1 Stabl e Agqueous Slurry Suspensions Field of the Invention The
present invention relates to sol or gel particles alone or wwthin a

| iquid nmedia as a suspension nmedium More particularly there is
provided a carrier systemthat possesses |long term di spersion
stability characteristics for particl el suspensi ons, which have uses
with a large range of inert particles that can be suspended incl uding
abrasi ve, non-abrasive, inert solid organic particles, ceramc
particles, and the |ike. Background of the Invention

Non- aqueous, seni -aqueous and aqueous suspensions of non-col | oi dal

hi gh density abrasive part$tabksAdsoas Blery Hispengoisd y used in wire saw
cutting and | apping of wafers but have been unsuccessful in obtaining
a stable slurry suspension. U S. Patent No. 5,099,820 issued to
Stricot discloses an abrasive slurry of a suspension of silicon

car bi de pRkid FESTAvaniieh er or oil. However, the suspensions are not
stabl e and do not provide uniformlubrication and cutting by the
e ueh COfalEhABRfEH LR 1 40U %@ag cJe2lodd o St LAlE nfaia

uni f or m suspensi clés ensions se

qui ckly under st agnant condltlons ri rk-piece slicin

Whi o St 1% GRRRTa Fregtan Mofe Bartgai thact % pReiioR S5t et ooty
which is herein |ncorp ated by ference dIS 0ses .a non- aqueous or
seni - aqueti¥FsEqt P‘F%be“é‘n‘gisﬂeﬁ%?li‘ é‘éE’% C%%%?FIF% gﬁ RagHCl) SESPRRY Sy

saws that relies upon a surfactant, an organi ¢ polyel ectrol yte and pH
t o provi d@ve pses| gt ¢ dsgarange péy@rcgﬂiaawleéﬁ@atﬁan pe shepepdadtinelpding abrasive,
interference to naintain a stable suspension of abrasive particles.

U. S. Pat emn-akionsive, 064 sdlRborganiyvparticles, catamil sartidew sndtheldilei cat i ng
conposition containing up to 70 wei ght percent abrasive grit materi al
in a suspension utilizing a mxture of high and | ow nol ecul ar wei ght

pol yal kyl ene gl ycol s as a suspensi on agent. In the production
of S|I|cxghdégdandSﬂ@m@hﬁ@nn&aAs optical glass, and other wafers used
in a varlety of 1 ndustries (1.e., Mcroelectronics, Solar Cells,

L.E.D."s, broagnbandsdiBmideyisas. an@%du%éds' @%E%oﬂé’%?rnoﬁ%llélﬁblnﬁlgh
CWP applications, nany others) wafers are cut "fromlarger ingots,

nafer . aieiTerEl %ﬁ?ﬁeg‘%é’%élﬁﬁfe‘%“ﬁﬁﬁﬁ%?wﬁ? Pl s i
snoot h out ower T.ITV.
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Lapping abrasives can |nclude but are not limted to: SiC, A um num —
oxi des, ZAhide mriclen wWagnor ofi dRewerer.ahe SUPSREeTgare Ingt slable audido pes
abrasive particles that are in the size range of about 0.5-10 um
Thi s neampsoifmtuniforen Julsiratioe dnd beudigng &y pliet Wictses Sick coppiositibhy require
non-colloidal in size and nature. This does not exclude the use of
col | oi dalvigeaqsi aggatadnrta saangaifia. vei foah s@spenstonpepiiticl s sandfths suspensing e
fromabout 0.001 - 1.0 um, but such particles are not typically used
in |appi reilss bid queckly under stabfignt! RROIBES Sledrduying GorlpleRE Slicifl® HSle still
ceramc, etc., is subjected to nmany shear, grinding, and abrasive
forces dq&ﬂaglﬁmﬁmmafer | appi ng process. EUrlng t he process of
"planetary Iapplng the slurry is injected onto the wafer surface,

which is hel dPQEBWSn6,602,834 to Ward et al which is herein incorporated by reference,
discloses a non-aqueous or semi-aqueous cuiting and lubricating composition for use

with wire saws that relies upon a surfactant, an organic polyelectrolyte and pH to provide



3 two large netal (ie; typically iron and/or steel) plates. Counter
rotation of the upper and | ower plates holding the wafer conpresses
the slurry between the upper plate and the wafer surface. The solids
wi thin the conpressed slurry contact the wafer, and angul ar noment um
causes the abrasive action to renove surface wafer defects and "etch”
away the desired amount of wafer surface material. Wth all aqueous
slurries used today in | apping, such action on the slurry and the
design of the | appi ng equi pnent propagates particle aggl oneration on
the wafer, within the reservoir, within the feed piping, within the

| apper, otledtfvetatic espupicatand paeicte-pasikié inpafarénck & aggtane siable guspeasont o
added del eterious effect of produci ng danagi ng "scratches” on the

| apped wedeisivepactitlovaf ers nmust then be discarded at great cost.
Aqueous suspensi on of non-colloidal (i.e. NCOL), high-density

abrasi ve partigkep.Ras Neeehsa 28Vier waand: dehistiotat i rl‘l%r{?cﬁt%é EbthpSHition
"waf er" manufacturers for several decades. To date, there exists no
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particle suspen an an ext f a
fewto several m.nute After .that.. particles begin to aggl.onerate
and set t 1550¢ obpEE D lonCaReute Lok TRD MR ahedlbsp SpREiGh s her
Such abrasive particle settling in current "aqueous" slurries occurs
qui ckly, even hdhs PGAUERE L ﬁthcgv@ﬁggmp &7t Pa?fiabﬁf.sassfrﬁvit)%y Viierse
settling is typically manifested by a "hard settl ed cake" at the

