WD 2007/ 050409 PCT/ US2006/ 040803 POLI SHI NG FLU DS AND METHODS FOR CMWP
Technical Field This invention relates generally to a nethod of nodifying
exposed surfaces of sem conductor wafers and particularly to a method of
nodi fyi ng exposed surfaces of 5 structured sem conductor wafers using an
abrasi ve ar@i@roRnovel | as solutions useful in poli Shﬁf‘ﬂu§2%5‘é/&18@ uct or
waf ers. Background During integrated circuit manufacture; sem conduct or
waf ers used in sem conductor fabrication typically undergo nunerous
processi ng steps, including 10 deposition, patterning, and etching steps.
Details of these manufacturing steps for __sem conductor wafers are reported
by Tonshoff, et al., "ROLSHING KEEHSTANY METHEDSFBWCMEub| i shed in t he
Annal s of the International Institution for Production Engineering
Research, (Vol. 39/2/1990), pp. 6ZKedhdfval Fieldeach manufacturing step, it is
often necessary or desirable to nodify or refine an exposed surface of the
waf er in order Ti8s ingengion printes generalizfies method slivedifiiamexposdsrsutfagssoh or

f ing. ...k . f d i 44 d ited
mator a1 orgnnan Sk AT PR pe Rl S nne R R AT ST o ng

bef ore addi dthetedd sdepeadict@wabirs S4hs eoateNive O S SN gs ativhs usdfiil imnot her
exanple, after_an etching step, there is often a need to deposit either, or
bot h, conduRalishige semicepdyFiat WA ™Smterials in layers on the etched surface 20

areas of a wafer. A specific exanpl f this process is used in netal
Damascene processes. In the Damascﬁ%?g‘-g%ss, a pattern is etched into an

oxi de dielectri er.,. -t chi optton a sLQnLbarrier |ayers are
deposited over tcl?”lé:%éﬁ{'ﬁcgrgéétﬁﬁ%{glg%%&mf’hsgrr?lcgn%%oégv%?%& %8§si ted over or on

top of the adhesienétfabitdaton tygicelvundth® meResi badesdmg g lindalngs 1S then
nodi fied, refined or finished removi ng the deposited netal and regions

b
of the ]59dhe@qp@ﬁm%,pﬁtitf‘@pmg,gg)gPtcb%gtsws.sla?tp'é%@_ﬂleﬁ,maelafmtyr,ing;ﬁfeméw surface
metal IS rEetuat ek ot By TERARECE B U ARESOltalfiiapet 7 compri ses
and an e dielectri al . t

bot h net al oXi mat er top view o e exposed
waf er sur f a8iicafiopiblished\ne tle Amnalsloditterintsmafiaee Ingtitulioméir Rkodoctionespondi ng t o

e e Bl BRSO, b Sl e

often necessary or desirable to modify or refine an exposed surface of the wafer in order

15 to prepare the wafer for subsequent fabrication or manufacturing steps.

For example, after a deposition step, the deposited material or layer on a wafer
surface generally needs further processing before additional deposition or subsequent
processing occurs, In another example, after an etching step, there is often a need to
deposit either, or both, conducting or insulating materials in layers on the etched surface

20  areas of a wafer. A specific example of this process is used in metal Damascene
processes.

In the Damascene process, a pattern is etched into an oxide dielectric layer.
After etching, optional adhesion/barrier layers are deposited over the entire surface and
then a metal is deposited over or on top of the adhesion/barrier layers, The deposited

25  metal layer is then modified, refined or finished by removing the deposited metal and
regions of the adhesion/barrier layer on the surface. Typically, enough surface metal is
removed so that the outer ekposed surface of the wafer comprises both metal and an
oxide dielectric material. A top view of the exposed wafer surface should reveal a
planar surface with metal corresponding to the etched pattern and dielectric material

30  adjacent to the metal. The metal(s) and oxide dielectric material(s) located on the
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-1 WO 2007/050409 PCT/ US2006/ 040803 nodified surface of the wafer

i nherently have different physical characteristics, such as different

har dness val ues. An abrasive article used to nodify a wafer produced by the
Danmascene process nust be carefully designed so as to sinultaneously nodify
the nmateri a8 2% scratching the surface of either rraTarskens/408ur t her
the abrasive article 5 nust be able to create a planar outer exposed surface
on a wafer having an exposed area of a netal and an exposed area of a

dielectric material. Such a process of nodifyi n%ﬁt,he deposited netal |ayer
until the oscdidiedswiase of the wafes irhereatly havecdiboreniphysical gharp@ierétich 8BS sur f ace
| eaves litt | rQr. : ) i L,ans of the
netal feat U?Q%@g%é%%ggﬁﬁsh %‘nv\agfagﬁ\é gﬁ’rcg aucS Eexi Eﬁlécyg}gcﬁ%tg?pr%@ﬁgg %}he renoval
rate of theDdepwsnd @deayetmabt beustefille desighedtso aptosimzmeowsthuiadifutheng costs.

Further, netal remgyal from areas ich . ywere not etche st. be conplete.
Still furt hBterpls PO T i %ngd gr%%f%“ﬁiu@i‘{hﬁ’é qr%fﬁsﬁfaaft{??cdi screte

areas Ors ZOp@sube aBlRdo biGiclaPMRaNb L e&?&s@h siPRRE 0P8 mﬁ@é?%hﬂﬁ?h&%eﬁﬁo&é@li feAN_area
or zone to ensure proper conductivity. In short, the netal nodification

process nustf bmeghinkdenexpeseh erca b edicleaind maisgiak.epr oduci bl e on a submi cron
scal e. One conveptional nethod.of di fyi. or. .refini expos ur faces of
waf ers enpl oys %&bﬁd’&%ceﬁ%_tqut’@&gqge WEE’?&FH‘A%‘ W‘ﬁ%wa?’@%ﬂﬁggﬁ%%m ai ni ng
a pluralityn@ferikldesgpos@béritht Wafep ittt Sirfse 18hveR BftRaflarkin far dridi Bbdhuselofpi cal |y
this slurry is applied to a polishin ad and the wafer surface is then

. : . P
ground or ni¢sEbrageindimensings ghde meta) g@éﬁef’tlécﬁ’f@rﬁﬂﬁhe viefep gurfagk dt siclearmat er i al
on the fe I . j .5 _whi ch
cher caltly” abie HAREal FROTIR dopost ki ekl Hhlohe B0 SR AICHRRRERNRE 00 0
r e( erred tocas. Farthéremeeblemoedfam aais whiskhaeiezat ttohedanuspbd codyiletg. ( CVP)
process. One problemw th CVMP slurries, however, is that the process nust be
careful ly ﬁ%ﬁﬁ{f@%&l%@%ﬁgfﬂoﬂ%ﬂmﬁmﬁ@e e b F‘éF‘cé{ﬁa? @ Fopogr aphy.
Anot her pr obl &M _fe%qairgg'% 586 ABS De BERABLALGfhilhA Breh 0PRRe APLRTIMRopek UT T €S.
Anot her problemis that the slurries generate a | arge nunber "of particles
t hat nust beondectbvted Iif shomh thi enetal modifatadn proeesswaiigirbe vaifomyicspodied, apfi
fol |l ow waf er t.geat nment ., Handl.i ng and di sposal .of these slurries involves
addi ti ohal pPBeBdbieRy asylpergtsealen e seni conduct or wafer fabricator. -2

One conventional method of modifying or refining exposed surfaces of wafers
employs methods that treat a wafer surface with a shurry containing a plurality of loose
abrasive particles dispersed in a liquid. Typically this slurry is applied to a polishing
pad and the wafer surface is then ground or moved against the pad in order to remove or

20  take off material on the wafer surface, Generaily, the sturry also contains agents which
chemically react with the wafer surface. This type of process is commonly referred to as
( a chemical-mechanical planarization or polishing (CMP) process.

One problem with CMP slurries, however, is that the process must be carefully

monitored in order to achieve a desired wafer surface topography. Another problem is

25  the mess assoctated with loose abrasive slurries. Another problem is that the slurries
generate a large number of particles that must be removed from the surface of the wafer
and disposed of following wafer treatment. Handling and disposal of these shurries

involves additional processing costs for the semiconductor wafer fabricator.



WO 2007/ 050409 PCT/ US2006/ 040803 Sunmary of the Invention The present

i nvention exploits the advantages afforded by use of abrasive articles to-
nodi fy surfaces of sem conductor wafers to expose at |east two different
materials on the surface of a wafer. These materials typically have

di fferent hwodnessoswd val ues and different abradi ng propefiis@seosbfd Present
i nvention involves a recent alternative to CWP slurry methods and uses an

abrasive article to nodify or refine a sem conductor surface, This
alternative OCMP process is reported in U S. Patent Nos. 5,958,794 and

6,194, 317. The useful abrasi \SunahhhCifehdBfveatisieXt ur ed abrasive surface that
i ncl udes abrasive particles dispersed 10 in a binder. In use, the abrasive

article is cont abt¢ patsamt tﬂveﬁi@mbbbmﬂmaﬂmntagm‘ ﬁformalrﬁyaxsepf atpdsixen in the
presence of a.fl ui

d wi th a notion ada t n exposed
B r Tace. r odFiFeat gl sl e iso R Pl Vi Aot e A SHEeteaf 1 or rn wat er
surface. Ushidpid hepesitxedt ARERS MEs@i'hEt'eﬁélg Eprs\éEf RRRRE@efingRintdscant nunber
of problenms associated with CAP slurries. Briefly, the present invention

provi des a velureehdabiffersitebradingmrergttiovechani cal  pol i shi ng or planarization

conposition use for a surfa ition
conprising a syﬁg'?a{eg?mgwn? %P h{ﬁ’s ARELC fﬁte%hB&%WﬁW&% c%rrgnécorrpl exi ng
agent, and \¥eflabteie artead nddifjoPrefiny 2 émichRiuc@IRIrAxé NMhisgethativeé sel ect ed
froma sinple nonofunctional or sinple difunctional acid or salt thereof,

the nol e r dt¥B powewsfis wpiitdanrithy Pavg‘éhNOQ &:958784 andn 5945} s ke upailt he | quid i s
at | east 3 Pasflve a%{%f‘e HE\;M ed erés?ve' s&é&%&t%ﬁdd@é 113{' Jﬂ} Jle @1%%: ye

particles. R ano the prese 1SV ent rovi des & cheni cal
nmechani roal mpcbindsmIﬂgsesyhetabmsmranmleﬁs nchta:ta‘dlméeb aalnrnecmduﬁomafelesuffaee pol i shi ng

conposi tion usef for di.fying a, surface of fer, the co sition
conpri si ng ot ;}‘h‘g‘F Qfeé?ricﬁnﬁ?b’ﬁ%‘ ﬂﬁ‘l‘ldﬂ‘ﬁlt%fngpon gﬁp@? t‘?ﬂn?fl%alhﬁ@n?%

conpl exi ng QeetregiaRNer MREAL oh IRSwaftiNER pfovid LpthitaY, mfoﬁmafegaﬁmc@m ng agent
is a sinple rmnofunctl onal or sinple difunctional acid or salt thereof, the

nol e rati o Wfingibessifiei Ayasigrearticlenovertogles b sigaifisans ssmber of prabdenhs quid s at
least 3 to 1. 8{{}@ ﬂbgMPng the m xture is substantially free of abrasive
particles. ¥° K ‘Pl-f f this invention, a nethod of modifying a
waf er nmey begi n Brd@yWhé Present BYEkHioaPRIidS adixed ORI @] FBbBkIca  depl oyed
over at |east one dielectric
polishing or planarization composition useful for modifying a surface of a wafer, the
composition comprising a synerg1suc mixture of water, an oxidizing agent, a
complexing agent, and metal ions. When a majority of the complexing agent is selected
from a simple monofunctional or simple difunctional acid or salt thereof, the mole ratio
20 of complexing agent to metal ions present in the liquid is at least 3 to 1. The mixture
also is substantially free of abrasive particles.
In another embodiment, the present invention provides a chemical mechanical
polishing system comprising a fixed abrasive pad and a polishing composition useful
for modifying a surface of a wafer, the composition comprising a synergistic mixture of
25  water, an oxidizing agent, a complexing agent, and metal ions. When a majority of the
complexing agent is a simple monofunctional or simple difunctional acid or salt
thereof, the mole ratio of complexing agent to metal ions present in the liquid is at least
3 to 1. In addition, the mixture is substantially free of abrasive particles.
In one embodiment of this invention, a method of modifying a wafer may begin

30 with a layer comprised of conductive material deployed over at least one dielectric

material. The dielectric material typically has a surface etched to form a design, i.e., a
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material. The dielectric material typically has a surface etched to forma
design, i.e., a -3 W 2007/050409 PCT/ US2006/ 040803 patterned surface. Such
a wafer may be nodified by contacting and relatively noving the exposed
maj or surface of the wafer (e.g., exposed conductive material) with respect
to the abraswogomfsiset e. The abrasive article typically eonrse®essass exposed
maj or surface of a plurality of textured, three-di nensional abrasive
conposites conprising a 5 plurality of abrasive particles fixed and

di spersed in a binder. This contact and notion typically is naintained

bet ween t he ppitameglsitfgceofSugba aefev may bapwdified by gbnitdimg abd seditively moving| e and

t he conductiwve material until n.e sed surface.of. the, wafer.,is

subst anti al ﬁ;ech')sgﬁg}ajoglﬁlar?%c}%)fgﬁﬂ(%%ge.gbﬁgro F%dgc nglfcnlvggg{en(%ﬁg“g‘rrgsgcgf exposed
conductive refhesbativeddcial Tht gasdiveditclal@aaly cafeesh dipebachdioc materi al,
and the exposed surfaces of conductive 10 material and the exposed surfaces

of di el ect r perfasapks plarality didtexiusd: trveidimenyions] ahragiva gprEpOSHPHRRIPTIFING adi el ectri ¢
mat erial s ey ey ¢ oV atle ypﬁ%glﬁﬁ%d E?chsﬂeﬁE&{MIa@éreT LSHhAlaBd pYGH as an

adhesi on/ barrier’ ['ayer. exposed diel éectric material surface
is essenti alpigally isaraintirked betwatethaptliraite ofati@ivieabmpbsires of heabtativofl t he

conductive material. Alternatively,. renoval of the conductive material my
expose onl y 25§k agd fhesopdystive materisl Yot an erpgpedisurfpngtod theavateris sibsentalyduct i ve

mat eri al . OapbLnigththld GRHL T HE frea BXANSR WG SHILASHEL t e

wafer the d ectric materi all and the conductive nmateri al esired.
The present lamstonedrer of paosddaditiesttiy meisrinladethé evposmiciuffaias gf coddetdiei ve

surface often referred t.o t he.secand material in this document. The
conduct i?Q/e %@P&k@é’? tﬁ%?po%s a%é&&lﬁﬁ&%&ﬂ%ﬁﬁéﬁﬂ%#ﬂ%ﬂﬂ%ﬁl °*materials
geferal | y hauhoorkeanélsdtiy aerMBhaiese Qfvele@ 59 obd@in@b abrmRdikeqhiedR  Presently
preferred conductive materials include netals such as tungsten, copper,

al umi num  akunvicparedhspigaibaier oyer. Jupigallis eveaposed dickenirigrmpatertal surfacuin ni tri de,
e i o A B TR i L S S e

S5
general ly h&VeE I'C consta es r aspect,

t he present AllmefiNdQRes@l bfide comibidanaérialhgi Eyicagory teuiifacafdle a
sem conductor wafer suited for faprication_ of a sem conductor device. A

method &F t HECTRRURIIPBFIA BRpIIF serdusti v malenay. Gowlkved mogisian Ty e | east a
first mater Eﬁﬂé) e '%g%‘b @tgrf%e%Pfﬂe%&?er%@&@lgc&igmfa&;im &d%éoﬁﬁﬁbti@@%a‘?e&iai, east a

second nateri | oyed over
when desired.

