;e3esnnoTp@q s6@Ts*h O, . 2 9 .! AN ?003 SLURRI ES OF ABRASI VE | NG;?@N“@ 7003
OXI DE PARTI CLES A FOR ADJUSTI NG THE ABRASI VENESS OF THE PARTI'CL S/
'5 RELATED APM“WM application isga cantinuation-in-part of

provi si onal n 60/105, 141, fijed Cctober 21) 1998, the contents of
whi ch are incorpos®®®Bd by reference. 10 BACKGROUND OF THE | NVENTI ON The

field of this invention relates to slurries of abrasive inorganic oxide
particles and nethods for altering and controlling the abrasiveness of the

o S R DB e

out to planarize electronic chips. The function of an abrasive slurry in
chem cal / mechani cal polishing electronic chips is to polish or planarize
ei ther an i nSIHELATBDRPRIJCAJEONNg | ayer deposited on the chip to a highly
pl anar state. This planarization 20 nmaxi m zes sharpness of focus in
subsequent phot o- | ifh#‘b@ﬂl&lﬁﬁjp"s'ﬁ @ pentiiglatdon-m-erspefdire visigea! epplication nsul at i ng
and conductive, I,1Se I Vi vi.de uniform i shing
across the Wa]% é)(ﬁ):/évi’e]t‘lrl\bme-gunc ugpg{:’rlgﬁ %’ﬁﬁ%g&@%mg{’f‘t\'blgg‘“c‘;’fm%%r%or tgﬁ?lk’%hed
substrate. WirkRerdieeti ng these requirenents it is also desirable to

maxi m ze polish rate in order to nmaxim ze the productivity of high-cost 25
pol i shing equipnent. It therefore would be desirable to inprove present

slurries,and the} }Wﬁ;ﬁﬂ“ so that one can easily nodify the
slurry foo pro k ﬂﬁ Qf lldfl\?e of abrasivities. Having such a
met hod woul d al | ow THeEridl@oOMlsl ifVehEioh RatBlol shitBgofibe&RRSndranié el d the

hi ghest polish rate wi thout 30 undue scratching, non-uniformty of

pol i shing or |axsde mtiq}pw@ggetbqﬂqtfprd}lgerigg,@m controtling the abrasiveness of the

particles for use in cleaning and polishing applications. In particular, it relates

to altering or controlling the abrasivity of inorganic oxide particles used in
15 chemical/mechanical polishing (CMP) processes carried out to planarize
electronic chips.

The function of an abrasive slurry in chemical/mechanical polishing
electronic chips is to polish or planarize either an insulating or conducting
layer deposited on the chip to a highly planar state. This planarization

20 maximizes sharpness of focus in subsequent photo-lithography steps used to
deposit additional insulating and conductive layers. The slurry also must
provide uniform polishing across the wafer without undue scratching or pitting
of the polished substrate. While meeting these requirements it is also desirable
to maximize polish rate in order to maximize the productivity of high-cost

25 polishing equipment.

It therefore would be desirable to improve present slurries and their
methods of manufacture so that one can easily modify the slurry to produce
particles having a range of abrasivities. Having such a method would allow
one to optimize the polishing process to yield the highest polish rate without

30 undue scratching, non-uniformity of polishing or loss of process control. Such

a method would be especially useful in developing new abrasive slurries for

LT
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a nmet hod woul d be especially useful in devel opi ng new abrasive slurrif§,£@§
/7 9 ~C ry Q03 i s 2 insulating and conducting materials being S IANZ003
considered for use in chip manufacturing ip the near future. In general,
conventional slurries conprise abrasive particles and/or sol uble chem cal
ingredients. The particles and additional ingredients alter the 5 abrasive
and/ or polishing effects inparted by the slurry. The particles and
ingredients are selected to neet the polishing requirenments for the

i nsul ating or conducting | ayer being polished. U S. Patent 5,527,423 to
Nevil | e, et alinsilgingrandgampiceingfmateniels bsingroonsidered forabsimichies COWP sl urri es
conprising funmed silicas or fu q alum na particles 10 dispersed in a

stabl e aqueouénﬂﬁ@?%ﬁﬂn5M89FPF@H§1@8'nentions that precipitated al um na can
be used. Neville etIn%EnerQE 861vesGoruN@lirrfeh BorBfridel (IR e ANRIER aflLF aCE area
rangi ng from about 40 n2/g to about 430nR/g, an aggregate size distribution
| ess t han abouwohbldchrimiead mgaertieras. mBzrpasgmeseopd tadditivpatangredibes slterhban about

0.4 mcron. This pate al so.di scusses references that teach the 15

addi ti or of et3Dh2 ‘tesa,“g}‘%eﬂh %‘%&cﬁd@ﬁ”ﬁe&@%ﬁ'&l@}”%r t}g? RYfFisEMhterials to

CWP slurries. ; I i : i (Yol hydr ogen
urri 1%#&8ﬁml§%¥ee§%gﬁ%téd*’té%e@£ ﬂ‘n{% Qﬁs‘?n%{;\ﬁ}éﬁﬁén!ts%f @ggﬁ%‘y@p@%{g ydr og

peroxi de and/ or~other acidic or alkaline a Ives inc t ent
5,700, 838 t o Fahbestingddyeabeing Poldhed®at ent 5, 769, 689 to Cossaboon, et al .,
U.S. Patent 5,800,577 ho Ki dgl %@g US.  Patent 3,S27,028 to Gswald. In
general ) 20 slurri éd-SshaAnas 3 Tfeedo Nexillsaeal iHa eHIPIoNWpk slyFriesel ect i ng an

i norgani ¢ oxi rEde 2] s I8 leyd : t i et Aer ent

abr asi ve propcejl‘r%'fi ﬁgggé‘so%rﬁggwgﬁ éﬁg‘%’? {ng;é{]lgg%flﬂghsggg?r?i@%%gﬁ%@ﬁ@ﬁ%%y to the
slurry 10 or dedispienseddn astablehaguedus azidiven. aNelYitle alpo hieationsgha& fpredpismtédnipar t ed by
the slurry. U S. Patent 4,304,575 to Payne di scl oses the preparation of
aqueous 25 si !5&@"?&1“%%8?“(1 Vé@ %Blr3§¥\?ée ﬁ’ﬁ&‘gF Pajigles a‘fmlﬁﬁ%al |y

pol i shing sem &QPQHEi%grfro‘P@ﬁllﬁfu%fl?( begne'aﬁomfabmgflﬂag FegRRsIR0 the sol

conprises heating an initial alkali'ne aqueous Silica Sol containing a

m xture of reldistribatign lessethhreabquat Oincicws 2add mah aggregdty diammepedespar ti cl es. It

is stated by P that th | ticles dissol d it
| ar gor par ) ol B8 SR Dy BTSN G 20 SERRB e SIS A LI HE wt ch { he

maj oritysof thgysidnl FRrdhakis] Gk as NAYEed petckle, orfalidlink Makerials 0@V _
significantly larger than the larger silica particles in the starting m xed
sol . Payne's nsomies.aPthenpaeps gpadisdose GMiPssturgesecontamjngbedragen particl e si ze

| ess than 100 m | l.i,m cy,ons, and. pr ef er abl vi ng . f i nal rticle size of
wbout | 180 mi |1 PepLPEHE SRt o PR SV Thaede s, PRERL LS e en
4, 356, 107 al s05 00,83 @yFefer, ki ali, .S Pakdnt 6960 6OIEC BN | 1. MBishods of
maki ng abrasive slurries in such a way that the abrasiveness of the

particles can Buenasf00574dp idddand:ySpBatent3n7dBRite Mswadr doeeneedtent s at hand
A LRt et 10, SR ke SRR EDIR e R0 e er
particle and either relying on the particles’ inherent abrasive properties for
polishing or by adding additional chemistry to the slurry in order to adjust the
abrasive and/or polishing effects imparted by the slurry.
U.S. Patent 4,304,575 to Payne discloses the preparation of aqueous
25 silica sols for use as abrasive materials in mechanically polishing semi-
conductor wafers. Payne’s method for preparing the sol comprises heating an
initial alkaline aqueous silica sol containing a mixture of relatively smaller
particles and relatively larger particles. 1t is stated by Payne that the smaller
particles dissolve and redeposit on larger particles thereby producing an

