PCT/ JP2011/ 067457 (100477) DESCRI PTI ON WATER- SOLUBLE WORKI NG FLUI D
FOR FI XED- ABRASI VE W RE SAW Techni cal Field [0001] The present

i nvent i orPCRURL@EI /60457 (vB0£173 sol ubl e working fluid for a

fi xed-abrasive wire saw. In specific, it relates to a water-soluble
working fluid for a fixed-abrasive wire saw, for use in cutting a
silicon wafer with a fixed-abrasive wire saw. Background Art

[ 0002] Nowadays, the inportance ofpEsgRI®TIOY cutting techniques of a
silicon wafer is increasing in order to reduce nmanufacturing costs
thereof. Cutting by a wire saw in a | oose-abrasive formis a mainly
adopted nethod in processing a silicon wafer, but the

| oose- abr ast¥EER VA lde GEAttA T FRR FFEE D AGRPSHY Ea ¥ IRE PAKe
descri bed bel ow. [0003] (1) Because a slurry made by di spersing
abrasive grains in fluid is used as a working fluid, it is difficult

to separ afgcﬁ,{}%#lo%%l@br asive grains and cut debris. (2) There is a
limtation to the running speed of the wire, resulting in a

l'imtatiopgd@L] MprovirRE pAEsdHI0GESENMGoll FLELEOS VEo (Bwa¥en sbhgpier e
is made thin in order to reduce the kerf loss, it breaks during the
pr ocessi ngpxrkieadifilgito fdecaeaseed-raitusiwicewd re( 4awWham shecalftasi e
grains are refined in order to reduce the kerf loss, there will be an
adver se resigttessich aayatpscasiwlyle makisw dfluidefsr ud riixadeadinagive
increase in the kerf loss. PCIMP2011/ Q067457 (100477) [0004]In order
to sol ve YHes&2pr ditehse 18 F4iicidioad sddiiFenWiaie suirt & betsty apedsidhed
nowadays whi ch has di anond abrasive fixed onto a surface of a piano
W re or t‘ﬁlér?ﬁ?é"'by el ectrodeposition, a resin bond, or sone other
nmeans (Patent Docunent 1). Wien processing a brittle material by
using the fixed-abrasive wire saw, a working fluid is used for the
pur poses wichkdiyureatiren, cooling, and dispersion of cut debris
generated. I n consideration of the problemof flammbility and sone
ot her facf®?&2las wel Nowadays, prief cmplviré angeusé dmwateimes auliiliag

wor ki ng fluid. However, when a material to be cut is silicon, there
will be hig@hniaas ¢t § pbliedh wafercds HeBFeasHi inherde¥ Kihdadvged
conpared to neral, materi al resulting.i.n reaction of the silicon
debr i s (CHRTHRATTSINE (RoiGt SPBFoan SORERTIIRY (heT MR kTG 1 i d 1o

generate a8, [ lii kel | fdqnidti :
reasons, gg%)‘?kl nga%q% gg\?f\ﬂi g% él g“%%ﬁ&b%?%ﬁ%‘?é“n%%&c%ﬁ%r(\%:\n&%%éﬂ%sed
silicon igspiedeniatr, Fiam sHEh1 8oyt el ditvettRBkepkecobgaestattA1s
working fluid described in Patent Docunent 2. tation List Patent

Li t er at ureaf 0085 |pRadlends Recuitnt bd: dJepainese Jéabent Application

Lai d- Open (JP-A) No. 2001-054850 Patent Docunment 2: JP-A No.

2003- 0823820&hmary df.)t Becknyem i siPnvivagies byodbepSos el dhyrastiae

I nvention [0006] However, it is found that the cut debris has becone
PCTOP201 1888725 72N fo0d #7)-St WFe rfsndd ¥ & ka8t ki odds dengipf ket &®
is inproved; and therefore, .the working flui,d described in Patent .
Docunnt - SCRARAR BEnLRPYS BRGASH I8 SATHS GhURaR FERFAFT y. ()¢ EPERY difnd
that the yi i 1.ys rki | Wi i e depri j
therein i %c?%gg%%s%%au%%]ﬁté}geglrﬁhg%ggp%%%?%mrés? éﬁ%r twﬁigtre,’ \%Eé%f%mv\%r%% r?g
fluid containiea®iddigei RPN Lt h ¥ rRJceaBE nBast B ANTHOW ) When the
al kalinity, there occurs not only the problem of hydrogen generation
but al so wheepisohbhsde afhid SeOrbyri D6r eedecortigelkatrifoloss, it breaks

during the processing, leading to decrease in the yield. (4) When
the abrasive grains are refined in order to reduce the kerf loss,
there will be an adverse result such as viscosity increase of

the slurry, leading to increase in the kerf loss.
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[ 0007] The viscosity increase or gelation of the working fluid causes

bel ow probl ens. (1) The anmpunt of fluid brought by a wire
varies, cpugirngolhideggshaaopiHormty in thickness of a cut materi al
(deterioration of the product quality). (2) Slipping of the

W re occurs, causing the wire to break (decrease in the yield)

(3) It is difficult to performwashing in the subsequent step (it is
di fficul tigepaienove theosadr debeisvertkdin irdid chs) veen Mal esshsive
(4) The life of the fluid beconmes short, causing increase in the
amount ofwitalisdwt bs e=icltpadgedl ¢ped reaselays wobsdis ha s 8088¢HE ardisngky,
an object of the present invention is to provide a water-soluble

wor ki ng f¥imeaf fayton af sesdaaereli & eod@nce Wiaw @kl the chiks i bi t
increase in its viscaosiity when njxed with cut debris; reaction

bet ween tHEESOISEGSAELPE  aRd-E P RAPWelfFi §OPENE-RHEMERPY TG TE Fon
f hyd X | i Pty | | at.i f.th Kj

Dl et 3300 ST s B 8° Betf o 8 oy n Als 7Y Bobiors 14

[ 0009] Thee i FRiS GRS 8dwak i«ekﬁﬂﬁ&gﬁuﬁh% uEQdSEH(I\l/@}):Lé ﬁler%%g

probl ens, and obtai ned the fol [ow ng findings.