The present method is particularly suitable for modifying conductive surfaces,
often referred to as the second material in this document. The conductive surfaces may

20  be made from a variety of conductive materials generally having resistivity values of
less than about 0.1 chm-cm. Presently preferred conductive materials include metals

(’ such as tungsten, copper, aluminum, aluminum copper alloy, gold, silver, titanium,
titanium nitride, ruthenium or various alloys of these metals. Preferred dielectric
materials generally have dielectric constants less than about 5.

25 In another aspect, the present invention provides methods of modifying a
surface of a semiconductor wafer suited for fabrication of a semiconductor device. A
method of the invention comprises providing a wafer comprising at least a first material
having a surface etched to form a pattern and at least a second material deployed over
the surface of the first material, contacting the second material of the wafer to a

30  plurality of three-dimensional abrasive composites fixed to an abrasive article in the

presence of a working liquid as described herein, wherein the abrasive composites

-4



the surface of the first material, contacting the second material of the
wafer to a 30 plurality of three-dinensional abrasive conposites fixed to an
abrasive article in the presence of a working |iquid as described herein,
wherein the abrasive conposites -4 WO 2007/050409 PCT/ US2006/ 040803
conprise aphYhAhkdsye of abrasive particles fixedly di spergggdbdosdsdi nder,
and relatively noving the wafer while the second material is in contact
with the plurality of abrasive conposites until an exposed surface of the
wafer is substantially planar and conprises at |east one area of exposed
first mat erdoalpriansploreditpeichrasive papioke fixsiyc dispkrsvdtien balder, Bndyebtingy net hod of

the invention conprises.praviding a water. conpri si t ,Jeast one
di el ectri c HERS H%Wﬁﬁ%\)’fhﬁ'ﬁ SSPHI‘%% e tsﬁﬁﬁmfr{ga%t:hﬁea&b’ﬁp{yeﬁﬁgme at | east
one conduciohMBsifRLART AlexfeRl axede 0¥ BE wWahe is%_abétaﬁﬁng»ﬂahlh%gkoﬂnﬁm one

dielectric material, contacting the conductive material of the wafer to a
plural ity oftleabrene attiwé pgioseralirst migend avdonsomprodiexpased socent materisl. abr asi ve

article in the presence..of wor Ki liqguid as .10 described .herein, wherein
the pl url ity of MBIASTIR  MSTLrES tosthibPudou e SR TBF VRt asi ve

particles, khxee @Bttt sRkaHhving aulthedfdhed &M@k @lpatd hd/atT®uét &g t he waf er
while the conductive material is in contact with the plurality of abrasive

conposi t es cagduqtive mgterialdsplovgd ever thecwrlage of e aidemationp diedagBiptasesiall |y pl anar
and conpris . i r4d and at | east
one area of 9021}(%%1%%%@3%%@2&&%@%%? Iétrhlgg\ﬁ?a%ga ﬁlﬁ%%#&fr%%g qg#l&?fﬁg&i nvention

al so i ncl udsbrgte\wothpogtes fiwaf ©ranabrigive sitioly idthelpeasice of Bevoekiied Bptid b mat eri al
having a patterned surface, the dielectric material substantially_  covered
with at !l eadtse é%ﬁtwﬁefa}né%w% SHabrave RemPOsHtes GAsenriae & Plugiy of

subst anti al Lytasi OUAIRA, Hieddhd SASHeddn S bERBILGH ey AR LEhR m GoRE act i ng the

conductive materi of "the wafer to a plurality o di nensi onal
abr asi ve cowhibsiht espduviiveghateniad isfin xentadt ovitarth2glvabtyadgiabmsiae tompasites n t he

presence of a.working.liquid.as described herejn erein th lurality of
abr asi ve cpﬁ%ﬂi%eé‘gosggﬁlﬁ ngfﬁeﬁﬂaﬁ?éﬁ ﬁuggya‘g]ﬁﬁ%Btaﬁ?ia\éﬁCﬁrﬁprt‘icﬁl"légasﬁ’&eed and

di spersed i frefofixpeRE comfigtiveah@bhial Qhd atToiét i@ Arda feRREd WBlebteic hid@er@nduct i ve
material is in contact with the plurality of abrasive conposites until the

exposedl&sur f ace Bie matodswéthsrineshien slacigclyde pregidingerealercempoiting Rplsad d
conductive tenLal At 2 o] -1 hate | ayer
or at | east E%nag&%&é%‘%o ngxhgg@ggtpgﬁgﬁeec e En%gjeerl?%ﬁ% Iﬁ%%%élglglﬁs%%rﬁrgr@gi ate | ayer
can be, forcexmdptith, at fasitonp iltayediatedtyes aad thdigtbinvdidtel@dr.substantially

covered by at least one conductive material, contacting the conductive material of the
wafer to a plurality of three-dimensional abrasive composites, which are fixed to an
20  abrasive article, in the presence of a working liquid as described herein, wherein the
plurality of abrasive composites comprise a plurality of abrasive particles fixed and
dispersed in a binder, and relatively moving the wafer while the conductive material is
in contact with the plurality of abrasive composites until the exposed surface of the
wafer comprises at least one area of exposed conductive material and at least one area
25  of exposed intermediate layer or at least one area of exposed dielectric material. The
intermediate layer can be, for example, a stop layer, or a conductive layer.

With the present invention, the combination of the metal ion and the other
components in the inventive polishing composition (also known as a working liquid)
provides a synergistic response of an improved removal rate of the conductive metal

30 surface, allowing for the use of reduced oxidizer concentrations and low metal ion

concentrations. Lower oxidizer concentration in the working liquid is preferred
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Wth the present invention, the conmbination of the netal ion and the other
conponents in the inventive polishing conposition (also known as a working
liquid) provides a synergistic response of an inproved renoval rate of the
conductive netal 30 surface, allowing for the use of reduced oxidizer
concentr at i evis2zmmosoh®dw netal ion concentrations. Lower egTWKZEOs/040803
~concentration in the working liquid is preferred -5 WD 2007/050409

PCTI US2006/ 040803 because the |ower levels, generally, minimze corrosion

of the conductive, netal surfaces during CVP processing., Lower netal ion
concent r at i Befeusgthe lomist kivlg@epgel WW%%COMF@? o the coardIcEvTREAN nat i on by the

metal ions. o(RREr & gcnﬁﬁﬁroémﬁqggm@%pmetmaﬁeaﬁ%m&%xé&%gré%%éd% renoval

rate than a subset of the conponents or linear 5 interpolation of the
renoval rat esnifnor veafeusbslate coﬁtatrhr@tlonhpdnen@d iontl Sipperiatly,ithe hmmeistici al  to

i ncl ud | t h ki d o hi ti
to not - onl FRRERESPER il ke et 0 e oot s%r'aﬁﬂw‘é??"s'
deconposs t i gierfdlatidieot tXleloBilRate AL nfsut(s%f@mjoﬁg;oﬁéiﬂs PO, ii K Befficlahe

m xture). A particularly useful enbodinment of this invention i s conbining
the use of @ in¢lndap mm@ilwgyaﬁtom workinglguidss @atishing spraiesisionite npi ee

POl i Shi NG C QD SO Dl EAIPLAPHI 0 Y LSS, BEGELLSI, ool 21 surf ace

renoval ratée i'ng ’l"'ow €ro Gheadvant age of

the present okidigitagent (@rendingeie potllifx efkhabii:asicy eA GMAcpladg asful Wi th a wor ki ng
fluid, also called a ﬁg"Sh'” dfluid, useful for tungsten CMP, O her
features andmbRfiymst s grentioa i eRpahiping Hheyse Pf%@(@ﬁﬁgﬁs’éfﬁﬁ’a‘? PéBathe fol | owi ng

det ai | ed, 15&&&@1* ﬁsﬂagoe 9&3 Adenihp¥ER as%ngt fis C?gglbﬁulaﬁ%ggrgvfﬁgseeﬁg? g summary

of principles o di scl'osure™is I e eac
|I(ustratedneﬂbmdﬁmenhmmMJEwemyﬂeym@mmmbwtmmugnmdmnﬁhampnesent di scl osure.

The detail ed des ion t | ows nore rticul arl lifies certain
pref erred enbodlﬁ%fh dté’a%@geh fh%refﬁnf WEF%P@SP“HE‘E Frﬁxe%gb %Y‘“aé FrEESTri ption
Al nunber syah g vekifk AuRSadTRMed @ pbRshimdifid, edefi ol AR kel aMPalmMt. " The

recitation of nunerical ranges by endp0|nts i ncludes all nunbers subsuned
vm t hi n t hat featzasged pdvagtagesiofites iBvention wdl e apparent figm tig followisg dgtailed 80, 4, and

|48 fouach et CR o BOMaIM SHDBNG .80 B SHded o copper 29

pO|IShIng) not™ renove en-a accep a tinder a
broad r anged@cﬁosure is not intended to describe each illustrated embodiment or every

implementation of the present disclosure. The detailed description that follows more

particularly exemplifies certain preferred embodiments using the principles herein.

20 ' Detailed Description

All numbers are herein assumed to be modified by the term “about.” The
( recitation of numerical ranges by endpoints includes all numbers subsumed within that
| range (e.g, 1 10 5 includes 1, 1.15, 2, 2.75, 3, 3.80, 4, and 5).
It was found that CPS-11 (from 3M Company, and intended for copper
25  polishing) does not remove tungsten at acceptable removal rates under a broad range of
process conditions and oxidizer concentrations. Hence, a different polishing solution
was sought for fixed abrasive CMP for tungsten. The present invention provides
several solutions.
In one embodiment, the present invention provides a fixed abrasive chemical
30  mechanical polishing composition useful for modifying a surface of a wafer, the

composition comprising a synergistic mixture of water, an oxidizing agent, a
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process conditions and oxi di zer concentrations. Hence, a different pollshlng
solution was sought for fixed abrasive CVWP for tungsten. The present -
i nvention provides several solutions. In one enbodiment, the present
invention provides a fixed abrasive chemcal 30 nechanical pol i shi ng

conmposi t i ongBSefWkeshPr nodifying a surface of a wafer, $E?{US?0‘BE(P&§6“ on
conprising a synergistic nmixture of water, an oxidizing agen 6

2007/ 050409 PCT/ US2006/ 040803 conpl exi ng agent, and netal ions. Wen a
majority of the conplexing agent is selected froma sinple monofunctional

acid, a si nphRldtinkuBert RaahetAGhd, Wheal hajbite bEOE coMpleRing @RI RIL@A t her eof
t he m)le rati 0 of corrpl exing agent to netal ions resen% In the liquidis

at least 3 ftmjn 43111111}@“@9@1@3@1’@“&916 4@11191%%@9%{0%1@5@ # sadithoeolbr aisi ve
particles. i.sh rk| tlons of

the inventi 8 813}1 !hereo ?llg g%oljg e’%%%%& 8fm Onsapn%s%gﬁg ‘nown to be

particul ar |1}>QUH151§EukasltBltcf i xmib mﬁdﬁirasls@(% sEBAtantib)Y Bepaabizaive phdtiglest he pol i shing
fluids of the present invention are useful in tungsten CMP. Thus, the

present 5 nvent i dreprlbspingdiidie prhyerkingrlusdpropmpgsiionss e the gwergfongan be
duct h
o oSt et as caigal kauth 2 ARSI ol O3, ou°

10 as fixe rises providing a
waf er  conpibisive@ME. Meespargeudrlysthe palishingaluidsaf idrgpresestinfentien eltec hed to form

a pattern (pa er ned rfa nd at | east a second er| al | oyed over
t he surface“p Bé" W@f@mﬁaﬁﬁ‘gsﬁ Presens AvaRonRyoYIfies 18 ¢ W@"P P of the

wafer to a dﬂhﬂé@dﬂatsb!m%n&d&fcﬁ%%@ér @ﬁ&%‘f@ﬂ%ﬂméﬁé@éﬂ ARMIGRIRIS defRefdued to an
abrasive article in th Eresence of a working liquid as descri bed 15 herein,

wher ei nl& heasdbedshreav ot me‘élOdofﬂbf: inyentgonsomprbastpyoadingbmagirve particl es
fixedly dispersed i rel ativel [ t he wafer while the
second mat cpoimring altef B6RY Haperll Py G LR Y B PR et oci ¢ os
until an expemed asvitfases aboddigatenidesioydd ovulaé atacabf e BlsdRteriad conpri ses
at | east one area of exposed first material and one area_ of exposed second

mat eri al . XOnEadRaBe S%@%@@teaﬁl of the Waven e PbrRLED ApTcs slmpnsinpplRbR IS waf er
conprising g po% %@%&e@&%ﬂ%ﬁkﬁfe iefe ﬂ% LsBhce ?Xéﬂ%ﬁﬁﬂ%ﬁ@ﬁ%&s &e'aed to form

a pattern an east one conductive terl a over e surface of
t he at 1%asherdnevtdresh tetabiasiveratrapdsies compeind zap]ﬁiahgr dfherssiongartitieye material of
the vafer tfgl)xedlypclmpersed Enya I%Ldér ha{n erelggwn?ynr?legng the wafer while the second material

is in contact with the plurality of abrasive composites until an exposed surface of the

wafer is substantially planar and comprises at least one area of exposed first material

and one area of exposed second material.
20 Another method of the invention comprises providing a wafer comprising at

least one dielectric material having a surface etched to form a pattern and at least one

conductive material deployed over the surface of the at least one dielectric material,

contacting the conductive material of the wafer to a plurality of three-dimensional

abrasive composites fixed to an abrasive article in the presence of a working liquid as
25  described herein, wherein the plurality of abrasive composites comprise a plurality of

abrasive particles, fixed and dispersed in a binder, and relatively moving the wafer

while the conductive material is in contact with the plurality of abrasive composites

until the exposed surface of the wafer is substantially planar and comprises at least one

area of exposed conductive material and at least one area of exposed dielectric material.

