SPECIFICATION SLICING METHOD [Technical Field] [0001] The
present invention relates to a slicing method for slicing, e.g., a silicon ingot or
an ingot of a compound semiconductor into many wafers by using a wire
saw. [Background Art] [0002] In recent years, an increase in size of a
wafer is demanded, and a wire saw is mainly used to slice an ingot with this
increase in size. The wireS{¢ isfFd apparaius that allows a wire (a
high-tensile steel wire) to travel at a high speed and presses an ingot (a
work) against the wire to be sticéd wWhHelpphying a slurry to the wire, thereby

slicing the mgot |nto many wafers at the same time (see Patent Document 1).
[Technical Fiel

[0001]

The present invention relates to a slicing method
for slicing, e.g., a silicon ingot or an ingot of a
compound semiconductor into many wafers by using a wire
saw.

[Background Art]
[0002]

In recent years, an increase in size of a wafer is
demanded, and a wire saw is mainly used to slice an ingot
with this increase in size.

The wire saw is a apparatus that allows a wire (a
high-tensile steel wire) to travel at a high speed and
presses an ingot (a work) against the wire to be sliced
while applying a slurry to the wire, thereby slicing the
ingot into many wafers at the same time (see Patent
Document 1).

[0003]

Here, FIG. 8 shows an outline of an example of a
general wire saw.

As shown in FIG. 8, a wire saw 101 mainly includes a
wire 102 that slices an ingot, grooved rollers 103 (wire
guides) around which the wire 102 is wound, a mechanism
104 that gives the wire 102 a tensile force, a mechanism
105 that feeds the ingot to be sliced, and a mechanism
106 that supplies a slurry at the time of slicing.

[0004]

The wire 102 is unreeled from one wire reel 107 and

reaches the grooved rollers 103 through the tensile-

force-giving mechanism 104 formed of a powder clutch (a



[0003] Here, FIG. 8 shows an outline of an example of a general wire
saw. As shown in FIG. 8, a wire saw 101 mainly includes a wire 102 that
slices an ingot, grooved rollers 103 (wire guides) around which the wire 102
is wound, a mechanism 104 that gives the wire 102 a tensile force, a
mechanism 105 thatfeeds the inggtip be slicgd, and a mechanism, 106 fat,
supp%es a slurry at the fime of slicing. [00614] Thé wife 102 s uhreeldd
frepcorie wite eeel 107vwand reachesdhecgroovet rallersal 08rtarsugiethe 108 .

tensileforce-giving; meghanism, 104 formed; of & powder cluteh (8 copgtant
torque motor 109), a dancer roller (a dead weight) (not shown) and so on

PO AP erSbr 108, Fhe 4G 1027 fourd Brobie i Ehsovetolets =
103 éor approximately 300rtoA00 turhs, and then takensup dyfowirereel/ 104
through the other tensile-force-giving mechanism 104'.

[0005]

Further, the grooved roller 103 is a roller that has
a polyurethane resin press-fitted around a steel cylinder
and has grooves formed at a fixed pitch on a surface
thereof, and the wire 102 wound therearound can be driven
in a reciprocating direction in a predetermined cycle by
a driving motor 110.

[0006]

It 1s to be noted that such an ingot-feeding
mechanism 105 as shown in FIG. 9 feeds the ingot to the
wire 102 wound around the grooved rollers 103 at the time
of slicing the ingot. This ingot-feeding mechanism 105
includes an ingot-feeding table 111 that is used to feed
the ingot, an LM guide 112, an ingot clump 113 for
grasping the ingot, a slice pad plate 114, and others,
and driving the ingot-feeding table 111 along the LM
guide 112 under control of a computer enables feeding the
ingot fixed at the end at a previously programmed feed
speed.

[0007]

Moreover, nozzles 115 are provided near the grooved
rollers 103 and the wound wire 102, and a slurry can be
supplied to the grooved rollers 103 and the wire 102 from
a slurry tank 116 at the time of slicing. Additionally, a
slurry chiller 117 is connected with the slurry tank 116
so that a temperature of the slurry to be supplied can be

adjusted.



[0005] Further, the grooved roller 103 is a roller that has a polyurethane
resin press-fitted around a steel cylinder and has grooves formed at a fixed
pitch on a surface thereof, and the wire 102 wound therearound can be
driven in a reciprocating direction in a predetermined cycle by a driving motor
i%% [g&OG] It is to be noted that such an ingot-feeding mechanism 105

s shown in FIG. 9 feeds the ingot to the wire 102 wound around the grooved
rollers 193cdt the timecofsslicingOthe ingotsFHistingetrie édingrmecirarismit0s

Includes.an ingot:feeding table 11 that;is yised, {9, feegiibe ingot ankM: 1
uide 112, an ingot clump 113 for grasping the ingot, a slice pad plate 114,
gﬁ& othétsand dﬂ@iﬁ]@atﬂé?ﬁb&tgfgediﬁ@qaﬁlléelfingﬁﬁg tife EM GGide 1ot ©

vadericontraltof a eamputarcenahles feeding the imgot-fixed aktherendatang
ggavéo%zi%grc%%ﬁa%rge%%%di %e%%t[ggo ]'Eho Moreover, nozzles 115 are

proﬁmfe near the grooved rollers 103 and the wound wire 102, and a slurry
¢&Y Be lsupplied to the grooved rollers 103 and the wire 102 from a slurry tank

116 at the time-of sliging. Additionally, a slurey ehiller Lli7zis copnected mithee
the slury tank 116 20 that 3 temperature of the slurty 1o be supplied san be
a jUSPe% [Oﬁﬁgjp uch a'wire Saw ib IS USG(?PO apﬁl@ aCTH aﬁpr%prlate
tensile dorcertothe wite Y62 from thé wirertensiteforcergamiy mechahismi 164,
and the ingot is slicgd while, causing the wire 102 fotravel inthe fecipracating
direction by the driving motor 110.

