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5 1. Field of the Invention. The present invention
relates to a chem cal nechanical polishing slurry f.or sem conduct or
devi ce planarization and, nore particul arl yIIEE a cheni cal mechanica
polishing slurry for use on polishing netal |ayers. 2.

Background of the Invention. 10 A sem conduct or mafer
typically includes a substcHEMI@A@mmemkcn PO!JISHCING SLURRY

gal l'ium arseni de wafer, on which a prgRMEYA at ed CIrCUItS have
been for med. Integrated circuits are c en1ca y and physically

i ntegrated into a substrate by patternlng regions in the substrate
and layers on the substrate. The z Jeperal ly fornmed of

various materials having either : RN 15
sem conducting nature. In order for a deV| ce to have hi gh yields, it is

crucial to start with a flat sem conductor wafer and, as a result,
it is oftenSneceksar yFiehl gbthednventionde or part of a seni conduct or
wafer. |If the process steps of device fabrication are performed on

a wafer surface that is not uniform various problens can occur which

may result : in a laropnd'yre: MleddAPRIAY © SNHRS meBhariesd PtiShink Yurry for
semiconductor device planarization and, more particularly, to a chemical mechanical

polishing slurry for use on polishing metal layers.

2. Background of the Invention.

10 A semiconductor wafer typically includes a substrate, such as such as a silicon
or gallium arsenide wafer, on which a plurality of integrated circuits have been
formed. Integrated circuits are chemically and physically integrated into a substrate
by patterning regions in the substrate and layers on the substrate. The layers are
generally formed of various materials having either a conductive, insulating or

15 semiconducting nature. In order for a device to have high yields, it is crucial to start
with a flat semiconductor wafer and, as a result, it is often necessary to polish a side
or part of a semiconductor wafer. If the process steps of device fabrication are
performed on a wafer surface that is not uniform, various problems can occur which
may results in a large number of inoperable devices. For example, in fabricating

20 modern semiconductor integrated circuits, it is necessary to form conductive lines or
similar structures above a previously formed structure. However, prior surface
formation often leaves the top surface topography of a wafer highly irregular, with
bumps, areas of unequal elevation, troughs, trenches and other similar types of
surface irregularities. As a result, global planarization of such surfaces is necessary

25 to ensure adequate focus depth during photolithography, as well as removing any
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For ex le, U.S .Patent No. .5,6 245, 7 o Jerbic describes a
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redi ctabl.e rate . cys . .
P ina pqug of material, such as tungsten, which is more even with the insulation layer

surface than that achieved using conventional plug formation techniques. Slurries of
abrasive particles such as AlLO; and etchants such as H._,O‘_. and either KOH or
20 NH,OH are used in the first CMP step to remove the tungsten at a predictable rate
while removing very little of the insulafion. The second CMP step utilizes a slurry
consisting of an abrasive material, such as aluminum oxide, and an oxidizing
component of hydrogen peroxide and water. Similarly, U.S. Patent No. 5,209,816
to Yuetal. teaches a CMP slurry comprising H,PO,, H,0,, H,0 and a solid abrasive
25 material while U. S. Patent Nos. 5,157,876 and 5,137,544 to Medellin teach stress
free CMP agents for polishing semiconductor wafers which include a mixture of
water, colloidal silica and bleach containing sodium hypochlorite. U. S. Patent No.
4,956,313 to Cote et al. discloses a slurry consisting of ALO; particulates, deionized

water, a base and an oxidizing agent.
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SUMMARY OF THE | NVENTI ON SUMMARY OF THE INVENTION

The present invention is directed to a chemical mechanical polishing slurry for

polishing metal layers of semiconductor devices comprising high purity, fine metal

15 oxide particles uniformly dispersed in a stable aqueéus medium. The particles have
a surface area ranging from about 40 m*/g to about 430 m%*/g, an aggregate size
distribution less than about 1.0 micron, a mean aggregate diameter less than about 0.4

micron and a force sufficient to repel and overcome the van der Waals forces between

the particles. In a preferred embodiment, the metal oxide particles also have a

20 maximum zeta potential greater than about +10 millivolts. Also disclosed is a

method of polishing tungsten layers with the polishing slurry of the present invention.

BRIEF DESCRIPT!QN OF THE DRAWINGS

FIGURE 1 is a transmission electron micrograph (TEM) showing metal oxide

particles of fumed alumina of the present invention at 50,000x magnification.

25 FIGURE 2 is an aggregate size distribution for metal oxide particles of fumed

alumina for use in the polishing slurry of the present invention.
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FIGURE 6 illustrates the effect on particle morphology, phase and solids
10 content on tungsten polishing rate for a series of wafers utilizing the polishing slurry
of the present invention. The x-axis indicates the wafer number and the y-axis

indicates the polishing rate of tungsten in A/minute.

FIGURE 7 illustrates the polishing rate of aluminum and selectivity to thermal
oxide for a series of wafers utilizing the polishing slurry of the present invention.
15 The x-axis indicates the wafer number and the y-axis indicates the polishing rate of

aluminum in A/minute.

FIGURE 8 illustrates the influence that aggregate size distribution and zeta
potential has on colloidal stability by plotting the amount of sediment as a function

of time.

20 ' DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed to a chemical mechanical polishing slurry
comprising high purity. fine metal oxide particles uniformly dispersed in an aqueous
medium. The particles of the present invention differ from the "abrasive particles”

of the prior art by having a surface area ranging from about 40 m*/g to about 430
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polishing rate and selectivity to thernmal oxide for a series of wafers
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area ranging fr OorP tﬁg %lljétal4gxigg /pgrtitc?es,a ?nogl}rn,d'?soa function of the particle composition, the
degree of crystallinity and the crystalline phase, e. g. gamma or alpha for alumina.

In order to achieve the desired selectivity and polishing rate, it has been found that

the optimum surface area and loading level will vary depending upon which fine

15 metal oxide particles are chosen for a particular polishing slurry, as well as the

degree of crystallinity and phase of the particles. In one embodiment when a high

degree of selectivity is desired, solid loadings of less than 12% by weight for alumina

particles having surface areas ranging from about 70 m?*/g to about 170 m%g is

preferred. At lower surface areas, i. e. less than 70 m*/g, solid loadings of less than

20 7% is preferred for alumina partiéles. Similarly when a low selectivity is desired,

it has been discovered that when the fine metal oxide particle is fumed silica, surface

areas ranging between 40 m*/g and 250 m*/g should be present in a range from about

0.5% to about 20% by weight.

The metal oxide particles of the present invention are of a high purity and

25 have an aggregate size distribution of less than about 1.0 micron in order to avoid
scratching, pit marks, divots and other surface imperfections during the polishing.

By way of example, figures 2 and 3 illustrate aggregate size distributions for metal

oxide particles of the present invention for fumed alumina and silica, respectively.

- High purity means that the total impurity content is typically less than 1% and
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been reversed to aggregates. Its concentration -is then adjusted until discrete

15 aggregates are shown on the TEM grid. Multiple fields on the grid are then imaged
using an image analysis system manufactured by Kontron Instruments (Everett, MA)
and stored on a video tape until greater than 1000 aggregates are imaged and stored.
The stored images are in turn fed into an image analysis computer with a frame-
grabber board for further processing, i.e. cleaning up aberrations, adjusting

20 background and normalizing the image. Individual aggregates in the binary field are
measured for a number of particle parameters, i. e. aggregate size, using known
techniques such as that described in ASTM D3849-89. Measurements may be

recalled individually or in the form of statistical or histogram distributions.