30 Another method of the invention includes providing a wafer comprising at least

one dielectric material having a patterned surface, the dielectric material substantially
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abrasi ve conposites fixed to an abrasive article in the presence of a
working liquid as 25 described herein, wherein the plurality of abrasive
conposites conprise a plurality of abrasive particles, fixed and di spersed
in a binder, and relatively noving the wafer while the conductive materi al
is in contawo mitdsodme plurality of abrasive conposites PAIAIS206{0#E %X posed
surface of the wafer is substantially planar and conprises at | east one
area of exposed conductive nmaterial and at | east one area of exposed

vt o1 compr PRERg oA ot B8k BmgiEe 8t tha dSp RN, (s MEERR P CE 1 1O @

surface, theveie@beat lehst ofBt@iduedvendigiah dbmtadting (MR oABGLEVE BOADRI of the
PCT/ US2006/ 040803 covered with at | east ,one internediate |l ayer, and the
i nt er medi at Waleniparplarghityiod Mreaflinensionn) abrasivagpmposites dixed fat BE8HGCt | ve

mterial, CORLRE h0drdlifte SPAMALY Fo YLt Abed hokiwntiihe hilkinPhur al 1 1Y Of
t hr ee-di nensi onal abrasive conposites fixed to an abrasive article in the
presences of amasiverdeinpgsites gomprigs daslity ol elttadier marticlesvfived anddispeesadlineral i ty of

5 abrasive conposites.c rise a pluraljty of abrasive, particles fjxed and
di sper sed | ARG BrAE e VG R Ve §hilsate sogansiive seat el ep P R onduct | ve
material i Sy RN BLAbriVivebondpbfted Ll dhd dxyofl sRIPARD HR WwAEMBRIpH&S abint i | the
exposed surface of the wafer Conprises at | east one area of exposed
conduct i ve [eestend aka effkpatedicendictivnmatenia and it lessporsadeadifekpesed diclecmat eri al .

10 The net hodsriqf t he present invention enable one to achieve desirable
removal  rat8&"for tungsten CLAP, while providing | ow erosion and | ow

di shi ngip The i nvEfRih&aRodsRIf Eié f&EntItRGtiGdnableloyie B ARRYe SebirhBie egmovalich t hat
the surfaces are flat with respect to the underlying structure, which may

beg'an act i viates &yitengsien GVGiavhile rroviding fyvperesienend lofalishiige g invsetideen t he

waflfer and a SLYV i LN, .; at | east
Sbout 01 phardes'sapfbddafl PAGU Aes ok Blthe MRSAME AL (0P e °
preferably aidetlgagstnadnoutwitici?mpg be érlachivkRgjon of hevafimxi mum pressure used is
(103 kPa) . onRPaHBBHRAbe GPYHoE CHHERHDS BRI EREREA RO Gt asi ve
arti C! €15 ar@qd(epﬁléésﬁﬂz iﬁ@%%% oFRMVEst %@Hﬂ%o §Be1%tqﬁﬁé incE%?s_i)exanpl e, the
abrasive article or the 20 wafer or both the abrasive article and the wafer
are r ot at ed(GrtimPascelst(loPagh otorophferablysat eabt abowatd). Hpsi g4 kBa)e dhe nmasdminy al ong

elative coptene Rl ie el ang APLRl VeaRl] che Tyl A0 (e
15 psi (103 kPa). In one embodiment of this invention, the wafer and abrastve article
are rotated and/or moved against each other, For example, the abrasive article or the

20  wafer or both the abrasive article and the wafer are rotated relative to each other as well
as being moved linearly along relative centers of the wafer and abrasive article. The
wafer and the abrasive article may also be moved in an elliptical or a figure eight type
pattern or another desired pattern such that the speed generally varies along the path,
The rotational motion or speed of rotation between the wafer and abrasive article may

25  be between 1 rpm (rotation(s) per minute} to 10,000 rpm. Preferred rotational speeds
for the abrasive article are when the abrasive article rotates at a speed of at least about
10 rpm, more preferably 20 rpm. Preferred rotational speeds generally are below about
1,000 rpm, and more preferably below about 250 rpm, or even lower, such as below
about 120 rpm. Preferred rotational speeds for the wafer are when the wafer rotates at a

30  speed of at least about 2 rpm, more preferably at least about 50 rpm, or even higher

such as at least about 100 rpm. Preferred maximum rotational speeds for the wafer

8-



pattern or another desired pattern such that the speed generally varies
along the path. The rotational notion or speed of rotation between the
waf er and abrasive article may 25 be between 1 rpm (rotation(s) per m nute)
to 10,000 rpm Preferred rotational speeds for the abrasive article are

when the abygsivBseahd i Cl e rotates at a speed of at | easpcpPibbensddds’ pPm nore
preferably 20 rpm Preferred rotational speeds generally are bel ow about

1,000 rpm and nore preferably bel ow about 250 rpm or even |lower, such as
bel ow about 120 rpm Preferred rotational speeds for the wafer are when the
waf er r ot atgeserally @e Bélowpbed 1gf00apm) mars tpraddyebly belowmbpunidOeppy @flén abl y at

| east about 50 r ._or,_even hi su s at least about 100 rpm

Pr of e rod ARF FEAFBERE PORB0RRaER e of R o Blog S SERHs0400

PCT/ US2006 /134098 BlanfEaesoproYesd iRy BELRw ahiaikbmpleOP rsk meﬁﬁ§@%ﬁﬁ&f erably

bel ow about 500 rpm and in sone enbodi nents” bel ow about 100 rpm Al so, two

or nore proewsmpgscogheriisneacemreshivn than piseaoad Pwaeisivg sperokibsBoglgn be used.
For exargpl ea’nﬂ ?rgﬁsggé%g%lgf)%e(&? P 1HE Hralet gﬂ@@rt%? 5@%&{&:23@‘?501% ﬁlgo %‘r?g ‘b? DgSeq Nterface

pressuré tha rocessi ng segie ransl ati onal

speeds of tdueinpefeqlanatightion pfdeessalonias o, flch a¢ ligeadh®BofByldDeantrriserl  duri ng
t he planarization process, Qther tools, such as |inear notion tools, can be
used Wi th W8 sssprondingly syniarelptiye ;ioat i ve notion. The amount of working

liquid used in the CNB . e i er being
pol i shed, concer;[?lrgatl og%g?&ggﬁ%g n‘ggglﬁrl\ J{Bﬁe V\DP%’P%S% &8?%%%%%%% 10
sel ect ed C\Eepdinathbeigg paddhed, Gonentdtion of thepavadgia thd warirdg livgid dnduhed used (i n

m./mn) is at | ahout 5, .at. | east ,about 50, .or even higher. such as at
east | abbutscisged BT SBHne Sinbo eseenibe e rinee PERU T S PR G LY uoed (i n
nL/mn) is @abopdst dAB05,0 1ch@SBout S0 rRerAROME: sGBQs aPleaf ¥Eht ROVWRS othetUCh as
bel ow about 250. I n one enbodi nent, the conductive surface of the wafer is

modi fied byentedim@tsatheassige of awtking lquidused 6n prldwén deatoit H08or kisng | i qui d,
which liquid,is .se ed bhased upaon_ .the co ition of the wafer surface.
I'n some appidThET #‘g[ﬁ)t’ ?%eéreﬁzor%rh%af ?Sdﬁr"av %ﬁﬁf@r ly includes water (e.g.,
distilled water,n@fec debddithat dhwadidbdtive Be:cOF Hie REifdrii Smoifisd B ther ocessing in
conmbi nation with the abrasive article through a chem cal nechani cal

pol i shi by prhesisgrticly inithrgprevsacetfanyaking havidi whicloliquid i sslsried essd upathe wor ki ng
liquid (or the S&Hig)o%ﬂl%ﬂtof {hla%a?cj:r@hrfgay I{ &%tapﬂf-iéaﬂoﬁs}:' ﬁje%ﬁiﬁlg ‘ﬂauid typically
includes water (e.g., distilled water, or deionized water).
The working liquid aids processing in combination with the abrasive article
through a chemical mechanical polishing process. During the chemical portion of
20  polishing, the working liquid (or a component therein) may react with the outer or
exposed wafer surface. Then during the mechanical portion of processing, the abrasive
article may remove this reaction product. During the processing of metal surfaces, it is
preferred that the working liquid is an agueous solution which includes a chemical
etchant such as an oxidizing agent. For example, chemical polishing of tungsten may
25  occur when an oxidizing agent in the working liquid, by itself or in combination with
other additives in the working liquid, reacts with the tungsten to form a surface layer of
oxidized tungsten. The mechanical process occurs when the abrasive article removes
this oxidized metal from the wafer surface. Alternatively, the metal may first be

removed mechanically before reacting with ingredients in the working fluid,



exposed wafer surface. Then during the nechanical portion of processing, the
abrasive article may renove this reaction product. During the processing of
netal surfaces, it is preferred that the working liquid is an aqueous
solution which includes a chem cal etchant such as an oxidi zi ng agent. For
exanpl e, chavn 2at/030¢19 shing of tungsten may 25 occur whePCHHESB%WPE ng agent
in the working liquid, by itself or in conbination with other additives in
“the working |iquid, reacts with the tungsten to forma surface |ayer of

oxi di zed tungste an:lcal {)r ocess 0 abr asi.ve article

S e he
_renoves this oxgaF pa{ lﬁaéotr 8 {1AGFhIS #ReAdiEs fO Eﬁ?rftgéelnaﬁ?s@rvﬁﬁﬁy\?«gl y, the
metal may f igffferen? @ddifi R0 BaRabIPLdIR NS Rlchiile BRhSIEEnE RaLHLIAE owbisBivhitgr edi ents in
the working fluid. -9 WO 2007/ 050409 PCT/ US2006/ 040803 One useful working
liquid is ansufuBsticssenbiasrapsiban pefel ivefesr wmbinatienyolodddives. er ent
additives. Suita I [ [ ivating
agent s, metal | obTafdddiRagchl i g QBB G KNI .01l
addi tives. Beedoeipoandsofirdkample, cagpoiisls Chaiinitgyt legst i Dﬁ@pﬂfrﬁ}@y‘ goed(-0nDY. a
wor ki ng fluid include 5 per-conpounds, for exanple, ¢ ounds contai ning at
| east one p@f?‘%‘?@leb?ﬁﬁﬁ'c?mBo@dﬁ mc"éf&é]’r%%ﬁ‘él RSTOXi8y PG E?Lﬁgvg%o f AEPMELhy dr ogen
per oxi de, f
nonoper sul f%ﬁ%aﬁagc&%l&g&%e@%&) dg@fyéédc rgar1§c9 r&ﬁ%&?gtf&h@ﬁ%&%emﬁi%er usef ul
oxi di zi ng agent sOthee hsedid ;oxtlipng agenthuddequphechlonde: ti¢rac ceride; khonic-
sul furic aci pot.assi um rjc ric.acid, transition, netal
conpl exes sﬁ@ﬁhﬁé‘mdi{i’c’ftaﬁlﬁn%ﬁﬁy i fFRRSIOn ’Bét@IfPﬁP? } 74°B 28 rmroni um
citrategof e&‘ém@yaﬁjdter@memmmm IEdrti6 aﬁmhﬁ‘a&x{em&ts Meirfc ditbdd,at e, cupric
citrate, cupric oxal at e, cupric gluconate, cupric gI yci nate, cupric
taytrate, amemonwn fedc oxaldif fers ¢ Nitrals) QupER ciliate ﬁgmag)éhl@@ etpsie ghicprsitaude ox 0

actds of theubial 0508 0l Bkl Bl b S USHaAB g Al BL iRl Al o2l L5, These

acids are de Crl I nson vance Shi ¢ em stry, 5th
Ed. 15 The &zmwesax@ﬁclﬂmshe Ralogtas tydtheipdalty, sﬂ&ﬂ&s&hﬂalh@lﬁ mdal @llieMEhesdich as:
chl orine, braom ne, i odi ne. These halides are bonded to one, two, three,

or four oxy@‘(‘éﬁs ge S?Fé’nb@(@rﬁﬂt@g& Pikingere Aduaiced Pl?f@@iccpl(m')@@)h Edenl or ous
act d_( H51 Orine Y BRGIMAO LS a6 bl Lol ah@@agﬁ@@ua CRPAHAC, ﬁﬂe%&l sal ts
ium ra sodium ¢

thereof, e.g., so , orite ochlorite.
Si mi | ar bromdire. Ahde haidienereahmaﬂ@ige oag, éwrilres).or Kux bry ges at{ﬁnsZmepleh zing

agents al Soinn?l}éle c%lol%lsceaglds (?Id(ﬂ%g), gﬁoroﬂs? chg &8810)' Q}Epggﬁlggo%s X\(A}l E}-I(SBS, desired
| and the respective sodium salts thereof, e.g., sodium chlorate, sodium chlorite, and
sodium hypochlorite. Similar bromine and iodine analogs are known. Mixtures of

20 oxitiizing agents also may be used so long as they do not interfere with the desired
results. The concentration of the oxidizing agent in deionized water (in percent by
weight of the total fluid without abrasive, even when an abrasive is used) is typically at
least about 0.2, at least about 1, or even higher. In other embodiments, this oxidizing
agent concentration is below about 50%, below about 30%, or even lower.