bot t om ofusghil & yHety 9 induplrigs Gt djsroalestrprign motastCeells) JuErly: s, Riflad fhand-
woul d maintain the original particle size distribution of the virgin
abr asi ve, widtintryicebeoptict/langpb,i veafercbabiphis g npVE appliGatigns, awsiny atheos) wadérakieng
or the like. As a result, such slurries are immediately discarded,
wast i ng expéosi Mezeabrgasi Yecks! bordes, manpitheatext sieel fdlofvitg the iditial cut of the
prior art suspensions, tenperature and pH played a factor in the
anount  ofwifkdyBist,HAécepets UBRERSS BB IAPPIN GSof g @g @Atk So etk Bid thE Harfade,
ext ended stagnant storage. Inorganic particles may remain in

suspensi QRwkNRALEY Uge; 2NGalN PRic RIS ORiaBOH)Y @ Rinthatle ARSI N GepitP ARfERCand
size of the particle, lattice structure and density but in stagnant

storage t e he NS o,
t here aréﬁﬁ%“%ﬁﬁﬁgﬁgﬁgggﬁgu§§g%§?ﬁgéﬁe3?§%m dé%gﬁgﬁhg é%%%??“?%ﬁé?%
in the sane nedi um,whi ¢ hey are forned, S ry.of the Inyention
The. pr oo b HEREIOF e S Bine? R FRElourt Rk 4epriok QBARYeclon
carrier an 0,sol gel s.or gel_particles whjc an..he use | one .or in
on or gan Eoute it fatidinddi s lionh Sl TR Poisar 0, Rudiongcttc
particles that include sols, sol-gels, gel particles, gelatinous
preci pi t AtAeRing sfusties yiize abrpsive dprticls| thaarg incthesizp rages Q%s"é@l“‘t b3ddwend
inert particles and to act as |lubricants in a variety of applications
as part i clhesmgnsribatghe iswspandedcpbrasiveaditinles are &picadly avenicoHoidaluinrsjze and
conposition fornmed can contain gel particles in anmount ranging from
about 0. M Tlos desubt 8l6defthd ine of aslididal ldppingmbrpkive (il abgele particles
particles and base carrier may be used wi thout the addition of other
suspendedfpadetagdeefo@sSabaul 0001 cand umhhbutaule pESickOREL ALt ©bichiMEused in
carrier can contain about 1 to 100% by wei ght of water wth an
organi ¢ gpneduddded for any carrier Iess than 100% water. The
organic neé?unlcan conprise a variety of solvents, preferably

| kyl d I.ng: . .
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or used algne .in a. varieget f cases required a
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It is yet another object of the invention to provide a stable
suspensi on of colloidal or NCOL abrasive or non-abrasive particles in
a neutral or near neutral pH nedium A further object of the
invention is to provide a nmeans for suspending coll oidal or NCOL
abrasive or other particles in a liquig not dependi ng upon fi nal
slun-y viscosity. Anot her object of the invention is to provide
gel particles which can be added to a variety of base carriers to
suspend inert particles and also act as lubricants. 6 Description of
the Preferred Enbodi nents The present invention provides a
means f ortworlasgednag (&; sipidalle ivupébs seel) platepaCouttcestition il tldupetisndor
organi ¢ medi um or sem -aqueous nedi um wi t hout aggl oneration or

particl e lpaed phestioldify d Whizt a&nﬁ@bsege}hes sl@fry GetwaAlthd GHIRE -plAé G iy
to one feature of the i1nvention there is provided suspension and/ or

lubri catipgref ﬁfrfdc@ I handlid \Hftﬁﬁ‘l th® @pfﬁﬁllege!eﬁ %&J;Péon‘(&c{ theS@ifer, and angular
applications as |ubricants; lapping of polishi’ng slurries,

abr asi Yee@&&{%ﬁdﬁscﬁl@% JhE'%bxla &@ a&tﬂa &, ot @9&9 A ePHef%E il t‘éq?ﬂ LRwdy®

mal nt al n anbrent as V\B as e eva erature.

Suspens! i FRAGSe! ot av%‘?eg%ﬁ‘xx% et ok BEEE, irmgs" used todioin

gel particles ca be. prep sep e n n used alone or in a
carrier aléppéng’LFH astifn %{hg’ﬁoﬁ?m"%%‘ﬁ{eﬂ? ‘gég)g ﬁ{“ gaPP@SrPSPWé‘EFn&PEOﬁa%mS
pol ar or non-polar solvent. The gel particles can advantageously be
used in diertice agglomgigien o thyl yefer, gw%n theaesertear, withit thatle lpmg, within
conpositions can be custom nmade for a particul ar use. is
desi r abl e¢h¢ kppemyn dedem ilgeyse. rinch pahizle apgbrsniverids iy @ge:hdelctnrious
order to have a uniformdispersion for as | ong as possible. The
reason f affettofproducingatamiapiag (fedritticdse on e lygped waifen dach waferdwave then be
different densities and/or electrostatic charges fromthe suspending
gel partididcasled EOgre@¢aspl e, in wire saw cutting operations there are
cutting particles and kerf particles fromthe ingot being cut. In

ot her operati QgeblieuSpen&ibn Q?n&g%lﬁi?ad"%m Nd@ﬂ)hh&h%%lty%%i%gﬁ{cles

simlar density as the suspending medi um hesé suspendi ng

parti cl esht rl‘.%e]?reir ShvePl HEMe m(iﬁtﬁ%r ?I b Fol VLA glf&?l%l%@%{&%( g seYeral