30 aqueous silica sol in which the majority of the silica particles have a size



In this invention, aqueous slurries of fine, porous, inorganic oxide 7.9 1y 2
particles are heated, e.g., in an autoclave, to increase the particl eé' <Al 2003
abrasivity. These slurries are preferably grepgred directly fromslurries
having a nmedian 15 particle size in thesrange of 0.1 to about 0.5 micron

and wherein substantially all of the particle size distribution is bel ow

one mcron. Slurries produced by this process have abrasive properties such
that an alkaline slurry (e.g., at pH 10.8) consisting of water and the

i norgani c oxide particles renoves silica at a rate of at |east 120 nm
mnute at 200 pFEniiGHlY 18 thagd bt eI A iChRY Y hestaring miged 8. cont ent  of
12. 6% by wei ghtp, at f, . . j ) ol i sher
with a SUBA 500 dﬁé’zédsg'tapégagvi%?ﬁ]‘%ﬁgﬂ?%ﬁb’gﬁ %ﬂ’aﬁr’%g?&@ h@ﬁ@?gﬁgé‘ggﬁ]&e,

aut ocl avi ng sl uooimgsimicrdnis Agd pRfdratay Bavipofiod partiRIEy e uBos I80ca i nparts an
i ncreased abrasiveness to the particles. This is reflected in increased
renoval rates dhillsnicrag. dunsilpadisclesureis sefdartl inp81S Enienigt, 285, talsa icons.  Thi s
i ncrease § n pardicle abrasivity strongly correlates with a decrease in
particle surfa &Y% ea as det ermi ned by N2 adsorption (BET nmethod). It is

t hought that this ingfgangedinbRabdeckemahbasoMaiGssaiivassors af ed decrease
in particle surface area is attributable to silica transport during the

aut ocl avi ng pr cuelss Wakérae g abrasiveaess of fhie @piictes chabe gasdy sdjobto@th meddm shar pl y

30 convex surfages within the rous particle.and redeposited at sharply
concave ? vy %ﬁq—pgfsbé{’glfﬂuérenlfggui\%%ncdg ltlhqu?l]ﬁvénﬁ WH&?%‘E aﬁfi’tlé’f‘?li ca subunits
(ul'timate partidgpb@sdrytodatneWaletinPmbRBaldef GYsbRsiné bahigle, Thi s redeposition
shoul d thus strengthén the porous silica particle and increase its
abrasivild. The el evated tenperatures associated with autoclaving serve to
accel erate thi S ' Rﬁﬁ;t&p 7 HdpPn Process by 5 increasing silica
solubility. A ce in al kaline aqueous suspensi ons
of silica particles Hhehidirventicn ayicetPstaics bEfiRd, potoRBNSSRME 8%idep t 0 anbi ent
pressure boiling (~ 100C), but nuch longer tinmes would be required.

Accordi ngly, a RiEidesare Beatgdapdn ih AAHOARS: fodicTapsedhe pardgles abragividY.urry of

particles can [ Y, I | A .
pr edet er m ned ?@wgﬁ%/l? g%g a%rper%f‘sg&mhy%%{/@?%gg%ofr’&z%’?lieﬁge‘,éﬁ% {mr%dlélmparti cul ar
pol i shi ngs r at e. pafticte sieé matle emgpof 8.¢30 (ot PrSapiaronrgd avigtein sybsahtigipr ous

i norgani ¢ oxi de {)arti cl es havi ,n?_ measuyrabl e BET surface area, (b) heating
the slurry to oBtafithe parfiele sizg distription i helows ong wicram $ipwies gipduged Bent i fi ed
to have the desj [IRVATN V2 L Shi te,.xand (c)
adi Ust i ng the Sy roRRL i thizkvepRARYLER R af HALKELRY &) SorE O LE)
invention is espERicahtiytirguiftvaidrend dre iporgmeic brige phrtictes esndfes silica ate gel
particles. Funed and grﬂecigita ed sili&g sl urri%s al so can be simlarly 20
processed to un@&rYast &AstilA Sainuie 8t gPG R iyPRy Thes ApAspismenkYas Badous

particl ey of AlgQ angk Qnfat oﬁiz.a%tblyxwe‘fgh,%gg AAbERNs B Wgnpaterial s can
undergo an increase in abrasivity Using these nethods. BRI EF DESCRI PTI ON OF
THE DRAW NGS 25StFishargh GCA polishgrwigtha SHBh50d padsit p ave mimhapolishaimeasi ng t he
severity of heating éondi ti ogs accordi n\g t%@thi S i.,nvent,i on decreases the
surface area of the ‘af BFpHgd 3heve aytadaviag pluiries 9ETing pHHCE ROTPYSe

abr asi veness of ﬁ&sﬁﬁ[c%hﬁk%anﬁﬁ&'é&&@ asfagavé;ksgéartﬁfgéslﬂé\és.amsﬁshose for

slurries prepared according to the invention. The po Ing rates from

t hose sl urries =flectedbinpacresset ccrbdral Bespdkilish subgtratataesaddacdpaispinigor ar t
chemi cal de Chanéo%%ltiorr)xg.l 'I”Sllg iinr}: ea%é er;%ticle abrasivity strongly correlates with a
decrease in particle surface area as determined by N, adsorption (BET
method). It is thought that this increase in particle abrasivencss and associated
decrease in particle surface area is attributable to silica transport during the
autoclaving process whereby silica is preferentially dissolved from sharply

30 convex surfaces within the porous particle and redeposited at sharply concave



|l ; "d ?00,~, 5 containing funmed silica (Rodel |ILD 1300) having a BEZ .
surface area of 105 n2/g. The polishing rates reported are illustrate Hbvwzwj
the rate at which silica,dielectric material is renoved at rates in
nanoneters per mnute at various pressures (psi) and angular velocity rates
(rpm inparted by the polishing 5 equipﬁent. The pressure (P) referred is
the pressure between the polishing pad and the wafer. The velocity (V)
referenced is the angular velocity at which the polishing pad is rotated
during polishing. Figure 2 is a graph indicating that the abrasiveness of a
slurry, as reflsediced ai the jatceon af sii@nmbadbitsr(@itienatd partigkgttied maketupeheparti cl e
surface area (SA) of 10 the slurry at a constant P V. The surface area is
plotted as an iPALAS Partiste. tlhes reeerpaltiopphowd thus seengtied heRYQreY!licDETAI LED
DESCRI PTI CN Thﬁ)amltf}'letdn%liPc%aﬁ??ts'faBra%/ﬁg.afh@&e\tIJEé;i é}ng&fahﬁ: X a%octi%@:cfﬁ{tﬁ've.nt' on
conprise 15 formng a slurry of 'inorgani c oxide particles an en mlling
and separ at i ng gpRkclavilg&srve tehedefeents thiy diysolnid@rredspogitibh prgeang i n a manner
sufficient to create a dispersion conprising particles having a particle

si ze di st¥ i but iimreasuigtsaliflasofubilite hArkiraidar piecshutakesallaggdn pikalirrgqueous. |
polishing silica dielectri,c |layers., [Typical the final slurr as a
particle size c§F§J[ePf'BIL‘ft?Hc’?H]C |a§ﬁ5ﬁ5§'cgsagé%c{1? g%r?p)?raﬁxgel% § r{eﬁ%?{e%%%gm cron.

(1) Parent | norgddre pfess€bHARE (-CIOOSCY, BT adh 16n@¢ tigRs would Bdequifel _
preparing the slurry include precipitated inorganic oxides and inorganic
oxi de gels. It is priscerdigly ameihoq s impastipgadesirgst pbrasiviy Salashirey of S| i ght | y
sol ubl e i norgani c. oxi de n e s.well|l if the 25 heatin t eps
described | ate® g‘%ﬁﬁ ?%Eéﬁﬁggﬁﬁﬁ%'é ;Uggfﬁgb%guygsgfP@ggfﬂ@ggirasivity of
the sel egy ed i Roffg@NreasONiiclehake bteaeidehimnﬁikﬁ&{amcquﬁidhﬁ@ r&e| vhe | 1 ze that
i norgani c oxide. The initial inorganic oxide slurries are referred to
herein as "par épethohedBRIEE oxi des, " "parent particles" or "parent

di spersions".

§

Arvor pQQ)”S preparing a slurry of porous inorganic oxide particles having
measurable BET surface area,
(b) heating the slurry to obtain a particle BET surface area
15 previously identified to have the desired abrasivity as measured
by a polishing rate, and
(©) adjusting the slurry to be suitabie for use as an abrasive slurry.
This invention is especially suitable for preparing slurries of silica gel
particles. Fumed and precipitated silica slurries also can be similarly
20 processed to undergo an increase in abrasivity. Even further, porous particles
of Al,Os and other slightly soluble inorganic oxide materials can undergo an

increase in abrasivity using these methods.