25 The oxidation of and dissolution of the exposed, metal wafer surface can be
enhanced by the addition of metal ions to the working liquid. Metals are generally
described in Dickerson, Gray and Haight in Chemical Principles, 3rd Ed. Included in
the definition of metal are the semi-metals and transition metals. The selection of the
metal ion will depend on a variety of factors including the wafer surface to be modified,

30  as well as, the overall composition of the working liquid, particularly the oxidizing

agent, with particular selection within the skill of the art when guided with the present

-10-



results. The concentration of the oxidizing agent in deionized water (in
percent by r weight of the total fluid w thout abrasive, even when an
abrasive is used) is typically at |east about 0.2, at |east about 1, or
even higher. In other enbodinments, this oxidizing agent concentration is

bel ow abouty>R%endaglow about 30% or even |ower. 25 ThepEwishaédmmodf and
di ssolution of the exposed, netal wafer surface can be enhanced by the

addition of netal ions to the working liquid. Metals are generally
described in Dickerson, Gay and Haight in Chem cal Principles, 3rd Ed.
| ncl uded | Aisclpsyae. detrierdlly; s mefered tg/hagy e radactinarnotentiakefsheameratipRnsi t i on

t al f fact
ot RSB Bk ol 8P GRPO AR Bl icp o fect oo
conposi t i opoteitiadl betheadtekdl egrfdce@bethg pedified; whahrthat thdmnmxmg |agenmg1ay agent, wth

particular selection within the skill of the art when_g ed with the
present - P9diaptegpsialg B@ﬁ'&fbﬂlp Wf)@?@%/%&b@d@e d‘?ﬁf%f"@geﬁ?‘g aceterial 1y, it is

pref erred b N 8, LI H AT UANcRRLERLEALN 8] HNSidIBhAkedpn | €55 than the

reduction potenti | Zl ng agent gr eat an the reduction
potential afdditoealiypttad prsfcntéﬁs(ss)auta@'lﬁrmafmﬂleﬁsteﬂpxﬂa@dn sttehabf 3he oxi di zi ng

agent may ,oxidize the netal, i.on _and the t i gn OXI e the desired
waf er sur f SEECTEHS Erﬂiwé’l “pgnf’&df"ma}!ﬁp‘?tgl 58%9‘&% bﬁﬁhedi“e g‘b‘@@’gﬂ metal ion
by the oxi diahiih KHEHE the rdtleidih@N3bd ¥ no Ndwdr ShaRr16f @‘h‘i@ﬁ éc@t}&b&ﬁnﬁ netal ion of
at | east an oxidation state of 2+ or higher, such P upon oxi dati on of

the netal gaverisdesyetgyon hiembeingreduend, toameetalgwgtand mmlldmmg)mt@that e of the

reduced,.netal,.io ect.ty caI Lgyents t he
nmet al |q8n f“%lﬂ?%fé]?%%or @8{“1(%\,\5&?“&6 mejf a°8I F‘&gg‘h@‘%erde%"p. a%/f)%Lg I'nto the 10
wor ki ng | i ensdl ics 1rw11ﬁielthkgloﬁubf©r}Féh‘eg rmlt arh Isu:r:é Mﬁ; M@,lmgmpmdfst;ed Exanpl es
of useful netal ions include the ions , Au, Ta, Ti, Ce, M,

My, Sri, M3hemesnl mms aretrpicaliytagped tgjihe \aqr&mgélﬁwéémaﬁd iea efioreanie Aed/Nor ki ng
| i quid by Qo ga]uQEon%&EQe F}H ﬁm H,Q{aﬁi%p geéﬁél sﬁﬁg‘ﬁ]@m@é Ra:d he

correspondi ng- net s I nc nitrate, ferric
sul fate, f aitrapy$eracbilfute ferfos suhfaE ﬁuetmacetatet et dﬂmindeocupﬂe chiorigei ¢ chl ori de,

15 silv etate and, th i .Conbi nati ons of neta] ions also nmay be used,
S0 Iond% o SYYEs aceé@?@%ﬂl@a?% né?%‘ap?tms Bbmealiges Jsamry %%Gmspﬁ oS Bl 1 ed

resul t. | ngsesE &MRAsHHMRR[LSs not BiRER: Witk dFiRHResult. PRI eSen@ofiniats, used.
Cenerally, the concentration of the nmetal ion 1in the working I|qU| d (in

mol per grGaavof anddikbng mhetgsird notwsed daenerdlly atbe venceitfation efithe ingetal ion

in the working liquid (in mmol per gram of working liquid, without abrasive, if used) is
typically at least about 9 x 10%, 36 x 10°5, or even higher. In other embodiments, the

20  concentration of the metal ton in the working liquid (in mmol per gram of working
liquid, without abrasive, if used) is typically below about 0.036, below about 0.009, or
even lower. In other embodiments, the level of metal ion in the working liquid (in parts
per million (ppm) working liquid, without abrasive, if used) is typically at least about
1,2, 10, 20, 30, 50, or even higher. In other embodiments, this amount is at least about

25 100, 175, 250, 500, or even higher. In other embodiments, this amount is below about
2,000, below about 1,000, below about 500, or even lower.

The oxidation and dissolution of a metal can be enhanced by the addition of
complexing agents: ligands and/or chelating agents for the metal, These compounds
can coordinate and/or bond to the metal to increase the solubility of the metal or metal

30  oxides in water as generally described in Comprehensive Coordination Chemistry,

Vol. 5, Wilkinson, Gillard, McCleverty, Eds. Complexing agents often are comprised
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typically at |east about 9 x 10"6, 36 x 10"6, or even higher. In other
enbodi nents, the 20 concentration of the netal ion in the working liquid (in
m ne] per gramof working liquid, wthout abrasive, if used) is typically
bel ow about 0.036, bel ow about 0.009, or even |lower. In other enbodi nents,
the | evel ofworetabsosedn in the working liquid (in parts PET/URINE/ 0803 ( ppm)
working liquid, wthout abrasive, if used) is typically at |east about 1, 2,
10, 20, 30, 50, or even higher. In other enbodi nment s, this anDunt is at

| east about 25 100, 175, 250 g‘ﬁ en hi her In other e i ments,
this ampunt 9 & CHEPGEEBB(R o it reof) GOB@ & Y 500, or
even |over. Qs 0@0@@% hefthadd @u@g&k mcmﬂy&a@lﬂ@l@}o@qnc@@}gneﬁﬁﬁ@d by the
addi ti on of ° conpl exi ng agents: |igahds and/or chel’ating agents for the

met al . Thes eaboxylumitls ma@éﬁwtmcmb@aﬂ@r@lmﬂ o Slmbdn@@fmmeoméw‘bombm ncrease

the solubility .of t tal, 30 0 des n
descri bgdI i Ir‘? ’égr%f‘ﬁ‘gﬁl g ?‘fg%)?yge ﬁgfilglboﬁlp I I @ﬂﬂcﬂo%algﬁﬁ?ﬁ Iﬁson
Gl lard, sMGta Cgloe% Zglg?l%%gglgﬂm&&rﬁﬁ(yﬁgwﬁ 1ef §1ﬁ®169d1&a16@437ﬂ6h§@ﬂ and 11 VO

20071050409 P / of a carboxy group(s) or salts thereof.
Si npl e car b@m ¢ trifematigaalcarbonyli ackis (ctarsBang tricaghosyky acidspdikemflariched to

hydrogen (H Boﬁﬂctﬂ}{xgwar&&g ﬁgc@%@e €, E 9 o &‘"ﬁﬁ rb;géﬂ;ybr}lg b%%)n%s may

have one carb grou e nonof U acids) or a
plurality Ofand:&bhﬂj(lyi amda@ﬁmrmugmp(elmmcummmxmu &mdsmmﬁdeoagl car boxylic
5 acids), e.qg. | e dif ti,onal carboxylic a .e., sinple

di car boxyl i @X%!Eﬁ’ H’é‘ OnéFmH‘eﬂ’é'r’H%P’é“"’tsi“‘F‘i&IH&tﬁ‘H a%?“ﬁ%‘ﬁ??l&% acids (i.e., sinple

tricarbqyylic ackgilnie FHRIRE &aY map bR EH)&%&H&%@Q@&@{@%M& aci ds

include, e.g., formc, acetic, propionic, butyric, and’isobutyric acids.
Exerrpl ary sinmpodengité mmplmnahgcmasr bmkw ammama@mnmhaldbrs, pecwglohalidesal i ¢,

T e R g B S A B P R RSBy o ™'

nonodent at e ;g4yaRb mewmgeiqhm mcﬂt@ehnﬁﬁd@ﬁﬁi@ébrﬁbleﬁﬁg mts fpichiges,
pseudohal i des, carboxyl ates, thiolates, and t T ke al so call ed | i gands.

O her addi t impeidenteis amiags. ped maavd@éraﬁp@arbweflmmrét? @gﬁablq givdfidentgte peines

nmul ti dentat n l: nd

Tl 1 don at SR BGaAGRTh NP AR M e RERAL o AR ERGOATY,

et hyl enedi anhanef. Emeabh‘wrha}mdeﬂtate aasrbmer,hcwdederehtext altg EmfhﬂEithtm}ﬁl@nbl nat i ons

t hereof . Suitabhle | dent carb [ i acids and/or their _salts include
the sinple dEcar oxylgrcuacg descrt eg above, c?h)slg amg tartaric acid, gluconic acid, nitriloacetic

acid, or combinations thereof. Another additive that may be added to the working
liquid include hydroxy substifuted mono functional carboxylic acids and salts thereof.

20  Exemplary monofunctional hydroxy-carboxylic acids include glyceric acid (i.e.,
2,3-dihydroxypropanoic acid), glycolic acid, lactic acids (e.g., L-lactic, D-lactic, and
DL-lactic acids), hydroxy-butanoic acid, 3-hydroxypropionic acid, methyllactic acid
(e.g., 2-hydroxyisobutyric acid} and 3,4-dihydroxybenzoic acid, Combinations of the
two monodentate and polydentate complexing agents include amino acids such as

25  glycine, and common analytical chelating agents such as ethylenediaminetetraacetic
acid (EDTA) and its numerous analogs. Other useful chelators or complexing agents
include, for example, polyphosphates, 1,3-diketones, aminoalcohols, aromatic
heterocyclic bases, phenols, aminophenols, oximes, Schiff bases, ascorbic acid and
similar structures, and sulfur compounds. Mixtures of the above complexing agents

30  also may be used, so long as they do not interfere with the desired results. The

concentration of the complexing agent in deionized water (percent by weight) is
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di carboxylic acids descri bed above, citric acid, tartaric acid, gluconic
acid, nitriloacetic acid, or conbinations thereof Another additive that may

be added to the working |liquid include hydroxy substituted nono functional
carboxylic acids and salts thereof. 20 Exenpl ary nonof uncti onal
hydr oxy- canb@xyhiosoa@ci ds include glyceric acid (i.e., PpCr/wS2006/040803

2, 3-di hydr oxypropanoi c acid), glycolic acid, lactic acids (e.g., Llactic,
D-lactic, and DL-lactic acids), hydroxy-butanoic acid, 3-hydroxypropionic
acid, nmethyllactic acid %e. ., 2-hydroxyi sobutyric acid) and

3, 4- di hydr éy@i¢ndlyzbleast gbeu -Oégrﬂdﬁmat %ﬁblggﬁr- tlpether ¢ipbedimetis ik e@owrd

pol ydent at e, &%W:aggé{%g?’b%%%‘géb%a{' ﬂgéy@&gwe@p aci ds such as 25 glycine, and

comon anal'ytica at1 ng agen S et hyl enedi am netetraacetic acid
(EDTA) and its mheesopisxiag agengmay@idodmptsesolutichahbdlin sschas Bonpl exi ng agent s
i ncl ude, far, _exanple, polyphosphates, 1, 3-di ketones, am nhoal cohgls, aromatic
het er ocycl iBhipiEEg eXIdRFAFEPEPOSHIANf3EE BB e MaipRsdn ﬂ@c‘ﬁ‘?rbpgga‘é‘és, Hscorbic

acid and - %gﬁfioéafpagﬁau%ﬁrﬂﬁ(ﬁ&nc@i@qggzugiﬁ@gﬁ@gaﬁg%ga&ermi&éw &snfe, the above

conpl exi ng agents 30 al so may be , s they do not ‘interfere with
t he desi r edhe egdiztrsn tiEheorking ligedt MWten @mapdrity hEthe copblexinp ggengsrselertad dei oni zed

wat er (percent b ight) is .-12 07/ 050409 P US2006/ 040803
typically f‘m_f' Eé‘éfp\fegfﬂglﬁﬂfz’w‘@w’,a .\égd%%?c“é’\‘} ﬁcﬁrﬁﬁag%wqeﬂé)%%er enbodi nent s,
thi s amunteonjbfabeh Métedhd B mal0 ratRIf WABAHE adédt todhetEMBRs (MY The
conpl exi ng agents may al so i nprove solution Stability, such as by

i nhi bi ti ng rossen ip éhe coawosihasshordbeahlsadd toy. nreferabin grtatéréhan 3 to 1t reranor ki ng

liquid.,.This .5 can be of particular. inportance i.f a per-c u hydr ogen
peroxi 4" f orelealiean in R0 ob Foren SR EHEREB et BB BT8R ey or
of the conprefsiredraageivt nidle SEb dedeeh 15 odnand 280 Bpt . eotenativnahivengdd a sinple
di functional acid, a salt thereof, or a conhination thereof, the nole ratio

of conpl exi Wi efereids gr salis-allhg giexe raey samesPpdde a permplaxing azeab®Bahast i on shoul d
be at | east el g | Vs a bly

or cat er ¢ na o8 Ao R BRPIAR BN RELBIechis Nidn Wt o PO MRS L. one
preferred rmngeldeslednamebes, thatrdtos BetikBradhStad@otrespoadi 29 ldweer 1o acbiner rat i os

can be ysed, wth other acjids or,salts. The aboye ratios correspond to a
conpl exting M5 CERERTIREE oL CRBIURED 1 BHFED A P EAEBS A5aPehol eoul e.