In order for the polishing slurry of the present invention to be an effective

25 élternative to conventional slurries, it is important that the aggregates of the metal
oxide particles are uniformly dispersed in a stable aqueous medium. By uniformly
dispersed is meant that the aggregates are isolated and well distributed throughout the
medium. By stable is typically meant that the aggregates will not re-agglomerate and

settle out (e.g. form a hard, dense sediment). In a preferred embodiment, the
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essenti al _
of determ n| ng fhreeabgwegmtiee parrelesli stribution in the present
i nvention was by transm ssion electron nmicroscopy (TEM. In this nethod,

the metal
In a preferred embodiment, the metal oxide particles will have a mean

aggregate size distribution less than 0.3 micron and also have a maximum zeta
potential greater than + 10 millivolts. Zeta potential ({) is the potential difference,
15 measured in a liquid, between the shear plane and the bulk of the liquid beyond the
limits of the electrical double layer. | The zeta potential is dependent on the pH of the
aqueous medium as illustrated in Figure 4. For a given metal oxide particle
composition, the isoelectric point is defined as the pH at which zeta potential is zero.
As the pH is increased or decreased away from the isoelectric point, the surface
20 charge is increased negatively or positively, respectively. As the pH continues to
increase or decrease, the surface charge will reach an asymptote, the asymptote being
referred to as the maximum zeta potential. - It should be noted that the maximum zeta
potential and isoelectric point are. functions of the metal oxide composition and that
the maximum zeta potential can be effected by the addition of salts to the aqueous
25 _rhedium. For a more complete discussion of zeta potentials, please see R. J. Hunter,

Zeta Potential in Colloid Science (Academic Press 1981).

Although zeta potential cannot be measured directly, the zeta potential can be
measured by a variety of known techniques, such ‘as electrophoresis, electrokinetic

sonic amplitude, and analytical techniques including ultrasonic vibration potential.
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15 rapid oxidation of the metal layer while balancing the mechanical and chemical
polishing components of the slurry. In addition, it has further been discovered that

a critical relationship exists between the concentration of the oxidizing component and

thé colloidal stability of the polishing slurry. As such, oxidizing components are

typically present in the slurry from about 0.5% to 15% by weight, and'preferably in

20 a range between 1% and 7% by weight.

In order to further stabilize a polishing slurry containing an oxidizing
component against settling, flocculation and decomposition of the oxidizing
component, a variety of additives, such as surfactants, po_lymeric stabilizers or other
surface active dispersing agents, can be used. Many examples of suitable surfactants

25 for use in the present invention are disclosed in, for example, Kirk-Othmer,
Encyclopedia of Chemical Technology, 3rd Edition, Vol. 22 (John Wiley & Sons,
1983); Sislet & Wood, Encyclopedia of Surface Active Agents (Chemical Publishing
Co., Inc., 1964) and available manufacturing literature, including for example

McCutcheon's Emulsifiers & Detergents, North American and International Edition



'
and overcone the van der Waals attractive forces between the particles. The

mean eqate dianmeter refers to the average equival e spheri cal
di anmet er V\henvﬁg?‘{‘bﬁgz TEM i mage analysis, i. e. based ong%'ﬁ’é’%%’u"z“
cross-sectional area of the aggregate. By force is neant that

either the surface potential or the hydration force of the netal 10

oxi de particles ms&flgﬁesuf |%:s:’9§12';] ﬁq r ?Ppgﬁr]gggo%rco%ls h%sxa%der \F/‘\a%llsg

attractive

preferred enbodi pRae gem?z bﬁ%@fac%hyd@lﬁﬁf ¢d] PuBhishihg Coave. Pog%5aRsh, Whar Every
aggregate size distribution |éss than 0.3 mcron and al so havé a naxl mim

zeta poCbermcal Techoiagistt Wants [te rKr}o_w About i vcEmdsy‘lZEt ang Watting Agents,

the Shear *pl ane. 2pient (GHPRIG! TRRHNNE Gos G50 TP ndadrss, Si¥tieiams Ghehdem,
el ectrical sloubl prek@y pgg4) T'N%g pét %29&% '.S'ﬁibzhz%ngﬁﬂﬁ’r@&m:d&l”ms srsgﬂ gAca[hEﬁm

aqueous nmediumas illustrate Figure 4. For a given netal Icle
conposi tion, thePiesyyel 83);r and Bosen‘, Susfadtanisnédlrerfadicl Phénamenh) 2hd 2dition (John

pot enti al is zerQ,. he pH is. jncreased or cre sed .away from
the isoelectric g’é‘?ﬁt& Sars: Aﬁ@aeﬁ o?d”f?mh age, JpcoEpqrated d“"rf%fﬁﬁ‘fq velnorg
positively, res n

decrease, the sur ad(?\e{ﬁ%%taragiur\?\nd& nPr'éggﬁﬁfdgnb'ggyJo olg e Ofk%dlg&mtsgb aenlenand
referred to as tpodyoxyalkylemez¢hen wastfennd & be kuitabhoul d be noted that the

maxi mnum zet a potential and isoelectric point are functions of the
net al oxi de conposition and that - t he maxi num zeta potential can be

ef fect ed byp t he addi Uhqadiel S o s ABHARSed Such g5 FEFHMEn Yl pFRLA

conpl ete di scussi on eta ‘potentrals, ease see
Zeta Potenti al iinvedtbhshoul®be emﬁ“mmmmbhmve efieetsve st€r@d 3tabilization of the slurry and

Al t hough zeta potenti al cannof be nmeasured directly, the zeta potential can
be meas ¥ ﬁdyagca%y a1 SAPTNE (ORcMA PRBISHIAT duEigctagysalecied and the nature of

st oonr 5 QAR 8 s e, PBAANN 0l
-7 - surfactant is used, it will have little or no effect on stabilization. On the other hand,
15 too much of the surfactant may result in undesirable foaming and/or flocculation in
the slurry. As a result, additives like surfactants should generally be present in a
range between about 0.001% and 10% by weight. Furthermore, the additive may be

added directly to the slurry or treated onto the surface of the metal oxide particle .
utilizing known techniques. In either case, the amount of additive is adjusted to

20 achieve the desired concentration in the polishing slurry.

The metal oxide particles of the present invention are typically precipitated
aluminas, fumed silicas or fumed aluminas and preferably are fumed silicas or fumed
aluminas. The production of fuméd' silicas and aluminas is a well-documented
process which involves the hydrolySis of suitable feedst_ock vapor, such as silicon

25 tetrachloride or aluminum chloride, in a flame of hydrogen and oxygen. Molten
particles of roughly spherical shapes are formed in the combustion process, the
diameters of which are varied through process parameters. These molten spheres of
fumed silica or alumina, typically referred to as primary particles, fuse with one

another by undergoing collisions at their contact points to form branched, three



WD 96/ 11082

PCT/ USOS54blekdrtos2 In the present invention, the z f:'ﬂrn I al
referred to was determ ned by measur enent of the g ec?gr%ﬁ%etic
soni ¢ anplitude using the Matec MBS-8000 - instrunent (avail able

from Matec Applied Sciences, Inc., Hopkington, M). In
anot her entdiniensional chaimiikeliaggregaes.pdhenforedyetssasded biakt E@gr@%t&sﬁi ng
5 slurr t,g ogf di ze t he netdal‘ﬁ{/ayer to itg correspondi ng Oxide. For
exanpl e, i rFopsiderable and ofien.considersq, rrgversibleq nDutingicepling andnsolienting sheused
to oxidize ' o : ' . de, such as
tungsten t $ @gxﬂéﬁ%@% gh@égg{i 5‘%‘9‘#&@"1"‘5’9 Shat %Wnéeéﬁlgﬁ%?g’egﬁ(anmﬂ emﬁBQF%‘Fl’é‘d to
remove t he to forgs agglomerates. f Aggiotrieeatesigrerthodglit ho bghosselyi Kdd gddier ¥y van

