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COrrp05| tion poI i shing of netal and
metal /dielectric structures with h| gh sel ectivity The present invention
relates to a conmposition for the chem cal - nechani cal poli sg ﬂwmmmm
metal and netal/dielectric structures, toja process for it mm and
to its use. Integrated sem conductor circuits (I1Cs) conprise styyghured
sem conducti ng, nonconductive and electrically conductive thin filnms. These

structured filns are usually 10 produced by a fllmmaterlal bel ng aE)leed
by vapour defe® position ¢ far the, shemicalypechanical polishing of jmetal; and

m crolithogr 3RMNeEerR P res Wifh ff HQH%@H of the various sem conducti ng,
nonconduct i vm&wn%@l‘w—&ax%—nﬁreﬁgg | s produces the el ectronic
circuit elements of the IC, such as for exanple transistors, capacitors,

resistors and wiring. 15 The quality of an I% and jts functi on is crucially
dependent on TiePrascalnyeyioy rteiﬁt%ﬁpéwoméswam uibe cheraicalinedianirkplishinge
appliedand s e e

pl anari t536/1 of @Mﬁ%ﬂg%@ ecrétggglg?egg nggr#g#ﬁgée)sr‘ fqbé)broc%s}’s%i}’s gﬁ{d‘ﬁ??(g}s%ndtn@rrber
of |ayers, tht@sbeads to one or nore functional elenents of the IC failing
and therefore to the entire IC failing. The reduction in the planarity of
the layers results fromthe bui I d-up of new | ayers vvhen t hese | ayers have
to be applie o Itacifers whi ch Ce.t f(?ﬁd%o beren $ cl reerglc éuc?ﬂ non-
structuring \Fgga$ §&gt CF‘F FERded i mPi"cc m& gount Fo Up to
0.6 um per | ayductiveasd diddianenessudtive meihqhhlsarﬁes@wwh@iddvﬁlnisr@muls@a!@r to
| ayer and mean that the next layer is no |onger applied to a planar
surfacel0 but pradyrsd hyoa dilmonatgtisinzaing apiliedeby varour sepesitinge dolepraannle '«tnldat

the | ayer whi bse n a as _a no unlf ess.. | n
extrene cases%uf*u?/é ?é%%/lg rgﬁgao\grgp P PRt he 63%5”% lg%t{olno%& flﬁlﬁ%%sl onal
el ements and %Hﬁc&faﬁét%{é snbx%kad@maxbl bdd MHIREN®S , layre idilersdld f Re@scekear to
problens with the structuring. To nmake it possible to produce Le A 35
499- For eagnn &beaironid egcuip elenfehiscolethel IC, sswah |assfor wsamplestransesterst eapaeitars,hi gh
i magi ng accurac éDG:I depth of focus) is required in the mcrolithographic
process step.” Wifése structures can only be sharply focused in one
pl ane; {fe greater certain locations deviate fromthis plane, the nore
blurred the imagi ng beconmes. 5 To solve this problem the process known as
cheni cal - mnechBlm qudlitp@fiaghiChend mmmtis»ndarcmédl)odd:pend}w anethel acsutiagy glidibal

pl anarization of the stru tured surfac vated parts of the

| ayer until B’I"Qr’i}éﬁrva}rﬁ’f}é yF%mamlé\rsl‘fé’dgeﬂéplgﬁr%gﬁ{}gcm‘i ﬁe next |ayer can be
built up on a pl anar surface w thout height differences, and the 10

preci sion of structuring and the ability of the elenents of the ICto
function are Hewavareds thx GPbet efplayers onercases, thatplanarity tolﬁéhaﬂaj'etsf depasésal

ol i shi machi nes, . polj shi ads an I|sh| braS|ves h|n
B e TG iRiabRe Hebond § B BB e et s P B10m6 <1 TRt PHAOah
with the poI 'é@h@&sgfﬁmeq{i ftaﬂ%gl%ﬁh 'tl?e'i‘éfﬂ& AR drRe 1C galﬁggsponm bl e for

renoving the nateria IS to be polished. A wafer is a polished disc
of silicon on which |ntegrated CIFCUItS are built up 20 An overvi ew of CWP
technology is for xa ecke

iven, S rid
Chent ech ( 199%?3 ¢ pgictign In g by eﬂrhgrlﬁyﬁrf ﬁesalﬁ BoRT ﬂt‘i W e® PhosRiekes
sem conduct or w} 3y #eSe yers' Kh‘(f@ltd & appf&d to layers which have already been structured.

25 The structuring gives rise to differences in height which may amount to up to 0.6 pm

per layer. These differences in height are cumulative from layer to layer and mean
that the next layer is no longer applied to a planar surface, but rather to a non-planar
surface. A first consequence is that the layer which is subsequently applied has a
non-uniform thickness. In extreme cases, flaws and defects are formed in the
30 electronic functional elements and the contacts lack quality. Moreover, uneven

surfaces lead to problems with the structuring. To make it possible to produce
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" demands i nposed 49 g accurac of the polishing step and therefore on the
25 pol i shing %SM@M L PEBP4F 1y high. A range of paraneters which are
.used to characterize the effect of the polishing slurry are used as an
assessnment scale for the effectiveness of polishing slurries. These
parameters include the abrasion rate, i.e, the rate at which the material
which is to be 30 polished is renoved, the selectivity, i.e. the ratio of
the polishing rates of nmaterial which is to be polished with respect to
further materials which are present, and also = Le A 35 499-Foreign
Countries -3 suéfidiemslyesmalbisauetutgst en eneemelyfloghiimpgiog asramey (PQF depth of
Vari abl es used faqr. the.uni.fqrmt. t he, pl anari zati are ual Ly the
w thin var or e dnrTErR Y oo eRPa e Ersr e, Hafrer 12 e ¢
(WIWU) ,  and @hssly be swﬁtyefbp@feddﬁfo_ﬁétp&ne,emeég%atte@dee@m Rl desial¥m as
the Cu damascene process is increasingly used for the production of
i ntegrated cithwuilans, (he@syrebidrreditbe iragamgpbecomyscr ochi p Fabrication: A
Practic Gui de to Sem conductor Processing", Peter Van Zant, 4th ed.,
MGawH |1, 2000, pp. 401 - 403 and 302 - 309 and "Copper CMP: A Question
of Tradeof f s"1q E8VEkhid BrobldI8the pRAZELRIEL hOENMNEA RGN LR poll\s(ﬁi'hge(@MP&J
Cahners, May 2000, pp. 73 - 84). In this case, it is necessary for a
| ayer to undeisgaurtdieicalMPerdsaltd dalglgiel ipddriangatiint hf shgetrighiedgswsfage by (t he

