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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 nmulti-wire saw for slicing a silicon ingot for
producing a wafer for a solar cePESCRRPEIGNIIti-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] Numeral FLURRWOERER SLUCING SALICOM ANGOT eARRedi ng nechanism 1
4, which is wound and suspended.on two wire guide rollers 5 at a pitch of
about from 0.3 METAOH FORABUICDEG SOUDCONIPINGOT 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 nechanism®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 nechanism4, 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 6
through a slurry applying head 9. In this state, the ingot 1 fixed by
adhesi on tdo #héChoiRi houn@l an@ susrerdad @owhar iire o9eidde THl itithg
operation of the silicon ingot 1 using the wre saw 10 is effected in such
a manner tdta@ aischcohgaloutrfromdhidita g dabmashdethenderund ¥redoet ween
the running wire 3 and the ingot 1, and the abrasive powder are pressed
onto the a ngatl wandisgnuethanossl §. arke piahat wonal hyvimgea didrettdre wre 3,
whereby m crocracks are fornmed in the surface layer of the ingot 1 to

scrape awayf bheesut fiacgehayal 1@susdd ixzonhtiwErowderhe wird Beisldad ng
operation of the siliconingot 1 in this manner, it is denmanded to decrease

the kerf 104sa 8pded bAKHRASEINR/miRA FKNESSHY fleB@iWal REShARI OROLT O
inprove the yield of the wafers and to reduce the cost of materials of the
wafers.  ZHOQQ8]wfEg gifidé AN RN ABISHIVELY A diRg febhbAgsRagtad 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 di agram showi ng 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 displacenment Sx of the
wire 3in &ﬂﬁﬁairection perpendicular to the slicing direction, the

di spl acenent of the wwire 3 in the slicing direction, and the tension T

of the wire 3. > cc VLU (1) Sx cc PIT, (2) cc.RIT (3 00Q6], Upon
f eedi ng t he sIufﬁﬁ'cgnﬁﬁi%PnangﬁFgE?v%l%%WﬂgﬁxfiSlﬁﬁlpkekﬁﬁ%eP a%geto be
sliced with the wire 3, the wire 3 is _deflected to formthe disEIacenent
By, and tIe-18iGO8 idi9qtest siwte B¢ shebrhetirerneavs| 1@ #gd r 8RP€Faht® P i s
gradual l'y increased but reaches constant at a prescribed value. At the
slicing i reddtdeashipe agiorgsithe pasgaetersai@onoslisiner fh¢ sdlipeRsed, and
t he di splacenent Sx of the wire 3 is formed by acting a force proportional
to the sliigigef rlesi stignce3 PL$ nat beheBatlicedtiagnapeshewtnguthe fortae slicing
direction. In the case where the value of 8x is 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 8y of the wire 3

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

P < V/U (1)
dx « P/T (2)
8y o« 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 08y, 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 6x 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
gquality of the wafers. It may 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 tine is prolonged to deteriorate the production
eff|C|encydlnaﬁtﬂﬂm(pﬁmpam@moylﬁmetpumhenglspee@ dipgcthenwire is increased,
t he consunption anount of the expensive wire is increased to increase the
runni ng cost forirslthel Bgsel wherdethe tva ldecobgade ihdnkerhslkedssyvaférss
necessary to decrease the dianmeter of the wire 3, but the breaking strength

of the w repbtadined $§CsEBasERy ey ebyitonpimydide secessidoaref wdepagasi ng the
tension T applied to the wire 3. In the case where the tension T is

decr eased, uddieer s apePt ks PhnbiNei WS sdriFsck NoFRaneth riasi di)des st ood
fromthe expression (2), and thus the wafers are deteriorated in quality as

having boetk descriepediabave. 0308l Meroer aaks vaamaEn | v heaplptace | ayer

of the wafers ter |C|n on producing a solar battery cell by

processi ngy e, MBI LTS ol {nd $AGER3IALY (4P HEP¥Re 4Ty a8 stance

P should be decreased in order to decrease 0x.
[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
efficiency. 1In 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. 1In the case where the tension
T is decreased, the displacement dx 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
smaller, 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 inmpairs 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 al kal i ne

aqueous soI tion g?ggﬁfﬁffgﬁﬁyﬂﬂﬁfgéﬁciﬁgh?S b %Qﬁ ggggpg c%ﬁ§t1£ the case

where a chem<al ocessing liquid

upon slicin rgoa S|I|coH|n , thereS|stance on novin %he V\/nlchls
or ei naf { 6T bCRSRIR BRE VALEES T uPPEROREE R AROSTS SLG8ELEASS)  and

the crack depth on the surface | ayer of the ingot is decreased (see for
exanpl e, FRINGIRGAERE Boc ReFR1ing, oD I1DTUF; *@he aken BRI 1% agram
for describing the effect obtained by inparting a chemcal function to the
slurry. | rfunther dgareassgnbitensldeiogeshe Hagsitat eIntdre casgevine®s® slurry
is used, and A2 denotes the relationship between the time and the wire
pul i ng readiestwarfeer Ehatkhheswbeeoleg nsihdil kecasthe Samagle ratBlofienine es t he
state where alkaline slurry is used, and B2 denotes the relationship
bet ween t heafldre ianthd he anisp® Rullg 88d processing steps of the wafers

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

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 liquid upon slicing a silicon ingot,

the resistance on moving the wire (which is 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. 1In
the figure, symbol Al denotes the state where a neutral slurry

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

thewirepulling resistance Fof the wire 3 in this case. Symbol
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resistance F of the wire 3 in thls case. The abrasive powder 11 in the
slurry are pressed on the ingot 1 and rotationally noved with the wire 3,
whereby cracks 12 forned one after another on the surface of the ingot 1
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,
the cycl e Bl merfotem fthenstiade twbeeki milkaline siucrncks usedshord dited as
understood fromthe conpari son between A2 and B2, and fine powder is forned

on and di sishartgedt hée aaltahd chishfiackeetwéent heel tignd ahdbeowe rapplliciatg on of a
| arge renmoving power (wire pulling resistance F) at the slicing interface.