Vi scosi t yoi nebeasattansebAing, il ddebetsich ¥Edcut debells ydraaltsd.
the Si cut debris mxed inis in fine powder form and because

di sper si binidonsdfdetrhéiSn ciittivelpriodlies pdoflammabilit2and heomehorder
viscosity increase can be prevented by including a predetermned
wat er - sol ft e Fopyrieeln ithds \&?ﬁfﬁﬁgb{mﬁ% Ugg & MerteaseclrRpR rRiinEt y
of the Si_cut debris. 3) Wen_.the Si cut dehris is, contained
"h the wor iy T RBRETSEnahen ¢ AP HHRERLE e Te LAGTIG IR BRGE Faty 11
react wt i n t (4D
whon t e Sbrirhg FRor ivEEh et FhE S aBb I RERRe, worfing hhia
increase &épdtSFaAY Igen@kalenget A £0s bYr SaMitR8gSknCbadein Soff Renel -
(5) The above problens (3) and (4) can be solveéed by including a

pr edet er nsheicavatiebr $9 (Wrtedqint wiewith whke rvar ki rg. Mallui th theG&Gikihe

i nventors exam ned the above problens intensively, and has conpl eted
t he i nvenflweid degenesededuidrngen, and lgadingtoddpedihopdoiel gridgont.
invention_is a water-soluble working fluid for a . fixed-aprasive wire
saw (her eF MaftRESSHRASORSs Rel'ef kol t bl wid abigdy kengPhib DIt

present invention” risin one wat.er - sol

Doy Br b e s SO Boe ot e Tk Sl por R iPie hes,
vinyl pyrroki donesand B Watgr fl%@@l&és-@ﬁé:\@ ‘iEnQaE%HEdD&Euxfél& 2.
wat er -sol u

present invention conprises a predeterm ne | e polyner as
(A) conponent. Thereby when it contains silicon powder, di
spersibility of the silicon powder can be inproved and viscosity

i ncrease Oitahkomndridtng fluid

Patent Literature

[0005]

Patent Document 1: Japanese Patent Application Laid-Open (JP-A)
No. 2001-054850

Patent Document 2: JP-A No. 2003-082334

Summary of the Invention
Problems to be Solved by the Invention

[0006] However, it i1s found that the cut debris has become
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PCT/ 3TP2011/ 067457 (100477) containing the silicon powder can be
inhibited. Further, it is possible to inhibit the working fluid and
the sili comr/ppysiqiochifMmioeaehi ng with each other to generate

hydr ogen, and al so possible to inhibit viscosity increase or gelation
of the working fluid containing the silicon powder. [0012]In the
first aspect of the present invention, a weight-average nol ecul ar

wei ght oftihe r{oﬁ)ad%%pﬁaeﬂﬁe'?rﬁ@éﬁrr@b 221 990nt 05 1iDBRR0. and
[0013]In the first aspect of the present invention, the content of
the (A) campette,i shpweteriapEyudd@Rsersbiadh PatiehADCuingTis? Yaanot

| ess, based on the total mass of the water-soluble working fluid for
a fixed- ableigiite epionghs aebsl109. nRes¥% chD@MUY THeE viest drousgl thie the
working fluid for a fixed-abrasive wire saw of the first, aspect of
the presefitSGHRidnt PO HPEKARE yE it Hakh ddPpFis elelrds Bpwed Farredy) ¢t
of a polycarboxylic acid. The content .aof the (C) .conmponent _is
preferabI@n?f?iggﬁas§@F8%nﬁnyar%ﬁﬁf:ﬁfo §§5§0r§¥ E&fr’bgég 8nw?ﬁ51ng
total mas f ot r=S e [ [ [ iW%e
R Tk R e TN e B
be easi | yamtasghidivspenhsirBi bbéirs Wasthidid Y ieRepir¥bl &f to £ HyRTgRh

resi stance by containing an alkali salt of a polycarboxylic acid in

t he wor ki gendrtatiidrasut €] soameqnenilen @D Edbel watiecrsate b galatkiiong
fluid for a fixed-abrasive wire saw of the first aspect of the
present i BQ&Htl on pr 8her bsgodifyt Haxcreaspr Psegel Pl othgpprerking
selected fromthe group.consisting of glycols, glycol ethers,

andpol yox¥aH& | ?@&P§.p#ﬂgl%%%tent of the (D) conponent is

preferably 0.1 mgss%.o0 e _an % Qr. | ess,. bhased. t .Qt a
mass of the mat@?-?é%d%FgBﬂbéﬁlg%@%ﬁ%ﬁ%’ Ybeggﬁfg)§§g%§?hg S&%&
for a fixeg: Fn@ﬁthféﬁ‘{:rﬁPt}?§Wt@§ic¥9@s§%$§%cu5:99é@ﬂ_i@q VaSEDSi datQbon
the water-soluble working Tluid for a fixed-abrasive wire sawis
pref er abl yf StheaRcocdac® quasstay . 25C. If the viscosity of the working
fluid itself is high, it becones nuch hi gher when the working fluid
cont ai ns silicof?)p8hilppind et eherwira hecviscasiusyingf théeriwer k myeak
fluid itself is preferably not nore than a predeterm ned val ue.