so-cal l ed Cu-CMP progess), in er for the Cu interconnects,to be

o oduced.  TheSPioNHEach 8 WaHeeichin ek Sl cplER BNREe PriAieth AF ScEitt the
Bet ween Cu anghit hgeficeh 86tHuiE upNGf & plahaft sR@ide! Rlthdb@YiRight HiBeRhdeRl ad thef OF
the Cu-CWVWP process Is 15 a two-step process, i.e. the %J layer Is firstly

pol i sheld usi ngreaisipnl afsstruetpraiguandy thehabolityeofs theedernbiets of tharlGetoafunotidn efe Cu
is renoved. Then, a second polishing slurry is used in order to produce the
final pIanar’?ﬁ?Wﬁke with the snmooth and brightly polished dielectric and

t he enbedded interconnects. 20 The first polishing step uses a polishing
slurry with a high selectivity, i.e. the abrasion rate for Cu is as high as
possi bl e and ANEMBbtapsis oarricdtoat vith therad rditspedia Ipotifhih g enabhines, eolibldayge padsel ow
it is as |l ow as, possible. The poljshinq process i s stopped . automatically as
soon as the b pelishing apragiyes, eAliFRinggsiyaiesly 4 Rolishing SlWee 1§ ReCUBRRSHEe

r emoval ; of i due i e ot S b Kk S: .25
"over poli shi RaFT: Mo et RANL LR ot Rhe) BAErS ME flnt A0S i o
i nt er connect sregpansibild foat@doving tHeamateddlewdtich 13,10 bb@olidhedf t he i nterconnect
continues to be abraded at a considerable rate. This effect is known as

di shing. Therefore, depending on the concept and/or quality of the surface

obtained in t e 1.5hi: | Sk UL T ' .S sel ective
or non-sel ectg\%g%\lﬁrlg %pfgggsﬂpeggft&%g%%lﬁgn rcr)gt“ggéfﬂaﬁ]gé gg%eﬁ l?{:"{llt}ég}rlg;&ﬁgu e polished,
nanely Cu, barrier layer and dielectric, is used for the second polishing
st ep.

P 20 An overview of CMP technology is given, for example, in B.L. Mueller, J.S.

Steckenrider Chemtech (1998) pp. 38 — 46.

Particularly in polishing steps in which semiconductor layers are involved, the
demands imposed on the accuracy of the polishing step and therefore on the

25 polishing slurry are particularly high.

A range of parameters which are used to characterize the effect of the polishing slurry
are used as an assessment scale for the effectiveness of polishing slurries. These
parameters include the abrasion rate, 1.e. the rate at which the material which is to be
30 polished is removed, the selectivity, i.e. the ratio of the polishing rates of material

which is to be polished with respect to further materials which are present, and also



" Le A 35 499- Florsi?)srxg%_ggur{tr'gels1 t'i4 [f, in the first step, uniformrenoval of
Cu with only ‘ dual Cu on the barrier |ayer can be
.;achieved, it is advantageous to use a slurry which is highly selective with
respect to the barrier layer for the second step, in order to obtain a 5
uniformy polished surface. On the other_dand, if the first polishing step
produces a surface which still contains Cu on the barrier layer, it is
reconmended to use a polishing slurry which is non selective with respect

to the barrier |ayer. \Wien a ngn-sel ectjve, paolishing. sl urr¥ is 10 being
used, i.e. wierablserelamsvarhe yuomyy applepaiiseiion) \}areagwu% or te U Erpjty

| ayer and di €] i . [ . IS @,@}Iﬂﬁtfa i )

uni formy by Otfﬁgé Bl)aﬁ?rsl%%aﬁaedgér B%@élwﬂﬁeﬁ”‘@m%g%gﬁé’gﬁ% %gﬂrtf of the é‘}déﬁgctri C
| ayer has to Whgesacwhier e unibingity (WIVESEN! shdaalst tshaskbednf aefotsier ahitt he
need to deposit relatively thick dielectric and Cu | ayers. Wen the

non-sel ectivarg®wl i shing slurry is being used, it is 15 essential for the
pol i shi ng slurry to have the sane planarization efficiency for all three
mat eri al's which are to be polished. Mreover, the Cu interconnects produced
must have a NWRLNEMRnbWNGKNIBS Eu danfscehb R esdiauhdetdiglP @sddoPr MECHroa®itRAI al
renoved fromthe dielectric layer and the Cu interconnects, which nmust be
nmoni t or ed durdfnigtagnased sirceits (I spreofc dos exaoplpndvicrookin Eebiicasiopol Prackigal

slurry is used for e.second step, .the.re al, ratenfor bar i ayer
s pher © hedifgro SHENRERNT e BB BHET VPR fet SNSRI A, P00 he
barrier |ayerpd educesos bgd BOENOTENMY kosppar @MPH ANQRGtieh df eaddéffs", Peter

i nterconnects.” The loss of dielectric (erosion) and therefore, as a

corol | ardy, ofSinpe, SemicanéuctarineomaticagleVedsg Chlneckndday 2400 hpr B 0349. Indiwesr .
Polishing slurries.with seltecti e renoval rates are already known fromthe
prior art. Fo‘?as‘neﬂhﬁﬁ}eé,essm AL 8 %]3532;8 uﬁg%fﬁf)lcge@fca P@EW%%‘@ pahsg’ﬂﬂg gﬁﬁﬁg
slurry based isﬁin%'sﬁﬁ_r)ﬁ e SROLRE TAME pBEesER O oRRAA fdtaMt CY ifteRbnRdctsl@. 5.
whi ch has a 30 Cu: Ta:di'electric (in this case Si02, also referred to as