A=0.2 mm to 20 mm that is shorter than *“Sori” or “Warp”
and longer than “surface roughness” out of a surface
shape of a wafer. And, this nano-topography 1is very
shallow waviness having a PV wvalue of 0.1 um to 0.2 um or
below. It is said that this nano-topography affects a
yield of an STI (Shallow Trench 1Isolation) process 1in
device manufacture.

[0010]

Although the nano-topography is produced in a wafer
processing step (slicing to polishing), it was revealed
that a nano-topography caused due to wire saw slicing
(i.e., slice waviness) can be classified into three types,
i.e., *"one that is extemporaneously produced”, “one that
is produced in a position where slicing is started or
ended”, and “one having a periodicity” as shown in FIG.
10.

[0011]

Of these types, one that is produced in *“slicing
start/end portion of a wafer” has a high rate that it is
rejected in a numeric judgment regarding a nano-
topography. In particular, a nano-topography in the

“slicing end portion” has a higher rate than a nano-



[0009] On the other hand, in a wafer, a size of a surface waviness
component that is called "nano-topography" is a problem in recent years.
This nano-topography is obtained by taking a wavelength component having
a wavelength X=0.2 mm to 20 mm that is shorter than "Sori" or "Warp" and
longer than "surface roughness” out of a surface shape of a wafer. And, this
S5 15500 Sphs, 15 very Shailow aifess havikg by VAR of 0.3 5 16 6%
gmlorchelow. Itisdsaidthat this ‘hand-tofdgraphiraffects alyield bofan®H  a

(Shalloyy, Trenghylsolgtion) prg%gtig]Cdevlpgmgnufgg%gd[pg&m a nano-
Although the nano-topography is produced in a wafer processing step (slicing

{PPSIBHIRG)Y it Was réiddied that & n4Ab6I6pdutaphy caliset due b Wite $aw
slicing (e pslicepwaviness) ican belclagsifiedeinto thoee types, ie., ongsthatis
extemporaneoy \Igy prgdu equ" "onet'fhat IS grodH% dina 3]¢] ition wh%rg .
sl?cing%estar?ed% or ende '}Jar%\ “oné ha\?irﬁg a perflaocdelcity" rg%rs%ésvrﬁein FIG.
301031y JderimAese types, one that is produced in "slicing start/end
pordioniof a wafer" has a high rate that it is rejected in a numeric judgment

regarding a nano-topography. In particular, a nano-topography in the "slicin
end porl%ggraftreméfst a h%g#e?ﬁgf\étthaﬁa nano- afb%%%rap%ﬁ/%ﬁ the mgl(ijcingpé"lttc;al?tngC

pottibnt.aAnd thel Kehicing) e portion® 2nghly fréequently becomes a position

making a numeric-valye regarding g,pano-topography the worst in a wafer
radial direction or the nano-topography in the "slicing end portion” is rejected

ihthe numénciudgmértt, aAd HehcBimpréverEhtis ‘stidhgly demanded.
(0042}

Thus, the present inventors examined nano-
topographies in sliced wafers sliced by wusing such a
conventional wire saw as shown in FIG. 8.

FIG. 11 shows Warp cross—-sectional shapes measured
by an electric capacitance type measuring instrument and
“pseudo nano-topographies” of the sliced wafers. The
pseudo nano-topography means obtaining a numeric value
having a correlation with a nano-topography of a polished
wafer in a pseudo manner by applying a band-pass filter
having simulated processing characteristics of lapping,
grinding, and polishing with respect to Warp cross-—
sectional wave shape of the sliced wafer.

[0014]

In general, the nano-topography is measured after
polishing but, when a pseudo nano-topography is obtained
from the sliced wafer and the obtained pseudo nano-
topography is used, a cost and a time do not have to be
increased, and a nano-topography —caused due to an
influence of slicing alone <can Dbe readily examined

without being affected by a factor in a process such as



[Patent Document 1] Japanese Unexamined Patent Publication (Kokai) No.

262826-1997 [Disclosure of the Invention] [The Problem to be solved by the
Invention] [0013] Thus,thepresentinventorsexaminednano- topographies in

sliced wafers sliced by using such a conventional wire saw as shown in FIG.
8. 1 tEIG. 11 gpows Vi/a(r:p cross-sectional shapes measured by an electric
gé)palcsl ance t)a}pe ?ﬁfeassulrinbnlﬂétrument and "pseudo nano-topographies" of
theOsliced wafers. The pseudo nano-topography means obtaining a numeric

value having,a correlation withsa nang:topography ot.a pelished waferjina 5
pseudo manner by applying a band-pass filter having simulated processing

CRAYACtEHRNES VP lappin§ Hrinding, ahdpdlidhing With Respettto Watp® S
crass:eaetionabwave shape of the sliced waler. [0024] the Ingenesal; ikenal

pane-fopography.is measured glter palishing but, X"ph%‘o% pSeUdo. o in 4
nano-topography is obtained from the sliced wafer and the obtained pseudo
Hare-tepegtaphy istused s cost antia tinke d6 ot have to be increased, and

a nano-topographycauseddde to apdntizenee of slicingsalone cam begeadily
examined, without being affected by a factor I & RroCess SUCN 38 tion  as
depicted in a shape map, and a size of a change of a
pseudo nano-topography 1is suppressed to the range of *0.1
Um and relatively small in the position near the slicing
end portion as can be understood from the pseudo nano-
topography. On the other hand, as shown in FIG. 11(B) or
FIG. 11(C), it can be understood that, when a shape in
the position near the slicing end portion is
precipitously changed, a size of a pseudo nano-topography
falls within the range of -0.3 to 0.4 in this position
and is larger than that depicted in FIG. 11(A).