oxi di 75| ng %grnggﬁgfsg%o?wrrﬁ%pgsn sed, preferred conponents include oxidizing

metal @ 10 e feYerped; difp 1dgsagglomeretad cby propen dispersioniinr at es,
sul fat es, e fekifadt €S, potassium ferri-cyanide and the |ike,
al um num salts, sodiumsalts, potassiumsalts, ' anmoni um sal ts,
guat ernary anmoni um salts, phosphoni um salts, peroxides, chl or at es,

perchl orates, pernmanganates, persulfates and m xtures thereof. Typically,
the oxidizing c oﬂgﬁfplﬁa?dp nt°qua’1" PRRICeS, TRIY i Be Jmanwfesured s ufifiziog ent t o

ochan cal “omsAEbl R0 nd ord B orkB 65 W8 BGBRALSL IR deffe,

addi tion, partibles ffom taneaqubewsnmedmenuadercthe fimfluence of higlfsAlf bbhceatrations,

rel atjonshi p.exists between t concentration of the oxidizing conponent
and 1 acgq.vhgr other Gpééﬁa@?-agﬁlei Raftigles @F filigreds wyasheds | driadyandisepararéd a

oxi di zin : ' Tl AR AP lurry from abo
05 g 1 01 SO o btRer regetion plofibs by onpRTAl elinlylis RacW i, oSy ang

7% by wei g¥killed in the art. In order to further stabilize a polishing
slurry containing an oxidi zi ng conponent agai nst settling,
floccul ati on and deconposition of the oxidizing conponent, a variety

of additives, sggh sodastd A Aatat oxitfd %%ng dﬂdﬁgit déf%rnﬁzgﬁ;»gﬁéﬁ' %;{?,ﬂﬂ'am e

i
surface active dispersing agents, can be us ny exa
sur f act antasca®idal dispersicne The sherypisecompleted bg subjecting thecdisgbras® ¢ h%h for
exany e, Kbr k- O hrer . .Encycl opedi a,ﬁlf %e i cal Technol ogy, 3rd =
Edi t1oon, VBFAr BXIRg Biine gprysptignaljpchniques. They thesslyrrytis gedjpsied away
Encycl opedtgin e SUEIERAE pbiit it/ akitfiRt Lol ST Nibality " UBle sl X
Inc., 1964) and avail abl'e manufacturi %g&Piﬁt erat] &’F Le‘ﬁle‘: P?lc{:'isﬁglgr?&rfyopf@anpl e
present invention may be used as a one package system (metal oxide particles and
oxidizing component, if desired, in a stable aqueous medium) or two package system
(the first package consists of the metal oxide particles in a stable aqueous medium and
20 the second package consists of oxidizing component) with any standard polishing
equipment appropriate for use on the desired metal layer of the wafer. The two
package system is used when an oxidizing component deconiposes or hydrolyses in
the presence of certain metal oxide particles over time. In the two package system,

the oxidizing component may be added to the slurry just prior to polishing.

25 The polishing slurry of the present invention has been found useful in
providing effective polishing to metal layers at desired polishing rates while
minimizing surface imperfections and defects. Non-limiting illustrations of the

polishing slurry of the present invention follow.

- 10 -



| ]
McCut cheon's Enmul sifiers & Detergents, North Anerican and | nternational

Edition -8 -

96/ 11082 WO 96/11082 PCT/US95WP424
PCT/ US95/ 11424 (McCut cheon Division, The MC Publishing Co.,
1991); Ash, The Condensed Encycl opedi a of Surfactants (Chem cal
Publ i shing Co., Inc. 1989); Ash, Wat EvegEXAMPLE1  Chem cal Technol ogi st
Wants to Know About ... Enulsifiers and Wetting Agents, Vol une |

(Chemical Publishing Co., Inc. 1988); Tadros, Surfactants (Acadenic 5
P , 1984); Na : I ' tabilizati f | Loidal Di i )
(Aoadem o PPCL T4 pofGhisk gt psEChteBte SR BL SRrmy FERRIER o> weight

Phenomena, 2nd egérbbfufnddfiumina, 5 weighthebberd. firerecnimd @Ak thalrbm@indlhieiBnizée

i ncorporated herein by reference. In one nbodi nent, a surfactant

consi sting of a waigol yihe segondosiyery reansisiedsof] dxweightapercent fumed silica, 5 weight

| | k f, be_suitable. . |
e al 1 amoemret B A Ind Eufitihddefonized diler., Fonther propeffhs of both
present slif?ie6 Nirk Qfeserised| th TebleUr. f iTHeewo SRIrA&NWeYE weiliZ&as th \Remicall-

stabilization of the slurry and wi || typically vary depending on
the particul ar smeghapically pekishectuagstemiayemiaving athicksess of approximately 2500AacEhe

of the netal oxide. particle. For,ex e If t e h qf. | ect ed
surfactant is u g’s g Wb'ﬁ“’ﬂ%%d 5?‘?%“"’8? r??é'ﬁglafee@ﬁ’g%ﬂtegtlﬁa{aﬁfezﬁti on. On

t he ot her hand, 15 too nuch of the surfactant may result in undesirable
foam ng and/or flocculation in the slurry. As a result, additives

|i ke surfactants should generally be presefABLE Ia "~ range between
about 0.001 % and—10% by wei ght - Eurtherapre—t-he—additivemay he

added directly to the slurry or treated onto the surface of the netal oxide
particle 10 Slurtyi | | zBurfpekAan t echgpregates. | n ei t Hex. Zease, the Bm®unt of
additive is adj Bateed to@Z@) achi ebieméttrdnmdesi r ed PmenddriinVat i on in the
polishing slurry.

Fumed
Alumina 55 86 >+30 80% gamma
Fumed
15 Silica 90 109 >+12 Amorphous
TABLE I1
Slurry Pressure Flow Rate Table | Spindle Polishing  Selectivity* Quality}

Base (psi) (ml/min)  Speed (rpm) Speed (rpm) (A/min)

Fumed

20  Alumina 5 200 0 50 3000 110:1 High
Fumed
Silica 5 200 0 50 2000  10:1 High

(*Thermal Oxide; {High = Less than 10 defectﬁ { wafer)
As can be seen from Table II, and further illustrated in Figure 5, both

25 polishing slurries of the present invention were effective in achieving acceptable

polishing rates and wafer surfaces of a high quality. Moreover, it can be seen that

-.11..



The netal oxide particles of the present invention are typically

pr eci pi al um nas, funed silicas or funed al

pr ef eravgﬁ%&glrong uned silicas or funed al um nas. Lﬁﬁ?@%ﬁ@ﬁﬁgt i on of

fumed silicas and alumnas is a well-docunented process which

I nvol ves the hydrol ysis of suitable feedstock vapor, such as silicon 25

tetrachl ory ' C i hdeid] el ; .

