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BACKGROUND OF THE | NVENTI ON Techni ' This invention relates to
chem cal mechani cal processes forﬂlﬂ%’ﬂﬂﬂ“@ﬂ’@mj ation of surfaces, and to
chem cal conpositions especially 0. More particularly, this
invention relates to conpositions fox"¥H& cheni cal mechanical planarization
of conductive, barrier and dielectric surfaces as typically encountered in
t he fabri camvPOSTIIONIFOR @HEMICALCMBCHANICAL PLANARIATION AISCOPEERL i cal | y
formul ated for chem cal nechanical planarization and non-contact chem cal
-planari zation of Cu/ Ta/ TWTwiﬁﬁD&ﬁMTAhH%MERHPE Fabrication of
integrated circuits ("1Cs") to inprove performance and reduce costs

i nvol ves conpl ex analysis of materials properties, processing technol ogy

and | C deREDATHICAPPLOOSTEONST nultiple | ayers of conducting, insulating
and sem conductor materials, interconnected in various ways by conducting

metal | i ¢ chann&he presentgppligation i fled purspaittQ 3y frof Fab iloWEL)IFS FEEEN AN ant ed

! | anen 9o . . B ant od
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circuits fherdfforh BEfobRct Metidansinionly diclossipmnanhstof 3 iScaiddotantd7a gi ven
area of wafer, increase the perfornmance and reliability of the ICs, and to
manuf act uEd -Rhe 1178s at | ower cost with | ess waste and fewer defective
products generated by the WO 02/ 059393 PCT/ 11 S01/-188C7 manuf acturi ng
process. These goals lead to nore stringent geonetric and di nensi onal

requi r emeBRCKOROIENDWORITHE INVENTIONCesS. I n particul ar i ng precise
s

s

patterns into a layer is facilitated by the | ayer face as
nearly planar as feasible at the start of the patt ss. For the

common case ,of. é[ rning by neans of photolithographycwg2pl anar surface
permts L f | ocation and di nensi oning for focusing the incident

radi ation ont o ThiEinsettfonGelated tdehepiicdlakchideal Woodeskeb oriths planhdzantot lofa
surface having deviations fromplanarity. Simlar conclusions yg{ cally

appl y for seifesssrand thehemisel esmmositions ppediplly swtediberetpy Aofega % s from
pl anarity.of t.he rface to -alib Rfontdte surface to
Cupport - piBeriet st R plBatEnEhe et kb Bl plenbt Blon e M e

f ol | owi ng cg8&&fkilvBHadfieraind tdideqiri €58 Riced MMmepichibneweuhiemdsn oire fahscatiopi afal
etching, planarization and photolithography processes gs C@{qact' ced in the
manuf act uinegiated@ircuitiirsleding epmpositionsppegaticadly fprmylated 404 GRMAGY not
limtation s .those skilled in t - ' L jate that the
t echni que PR PE%"‘?&%%O“.‘ ar{l\fienr?tni'cgﬁtaf%{’)érheglﬁ%a E}%F{hgg%wgr?g@ gggr/?gg'es will have
applicability in increasing the precision of etching by neans other than
photol i thography. In addition, the present invention is not linmted to the
field of IDEspmphdhes adt may find applicability in other areas of

technol ogy requiri.ng. ar surfaces. 1.C C i [zation
("CVP") has bodiPHRiRy PRCRY %dn%‘lé’af:‘%{ g;se TS RprbFEPAR fiho de R

costs involves complex analysis of materials properties, processing technology and IC

design. IC's consist of multiple layers of conducting, insulating and semiconductor
materials, interconnected in various ways by conducting metallic channels and plugs
("vias"), including various dopants implanted into various materials for producing the
electronic functionality desired of the IC. The near-universal trend in the manufacture of
integrated circuits is to increase the density of components fabricated onto a given area
of wafer, increase the performance and reliability of the ICs, and to manufacture the ICs

at lower cost with less waste and fewer defective products generated by the
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into integrated circuit multilayer manufacturing processes to achieve

hi ghly planar surfaces as described in text books (for exanpl e, "M crochip
Fabr i cat want2/d3939et er Van Zant, 3rd Ed., 1997 and " Chem ceCT/NB@h&siical

Pl anari z el I BhaM@lodal S. P
20 Rl EESE L BN AR Ela b, ool S GBRUBIoly S, P.
that " CMfu rérBerith aothasrmmufaumrimg pacmess dngerittudar; @hleing padcidvatians dap a

Pol i shi ng as well as

cal Nbch nical Planariza
ner i n BypORFSUSI SRS EAT A Gl T R R PN R
process h CWP process, the
waf er, %aﬂé‘ Ecaﬁ%g ﬁ%bl nsi “°§5{%f3}é§t.€fﬁé“ c%lﬁeg[% gnd pressed onto a
rotati nﬂi&@l@ho@mphﬁldﬁ;ﬂar&ﬂ@&ﬁ&@ﬁnﬁus mbid mreape mwoatasi arel ditngnsipning fOI{ typically
containing particles of abrasive such as Si 0%1 Afll203 d the L? § fl ows
gchiegt nt

bet weenfochengaifedncidan rediatipmento fipesustags fobe fn YV)‘/‘B RQFSIR

- r eagent SF,‘{”% e‘}ﬁgm Co%l/ a¥1]p§st ﬁ{%?ﬁ’an}aﬂ?y#@ﬂﬁlﬁr cé‘ncg]ds t?;%cél shpyesal as el |

as mecha hus, 1nt al "practice of WO

(12/ 115813@t30rF’@5hU&0c3111ér818éﬂ156|f/E’tchmgt érhaanls deviatioab fnom phhatyedtisy a
combi nati on of chem cal attack and ni cal abrasi on. I pyg]]t lJQ/ t he
waf er, surfage|tp bpetched kedycs the abiliy @ftQ%S 3fedp SEPRSYt ArerIelEPOEHansd aighi | e t he

pol i Sh! ﬁ% B@ 13( a{%nghmbée%eétéher Ogr?‘{h@ félfb\’{ ﬁ%'ﬁb&lﬂ”@ﬁgﬂ- o)theﬁir@é&ﬁ?mjveﬂﬁﬂi \QES t he

pol i shi er ro Irection (for exanple,

cl ockw sRuvhg mhe/amenetEmm@ }ﬂi&mﬂ@at&ﬁl dnd Iiﬁogjhtla)gtaphyl-pmeasecfs astpagiced imer el y
for purposes of illustration and counterrat atl on %@’3 frgand pol i shi ng pad

is al sotmrramuf@@@leqfﬁcadapwm'theﬁlﬁ R Waytodt] \éﬁtraBPnti falnftt ed by 3
Fi f o f th
sur t aceisr R EEH Bl o b TR M upRREE hOURRE NI of he el B0 0T o "Ehe

appl i edih@nfiof €8 préduciip ;ﬂam gidfhaat ovily hawd a;rplllcatsht)oh inepasingdheipredisigur e 1) .

Recent work has indicated the ability to pl qiff“ ze, surfaces bﬁ gur |y
cheni cabf pishing, byineans gther ﬁé‘nr@@@hﬂ&gfﬁ’hﬁoﬂ?% THg ﬁg%lpﬁlse’?jré’& PR& cont act
with the rfa d herein
by refeP@ﬁfgJ 8%’5%83?!:‘?&0 QA‘H Ile?aﬁ?e nclg%&pz’ g'tllth)chil‘Pﬁr r%g%r@tggrl ate

et chant t&lp,gm 2hr&quitiy pl@ﬁirls@ﬁfa&dg a spinning 15 vvafer under conditions and
in such a fashion as to planarize the wafer surface. gﬁHtechm% es

descri bed in @858 Mehapicel Rlanarigatqn VI hat bepnaycoesiully dntegra
| anari zat i. on or SEP, resent
gppl i caton™ V Sty t|@y§ &6% cgtéglisagéssﬁ)t? tﬁfgggpig?{g gg?i on of

Cu/ Ta/ T%Nf'éél’fsfa@@@&nfbéd welekt lv%blds @forremnme Mot dchiralabEvRtior?obyl Pte¥si ng t he
speed and performance of ICs typically calls, faor |€c egm ng t.he density of

conponerfiagt,dnd Ede 13T and Eﬂléﬁmlﬁ@rl\é%éhaﬁ’ﬁaltﬂén@ﬁégﬂn g Y1 C perforns
ts d d.f |
B T e e

channel's and vi as lugs). It is well
known t halowiaa igash NWetdife GOCMPe i dl@uset] imtleart endenott’ T;hemgcad:onduct or
i ncreases the el ectri cal resi stance of the 25 conduyctor fg{, t he s

mat er i alMedtanica! Belishaes |a|agve(l; JehemicakMeghasyical Blananzationg e Vepsedt caI
resista degr adi ng, performance | eadi ng to unacceptabl e
heat i ngqne”f‘%h‘f1 (§1y8?1°é‘91 13§8ﬁerlséns evgtgbgltg{r%glnﬁg?/le been I ooking for conducting

material s forAuggcallCME prédesd isaiﬁep@tedi’sal\mn‘wglchbym Fighect r Doehg né8¥Bt ance.
Present |1 C technol ogy typical Ié makes use Qf tungsten

ol
and al umrncﬁss,(thb)vaéﬁg bdﬁ@(p@qa(l)ly eld3psigep ﬁotﬁg%c%@qggltgg%sp g]p}%a %Q{ung
duct t
T or ok a5Py ARSI RS AT ey é%ﬂ%c@eﬁﬁzgfe?m

i s anmngrhgvd ardiRgioandidatedthe like) flows between the wafer and the pad. The