BRIEF DESCRIPTION OF THE DRAWINGS

25 Figure 1 is a graph which illustrates that increasing the severity of

heating conditions according to this invention decreases the surface area of the
slurried particles as well as increases the abrasiveness of those particles.
Results for Al through A3 are those for slurries prepared according to the
invention. The polishing rates from those slurries are compared to the

30 polishing rates from a prior art chemical mechanical polishing slurry



30 silica gels are particularly suitable parent inorganic oxides. The )q 4y 7
di spersion can .9,, "-;,;; ~,~1J3 6 also be prepared from m xed S AN 700
i norgani ¢ oxides including Si 2~ ~ A1203) MO Si2 A1203. M xed

i norgani ¢ oxi des are prepared by conventional blending or cogelling
procedures. In enbodinments conprising gels, the dispersions are derived
from5 porous inorganic oxide gels such as, but not limted to, gels
conprising Si 2, Al120, A1P04, MO, Ti 2, and Zr02. The gels can be

hydr ogel s, aerogels, or xerogels. A hydrogel is also known as an aquagel

whi ch is fornedohninieg BimeandicagRadal dsiol1B00)thavipgndBEBnefdce hteedf Wi h water. A
xerogel is a hydrogel w.th the water remmved. erogel is a type of
xerogel from Wrﬂ‘%gr ﬁrepcr'isg M dRRREEP RS AT “P'é%‘ﬁgﬁt efaggewhighwiifeas to
mnimze any C%iél@!ﬁﬁ@nﬁ&rﬁh%ﬁ&ﬁ vd o P sgﬁln'al%rﬁétéé’s'%éﬁq Sy agopater is
renoved. Silica gels conmercia ?y aval abl e Aas Y o d graée gel's, e.g.,
grades 74, 22| ,pr@3dres Bebd), andBOGyaravetbe(e nead (prit) impmictkd bathgedotisldng sui t abl e
parent inorganic oxides. Mthods_of preparing inorganic oxide gels are well
known in 2 he artQuipmenEofheaxsastpredP) wefegradiis hepegssyrg bppvegn thecpabighing Rathg an
aqueous sol uti I i el 1 i ilicate) with a
strong acid sug‘ﬁdg@e ﬁ?ftc?i t@o\?d%Wm feléérg@?g% t'gq ﬁg%lz}xgﬁ%&cﬂﬂ}xﬁ%h&gﬁg under

sui tabl e condi tgobiglsing badiirbateddrih@pditshinga cl ear silica sol which sets into
a hydrogel, i.e., macrogel) in |ess than about one-half hour. The resulting
gel is then washed. Figweedneemph stdichngthapthcishpsiyaniss obkslday, 4. e. , Si 02,

formed in the 1Sk Lo the,. 0 10 _an out 50,
pref erably bet %@%&%ﬁ%d{]ﬁ#gﬁh&ébgﬁ’Eg’g],dqegﬁg%r%é rt%g?ﬁlfearc a Teﬁg%gf%ﬁen about
30 and about 35hewughiat pesrsent P- VM THe shifhe dptd iohidileatas geinvege Bothkr om about 1
to about 9, preferabl ;f 1 to about 4. A wide range of m xing tenperatures
can be enpl oyedtctzhPETsurace 45e4 mepstiedi cal Iy from about 25 20 to about 50C.
The newly fornmed hydrogels are washed sinply by imersion in a continuously
novi ng stream of water which | eaches out the undesirable salts, |eaving
about 99.5 wei ghETAHLERBESSIRIABIAN pur e i nor gani ¢ oxi de behi nd. J c, 7 The

porosity of preferr p,ar,ert silica gel can_var¥,and is affected by the
pH, tenperature, and MUPRR] YEPSIP PIERETTNERIE ST P TS {ysiantompsse Siiica gel
washed afs65- 906G -AHIGnOdf iforgariObxidopAAcROM Sthih hini % \}5}1 surface
areas (SA) of 250- 450 anpr c;rcr)rl?%ér o’gelg vvictﬁ pore chl)]IhngggA eéa ﬁ)é? l.4to0
1.7 5 cc/gm Sipariedesfedm Wasthedy atdepédralitmhs 3adbinat mothed SiEfitient thorédke hour s

will have SA's of 700-850 and forth aerogels. with PV's of 0.6-1.3. These
measur enent s ar@SREEHY SATRRYISRE RaBihBYing pé‘ﬁ&ﬁw %F%ES@?%W“PB]FWR epari ng

ot her inorgani cchefsﬁ@h@ngal.asm%ug&isﬁﬁxgaé.gl.ﬂbmhﬁa%%mw%%dzmrag&al c oxide gels
such as silical/alum na cogels are also well Known 10 in the art. Methods
for preparing slyhcajpl tbe finel dirgchasagarticke LixcSlistPhuvteon wilich? B6sFhBally he

cont ent s, Qf whilcht re incorporated by reference. Funed inorganic oxides
such as &1 casSHif* LMY can al so be chosen as the parent inorganic

oxi de. The prodqqft}ia%tmorédﬁmegxigg Phgiersand alumnas is a well -docunent ed
process and involves the hydrolysis of suitable 15 feedstock vapor, such as

silicon tetrachl ori dsorganigloyiden snitablelfor praparingribaslotrnineluge pheeiiatpdn and
oxygen. Once an._inaorganic oxide is. selected.f.or th rent .di spersion) an
di spersi ng medi Wﬂ{g%‘g leﬁigs E?‘LF’PSﬁaB’F 0.1"}95 g§§l é%f@&%'fﬁﬂggﬁ‘ﬁﬂ?_%%g‘éci s chosen.
The slurry can HgdPisQBRbRI WighiNdsdlgsié theadanedx@des icn bded a0 wel19¢hde gel s

whi ch 20 have been drai ned, but not yet dried, and to which additional
wat er i s28dded. heating steps described later below are appropriately adjusted to alter the

abrasivity of the selected inorganic oxide at the pH conditions needed to
solubilize that inorganic oxide.

The initial inorganic oxide slurries are referred to herein as "parent
inorganic oxides," "parent particles" or "parent dispersions". Amorphous

30 silica gels are particularly suitable parent inorganic oxides. The dispersion can



I n anot her enbodi nent, dried inorganic oxides, e.g., xerogels, are

di spersed in water. In general, the parent dispersion should be in a ¢tatie 2003
that can be wet mlled. The size of the parent particles only needs to be
sufficient such that the ml|l being useg can produce a di spersion having
the desired particle size 25 distributi®n. In nost enbodi nents, the parent
di spersion has a nedian particle size approximately in the range of 10 to
40 microns. In enbodi nents prepared froma drai ned i norgani c oxide gel, the
drained gel nay first be broken up into gel chunks and premlled to produce
a di spersion oms@aé Fte‘phx@& fiom hipedriadigeniobxités holudlgBior A|is0,,30 2 ~ ~';

~ ?~J,S 8 (2 and Centrifugi ng The parent dispersion is then
mlled. The m gQ@le /ébﬁduMléQﬂi inQugamic okides arepreplareguiydonesditiandhosen as t he
di spersing rred um,. The ge m | 1ing conditions can vary depending on the
feed material, lFB%’I“éghE%g ﬂi”}%ap’o? B%F1 er 5 speeds, and nilling nedia
particle size. Sui tﬁbérﬁb&o%@mgh&nﬁnﬁﬁggaﬁmed&weem&m%édar\%d%ﬁpr' bed in the
Exanpl es. These conditions can be varied to obtain the particular particle
si ze di sfri but panops inppganad dxiddogdiosuchag bl wotdimitelifie, gebsotomiprisizg Si0s, sel ecti ng

and nodi fying these d are hos kil l d in the art. 10
The milling eqfd %eﬁfp%ﬁﬁ(fg[sﬂ‘r I‘lf’d?ﬁ(gmg}eeﬂ‘?‘ss qaﬁgpééﬁrpg ClondCthecPet™t i cl es
shoul d ‘be of thg, ge«perr@e?ég:eﬁsqtsow@ﬁ% ¥ quaga%éms%ﬂn?éd%nwat&ugh

nmechani cal action. Such S are CONmer ci aval |l able, wth hamer and
sand mlls bei agd wtcslduitapbrys sreiftllath vathfwoatert m serpgel pos kydrbjehwith the | | s

i npart the necessary nechani cal ctlon t hr ou hi .speed netal bl ades, and
sahd 11 1 SWAHBETOEHe AT R PG BT o i 3%@&%@%&% as
Zi rconi goor Samn&@aqﬁsudhrﬂo@was%kﬂlﬁmﬁe@a@lo%qa&eovéﬁﬁ e bpgpact mlls
and hamrer mlls reduce particle size by i'npact of moréanlc oxide with