[ 0017] The (982651 \irofthe WdeRFhg fluid (simulated fluid) formed by

addi ng 10 mass%.qf .sil.icqn_po r .having an aver.age.pariicle size of
LS G to the wilertsF BT ELTRT g PPAFACT o arikan: hbr setir il
saw of th iLr ; ' [ Iyl i

o ef or abl 5o 00 LS BEEE OpLL €6 PGSR ng BEEUERIANTLAL Mtiibetiben
si mul at edyfFatgh contai ning predeterm ned silicon powder is high, the
problens listed in the above section "Problens to be Sol ved by the

I nvention" are {(4kahg LbfeceflirtheEffend HeaontBeshowenicaos 1008t Hdese
wat er - sol ubl e working fluid for a fixed-abrasive wire saw of the
present i huehbé crmewnprafs s uadpitedee eedmazt wetnereaseubhecpdtyher .
Therefore when the working fluid contains silicon powder, which is

silicon chbOBBbris, AREOSELPESH. pRAvRdt] SCan obet it SFASEF FAVERELON 18
Ki fluid, A di ngl i ity | . of_th Ki fluid
cont ai ni nGOSPEPELT® WIS cA B8 FnhP BURG, T RhT HEF, St AEE TRV

vorking fluld ofy LRECRrERLNLHLBYENNIAR LUPLL SGS §1B660RLPIMeRCR xod
wat er - sol ubl'e paTyner, it s possibleto inhibit tﬁe silicon pomd%r
and the workhneud ldspdifs;opeseardn MetWebl €06 Rahiay Foufeneli@tie cut
hydr ogen, and al so possible to inhibit viscosity increase or gelation
of the wordkbngs, PGld HPIELY062467 8 1064 6F) hvBuodenprrad rilsg thecosity
silicon powder. Modes for Carrying Qut the Invention

[ 0019] <WatlacrSpbabbe @kdktinn Riuitdef wprhing xBhiixby asi ve Wre Saw>

Means for Solving the Problems
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The water-soluble working fluid for a fixed-abrasive wire saw of the
present invention conprises: (A) at |east one water-sol uble polyner
sel ected g HAh66H %64} i done and a copol ymer including

Vi nyl pyrro(F'?(%%ne; an%'%(%) vva% er. [0020] ((A) Conponent) The
working fluid of the present invention conprises: at |east one

wat er - sol ubl e pol yner sel ected from pol yvinyl pyrrolidone and a

COpOl yIer 4 Ul g YhSUR LSRR, b COTRONGRE oVBAD diSonye

wat er - sol ubl e "pol ynmer contained in the wor I'S possl

to i nprovehdizseekes bbbl bxs pfatdetsidinedn tpeWHST 1 b rides imerikigeg fl ui d
containing the silicon powder. As a result, viscosity increase of the
working fluid damnt@hai ngssiditgonnpoedse carsdase biynbi bettedleditisi miakgdo
possible to inhibit reaction of the silicon powder and the working
fluid to Py ©Feursghaerass dheoSihgdk odehirin nikednwbprkingit |fding powder
containing silicon powder.. Furthernmore, viscosity increase Qqr

gel ati on I REABFRARGS! {EFRFTOM AT G Fs FI P clih POndab adh 156 PO

i nhibited. [00 o] i ght_-.aver e i e
wat er - sol ubl e |§(%IB ﬁrrebr& %%gf%\y](%bs&% (:)L?ilg%? g%%tééﬂm%eeﬂey%t&lﬁgﬁggy

per neat i o SIHAMRE Q06 ARdY dilildePREt ExL 858In1d @Rl vReat e working
detection nethod,” the lower Iimt thereof is preferably 2,000 or
nore, andcimick tor ehetrabky 8iHPHrDbIMIRE; o&ndhéh8i upmerddbniist. t her eof
is preferably 1,000,000 or |less, nore preferably 700, 000

PCT/ JP2011/ 067487 Wko0uag picrut églsriamnd donteheedioyr ehpwetkiapfyuid,
500, 000 or less. If the nolecular weight is too small Dbeing outside
t he abovetheifgesutt AePBYY AnCaR s rEipe il vdr BMTRGCT e t(hagacd A5BRENt

may not be exerted. 91 t he o%hg/r hand, if the nol ecul ar weight is too
large, adgtberhOCoRt8F Pirge WSE Ty increase in the working fluid

islikely to o r . JBsSS he
wat er - sol ubl e \(/:(\%lrjlkvi]rh%p? ﬁ%ﬁ@gggﬁ%lgﬁéﬁﬁa%ﬁg%ﬁ%ﬁaw, (t{%g% rtg&ér
limt of ihRagARiceRaseliddeibldsLOfBORNGelScdd BY @ladhhy S B4t MesYs0r
nore, nore preferably 0.05 mass%or nore, and further nore
preferablin Q2 mass% or nore; and the upper limt thereof is
preferably 7 mass% or |ess, nore preferably 5 mass% or |ess, and nore
preferably 3 ne$d%hs abess prrplenes (Sonicht dbicanthe sa}vedrpdieridiag
too smal |l being outside the above range, the advantageous effects of

i nhi bi iy RASESSHYERcHeaSE SRtore pi i i GRACYST A grluid-

hydr ogen poor e t h h i ont ent of
the (A) cg%%gﬁﬁnt 's&¥%o§$%%§é§r%1%§%ﬁi§%§s?P? %Qg%?mgﬁééﬁﬁ“%g fluidis
likely to;)nei&asa.y, [ QQa3hibecvpbese a0 Ul 6 RRLYIBE asséhthddbelow.
conponent is polyvinylpyrrolidone or a copolyner including

vinyl pyrrolidorefiast d3edy oftile: kirodent HerveakisByide wsesr+dvluble
m xture. As to the copol ynmer including vinylpyrrolidone, the