hydr at es m a suspen ate precip

sol -gel s, . gel part ti npus precipita Qus
sem Caqudstites Tecddie Jhus S8Rl VS RER Ty ‘F?%"ﬁf%?%‘ﬁ)u?’%ﬁr P B g
particle uspende i.se the c nvent i onal rasjive or
nonabr as?x]/\g'p%]g %sil\gesparf‘ﬂ%rs‘fslj 1 @ré%orﬁ Pr?ﬂ cxtrggel ty iSAp1d tigheperig of a
about 1 to 100 gn1for pi gmrent manufacture, wire saw cutting, neta
fini shi nde¥ppl Sereirl BraItesn d Adishthasr Partigles pegin daragslomegaie ggd settle out of
applications being in the range typically of about 0.1 to 10 p. m and
even | owspspensioiCigRicklyploi tattiotnm eththe prantainst.e Sugkiahipsivh epartinig ectting in
about 10-500 nm The preferred suspending particles are those forned
in situ eursepaqubed’\shetiehoasrswinahlya evet diring abiistdns miixdngedretindudatione
nmetal hydroxide. In such a case, the density of the in-situ prepared

preci pi t athedpgedle Bafling G BpichBy GRAFER by 4 Ied sl daRe” &URE BEEHNA6LMeOf
the gel particle forned in situis typically greater than

commer ci abhifindl ahh@llém enlelrateagﬁ&a-}/ I \PRch %srd%alﬁtagﬁme roaﬂgmél Barticle
broader particle size |str| ution of the in-situ formed gél

part i of oSl al By SR ALV I BNAVENLARG OF JDAVIAGLDEy ABhoRoLHliR) o

separate omthe carrier |un1a m X1 rent par
sizes in e rtain | i catipns partlcu or.coatin The
abr asi ve 2HtieP; ShakpiE of e ke, BE 8 pgoe 9& b8hicS 35 iR rarety dfosided
i ncl ude powders of _di anond, S|I|ca tungg fn carbide, silicon

car bi de, VHSHHHEXPERBYAVTase} {iRgrmanpeper@nd effott.con di oxi de, cerium



for nost applications typically nmay range fromabout 0.1 to 60 weight
percent of the total suspension. Sol vents which may be used
with the water are pol ar sol vents which include al cohols, am des,
esters, ethers, ketones, glycols, glycol ethers, alkyl |actones, or
sul f oxi des. Specifically, exanples of gpolar solvents are dinethyl
sul foxi de (DMSO), dinethyl acetam de (DVAC), N-nethyl pyrrolidone
(NMP), (ganma) butyrol actone, diethylene glycol ethyl ether,

di propyl ene glycol nethyl ether, tripropylene glycol nononethyl

et her, various glycols, polyethylene glycols and poly propyl ene

gl ycol s and t Ha pkiok &t suspension$/tempérgaufd sndyH yRpéda AE®r 5B ambus@TEime
cases to provide needed viscosity levels to the resulting slurries

prepar ed. thét BeduspiSon Rinats IR SechSls’ BAd unifBdn | IACELHERICR StNBEH BBragb.
the slurry/carrier freezing point. The choice of the solvent is

relativel 'ém@t : I : v ISl toanf
m ser abl emgfr sollﬁﬂl‘g&i %E\Xalgglrg{naﬁlo%\&?g%g% \?[gta\c/{]ﬁll qt%ﬁg \?\j/g;tCl enronoéréllu\%\néﬁshsot%egts
suspended e di ng..gel ;parti.cles, a has | ow toxicity
and 1o or PBGpoh e S BARRL BT MR ECRTs B 4eS bR el

i ncl ude, but are. not linitqu%? ne%a% hgdroxides, oxi de hydrates and
oxi des ot 118P8G Fhioagelogtsrale rischle qut 8 $SPEISRR- f or m an aqueous or
sem - aqueous suspension (i.e. gel particles, gelatinous precipitate,
sol, sol gels, 4lgh|tgreare ry custom wade %Hsa‘aldl@u@ﬁ‘gﬁs PRipending agentspigaigg in
suspending particles as an inportant conponent of the present

i nvent i orthepane medivmayhichethegy eredomedt i ne to form a hard aggl omerate on
t he contai ner bottom This includes, but is not limted to those
conpounds, which in- situ are within or without the nedium converted
to the hydroxide 9 formsuch as a netal sulfate that is converted
to the hySiimdxhekeoffthe Bhwehitiog a netal or nonnetal Bronstead base, for
exanpl e, potassi um hydroxi de, tetramethyl anmoni um hydroxi de, sodi um

hydr oxi de, t etThRekdyhianvanabal PeliYioake Sepetinl JfPaltitths GX h dnriefhid toaS]-
illustrated by the foll ow ng exanpl e equation: Al 2(SO4) 3+6] CHAN] OH

wat er 2A1( + : { I :
hydr oxi deg?‘%% %&ls(ep%%)eﬁw%é]?%%% iu(S)erfl ?lnc Egle& Sf%égfrcgs}nﬁugﬁsﬁl&l%%gnttg
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nmet al  oxi s or

formor formin-situ.the suspendin articles are transition t al
oxi des. suoipat Preriitls, SEs NEoRRAen hd) Fullslh k8881 R fon
tin-salts, Sgg, A1203.fo%“ Al -salts and the |ike. These ox{des,_
salts, sURFiEsanddg achas MoKt & vatetyof ppalicatigns &t prtilgs alone or in a
cortespondiqg hydroxi des to provide a stapl e suspension nedi umt hat
i ncl udes ligwi @@flﬁl,n- gEte papensiopsdurrpeqnapdsiinSored eingentagy gel particles in
non-col | oi dal suspension for the canier system In the case of
Al (OH) 3 emoshhengakunimehowxi. té wr tohgleub 80Ueofsthe cherr ba wéightanbe gdr
use in the carrier is about 3-12. A preferred range is 5-10 and the
nost pr efpartickd andbgpe casiebndy be used wikhont thd addiden sfisthandspegded particles
precipitates or particles are those particles having a density

si gni fi cagtlbridh@alek shhdtis thabntQF tHhRrf chl SdntAR kVRA to 206k, HYASEht
that are not naturally precipitous or suspend-able. It is understood

that thergafs “m%%rgﬁﬁ@éo?l%{ SIRRd ®3r Y 95:9%F RS 60% haye. #hdbeisE

density except when forned or precipitated in-situ i1n 10 the carrier

sol vent g{ledigL%] anp égﬁgé]r{slggigsja*{%\'g@is&t}eﬁtg pg‘é}gﬁb@da%qer}e%n& Iggly?iﬁgffe'ng Eglycols

syst ens S 1 nv

depending upon use.



