DESCRI PTI ON  SLURRY FOR SLI CI NG SI LI CON | NGOT AND METHOD FOR SLICI NG SI LI CON
| NGOT USI NG THE SAME TECHNI CAL FI ELD [0001] The present invention rel ates
‘to a slurry used upon slicing a silicon ingot, for exanple, for producing a
wafer for a solar cell, and a nethod for slicing a silicon ingot using the
sanme. BACKCROUND ART [0002] For slicing a silicon ingot, conventionally, a
multi-wire saw has been used that is capable of slicing a |arge nunber of
wafers at a time with a relatively small kerf loss. Fig. 1 shows a device
constitution of a basic multi-wire saw for slicing a silicon ingot for
producing a wafer for a solar cdBESCRIFTAONUIti-wire saw 10 shown in the
figure, nuneral 1 denotes a silicon ingot, which is fixed by adhesion to a
working plate 2, and in general, a material having a cross section of

about 150 mm square and a |length of about 400 mmis relatively frequently
used. [0003] Numer al SBUBBKoF@R ALW IRGfSILICONNMIANGUT é&NTeedi ng nechanism 1
4, which is wound and suspended on two wire guide rollers 5 at a pitch of
about from 0.3 METHOH FOR ®Id GIhEN SWUUDNUENGYT USING THE SAME

TECHNICAL FIELD
[0001]

The present invention relates to a slurry used upon
slicing a silicon ingot, for example, for producing a wafer
for a solar cell, and a method for slicing a silicon ingot using
the same.

BACKGROUND ART
[0002]

For slicing a silicon ingot, conventionally, a
multi-wire saw has been used that is capable of slicing a large
number of wafers at a time with a relatively small kerf loss.
Fig. 1 shows a device constitution of a basic multi-wire saw
for slicing a silicon ingot for producing a wafer for a solar
cell. In a multi-wire saw 10 shown in the figure, numeral 1
denotes a silicon ingot, which is fixed by adhesion to a working
plate 2, and in general, a material having a cross section of
about 150 mm square and a length of about 400 mm is relatively
frequently used.

[0003]

Numeral 3 denotes a wire fed froma wire feeding mechanism



a wre wnding nmechanism®6. A piano wire having a dianmeter of 0.16 mMmis
generally used as the wire 3. The wire 3 is fed at a speed of about 600
mmn while the feeding mechanism4, the two wire guide rollers 5 and the
wi ndi ng nmechanism6 are driven with notors (which are not shown in the
figure) that are synchronously controlled, and a prescribed tension is
applied to the wire 3 by controlling the position of a tension roller 7.
Slurry is applied to the wire 3 froma slurry agitating and feeding tank 8
through a slurry applying head 9. In this state, the ingot 1 fixed by
adhesi on #e vhkcChokkiwrpndglace suspended dowkwarlrg @og4le Ted lsirscieng
operation of the silicon ingot 1 using the wre saw 10 is effected in such
a manner that @itsth ch@lsdulr rironc@ntlaitoi Ag4 alm aesnd et lpowokerurnics upedybet ween
the running wire 3 and the ingot 1, and the abrasive powder are pressed

onto the aiwgeé divdichginBdianeansdy argisndaiionaldwinpedivnetetrhe wre
'3, whereby mcrocracks are forned in the surface layer of the ingot 1 to

scrape away ¢ Nep s § 8CPeh@YLT1 Pistd hSOthd 1@ ePOWdeIhe whiRet BE; Slrei NG
operation of the siliconingot 1 in this manner, it Is denanded to decrease

e hES, M BRSO kel s E AR B 0
wafers.  nL000%N iR gl de® B 180525 96t W, Ohat § RLLELNG R b, the
driven with motors (which are not shown in the figure) that
are synchronously controlled, and a prescribed tension is
applied to the wire 3 by controlling the position of a tension
roller 7. Slurry is applied to the wire 3 from a slurry
agitating and feeding tank 8 through a slurry applying head
9. In this state, the ingot 1 fixed by adhesion to the working
plate 2 is fed downward.
[0004]

The slicing operation of the silicon ingot 1 using the
wire saw 10 is effected in such a manner that a slicing slurry
containing abrasive powder is fed between the running wire 3
and the ingot 1, and the abrasive powder are pressed onto the
ingot 1 and simultaneously are rotationally moved with the wire
3, whereby microcracks are formed in the surface layer of the
ingot 1 to scrape away the surface layer as silicon fine powder.

In the slicing operation of the silicon ingot 1 in this manner,
it is demanded to decrease the kerf loss and to decrease the
thickness of the wafers in order to improve the yield of the

wafers and to reduce the cost of materials of the wafers.



silicon ingot 1 using the nmulti-wire saw 10 and shows the relationship
anong the paraneters upon slicing the silicon ingot 1. Fig. 3 is a
.schemati c diagram showing the force applied to the wire in the slicing
groove of the siliconingot 1. In Figs. 2 and 3, the follow ng enpirical
expressi ons have been generally known in the art as show ng the

rel ati onship anong the feeding speed V of the silicon ingot 1, the feeding
speed U of the wire 3, the slicing resistance P, the displacenent Sx of the
wire 3 in the direction perpendicular to the slicing direction, the

di spl acenfPO8Y of the wire 3 in the slicing direction, and the tension T
of the wwre 3. P cc VU (1) Sx cc P/IT (2) Sy cc P/IT (3) [0006] Upon

f eedi ng the sl uFiy. coHntxian raplangesi wvaepomdechelslioinderdrit erf ade t o be
sliced with the wire 3, the wire 3 is deflected to formthe displ acenent
Sy, and thelstoni hggotedi sisdnge tRel suflarired reTlaawslliociang redgiwst ariee P i s
gradual |y increased but reaches constant at a prescribed value. At the

slicing ipegatdsgshipeambhrgstie p@M@étéﬂsaﬁ mod1 i dfPridey sidiisqer sed, and
the displacenment Sx of the wire 3 is formed by acting a force proportional

é_o the sl hﬁ!rqag fesi pgnce Rgi iy idthemdtdid %ﬁtag%np%rmﬁn%cwr?g fordde slicing
irection. I'n the casé where the value of Sx s increased, wafers

applied to the wire in the slicing groove of the silicon ingot

1. In Figs. 2 and 3, the following empirical expressions have

been generally known in the art as showing the relationship

among the feeding speed V of the silicon ingot 1, the feeding

speed U of the wire 3, the slicing resistance P, the

displacement &x of the wire 3 in the direction perpendicular

to the slicing direction, the displacement dy of the wire 3

in the slicing direction, and the tension T of the wire 3.

P < V/U (1)

dx e« P/T (2)

dy «< P/T (3)

[0006]

Upon feeding the slurry containing abrasive powder 11
to the interface to be sliced with the wire 3, the wire 3 is
deflected to form the displacement 8y, and the slicing
resistance P is formed. The slicing resistance P is gradually
increased but reaches constant at a prescribed value. At the
slicing interface, the abrasive powder 11 are not uniformly
dispersed, and the displacement 8x of the wire 3 is formed by

acting a force proportional to the slicing resistance P in the



obtained by slicing the silicon ingot 1 suffer board warpage, unevenness in
t hi ckness and mnute surface irregularities, so as to deteriorate the
quality of the wafers. It nmay be suggested fromthe expression (2) that the
slicing resistance P should be decreased in order to decrease Ox. [0007]
Accordingly, the feeding speed V of the silicon ingot 1 may be decreased,

or the feeding speed U of the wire 3 may be increased, as understood from
the expression (1), but in the case where the feeding speed V of the ingot
1 is decreased, the slicing time is prolonged to deteriorate the production
ef fici encfireRtLRg pasEenRbFelafet e urke ngl spiwd Adrsctdvd@-wire is increased,
t he consunption anount of the expensive wire is increased to increase the
runni ng cost folnstheicase Whearedéhe veldecofdweithenkeedsédssyaidrs s
necessary to decrease the dianmeter of the wire 3, but the breaking strength
of the w pbtalnkd dewldased; thershyidan pngeitde swedessbbyrdfwatgeagsasi ng t he
tension T applied to the wire 3. In the case where the tension T is

decr easedunkhentiespl B¢ eMBBknEX s0dnd R nWtkesIriscd Aereasedriasespdsy st ood
fromthe expression (2), and thus the wafers are deteriorated in quality as

having begr descadbes ahove. théO%%%hl MyCracracksys £9BE N i At hasurd ace |ayer

of the wafers 4 after slicing on producing a solar battery cell by

process'“%u588s%@Eef§bmJ€he'éxB?&Sé%@ﬁyuf OLhgPME: Ehigthy F&istance
P should be decreased in order to decrease d8x.
[0007]

Accordingly, the feeding speed V of the silicon ingot

1 may be decreased, or the feeding speed U of the wire 3 may
be increased, as understood from the expfession (1}, but in
the case where the feeding speed V of the ingot 1 is decreased,
the slicing time is prolonged to deteriorate the production
efficiency. In the case where the running speed U of the wire
is increased, the consumption amount of the expensive wire is
increased to increase the running cost for slicing. In order
to decrease the kerf léss, it is necessary to decrease the
diameter of the wire 3, but the breaking strength of the wire
3 is decreased thereby to provide necessity of decreasing the
tension T applied to the wire 3. In the case where the tension
T is decreased, the displacement 8x of the wire 3 is increased
as understood from the expression (2), and thus the wafers are
deteriorated in quality as having been described above,
[0008]

Microcracks remain in the surface layer of the wafers



damaged | ayer by etching, and thus the wafer thickness is further decreased
after slicing the ingot. In the case where the wafer thickness becones
.smatler, the damage rate of the wafers in the transporting and processing
steps of the wafers is increased. The depth of the danaged | ayer is about
10 m in the conventional techniques, which inpairs reduction in thickness
of the wafers. [0009] As a nethod for renoving the problem fundanental
studies have been made for a wire saw using slurry containing an alkaline
aqueous s

0 ﬁ%ioglan abras%vg poqu{.j]t has bﬁen Q@ﬁprted that.in the case
where a cRENTRaISdiEaS ut i SROPUREAINFINTs T nS8FEEd 33 8 P 0Bessi RY 1 qui d
upon slicing a silicaon ingot, the, resistance on nnving %Pe ire (which is
her ei naf t BFOCFRFeRY '] FadE T8 rwitFel PUTFFITF 3616t HRERYE| ?ﬁ%‘{:’ye d, and
the crack depth on the surface |ayer of the ingot is decreased (see, for
exampl e, FANABACpARERY DYcekehing). apdotdusritge »afery thdskesedalisdi agr am
for describing the effect obtained by inparting a chemcal function to the
slurry. | fAurtherfdepnessesyaffckerAsl tdehng ahe hegset at nwiibrecasaelnaral sl urry
is used, and A2 denotes the relationship between the time and the wire
pul i ng rebesvafiee thidkrides awndkd pralilercaske Symbod rHBbfdehet es t he
state where alkaline slurry is used, and B2 denotes the relationship
between thererseirmitet EaMbpOrOUhY Id¥H processing steps of the wafers

is increased. The depth of the damaged layer is about 10 pm

in the conventional techniques, which impairs reduction in

thickness of the wafers.