oxi de) sel ectbevptoguadd. [Th .fBrighed Mhwmterconniebts sark aovedded| insh dietpctiou Beywéenads
to very consi derabl e unts of the . Le A 499- For.ei gn_Co ries -5

oxi de bei ng rg‘l‘rﬁ H’eéggg‘iﬂi‘ﬁ theze fsr?eb%'&?rlr-liaé‘?r' fg?g?orh%f%égﬁcﬁwéﬁ’éﬂceéwy,
and t herefore _ : S : waxinde

er osi ontsei S ea\l/{éﬁo ?ﬂr%? gg\@éﬁqéé\@iﬁﬁg ltlzll %{r%ﬁgs)t(l;'jg%h%gi& o%‘ ?%lﬁgxp é‘?‘ﬁyeﬁm?eﬁ‘
"Copper CMP: dhsQiesshat aargé afhoantadGuwsts rerRetadr Them) gesecorn8grulisling whirgris used

I nternational, Verlag hners, y, 2000, .5 pp., 73 - 84 A- 00/ 00567,
Exanpl & 3, Noib SR RROQLIG L PHRRE RisisesPih e o0ih 200 AR RSREEEY as
abrasive. Thi &iefe@tﬁ‘é'a‘iﬁ tﬂé"erﬂbc?ﬂé%ﬁit&é&ﬁﬁcé?' ectivity ratio of 1:4.5:2, with
which it is possi ﬁe to avol d the oxide erosion; however, a drawback of
this polishing 10 slurry is the low renmoval rate for the barrier layer
Par dnesdd of |+ R drtinpAbHEoX PG NI BRIRUTS Wi o B SaRGUbe 6f Be | o
Soratches o0 IheiRLeL (2 R0eyR Aol 0%, 50 SRR ARSY: (R AXATRIE o
Si 02 renoved baritodayep\beldveddiings tlowdas fposgible. The polishing prc;cess is stopped

automatically as soon as the barrier layer is uncovered below the Cu. Since the
complete removal of Cu residues on the barrier layer takes some time (known as
25 "over-polishing"), during this time, at the locations where the embedded Cu
interconnects are situated in the dielectric, the Cu of the interconnect continues to be
abraded at a considerable rate. This effect is known as dishing. Therefore, depending
on the concept and/or quality of the surface obtained in the first polishing step, a
polishing slurry which is selective or non-selective with respect to the materials
30 which are to be polished, namely Cu, barrier layer and dielectric, is used for the

second polishing step.



“at the Cu. Niegésrﬁgakn ageztf \i\tich makes the renoval nore intensive is

al so require = f B HGHINIES L hown to add certain additives to the
.polishing slurry in order to 20 increase the rates at which the netals are
renoved and/or to adjust the selectivity of the polishing slurry. Oxidizing
agents, carboxylic acids and conpl ex-forpmyng agents are known for this
purpose. It is known from WO A-99/ 64527 and WD A-99/67056 that silica sols
in a basic nmedium effect high oxide-renoval rates, which is the state of
the art for pure oxide polishing. WO A-99/ 64527 adds pol yvi nyl pyrrolidones
25 (PVPs) to the polishing slurry in order to reduce the oxide-renoval

rate. The polj.shing.slurries.described Qve al,l hawe_ the drawback that the
el ectivit | st Heby e aeabrler Ga vt Sub sORl i ire R Gt oo
by the additi®@p vafrierl1®fer @%@ BBla€hiefdd ik QEMAMNELBEE N §se04 sRFFARhieh ¢ORRANAS,
and the Cu:oxide selectivity, 30 which is predeterm ned by the abrasive and
pH, is unsui tsghactive withereap®s o dge basriel ferCmurihe isesond Gstepurnin Ivsdardp eobtain a t he
known pog i shin fsI rrileg?FgonFai n H202 or other oxidizing agents, in order
to increase tHBE MR OPEROVEI Fat es. Therefore, the object was set of
providing a polishing slurry which is inproved 5 conpared to the prior art
and has a satisfactory renoval rate for the barrier |ayer and a barrier

| ayer: netal s@hdles dthet fandf ifathe Ifi@stgrolighing stepaiyoduseandudagrawhichrstill contains

| ayer:dielectyic selectivity of .at |east .2: 1 or aboye, which can preferably
be used wi t hodlt OFEe ZaMIY Mok 10MCamEIgchBuhtes? PO ST WBEY 1° Pohas
now been foungddcfat whith RsoRl @6 the SarBGa§MetviRh An6RRBLSHE Rlis chﬁhrﬁpf!;t al ns
a cationically stabilized silica sol wth a nmean particle dianmeter of <300

nm as all asi vieeing headef.or whett e =uivjveltatarst approxomatehe equal éot Conbargeralayer
conposition containing 7. to 100% 15 by. volu f cationically stabilized
sil1oa sol whith ittt fae §6%%Va\%éi5¢}\h/f€°%fs isveded fanarize é@lfﬁéﬁl%‘& de of

whi ch have a %ﬂin%a%rgbéég.elnsiﬁse%&{ce e33rt [fFafe Aehie 10t BadPbk Qicriflcem 4 to

t&
10, and |l ess than 5% by wei ght o¢ gxi dizing agent. "In this context, the

term mean parwhcherepiczents  dmwbeclundeacsbwndofathemeardi tog dégosit 2@1anaelyi thick si ze

di aneter at d5o0, as determ ned_ysing an ultracentrifuge. To neasure the
particle sizedeleprcnd g}%‘i‘se Li}’3 e non-seledtyeolshing SBIrgds bsmemsed:ds ope

| mges, | yar i Olgedid] e TRIRAGS Bhey ) SOl A pIANENRR dftic K

| aser correl ation spectroscopy, tTasound nmeasuréenents or neasurenents
usi ng an 25 ufhideametatinisfwigieh @i G bdvpolished., MErdol e, theSCRaht¢rhné&tsd prodeced6 7
(1989} p. 1113). The ultracentrjfuge is particularly suitable faqr form ng
particle si 7 Mystdiave BRIingRYM thigkness, 1.e. there should not be’too much material removed

from the dielectric layer and the Cu interconnects, which must be monitored during
the polishing process.