A corrosion inhibitor may be added to the carrier fornulations of the
present invention to suppress or elimnate netal corrosion when
requi red. Appropriate inhibitors should not cause foamng, interfere
with the formulations' ability to provide |ong-term stabl e abrasive
or solids suspensions, conprom se the sviscosity, rheol ogy, or
uniformty of the carrier fornulations and their associ ated abrasive
or solids suspensions. Suitabl e corrosion inhibitors which may
be added to the aqueous and sem -aqueous carriers of the present
invention may include, but are not Iimted to aliphatic and aromatic
car boxyl i ¢ aciT, gedeaitichdsi wkidh aar paferhble ahahidamulsydigridd KAWMOH)AMan s
(i.e. diethanol amne, triethanol amne, etc.), tetra-al kyl anmoni um

hydr oxi degeat@t NEI arb ialibdk, MOAaGRI0BS &Y dg%us €orBARE SmedkY lsedrated and
aromati c am nes or other Bronstead bases. Al so included may be ot her

known met@l,sfeatd ﬁé 1208 i il Y, i%\liﬂcfhe} Q@&EE op Yoh-a88cou® g 1S8R LRNe in a

nodi fi ed carboxyl ates commercially und such trade nanes as DeForest
DeCor e- ARC] . - CA- K rr Q8i

i bi ¢ or o of s B of dun el e REBIPIGRR R RIS ER SR e
suppressi%n of netalg used Zq CWP processes (i.e. Al/Cu, Cu, A/Si,

Al [ Si /| Cu,2PEBEAS °T ERPAVENEC PHEFT ke) may include but are not limited to

benzoic acid, pyrogallol, gallic acid, a ni um t hi osul f at e,
8- hydr oxy qui A&TWSYE: sehpaitifls ,CalbéﬁthBIEI’i“?dzB’Ft ,othar anetal oxidesy ekl ispiides,
t her eof . Additionally, there are other suitabl e corrosion

i nhi bi t orhydigiden, gndpeidedrydepicsdhaf gam lpsbpuspensied presipifaierip eater writhiththe
i nclude but are not limted to hydroqui none pol yhydroxy aromati cs,
8- hydr oxyglipfabbiinkto 12 trites, sulfites, etc. 11 The sel ection
of the corrosion inhibitors for the purpose of this invention is
immaterial as i dng asndrileobjadti bf ttiey imedtisn tthep@bile elorgadrimonadle slurry
performance criteria including: suppress or elimnate netal

Cor r osi OnsusKagEnd Whick 346 Be W0éd Herbt 8ad QPPliMGoRS for RAEEISIE&S fréth ingots,
resulting slurry does not conprom se or interfere with the ability

of the caggdigy ap%;ﬁca[ifoﬁé!,!(ﬁﬁP LeNRatiGlsMRliARd éefu%a@én 6f*}>%rt§léé.r ry does not
del eteriously effect viscosity, performance or rheol ogy of the

carrier or r esu stJnB@FQ%je&aorf%& lnf%el?[foni t&%{x’éwﬁ% lailgf?e%%li'iﬁ%%gfé @E%engl%ﬁsof

not deleteriously eftect the uniformt no carrier

suspensi on _or the | particle .or inert .soli.ds suspension wthin the
carrier dEvsst TSRl pEEER P IR R REEE R m or ¢ ne
e P s o I of R bhign oo SerdBS S pREIA LR 882k S LA SE "

or NCOL abrasive or non-abrasive particles in a neutral or near neutral pH medium.
A further object of the invention is to provide a means for suspending colloidal or
NCOL abrasive or other particles in a liquid not depending upon final slurry viscosity.
Another object of the invention is to provide gel particles which can be added to a

variety of base carriers to suspend inert particles and also act as lubricants.



Certain of the salts which are generated as a by-product of the
reaction to formthe gel particles may appropriately increase the
ionic strength so as to aid in the repulsion and increase the
settling time of the suspended inert particles given the right
concentration and structure of said geperated salt. However, it may
al so be advantageous to rinse out the generated dissolved salt forned
during the gel particle formation, dependi ng upon the application of
the overall slurry suspension, leaving only the in-situ forned gel
particles in the base nedium preferably water. 12 Certain

i nert sal Deschipyiohef tieclréferi-¢if Embpaineingy particl es when the gel
particles have been separated and added to different carrier |iquids
SO as to provipg flefk iRshabd providyl S hRana Mt RBVHIHG! £sR8let L&b&sion of
interference given an appropriate concentration of the inert salt
that wi ! |dGEC 3R a3l R bl nloR S4r0 Romi-aqueous Miedifth! Qb
exanples ‘are illustrative of t practice o tﬁe H%tﬂod o? the
present i .qn. 1t W under stood owever . .that. the |isted
el s Bt dripatlcis, 9, HRAAL SUESR: U o) YRS Prcsb Rl o
scope of the.inventjon since. var.ious, changes contained.herein jn
TToht o GHdeniectirinS BEHERLPEE i Fepuan auder TBr ARG sgver %)
percentag?s stated herein are based on mei%ht except where ot herw se
i ndi cat ecWEXERIHAsitipns for wire sy apnlisatians agRibriganty; jlanpang ok rolishing slwiissus
solution of alum num sulfate octadecahydrate was added to tap water
so that tie- ghiagiEnsluanesnnduthe dikke filatvédii¢na sheengior of naigiclss dumaimrinest at
solution was neutralized with a 0.5 Msolution of tetranethyl

anmoni um dmybtdertes dell @T kakted erpepiiref Tie gelypadelcsconsbmtdnadi asiangqaaoes, a
time period of 25 mnutes. The resulting Al (OH) 3 gel particles appear
as a whi temélaquidys StuseREaR.suspsiSumRDdE6i MNtd &0 wEight petdesest cafrieh,
water 3-times to renove dissolved by-product salt in the suspension.