[0011) In Afstdndeh® benghanwlres3apnl tRdst@adde wire 3, whereby the
di spl acement 6x of the wire 3 in the direction perpendicular to the slicing

direction is torbe anprescrihbdiaahie nile Whery e£s| Pl bRSi ance Fis

added thereto in the portio the wre 3 ont where the wire is

wi t hdr awn fr{eg%@g g £BOSE 1 Bnol D0 S5 chhae L e 41 LB UL A o stance

i's decreas OI’ ce ap e W re rease 6 di aneter

of the W|r ecreas d thro h Moy eIent of the V)ére .3 frointhe f eedi ng
side to t oﬁﬁ‘F Og? r anothier on the surface of the ingot

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 cycle 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 .
of 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 6x 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 thereto in the portion of
the wire 3 on the side where the wire is withdrawn from the
ingot 1. In 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 aforenentioned approach such a single wre saw has been

proposed that ses kal,i ne_sl urr, or_ nore_at fro to 80C or
a acidi ¢ sttt f"rl5ﬁ1 331 fod%c’a?a$‘?%rﬁ 4o é‘gﬁef“?gé E’Lat%hef Docunent
1). Such a net of slicin i rocessed has ., been proposed
in that an"¥t %%&olmi EUPdf%%%%% ]rf{f a§?- %ln?)asrjt &% tBecEited on a
wire, and the tenperature of the etchlng quid is increased to 50 to 60C

by frictiohidlcehbhe Wigiarbd Colﬁlétlm@hlstlﬁea%%%e%wﬂﬂ FEemReas e PaWBRT pr ocessed
(see Patent Docunent 2). [0013] Non-patent Docunent 1: Electronics yo
KesshoZai rio the Sabfivir«ahbe ¢Prechslbing Peséesshng bfisCdgsrasse¢dhe
Materials for Electronics), published on January 30, Showa 60 (1980) by
Sci ence Forhwmebreding PateatidDadsoedécieaddd Ao2s@628665s réatuert oBotwnent 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
liquid 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.
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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 tine 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 denmanded val ues of
undul ati on and Vateati BachmenthilekABsB-of2¢h%Snafers only by slicing an
ingot. The nethod of coating an etching liquid to a wire as disclosed in
Pat ent Docunent P2teequbDpesmshti 2t dBnAgen2®828F the contact force of the
wire to the material to be processed and the tenperature at the slicing

i nt er f ace DIsnd.OslvgENMeFhedE cRVER@RIpPRacticed with a single wire system but
cannot be realized upon slicing wth a | arge nunber of wires. [0015] In the

slicing opodIEes @0 &R kBaYEpDUBkNgHACIAVENGIOoNal kal ine slurry containing
abrasi ve powder as disclosed in Patent Docunent 1, such factors are

i mportant @ggigqntrol 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 variation in
thickness of the wafers only by slicing an ingot.

The method of coating an etching liquid 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.

[0015]

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 waf er thickness nay not be corrected by additional polishing, and thus

t he demanded val u fer . ,thickpess cannot atisfied en_t he etching
effect is CExCESSH rPﬁéFﬁBPerEPI%ﬁﬁg‘Hhﬁﬂ%@i&faBPuW?§M?§naW%%essarlIy
used for sI|C|ng out several t housands of wafers froma which is

real i zed WRE EReiisRansg ind ty) @ £he 1RaGHHOR PRRAYG:  abf Ei é Ra%lh'ﬂet he

slicing part. In the case where aggregation occurs due to deterioration in
di sper si biRovdetof nrider tlilgiigr odliee & vder FOBNS iac8hiahng taROOVEEREPYEN powder ,
feeding of the abrasive powder to the slicing interface is inparted,
wher eby t heragres puld ithe resicsirgnel refct ibhe whoesiscentheasédrty bseak the
wire, and the slicing resistance is increased to increase the displacenent
of the wdmtimidigsldi segbilagdpebpendi €14 @nd gridwres! daissglditieation, which
causes undul ation and steps on the surface of the wafer. 9 [0017] As a
result of whesldiGided iOnPperpBAtiehlarstdi @d 41MG0ng 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 silicon 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 is
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.



of 150 mm square with 50 wires using an al kali ne aqueous solution slurry
adjusted 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,

whereby the slicing resistance and wire pulling resistance

of the wt&lkre increased. There were some cases where conpletely no
abrasive particle was supplied to the slicing interface, and the
tenperature at tAweaskesithy pard sdfidimg ergetrimews ofap dliyicoor eaget due to
direct friction between the ingot and the wire to break the wire. [0018]
Upon slicic®) 850 i mgosquairagwilthr ry0 haidig wsichieracablkéd Lihed | aguedas
cont ai ni ng abrasive powder, it is necessary to determne such a slurry

formul ati t, hat i.zes t } I t: 10N i Nt enance
gélbbll ol %?thtrﬁg aGPRLE 0L pH e GheprealonteathingnaBpds PRl

of di sper

Ity o

reaction products and the abrasi've powder in the

liquid. The,,ddventian éfs%%éséjﬁr&t%% af & eyERLl oned gObherE + 8ad an

obj ect thereof I's to provi

(0]
eslice

a slicing slurry 1n that upon 10 slicing

3 Si1ioon (80talhn b L6 B Li0g; Le 309810 ad BErglh Iihd Sa3BBLhe and the

i ngot can

€ SUuppr essi

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

aggregation 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.