' shurry, 5, will typically contain reagents for chemically etching the wafer, 1, leading to

chemical as well as mechanical removal of material. Thus, in the typical practice of

89
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WO U2/ 1169393 PCT/ USUl/ a8817 | ncreasing the density of |IC conponents on the
waf er al so increases the capacitance of the circuits. That is, bringing
char ge- cawyomg9su3rcuit el ements cl oser together increasesPERYSEABEET ti ve
coupling between such circuit elenments. H gher capacitance is detrinental
to circuit performance, especially for higher frequency 5 operation as

woul d typChH, matesiel smeselrs effestpd]by atcéﬁ’éé’éﬂ?ﬂﬁﬁcé%}%i}“élr?ttéﬁ}b?‘}déé?"r%@h‘galand

el sevvherea . ver, capacitive coupling between proximate circuit el enents
can be reabuce ‘by reducing the dielectric constant of the insulator or

i nsul ati ng mat Bypiallysthpawaét. ngvil hecavsedpb edfate p§ depictededyehimtigure thus, in

addition to. seeking.conductors.w.th hi r. GO | ML I 1 ators with
| ower di eY"BI&? eé’o@%ﬁ%g(% Wlil'nis?s)lgvr%als (45Pg]%es§‘ %ﬁ%%gﬁgg?&ﬁ? ﬁ%gééause as
i nsul ag i ngad @6 dFeri rBtatifs in theisdnerdiredit (forleaytaple,| daime ivden ivizwet fpirc al | y
makes use of tungsten vagl CWP processes at each su?cessive circuit |level.
awveRy, this isapreln formuyposeRP FHSHAROMANGCPPTHe (TiN) are
deposi t ed ' |83 iR, 115 Hediiord B8EERYALLEBPIeNg Materi al
resul ti ngrﬁtﬁmﬁf%yagéﬁibﬁ%’§sn§%€%%g ags?"'l?pflugz" which are inlaid, 15 typically
in an Si ORaftr démeted by 3 imFepre ITHe wafe] Lgwmyderaussd & eseillpiedatieplang®uct | ng
pat hs between the netal. |li.nes of.ad]acent ' jcally, the
metal |i nﬁg SBgﬁ%gbffn@&’obf/he\?vs\?’l g%nt%f\lnﬁy el@%ﬂ%ﬁ%ﬁ?ﬁ% dﬁ%‘f%@?%@ agglyée?lfnd Cuin
present | Esce, bAThiy PedRdtoRmeSRAts hdTdagstedimsEigake 1and Ti N | ayers are used as
barrier layers (to hinder unwanted diffusive intermnxing.of, camponents
during fabri caBP‘E?H)WQWaééﬂﬁiécéfegﬁhq &Yé"}??@”ﬁ?ﬁﬁg“fﬁésbd'd%l 13 §hq0EHi ng bet ween
ot her wi .SeFQQQS{ LthBRURTL deB Y& aSpoR g Paddt @hedhARlaBanRat Wi the stade barrier and
adhesion [ayers nust al so be renoved during WCWP to reveal the inlaid W
pl ugs. Desndeagling nlwnarfzenorsﬁoaﬁaﬁ,e:&7,slrv@m0@t¢<§m by Frécronge). ot d9sgReds equal |y

and, thus | anarize in. . 2 I lurries can
achi eve a?'h@gf&?ﬁréce%(fggﬂl&%sll’%ﬁg{}%?etrc ggt?lgﬁgee &eaggt %rgfl@/@gg(?%é@%ﬁ%gand Ti/TiN

| ayer si5 Thiageru@derlcoaditionseand éi yuch hdishRb as ur flacazofhetaferderficce Thaf ers after W
CVP. Thus, if, other conbi | of conduct or d Lhsulators are t.0 be used
inlC fabF?C%P%ﬁs‘gg’éa‘oﬁéﬁﬂg%qc"u)‘gﬁiaé%‘fo(hf‘[e}ﬁ’ﬁg'n??ofegrasCWIEF tﬁ%?‘a%aenzgﬁ%r} oyed and
adequat e Rl 8ARI ChathicPINoRiR6iBEEFesehisd iniBe piesdt afplictioaleayctenngpldyee ibj ect s

of the present invention. The .use of Wvias, Al-Cu lines. and Si Q2

di el ect r i SEPayeqesses frithoplgharaatane! /B kadbwsieess a5 Well @8 8P| Cs, has

i nher ent %Q‘\!Xgﬁ hi nder attaining the circuit performance desired in

Ctrlgﬁat
future devi ces.&ﬁe -Cu alloys and Wvias are conductive, but less so
than Qo. The SiliReadingltecipetdarldpeevsndnat oHE gricgip dalls fecinpicanne hasul at or s)

have a 4 | WD (12/059393 PCT/ US01/ ..188CG7. rel ati ] Lel ic
const ant, PRUY QOWBOI&@%e%g{?‘g & %néidré%f:%s}n\gghe:#? ééogt)s(ﬂm(hglﬂf g%s Iﬁﬁ'{n}%pi cally
de%_t es diiﬁ‘,'d@?ﬁddiffin&fbﬂéi}Hlﬁﬁﬁﬁsii%glcdrﬂim_ nerangaitpiyparalpyoequim @:cyeasng thth) Ehe
conbi nation of relatively high resistivity.netals a rel ative ig

di el ect ri ¢ize®h sonetingchanaglong viasdoroRluese K&J‘V?‘ﬁé‘b’&é‘:}gﬁr‘?&mm‘lg&lﬂ%{l ity,
particul ard y. e HER-cd Eébutdr medhes thel lectrithLiegisthies ofeeow

appr oxi matéé Sf/’%gc.:t Og%lg%%?f&ﬁact&gggo. 2%1 n% grons). eSee\(/:err al ecandi date | ow k

mat erizl s dooducte foi bk ewng matetialy dihys, idpwstasing camperangsize on ICs increases

electrical resistance, degrading performance and perhaps leading to unacceptable

heating. This is onc reason IC developers have been looking for conducting materials
for use in IC fabrication having lower electrical resistance. Present IC technology
typically makes use of tungsten (chemical symbol W) and aluminum (Al) as conductors.
30 Both have adequate electrical conductivities in present devices, but future generations of
IC devices will preferably make use of yet higher conductivity materials. Copper (Cu) is

among the leading candidates.



having a high degree of porosity. The open structure of such porous

materi als includes significant anmount of airspace. Therefore, in

det er m nwuoddseseveral | effective dielectric constant of PORUREISBGTAl ,

| ower k val ues are achi eved. However, conventional CMP of to porous
materials is conplicated by the possibili ti/1 of abrasive CMP particles
beconi ng ent r dppeasingitht Henspp pBlscomnonentyenesthe Bafss algedteasdsditni ng to renove

t hese entrapped ahrasi.ve. el . [ O I ) : essi ng

conpl exi t%?pg‘ﬁﬁm?eoo t eeCIfcﬁltgg@d.t %Sgl%néﬁ%%?%ﬁggg gl?éltliéger%%hgssog%gpi nventi on
descri be @g&hR is@baski M8 cipachivntouplingbitweenpach ticlugslen®ntss Higeen used in
connection wth porous dielectrijc terials, 'tIB etR.Ca/Pf15 sol utions of the
present i $APBFHANEMIS Getisrentah o %W’éﬁ?rgg@a‘@ff:’ B4 '3587 PR "BERTEEVP ¢l eanup for
removi ng et LARRe Y ARl 9itMEbe dNBdimtdrddGn esitoimua{Sdtior pticaiohoner resistivity
than Wor "Al-Cu alloys. Therefore, Cu is becom ng a popul ar choice for the
_i nt er conndetwhet. diloweyen sappsisive coupiing beteegererigpicsiopieslements £ ey ¢ per

envi si oned .t hat, | i ek i i T i-gals 20 with

di el ectri 8%} sbtyar%ﬁllsC ﬁglilbgblgfséé&l% %%I%E?atélg%ft}?é %?Lgéthg\n&l lPﬁ%%ﬁgtsI%gériﬁ% conj unction
with Cu nedpataking aieicobplbdcirattietementsp This, invaddafohée seskingiordpgtors wigh h of t hese

choi ces bring acconpanying. chal l enges .i he fabri.cation of, hi
per f or manBighen ARy ities ipuiateys & “ﬁ ver EB\?@C ccﬁogﬁi%%%l( ﬁ ke g( G)>aarreealts)(¥]{)‘:‘gl?ﬁ
nmechanj call yhiRahse dsGhRlding 1dyersgPrwent i onal dielectrics and tend to