20
When a selective polishing slurry is used for the second step, the removal rate for the
barrier layer is higher than for the Cu. In this concept, the targeted removal of the
barrier layer reduces the phenomenon known as dishing of the Cu interconnects. The
loss of dielectric (erosion) and therefore, as a corollary, of the Cu interconnect layer

25 thickness is therefore lower.

Polishing slurries with selective removal rates are already known from the prior art.
For example, WO-A-99/64527, Example 3, discloses a polishing slurry based on
silica sol containing 2% of H,O, and having a pH of 10.5, which has a
30 Cu:Ta:dielectric (in this case SiO,, also referred to as oxide) selectivity of 1:1.6:4.

However, this known polishing slurry leads to very considerable amounts of the



“account of its g I %§s.of eparation. The pH of the conposition according
to the invené¢%§—2+gg;#%gg%gi¥g%§% from4 to 10. 30 The range from5 to 9
.is preferred, and the range from6 to 8 is very particularly preferred. The
gi ven pH values are determ ned at 25C. The pH of the conposition is Le A

35 499-Foreien Countries -7 preferably sei by adding a base to the
conposition. The quantity of base depends on the desired pH Exanples of
sui t abl e bases are KOH, NH40H, TMAH, guani di ne, guani di ne carbonate, KzC03
or simlar bases which do not contain sodium the use of potassium

hydr oxi de i s q¥ids beingdenmpred 58s90n saspihef karaey layerddad been phbskedr #vos aafd 5
aqueous solunhon I#ois q;tic I%{I%’gﬁﬁ%erred to _add anaaQ§%%¥s sol,ution
of potassium ?8?%3 o8&t Y& BB ¥ on é%%?%?ﬂﬁ”& PHeS VT FeHen 18
particul arly ReghfeRMod. TBtHNDx/eMPdsid? 180k Hhihe®@in MYRESCMD: DY Destiodle
(100% strength). In the context of the present invention, the follow ng
defini ti ons off Trredawéfsdistey Singer, Semiceducioeidérmethoahpée gy abbyrsisizy 3000,
exanpl e,. the eIggeQ%s W A, Cu, Si, Ru, Pt and Tr and/or alloys and
car bi des t herfof> “THe term diel ectric enconpasses, by way of exanple,
organic and inorganic 15 dielectrics. Exanples of organic dielectrics are
Si LKTM ( Dow Chem cal Conpany), polyimdes, fluorinated polyimdes,

di anond- | i ke WAr-Be®B0036G| FaappletdNos 3 haodisalogédempslishpeg slhamevity alopolignenes,
pol ynor bor nenes . and Tefl on._. I norgani c dielectrics. are based, .for_exanple,
bn 51 Oz gl as<aeE ihePERIRG Tl FEBRe b qufTEoHg: BBl N EL | AhSepROPus
and/ or bor on CARRRUOHSsIBRY (PR BRRIIAToRA LRV  ARAHIALK BEMH:Spo1dBing
Conventional designations for these dielectrics are, for exanple, FSG~ PSG
BSG or BPSG sMrey és 86 lepresevd saspion-tia bgtrizs dayeVaompusingaba iof $00ddmist hods
are known for the fabrication. of these |layers (¢ for exapple Peter Van
Zant, 4th ed. Whigk @JDMP Prodyighen PW?SSSB@C? theggh ﬁwdnﬁsa.o)%é alumigin oxide,

Mor eover, S| 'éﬁ%ﬂw,a%gﬂ%reﬁé@@md\ﬁ@of%el%xéﬁepmrﬁ%ghedu?ﬁaé.' cs which are

hi ghly pol ynerized and are close to the 1norganic 25 state. The term
barrier |ayer enconpasses |layers of Ta, TaSi, TaN, TaSiN, Ti, Til~T, W\,
WEIN, SIiC, silicon nitride, siljcon oxycarbide, siljicon oxycarbonitride
Si 3Nd4 and/ or BP#% Egg&iﬁ dQFSCFSFS’efa’hpF’é@mIée forLe%KT(?@J: 88, FEFIETIIIGo Mt i es
_g_ Th se of. . : i N 0 jcation
571 nt ey at oo AP e F NGB TRE AR IO SRR 8ol S leall  BRELETT o

t he fabri cati@anhefCu.nMerwoanemt sgent fwdficH akey dlice ebntdval hdrs . infenfie dfdlso

nodi fied Si02 glasses are preferably used as dielectrics. Silica sol in the
context of tH&IWKention is a sol whose colloidal SiOZ particles are
canonically stabilized. The cations are preferably H+ and/or K+ ions. The
primary 10 particles of the silica sol are not aggregated. The nean

particl e sizeFathetthereSitd2 kpawhite lagé cemaih laddisives tatheqlolishing lirsy incorber tosed
accord;g? to the invention is |ess than 300 nm_ The nean particle size is

preferably frigicets he r&teﬂa?‘fﬂﬁ_cbé}i*ft PeidlsaatE yerpe wdendinryio pAidt Be 8@1§ct736tymﬁ The
preterabl y 107 doBtoEny et TR, PPN clos e BB P Beenty, 1

vol ume of a sirtik@aws @br ty plipedsenitds Reovad froby WEBIAGHY/6.05 2 7AW G-a-9F6 Tusadi Ng
to an absolute value of 2 to 30% by weight of Si02, preferably 3 to 24% by
wei ght of Si (hat lea sodsiinag bgsippering pifset highpoxidegeovpbraes VBichsisghe staigsed
on the conposigt jan Hi - 5 iHd.zedwSshl 4 ¢ ' | 1.5
Co 2.5, At hi a0 Hird SRR, PRSP %07 288 BobKR IR bR 5
A siliczs sol @VH) & fhtlpefishin@sluahdy erdestorregueditlode-fomstapbitt.i zed. The

silica sols which are stabilized by H+ and/or K+ ions are known or can be
produced in a manner which is known per se (cf. for exanple K K [Iler "The

Chem stry of S liga} ;| e S0 New Yark, .1979 . - 360),. :.25 .
Fur ther - sust ot b Ratne Y SesBes S8ttt gt e RR psta8s SRR in o
the metal s, npyibRamddedutdxidd18ele@iR9s hal® o akc adjdstad Byo thheddinyenf] ast
Exanpl es of suitable anticorrosion agents are benzotriazol e,

6-tol yl tri azotampiel fPHoSpmangegants enpiganis dopmerndnEod the Cuowsds seledtiyiy..