The resul ting Tardel partiSILS BN REpaRiSsepAhs]y AN tBén 1Rd laRRk 6r in a carrier as
character/properties. B. The gel particles of Part A were filtered

and added, 8@t 3YEOHSpGRIh! a%ém%%ﬂibpieeqwﬁﬂa Biak 5} Haq.g@alf é%g\éédé erRs

a coating conposition contalning 50% of the gel parti

Ex I . i f L cl-es,: | i | f
ool Ao AR AL, PETALPESnSal il 7 BUMPY ok

oct adeca e was a er 'so ation o
al um numsulfate in ter s 10. 7% This sol.ution was slowy and
i or iy bt porDi ot et ity e o B Ron (2006 Sol ' on
in water) to pH of 8.4. The in-situ fornﬁd gel particles appear as
a white cloud t&@a&% BhmgiRy FsAS ineseiaers thaane suspendingagent ingidesrto

suspensi on slurry of abrasive particles o )
have a uniform dispersion for as long as possible. The reason for this is that the particles

to be suspended may have different densities and/or electrostatic charges from the
suspending gel particles. For example, in wire saw cutting operations there are cutting
particles and kerf particles from the ingot being cut. In other operations there can be

contaminants with higher density or similar density as the suspending medium.



A slurry of -15% abrasive SiC particles of nean particle size -10 fun
I's suspended within the gel particle carrier prepared in (A) above.
The suspension is thoroughly m xed and | et stand under both anbi ent
and el evated tenperature conditions to determ ne the soft-settle and
suspension uniformty characteristics.7 The fornul ation, viscosity,
soft settle reading (SSR) and suspension volune retention (SVR) data
are listed in the following tables. Again the SSR and SVR readi ngs
denonstrate an excellent stable particle suspension, even after 4
weeks. Table 2 - Viscosity, SSR, and SVR % Solid Al 2(504)3 Viscosity
at 25 (cP) Anbitest suspéddifsepdrtideSarSWRtd QCsSailfinetabdtiles, BydoyBdesCarlrdxide
Slurry Day 1 Week 4 Day 1
hydrates that form a suspended particulate precipitate (i.e., sols, sol-gels, gel particles,
gelatinous precipitate etc.) in aqueous, semi-aqueous or non-aqueous media at a pH from
about 3 to 12. The particles to be suspended comprise the conventional abrasive or non-
abrasive particles, inert particles having a particle size of about 1 to 100 pm for pigment
manufacture, wire saw cutting, metal finishing applications and smaller size for wafer
lapping applications being in the range typically of about 0.1 to 10 pm and even lower for
CMP applications the particles being the range of about 10-500 nm. The preferred
suspending particies are those formed in situ or separately such as when a metal salt is
formed into the metal hydroxide. In such a case, the density of the in-situ prepared
precipitated gel particles is generally lower and the surface area of the gel particle formed
in-situ is typically greater than commercially available forms. In addition, there is
generally a broader particle size distribution of the in-situ formed gel particles of the
invention. The advantage of having the gel particles separate from the carrier medium
allows for mixing different particle sizes in certain applications particularly for coating.
The abrasive material for use in the above-recited composition may include
powders of diamond, silica, tungsten carbide, silicon carbide, boron carbide, silicon
nitride, silicon dioxide, cerium oxide, zirconium oxide, aluminum oxide, or other hard
grit “powder” material. Generally, mean or average particle sizes range from about 0.5-

30 microns and preferably from about 2-20 microns, or a mixture thercof. The

concentrations of the inert particles being suspended in the suspension medium or carrier
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for most applications typically may range from about 0.1 to 60 weight percent of the total
suspension.

Solvents which may be used with the water are polar solvents which include
alcohols, amides, esters, ethers, ketones, glycols, glycol ethers, alkyl lactones, or
sulfoxides. Specifically, examples of polar solvents are dimethyl sulfoxide (DMSO),
dimethylacetamide (DMAC), N-methy! pyrrolidone (NMP), (gamma) butyrolactone,
diethylene glycol ethyl ether, dipropylene glycol methyl ether, tripropylene glycol
monomethyl ether, various glycols, polyethylene glycols and poly propylene glycols and
the like.

The organic solvents are used in some cases to provide needed viscosity levels to
the resulting slurries prepared. Other uses for organic solvents may include a lowering of
the slurry/carrier freezing point. The choice of the solvent is relatively immaterial as
long as the solvent is inert, fully miserable or soluble in water, non-reactive with water or
with the suspended particles or suspending gel particles, and has low toxicity and is of
low odor.