proporti owonkindel iiny Ifoyr rolfidedealma $ivmsddeosawhéneneinaftoopol yner
is preferably 60 nol % or nore. A nmononer to be copolynerized with

vi nyl pyr r 8Prelolee e s nech P aéed at'eoriom 4de) oforpeneregent

The wor ki n jd af the gresent invention may further (i%gBri se an

allcal | Zgif-?"%rlﬁg’la‘”b 1y ERPBBXOFTE: it T Bt soLile coLies
Pe e 4o Bl BT AL I i L YRR mER SRS

t he anoun ion reo 0SSi ntageous
effects of; Qi vhpsrdhRiM;KiRg fbg(gagéisper sibility, washing property,
and corrosi on r'esi stance. [002%] anpl es of the polycarboxylic acid

i ncl ude aqdopit] aci d, Teakhd kB 81 wdedaCcone Preisendcithertiiton €omisit Kkes
and malic acid. Exanples of the alkali include: hydroxides of alkali
nmet al such mededteasd nah vatcnosicdep s gailymehyals dRi) degmpamenan nitse saigh
as triethanol am ne, triisopropanol am ne, ethylenediamne, and

N- ( 2- ami nBBERY}Y) cCRrd@iincechihon HOUES] Bddepebaikheltord] thasst {iom

powder can be improved and viscosity increase of the working fluid
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[ 0028] Exanpl es of the glycols include propyl ene glycol, diethylene
gl ycol, ethylene glycol, and butylene glycol. Exanples of the glycol
et hers i%ﬂgﬁ‘fi'lﬁ%hﬁﬁgﬂ@"w t he above gl ycols. Exanples of the
al kyl group I nclude a nethyl group, an ethyl group, and a butyl
group. Apart of the hydroxyl group of the glycols may be an al kyl
ether, or all thereof may be an al kyl ether. Specific exanples of the
gl ycol et 4 ncl | et e n | he i el hylek
gl ycol diﬁ%lngt e??egénl "?rggp ?gﬁéygc%lcglg %%Eli(}seﬁi e;ﬁ e%ﬂ‘?lregl.l&' LeoRs
[ 0029] Exagad 2% 1ef £ & henpel y oty keng ralyeadrsd ikAgldidd con powder from
pol yet hyl enegl ycol , pol ypropyl ene glycol, and a copol yner of

pol yoxy etiedarieganilt p claphxyphep Eoegen e mritk hdrogeghengdvalsgeossible
mol ecul ar wei ght thereof (in terns of polystyrene using the gel |
per neat i d¥f clﬁ'?@#&ttoma%%ty s Epseadl el tow 6f thegronpmg fluid
pr ef erabI% 5, 00Q or tkjess, and further nore preferably 400 or |ess.
[0030] Ba<EH-0M e t06t S HESR XM Trass% of the working fluid of

t he prese inwventio | . D)
conponent mqlsﬂpr ef er g%léﬂ% é%@?g&ngge?g%%%% é?ltérg}‘)?%% fass%
or nore, faiditeraviaGePh8lietably e iPRSYOENBDIR) &bhddnddH tiker nore
preferably mass% or nore, and in especial preferably 10 nass% or

nor e; andpidi®engdler 2I, 000t toheyeod, 060 preferably 95 nmass% or | ess,

nore preferably 90 mass% or | ess, and further nore preferably 80
mass% or [@¥63] If t h&ncbheefitraf aspectDpLicohpopessents inyensiaanl beéng
out si de the above range, the advantageous effect of addi ngg_the %B)
conponent SRRt He t&Rer P dSORRORIRE oth&rehgraPlyf 0t fe Mtite Mt JPLfhe

(D) conpone is_1po large, .the cooi roperty_of e rking.fluid
tmy degr S 7 TRRHA PrThR o Rteg T UTE B CEhBehr o KSR bt
cont ai ns . 5 ¥/ ; YRoapgangat id3 sonme
cases fur?ﬁ%—inéé;ﬁ@';uﬁl rclig(%t% %ez(gggén%%%ée%%é%x% th ?D?Qc%%g%eérﬁl , the
rest beingogB)) wat er rhéhe teat-gb10BY e iR rafi ngnyl ddd o at Fotd d-Raydalsqear
limtations, and thus it may be distilled water, tap water, etc. A
wor ki ng féinrel salwadf dinret fi nst e dpscgecmhenprofeiB)i nventioh st amably

increase its viscosity or be gelated when_ silicon Eomder i s_ contai ned
t herei n. Byrichsr apspriske Wor ldmgliadidsatt tofe predenprbexehis GFican
inhibit viscosity increase or gelation.,of th rking,.fluidwhen

cont ai ni nﬁh%iqqr’é&ﬁtp%é\& d (%\/E%H‘RPFﬁnE Eohbo ?%Agb]ry Eno 2T JPgE
amount of r1s.£antained X I OSkti i vhd
amount_of JHAUE/ ph e €00 AL L8 R OTPLG 4 SIS LN S MU Sione
wor ki ng f{gigi nd OO32]<FRar 4k rd Sl Qlvel Ber¥05 i NG hlow H3sss. The
The viscosity of the working fluid of the present invention is

pref er abl yobRimPar Buid dshe pREEept eigral o’ TamPdeseasilessivand
further nore preferably 20 nPa s or less, at 25C. The viscosity of a
wor ki ng f Busdetsiiilidtad Wishiidy boepedthpy atidpergiosdopr edetstangredy
silicon powder in the working fluid of the Br esent invention, is 100
nPa -s, pEeREREMINY 55 aPrls 6R1F &fsa ndpeagPerEl 4B IAFiSoinbRewrking

