DESCRI PTI ON Sl LI CON WAFER PROCESSI NG SOLUTI ON AND SI LI CON WAFER
PROCESSI NG METHOD TECHNI CAL FI ELD 5[ 0001] The present
invention relates to a silicon wafer prqcessing fluid and silicon
waf er processi ng net hod. BACKGROUND ART [0002] 10l n order to produce
silicon wafers, processes including slicing a silicon ingot and

pol i shi ng pe-giprieogn wafers are perforned. For instance, a silicon
ingot is sliced while supplying processing fluid to a wire. A silicon
ingot is Hi ReONaWAGER PROUCESSINOSNORUTINS A NIDIABIENWAFER PROVESSING
the silicon ingot is sliced while dispersing abrasive grains in the
processi ngMETHOD or a fixed grain nethod in which the silicon ingot
is sliced with the 15abrasive grains being rigidly attached on a
surface of TRCRHINKeAL FIELD The processing fluid used for the |oose
abrasive nmethod includes an aqueous processing fluid containing, for

i nstanée, a frid¥98h coefficient reducer, an auxiliary

corrosion-resi stance agent and the like.. The friction-cgeffi
reducer cont ai né[geipﬁesp dNEFRBIERIT 19 £ FHigoR &’aﬁ%ﬁpm%%ﬁl%ﬁ ’t”gdmfci

acid. The i rrosi on-resi stance agent is 20benzotri azole
(see Pateﬁ?&%F%%gg%ﬁgg'l). The processing fluid used for the

fixed grai bpgﬂ;$ es an aqueous processing fluid containing,

for instag%ggkg yco gﬁkggrboxylic aci ds, al canol am nes and the |ike
(see Patent Li t@m(m?re 2). CI TATION LI ST 25 PATENT LI TERATURES [ 0003]
Patent Literature 1JP-A-8-57848 Patent Literature 2JP-A-2003-82334
SUMWVARY COF THE [N tObod2cdiRORInENEekOpidiceSE MERMABY sTidngl ANENOH i@Pbt and
[ 0004] According to the | oose abrasive nethod as disclosed in
Pat ent Li tpetishiog ¢helsiligon awadres megr perforingdy Bepuinstadcaatesilieon inigok iswiliced jvehile
used, so that a | arge amunt of chips are generated 5 and the yield
rate afterSUBPlyisgyocesang ifhirht #¥dte. Hssibieancingel irsbiged aysordieg by eilier a loose

e e S bl BB T BB e e
obr ol v TRABNL 0,80 B BEUPLLNE SRRERL 18 SSHIN, 1 i i iy e

pr oduqti onptRi @RS 6k Bt PAtdNed BEL 8RSRIIP IR, f Ut Ure. 10According
to the fixed grain nethod as disclosed in Patent Literature 2, since

abrasive grains T&E%rb&@isi@l%yﬂ@@ e €6l the 1BoW hiradile AEHARIAC rchids an aqueous
di aneter of the wire can be reduced and | ess anobunt of chips are
produced. pricwsseg fltidhecoatnimag,yvforgimaianee, aa drivitom coefficmht eaduotd, dnnauxiliary
accordance with the use of the wire in the fixed grain nethod.
Consequentdoyrosipheesjdtaricd agantearidsthgdiksr iTbe dtienchosiitaient heduser augioedin the
the wire or the decrease in the 15processing efficiency and slicing .
accuracy. HFeFPHRE Vi %P‘&?ﬁﬁﬁtﬁd ity agigt e \?xﬁ"PHar\)Oa‘tOé‘iOS‘tOB'fS%ﬁé’i‘C&t agent 1s
so_that .t r.oc fluid may spill over a processing

hyd , i
fyu;ggﬁgnﬁﬁnfﬁﬁﬁ%fe&gepémnt'ﬁ%%gﬁﬁpect of the invention is to provide
a silicon wafer T'T%‘r);gééﬁéésﬁ hbi gse%lngorath%l hk%c? %Ia“ﬁfrﬁéthgé %agg%sngn aqueous

nmet hod capable o traifi ng abrasion of abrasive grains
20gener at ipBcRinHNd{OGRfrining, for instance, glycols, carboxylic acids, alcanolamines and the

:,iﬁ{]ct?n wafer

like (see Patent Literature 2).
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SUMMARY OF THE INVENTION