[0009]

As amethod for removing the problem, fundamental studies

have been made for a wire saw using slurry containing an

alkaline aqueous solution and abrasive powder. It has been

reported that in the case where a chemical dissolution function

is imparted to a processing liquidupon slicing a silicon ingot,

the resistance on moving the wire (which 1is hereinafter

referred to as a wire pulling resistance) is decreased, and

the crack depth on the surface layer of the ingot is decreased

{see, for example, in Non-patent Document 1).

[0010]

Fig. 4 is a conceptual diagram for describing the effect
obtained by imparting a chemical function to the slurry. In
the figure, symbol Al denotes the state where a neutral slurry

is used, and A2 denotes the relationship between the time and

thewire pulling resistance Fof the wire 3 in this case. Symbol



resistance F of the wire 3 in this case. The abrasive powder 11 in the
slurry are pressed on the ingot 1 and rotationally noved with the wire 3,
.whereby cracks 12 formed one after another on the surface of the ingot |
are connected to each other, and fine powder of silicon is forned at

regi ons where they reach the surface of the ingot 1 and discharged fromthe
slicing groove with the abrasive powder rotationally noved and the flow ng
slurry liquid. The formation of fine powder neans elimnation of cracks. It
has been studied therein that in the case where alkaline slurry is used,

t he cycl eBli dendtem the nstdon wioerd i ad kedtinen sdfureyadles used, shodt BRed as
understood fromthe conpari son between A2 and B2, and fine powder is forned
on and di sehatgedhier pal &beossinipdetweknt tiee ithgetarld hatoverapplidcayi on of a

| arge renmoving power (wire pulling resistance F) at the slicing interface.

[0011] InrEb@stencé e densioOn.ilrd 3 appldAd kaskhe wire 3, whereby the
di spl acement Sx of the wire 3 in the direction perpendicular to the slicing

direction is tophe .0/a3¢f bBeMeyal tan PUL (herryhie pHbllag gipghatance F s

added thereto in the portio e wre 3 on t e Si ere the wire is

W thdr 2 (O 8 N0 dug 1) LBSCBAPRIRELS, Lo i (i Pl g cgest stance F

is decreas e forcea he"wire 3 7S écrease 6 di aneter
o e W18 R Lo I VRIE o, e WOt Fesdi

connected to each other, and fine powder of silicon is formed

at regions where they reach the surface of the ingot 1 and

discharged from the slicing groove with the abrasive powder

rotationally moved and the flowing slurry liquid. The

formation of fine powder means elimination of cracks. It has

been studied therein that in the case where alkaline slurry

is used, the c¢ycle time from formation to elimination of cracks

is shortened as understood from the comparison between A2 and

B2, and fine powder is formed on and discharged from the surface .

cf the ingot 1 before application of a large removing power

(wire pulling resistance F) at the slicing interface.

[0011]

In Fig. 2, the tension T is applied to the wire 3, whereby

the displacement 8x of the wire 3 in the direction perpendicular

to the slicing direction is to be a prescribed value, but the

wire pulling resistance F is added theretc in the portion of

the wire 3 on the side where the wire is withdrawn from the

ingot 1. 1In the case where the wire pulling resistance F is

decreased, the force applied to the wire 3 is decreased. The



since the wire is continuously abraded with the abrasive powder. In the
case where the wire pulling resistance F is decreased, the abrading force
.is also decreased to suppress reduction in dianeter of the wire 3. The
reduction of the wire pulling resistance F applied to the wire 3 and the
reduction of the abrading anmount of the wire provide capability of reducing
the dianeter of the wire, and thus the kerf |oss can be decreased. [0012]
On the line of the aforenenti oned approach, such a single wre saw has been

pr oposed E ses_an_.al kal i ne, sl ur of ﬁﬁ or nore at fro g to 80C or
D erarc SrappbeEroBi st Trth® 39 s 2roRrorseueh erdtalt Mailit "Docunent
1). Such a.netﬂo of slicing.a material to be processed has . been proposed
in that aW*&Fchi Ti%&ﬁ (fe@ i fi-A§ RO %?é@ir\?jéngpﬁﬁgfac?g the “3dfed on a
wire, and the tenperature of the etching liquid is increased to 50 to 60C
by fricti ShBFEHEM Wibe dsdconet kst habkpaedaHdh Hee akrapi e RAYASE -pr ocessed
(see Patent Docunent 2). [0013] Non-patent Docunent 1: Electronics yo
Kessho Zailnyoheica@s whese Kakovi(Rr prildion résiotessind bé drorstaged, ne
Materials for Electronics), published on January 30, Showa 60 (1980), by
Sci ence Fohembreding fléatcent s Dokaorelsic rka séb- o 2u2m2ess redtentobdeunent 2:
JP- A- 2- 298280
diameter of the wire 3. The reduction of the wire pulling
resistance F applied to the wire 3 and the reduction of the
abrading amount of the wire provide capability of reducing the
diameter of the wire, and thus the kerf loss can be decreased.
[0012]
On the line of the aforementioned approach, such a single
wire saw has been proposed that uses an alkaline slurry of pH
9 or more at from 30 to 80°C or a acidic slurry of pH of from
3 to 6 at from 25 to 65°C (see Patent Document 1).
Such a method of slicing a material to be processed has
been proposed in that an etching liquid containing no abrasive
particle is coated on a wire, and the temperature of the etching
liguid is increased to 50 to 60°C by frictional heat formed
between the wire and the material to be processed (see Patent
Document 2).
[0013]
Non-patent Document 1:
Electronics yo Kessho Zairyo no Seimitsu Kako (Precision

Processing of Crystalline Materials for Electronics),

published on January 30, Showa 60 (1980), by Science Forum Inc.



DI SCLOSURE OF THE | NVENTI ON PROBLEMS TO BE SOLVED BY THE | NVENTI ON [ 0014]
Upon slicing a silicon ingot for producing wafers for solar cells, it is
.demanded to slice into several thousands of wafers at a tinme fromthe

st andpoi nt of all owabl e production cost. The sliced wafer is used after
removing the slicing damaged |ayer on the surface thereof by etching, but
the step of finishing the surface by polishing as in wafers for

sem conductors may not be added fromthe standpoint of avoiding increase in
production cost. Accordingly, it is necessary to satisfy demanded val ues of

undul ati on and Ea%en iRarunent hi ckfeds 02 29e5waf ers only by slicing an
ingot. The nethod of coating an etching liquid to a wire as disclosed in
Pat ent DocunentPtemtyloasuestly idt Jhfade®O®280f the contact force of the
wire to the material to be processed and the tenperature at the slicing

i nterfaceDIaOHOSPRE N®&F MTHE INWENEIGN acticed with a single wire system but
cannot be realized upon slicing wwth a | arge nunber of wires. [0015] In the

slicing oproBtEldn b B sWQOED USY NEHRGINUENTOION al kal i ne sl urry contai ni ng
abrasi ve powder as disclosed in Patent Docunent 1, such factors are

i mport ant (gg1gpntrol of 8 the reaction of silicon with acid or alkali and
mai nt enance of the dispersibility of the reaction products and the abrasive

Upon slicing a silicon ingot for producing wafers for
solar cells, it is demanded to slice into several thousands
of wafers at a time from the standpoint of allowable production
cost. The sliced wafer is used after removing the slicing
damaged layer on the surface thereof by etching, but the step
of finishing the surface by polishing as in wafers for
semiconductors may not be added from the standpoint of avoiding
increase in production cost. Accordingly, it is necessary to
satisfy demanded values of undulation and wvariation in
thickness of the wafers only by slicing an ingot.

The method of coating an etching ligquid to a wire as
disclosed in Patent Document 2 requires strict management of
the contact force of the wire to the material to be processed
and the temperature at the slicing interface, and the method
can be practiced with a single wire system but cannot be
realized upon slicing with a large number of wires.

[00L5]

In the slicing operation of an ingot using acidic or

alkaline slurry containing abrasive powder as disclosed in

Patent Document 1, such factors are important as control of



powder in the liquid. The wire forns a slicing groove through progress in
the slicing direction, and since the slurry is continuously supplied to the
slicing groove, dissolution in the direction perpendicular to the slicing
direction (i.e., the thickness direction of the wafer) proceeds in the
slicing initiation part as conpared to the slicing term nation part.

[0016] Upon slicing a silicon ingot for producing wafers for solar cells,

t he wafer thickness may not be corrected by additional polishing, and thus

t he deman val ue, of fer,. thickness cannot atistied when the etching
ef f ect is%ggxﬁﬁggfﬁ 5 r%%ﬁﬁ?ﬁﬂwﬁf% P&r eoﬁnﬁgg?f%fa%§Lﬂ%ﬁﬁg%yaqggcessariIy
used for slicing,out several thoysands of wafers froman ingot,. which is
realized BY tﬁ’;er 8&?8?1:%&3%1‘@3% Pér e rBarhaeR PEREusSt 3RS BHet Y& t he

slicing part. In the case where aggregation occurs due to deterioration in
di sper si bPPREgroin thgctidnl Br odhet $14f thprsls f i dng gReovatiugd powder ,
feeding of the abrasive powder to the slicing interface is inparted, -
wher eby t bgogieespihl thg séscinanderettiome and esirscd ndreasletr o dsr eak t he
wire, and the slicing resistance is increased to increase the displacenent
of the wcpetinubheldi sepploed per peredisdulcdngt grbbees| disswgldli t@ctiron, whi ch
causes undul ation and steps on the surface of the wafer. 9 [0017] As a
result of thesdieésgicxpestpeidi @flar Id iteensingohg direction (i.e.,

the thickness direction of the wafer) proceeds in the slicing

initiation part as compared to the slicing termination part.