Vol ton e CoRpdBlddf GeCIERY cie pituPle AR Bhas¥ MeR0RR Blior YL

conmbust i orpglisbingsrate bfi¢he tungsten dayeneindron sefleanivityh(i.ar ¢hes polishing bdte ugdio

process paraneters. The@a nol t en .g&he‘[\ med silica or alum na,
i

f f C
typi cal | y FeEVeRTYy UHEYER & B?‘F’Hﬁ#?x rtd g%é’gﬁ““f G%PW'FM%H@W oxide chesgnt her by
9gfier goi NGFof BBiis{/}%h%%?aff% of Rfighten Gy 8dpeRa olifie Hesifedr 1REFY URE polidiiee

PCT/ U895/ Taw24 di mensi onal chain-like aggregates. The force
necessary to break aggregates is consi derabl e and often
considered irreversible. During cooling and collecting, the

aggregates undergo further collisi ggxANIpf ERy result in sone nechani cal

ent angl enment to formagglonmerates. Aggl onerates are thought to be
| oosely held together by van 5 der Waals forces and can be reversed,
[ sui tabl e nedi a.

i .e. de-aggl oma&lgt e%, %R’ro er dis ersvi on TIBES r L [
The preci pi t at ed” AP ES BRI ¢ ETVREYP MRy Ve RTePAE GensisungRf
convent i oalefgie Bilcamest 2Rgmiidtoiay BRhd Y5 WRigR heRtent RarrRoRBileIOfheOf Lhe

desired ) particles froman aqueous nedi um under the I nfluence of

hi gh sal t reroziodertdesniizedswaterl OThe slumy iwds utitizert toehemdcadiyimsethanicalhepgiiht i cl ‘
are filtered, washed,; dried,and separated ., fromresjdues, of other
readli on ArBiESERdaYS hasinedhickAes o 2R dnReYHi90A- {Un4esyBliar polishing

skill ed i Bofdifford tb-that used in Example 1, the slurry of commercial alumina removed 750

A/min and produced wafers of a poor quality. The polishing rate obtained by the

slurry of commercial alumina was unacceptable for most polishing applications.
EXAMPLE 3

15 Five polishing slurries were prepared to investigate the effect of particle
morphology and solids content on the polishing performance for a fumed alumina
slurry. The first, second and third slurries, which consisted of 8 weight percent
fumed alumina, 5 weight percent ferric nitrate and the remainder deionized water,
were prepared to examine the effect of particle morphology and crystallinity under

20 aggressive polishing conditions, i. e. high pressure, high table speed, high solids
loading. The fourth and fifth slurries, which consisted of 3 weight percent fumed
alumina, 5 weight percent ferric nitrate and the remainder deionized water, were
brepared to examine the effect of particle morphology and crystallinity under less
aggressive polishing conditions, i.e. low pressure, low table speed and low solids

25 loading. Further properties of the slurries are described in Table III. The five

slurries were utilized to chemically-mechanically polish a tungsten layer having a



Once produced the netal oxide is slowy added to deionized water to form

a col | oi dal The slurry is conpleted by subjecting ”FCT
di spersion to ﬁﬁgﬁﬁi% shear m xi ng using conventional techni quessgslﬂl“e24

pH of the slurry is adjusted away fromthe isoelectric point to
maxi m ze colloidal stability. The polishing slurry of the present
invention may be y and

oxi di 21 g compondiEthesf Of SuR0SRAA; 25618 ThE BoliHERFLoMIR B ghl BB tuns
system ( tabeilfustrated fadigblgel Wonsi st s of the netal oxide particles in
a stabl e aqueous nedi um and 20 t he second package consists of oxidizing
conponent) with any standard poli shing equi pnent appropriate for
use on the desired netal layer of the wafefapfefwo package system
i s used when an oxi di zi ng conponent deconposes or hydrolyses in t he

presence of certarn netal oxide partircles over tine. In the tWo package
system e oxi c51§z ng, conpon be added to the slurry |ust
prior to pol5|5h| %P mffacc %ﬁ h| ng sllgcf f t he #ﬁgent

i nvention has been found( § ful in VI ding "ertec \)e polishing to
nmetal |ayers at t }

inperfections angd defectg. Non-limggng illustrationg,pisthe = g5q gamma
polishing slurry of the present i nventl on follow.
- 10- 2 WO 96/ 1g5082 88 > +30 40%
PCT/ US95/ 11424 EXAVPEE T
3 100 87 >+20 20% gamma
4 55 86 _ >+30 80% gamma
10 5 100 87 >+20 20% gamma
TABLE IV
Slurry Pressure Flow Rate Table Spindle Polishing  Selectivity* Quality}

(psi) (ml/min)  Speed (rpm) Speed (rpm) (A/min)

1 9 200 100 25 4850 501 Low
15 2 9 200 100 25 3900 110:1 Low
3 9 200 100 25 3700 NA High
4 6 200 50 50 3100 NA High
5 6 200 50 50 600  NA High

(* Thermal Oxide; $High = Less than 10 defects / wafer; Low = Greater than 100 defect / wafer.)

20 Under the aggressive polishing conditions of slurries 1-3, the phase and
morphology, i. e. surface area, of the fumed alumina particles have been found to
have a significant effect on selectivity (i.e. the polishing rate ratio between tungsten

and thermal oxide) and surface quality and a less dramatic effect on polishing rate,

- 13-



Two polishing slurries were prepared. The first slurry consisted of 3

wei ght percent funed alum na, 5 weight percent ferric nitrate and
t he remﬂ"ﬁéé/ﬂl‘@él oni zed wat er. The second sl urry RIISHE4of 3
wei ght percent funed silica, 5 weight 5 percent ferric nitrate and
t he remai nder dei oni zed wat er. Furt her properties of both slurries

d bed d t h | 1y
mechant cal 15 BRaRa i Saje Sh and, BrRE e eated, it FimE .t Upthroenissd y
|7I5I08§\t r ;—Pgdaglgﬁes_?_ge coﬁ&ihbﬁi‘d)ﬂ%ﬁi@?d'ahﬁ SN thePtasdMd MbrENOfSEy HaS b snHidint

TABLE | éffect on pehshmg/ rate andgurfaceequalityy, For exﬂgp}ﬁeb!ghequality wafers weMax.
et er

égt 2nt i al (muceg%y pohshxqguwgg shutries 3 (ag%qqhm%% 4 (at 3% loac?ing) and g ?gg?

10;30 5 3% loadmg)BQ%\ﬂé\}EFaa higher solids 'ﬁb&éﬁ%@ lé5el was niekdddCfor the high surface
r phous

TABLE ||  area alumm& in rqr?er tpraés;z;mmeveFa sjmakmtpphshmalrete On thepthed lhend,
Pol i shi ng el ectl m / Speed
(rpm Speesf:" (Fi)r}) %%n%o%lmg} alld 2 (atFﬁ%eE’aaﬁlg) aﬁlp%gz]rﬁql?ée(" g ver)) highoo
30 olisting rates, prodd&¥¥wafers with 16w Surface qualitydhAlthough
Silica 5P rnezyE P 50 urface qualitfi"Althaugh not coiffittsly
Hi gh understood, it has therefore important to recognize, as demonstrated herein, that the
10 inter-relationship between the composition of the slurry and morphology of the fine
metal oxide particles (i. e. surface area, aggregate size and diameter, degree of .

crystallinity, crystalline phase) is critical to achieving an effective polishing slurry.
EXAMPILE 4

A polishing slurry was prepared consisting of 8 -percent fumed silica, 5

15 weight percent ferric nitrate and the remainder deionized water. Further properties
of the slurry are described in Table V. The Slufry was utilized to chemically-
mechanically polish an aluminum layer having a thickness of approximately 7500A.

The polishing conditions and performance results are illustrated in Table VI.