[0018]

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 same. 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
abrasi ve powder. ADVANTAGE OF THE | NVENTION [0020] The slurry for slicing a
silicon i nyotCigg eheiilhgent iBAOt sthe wigired®d 1dngr rpséshaBfhi 0 HWoasi c
material, glycerin and abrasive powder, and the conponents are contained in
sui tabl e winuAsssmadspeand vidley ingatedanrbe ted imesks whfi lehsuppredsingui d
conponents of the slurry, whereby the chem cal action with silicon can be
control | edynevsthriclses th spercinzadd t yinhte dacicgunarpraducdrsd dadatbe abr asi ve
powder in the liquid can be nmaintai ned. Accordingly, synergistic effects of

chem cal agid eurdade RAYSrCak BREI PAFSPOMIM It REoFigkl hecRBthogotorxan be
enjoyed, and the renmoving power of silicon at the slicing interface (i. e.

, 11 the w8 Qulding iesi 5t %%eu93n§h€h$ﬁ£§&ePaP be decreased with the
demanded quality of wafers for solar cCells maintained,

MEANS FOR SOLVING THE PROBLEMS

[0019]

The invention relates to slurry for slicing a silicon
ingot, containing abrasive powder, a basic material 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 aqueous 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 bemaintained.
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
waf ers. Ot her 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 enlarggd view of a slicing part of a
silicon ithGoviueimy ke resistance ofabhe[Hrp) gpnhgdegregsgdsttdimtic
di agram showi ng the force applied to the wire in the slicing groove of the
silicon indet dempRidgd 4uakiigy 4fi vadieconcdept saladi egl ben hainteseedbi ng t he
effect obtained by inparting a chem cal function to the slurry.
DESCRI PT| @Xe@ebSYAMBONGot2c40®22thidly Bddted 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. 1]
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 nmulti-w re 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
necessarilvnggﬁd as a nmediumfor dispersing and carrying the abrasive

he

powder on Wire and for reducing the frictional force anong the wre,

t he abrasHye poq%er and the ingot and effecting cooling at the slicing
interface.” It isgﬁgcessary to manage the viscosity of the liquid within a
certain ragnge. In.the case mh%re t he viscosig% is low, the necessary anmount
of the abréasiveSpowder dBARBt I6EILAFPRIJNSM3 the wire, and in the case
where the viscosity is high, on the other hand, the |liquid cannot perneate
to the sliting MAterface,

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 isusedas means
for conveying the abrasive powder to the slicing interface,
and a liquid 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
aggregated, the abrasive powder are accunmulated at the inIet t hrough whi ch
the wire enters from ,the qutside of the |n ot to,the sli.cin art ., whereby
t he anount nh%f"’ltrﬁe apd ot ep&ﬁﬂ@rwg‘ﬁﬁ%lqht?d SCPﬁé%&}r%lhrJrg? hrnPBrifite is
decreased, and noreover,_ the wire pulling resistance of the wre is

i ncreased 26N%% Bakd rben F@uig GGQ@PtIHeﬁnSeqtr?pB‘P taats ks i srEesiRFea 1iquid
that has a rescribed viscosity, does not decrease the chemi cal action of
the basic g¢ihusl thgndedegsanyt amause ¢hcreasbrasiviespowidey camgot
aggregation of the abrasive powder due to silicate and silica as reaction
products abe tshephasdccorahers bl camgl isitleir€ane sidsl lamnlesul Fusfheamooes
investigations, it has been found that glycerin is suitable as the liquid

havi ng t hesige priepedt peSssukd ¥aeihe BascingParablie wceasdddy tohasusel arge
polarity to suppress decrease of the zeta potential in the slurry liquid

14 due to § ofgrRid geﬁaiaﬁhth@E@ Wik S thad, a880hdasy gbqqd:eai faRkt ¥hew th
water to suppress the incréase 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. In 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 liquid that has a
prescribed viscosity, does not decrease the chemical action
of the basic material, and does not cause increase in viscosity
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
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due to hy

dration and gelation of silicate and silica with water. |

the case where the anbunt of the basic material is snall, the prop

silicain
pot enti al
of the ¢
is large,
t he di sso
the limt
becones

the slici
toalarg
cases, th
and the s
thus inc

the silicate is increased to accelerate decrease in zeta
and increase in viscosity, in addition to the failure in
hem cal action. In the case where the amobunt of the basic

on the other hand, the etching action becones too |arge,
| ution amount of the wafer at the slicing initiation part

Eh Of Ig¥e! f g ' i th .si
Srlole R i p DR L AN SV g R boBR g,
interf , _Whi ch id bly d .1h iCi
At BB HEF 78 JOIer BB L TON par £ 5Y SnEPEEy) T
e liquid lubricating contact anmong the wire, the ?Prasive

idueclh hyAget 18 andogeld bl ¢ IS tHEAkerEHaelt 62 HE MR &S o

reased. [0026] It is inportant to manage the anmount of th

0025] In
ortion of

exertion
mat eri al
and t hus
exceeds
i con

rry at
eed due
ome
powder
nal force
e basic

material, [082&Jit has been found that there is an opti num val ue therefor
wWith respect to the mass ratio of glycerin in the slurry liquid co
15 In the conpodentheatkss whetdetlie ratowlturafy ther bekiici mgtenial lison 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 resistance of the wire) can be
decreased, and control of the chem cal action of the slurry with silicon
and dispersibility 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 conponent ratios. [0027] Although various
ki nds of al cohol, am ne, ether, polyethylene glycol and the |Iike have been
studied other than glycerin, there has been no material that  has a stable
viscosity, caud@sthe Grpansnt satepste thisr GiFse SIoWder RN HEiNg ai ns  t he
sui tabl e chem cal action, under the slicing conditions where oxidation
reaction of silicom éveats ofFuthéreinventionl yobila cwindedndage thwe slicing
resi stance while the etching speed suppressed frombeing increased, at a

| ow concentamainident qodlite dfasa Eematferd ablas cedipar etk \mietnbvﬁhgtp@fiezot her
liquid. Wile the reasons therefor are not clear, it is considered that
the presence efilgtyserdt iRer eabEsinde iprepdation( e t herbaspellivaf eri al
with respect to water to increase the effect (active ampunt) of the base.