[0016]

Upon slicing a silicen ingot for producing wafers for

solar cells, the wafer thickness may not be corrected by

additional polishing, and thus the demanded value of wafer

thickness cannot be satisfied when the etching effect is

excessive. Furthermore, a large amount of slurry 1is

necessarily used for slicing out several thousands of wafers

from an ingot, which is realized by circulating the slurry

between the agitation tank and the slicing part. In the case

where aggregation occurs due to deterioration in

dispersibility of reaction products with silicon and the

abrasive powder, feeding of the abrasive powder to the slicing

interface is imparted, whereby the wire pulling resistance of

the wire is increased to break the wire, and the slicing

resistance is increased to increase the displacement of the

wire in the direction perpendicular to the slicing direction,

which causes undulation and steps on the surface of the wafer.



e |

of 150 mm square with 50 wires using an alkaline aqueous solution slurry

adj usted to pH 12

at 60C contai ning abrasive powder, the displacenent of

‘the-wire in the direction perpendicular to the slicing direction was | arge,
the adjacent wres slice the same groove, and the wire was broken after
slicing in a depth of 50 to 70 mm It was found as a result of analysis
that this is because the abrasive powder were not sufficiently supplied to
the slicing interface due to aggregation of the reaction products and the

abr asi ve powder,
of the W[081R&r e
abrasive particle

whereby the slicing resistance and wire pulling resistance
i ncreased. There were sonme cases where conpletely no
was supplied to the slicing interface, and the

tenperature at hBeastdHing dREt s0ficihg ¢X80timeMas ofapi i yitagraasad due to
direct friction between the ingot and the wire to break the mnre [ 0018]

Upon sl i cigyg 13b 13904 &éfé‘gwﬁchr 5Y Ra¥eRg u%lﬁBe@ncaallkJM’Hét'

cont ai ni ng abrasi ve pOV\.d I'S necessary to determ ne su H a sl urry

formul ati on -t hat

I d
of di sper SPBI7EY 8 S °”Et{%%ﬁ°p9%h?e9§ S Ere EBRaeR AT i the

l'iquid. The nven

obj ect thé)lpgg'F I's

a silicon in

i ngot canpﬁ€%§P9&

i on o] solv forenenti oned _problens, and an
% FG§@E€ fﬂ@W flc}ﬁb Efﬁ?rfjintgﬁalé{ﬁﬁﬁFl%&)sI|C|ng
t he mnre gulllng resi stance of the % is small, and the
syigmitet Gp'i)]rJé%]srigrl 1rectlon was large, the adjacent

wires slice the same groove, and the wire was broken after

slicing in a depth of 50 to 70 mm. It was found as a result

of analysis that this is because the abrasive powder were not

sufficiently supplied to the slicing interface due to

aggregatiocn of the reaction products and the abrasive powder,

whereby the slicing resistance and wire pulling resistance of

the wire were increased. There were some cases where

completely no abrasive particle was supplied to the slicing

interface, and the temperature at the slicing part of the ingot

was rapidly increased due to direct friction between the ingot

and the wire to break the wire.

(oois]

Upon slicing an ingot using slurry having a chemical

function

and containing abrasive powder, it is necessary to

determine such a slurry formulation that realizes control of

the chemical reaction and maintenance of dispersibility of the

reaction products and the abrasive powder in the liquid. The

invention is to solve the aforementioned problems, and an

object thereof is to provide such a slicing slurry in that upon

10



unevenness in thickness, mnute irregularities and danages on the surface

| ayer of the wafer, and to provide a nethod for slicing a silicon ingot
.using the sane. MEANS FOR SOLVI NG THE PROBLEMS [0019] The invention rel ates
to slurry for slicing a silicon ingot, containing abrasive powder, a basic
material and water, the slurry containing the basic material in an anount
of from 2 to 6% by nmass and glycerin in an anmount of from25 to 55% by
mass, based on a total mass of conponents of the slurry excluding the
abraS|ve powder. ADVANTAGE OF THE | NVENTION [0020] The slurry for slicing a
silicon i Agdcing ahellimantinget,i $henvwageepusl snqrrss icdmraieniofg thebasi c
material, glycerin and abrasive powder, and the conponents are contained in
sui t abl e wameuid ssmaldspeatdi theyindais ethrobet beioed swiofld Bappaealsihigqui d
conponents of the slurry, whereby the chem cal action with silicon can be

control | edneasfnéde idi sheecrkhbik| himity eacdd@lar P oskiahd @ataddeoabr asi ve
powder in the liquid can be nmaintai ned. Accordingly, synergistic effects of

chem cal agki ofr fae PAYSH 3 @B WRF#PORRA t@';‘tj'ﬂoﬁ@é ld GRItHJMEbrcan be
enj oyed, and the renoving power of sil'icon at slicing interface (i. e.

sersmad” SeAPETE b IEIEET FASESHEInd il oy, b cecreased win the
MEANS FOR SOLVING THE PROBLEMS
[0019]

The invention relates to slurry for slicing a silicon
ingot, containing abrasive powder, a basicmaterial and water,
the slurry containing the basic material in an amount of from
2 to 6% by mass and glycerin in an amount of from 25 to 55%
by mass, based on a total mass of components of the slurry
eXcluding the abrasive powder.

ADVANTAGE OF THE INVENTION
[0020]

The slurry for slicing a silicon ingot of the invention
is an agueous slurry containing a basic material, glycerin and
abrasive powder, and the components are contained in suitable
amounts, respectively, based on the mass of the total liquid
components of the slurry, whereby the chemical action with
silicon can be controlled, and the dispersibility of reaction
products and the abrasive powder in the liquid can be maintained.
Accordingly, synergistic effects of chemical action and
physical action upon slicing a silicon ingot can be enjoyed,

and the removing power of silicon at the slicing interface (i.e.,

11



whereby an ingot can be thinly sliced into wafers by decreasing the kerf
| oss and the slicing damage with a thin wire to attain reduction in cost of
~wafers. Qther objects, characteristics, viewpoints and advantages than
t hose descri bed above will be apparent from the follow ng detailed
description of the invention referring to the draw ngs. BRI EF DESCRI PTI ON
OF THE DRAWNGS [0021] [Fig. 1] Fig. 1 is a diagramshow ng a schematic
constitution of a nulti-wire saw for slicing a silicon ingot used in the
invention. [Fig. 2] Fig. 2 is an enlarged view of a slicing part of a
silicon PhgotiresPHyline rasistafqeecsdme pirg) Sn Prgleareased ydhbmati ¢
di agram showi ng the force applied to the wire in the slicing groove of the
silicon ihgetdendmied alaFty of iwaferonteptasdlandiceglasmmiedntédsed bi ng t he
effect obtained by inparting a chem cal function to the slurry.
DESCRI PTI ¥he b S ¥RBOL GO ] 2ah02 2hinl yi ssgided into wafers by decreasing
the kerf loss and the slicing damage with a thin wire to attain
reduction in cost of wafers.
Other objects, characteristics, viewpoints and
advantages than those described above will be apparent from
the following detailed description of the invention referring
to the drawings.
BRIEF DESCRIPTION OF THE DRAWINGS
(0021]
[Fig. 11}
Fig. 1 is a diagram showing a schematic constitution of
a multi-wire saw for slicing a silicon ingot used in the
invention.
[Fig. 2}
Fig. 2 is an enlarged view of a slicing part of a silicon
ingot using the multi-wire saw.
[(Fig. 3]
Fig. 3 is a schematic diagram showing the force applied
to the wire in the slicing groove of the silicon ingot.
[Fig. 4]
Fig. 4 is a conceptual diagram for describing the effect

obtained by imparting a chemical function to the slurry.

DESCRIPTION OF SYMBOLS
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2 silicon ingot feeding nmechanism 3 wire 4 wire feeding nmechanism 5 roller
6 wire winding mechanism 7 tension controlling roller 8 slurry agitating and
feeding tank 9 slurry coating head 10 nulti-wire saw BEST MODE FOR CARRYI NG
OQUT THE | NVENTI ON [0023] Enbodi nent 1 Upon slicing a silicon ingot with a
multi-wire saw, it 1is necessary to supply abrasive powder continuously to
the slicing interface in a suitable anount. Awre is used as neans for
conveyi ng the abrasive powder to the slicing interface, and a liquid is
necessari%p giﬁf as a nmediumfor dispersing and carrying the abrasive
powder on R ire and for reducing the frictional force anong the wre,

t he abrasave powder and the ingot and effecting cooling at the slicing
interfacel It }29%ecessary to nanage the viscosity of the liquid within a
certain range. In the case where the viscosity is low, the necessary anount
of the abfasi veShbigrt Fafotferding meahagdsti3 the wire, and in the case
where the viscosity is high, on the other hand, the |liquid cannot perneate
to the sl Bcing viterface,