Ld
del am nate%nder the stress of CWMP, especially if%‘fﬁr;e gepphbg&éﬁressure, 6,
in 25 Figure 1Chment npstiayenk fabriatien pRicallyymaksgseedfpagetend e material

renoval rates, & i (o, vifmmMaks bBW gatitaqTiHn order to
achi eve'ppré’ﬁssrslc@%te?%lnsq‘lg%tsgﬁé%gcc?gg%vg'I e},ﬁpclgﬁ,’od of ti_?re. Addrelssgn) t hese
chal | engeand TheifroMNiside{ TiN) arqdepested. Thofdmsiagtherstypisalisheolighed, ere®¥pper, on

barrier layers to avoid harnf di ffusi.on. ' anf: . LV conMposi tions
for eff ecf‘?‘%"“@mélwal(%srul? 93%85?’%?8&? e§| a\rzl%%rzgﬁxlggﬁ\wg ng%rkl%%{/(\ih as 30

"spi n- gt clylARaK bt B10,Meledic laEP e Wiplighactps eketricallyofondfidtieg pthe bar ri er
and adhesion | ayers. Typical barrier Ig%/_%r Sélj n, cg}RIHler %\%qascenegcgr dual
damascene betsen gt Iﬁlﬂb@%"’.éjé?éémilﬁ’@ﬁ?é oG- dnaicaniie mehg lgseennecteh .

PCT/ USCL/ T)?%@Zlials&/iﬁrcgﬁri tstﬁ a8 &%%n@@ﬁﬁ@?x@&ﬂ?ﬁ)samt peLgeserEICUf act uring
costs, it Ts enwsmnedst at metal will nmost likely be used in future

| Cs in faldesigad, Thapd Tid\ laperadre ivsedos haiwiet lavrys ¢h hinden wwantedidifiusiveayer and in
the vias which connect adjacent | . [ AR Reae6@MpP! i shed
using a " d‘%fﬁ"ﬁ‘%‘é@ﬁé’? cgrpparﬁh%fﬁuan fagﬁécgaﬁl@n) aﬁgﬁgr%e‘gfgb &%){e%sg?da )proach. Darascene
pr ocesgi NGhoh¥iRk Gadwe¥n Bhesaadsolly boe@dsyjers mg taatlidddaninhéywr Sefh metal on top
of a patterned insulating or dielectric |layer, .t by filling.. nnel s and
vias in trerpaepdadiegon HYETs 2RUShsq %ﬁ}g@?viﬂﬁﬁlﬁnﬁ&gg’@gﬁp i/é?vetaLtéc H]g @IW‘

deposi ti Obigs, Me cafeeMY/iot BRnIEPABIL rGfio thavdriors 1agers adintiyiand, thay er
between the Tretal and the dielectric. Since trench and via filling is not

typi cal | y piaiafioe i oneli@MPrstenl Crmmgesirbiay dlableoV Fluresihi AGE FRYt H5d 10
covers the,f Ilﬁlhlgrﬁﬁl% HORR sOSLVGRE BeliRBl W A3 TR INRykrs. THIS Sesthsanheryeial

over | ayer & - :
25 surface of the device wafers after W CMP. Thus, if other combinations of conductor and

insulators are to be used in IC fabrication, adequate chemical reagents for CMP must be
employed and adequate planarization processes must be used. Such are among the

objects of the present invention.
The use of W vias, A1-Cu lines, and SiO, dielectric layers, although quite

30 successful in present ICs, has inherent drawbacks that hinder attaining the circuit
performance desired in future devices. The A1-Cu alloys and W vias are conductive, but

less so than Cu. The SiO, dielectric layers (although good electrical insulators) have a



typically renoved by CWP or etching, revealing the inlaid nmetal channels
and vial with a surface ideally coplanar with the field regions of the
surroundwugoaisesvactric. The barrier layer on the field repCDUS1348847S0
typically renmoved in the planarization step. Dual damascene is a two-step

damascene process, typically formn e than one |l a [..15 features in
the di el e&dl#tielpagibiiglepsic cpastanf, é%?@ﬁngé‘?r:gelﬁﬁrfc&’ls CRRACHIXR & ‘?cltseg Hlé‘fk

envi si One% fhal dEmesin‘a@Jm@éongtBﬂk GRhE gl bieap@@yﬂmagapert@pl)m of 1Cs will be
copper ref ore, be concrete in our description, we will describe the

practice ofmbinetiqura $@1ﬁmveimé1hteﬁléfh‘“fyrm%@ﬁ Arctrelagvelyiigh dickesas copgtamis cene or
dual danasce i sayers.

. However, fr}‘?ef?l%rrgrsegnee§ ?fﬁé\}gtnglp}g%na%? raﬁb{lﬁegﬁﬁngﬁye nsatfigwl Eﬂn&é}(ljJ and ot her
enbodi Hentre&lumd i fineredly belus approkinmssdy OLAY jLmg(thatdl 01215 xyucsdmsb s in the art.

Copper has the_ad ant her c t s ers.from several
: coggl i cati ons %Ye\éaﬁ %Hoﬁq%‘gﬂ&‘\%s {Oﬂ’éE‘g@@lfcf”tcgéyﬁfflcjiﬁctl\“gerfn?tﬁ“ql%:s Am)xg

copper's ﬂhaagm%mggﬁc bﬁp&&%f &6t ofe@trudthrelod si@dh\8Fns Hiatek S inefude@nt ami nant .
That is, copper ffuses 25 widely and easily through other materials

typical ly sugé”@amrantoruet dfaisenacat Therefore, indstersiatigdusevpraiediesidiedeleqtde: r oni
per f or mncgl’ls?%t nghQ%a?e?lal 61 § VQIIEQ{IQ.C E&?@V@?J ﬁﬁ\tvéve?fcoﬁ\%t Bﬁaﬁr’ nvent I on
to address$ iorate sone o ese atten ant a acks in
t he usie ofpofous l’ﬂatealhlsnszajrmmmatbdlb)tﬂnepbﬂlhllllty@f amsucﬁCMwartictesad@mm@n toits

high rate of diffusion, reactio rodu al 30 etching
reagents KAYEPPGE e PASHS Ttalﬁu’lr%rgr‘f‘gﬁqug} flrlngg focfgl% et\ﬁnfsﬁﬁfl %fp%Féactl on
products. affkive paiticldl ABmAke Bladdh fof'th@@@v&@[h%@@ﬁﬁle%nﬂh@%feﬂé%ohﬁs been
difficult. Ideng fication of a gr ouP of effective cqopper. etchi nge reagents

havi ng volSamieleabgfimeaisis the Rressettn At datrdes P sqlpipn ¥heusabres

PCT/ USOL/ ﬁl@:Yes( Wibd, Sh ?Fb%ﬁ?ﬁ SR RH SAHPofub BRRYRI rﬁa@ér?alsaﬂﬁseS@M?Ct ivity) is
anong t he P jectives o e present invention. Tantalum (Ta) and Tantal um
Nitride ('Ealm)lommhdmennt ideention offer thsaqo'mtngmfmgt It@awrm&post% clegrup” | i ner

met al s" tefh g{ﬁ g@t harnful Cu diffusion. Because CMP is 5 presently
the nost rf‘éﬁ’tol"\?ge i a%¥fer st ood pl anari zation technique, it is the
nat ural met hod médhilic wblipe(Qud hawrdewtadssistivig t]pinamr M—ﬂulaﬂbysﬁf’l‘h&t;for&',a or TaN.
Such Cu/ Ta/ TaN CWP .requires slurries with %hlégﬂ /TaN renoval rates
and cl ose {wisReqoming éﬁBRPéqf cheice for thyipgreppiegarlen be Herdih t“I“Fner metal s.
Hovever, Tg%né}ggon-rﬁél ﬂﬁsefuf:fﬁ& Qﬂﬂbr@ﬁédl thatDGW € dpliricBMe s @Rk id Maktakeadi |y
with nost etchi ng chem cal s. t hese reasons, CMP 1 o slurries having
appr op2d at\ﬂtlc@lemt@alcmismntmkdﬁasm ab@utékﬁ)a}iﬂrhbqusf%lw%lmcvm yithEtween Cu and
the |iner hveb f esent there is
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acceptable period of time. Addressmg these challenges the focus of the present
invention is on the use of copper, on barrier layers to avoid harmful diffusion of Cu, and
slurry compositions for effective Cu CMP (or non-contact planarization also known as
30  “spin-etch planarization” or “SEP”) in the presence of effective barrier and adhesion
layers. Typical barrier layers in copper damascene or dual damascene fabrication

processes include Ta and TaN.
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disadvantages is the fact that it is a very diffusive contaminant. That is, copper diffuses
25  widely and easily through other materials typically used in the fabrication of ICs,

seriously degrading electronic performance by doing so. It is among the objects of the

present invention to address, eliminate or ameliorate some of these attendant drawbacks

in the use of Cu metallization in the fabrication of ICs.