It is to be noted that, if a change in the entire
shape is gentle even though this change is slightly large,
the nano-topography is hardly produced. A precipitous
change in shape greatly affects the nano-topography.

[0016]

Thus, a factor of generation of such a precipitous
change in a sliced wafer in the position near the slicing
end portion as shown in FIG. 11 was examined.

First, FIG. 12 shows an example of a change in shape
of a sliced wafer, i.e., a slicing trajectory of the wire
at the time of ingot slicing. As shown in FIG. 12, a
trajectory of the wire greatly spreads on the outer side
in slicing end portions near both ends of an ingot in

particular, whereby a Warp cross-sectional shape of the



polishing after slicing. [0015] It was understood from such an
examination that a nano-topography near a slicing end portion that is
demanded to be Improved the most in the conventional technology is caused
due to a precipitous change in a Warp shape of a wafer in this position.

FHG. 1%(A) spows.a wafer holding small cgan e H‘ shape in a position near a
SLlCe are 138 prec tous cnanyged. .

slicing end portrlon as dreplc]tgé in a'shape ma%, and a size of a change of a
pSéuda nano-topography is suppressed to the range of 0.1 m and relatively

small in{be posifign Neay the slicing end portion,as cansbenderstood from,
the pseudo nano-topography. On the other hand, as shown in FIG. 11(B) or

ERS M) Lit B4ADe ulftlefdtobd tHatt When s Shipe inthie gosttisiiadr the®
slighag eadqportiem isoprecipitoushyrelranged, a size of a pseudo

nano-toBg%raPhy fallé within the, range of -0.3 t 0,4 in.this.t ositi %ndés b
Jarger thin that depictad in FIG. T1(A). ~* Itis o bé hotad that, ifa thangé

inthe BAtIR shapdigentie@Bven thelgtethis chande' ® shgithFlargesthethe
RAREtopography s hatdiy produced. Aprecipitaus-change insbape greatly a
affects the nano-topography. [0016, Thus, a factor of generation of such
gbnrlgciﬁi%ooussechté)ngeer?% aos%cé% waferinthe %%%i%nln%a? f%;e' slilgign% &nd 3¢
poriont@seshonn ia FGs 41 weasrexarhiaed.] 1 cirkirst, G d2oghowssapent

gramplef agchanaesin shape.af asliced yafer i.64 Aslicing trajegtony of the
wire at the time of ingot slicing. As shown in FIG. 12, a trajectory of the wire
gREAtly splEdtion theButErSidadn siitiiy erftB6MioRS neafboth 2nd$ 6f-&r

myot trparticules rewherehy aMéarp dross-sectianalshape of the

The present inventors conducted a test and examined
an influence of each of these ©possibilities on the
slicing trajectory.
[0018]

A possibility that the ingot is contracted in the
axial direction as shown in FIG. 13(A) was first examined.

Such a wire saw as depicted in FIG. 8 was used to
slice a silicon ingot having a diameter of 300 mm and a
length of 250 mm prepared for the test. A tensile force
of 2.5 kgf was applied to the wire, and the wire was
caused to travel 1in a reciprocating direction at an
average speed of 500 m/min in a cycle of 60 s/c to
perform slicing. Further, a supply temperature of a
slurry for slicing had a temperature profile depicted in
FIG. 14(A). It is to be noted that a temperature was
measured at both ends (positions having a slicing depth
of 285 mm) of the ingot by using a thermocouple (see FIG.
14(B)) .
[0019]

FIG. 14(A) shows a result obtained by measuring a



sliced wafer is precipitously changed. [0017] As a possibility of
occurrence of such a cross-sectional shape (a slicing trajectory), the following
two hypotheses can be considered. One is a case where a slicing
trajectory formed by the wire is bent toward an end of the ingot when the

ggot is contracted in an axial direc |onttp§reof in attlmf %Iose to end qf,sllcmgq

55 shown in'FIG, eﬂ?ﬁiaatnuf the Gther is & case Wiierée fhelsri%inﬁ trajsec]tgrlyni
bentawhen the grooved rollers having the wire that slices the ingot wound

therearqung.greexpanded in ap,axiaj dygction, thereof,as,shown,in RlGe

13(B). The present inventors conducted a test and examinedan

frfitiefice oFedchroftheseé possiofities orftthelslicthg drajdctery L[oo18] - ¢ 1 A

passibitity, thatrihe ingotds comtracted in thesaxialdirectiod asshowrindH&ly
) was first examined. Such a wire saw as depicted in FIG. 8

e e 3 I of R 2 A eetar S1350 i AL ISt 29 28

fritn pt@Parédiforithe te5t A tensiiBRofck-of 2.5 RgPwasapplieds the ke, 2

aod the wire was-causgd tarlayel imageciprogating directionat-anavwarage.e
o gaatars B iy 1o sicine e  (Gparatul s ol Hepicletrh BIC-*
I4@). Icistobeanoted that artemperdture was measaredianbottrerids cient
(positiopg having 4 slicing denth of 283mm) obihe INgELRY UBPO& imately
thermocouple (see FIG. 14(B)).

10 um 1in the axial direction near the slicing end
position.

[0020]

It can be considered that this contraction occurs
because a temperature of the ingot is rapidly reduced to
the same temperature as that of the slurry for slicing
when a slicing load 1is reduced to 1/2 or below of a
maximum value or when the ingot moves down with
advancement of slicing and the slurry for slicing cooled
to 22°C to 24°C is directly applied to the ingot, for
example.

It is to be noted that the temperature of the ingot,
which was once decreased, is again increased at a slicing
depth 200 mm or a further depth in FIG. 14 (A) Dbecause a
flow quantity of the slurry is reduced here.