4 wire feeding mechanism

5 roller

6 wire winding mechanism

7 tension controlling roller

8 slurry agitating and feeding tank
9 slurry coating head

10 multi-wire saw

BEST MODE FOR CARRYING OUT THE INVENTION
[0023]
Embodiment 1

Upon slicing a silicon ingot with a multi-wire saw, it
is necessary to supply abrasive powder continuously to the
slicing interface in a‘suitable amount. Awire isusedasmeans
for conveying the abrasive powder to the slicing interface,
and a liguid is necessarily used as a medium for dispersing
and carrying the abrasive powder on the wire and for reducing
the frictional force among the wire, the abrasive powder and
the ingot and effecting cooling at the slicing interface. It
is necessary to manage the viscosity of the liquid within a
certain range. In the case where the viscosity is low, the

necessary amount of the abrasive powder cannot be carried on
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and thus the necessary anount of the abrasive powder cannot be supplied to
the slicing interface simlarly. Furthernore, the liquid pressure at the
.slicing part is increased to cause a force separating the wafers that are
being sliced, and the flexure stress at the slicing interface is increased
by the force to break the wafers. It is also inportant to disperse the
abrasive powder in the liquid. In the case where the abrasive powler are
aggregat ed, the abrasive powder are accunulated at the inlet, through which

the wire ters from, the_outside of the ingot to the slicing rt, whereby
t he anount%?leo‘f’l’f%'e angt 4%, EBep(b%\%eerwq?Jﬁpﬁﬁd ’t%ccﬁsr?é:ysllisc%ﬁ%hi ncfrgr ce is
decreased, and noreover, the wire pulling resistance of the wre is

i ncr eased t8ebEnd + e wilaa1d gt PEIMSat a6y thmf lisi8e I e iR a 1 qui d
that has a prescribed viscosity, does not decrease the chem cal action of
t he basi c a#gt 8hial the e Hotancaiide ofntheaskra sl V¢ Ruidey caamgt
aggregation of the abrasive powder due to silicate and silica as-reaction
products ok $ieplisd toneterildlciagdistértare siAslartgsul Fumdfherardmeys
investigations, it has been found that glycerin is suitable as the liquid
havi ng these pioped iPressurd yeethd dldsiagspatable ivicseasetlyto hasis | arge
polarity to suppress decrease of the zeta potential in the slurry liquid

14 due tof epaBd i dpDiatsirld Gdeewatdrsi theR arbehag g006eaf famd thhe Wi th
water to suppress the increase in viscosity of the slurry
flexure stress at the slicing interface is increased by the
force to break the wafers. It is also important to disperse
the abrasive powder in the liquid. 1In the case where the
abrasive powder are aggregated, the abrasive powder are
accumulated at the inlet, through which the wire enters from
the outside of the ingot to the slicing part, whereby the amount
of the abrasive powder supplied to the slicing interface is
decreased, and moreover, the wire pulling resistance of the
wire is increased to break the wire.
[0024]

It is important to select such a liguid that has a
prescribed viscosity, does not decrease the chemical action
ofthebasicnwterial,anddoesnotcauseincreasein\dscosity
and aggregation of the abrasive powder due to silicate and
silica as reaction products of the basic material and silicon.
As a result of various investigations, it has been found that
glycerin is suitable as the liquid having these properties.

Glycerin has a suitable viscosity, has a large polarity to

suppress decrease of the zeta potential in the slurry liquid

14



due to hydration and gelation of silicate and silica with water.

t he case
pot enti al

is large,

[0025] In

where the amount of the basic material is small, the proportion of
silicain the silicate is increased to accelerate decrease in zeta
and increase in viscosity, in addition to the failure in exertion
of the chemcal action. In the case where the anmount of the basic nmaterial
on the other hand, the etching action beconmes too |arge, and thus
t he di ssolution anount of the wafer at the slicing initiation part exceeds

the limt. The anount , of hydrggen forped_t hrough reaction with silicon

becones
the slici

to a | argkt

duedSstoemebirnqleadd

pee LAt LoFa g h BBl FOF RIEABLEY Urry  at

ng interface, which considerably decreases the slicing speed due

cases, the liquid lubricating contact anong the wire, the abrasive
and the s@he tohydrpitiarsantgstlatdobrafakil heaint radduiel itam wheh vaketi onal force
thus increased. [0026] It is inportant to nmanage the anount of the basic
material , [0@28] it has been found that there is an optinum val ue therefor

with respect to the mass ratio of glycerin in the slurry liquid

©TotO MIRAASAS OREICRRAS LN OHL S GREFity, ORI By UFRYsome

powder

conponent s.

15 I'n the conmponenthd ads wiferlh@nki Babufit Ubf YeHObadi€inderd adi hkcon i ngot
of the invention, while maintaining the

small, the proportion of silica in the silicate is increased
to accelerate decrease in zeta potential and increase in
viscosity, in addition to the failure in exertion of the
chemical action. In the case where the amount of the basic
material is large, on the other hand, the etching action becomes
too large, and thus the dissolution amount of the wafer at the
slicing initiation part exceeds the limit. The amount of
hydrogen formed through reaction with silicon becomes
excessive to increase the amount of gas bubbles in the slurry
at the slicing interface, which considerably decreases the
slicing speed due to a large amount of abrasive powder depletion
parts, whereby in some cases, the liquid lubricating contact
among the wire, the abrasive powder and the silicon ingot is
lost to break the wire due to the frictional force thus
increased.
[0026]

It is important tomanage the amount of the basicmaterial,
and it has been found that there is an optimum value therefor
with respect to the mass ratio of glycerin in the slurry liquid

components.
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demanded quality of wafers for solar cells, the renoving power of silicon

at the slicing interface (the wire pulling

resi stance of the wire) can be

.decreased, and control of the chem cal action of the slurry with silicon

and dispersibility
can be mmi nt ai ned.

liquid

of the reaction products and the abrasive powder in the
It has been found that the expected advantages

cannot be obtained outside the conponent ratios. [0027] Although various
ki nds of al cohol, am ne, ether, polyethylene glycol and the |Iike have been
studi ed other than glycerin, there has been no material that has a stable

Vi scosity,

caused heoCARBPRERE i KA i6TS Chet k@ igistes Pavkerioand ifaPEt ai ns  t he

sui tabl e chem cal action, under the slicing conditions where oxidation

reaction @fSsﬂhp@@nMﬁﬁﬁﬂsOfF@heh@Hﬁﬁméloqﬂ3thh&1m@nnﬁ@@mémgethhe slicing
resi stance while the etching speed suppressed from being increased,
| ow concedéemanded quall ittlyeo basife nvaf er isall aascebhparttd mmdm:’trlrmtpowérot her
Wil e the reasons therefor are not clear, it is considered that

the presepge fligorcentn tHmer gases ngyhei pf OPRIdd omtﬁé tvierdapug 1ifgt eri al

l'iquid.

with respect to water to increase the effect (active

The sui taPé@lé’téﬁ@é'cFﬁ/ toe GhY¥EErion BleRasasebineadhfddisd 0 1At enef
subst ances on the silicon surface. Wile oxidafion reaction is liable to

proceed atpthe.,16 8l 89 1'E;.].\(Y'rtr

vigorously, 1t 1Is expected at ox?datlon reacti on,

of the reaction products and the abrasive powder in the liquid
can be maintained. It has been found that the expected
advantages cannot be obtained outside the component ratios.
[0027]

Although various kinds of alcohol, amine, ether,
polyethylene glycol and the like have been studied other than
glycerin, there has been nomaterial that has a stable viscosity,
causes no aggregation of the abrasive powder, and maintains
the suitable chemical action, under the slicing conditicns
where oxidation reaction of silicon occurs. Furthermore,
glycerin can decrease the slicing resistance while the etching
speed supprlessed from being increased, at a low concentration
of the basic material as compared with that of other liquid.
While the reasons therefor are not clear, it is considered that
the presence of glycerin increases the proportion of the basic
material with respect to water to increase the effect {active
amount) of the base. The suitable viscosity of glycerin
decreases the diffusion rate of substances on the silicon

surface. While oxidation reaction is liable to proceed at the
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x;(ufl@h Winhe c%eér?d tdrl%g%lrlé Mf]ﬂlkgws

at a

anount) of the base.
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to proceed in the part where the liquid flow on the wafer surface 1is snall
[0028] The first slurry for slicing a silicon ingot of the invention is a
.slurry for slicing a silicon ingot containing abrasive powder, a basic
material and water, in which the amount of the basic material is from2 to
6% by mass, and the amount of glycerin is from25 to 55% by mass, based on
the total mass of the conponents of the slurry excluding the abrasive
powder. The abrasive powder may be those generally used as an abrasive

mat eri al, and, exanples thereof include silicon carbide, .cerium oxide,

di amond, BALBENAIRATtIEL LRI URE AliRSOXNEES the PLERTYNT bRY U 18R O8SLYeon

di oxi de, which may be used solely or as a conbination of two or nore Kkinds
t her eof . Thet T 6HPBOREY thadpakidablopdiadftioad hset hetabiasgi vies povder are
commercially available, and specifically, for exanple, silicon carbide is
avai | abl etamrdercesiein thd@aﬁmbe@@t@@rleieluisi flowpnGardivdEyr sma faCe( Bl ack
Silicon Carbide) (produced by Fujim Incorporated), and alum num oxide is
avai | abl eigngmallhe trade names FO (Fujim Optical Enery), A (Regular Fused
Alumna), WA (Wiite Fused Alum na) and PWA (Pl atel et Cal ci ned Al um na)
(produced(bg2gfujim Incorporated). [0029] 17 The average particle dianeter
of the abrasive powder is not particularly limted, and is preferably from

5to 20 m The first slurry for slicing a silicon ingot of the
invention is a slurry for slicing a silicon ingot containing
abrasive powder, a basicmaterial andwater, in which the amount
of the basic material is from 2 to 6% by mass, and the amount
of glycerin is from 25 to 55% by mass, based on the total mass
of the components of the slurry excluding the abrasive powder.
The abrasive powder may be those generally used as an
abrasive material, and examples thereof include silicon
carbide,ceriwnoxide,diamond,boronnitride,aluminumoxide,
zirconium oxide and silicon dioxide, which may be used solely
or as a combination of two or more kinds thereof. The compounds
capable of being used as the abrasive powder are commercially
available, and specifically, for example, silicon carbide is
available under the trade names GC (Green Silicon Carbide} and
C (Black Silicon Carbide) (produced by Fujimi Incorporated),
and aluminumoxide is available under the trade names FO (Fujimi
Optical Emery), A (Regular Fused Alumina), WA (White Fused
Alumina) and PWA (Platelet Calcined Alumina) ({produced by
Fujimi Incorporated).