In addition to its high rate of diffusion, reaction products of copper with typical

30 etching reagents have often resulted in non-volatile (or insoluble) reaction products.

Thus, etching of Cu with conventional CMP slurries has been difficult. Identification of

a group of effective copper etching reagents having volatile or soluble reaction products
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10 slurries havmg appropriate chemical formulations to obtain 1:1 selectivity between Cu
and the liner metals have been difficult to achieve. Hence, at present there is no slurry
commercially available for Cu CMP.

Typical experimental Cu slurries are composed of HyOa, various oxidizers,

alumina and/or silica abrasive, and other chemical components, typically in acidic (low

15 pH) solutions. (Tytgaf et. al. 4,981,553; 5,098,571). These formulations typically give
good Cu removal rate, but often achieve very low Ta/TaN removal rates, even when high
polishing pressures are employed. Currently there are two common experimental
approaches being employed for Cu CMP, both of which suffer from disadvantages. In
one approach (Brusic, “A Cautious Approach to the Removal of Ta in the CMP

20  Polishing of Cu/Ta Structures”, 193" Electrochemical Society Meeting, May 1998) Cu
CMP is conducted by using a two-step polishing process to remove Cu and Ta/TaN. The
Cu and Ta/TaN layers are removed separately in sequence using two distinct slurries.
This two step approach significantly complicates the fabrication processes and increases
the cost of the CMP process applied to Cu. A single-step Cu CMP would be preferable,

25 but it would require a slurry with 1:1 selectivity for Cu and Ta/TaN. One possible way
to increase the removal rate of Ta/TaN layers is to dramatically increase the polishing
downforce. However, a higher polishing downforce is contraindicated since it could
damage the underlying low k materials, which arc often mechanically weak and subject
to delamination. Achieving a slurry with the required near 1:1 selectivity without the

30  application of large polishing downforce is among the objects of the present invention.

Shurry formulations that react chemically with inert liner metals to achieve

adequate removal rates and selectivity would be an improvement in Cu CMP. A single-
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the wafer being etched as well as provide nechanical renoval of wafer
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nonconventi onal abrasives that are conprised of netals, solid el enental
particles (for exanple carbon), polyner particles, oxides, carbides,

f | uor i dBRIERSUMIMBRIOESTHE SNVEDSLION t ri des, or hydroxi des of several
nmetals, including, but not limted to, Al, Ag, Au, Ca, Ce, Cr, Cu, Fe, ,
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W Zn, Zr, Ocmeeanhea,amasrﬁmanzlh&ﬁ@rmfat:escdfec%pﬁaytamal&a%edaﬁwm a thin
| ayer of another material, including but not linted to those described
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in cont t Wt waf er, surf,ac LO practice of the
pr esent er"eSﬁP{lBH"‘ﬁ}?ataf%‘ﬁ?/aQﬂm ﬁlg f% ‘Wl%’ sPé?/gEcgrPga%gg%t@bed herein will
be produced by neans of the "sot" nmethod. This typically involves grow ng
the particles to their final size in solution. By growing the particles 10
entirely in solution and remaining in solution for use (that is, never
dried) there is no sintering or "necking"” of the particles that will result
in |arge aggl onerate, which may be damaging to the sensitive IC |ayers, or
under |l ying structures. Having avoided ' aggloneration, these particles are
i ntroduced into solvent systens very readily and at | ower cost than
conventional abrasives that typically nmust undergo additional and 15
expensive particle size reduction and powder dispersion processing. The
practice of the present invention makes use of several particle size
distributions. A bi-nodal particle size distribution, or a nulti-nodal
particle size distribution, or a broad Gaussian particle size distribution,
may all be enployed in the practice of the present invention with typical
particle sizes in the range 4 nmto 5Sum It is envisioned in the practice
of the 20 present invention that particle sizes greater than approxinmately
S5umwi Il not give satisfactory results, particularly in teans of increasing
removal rates and reducing defects and scratches. W note el sewhere herein
typi cal conponents of the etching reagents useful in the practice of the
present invention. Practical industrial applications may al so require 25
the reagent m xture to contain other additives to inhibit premature
reaction, stabilize the m xture, increase shelf life of the reagent

m xture, reduce volatility, inhibit toxicity, inhibit photodegradation, and
the like. Such additives are known to those skilled in the art and art not
ot herwi se specified in detail herein. Tables 1-13 foll ow ng are exanpl es of
reagent mxtures usefully enployed in the 30 practice of the present
invention for planarizing copper surfaces or other surfaces as indicated on
t he Tabl es.
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H2O2H3PO4 HCl; H3PCa, (HPO4)2 , PO43-fj] H2ZO2H3IPO4 HCI

2,6-di-tert--4N, N-di net hyl am nonet hyl phenol g) H20H3PO4 bor axh) H2O2H3PCa

vari ous additives 14 5to 15 20 25 3
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE INVENTION

5  Figure 1: Schematic depiction of Chemical Mechanical Planarization (“CMP”).

10



WO U2/ 089313 PCT/LISITI/~88G/ TABLE 2: AQUEOUS PEROXI DE - SULFURIC ACI D
REAGENT SOLUTI ONSFOR PLANARI ZATI ON OF COPPEROXxi di zer Co- React ant Ot her

Addi ti vewd 02kBD?3| H3Po4Et hyl ene gl ycol , ZnSCab) H202H2 SCaMETDHS01/48867

Pol y(oxyet hyl ene) | auryl ether, Malic acidc) H2O2H2SGaHOOC( CXz) " COOHwW t h
X=OH, ami ne, Hn=1-4d) H2O2HZSCa3% tartaric aci d1% ethyl ene glycole)
H202HZSO41, 2, 4-triazole, 1,2,3-triazol e,tetrazol e, nonionic surfactantf)

H2 Q2 HZSOaG 5 11 b ESERBMADNGF TefBasENIMOBNI ¢ sur f act ant g)
H202H2SOZTriiTour oet hanol , Laprol 602g surfactant, aliphatic al cohol sh)

nggngggm i pHathecoloviok dpsstiptionang HEmes SIREAT IeprgaGs Rmbers &g P4 R ant j )

lvari.ous .addi tives TABLE 3:

. AQUEQUS SRR B B e oo e gL L R B N o copper
)?x Ioﬂ i zer SGemRapmtetnhickX hetaridditia weish apolkdingtindds wed Glsontest FAEXI@EXZ) ~COOH
=OH, amines, Hto n=1-4 h 2 H . i ddit | .
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10 etchants and cleaners, chemical polishes, brighteners, and pickling solutions, etc.

Conventional (contact) CMP typically includes abrasive particles in the etchant
formulation, abrasives are typically not present in non-contact CMP. Etchants with and
without abrasive particles are within the scope of the present invention. The chemical
compositions of the etchant include chemical mixtures, typically comprised of one or

15 more of the following constituents:

TABLE A
e Abrasive Particles
e Mineral Acids

20 e Organic Acids

e Strong Bases

e Mineral Salts
e Organic Salts
e pH buffers
25 e Oxidizing Agents
e Organic and Inorganic Pcroxides
e Corrosion Inhibitors
e Chelating Agents
¢ Surface Modifying Agents
30 e Liquid polymers

e Surfactants

11



V1~' O 02/0S9393 PCT/USA /-188G/ TABLE 5: AQUEOUS PEROXI DE ORGANI C ACI D
REAGENT SOLUTI ONS FOR PLANARI ZATI ON OF COPPER 5 Oxidizer a) H2O2 1 o b)
H2O2 Co- Reneyeni93Cx her Additives Oxalic acid Sodi um oxal aP€ET/UBEIMS8E70! €,
Sodi um Li gnosul fonate ot her organic various additives acids 18 WO
(12/ (1a9393 PCT/ USOL/ ~SSG7 TABLE 6: AQUEQUS DI LUTE M NERAL ACI D REAGENT
SOLUTI ONS® FERIMopRRILZAT ON OF COPPER Acid Other Additives a) H3PO4 vari ous
addi ti ves‘19S VW O 11%12/ Oa%S 3