MEANS FOR SOLVI NG THE PROBLEMS [ 0006] In order to solve the
above problens, the invention provides a silicon wafer processing
fluid and silicon wafer processing nethod as follows. 25[0007] (1)A
silicon-wafer processing fluid according to an aspect of the

invention containing: a friction nodifier conprising a

ni trogen- CORDAI BMITEAIP S Er By RLEMAMETRIN t he

ni t rogen-contai ning conmpound is Iin"arangé Trom2 to 8 when a nass
ratio wth waterjpp@qr esented by the nitrogen-containing conpound/the
water is 1/99. 3 @?2) The silicon-wafer processing fluid according

to the above aspeabrdifig tote lovée Bbdagite methodhk @kclod& in Patent Literature 1. a large
ni trogen-containi ng conpound is a heterocyclic conpound. (33 Tﬁe’

si | i con- weth@igipxs gessisd dheflathitk adowis dise sb that b éargb emeuasiiesips afe %dﬁ@rated
invention, in whjch the heterocyclic conpound is selected fromthe

gr oup Qon sf}ﬂétﬂlﬁg’le}ﬁ‘ raffealtshHringd slicopangot is deteriorated. On the other hand, since the
, 4- di hydr o- 3- hydr oxy- 4- axo- 1, 2, 3-benzot ri azj ne, i ndazol e, benzi m dazol e
and deri va‘?”ir?/bgsw‘?rﬁé'ﬁ@b]?em% yyedrtheresnanially, is sk T isdueisg pdiamaiérdf the wire.
accordi ng bave ect of the.invention, jn which a pH of the
1T con et SRS 130 firaSie MAa BNl Piadhavs e oredulred Spr e in

si | i con- wah&lurRh QGRS j ' t above .aspect . of. the

i nvention, 10 1N whi clﬁ&gl ‘%%)%{S(ejfﬁ?ggl?{ ‘?%fégdﬁ??l?%ggenp?ﬁ%ﬂ% ?ﬁgﬁ CHOBHD SERRgted
is in a raogeeafly xbréhsOm MBFeUed 0 10 mass% based on a total anmount of
the processing fluid. (6) The silicon-wafer processing fluid

according to thelcabeites asfeclixd glahemiethedNisi @8bloded WP 6dht tLh\%rat%rg 2, since

silicon-wafer processing fluid contains water in a range from

nmass% t o Gbriergaisymivasgdlynitaghedotoad wamtnatvake,tthe dpiese SEithe witeWad be
15(7) The si@##cgn-\/\?f er processing fluid according to the above aspect
of the i nVEHFHAND (SsS amPeM aflklinsiars produeds Blowsrer Sesibragivil griids b weRthr
for proce%ﬁng fg.si | i con vvafﬁr with a wire on which abrasive grains
are rigi dI"fVAYLEREEOTGRBIAVER theobs-afdhe wing i thesBraderamtmribiod Exosejueytly,
t o anot her, f. .t j nyentijon includiing: usjng .a silicon-wafer
processi ngth ?%?(gtr%tgr{ts a@gﬁdﬁéatg(i]fi HF g?itgﬁ br‘f%a&‘iag? é’:il th%grwq 8T Ale decregge in the
ni trogsn- ¢edteaifd &% &R -'-]%g j he.silicon wafer with a
wire on \M%I)i ch éllggr asicveggg?9[?;1&;'%&»9I ecﬁaéﬁgﬁﬁh %?%%c%ép&,m"i‘ynb%ﬁ\ﬁ%ﬁg&mﬁ”ﬁ"%?r to

t he ni t r ogemeratehiyaiogtm Go CRTPRUNEcdsSink Tud ﬁlﬁ?gﬁufofa% ok&sﬁlﬁ\gﬂ?@ta%k.

mass ratio wth water represented by the nitrogen-contain
conpound/ t he waf@05]s 1/99. [0008] 25According to the invention, a
silicon wafer processing fluid and a silicon wafer processing nethod
capabl e of restAgietieRy callhasiventiaf isator mreivide wsiticors wafed ppeoResiag iflom 8fd a
hydr ogen can be provi ded. DESCRI PTI ON OF EVMBCDI MENT(S) [0009]

stlicon wafer processing method capable of restraining abrasion of abrasive grains and

20 generation of hydrogen.
MEANS FOR SOLVING THE PROBLEMS

[0006]
In order to solve the above problems, the invention provides a silicon wafer
processing fluid and silicon wafer processing method as follows.
25 [0007]
(1) A silicon—wafer processing fluid according to an aspect of the invention
containing: a friction modifier comprising a nitrogen-containing compound, in which a pH
of the nitrogen-containing compound is in a range from 2 to 8 when a mass ratio with

water represented by the nitrogen-containing compound/the water is 1/99.



