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Patents No. 4,671,851, No. 4,910,155 and No. 4,944 836, During the CMP process the CMP
shorry typically becomes diluted and contanunated with debris, metal ions, oxides, and other
chemicals, necessitating a continual application of slurry onto the pad and removal of sturry
from the pad. The degree to which the slurry can be reused m multiple polishing runs varies
based on a number of factors well known in the CMP art. Eventually, the used shury must be
replaced by fresh shurry.
{6004} In conventional CMP technigues, a substrate carrier or polishing head s
mounted on a carnier assembly and posttioned in contact with a polishing pad in a CMP
apparatus. The carrier assembly provides a controllable pressure to the substrate, urging the
substrate against the polishing pad. The pad and carrier, with its attached substrate, are
moved relative to one another. The relative movement of the pad and substrate serves to
abrade the surface of the sabstrate to remove a portion of the material from the substrate
surface, thereby polishing the substrate. The polishing of the substrate surface typically is
further aided by the chemical activity of the polishing composition {e.g., by oxidizing agents,

acids, bases, or other additives present in the CMP composition) and/or the mechanical



activity of an abrasive suspended in the polishing conposition. Typical
abrasive materials include silicon dioxide, ceriumoxide, alum num oxide,
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from the recycled matenals. The present mvention addresses this ongoing need. These and
other advantages of the invention, as well as additional inventive features, will be apparent
from the description of the wmnvention provided herein.

BRIEF SUMMARY OF THE INVENTION
{6008] The present tnvention provides a method for recycling an aqueous abrasive-
contaming chemical mechamcal polishing (CMP) slurry recovered from a polishing operation
after polishing substrates therewith, The method comprises the steps of (&) circulating the
recovered CMP slurry from a blending tauk, through an ultrafiltration unit {e.g., comprising a
single ulrafilter or a plurality of ulrafiliers units arranged in series, parallel, or both), and
back into the blending tank, using a low shear pump, such as a bearingless magnetic
centrifugal pump or similar pump; the ulirafiltration unit removing a predetermined amount
of water from the recovered slurry to form a shary concentrate having a selected target

abrastve particle concentration in the range of about 2 to about 40 percent by weight; {(b)



optionally, renoving selected ions fromthe aqueous phase of the slurry
concentrate; (c) optionally, adding to the slurry concentrate an anount of
a |iresh,woantrmeaeirgl ed abrasive CMP slurry, preferably eomurseailngsoabrasi ve
particles and chem cal additives (e.g,"” a fresh slurry of the sane or
simlar type fromwhich the recovered slurry was generated); (d)
optionally, adjusting the pH of the concentrate to a predeterm ned target
l evel ; (e) optionally, adding selectéd chenical additive conponents and/ or
wat er ) it > slurry
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polishing (CWP) slurry recycling system which conprises (a) a receiving
tank adapted for collecting a waste stream from one or nore polishing
oper at i onsQ 20t2)02e374i onal |y, a pre separation unit to reroYASc@answinast e
materials fromthe waste stream (c.) an in-line uhrafiltration unit: the
uhrafiltration unit being adapted for renoving water from CMP slurry being
circulated through the unit: (d) a | ow shear in-line punp, such as a
bearingl ess magnetic centrifitgal purfp, in fhnd communication with the
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i nvention, [00151FIG 3 prow des particle size scatter plots for recycl ed
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circu lt(ﬂﬁi ﬂ‘guu&,iz the circulation line and ultrafiltration wnit, and back into the tank; and (e} a
valve operably connected to the outlet of the blending tank for controliably removing a
recycled starry concentrate from the tank.
{6012] In another aspect, the present invention also provides a chemical mechanical
pohishing (CMP) sturry recycling system, which comprises (a) a receiving tank adapted for
collecting a waste stream front one or more polishing operations; (b) optionally, a pre-
separation wiit 1o remove coarse waste matertals from the waste stream, {¢) an in-hne
ultrafiltration unit, the ultrafiltration unit bemg adapted for removing water from CMP slurry
being circulated through the unit; {d) a low shear in-line pump, such as a bearingless
magnetic centritugal puomp, In fhud communication with the circudation line tw propel the
CMP sturry from the tank, through the circulation line and ultrafiliration ynit, and back mto
the tank; and {e} optionally, a collection vessel to accumulate the concentrated slurry, ()
suitable means to adjust the pH and chemical composition of the shurry after concentration,
{g¢} a means to mtroduce a portion of fresh, non-recyeled slurry if desired, (h) optionally,
analytical instrumentation to provide quality control on the output shwrry and (1} a means to
introduce the reconstituted shurry back 1o the pohishing svstem.

BRIEF DESCRIPTION OF THE DRAWINGS

{6013} FIG. 1 schematically illustrates a recveling system of the present invention.
6014} FIG. 2 schematically iHlustrates another embodiment of a recycling system of

the present invention.
{0015 FIG 3 provides particle size scatter plots for recyeled CMP slurnies prepared

according to the methods of the present invention. Panel A shows a plot of the weight



recovered CWP slurry froma blending tank, through an ultrafiltration unit,
and back into the tank, e.g,, via a |ow shear punp. The terns -recovered
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target abrasive particle concentration in the range of about 2 to about 40 percent by weight
{e.g. about 5 to aboat 30 percent, about 10 10 about 25 percent). The predetermined amount
of water may be removed m a single pass of the entire fluid volume of the blending tank
through the ulafilration wut, or in multiple passes through the ultrafiltration wt, i desired
or necessary. Typically, the entire filled volume of the blending tank is passed through the
ultrafiltration units multiple times (e.g., 5.6, 7, or § times) during the concentration
{dewsntering) portion of the process. The curculation of the sharry 13 continuwed until a
predetermined amount of water is removed from the total contents of the tank, or until a

sefected farget abrasive particle concentration for the recovered CMP slurry 13 reached.



can be augnented with an anmount of a fresh, non-recycled CWP slurry, This
fresh CWP slurry nay be of the sanme or simlar type fromwhich the

recover edwQNPI2l2u378y was gener at ed, which can be usef ul pcm/usestinedokd ng t he
particle size distribution of the recycled slurry_The pH may be adjusted
after blending with fresh slurry, if desired. [0021]In sone preferred
enbodi nents, the reconstituted CM P slurry exhibits polishing perfornmance.
physi cal properties, and chem cal pr&pertl es during use that are within the
est ab'dgﬁnﬁgmp%;g)ge@pmu%@a BB ARLATR HESqBlo d pERLASROALORALEST,

non-re d Fom Wh
recovefmuﬁmmfﬁlshwwy\mmzinl‘:mhme«.d,mhi@m&lver in yet anot her enbodl rrent t he

reconstjtuted CM slurry ve sli L di fferent physical properties,
and/ oj%‘n" m cal ‘PrEPRLY:iks nl?%t‘“l‘lgle "5‘1*‘]“889 (Hé Py %n‘s"tnlqleu'&déﬁ‘eél\‘}?"‘sl urry to
exhi b 'ptru{ﬁtcnﬂmnfd'ﬁt@dai@gd‘%@§' h&di RO t'osdl%ﬂg P8I 195'{’1!3%99@21 tfaa,o 23k Bn P EfC"\a/err ed

enbodi nent conprises conbining ‘a pluralit ?‘ recover ed
sl urrisey: nzniwi&@ktﬁirrdtﬁmgaﬁ adrktiveThenportsis nedfor seey exelt: a@iﬁd st lreri es are

bl ended under .rel ati pw shear condjtion anel iora

br eakouP T Egoso et B RN G i Sl B i RRUS GIFRRERES. rhe
bl ended shecAKEEBRnCNR 8 Wib¥inlaSniReimhif b ﬁ:?ééﬂeéhﬂﬂwﬁE&{Hetiﬁﬁgdﬁlkﬁﬂﬂtiﬂq: 1 ank,
through an ultrafi Itratl on unit, and back into the t A | ow shear punp,
such akriag ﬂ@aﬁmﬁ@kf@@@n Henit yeg am@h@mmlwémwwmpHpﬁ @wélesisd s Bt urry through
t he ul‘tm,aaifi tration unit and circulation tine. The ultrafiltration unit