olv (inclu

ents 1ng water

In general, CMP use of the etchants described herein requires a method of
5  introducing the etchant onto the wafer surface and preferably a method for transporting
the etchant across the wafer surface. The polishing pad and process depicted in Figure 1
is the typ.ical mechanism used in contact CMP. However, the CMP chemical
formulations of the present invention need not include abrasives in the etchant mixture
and do not necessarily require mechanical contact between the wafer surface and another
10 surface or body, such as a polishing pad. Thus, the etchants of the present invention may
be used to good effect in both contact and non-contact CMP, but require different
transport mechanisms (such as SEP) than the polishing pad depicted in Figure 1.
In addition to adjusting the type and concentration of etchant constituents,
heating the etchant solution may be used to control the removal and rate of removal of
15 material from the surface of the wafer. Temperature control of the reaction may be
achieved by introducing the etchant onto the water preheated to the desired temperature,
by heating the polishirig pad other body and/or by maintaining the polishing at a constant
temperature.
Improved CMP is achieved by means of etching solutions as described below.
20  Abrasive particles are optionally included and may optionally react with the surface of
the wafer being etched as well as provide mechanical removal of wafer material. Many
‘suitable abrasive materials could be used, including conventional abrasives (SiOa, AL,O3
and the like), and various nonconventional abrasives that are comprised of metals, solid
elemental particles (for example carbon), polymer particles, oxides, carbides, fluorides,
25  carbonates, borides, nitrides, or hydroxides of several metals, including, but not limited
to, Al, Ag, Au, Ca, Ce, Cr, Cu, Fe, Gd, Ge, La, In, Hf, Mn, Mg, Ni, Nd, Pb, Pt, P, Sb,
Sc, Sn, Tb, Ti, Ta, Th, Y, W, Zn, Zr, or mixtures thereof. These particles may be coated
with a thin layer of another material, including but not limited to those described above.
The potential advantages of the use of coated particles are expected to include decreasing
30 cost by coating a less dense, inactive and inexpensive particle, such as SiO,, with a
chemically active, and often more dense and expensive active material such as CeOs.

The effective density of such particles will be less than solid particles comprising all

12
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entirely in solution and remaining in solution for use (that is, never dried) there is no
sintering or "necking" of the particles that will result in large agglomerate, which may be
damaging to the sensitive IC layers, or underlying structures. Having avoided
agglomeration, these particles are introduced into solvent systems very readily and at
lower cost than conventional abrasives that typically must undergo additional and
15  expensive particle size reduction and powder dispersion processing. The practice of the
present invention makes use of several particle size distributions. A bi-modal particle
size distribution, or a multi-modal particle size distribution, or a broad Gaussian particle
size distribution, may all be employed in the practice of the present invention with
typical particle sizes in the range 4 nm to Sum. It is envisioned in the practice of the
20  present invention that particle sizes greater than approximately Spm will not give
satisfactory results, particularly in terms of increasing removal rates and reducing defects
and scratches.
We note elsewhere herein typical components of the etching reagents useful in
the practice of the present invention. Practical industrial applications may also require
25 the reagent mixture to contain other additives to inhibit premature reaction, stabilize the
mixture, increase shelf life of the reagent mixture, reduce volatility, inhibit toxicity,
inhibit photodegradation, and the like. Such additives are known to those skilled in the
art and art not otherwise specified in detail herein.
Tables 1-13 following are examples of reagent mixtures usefully employed in the
30  practice of the present invention for planarizing copper surfaces or other surfaces as

indicated on the Tables.
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5 Oxidizer 2nd Oxidi zera) NaC1O3b) FeNO3C) ~NH4~2S2~810 d) CuNHACI 3e) Na2S2C3
K2S20, Base Salt NHAF CuS04 NHAOH Ot her Additives Na EDTA salt of wetting
agent vawioonza)sexddi tives various additives various additi vVRGT/USIT88E
additives 22 WO 02/ 1159393 PCT/ USO1/ - 88C7 TABLE 10: AQUEQUS BASE REAGENT
SOLUTI ONS FOR PLANARI ZATI ON OF COPPER BaseOxi di zer Ot her Additivesa)

NHAOH KOHH2Q2var 1 ous_ addi t | vesbé NHAOHHZ2O2var i ous addi t1 ves&)

NH4 OH( NHa) SR8y AYQURRU A §EROXIRE ¢ PH@REFORIH ACH) REASENTBODYNIONS393

PCT/ USOL/pds88{ XX ARMBA 13 ¥ BEMR ACl D REAGENT SCLUTI ONS FOR PLANARI ZATI ON
OFTANTALUM AND COPPERS Oxi di zer Aci dOt her Addi tivesa) HNOG3HFvari ous

addi ti vesb) HEIBEsari ous additi emBacHNOBHFI acOiher Additivesvar i ous

. addi tisvesd) H%%I;EWHZSM to 24

H3PO, HCI, aliphatic alcohols
b) H,04 H;PO4 HCl,
Agidol (butylated
hydroxytoluene)
c) H,0, H;PO, HCl, Agidol-2,
10
d) H,0, H;3PO, HCI, 2,6-di-tert-butyl-
4[(dimethylamino)
methyl]phenol
15 - e) H,0, H;PO, HCI, H;POy,
(HPO,)”, PO
f) H,0, H3PO4 HCl, 2,6-di-tert-

-4N,N-dimethyl
aminomethylphenol

20 g) H,0, H;PO4 borax
h) H,0, H3PO4 various additives

14



WD 02/ 0S9393 PcT/usnvass~~ TABLE 12: AQUEOUS BASE REAGENT SOLUTI ONS FOR
PLANARI ZATI ON OF TANTALUM AND COPPER Base Acid a) NaOH b) NaOH H202 c) KOCH
H2Q2 d) WeQHshe2 Ot her Additives to Renpve oxide fil m aPEBEES@M884 t h
rinse of dilute acetic acid. dilute nitric acid, aqueous solution or other
solutions. 2~ WO 112/0,9393 PCT/U S01 /88G/ TABLE 13: M SCELLANEQUS
REAGENTS FOR-PLANARIZAH-ONS—OFCOPPER—=a)—EBTA—NHAGH—HzOz;—i n aqueous

sol uti on PXpPHT: i £QBEOUS FERORMIbI SUBEURIC ACIRREAGENTEORUTIONSqUEOUS
solution c) Trisodiumcitrate, Triethanolam ne, Sodiumnitrate, in aqueous
sol uti on BPRBISHARIAPIONGHIGAREES ybdat e, Phenol sul fonic acid, in aqueous

solution e) Mneral acid (sulfuric, HCl or the like), nolybdenumsalt 10 In
.addition to the additives shown in Tables 1-13 above, other additives

include but ar@xidiver | i mited to t h&ofRsattanti ng: bdMhs Addityes sul f ate, copper
car bonate, al cohol (including | ow nolecular weight alcohols, glycols,
- phenol s, aliphatic al cohols, polyvinylalcohols and the like), surfactants i
s (including agyu,.c, cationic, ndhSOn B:Pur f acthimtleneghytobt her s
preferentially adhering to certain materials, niSDyi ng thereby the
chem cal reactjvity of certain sites), solution stahilizers (including
pol yvi nyl al coRb2O2and ot her agemHs?,g%)hhi biting é%%ﬁﬁaéfgﬂﬂ§y

10 ethylene)lauryl ether,
Malic acid

¢) H,O2 H,S0, HOOC(CX;,),COOH
with X=0OH, amine, H
n=1-4
15
d) H,0, H,SO4 3% tartaric acid
1% ethylene glycol
e) H,0, H>S04 1,2,4-triazole,
1,2,3-triazole,
20 tetrazole,
: nonionic surfactant

f) H,0, H2S04 C,Hs0H, aliphatic
alcohols,

nonionic surfactant
25

g) Ho0, H,SO4 Triflouroethanol,
Laprol 602® surfactant,
aliphatic alcohols

h) H,0, H,SO4 aliphatic alcohols

30 1) H20, H,S04 SiFg, Organic salt
surfactant

j) H20, H,S04 various additives
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deconposi tion of oxidizing agents), wetting agents. For exanple, one
specific fornul ation uses highly concentrated H2O2 in a strong 20 base,
such as W@H)2/P¥s chem cal -active abrasive particl es suchP@rUSRHICBSer Sn(O2,
in conjunction with other chenical conponents. According to Tytgat
(4,981,553), the chem' caI etchant al one (WIthOUt abrasion) provides a Ta
renmoval r.a

signifi Ca’ﬁAhiEh‘ gﬁt@JEﬁ)U@rPE_R@XI@EMB‘lIEML@&HDMK@ENY sayaitiebise Cu slurries.
The present 1 nvention may be egﬁgct ed to achieve increased Ta 25 renoval

