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BACKGROUND OF THE | NVENTI ON The present invention relates genera

met hod f orwo 0W0E51Pegenerati on of an abrasive slurry utilized®PGTUSHNE4978
preparation of silicon wafers. More particularly, the present invention
relates to a nethod of separating components of.an exhausted slurry, used
in slicing wafers froma single crystal or polycrystalline sil mmmwmmmmmm
such that the desirable 10 abrasive grains and |ubricating or mm%
therein can be reused. Silicon wafers are obtained froma single cngggal or
polycrystalline silicon ingot by first slicing the ingot in a direction
normal to its axis. Typically, the slicing 15 operation is acconplished by
means of a wi r MESHERD RO SHE (FRPARATEON, | REGENERATIONaAMNE] RAUSE a

reci procati ng wire whiQfe 287 #XFAYSTEPt GHEFAE-BRFEDI S&URRYi ns is supplied to
the contact area between the ingot and the wire. Conventional wre saw
slurries typically conprise a lubricating or cooling fluid 20 such as, for
exanple, mneral oil_ or some water soluble liquid (e. g., polyethylene

gl ycol, 1 L ins, such as silicon carbide. During the
slici ng Operarmeorpr@énu:ommntiml atbages f_:;emedlw o keehddcgpor at ed
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| andtq | IBPTRSIYEIGTR s 12 ?%%Eﬂ%sOBfCH PLpagalt taid (FeRFdmaia from
an envi renmiisald .poi nt of vi ew. Is therefore desirable to ' elimnate,
or signifi Ca%tllly cro%dli!vcaefetlhse éarrrgurbtalnectihﬂf%o\rgagt %1?19 | %f]l:_ Is aq.ener ated.
polycrystalline silicon ingot by first slicing the ingot in a
direction normal to its axis. Typically, the slicing
15 operation is accomplished by means of a wire saw, wherein the
silicon ingot is contacted with a reciprocating wire while a
slurry containing abrasive grains is supplied to the contact
area between the ingot and the wire. Conventional wire saw
slurries typically comprise a lubricating or cooling fluid
20 such as, for example, mineral oil or some water soluble liquid
(e.g., polyethylene glycol, or “PEG”), and abrasive grains,
such as silicon carbide.
During the slicing operation, silicon particulate are
formed which become incorporated into the slurry. As the
25 concentration of the silicon particulate in the slurry
increases, the efficiency of the slicing operation decreases.
Eventually, the slurry becomes ineffective, or "exhausted,"
and must be discarded. Typically, the exhausted slurry is
disposed of by incineration or treated by a waste water
30 treatment facility. However, burning this slurry may generate
carbon dioxide, while sending this slurry to a waste water
treatment facility generally results in the formation of a
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Jn addition to the negative environnental consequences and the costs
associated with the disposal of the exhausted slurry, silicog m@é¢r
production costs are also increased due to the fact that the é f“ps
general | y WP 84e$EH of 10 prematurely. Mre specifically, thBCTHSY/HO78 i ch
the abrasive grains in the slurry are "spent” (i.e., worn to a size too
smal | for effective slicing) by the sli%ing operation is generally nuch
less than the rate at which the slurry beconmes contam nated by silicon
particul ate. Furthernore, the 15 useful |ife of a typical l|ubricating or
cooling fluid is dictated alnost entirely by the build-up of silicon
particulate; that is, the lubricating or cooling solution could be used for
a much longer period of tine, if it were not for the increasing
concentﬁéP%Sﬁ ahisih jreest pgee tdtspased aft ke a0landfiyl . AsRgcprdahglyt he
slurry bsthy RiggaldarHl $ Caf detsopse1t hee! aMebvokabi ki €eBmpapt i cul ate in the
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or cool PRY I E RPE RELTEEYEn (FedPof NERELPEReFEEAGALASNER

conti nued itrd r2xiest dfors BgRbf Iedmolly whedhcaayhbeanbuhtzed,t @higpanate
siliﬁon ﬁaE%Lc%IateeL;qg1éhe slurry, thus enabling the reuse of abrasive
grains and &5 FHTAR T g or cooling fluid. Such a process woul d reduce
t he manuf act Um mgldidsien assochatregat iviet Aavelkbomagtel sbhsegnenmgsts. In
additio S 34 u uct
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must bePaFSdsHdeESis That edediRantUPY heapiBIi SFoRC8E 1BEcROAUREPROd wher ei n
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and the lubricating or cooling fluid. Such a process would
reduce the manufacturing costs associated with the slicing of
silicon ingots. In addition, such a process would reduce the