The suspending particles that can be used include, but are not limited to, metal
hydroxides, oxide hydrates and oxides other than the abrasive particles that form an
aqueous or semi-aqueous suspension (i.e. gel particles, gelatinous precipitate, sol, sol-
gels, colloidal or non-colloidal suspension, etc.). These suspending particles as an
important component of the present invention will not settle out over time to form a hard
agglomerate on the container bottom. This includes, but is not limited to those

compounds, which in- siti are within or without the medium converted to the hydroxide
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oct adecahydrate was added to tap water so that the concentration of

al um num sul fate in water was 15.54% This solution was neutralized
with KOH (25% solution in water) to a pHof 7.7. To this white cl oudy
carrier systemis added 48% by wei ght of SiC particles of average
size -8-9 Am The entire suspended slun-y is m xed thoroughly for -5
mn. The fornulation, viscosity, SSR, and SVR data are listed in the
following tables. Simlar results in ternms of slurry stability to

t hose of previous exanples were observed. However, in this exanple,

the SVR ofornf 4udf ds@rméaMReke o éonk bikddsth Hid 18Rk ErER REinO Adhdid of hak! e
slurry. Table 3. Viscosity, SSR and SVR Data % Solid Al 215003
metal Bronstead base, for example, potassium hydroxide, tetramethyl ammonium

hydroxide, sodium hydroxide, tetraethylammonium hydroxide, barium hydroxide, etc. as

illustrated by the following example equation:

Al(SO4)s+6[CHNJOH ™™ —  2A1(OH)5+3[(CH3)N]2(SO4)

Among the suttable metal hydroxides of use in this invention include, but are not
limited to cupric hydroxide, aluminum hydroxide, and Zn(OH);.

Among the metal oxides, suifides, salts or oxide hydrates which may be used to
form or form in-situ the suspending particles are transition metal oxides such as nickel
oxides, ZnO, Zn-salts, ZnS, SnO,xH>0, tin-salts, SnS, Al,O3-xH,0, Al-salts and the like.
These oxides, salts, sulfides and the like can also be used to form the corresponding
hydroxides to provide a stable suspension medium that includes sol-gels, gel particles,
gelatinous colloidal or non-colloidal suspension for the carrier system.

In the case of AI(OH); or other aluminum oxide or hydroxide species, a pH range
for use in the carrier is about 3-12. A preferred range is 5-10 and the most preferred
range is 6-9.

Excluded as suspending precipitates or particles are those particles having a
density significantly greater than that of the carrier solvent, and those that are not
naturally precipitous or suspend-able. It is understood that there are those metal oxides

or hydroxides which have a higher density except when formed or precipitated in-situ in
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the carrier solvent or in another medium which is then added to the carrier systems of this
invention.

A corrosion inhibitor may be added to the carrier formulations of the present
invention to suppress or eliminate metal corrosion when required. Appropriate inhibitors
should not cause foaming, interfere with the formulations’ ability to provide long-term
stable abrasive or solids suspensions, compromise the viscosity, rheology, or uniformity
of the carrier formulations and their associated abrasive or solids suspensions.

Suitable corrosion inhibitors which may be added to the aqueous and semi-
aqueous carriers of the present invention may include, but are not limited to aliphatic and
aromatic carboxylic acids, neutralized carboxylic acids using alkanol amines (i.e.
diethanol amine, triethanol amine, etc.), tetra-alkylammonium hydroxides, other similar
non-metal hydroxide bases, alkyl or aromatic amines or other Bronstead bases. Also
included may be other known metal corrosion inhibitors in the art such as long chain
modified carboxylates commercially under such trade names as DeForest DeCore-APCI-
95, DeTrope CA-100. Further examples of known corrosion inhibitors equally suitable
for the corrosion prevention or suppression of metals used in CMP processes (i.e. Al/Cu,
Cu, AU/Si, Al/Si/Cu, GaAs, LnP, and the like) may include but are not limited to benzoic.
acid, pyrogallol, gallic acid, ammonium thiosulfate, 8-hydroxy quinoline, catachol,
benzotrizole, etc., or combinations thereof.

Additionally, there are other suitable corrosion inhibitors which function as
oxygen absorbers or scavengers which include but are not limited to hydroquinone poly-

hydroxy aromatics, 8-hydroxyquinoline, nitrites, sulfites, etc.
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The selection of the corrosion inhibitors for the purpose of this invention is
immaterial as long as the inhibitor meets the above mentioned performance criteria
including:

- suppress or eliminate metal corrosion

- does not cause noticeable foaming of the carrier or resulting slurry

- does not compromise or interfere with the ability of the carrier to provide

long-term stability of the slurry

- does not deleteriously effect viscosity, performance or rheology of the carrier

or resulting gel particle or inert solids suspension

- does not deleteriously effect the uniformity or homogeneity of the carrier

suspension or the gel particle or inert solids suspension within the carrier

- does not chemically react with either the base medium or the gel particles of

the carrier or the inert particles as a slurry being suspended by the gel

particles.

Certain of the salts which are generated as a by-product of the reaction to form the
gel particles may appropriately increase the ionic strength so as to aid in the repulsion
and increase the settling time of the suspended inert particles given the right
concentration and structure of said generated salt. However, it may also be advantageous
to rinse out the generated dissolved salt formed during the gel particle formation,
depending upon the application of the overall slurry suspension, leaving only the in-situ

formed gel particles in the base medium, preferably water.



0710740 In lieu of alum numsulfate, Zinc sulfate or
stannous sul fate can be used. The gels which are forned can be
filtered and m xed to be used in different liquid nediuns. I|nert
salts may be added to provide additional electrostatic repul sion of
particles. Al so, dissolved salt created by the gel particle formation
may be rinsed out with water or the appropriate carrier nmedium
solvent to create a gel particle suspension with conparatively little
or no ionic character. 15 Exanple 4 A Preparation of gel particles
In this exanple, instead of using tap water as the solvent, a

sem - aqueous SOérwdnineeingalio Waythepusefiy lie Respghdif® panelel yheatthe el (RGNS,
was used. Because stannous sulfate is not sufficiently soluble in
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The gel _Pastislan eke. Lk eradand,hlis, wet gel solids vere stored
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amount of tetranethyl ammoni um sul fate nay be added to provide
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contained herein in light of the guiding principles which have been set forth above. All

percentages stated herein are based on weight except where otherwise indicated.