rates in CWP b@Oléﬂ'ﬂal‘\b%MéAtﬁ@N tPPBRAI nechani sm of nechanical abrasion
of 30 the wafer by abrasive particles. In addition, heating the slurry, or
. the opposing body or pad, could enhance the renoval rate of the Ta or TaN
| ayerss Thus t@xpgeat ure conCodleagayt be andtheAddimes of achieving a | ow
pol i shing pressure CVWP process. EXAMPLES 26 WD U2/ US9393 PCT/ USUL/ - (B867
- Exanple A 5 50 parts by volune H3PO4 40 parts by volunme Acetic Acid 10
parts by vol ung N8 Al aci gsv@re fully cofwhsisy at ed aqueous sol utions.
The formul ation of Exanple A yields a Cu r g(i@ue{CXLMCOGH approxi nmately
15.000 10 /mn. when SEP is per fornmed and ya-Grdnags, Houghness (RMS) |ess
t han appr oximately 100 ~. In addition, thi sn=qqrrposi tion pl anari zes

t opography approxi mately 3000 ~ in . height (bunps) and features nore than
2.5 mwde to an 80% degree of planarity (that is, 80% hei ght reduction).
15 Exanple B 79 pa»ts by vol BOH3PO4 24 pawmtisuspdditiobune Acetic Acid 6
parts by vol une HNOOO3 20 All acids are fully concentrated agueous

sol uti ons—Fhe—f-ormul-ation—et—bExanpteB-yietds—a Co—renovat—rat e of
approxi mately 15,000 A/m n when SEP is performed. Final roughness
(root-nmean-squar e) is less than approximately 701. 25 Examlp a C
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50 parts by volunme H3PO4 40 parts by volunme Acetic Acid 3 parts - 10 parts
by volune HNCG3 30 All acids are fully concentrated aqueous sol utions. 27
WO 02/ 059208/0Re3P8US01/ - 18RG/ The formnul ati on of Exanpl e PEi/Eswis8ge7Cu
removal rate in the range fromapproximately 3,000 /mn to approxi mately

20,000 /mn. when SEP is perforned. The rate of Cu renoval is approximately
proportional to the nitric acid content. 5 Exanple-B-50-pacts by vol une

ccont |
15 part s ByEhr AR RO RR aTIORu P O ARONE TeH nqueous. Sol utfon.

15 parts y concentrated aqueous sol ution.
Havi ng descri HFEANARIZATION OBCORPERet ai | , those skilled in the art will
appreci ate that, given the present disclasure, nodifications my be nmade to
.the invention wi thout departing fromthe spirit of the inventive concept
descrided her apgidizdherefore, it iGo-Reictdd i nt enOsebr dditivehe scope of the

invention be limted to the specific and preferred enbodi ments illustrated
-and described. 28 WO 1121059393 CLATMS W O aim PCT/ USl) 1/ ~88G/
a) HoO, / HNQO;3 H;PO4 methanol
b) Hy0, / HNO3 Triflouroethanol,
Laprol 602®
10 Surfactant, aliphatic
alcohols

C) HNO3 H3P04 PVA
d) HNO; 11,504 " diphenylsulfamic acid,

15 aliphatic alcohols
e) I‘INO3 H'_)SO4 HCl1
f) HNO; HSOy4 various additives
g) HNO; BTA (benzotriazole)

20
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1) An etching solution for the planarization of a Cu/ Ta/ TaN surface
conprising: a) an oxidizing reactant selected fromthe group consisting of
(NH4) 2S20m 022e®3 HNO3 and mi xtures thereof; and, b) a corCEHBIAM867sel ect ed
fromthe group consisting of H3PO4, H2SO4; HNO3, oxalic acid, acetic acid,
organic acids and m xtures thereof; and, 1 o c) other addltlves sel ected
fron1the{nnup4uxw+su4w%e¢—HGF—i&+ﬁh&%ﬁ&ﬁﬂfﬁmm+s—4ﬁﬂw+ated

hydr oxyt of NBNE 5. M@%U% PE&&»U@JE@@GI«W@MIDMHWstdwmmm)snet hyl ] phenol ,
2,6-di-tert-4N"N- di net am nonet h henol , borax, etliylene glycol,

ZnSo4, nethandKHlBLéb@ﬁﬁZAﬂﬁaNﬁﬂbQQéP Iene)lauryl ether, malic acid,
HOOC( CXz) " COOH wherein X=0H, am ne, H and n=1-4), 3@6tartaric acid, 1%

. ethylene glycol, 1,2,4-triazole, 1,2,3 15 triazole, tetrazole, nonionic
surfacg ant, etdwdagbr, triflouCosdaamatl , Si F&thayr’ghiiives salt surfactant,

pol yvi nyl al cohol, diphenyl sul fam ¢ acid, sodium oxal ate, benzotri azol e,

- sodi um |i gnosul fonate, glycol, gelatin carboxynethyl cellul ose, am nes,

heavy netal salytgp,salts of @uamnguﬂa KCL,So@ud akalatnCl 2, propyl ene glyco
2- et hyl - hexylanlne copper carbonate, |ow mhasuisale, Wei ght al cohol s,
glycol's, phenols, aliphatic alcohols, zo pahnyikabseBahs, anionic
surfactants, cationic surfactants, quorocarbon based surfactants, nonionic
surf agt ant s haWiHu:t he pr opeotheeergaific pr ef erverieusadiiivesdhering to certain

mat eri al s, nodifying therebyatiie chenical reactivity where so adhered,

pol yvi nyl al cohol solution stabilizers and species inhibiting spontaneous
deconposition of oxidizing agents, wetting agents and m xtures thereof. 25
2) An etching solution as in claim1 further conprising a species sel ected
fromthe group consisting of CuCl, FeCl, Fed 3, and mixtures thereof. 3) An
etching solution for the planarlzation of a Cu/ Ta/ TaN surface conprising 30
species selected fromthe group consisting of NaClG3, FeNO3, (NH4)zS20Cs,
CuNH4GL3, NazS20s, KzS205, NH4F, CuSO4, NH4AOH, KOH, HzOz, Cu(NO3)z, sodium
EDTA salt of wetting agent and m xtures thereof. 29 WD 02/1159393

PCT/ USOL/ - 48867 4) An etching solution for the planarization of a Cu/ Ta/ TaN
surface conprising species selected fromthe group consisting of HF, HNGS,
H202, H2SO4, lactic acid and m xtures thereof. s 5) ' An etching solution
for the planarization of a Cu/Ta/ TaN surface conprising species selected
fromthe group consisting of, NaOH, KOH, NH4OH, H202, and m xtures thereof.
6) An etching solution for the planarization of a Cu/Ta/ TaN surface
conprising: 10 EDTA, NH4CH, H202, in aqueous sol ution.
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7) An etching solution for the planarization of a Cu/Ta/ TaN surface
conprising: citric acid, erythorbic acid, triethanolam ne, in aqueous:

sol uti onwal®/B3398n et ching solution for the planarizati onPGF/UN1B8B6Ta/ TaN
surface conprising: trisodiumcitrate, triethanolamne, sodiumnitrate, in
aqueous solution. 9) An etching solution for the planarization of a

Cu/ Tal TaN_surface-conpri-si-ngi—H2S04—H202, —npl-ybdenum sat-t5—phenol sul foni c

acid, in AGHERYS AOUELUSDILR2AEIINKA EWCIDRE ABENT SOLUTIONShe pl anari zati on
of a Cu/ Ta/ TaN surtace conp r|S|]gg@n1neral acid , molybdenumsalt. 11) An

et ching sol ut i PR PEANARIZATIARIQE,GPP R of a Cu/ Ta/ TaN surface as in claim1
25 further conprising abrasive particles selected fromthe group consisting
. Si 2, A1203 netallic and solid el enental particles, polyner particles,

oxi dess carbi dgsid fl uorides, carbonat é3thetddies, nitri des, hydroxi des of
Al, Ag, Au, Ca, Ce, O, Cu, Fe, &d, Ge, La, In, H, M1, My, N, Nd, Pb, Pt,
P, Sb, Sc, Sn, Th, Ti, .Ta, Th, Y, W Zn, Zr, and nixtures thereof. 30 12)
An et chi ng so&g&i@@ as in claim1ll whergbik &ditdeabr asi ve particles are
coated. 30 02709393 PCT/ USO1/ - 488C7 13) An etching sol ution as in
claim 12 whererm said coating is a chemcally active species. 14) An
etching solution as in claim1l1l wherein said coating is CeQ2. 5 15) An
etching solution as in claim! 1 wherein said particles are produced by the
sol nethod. 16) An etching solution as in claim1l wherein said particles
have a range of sizes fromI|O approximately 4 manoneters to approximtely 5
m cronmeters. 17) An etching solution as in claim11l wherein said particles
have a size |ess than approximately 5 microneters. 18) An etching solution
for the planarization of a Cu/Ta/T aN surface as in claim1 wherein said
oxi di zing reactants include fromapproximately 50 parts by volune to
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15 approximately ?U parts by vol une of concentrated aqueous H3PO4 and from
approximately 24 parts by volune to approximately 40 parts by vol une of
concent reioad/eagpegous acetic acid and from approxi mately 3P@EUSE/H8867vol ume
to approximately 10 parts by volunme of concentrated aqueous HNG3. 19) An
etching solution as in claim18 further conprising fromapproximtely 1
part by 20 volune to-approxi-matelyi5—parts—by—volure—of—concentrat ed
aqueous HF. 31 .AL[.A 9. AY . A& A&l . A& A&E