The suit albless W36 RS by;‘ Phe G YEEN idan Q@ca@é§§§sécﬁle Aid tosken1r aF ey

substances on the silicon surface. e oxidation reaction is liable to
proceed at.yf 16 Akt { Ladt §€ éf‘éw i
vi gor ousl yc, eiihﬁcal saglc(]iog%?gfdret %ﬁ%ﬁ(ﬁ%ﬁlﬁ&%‘%éﬁ%gﬂ ? Sﬁ Jh? n‘g%/vsl s hard

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 conditions
where oxidation reaction of silicon occurs. Furthermore,
glycerin can decrease the slicing resistance while the etching
speed suppressed 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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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
d exanpl es thereof include silicon carhide, ceriumoxide,

material, an ]
di anond, b%r’cﬁimrﬁ PRFHETIH) GRiendiF 8xiRfe ther oM Ut deY 29 %494 %0n
di oxi de, which may be used solely or as a conbination of two or nore kinds
t hereof . THel&games thapaptidaffideragctber ds et-hectPRERIvaSPAREr are
comrercially available, and specifically, for exanple, silicon carbide is
avai | abl e impeocede inrduepaateshe@e (i@ denqusiifilosnorCahbiwi)erasier fa8€ Bl ack
Silicon Carbide) (produced by Fujim Incorporated), and alum numoxide is
avai | abl e imderalilhe trade names FO (Fuj im Optical Enmery), A (Regular
Fused Alumi na), WA (Wite Fused Alumna) and PWA (Pl atel et Calcined
Al um na) (joozdiced by Fujim Incorporated). [0029] 17 The average particle
di aneter of the abrasive powder is not particularly limted, and is
preferably frommet i34@tMsiurry for slicing a silicon ingot of the
invention is a slurry for slicing a silicon ingot containing
abrasive powder, abasicmaterial 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, cerium oxide, diamond, boron nitride, aluminum oxide,
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
avallable under the trade names GC (Green Silicon Carbide) and
C (Black Silicon Carbide) (produced by Fujimi Incorporated),
and aluminum oxide 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 bas on the total ss, of the slurry for .slicing a.silicon
ingot. In the %ggea‘(/ﬁ@%e Pﬁét&Sgge‘i{a%?tql?\é’%a‘ﬂ?eagib\?ésﬁg\ﬁd%?w&? I*Ess than
40% by nmass, the slicing speed becones too small to deteriorate
practi cal NOf Partbeel aasesl ikidded n afide e apeeitierkel t Haosont BAt20 ¢ t he
abrasive powder exceeds 60% by mass, the viscosity of the slurry becones

t oo | ar ge Inotherpase wuppe phefavdrags paryicie dipmesercadhghembuadsdd® in sone
cases. [0030] The basic material may be such a substance that functions as

a base i npohees! 18 N ssanflagappl ex tbaicobrefekude simal kakisl inEimy
hydr oxi de, such as |ithium hydroxide, sodium hydroxide and potassium

hydr oxi de spaed Boceh&al tosaghdl Maidlddtedrioriade, pragehcabi tpgnasd um
hydr oxi de, cal ci um hydroxi de and bari um hydroxi de, which may be used solely

or as a Cemal Bakéohdfe MR 218 raGeMBE Bt KENEIY hRARA! orAPRAGH hasdmateri al s,
an alkali netal hydroxide is préferably used fromthe standpoint of

reactivi t3ﬁ>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 hydroxidé, sodium hydroxide
and potassium hydroxide, and an alkali earth metal hydroxide,
s'uch 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

impurity 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
components may be arbitrarily selected, and for exanple, the conponents may

be agitat esk hyra imdetAbxebr. Moy dﬁés@fmaﬂ@ﬁlragst hgn camaonemdtamy al so be
arbitrarily selected. Furthernore, the slurry for sI|C|ng a silicon ingot

thus prepafwrf-JBHLEs %‘i@f‘%“rta%@qt@sé&‘ f%@ﬁ\'éﬁé’@@lan&fz@&%%f BHEBL i PSP

filtering process and an i on exchange process, for such a purpose as

purlflcailégkh Ep%gﬁhcohnlk %tnethod for slicing a silicon ingot of the
i nvention, -mn e’s i's used as a slicing device. In the slicing

met hod, as haV| g en des r|b fjrst slurry of, the ent| nis
supplied to a S{Au 85?&? gwﬁgﬁﬁ h3 Jay?ﬁﬁfﬂ’ it X‘gec{aﬁrst EPFn LR (gn
agitating tank, the slurry is applied fromthe slurr coatlng head to a

wire that SURBAERE QAdCRESHENIRY 0T HEOVahFHE!§ AUSHAEL 01 Ya OREr BRV Hiffrber of