. THIO S . .
i ncl udeSBRE S Hore ultrafiltration menbranes, and i s adapted for renoving

a predeg@m ned ipdpual, Gfer iRatgiattitrenod hep, blkmﬂeemsﬂtwmem& OXIP sty EMP
slurry concentrate having a sel ected target abrasive particle concentration

i n t héap hpgezpentghyiib ap apeuaty i s, warcertleby Mieshymy., The fgss (M, the pH
f th d t t

f’el Veﬁh%u% gé 5&'sz %ﬁgg} ﬂ‘tn%l Rg@ {%]%}] \Sgigg%ﬁ)cex%{.&\%b&g@{ @dﬁlé{?{ Qe el g; gg L

chem gahcradd] whick cmh@maﬂtxs cartek g m&wrtithﬂmzdlﬁ&t&ﬁdﬁd} $icht hﬁ\ cledcentrate

in amo nts uffici ent rmt econst.it ut ed slurry that exhibits
pol i sﬁf g p M%h?&hé@dtlwﬂ aftgid ‘iu“ﬁf{‘%ér“ f%@‘%&ﬁé%&%ﬂt&m properti es,
during a&ﬁg t haty, iﬁ& s Whdebbey tﬁ%m&lﬁ?'zw&%g@aﬁ@atmaézhm%\z%@

correspondi ng fres non-recycled CW slurry, such as the original slurry
froin pﬂhhlﬂm phéumseouehe&:k & I;rrmyimasubmmmédwpmﬁﬂSmlimg r gertkatembodi nent s,
sel ecte e.r d.fro hase ,of 1he concen te, and/or
o ot B R RYE S et BRI B R e i RO R i e eams
or si MN{RKIEND S RIMMELE B LDRY HRGOWBIAGhSletbeYed@si POl Dadobkmea@dded to
the ("MP slurry concenfrate, for exanple to adjust the particle size

di st r ithutdven ioyeianethst gbgdiment e stopagitnad (MR sl rpprhaveslighitt he recover ed
CWP sl d o] L.t t he
concer#{fl i ]%“g‘f’ 4 §¥%@Eﬁedaﬁu{)§§sq’phﬁd P “ﬁfg gﬁﬁa?‘.“%?“ m‘&‘#ﬁ&f 3%%:?%”8 can be

r enovethsii 1 kit he@tibd kidldsand pergiansridhsehds. For exarrpl e, the recovered
CWP slu can be further diluted with dei onized water, and the excess water

can tr{%@%e r engV 8drHyed erhedimepttieghethmbecuriases sersbising 1 Wrtdinag t he

cut - of r a on

o Ao R U R ANRIGARERT e (ORAHAD Al EAR bRl 01
anountbloaflcdatdn rélhately w ﬁrmx/e:dxdzﬂnm»mameladmtenmdmmblem&kddx\ﬁ@n‘ renovi ng

sel ected ions fr mthe recov slurr th Il er ions be renpved,
as opSEERENEHS %fe@?hgu@}cwé gé i g’ﬁt“é"’r?d%ﬂﬁé‘r‘“ﬁ gfrﬁk gyt f%@tﬂéﬁw . &AP eWthange

uni t. if 3324 n&@ﬁ‘t%ﬁ‘ﬁ%%l ti}@'&@yxlﬂhul}@f}fi«cs Gl PEPREL S &S0 Link NEdTLbIE Hh@leng

recover ed CI MP slurry preferébly are nonitored duri ng the inventive
recycllaurig dkocdewr pEop, *@Xhﬂ’ip?h égfirtsh&Sptthigx1utnh@mtmu@éptimzamlopd@ﬂzmhen or nore
sel ect particle

nd (g ity,
concentrut? B v GRUERGM Y i hafRR Tty TRERBEHE L b pieli P f e
mat er ipddre hRrdieatShUhEMbrab &N aREisFEM O FR Febiihe atphQlcfemonaaRbusli T TY 1S
circulating through the ultrafiltration andl or the ion-exchange units.
water from the blended shurry to form a CMP slurry concentrate having a selected target
abrasive particle concentration in the range of about 2 to about 40 percent by weight. If
desired, the pH of the CMP slurry concentrate can be adjusted to a predetermmed target level

{e.u., a particalar pH values m the range of about 1.5 to about 12.5 suchas 2,3, 4,5, 6,7, §,



10025j The recovered CM P slurry can include any abrasive known to be used
inthe CNIP art Non-limting exanples of such abrasives include silica
(e.qg., coNbanal24xitl i ca, funed silica), alum na, ceria, PCTii®Ro1a/ 04844 coNi a,
tin oxide, doped materials such as al um na-doped silica and
yttria-stabilized zirconia, and the like, In sone preferred embodi nents,
the recovered slurry conprises a sili ca or alum na or ceria abrasive.
1100261l n anot her aspect, a. CMP slurry recycling system of the present
i nven (o] o\ n 0y [ ng a
recovtgr g@‘ g]l(gﬁr ﬁﬁbrﬂﬁﬂ{? @Eﬁ%{oﬁ) ¢ agh ﬁqgﬁg?‘%&? tggiﬁ%e‘ haﬁl@%n ?12 %m ng the
recovan&dxGﬁRzShUhémﬁﬁﬁdnd&hﬁnmﬁ@ﬁﬂhaahmuﬁgmnﬂmumha)&mnkhbamdmmnneﬁtIet A
fluid culat |ne|ls|nflu|dco nlctlonvvltha | east two spaced
porti ég\é > SRTB b BT REShhRETRRACY | I PRORFTISE a8 BRI BTOPEUER f I Ui
COMURG,GAL LN ik bR JfiGn @m &yibﬁgm Lé;ﬁ@mo};?@fHL&E@stﬁénﬁcah{Q{‘ nHRIL ©s
adapted for renoving water romCNB slurry circulating throdgh the unit. If
desi r eebyche NPkl secdtdsoie omgibalchnmi ohudecinibk ecaghvbredfhirherss (e. g. in
seri eshor 1n parallel). A low shear inline punp, such as a bearingl ess
magnetC? Bisnt ri fugal punp, is in fluid communication with the circul ation
l'ine tgoxmiopel thgoMBShSodBeAL Y@:tddRofd Meh¥mblddVhdhend fukousdiagugh the
circulation line and ultrafiltration unit, and back into the tank
100271%@3119&@“@ iang watw emouict ghg mltea;d“@d@n‘eﬂ@ﬁ morecutled @MY stpayian
gg?g WES \aﬂ’b{,fﬂf’ bngz '8’ %px, ir%(m \'?h;«:h 8}2 C(tm bit\ggi {?%\ as olqm{sii iye%ﬁsnd 121 E;pgzgﬁd
menbr anes; mzee;mhd h&@Mﬁié‘chﬁﬁlSﬁtﬂl& p@xﬁﬂie&ﬁ& @Qm”@sﬁ(ﬁi @lthy stamal kﬁ&lsﬁed In some
preferred enbodi nents e ultrafiltration units conprise polyacrylonitrile
( PAN) ,at E@;tm%wq alhe repug e g1 R pivrrg)p:; L;r%@ﬂty&@rql@hem(ng}xch&nw_ antt o
POl Y e AaEta Sl £ ARG ALK I InBh O 5 EYE) s BRlMBROBYIENE (PP). o
ceram C : ceram c nmenbrane From rporation)
nbraaesuhauadg1&&&@h@ﬁm&ﬁmw@k&@i@ﬂfoF®‘ﬁhm@hoﬂkxﬁﬁnkuﬁdmapahngi@&na)
10028 The out| et of the hlending E‘?Qk i s oper abl Y .CO nected to a valve for
cont r OFIEBiS dﬂ@wﬂo‘riﬁbd%wfé%fo‘h@ﬁ £ BY eSS SYAlRE 0 thsR B TePpYShPYeoncent rat e,
from tfig.hidRkon, Téft%m%%{@ swcg]&m%h%@ GAR N &Q& RRnILAMHeRAR P@;@gﬁq@ugmt in
fluid conmunication with the tank and adapted to renove selected Tons from
t he aqbedushbhasanmﬁﬂmherékunmﬁetnmﬂheniwdkbeuhudeénrwdmehetaﬁmk