30 amount of waste product and/or waste byproduct emitted into

the environment.
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fluid component, such that ' at |east one of the conponents mayd DEC 2002

recovered ed in preparing a fresh slurry. The netho '
WB%DofoFHS %icﬁréﬂﬁ‘%)é §sﬁ7§at ed

heati ng the exhausted slurry to reduce viscosity and separat

5 slurry into aliquid fraction and a solids fraction, the solids fraction
conprising silicon particulate and the abrasive grain conponent, the
abrasive grain conponent further conprising a spent abrasive grain
conponent fraction and an unspent abrasive grain conponent fraction. The
solids 10 conponent is mxed with water to forma solid/liquid m xture,
which is then separated into a waste product fraction and a recycle

fracti okipiva& W&sH errg aﬁ@-\}ﬁ@rgﬁpri sing silicon particulate and a spent

abr asi ve gral n _componen raction, the recycle fraction conprising the
unspent abr adifRRGEI ABVERDPRNECERadRAoReattHEeangfehheabrasend grain
conponefhvlehdaldroindys Bdaiot &@l ehedptooisibe beCyCherhbaCEbenek@ent@YEE i N
t he pregg&stio f aj{rgép ﬁﬁurr¥. her obpects.and features of the
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whi ch d ' a S S I ch_are_option t hat may
be enpl%&%ggﬁﬁ!%ﬁgggﬁﬁéhé%ﬁééﬁ%H%§%rEgégggfﬁégﬁ?#%ns?gafgg d e%égﬁbonents
sui t abl §rbor arewsddusted|shuyrysedhenpsbvishgnaoti siucbna2sethgdt

DETAI LEQy RE-2GHR '%He@iﬁrﬁéﬁiﬁy%gl éb\b%,@ngrﬁ' 1d0m& dH&eeEEﬁci‘@BE% of
wast e generated by standard siTicon wafer~ productio rocesses, as:-well as
reduce Fﬁ@%%%ﬁisﬁw%%%s”iEﬁﬁmvﬁ@b%dﬁrb’au’égﬁoﬂlpﬁrgenéhél, 30 it

I's desi pabhe didrn el & Ghef186J CBek8En eXBAYSE ¢4 gpéﬁﬁévﬂa? Bery used in
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or cooling fluid and the regenerated abrasive grains are

15 reintroduced into the silicon wafer manufacturing process; the
provision of such a method wherein the amount of waste which
must be discarded is decreased; and, the provision of such a
method wherein the cost of producing silicon wafers is
reduced.

20 Briefly, therefore, the present invention is directed to
a method for treating an exhausted slurry utilized in slicing
silicon wafers from a silicon ingot, the slurry comprising an
abrasive grain component and a lubricating fluid component,
such that at least one of the components may be recovered and

25 reused in preparing a fresh slurry. The method comprises
heating the exhausted slurry to reduce the viscosity, and then
separating the heated slurry into a liquid fraction and a
solids fraction. The liguid fraction, which comprises the
lubricating fluid component, is collected and reused in the

30 preparation of a fresh slurry without further separation.

The present invention is further directed to a method for
treating an exhausted slurry utilized in slicing silicon

wafers from a silicon ingot, the slurry comprising an abrasive .



5 remai nder of the slurry and using themto prepare fresh slurries. It is
to be noted that, as used herein, the fol | ow ng phrases or 23 DECs288d | have

t he given "exhaust ed slurry refers to a slurry
essentlallgﬁﬂghﬁonger 10 suitable for purposes of slicing 2T%¢ﬂgﬁg@é?@rs
froma silicon ingot as a result of, for exanple, an unacceptably high
viscosity or concentration of silicon particulate; "spent abrasive grains"
refers to abrasive grains which, as a result of being worn down by the
slicing process, are of a diameter 15 or size which is generally no |onger
sui table for purposes of slicing silicon wafers froma silicon ingot;
"unspent abrasive grains" refers to abrasive grains in the exhausted slurry
whi ch ar I e r.p Iy 0 fers f a
i1 con FHERE: Calionl Cabdl o TEBERER: Tho® 1 6400 ST 8080 1R e
slurry, ahitaast ohe Qfstbgl@QmaénéatérWEMebeoﬁaﬂaxﬁn&ﬂiaWdIEem$©dslurry
Is in TloMe g?flﬂgaasff@gnvalufryhe gk mééheat %w@ﬁ%% tﬁ@at‘.’iﬁ?“@héy of