When t he nuibeRioQf MR B Ge ShibQSted PRED BRIR MhEMbIBSsEASR Rk rati oS
shoul d be adjusted correspondingly |ower to account
agents present. If mixtures of metal ions are used, the ratio of Mc/Mm should be
calculated based on the total moles of all metal ions present. A majority of complexing
agent includes at least half the total moles of complexing agent used. In some
20 embodiments, at least about 60 mole percent (mol%), 70 mol%, or even more of the
simple acid or simple acid salt is used.

Buffers may be added to the working liquid to conirol the pH and thus mitigate
pH changes from minor dilution from rinse water and/or difference in the pH of the
deionized water depending on the source. The pH can have a significant effect on the

25  nature of the tungsten surface, and the tungsten removal rate. The most preferred
buffers are compatible with semiconductor, post-CMP cleaning needs as well as having
reduced potential impurities such as alkali metals. In addition, the presently preferred
buffers can be adjusted to span the pH range from acidic to near-neutral to basic.
Polyprotic acids act as buffers, and when fully or partially neutralized with ammoniuvm

30 hydroxide to make ammonium salts, they are representative examples including

systems of phosphoric acid-ammonium phosphate; polyphosphoric acid-ammonium
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15 for the higher nunber of conplexing sites. If m xtures of conplexing
agents are used, the ratio of M/ Mn should be cal cul ated based on the total
nol es of all conplexing agents present. If mxtures of nmetal ions are used,
the ratio of Mc/Mn should be calculated based on the total noles of all
metal ions pr@s®hbsosdd Majority of conpl exing agent incl edessawsbsosst hal f
the total noles of conpl exing agent used. In sone 20 enbodi nents, at |east
about 60 nole percent (nol%, 70 nol % or even nore of the sinple acid or

sinple acid salt is used. Buffers may be added to the working liquid to
control t he PpPhefahatRfhe bariciagammoniim felraberate; pejif arﬁdﬁ‘i‘ﬂ“mﬂiuluﬁ]tl on fromrinse

wat er and/ or, rgaﬁofrae i ma&@%uﬁ&sesmfm an%?gaa{ya% Wats RbrrElSRRisH §g, on the

source. The can have a significant effect on t 25 nature of the
t ungst en surpiuacdarlﬁﬂﬂ afrimgoriim ept. €kri- raedrpwlaprohapmtolﬂihmx@ﬁhmr mitef erred buffers

Feduced pot SHEPALY RS SQisare WBCEH ol s BR PEe AT Oh e

present |y pepkeid®ded Sitihé ﬁﬂﬁ)\aﬁx@g\prb@lﬁé& Wb RRhitPhsRAN kAP bKE aRrElr f r om
acidic to near-neutral to basic. Polyprotic acids act as buffers, and when

fully or paihangt ﬁs;paﬁwmdaglm@wc 9id, msaﬁfrmdvum,amuﬁwpmbw eXstaiigke anmoni um

salts, they&ﬁ #]g%g& n%tl ve exanples including systens of phosphoric
aci d- anmoni pol yphosphori c aci d-anmoni um -13 WO 20071050409

PCT/ US2006/ 0408oaonpﬁbxymhm$tpﬂsa‘bzanetahexd:imnwe ao1 exampleptyipival hkibitedsat e; boric
aci d-ammoni um pent aborate itabl e buffers conprise an_organic acid

h
and its cor FeRRsHIGIUdgD %%Pwﬂc%éﬁﬁt;‘é%‘dﬁmﬂ‘ﬁ kpviaasale deTeaives, syghias and

pol yprothc e akt rgm% s are

pr ef errg!c)i %ggrgéz%%yﬁogﬁ?ﬁ e gﬁlm%ni u‘?rnml‘%}%?gﬁﬁ’%é% é‘%g?errs é%g%dé%htthe

f ol(l owi ng plamautryltcesmlcﬁd’ hlkdfnc\p{hi dh aﬁéﬁm,@hoslphaeﬁar@hmvm@ mpesatieg than 7:
aspartic acid amc acid tidine n nLne ornit

cyst ei ne, W’ﬁg as?iﬁe&] ”85?31’3185? f?ézmﬁf)‘?q %%Eixoh' F“ﬁlmgﬁgqaé?‘éa ing PEPL f;hg are
known. For @mw%ﬂmng it e profebi Déds OF & nde surfRP RS vet MCoHAS: W&ot ri azol e and
its derivatives known as azol e derivatives, such as 10 tolyltriazole. Copper

is known toabféSI%ﬁMQmW@sﬁr\ﬁé@fé%leﬁnM@rhng etkpeter C@ﬁpébbwlmwh at neutral
or mldLy alkaline d i.on o re kn S|vat|ng
agents, 1guc 4l gm&aégﬂreécgo%’ﬁ?#ﬁs o5 thsﬁf)sugt% %%’TMP?%A@ ﬁ‘éa%ﬁ €passi vati ng

agent in thegentis benzotriazole, Other passivating agents are listed in Leidheiser, The Corrosion
of Coppers, Tin, and Their Alloys, (1971), pp. 119-123. The amount and type of

passivating agent will depend in part of the desired planarization criteria (¢.g., cut rate,
surface finish, and planarity). Passivating agents, or etching inhibitors, useful with
20  tungsten include 4-ethyl-2-oxazoline-4-methanol, 2,3,5-trimethylpyrazine, 2-ethyl-3,5-
dimethylpyrazine, quinoxaline, pyridazine, pyrazine, glutathione (reduced), thiophene,
mercaptopyridine n-oxide, thiamine hydrochloride, tetraethyl thiuram disulfide.
( The working liquid may also contain other additives such as surfactants, wetting
agents, buffers, lubricants, soaps, and the like. These additives are chosen to provide
25  the desired benefit without damaging the underlying semiconductor wafer surface. For
example, a lubricant may be included in the working quuid in a fixed abrasive process
to reduce friction between the abrasive article and the semiconductor wafer surface
during planarization,
Inorganic particulates may also be included in the working liquid. These
30  inorganic particulates may aid in the cut rate. Examples of such inorganic particulates

include: alumina, silica, zirconia, calcium carbonate, chromia, ceria, cerium salts (e.g.,
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CWP working fluid can protect areas of a netal surface not yet in contact
with the abrasive frompremature, or excessive renoval by an etchant or
control how nuch 15 oxidizing agent reacts with the exposed netal surface.
An exanpl e of a passivating agent is benzotriazole. Oher passivating
agents are ioShedsése Lei dhei ser, The Corrosion of Coppecsusiiotpsoassd Their
Al l oys, (1971), pp. 119-123. The anount and type of passivating agent wl|
depend in part of the desired planarization criteria (e.g., cut rate,
surface finish, and planarity), Passivating agents, or etching inhibitors,
usef ul wi t hee2on nitvgfs}, ermnptneilieairs, apdditeninm gioxidsz dhe Aecragerpettisloridie, of
2,3,5-trimeghyl.pyrazi e - - g hy! zZi qu j_ne,
pyri dazi ne, Ehﬁ%erlggﬁg%nel? B"é‘?ﬁ‘ﬁ%‘g %@éﬁl&%&e ?eesag{ce %?Mtlwg%ﬁégr}go?ns’ e%gga% %gssri di ne

n- oxi de, t hibafrkket BYCARESHon] Gha mdre prefeeity lesd thinustai 2H0sAtdsiroids. The wor ki ng
liquid may al so contajn other additives such as surfactants, wetting

agents, buff ers, Aliihen paticuateg a8 addsd tq the worles lipfid dbe HIE¥NHY ves are chosen

to provigde L1 ARTY] -[q,?é}:' deslying
sem condﬁctI(J)lr%%’e\/\n/faeFj glroglg% ?gg%%ggé&%lﬁn%%&% ug%éggﬂ{m%ég'gbg is%cl uded in the
wor ki ng | i qalbrdsivepaatidleswvetdcladoe ast asscjataiceitisthe bloasiedartde f Prefdrabdn thet ween t he

abrasive articl.e and,the sem con or wafer .surface. durj |.anari zati on.
I nor gani ¢ p&’rofcl?’i‘:g,u 1%%%0“%%8?5%%% i’)ﬁ(‘?’le Equffﬁé‘hl}ﬁ S@\B‘Fﬁﬁﬁg"n%i \E,)[E} . These 30
i nor gani ¢ pafd inGhin@ kRBodR¥n@infhrd frefel®lyCoth by Hefoht SR GartRilaRYCh 1 norgani c

particulates include: alumna, silicd, zifconia, calcium carbonate,
chromi a, ceria, beomgembaimen{sethginventionprindaeaisoBau0ehRET peiddey 040803

ceriumnjtrat arnet, .sil.igat.es nd tit.ani um di oxi de. e average
par t 11 20 Sisith el MshabANEE pef B aolite' BrioRifop Bssrddsr Than about
1, 000 Angst ndEyinp&aeieicabF ¥ wafs she ¢ohaidsitibe bdm ANGSERRIS mixaind offor e

preferably | ess than about 250 Angstrons. Al though particul ates nmay be added
to the wor kil angidiEing apenh p6QBPIEXIpE ageng aad gctab ipngorhersiy whemythed i s

subst ant i al Lyt & Qfort RQGAAL troRBRb bR SnpiP ahreul 99360 oRBAAST Ve

particles whic ot assoclated w rasive article. Preferably,
t he wor ki nghekdofjthaimolemstan efsompeksing hgent k@/mbtg! iond prbdent prted Byuadisyt leests t han

0.1 % by_wei_gh nd in sone ermhodinents nore_preferably 0% by wei ght
inorg(;n?fé pég‘eﬁwﬁéﬁﬁ’&gﬂm e T e BT e of _FH‘%T?%‘YR/@WS){%{%PW des a
chem cal meghapkaais sPh & iedfjag?ﬁ% ROk RPstém i@ wilb@si ve pad and

a polishing conposition userul
instructions for use, and it can be provided such that the oxidizing agent remains

separate from the metal ions and the fixed abrasive pad until the day or time of use or
unti} the polishing operation requires the composition.

20 The nature of the metal surface in contact with a solution is related to the pH of
the solution as well as the electrochemical potential of the metal. For example at pH
greater than about 4, tungsten tends to corrode. At a pH < 4, a self-passivating tungsten
oxide coating is formed. Thus, the pH of the polishing solution can be important. For
tungsten polishing, it is preferred to have a pH from about 0.5 to 7, more preferably at

25  least about 1, or at least about 1.5. In other embodiments, a preferred pH is below
about 5, below about 3 or even lower. The nature of the surface being modified, e.g.,
metal or metal oxide, also can have a significant effect on the action of the abrasive
pad. Thus, the CMP polishing system, i.e., the polishing pad and polishing solution,
must be optimized together to obtain the most desirable results. If a fixed abrasive pad