30 which is predetermined by the abrasive and pH, is unsuitable.



30 Le A 35%%gggggbgk%?-§£egt&*g§ -9 Moreover, conplex-formng agents for
the netal s, wat er sol ubl e, such as for exanple citric

.acid or citrates, EDTA, NTA, nS and ami no acids nay be added to the

conposition according to the invention in anounts of fromO0.00l to 10% by

wei ght. 5 The conposition according to the_invention contains |ess than

0. 05% by wei ght of oxidizing agents. The conposition according to the

invention particularly preferably contains 0 to 0.01 % by wei ght of

oxi di zing agents. The conposition according to the invention, is

parti cul ar |y Ipréeenes; 4}l the knoyn pglishing slHgica ganed Hdnor Qiherexidigng reends.

oxi di zi ng ag : i Ldi zi ng agents, in particular HNO3,
AgN03, Cud Ojﬂ%iﬁgﬁﬂﬁfgﬁé%ﬁ%ﬁﬂgékgmm um per sul phate, ammoni um
oxal ate, NazCr04, UHP, iron perchlorate, iron chloride, iron citrate and

iron nitrate, H 03, KI03 and HC103. 15 Furthernore, the inventiaon rel ates
to a process ¥srefpicodliciohiget Has sehpbHravidng £c politingg siugyt Which iy dRpraed

h Cori ) o . Lo h L
cor 1o a1t agnipptRr ey ARY R A R RALER ko e BRHELATE Bhone oy

vol unme, and thedirier Rikrahethl Solechivity of @t ledstSBl obYbaddirid D Bardier faystiditlectrient
quantity of base with stirring. 20 If a silica sol which is stabilized with
H+ i ons is usetectivitpebaidesst 2Hrabayse avhi¢horanavelsraidnle vssdevrighouhthsraddisien i t
can be converted.i.nto a K+-stabilized silica sol by adding KOH After KOH
has been added,*™ HngP8HY sol is to be stirred until an equi | i brium has
been established between the cations at the silica sol surface. The 25 KOH
is expediently in dissolved form The pH of the conposition according to

t he i nviéht i orSurprigingpeitdiss ynoaipesst fang ythatddisnep) padtiasshignechhr rosangmsttiont he

ili | . Aff. t ' hydr.oxi de. has..b dded, the sili | i
PR R R e e
2.5 is preferayoymyaeshrhgvr oduce conpositions with a pHof < 6. Asilica

sol with a pH of 7 or above is preferably used to produce conpositions with
a pH of > 6. Le A 35 499-Foreign Countries - 10 The conpositions

according to the invention can be used as.polishing slurry for the =

Chem cal - mecHHEAIe: D0 TORChGUER dbaim AR E PSR PHETEs fdt 4PLe

m' ; apﬂs‘éhl ;?l?y i/?]l'gﬁl‘é‘o?ea ERIdRRcall) &tabitbie8 CS1idHBd0 hid cbRENRRSEBY WaMRNA ON.
éiOz and the SiO, particles of which have a mean particle size of less than 300 nm,

with a pH of from 4 to 10, and less than 0.05% by weight of oxidizing agent.

In this context, the term mean particle size is to be understood as meaning the

20 particle size diameter at dsg, as determined using an ultracentrifuge.

To measure the particle sizes in the nanometer range, in addition to electron
microscope images, various further methods are also suitable, such as for example
laser correlation spectroscopy, ultrasound measurements or measurements using an
25 ultracentrifuge (H.G. Miiller, Colloid & Polymer Science 267 (1989) p. 1113). The
ultracentrifuge is particularly suitable for forming particle size distributions, on

account of its sharpness of separation.

The pH of the composition according to the invention lies in the range from 4 to 10.
30 The range from 5 to 9 is preferred, and the range from 6 to 8 is very particularly

preferred. The given pH values are determined at 25°C. The pH of the composition is



"5 conpositi on£ gi%r@gnlgoto tdg) Inventl on can be used as polishing slurry
for the fabri ors, integrated circuits and

_m croel ectronmechani cal systenms. The conposition according to the invention
is preferably used as polishing slurry for 10 the chem cal - mechani cal
polishing of netal and netal/dielectric sgructures, in particular of
integrated circuits and m croel ectronmechani cal systens with structures mde
frommetal and dielectrics which are built up on Si wafers. The netals are
preferably W A, Cu, Si, Ru, Pt and Ir and/or alloys and carbides 15

t her eof . The @ﬁe@@ér ﬁ‘?tcbé’ @ﬁ@gpaf Bassta s compagition. be Arsatie of basedspendstand

pol yi m des, dfh RS d of sg%b\{ %Xiegtapek%)H pﬁh)lé yl Bﬁ{léfmgne N
olryn B %enes a§

cycl ot enes, or sesqw oxanes of ST or

m xtures t her @fafmdu?@caTMaf@u@quloels@ﬁta& b&seS WhicH a0 £6 O%hﬁupﬁdﬂﬁlﬁﬁaﬂﬁk Yise of
structures conprising Cu/Si02. The barrier layer is preferably Ta or TaN.