TABLE V
20  Particle Surface Area Aggregate Max. Zeta Phase
Comp. (m¥/g) ' Diameter (nm) Potential (mV)
Fumed
Silica 90 109 ~+12 Amorphous

- 14 -



(*:rherrral Oxi de; tHigh = Less than 10 defects / wafer)

As can be seen fromTable Il, and further illustrated in Figure_5, both 25
poti shing sl ulyQ WA1082 ¢ e present invention were effective in a ﬂT’E§?%4z4
accept abl e polishing rates and wafer surfaces of a high quality.
Moreover, it can be seen that WO 96/ 11082

PCT/ US95/ 11424 the conposition of the netal oxide particle and
its phase have an inpact on the .PRhL%hng rate of the tungsten

| ayer and on selectivity (i.e. the polishi'ngrate ratio bet ween

tungsten and th

for polishing aghgyer Qloldnagl ke ™Mol ePend sBat N de3ihSH SEISHHY' QP

pol i shi ng 5 at 8. . Slist
EXAMPLE 2 Qesi)  (miimin) _ Speed ( Speed (rpm) _ (A/min)

slurry was prepggd consisting of 8 wei ght percent of a comerci al
al um na, 5swei gifjcper gent fejgpi ¢ nitshate andjyghe 2032 rengnder L.
dei oni zed water. The slurry was utilized to chemically mechanically pofgl sh
10 a tungsten layer having a thickness of approxi mately 7500A. Under
simlar polishi (hermal Oxide; fHpHIEt1ie@NBant10 dbfcld / W@yl i n Exanple 1, the slurry
of commercial alum na renoved 750 Almn and produced wafers of a
poor quality. The polishing rate obtai ned by the slurry of

commerci al alum na was unacceptabl e for nost polishing applications.
EXAMPLE 3 As shown in Table VI and further iﬁustrated in Figure 7, the polishing siurry

of the present invention is effective in achieving an acceptable polishing rate for an

aluminum layer and wafers with high surface quality.

10
EXAMPL
Two slurries were prepared to illustrate the effect of aggregate size
distribution and maximum zeta potential on colloidal stability. The first slurry
consisted of 8§ weight percent fumed alumina as described in the present invention,
15 5 weight percent ferric nitrate and the remainder deionized water. The second slurry
consisted of 8 weight percent of a commercially available precipitated alumina sold
under the name Ultralox M100. Further properties of the slurries are listed in Table
VIL '
TABLE VII
20 Slurry Surface Area Mean Aggregate Max. Zeta
(m*/g) Diaméter (nm) Potential (mV)
1 55 94.3 +32
2 NA 450 +10

-15 -



15 Five polishing slurries were prepared to investigate the

effect of particle nor phol ogy and sol i ds cont ent ol i shing
perforr‘rM }882 3 funed al uni na slurry. The fi rstgp’?é’égﬂ é‘hd third
slurries, which consisted of 8 wei ght percent fumed alumna, 5

wei ght percent ferric nitrate and the remai nder deionized water,

were prepared to g@%gq“{,ﬂ&t&f %Cﬁmﬁ’ljntgcﬁrﬁxh&ll %xf&%rrgﬁﬁl:@é‘n%ﬁé’ éespﬁ?tb%

crystallinity und Ive p I'ng con 'oh
pressure, Rugfies ahich @nﬁﬁobveh agh/eﬁ@Lﬁods hour period. | Thél pmxcle“ﬁheeré%'éa*sﬁteand
fifth slurries, which consisted of 3 weight percent funed al um na,
5 wei ght pasdgn W@PW@THPQW%@tml{fm"fﬁérhﬁ RukGydnermilped Ammered, wer e

prepar ed { QuiyhaP gl 8k o of et prelel TRERNOLOh ARLAL ISR LLRL Y,

under aggr essi ve g con Ions, | ow p
t abl e55 peed cffrudmimwcmdylads:lawe alumxhaasmbwayl a Emmtriuens bump&p tih @&didlent dheer
slurries are described in Table I Ige rries were utilized

to cheni catlsytWEBBHEW hRUT peried. & t F%ng]l@np?r&lderm?la‘ﬂl\r@f e alumina had

- 12 -

PCT/ Uses/ 119954 o o/ RritPa ]d%g%ﬁharl?nceaé‘g‘ oyVhen used at this ume, withour additional; <pi ng
condi t i ons sepslipexdispersanhe cakesandtstabilize the slurrya,rsiunry Imrearbedow ibolistithg | V.

TABLE 11| Slurry Surfgce Ar
Max. Zet a rates and prpguced mgrgflcant scratching on t e \YafffrerthTS/ )jly,ldmg a wafer of popr anet er

(nm 19 qualF?.te”t ial (nV)
q

As described herein, the polishing slurry of the present invention has been
found particularly useful in chemical mechanical planarization to remove uneven
topography, layers of material, surface defects including scratches, roughness, or
contaminant particles such as dirt or dust. As a result, semiconductor processes

15 utilizing this slurry experience an improvement in surface quality, device reliability
and yield as compared to conventional etch back techniques. Although the fine metal
oxide particles have been directed to aluminas and silicas, it is understood that the
teachings herein have applicability to other fine metal oxide particles such as
germania, ceria, titania and the like. Furthermore, the metal oxide particles may be

20 utilized to polish other metal surfaces such as copper and titanium, as well as

underlayers such as titanium, titanium nitride and titanium tungsten.

It is further understood that the present invention is not limited to the
particular embodiments shown and described herein, but that various changes and

25 modifications may be made without departing from the scope and spirit of the

invention.

- 16 -
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1 55 86 - +20-35 80%
2 85 .88 > +30
28% anma WO 96/11082 100 87 PCT/US95/11424
+20 20% ganmma 4 55 86
> +30 ~—-———80% ganma 100 - 87
>
TABLE IV IE!‘I III i&@ﬂilﬂﬂlam essure Fl ow AIMSTabI e Spi ndl e
Pol i shi ng lity (psi) (m/mn) Speed
(rpn) Speed (rpn) (A/mn) : 9 200 100
4850 50:1 LOW 15 : 9 200
100
500 100 1. 2§l?e%)ncal mechaﬁ%gb lpohshchleW’y for polﬁhﬁ'ﬂg a metal layfr
6 200 compHS&ing: 50 3100 ' NA Hi gh
5 6 : 80 50 NA
Hi gh (* Ther mdligloputily, fing mstal OE@;@SPQTHQIRS mrfeemlcyc@tgpmdem an gqueous
G eater tha 100 d t he Sy
pol i shi ng c Fgﬁé‘&g}l{agﬁg s%rgaci_%?a %fg%g?gl ab%mlm’jﬁ{/o {b abbhY 430’ /g, an
aggregate size distribution less than about 1.0 micron, a mean aggregate diameter less
than about 0.4 micron and a force sufficient to repel and overcome the van der Waals
forces between the particles, wherein said slurry is colloidally stable.
2. The slurry of claim 1 wherein said particles are present in a range between

10 about 0.5% and 55% by weight.

3. The sturry of claim 1 wherein said particles comprise alumina.

4, The slurry of claim 3 wherein said particles have a surface area less than
about 70 m?/g and are present in said slurry in a range less than about 7% by
weight.

15 5. The slurry of claim 3 wherein said particles have a surface area ranging
between about 70 m*/g to about 170 m*/g and are present within said slurry in a range
less than about 12% by weight.

6. The slurry of claims 3, 4 or 5 wherein said alumina is a precipitated alumina
_6r a fumed alumina.
20 7. The slurry of claim 1 wherein said particles comprise fumed silica.

-17 -



nor phol ogy, i. e. surface area, of the fumed alum na particles have been

o Swosg0e2 P§V§eﬁlﬂU91ﬂlﬁlﬂgmﬂlﬁ1ﬂFC‘ S ey el

surface quality and a |l ess dramatic ®f flect on polishing rate,

- 13 - WD 96/ 11082 .
PCT/ US95/ 18424  The slurry of &laim 17 whkfedt 88id! phrd@lbé abe/ atddClanei
represented in Figure 61’.y Under the |ess par - aager g?g%[e:gg% 1 3PEE8s of

slurries 4bamees abowteOn¥g ¢o abnut 260 pii¢g angl/arh present withini shidcelndry in a range
effect on poalishing e surface quality. For exanple, high quality
waf ers werzrom 3bout '5%;{00%@ cf Yf?‘ggbl Ishing with slurries 3 (at 8% | oadi ng),

4 (at 3 %loading) and 5 (at 5 3 % | oading). However, a higher solids
| oadi ng | evel was needed for the high surface - area alumnas in

order to aPso acHihewtursy eficlaimn|levirseinssaid partiales hana mimximtmesetapoiential
slurrges 1 % | gadi a 2 (at 8% oadi ng), although achieving very
hi gh 5 ggeg}ef)?ﬁnsﬂ%%%%@@ﬂvg%duced wafers with | ow surface quality.