4 A silicon-wafer processing fluid of the invention (sonetines
referred to as "processing fluid" hereinafter) is used for processing
a silicon wafer wwth a wire. In the fol Bowi ng description, the
processing fluid of the invention is used for slicing a silicon ingot
according to the fixed grain nmethod. However, the processing fluid of
the invenigpn 5TABYilREn-HHES prétchdify HORSRcARIMASH e MRBASpect of the invEASon,
processing fluid of the invéention contains a friction nodifier. The
friction mpdihidhahe aimroiai-oentainitigtdoagennd Bt latarbnglic compowd, pH of the
ni trogen-cont ai ni ng conpound being in a range from2 to 8 when a nass
rati o wit ii3wat elTh¢ siligon-wiafer pgesesson flaidricnerdogtp dumationa mepeet oEthe fO8@ntion,
10When pH.is |less than 2, the wire, wire saw and silicon may be

cor r oded. lowhidhdhe befeiockdiscomponnd rsclertcd diun e grivep eqnisisting af benzotriazole,

coefficient, i ligcing the sil ingat .is increased (j.e, fricgtion
is incgea éﬁ?ﬁw%ﬁdgyngx"*Hpékgggﬁﬁé Pﬁﬁ?qpkigga?iaa r%ﬁﬁgnﬁﬁﬁﬁ?S tagd
7, nore p%gﬁg&gggﬁF&£ﬁa range from4 to 6. The nitrogen-containing
conmpound havi ng pH ©of the above specific range is, for 15 instance,

a heteroc ic [ il i [ . :
3 acdi hydt g3 Ry e g SR PR e IR SSEL St he nvention
benzi m dazh@ichndhiler inéatlicégSwibep@etssMpanad (N8 adhdearoRengot ri azol e
and 3, 4-di hydr o- 3- hydr oxy- 4- oxo- 1, 2, 3-benzotri azine are preferably
used. [0018)] 20Wht bilichewase ppbeensihg fgrrcconding) tithgatwespepstodthe if@ntion,
invention, the lubricity of the wire is enhanced, so that abrasion of
t he abBPasiiwehiphad eantent git theynitiogenedvathimng compowndas ¢aa rage fiost 05 meabs% to
and the abrasive grains can be kept frombeing fallen off fromthe
wire. AccdPdnasgtobaset ank tdd agrouphel e pwcesing®igr event ed and t he

e OgEL | eSO S ESR SE G R, SANREE f Bt
comound, LESIEAL 5. SERE BRLARSE n NSCRERR 5 ok MG ERFSH B

pr ocessi N@ofgsyh i Shds&Pn § (AN aRfiuhl bmepy&essﬁ gocessing fluid
tank. [0011] Further, 1t 1s preferable that pH of the processing

fluidief the i nTaBkilREn-mafdrbrécesding a0meacts@Madotie SoveRERcPs e RRhMon,
in arange from5 to 7. Since the pH of the processing fluid is in a
range fr onm nehidlutieadiabntwaftoprocesdingl fkhad inused, for Peocgener akilioon ofafer with a
hydr ogen can be further restrained. In addition, the corrosion of

wire and svird @owhishabseivpgearemaredigidlpeti’hedlt is preferable that the
content of the nitrogen-containing conpound in the invention is in a
range froffb. 054 Hlieon-iaks wosssuee siethed: sscardingriouaother aspest pf Hiedgeeniign

fluid, . .ef bly .j. f .1 to 5. %. S th ..

I RN R o
. d i X i on f ;

Sener 38100 o LSRR 05 LA oL S DB AL o i

10cont ent ghsisRk HRAS ark Qi @S §P{9.c|hteﬁ‘,§n QR]EH?QPQ bHYF t@ﬁ%ro@&ﬂc@ﬁaiﬁﬁ%%ﬁ%@?% is

[ 0013] The processing fluid of the invention contal ns wa

The wat er ifraYarpe ffm amy § kiief aGhasw@dtRy with Glated i iPedeied W} IS niBOGen-containing
purified water. The content of water is preferably in a range from 50
to 99. 95 rmaspthndithesvaera &98bly in a range from 60 to 95 nass% Wen
15 the content of water is at |east 50 nmass% environnental burden

can be reduced &0U8bnpared to et hyl eneglycol that is conventionally
used as a main conponent. Further, since water is the nmain conponent,

i nfl affability ESHRONEY GuiBe deenfipnailiny water peocssying Juid pirdes silicon wafer

processi ng_net hod of, the invention.w |l _ be. described 20.bel ow. .

The o1 11 CORETEr MBTISIGonS HretDEBE PR Vo fTTOrF FRinY G Eeneration of
i nst ance, i I hod, where abrasive grains are rigidly
attached g%d%%éﬁgggﬁﬁbgaggﬁce. In perfoimng the silicon-wafer

DESCRIPTION OF EMBODIMENT(S)
[0009]