25 The conpospatesshen ydeniienly profermé The basei isrprafeeabiy gddngm %ﬂlqefanbwfa@n
barrier gayer renoval

|
oo S Crad SR Bl Bris ple RRfeb PR ol oy R oM Frolisgl g

a barrier |aygydréiigh.eqhei CongfsRhi Midoydiaf @t tﬂee@&fenﬁoﬂ- ;shrmab&w prefeta@lyA 35
499- Foreign Countries -11 Exanples The polishing experinents were carried

out using thecausainp@LOLB03hel pEpeirsspinpludrenidoyl Weaigengithe pol i shi ng
paraneters are listed in Table 2. 200 mmwafers with 5 coatings of Cu, TaN
and Si 02 were polished. The Cu | ayer was produced using 150 nm Cu seeds by

sputtering ang §bbSReHITihEpBEnE Hﬂbﬁﬁdm%%llé@%d&ﬂhﬁfon%f tel3§ ag@) coating
was deposited by sputtering a 90 nm TaN | ayer using a PVD (physical vapour

deposi t1®n) process, while the Si02 was produced with a PVD process using

TES Qv and TaN L eTou o BS5ILS VIS TTLASH, Y SRS WL B EeRLshence

and Ir and/or alloys and carbides thereof.

The term dielectric encompasses, by way of example, organic and inorganic
15 dielectrics. Examples of organic dielectrics are SiILK™ (Dow Chemical Company),
polyimides, fluorinated polyimides, diamond-like carbons, polyarylethers, polyar-
ylenes, parylene N, cyclotenes, polynorbornenes and Teflon. Inorganic dielectrics are
based, for example, on SiO, glass as the principal constituent. Carbon, fluorine,
phosphorus and/or boron compounds may be present as additional constituents.
20 Conventional designations for these dielectrics are, for example, FSG, PSG, BSG or
BPSG, where SG represents spin-on glass. Various fabrication methods are known
for the fabrication of these layers (cf. for example Peter Van Zant, 4™ ed., McGraw-
Hill, 2000, pp. 363 - 376 and pp. 389 - 391). Moreover, silsesquioxanes (HSQ, MSQ)
are known as dielectrics which are highly polymerized and are close to the inorganic

25 state.

The term barrier layer encompasses layers of Ta, TaSi, TaN, TaSiN, Ti, TiN, WN,
WSIN, SiC, silicon oxynitride, silicon oxycarbide, silicon oxycarbonitride SizNj
and/or silicon oxide, for example.

30



" 10 the layers b % Iy %pd.afkgr 0l i shing. Table 2 Polisher: MECAPOL

46DWor ki ng mﬁé@§—3ﬁ§QF§ﬁ?ﬁ&j&ﬁ§§§otational speed45 rpnPol i shing head
~(wafer) rotational speed30 rpmApplied pressure0.48 bar (7.0 psi)Slurry flow
rat el80 m / m nPol i shing padFreudenberg FX9 on NPST 46 HBack-surface
pressure0 bar 15 General procedure for prgduction of the polishing
slurries: Polishing slurries with the solid contents and pH val ues
i ndi cated were produced fromthe silica sots indicated in the Exanples by
dilution with deionized water and addition of agueous KCOH @or of dilute
sul phuri ¢ aciThe wetHel acdphathep barek dayer ssprefepnd Thethglhliicatinn of ifegriateded
i medi ately after, the polishing slurries had been produced. Le A 35

499- For ei gn Ot es - 12 Exanple 1 In this series of tests, polishing

slurries were produced froma silica sol (Levasil 5 SOCK/30% V 1, Bayer AQ

with a mean particle dianeter of 80 nmand a solids content of 5% by wei ght
of Si Oz. The Mefalsasuchdf dst éd dyyWzadelprajerablyased facahe fatrisiabon oCoriereonneatsi on

of Si02_[%hb i ght H.Renoval rate nmmn

Sel ecti Vi ti es%ﬁﬁ‘ﬁé?tﬁéeﬁﬁ‘ﬁ i 0z568409151. 158940114. 40. 0255108601017. 50. 17
10 Exanple 2 4y, bha foadiddes gm%ﬁtaﬁepref&abwhg& a3ldi1&de&. wer e produced from
a silica sol (Levasil 100 K/ 30%V 1, Bayer AG with a nean particle

di aneter of 30 nmand a solids 15 concentration of 10% by wei ght of Si Cz.
Then, 2aueous e SObUh QRIS kR 553 LGP SMoRLE ST, LighS e O
cationically stabilized. The cations are preferably H' and/or K" ions. The primary
10 particles of the silica sol are not aggregated. The mean particle size of the SiO;
particles in the silica sol which is to be used according to the invention is less than
300 nm. The mean particle size is preferably from 20 to 100 nm, particularly
preferably from 30 to 80 nm. The composition according to the invention contains 7
to 100% by volume, preferably 10 to 80% by volume and particularly preferably 17
15 to 70% by volume of a silica sol which contains 30% by weight of SiO,,
corresponding to an absolute value of 2 to 30% by weight of SiO,, preferably 3 to
24% by weight of SiO,, particularly preferably 5 to 21% by weight of SiO,, based on

the composition.

20 An H'-stabilized silica sol has a typical pH of 1.5 to 2.5. At higher pHs, H' is
replaced by K7, the transition being gradual. A silica sol with a pH of 7 or above is
regarded as K'-stabilized. The silica sols which are stabilized by H" and/or K ions
are known or can be produced in a manner which is known per se (cf. for example
K.K. Iler "The Chemistry of Silica", Wiley & Sons, New York, 1979, pp. 355-360).

25
Further customary additives, such as for example anticorrosion agents for the metals,
may be added to the composition according to the invention. Examples of suitable
anticorrosion agents are benzotriazole, 6-tolyltriazole and phosphates in amounts
from 0.0001 to 10% by weight.