met al bl ades. Timectwielab gtb whtenr is yernavetlh 8tlice gpls rcomugecdalt)mvsaézpﬂc ate the

di spersion int er natant ph st artl cles of the
final product) %&mdwf %‘te\ﬁ Fr%&fﬁ%é%%?%aggé&még%s Ge o ¢l es
whi ch we usual Ly aper’gglytgb]g%g;,?m@{ nlchgidet nal abrasive slurry. The

supernatant phdse Is renoved the settled phase, e.g., by decanting,
wi th the super nat anMdieedsef prapating inprgeoiessalt gatscoe diehdgnown irhtthc'anventi on.
Conventi]%nal gntrlfu es an bﬁ used fg% this hase sep aratlé)

comercial |y aval PR A P& @repared Dy i ing,a taﬂF%°“’2§ TuHOR ?“on is

identified in taim%mkmtetxelgowbmm SHRAR) Withtad0eRS acill ludke niteic RF ef er abl e
to centrifuge the supernatant two, three or nore tinmes to further renove

| ar ge parti cl esulfwiradoid, e mixieg beingedneivnidert suisaie p@rfthg@s ofhgitatiant¢ cl es of

the slurry rec vere n entr:fu orous. Silica
gel slurries rg%f&%%af%‘ %‘#ﬁ"fwg]%?é S%‘tsgrﬁg %;‘%%%%H‘“y ggg é(%ﬁH‘a\?ol unes
simlar to thakbelt cnBHaFRoEN I THIBSBRY ) RxthélPwashee. W@é&ﬁkémaﬂbnl@ﬁ”l cles
? ~~ ,;'~~, 2wJ. S recovered frommlling and centrifuging of other parent

i nor gani9 oxi d@@lﬂﬁp@ﬂﬁéemﬁ‘— ,tsm@mf@l@?egamf@ ‘UQTQﬂé] 1aﬁ@paﬂiamn ihtC ringerghde. For
exanple, slurri I r L c organi c
‘{/tgl ui{“)ns agg ¢ 50 nPe{%r a%t& 3l % and ou%_Io 3 6?£mont

oxi des have poP ess han 0 e paren I'C oxide. (3)
Heating he S| umieferhbly teenddni dbo@edd mmbubsut 36 hasight peicbl wath kive $H 6pghed under

condi tions
gel being from about 1 to about 9, preferably 1 to about 4. A wide range of
mixing temperatures can be employed, this range being typically from about
25 20 to about 50°C.
The newly formed hydrogels are washed simply by immersion in a
continuously moving stream of water which leaches out the undesirable salts,

leaving about 99.5 weight percent or more pure inorganic oxide behind.



sufficient to alter and adjust the distribution of inorganic oxide within
the pore structure of the particles, thereby altering the hardness or' /4 AN 2003
abrasi veness of the 10 particles. As indicated earlier, it is believed that

in heating conditions such as those in ﬁn aut ocl ave, inorganic oxide, e.g.)
silica, preferentially dissolves fromsHarply convex surfaces, i.e., those
found around the edges (rins) of pores, and redeposits at sharply concave
surfaces, such as those at the juncture of ultinmate particles which form

the pores of the inorganic oxide particles. It 15 is believed that

reposi tioning i nor ggmie@ogositder praferee perehuyiitdaufetsscan tvigngt hemectddeypar ti cl e
structure and as a_result creates a harder and nore abrasive particle.
Treating the cémpliflegeeragiranpg dpmtighollie dateavesd tg wisle theegeh otilied gl her mal

treatment that Sagl?edbeﬁ égWCtagﬁggﬁ?g%pgr 55“4@%#4%1&%5&@%hflﬁ%qg%%'et ocl ave” it

is neant a pres € reactor ows™ for heatl Slurry above

the anbi ent pragay($A P 1500D0RME AérPderd \Sitwgdid'v&u&i}]s'{lpvp@f Phasgy For
aqueous slurries, this tenperature is about 100C. ThebgH of the slurry is

adj ust ed Sbef or ecigm. | $ilipd gl enshad at pH sl Borataped SaRdonpenbigurewill havei nor gani ¢

oxi de sel ect ed _f,or urry. The | | ju 0.4S to optimze the
solubility of thE ?ﬂ@g@% %‘d@rinb%e,mé%ﬁe‘?@bgg’]&eozbg(’gg'ﬁngﬁlteﬁeemF@é‘fcﬂ'éq%se time in
the 25 autocl avg gdrieMeaesy NI psro@ity sahigskd not be such that the anount of

i norgani ¢ oxide solubiliZed resul'ts in unwanted aggl oneration and

preci pitation of seddetiads/for pispaag athasxiatpampaexride pessuchen akunenséngrry i s
cooled to anbient te eratur.g. For ﬁxarrpl slurri qs of .sili.ca can be
adj usted to a [DH¥GF MTEAIC 0Xide gels gpch as g,lgﬁa}gr,nfngicg,g? 1 arledﬂsﬁ’r”?’%fk'loéiv"t her mal

treat menfo and geRRNGS MBthbBEfos YRPh AL RchBEIS BreMidclosb@irPU &N Rhdkged by the
final slurry. The autoclave conditions used depend on the desired hardness

and the type of4,326cMgaihiecontendef whickereidcorpprateddygefgrenge. |t has been found
that the nore 5 sever e t.he aut.ocl.qve

ndi.t.ions.used, e.qQ. i gher
tenperature and/ or Ié‘ﬁ'begrm?régrf’ﬁg’r‘{ & St“?‘(’r‘)rés f’hcz{sﬁ_@dgﬁﬂﬁsﬁg?rs{)ﬁg harder the
particles becomBosehhstigbyarmi@amidekidd eTipragicuenesfineld sias ey ticl es. For
wat er based slurries, the tenperature enployed for the autoclave shoul d at

| east be 100C. 2imeiapisapue!i-Aerugenied prasasseandapyaliss e kydmlysieef fugeblpol i shi ng
dielectrig sil 'fgé?:{@tolcﬁxgﬁgr’slsv.ﬂcg é:%l Bg@otg{x-%lcﬁ?dl &%}u%%ﬁgp@gpé%gﬁﬁ% for

20-30 hours. In génera nt's ‘becorre un enper at ures
hi gher than 20€hamdgehand ekygen.avoi ded i f surfactants cannot be added to
the desired abrasive slurry to reduce the instability. Likew se, heating

the inorganic oxi de QuerdripeaiarEde erisaief duchs RAjeNtASPEBIRGern heat i ng ti nes
to affect redepRgieldimBbiuki¥or the s oY L1620k Worganic oxide is chosen.

The slurry can be prepared using residual water in inorganic oxide gels which
20 have been drained, but not yet dried, and to which additional water is added.
In another embodiment, dried inorganic oxides, e.g., xerogels, are dispersed in
water. In general, the parent dispersion should be in a state that can be wet
milled. The size of the parent particles only needs to be sufficient such that
the mill being used can produce a dispersion having the desired particle size
25 distribution. In most embodiments, the parent dispersion has a median particle
size approximately in the range of 10 to 40 microns. In embodiments prepared
from a drained inorganic oxide gel, the drained gel may first be broken up into
gel chunks and premilled to produce a dispersion of particles in the range of 10
to 40 microns.
30