times and is noved at a high speed, and a silicon ingot is fed to the wire
t hus wounck 8Rgll 1mpur1ty 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. 1In 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 abrasive powder are pressed onto the silicon ingot and
simul taneously are rotationally noved with the wire, whereby silicon is
physically renoved 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 basic 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 ki nds of slurries for
slicing a I1|d|eC lie tlnag 1aﬁf er oafm. c%ltaI v %q{ml es 1to
4 were pr uce SI|ICO “were 3 |ce er e fo

condltlons obt |n resul ts shomn Tab) §A%¥ Upon OdUCIn t he
slurries, SPFS %I'I aPfe? csd](sa]e]sco”sﬁ@g%r é§| Gﬁgptb e#% Wg% HE aver age
particle diameter of about 8 pm produced by Fuj |n1 Incorporated wer e used
as the abrS¥SP§BIgEndethe fARFatide RAYESrattd erqw&wﬁ@ EBe a3 Ve Powder and
the other conponents than the abrasive powder in the slurry was 1/1. The
vi scosi ty ingbttand sinpitaseauslaudjussretat bonaVhy mever WighitBe wiorek30 nPas
at a shear rate of 57.6 (1/sec) and a slurry tenperature of 25C. The
vi scosi t y whargbywas 1loboai hedplhys scpllel imemrareg aexfenenpovdes at sthie abl e
vi scosity range upon slicing a silicon 20 ingot with a nulti-wire saw using
an aqueouslilkinhgy ineer&aBengandbsasiiVeapoewvdely, the removal attains

with a small force with the chemical action of the basic

material.

[0033]

Examples of actual slicing operations using the first
slurry for slicing a silicon ingot will be described in more
detail as 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 um, produced by

Fujimi Incorporated) were used as the abrasive powder, 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 (l/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 nm (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 speed; 600 mmn Wre tension; 14 N Slurn%ﬁiank t enper.at.ure setting:
25C [ 00353 9PEXEHDT & By LIl T Adeq) Sevqet RO A 4R SRF has 8 oY Gt 9 56% by
mass of water and 4% by mass of sodi um hydroxi de was produced, to which
the same &PEGSEVEF PAHFASEF ve powder were then added, and the nixture was
agitated. (Conparative Exanple 1) 21 A mixed liquid of 39% by nass of
propyl ene [§I084d1 , 1% by nmass of pol yvinyl al cohol, 56% by mass 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 um)

Silicon ingot: two 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 liquid 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 .abr.asive.powde re then added and t ] Xt.ur e was

agi tated. (Conpdr &rive gﬁﬁﬁegg)g%gfk%ngﬁ%ﬁ Q%I?rgeg%?ggl%fﬁ%ﬁiTaq%coolant
(Luna Cool ant #691, oduced b t.o emcal Co,, Ltd.) was, mxed with
the sane anb@iSSoP aB$L¥Y%%Y§G%%%‘?%]OlaE§qg‘;hhgyrﬁ“?ﬁ%r%f Mézeraépga?%g%y[m%] 22
(Table 1) Wre Slurry Wafer Wre Increase Wear Fluctuation Crack Breakage

pul | i ng r A&ST af SABHTUBONY AT X EAE e PFPIUFInES IS G Ble SgBBtAOWsi N nce

(o/0) vis ~sity (pm irregularity [m -
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.

(Comparative 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.

[0036]
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e ety

Exanpl el none 0.80.07 14 20 none 11 none O Conparative Exanple i found 1.1
0. 35 found Conparative Exanple 2 found 1.2 0.30 found Conparative found
0.70.20 13 250 found 8 medium O Exanple 3 Conparative found 2.5 0.26 23 40
none 35 snmall 10 Exanple 4 [0037] The presence of breakage of the wire in
Table 1 shows a result obtained by carrying out the silicon ingot slicing
experinment in three tines each for Exanple 1 and Conparative Exanples 1 to
4. The slicing operation was conpleted in all the three experinents wthout
breakage of the wire only in Exanple 1. In Conparative Exanples 1 and 2,

the wire wesBr®Ken until the silicon |ngot of 150 mm square was conpletely
sliced i three yggPer TITemt S, angj,h,ustre WTe W pul 1] ng
resi stance and t hg sof i Wgatl onN Simdledked! L NHE S Hrngﬁt at cogrd he| neasure

)

wer e onlyfshown. D apusibg veW dnpale@s A Cé t Bafavd e di@s| br oken
during the sIicinéﬂﬁggggﬁﬁ%mwelQ§§vﬂwgwbe§mm&&ﬁ 'nqp t hdrregylarigy ybf oken

of t
I

during t he—skici rat®™Nbn c
adhered qiEghnriplete(d, nohen DME: @XPET 14T nt20 [(038c]ne Fof Exanp
wer e obt algmamatvdle WOTS

ol Lass—tolwhi he—si-+Heon—ngot was

e doneher eowaf er s

Examp'e 1 found 1.1+0.35 - - found
Comparative j
Example 2 found | 1.2+0.30 - - found - R
Comparative .