pref er abl c ud a endln / _present
1t hetiutie oS et naniis Mae byt fr tutiit eSSt ibels “one
or NoRR: fbaARQSIGy SBOSASSer SRR @hel:0mBe OAL, @ﬁ)pﬁxﬂ@d & MidYedcRaded bank and
measure a property’ thereof. Non-linmiting exanpl es of such sensors include a

pH sensoiher @i, 350Mitls Bleden Pradarteastit ode, a refractoneter, a densitoneter, a
parti {)I gl ze arﬁj({}% ri*m @%Rﬂﬁr%hemﬁx Bﬁzgkﬁlbﬁ% & e P EAF Gugpunter,

condu VIity meter,
preferably are m@mim‘ed (hmng the inventive recveling process. For example, the pH, the

concentration of one or more selected ions, refractive index, density, conductivity, turbidity,
particle concentration, viscosity, andfor the particles size of the abrasive material in the
slurry, can be monitored while the recovered shurry is circulating through the ultrafiltration
and/or the 1on~exchange units.

0025 The recovered CMP shurry can include any abrasive known to be used in the
CMP art. Non-hiniting examples of such abrasives include silica (e.g., colloidal silica, fumed
silica), alumina, ceria, titania, zircomy, tn oxide, doped materials such as alumina-doped
silica and vttria-stabilized zirconia, and the like. In some preferred embodiments, the
recovered starry comprises a silica or ahwnina or ceria abrasive.

j0026] In another aspect, a CMP slurry recycling system of the present invention
comprises a blending tank adapted for holding and blending a recovered shury. The tank

comprising an inlet adapted for introducing the recovered CMP slurry and other chemicals



100291FIG | provides a schematic illustration of a CWP slurry recycling
system 10 of the invention. Slurry blending tank 100 is in fluid

comuni cavpanivi2edt4a slurry circulating line 110, whi chpcmalscaes4snd i n-1 1 ne
ultraffltration unit 112 conprising two ultrafilters 1.1.4 in series.
Utrafiltration unit 112 is adapted to di scharge water from CVMP slurry

fl owi ng therethrough at regions 111. The slurry is propelled fromtank 100,
through circulating line 110 and ultrafiltration unit 112, and back into

t ank i 100

e u§3§ ﬂ\;{lénﬁnﬁl@éaﬂezﬁgﬁ{:é “Ql‘zﬁ ré‘“ﬁ%ﬂﬁ‘t‘ ixéﬁ,&elﬂttfu'd %km{ﬁk‘%i%x%a% “/%r%lfot ner
ChenlQ@bwﬁﬂﬂdmbuﬁmsoﬁémkniﬂﬁnQMSb AnmﬁUdeshmnhﬁmmhehuhsmehﬁao control |l ed by
{ank <TG gBI TEe %fr%l&@é@ﬁg%fts‘h%ii\iﬂa%%ziimzdm@% OGS 126,

[ 00303@!: & frcdm PRV %ﬂ.ﬁ% cﬂ(ﬁﬁh@tnﬁﬁ bifuhl thé Hx%rt r ﬁ%i’&@ﬂ:]dothx @%&ﬂ?ﬁm%zt%hﬁ” ry
recycling system of e ihvention. Slurry ending t 200 1s |n fluid
conmuniadads mnltuﬂtizhuaibdzmtag Qi bﬁﬂeﬂ @t pgralieie A220, shmuchna ;muh;ude@l &@win-line
ultrafiltration unjt 21 ultrafilters 214.in, seri.es

U ¢ demidtiss Pt sehb e Rinen p d B it i B YR eMTT W ur vy

f1 owi Rgogdel BleaLALOHGER AL CREHIARS frdhlhe BAR. BldhYhd SrdlAREHvednd r om tank 200,
through CI rculating line 210 and ultrati Itratl on unit 212, and back into

t ank 200 raidnig, ﬁfedbfe&rmﬁ@gh@@@knagnetl C. centrl fugal punp 216. Tank 200
inclu n inl 8 for..introd er

chemi jﬁ(ﬁzﬂdm ti \%15 “%ﬂ‘ghﬁﬂtﬁab“f B ““’ ﬁ‘“ﬁ&és““ﬁ{ “(%’{hl mln mm%ﬁb“clgh ol | ed by
val ve pddad sikato dileehatg |'1ﬁ@d@@ﬂcw\dlfdaif%ds}feﬁﬁa&ihﬁﬂl15% wf B yivenomxi@ank 200, as
well as a | ow shear inpeller 224, powered by notor 226. A sensor 228 is
posi t iSERde PaSThCHER Hiskotlape Wahs sk metebaniseas vel KBRS iR I 4pendiet er of

t he sl S . I I ; ough

syst oy ate PR Shiabfl. ARmo g ot e n Sl il B Gl Rhe R TR
bei ng pﬁih&(lhﬂﬁfg&ﬁk {iraom), pahklrﬂﬂﬂumgesiat{m ﬁ)ﬁghwﬂeubma%; 2lyvdiwrnigfonve one

or selected, ions fr mthe sl ur slurry is the scharged from
dei onit §E?> P VINF b*ﬁﬁhd‘oﬂ” {(eh Polypropy %6%&1315%@? EECY R“é‘)%‘%?fﬁ‘“éé‘ SFEMSr ovi ded

to furthgteahd ivStE@h @aﬂ?@ bR A9 RRAIRARE 1 RGe RTESIEM ol SRR PHE & MPLE 1
[ 0032] A recovered CVP sl urry froma polishing operation is charged into a

bl endiSAdipdakonsTh®at.ecover ed sl ur ry conprises a silica abrasive suspended
i wth an