[0021]

A possibility that the grooved rollers are expanded
in the axial direction thereof as shown in FIG. 13 (B) was
examined.

The same silicon ingot was sliced under the same
slicing conditions as those of the above-explained test

except a supply temperature of a slurry, and expansion of



[0019] FIG. 14(A) shows a result obtained by measuring a change in
temperature of the ingot during a slicing process. A temperature of the
ingot was Increased by 13C to become approximately 36C at maximum
during the slicing process, and it was precipitously reduced approximately
10 near,2 slicing end portion (2 slicing, degth of 275 mm (0 300 mm n.this
examﬁie). IS coincides with a position where he%arp shape sur&l&enly
dsarrges hear the shoing end portion. Additidrrally) dttcash behaderstocd frody

%@ﬁB@PQB&@@Q@fth%{m@h%)ﬂ%ns@eﬁo%fﬁgi@%@atﬂgé iNGOtiS nperature
precipitously contracted apgroximatel 10 m in the axial direction near the

B eRd Position. §0020]" € 1t tar be:considered that this contraction
occurs lpecausers termpeeatate af thefingatds rapidbrretluceditodhe samet he

tempsraiure asthat, of the slurry for slicing when 2 sliging load is reduiged @,
1/2'or be ow of a maximum ya?qe or when the mg;% moves down With
a@vattement 6f-SIRtngPaivek el slurry for Shiging toeledde 22 tP4Cfs the

directlycappliethtothe dagoty for exampley . Itis to be noted that the
te(%%r ture of the ingot, which was once decreased, is again increased at a

éllcmg epth 200 mm or a further depth in FIG. 14(A) because a flow quantity
of the shusry islreducedher8I[0021]5 (2), the grooved roller was

gently expanded in a major part, but a front side of the
grooved roller had a relatively high expansion rate near
a slicing end portion (it 1is to be noted that an upper
line in FIG. 15(A) indicates an amount of rearward
expansion of the grooved roller depicted in FIG. 15(C)
and a lower 1line indicates an amount of frontward
expansion of the same). However, in the current test, an
expansion amount at this portion (regarding approximately
250 mm corresponding to an ingot length) was as
relatively small as approximately 1 um to 2 um, and it
was revealed that an influence on a slicing trajectory is
small. It can be considered that temperature adjustment
for a grooved roller core grid, a main spindle, and a
bracket efficiently functions in an apparatus utilized in
the current test.

[0023]

With the above-explained circumstances, it can be
considered that a primary factor of a sudden change in
slicing trajectory near the slicing end portion that is a
problem, i.e., a sudden change in Warp shape in the
sliced wafer 1is contraction of the ingot 1in the axial
direction depicted in FIG. 13 (A).

As explained above, the slurry for slicing is rarely



A possibility that the grooved rollers are expanded in the axial direction
thereof as shown in FIG. 13(B) was examined. The same silicon ingot
was sliced under the same slicing conditions as those of the above-explained
test except a supply temperature of a slurry, and expansion of the grooved
roller in the axial direction was measured (see FIG. 15(A)). It is to be note

e R RSSO o 1o Shn fid & e et e bt =
depittet] iINRIG. 45¢B)Y. of Furthenexpansionioidie grooved roflersihitheng,

%@_ dﬂ;ﬂ?@@%@ ¥Vﬁ§9mef?:§é'£?d by agapging an eddy,eurrent sensoL in.closeg .
roximity to the axial direction of the grooved roller (see FIG. 15(C)). [0022]
& Ghbtvn in Fi&. 15(a)Sthldroovd Foifdr WektgEritly 8%pahdéd in ambjor-

partrbuls frontside-ef the-greaved roflerhadia selatively digh exparsion sate
Na-3 é'e'%'”%f”gypiosf“‘%”ex(n'tp'érté’tbuerg"t%‘%'é?%‘a%% upper.ling InFlG, 15(8) 1
indicates an amount of rearward expansion of the grooved roller epicted in

MG, 15(CQ)ahevd iowerrling indicatessar aptountof flontward ekpdnsiomef a

thensame)o Howeyemin) the cireph test @eexpansion anauntat dhis poriony
regarding approximately 250 mm corresponding tp an ingaqt len tk(]lg was as
rela ivéh?%anggpas aﬁﬁrox‘?’r}ﬁ%‘f@y 1l§m fo gm,l%ngif (/vagsJC %é?/ea% S

ed thaf an™°
mfluente pnacslicirgtrajectone isismalt. lttcantselvorsiderednthatrature of

temperaise adjustment fora,gropyed rellercore grid, a main;spindle,,and a.
bracket efficiently functions in an apparatus utilized in the current test. [00023]
WattPrecdbove-&fplaine didicamstan 68 ftida-be ebisieretf fitht AYprifary

factor of @éssuddentchangern slisingreajeetory neanthesslicég endh poHionsthat
BAPIDAT, oy REn SISl WA g e S e
13(A), an influence of this thermal expansion/thermal
contraction Dbecomes large when the ingot has a longer
length or when getting closer to both ends of the ingot.
[0024]

Therefore, in view of the above-explained problems,
it is an object of the present invention to provide a
slicing method for alleviating precipitous cooling of an
ingot in a time close to end of slicing of the ingot and
consequently suppressing generation of a nano-topography
when slicing the ingot by using a wire saw.