Example 3 found 0.7+0.20 13 250 found 8 medium 0
Comparative |

Example 4 found |25+026| 23 40 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 1l 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, in one experiment.
[0038]

For Example 1 where wafers were obtained, the worst
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23 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 tWelvekizoeng ithgothrFheeypesiormreadf vabhediweumshownofox i&es| urry
shows whether or not aggregates of the slurry are formed during the
slicing opé¢hatievabiatimn stkmson FowgGbmpp@889Ye Faamiplect daricoA, itdhet hi ckness
of wafers is derived from two factors, i.e., the displacenent of the wire
upon slicmegsutbest! i €OudNgOE attek t Ié&péiriﬁléhﬂt i uewh@etbe watrehi ng
action in the slicing termnation part with the alkaline slurry. These

factors wepeanakddizetbngtbehed THORMGRCheahette aRcahs Ve deRiedsirfor each of

both ends parts and center part of each of two ingots, i.e., 30 wafers in
total, Werr%téa@f"w‘iqeaéﬁo@?%%‘éft%n 1°£ré$“a<‘t4‘c’é‘%séor@¢] efﬂﬂ?g RRkNS 5 gl One
mafer, .e., four corners, internediate points thereof, and center poi nt .

e st amtag S9N S G (LSRR, S50 ot
sectional area before use. The slurry viscosity increa51ng
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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24 of mnute undul ati on and saw marks on the surface. The | arge
irregularity neans poor quality, and the no irregularity means such an
-extent that cannot be found visually. The crack depth on the wafer surface
| ayer is a result of SEM observation of the cross section obtained by
cutting the part of the wafer surface that suffers relatively |arge
irregularity. The crack depth of 0 mneans that no crack is found fromthe
concave part on the surface to the |ower layer. [0040) In Conparative
Exanple 3 (alkaline slurry), the wire pulling resistance of the wire was
smal | as odnparete teduCatpanaandesdx aapke dn (rteusualfaskur rite tl@rgist ai n t he
simlar effect as Exanple 1, but fluctuation in wire pulling resistance
was | ar geirkegtber oy eeanlepoocigading, raie tak ndhieérvegabdsriyy mefantshe slurry
was |arge, and solidification of the slurry and separation between the

sol i di fi edushldr ¥x2Bdttfigat icGtnd tPPaFRuntet eshoung. GeEparatk \wepgemnpl e 3
provided a small er fluctuatlon in wafer thickness than Exanple 1, no crack

in the supfege fayer llege&hfé% beANG BSHRUI oNERFvABEsh Qft the
Wi re, which were consi re ood properties, but the action of the

abrasi ve ﬂ@@]&o%‘@t gg@#&pl&)%%dglﬂ Cid Quﬁ@ EHe ch’f' dé »ﬁéPet.{‘e fact

that the state o urry was era uct uati on
the. of feabrbrot rfse Bt EeTrRATEAE e rwesg%%raﬂr rgeTg'ﬁ%rEaXW' .
depth of 0 um 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 in wire 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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25 sinul taneously,
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
rati os of the slurry of Exanple 1.

of viscosity®

the stable slicing operation was realized wthout

were usedVidshaufebeeakageiohtheewsre The esdiauabtahnmaadbdesudicst Hrr

were the sane as those in Table 1. The nmass rati o between
powder andklhehst kealoatponedtemshan t he abrasi ve
1/1, and the sane slicing experinents
contents ofomdlcerin and

shown in

Table 2. [0042] 26 (Table 2) Ratios of conponents in
The component 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 and the 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]

26

changi ng t he conponent
Correlativity was found anong the wire
pulling resistance of the wire, the wear rate of the wire and the crack
depth in the surface |ayer of the wafer, and therefore, the presence of
breakage and the wire pulling resistance of the wire, the increasing rate
HitdnaeeSgresdiée Hiabkol $Hi Firat FRAT B Ahevad uke3Lizfll t he
irregularity on the surface and the fluctuation in thickness of the wafers

t he abrasive
powder in the slurry was
as above were carried out with the
sodi um hydr oxi de changed. The results obtai ned are



m xed liquid excluding Wre Slurry Wafer abrasive powder 1%y b nmass) Wre
| ncrease rate Fluctuation Sodium G ycerin Water Breakage pul ling of
viscosity Solidification Surface In thickness ~~ hydroxide resistance (,~)
Irregularity N Conparative Exanple 5 1 40 59 found 2.1 0.36 73 found | arge
29 Conparative 2 20 78 found 1.8 0.25 27 none |arge 23 Exanple 6 Exanple2
2 25 73 none 1.60.15 24 none none 16 Exanple3 2 55 43 none 1.5 0.09 80
none none 14 Cbnparative 2 60 38 none 1.5 0.08 115 found small 20 Exanple
7 Conparatzv 1 76 none 0.9 0.35 38 found nmedium 16 Exanple 8
Cbnparatl ah %0 6 none 0.80.07 105 found small 14 Exanple 9 Conparative

Exanple 10 6 20 lﬂmﬂﬂﬂﬁmMmemU 38 50 Tound Targe 15 Exanple 4 6 25 69 none
0. 60.20 48 none|n g exaiigippl es 6wlS 39 jnone Gudy 0. 15 94 neae none 14
Conpar atilve 6 60 34° éﬁﬁ;ﬁ 70.16 119 found none 19 Exanple 11
Wire .
: . Increase rate Fluctuation
Sodium pulling A N Surface :
hydroxide Glycerin | Water | Breakage resistance of vn(iz?sny Solidification irregularity In tlzlckr;ess
Comparative
Example 5 1 40 59 found |2.110.36 73 found large 29
Comparative
Example 6 2 20 78 found [1.8+0.25 27 none large 23
Example 2 2 25 73 none 1.6x£0.15 24 none none 16
Example 3 2 55 43 none |[1.5+0.09 80 none none 14
Comparative
Example 7 2 60 38 none |[1.5+0.08 115 found small 20
Comparative i
Example 8 4 20 76 none |0.910.35 38 found medium 16
Comparative
Example 9 4 60 36 none |0.8+0.07 105 found small 14
Comparative
Example 10 6 20 74 none [0.710.38 50 found large 15
Example 4 6 25 69 none 0.6+0.20 48 none none 11
Example 5 6 55 39 none [0.7+0.15 94 none none 14
Comparative
Example 11 6 60 ;54 none [0.7+0.16 118 found none 19
Comparative
Example 12 7 40 53 found 10.6+0.35 139 found none K]
[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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Conparative 7 40 53 found 0.6 0.35 139 found none 31 Exanple 12 [0043] It
is understood fromTable 2 that the wire pulling resistance of the wire is
increased when the content of sodium hydroxide is small. In Conparative
Exanpl e 5 (sodi um hydroxide content: 1% by mass), no |arge difference was
obtained in wre pulling resistance of the wire from Conparative Exanple 4
(neutral slurry) in Table 1, and thus no effect was obtai ned by using the
al kaline slurry. In Conparative Exanple 12 (sodi um hydroxi de content: 1% by
mass) , dissolution of the wafer.in the slicing initiatign art 27