1IN an ous calrier

Ly aciBE oS Al BB s i sl g kgt | e
Vi I gi Ron@sldbhEEhoON feee%EhBSUMF HufiPDt 2 sl 1§ab&hquﬁﬁ@@‘hﬁCﬂ£QmixCS
Corporation. Aurora, IL) from which t he waste "Was generated has t he

f ol | ovihegeasighing syséast Fonwelugeian emexchasige el ie Snskasrraetieniicapot the fk o about

155, 380 B Mhed 6 ELEN L1 R BLOBAKE AR, ShLE Ar BRLLIRL § B) A8 (P Of anout

185 t I Nn erm ne centrifuge. ‘e recovered

CwP S|ddi§1feyl I"BhepaioRd fovdbdy au_beia%;mgvl sisar aget mu@enwmﬁugalkmpmdurmm t he
tank though a circulatjon line into an uItrafl ltration unit, and then back

i nto tthemflhnkl sopKeera kgt Rt HH A e MG PR REBCE 0% TBVE AN r om t he
recoverad, sl {Lre}i lpéﬁﬁ%aﬂgﬁ d fLpvahnt hﬁt}\%mitme&q- € 2 PEGRYENES oGt YEGY 1S

circulated t & ultrafiftration unit for ‘a period of tinme sufficient
to reﬁmmeneawghevmﬁﬂmh fsefmmmhﬂuaieempﬁemesdz sahumt—-yeit@;mmtﬁteaée at he abrasi ve
concentratl on to the target |evel. e\bout 10 to 12.6 e cent WE(' ght .
The pl_F 6&?(_ iﬂflﬁfélﬂs |d iji[ﬁ ‘lfylﬂfﬂﬁ‘&. ] }L)EHUL;L 5!)‘; xiﬂ;i V&L, B VISC ﬂni(lLI Ay Hneter, a { iﬂ e

counter, conductivity meter, or a combination thereof.

j0029] FIG. 1 provides a schematic tlustration of & CMP slarey recyeling system 10

of the invention. Slurry blending tank 100 is n fluid comnunication with a shury circulating

line 116, which includes an in-hne ultrafiltration unit 112 comprising two ultrafilters 114 in

series. Ultrafiltration unit 112 15 adapted to discharge water from CMP slurry flowing

therethrough at regions 111, The slurry is propelled from tank 100, through circulating line

116 and ultrafitration unit 112, and hack into tank 100 via inline bearingless magnetic

centrifugal pump 116, Tank 106 includes an imlet 118 for ineducing CMP slurry, water,



10 in the tank is nonitored and nmaintained in the range of about 10 to
about 11 by addition of potassi um hydroxide and potassi um carbonate, as
needed. WWerotame4izar get abrasive concentration is nmet, whe/yskhii®4sd ust ed
to about 10.5 and the slurry is blended with up to about 10 percent by

wei ght of fresh, non-recycled SS12 slurry to formthe recycled slurry. The
recycled slurry (R E12) is di scharged fromthe tank for storage and | ater
use. The recycled slurry has chem cal®, physical, and performance

chara 1 hi €, © I RSt f r espondi ng
ehar skt e b te, oBkAoaled,apasl LAk 0 A R Er)

dei onivahtilan, iumm\deﬁgilngrmamsrdu&drﬁ\r!gel,undarriengumnrmu&aﬁ ko, mc‘)raaprnﬂl);ﬁ\v to

char gi Hg i nto the bl ending gr redgce the concentration of selected ions
t her ei® _;"”e“ﬁ&%f ppellen b4 nﬁ.fﬁ“}efé % 9T It8gnesi um nickel, titanium zinc:

and/ Olfob3AN. 10G3817 E*Fm@&l 'a&braemgqrrgqraﬁaﬂ%&J}m'@r{r'sﬁenrl%@\v&;h@d according
to thé general procedure describ ove was evaluated in a serfes of

t est s.syJypi2dall thegutttsns bdwedbliehdibg poki20Riing fud esmwensagenertllal sjury
corrparabletoth ate ined with,t corres drn fresh, non-recycled
orurryraHaeS bl SRR tedvr s S 58 188ncent r at 1 ons,
al t hougha thiher B1avase SR vafiabbh LhY 28D sRREHEE PPBCE0f: Pabhibhe ¥ipesh and
recycled slurries in run to run conpari son. EXAMPL LE 2 [ 00341Fol | owi ng t he
gener élmprfére«e@srt@t@htdu&«heﬂtaﬁmtﬂéhp Mee gluocy irsrmpﬁbrdﬁaseéimél-@ﬂr b}nltruelbover ed
;rtce);nh%g%h 1T rF:Fhﬁifpam{/;ﬁP%@gréf f?‘ QH] a"‘@gﬁu\%ﬁx &dmd"’{} I;]I(“l:?vl{llli ?995% rﬁrerm al

rec y was I'n a succes

pol i Shhzﬁé}e@pﬁﬂﬁﬁfu@ﬂ,pu@ﬂmltmemnﬁgﬁﬂrk}dlﬁfé)’!@rh%det 2RI%i By rmrz@a@csﬁo tagp siepeat ed
such that there were 7 polishing runs that used successrvgé‘}/ recovered and
13

r ecyclveders g (ththefﬁlremml Hhttiavedage 2Whiles Brckidss prouishling Al edrarangfb
aver age paf.tixg! ﬁﬁ% gﬁm e WG “é&ﬁereﬁf! drfd ifrﬂm%&{ﬁ}h% x %r'i gl naky a“d

recycle runs. es scatter plo and of particle

pol ydissgetisiéer W},@mv{@aﬁ&e«r mBtoy 226r Atdeescs 208 M [suGeess i ecy el ng runs.
Particl e sizes des ri_ ed. herein were determ ned usi CEI?IS nst runents
| ncor POFAREE HPICALBIR r\ PEAGRMHREEN G SN garagar & ted Pl Wi cghe Hlo8y Syt o

AS c ar&’:rr@ﬁl aBREMrdidbhil CiLm33{} thE8sfz4Sind B03duA 068 E@@tﬁﬁt Qﬂ) Miﬁﬁslﬁih\e nunber

recycl es increaseés. Mcroscopic analysis of sanples fromthe recyc ed
sI ur r itemgi chdhaatee fohetapk é@*ép@ecﬁhm‘twheh.swnizm:a:ifprarztmoieenmz mueelsmeat| er

Fine armga gl o Erdatfy sxlie T B BRehCeom R Ein gt Rl

di ssolfygsisi I i cemésrmrr@t@fgzleaiuﬁprrewlﬁmn&(r fodmhde! r%upmqeeeﬁdb@r @gddi tion
of fresh non-recycled slurry to the recovered slurry fromthe final

pol i sh‘!rhﬁgﬂfriﬂﬁemﬁ@ﬁ anounts up to about 10 percent by weight, was sufficient
to increase the Dw of the final ke\%(ik)g% product back into the
speci fication range Of the fresh™fidh cycled slurry material. EXAMPLE 3