[Means to solve the Problems]
[0025]

To achieve this object, the ©present invention
provides a slicing method comprising winding a wire
around a plurality of grooved rollers and pressing the
wire against an ingot to be sliced into wafers while
supplying a slurry for slicing to the grooved rollers and
causing the wire to travel, wherein a supply temperature

of the slurry for slicing is controlled, and slicing 1is



As explained above, the slurry for slicing is rarely directly applied to the ingot
and the ingot is hard to be cooled from start of slicing to a middle stage of
slicing, and processing heat is stored in the ingot (see FIG. 16(A)). As a
result, a temperature of the ingot is Increased 13C at maximum. Thermal
expansion of the ingot Involved by this temperature Increase is approximate
R RSBl CEIn Qi FEspeer to e B Liere i D iy F
Omethes dthier harid, mear theislicingehd portienpas shiown indEIGEh6(B),thet
slurryis directy applied ta the ingot to reduce, 3 temperatyite. of the inggt.and
a slicing load is decreased to 1/2, and the temperature of the ingot is
tously reduced by 10C. As a result, the work is thermally contracted,

which isa facterlefiasudderpeleangecinddaip ghape. Asshowrm imE|Gael3(Ad,
an influence of this thermal expansion/thermal contraction becomes large
WWhen the ngot hax a longer lenath of wihen geting dioser 1o Both ends of (R
ingot. 0024y IfTReréfot€ lindielwof Hee AbBe-Xplaiméd problehis tit isan
abjest of thecpresent inventior to pravide awslicing methodsfor alleviatings
precipitous cooling of an ingot in a time close to end of slicing of the ingot and
EGHBSRENTY SuPpresiing 'gefratforof S harid topddrapiy WhaeH Slicihg THe!
mgotshy asimg awire sawe fMéanstorsoiver thelRwblems|{0025empeToture
achievgdhis ghiect, the prgsent ipvention.proyides aslicing method o pe
comprising winding a wire around a plurality of grooved rollers and pressing
tHeWire Agatst dARGEC0Be Sliced ity Waterdiile® Suppifing™s Skl -for
slicing tathe geoavedroletssand causiagtbhe wirantedtravel s wheteein ausupphy
tc%mpe%af%rre:rof thgosflurré/lf% slrilcinga{% cog;[]rglledfand ﬂiginlg is %esrforéne(% (i)rg) o
such a'mannér that the supplly t%mperature of the slsurry for %Iicing and a
ternperatirercf the irgot betoatecdtyleagd30C draabade’at end ot slicing the a
ingoL.{0026), 145 explained-above, acgoiding to-the slicing-methadof.the ¢
present invention, since a supply temperature of the slurry for slicing is
EOftroltetP8hd at féast the SUpPIY témperatdreSst the By Yor ity &Ad a°©
tevpperaiuretsf the irigot areset ton3CC orabové mt end ofislicihg the ingot tol
gefrfgrﬂgﬂgigg, the temperature of the ingot at end of slicing does not have to
be reduced as compared with a conventional slicing method.

However, in the present invention, since the supply
temperature of the slurry for slicing at end of slicing
is also controlled to 30°C or above, the temperature of

the ingot at end of slicing can be also set to 30°C or

above, i.e., a change in temperature of the ingot in the
time close to end of slicing can Dbe reduced, thus
alleviating rapid cooling. As a result, occurrence of a
precipitous change in slicing trajectory or Warp shape
can be suppressed, and a nano-topography can be improved.
[0027]

At  this time, it 1s possible that a supply
temperature of the slurry for slicing is set to be higher
than a temperature of the ingot at start of slicing the

ingot, then increased from the moment that a slicing

10 °



In the conventional slicing method, a temperature of the slurry for slicing at
end of slicing is a room temperature (approximately 22C to 25C) which is a
relatively low temperature, and hence a temperature of the ingot during
slicing is also rapidly reduced to approximately the room temperature in a
time close to end of slicing. However, in the present inyention, since the
STE0 teniperAtine SFiRe SlL7AF O Shcig ACEHTof Sheing is dlsc CoRIGIR
ton80C oof shdveptheotEmperaibrevef the irgot atfendl okslicing ban bewqlso set
to 30C %ﬁ%@%@a%@vé’ighan%ﬂ” tempergture;efthe ingot in the time close to
end of slicing can be reduced, thus alleviating rapid cooling. As a result,
bE&ITéfie ofa Precipitous thande fiPSlicirg frajedtoty of WarpShife tdHbe
suppressednand a-naro-topography dcarybe Improved 1[00274t  Atdhis time,

it {S passible,that.a supply femperature of the S%‘Eﬁ%"%ﬁ%“%%h%% tope. o
ﬁigll*lert an a temperature of the ingot at start of slicing the ingot, then

inctedsed frdpPite mémentthat A%biting PR of the ingdf féackes at téast

%@aﬁ?%‘eac_giﬁ,m%%h and _{@i@gd 10,30 or abpve gtend gt slicing the inQP_i-g:in_g
@Iternatlvelé/, it is possible that a supply temperature of the slurry for slicing is
sgtetolbnegSqUal to a temperature of the ingot or below at start of slicing the
ingot &hen increased from the moment that a slicing depth of the ingot

reaches-atJeast 2/3,0f adiameter, and.raised.ta,30C gr ahove atend.of ¢,

slicing the ingot. [0028] Controlling a supply temperature of the slurry for
Slicivg With €dét tempetatdre Br6files enables frtHérassurebiytsettihgthe s
supply demperatire of dhetslarrysfop sliging-ang artempesature of the ingat:aty

%%%Ofssﬂigg]%ntg3(a)gdorg‘b0%/eem£aoeor2a9 ure of the ingot at end of
slicing to 30°C or above.
[0029]

Moreover, it is preferable that a difference between
a maximum temperature of the ingot during slicing and a
temperature of the same at end of slicing is set to 5°C or
below.

When a difference between the maximum temperature of
the ingot during slicing and the temperature of the same
at end of slicing 1is set to 5°C or below, a change in
temperature of the ingot can be reduced, and a degree of
rapid cooling at end of slicing can be decreased.
Therefore, a slicing trajectory can be further
effectively prevented from greatly varying, and a level
of a nano-topography can be further suppressed.