[0029]
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In the case where the average particle dianeter of the abrasive powder is
less than 5 m it is not preferred since the slicing speed becones too
small to deteriorate practicality, and in the case where the average
particle dianmeter of the abrasive powder exceeds 20 pm it is not preferred
since the surface roughness of the wafer surface after slicing is increased
to deteriorate the quality of the wafers in sone cases. The content of the
abrasive powder is not particularly limted, and is preferably from40 to
60% by mass based on the total nmass of the slurry for slicing a silicon
ingot. In the ThmsaveKape paettoir ddengtermet dheadpyes bowravdes féss than
40% by nass, the slicing speed becones too small to deteriorate

practi cal ney partsiond agdyed imanddi nattiel < gese felrebé yt iromdnttent20 pi. t he

abr asi ve powder exceeds 60% by mass, the viscosity of the slurry becones
too | argelt adhemmse wheppl yhotveltags|partyi clieodidreetsdt ofnghe abeakace in sone
cases. [0030] The basic material may be such a substance that functions as

a base i npdfigeslidr1yss andrexamm! ¢8 1186805 rd Gl e safcal il k11peha!

hydr oxi de, such as |ithium hydroxide, sodium hydroxide and potasSium

hydr oxi degpaag @ébﬁlé@'ﬂooe%htaﬁl”EBa&ieBé!E'i@fé@é? préd:t%aq%t@ag%al um
hydr oxi de, cal ci um hydroxi de and barium hydroxide, which may be used solely

or as a coppi éﬁ%té % £ av1\§r %? ?H%l@l%dﬁé%@{@?f f@H&“QBEQS%e”me“ al's,

an al kal i I‘OXI I's pr y use romt e standpol nt of

reactivi tﬁ{owder exceeds 20 pm, it is not preferred since the surface
roughness of the wafer surface after slicing is increased to
deteriorate the quality of the wafers in some cases.

The content of the abrasive powder is not particularly
limited, and is preferably from 40 to 60% by mass based on the
total mass of the slurry for slicing a silicon ingot. 1In the
case where the content of the abrasive powder is less than 40%
by mass, the slicing speed becomes too small to deteriorate
practicality in some cases, and in the case where the content
of the abrasive powder exceeds 60% by mass, the viscosity of
the slurry becomes too large to impair supply of the slurry
to the slicing interface in some cases.

[0030]

The basicmaterial may be such a substance that functions
as a base in the slurry, and examples thereof include an alkali
metal hydroxide, such as lithium hydroxide, sodium hydroxide
and potassium hydroxide, and an alkali earth metal hydroxide,
such as magnesium hydroxide, calcium hydroxide and barium

hydroxide, which may be used solely or as a combination of two
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with a siliconingot. A mxture of water and glycerin is used as the liquid
conponent of the slurry. The water is preferably one having a snal

Jdinmpurity content, but is not limted thereto. Specific exanples thereof

i nclude pure water, extra-pure water, tap water and industrial water.

[0031] The slurry for slicing a silicon ingot can be prepared by m xing the
af orenenti oned conponents at desired ratios. The nethod of m xing the
conponents may be arbitrarily selected, and for exanple, the conmponents nay

be, agitat o e AxbhadanDere.  THeng"dioha | 005 L e, CORRONGRLATRY al so be

arbitrarily selected. Furthernore, “t urr or slicing a silicon ingot

h j ddi ti | .
LT P ePaLagoRR. e Sybrectef \atne AL onal RGeS MUERATSR
purificatigga %ngflgﬁln,the met hod for slicing a silicon ingot of the

i nvention? BelR3Wis used as a slicing device. In the slicing

met hod, as havi ng been described, the first slurry of the invention is
supplied to a shdrkstwemtaihgratesd and lycpaspd whi feed &F tHd9 dgGuidan
agitating tank, the slurry is applied fromthe slurry coating head to a

W re that cPEpanent ehdheuspended ohhd wafismé srpreéesabhy sonadhgeingnber of
times and is noved at a high speed, and a silicon ingot is fed to the wire
t hus wound smadl impurity content, but is not limited thereto. Specific

examples thereof include pure water, extra-pure water, tap
water and industrial water.
[0031]

The slurry for slicing a silicon ingot can be prepared
by mixing the aforementioned components at desired ratios.
The method of mixing the components may be arbitrarily selected,
and for example, the components may be agitated by a blade mixer.
The order of mixing the component may also be arbitrarily
selected. Furthermore, the slurry for slicing a silicon ingot
thus prepared may be subjected to an additional process, such
as a filtering process and an ion exchange process, for such
a purpose as purification.

[0032]

In the method for slicing a silicon ingot of the invention,
a multi-wire saw is used as a slicing device. In the slicing
method, as having been described, the first slurry of the
invention is supplied to a slurry coating head with a pump while
agitating in an agitating tank, the slurry is applied from the

slurry coating head to a wire that is wound and suspended on
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suspended. The abr

asi ve powder are pressed onto the silicon ingot and

simul taneously are rotationally noved with the wire, whereby silicon is
.physically renmoved as fine powder at the slicing interface, and
si mul taneously, the renoval attains wth a small force with the chem cal

action of the basi

c material. [0033) Exanples of actual slicing operations

using the first slurry for slicing a silicon ingot will be described in
nore detail as conpared to conparative exanples. Five kinds of slurries for

11,0100 agslhi 600 1090l 351 0L FXITPL o d AN CRIRALALL Ve EXATDI €5 1 Lo

4 were produced,
conditions_ to obt
slurries,s??ﬁéklaq
particle dianeter

as the abPadPeRAsw

a I con“rngots were sliced undéer the ng

F" erdatong BORhTATRA Fonibe TEES 47800 *OM PG aver age

of about 8 pm produced by Fujim |ncorporated) were used
wdére ghgaghie prider AL PEeERREPTH WIS &dild€°Bowder and

t he ot her conponents than the abrasive powder in the slurry was 1/1. The

vi scosi t yingst grel
at a shear rate of

stk e ol narastad tiene Ma neved withnts® wige130 nPa s
57.6 (1/sec) and a slurry tenperature of 25C. The

vi scosi t ywharefey veisl iotinaiiregphiyys igapilel rainnveg agxpiere memntdeas ad shiet abl e
vi scosity range upon slicing a silicon 20 ingot with a nulti-wire saw using
an aqueouslsting yicont £6ad ngandibs asi Mearpowdsry, the removal attains

with a small force with the chemical action of the basic

material,

[0033]
Exa

slurry fo

detail as

mples of actual slicing operations using the first
r slicing a silicon ingot will be described in more

compared to comparative examples.

Five kinds of slurries for slicing a silicon ingot as

shown in Example 1 and Comparative Examples 1 to 4 were produced,
and silicon ingots were sliced under the following conditions
to obtain results shown in Table 1. Upon producing the
slurries, in all the cases, SiC abrasive powder (GC #1500,
having average particle diameter of about 8 pm, produced by
Fujimi Incorporated) were used as the abrasive powdexr, and the
mass ratio between the abrasive powder and the other components
than the abrasive powder in the slurry was 1/1. The viscosity
of the slurries was adjusted to a value of from 50 to 130 mPa-s
at a shear rate of 57.6 (1/sec) and a slurry temperature of
25°C. The viscosity range was obtained by a preliminary

experiment as a suitable viscosity range upon slicing a silicon
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[0034] (Slicing Conditions) Slicing device: multi-wire saw (having a device
constitution shown in Fig. 1) Wre dianeter: 0. 1 mm (nodel SRH, produced
by Japan Fine Steel Co., Ltd.) Abrasive powder: silicon carbide (GC #1500,
produced by Fujim Incorporated, average particle dianmeter: about 8 m
Silicon ingot: two ingots having a cross section of 150 mm square and a
| ength of 250 mm di sposed Slicing pitch: 0.33 mm (kerf loss: 0.13 nm wafer
thickness: 0.2 mm) Slicing speed: 0.35 mminmin (ingot feeding speed) Wre
runni ng sgeed 600 mMmn Wre tension: 14 N Slurry tank tenperature setting:
25C [ 003519 ExEfRY én‘!L‘ﬁltA‘r’ﬁl%édSWd{ﬁldlgoﬁn@@%ewsn%%‘ér’éﬁ’ Cﬁ’%é‘ép#ﬁg 56% by
mass of water and 4% by mass of sodi um hydroxi de was produced, to which
the same apbamtvefPewdeldi ve powder were then added, and the nixture was
agitated. (Conparative Exanple 1) 21 A m xed I|qU|d of 39% by mass of
propyl ene[@0§¢bl, 1% by mass of pol yvinyl al cohol, 56% by nass of water and
4% by _ .

{(Slicing Conditions)

Slicing device: multi-wire saw (having a device constitution

shown in Fig. 1)

Wire diameter: 0.1 mm (model SRH, produced by Japan Fine Steel

Co., Ltd.)

Abrasive powder: silicon carbide (GC #1500, produced by Fujimi

Incorporated, average particle diameter: about 8 pm)

Silicon ingot: twe ingots having a cross section of 150 mm

square and a length of 250 mm disposed

Slicing pitch: 0.33 mm {(kerf loss: 0.13 mm, wafer thickness:

0.2 mm)

Slicing speed: 0.35 mm/min (ingot feeding speed)

Wire running speed: 600 m/min

Wire tension: 14 N

Slurry tank temperature setting: 25°C

[0035]

{Example 1)

A mixed liguid of 40% by mass of glycerin, 56% by mass
of water and 4% by mass of sodium hydroxide was produced, to
which the same amount of abrasive powder were then added, and

the mixture was agitated.

(Comparative Example 1)
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mass of sodi um hydroxi de was produced, to which the same anount of abrasive
powder were then added, and the m xture was agitated. (Conparative Exanple
.2) A mxed liquid of 45% by mass of ethylene glycol, 51% by mass of water
and 4% by nmass of sodi um hydroxi de was produced, to which the sane anpunt

of abrasive powder were then added, and the m xture was agitated.
(Conmparative Exanple 3) A mxed liquid of 50% by nmass of diethanol am ne, 46%
by mass of water and 4% by mass of sodi um hydroxi de was produced, to which

t he sane anount ,of . abrasi ve. po re_then_ added and t-he m xtyre was
agitated. (Cbnp%r%}¥%%a§&ﬁﬁb éﬂﬁgﬁfrgghWQPéi%.IRF%R¥ﬁ?%ﬂﬂqu%§ﬁLr;% cool ant
(Luna Cool ant #6911, produced by o] em cal ., Ltd. i xed with
the same aHDUATS of éﬁﬁé@?ﬁ@spéa&QgB&aEEG% H§f§u%% “%Eeré%Frgﬁbg& [ 0036] 22
(Table 1) Wre Slur Wafer Wre Wear Increase Fluctuation Crack Breakage
resi st ancBaggtt 9Pdiévnivancetidsoyagirroshcrdn thwhhrRihessane cagwndrity a

depth N (%9 % (lsm) (m Exanple 1 none 0.8 t 0.07 14 20 none 11 none O
of abrasive powder were then added, and the mixture was

agitated.
(Comparative Example 2)

A mixed liquid of 45% by mass of ethylene glycol, 51%
by mass of water and 4% by mass of sodium hydroxide was produced,
to which the same amount of abrasive powder were then added,
and the mixture was agitated.:

(Comparative Example 3)

A mixed liquid of 50% by mass of diethanolamine, 46% by
mass of water and 4% by mass of sodium hydroxide was produced,
to which the same amount of abrasive powder were then added,
and the mixture was agitated.