Since the processing fluid of the invention contains the
ni t rogen-cont ai ni ng conpound having pH of a specific range, abrasion
of the abrasive grains can be prevented4 6 Further, though the chips
of the silicon ingot are generated, the nitrogen-containing conpound
of the invention restrains the reaction between the chips and water.
[0015] It shoul d bEichRimtk:t habekig RRRACES MNthvichibd (Rfmdiifes YENI @ as
may be added with 5 known additive(s) including friction nodifier,
anti f oam mgroagpeitig, fluidt Aéreth@fierd) iy atedr for Pasdeedihg b ddicoprveger withiave@jre. In the
viscosity nodifier, pH nodifier, thickener, dispersant and the |ike,
as | ong afolidvengddsdariptinn.othetdreccagog tfhuuk 0§ Yhei mvedioni nosed ifat gitingw tshicon
an object of the invention. The friction nodifier is used for )
restrai ni Hgot Recoabina s the fofedigiain anytherd. Jowpvar, tlee progepsipg flugdi of the invention
surfactants and ter- qubIe_Bon r. compounds are usable as the
friction HBIFUEFT! sﬁﬁwaghaw ?H@H§Grfactant i ncl ude non-ionic

of.. t he ter

f h | | I . --s0l ubl e . pol .
compound | nol udd e ariseyd Buid AsGRy e Gt 7 Gty e T sirion

pol yacryl i |.d - al kyl- A o olo] n _ .-
pol yet hyl g{nbg?%%ryggf}fgm%gfh%ﬁg%% ?‘glgérhmﬁg g%%g?lﬁ}%é i%segis ftgémlﬁgsel ?nn(éorlttaf%%lng
processi Ngodpsiirll bERMIBRI FnbBFRYVL @ 8 tdIRnPE 05RS Thid WilhUivatel DK nitrogen-
provi ded inside the processing chanber. Exanples of the antifoam ng
agent i nckoteinkig dotgreandiutaterf sug¥si | i cone oil and fluoroal kyl et her.
Exanpl es of the netal deactivator include imdazoline, pyrimdine
deriva®ive, thi Sdicazol & lascthbedz herviag oties sa®0Fdrbsibemt mry b derroded. On the
(preservative) is used for preventing corrosion of the wire and the
| i ke. Exafpreedand, vhen pHcexaerds 8etheplistion vaetligiont imslicids thastisey ingot is

benzoic acid esters_(parabens), zoic.acid, salicylic acid, sorhic
acid, dehy&r%&%&%ﬂ%ﬂa s b‘-"’f%?‘i&igﬁﬂgﬁi ¥ eﬁf?ref% dabp isigy 3 @nghEpPRot to 7,
and pheno§%§éh%$qgﬂTQe QH anifhggGis used for adjusting the pH of

t he proceSS|n8 Tar'd of "R %5 i hVention in a range from3 to 9. The
pH nodi fier is i foeed i . el i ' .
nodi fier. Exanp?ggﬁgkk%ﬁgoggﬁg?éﬁhgﬁﬁu??g?ggﬁé%tggﬂggﬁgﬁ%gg%ﬁgﬁﬁﬁgéﬁ’ﬁn
such as PolsyAREYh iHeted6dydliadnipd e Nalieh GpaGtichllyEXapRIz68ia2ble! BR-RATIH-3-
nodi fi er include basic conpounds such as N-net hyl di et hanol am ne and
cycl ohexy hydtoa{Hamnal- B Bj3Heenzdhiezihi dkdaaele, | tendisddadoly dndc deasitivgs tfiereof.
viscosity of the processing fluid of the 7 invention to inprove

adher abi | iAmyortgohe Reowsi benzoThuasle anih 8, 4atihadioohrhypdroxvd-cabrlad Bbenzptaiaise are
can be restrai ned. Exanples of the thickener include carboxylic acid
pol yner c&Fpeabldssghd al kyl enegl ycol pol yner conpounds sinilar to the
friction nodifier, The di spersant is used for restraining

t he chi ps fron1§358£iting on the wire saw. 5Exanpl es of the

di i | i f d -s0l ubl e..pol . .
S & o the PR HROKE AT o PR CopuBla o O WEHFIRE AR Wizt
may be degr ﬂf?sg ehHAnB&E Qb FRAGBral b€ abﬁtsi%l@%?%ﬁééﬁgiggif attddfed on the wire

processing f However, the total content o tives I's

usual Iy | Babé 8368indd RhO MBIV ShRECEn 04 kB?Sfﬁ%l beindFall@ssyaased wike.
the total amount of the processing 10fluid. [0016] Though t he
pr ocessi ngckbndinglnfbredlast wfeht ware ¢a bis ecvented sintl aha gravessing efffvidnog aind
in the above description, the processing fluid of the invention may

be used f ghcippkiamaqyraa beidnherpedvhersby impRyingtbe yicddmterdmethes the nitrggen-
met hod_of the processing fluid of the invention is not specifically
limited. FoRtajniyg %ﬂ%&ung restiafdheogenetiior f Brdesemdis eikpactan briweaenithe

i ch' | eo GGt AT RS A i SRt cihe BBty o8 KaAgm Spiling

before us ] . : entration. Though the main
conponent%g%qyggk%%%g{ sﬂgg fuid of the invention is water in 20the
[0011]