Al t hough not conpletely understood, it has therefore inportant to
recogni ze, as denonstrated herein, that the 10  inter-relationship

bet ween t hid-conpdbetsiusry of claww biwhersinsaitl slurmyhfirthgy comptises in ofidizing

met al oxi dceonﬂ)aorn%t(:l es (i. e. surface area, aggregate size and di aneter,
degree of " crystallinity, crystalline phase) is critical to
achieving an effective polishing slurry.

EXAMPLE 4 ) .
11. The slurry of claim 10 wherein said oxidizing component is an oxidizing .

metal salt.

10 12. The slurry of claim 10 wherein said oxidizing component is an oxidizing

metal complex.

13. The slurry of claim 10 wherein said oxidizing component is selected from
the group consisting of: iron salts, aluminum salts, sodium salts, potassium salts,

ammonium salts, quaternary ammonium salts, phosphonium salts, peroxides,

15 chlorates, perchlorates, permanganates, persulfates and mixtures thereof.
14. The slurry of claim 1 wherein said slurry further comprises a surfactant.
15. The slurry of claim 14 wherein the surfactant is selected from the group

consisting of: nonionic surfactants, anionic surfactants, cationic surfactants,

amphoteric surfactants and mixtures thereof.
20 16. The slurry of claim 14 wherein said surfactant is selected from the group

consisting of: polyalkyl siloxanes, polyaryl siloxanes, polyoxyalkylene ethers, and

mixtures and copolymers thereof.

- 18 -



A poI I shing slurry was prepared conél sting ing of 8 percent fumed silica, 5 15

broper thes  wo Skt [ c" Jﬂ[’”ﬂgﬂﬂlﬂﬂlﬂm n Tabl 6 v. | The PR Fisa

utilized to chemcally- mechani cal |y polish an al uni num | ayer
having a thickness of approximately 7500A. The polishing conditions

and performance r sults are iJlustrate Tabl e
TABLE V. 20 arti cft dneth ha&%nﬁ?ﬂ@e&an@[,w&&v@a metal layer of\gsubstrase othe

Phase Oo'ﬁbthod whithedonl rﬁ):s the steps ¢ ofth ameter (nm Pot enti al
(mv) l'i ca 109
~+12 Anor phous a) provxdmg a chemlcal mechanical polishing slurry comprising high
14 - (%1 82
PCT/ US95/ 1142 4 purlty, e metal oxide particles uniformly dlspersed in an aqueous medium having
S a surface area ranging from about 40 m?*/g to about 430 m?/g, an aggregate size
distribution less than about 1.0 micron, a mean particle diameter less than about 0.4

micron and a force sufficient to repel and overcome the van der Waals forces between

the particles, wherein said slurry is stable; and

b) chemical mechanical polishing a metal layer on a semiconductor
10 substrate with said slurry.
18. The method of claim 17 wherein said metal layer is selected from the group

consisting of: tungsten, aluminum, copper, titaﬁium, and alloys thereof.
19. The method of claim 18 wherein said metal fayer is tungsten.

15 20. The method of claim 19 wherein said tungsten layer further comprising at
least one underlayer selected from the group consisting of: titanium, titanium nitride

and titanium tungsten and mixtures thereof.

21. The method of claim 17 wherein said particles are present in a range

between about 0.5% and 55% by weight.
20 22. The method of claim 17 wherein said particles comprise alumina.

23 The method of claim 22 wherein said particles have a surface area less than

about 70 m?/g and are present in said slurry in a range less than about 7% by

weight.
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TABLE VI Slurr Pr essure Flow Rate Tabl e Spi ndl e
Pol i shi ngo sgali@Bt 1 Vi ty* mm m ' (psi)

Speed (rpm  Speed (rpr’r) ”m '" "M ” I"’ Fumed 5 ngp%gggqlug
200 50 80: 1 Hi gh
(*Thermal Oxi de; Hi gh = Less 't han 10 defects [ waf er) o

A|S shown i n24abl ef’l\l'{ehﬁqadxoﬁ lﬂftdtlhﬁm 21 W%léﬁe'iriiﬁaﬁd pfhif‘hc'l_'éts%hrv@ a@urfaﬁ@ ahq! ﬂaﬁéb@g
slurry 0 e present invention is effective in I evl ng
accept abl e b@}wesm Rbept 788"/ g & abgut 170 m*/g andzare prasemh withiersaidrsturmafres sangé t h

hi gh surfac
EXAMPLE 5 FBSQH% atb\‘mt 15‘9 by “f%hSI urries were prepared to illustrate the
ef fect of aggregate size di stribution and maxi nrum zeta potenti al

on colloidal stability. The first slurry consi sted of 8 wei ght
percent fumd al utihAanelodiesclaimed?; ﬁ3tqiie24pwb€rem sdidhabmuineris a iecipitatéd

wei ght5perc§mlrn rfae&rﬁ?u HE #-rﬂg?nd. the renai nder deionized water. The second

slurry ed 0 ‘wei ght percent of a conmercially avail abl e
precipitated al um na soI d under the nane U tral ox MLOO. Further
properties of the slurries are listed in Table ' VI,
TABLE VI 26. The method of claim 17 wherein said particles comprise fumed silica.

27. The method of claim 26 wherein said particles have a surface area ranging

between about 40 m*/g to about 250 m*/g and are present within said slurry in a range ‘

from about .5% to 20 % by weight.

10 28. The method of claim 17 wherein said particles have a maximum zeta

potential greater than about + 10 millivolts.

29. The method of claim 17 wherein said slurry further comprises an oxidizing

component.

30. The method of claim 29 wherein said oxidizing component is an oxidizing

15 metal salt.

31. The method of claim 29 wherein said oxidizing component is an oxidizing

metal complex.

32. The method of claim 29 wherein said oxidizing component is selected from
the group consisting of: iron salts, aluminum salts, sodium salts, potassium salts,
20 ammonium salts, quaternary ammonium salts, phosphonium salts, peroxides,

chlorates, perchlorates, permanganates, persulfates and mixtures thereof.

33. The method of claim 17 wherein said slurry further comprises a surfactant.

-20 -



28 Slurry Surface Area T Mean Aggregat e
Max. Zeta . Di améfgjzgggmﬂ

*

[
Pgt ent i al (W}” 0 96/11082 ’ I!m" m,”('mﬁ,m ”w
+32° 2 NA Lt w7
+10 - 15 -
WO 96/ 11082 : ; ;
PCT/ USO5/ 11424 % The method of claim,33 wherein the surfaciant is jelected from the group
met al oxi de par t ¢misB&ing of hdrdonie syréactaints anionic surfactamsy cationiosurfabtagst amplibteric
over a twenty-four _hour period. Tglge ticles were neasured usi ng
a Dynomet er i nst4sfAEHn G LT rgc?,t{ Byk Gardner, Inc. As noted, no

settling was detected in slurry 1 of the present invention. On the other
hand, slurry 5 2 of commercially avail able alum na showed a
conti nuous bui | d3%up i nThednetkod obelaim 33 wherein sakdesurfastany i selectétb fronmptheigooup

At the end of the period, th ul.k..of the alum na had ettled out
to forma dgnse Gonsigting L P\ﬂ%@ﬁ‘%é@ﬂxaﬁs’t ﬂ(?lgarg{} ﬁ‘ﬁo’%"?ﬁo‘lﬂly %&Wﬁ%ﬁa‘?thef& and
steps to redi spensfuleland 25 lgﬁgrss&, bfize the slurry, slurry 2 achieved

n

| ow poli shing rate produced significant scratching on the
wafer, thus yielding a wafer of poor 10 quality.