30  is used, selection of the abrasive particle may be dependent on the nature of the

polishing solution, for example the solution pH. Generally, it is desirable for the fixed
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nodi fying a surface of a wafer, the conposition conprising a synergistic

m Xture of water; an oxidizing agent; a conpl exing agent; and netal ions;
wherein when the conplexing agent is a sinple nonofunctional or sinple

di functional acid or salt thereof, the nole ratio of conplexing agent to
metal ions poesenisodom the liquid is at least 15 3 to 1; rImdusehesroadsns t he

m xture is substantially free of abrasive particles. In sonme aspects, this
systemis supplied as a kit or multi-conponent systemw th or wthout

instructions for use, and it can he provided such that the oxidi zing agent
remai ns  sefARSNCPOIIAS Pakiohe SRPle TR ATCIRFOIUTERY: i ke tP besoa S Fad until the

day or timepOimbtfesRant 1 ¥wellig s Wik o? lhyds}u IRBRY, &td BesBOMIth &R dollShing

conposi tion. “20 The nature of "the neta face 1n contact wth a solution
is related todutiohdo plaximfize pdddifsol uti on as wel |l as the el ectrocheni cal

potential of the.netal. FEor exaumple a reater. t han, about 4, tungsten
tends to corrodgljhe,&fméfnb?ﬁ&e WP@%&“@%&@&"@&P PRy ﬁ%agfdglﬁ%ecff’inagalcoati ng is
formed. sThusfméthierpidtRloxidedepattt SBinAk: Siefhst. 118 LR RmMBEdInRRG thalts For
tungsten polishing, it is preferred to have a pH fromabout 0.5 to 7, nore

preferably affigent/iguidtframpthgbagic werkieg liquichand/aieashemia] etphanb t Inetheenbodi nent s,
a preferred LS _bel.o | ow,ahout r.ev | ower. The nature of
the surface® e?dﬁraelﬁr%éﬁ 1¥V g?;?%ﬁ%%g?ve%ﬁsgfogﬁ%gﬁﬂr%%gﬁ aa%eg’gﬁnaré%lggtgncan have a

si gni fi cant ingfifaecin aditibh e e firaRvoafing heui AbTIAS kacend Padd cakhiydudd he CVP
polishing system i.e., the polishing pad and polishing solution, nust be
optim zed teRyeRomeRts plgo Biselap Mg ligpil anddsandisicatielydiffergnt. | f 3 fi xed abrasive
pad 30 i& used, ﬁn% I8 ilabREuARAS gl : gnt on the
nat ur e 2) t he p(is') I'S |n99§o L?t Pon, feor u}e&geg’rrpﬂté tﬁgmgg%(a%ﬁ%lgﬁ%ﬁ&qégner al ly,
it(is desirabbelidved tot Yeenséfukech subdtBntiAlly 20051V OFEARDisRHGT sISRH00! 040863

abrasi ve pol.jshi t 0, be stable in_.aqueous sqoluti.ons, i.e., to be
conpri sed opwg%ﬁﬂg%gabp@s‘ﬁeﬁgﬂ?nﬁ%ad§:\r/]@fq%mi‘§f Ogﬁu WHEYPEINYRIr ophobi ¢, and to
be stabl e t gridrbglaebiCNIPFEB 0TS @NPI O™, @NIBRipITE € NoRgh 1 b, @nd Evpseomunt of the
working liquid preferably is sufficient to aid in the renmoval 5 of netal or
met al oxi defr@léﬁg{sﬁ teshriolegy, PrBon Bldcgeric Teehnalegiesctebodpase® 3V2008end i s

sufficient LiQuid fr i ki ng_ ki s [.orot.he chem cal etchant.
ot hels ookt el @bt e RARlplR Ll ab M Po o e, SR B o sent
the pl anari gESWID00 SeréseSlfnaiee fiom Fashet driddaat Bldchenit Madrial0ISkbGudriegui d.  Thi s

second |iquid can include- i ) )
may be, or may become, available with few or no abrasive particles. Or, one can
remove the abrasive particles from the commercial slurry via any known method. One
such method is filtering the slurry, such as via the method described below in the

20  Examples. In another embodiment, such a slurry liquid base can be modified or
fortified by adding selected working fiuid components as described above.

Generally, it is preferred that the polishing solution oxidizes tungsten at a
reasonable rate. Although a preferred method for Fixed Abrasive (FA) tungsten CMP
is to have a substantially abrasive free polishing solution, it is believed that small

25  quantities of an appropriaté abrasive could be added to the abrasive free polishing fluid,
or left in the fluid when removing much of the abrasive, while obtaining useful results.

Using the FA approach in other CMP systems provides low dishing and low
erosion. Both results have been demonstrated using FA tungsten CMP as well.
Tungsten removal rates of up to 5,000 A/min can be obtained, depending on process

30  conditions (see the Examples below for further guidance), The removal rates are well

within the range of those required for acceptable wafer throughput. Additionally, when
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conponents also used in the first liquid, and it can be entirely different.
10 Commercially available tungsten slurries, with the abrasive particles
renoved, are believed to be useful as a substantially abrasive free
polishing solution for tungsten CMP with fixed abrasive polishing pads.

Exanpl es of@ggdgm%ilw ries include Mcroplanar(r) CMP3558FMsrdedfasnsOTM
CwvP3100TM 10TM and CMP3005TM from EKC t echnol ogy, DuPont El ectronic

Technol ogi es; Sem - Sperse(r) W2000 and 15 W2585 from Cabot M croel ectronics
Corp.; and MSWL500 Series Slurries and MSW2000 Series Slurries from Robin
and Haas El mutm®Tl evaldat cmn'taa’e:hisg b@hcllical oridd &sl silii:ay nhede wpionayelsecone,

avail able w f.ew,or rasive particles on an_.renove the

abr asi ve padf dé‘é‘dﬁfﬂ}berﬁ(a?rﬁ'}ézﬁ gF%{}dltéqnﬁW?lg Q/F‘épéﬁﬁlc et hod. One
such net hOdex'eﬁlpfal'yl w@ﬂkmg%ﬁch@ﬂ@wbme mmﬁoﬁ&ma@rehﬁea&rf&%m&e%ﬁpﬂ bed bel ow
in the 20 Exanpl é€s. I n another enbodinent, such a slurry |liquid base can be

modi fi ed orabofick Alnfineadelging aeti hh@i |3 £ witonskide aed Tungsten/slempariede s as

describ raI r ef er at t 0li shi ng, sol ution
oxi d 2t (RGE: gt BLEY g 2 iy whe RO EE Ry HRS O RPE R hod 1 or

Fi xed Abr asthy 8 A(abfibadhragidlyeembhdd the $i/TIN 1@t Qs detsrlinddaidrh &leltimgghnasi ve free
polishing solution, it 1s believed that small 25 quantities of an

appropri at e thigkpess pydtotsbpelishi@eadded to the abrasive free polishing fluid,

or 11t 11 the Fhyl g AR id SR sl 18 AREASKIE Wi R 21 11 g

useful results. approach in o OVI des | ow
di shi ng andabraiveartizddso Dbjddtstand néwntapss dfaMeubemronmme:nHﬁmdtedﬁym@ FA

tungst en as, wel | ngsten . renoval . rates of up to, 5, 000 m n can be
obt ai net? Cg/gﬂéﬁmgﬁéa%ﬂe%gﬁﬁgggm@gmd’&aﬁﬂﬁiﬁBé‘ﬁ Ei'F’Ff'é’ f EEeleRIndacspe| ow f or
further gui daRGEL. o TRA of GIFRY BndfiRheamdchiChbuthbdtohfificl fGRgL [ hose
required for acceptable wafer throughput. Additionally, when -16 WD
2007/ 050409liPCTHiBRO0BN040803 pattern STI wafers containing both silicon

oxide and silicon nitride regions were polished under the identi cal
pol i shing conditions using a FA pad Egagrplesni t h an  exenpl ary wor king fluid,

silicon oxide a ilicon nitrid ratswere Al mn,
yi el di ng very hi%@?g?ﬁﬁgrtoéﬁf:s qs?r Ni@gﬁgy f’l‘}n"&*’é?r ﬁ% | C% ﬂllﬁ ride 5
ratios. 1A t fuehic linndRend titatedeen 3%&3@@&%0&1 Palkdrya ABARMIEd i n this
experinment, the FA approach rapi renoved the Ti/Ti N |layer as determ ned
fromthe tu}v@gmg]ﬂodt Baker, Inc. Phllhpsburg, NJ), and where not otherwise specified, materials

are available from chemical supply houses, such as Sigma-Aldrich, Inc., St. Louis, MO.
Materials

Fixed Abrasives
20 Copper (Cu) CMP fixed abrasive discs available as M6100 (MWR66) and
MWR131 from the 3M Company (St. Paul, MN) were used. Both fixed abrasives had a
“T63” geometry, a three-dimensional fixed abrasive having three-sided pyramids
having a height of about 63 um and each side, although not being identical, having a
length of about 125 pm, and included alumina abrasive. The fixed abrasive sheets were
25  laminated to 20/90 sub-pads (a foam sheet on a polycarbonate sheet available from 3M
Company) using a pressure-sensitive adhesive (available as 9671 from 3M).
Wafers
Eight inch (200mm) diameter, blanket tungsten wafers, were obtained from
Ramco Technology, Inc. (Los Altos, CA). The wafers were single crystal silicon coated
30  with the following layers in order from the surface of the silicon: about 500 nmn

(5,000A) tetraethylorthosilicate (TEOS), about 15 nm (150A) titanium, about 10 nm
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t hi ckness and total polish tine. This invention is useful in sem conductor
waf er planarization involving fixed abrasive articles. bjects and

advant ages of this invention are further illustrated by the 10 foll ow ng
exanpl es, but the particular materials and amounts thereof recited in these
exanpl es, asvowdor/03409%t her conditions and details, shoul gcneszdeowenst rued
to unduly I|imt this invention. Exanples Hydrogen peroxide, described as
30% by weight in water, CMOSTM stabilized, 15 and ferric ammoniumcitrate
(green) were obtained fromJ. T. Baker (a division of Mllinckrodt Baker,

I nc. Philli PB4 titanigy nitridacpndbeet S06nmyBII8PA el tupestenf Asiditionalweaftral s are
ilable frop i , ' AL dri | pGy, St.
et Lobl e BRI HeRk AR BN SR R BIP AL i B S

di scs avai | Bigheinals didnte0 (20MAREBlngsnch patbiRbdders witinah RATIM Copeaazy (St . Paul
MN) were used, Both fixed abrasives had a "T63"%fggorretr

, a
t hr ee- di men@FBoHE vy stiuctETes SYelRP R ehpssgTem Rewea T Olﬁﬁ-aﬁi‘ed%aﬂeq‘r‘avi ng a
hei ght a i i lgjezﬂﬁ lxy having a
| engt h 8? a%%%s@é?éﬂ@l%@g?ﬁag l}%’g&‘?g?fﬁ,ﬁﬁ?@g I)’gglr\E/gg hled ixegggé‘?asi ve
sheet s wer eti@Givigabpoval @omt(30RY) t8enisminitpde snd abduosdn 1wh é&00W0%Y) GVPol ycar bonat e
sheet available from 3M Conpany) using a pressure-sensitive adhesive
(avai | abl e BE€88®Y1 from 3M). Wafers Eight inch (200mm) diameter, bl anket
tungsten wafers, pyiRhfmg®Etdtion®d from Ranto Technology, Inc. (Los Altos, CA).
The wafers were single crystal silicon coated 30 with the follow ng | ayers
in order from thé quatitaekdeimnizeddDE) wateroras mivwstivitisotberingredisnio (BA)

tetraet hyl ort hosilic Jm [ i U bogut 10 rim
137 o Bhoonienabyt S BuBtbhy BeBY meeBbi At thak bR HEb-ROR oLt Boo
i nif (8, 000AbarGividl] dowiplksd eissolviibeliwds@bedrvedaf ers of sinilar build were obtained
fromthe Cypress Sem conductor Corp. (San Jose, CA). Eight inch dianeter
(200 nm tulgstPencedatdsern wafers with an MT 854 type mask wi thout dummy

structures were l[iur chased from Rancto Technol ogy. The pattern
emoval Rate determination

Removal rate was calculated by determining the change in thickness of the layer
15 being polished from the initial thickness and the final thickness. For eight inch diameter
wafers, thickness measurements were taken with a ResMap 168-4 point probe Rs
Mapping Tool {Credence Design Engineering, Inc., Cupertino, CA). Eighty-one point
diameter scans with 5 mm edge exclusion were employed.
Wafer Non-Uniformity Determination
20 Percent wafer non-uniformity was determined by calculating the standard
deviation of the change in thickness of the layer being polished at points on the surface
( of the wafer (as obtained from the Removal Rate Determination), dividing the standard
deviation by the average of the changes in thickness of the layer being polished, and
multiplying the value obtained by 100 so results are reported as percentage.
25 Hydrogen Peroxide Concentration Determination
Hydrogen peroxide concentration was determined by use of peroxide test strips
(EM Quant® Peroxide test strips manufactured by EM Science, a Division of EM
Industries, Inc., Gibbstown, NJ). The general test procedure described on the test strip
container was employed, When applicable, the working liquids were diluted with DI

30  water to the appropriate concentration range detectible by the test strips. The dilution
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5 wafers had the foll owi ng wafer |ayers: 400nm (4, 000A) PETECS, about 15 nm
(150A) titanium about 10 nm (100A) titaniumnitride, and about 600 rim
(6,000A) CVD tungsten. Polishing Solutions A quantity of deionized (D)
water was mxed with other ingredients (as 10 specified in each Exanple), by

stirring thegocebigshhe W th a Teflon-coated magnetic stirpeRabodRidsh; conpl ete
di ssol uti on was observed. Test Procedures Renpval Rate determ nati on Renoval

rate was cal cul ated by determ ning the change in thickness of the |ayer 15
bei ng polished fromthe initial thickness and the final thickness. For eight

i nch di anetRior wad estakéhintkicesmt ek Sumh BRI Snok@t 6 Hydlogsn pérbkida ResMap 168- 4
poi nt probe Rs Mapping Tool (Credence Design Engineering, Inc., Cupertino,
CA). Ei ght yrr&i58t BAAhmDl amet er scans with 5 nm edge excl usi on were

enpl oyed. \afer MNgRs4 ik Py m nation 20 Percent wafer non-uniformty
was determ ned by 05 ?t?lgltg%g (tnﬁgﬁlg andard deviation of the change in

t hi ckness of t heWhizyererbpolisfedudingsshillRRA 3300 Chaniodi-MbwhasivalfPabichingf t he waf er
(as obtained fromthe noval Rate erm.nation), djvidi t andard
devi at | oh b YSE%%P@F%&@W&%’ Iéﬂ&??éi%ﬁu_ Jehi Bhvae Mogp e bei ng
pol i shed, anghl (BBHd TRLMbIBG S, MR, \GabMenBT @A N erhr RYird QB 8 plidhfhear € reported

4
as percentage. 25 Hydrogen Per oxi de Concentration term nati on Hydrogen
per oxi de coprsle? inghdsom diamster 6106 ennwds lapingtad to theppdatonefdhe pdshingtedlps  (EM

Quant (r) Peroxide t st rips. uf actured by,EM Sci ence i Vi si on of EM
I ndustri es, Wﬁﬁ%?ﬁye@%é %Své?,g)cnll\:ﬁn?? Qflﬁ'etrgee%a%rv&%éhf resﬁ‘i’rc?&élaﬁf"él escri bed on
the test stadighizeddDIRAVAGTfoMEBsceHk ai®ebndibasd Bppiliskiaphaferdshfor 8ar ki ng i qui ds

were diluted with DI 30 water to the appropriate concentration range
det ect i bl e minufdsat ¢ Blgtenspee 9§ 10 mpan, aicpigies weed of 8 mp aemabistng 9

PCTI US2006/ 90319%%& ﬁ&to‘?ﬁéﬁ"?}&/&lﬂn‘? 'b&i%g‘r%;ﬁl% h(éﬁsﬂ, tﬁ%ﬁg%hﬁlgﬁ%ﬁﬁ{? ne the

anount of hydrogen peroxide present sa ol'1 shi ng
Procedure TITAN carrier inner tube, retaining ring and membrane were 31,0 kilopascals (kPa)

(4.5 psi), 34.5 kPa (5.0 psi), 31.0 kPa (4.5 psi), respectively. Pad break-in was
conducted with e_ither CPS-11 polishing solution (available from 3M Company)

15 containing the recommended level of hydrogen peroxide and an eight-inch diameter Cu
disc or a blanket tungsten wafer(s) and any one of the documented tungsten polishing
solutions. After pad break-in, polishing was conducted at a solution flow rate of 150
mL/min for 60 seconds per wafer. Unless otherwise noted in the specific example,
process conditions for tungsten wafer polishing were as follows: membrane pressure

20 27.6 kPa (4.0 psi), retaining ring pressure 34.5 kPa (5.0 psi), inner tube pressure 41.4
kPa (6.0 psi), platen speed 79 rpm, carrier speed 101 rpm using a slotted retaining ring
and polishing solution delivery arm in the lock position with an MWR66 polishing pad.
Comparative Examples CE-1 through CE-6 and Examples 1 through 6 were polished
on the Mirra 3400.