| ess, and ﬁurther nor e pref er%bly 45 mPa s or less, at 25C. The
measur enent 3of #he!S ®Mts based on a simulated fluid obtained
by: addin ss% sillcor r i v Siczer . L. It

wor ki ng flq&%g5 f theq%lree‘géeilfﬁcxoggno\?lgl\r%ﬁ%o%éﬂgédr ?%Lﬁjgégﬁ)g am%?%gn%?l{é%i‘%e
thereaftef;pdtddngracied His@ssssd el roahd drd sBALI thelirdRIep)e b8t Iihe
m xture; stirring the mxture at 1000 rpmfor 10 hours; and renoving
t he stai nifeggshsteebmpad sedy(rf)i Icheabiroforé f sé he-tdd desint yhef gtbep above
described working fluid itself is too high, the viscosity of the

si mul at ed coRETEP204 DEGHAAS s, 10I0A6A) etlidns dandpbayokygl knerss gl yonls.
powder will also be inevitably high. Further, if the viscosity of the
si mul at ed ThEuFentant 68 BigH D)t fenperdnteds BEsEeTady OnltasSsheydrore

and 95 mass% or less, based on the total mass of the water-soluble
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working fluid for a fixed-abrasive wire saw as 100 mass%.
[0016] The viscosity of the water—-soluble working fluid for
a fixed-abrasive wire saw is preferably 50 mPa s or less at 25°C.
If the viscosity of the working fluid itself is high, it becones
much highér when the working fluid contains silicon powder.
Therefore, the viscosity of the working fluid itself is preferably
not more than a predetermined value.

[0017] The viscosity of a working fluid (simulated f£luid)
formed by adding 10 mass% of silicon powder having an average
particle size of 1.5 pm to the water-soluble working fluid for
a fixed-abrasive wire saw of the first aspect of the present
invention and stirring, is preferably 100 mPa-s or less at 25°C.
If the viscosity of the simulated fluid containing predetermined
silicon powder is high, the problems listed in the above section

“Problems to be Solved by the Invention” are likely to occur.

Effects of the Invention

[0018] The water-soluble working fluid for a fized-abrasive
wire saw of the present invention comprises a predetermined
water-soluble polymer. Therefore when the working fluid
contains silicon powder, which is silicon cut debris, the silicon
powder can be dispersed in the working fluid. Accordingly,
viscosity increase of the working fluid containing silicon powder
can be inhibited. Further, since the working fluid of the present
invention comprises a predetermined water-soluble polymer, it
is possible to inhibit the silicon powder and the working fluid
from reacting with each other to generate hydrogen, and also

possible to inhibit viscosity increase or gelation of the working

6



en

| 0z

6'9L 'O 0 oatl 6'6 Z9 LT TZ Exanple 41 rt

PCT/JP2011/067457 (100477)

fluid containing the silicon powder.

Modes for Carrying Out the Invention
[0019] <Water-Soluble Working Fluid for a Fixed-Abrasive
Wire Saw>

The water-soluble working fluid for a fixed-abrasive wire
saw of the present invention comprises: (A) at least one
water-soluble polymer selected from polyvinylpyrrolidone and a
copolymer including vinylpyrrolideone; and (B) water.

[0020] ( (A} Component)

The working fluid of the present invention comprises: at
least one water-soluble polymer selected from
polyvinylpyrrolidone and a copolymer including vinylpyrrolidone
as (A) component. With the water-soluble polymer contained in
the working fluid, it is possible to improve dispersibility of
the silicon powder in the working fluid containing the silicon
powder. As a result, viscosity increase of the working fluid
containing silicon powder can be inhibited. It is also possible
to inhibit reaction of the silicon powder and the working fluid
to prevent generation of hydrogen in the working fluid containing
silicon powder. Furthermore, viscosity increase or gelation of
the working fluid containing silicon powder can be inhibited.
[0021] As to the weight-average molecular weight of the
water-soluble polymer as the (A) component determined by the gel
permeation chromatography/multi-angle laser light scattering
detection method, the lower limit thereof is preferably 2,000
or more, and more preferably 8,000 or more; and the upper limit

thereof is preferably 1,000,000 or less, more preferably 700,000
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or less, and further more preferably 500,000 or less. If the
molecular weight is too small being outside the above range, the
advantageous effect of adding the (A) component may not be exerted.
On the other hand, if the molecular weight is too large,
agglomeration or large viscosity increase in the working fluid
is likely to occur.
[0022] Based on the total mass (100 mass%) of the
water—-soluble working fluid for a fixed-abrasive wire saw, the
lower limit of the content of the (A} component is preferably
0.02mass% or more, more preferably 0.05mass% or more, and fuxrther
more preferably 0.2 mass% or more; and the upper limit thereof
is preferably 7 mass% or less, more preferably 5 mass% or less,
and more preferably 3 mass% or less. If the content of the (A)
component is too small being outside the above range, the
advantageous effects of inhibiting viscosity increase and of
preventing generation of hydrogen may be poorly exerted. On the
other hand, if the content of the (A) component is too large,
the viscosity of the working fluid is likely to increase.
[00623] The water-scoluble polymer as the (A) component is
polyvinylpyrrolidone or a copolymer including vinylpyrrolidone;
and two or more kinds thereof may be used in mixture. As to the
copolymer including vinylpyrrolidone, the proportion of the
vinylpyrrolidone unit based on the entire copolymer is preferably
60 mol% or more. A monomer to be copolymerized with
vinylpyrrolidone may be vinyl acetate.
[0024] ({C) Component)

The working fluid of the present invention may further

comprise an alkali salt of a polycarboxylic acid as (C) component.
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By adding the (C) component and adjusting the amount of addition
thereof, it is possible tc attain advantageous effects of giving
the working fluid dispersibility, washing property, and corrosion
resistance,

(0025] Examples of the polycarboxylic acid include adipic
acid, oxalic acid, dodecanediocic acid, citric acid, and malic
acid. Examples of the alkali include: hydroxides of alkali metal
such as potassium hydroxide, sodium hydroxide; and amines such
as triethanolamine, triisopropanolamine, ethylenediamine, and
N- (2-aminoethyl)-2-aminoethanol.