the slici ng urr i ncreases durin use, g I cal reac Ing a SCOSI tg of
about 25e>71%u§5§d(%%wmoFeen;e@\ACﬁDVéssesa autanéoeeparwam the dae

because @Iuif‘? blhltd)daUD:.@ul@afi'a@ﬂh@heaﬁEt bekolidah f&%c&i:idn@onttﬁ)@rt' cul ate,
inthe slu % ghe hi gh viscosit he exhaust,ed sluré¥ revents easy
b5 FE agi

separ at i O cﬁ?@?ﬁlﬁbﬁgaﬁﬁ AfPE PRSI ahfd €1 ubri cati ng
or cool i sigr&kiid @ﬂaﬂndcbmponénasluhegabra31netgmamﬁ dompdieest | fhngher

B rry STIRRATEE & Bprnh SR dl ke B bR s R S e B hod of
t he presem$penve@br@ml@ddQE@SBSCPNBQBEBtoﬁréntl@wd prihe deslide neans by
whi chg t o Eﬂﬁbh%@”’?s e&iteae»oiéu §§Eé£‘a§:6 E‘SB%mW%Sts%lsi@/'l S%didemlxéufécon

partlculate and spent rasive _grains) fromthose slurry conponent s” whi ch
may be réyked is. 'éhentﬁepmeweamﬁa 8r WB§6PFi REOAMGItd fTarar t Hen LaRd et

abr asi Verééﬁtmé)frﬂﬁtf%ﬁl nghgengs okl ¥rhetkbd. cbmpril sA6EP rsiﬂmeomth t he
present nethod

ihe VIS%OS of tge exhaust ed sl ur st decreased to
a Ievel R BhClf fons®Rr 2t fle®Rep 5F56Xe09r§§§eﬁPW§6%F Eﬁﬁ?%PﬁO WREt er

(i.e., boebythe ﬁﬁaeelenltdmpaSsmaglthe.uhepenspamra§NVEngfagmalns) from
t he gggg%gatlﬁ nf! rf§ gg f'fhg %ggexhsgg§g%xv%f9&iure<$ éﬁﬁg%slurry is

decr he sfurry precrse ténpera t he
slurry |$raheattenl bsemlgeatmehetednfpamt thef yrcyicde dfradisl enpositewse of
the 15 slyr 8 0FYR gaLky 2102k ethylene gl ycol - based
Iubrlcat%ﬁgé%ﬁ QE?% i 3 Q F %e useg g t he "suspendi ng nmedi uni_for

the slurry. |ﬁt§%rplpme@5ﬁceed ?ﬁéte%ﬁauef-eahegw@@entsmwnt;nsorﬂ ywiEhl |y
heat ed te aihepn eﬁasiglﬁs@reﬁtaanae@ﬁt pakeupodlEedmei@ Mefsimbfyedl | east
about 75C) and 20 st nore preferably at |east about 100C. Mbst
preferably, the slurry is heated to a tenperature just bel ow the boiling
poi n20 OBRAEFeDRACRYPTYONhOFt THPeDRRUINGat whi ch degradati on begins of the

gl ycol - based EI |d ﬁgtgofﬂgwtgﬁa§kukhﬁcﬂa&e9311%r%?ﬁr:@Lﬁ%g g@ge t he

desired tenpera ure s been 25 reac ircall rature wll be
hel d forsaepat g8ome 20f Bhiphnaresopkinprdé, Fhethewyohks ampldyed nimeat

transfer, geﬁ% Qﬂé'QPQEEMtan mﬁélba %Be‘i%otﬂé%é‘e@%eate ogess. It

is to be note e tenperature to the slurr can be
ot her thewigepée nf@ése?vﬁedlw 2helHr3y Hepdr fed sflrl(?rhr{?nea pHoEERQ" of t he
present ipysgpation. For exanple, generally speaking, it is nost preferable
to heat the slurry to a tenperature just below the boiling point, or
degradati on tenperature, of the particular |ubricating or