(Compafative Example 4)

A commercially available neutral coolant (Luna Coolant
#691, produced by Ohtomo Chemical Co., Ltd.) was mixed with
the same amount of abrasive powder, and the mixture was
agitated,

(003¢]
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Conparative Exanple 1 found 1.1 0.35 found Conparative Exanple 2 found 1.2
0. 30 found Conparative found 0.7 0.20 13 250 found 8 nedium 0 Exanple 3
.Conparative found 2.5 0.26 23 40 none 35 snmall 10 Examle 4 [0037] The
presence of breakage of the wire in Table 1 shows a result obtained by
carrying out the silicon ingot slicing experinent in three tinmes each for
Exanple 1 and Conparative Exanples 1 to 4. The slicing operation was
conpleted in aII the three experinments w thout breakage of the wire only in

Example 1. In arative Exanples 1 and 2, the wire was broken wuntil the
silicon |ﬁ§@Ple 50 m squar e was conpletely sliced in all the three
experi ments, andthus thg@ TeE WTE mﬂlgmw regrstance ga; the
sol i dification sttat e of] {\Wre SI Iy h&edse | coul d tq:u € Were qpra shown.
I n Conparlati ve E)grgma& Bulignd 2 2e ackts oft he,. .&V\él ,ﬁf’él eSurfgher fEhe
e teC hﬂ%ﬁu Hic "
slicing gperation In W6$@%§erwge hYisgositahd t he Wi T guripas iFeaylaE d@hjng t he
I I anoaratiaoan nf An acc t t(\/nlnh r\h 1t hao S+ -con | noot M S—a
Sl I CI ng upLlhat TTIII T gorTy AT Ty T CITo | mgut T her ed
and fi xed, Examplohg em‘perlorﬁemm [ 0038] Zor | Exmmpl ¢ 1 Wher ¢ wafeer s wer ¢
obt ai ned, [kt St 23
%ﬁfﬂ? found |1.1£0.35 - found - - -
ng’:‘r’:;f:;e found |12£030| - found . .
ng“;'r"na;f:;e found |0.7£020| 13 | 250 found 8 medum | 0O
ng";’r’:;f;"f found |25:026| 23 | 4o none 35 small 10
[0037]

The presence of breakage of the wire in Table 1 shows

a result obtained by carrying out the silicon ingot slicing

experiment in three times each for Example 1 and Comparative

Examples 1 to 4.

The slicing operation was completed in all

the three experiments without breakage of the wire only in

Example 1.

In Comparative Examples 1 and 2, the wire was broken

until the silicon ingot of 150 mm square was completely sliced

in all the three experiments, and thus the wire wire pulling

resistance and the solidification state of the slurry that

could be measure were only shown.

In Comparative Examples 3

and 4 each, the wire was broken during the slicing operation

in two experiments, and the wire was broken during the slicing

operation of dummy glass, towhich the silicon ingot was adhered

and fixed,

[0038]

For Example 1 where wafers were obtained,

in one experiment.
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val ues anong the three experinental values were shown for the other
evaluation itens. For Conparative Exanples 3 and 4, the neasurenent val ues
.of the experinment where wafers were obtained were shown. The wire wear rate
means a decreasing rate of wire cross sectional area after conpleting the
slicing operation of the silicon ingot with respect to the wire cross
sectional area before use. The slurry viscosity increasing rate neans an
increasing rate of the slurry viscosity after conpleting the slicing
operation of the silicon ingot with respect to the slurry viscosity before
slicing theleesiagemg thgothrephexpeasasnsadf vabledveirgashomn dfon RBes| urry
shows whether or not aggregates of the slurry are formed during the
slicing opeheat ieoalofattiloe Sié¢mzon Flomgdoompd D03%je Fhemplastlanidoh thet hi ckness
of wafers is derived from two factors, i.e., the displacenent of the wire
upon sl i chegsutdmest | vadnesngof ah@ t8gpdt Hsaitut wherduewd Petdhewetehi ng
action in the slicing termnation part with the alkaline slurry. These

factors weheaiwéd dirstd NEHEwENEedThEOIN @aChe 8 N e Mihdd & datfeRisnor each of

both ends parts and center part of each of two ingots, i. e. , 30 wafers in
total, mf@té%@h??e%s@éé&'{fgnai%( déa“h@’éé‘?%% i Rl RS E’Ré S R one
wafer, i. , four corners, intermedi ate ponnt thereof, and center point.

The st andge i deyi at) I???V\%fbt.‘#éﬁm futEAMLle data of glgggggﬁzhn total .

The surfac |rregul ar Shows e exten

sectional area before use. The slurry viscosity increasing
rate means an increasing rate of the slurry viscosity after
completing the slicing operation of the silicon ingot with
respect to the slurry viscosity before slicing the silicon
ingot. The presence of solidification of the slurry shows
whether or not aggregates of the slurry are formed during the
slicing opération of the silicon ingot.

[0039]

The fluctuation in thickness of wafers is derived from
two factors, i.e.; the displacement of the wire upon slicing
the silicon ingot and the dissolution due to the etching action
in the slicing termination part with the alkaline slurry.
These factors were not distinguished from each other, and five
wafers for each of both ends parts and center part of each of
two ingots, i.e., 30 wafers in total, were sampled and measured
for thickness at nine points per one wafer, i.e., four corners,
intermediate points thereof, and center point. The standard
deviation was calculated from the data of 270 points in total.

The surface irregularity of the wafers shows the extent of steps
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of m nute undul ation and saw marks on the surface. The large irregularity
means poor quality, and the no irregularity nmeans such an extent that
.cannot be found visually. The crack depth on the wafer surface layer is a
result of SEM observation of the cross section obtained by cutting the part
of the wafer surface that suffers relatively large irregularity. The crack
depth of O pm neans that no crack is found fromthe concave part on the
surface to the lower |ayer. [0040] In Conparative Exanple 3 (al kaline
slurry), the wire pulling resistance of the wire was small as conpared to
Conpar at | v& rExane! endulaeidnadndisanr yarke @btaensthease m ITae 1etfect as
Exanple 1, but fluctuation in wire pulling resistance was |arge.

Fur t her nof eredunes # GF RASHB IR Qualit Pe avisersinbyi rdgi e St ie¥nwas | arge,
and solidification of the slurry and "~ separation between the solidified

o, AR B st e it R YT, 05 <

smaller fluctuation 1n wafer t no crack 1 n the

surface | Gy A%, Bl LALALNE o0 a0 2 3B dealpf Abe. Al ilisy Whre, which

wer e consi dered "as good™ proper e rasive powder
was unstapl e upon slici.ng, i ch found framthe fac hat the state of
t he slurr€h O%ﬁnﬁﬁéiﬁo I t@ﬁ?@ﬁ%é@,cﬁﬁ l?%égh?d¥FﬂhfF%ﬁ%FaF8%8F the wire
pul ling resistance of the wre_ was Iar%e. In Exanple 1, the effect of the

use of th¥UEiacs Fhat Sufifars sebathysen 2468 1eosgularity. The crack

depth of 0 pm means that no crack is found from the concave

part on the surface to the lower layer.
[0040]

In Comparative Example 3 (alkaline slurry), the wire
pulling resistance of the wire was small as compared to
Comparative Example 4 (neutral slurry) to obtain the similar
effect as Example 1, but fluctuation inwire pulling resistance
was large. Furthermore, the increasing rate of the viscosity
of the slurry was large, and solidification of the slurry and
separation between the solidified slurry and the liquid phase
were found. Comparative Example 3 provided a smaller
fluctuation in wafer thickness than Example 1, no crack in the
surface layer as similar thereto, and a small wear rate of the
wire, which were considered as good properties, but the action
of the abrasive powder was unstable upon slicing, which was
found from the fact that the state of the slurry was
considerably unstable, and the fluctuation rate of the wire
pulling resistance of the wire was large. In Example 1, the

effect of the use of the alkaline slurry is obtained, and
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si mul t aneously, the stable slicing operation was realized wthout breakage
of the wire, so as to obtain good results for all the evaluation itens.

.[ 0041] The conponent ratios capable of attaining a stable slicing operation
of a silicon ingot were investigated by changing the conponent ratios of
the slurry of Exanple 1. Correlativity was found anong the wire pulling
resistance of the wire, the wear rate of the wire and the crack depth in
the surface layer of the wafer, and therefore, the presence of breakage
and the wire EJ)_U| ling resistance of the wire, the increasing rate of

vi scosi ty safdlthReepresencéhef stedlliedisliicdmidowperathens Was yreadidache
irregularity on the surface and the fluctuation in thickness of the wafers
were usedidbonhehevatamd iodnthe enbre, The ®vdbusthtiaim getkodssfibtstive itens
were the sane as those in Table 1. The nass ratio between the abrasive
powder an@ltthehet Berlgauopenentéméhan the abrasive powder in the slurry was
1/1, and the sane slicing experinents as above were carried out wth the
contents qfppghycerin and sodi um hydroxi de changed. The results obtained are
shown in Table 2. [0042] 26 (Table 2) Ratios of conponents in mxed liquid

excluding Wre Shurib¥Wh@ht ratios capable of attaining a stable

slicing operation of a silicon ingot were investigated by
changing the component ratios of the slurry of Example 1.
Correlativity was found among the wire pulling resistance of
the wire, the wear rate of the wire and the crack depth in the
surface layer of the wafer, and therefore, the presence of
breakage andrthe wire pulling resistance of the wire, the
increasing rate of viscosity and the presence of
solidification of the slurry, and the irregularity on the
surface and the fluctuation in thickness of the wafers were
used as the evaluation items. The evaluation methods for the
items were the same as those in Table 1. The mass ratio between
the abrasive powder and the other components than the abrasive
powder in the slurry was 1/1, and the same slicing experiments
as above were carried out with the contents of glycerin and
sodium hydroxide changed. The results obtained are shown in
Table 2.