[0026] Based on the total mass (100 mass%) of the working
fluid of the present invention, the lower limit of the content
of the (C) component is preferably 0.01 mass% or more, and more
preferably 0.1 mass% or more; the upper limit thereof is
preferably 10 mass% or less, more preferably 2 mass% or less,
and further more preferably 1 mass%® or less. If the content of
the (C) component is too small being outside the above range,
it is difficult to realize the advantageous effect of adding the
(C) component. On the other hand, if the content of the (C)
component 1s too large, there may occur viscosity increase or
gelation of the working fluid, or precipitation from the original
fluid.

[0027] {{D) Component)

The working £1luid of the present inventionmay still further
comprise, as (D) component, one or more selected from the group
consisting of glycols, glycol ethers, and polyoxyalkylene glycols.
Including the (D) component produces an advantageous effect of

giving the working fluid lubricity and wettability.
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[(0028] Examples of the glycols include propylene glycol,
diethylene glycol, ethylene glycol, and butylene glycol.
Examples of the glycol ethers include alkyl ethers of the above
glycols. Examples of the alkyl group include a methyl group, an
ethyl group, and a butyl group. A part of the hydroxyl group of
the glycols may be an alkyl ether, or all thereof may be an alkyl
ether. Specific examples of the glycol ethers include diethylene
giycol meoncethyl ether, diethylene glycol diethyl ether, and
propylene glyccl moncethyl ether.

[0029] Examples of the polvyoxyalkylene glycols include
polyethyleneglycol, polypropylene glycol, and a copolymer of
polyoxyethylene and polyoxypropylene; and the weight-average
molecular weight thereof (in terms of polystyrene using the gel
permeation chromatography) is preferably 10,000 or less, more
preferably 5,000 or less, and further more preferably 400 or less.
[0030)] Based on the total mass (100 mass%) of the working
fluid of the present invention, the lower limit of the content
of the (D)} ccmponent, is preferably 0.1 mass% or more, more
preferably 0.5 mass% or more, further more preferably 1 mass%
or more, still further more preferably 3 mass% or more, and in
especial preferably 10 mass% or more; and the upper limit thereof
is preferably 95 mass% or less, more preferably 90 mass% or less,
and further more preferably 80 mass% or less. If the content of
the (D) component is too small being outside the above range,
the advantageous effect of adding the (D) component cannot be
exerted. On the other hand, if the content of the (D) component
is too large, the cooing property of the working fluid may degrade.

[0031] The working f£luid of the present invention contains

10
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the (A) compeonent, and in some cases further contains the (C)
component and the (D)} component, the rest being (B) water. The
water may be of any kind without particular limitations, and thus
it may be distilled water, tap water, etc. A working fluid that
contains a large amount of (B) water tends to increase its
viscosity or be gelated when silicon powder is contained therein.
By centrast, the working filuid of the present invention can
inhibit viscosity increase or gelation of the working fluid when
containing silicon powder, even with a composition in which a
large amount of water is contained, for example a composition
in which water accounts for 90 mass% or more based on the total
mass of the working fluid.
[0032] <Characteristics of the Working Fluid>

The viscosity of the working £luid of the present invention
is preferably 50 mPa ‘s or less, more preferably 25 mPa s or less,
and further more preferably 20 mPa's or less, at 25°C. The
viscosity of a working fluid (simulated fluid) formed by
dispersing predetermined silicon powder in the working fluid of
the present invention, is 100 mPa ‘s, preferably 55 mPa ‘s ox less,
more preferably 50 mPa-s or less, and further more preferably
45 mPa-'s or less, at 25°C. The measurement of the viscosity is
based on a simulated fluid obtained by: adding 10 mass% of silicon
powder (particle size: 1.5 pm) to the working fluid of the present
invention; stirring and mixing them; thereafter putting a
stainless steel ball {2 mm in diameter) into the mixture; stirring
the mixture at 1000 xrpm for 10 hours; and removing the stainless
steel ball by filtration. If the viscosity of the above described

working fluid itself is too high, the viscosity of the simulated
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fluid containing the silicon powder will also be inevitably high.
Further, if the viscosity of the simulated fluid is too high,
the problems described in the above section “Problems to be Solved
by the Invention” are likely to occur. The viscosity of the
working fluid and the simulated fluid can be measured by a
Brookfield type viscometer.

[0033] The pH of the working fluid is preferably 5.0 or more
and 9.0 or less. If the pH of the working fluid is tcoo low, an
iron material or a wire brought into contact with the working
fluid is likely to corrode. On the other hand, if the pH of the
working fluid is too high, it is likely that the working fluid
and the silicon powder react with each other to generate hydrogen.
The working f£fluld of the present invention may be used in the
form of being diluted with water, but even in that case, the pH
of the working fluid after diluted is preferably within the above

range.

Examples
[0034] <Examples 1 to 13 and Comparative Examples 1 to 5>
The water—soluble working fluids for a fixed-abrasive wire
saw of the present invention (Examples 1 to 13) and water-soluble
working fluids for a fixed-abrasive wire saw not being the present
invention (Comparative Examples 1 to 5) were prepared such that
the compositions thereof are respectively as shown in Tables 1
to 3. The pH of each working fluid prepared was measured, and
the viscosity thereof at 25°C was measured by a Brookfield type

viscometer.