DETAILED DESCRIPTION OF THE INVENTION

In order to reduce the amount of waste generated by
standard silicon wafer production processes, as well as reduce
the costs associated with silicon wafer production in general,

30 it is desirable to regenerate or recycle the exhausted
abrasive slurry used in slicing the silicon ingots from which



WO 001 01519 7 2 3 DEC 2002 PCTI US99/ 14978 cooling fluid, which will enable
the nost efficient and essentially conpl ete separation of thgjpe@%rom
the solid %t‘wd[f’ However, the equi pnent used to contain, transter and
separate t '3 fromthe soli ds, or vice versa, may not i év%gé)ﬂé?ﬂse of
wi t hst andi ng such tenperatures, in which case the tenperature nust be
reduced or alternative equipnment enploygd. It is to be further noted that,
in the preferred enbodinment, the slurry is heated directly; that is, the
slurry is not diluted with water or sone other solvent prior to 10 heating.
Such an approach is preferred because, upon separation of the underlying
fluid fromthe solid matter, the fluid is suitable for reuse in the ingot
slicing rr it ho sep, i . =Pt i ng. However, the

Ui scos (i ervieie [KHE CHEATEa PRAOPL BBeBE RIS B 1R Al e,

t he addit® chsofatkattishiosr componehes abpptber Baveryol Mer. ( subvh csolimdanol

for a gl ppﬁqiﬁ r wy h I i al 10 thi y to
reduce vc%(ﬁgjblél .t#/, %_lg %%I%t%?(? Elééa&pﬂglé?gg,é %ﬁgf%%rlq{éo#]ﬁ%dﬁl u‘{;}lle%c%\?urry
di rect| 2%? $yLf ratitriats nkP¥ neuserest of oshaciddedn Howterfraheihe 20
sol vesit F&madhddZ esk ﬁh@iﬁa.kﬂ:ﬁyté\ﬂdr@§ﬂh?i 8HehUBb gatdpid-Orewl ing fluid
must be concentration (by distillation, Tor exanple), prior to it being

reused iFriterT%got slicing slurry. Experience to-date suggests that once
the viscosityIofi2%d hse exdeedt edas| uasyussedr hduedeh,t @ abdd] 1200i reps or

| ess (at er.at e t C b as, determ ned by
nmeans c mﬁrroéngél’g; C{rﬁeé%ﬁgf%#mnea}g%??nﬁé%yﬁga%eg \81{lé é@gg Sy'), ﬁ)ﬁéa%sorg?_ mat t er

can be sshareay'eddfens the airlbutyynghicbr isaessgnen addot iy fdngel:
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to a ou?%%%)%égg%syféﬁcbfée& roe%esr' a%fy,grtbﬁjéﬁ%i gégglcték} g’rfa)ftelﬁe% ex au.?e%lols%%y IS
reduced ¥EebRR HFeEbRf, 150F cpsamsl e} | appHBageersaghlYy hide viscosity

of the exiauss Bl dMrdonddntLtced &P abvubofOpheti MR 01&:E 2 3 DEC

20p PCT/ US99/ 14978 about 100 cps ile even nore preferably the viscosit
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be reducsfl heimy vl ddwne Hoenteibd eslidiEngoptocest,i airentofand dissestdenl | y
conplete_ se at i.an .of, t he i o} sQl.i tter. FEollow.n e
Fedutt G LAt PG st a9 iR uo e B R B, T R R i e
from t heslibina atilnigcaon woldrsgf foui @, shycast hogoter “Sepmeatt mpwadivs of
a very {ndh AL s (Lo eabr%@:%‘é FralHEODS, cReMe&hANSt el .@19{1‘5{}/ or 10
even | ess) may be used, provided 1t71s capable of w thstanding the

t enper atWitich @Rghisth T heswi table hbar peerrasacedt pldcdmehIsilHERver, the

net hod appt QY€ Mirk |a bes Do Ghot | ehalg, seli dsckhal rare aanerd lohdry;
thatpd s o3 et hod WIS, Teqi e DLy NEfs SEPRLALLENS IS £o remove
determined or measured while the slurry is in flow, by means
common in the art.
As noted above, the viscosity of the slicing slurry
increases during use, typically reaching a viscosity of about
25 1700 cps (centipoise) or more at about 20°C, at least in part
because of the build-up of particulate matter, such as silicon
particulate, in the slurry. The high viscosity of the
exhausted slurry prevents easy separation of the particulate
contaminants from the underlying lubricating or cooling fluid
30 and the abrasive grains not spent by the slicing process, thus
complicating any attempts to isolate, recover and reuse these
slurry components.