30



pol i shed i nm;%i ggghé%ﬁtgr EB@({HQ ion of the polishing slurries. The
renoval rate e listed in Table 4. Le A 35
. 499-Forci ~n Countries -13 Table 4 Polishing slurryRenoval
rate/ nm m nSel ectivityby weight of Si02 pH Cu TaN Si02 Cu TaN
Si 0210558041160. 810857031140.6 5 Exanple g_In this series of tests,
polishing slurries were produced froma silica sol (Levasil 100CK/ 30%V 1,
Bayer AG with a nmean particle dianmeter of 30 nmand a solids content of
20% by wei ght of Si02. Then, aqueous KOH sol utions were used to set 10
various pHs dforepyn sompRx-farming tagents fgr enmictilre Whieh ninke theumetalyheateraf er s

l'ish | | he .pal i.shi I | duced.
The removal PAEE Sk Sefetrioit efngReld oL iR EBIRR VG S5 e A0S

Pol i shing sl ueidy Reiméaldde@icttht coih SsedLadchMity Rh¥RiveRtiodfn anfhgs XHrda
0.001 to 10% by weight.

The composition according to the invention contains less than 0.05% by weight of
oxidizing agents. The composition according to the invention particularly preferably
contains 0 to 0.01% by weight of oxidizing agents. The composition according to the
invention is particularly preferably free of oxidizing agents. All conventional
10 oxidizing agents can be considered as oxidizing agents, in particular HNO;, AgNO;,
CuCl04, H,SO4, H,0,, HOCL, KMnQOy4, ammonium persulphate, ammonium oxalate,
NayCrQq4, UHP, iron perchlorate, iron chloride, iron citrate and iron nitrate, HIO;,

KIOg, and HC103

15 Furthermore, the invention relates to a process for producing the composition
according to the invention, characterized in that a 30 or 40% by weight cationically
stabilized silica sol is diluted by the addition of water to a solids content of 7 to
100% by volume, and then a pH of from 4 to 10 is set by addition of a sufficient
quantity of base with stirring.

20
If a silica sol which is stabilized with H" ions is used to produce the composition
according to the invention, it can be converted into a K'-stabilized silica sol by
adding KOH. After KOH has been added, the silica sol is to be stirred until an
equilibrium has been established between the cations at the silica sol surface. The

25 KOH is expediently in dissolved form.

The pH of the composition according to the invention is preferably adjusted by
adding potassium hydroxide to the silica sol. After potassium hydroxide has been
added, the silica sol is stirred until the pH has stabilized. A silica sol with a pH of 1.5
30 to 2.5 is preferably used to produce compositions with a pH of < 6. A silica sol with a

pH of 7 or above is preferably used to produce compositions with a pH of > 6.



“TaN Si 02 Cu Ta §'g Q%%% %%%E S9208875401158 Le A 35 499-Foreign
Countries - Eﬁﬂéogpééatrvéigxanp%e 1 Inthis test, a polishing slurry was
. produced anal ogously to Exanple 1. The Si 02 solids concentration was 5% by

weight. S The pH was set to 2.2 using dilute HzS04. The wafers were
polished i medi ately after the polishinglgLurry had been produced. The
renoval rates and selectivities are listed in Table 5. 10 Table 5 Renoval
rat e/ nnm m nSel ecti vityCuTaNSi 02CuTaNSi Oz126060155 The Conparative Exanple
shows that at |ow pHs, the required selectivities are not achieved, the
anount of TaN and Si 02 being renoved being identical. 15 Conparative

Exanple 2 In i st . al k-shi S| r al o I

Seanpl o 2 v (COmARinef sR e of B hilklon R L B EER IR B 1201 e
to obtain a phedicalmedhdnidal ?ﬁli&ﬁn ld€ Mnctgndridnmedl/Bielecaitesti@tiires. THgs waber s
were polished imediately after the polishing slurry had been produced. The
removal rat egsarikewddeetoringithe subjgetempiten e thenpressit angention] &n pagBular, the

499- Fore~~n Countr.i.es -15 Tabl e 6 Renpval y

rat e/ ~/ M nSel REPCHIPY AFFAKE 0 SOl NS By Tb £ 51 Y88 7% PEATM DR S8R 97 8% ¢ he

Conpar ative Ex@igatient BAt sehii€orbiofd)i Rflegatbd I ¥irdiits @ ah®@Wnikdto 8lbctbnit@BEni Bt
have the selectivities found when using the polishing slurries according to

t he i nventi orsysemb. hi gher pHs. The anount of Si02 renoved is greater than
t he

The composition according to the invention is preferably used as polishing slhury for
10 the chemical-mechanical polishing of metal and metal/dielectric structures, in
particular of integrated circuits and microelectromechanical systems with structures

made from metal and dielectrics which are built up on Si wafers.

The metals are preferably W, Al, Cu, Si, Ru, Pt and Ir and/or alloys and carbides
15 thereof.

The dielectrics are preferably SILK™, polyimides, fluorinated polyimides, diamond-
like carbons, polyarylethers, polyarylenes, parylene N, cyclotenes, polynorbonenes,

Teflon, silsesquioxanes or SiO, glass or mixtures thereof.

20
The metal/dielectric structures are preferably structures comprising Cu/SiO,.
The barrier layer is preferably Ta or TaN.
25 The compositions according to the invention are distinguished by a barrier layer

removal rate, in particular a TaN removal rate, of > 40 nm per min and a barrier
layer:metal selectivity of at least 2:1 or above and a barrier layer:dielectric selectivity

of at least 2:1 or above.