As indicated earlier, the abrasiveness of the particles increases and, the
BET surface area neasured for the particles is reduced as heating sevél{)intfay‘/; 2843
increases. As nentioned earlier, it is believed that the surface area
reduction is caused when inorganic oxidg di ssol ves and repositions to the
junctures 20 between ultimte particles® The data in the Exanpl es bel ow
show t hat pore volune and surface area are reduced after autoclaving, and
it is believed that the repositioning occurs at the expense of pore vol une
and the surface area associated with the pores |lost. Particles having BET
surface areas l(BsMitlhanndZ@nohignand preferably |less than 60 n2/g can be
prepared according to this 25 invention. The pore volunme of these particles
is typically in theThamgenbdisgergon i thengniledg Thagibiag digoaduesd rivetr.ogen
porosinmetry at .0. 96/ P/ Po... Accordi ndl a.neth f i mparti a desired
abrasivity for 1'5"éréll’%udflgEfdl’an@%gegn‘llS(l:q%o%#%éﬁﬁ’t]“ &gmcg%e@g’?%é\lrmpgﬁg out by
first identifyicBediabndahaaiwddp¥ndiig @PihaFéad hitesal aRsideic i adpder a
polishing rates) of a substrate, e.g., a silica .. ,,~ "n~ 5 substrate.
BET surfdce ar epedderanthmiglingoaedia pirigle size. alustebldsordinipnsedd rasidenconce an

abrasivity or polishing rate has been selected. for a substrate ta be worked
upon one can ré‘ﬂf%&f&%ﬂgﬁngﬁﬁlf&fﬁs@dglp&‘r ﬁjhﬁﬁf Ondivars ?ﬁﬁ'sbﬁ Vé‘f’ﬁ‘ﬁ@o%i’mporous

i nor gani ¢ oxi denPadriéudhsart@y binddigBRSH By BEbwsoelAepnare@ and then 5
heating the slurry to obtain the particle BET surface area which was

i dentified and tehsmwenfasdelatting anfeodifyingabiesa loprditionstage knigvn odhesat ed, t he
surface area re ﬁ]rred to therei n is that neasured using conventional N2 BET
surface area té ﬁf‘(ﬁ%g’g:arTo measure the surface area (and pore volune) for
these slyries, them@mmn@@@u%@dtﬁs@m Rii MG afenl BERNRI B RIEGLd on t hat
can occur during 10 drying.” The slurries also have to be dried to nake

t hese neasur enmshodd dnaf thedypirdapableief seyerchyudiing matatials dobwghgueshaniealy. |,
heating the slurries,to about 90 to .about .130C fo eriods | ong,.enough to
ry the siurry FEoR SIS He et R L bR e BEIS e vty o
silica slurrieseimSarkasdyaditBle frlhic pirpdie | I@GhmECHIRIMYAL tHeat €S, can be
varied wi dely. The 15 exanpl es bel ow show that silica renoval rates of at

| east 150, at |nsgessargpuecharica actioagbiougishighspessrmetalithades apdsanemdlst ai ned.
This method is . vant. ; i M olishing a
variety of mat é?}ggﬁ?eﬁhgggé%%@ﬁmEﬁé %F@Ers{é%u%s?gﬁgmgo# gbé]faent abr asi ve

mat eri al and/ orbepdd. iIatpactgnilidcen alW bdwsdppBiothaifipast rhilly @fd hatimef Mdlss| urri es
used to polish these materials can bhe 20 prepared fromone material) e.g.,
silica, withoutretusgiPagicleosizedry Bipaeof dasiaptgenic oxidiedihsaetal bladesr di ngl y, once
the slurry has been j Q: J ' : i nvention
can consi st essenti ﬁgyﬂgl%gglluglgé‘ftg?ﬁSé’ﬁ‘e%ggaﬁwasﬁgaﬁﬁzﬂﬁu(ﬁ%é%{ﬁ %:nta&(;?(i de
particles of thapé¢mmeantphase, which(cbjnpfibes the paticlebofibe fiealJProducy, ahsd ai ndi cat ed

earlier, substantjally al I_gf t he p?rticle_ ize distribution for the final
abr asi ve2&| ur r 58 PPEsep ¥ hICE SEMPHSE 'HRY RATFOnvhighwe YAl Y BEIPEYE tondi cat es
that the particlg,siag fmaﬁammwgnm.ofhééageﬁ%ﬁw a8 1§ ?émé;\%gtf}d?ﬂtﬂes .
substantially t sanme as the distribution of the slurry atter mlling.
Preferred r Zettled.phase; £.g;, by d@aatnfg, Withathb ediermarins bdiay Birdrenprdbcessedpar t i cl e
size less than 0.5 mcrons, and in _the range of, 0.1 to abo 0.3 mcrons.

The particle si%FEoing Py Ttiops CORYILPRY cefifiget CANRSHSES FRAIthis | ght
scattering str LORoANE dIRiiedRy MRasik eaRrifuBP AileBR foPufif1e Exanpl es
were determ ne%ﬁg%&iwgg ﬁaser scat){ eri %g parrtlfu(ff)e 153%% zgthtéggal yzer from
Hor i ba | 25t r uneinventionds idehefisiah ittsExamyilesticlaf. nhvemdiisarcss, domaad es and
depends on the solids content OL"et he feed particle dispersi The solids

n.
content of the HFEHRYSIOASNIELgsd ?”ePFTqunh“’f%éhrF%l?de"rSf“"le-sé@)gerH‘;‘Prvvei ght and

al |l other ranger%m%qg%{a;?ﬁ%ﬁﬁgst{gg{a%&a %g%ii'%gi\%‘k&%fﬁ% in the range of 10

to 20% by weight 1s riy swtra en usrng silica gel for

pol i shing diel ectri cThey=etides dfnthgdmey adcpvérbfrdmpemdling asd stngtfagingy shoul d
be such that the dispersion easily flows between the wafer to be polished
and the pol i shi#§PpiedsusBi gel huTipsreeseed fagma thesersigpsghpigai e opterry i s

dependentygupon 406 L0QRIANG IR SRR SRR AN TR YRS L phcRE

pl anari zéd by the slurry. Ica slurries




15 invention are particularly suitable for polishing silica substrates suc

as silica dielectric layers. Silica dielectric |ayers prepared from /9 ”‘."-’”M
tetraet hyoxysilane are illustrative. Slurries used to polish such |ayers
are adjusted to a pHin the range of 1041 | . Alumna slurries are

typically used to polish nmetal conductive |ayers such as tungsten or
copper, Those slurries are adjusted to a pHin the 20 range of 4-G The pH
can be adjusted using standard pH nodifiers. The slurries of the invention
can also be nodified to include additional chem stry such as hydrogen
peroxi de as anrarietahfrofmoniliig irsiengifegppef othéiiparesit inorgue ofiddshi s i nventi on
can be used w th cqnventional  pol.ishi equl nt_and pads. 25 The exanpl es
bel ow il | ust rafj%P':E1 £om K BRradHe X idf a?‘{:g%w 1V rrg ¢ JFPT G IBleasI it sbaugh 6CA

pol i sher wunit re nerely
illustrative o g‘rgtdgf ?@ﬁ%@gﬁﬁ?‘é@% e?ﬁ@g?(ﬁ]\%ﬁl&c%%%@@x %Or%ot i nt ended
to any way |i rmblutrhelescape gt ofmegnaremvmntgaon oxfderecited in the clains
appended hereto. 30 7°'7 ." ~ "'~~~ 13 | LLUSTRATI VE EXAMPLES Exanpl e
1 Prepardtion of Base Silica Gel S urry 5 Approxi mately 30 gallons of an
aqueous suspenfj BI aRe F.m‘fﬁr medi ate density (m hydrous gel were
prepared. The gr s used to refer to hydrogel which is washed in
a pH range of 5-10 ght eéntiifugbdsuligeieniiniteiradllytréaknBderanddidsng result has a

density which is slightly |less than gels prepared from hydrogels which are
washed under mévfEicgsf @idfeeyridadiyshie.di @g@“loéﬂ"toé&ﬂ“l@"g@q ‘é”tblﬂéhﬁr Rfrerred to

as regular de”ﬁhn‘ié{ux(e%'?lhegﬁh%&f\ H&& %g‘ﬂ? he hal g P%aﬁb ﬁ;;@got he TD

hydrogel, mllin ryrng gel to

prepar e 1@ hydr @HﬁlclﬂsJ AGandiediedqviigngit & &ﬁ%dmyhm ghﬁmg Qbﬁdltld&' sath hes
content. The hydrous gel slurry was then ml|ed further in a NETZSCH nedia
15 mll (12 | i ﬂ‘aﬁsg)n an auteRlave; EEENIsAXdde, p-Eatibictnpmianentiallyissalves of 1 gal | on

per minute. Thig, My %ﬁ?géﬁd&&rgﬁ%@? i N s ath bl 98%*)\el'l=§illggsgg sﬁ%gr‘o'"’er

di sc-nozzl e type cen uge ( I’nCh "di"'sc di anme 000 rpm s
(correl ates tOp&fb@,Lttndl‘@ddib@ﬂts@t sharplylkeencaes whrfdceg ssdhudstyoseasthdgeicgnat ed as
Base Silica Slurry 20 A Base Sjlica Slurry A was neasured to have 90% of
the particles &Y %F“%%PQSW'GS which forgnthe Pﬁreéé’égﬁd"%r&%? gxige rartigledyi tar gel was

pr epar ed,s except i ght
t ot al V§|5atl I egb %%ﬁt%édn%%eﬁy %&H@r @Bgagg Oggietﬁ? r%&%g&ﬁ%s%tr%&? egyﬁglel ed
usi ng t he sane phfaEESEGheciurarard as\&heshm dreitescp Haedbr 26d aorelatizasive2fartipdd.| on per