15 all of the fluid. Filtration of the hot slurry, and nore preferably
vacuum filtration, is an exanpl e of the method to enmploy to s@phDECehe

solid matt ¢fg do@sist he underlying fluid. Filtration generallypifyedo/fisrs
separating the hot slurry into a |iquid conponent and a solids conponent by

passing the 20 hot slurry through at |east one screen, such as a

pol ypropyl ene screen, having a pore or ngsh size mhich is sufficient to
renove substantially all of the solids fromthe fluid. For exanple,
typically a screen having a pore or nmesh size of |ess than about 5 mcrons,
preferably | ess than about 25 3 mcrons, and nore preferably |l ess than
about 1 mcron, is used for vacuumfiltration. In accordance with the

present net hoghet e thidd eah@rﬁ)féélé'hg 1ﬁ@éﬁt98n hEawkssRg thaegkt he
separat i y be directly recycled into the si.l 1 con wafer rranufacturlng

process, PFS&SE‘@ §6‘da§’ e dedrFratPeyn8rP¥o¥RE Rl FPuPasSéLyYt RBIsi | i con

i ngot sl ectmglshumyy sw;idwﬁe aﬂye apglst & 088l i8epqLaki ons@l ippacessi ng steps
bei ng perfo Vi Scosi t filt ate ii not within
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the art (sug¢ch as, for exanp arota pe, m xer, _ultrasound

reC|rcuIQFF&HSIong§§eb@&¥QQ%ﬂ¢4ﬁ%§t%%Mﬁdto-$hFPﬁB9haPBe|ﬁlurVE)@BY0§519

further processed once the desired temperature has been

25 reached, typically the temperature will be held for about 10,
20, 30 minutes or more. Furthermore, to aid in heat transfer,
agitation may optionally be used to speed the heating process.

It is to be noted that the temperature to which the

slurry is heated can be other than herein described without

30 departed from the process of the present invention. For
example, generally speaking, it is most preferable to heat the
slurry to a temperature just below the boiling point, or
degradation temperature, of the particular lubricating or
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or cooling fluid. Preferably, the viscosity of the exhausted

30 slurry is reduced to about 50 to about 200 cps. More
preferably, the viscosity of the exhausted slurry is reduced
to about 55 to about 150 cps. Still more preferably, the

viscosity of the exhausted slurry is reduced to about 60 to



30 as determ ned by neans common in the art (such as by Karl Fischer) . A
‘| ow water content is desirable because the presence of water &8tDECt 2002
decrease t\We osiossi0sity of the resulting slurry WO 00101 519ckAisdeP4995C
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suspended state. Furthernore, the presedce of water in the slurry can cause
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into a liquid component and a solids component by passing the
20 hot slurry through at least one screen, such as a
polypropylene screen, having a pore or mesh size which is
sufficient to remove substantially all of the solids from the
fluid. For example, typically a screen having a pore or mesh
size of less than about 5 microns, preferably less than about
25 3 microns, and more preferably less than about 1 micron, is
used for vacuum filtration.

In accordance with the present method, the filtrate, or
ligquid fraction, resulting from the separation may be directly
recycled into the silicon wafer manufacturing process, for use

30 as the lubricating or cooling fluid of the silicon ingot
slicing slurry without any additional separation or processing
steps being performed. However, if the viscosity of the

filtrate is not within the preferred range of about 80 cps to
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of silicon wafers. Such advantages are achi eved because the rgqpmgﬁ
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grai ns and silicon particul ate are di scarded, unless of course sone other
use for these is identified. Furthernore, the present nethod yields
conponents which may be used to prepare a slurry that provides results
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which is too small for further use) To facilitate the

isolation of those abrasive grains which are suitable for
reuse, the solids fraction from the initial separation are
diluted in a ligquid, such as water, which is capable of

20 allowing the formation of two different solid suspensions.
More specifically, the solids fraction is mixed with a liquid,
such as water, in order to form one suspension containing the
unspent abrasive grains of, for example, silicon carbide, and
a second suspension containing silicon particulate and spent

25 abrasive grains, as well as other particulate contaminants
which may be present.