" anount of Tag r§g§%§€ﬁ°ffLeCAh§§ 499-Forei ~,n Countries -16 Patent O ains
1. Conpositi i % by volune of a cationically stabilized
silica sol which contains 30% by weight of Si02 and the SiOz particles of 5
whi ch have a mean particle size of less than 300 nm with a pHof from4 to

10, and less than 0.05% by wei ght of oxidijzing agent. 2. Conposition
according to Caiml, characterized in that the silica sol is stabilized by
H+ and/or K+ ions. 10 3. Conposition according to at |east one of Clains 1
and 2, characterized in that the nmean particle size of the Si02 particles
is from 20 td&Examplesm 4. Conposition according to at |east one of Clains 1
to 3, characterized in that 15 its pHis in the range from5 to 9. 5.
Conposition according to at least one of Clains 1 to 4, characterized in
that it cont ahepolickiny @xpadinteritsldele)amtidghit ushg the Mezdpoh46W@pslisheXftobucetlse of
a conposition according to at |least one of Clains 1 to 5 for polishing
netal and netty Pisegl &be mobisking rarameters are ligged e dable Ag 200 map ayvafers, wit

characterized in th th . i /
al | oys or carSf @g}l egla.ﬁje%? §%@2[J§’ee’v°¥;1%@%)s;h aiﬁﬁah{‘obuc'ag?rmgé? p(? dé]r%ggtug{nfgz ed
in that the disel¢Ou sesdsyespattbiiddandribydquetesiectioptiting Rat6d0 Al ofi 00, des,

di anond-1i ke carbons, polyarylethers, polyarylenes, parylene_N, cyclotenes,
pol ynor bonenelN Tedtingriyassddpesisadudyospaitesng e 98inme TgNalgwerowsing PV Pe@hysiedleof .

30 Le A 35 499-Forei.gn Countries..-17 Use according t aim6 for the
Fabri cat | on_ OFPOURONATEL GG WELS PG G- 7 olrdeeg nat £ VD B8 iy

m croel ect r oMEEHRNCE ahd SHEN BiBoval PatedWereCesierhiified b P ehbabuthedthe QBRASIdel TN
according to Claim1l, characterized in 5 that a 30 or 40% by wei ght

cati onildal | y the Hyeisibeéute gind afger pobbhing.he Si 02 particles of which have a nean
particle size of less than 300 nm is diluted by the addition of water to a
solids content of 7 to 100% by volune and then a pH of from4 to 10 is set
by addition ofgjesufficient quantity of base with stirring. .A

A% AL A9. A AL A A .AYA9. A y. A A AM. A E.AA) . A, . Aly, ()*V

Polisher: MECAPOL 460

Working wheel (polishing |45 rpm

pad) rotational speed

Polishing head (wafer) 30 rpm

rotational speed

Applied pressure 0.48 bar (7.0 psi)
Shurry flow rate 180 ml/min
Polishing pad Freudenberg FX9 on
NPST 46 H
Back-surface pressure 0 bar
15 General procedure for production of the polishing slurries:

Polishing slurries with the solid contents and pH values indicated were produced
from the silica sols indicated in the Examples by dilution with deionized water and
addition of aqueous KOH (or of dilute sulphuric acid in the Comparative Examples).

20 The wafers were polished immediately after the polishing slurries had been produced.
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Example 2

In this series of tests, polishing slurries were produced from a silica sol (Levasil®
100 K/30%-V1, Bayer AG) with a mean particle diameter of 30 nm and a solids
15 concentration of 10% by weight of Si0,. Then, aqueous KOH solutions were used to
set different pHs of from 5 — 8, and stirring continued for one hour. The wafers were
polished immediately after production of the polishing slurries. The removal rates

and selectivities are listed in Table 4.
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5 Example 3

In this series of tests, polishing slurries were produced from a silica sol (Levasil®
100CK/30%-V1, Bayer AG) with a mean particle diameter of 30 nm and a solids
content of 20% by weight of SiO,. Then, aqueous KOH solutions were used to set
10 various pHs of from 5 — 8, and stirring continued for one hour. The wafers were
polished immediately after the polishing slurries had been produced. The removal

rates and selectivities are listed in Table 4.

Table 4
15

Polishing slurry Removal rate/A/min Selectivity

% by weight of
_ pH Cu TaN Si0, Cu TaN | SiO,

SlOz

20 5 17 120 33 1 7 1.9
20 8 5 75 40 1 15 8
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The pH was set to 2.2 using dilute H,SO4. The wafers were polished immediately

after the polishing slurry had been produced. The removal rates and selectivities are

listed in Table 5.
10 Table S
Removal rate/nm/min Selectivity
Cu TaN S10, Cu TaN Si0;
12 60 60 1 5 5

The Comparative Example shows that at low pHs, the required selectivities are not

achieved, the amount of TaN and SiO; being removed being identical.

15
Comparative Example 2
In this test, a polishing slurry was produced analogously to Example 2 with 10% by
weight of SiO,. Then, dilute H,SO4 was added in order to obtain a pH of 2. Stirring
20 then continued for one hour. The wafers were polished immediately after the

polishing slurry had been produced. The removal rates and selectivities are listed in

Table 6.
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It can be seen from the Comparative Example that the polishing slurry at a low pH of
5 2 does not have the selectivities found when using the polishing slurries according to
the invention with higher pHs. The amount of SiO, removed is greater than the

amount of TaN removed.
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L. Composition containing 7 to 100% by volume of a cationically stabilized
silica sol which contains 30% by weight of SiO, and the SiO, particles of
5 which have a mean particle size of less than 300 nm, with a pH of from 4 to

10, and less than 0.05% by weight of oxidizing agent.

2. Composition according to Claim 1, characterized in that the silica sol is

stabilized by H" and/or K™ ions.

10
3. Composition according to at least one of Claims 1 and 2, characterized in that
the mean particle size of the SiO; particles is from 20 to 100 nm.
4. Composition according to at least one of Claims 1 to 3, characterized in that
15 its pH is in the range from 5 to 9.
5. Composition according to at least one of Claims 1 to 4, characterized in that it
contains from 0 to 0.01% by weight of oxidizing agent.
20 6. Use of a composition according to at least one of Claims 1 to 5 for polishing
metal and metal/dielectric structures.
7. Use according to Claim 6, characterized in that the metals are W, Al, Ru, Pt,
Ir, Cu, Si and/or alloys or carbides thereof.
25

8. Use according to Claim 6, characterized in that the dielectrics are SiLK™,
polyimides, fluorinated polyimides, diamond-like carbons, polyarylethers,
polyarylenes, parylene N, cyclotenes, polynorbonenes, Teflon, silses-

quioxanes or SiO, glass or mixtures thereof.

30
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