[ 0035%8@32jow Ng 4 heogabelatP puat ede € polidhligngdrdten bxaopiel ihic #bishdihga

slurry , . , o :
tank. The recovered slurry comprises a silica abrasive suspended in an agueous carrier
having a pH of aboat 9 to about 10, with an abrasive concentration of about § to about 10
percent by weight. The virgin, or fresh, non-recycle shurry {SS12, Cabot Microelectronics
Corporation, Aurora, IL) from which the waste was generated has the following
specifications: pH 10-11, silica concentration about 12.5 to about 12.6 percent by weight, a
weight average silica particle size, Dw, of about 185 1o 190 nin as deternuned using the CPS
disk centrifuge. The recovered CMP slurry is pumpad via a bearingless magnetic centrifugal
pump from the tank though a circulation line into an ultrafiftration unit, and then back into
the fank. The ultrafiltration unit is adapted to remove water from the recovered slarry passing
through the unit. The recovered slurry is circulated through the nhrafiltration unit for a period
of time safficient to remove enough water from the recovered slurry to increase the abrasive

concentration to the target level of about 10 to 12.6 percent by weight. The pH of the shurry



recovered froma comercial polishing operation was repeatedly recycled,
w t hout addition of fresh slurry, as described in Exanple 2. The netal
content obozelxrtxd netals (e,g., A, B. Ca, (lo, C, CecThsoihigssody, M,
Na, Ni, Ti, Zn, Zr) in the recycled slurries fromthe successive runs were
nmoni tored. The follow ng trends were observed: A, Ca, C, Cu, Fe, My, M,
Ni, Ti, and Zn concentrations tended to increase, aIthough not to |levels
above the speci fications of the corré‘spondl ng fresh non-recycled slurry.
The o aj tions of
Qﬁ'ﬁ&%ﬁkﬁ @ttt%t'edgaanlrdgz ﬁﬁﬁ%g%g %I&i{/eg( s:tggtlt]ta} b E’lﬁf}L 1§ b%%ﬁ&écoscl i ng_
| s be|12!QEMQdmtihﬁt’oxﬁdﬂﬁmd&ﬁmﬁaﬁﬁ} danb@@rd ad m.cted ahdiensye mmttetztfrmm t he poli shed
substrates and fromgﬁ oI|sh| 9 ads ¢1J, ed dur ] )? I|sh| ng
oper atSPBTERIHRn [Sdag) 8 Ph’e#e WRBHR Hhgwt { ‘F“é Vis ‘t‘ﬁ‘g“g B s"* f‘lpt"ﬁe present
| nvent;,on @%?cc‘ﬂ?ﬁ} t@g@t berARCHARLLRR SST2 Tekks (GRAKE rkhB g oRpent rat i on
speC|f|cat|ons o} non-recycled slurry. However, eslred t he
concernlheativohg sofrrsdiadh edhsaﬂmtghésmm dasardalor Peragedud éﬂhtvma Ton exc hange

or by var traf ration process as, descr.i bed

b0at tFaEbyoRuty st bobt S e R R e aR B B e SRt g
oper ak})&ﬂhé%ﬂﬁs Wk ol ﬂ%ofu&zﬁs eI ecyG b&divSHNEYoeRS sﬁ@%ﬁEﬂss@@abOt

M croel ectroni cs, Aurora, IL). The recovered sl urry was charged into a

bl enditiigugian ReioThatitransheidheoht diedomsr duding axmxtﬂn@m’ﬁmt tsetp ehagdihg owo Hier asi ve

b 10 d
ﬁ;i P eg(ijmqmégfu?k t@ gudglbLn tité %{%{x{ ;trtﬁgwtxx ?# “L%(Sg flglén\% t%n m B%Lh as 6:?[1?% Ox:ftg ent g;

wei ghtealclihe thd@stiamnoRkeicayaled 5025 isdurry has the fol | owi ng
speci f| cations: pH 10.9, silica concentration about 26 percent by wei ght,

wei ghtiO®iAdr age ditieinekislphe prépranagsy el shppies BRvapdatcoIdne knbe aerilecover ed
1 ur % bRkl A RS AUIPEA LA iR  REAL LGS STIRANELLG: GofRdLhAf ugal pump
from ank’t ouhaC|rcuIat|on inein YFation unit
adapt @dht}ﬁmt enovecra@tsrraldf cdieusiiars e p:asmtngn«ttha gl ddresporiding faetl, t hen
back into th 2{ hﬁ Liltratllgratlon unit included 25%%‘a_r.e nmeters of a
50 Kk DACBRUEGITedpANN I I SRS RREH R HBICH S “Th@“t“bt“a‘l“*‘*\tdt‘ 3% ecover ed
slurr 3éith{2u§iﬂﬁurcw soMRS S hTiGH ﬁtp‘é‘f;tt)ttn'ilhﬁélghbdth@hé#ﬁ haﬁtkilr&\%R"dQﬂnH@s f for a
period of tine sufficient torenove enough water to I ncréase the abrasive
concemgn atjinorotigatifies. t ar get | evel of about 20 percent by weight. The pH of
the slurry in the tank was not a%jél\%a?g d.PI’I ng circulation through the
ultrafiltration unit. Wen the “ abrasive concentration was net,
the phb@f4jt he slpgtibidgint E@n&«ﬂ%d&@ﬁm@ﬁcﬂ%d195@5&@4;}&“%%Héﬁ b¥seWashl ended
W th up to about 15 percent by wei ght of fresh non-recycl ed SS25EYT
sl urryecﬂh@d6?@%@@#1’6??@(1]0&8%!@@1U?ﬂijam‘d@\ reoy e, wii theukaditionsofifaslied, and
t he regy i CY S [ LY. ), t-hen SC . tank for
st or agg%gndﬂgaf% Y&ﬁi fﬁtﬁt*‘ R {%ngsﬁxgla bexteg?iptrrtémgtn rgh@ gﬁqmtt[&?] LS S}I’ ry was
used iafd &hepQlshBbAGIdN OURSS0CES thak h@&mrf,a@y@t ok tﬁ@&l‘vﬂr@m@m'itﬁﬁn@ﬁﬁiﬁ t pit ocedure
as described in this Exanple, for a total of 4 rec cIe/pollshl ng passes
[0037m%weeyeFbcrtsq‘mwmﬁad‘»éhérdtw Therye iy ard&n@rm@ekfwﬁheém
Char aghehlibd Goethd Blilok e cohabl apﬁdopew BladlotifPoRARNARKSELRI G OF 1 he
correspon non-recycl ed slurr wei average particle size,
Dw, ardGndi phandea\se:ﬂ&gpiommﬁmmtéam zsean@nt‘ gwr/ear‘ie prrhmspemsed mﬂttxr{ Boed ded after
each rec cl e pass after di I ut i on(ﬁ@}gm nt e concentr tion. The initial
f