Additionally, simulated fluids were formed by: adding 10
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mass% of silicon powder {(average particle size: 1.5 pm) to each
of the working fluids; stirring and mixing them; thereafter
putting a stainless steel ball (2 mm in diameter) into the mixture;
and stirring the mixture at 1000 rpm for 10 hours. After removing
the stainless steel ball from each of the simulated fluids by
filtration using a metal mesh (50 mesh), the viscosity (mPa‘s,
25°C) of each simulated fluid was measured by a Brookfield type
viscometer. Further, heating 10 ml of the simulated fluids up
to 50°C, the amount of hydrogen generated within thirty minutes
was measured.

[0035] With regard to the weight-average molecular weight
of polyvinylpyrrolidone (PVP), PVP K-15 had 2,700; PVP K-30 had
70,000; and PVP K-60 had 400,000. In addition, PVP/VA was a
copelymer of vinylpyrrolidone and winyl acetate; the
weight-average molecular weight thereof was 32,000; and the
proportion of vinylpyrrolidone in the copolymer was 70 mol%.
[0036]

[Table 1]
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were small in the simulated fluids, and none of these simulated
fluids had a viscosity of over 45 mPa-'s.

[0040] The working fluids of Examples 1 to 3 and Comparative
Examples 1 and 2 were those obtained by diluting their original
fluids by 10 times. Therefore, a composition of the original
fluids was such that the amount of each compound therein was 10
times the amount in their diluted ones.

[0041)] (Group I)

Group I consisted of Examples 1 to 6 and Comparative
Examples 1 to 3, being examples of working fluids containing large
amount of water. The working fluids of Comparative Examples
which had large amount of water (Comparative Examples 1 to 3)
all showed viscosity increase and were gelated. However, the
working fluids of the present invention added with PVP (Examples
1 to 6) were not gelated and showed little viscosity increase.

In addition{ the amount of hydrogen generated in Examples
1 to 6 did not exceed 5ml, whereas the amount of hydrogen generated
in Comparative Examples 1 to 3 was more than 15 ml, which was
a significant amount.

[0042] (Group II)

Group II consisted of Examples 7 to 12 and Comparative
Example 4, wherein the kind and the amount of {C) component and
of (D} component were the same and the (A) component was different.
From this, the advantageous effect of inhibiting viscosity
increase by each kind of polyvinylpyrrolidone (PVP) and a
vinylpyrrolidone/vinyl acetate copolymer (PVP/VA)} was shown.

In addition, comparing the amount of hydrogen generated in

Examples 7 to 12 with that in Comparative Example 4, the amount
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of hydrogen generated was small in the working fluids of the
present invention containing polyvinylpyrrolidene etc.
100433 {(Group III)

Group IIT consisted of Example 13 and Comparative Example
5, containing (D) component different from that in Groups I and
II. From this, the advantageous effect of inhibiting viscosity
increase by polyvinylpyrrclidone (PVP) was shown regardless of
the kind of (D) component.

In addition, comparing Example 13 and Comparative Example
5, the amount of hydrogen generated was small in Example 13 which
included polyvinylpyrrolidone.

From above, it is shown that the working £luid of the present
invention comprising at least one water-soluble polymer selected
from polyvinylpyrrolidone and a copolymer including
vinylpyrrolidone has advantageous effects of inhibiting
viscosity increase and hydrogen generation in the simulated fluid
having silicon powder dispersed therein.

[0044] The present invention has been described above as to
the embodiment which is supposed to be practical as well as
preferable at present. However, it should be understood that the
present invention is not limited to the embodiment disclosed in
the specification and can be appropriately modified within the
range that does not depart from the gist or spirit of the invention,
which can be read from the appended claims and the overall
specification, and that a water-soluble working fluid for a
fixed-abrasive wire saw with such modifications are also

encompassed within the technical range of the present invention.
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PU VP2011/ 067457 (100477) [0038] [Table 3] [0039]1n the cases of the
wor ki ng fluids of Conmparative Exanples, there was viscosity increase
in all of the sinulated fluids to over 55 nPa.s. By contrast, as for
the worKimghidu#ids @bptheapiesept i nvention (Exanples 1 to 13),

vi scosity changes PCT/JP2011/067457 (100477) were snmall in the

si mul at ed[FG4f1ds, anthaoréecotsthelske siomiliayed vikuf ais ahfickegi-abseesiey
of over 45 nPa.s. [0040] The working fluids of Exanples 1 to 3 and
Conpar at i WAerER AN fe§he RHeE 2 ik e HESeCHb P WWJ&H E‘H’?@Olﬂhﬁﬁﬁd
original fluids.b i.mes. Therefore, .a co osC{ of. _the, original
1 uPe et SHER LN A S CRRaR ST LAk S BonHP o RaRER 6t S e os
the amount in their diluted ones. [0041](Group 1)
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G oup | consisted of Exanples 1 to 6 and Conparative Exanples 1 to 3,
bei ng exanpl es of working fluids containing | arge anount of water.
The working fluids of Conparative Exanples which had | arge anount of
wat er (Conparative Exanples 1 to 3) all showed viscosity increase and
were gel ated. However, the working fluids of the present invention
added with PVP (Exanples 1 to 6) were not gelated and showed little
Vi scosity increase. In addition, the anount of hydrogen
generated in Exanples 1 to 6 did nofLa&kid®ed 5 nl, whereas the anount
of hydrogen generated in Conparative Exanples 1 to 3 was nore than 15
m , which was a significant amount. [0042] (G oup I1) G oup |