m nute. This m IIedTZI urr vvas Ihe entrlfUHed under npbre severe

condi tions to yiel d &anghe SAirfgadsuryin an gpiogiaye Booe iethidPfas Base Silica
Slurry B. Specnuﬁerﬁ@i frdatmbiititBat Sh1bE YsehAS nfaR e iifBB e ﬁuéfCBQd time at 90

m nutes at around 1,500 Gs. The particle size distribution of Silica
Slurry B was neagtaclevke tibis maeant Dp%spss tebapewhigh aldowbisr beatidg2f fiecr ons. 30
20 slurry above the ambient pressure boiling point of the slurry’s solution phase.
For aqueous slurries, this temperature is about 100°C. The pH of the slurry is
adjusted before it is placed in the antoclave and depends on the inorganic
oxide selected for the slurry. The pH is adjusted so as to optimize the
solubility of the inorganic oxide, thereby decreasing the residence time in the
25 autoclave. However, the pH should not be such that the amount of inorganic
oxide solubilized results in unwanted agglomeration and precipitation of

secondary inorganic oxide particles when the slurry is cooled to ambient

temperature. For example, slurries of stlica can be adjusted to a pH of 8-10



h~'i f ~i~n 14 Silica Slurry A Silica Slurry B Silica Concentration 17% 16%
(% solids by weight) Particle Size) N1 0%. 14.0950%. 23. 1290%. 40. 17K8 BET 1;
Surface Area, n2/g2l 9232N2PV (. 967 P/ Po), cclg.96.62 Exanple 2 Autocl aving
of Subm cron Silica Gel Suspensions 5 10,15 Three 3 gallon sanples of the
Base Silica Slurry A and one 3 gallon sanple of Base Silica Slurry B were
diluted to approximately 12. 7% solids, pH adjusted to 9.5 (KOH), then
sealed in a stainless steel bonb and then aged at the tine/tenperature
conditions given in the table below Particle size, pH, and N2 porosinetry
eval uati ons of pricetcatheoed &eeishepr vduispendsron the %ltbslgﬁwwﬁlchTwél bt urries were
adjusted to a pH of. 6 ore drying and conducting the N porosinetry

measur enent s. @“aﬂ%‘ﬁ"ﬁéﬁe‘ﬂw I'mi zes surface area reduction during the

dryi ng process necesgﬁrmtotcmérem'i&mtu@&j ﬁ"eﬁ@&?th@ﬁ@ﬁvedtﬂﬁi’n@?ﬁyan@qﬁé ng the
measurenents nore accurate. The sarrp es dried for these neasurenents

usi ng conventi apad oftieaigmiiqueise séccged fohédwrtsiurgy. tihiesdeerr fount chal HeGnamat i | dry.

Autoclaving results in a nifjcant s rfa e area |l oss for each of the base

silica SLgpensFSYf’sre "Eu”t“t%ff’dg ’r‘th’i"%ﬂSI”?e ﬁ’éﬂ’@btemeﬁﬁrﬁ pp/aropge. i ~ ~
1=J,~ 15 AH%@%JS@}’}H%% e ﬁ%mvgrtﬂghﬁdl&ﬂ 1Héa ?ﬁ&]es\/wgn{e '&We% ous CGel Base

5 10 15 Aut ocl ave I t1onSanpl eHr's. CBase | 25A- 225

| SUA- 328 17U BasaeSiig thaabFasivenes: df thiSpardtleSi Be water NafdBERri&Althe

U%-<SU/ n<90%<i LI i/ n solidscc| ms/.14.23.4016,6.96219.13. 24. 4010. 812. 6. 5583.
| 5.26.421 0.7tonperatemenpoycd fasihg agjoclave should at Jeast be 100°C. When

Aut ocl aved S itEnpgeabes Atk (i e SRR ool i o=t T on ©F

eval uatipm, a shepbeyehn b@ﬁea&ﬁ&@lﬂb%@f’@ Sk 00-39 hburwakh %ﬁnbtﬂl,%ﬂxdaﬂth DI wat er
to 12. 7% solid. This is the data reported for Base Silica Ain Figure 1.

Then, this sarrpﬂ"émé@%% pecame agatpble pt eppeEresdlighes thas| 200F¢ ard showldt hr ough
A-3 and B-1, V‘ﬁfeew g?ﬁs‘ﬁﬁa&%t@c%o{ @en emo 141‘9 d 311%9 agrag\qvg Qluﬁ?_{?_ These

sanpl es and a sanp a comrercla Ica D 1300
slurry from Rodedh)cem&r mstebmtwanbdmmme&@he emg\aajc oxédegto terisdrit@red i nch Si A2
coated Si wafers, %é; rate tes&}s wer e made using a, Strasbaugh 6CA

pol i sher with d""ﬁUBA R JoRgAr GiHRG eSO aifech IRAEPHBI PP ‘P‘Fma The

di st ancejbet \Neqﬂo,%gﬁacggﬂger of the polishing pad and the center of the

waf er was set at five inches. Different polishing conditions (pressure (P),
and angul ar vel oci t yA{ Mjlicofed eriiep tei abhdsngnera df thapariclesdokreabbeaal thondi t i ons

ICRHCEREN: S KL S IR e PR
tinmes angul ar Vigadeb.y A9 nehtincR@hiiRNiiNE bRALlkd 1R BRSUFRce e feBSGRNGT @S
caused when inorganic oxide dissolves and repositions to the junctures
20 between ultimate particles. The data in the Examples below show that pore
volume and surface area are reduced after autoclaving, and it is believed that
the repositioning occurs at the expense of pore volume and the surface area
associated with the pores Jost. Particles having BET surface areas less than
120 m*/g and preferably less than 60 m?/g can be prepared according to this
25 invention. The pore volume of these particles is typically in the range of 0.2 to
0.6 cc/g, as measured by nitrogen porosimetry at 0.967 P/Po.
Accordingly, a method for imparting a desired abrasivity for a selected
inorganic oxide slurry can be carried out by first identifying an abrasivity or

abrasivities as determined by a polishing rate(s) of a substrate, e.g., a silica



,~. 1,.!~1] 1G pounds per square inch (psi) and angular velocity is
presented as revolutions per mnutes (rpm). The data show a si gni ficaht ‘At 7093
increase iii polish rate with increase in autoclave severity. The rates
range from approxi mately 50% of the 5 commercial polish slurry rate for the
non- aut ocl aved silica gel product to ap }oxinately twice the rate for the
comercial polish slurry rate. Furthernore, a strong correlation between
observed polish rate and reciprocal surface area of the autoclaved silica

gel slurries is showmn in Figure 2. This data indicates that the

abrasi veness ofsubf@tQMBET s@ficderdadbi thodegiireads deallddasinuséRdThun oakd eri ng
the surface area of the particles using the autoclave and nodifying the

condi tions to ditahasivityoepphshingsiigleriae beearselecigd donharbaibita &l heewprkeper ti es

associ ated with that %ﬂl‘tl cul ar su 4 Preparatl on of

Abr asi ve Sl urry'PPP QAT B 'ERIOUNES HSYR L éﬁjéré'lqyobﬁepz%wwie iYROTS| i ds aqueous

suspensi on of %@hﬁlb%ﬂldﬁ%ﬁﬁﬁ%s h(1\71ii§a|}ﬂ%§§ur9ca]éBE?/ﬁrf%Qe ROX gndvakyme, 650 ne/g
BET surface area) was prepared hen adjusted to pH 9.4 using KCOH The

slurry was t herhentinf the rﬁulrrlyed opteut the phrtipie|BET sunfhce enet wibfahgeas i(éuified O i ver)
Sol [ and a nolRa R N R T RLGrebrasily. AT A7 e W aut ocl aved
in a manner acGefedag Eem@ﬁ@ma{ ﬁ]egsuﬁifd lﬁﬁl@QbHéﬂﬂ%Q]‘No@ﬁer@&e fahours. The
resulting slurry was adjusted to | 2.0% solids and pH 11.5 using KG—I.
Properties of tthahngugs.r Yo aresswe thesnifaedréselandypore volume) forahese shurries, ; ;
the pH is adjusted to minimize surface area reduction that can occur during
10 drying. The slurries also have to be dried to make these measurements and are
dried using conventional techniques, e.g., heating the slurries to about 90 to
about 130°C for periods Jong enough to dry the slurry to a powder.
The examples below show that the abrasivity of silica slurries, as
measured by silicon dielectric removal rates, can be varied widely. The
15 examples below show that silica removal rates of at least 150, at least 200 and
at least 250 mm per minute can be obtained. This method is an advantage
when a manufacturer is faced with polishing a variety of materials and each of
the materials require a different abrasive material and/or polishing rate. With
Applicant's invention, the slurries used to polish these materials can be
20 prepared from one material, e.g., silica, without having to add other essential
abrasives. Accordingly, once the slurry has been adjusted to a suitable pH, the
shurry of the invention can consist essentially of dispersing medium and the

inorganic oxide particles of the invention.