25 For EPO112 polishing, a MWR66 polishing pad, 22.5” diameter, was laminated

10 the platen of the polishing tool with a layer of PSA as described above. The pad was
rinsed with deionized (DI) water for 10 seconds. Pad break-in was conducted by
polishing 8 tungsten blanket wafers for 1 minute each at a platen speed of 79 rpm, a
carrier speed of 101 rpm, a top ring pressure of 41.4 kPa (6.0 psi), a back side pressure

30 of 27.6 kPa (4.0 psi) and a polishing solution flow rate of 150 mL/min. The break-in
polishing solution contained 95.854% DI water, 4.066% hydrogen peroxide and
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Wafers were polished using a M RRA 3400 Cheni cal - Mechanical Polishing S
System (Applied Materials, Inc., Santa Clara, CA) or an Ebara Mdel EPO112
CVP Tool (Ebara Technol ogies, Inc., Sacranento, CA). For M na polishing, a
polishing pad, 20 inches in dianeter (50.8 cm, was |lamnated to the platen
of the poliOAYL? with a | ayer of PSA as descri bed abwwszo0dhespad was
high pressure rinsed wwth deionized (D) water for 10 seconds and

condi tioned by polishing wafer(s) for 3-8 10 minutes at a platen speed of
101 rpm a carrier speed of 99 rpm and a po)ishing solution flow rate of
120 ni/ mi n, VB8P TerETE RPENGRBIT §‘rt|r,atct(ﬁT§e‘§r g&’ﬁ?@tbr%ﬁl“i gessy conitions foF A carri er

i nner tube, i Qi g . : j (4.5
el 34. 5 KB o T L s
conduct ed wbédk saletfesswer3-3kPa (p6Ipis,milaten spo¢cdiiq mm, Ceaviad spatyl H) i rpmrwiBMe Conpany)

18" 5 95 e errended, Loyl ik poet st s . A ot -1 n
docunent ed hpBEEeAesTol pBRiNgafes0 Odbip@ative Pfdi@lestatl7 ireadr CB-11 R84 | shi ng was

conducted at a solution flowrate of 150 nL/mn for 60 seconds per wafer.
Unl ess ot heEvimsrlenbthaenghnl Orwee Bplisbed pinedhismpathod. process conditions for

t t f I sh : kPa (4.0
Sty retar ning rhg b esa SoBiafi R a BT AR ELERT BeE BUE oo 4
R T e T IPAT AR

I ni | | | utl |,V AN . 1Tl
with an WREETREP ?ﬂ%ﬂj%%@ggeéﬁaﬂé?#m%ﬂ% ee&ohé:@aﬂﬁﬂwé#f@@-s)e and
Exanpl egg1 L%M%Ebeﬁ)w&n%%ﬁqm% Bn AR Mroha 34004 waky RO EPOL12

polishing, a pol 1 shing pad, 22.5" diameter, was lamnated to the

pl gt en of t heifpoliiyshing tool with a |ayer of PSA as described above. The pad
was rinsed with deionized (D) water for 10 seconds. Pad break-in was
conduct ed b¥xamplikhing 8 tungsten bl anket wafers for 1 minute each at a

pl at en speed of .rpm .carrier eed, of 101 rpm .a top ring pressure of
41.4 kPa (6.0 ps?‘%}sg"g‘g%’?‘ﬂmgi %{é%gzg’ﬁfreér@@fl 02‘7’?’5’%0‘(‘%&69@? #) and a
pol i shing s@bsivd o, (Y hydRdRn Prokdl. Thd P Rvas 456 FBF GdtidsRonBRfilSilRg_sol ution
cont ai ned 95.854% DI wat'er,” 4. 066% h%drogen per oxi de "and -19 2007/ 050409

PCT/ US2096/ e#oR0o3m girae (gx¢ry the ;o mieiahiop iptesent avefagadmutdted besedeon pad

break-in, p(r«%ﬁgﬁ? fracidf %&" H)I? Pnsthtfa gcgmg%ulnd of 0.15, For the Table below, the moles of

complexing agent present were calculated based on the assumption that the weight
fraction of citrate ion present was 0.85. Hence, it represents the maximum possible
amount of organic complexing agent present. The value could be somewhat lower,

20  depending on the amount of ammonium ion in the compound.
Example 2

( Polishing Solution: 859.5 g DI water, 5.0g of a solution comprised of 6.66g

ferric ammonium citrate (green) and 993.34g DI Water, 135.5g 30% (wt.) hydrogen
peroxide.

25 Example3

Polishing Solution: 1,863.7 g DI water, 0,80g ferric ammonium citrate (green),

135.5g 30% (wt.) hydrogen peroxide. The pH was 4.8.
Example 4

Polishing Sclution: 1,592.7 g DI water, 0.80g ferric ammonium citrate (green),

30.  406.5g 30% (wt.) hydrogen peroxide. The pH was 4.9.
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tungsten wafer polishing exanples were as follows: top ring pressure 27.6
kPa (4.0 psi), back side pressure 17.3 kPa (2.0 psi), platen speed 79 rpm
carrier speed 101 rpmwith a solution flowrate of 195 niL/mn. The
polishing time was 1 mnute for blanket wafers 5 and 2 mnutes for pattern
waf ers. Conparmbinsesokbxanpl es CE-7 through CE-1 | and BExgilSsshdshy ough 10
were polished using this nethod. Key polishing solution paraneters and
tungsten bl anket wafer polishing results are sumrarized in Table |

i ncluding: polishing solution netal ion concentration, ratio of noles of
conpl exi ngrag@ple $ 0 nol es of netal ion in the polishing solution (M/Mn,

10 hydrogen peroxi de concentration, tungsten wafer renoval rate and wafer
non uni f or m ty. PolEhmgHodutibn Phb268y Dywaed, 0128 g A-hy&o&yiSotgtyDlc anklt €00g of. 9g ferric
anmoni um citrate reeny, 79..30% hydr oge roxid pH was
a5 For sanpite (ORI RS ¢ LRkt tne i SR B et e ot s
of metal i QR yHRRREE p¥BkBe CThEHI 3afd ghased on a wei ght fraction of iron in
t he conpound ‘of 0.15. For the Table below, the noles of conplexing agent

pr esent swemxafplecsll at ed based on the assunption that the weight fraction of

citrate ion present was 0.85. Hence, it represents the maxi num possi bl e
anount of or ganPolishorgfodtiong3.4bkve Dhwatse At52g ihe (W hiretcrenhlt doede,s onewhat

2"Pol i sni nd BBL QKB e G0 ety PVSTRHGH Bt PGP TOR PLea of
6.669 f | ' ' d 993.34g DI , 135. 30%
(wt. )g hygi:%Dgnrpaarpe{%%%lgé%&g?@xg%?agné I%(r)]I i shing %ol ut i\/\g;?r 1, 862. ?gg DI i

wat er, 0.80g fepgLi -I%r’ggy,ﬁ' Mk ks A ar o (43 0 tde) Nydrogen
per oxi de. The pﬁa\;\sglé 4_8_1%aﬁ%F]g%4&%?iogﬁ?)€8/éﬁﬁ??%ﬁ; ?eédg%d% g DI water,

0.80g flérr iPolistimgpPadu M WR1 3 at Ryo¢egs €enitions 3PemBianspre 086 vk kPa (Fybdsngen
peroxide. The pHwas doie 627%pYR ¢ 0% AROABE plestte 62PR0! B85 ntaten

speed 101 rpm, carrier speed 99 rpm. Process Configuration: Slotted retaining ring,

polishing solution delivery arm in pad center (selution is delivered onto the pad approx.
1.25-2.5 ¢cm (0.5-1.0 inch) from pad center). This example shows that high levels of
15  hydrogen peroxide are necessary to obtain acceptable removal rates when other

components of the invention are absent.
Comparative Example CE-2

Polishing Solution: 2,850 g DI water, 150 g iron (III) nitrate nonahydrate. The
pH was 1.55,

20  Comparative Example CE-3

Polishing Solution: 1863.5 g DI water, 1.45 g iron (III) nitrate nonahydrate,
135g 30% (wt.) hydrogen peroxide. The pH was 2.71. However, the rapid
decomposition of the hydrogen peroxide prevented tungsten wafer polishing.

Comparative Example CE-4
25 Polishing Solution: 3,500 g DI water, 538.5 g 30% (wt.) hydrogen peroxide.
Comparative Example CE-5

Polishing Solution: 922.5 g DI water, 7.9 g ferric ammonium citrate (green).
The pH was 4.6.
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Exanple 5 Polishing Solution: 1,626.8g DI water, 2.23g 2-hydroxyisobutyric
acid, 100g of a solution conprised of 1,997.6 g DI water and 2.38g ferrous
sul fate hydrate, 271 g 30% (wt.) hydrogen peroxide. The pH was 2.82. 5
Exanpl e 6 Polishing Solution: 3,452.99g DI water, 0,52g iron (Il11) nitrate
nonahydr at e, WO20046§0429 hydr oxyi sobutyric aci d, 542g 30% ( wer)ushboodhngen
peroxide. The pH was 2,67. Conparative Exanple CE-1 Polishing Solution: 25
g citric acid, 2,000 g 30% (wt.) hydrogen peroxide. 10 Polishing Pad:

MARL31. Process Conditions: nenbrane pressure 31.0 kPa (4.5 psi), retaining
ring pressufemparative Exag@lOCB«i ), inner tube pressure 62.1 kPa (9.0 psi),

pl aten speed 101 rpm carrier speed 99 rpm Process Configuration: Slotted
retaining ring, P%ﬁm&ﬁpwaogkﬁéta%ww ?’-\Zggﬁ%ﬂrﬂ geRtafsrahy@pteCASsol ution is
delivered o tdhe p - ( - } pad center).
Thi s exarrpliggdgﬁc?f?v?ﬂtgl atﬁ}%%ﬂﬁéﬁ’g\%f@é e?% ’c}rggg n%gvgt?%glfog%{en necessary to
obt ai n accepdrabitie Themdi aks 3.48.eHowkren thd fapid deconpoeiientos thethyttogen nvent i on are

absent . arative Ex | e - 2. Pol.i.shing Solution: 2,850 g DI water, 150 g
iron (I IS]C;)NE‘?T?’P%EE%‘eﬁ%’ﬁ%?ﬁsé?}ewa%ﬁ*t?@lw ‘was 1.55. 20 Conparative Exanple
CE-3 Polishjng Solution: 1863.5 g DI water, 1.45 g iron (II11) nitrate
nonahydr at e?ogfggagﬂ%ﬁ,&%)gf"\ﬂ}e.ééhidrogen peroxi de. The pll was 2.71. However,

the rapid deco Lt t r H¥o an waf er
ol 1 Shi ng.  Compar o Sojaon 1130 LEDIGER, B E3R B RS horgigaen
wat er, 538.pH§.480% (wt.) hydrogen peroxide. Conparative Exanple CE-5

Pol i shing Solution: 922.5 g DI water, 7.9 g ferric amoniumcitrate (green).
The pH was fowparative\FgappderB50409 PCT/ US2006/ 040803 Conpar ati ve Exanpl e
CE (6 10 Polishing Solution: 1719.8 g DI water, 9.25 g 2-hydroxyisobutyric acid, 271 g

30% (wt.) hydrogen peroxide. The pH was 2.59.
Comparative Example CE-9

Polishing Solution: 1990.4 g DI water, 0.40 g iron (II) nitrate nonahydrate,
9.25 g 2-hydroxyisobutyric acid. The pH was 2.55.

15 Example 7
Polishing Solution: 6,916 g of a solution comprising; 13,754.8 g DI water, 3.2 g
iron {IIT) nitrate nonahydrate and 74.0 g 2-hydroxyisobutyric acid. 1,084 g 30% (wt.)
hydrogen peroxide was then added to the 6,916 g of metal ion containing solution. The
pH was 2.47.