[0042]
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abrasive powder % b nmass) Wre Increase rate Fluctuation Sodium d ycerin
Wat er Breakage pulling of viscosity Solidification Surface In thickness
‘hydr oxi de resistance%- irregularity ~~ (N) Conparative Exanple 5 1 40 59
found 2.1 0.36 73 found large 29 Conparative 2 20 78 found 1.80.25 27 none
| arge 23 Exanple 6 Exanple 2 2 25 73 none 1.6 0.15 24 none none 16
Exanple 3 2 55 43 none 1.5 0.09 80 none none 14 Conparative 2 60 38 none
1.5 0.08 115 found small 20 Exanple 7 Conparative 4 20 76 none 0.9 0.35
38 found dium 16 Exanple 8 Conparative 4 60 36 none 0.8 0.07 105 found
smal | 14 f 12 9 Conparative 6 20 74 none 0.70.38 50 found | arge 15

Exanpl e I0 EXanplmtd ofeomponeldin NPNE 0. 6 0. 30 48 none nong 11 Exanpted 6 55
39 none (.7 0. 15« ipdivedune; 14 ganparégtive §,80 34 rone Qu.P. 16 119
f ound nome 19 Exaﬂﬂ@%fgggfbnparative 7 40 53 found 0.6Q.35 139 foung none
31 Example 12 Wirs
Sodium pulling Increase rate N Surface Fluctuation
hydroxide Glycerin | Water | Breakage resistance of vi(sozoslty Solidification irregularity In thickness
) ) (wm)
ng";f:;f';‘;e 1 4 | 59 | found |21z038| 73 found large 29
cé’x':':fﬁ‘ée 2 20 | 78 | found [181025] 27 hone large 23
Example 2 2 25 73 none |(16+0.15 24 none none i6
Example 3 2 55 43 none 1.5+0.09 80 none none 14
ng“;;“;f:";" 2 60 | 38 | none |15:008| 115 found semall 20
cgg';‘:;,‘j“éa 4 20 | 76 | none |09+035| 38 found | medium 16
ngfn’;ﬁ;e 4 60 | 36 | none |0.8+007| 105 found small 14
Comparative
Example 10 6 20 74 none 0.7+0.38 - 50 found large 15
Example 4 6 25 69 none {0.6+0.20 48 none none 11
Example 5 6 &5 38 | none |07:0.15 84 none none 14
CE‘,’(':;:E"?? 6 60 | 34 | none [07£046] 119 found hone 19
‘é‘;’:&;{:‘;"; 7 40 | 53 | found |06:035| 138 found none 3
[0043]

It is understood from Table 2 that the wire pulling
resistance of the wire is increased when the content of sodium
hydroxide is small. In Comparative Example 5 (sodium
hydroxide content: 1% by mass), no large difference was
obtained in wire pulling resistance of the wire from
Comparative Example 4 (neutral slurry) in Table 1, and thus
no effect was obtained by using the alkaline slurry. In
Comparative Example 12 (sodium hydroxide content: 1% by mass),

dissolution of the wafer in the slicing initiation part
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[0043] It is understood from Table 2 that the wire pulling resistance of
the wire is increased when the content of sodium hydroxide is small. In
-Conpar ati ve Exanple 5 (sodium hydroxide content: 1% by nass), no |arge
difference was obtained in wire pulling resistance of the wire from
Conparative Exanple 4 (neutral slurry) in Table 1, and thus no effect was
obt ai ned by using the alkaline slurry. In Conparative Exanple 12 (sodi um
hydr oxi de content: 1% by mass) , dissolution of the wafer in the slicing
initiation part 27 proceeded due to the too |large action of alkali, and

t hus the pfboetdeadidue te theciowdsimgl aheivafe’ alkslincardsddis The ot her
evaluation itens thereof were also poor. It was considered that no surface

i rregul ar flycofiat hen Waftdrivase pbbaivedvder ahf delcireasel .t hehabkakir et chi ng
action. [0044] A large content of glycerin provides a relatively small wre

pul ling regast@NEsn of tde tMdre o WereRillsof bystUatitonas keheaterbdt a | arge
content of glycerin provides a high increasing rate of the slurry

viscositythétshergﬁrbéﬁgngrﬁ?bagggiegyg%rEﬂecga ept whad Bthanes bgiscosity
at the time of preparation of ‘the slUrry, and thus the wire was nhot broken

in CbnparQ%hggt%$§ngkeéh%é%ﬂ%béééebﬁgﬂg %%ﬁﬁ%g? increasing rates of slurry

Vi scosity ere excee an I'cation (gelation) of the
slurry ma?0044]

A large content of glycerin provides a relatively small
wire pulling resistance of the wire with small fluctuation
thereof, but a iarge content of glycerin provides a high
increasing rate of the slurry viscosity.

A slurry having a large glycerin content had a large
viscosity at the time of preparation of the slurry, and thus
the wire was not broken in Comparative Examples 9 and 11.
However, the increasing rates of slurry viscosity thereof
exceeded 100%, and solidification (gelation) of the slurry was
found, which showed unstable property of the slurry.

[0045]

In Comparative Example 6, the. average value of the wire
pulling resistance of the wire was lower than that in
Comparative Example 5 to provide effect of the use of the
alkaline slurry, but the fluctuation in wire pulling
resistance was large, and the other evaluation items provided
poor results, which brought about an unstable slicing
operation of a silicon ingot. A stable slicing operation of

a silicon ingot was obtained in Examples 2 and 3 having the
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found, which showed unstable property of the slurry. [00453 I n Conparative
Exampl e 6, the average value of the wire pulling resistance of the wire was
‘lower than that in Conparative Exanple 5 to provide effect of the use of
the alkaline slurry, but the fluctuation in wire pulling resistance was

| arge, and the other evaluation itens provided poor results, which brought
about an unstable slicing operation of a silicon ingot. A stable slicing
operation of a silicon ingot was obtained in Exanples 2 and 3 having the
28 sane sodi um hydroxi de content but having a higher glycerin content, but
i n Conpar 8P S Exip| by dr ppds Fartanghdutghpddngna badahemt 91¥YRBTiEAcr easi ng
rate of slurry viscosity thereof exceeded 100% and solidification

(gel at i onFontenthe baltuin \Comps ratdweds xathp ch Tsthowety ansigid e gpyepeiny of the
slurry. [0046] Solidification of the slurry was found in Conparative
Exanpl es 8ontemind tbBe limcCeapanagt inatebExahpbeuBryt hessositgethereefqul arity of
the wafer was large, and the wire pulling resistance of the wre was

unst abl e. ekt ANALI, VendsaNpLe fidQtibhe guliftaes )idf egel stutyy abst he waf er
was unal l owably large, and the wire pulling resistance of the wire was

unst abl e. fFoGRaPandf dty es Pt &t AMNQVigHed e Bestnevahyakion results anong
Conparative Exanples 5 to 12, but the inCreaSing rate of Slurry viscosity

thereof exgggged 100% which showed

Solidification of the slurry was found in Comparative
Examples 8, 9 and 10. In Comparative Example 8, the surface
irregularity of the wafer was large, and the wire pulling
resistance of the wire was unstable. In Comparative Example
10, the surface irregularity of the wafer was unallowably large,
and the wire pulling resistance ¢f the wire was unstable.
Comparative Example 9 provided the best evaluation results
among Comparative Examples 5 to 12, but the increasing rate
of slurry viscosity thereof exceeded 100%, which showed
unstable property of the slurry. Examples 4 and 5 provided
results that were equal to or better than Examples 2 and 3.
[0047]

As having been described, in the case where a slurry
contains a basic material in an amount of from 2 to 6% by mass
and glycerin in an amount of from 25 to 55% by mass, based on
the total mass of the components of the slurry excluding the
abrasive powder, the effect of the use of the alkaline slurry
is obtained, and a stable slicing operation is realized without

breakage of a wire, so as to provide good results in all the
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unstabl e property of the slurry. Exanples 4 and 5 provided reSults that
were equal to or better than Exanples 2 and 3. [0047] As having been
-described, in the case where a slurry contains a basic material in an
anount of from2 to 6% by mass and glycerin in an amount of from25 to 55%
by mass, based on the total nass of the conponents of the slurry excluding
the abrasive powder, the effect of the use of the alkaline slurry is
obtained, and a stable slicing operation is realized without breakage of a
wire, so as to provide good results in all the 29 evaluation itens. [0048]
Enbodi menevalddei secorwhnsl urry for slicing a silicon ingot of the invention
can consi derably decrease unevenness in thickness of wafers for solar cells
by addi ng{eoggml| anount of a nonionic polynmer surfactant to the slurry
described in Enbodinment 1. As having been described, upon formng a slicing
groove W Ehiho@iMei€ Proceeding in the slicing direction, the slurry is
continuously supplied to the slicing groove, whereby dissolution of the

I s e RSSO LB g s e (e
o110, DhELELL S0 BRT oSS EOmRAeY. Lo LIE Sli el ag Loyl nationart of e

of wafers for solar cells by adding a small amount of a nonionic
polymer surfactant to the slurry described in Embodiment 1.

As having been described, upon forming a slicing groove with

a wire proceeding in the slicing direction, the slurry is
continuously supplied to the slicing groove, whereby
dissolution of the wafer in the direction perpendicular to the
slicing direction (the thickness direction of the wafer)
proceeds by the etching action in the slicing initiation part

as compared to the slicing termination part of the ingot. As

a result of investigations of various kinds of surfactant in
order to prevent the dissolution in the part where the slicing
operation is completed without decrease in chemical actioﬁ at

the slicing interface, it has been found that the dissolution

in the part where the slicing operation is completed can be
largely suppressed through reduction in chemical action within

the allowable range by adding a suitable amount of a nonionic
polymer surfactant.