Further, it is preferable that pH of the processing fluid of the invention is in a



EXAMPLES [ 0017] Next, the invention will be described bel ow
in detail with reference to Exanples. It should be noted, however,
that the scope of the invention is by ng neans |imted by the 25
Exanpl es. [0018] Exanples | to 3 and Conparatives 1 to 5 A
processing fluid of a composition shown in Table 1 was prepared and

was subj e¢iRd fidn ¥abioQHré El%?fraﬁlg fin @\fﬁ{gdééﬁdxﬁ 3. to N 8irfc@ TROPIE rb?%he processing
own

contained in the processing ui 8 and the test itens are s

bel ow. Evalutdisiinn raggetréd raddiumHciitytth énildy akaistyNthefdebérdtiad 6f Bfdségen can
shown in Table 1. [0019] Conponents of Processing Fluid 5(1) Water:
tap wat er bef@yhePrespylinedenglddtion, the 3prrddion ofyeire enhsiticon g teqnpeuted:
benzotri azol e (SEETEC BT nmanufactured by SH PRO KASEI KAl SHA, LTD)

(4) Nitrogen-cof@H2hi ng conmpound:

3, 4-di hydr o- 3- hydr oxy-.4-oxo0- 1, 2, 3- benzotri azi ne 10(5) . . )

Ni t r ogen- cont ai % RgPesparidat ﬁwﬁ eopEledt &) mePE?‘bé‘é’ﬁ@‘E’é‘ﬂt aRgd in the
conpound: .3, 4-.di hydr 0o- 2H pyri =a) pyd, .M di n- 2- onge. 7) )
N 1T ogen. dEEPhAE Disfee i ORS SRR TRE B A Remalitlos tremmessing
VDA manuf agt ur | ZRim 69 bt 0/ QG edi;oj

acid (r eg?@%rng%eﬁ)rf %%llea%g?{% %%? ree ljo fram)r?a %c%lﬂéeggle%q%&@ﬁs# AQde0.0S
(Japan) Kpdss§00R0lbiRrh bt @BRisive) gifeis! R0 g8l R4t¥onF b (Hytiﬂ%eﬂ- eah Be further
Eval uati on Met hod 20The friction coefficient was neasured for

eval uat i onediaded ahbofrodibovf Wire agd bilicemein beofsvenZed] €8t th€othet har@Since the

Tester: F-2100 manufactured by ORI ENTEC Co., Ltd Ball: 3/16 inch ball
made & SWigieRETesmopl ldtmeassho theopryducalbh icos csn bé owstraiBkd.de speed: 20
mi's Slide distance: 2 cm
[0013]
The processing fluid of the invention contains water. The water may be of any
kind of water including tap water and purified water. The content of water is preferably in
a range from 50 to 99.95 mass%, more preferably in a range from 60 to 95 mass%. When
15  the content of water is at least 50 mass%, environmental burden can be reduced as
compared to ethyleneglycol that is conventionally used as a main component. Further,
since water is the main component, inflammability can be lowered.
[0014]
Next, the silicon-wafer processing method of the invention will be described
20 below.
The silicon-wafer processing method of the invention is, for instance, a fixed
grain method, where abrasive grains are rigidly attached on a wire in advance.
In performing the silicon-wafer processing method of the invention, a silicon
ingot is introduced into a processing chamber of a wire saw in which the wire is stretched
2b  around.
Then, the silicon ingot is sliced while supplying the processing fluid of the
mvention to the wire.

Since the processing fluid of the invention contains the nitrogen-containing

compound having pH of a specific range, abrasion of the abrasive grains can be prevented.



Load. 200 g [0021] 9 (2) Hydrogen Generation Test 1. Eval uation
Met hod Whi | e supplying 1600 g of the processing fluid to a
Ni -pl ated dianond wire (standard dianetér 0.12 nm grain size in a
range from 12 pmto 25 pn), a polycrystalline 5 silicon (0156 nmm
was sliced under the follow ng conditions. The processing fluid was

cyclical | Yuased thogbht iR ShibeiofaheRficthi Rigotvate GexvMed, efﬂlefﬁfrogéweomammg
times. Thus, a processing fluid containing activated silicon chips

was pr eparcempoiﬁhthoﬁihe)msmmgreﬁtkmnﬂthe ocHcaombetg et thechippandaatdref t

still. Generated gas was collected over water in a measuring cylinder
and the quantityo®B]t he gas was determ ned according to the foll ow ng
test conditions, It should 10be noted that Conparatives 1 and 2 were
not subj ect ed tét %Wéidt}éc‘sﬁo‘fﬁ‘é&%é}ée Pl}ﬁ’é?ﬁs@)gl"ﬁl‘-ﬂiitoédhq BV gRiiqry gy pggdded Wl'fh

e 15 T A AL 0 e R
I’unn spee

average Sa0 RS E?egrg%ﬁ"egvc‘v’@cré’? %f#%ﬁy@wﬁ Hiitgnir ?“%‘ﬁ% d}%’?fﬁﬂ? the

three day$ik@ONTRIBLasOhe Bﬁ@i@l@ﬁ%f rlﬁe ah&i’tlge('s)ef no?HhJ:c!nms@eQ@ \ﬂth%h@]@& 915 the

measuring cylinder: 200 mi [0 (3) Resource-Savi ng :