[Effects]
[0030]

According to the slicing method of the present

invention, rapid cooling of the ingot can be reduced in a

time close to end of slicing, and a high-quality wafer
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Moreover, it is preferable that a difference between a maximum temperature
of the ingot during slicing and a temperature of the same at end of slicing is
set to 5C or below. When a difference between the maximum
temperature of the ingot during slicing and the temperature of the same at

End of slicing is set to 5C or beLow, a Fggge m(];emperature of the |@%%trcan

& rediced, and's aéa%%géfﬁ rpap?/d 00 ing at énd of sﬁll%:?r?grgasr? %% decreased.

Therefereratslicingptrajectory can be further effectively prevented from

greadly viarying rand @Jleveliof 4 RanoLeROgGraphY cap be further suppressed.
[Effects] [0030] According to the slicing method of the present invention,

(%éoling of the ingot can be reduced in a time close to end of slicing, and
a high-quatinowafer havingréaanadopogeaphyrefieciivebosuppressedesent
therein.car be ohtaingd. [Best Modefof Garnying put the gyention] 100311
invention is not restricted thereto.

For example, when such a wire saw as shown in FIG. 8
is used to slice an ingot into wafers, in the obtained
sliced wafers, such a precipitous change in shape as
shown in FIG. 11(B) or FIG. 11(C) 1is observed near a
slicing end portion, and it 1is revealed that a nano-
topography on a large level is produced at a
corresponding position.

As explained above, as a major factor of this
precipitous change 1in shape, it can be considered that
the ingot is rapidly cooled and contracted in the time
close to end of slicing and a slicing trajectory 1is
precipitously bent.

[0032]

As explained above, as a result of studies about
rapid cooling of the ingot 1in a time close to end of
slicing repeatedly keenly conducted by the present
inventors, a slicing load is reduced to 1/2 in a position
near a slicing end portion, a position of the ingot is
relatively lowered, and a slurry for slicing sprayed
toward a wire or grooved rollers 1is directly applied.
This slurry for slicing usually has a temperature that is
approximately a room temperature (22°C to 25°C) in a
conventional technology, the ingot which is in the
slicing process and has a temperature of, e.g.,
approximately 35°C 1s rapidly cooled when, e.g., this

slurry for slicing is directly applied thereto, whereby
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Although an embodiment according to the present invention will be explained
hereinafter, but the present invention is not restricted thereto. For
example, when such a wire saw as shown in FIG. 8 is used to slice an ingot
into wafers, in the obtained sliced wafers, such a precipitous change in shape

shown in FIG. 11(B) or FIG, 11(C) is observed near a slicing end portion,
R i it that St P00 SBTY of SRR Eval s Pl bed a7
coaspoadingrpdsition. as  As explainedtabover aswarmajof fattor ofsthis ry
precipitous;change in shape, it can be considered that the ingot is rapidly
cooled and contracted in the time close to end of slicing and a slicing
tPQj%%?dry is precipitously bent. [0032] As explained above, as a result of
studies abaout, rapickcqotingeofithe ingeot tro adine elosede endwdisticingt t ing
epegisdly keenly conducted by the presentinyentors, a sliging.load is, ,
reduced to 1/2 in a position near a slicing endlpor}’flon, a position of the ingot
isarelativelyfowerdd, Bhd aislgey for slicifdCsprayeditoward:a wiresor grdovet
kollers isdirectlycapplieds dihis glurentor slicingiysually-has-a temperatare that
is approximately a room temperature (22C to 25C) in a conventional
fathhblogh thelingGt whichds i the ShciA Process dntthad s téhhpératare™d
ef) &gd.¢ apprekimatelyt35Caisdapidly codletewhiér, etgntias slurmeforslicirng:
is, djractly. applied thereto, whereby the,ingot has pearly thesamey o the
temperature close to the room temperature as a supply temperature ofothe
SIEy ForP Sl [0033] theThESRRE présént ventersdiscovered tHat© ©or
selting a sapply temperature bkthis skirycfor stieing angl aiterperatere afithe
in}got to 30C or above at th% end of s]Cicin hi.% setting the suppl bei
Ferﬁper%gtnl.ﬁgroafttﬁer ?slu?ry f%r gliclllrr]]gq f0 30 ora ove at the Se%% o%rsﬁgllngemg
enaies akiiglit #ard toreducecthedternperdttife®si'the ngobPeverrit it ed
slupy ferglicing isapplied$a the ingot and setting the tespperatyieof the pe
ingot to 30Cbor above. As a reSLé|i[1, the égresent inventors discovered that the
teriperatir orthe ot €8 be SUpbréssed tont beMG SuddBiy TedtRed! 3°
slicimg trajectory dan lbeprévented from precipitously varying, and a
r@@r@g—ﬁqpography can be considerably Improved, thereby the present
invention has been brought to completion. [0034]

A slicing method using a wire saw according to the
present invention will now be explained 1in detail
hereinafter with reference to the drawings, Dbut the
present invention is not restricted thereto.

FIG. 1 shows an example of a wire saw that can be
used for the slicing method according to the present
invention.

As shown in FIG. 1, a wire saw 1 mainly includes a
wire 2 to slice an ingot, grooved rollers 3, wire-
tensile-force—-giving mechanisms 4, and an ingot-feeding
mechanism 5, and a slurry-supplying mechanism 6.