.A92(. A99. AL&. AY9. AGE. A A& Al . A&2. A& A&2. AL2. ARE. A92. AY, AE. A2. AE. A&E. AF. A&E
. A& AFQETAHIE #2AQUEOUS CONCENTRATED ACID REAGENT SOLUTIONS FOR

Y+: B| wr mhc” 3 N
{ou] L’\a] i cﬂa?@ g ]é%[?@(gﬁlg?]ggg g:} gg] ca] ca] cal] ca] ca] ca] c*a] ca] ca] ca] ca

430 Rs'" x(}((())E**++,--./010223{vql gb] WJ] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]c

. I 3324456k
- bBHO0b K ISR AP KKKIESHDKT || U on ] Shy SARh o7 o ol cal] cal ca
] ca] caV] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]lcalcalca]callL'L

S

vL

O/CB0CO] GDOCOPETTTT T+ T, T: TIIRRASPHYEPRPTTT~xsnhc] Xzupkf * [ U] c¢] caU] ca] caU] ¢
al ca] caU]bga] cﬂlcaU] ca] cal cawig/ \g@U] ca] c”a] ca] c”a] cal] ca] ca] ca] c*a] ¢
aU] ca] ca]ca] ca] caTTTTTTUUUUL UeU QYYZZ[ ZZd[ t\ $] " _" }xsni cMYKkE T [ U]
c]] cajcaldyca] @d] ca] ca] ca] ca] Bl etit/dBJ@dHe3Pca] ca] ca] ca] cal] ca] cal] ca] ca]
ca] cal] ca] caU] ca] ca] ca] cal ca "~ eehhhhhh. iSiiii@)ycpl Celafipgjjj[ kck

mmeupke” ZU] cal] ca] ca] c*a] ca] ca] cal] ca] ca] ca] caCahpxapatiajlca] ca] ca] ca] ca] ca]
ca] ca] c™a] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca! mmm( néxtiuivus,anxinesp Eowp} pppppppag- q
aqqqgqr surfactants, heavy '

r{vagk{a\ Vke  ZU]] c"a] ca] ca] cal] ca] ca] ca] c"a] ca] cakaf adis alcbahgal cal] ca] ca] ca]
c"aj cafcaU] cal ca]ca]ca] cal]c”™alca]lcalcalUcalca ¢n&uerhNr_rrrr' uuuuu6bv8y,

V>V Fv YV hv wwwwwix ,

X" x: x| xmxd)x| wHgh] Wke* ZU] | | c HaRQeéhessipd&SO? a] ca] ShjcehUckdipea) ca] ca] c”a] ca] ¢
a]J ca] ca] ca] ca] caU] ca] ca] ca] ca] c™a] ca] ca] ca] ca] cgjii’s)a]%fﬂ%th}’l'

r xxxxxyy'!y yfygykyzzz.zzz cellulous, amines,

{#{) {ad 6{ D{{{{{{{Y] _| ~| | vakfa\ Ve ZU]]] ca] ca] capaéctzhts] kale"a] ca] ca] ca] cal]
ca] ca] ca] ca] c*a] ca] cal] ca] ca] ca] c*a] ca] ca] ca] cabjetdjdalindjdi@m] ca] ca
~||]}~[~*Cw mhb] Xke" ZU]]]] ca] ca] c*a] ca] ca] caUmahddhca] ca] c*a] ca] ca]c™a] c
a)J ca] ca] ca] c™a] cal] ca] ca] cha]ca]ca]lca]lca]lcalcalcalcalca .;'”"aA->J

“frzupkf [V]]ca] caU] ca] ca] ca caéca cal ca] ca] ca] caélca] cal.ca] ca] cal] ca] ca] ca]
ca] ca] ca] ©a] caif] ca] ca] ca] c£13 YHA cal % q4+S-89ml propylene

“frzupkf [V]]ca] caU ca] ca] ca] ca] ca] ca] ca] ca] ca] elcelal ety cay] ca] ca] ca]
ca]]ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca(edE9 hexylamine, 25 ppm

109&' ()-!10%&' ()-!&10%&' ()-yl10%& ()-L&10%& ()-0Cl.

+10%& () - @Ep10%&' () - Z10%&' () - Zf 109%&' ()- @& 109%&' ()-109%& ()- f10%& ()-'+2dE

-10% ()-+G 109 () - S& 10%& ()£ 1,10% & () -s!s! 100& ():
MLO%& () - BV{\: N1 100&x& () - 'ﬁ#’g’d‘ﬂ%g‘w{ %@9\/‘ 1001}2%&;1%@)5}11:1‘?%@;10% & ()
30
2) H,0; H;PO4/Acetic/ HNO3/ HpSO4

various additives
h) NI H;PO4/HNO;

35 “NI” indicates that a distinct oxidizing component is not included in this formulation, its

function being served by one or more of the acids..



10 10 103.!109% ()- Y+ bCl 10% U& ()-!10% U& () - &10% U& () -
s10% & ()-&@ "10% & ()-Ba?bCl ! 3" 10%41& ()- GL0% U&' ()-s 10% U& () - 10%

U& () -! 10% 0208896 ) - m MLO% U& ()-E}[ 9bCl I, | +Z" 109/UVU& () - IOT/US01/48867
I (, ] +Z"109%5& ()-m ! #: | 10%RUSUE (
13" 109U () -G+ | & =11 U 109 ()- !t 10%& ()-! &109B& ()-L910YB& () -

15

)-G 3"10% U& ()- y 10% U& ()

10° 10" 10 f;

TABLE 8: AQUEOUS DILUTE ACID - METAL SALT REAGENT SOLUTIONS

FOR PLANARIZATION OF COPPER

Oxidizer
a)

b)

c)

d) H,0,

e)

f) H;0,

g)

h) HNOs

i),
k)
D

Acid
HCl
HCl
IICI
H,S0,4
HCI
H,S04
HCl
HCI
HCl
HCl
HCI
HCl

Other Additives

KCl

various additives
n-propanol
various additives
various additives

glycerol

various additives
CuCly, SnCly

ethanol

21
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10 U 10 U 610%

U& ()-& U TR "USE[9_=!,Z2"10%& ()-@,Z2"10%8BB& ()-@,Z"10%&' () - @

109 &' () WO wzios@sb&’ () - m' 109&' ()-&% ' x(z({ (] (}((zodY: ! 910%GI/U501/4898 10B
10By :s109B& ()-!4

109BB& ()-!", Z"10%& ()- @D, 2" 10%B>B& ()- @ ()) E**+dEdY: ! * &10% & () -

10% & () --10%-& ) —+—210%-&{—10%-& )~
1 &10% & (Fp Br:E’é -AQQEOMS'OMQE«&L&AM RIBAGBNVUSRIL(JFIONEOFOR () - !, ! 10%00& () -
s10%& ()- !10% & ( /0] 0227<dY: | @+ 10% ' & ()- !#@+!10%/ /& ()-

F) 10% & (JLANSRIHH I@I‘GPF GOPRERpog' ()- !, f 1 109BB& ()-

i(z)/zzzvssz44~_@! | 10%4| & ()-10%| & ()-L& ! 109%4$& ()-!0L& ! 10%d| d| & ()- 10/
10/ | s65109D&id{zer 456KRERNAHERE @ ! smm&_() s! 1084er Aditives 1006 | | & ()-3:!10
] & () - 810y () -3 109 & () - d8gRge: e, P~ @ NAAQIA i dr

wetting agent

b) FeNO; various additives
¢) (NH4)2S204 various additives
10 d) CuNH4Cl; NH,OH various additives
e) Nax$S,0:  Ki1S:0:s various additives

- 22



1 & 109 H & ()-F ! & 10992& ()-F FOd0%| & ()-#' ! 10%| & () - 10%}| & () -

Y<f =h=i =j =k=z===—~_@! 109B& ()- 3! &10%B& ()- 9109B& ()- 104| 104
104] 95 108) @§)393 933" 1098 M & () - 3==>J @EBA ByX6~ @, " LOWEYS/4867
"1096& ()-s!| "100EE& ()-!Fl "109BB& ()-! | "10%& ()- |