Eval uat i oinMatibed 25The proceSS| ng fluid was eval uat ed accordl ng to
the content of water contained in the processing fluid based on the
fol | owi ng eval udhe dnctom tedif@r iRusclal tatrhiaingGhe tabrasn\Witthe abasive firains.
of at |east 80% A Water content from 70% or nore to | ess than 80% B
10 Wat@r é&ﬁmmsurfa@mts(mdowamﬁ@ubis Pdymer kempd@ls @eWseele gotteefiiction

of | ess than, 60%
mod 1f6 1€r. Exampies of the surfactant include non-ionic surfactant such as glycols.

Examples of the water-soluble polymer compound include carboxylic acid polymer
compounds such as polyacrylic acid and alkyleneglycol polymer compounds such as
polyethylene glycol.

15 The antifoaming agent is used for keeping the processing fluid from spilling out
of the processing fluid tank provided inside the processing chamber. Examples of the
antifoaming agent include silicone oil, fluorosilicone oil and fluoroalkylether.

Examples of the metal deactivator include imidazoline, pyrimidine derivative,
thiadiazole and benzotriazole.

20 The bactericide (preservative) is used for preventing corrosion of the wire and the
like. Examples of the bactericide (preservative) include paraoxy benzoic acid esters
(parabens), benzoic acid, salicylic acid, sorbic acid, dehydroacetic acid, p-toluenesulfonic
acids and salts thereof, and phenoxyethanol.

The pH modifier is used for adjusting the pH of the processing fluid of the

25  1nvention in a range from 3 to 9. The pH modifier is classified into an acidic modifier and
a basic modifier. Examples of the acidic modifier include acidic compounds such as
polyacrylic acid and isononanoic acid. Examples of the basic modifier include basic
compounds such as N-methyldiethanolamine and cyclohexy! diethanolamine.

The thickener is used for increasing the viscosity of the processing fluid of the



[0023] Table 1 Conponent pH Ex.1 Ex.2 Ex.3 Corn p.1
Comp. 4 Comp. 5 Content di ass% Water 99 99.5 99

Comp. 2 Conmp. 3
.5 99 99 95.8 15

100 Propyl ene glycol 7

10

15

20

29

invention to improve adherability to the wire. Thus, the abrasion of the abrasive grains can
be restrained. Examples of the thickener include carboxylic acid polymer compounds and
alkyleneglycol polymer compounds similar to the friction modifier.

The dispersant is used for restraining the chips from depositing on the wire saw.
Examples of the dispersant include various surfactants and water-soluble polymers similar
to the friction modifier.

The content of the additives may be determined in accordance with the intended
use of the processing fluid. However, the total content of the additives is usually in a range
approximately from (.01 mass% to 30 mass% based on the total amount of the processing
fluid.

[0016]

Though the processing fluid of the invention is used for slicing a silicon ingot in
the above description, the processing fluid of the invention may be used for polishing a
silicon wafer.

Further, the manufacturing method of the processing fluid of the invention is not
specifically limited. For instance, in terms of convenience in transportation and sales, the
processing fluid may be prepared in a condensed state in which less amount of water is
contained, and water may be added before use to adjust the concentration.

Though the main component of the processing fluid of the invention is water in
the above description, glycols may alternatively be used as the main component.
EXAMPLES

[0017]

Next, the invention will be described below in detail with reference to Examples.
It should be noted, however, that the scope of the invention is by no means limited by the
Examples.

[0018]

Examples 1 to 3 and Comparatives 1 to 5
A processing fluid of a composition shown in Table 1 was prepared and was

subjected to various tests for evaluation. The components contained in the processing fluid
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and the test items are shown below. Evaluation results and pH of the processing fluid are
also shown in Table 1.
[0019]
Components of Processing Fluid
(1) Water: tap water
(2) Propylene glycol
(3) Nitrogen-containing compound: benzotriazole (SEETEC BT manufactured by
SHIPRO KASEI KAISHA, LTD)
(4) Nitrogen-containing compound: 3,4-dihydro-3-hydroxy-4-ox0-1,2,3-benzotriazine
(5) Nitrogen-containing compound: imidazole
(6) nitrogen-containing compound: 3,4-dihydro-2H-pyrido(1,2-a)pyrimidin-2-one.
(7) Nitrogen-containing compound: N-methyl diethanolamine (aminoalcohol MDA
manufactured by Nippon Nyukazai Co,Ltd.)
(8) Dodecanedioic acid (registered trademark "Corfree M1", manufactured by INVISTA
(Japan) K.K)
[0020]
Test Items
(1) Reciprocatory Friction Test
1. Evaluation Method
The friction coefficient was measured for evaluation under the following test
conditions.
2 Test Conditions
Tester: F-2100 manufactured by ORIENTEC Co., Ltd
Ball: 3/16 inch ball made of SUJ2
Test plate: polycrystalline silicon
Slide speed: 20 mm/s
Slide distance: 2 cm
Load: 200 g
[0021]
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(2) Hydrogen Generation Test
1. Evaluation Method