pr oceededPdRECEBCANEY &0 FAPGECAKIXHT 8FLAPRAT 214Ad 1r naRAtHE'S £PGct uati on
in thickness of the wafer was increased. The other evaluation itens thereof
wer e al sofpesruationds dohcknkyeaf thmvaher vasfidergasesyul BRe OFh6E t he waf er
was obtained by affection of the alkali etching action. [0044] A | arge
content okvglyetion prews desereselvdiarellscspabl. Wit evgrulddnsgdegsidst ance of
the wwre with small fluctuation thereof, but a |large content of glycerin
provi des a@hhtgho isnGfaasi g regtud aef tiyhe £sltiver wafiesc agist YobtAisledr by havi ng a
| arge glycerin content had a large viscosity at the tine of preparation of

tlge slurrgsfapdibhust the ¥ k&1 yestERindrakeinn.n Conparative Exanples 9 and
| [0044]

A large content of glycerin provides a relatively small
wire pulling resistance of the wire with small fluctuation
thereof, but a large 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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However, the increasing rates of slurry viscosity thereof exceeded 100%
and solidification (gelation) of the slurry was found, which showed
‘unstabl e property of the slurry. [0045] In Conparative Exanple 6, the
average value of the wire pulling resistance of the wire was | ower than
that in Conparative Exanple 5 to provide effect of the use of the alkaline
slurry, but the fluctuation in wire pulling resistance was |large, and the
ot her evaluation itens provided poor results, which brought about an

unstable slicing,, operation, of a silicqn ingot. A_stable slicing.operation
of a silPBn f‘%‘&b?’g\i%%éﬁ%}fja‘?%e%oqt@r\%%ﬂ}l B%Vingnd’ lﬁé\?irnal?ﬁgglEB sane
sodi um hydr oxi de content_ but having_a higher glycerin content, but in
Conpar at | 8 EXRAhp el t71 R KATRG T4 tHivghexamp 1R dr paViRg At RHINCR Fe YPREBasi ng rat e
of slurry viscosity thereof exceeded 100% and solidification (gelation) of
the slurrgonesntfothe, inereidsihonadtienseabbeuprppEiegosityhéhsraPfy. [0046]
Solidification of the slurry was found-in Conparative Exanples 8, 9 and 10.
| n Conpar ekceedesdfPlde &pdtshe idurfiaeeionr fogdtarn)yobithehelwafewagas | ar ge,
and the wire pulling resistance of the wire was unstable. In Conparative

Exanpl e f6undhewlsuch agitowdd agis tadb ey pfoddie waffettheaslupal/l owabl y | ar ge,
and the wire pulling resistance of the wire was unstable. Conparative
Exanpl e 9[poog] ded the best evaluation results

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 irreqgularity of the wafer was unallowably large,
and the wire pulling resistance of 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
unstablé 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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anong Conparative Exanples 5 to 12, but the increasing rate of slurry
viscosity thereof exceeded 100% which showed unstable 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 anount of from25 to 55% by nass, based on the total mass of
t he 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 realizedahiehbor itereskage of a wire, so as to provide good results in
all the 29 evaluation itens. [0048] Enbodi nent 2 The second slurry for
slicing a[§0kBton ingot of the invention can considerably decrease
unevenness in thickness of wafers for solar cells by adding a small anount
of a noni gabedipehyner surfactant to the slurry described in Enbodi nent 1.
As having been described, upon formng a slicing groove with a wre

proceeding in tfgeSkicdid SHELEYi POy SNBSS %il1S cAPMgHOWH Yheuppl ied to
the slicing groove, whereby dissolution of”the wafer in the direction

perBenh cthgiatSobeen SUE A AL Lot by kness b plaanadl Lhe

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 action 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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as conpared to the slicing termnation part of the ingot. As a result of

i nvestigations of various kinds of surfactant in order to prevent the
dissolution in the part where the slicing operation is conpleted wthout
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 chemcal action within the
al  onabl e range by adding a suitable anount of a nonionic polymer
surfactant 491 A noni Qni, ol urf t.al t he
slurry of dﬁ)‘?’w? glﬁn & ovu@% ﬁh gge? qctsuf)cﬁroe }@%’} I?ﬁg%glftg’(}ssol ution
anount in_the sljcij ? |n|t|at|on Bagt f t he maig upon I|C|n% a silicon

i ngot. As"B°Peltttt Faf S Var st k?FMﬁPWﬁS 28nts by a
beaker experi nment, Adeka Pluronlc L31, produced by Adeka Corp was optinmum
as the nBAi GHICHDINRES Sfirflciagiandsdbed Nesddr AXREXITRRE oAy  nass
of sodi um hydroxi de and 40% by mass of glycerin, based on the total mass of
t he conpoReéHEensde Lﬁé,ypHQQqudﬂhKhAQFkak@pémrasaﬁeopémmém aisn thie ch the
addi ti on anount of the nonionic polynmer surfactant was increased (the sanme
anmount of nondbricwasl Werr eagdd)ct andsarmdiceds wiseh . Si L rdlxtagievef pbiwdbar ( GC
#1500, produced by Fujim Incorporated) in the sanme anount as the total
conponent siakB dhessdinim yh pxeducia grichd 0abbgsindes poOVEEycesim ,abdsedr oduce a
slurry. The sane slicing experinment