25 (4) The Final Abrasive Slurry

As indicated earlier, substantially all of the particle size distribution for
the final abrasive slurry should be less than one micron. The data below
indicates that the particle size distribution of the slurry after heating is

substantially the same as the distribution of the slurry after milling. Preferred



17 5 10 Silica Concentration (% solids by weight) Particle Size, p 10§49 700§
50% < 90% < pH N2PV (cc/g) BET SA (n2/g) RD Silica Gel Slurry 12.0 .14 24"
.39 11 .5 .22 41 Exanple 5 Evaluation of Autoclaved RD Gel Slurry for SiO02
Renoval Rate The slurry of Exanple 4 wag evaluated for SiO- renoval rate
using 6 inch dianeter Si2 coated Si wafers. Polish rate tests were nmade
using a Strasbaugh 6CA polisher with a SUBA 500 pad enploying a two mnute
polishing time. Different polishing conditions (pressure, P; pad rotation
speed, V) were used. In all cases a five inch separation distance between

t he pad cent er cabddiventsrhaye pmadiayporties Nizediessdbiarddip imgropohidsinity. Resul ts of

t hi l'ishi t t.ud i zed bel . P.si.V PV
(St b Pol 1 snrege 8 Ari and DS T30 . S30 args Parsstgnlon i hegbuged | 5 5y 19
What is clai megsihg cofventihal )ﬁgﬁ@'@t‘férﬁligrﬂx@kltrﬁﬁ%n@tigﬁ SREMmehogs. "Bdistyay and 5 (b)

i norgani c oxide particles wherein the slurry has abrasive properties such
that a slurry ceposiedin thg Eahmpkes evereadetertmireedi byarlgh?00d apastdtietimspdiasieng a
solids cqntent of _1%. 6%, %hﬁelghin and pH of about 10,8 renoves silica at a
rate of at | eas¥ePBYYHHhEPEbLINSBHRES NG pm usi ng a 10 Strasbaugh 6CA

polisher with a SUBAheQQtiddadniht & é"@isﬁ@rﬁb‘rlﬁ GarRQlahd BefehBBon l%efsa-llﬂﬁ slurry of

th
claim 1l wherein the inorganic oxide particles have a BET surface area in
t he range of 4@Qottentld@hef2éd)panidetdispersmmoTat solatseonfentdd thé dispeasiorsisi n t he

e e RARSARCa ARl S B oA o
el 20 WALl e e sy R < | c2
60 nR/ g lor | essuit@fe Gherlmengssilica gel &dr poligiimg Gelabieiceayers he silica has a pore
volume in the range Ilg)fgen%'ra , &18 dgbg'si%%/s giscosity should be such that the dispersion
easily flows between the wafer to be polished and the polishing pad used to
polish the wafer. The pH of the slurry is dependent upon the inorganic oxide
selected and the substrate to be planarized by the siurry. Silica slurries of this
15 invention are particularly suitable for polishing silica substrates such as silica
dielectric layers. Silica dielectric layers prepared from tetraethyoxysilane are
illustrative. Slurries used to polish such layers are adjusted to a pH in the
range of 10-11. Alumina slurries are typically used to polish metal conductive
layers such as tungsten or copper. Those slurries are adjusted to a pH in the
20 range of 4-6. The pH can be adjusted using standard pH modifiers.

The slurries of the invention can also be modified to include additional
chemistry such as hydrogen peroxide as an oxidant for polishing copper. The
slurries of this invention can be used with conventional polishing equipment
and pads.

25 The examples below illustrate the performance of this invention using
a Strasbaugh 6CA polisher unit using a SUBA 500 pad. These examples,
however, are merely illustrative of certain embodiments of the invention and
are not intended to any way limit the scope of this invention as recited in the

claims appended hereto.
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7. The slung of claim1 wherein the nedian particle size of the inorg? |gr,
oxide particles is in the range of 0.1 to about 0.5 mcron and S
substantially all of the particle size distribution is bel ow one m cron.

79 ~"',, ~~jn;;3 19 8. The slurry of glaim1l wherein the inorganic oxide
particles are selected fromthe group consisting of silica gel, fumed
silica) precipitated silica, and alumna. 5 9. The slurry of claim3$8
wherein the slurry is prepared by heating silica gel to at |east |00C 10.
The slurry of claim9 wherein the slurry is prepared in an autoclave. 10

11. A nethod fRIUSHRATIVIHEXAMBLIESd abrasivity to a slurry of particles,
conprising (a) preparing a slurry of porous inorganic oxide particles
havi ng neasurabl e BET surface area, 15 (b) thermally treating the slurry to

obtain a particle Bg;[a,ﬁggflacepl@g%,@{mggggl)@dl@(ﬁgmr; ed to have the

desired abrasivity as asured by a polishing rate nd (c) adjusting the
slurry to be suitable for use as an abrasive slurry. 20 12. The net hod of

claim1 | wherein the i nor é@efqde is silica which |s heated.in step (b)
to a terrf)er ature of ARPrO}EH ny longof aagueous prsgenstonAfan iteonsdials ei n t he

particles in (Bnsay BrhiiSHAR Ly &Jr@pfeggeanm&eﬁut“m avgfsus%étol}fr ge method
of claim 1l whereih tHhe porols I no nic oxide particles In conprise a
menber of the lwmugblmm:slwasl@doh a$>H rapge ofel-) 0 fftnretchas ibeerciajtiaflyeci pi t at ed

silica and alumn ~~t~' ~ |~~~ he t hod of claim13 wher ei n
t he porous i nof}(ﬁ@ﬁiié‘“‘é)ﬁ‘i ﬂ?sﬁlbhﬁrq @é%‘t)‘s?’mcgés %’éf‘”%ﬂ hecisetepaEdof claim1S

el e PATERAIS L R chte pof R ateRr e
are heatléd t o ght afeneferBiETo suefdaraleasiga(RID) g8b. n2/ g or | ess.

A slurry was prepared by dispersing the ID hydrogel, milling it in an
ACM mill and partially drying the hydrogel to prepare a hydrous silica gel
having a 55% by weight total volatiles content.

The hydrous gel slurry was then milled further in a NETZSCH media

15 mill (12 liters, 1.2 mm zirconium silicate media) at a rate of 1 galion per
minute.

This milled slurry was then centrifuged using a Dorr-Oliver disc-nozzle
type centrifuge (9.3 inch disc diameter) at about 9000 rpm's (correlates to
about 10,000 G's). The resulting slurry was designated as Base Silica Slurry

20 A. Base Silica Slurry A was measured to have 90% of the particles at or
below 0.4 microns.

A second sample of a similar gel was prepared, except that the hydrous
silica gel slurry had a 50% by weight total volatiles content. This hydrous gel
slurry was then media milled using the same NETZSCH mill while being fed

25 at 0.2-0.25 gallon per minute. This milled slurry was then centrifuged under
more severe conditions to yield a finer particle size colloid designated as Base
Silica Slurry B. Specifically, this slurry was centrifuged a second time at 90
minutes at around 1,500 G's. The particle size distribution of Silica Slurry B

was measured to have 90% particles at or below 0.2 microns.
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10 18. The nethod of claim 16 wherein the slurry in (c) at 12.6% by Weing}htum
solids, and a pH of about 10.8 has a polishing rate for silica in the nge 2593
of 150 to 250 nmm nute at 200 psirpmusing a Strasbaugh 6CA polisher unit
using a SUBA 500 pad at two mnute poliﬁt time. 15 19. The nethod of claim