Example 1

A. Preparation of gel particles

A 0.5 M aqueous solution of aluminum sulfate octadecahydrate was added to tap water so
that the percent aluminum sulfate in the water was 0.94%. This solution was neutralized
with a 0.5 M solution of tetramethyl ammonium hydroxide (TMAH) to a pH of 7.5 under
constant mixing over a time period of 25 minutes. The resulting AI(OH)3 gel particles
appear as a white cloudy suspension. The suspension is then rinsed with water 3-times
to remove dissolved by-product salt in the suspension. The resulting carrier suspension

has very low or no ionic character/properties.

B. The gel particles of Part A were filtered and added to an aqueous carrier containing

titanium oxide for use as a coating composition containing 50% of the gel particles.



16 Example 5 The separated gel particles of Exanple 2-A were
conbi ned with enough PEG0OO to yield a wet gel-particle concentration
of -30%w/w. To this is added sufficient water to dilute the
carrier suspension by 25% 50% and 75%to provide three different gel
particle concentrations between the thgee different dilutions. For
this exanple, the variation in overall pH, SSR and SVR is reported in
the table below 18% zirconium oxide (Zr02) was added to the m xture
consistent with other exanples herein, and slurry properties
measured. The results of the various dilutions are listed in the
follow ng table. Table 5 - Fornul atBxampha?a (Exanple 5) % Al (OH) 3 Wet
CGel Particles in Carrier Weight of Carrier fromEx- 4 (g) Wi ght

A. Preparation of gel particles

Solid aluminum sulfate octadecahydrate was added to tap water so that the concentration

of aluminum sulfate in water was 10.7%. This solution was slowly and uniformly

neutralized under constant mixing with NaOH (50% solution in water) to a pH of 8.4.

The in-situ formed gel particles appear as a white cloudy suspension within the water

base.

B. Preparation of suspension slurry of abrasive particles

A slury of ~15% abrasive SiC particles of mean particle size ~10 pm is suspended
within the gel particle carrier prepared in (A) above. The suspension is thoroughly mixed
and let stand under both ambient and elevated temperature conditions to determine the
soft-settle and suspension uniformity characteristics. The formulation, viscosity, soft
settle reading (SSR) and suspension volume retention (SVR) data are listed in the
following tables. Again the SSR and SVR readings demonstrate an excellent stable

particle suspension, even after 4 weeks.

Table 2 - Viscosity, SSR, and SVR

% Solid Viscosity at 25° | Ambient Soft Settle & | 50°C Soft Settle & SVR
Al(SOy)s (cP) SVR
Carrier | Slurry Day 1 Week 4 Day 1 Week 4
SVR | SSR [ SVR | SSR | SVR | SSR | SVR | SSR
10.76 16.0 74.0 66 0 42 0 56 0 51 0




of Tap Water (g) % Carrier Dilution A Cel Particles in Dluted
Carrier pH SlurrySSR (SVR)after 3 weeks (18% Zr02) 30 140 140

14

Example 3

Solid aluminum sulfate octadecahydrate was added to tap water so that the concentration
of aluminum sulfate in water was 15.54%. This solution was neutralized with KOH
(25% solution in water) to a pH of 7.7. To this white cloudy carrier system is added 48%
by weight of SiC particles of average size ~8-9 um. The entire suspended slurry is mixed
thoroughly for ~5 min. The formulation, viscosity, SSR, and SVR data are listed in the
following tables. Similar results in terms of slurry stability to those of previous examples
were observed. However, in this example, the SVR of 74 after 4 weeks @ 50°C

illustrates an exceptionally stable slurry.

Table 3. Viscosity, SSR and SVR Data

% Solid Viscosity at 25° | Ambient Soft Settle & | 50°C Soft Settle & SVR
AL (80y); (cP) SVR of Slurry of Shurry
Carrier | Slurry Day 1 Week 4 Day 1 Week 4
- SVR | SSR [ SVR | SSR | SVR | SSR | SVR | SSR
15.54 29.4 236.5 | 71 0 58 0 71 0 74 0

In lieu of aluminum sulfate, Zinc sulfate or stannous sulfate can be used. The gels
which are formed can be filtered and mixed to be used in different liquid mediums. Inert
salts may be added to provide additional electrostatic repulsion of particles. Also,
dissolved salt created by the gel particle formation may be rinsed out with water or the
appropriate carrier medium solvent to create a gel particle suspension with comparatively

{ittle or no ionic character.
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Example 4

A. Preparation of gel particles

In this example, instead of using tap water as the solvent, a semi-aqueous solvent
employing propylene glycol methyl ether (PGME), was used. Because stannous sulfate
is not sufficiently soluble in PGME, a water solution of stannous sulfate is prepared
within which the Sn(OH), gel particles are prepared before it is added to the PGME. In
this case, a 0.5 M solution of stannous sulfate was prepared and neutralized with
sufficient 25% aqueous TMAH to give a pH of 7.9. The gel particles were filtered and
the wet gel solids were stored for 4 weeks under closed conditions to maintain the water

content within the wet gel solids.

B. The wet gel particles were then added to a 2:1 mixture of PGME; water so as to be

50% of the total mixture. To the mixture was added titanium dioxide in equal amounts of
— weight as the gel particles to form a coating composition.

An appropriate amount of tetramethylammonium sulfate may be added to provide

additional electrostatic repulsion between suspended particles.