i st f | 7 to0.12 . Co [ Exanpl e, 4, wh inth
i nd and the Al o CeP EoNBOALAE DR b 1{D)" CORGONEREAGREENG sane
dt he (A). diiff [ n t
Ci1oct of TnBI MEu ARt ey PFRer saebib i, iRl Foeous

ponvinyI&gﬁgﬁygégqne (PVP) and a vinyl pyrrolidone/vinyl acetate

copol ymer (PVP/VA) was shown. In addition, conparing the anount
of hydrogen genenatedikbBsExanpl @stdrisnlhdb W tdbithirt: isB16egpar aténe
Exanpl e 4, the amount PCT/JP2011/ 067457 (100477) of hydrogen

gener at ecbadasrisndldyxineltthenaoekdng &owd tgnef irrdypriegent i nventi on
cont ai ni ng pol yvinyl pyrrolidone etc. [0043] (Goup I11) G oup
|11 consisitied rofr rddmené 13 and Conpar ati ve Exanple 5, containing (D)
conmponent different fromthat in Goups | and Il. Fromthis, the
advant ageous ef'Pacta5fTF nhibiting viscosity increase by

pol yvi nyl pyrrol,i.done was_ shown re dl ess of the kind_ of (D
conponent . (quﬁnaézF%%6n?e€%ﬁﬁ%?$hg%%fh igc §%3ﬁ3%68nﬁ8+%t?%e
Exampl e t.he a2 i Qy Sl WA.S Il in Exanple 13
whi ch ing?hégg'poI%@%n%Fpgrg%??ggﬁg. £ ?%n1a ove, it is shown
that the working)f bdedoef mbhe $&BSENEA | TMERNtHNRAN (GORBS L8hBYs Blnk east
one wat er-sol ubl e pol yner sel ected from pol yvi nyl pyrrol i done and a
copol ynergliveedlisdi ng yoilngltpge s pl &do neo hasx wdMariteage qus cefltectvBe0in
inhibiting viscosity increase and hydrogen generation in the

si mul at ec-hfd wiad shyansiodgld el Weohipowderididyrs sext dvergiise [L0044] The
present invention has been described above as to the enbodi nent which
is supposEdit’'c be practical as well as preferable at present.

Ho , .i.t shoul dbeunder st aodt hat t i, ion is,not
it o0 (5 RG b AGAMRERE 8PSt Cack | ro T Eitci 11 CaPPoR°AR8 Gan be

appropri if i wi hi e o] patt omthe
gi st or g%%%?fggejtﬁ%gfﬁvégtpgﬁg’m%?%%féggq%gggggﬁﬂfﬁgggt%g gééended
clai ms ang ddie somenakl wepachhl eaki@nsornd thalq-apiater=sQk¥bl gav
working fluid for a fixed-abrasive wire saw with such nodifications
are al so sancarpassed, W thin the technical range of the present
invention. PCT/JP2011/067467 (100477) Industrial Applicability

[ 00451 Théhgatesm solcgbitenmorki agifil (CH ¢ompendritxed- dbl0dsimaesdi pe saw
of the present invention can be especially suitably used in cutting a
silicon T alid HOu8r8g3acki xeds abPased eomi tthe awal arasMBL1the

wat er - sol ubl e mor%%g% flukd for_a, fixed-abrasive wire saw, wherein
the wat eraRUB%F ] FPEiElEbﬂpf?Ee%:flxed"abrﬂﬁﬁyeaﬂlF@aéﬁwone

mater-scﬂégﬂfﬁduﬂé%ggr %%Iected from pol yvi nyl pyrrol i done and a
copol ynmer 1 nclu |ng°VinpryrroIidone; (B) water;

Wherein a content of said (D) component is 0.1 mass% or
more and 95 mass$ or less, based on the total mass of the
water-soluble working fluid for a fixed-abrasive wire saw

as 100 mass%.



(C© an alkali netal salt of a polycarboxylic acid or an am ne salt of
a pol ycarboxylic acid; and (D) one or nore selected fromthe
group consisting of glycols, glyol ethers, and pol yoxyal kyl ene

gl ycols, wherein the water-soluble working fluid does not conprise

| oose grain, Werein a content of said (A) conponent is 0.02 nmass% or
nore and 7 mass% or | ess, based on the total mass of the

wat er-sol ubl e working fluid for a fixed-abrasive wire saw as 100
mass% Wierein a content of said (C conponent is 0.01 nass% or nore
and 10 mass% or | ess, based on the total nmass of the water-soluble
wor ki ng 3 ui d Thoer watancelalblasives kingel Sadd afon 00 Fesxsdhabaed iwger ei n
a content of said (D) conponent is 0,1 mass% or nore and 95 mass% or

| ess, basBF PTG Wads GiatRelnatBRLeHt b & iBTKiaT§TASE d for

fi d- ab i i 10 % 2. Th - | ubl
for kg MTGrer S GRS 5238, TV Famealfent ot dnib d Sl ai m 1,

wherei n alﬂﬁhghknﬂverage nol ecul ar wei ght of said (A) conponent is
2,000 to 1,000,000. 3. The water-soluble working fluid for a

fi xed-abrasive wire saw according to claiml or 2, wherein a
viscosity of the working fluid is 50 nPa.s or less at 25C. 4. The
wat er - sol bl e T kiang r-lswildbfler warki xgds aht @sfone aM iR WHACeARE Ng
to any one of clainms 1 to 3, wherein the water-soluble working fluid
i s used ivimuttamgcxogidingoowafleim 1 or 2, wherein a viscosity of

the working fluid is 50 mPa‘s or less at 25°C.

4. The water-soluble working fluid for a fixed-abrasive
wire saw according to any one of claims 1 to 3, wherein the
water-soluble working fluid is used in cutting a silicon

wafer.
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