Typically, water is added to the solids fraction until
the solids content is about 10 to about 100 g/L (grams/liter),
preferably about 15 to about 50 g/L, and most preferably about

30 20 to about 30 g/L. Additionally, this solid/liquid mixture
may be agitated by means common in the art (such as, for
example, a rotating blade-type mixer, ultrasound,
recirculation, or gas bubbling/injection) to further aid in



1. A nethod for treating an exhausted slurry utilized in slicing silicon
wafers froma silicon ingot, the slurry conprising an abrasi ve §DECN02
conmponent {fhomdidiybricating fluid conponent, such that at |easty@Rasfs the
conponents is recovered 5 and reused in preparing a fresh slurry, t he

met hod conprising: heating the exhausted slurry to reduce viscosity;
separating the heated slurry into a liqud fraction and a solids fraction,
the liquid fraction conprising the lubricating fluid conponent; and, 10
collecting the separated liquid fraction and reusing said liquid fraction
in the preparation of fresh slurry without further separation. 2. The

nmet hod as set forth in claim1l wherein the exhausted slurry is heated to

reduce Vtﬁéoéééé(ré@lénV@fU@héaagbﬂgaiﬂ@ms%@gﬂfs 53 &PS, (h&aboykadpPecps. 3.
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f||trat|on Th met hod as set _forth in claim1l wherein water is added to
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ranging from about to about 30 grans/liter . The net’hod ‘as set forth
in claln?%mﬂﬁ%ré?nt@%eaEBIVﬂ??bqb?dcﬁpipaﬁeoﬁsSﬁaﬁﬁéﬁkﬁﬁ|Eﬁ%ﬁh¢%%§te
product based cecyelehprodusizesastdchaske Poedesdaner iSidg-Bahd Silicon
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8. The nerh@dfabtset(inrchnyhnctabn1Wimheaefal$anjcﬁﬂuhﬂhampm@ theture i s
separate \/ e a 0 th inclaim?7
g'j\%é‘ébﬁﬂlé‘té n‘g‘%,%% ?fi’é’ E8LOthe neEQEsg‘imct Q135 58} .

wherein Isre romsard recycle saidu gent abr asi ve
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slurry, ¢betathiog sohpdisangicles weighing less than a predetermined

20 amount is discharged from an upper outlet while a liquid
containing particles equal to or heavier than the
predetermined weight is discharged from a lower outlet. In
the present invention, the predetermined weight corresponds to
particles of a size which allows separation of the reusable

25 abrasive grains from the silicon particulate and the spent
grains, which have a much smaller diameter relative to the
abrasive grains. Accordingly, after the solid/liguid mixture
has been separated, two suspensions remain. The first
suspension comprises the abrasive grains which are suitable

30 for reuse in a silicon ingot slicing slurry, while the second
suspension comprises silicon particulate and spent abrasive

grains.



2 3 DEC ~ 17 heating the exhausted slurry to reduce viscosity; separating

the heated slurry into a liquid fraction and a solids fractiong 3spag og@! i ds

fraction cogp&} igg silicon particulate and the abrasive grain conponent,
oo

n
sai d abrash n 10 conponent conprising a spent abrasi vePQl/HpPH/14978

conponent fraction and an unspent abrasive grain conponent fraction; m xing
said solids fraction with water to formsa solid/liquid m xture; separating
said solid/liquid mxture into a waste product 15 and a recycl e product,
sai d waste product conprising said silicon particulate and said spent
abrasive grain conponent fraction, said recycle product conprising said
unspent abrasive grain conponent fraction; and, isolating said unspent
abr asi ve grajﬁ%co onent fraction 20 f.romsaid recycle product €ad reusi ng
T a

sai d unspent TRC gPUPRELSAPBnERt THFSEE R R4S 4t i oW of fresh
slurry. I1Pquildeisretdmovasd, seh dodéh tn obaiainl khehettedas e @exdmust £dr
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solids content ranging from about 20 to about 30f%;ansl irter. 15. The
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grains to form relatively large masses of solidified material.
It is to be noted that when heat is applied to dry the

15 abrasive grains it is preferable to use a temperature which is
as high as possible (i.e., a temperature which will dry the
solids as quickly as possible) without causing a reaction to
occur between any residual silicon particulate and oxygen
present, to form silicon oxide. Accordingly, preferably the

20 abrasive grains will be dried at a temperature between about
75°C and about 200°C, and more preferably between about 100°C
and about 150°C. Although the drying time may vary, depending
upon, for example, the liquid being removed and the method of
drying, typically drying will continue until only a trace

25 amount, or less, of the liquid remains. For example, if water
is used to form the solid/liquid mixture, typically the
abrasive solids will be dried until the water content is less
than about 5000 ppm (parts per million), preferably less than
about 1000 ppm, and most preferably less than about 500 ppm,

30 as determined by means common in the art (such as by Karl
Fischer) .