36. The method of claim 17 wherein between 500KA and 10,000KA of the

tungsten layer is removed during step (b).

37. A chemical-mechanical polishing slurry for polishing a metal layer
10 comprising high purity, fine metal oxide particles uniformly dispersed in an aqueous
medium having a surface area ranging from about 40 m?/g to about 430 m*/g, an
aggregate size distribution less than about 1.0 micron, a mean aggregate diameter less
than about 0.4 micron and a force sufficient to repel and overcome the van der Waals

forces between the particles and an oxidizing component, wherein said slurry is

15  colloidally stable.

38. The slurry of claim 37 wherein said particies are present in a range between

about 0.5% and 55% by weight.
39. The slurry of claim 37 wherein said particles comprise alumina.

40. The slurry of claim 39 wherein said particles have a surface area less than

20 about 70 m%g and are present in said slurry in a range less than about 7% by

'weight.

41. The slurry of claim 39 wherein said particles have a surface area ranging

between about 70 m*/g to about 170 m*/g and are present within said slurry in a range

less than about 12% by weight.
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As descri bed herein, the slurry of the present invention has been
found pagtd sswiads Y usef uI ﬂ, ani cal pl anarization to renov
uneven topography* ay r| al, surface dePETVSOYHAA, di ng
scratches, roughness, cont arfi nant partlcl es such as dirt or
dust. As a result, sem conductor processes 15 utilizing this slurry

experience I mpr e t ice rneliability

and yield a?}conpa?}e{%gﬁg;ycgﬂegﬂﬁ g%al‘latet? C‘H %Vgg%%}/églﬁn?‘ﬁ@&a 15p3 PRESIRjRethe
fine nmetal alumina oraxfultedpslumiml. es have been directed to al um nas and
silicas, it is understood that the t eachi ngs herein have
applicability to other fine netal oxide particles such as ger mani a,
ceria, titanpkra an e af: oxi.de. part Ies may be
20 util :a?ed tgn?o%ﬁugk Ae:w %rg?{a slﬁrs?lgvr:bggﬁ@%fc%o% %0 ‘EP titani um
as well as under | ayers such as ti tanium titaniumnitride and
titaniumt uggst en. I s further understood that the

present inv&ftion TR $iBEY|qfiRlaigy43 d"}leﬁ"em said particlgs have a|surfacerbredi ranging
h dd
modi 11 2at i ooeech 8ol a0 Piiowt 230 miA e PRABMRFIAR SaBdtumy inpranege o

t he friomv ebdut 05i% to 20% by weight.

- 16 - WO 96/ 11082

PCT/ US95/ 11424
45. The slurry of claim 37 wherein said particles have a maximum zeta potential
greater than about + 10 millivolts. ‘
46. The slurry of claim 37 wherein said oxidizing component is an oxidizing

10 metal salt.

47. The slurry of claim 37 wherein said oxidizing component is an oxidizing

metal complex.

48. The slurry of claim 37 wherein said oxidizing component is selected from
the group consisting of: iron salts, aluminum salts, sodium salts, potassium salts,
I5 ammonium salts, quaternary ammonium' salts, phosphonium salts, peroxides,

chlorates, perchlorates, permanganates, persulfates and mixture thereof.
49, The slurry of claim 37 wherein said slurry further comprises an additive in
an amount sufficient to prevent decomposition of the oxidizing component and

maintain the colloidal stability of the slurry. -

20 50. The slurry of claim 49 wherein said additive is a surfactant.

v



1. A chem cal - nechani cal po'I_i—éh.i _rig é'llnurr for polishing a netal |ayer
hi

comrising wosayon " SININIONEOEL:) o L0e o g

rangi ng from about 40 nferr]/g to "abdut *43% njertr]/g, an aggr egat e
size distribution I ess than about 1.0 mcron, a nean aggregate di aneter

| ess thap) aboutn,Dstheiyi 6f ORI RnERNE ﬁleséifrfahghg i ﬁ%:éeag?x%mggwup

overcone the van a orces between t

said slurry is caohsstigdfnorioaitsarfactants, anionic surfactants, catidrdc airfuctantsghn%ha&ﬁt
1 wherein said parttj cles are present in a range between 10 about 0.5%
and 55% by wei ghtsurfactants and mlgt_ures therephe sl urry of claim 1 wherein said
particles conprise alun na. 4, The slurry of claim3
wherein said particles have a surface area | ess than about 70
nferr]/g and are5@reserfhe slusgiaf cldior 5§ wherein rsaidgeirfamat ishsetecasiofrom? febdtoup

wei ght . 1 S. . . Th rry of clajm erein said particles have

a surface area r &PRistige of: Pﬁyﬁk@tﬂg’éﬁ““éb@ﬁlﬁﬁ Sﬁg’éﬁ“}e};{ polyexyaleyiene sthers, and

nmMerr]/g and ar enﬂkﬁ?é’s%d%obﬁiy’ﬂg?@ﬂ%r&if{f_?\ry in a range | ess than
ght. -

about 12% by wei e slurry of clains 3, 4 or 5

wherein said alumna is a precipitated al um na or a fumed al um na.

20 7. T sl ur f claiml1 rei,n sgid particles comrise funmed

silica. ?? . ’lrt?é s?urry ofs‘ clg}m BW{]weilerem sat% metal oxide particle l.mt;umed silica and
said oxidizing component is iron nitrate.

54. The slurry of claim 37 wherein said metal oxide particle is fumed alumina

10 comprising at least 50% gamma phase and said oxidizing component is iron nitrate.



- 17 - ' WD 96/ 11082 PCT/ US95/ 11424

8. The slurry of claim7 wherein said particles have a sydrasesaias
rangi ng WO 96/11082t ween about 40 nferr]/g to about 250 nierr]/g and are
present within said slurry in a range fromabout .5 %to 20% by
wei ght . 9. The slurry of claim1 wherein said particles
have a maxi num zeta potenti al 5 9r ater than about 10 mllivolts.
10. The slurry of claim 1 mhereih sdid slurry further conprises an
oxi di zi ng conponent . 11. The slurry of claim 10
wher ei n sai d oxidizing conponent is an oxidizing metal salt.

12. The slurry of claim 10 wherein said oxidizing conponent is an
oxi di zi ng nmet al conpl ex.

SUBSTITUTE SHEET (RULE 26)