[0035]
Here, the slurry supplying mechanism 6 will be first

explained. As this slurry-supplying mechanism 6, nozzles
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A slicing method using a wire saw according to the present invention will now
be explained in detail hereinafter with reference to the drawings, but the
present invention is not restricted thereto. FIG. 1 shows an example of a
wire saw that can be used for the slicing method according to the present
pwentipn,  Asshown in PG, 1, a wire saw 1 mainly Ingludes.a wire 2.0
Slice aningot;, gP oved rollers 3, Metensﬂe-f%rce-gnﬁng mechanisma 4, 2he
ar Ingotsfeeding-mechanism 5) anidsa slurgrsigeplyingimethamnismas. [0035} v
Herg dbe sty suprlying mechanism.6 willibe fitst explaineds ASDIS these

slurry-supplying mechanism 6, nozzles 15 that supply a slurry for slicing to

fHe*Grodved Tollgts 3theWite 2 1s &itang8d SEdrthér alstpphy fenfpsrature
ekthetshurty for sticing supplied:framdhese nezzles A6wean hef cantrolledurry

specifially, foy example, ac%gﬁgw ink '%yLq:%‘r?nseucFP%tempes@Euﬁ Lorhe
slurry for slicinig can be controlled by connécting a slurry tank 16 to the
n6zzIES 15t ughRégtexchangéPI9¢ehtrofled by afcorfipiernger 19

Furtheumare; adype of the skury is ot restricted in particular, and the same
type as that in the conventional example can he used. For example, a slurré/

obtained %f/td}gﬁt?r%i‘:neg’Gé (EPﬁESn 8§rb1i:&lee) abrasivé g%asan a iaﬁ%rclé:nt &
Qged@@@3@cular, and the same type as that in the
conventional example can be used. For example, a slurry
obtained by dispersing GC (silicon carbide) abrasive
grains in a liguid can be used.

[0036]

Moreover, the nozzles 15 that supply the slurry for
slicing and the ingot-feeding mechanism 5 are connected
with the computer 18, and a predetermined amount of the
slurry for slicing can be automatically sprayed from the
nozzles 15 to the grooved rollers 3 (the wire 2) at a
predetermined timing with respect to a predetermined
ingot-feeding amount, i.e., a predetermined ingot-slicing
amount by using a preset program.

Although the ingot-feeding amount, the slurry-
spraying amount and timing, and a supply temperature of
the slurry can be controlled in a desired manner Dby the
computer 18, controlling means is not restricted thereto
in particular.

[0037]

Furthermore, the wire 2, the grooved rollers 3, the
wire-tensile-force-giving mechanisms 4, and the ingot-
feeding mechanism 5 except the slurry-supplying mechanism
6 can be the same as those in the wire saw 101 used in

the conventional slicing method depicted in FIG. 8.



Moreover, the nozzles 15 that supply the slurry for slicing and the
ingot-feeding mechanism 5 are connected with the computer 18, and a
predetermined amount of the slurry for slicing can be automatically sprayed
from the nozzles 15 to the grooved rollers 3 (the wire 2) at a predetermined
timing wjth respect to a predetermined ingot-feeding amount, i.e., a .
predeterm %%%Igmagt(?sl?cir% é?n%h%% %your%sir(%h a pvféégeet g:bg?arﬂ FOORitRough
thie ingbefeeding aavbunt cthéssturry-spraying amountiand timinggland ather
sWRRlY teroReratyre of theslurry, can be contralledsina.desired meélpb’at e
computer 18, controlling means is not restricted thereto in particular. [0037]
BlfthelMore, fi'wire™2, tHe §robyBaTollERsS, the iire-fénsileforcediving =<
mechanisms>4ddnd thesinget:feedingomechanistimb exceptithece with the
glgrr]?ésn P{I%igg rpneecti%aonés_m 6 can be the same as those in the wire saw 101
used In the conventional slicing method depicted in FIG. 8. Atype and a
thicknesSs°ef the Wikel 2, a §lodve pitéh 6f the fyrdvsved P6MERB, alstruetife in 2
apy ether mechanisi, andioiRersare netirestricted in particiiars andthey. 13
can Qe dgte{g\ined eachdtimt so that desic{ed slliciing c n%itions can be
OBtained iri accordance with the conventional method.” " *For' 8x§mﬁ5,o the”
wireicart be forrresliofe 6.gv,ad spedialipiane wirethavingld width of emoval)
approximately 0,13 mm to 0.18 mm, and the grooved roller 3 having a groove
pitch of (a desired wafer thickness + a slicing removal) can be adopted.
[@b%%?] A procedure of carrying out the slicing method according to the
presentanverntiofely usingosuchca mrire saw owil newde explaineg method
hereinafier,, . oFirstythe ingotfeeding mechanism 5 yged o feed 2
graspe m&ot foward a fower position at a preglete}/minea s%eeal, and the
grobvedieliersT® dredrivei®, thérssy deusiig e wire 2 to which a tensile
force is givenhy theswirgdgnsitestoree-giving mechanisms 4 todravel N @ceq
reciprocating direction. It is to be noted that a magnitude of the tensile force
Given’othB Wire 2 A%PAveling &5eet of the V\;h%wg,rand RTers i this tihe céh
be apprepriatelycset feedexample & ¢ensiledforce ofc2. bekgs t& 3 Drkgftanvse ,
ahRliagp cauze (e Wi 2 to fravelin e reeipracaling dikeqtion &l ake .

average speed of 400 m/min to 600 m/min in a cycle of 1 ¢/min to 2 ¢/min (30

§r16'60 %YC) . ThesevdlGes 'aA berddtenfetindtEordaneé Q\Ijiﬁ;]t?%.g 4 theo
ingettabe slicedreciprocating direction. It is to be noted

that a magnitude of the tensile force given to the wire 2,
a traveling speed of the wire 2, and others at this time
can be appropriately set. For example, a tensile force of
2.5 kgf to 3.0 kgf can be applied to cause the wire 2 to
travel in the reciprocating direction at an average speed
of 400 m/min to 600 m/min in a cycle of 1 c¢/min to 2
c/min (30 s/c to 60 s/c). These values can be determined
in accordance with, e.g., the ingot to be sliced.
Furthermore, the nozzles 15 are used to start
spraying the slurry for slicing toward the grooved roller
3 and the wire 2, thereby the ingot is sliced.
[0039]
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Furthermore, the nozzles 15 are used to start spraying the slurry for slicing
toward the grooved roller 3 and the wire 2, thereby the ingot is sliced. [0039]
A supply temperature profile of the slurry for slicing will now be explained.