18 wherein the slurry is adjusted to be'Suitable for chem cal/ nmechani cal
polishing. 20. A process for polishing a sem conductor wafer conprising (a)
contacting the wafer with a polishing pad, 20 (b) providing a slurry of

i norganic oxide to an interface between the wafer and polishing pad,

wherein the slurry has an abrasivitgilisyushirfyhat aSistaShywy@nsi sting of water
and the inorganic particles at a solids content of 12.6% by weight and pH

of about |0.8 Pdirdexceitritoa at a rate lofrat | east 1% 25 nmiminute at 200

psirpmusing a, Strasb h. polisher with a SUBA 500 pad at a two mnute
E PR
o r

polish tinme, a a layer of insulating or conductive materia
fromsaid wafer. ;" cr 9A1 r't~J 21 21. A process of claim 20
wherein the insulating layer is dielectric and conprises silicon. 22. A
process of cl aiPartide fEertei n the inorgani c oxide particles are 5 sel ected
fromthe group conﬁ'?king of silica gel,, funed siIi§$, precipitated silica,
and alumna. 23. A B‘bcess of cIain122'V%erein the Stfurry is prepared by
heating the silicasggek to at |east 100Q3 10 24. A pypcess of claim 23
wherein the slurry is prepared using an autoclave. 25. A process of claim
20 wherein (c) has%%<enoval rate of 1580 nmto 250 .16 nmi minute. 26. A
process of claim25 wherein the inorganic oxide particles have a BET
surface area in the range of 40 to 120 nR/g. 20 27. A process of claim 25

wher ei n the i nQuUeMT SudxdedereRahy/y Cl €s Ppyve a BET sysjace area of 60 n2/g or
| ess. 28. A process of claim 26 wherein the inorganic oxide particles have

a pore vol ume iNePMEO67diHe), 64/80.2 to 0.¥ cc/g. 25 .62
Ay A AL, A& A AN A A& An?. A&n. A9 . Al ?. A?. A9y. A. A9. AY. AnYY. AShY. A. 9. A {}'
25Q<+yFM: '+ < =

Example 2  Autoclaving of Submicron Silica Gel Suspensions

Three 3 gallon samples of the Base Silica Slurry A and one 3 gallon
5 sample of Base Silica Slurry B were diluted to approximately 12.7% solids,
pH adjusted to 9.5 (KOH), then sealed in a stainless steel bomb and then aged
at the time/temperature conditions given in the table below. Particle size, pH,
and N7 porosimetry evaluations of the autoclaved products are also given. The
slurries were adjusted to a pH of 6 before drying and conducting the N,

10 porosimetry measurements. This adjustment minimizes surface area reduction
during the drying process necessary to measure the surface area, thereby
making the measurements more accurate. The samples were dried for these
measurements using conventional techniques, e.g., heating the slurry to 105°C
until dry. Autoclaving results in a significant surface area loss for each of the

15 base silica suspensions, but substantially no change in particle size.
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was diluted with DI water to 12.7% solid. This is the data reported for Base

Silica A in Figure 1. Then, this sample as well as each of the autoclaved
slurries A-] through A-3 and B-1, were adjusted to a pH range of 10.7-10.9
10 with KOH. These samples and a sample of a commercial slurry of fumed
silica (ILD 1300 slurry from Rodel) were evaluated for SiO, removal rate
using 4 inch SiO; coated Si wafers. Polish rate tests were made using a
Strasbaugh 6CA polisher with a SUBA 500 pad employing a two minute
polish time. The distance between the center of the polishing pad and the
15 center of the wafer was set at five inches. Different polishing conditions
(pressure (P), and angular velocity (V) of the polishing pad) were used. These
conditions and the results are reported in Figure 1 showing Si0; polish
(removal) rate for the base silica slurries as a function of polishing severity

(pressure times angular velocity of the polishing pad). Pressure is presented as
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10 autoclave severity. The rates range from approximately 50% of the
5 commercial polish slurry rate for the non-autoclaved silica gel product to
approximately twice the rate for the commercial polish slurry rate.
Furthermore, a strong correlation between observed polish rate and
reciprocal surface area of the autoclaved silica gel slurries is shown in Figure
2. This data indicates that the abrasiveness of inorganic oxide particles can be
10 adjusted by altering the surface area of the particles using the autoclave and
modifying the conditions to obtain a certain surface area and the abrasive

properties associated with that particular surface area.

Example 4  Preparation of Abrasive Slurry from RD Gel

15
A three gallon 25% by weight solids aqueous suspension of RD silica
xerogel (7u MPS, 0.4 cc/g N, pore volume, 650 m*/g BET surface area) was
prepared and then adjusted to pH 9.4 using KOH. The slurry was then media
milled (Netzsch mill) and centrifuged (Dorr-Oliver) in a manner according to
20 Example 1. The resulting slurry had 15.5% solids and a median particle size

of .24(1. The slurry was then autoclaved in a manner according to Example 2
at conditions of [50°C for 24 hours. The resulting slurry was adjusted to
12.0% solids and pH 11.5 using KOH. Properties of the slurry are

summarized below.
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Example 5  Evaluation of Autoclaved RD Gel Slurry for SiO; Removal
Rate

The slurry of Example 4 was evaluated for SiO, removal rate using 6
inch diameter SjO, coated Si wafers. Polish rate tests were made using a
Strasbaugh 6CA polisher with a SUBA 500 pad employing a two minute
polishing time. Different polishing conditions (pressure, P; pad rotation speed,
10 V) were used. In all cases a five inch separation distance between the pad
center and wafer center was maintained during polishing. Results of this

polishing rate study are summarized below.

P (psi V (rpm) P.V (psisrpm) Polish Rate
(nm/min)
5 30 150 130
5 40 200 187

7 50 350 360
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15 silica is in the range of 150 to 250 nm/minute.

3. The slurry of claim 2 wherein the dispersing medium is water and the

inorganic oxide particles comprise silica.
20 4. The slurry of claim 3 wherein the silica comprises silica gel.

S. The slurry of claim 1 wherein the silica has a BET surface area of 60

m?/g or less.

25 6. The slurry of claim 2 wherein the silica has a pore volume in the range
of 0.2 to 0.6 cc/g.
7. The slurry of claim 1 wherein the median particle size of the inorganic

oxide particles is in the range of 0.1 to about 0.5 micron and substantially

all of the particle size distribution is below one micron.
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9. The slurry of claim 8 wherein the slurry is prepared by heating silica

gel to at least 100°C.

10.  The slurry of claim 9 wherein the slurry is prepared in an autoclave.
10
11, A method for imparting a desired abrasivity to a slurry of particles,
comprising
(a) preparing a slurry of porous inorganic oxide particles having
measurable BET surface area,
15 (b) thermally treating the slurry to obtain a particle BET surface
area previously identified to have the desired abrasivity as
measured by a polishing rate, and

(©) adjusting the slurry to be suitable for use as an abrasive slurry.

20 12. The method of claim 11 wherein the inorganic oxide is silica which is

heated in step (b) to a temperature of at least 100°C.

13.  The method of claim 12 wherein the particles in (b) are thermally
treated in an autoclave.
25
14.  The method of claim 11 wherein the porous inorganic oxide particles
in (a) comprise a member of the group consisting of silica gel, fumed

silica, precipitated silica and alumina.
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8The method of claim 15 wherein the particles are heated to obtain a

5 BET surface area in the range of 40 to 120 m%g.

17.  The method of claim 15 wherein the particles are heated to obtain a

BET surface area of 60 m*/g or less.

10 18.  The method of claim 16 wherein the slurry in (c) at 12.6% by weight
solids, and a pH of about 10.8 has a polishing rate for silica in the
range of 150 to 250 nm/minute at 200 psisrpm using a Strasbaugh 6CA
polisher unit using a SUBA 500 pad at two minute polish time.

15 19.  The method of claim 18 wherein the slurry is adjusted to be suitable for

chemical/mechanical polishing.

20. A process for polishing a semiconductor wafer comprising
(a) contacting the wafer with a polishing pad,

20 (b) providing a slurry of inorganic oxide to an interface between
the wafer and polishing pad, wherein the slurry has an
abrasivity such that a slurry consisting of water and the
inorganic particles at a solids content of 12.6% by weight and
pH of about 10.8 removes silica at a rate of at least 120

25 nm/minute at 200 psierpm using a Strasbaugh 6CA polisher
with a SUBA 500 pad at a two minute polish time, and

() removing a layer of insulating or conductive material from said

wafer.
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5 selected from the group consisting of silica gel, fumed silica,

precipitated silica, and alumina.

23. A process of claim 22 wherein the slurry is prepared by heating the

silica gel to at least 100°C.

10
24. A process of claim 23 wherein the slurry is prepared using an
autoclave.
25. A process of claim 20 wherein (c) has a removal rate of 150 nm to 250
15 nm/ minute.
26. A process of claim 25 wherein the inorganic oxide particles have a
BET surface area in the range of 40 to 120 m%g.
20 27. A process of claim 25 wherein the inorganic oxide particles have a

BET surface area of 60 m*/g or less.

28. A process of claim 26 wherein the inorganic oxide particles have a

pore volume in the range of 0.2 to 0.6 cc/g.
25