20 Comparative Example CE-1{

( Polishing Solution: 1726.4 g DI water, 1.45 g iron (III) nitrate nonahydrate,
0.42 g methylmalonic acid, 271 g 30% (wt.) hydrogen peroxide. The solution pH was
2.40. The hydrogen peroxide decomposed too rapidly to allowing tungsten wafer
polishing, One day later, the hydrogen peroxide concentration of the solution was

25 0 mg/L, as indicated by peroxide strips.
Comparative Example CE-11

Polishing Solution: 1726.8 g DI water, 1.45 g iron (III) nitrate nonahydrate,
0.80 g methylmalonic acid, 271 g 30% (wt.) hydrogen peroxide. The solution pH was
2.29.
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Polishing Solution: 856 g DI water, 3.74 g iron (l1) acetate anhydrous (CAS
#3094-87-9 from Al fa Aesar, Karlsruhe, Germany), 135.5 g 30% (W .) hydrogen
peroxi de. The pH was 3.49. However, the rapid deconposition of the hydrogen
5 peroxi de prevented tungsten wafer polishing. Conparative Exanple CE-7

Pol i shi ng Sed®tdo@tE040b730.3 g DI water, 271 g 30% (w.) h r oxi de,
with pH5.46. Conparative Exanple CE-8 10 Polishing Sol %&lﬁ%%&f%@ 38 g D

water, 9.25 g 2-hydroxyisobutyric acid, 271 g 30% (w.) hydrogen peroxide.
The pH was 2.59. Conparative Exanple CE-9 Polishing Solution: 1990.4 g DI

water, 0. 4@\7\% dafz.@ﬁte@lthé ﬂydi‘ g(«:h%ﬁl‘%xﬂ@@&méﬂ&zﬁfoﬁof the sSlatidn %a:m/ f@‘)ébSObUt yric
acid. The pH was 2. anpl e Pol i shi ng Sol uti on:

sol ution CW@MQCIMCMSSQ DI water, 3.2 g iron (III) nitrate
nonahydrate and 74.0 g 2-hydr oxyi sobutyri c acid. 1,084 g 30% (wt.) hydrogen
peroxi de wdFamplg added to the 6,916 g of netal ion containing solution. The

pH was 2.47. 20 ive Rol.i s Sol ut i 726.4 g Di
wat er, 1.45 Pgﬁsrﬂ? Oaut}ﬁnt Fé?rreﬁp %ﬁh%ﬁ?ﬁé &, m“gi@%“ﬁatﬁﬁ?rﬁgymrloni c acid,
271 g 3@% (moro g)mémﬂhmrbm oxi #80% (he) BRiréeh QBroRide Ware sctutfdd pHIIEs hydrogen
per oxi de deconposed too rapidly to allow ng tungsten wafer polishing. One

day | ater, 239 hydrogen peroxi de concentration of the soI ut| on was 25 0

ng/L, as indic Y, roxi de _strips arativ Pol i shi ng
St i on: "Id S e of Bl Do BB SRR B ¥ s SRR e~ G- 80 o
met hyl mal o r@@mgke] ZrY), g ialiakdby g,erhmaéggﬁm per OXi de The sol ut i on pH was

2.29. -22 2007/ 050409 PCT/ U82006/ 040803 Two days |l ater, the hydrogen
per oxi de cdwaenide 2ti on of the solution was 2 ng/L, as

10 Polishing Solution; 3452.7 g DI water, 0.80 g iron (II) nitrate nonahyrirate,
4.46 g 2-hydroxyisobutyric acid, 542 g 30% (wt.) hydrogen peroxide. The solution pH
was 2.57. A blanket tungsten wafer, a pattern tungsten wafer, and an STI pattern wafer,
were polished. Removal rate for the blanket wafer is shown in Table 1. The pattern
~ wafer was clear after a two-minute polish, including the Ti and TiN layers. Dishing and
15  erosion were good. A 90% dense array (9 pm Line/1 pm Space), 100 pm (isolated line)
and a 10 pm line (array) yielded total indicated runout f(TIR) values of 569 A, 476 A,
and 369 A, respectively. The pattern STI wafers was polished for two minutes. Oxide
loss was 2 A/min and nitride loss was also 2 A/min. Hence, there is a high selectivity

to tungsten.
20 Example 10

Polishing Solution: Identical composition as Example 33, The solution was
allowed to age 4 days prior to polishing. The solution pH was 2.52. A blanket tungsten
wafer and a pattern tungsten wafer were polished. Removal rate for the blanket wafer is
shown in Table 1. The pattern wafer was clear after the two minute polish, including

25  the Tiand TiN layers. Dishing and erosion were good. A 90% dense array (9 pm
Line/1 pm Space), 100 pm (isolated line) and a 10 pm line (array) yielded TIRs of
550 &, 476 A, and 341 A, respectively. Comparing to the results of Example 33, the
polishing solution shows excellent pot life after hydrogen peroxide addition, with little
hydrogen peroxide decomposition observed via the absence of significant gas bubble

30  formation.
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i ndi cated by peroxide strips. Exanple 8 Polishing Solution: 1726.0 g D
water, 1.45 g iron (lll) nitrate nonahydrate, 5 1.60 g nethyl mal onic acid,
271 g 30% (wt.) hydrogen peroxide. The solution pH was 2.20. Two days

| ater, the hydrogen peroxide concentration of the solution was about 30 g/L
(appr oxi mat e¥g 28%s04e | ndi cated by peroxide strips. ExamplgisSodfiokial | shing
Solution: 3452.7 g DI water, 0.80 g iron (IIl) nitrate nonahydrate, 4.46 ¢
2- hydr oxyi sobutyric acid, 542 g 30% (w.) hydrogen peroxi de. The sol ution pH
was 2.57. A blanket tungsten wafer, a pattern tungsten wafer, and an STI
pattern waf@mparasveERahpREEl12 Renoval rate for the bl anket wafer is shown
in Table 1. The pattern wafer was clear after a two-m nute polish,

i ncl udi ng t he TiPohshingrboutienyd728.9 DS mateg, talog iten @Hpritigte neerhydpded. A 90%

dense array,(9 i.nel ms 00 m.(1S ted 1in nd a 10 pmline

(array) vyi ?ﬂégée%@ﬁ%ﬁrgg%%?‘%%ﬁ&% n%fﬁc? m? ‘ﬁlé@n %ﬁu}ggm ng%ré’f{d,e 476 A, and

369 A, respeslhtée ihgsitheafapblishingSTI wafers was polished for two mnutes.

Oxide loss was 2 Almn and nitride loss was also 2 AAmn. Hence, there is a

hi gh s_eIS_ecti vity to tungsten. 20 Exanple 10 Polishing Solution: Identical

conposi ti on_as fxaipl & 1RRing SR PirhilelPind Rl RYERERoAIReAuflays prior to
D

pol i shing. The danRet_tongstermr _warer _and a pattern

tungst en waf ?Examprle pavistaied. Relvdial H,&% Eorfcor) RévevhilRanket %dber |s  shown
ncl adi ng 25, he' Ti |akTIR hvers. b Hind and CBETbn paraeRgsal A o0%
dense array (9 m Liine/ 1180m Space}, 100 407 i sol atedibi ne) anglva 10 pmline
(array) yielded FI Ry of 550 A—-476 A—and-341 A respectively .Conparing to
the results of Bxanple 33, the pblishirg%sol utiom-38hows| exdéi’l ent pot life
gggg:rpgg?'[ iogr; o%ga(r)i ;ge\/@gaihaog 'g‘tlawn(:g TOBBISP(?H ]E]Iyggg ega e[)lc}gg?e 30
formation. -23 WO 2007/ 080409} PCTé US%ZOOGGLIMOS(?» 2,965 7.4
5 12.0 50.0 4,06 2,256 6.1
6 18.0 333 4.06 1,518 6.9
CE-1 0.0 NA 29.6 1,912 i5.3
CE-2 6,910 NA 0.0 1,219 7.7
CE-3 100 0.0 2.03 NA NA
FCEJ} 0.0 NA 4,00 147 253
CE-5 1180 1.6 0.00 96 38.6
CE-6 1200 1.0 4,06 NA NA
CE-7 0.0 0.0 4.06 440 59.1
(_ CE-8 0.0 NA 4.06 705 23.2
CE-9 27.6 85.7 0.00 23 NA
7 27.6 89.7 4.06 2,745 9.3
8 100 3.8 4.06 3,127 8.9
CE-10 100 1.0 4,06 NA NA
CE-11 100 1.9 4,06 2,789 11.6
9 27.5 o0 4.05 2,945 9.4
10 27.5 90 4.05 3,355 8.7
CE-12 93 0.0 5.00 NA NA
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Conpar ati ve Exanple CE-12 Polishing Solution: 1728.9 g DI water, 0.14 g iron
(I'11) nitrate nonahydrate, 346 g 30% (wWt.) hydrogen peroxi de. Deconposition
of the hydrogen peroxide prevented tungsten wafer polishing. 5 Table 1:
Pol i shing Sol ution Paraneters and Tungsten Renoval Results Exanple Mt al

l on Mc/ MM H3@Q2Z206068400Renoval Rate % Non- Cone. (ppnm) (w

Uniformty 1 118065?.6 4.07 2,410 3.9 2 5 1.6 4.06 2, 396 @U%%6?4@8)1 6 2.03
1,508 13.2 4 60 1.6 6.10 2,965 7.4 5 12.0 50.0 4.06 2,256 6.1 6 18.0 33.3
4.06 1,518 6.9 CE-1 0.0 NA 29.6 1,912 15.3 CE-2 6,910 NA 0.0 1,219 7.7
CE-3 100 0.0 2. @3s hppabii fibila-the e Mécﬁlpt% Hle Dardbins nodiafiork B8R bd madd. 00 96
38.6 CE-6 1200 1.0 4.06 NA NA CE-7 0.0 0.0 4.06 440 59.1 CE-8 0.0 NA 4.06
705 23.2 Crthgudepgtigy ﬁ?’ITUhQ)@V?SIONAAFC?C)mSIYB@W Fope@bthe ipvegtion should 100 3.8

50 4. 05 2, daaryeq iy phggied ciind i Rdicatory iy o gtn 0 (u N 22
incorporated by refqrence to the same extent as if each individual publication or patent

5 was specifically and individually indicated to be incorporated by reference.
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WO 2007/ 050409 PCT/ US2006/ 040803 It is apparent fromthe above description
that various nodifications can be made w thout departing fromthe invention.
Accordi ngly, the scope of the invention should be limted only by the
appended clains. Al publications and patents are herein incorporated by
reference to the same extent as if each individual publication or patent 5
was specifically and individually indicated to be incorporated by reference.
-25 CLAIMS 1. A chem cal nmechanical polishing conposition useful for

nodi fying a surface of a wafer with a fixed abrasive, the conposition
conpri si ngLAIMEer gi sti c honogeneous mi xture of water; an oxidizing agent;
a conpl exing agent; and netal ions; wherein a mgjority of the conpl exing
agent is selected froma sinple nonofunctional acid, a sinple difunctional
acid, a salt tAehafical Méchanicsiipaliftihg esinpoRRionakeful fo mwalfpingalshfadefof@onpl exi ng
agent to nmetal _ions present in the conposition is at least 3 to 1; and

wher ei n t Wafepwith gfixed pbrasiypdhaamposition cpmprigng 4 pynesgistic homagerions. 2. The
pol i shi ng..¢ L0, . cl.aj . h | Of | - exi ng agent
e oot AR bl ik Hhehe MR AR Chid el ik PR 21 "D et
or a conimajosity afithé¢ bempleting hfgmt issklected fiom ofimplemomtumgonaganid, 4 dmpkt al i ons
present in . the |ligyid s at |east .to. 1. 3. The polishing conposition of

Sl aim 1 vHGHETiAna ARideA SattiReests o s mt1°a|ﬂpf'§eqfrtgerr5$e raljo SheQTRISHMR G agent .
4. The poldeshioNfetfIQoRAstbdchPR (RS cobhpsifok V1981 Dtk NEnE WMBlefthBthiRgRNt 1S

mul ti- dentate. 5. The polishing conposition of claim1 wherein the netal
ion is anisisobstottiaby fre¢ aPabr@éWeamﬁé?dbe rom Cu, Fe, Ag, Au, Ta, Ti, Ce, M, M,
Sn, Mo, Sb, and conbinations thereof. 6. The polishing conposition of claim
1 wherein the netal ionis an ion of Fe and/or M. 7. The polishing

conposi tign of Tikd @ilRhihg Wo@P&Yitior $TR1AATPNXEIAS nBGEry of theS@hpldx@fh agkfitom citric
acid, 2-hydroxyisobutyric acid, lactic acid, oxalic, malaonic acig,

net hy| nal i ssmpleimpnofinetiongl acidd dmplg|difupstionalacidy a salhthergf.siré acid, their

COrres pon%rﬁ'lﬁnaﬁ)lnttﬁereof, the mole ratio of complexing agent to metal ions present in the

liquid is at least 4 to 1.

3. The polishing composition of claim 1 wherein the mixture is substantially free of

a passivating agent.

4, The polishing composition of claim 1 wherein the complexing agent is multi-
dentate.
5. The polishing composition of claim 1 wherein the metal ion is an ion of a metal

selected from Cu, Fe, Ag, Au, Ta, Ti, Ce, Mn, Mg, Sn, Mo, Sb, and combinations

thereof.

6. The polishing composition of claim 1 wherein the metal ion is an ion of Fe and/or
Mn.

7. The polishing composition of claim 1 wherein the complexing agent is selected

from citric acid, 2-hydroxyisobutyric acid, lactic acid, oxalic, malonic acid,

methylmalonic acid, succinic acid, glutaric acid, and adipic acid, their corresponding salts
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-26 and m xtures thereof. 8. The polishing conposition of claim1l wherein
the oxidizing agent is at | east one per-conpound. 9. The polishing
conposition of claiml wherein the oxidizing agent is hydrogen peroxide.
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and mixtures thereof.

8. The polishing composition of claim 1 wherein the oxidizing agent is at least one

per-compound.

9. The polishing composition of claim 1 wherein the oxidizing agent is hydrogen

peroxide.
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