherein R or R2 are selected from Cl-C30

al kyl or wR-20BM4807Ry| ene chai ns, preferably Cl-C20 al kylPCorus@P10204al kyl ene
chains, n are integers between 0 and 20; and (vi) conbinations thereof WD
2012/ 048079PCT/ US2011/ 055049 12. The nethod of any of clainms 6-9, wherein
t he at Ieast one netal nitride i nhi bitor conprises 1-

hydro ene- on| acid. .13. The thod o of clajns
6 12, ARG WO PO RS B i dioc gl TR en by Bl et

sol Verdllihydroééh ph‘Bk}ﬂlaﬁ'ﬁ(ﬂd‘de@dah{md; H@deﬂ&n@z&uccﬁiﬁi(ﬁd moiiddétiahollagfdd laoneacd pyiatidc
conpri s. i es. sel ecte mthe gr t hano

Gt handr OBl P A RBIP e d?  ABHYSAEE . “HoAaTe Dol P Elmaly o

hept apedferatdg tiaretphogihoyik acie, agtaylmlphos}phmm/doenencgdomb@iauorbmtteydoéne gl ycol,

butyl ene carbonate, ethyl ene carbonate, propylene carbonate, dipropylene

gl ycol, diethylene glycol nononethyl ether, triethylene glycol nononethyl
et her, diethyl ene glycol nonoethyl ether, triethylene glycol nonoethyl

et her ,lletThymethed gff apg of clpin Ot opgrcinghha easteqni yricth aitrgdeyrelobitoreeraityisesd speeibrer |
d|ethgh@g&“ghgﬁggnﬁpgggggximether triethylene glycol nonobutyl ether

et hyl ene gl ycol monohexyl “ether, diethylene glycol nonohexyl ether,

et hyl Qﬂeemaﬁcéalof@d}eﬁmh @Béﬁ&ﬁ R' nmvykeme o XCak lﬁneﬁémnﬂ?tsa%ed dilopmkane

gl ycol nethyl ether t'ripropyl ene’gly et her

( TPGVEY: hm@rﬁge@pglt%ﬁ@ugt yee a@ftft%@ltwlaﬂ@ﬁhétoupwts‘ﬂe@w@ﬁeﬁwQMO sethyl ether,
propyl ene glycol n-propyl ether, dipropylene glycol n-propyl ether (DPGPE)
tripropyl ene glycol npropyl ether propyl ene glycol n-butyl ether,

di propyl ene gl ycol n-butyl etherRstrl s0pyl ene gl ycol n-butyl ether,

propyl ene gl ycol phenyl ether, Qb dr odecaf | uor opent ane, et hyl

per fl uorobutyl et her, nethyl perflu bytylether al kyl carbonates, al kyl ene

car bonat es, 4-net hyl - 2- pentagol , R <m and conbi nations thereof 15.
The net hod of claim 13, wher the at peast one sol vent conprises water.
16. The method of any of cl ai 2% ereln t he renoval conposition
further conprises at |east one ur f Pa

F 17. The nmethod of any of clains
t he

6- 16, mherein t he reanaI conﬁ% |t|on fu Fmﬁ% Bdrises at |east one

fluori The f ¢ rej e fluoride co ses

spoct &8 werwdithar g nag b ROBEI NG Ty Broritiar BEra o um
fl uor |ad@heratmrelsuaat&1 frdrhl €ifei dlep doasidaing UOhBddeh diydroagl d,-Cl,alkyaf Cuonabendsc WO
2012/04 kylcyz_g 11/055049

cyc 30 alKoXys, or any combination thereof;

(iii) a compound having the formula (R1R2R3R4)NX, wherein R', R% R®, and R?, are independent from
one another and are selected from the group consisting of hydrogen, C;-Cso alkyls, C,-Csp alkenes,
cycloalkyls, Ci-Csp alkoxys, C;-Csy carboxylates, or any combination thereof, and wherein X is any anion
having a -1 charge;

(iv) a compound having the formula [(R")(R*N]C(=0)(CR*RY),C(=0)[N(R*)(R%)], wherein R', R? R’,
R*, R®, and R® are independent from one another and are selected from the group consisting of hydrogen,
Cy-Cy alkyls, C,-Csp alkenes, cycloalkyls, C,-Cjp alkoxys, C,-Csp carboxylates, or any combination

thereof, and wherein n = any integer from 1-12;