| Dvy- ‘e ABETOIEEEYE IeyCigerEps BEVES § 5p‘é ! heyein wiog dEemupsle 184 rim
af ter kue ar{etﬁ?‘yﬁtsﬁuﬁ@ﬁ@ @r?ooz;Ech@te@\%s%%m@ttﬂgiétas%%nmﬂt a@bkBlie HBLRS JreoMC! €
passes, “he was about. 18 whil e after four Fecycle passes the Dw
was akout . f\maubhmmaf & Tﬁbshﬂld @gﬂmidmwsy mWa\sdsabemzmtzeﬂninmsmn
d|Iutedtopi )f use g g ﬁ i Q%Olf, % ﬁ/a‘__bout142
af t er FRFEE re é%t‘-&ls“ HENSArL e 8‘u‘t”‘? “’*"’““ﬁ SHEIESTRECHT BEPSTElitY y. The
conducififivk b¥ic® balidRs OF Hiubl sinBlidrhBarl ARk WRSrRESEAL | WhilY n6ORSE@ARLL béir oughout
t he process. The concentrations of trace netals Ca, Fe, My, N and zn

i ncr edsewd uticny. trvem;?r“@b}essmaﬁd ey Bl Bomapredipitationst syicafioy  whi | e t he
conce I ant. The
conce%{@}" &)Q‘%"gémﬁl? dtergls &Wt;f}dtﬂoa?@gﬂ&éﬁém‘é"gfgerﬁﬁéﬁﬁhmﬁawf glnt luring the
r ecyclrecyRlcdaa s, iohh rmﬁetdtttttzeﬁ@ht th it pdishegnee it kableRspimabdhe 16resh
slurry.. [0038i A nunber of &watering runs were performed i.n a simlar
manner, with as many a.s five passes through the ultrafiltration unit and
no pH adjustnents. A gel was sonetines Observed at the outlet of the
ultrafiltration units when punping of the recovered slurry was interrupted.
Preferably, the slurry is continuously circul ated, and pH nonitored and
adj usted W|thout |nterrupt|on dur| ng the devvater| ng portlon of the



13 EXAMPLE 5 [0039i The CWP perfornmance of batches of recycled slurries
produced by the procedures of Exanple 1 (R 12 12 % abrasive, pl adjustnent
durin g deoaveramgy and Exanple 4 (RE20-, 20 % abr asi vepcmaispHiadgoust nent
during dewatering) were eval uated by polishing PETEGCS silicon oxide bl anket
wafers and silicon nitride bl anket wafers. For conparison purposes, the
performance of these recycled sl uni es R El 2 and RE20,. were eval uated
relative to a correspondi ng fresh 2515 abrasive sl urry ( SS25EXT) from which
t he I S [} wer e

cval URERS O T s SHR e AR R ot N R R ol bRl

si | i cahcqrcdntiat iaop; of the iz@ﬁs&ﬂmﬁ&ﬁhJ?E@uﬂg\dnﬂabziaﬂ.j de renoval rates for RE20
and REI2 varied from equival ent E&» i& about 4 % | ower than the observed
rates for SS25EYT. The observed YE ‘1'3{y and non-uniformty (NU) was
sim | 2505.» roall ok ﬁl?ﬁ&‘r@ﬁia gﬁ&&'ﬁhﬁ“ iﬁlt{xﬁ(%l Qi A 1eaf g ﬁﬁﬁgﬁmxl ncl udi ng
publ i cations, patent icatl , patents, ted herein are hereby

i ncor perated thynn eémnerm:é ;msmzhe Gpamrew&:ewbcasih fecgaleh, weliet eddboner e

i ndi vi dual |l y and speci.fi.ca ted t.0 be jnco orat reference and
were. SoierbHpRY i R if FadbRar dtis el ofien) RKERIRTH I £of iriboycl i ng

an aqueous @brasikyes cont fixNNAONE Nent:c &) MRedhaolaal siRAlds SRl the( CM P) slurry
recover ed f rom a polishing process, the method conprising the steps of:
successive runs were monitored. The h‘)iiownw trends were observed: Al Ca, Cr, Cu, Fe,
Mg, Mn, Ni, Ti, and Zn concentrations tended to increase, although not to levels above the
specifications of the corresponding fresh non-recveled slurry. The concentration of B
unexpectedly decreased, while the concentrations of Co, K, Na, and Zr appeared to be
relatively unaffected by the recycling. It 13 believed that the increase 1 certain metals may
come from the polished substrates and from the polishing pads utilized during the polishing
operation. The results here show that the recveling process of the present invention does not
lead to sccwmulation of metals sbove the concentration specifications of fresh, non-recveled
shurry, However, if desived, the concentrations of selected of these 1ons can be reduced via

ion exchange, or by varving the ultrafiltration process as described above,

EXAMPLE 4
{0036} Recovered aqueous CMP shurry was recovered from multiple polishing

operation runs where the fresh, non-recycled slurry was SS25EYT (Cabot Microelectromies,
Aurora, IL). The recovered slurry was charged into a blending tank. The batches of
recovered sturry comprised a silica abrasive suspended in an aqueous carrier having a pH of
about 9 to about 10 and having an abrasive concentration of about 0.2 to about 0.7 percent by
weight. The fresh, non-recycled SS2SEYT shurry has the following specifications: pH 10.9,
silica concentration about 26 percent by weight, weight average silica particle size, Dw, of
about 180 nm. The recovered slurry in the tank was pumped via a bearingless magnetic
centrifugal pump from the tank though a circulation line mto an vhirafiliration unit adapted to
remove water of the sturry passing through the unit, and then back into the tank. The
ultrafiltration unit incloded 2.5 square meters of a 50 kDa cutoff PAN ultrafiliration
membrane. The total volume of recovered slurry m the tank was circulated through the
ultrafittration unit for a period of time sufficient to remove enough water to increase the
abrasive concentration to the target level of about 20 percent by weight. The pH of the shary

m the tank was not adjusted during circulation through the ultrafiltration unit. When the



(a) circulating the recovered CWP slurry froma bl ending tank through an
ultrafiltration unit and back into the tank, the uhrafiltration unit
renovi ng wopnedetzam ned proportion of water fromthe recowseado@urRs sl urry
flowi ng therethrough until the concentration of abrasive particles in the
slurry in the tank is within a selected target abrasive particle
concentration Mthe range of about 2 to about 40 percent by weight;

(b) optionally, removing selected i ohd fromthe aqueous phase of the

r ecov‘ﬂrggr DY ﬂ(\r cm}%enn a%mn (G mcépttﬁé)gﬁlolt ?11& &ﬁg@pﬂq] ' 9111& h\%% &Y %E&gg oM - P

esh, non-r
opti orahirh,y\,\ aﬁd;m&tilmga m;hﬁs ctbxbluoh }bdfﬂ&m econarhed! E’bﬁf nmzatfmak@ﬁ&detbﬂ“m ned

target | eve sel ected chey nents and/ or
wat er SHE% hlé‘erl’%é\%?héa'* ua@re 30%0011 ém a’vwhe‘tn@ *sﬁ wﬁe% wzﬁ/ﬁ*esfwww and (t)
r ecovg‘wxﬂ&afbmm qﬁm@ Len %ﬂ%ﬁﬁ%& lﬁ%mrtﬁg @m% :H&%Qc %{Ha&# WEL Yin The

rrehoddfcalm furt I ncludi"ng the step of cuatlngatleasta
porti (aridmimaﬂkwapr:ecmerihdp@ﬁﬂas»hwwwas wret hea paimhnumocrgh aar tﬁl@heevm&\hnge