A low water content is desirable because the presence of

water acts to decrease the viscosity of the resulting slurry



19. The 'method as set forth in claim16 wherein after isolation the unspent
abrasi ve grai'n conponent fraction is dried to have a residual 2WhDEE 28int ent
of less thap @kesib 500 ppm 20. The nmethod as set forth in gl@iRedgsovger ein
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particulate may be present with the abrasive grains which are
to be recycled. Without being held to any particular theory,
the presence of silicon particulate may be due to the fact

15 that, depending upon the type of separation means employed,
some of the silicon particulate is at least as heavy as the
predetermined separation weight (if, for example, cyclonic
separation is utilized). Alternatively, some of the silicon
particulate may have been attached to the surface of the

20 larger abrasive grains. Typically, however, the quantity of
silicon particulate in the abrasive grains, such as silicon
carbide, is less than about 2 weight percent, preferably less
than about 1 weight percent, and most preferably less than
about 0.5 weight percent.

25 The second suspension (i.e., the suspension containing
the silicon particulate and the spent abrasive grains), may be
discarded. Preferably, however, the suspension will be
concentrated and the liquid, such as water, will be collected
and reused in the preparation of other solid/liquid mixtures,

30 in order to reduce the amount of waste generated. The
suspended solids may optionally be collected and dried, as
well.
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The method of the present invention affords the means by
which to isolate components (i.e., the abrasive grains and the
lubricating or cooling fluid) of a slurry used in slicing
silicon wafers from a silicon ingot in such a way that they
may be used in the preparation of a new slurry. Stated
another way, the method of the present invention enables the
regeneration of a slurry used in the slicing of silicon
ingots. The present method is therefore advantageous because
it acts to limit the amount of waste that would otherwise be
produced, thus limiting the overall cost associated with the
production of silicon wafers. Such advantages are achieved
because the recovered lubricating fluid and unspent abrasive
grains are reused and the liquid (such as water) which is used
in the separation of solids is recycled and repeatedly used,
as well. Accordingly, essentially only spent abrasive grains
and silicon particulate are discarded, unless of course some
other use for these is identified.

Furthermore, the present method yields components which
may be used to prepare a slurry that provides results which
are equal to, or great than, a slurry prepared from new
components. Referring now to Table I, below, it is to be
noted that the results of warp measurements for a
“regenerated” slurry of silicon carbide and polyethylene
glycol versus a new slurry of the same composition are about
equal, while the results for total thickness variation (TTV)
and surface roughness measurements indicate that the
“regenerated” slurry is better (averaged results, in microns
(um) , reported for an equal number of wafer slices, the same

process parameters being employed for each slurry).



10ss/! * S)10%s& ()- + S)10%ZF& ()- + °S)10%ZZ& ()- + S)10% & ()-
+5NSU{ Y7/PL! “'yOd0%Y& ()- . !~ yUd0%P P& ()- .1, yudo% | & ()- .
L y%a0% Q & ()- . ! @10%@8 ()-SL 10%@& ()-UQXJ<l! 10hh 10hh! § sySAO%RE& () -

- yYH OV (\}8&&{.{)18{90/&0%\/\& (V- .1 y9do%h>h>& () -

.rP. 11 h 3y)

100%AJU& () -

“31N) 109%R&& ()-! 31N)10% @ @' ()- 31N) 10%&' () -

1 yYd0%rY& ()
> SI 3y) 1094JU8 () - Sy#10% U& () -, #10% U&' (/(;(?gé/}%%%‘d%?s()-w

10hh! E, 72X9. 11 h* 3" 3' #10% & ()-!  3' #10%JU& () - 3' #10%
& ()-1 3y)10%& ()-S! 3y)10%& ()- S!
“3y) 109& () - S7]uV7! h  ss10%& () - YL0%& () - 108&108&108&&