While supplying 1600 g of the processing fluid to a Ni-plated diamond wire
(standard diameter 0.12 mm, grain size in a range from 12 pm to 25 pm), a polycrystalline
silicon (0156 mm) was sliced under the following conditions. The processing fluid was
cyclically used and the slicing operation was conducted for four times. Thus, a processing
fluid containing activated silicon chips was prepared. The processing fluid containing the
chips was left still. Generated gas was collected over water in a measuring cylinder and
the quantity of the gas was determined according to the following test conditions. It should
be noted that Comparatives 1 and 2 were not subjected to the test because they exhibited
large friction coefficients,
2 Slicing Conditions

Wire saw: CS810 (single wire saw) manufactured by Diamond Wire Technology,
LLC

Used amount of wire: 30 m (repeatedly used by reciprocatory movement)

Wire running speed: average 340 m/min

Target bow setting: 5°
3 Test Conditions

Test time: three days

Amount of processing fluid left still: 100 g

Content of measuring cylinder: 200 ml

[0022]
(3) Resource-Saving Test
1. Evaluation Method

The processing fluid was evaluated according to the content of water contained in
the processing fluid based on the following evaluation criteria.
2. Evaluation Criteria

Water content of at least 80%: A

‘Water content from 70% or more to less than 80%: B



1
7
f

r

7
3
i

ctbn test:

25

30

Tot al

10

Water content from 60% or more to less than 70%: C

Water content of less than 60%: D

[0023]
Table 1

100 100 100 100 100 100 100 100 pH of processing HE 6.6
.5 10.2 9.8 8.5 6.9 7.8 R esuks of evaliatbn R eciprocatory
frictbn coef Frhnt 0. 15

Com ponent

pH

Exl

Ex2

Ex.3

Comp. 1

Comp. 2

Comp. 3

Comp. 4

Comp. 5

Content
1 ass%)

W ater

99

99.5

995

99

99

958

15

100

Propykne glcol

85

Benzotrhzok

52

0.5

34-dhydio-3-hydoxy-4-oxo-
1,2,3-benzotrkzie

In lazok

10.1

3,4~dihydrwo-2H-pyride (1.2-
a)pyrin Hi-2-one

9.7

N-m ethyldethanobm he

108

25

Dodecanedivt acil

1.7

Total

100

100

100

100

100

100

100

100

pH of processing fiid

6.6

35

102

9.8

8.5

6.9

8

Results of
evaliation

Rechmeatory fiictbn test: fdetbn coefbEent

Q.15

024

(.26

0.36

0.36

0.16

0.3

0.39

generated @ 1}

Hydrogen genertbn testamount of hydmogen

15

16

200<C

86

200<

Resource-saving test

[0024]

Evaluation Results

As 1s shown in the results of Examples 1 to 3 in Table 1, the processing fluid of

the invention reduces the friction coefficient due to the presence of a predetermined

nifrogen-containing compound. Thus, the processing fluid restrains the abrasion of the

abrasive grains and keeps the abrasive grains from being fallen off. Further, the processing

fluid of the invention reduces the amount of generated hydrogen, so that the processing

fluid is kept from spilling out of a processing fluid tank. Further, since the main

component of the processing fluid of the invention is water, the processing fluid imposes

less environmental burden and exhibits excellent source-saving performance.

In contrast, since the Comparatives 1 to 5 do not contain the nitrogen-containing

compound of a predetermined pH as a friction modifier as required by the invention,

increase in both the friction coefficient and generated hydrogen cannot be restrained.
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test AAAAAADAO0024] Evaluation Results As is shown in
the results of Exanples 1 to 3 in Table 1, the processing fluid of

the invention reduces the friction coefficient due to the presence of
a predet ermitRed sioe el MAAdnGRALR JTIRIpResRMANLid bheom 'VQMQ§%§§Wﬂ%e
fluid restrains the abrasion of the abrasive grains and keeps the

abr asi ve giwiohsther procdeinggfliial ireposed flardger eheifonnidneal phedas and gexhitidisdpoor
of the invention reduces the amount of generated hydrogen, so that

t he processunegsfting gerfrmappt. from spilling out of a processing fluid
tank. Further, since the ma conponent of the processing fluid of

t he invenﬂ?@%ﬁ$@3yﬁhé?PLH%%éﬁﬂEEéssing fluid inposes
5 [0025]