unit to decrease the concentrat.jo S i ons .,i.n the
queo S BRELEe St AP TR Ea LrLP Y Egn Pl & rideOT S Ser &P Pilther ei n
t he pHd%qthe recovered CMP slurry is adjuster to a value in the range of
about 1 5 to about 12,5. 4. The nethod of claim| wherein the recovered
CVP sIiB®FA corrprﬁhgesusieidus@an lengl dheindrall. %tmumia‘wdnmwm?@mqeuL(I:lamctsmmﬁ\na

ceri a, 2 [ -tin ne tr| tablllzed
zi rcor‘ﬁ”I hé‘@ a?ﬁ*b? hé%t‘}m“ﬁé t S ’t“ﬁ‘éij m?“@ 0“‘“&&%’}%‘;“& ‘ft’%c\'“afy} 1 Wher ein the
step afuraddilrgy éi@ﬂhh@;ﬁt@@@‘ﬂ@f&;@he%& shdipistbarnvampe partiofe stzef Dﬁs‘i‘%exe
non-recycled CMP slurry is sufficient to adjust the particle size

di st r TR e edadedeipy spdgreenbe Bas piy %ﬂlan bt Befat el ype SERECPEIIR. 6. The
met hogQf;, ¢l AbM |, WAGLE] %fiﬂzl%% {“{1@{?‘ cfzégli Offe U 1yaSQ g&ﬁ ﬁ@ﬁuﬁag&ufa' Ity of

ultra firlters in Series. alml i ncl U I'ng an additional
st ep afvomanilegrbng, ho®vowvasmlioat |81 nm; after three recycle passes, the Dw was about

180 nm; while after four recvele passes the Dw was aboot 179 nm. Drw for fresh virgm shary
was aboat {87 nim when diluted to point of use concentration, The ratio of Dw/Dn was about
142 after three recyeles, compared 1o about 1.40 for the fresh slurry, The conductivity of the
slurry in the tank was essentially constant throughout the process. The concentrations of
trace metals Ca, Fe, Mg, N1, and Zn increased during the process and relative to the fresh
sharry, while the concentrations of Co, Cx, Mn. Ti and Zr were essentially constant. The
concentrations of Al, B, Cu, K and Ba were essentially constant during the recyele process,
but were different from the concentrations in the fresh shary.

0038] A number of dewatering runs were performed in a sinular manner, with as
many as five passes through the ulwafiltration vt and no pH adjustments. A gel was
sometimes observed at the outlet of the witrafiliration units when pumping of the recovered
shurry was imerrupted. Preferably, the slurry is continvously circulated, and pH monitored
and adjusted, without interruption during the dewatering portion of the process. The inlet
pressare of the ultrafiltration wiit typically increases over time and the rate of dewatering
decreases over time. Typical observed effects were a doubling of the inlet pressure and a
halving of the dewatering rate as the passes increased from € (initial pressure and rate) to 5
passes {final} Ouce dewsaiering is complete, the altrafiltration anits were flushed with a
potassium hydroxide solution, which cleaned and restored the ultrafiltration membranes for

subsequent use.



sel ected chem cal and physical paraneters of the recovered CVWP slurry while
the slurry is circulating, 15 8 A nethod fbr recycling used agueous

abr asi ve-wornbeymi3tg chem cal nechani cal polishing (CM Ppcsluseony/ossssover ed
fromat | east one polishing process, the nethod conprising: (a)
conbining in a blending tank, one or nore recovered CMP slurries;

(b) blending the recovered CM P slurries under relatively |ow shear
conditions to forma bl ended recover&d CVMP slurry; (c) concentrating
t he bl ended recovered CWP sl urryEf,(rAq‘q},E e bl endi ng tank by passing the

bl ended recovered slurry through an ultfrafiltration unit, the

ul t r affté3gfat i on TheidMP @omvimgea opbadetsex royeldd propargrodredbywat er until the
concentration of abrasive particles.in the. blended recovered slyrry is

wi t hi Brecedura el [%&“’t‘f!é}ﬁdéﬁég'r Lr%%’“\f’é“ﬁé% pHIR ISR A8 fOR R Rt ange of
about glQ 10 30 P ELGEDE i e QN3 SRRFRBLT AL gdicgcover ed
slurr 3}21\ Bl @ﬁ@;%l%n) “gp?i@%ﬁgﬁ’;}, }f}%\@nég\g%}%sn@s%r{é}%t%aﬁgﬁsy‘??%n%a %%g&g%gcent rated
r ecovewdshisg BEFYOS silicon ofele ldpticowalchyandodnion miinge bhekaomdent Fat ed

recover ed sl urry with an ?rmun; %f afr e{s.{%,. .gqp- r giigl eg&g\@ slurry; (O
opt i off8MPH A ‘%Sﬁﬁéhq}?% PHBF ¢ ﬁgesgé?ﬁ‘%é s P 64~ gf rif'ed target
| eva aRgluaied relativedb a@@ﬂhﬂﬁmﬂ@g@%ﬁ@i chemhGat sddibsyg conpanetic @and/ or
water to the concentrated recovered slurry to forma recycled CVWP slurry;
and  RE20 regijedpetoudriagierivedn Then tleondiokysitaink waery ecjrolaidody Bes| urry.

same polishing conditions and at the same point of use silica concentration, the observed

TEOS and nitride removal rates for RE20 and RE12 varied from equivalent rates to about 4

% {ower than the observed rates for SS25EYT. The observed defectivity and non-unitformity

{NLI}) was siudar for all of the tested materials.

0040 All references, including publications, patent applications, snd patents, cited

heretn are hereby mcorporated by reference to the same extent as if each reference were

mdividually and specifically indicated 1o be incorporated by reference and were set forth in

its entivety herein.



9. The nmethod of claim8 including the step of renoving selected ions from
t he aqueous phase of the concentrated recovered slurp. 10. The net hod of

cl ai m 8 weneizn2tite pH of the concentrated recovered sl ecmyuseeiiaggoust ed to
a selected value in the range of about 1.5 to about 12,5. 11. The net hod of
claim8 wherein the recovered CMP slurry conprises silica, coll oidal

silica, funed silica, alumna, ceria, titania, zirconia, tin oxide,

al um na-doped silica, yttriastabili 264 zi r coni a, or any conbination thereof
12. The nmethod of claim8 wherein the, ﬁfgp of adding to the recovered CWP
slurry an anmount of a fresh, non-récycléd CWP slurry is sufficient to

adj usti. The fparthodlfer m:;zaﬂmgmsnmuﬂmtsmbmmf. ~chhrinigcdietied n@chddidd3 slurry to a

redete nedv . 13. The t hod of .claim 8 the ultrafiltration
O t @8%}1}4&5 éﬁs@ éwmaw ffweq‘3 P 8 PRI RiPeess of %Eﬁé@ CORPIFIG HBNASd of
claimg@ including the additi onal step of nonitoring one or nore sel ected

chem cal and physical paraneters of the slurry while the slurry is
concent r at i{(mgsirculating the recovered CMP sturry from a blending tank through an

ultrafiltration unit and back into the tank, the ulirafiltration unit removing 8 predetermined
proportion of water from the recovered CMP slurry flowing therethrough uatil the
concentration of abrasive particles m the slury in the tank is within a selected target abrasive
particle concentration in the range of about 2 to about 40 percent by weight;

() optionally, removing selected ions from the aqueous phase of the recovered shurry;

{c) optionally, adding 1o the recovered CMP slurry an amouant of a fresh, non-recyeled
CMP sturry;