14

I"#zX6uV7! h! " y%d0% <

Table I
Slurry Type TTV (um) Warp (um) Roughness (um)
“regenerated” 11 10 16
new 15 10 20

5 wWithout being held to any particular theory, it is generally
believed that the method of the present invention enables the
preparation of an improved slurry for silicon ingot slicing,
as compared to a new slurry, due to the fact that the particle
size distribution of the “regenerated” abrasive grains, in
10

this case silicon carbide, is better suited for providing a
the

regenerated abrasive grains have a particle size distribution

smoother, more uniform surface. More specifically,

wherein there are essential no grains larger than about 50

microns while, in contrast, greater than about 2 percent of

15 the grains of a new slurry exceed about 50 microns (with some

grains having sizes of 60, 70, 80 microns or more).

In view of the above, it will be seen that the several

objects of the invention are achieved and other advantageous
results attained. It is intended that all matter contained in
20 the above description shall be interpreted as illustrative and

not in a limiting sense.
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comprising an abrasive grain component and a lubricating fluid
component, such that at least one of the components is recovered
and reused in preparing a fresh slurry, the method comprising:

heating the exhausted slurry to reduce viscosity;

separating the heated slurry into a liquid fraction and a
solids fraction, the liquid fraction comprising the lubricating
fluid component; and,

collecting the separated liquid fraction and reusing said
liquid fraction in the preparation of fresh slurry without

further separation.

2. The method as set forth in claim 1 wherein the exhausted
slurry is heated to reduce viscosity to a value ranging from

about 55 cps to about 150 cps.

3. The method as set forth in claim 1 wherein the

lubricating fluid component is polyethylene glycol.

4. The method as set forth in claim 1 wherein the heated
slurry is separated into a liquid fraction and a solids fraction

by filtration.

5. The method as set forth in claim 1 wherein water is
added to the solids fraction to form a solid/liquid mixture, said
solids fraction comprising silicon particulate and the abrasive

grain component, said abrasive grain component comprising a spent
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7. The method as set forth in claim 5 wherein the
solid/liquid mixture is separated into a waste product and a
recycle product, said waste product comprising said silicon
particulate and said spent abrasive grain component fraction,

5 said recycle product comprising said unspent abrasive grain

component fraction.

8. The method as set forth in claim 7 wherein said

solid/liquid mixture is separated using a cyclone separator.

9. The method as set forth in claim 7 wherein water is
removed from said recycle product, said unspent abrasive grain
component fraction being reused in the preparation of fresh

slurry.

10. The method as set forth in claim 9 wherein said unspent
abrasive grain component fraction has a silicon particulate

content of less than about 2 weight percent.

11. A method for treating an exhausted slurry utilized in
slicing silicon wafers from a silicon ingot, the slurry
comprising an abrasive grain component and a lubricating fluid
component, such that at least one of the components is recovered

5 and reused in preparing a fresh slurry, the method comprising:
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mixing said solids fraction with water to form a
solid/liquid mixture;
separating said solid/liquid mixture into a waste product
15 and a recycle product, said waste product comprising said silicon
particulate and said spent abrasive grain component fraction,
said recycle product comprising said unspent abrasive grain
component fraction; and,
isolating said unspent abrasive grain component fraction

20 from said recycle product and reusing said unspent abrasive grain

component fraction in the preparation of fresh slurry.

12. The method as set forth in claim 11 wherein the
exhausted slurry is heated to reduce said slurry viscosity to a

value ranging from about 55 cps to about 150 cps.

13. The method as set forth in claim 11 wherein the

lubricating fluid component is polyethylene glycol.

14. The method as set forth in claim 11 wherein said
solid/liquid mixture has a solids content ranging from about 20

to about 30 grams/liter.

15. The method as set forth in claim 11 wherein said

solid/liquid mixture is separated using a cyclone separator.
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17. The method as set forth in claim 16 wherein after
igsolation the unspent abrasive grain component fraction is dried

to have a residual water content of less than about 1000 ppm.

18. The method as set forth in claim 17 wherein the unspent
abrasive grain component fraction contains less than about 2

weight percent silicon particulate.

19. The method as set forth in claim 16 wherein after
isolation the unspent abrasive grain component fraction is dried

to have a residual water content of less than about 500 ppm.

20. The method as set forth in claim 19 wherein the unspent
abrasive grain component fraction contains less than about 2

weight percent silicon particulate.