[0049]

A nonionic polymer surfactant was then added to the

slurry of Example 1 to verify the effect of suppressing the
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order to prevent the dissolution in the part where the slicing operation is
conpl eted without decrease in chemcal action at the slicing interface, it
‘has 'been found that the dissolution in the part where the slicing operation
is conpleted can be |largely suppressed through reduction in chem cal action
within the allowable range by adding a suitable anbunt of a nonionic

pol ymer surfactant. [0049] A nonionic polynmer surfactant was then added to
the slurry of Exanple 1 to verify the effect of suppressing the 30
dlssolutlon ampunt in the slicing initiation part of the wafer _upon slicing
a silicondifgotutien gmoggl in 5fhe| %Jv%%%l’i‘%&flnléﬁétlefl RAgY 8hLE Wasest
surfactants by a beaker experinment, Adeka Pluronic L31, produced by Adeka
Cor p. wasUB@# i hirding tahéllﬁ§ﬁpom’1@0‘bol Ve R sesRbetahinyes tiaatasng. A

m xture of 4% by mass of sodi um hydroxi de and 40% by mass of gl ycerin,

based onofhanistusl kimds of shdacdrpdseny 2 bbakhe skperimens| ddiekg the
abrasi ve powder, in which the addition anmount of the nonionic polyner

sur fact anpluwesnidcLeasegprodhecsanmy Fupkd ©irp Wat£s vpsimaenr easetk, was
added with Si C abrasive powder (GC #1500, produced by Fujim Incorporated)

in the safsned@idipASmdM8urehatafonRaNeRSub8dt hey slidkhyee£layibygg the
abrasive powder, so as to produce a slurry. The sane slicing experinent as

above 1as.g8s oLt QRHAUAL JH0e 404! By A LS W 'E ¥R badledt he wire

and the fluctuation 1 n wafer thickness
on the total mass of the components of the slurry excluding

the abrasive powder, in which the addition amount of the
nonionic polymer surfactant was increased (the same amount of
water was decreased), was added with SiC abrasive powder (GC
#1500, produced by Fujimi Incorporated) in the same amount as
the total components in the slurry excluding the abrasive
powder, so as to produce a slurry. The same slicing experiment
as above was carried out toevaluate thewire pulling resistance
of the wire and the fluctuation in wafer thickness. The

results are shown in Table 3.

[0050])
(Table 3)
Concentration of Wire pulling resistance | Fluctuation in wafer
surfactant (% by mass) of wire (N) thickness {um)
0.1 0.8+0.08 12
0.2 0.8+0.08 8
0.4 1.3+£0.08 7
06 1.7+0.05 6
0.8 2.0£0.08 8
0.9 21+£0.10 10
1.0 231015 17
[0051]
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results are shown in Table 3. [0050] (Table 3) Concentration of Wre

pul ling resistance Fluctuation in wafer surfactant (% by nass) of wire (N)
thickness 0.1 0.8t 0.08 12 0.2 0.9 0.088 0.41.3 0.067 0.6 1.7 0.05
6 0.82.0 0.088 0.92.1t 0.1010 1.0 2.3t 0.15 17 [0051] 31 It is
understood from Table 3 that the wire pulling resistance of the wire is

I ncreased upon increasing the concentration of the surfactant, and at 1.0%
by mass, becomes such a value that is equivalent to the val ue obtained by
using the neutral slurry in Conparative Exanple 4 to fail to_obtain the
effect of usingt® hkS abR@GFHecad uEF9T RAPLAH §Eghétth%? vhEee PRALLNGf addition
is 0. 9% by nass. It is also understood that the effect of suppressing the

di ssol ut i b@&sbsamee | aft Hdies| vitegisi nindraased pyran ofncheaswier theon slicing

t he ingot cannot be obtained at an addition concentration of 0. 1% by nass,

and the edhemttrstodt aifnedeatudf&%0dant mass. af A052] by mass, becomes
such a valﬁe that is equivalent to the value obtained by using
the neutral slurry in Comparative Example 4 fo fail to obtain
the effect of using the alkaline slurry, which shows that the
limit of addition is 0.9% by mass. It is also understood that
the effect of suppressing the dissolution amount in the slicing
i.nitiation part of the wafer upon slicing the ingot cannot be
obtained at an addition concentration of 0.1% by mass, and the
effect is obtained at 0.2% by mass.
[0052]

As having been described, the second slurry for slicing

a silicon ingot of the invention is a slurry for slicing a
silicon ingot containing abrasive powder, a basic material and
water, in which the amount of the basic material is from 2 to
6% by mass, the amount of glycerin is from 25 to 55% by mass,
and the amount of a nonionic polymer surfactant is from 0.2
to 0.9% by mass, based on the total mass of the components of
the slurry excluding the abrasive powder, whereby the
dissolution in the part where the slicing operation is
completed can be suppressed without reduction in chemical
action at the slicing interface.

Various modifications and changes may be applied to the

invention by a skilled person in the art without departing from
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As havi ng been described, the second slurry for slicing a silicon ingot of
the invention is a slurry for slicing a silicon ingot containing abrasive
powder, a basic material and water, in which the amount of the basic
material is from2 to 6% by nass, the anobunt of glycerinis from25 to 55%
by mass, and the anount of a nonionic polynmer surfactant is from0.2 to

0. 9% by nass, based on the total mass of the conponents of the slurry

excl udi ng the abrasi ve powder, whereby the dissolution in the part where
the slicing operation is conpleted can be suppressed w thout reduction in
chemical thRtswpaanchepdtisi p§ theeirwerticnr sk WhsdinveatieAsiand changes
may be applied to the invention by a skilled person in the art w thout
depart i ngné¥ ormnBX udtk ascppé ngnd inpiedt tof thdhenhodmends, daadrihedi nventi on
is not construed as being limted to the enbodi nents described in the
speci fi catmothe 3oddiMiiMatict. A slurry for slicing a silicon ingot,
conprising abrasive powder, a basic material and water, characterized in
that the slurry conprises the basic material in an amount of from2 to 6%
by mass and glycerin in an anount of from 25 to 55% by mass, based on a
total mass of conponents of the slurry excluding the abrasive powder. [2] A
slurry for slicing a silicon ingot, conprising abrasive
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powder, a basic material and water, characterized in that the slurry
conprises the basic material in an anmount of from2 to 6% by mass, glycerin
in an anmount of from 25 to 55% by nmass, and a nonionic polymer surfactant
in an anount of fromO0.2 to 0. 9% by nass, based on a total mass of
conmponents of the slurry excluding the abrasive powder. [3] The slurry for
slicing a silicon ingot as clained in claim 1 or 2, characterized in that
one or a conbination of two or nore of silicon carbide, cerium oxide,

di anond, boron nitride, alum num oxide, zirconiumoxide and silicon dioxide
is used as the abrasive powder. [4fLFH8Sslurry for slicing a silicon ingot
as clainmed in claim 1 or 2, characterized in that the abrasive powder have
an average particle dianmeter of from5 to 20 m and a content of the
abrasive powder is from40 to 60% by nmass based on a total nass of the
slurry forlldl i chreguaryifexehichggta sB84i¢d] impet slowmpy isdngsibimEsigea silicon
ingot as clained in claim 1 or 2, characterized in that an al kali. netal

hydr oxi de powdar, aldealiic matébhiaktald wadeexi deatsctsmeizas ihhehdbagihe materi al .
[6] A method for slicing a silicon ingot with a slurry conprising abrasive

powder anglarRgstompediedid alhe bRBRACKhEEEZRML innahh@tolrdte oF @ikby Zampri ses the
basic material in an anount of from2 to 6% by mass and gl ycerin in an

o o R Ao ISR, sk ARt 45RO S uf HRRNEN < O
based on a total mass of components of the slurry excluding
the abrasive powder.

(2] Aslurry for slicing a silicon ingot, comprising abrasive
powder, a basic material and water, characterized in that the
slurry comprises the basic material in an amount of from 2 to
6% by mass, glycerin in an amount of from 25 to 55% by mass,
and a nonionic polymer surfactant in an amount of from 0.2 to
0.9% by mass, based on a total mass of components of the slurry
excluding the abrasive powder.

[3] The slurry for slicing a silicon ingot as claimed inclaim
1 or 2, characterized in that one or a combination of two or
more of silicon carbide, cerium oxide, diamond, boron nitride,
aluminum oxide, zirconium oxide and silicon dioxide is used
as the abrasive powder.

[4] The slurry for slicing a silicon ingot as claimed inclaim
1l or 2, characterized in that the abrasive powder have an
average particle diameter of from 5 to 20 um, and a content

of the abrasive powder is from 40 to 60% by mass based on a

total mass of the slurry for slicing a silicon ingot.
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[7] A method for slicing a silicon ingot with a slurry conprising abrasive
powder and a basic material, characterized in that the slurry conprises the
‘basic material in an anobunt of from2 to 6% by mass, glycerin in an anount
of from25 to 55% by mass, and a nonionic polyner surfactant in an anount
of from0.2 to 0. 6% by mass, based on a total nmass of conponents of the
slurry excluding the abrasive powder. [8] The nmethod for slicing a silicon

i ngot as clai ned in claim 6 or 7, characterized in that a multi-wire sawis

used as a f|ICI 9eV|ce to produce mqfers for solar cells, ?
e slurry for slicinga silicon ingot as claimed in claim

1 or 2, characterized in that an alkali metal hydroxide or an
alkali earth metal hydroxide is used as the basic material.
[6] A method for slicingl a silicon ingot with a slurry
comprising abrasive powder and a basicmaterial, characterized
in that the slurry comprises the basic material in an amount
of from 2 to 6%. by mass and glycerin in an amount cof from 25
to 55% by mass, based on a total mass of components of the slurry
excluding the abrasive powder.

[7] A method for slicing a silicon ingot with a slurry
comprising abrasive powder and a basicmaterial, characterized
in that the slurry comprises the basic material in an amount
of from 2 to 6% by mass, glycerin in an amount of from 25 to
55% by mass, and a nonionic polymer surfactant in an amount
of from 0.2 to 0.6% by mass, based on a total mass of components
of the slurry excluding the abrasive powder.

[8] The method for slicing a silicon ingot as claimed inclaim
6 or 7, characterized in that a multi-wire saw 1s used as a

slicing device to produce wafers for solar cells.
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