(v) a carboxylic acid with the formula R'C(=0)(OH) or R'C(=0)(OH)(CH,)n(O=)(HO)CR?, wherein
R'or R? are selected from C;-Csp alkyl or C»-Csp alkylene chains, preferably C;-Cao alkyl or C,-Cao

alkylene chains, n are integers between 0 and 20; and

(vi) combinations thereof.
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acid, tetrabutylammoniumtetrafl uoroborate (TBA-BF4), hexafluorotantalic
aci d, ammoni um hexafl uorotantal ate, and conbi nati ons thereof 19. The
met hod ofweargi12af48abai ns 6- 16, wherein the renoval conpo®CTiUSA011H55049
substantially devoid of fluoride and the renoval conposition further
conprises at |east one etchant. 20. The nethod of claim 19, wherein the
et chant corrpound corrpri ses ammoni um or tetraal kyl anmoni um salts of

hyd d hi trat trit f at | fite,
e e O A N R L e
hydr omdexyed@lldanamlhypﬁo@phode acidagnesi um hydr oxi de; or conbi nati ons t hereof

21. The nmethod of claim 19, wherein the etchant conpound conprises amoni um
hydroxide. 22. The nethod of any of the preceding clains, wherein the

r ermva}% g?ﬁ ﬁ&o& OP aI}y 0% c?a&jlg % ?‘5‘ t Il%'relny @g?grgovgl{ qmplg')? f 1§ {’urt,ﬁer ]n?ltls ?21‘[ feas?r%am ¢

parti cul

conbi palvemdns thereof 23. The nmet hod of any of the preceding clains,
wherein the renoval conposition further conprises dissolved first netal
gate material. 24. The nethod of any of the preceding clains, wherein the

remval, ¢RIRARLA hihS 3 WIRREHHE L0 BR sHRY CEomPiddla & cbibIRRRE ! iR eroup

consisting of water, methanol, ethanol, isopropanol, butanol, pentanol, hexanol, 2-ethyl-1-hexanol,
heptanol, octanol, ethylene glycol, propylene glycol, butylene glycol, butylene carbonate, cthylene
carbonate, propylene carbonate, dipropylene glycol, diethylene glycol monomethyl ether, tricthylene
glycol monomethyl ether, diethylene glycol monoethyl ether, triethylene glycol monoethyl ether, ethylene
glycol monopropyl ether, ethylene glycol monobutyl ether, diethylene glycol monobutyl ether, tricthylene
glycol monobutyl ether, ethylene glycol monohexyl ether, diethylene glycol monohexyl ether, ethylene
glycol phenyl ether, propylene glycol methyl ether, dipropylene glycol methyl ether (DPGME),
tripropylene glycol methyl ether (TPGME),dipropylene glycol dimethyl ether, dipropylene glycol ethyl
ether, propylene glycol n-propyl ether, dipropylene glycol n-propyl ether (DPGPE), tripropylene glycol n-
propyl ether, propylene glycol n-butyl ether, dipropylene glycol n-butyl ether, tripropylene glycol n-butyl
cther, propylene glycol phenyl ether, 2,3-dihydrodecafluoropentane, ethyl perfluorobutylether, methyl
perfluorobutylether, alkyl carbonates, alkylene carbonates, 4-methyl-2-pentanol, dense fluid, and

combinations thereof.
15. The method of claim 13, wherein the at least one solvent comprises water.

16. The method of any of claims 6-15, wherein the removal composition further comprises at least one

surfactant.

17. The method of any of claims 6-16, wherein the removal composition further comprises at least one

fluoride.

18. The method of claim 17, wherein the fluoride comprises a species selected from the group consisting

of hydrofluoric acid, ammonium fluoride, ammonium bifluoride, hexafluorosilicic acid, tetrafluoroboric

24



WO 2012/048079 PCT/US2011/055049

acid, tetrabutylammonium tetrafluoroborate (TBA-BF,), hexafluorotantalic acid, ammonium

hexafluorotantalate, and combinations thercof.

19. The method of any of claims 6-16, wherein the removal composition is substantially devoid of

fluoride and the removal composition further comprises at least one etchant.

20. The method of claim 19, wherein the etchant compound comprises ammonium or
tetraalkylammonium salts of hydroxide, chloride, nitrate, bromide, iodide, nitrite, sulfate, sulfite, acetate,
and phosphate; potassium hydroxide; sodium hydroxide; lithium hydroxide; calcium hydroxide;

magnesium hydroxide; or combinations thereof.

21. The method of claim 19, wherein the etchant compound comprises ammonium hydroxide.

22. The method of any of the preceding claims, wherein the removal composition is substantially devoid
of abrasive or other inorganic particulate material, amines, chlorides, metal halides, silicates, and

combinations thereof.

23. The method of any of the preceding claims, wherein the removal composition further comprises

dissolved first metal gate material.

24. The method of any of the preceding claims, wherein the removal composition is rinsed from the

device with a rinse solution.
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