13, The. slurry of claim 10 wherein said oxidizing conponent is selected

from up consisting of: iron salts, alum num salgSyg i
pot as S\Vﬁ&?@ﬁl{ﬂ? égﬂ%#fm S,

salts, S, anmoni um sal ts, quaternary amoni um s
phosphoni um sal ts, peroxides, 15 chl orates, perchlorates,
per manganat es, persulfates and m xtures thereof. 14. The
slurry of claim1l wherein said sl urryrzf?r%her conpri ses a surfactant.
15. The slurry of claim 14 wherei he surfactant is selected fromthe
gr oup consisting of: nonionic surfactants, anionic surfactants,
cationic surfactants, anphoteric surfactants and m xtures thereof.
20 16. The slurry of claim 14 wherein said surfactant is sel ected
fromthe group consi sting of: polyal kyl siloxanes, polyaryl
si | oxanes, pol yoxyal kyl ene et hers, and m xtures and copgt@ners
t her eof . ' - 18 -
WD 96/ 11082 PCT/ US95/ 11424 17. A
met hod for chemni cal -ggechani cal polishing a netal |ayer of a sutsér ate, the
met hod whi ch conpries the steps of: -9
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a); provi ding a chem cal nechanical polishing slurry conprising high
purity, fine %3&/11 jde particles uniformy dispersed in an aqy@gmggg;gj%um
ut

havi ng 5 a“surtace area ranging fromabout 40 nierr]/g to abo
nerr]/g, an aggregate size distribution I ess than about 1.0
m cron, a nmean particle dianeter |ess than about 0.4 mcron and a

force sufficient to repel and overcomeét};ua van der Waal s forces between
the particles, wherein said slurry is stable; and b)
chem cal mechanical polishing a netal |ayer on a sem conductor 10

substrate with said slurry. 18. The nmethod of claim 17
wherein said netal layer is selected fromthe group consi sting of:
tungsten, alum num copper, titanium and alloys thereof. 19.
The met hod of claim 18 wherein said netal |ayer is tungsten. 15 o 20.
The nmethod of claim 19 wherein said tungsten layer further conprisiig at
| east one under| ayer selected fromthe group consisting of: titani ym
titaniumnitride and titaniumtungsten and m xtures thereoff.
21. The nethod ofyclaim 17 wherein said particles are present {i@ a
range bet weglr about 0.5 % and 55 % by weight. 20 22. [ The
met hod of claim 17 wgerein said particles conprise al um na. 23.
The net hod of claim22 wherein said particles have a surface area ljess than
about 70 nmerr]/g ar@g are present in said slurry in a range | ess tHam about
7% by wei ght . 2
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- 19 - WD 96/ 11082 PCT/ US95/ 11424
24. The nmetNgdsRiogs! @i M 22 wherein said particles have a surmgﬁf
424

rangi ng et ween about 70 n2/g to about 170 nR/g and ar
within said slurry in a range | ess than about 12% by wei ght.
25. The met hod of clainms 22, 23 or 24 wherein said alumna is a
preci pitated 5 alumna or a fune l.um na. 26. The
nmet hod of claim 17 wherein said partic 8bonprise fumed silica.
27. The nethod of claim 26 wherein said particles have a surface area
rangi ng bet ween about 40 nferr]/g to about 250 nferr]/g and are
present within said slurry in a range fromabout..5 %to 20 % by
wei ght . 10 28. The nethod of claim 17 wherein said particles have
a maxi num zet a potential greater than about [err]10 mllivolts.
29. The nethod of claim 17 wherein said slurry further conprises an
oxi di zi ng conponent .
T
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30.

The nethod of claim29 wherein said oxidizing conponent

is an

oxi di zing 15 | salt. 31. The net hod of cl g
wherein said ‘8%98{{5#8%9 conponent is an oxidizing nmet al %ﬁn@g}yu
32. The net hod of claim29 wherein said oxidizing conponent is selected
from the group consisting of: iron salts, alumnumsalts, sodium
salts, potassiumsalts, 20 anmoni q:-gn alts. quaternary amoni um salts,
phosphoni um salts, peroxides, ﬁl rates, perchlorates, m
per manganat es, [eT?s ares and rEgY T ner eor . 33. 1 (NThe net hod
of claim 17 wherjein said slurry furthef- ceqpri ses a surfactant
- 20 - WO 96/ 140823 I .S . PCI/ US95/ 11424
34. The met hod of ai @33 wheeeif th& surfactant is selecled fromthe
group onsi st &% noni @Ri c|sur&actants, -anioni c surfjactants,
cationic surfactfants, arghoteric N gurfactarjts and m xt urves thereaf.
35. The netlod of cl)di %,33 wherei'§ sa@pd surfactant is sel ett®d fromPhe
group 5 consi sting of= pol yal kylj si #pxanes, polyaryl sil pxanes, s
pol yoxyal kyl enejet her sg ancE pt udes and copol yners thgreof. -
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36. The met hod of claim 17 wherein between 500KA and 10, OOCKA of the
tungsten | ayen ved during step (b). 37. '

chem cal - rrecha“rllél)gfe{?ﬂ’g%l ishing slurry for polishing a netal | ayel’("{l(?sgsll1424
conprising high purity, fine metal oxide particles uniformy dispersed in
an aqueous medi um havi ng a surface area rangi ng from about 40
nerr]/g to about 430 nferr]/g, an aggregate size distribution | ess
t han about 1.0 m cron, a mean aggregateGAi neter |ess t han about
0.4 micron and a force sufficient to repel and overconme the van der \Waals

forces between _ J , —
slurry is 15 q_qlloidally st abl e. . 38. . The slurry of lgai m
37 wherein said payticles are present igea range between : abouft 0.5
% and 55 % by Vel @§t. - en 39 ée slurry of claim 37 wherein| said
particles conprii sg al um;na. 40. The slurry of ¢l aim 39
wherein said pgrticles have agurfa a;ga | ess than 20 abogd 70
nerr]/g and arle éesenti in s&d:sl yemn a range .l ess than astit 7% b
wei ght . 1. . Thésslur of @l'aim 39 wherein sai-d garticl e{é
have a surface aren rangi ng et #8en about 70 mMerr]/g t&akeut 0
mMerr]/g and arle B esent within  d slurry in a range v {ESamiihan
about 12 % by weiﬂ]t. . . . -l 21 -
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WD 96/ 11082 - PCT/ US95/ 11424 42. The
slurry of cla 40 or 41 wherein said alumna is a precipi

altum na or mdﬂn’f um na. 43. The slurry of clgléi‘,%g /11424
wherein sald particles conprise funed silica. 44, The slurry
of claim43 wherein said particles have a surface area rangi ng 5

bet ween about 40 nferr]/g to about 250723§rr]/g and are present within said
slurry in a range f rom about %to 20% by wei ght. 45,
The slurry of claim37 wherein said particles have a maxi mum zeta potenti al

greater than about [err]10 mllivolts. 46. The slurry of
claim 37 wherein said oxidizing conponent is an oxidizing 10 net al
salt. 47. The slurry of claim 37 wherein said oxidizing

conponent is an oxidizing met al conpl ex. 48. The

slurry of claim 37 wherein said oxidizing conmponent is selected fuyom
the group consisting of: irpPn salts, alumnumsalts, sodiums
potassiumsalts, 15 a nium salts, quaternary amoni um aIis,
phosphoni um salts, peroxides, chl orates, perchlorates;

per manganat es, pe+sul fatespand m xture thereof. 49. NThe
slurry of claim @3 whereip said slurry further conprises an ad iﬁuve in
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1

an anount sufficient to prevent deconposition of the oxidizing conponent

and ' ) he colloidal stability of the slurry. 2 50.
Thé slurry opwglbtagfwr%]&]oﬂf% wherein said additive is a surfactant. OPCT’US””W
96/ 11082 PCT/ US95/ 11424

51. The slurry of claim49 wherein the surfactant is selected fromthe
group consi sting of nonionic s%yygﬁtants, ani oni ¢ surfactants,
cationic surfactants, anphoteric rfactants and m xtures thereof.
52. The slurry of claimb50 wherein said surfactant is selected fromthe
group 5 consi sting of: polyal kyl siloxanes, polyaryl siloxanes,

pol yoxyal kyl ene ethers, and m xt ures and copol yners t hereof.

53. The slurry of claim37 wherein said netal oxide partide is funed
silica and sai d oxidizing conponent is iron nitrafe. e 54.
The slurry of claim37 wherein said netal oxide particle js funed al um na
10 conprising at |east 50% gamma phase and sai d oxidiging conponent is

iron nitrate.
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A slurry for use in chemical mechanical polishing of a metal layer compﬁsing high purity fine metal oxide particles uniformly

dispersed in a stable aqueous medium.