{1} optionally, adjusting the pH of the recovered shurry to a predetermimed target
level

{e) adding selected chemical additive components and/or water to the recovered shurry
to form a reconstituted CMP slarry: and

{f) recovering from the blending tank the reconstituted CMP slurry.
2, The method of claim 1 further including the step of circulating at least a portion of the
recovered CMP sharry in the tank through an ion exchange unit 10 decrease the concentration
of one or more selected ions in the aqueous phase of the recovered shurry.
3. The method of claim 1 wherein the pH of the recovered CMP slorry 15 adjusted to a
value in the range of about 1.5 to about 12.5.
4. The method of claim I wherein the recovered CMP shury comprises silica, collordal
silica, fumed silica, alwmina, ceria, titania, zirconia, tin oxide, alumina-doped silica, vitria-
stabilized zirconia, or any combination thereof.
s The method of claim 1 wherem the step of adding to the recovered CMP slurry an
amount of a fresh, non-recycled CMP sturry s sufficient 1o adjust the particle siz
distribution of the recovered CMP slurry 1o a predetermined value.
6. The method of claim 1 wherein the ultrafiltration unit comprises a plorality of
ultrafilters m series.
7. The method of claim 1 including an addivonal step of monitoring one or more

selected chemical and physical parameters of the recovered CMP slarry while the slurry is

circulating.



15. The nethod of claim9 wherein step (c) effected via a bearingless
centrifugal punp. 16 16. A chem cal nechanical polishing (CW) slurry
recycl i ngweyst2rmizenpri si ng: (a) a bl endi ng t ank patast@d/ofissads hol di ng
and bl ending a recovered CW slurry, recovered fromat |east: one polishing
process; the tank conprising an inlet adapted for introducing the recovered
CWP slurry and other chemcals into the tank, and an outlet; (b) a
fluid circulation line in fluid commhication with at |east two spaced

portigns ofy B\Qﬁ}ﬂ@%ﬁﬂq‘{{{glntf %D%ﬂ,hﬁqinUS ’ili(sclz"}&‘.a(‘[?‘tdigmlsl{,z] nHld{i";l@'f l‘tt.f!?‘t lon unit

in fluid comminication W th Fcul at 1o I ney tra ration unit
bei ng patapte P sinagoviovgraddices af icamonepdishingthraled® tsd methpdbei ng
circulated t hrough the unit: (d) an in-line punp in fluid
conmurtPE&RI'SR with the circulation line to propel the recovered CWP slurry

fromuhe tadkontdhiaRhy EQﬁdﬁg&ﬁﬂﬂ aﬁ SubretEeARRaUpAlIitL atl on unt t, and

back into the tank a val ve operably conneéted to the outl et
of the bl eritl] inigudiaglmefrwmemﬁt(r“dk‘ xahﬂlgh wgkoslayel ibechedragndbiony y form
concent rlat from tgg\[tlg 17 The recyclina systemof claim16 further
conpr P YR AP X RBNYEYunit in fluid conmunication with the tank and

?ﬂapz ed kt O (FRITAVE11SEhE e ded RATedR RN LHEP ARMS S, RRASE Ry LARDEVP slurry in
¢ ?3?1%311’15,; the blended recovered sharry through an ultrafiltration unit, the ultrafiliration unit
removing a predetermined proportion of water ntil the concentration of abrasive particles in
the blended recovered sturry is within a selected target abrasive particle concentration in the
range of about 10 to about 25 percent by weight, to form a concentrated recovered slorry;
{d} optionally, removing selected 1ons from the concentrated recovered slurry:
{¢) optionally, combining the concentrated recovered shurry with an amount of 4
fresh, non-recycled CMP slarry;
{f) optionally, adjusting the pH of the concentrate to a predetermined target level; and
{g} adding selected chemical additive components and/or water to the concentrated
recovered sturry to form a recycled CMP slurry; and
{h) recoverning trom the blending tank a recvcled CMP shurry.
Q. The method of claim 8 including the step of removing selected ions from the aqueous
phase of the concentrated recovered shurry.
10, The method of claim 8§ wherein the pH of the concentrated recovered slurry 18
adjusted to g selected value in the range of about 1.5 to about 12.5.
11.  The method of claim 8 wherein the recovered CMP shury comprises silica, colloidal
silica, fumed silica, alwmina, ceria, titania, zirconia, tin oxide, alumina-doped silica, vitria-
stabilized zirconia, or any combination thereof.
12, The methed of claim & wherem the step of addmng to the recovered CMP slurry an
amount of a fresh, non-recycled CMP shory s sufficient 1o adjust the particle siz
distribution of the recovered CMP slurry 1o a predetermined value.
13, The method of claim 8 wherein the uvltrafiliration unit comprises a pharality of
ultrafilters m series.
14, The method of claim 8 including the additional step of monitoring one or more
setected chemical and physical parameters of the starry while the slurry is concentrating.

15, The method of claim ¥ wherein step (¢} s effected via a bearingless centrifugal pump.



8. The recycling systemof claim16 wherein the ultrafiltration unit
conprises a plurality of ultraflhers in series, 19.The recycling system of
cl ai m 16 wonotrn4zmenpri sing one or nore di agnosti c sensecy/sd@apesh4t o
contact the slurry in the tank and measure a property thereof. 20,' The
recycling systemof claiml') wherein the one or nore diagnostic sensors is
selected fromthe group consisting of a pH sensor, ion-selective el ectrode,
a refractoneter, a densitometer, a patticle size analyzer, a visconeter, a

t E;P Lgifﬁ.mat > L‘-he?niEﬁ%éc%u%c:ﬁ%l(l}m}ﬁ[}g (CvE9 Qﬂﬂgt&é@chx‘g qutte% Cmﬁﬂr%i@g:conbi nation

{a} a blending tank adapted for holding and blending a recovered CMP storry,
recovered from at least one polishing process, the tank comprising an inlet adapted for
tntroducing the recovered CMP slurry and other chemicals into the tank, and an outlet;

{b) a fluid circolation line in fluid communication with at feast two spaced portions of
the blending tank;

{c} an w~-hne ultrafiltration umt in fuid communication with the circulation hine, the
ultrafiltration unit being adapted for removing water from recovered CMP sharry being
circulated through the umit;

{d) an -line pump in fluid comnuunication with the circulation Hine to propel the
recovered CMP slurry from the tank, through the circulation Hne and ultrafiltrabon unit, and
back mio the tank; and

{¢) a valve operably connected 1o the outlet of the blending tank for controllably
removing a recycled sloarry concentrate from the tank.

17, The recycling systent of clamm 16 further comprising an ion exchange unit in flud
communication with the tank and adapted 1o remove selected tons from the aqueous phase of
the CMP slorry in the tank.

18, The recyching systern of clatm 16 whevein the ultrahilivation unit comprises a plurality
of ultrafilters in series.

19, The recycling system of claim 16 further comprising one or more diagnostic sensors
adapted to contact the slurry in the tank and measure a property thereof.

20, The recvehing system of claim 19 wherein the one or more diagnostic sensors is
sefected from the group consisting of a pH sensor, 1on-selective electrode, a refractometer, a
densitometer, a particle size analyzer, a viscometer, a turbidimeter, a particle counter, a

conductivity meter, and a combination thereof.