"10% ()-! BbCEFFhGGzX6~_@ ; y&3! 1095B5B& ()-2Z'y&3! 109%& ()-Z /, 109B& ()-!X,
13@5&W| 310%4| 4] & () -
Gk €A GENELSH XeHIONGS) FOR OB BN RIQABS®N OF
105B5B| JW ?\ %% 10% & ()-L910% & ()- 104| 104| 104| 10%| & ()-!
"109D| D| &£OPPER" 10965& () -L' LvL O O+OBO%BOxnbCl | L910%&' () - 10t 10t

5 Base Oxidizer Other Additives
a) NH40H/L.OH H,0, various additives
b) NH,OH H,0, various additives
¢) NH4OH (NH4)2S,05 various additives
d) NH4,OH Cu(NOa),

10
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10t:t10% & ()- !'10% & ()-L10% & ()-!910% & () - 30CO[ O00000OK b Cl | L9L0YE. () -
10 10 10@10%& ()- 109& () - 4109%& () -

| &10%& (WOQIRRORS{ Y7bCl | YF394.0%=& () -s! YF3%A09%R2& () - S!RERYTSIMEE, () - S!
F394.09%& ()- s 0 0 (-stpy
aYF3%0%& ()-s! 910%& ()-SSTT T: TWIcAnbC! ! | K3, &&10%&' () - T $109%& () -

"109&' ()-10%&' ()-10%-& ()- YF3%0%O0& ()-sWIT TTTTTTA<nbCl ! Y1 f 2

109& ()-!KI f2 10%00% ()- YO109%& ()- Y. 3

109 () - = TO%&()=1T"3)910% () - TUJUOUUIUAUGCT T YZI0UR& (]~ &L! 1098& ()- 10
10 . 'TABLE 11: AQUEOUS ACID REAGENT SOLUTIONS FOR PLANARIZATION OF

10 R () - oR' {)- R () - N 0 A 0 '
- @igé;&é(%{‘%%eg%& &&?%%/ﬁco%&ﬁ?)eyUXV\XXQY <pbCl! I f1109BB& () -! C@dl0¥BB&' (

1098B&'s( ) AZA] ZZd[ dEbCALIH3I 9409B& () - z#: | QORBALAd)ivEE" 10988 () -3 109B& () -
109B& () - _109B& ()-d[\t)§]] " }[<1C .

. 10B@109%82HN (@ 03" 10" & () - F! @ 03" 109" PRSI Se () -, (1 10088 () -

L, (! 10%@@42@ - A gpKC 10B@1! | M 10%#48arohs additl@%6 h&' () - @ 0%

h& ()-Y! 10% h& ()-L910% h& ()- 10B 10Babyc7eeegWW4KC 1!, y&4"10%t t& ()-m
| y&4™ 10%&) HNGn HF lactic acid, various additives
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available Cu slurries. The present invention may be expected to achieve increased Ta
25 removal rates in CMP by employing the additional mechanism of mechanical abrasion of
the wafer by abrasive particles. In addition, heating the slurry, or the opposing body or

pad, could enhance the removal rate of the Ta or TaN layers. Thus temperature control

may be another means of achieving a low polishing pressure CMP process.

30

EXAMPLES
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Example A

5 50 parts by volume H3PO4
40 parts by volume Acetic Acid
10 parts by volume HNO;
All acids are fully concentrated aqueous solutions.
The formulation of Example A yields a Cu removal rate of approximately 15,000
10 A/min. when SEP is performed and a surface roughness (RMS) less than approximately
100 A. In addition, this composition planarizes topography approximately 3000 A in
height (bumps) and features more than 2.5 m wide to an 80% degree of planarity (that

is, 80% height reduction).

15 Example B

70 parts by volume H3PO4
24 parts by volume Acetic Acid
6 parts by volume HNO3
20 All acids are fully concentrated aqueous solutions.
The formulation of Example B yields a Cu removal rate of approximately 15,000
A/min. when SEP is performed. Final roughness (root-mean-square) is less than

approximately 70 A.

25  Example C

50 parts by volume H3PO4
40 parts by volume Acetic Acid
3 parts - 10 parts by volume HNO;

30 All acids are fully concentrated aqueous solutions.
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10 1 to 15 parts by volume HF

All acids are fully concentrated aqueous solution.

Having described the invention in detail, those skilled in the art will appreciate
that, given the present disclosure, modifications may be made to the invention without
departing from the spirit of the inventive concept described herein. Therefore, it is not

15 intended that the scope of the invention be limited to the specific and preferred

embodiments illustrated and described.
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We Claim:

5 1)  An etching solution for the planarization of a Cu/Ta/TaN surface comprising;
a) an oxidizing reactant selected from the group consisting of (NH)2S,0s, H20,,
HNOQO; and mixtures thereof; and,
b) a co-reactant selected from the group consisting of H3PO4, H2SO04, HNO3,
oxalic acid, acetic acid, organic acids and mixtures thereof; and,

10 ¢) other additives selected from the group consisting of HC, aliphatic alcohols,
butylated hydroxytoluene, Agidol-2, 2,6-di-tert-butyl-4{(dimethylamino)methyl]phenol,
2,6-di-tert-4N,N- dimethylaminomethylphenol, borax, ethylene glycol, ZnSO4, methanol,
propanol, poly(oxyethylene)lauryl ether, malic acid, HOOC(CX;,),COOH wherein
X=0H, amine, H and n=1-4), 3% tartaric acid, 1% ethylene glycol, 1,2,4-triazole, 1,2,3~

15 triazole, tetrazole, nonionic surfactant, ethanol, triflouroethanol, SiFs, organic salt
surfactant, polyvinyl alcohol, diphenylsulfamic acid, sodium oxalate, benzotriazole,
sodium lignosulfonate, glycol, gelatin carboxymethylcellulose, amines, heavy metal
salts, salts of Cu and Ta, KCl, CuCl,, SnCl,, propylene glycol, 2-ethyl-hexylamine,
copper carbonate, low molecular weight alcohols, glycols, phenols, aliphatic alcohols,

20  polyvinylalcohols, anionic surfactants, cationic surfactants, fluorocarbon-based
surfactants, nonionic surfactants having the properties of preferentially adhering to
certain materials, modifying thereby the chemical reactivity where so adhered, polyvinyl
alcohol solution stabilizers and species inhibiting spontancous decomposition of
oxidizing agents, wetting agents and mixtures thereof.

25
2)  An etching solution as in claim 1 further comprising a species selected from the

group consisting of CuCl, FeCl, FeCl;, and mixtures thereof.

3)  An etching solution for the planarization of a Cu/Ta/TaN surface comprising
30  species selected from the group consisting of NaClO3, FeNOs, (NH4)2S,05, CuNH4Cls,
Na2,S,0s, K28,05, NH4F, CuSO,, NH40H, KOH, Hy0,, Cu(NOs),, sodium EDTA salt of

wetting agent and mixtures thereof.
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10 EDTA, NH,OH, H,0,, in aqueous solution.

7)  An etching solution for the planarization of a Cu/Ta/TaN surface comprising: citric

acid, erythorbic acid, triethanolamine, in aqueous solution.

15 8) An etching solution for the planarization of a Cu/Ta/TaN surface comprising:

trisodium citrate, triethanolamine, sodium nitrate, in aqueous solution.

9)  An etching solution for the planarization of a Cu/Ta/TaN surface comprising:
H,S04, H,0,, molybdenum salt, phenolsulfonic acid, in aqueous solution.

20
10) An etching solution for the planarization of a Cu/Ta/TaN surface comprising:

mineral acid , molybdenum salt.

11) An etching solution for the planarization of a Cu/Ta/TaN surface as in claim 1

25  further comprising abrasive particles selected from the group consisting 510, Al2O3
metallic and solid elemental particles, polymer particles, oxides, carbides, fluorides,
carbonates, borides, nitrides, hydroxides of A1, Ag, Ay, Ca, Ce, Cr, Cu, Fe, Gd, Ge, La,
In, Hf, Mn, Mg, Ni, Nd, Pb, Pt, P, Sb, Sc, Sn, Tb, Ti, Ta, Th, Y, W, Zn, Zr, and mixtures
thereof.

30

12) An etching solution as in claim 11 wherein said abrasive particles are coated.

30
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16) An etching solution as in claim 11 wherein said particles have a range of sizes from

10  approximately 4 nanometers to approximately 5 micrometers.

17) An etching solution as in claim 11 wherein said particles have a size less than

approximately 5 micrometers.

18) An etching solution for the planarization of a Cu/Ta/TaN surface as in claim 1
wherein said oxidizing reactants include from approximately 50 parts by volume to

15  approximately 70 parts by volume of concentrated aqueous H3PO, and from
approximately 24 parts by volume to approximately 40 parts by volume of concentrated
aqueous acetic acid and from approximately 3 parts by volume to approximately 10 parts

by volume of concentrated aqueous HNO;.

19) An etching solution as in claim 18 further comprising from approximately 1 part by

20  volume to approximately 15 parts by volume of concentrated aqueous HF.
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