7.5 7.43 0(41% 17 What Is Claimed Is 1. A nethod for the
suspensi on of inert colloidal or non-colloidal abrasive or
nonabr asi ve particles in an agueous, sen aqueous Or non-aqueous
organi c carrier nedi um which conprises produci ng suspendi ng particles
selected fromthe group consisting of 16table gel particles, sol-gel
and gel atinous precipitates so as to establish suspending particles
to inert particles interference to settling of said inert particles
in said carrier nedium said carrier mediumconprising about 0.1 to
60% by wei ght of the suspending particles which differ fromsaid
inert particles and are sel ected f ExmipdeSgroup consi sting of oxides,
hydr oxi des, and oxi de hydrates that form said suspending particle

wi thin and inclusive of said carrier nediumat a pH of about 3 to 12,
whereby particles are suspended as a result of at |east one of

physi cal int ermrs%?ﬁ_@ted %élfﬁaﬁ[c@é%tof@%&ﬁblfelzeﬁ vaRdchiseddr ot éﬁdugh PRENOES-
2. The nethod of claim I wherein said aqueous carrier nmedi um

conpri sesyd;A@h Het S hRRe concentration of ~30% wt/wt. To this is added sufficient water
to dilute the carrier suspension by 25%, 50% and 75% to provide three different gel
particle concentrations between the three different dilutions. For this example, the
variation in overall pH, SSR and SVR is reported in the table below. 18% zirconium

oxide (ZrO;) was added to the mixture consistent with other examples herein, and slurry

properties measured. The results of the various dilutions are listed in the following table.

Table 5 - Formulation Data (Example 5)

Y% Weight | Weight % % Gel pH | SlurrySSR
Al{OH); of of Tap | Carrier | Particles (SVR)after
Wet Gel Carrier | Water | Dilution | in Diluted 3 weeks
Particles | from Ex- (2) Carrier (18% ZrQ,)

in Carrier 4 (g)

30 140 140 50 15 7.77 0 (52%)

30 140 46.7 25 225 7.86 0 (61%)

30 140 420 75 7.5 7.43 0 (41%)




3. The method of claim1l wherein said suspending gel particles are
formed in a separate nediumfromthe final carrier nmedium 4. The
met hod of claim 1 wherein said agqueous carrier medi um contains at

| east one inert polar solvent. 5. The nethod of claim4 wherein said
pol ar solvent is selected fromthe grdidp consisting of diallcylene

gl ycol, al kyl ene glycol, glycol ether, polyal kyl ene glycol, alkyl

| act one, N-nethyl pyrrolidone, al kylene carbonates, acetonitrile, and
di ret hyl acetamde. 18 6. The nethod of claim1 wherein said
suspendi ng particles, sol-gels, gel particles, gelatinous

preci pi t abehat by Clamedls seni-netal or transition netal hydroxides. 7.
The nmethod of claim6 wherein said suspending particles are fornmed in
situ wi t hl.t Aemethpd ifer theeslispensiod. ofThertnetiloold]! of mohaiolvidaiwtteasven of men-t
particles being suspended are selected fromthe group consisting of
titani um shrgsivedgartided inCanag@@old, Gani SREODor FinFRQABOUS Or@ati¢ Carriéit nkdidm
cerium oxide, alum num oxide, silicon nitride, tungsten carbide,

di anond, which %@ﬁgﬂ&@@r@@cﬁ@sﬁﬁéﬁdﬁigg;gﬂ?&emalédtéal ﬁ@m the gﬁau%%ﬂﬁﬁ't%ig()@f
conposition which conprises A) a carrier diu

to about 8A% b pelioht, &f8akth SaRAAG TECLHALOL BRTY 'egﬂaafshssd égi{éiﬁ%

fromthe grou nsi st’i ng-of gefati nou ticles, sol

part | of esphghng! LRS- (danARIbeL, SEhAELSdl oy sp*aem% HPkaid carrier
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hydrates, pl.us said carri nedlunlco risjng;..about t 100%)

wei ght wa‘chL Bt EHEST BEPRIGHISTRGOMH § hat 609 yawga ) g Sostigingn
conposi tion of claim9 wherein theﬁ&glatlnous soI or ge
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carrier nedium 11. The conposition of claim9 including inert

non- abr asthwxidss, hyidrarddsseansiapride hyisates that frime saisk fispendingatatiols within and

i ncl uding a corrosion inhibitor.
inclusive of said carrier medium at a pH of about 3 to 12, whereby particles are

suspended as a result of at least one of physical interference, different densities and
electrostatic charges.

2. The method of claim 1 wherein said aqueous carrier medium comprises a polar
solvent.

3. The method of claim 1 wherein said suspending gel particles are formed in a separate
medium from the final carrier medium.

4. The method of claim 1 wherein said aqueous carrier medium contains at least one
inert polar solvent.

5. The method of claim 4 wherein said polar solvent is selected from the group
consisting of dialkylene glycol, alkylene glycol, glycol ether, polyalkylene glycol, alkyl

lactone, N-methyl pyrrolidone, alkylene carbonates, acetonitrile, and dimethyl acetamide.
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6. The method of claim 1 wherein said suspending particles, sol-gels, gel particles,
gelatinous precipitates are metal, semi-metal or transition metal hydroxides.

7. The method of claim 6 wherein said suspending particles are formed in situ with the
carrier medium.

8. The method of claim 1 wherein inert particles being suspended are selected from the
group consisting of titanium dioxide, silicon carbide, carbon, zirconium oxide, silica,
cerium oxide, aluminum oxide, silicon nitride, tungsten carbide, diamond, silicon

dioxide and dry pigment particles.

9. A suspension composition which comprises:

A) a carrier medium;

B) up to about 80% by weight of said carrier medium of particles selected from
the group consisting of gelatinous particles, sol-gel and gel particles being formed from a
member selected from the group consisting of metal or semi-metal oxides, hydroxides,
and oxide hydrates, plus said carrier medium comprising;

about 0 to 100% by weight water, and the remainder being an inert polar solvent.
10. The composition of claim 9 wherein the gelatinous, sol-gel or gel particles are
formed in a carrier medium separate from the final carrier medium.

11. The composition of claim 9 including inert non-abrasive or abrasive particles.

12. The method of claim 1 including a corrosion inhibitor.