The silicon-wafer processing fluid and silicon-wafer processing method of the
invention are suitably used for slicing a silicon ingot with a wire on which abrasive grains

are rigidly attached.
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per f or mance. In contrast, since the Conparatives | to 5 do not
contain the nitrogen-containing conpountl of a predeterm ned pH as a
friction nodifier as required by the invention, increase in both the
friction coefficient and generated hydrogen cannot be restrained. 11
Furt her, <InkBMShe mai n conponent of the processing fluid of
Conparative 4 is propylene glycol, the processing fluid inposes

| ar ger enMi r onnehsdicorwadiepregedsieg Hivdi the sgmon-wadenmecasssing figid comprising:
performance. | NDUSTRI AL APPLI CABI LI TY 5[ 0025] . | The ]

si licon-waf er prdoeiy) Redifiencumpings Nieeen-GREtERINGCOBRS Rt JIsEthod of
the invention are u'élabl_ used for slicing.a silicon.ingot with a
Wire on which aBRELPLEE tagr-Capang o s s ES fisnee Jg den A mpss
silicon- ' flui.d . th iLlicon-wafer pr SSi 1 wid
corpr 1 1 ngi b MR sl g BB BlreBLRERRTAR A
conpound, swher ei : C i g al PR, s in a
range fror%'Z to %hﬁsﬁlgﬁngﬁ%s Og‘%sg{nggﬁ]\?\nd %%B%/\(ﬂ/a%%{rerkgfgg{r)e’sent eg by the

ni t rogen- cont ai MdEtrEQIPEIARAATEQoMBb@Id ik 8 hbfeBQycRe cothgoudidl | con- waf er
processing fluid according to claim1l1, wherein the

ni t r ogen- dont ai rl'rgsiltanpwaioripiosesainadimd aayalihgtocampoitherdn The
silicon-wafer processing fluid according to claim2, wherein

t he heterocycl i ¢hechmtprouyedicicompeltmtis sdefted fotrhidie growpconsingigsef egzafiazole,
benzotri azol e, o _ o

103, 448i hyat8ihydipyhpdipx-AoRe- 1.2 3 -tenpeifasne. azindazqladaz bengimidazalei daand
ol eand der, vatives thereof. 4. The silicon-wafer processing fluid
accor di ng dfﬂvghvfsgﬁéeof clains 1 to 3, wherein a pH of the

silicon- V\@lf er prﬂ%eeﬁﬁéo%gw%ﬁeﬂ)rgcés%iﬂ Mfa A&0EERS [N ?%)nte?}f %]I'airgs' 1 tThE wheygein
si |l i con-waf er processing u accgréllngto y ‘one of ¢ al s 7t 0 A

wherein 15a contenf o@he bifiRofliskkd ke Al h §ﬁ9?9g?$j§d.n a range

fromO0.05 mass% to 10 nass% base n a total anmoun t he processing

fluid. 6. sThe siTHL@Rconakefr PioeeSHE ME hdodidin@ECalyEnB @ ERIrANY tdOh v iRirein
clains 1 to 5 wherein the silicon wafer processing fluid contains

wat er 1bn a range contem SOthrastsdgehaof@ifiie omssdindds ada eanga ffopi 8l05anmei to
of the processing fluid. 207. The silicon-wafer processing fluid

accor di ng 10anasa% esed of a tdtaliampunt ¢igthe proghesing fuid. t he

silicon-wafer processing fluid is used for processing a silicon wafer,
with a wife on whischlicoraaierprogsssingdlug accordngioanyiqng oh ggimgl o 5, wherein

i 11 con-waf i t hod i sing:. . i
Si 1§ con-viaf or prdcaLeI Y1 REEIRE A FRAnS PAlSTi 18,7 FBEF FIoBF S0 mass% to
Che si 11 condsape SRAE: (MNP FRUBAGInARGa . | | BT DPESEI 1O

att ac bgd. Mber el il nQhafeh froBldslGRil QRIS I h %@Hﬁ%%td 8, Wherein
ge from2 to 8 when a nass ratio with watef represented by the
ni trogen- cont ai mdglicanpaindrddeesim@iiand isSuskd ¥8r processing a silicon wafer with a
wire on which abrasive grains are rigidly attached.
8. A silicon-wafer processing method comprising:
using a silicon-wafer processing fluid containing a friction modifier comprising a
25  nitrogen-containing compound; and
processing the silicon wafer with a wire on Which abrasive grains are rigidiy
attached, wherein

a pH of the nitrogen-containing compound is in a range from 2 to 8 when a mass

ratio with water represented by the nitrogen-containing compound/the water is 1/99.