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 slicingexperiment
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 0.910.08 8
0.4 1.3+0.06 7
0.6 1.7+ 0.05 6
0.8 2.0+ 0.08 8
0.9 2.11£0.10 10
1.0 2.310.15 17
[0051]
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e A MRS 1 e

as above was carried out to evaluate the wire pulling resistance of the
wire and the fluctuation in wafer thickness. The results are shown in Table
3. (0050] (Table 3) Concentration of Wre pulling resistance Fluctuation in
waf er surfactant (% by nass) of wire (N) thickness 0.1 0.8 t 0.08 12 0.2
0.9 0.088 0.41.3t 0.067 0.61.7t 0.056 0.82.0 0.088 0.9 2.1
0.10 10 1.0 2.3t 0.15 17 [0051] 31 It is understood from Table 3 that the
wire pulling resistance of the wire is increased upon increasing the
concentration of the surfactant, and at 1. @6 %ﬁnass becones _ such a val ue

that is equival &ht 10 UPRETSEPAE SBOR dadlsy udihag thRe i@ mM1ldNGrry in
Comparative Exanple 4 to fail to obtain the effect of using the alkaline
slurry, wW¥eShssRoRs tdfat th@ewireniis ofneuersednupen 0199rspsiags thet is al so
understood that the effect of suppressing the dissolution anount in the
slicing iconceatireniparef dfhet herfiattantipandkitcl dtp blyemé agotbaramest be
obt ai ned at an addition concentration of 0. 1% by mass, and the

such a value that is equivalent to the value obtained by using

the neutral slurry in Comparative Example 4 to 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

initiation 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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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 from2 to 6% by nass,
the amount of glycerinis from25 to 55% by mass, and the anmount of a

noni oni ¢ pol ymer surfactant is from0.2 to 0.9% by mass, based on the total
mass of the conponents of the slurry excluding the abrasive powder, whereby
the dissolution in the part where the slicing operation is conpleted can
be suppred$$edsapphoand it onf ithecHavepaionacandnthe iMeersiian dg
interface. Various nodifications and changes nmay be applied to the

i nvent i onniog aoskttrhed perisoimg nlimhdear towithhoembdappent hgldgambed? t he
scope and spirit of the invention, and the invention is not construed as
bei ng | i minedhtospbeiémbatdiornts described in the specification. 33 CLAI M5
(1] 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 anmount of from2 to 6% Dby mass and glycerin in an
anmount of from 25 to 55% by mass, based on a total mass of conponents of
the slurry excl uding
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t he abrasive powder. [2] 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 ambunt of from2 to 6% by nass,
glycerin in an anmount of from25 to 55% by nass, and a nonionic pol yner
surfactant in an amount of from0.2 to 0. 9% by nmass, based on a total mass
of conponents 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 gg&g of silicon carbide, cerium oxide,
di anond, boron nitride, al unmi num oxi ,~zi rconi um oxi de and silicon dioxide
is used as the abrasive powder. [41 The slurry for slicing a silicon ingot
as claimed in claim 1 or 2, characterized in that the abrasive powder have
an average particle dianeter of from5 to 20 m and a content of the
abrasi ve pblWder A s14¥@nfao stld 60% dy 1AasSnHaoed  FPRPT kBt abeasi el t he
slurry for slicing a silicon ingot. 34 [5] The slurry for slicing a silicon
i ngot as gbaidesd enbadiat matkrdrl2andheataat,echaedctarihad ianthbkathie net al
hydroxi de or an alkali earth nmetal hydroxide is used as the basic material.
[6] A et hohfmwr cohmpeiBgsatlise [Haxiit magetriwitin anshuouyt edrfyomsk nge abr asi ve
powder and a basic material, characterized in that the slurry conprises the
basi ¢ mat egd ak Ihgsﬁ%n@”@yf'&er% 1 @R Znd @ BVOYr RIS 8B T ygefdssj n an

amount of from 2
based on a total mass of components of the slurry excluding
the abrasive powder.
[2] Aslurry for slicingasilicon 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 slicinga silicon ingot as claimed inclaim
1l 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 slicinga silicon ingot as claimed inclaim
1 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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to 55% by
t he abras
‘conpri sin

mass, based on a total mass of conponents of the slurry
Ive powder. [7] A nethod for slicing a silicon ingot with
g abrasive powder and a basic material, characterized in

excl udi ng
a slurry
t hat the

slurry conprises the basic material in an amobunt of from2 to 6% by nass,
in an anount of from25 to 55% by nmass, and a noni oni ¢ pol yner

t in an ambunt of fromO0.2 to 0. 6% by nmass, based on a total mass
ents of the slurry excluding t he abrasive powder [ 8] The met hod

gl ycerin
surfactan
of conpon
for slici
that a nu
sol ar ce

as. cl ai ned .i.n ai m. 6 _or

zed in

of
1912, 4id 820 F RS APl T itk iR So R alimail R RELER 28

H%ﬁ:%é characterized in that an alkali metal hydroxide or an
alkali earth metal hydroxide is used as the basic material.
[6] 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 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.

[(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 slicinga silicon ingot as claimed inclaim

6 or 7, characterized in that a multi-wire saw is used as a

slicing device to produce wafers for solar cells.
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