In the conventional slicing method, as shown in FIG. 14(A), supply of the

slurry foy slicing is started at, e.g., 24C, a temperature of the slurry for slicj
s reduckd BRI AR TEANVGI] Tow tarpbrdure (226) and tevhe o
tehperatureiis radwallysinereasedteward the end of slicing so that the

temperatyre-becommgs 24Ciatend of slicing whichisequal ta that.at starkof .
slicing. In this manner, the supply temperature profile of the slurry for

dliciAd in tA8BVerftiondl ietidd Ustallyfariés bAK/ A the' rafgdofcd at-
approximatety, 22C te 256G that is Beasly aswemdempeyaturer and theing is
temperature at end of slicing of course remains at a relatively low o

R e St St Frmtel S ot T L tur o0 >8Rl
asexplained absve L ®HBAEASIIEHTY 16&d i Teduced Endiwhar dve thgsoigard

kelatively; fed-toward the lawer:side %th‘_éé&%)é £Qﬁ§”&_i%f&%\{ri@3 algw ot
terrépeorgtug? close to %r%%m ,tesmgelr%tyretls directly aagpg%d to thotaflng?t as

%I?cmg gefts closerto'the end; a te peraturoe Slht%% ingot toBe slitedis "9

precipitauslycgreatlyriowered. [6041] supply temperature profile of
the slurry for slicing in the conventional method usually
varies only 1in the range of approximately 22°C to 25°C
that is nearly a room temperature, and the temperature at
end of slicing of course remains at a relatively low
temperature that is approximately a room temperature.
[0040]

Therefore, as explained above, when a slicing load
is reduced and when the ingot is relatively fed toward
the lower side and the slurry for slicing having a low
temperature <close to a room temperature 1s directly
applied to the ingot as slicing gets closer to the end, a
temperature of the ingot to be sliced 1s precipitously
greatly lowered.

[0041]

On the other hand, the present invention controls to
provide such a temperature profile that a supply
temperature of the slurry for slicing is set to 30°C or
above at the end of slicing.

Giving a more specific description, for example,
there is such a pattern as shown in FIG. 2.

Here, solid lines Ts and Ti in FIG. 2 represent a
supply temperature profile of the slurry for slicing and

a temperature profile of the ingot in the slicing method



On the other hand, the present invention controls to provide such a

temperature profile that a supply temperature of the slurry for slicing is set to
30C or above at the end of slicing. Giving a more specific description, for
example, there is such a pattern as shown in FIG. 2. Here, solid lines Ts
and Tii FIG.tZOreglrleesent a suggly.tey&erature proflée 8f hee%{ur[y for sllﬁgg

and &'temperature profi%‘ﬁc?fS the mglorf I the gﬁdingarrhethoo taccord}rﬁlge fot

presentirvention carhdotted BnvesTs' andMyaepresent a@sepply¢ensgerdtbre
Rriafile- of the,slurry farslicingsand ademperatyre profile-oh theJagetip & oot

conventional slicing method. [0042] In the temperature profile Is depicted

RS, 2 §0Pply témpératGrest theShafty for slicing when starting slicing
thedingot is a temperature higher than a temperature of the ingot (23C in this

example), the sunply temperature s sightly reduged after start ofslicing, ang
then a constant temperature is continuously maintained. Further, as shown
MRS Y FIG: MR @ sudden chahge i ingof temperature{a sGdden ehangeih

Warpicrass-sectional shape)iatdbe end of sticingestants whenia slicing depths
is approximately 240 mm/300 mm, and the supply temperature of the sIur%l

forShEhg g farthr IndrB&sed BEyond the thairtiindd tenp&falife i readh®
30Crorabovenaethetencof skcinglbeforel this:stidingedepthf t.er; whérthte of

slicing depthof the ingot reaches af igast 2(3.0f.a digmetersq.that the, slicing
load is reduced to approximately 1/2 or the slurry for slicing sprayed to the
Gfooved roffers 3or thé fiire 27 diredty witelyagplied tbthelingott Sudden

Moseover, an effecicaan benlikewisa:ebtained wheniinereasiagdbe supplyarp

temperalure.is started from g slicing depth of 275 mm/300.mm.or.ahave, o
w ere.raplg cooing of tf e]?ngot actually occurs and the supply temperature
reathés 30 attime end of slichitp10043]e Ly 1£648n BE (heerstdod thagsudre

amethed ot soatralling thesupplyctemperatyrerafithe sluerynfor slicingis @ne r
pattern controlled in such a manner that the supply temperature profile Ts' of
ﬂﬂfﬁﬁﬁ??grﬁﬁ%ﬁfd the maintained temperature to reach 30°C

or above at the end of slicing before this slicing depth,
i.e., when the slicing depth of the ingot reaches at
least 2/3 of a diameter so that the slicing load is
reduced to approximately 1/2 or the slurry for slicing
sprayed to the grooved rollers 3 or the wire 2 is
directly widely applied to the ingot. Moreover, an effect
can be likewise obtained when increasing the supply
temperature 1is started from a slicing depth of 275 mm/300
mm or above where rapid cooing of the ingot actually
occurs and the supply temperature reaches 30°C at the end
of slicing.
[0043]

It can be understood that such a method of
controlling the supply temperature of the slurry for
slicing is a pattern controlled in such a manner that the

supply temperature profile Ts’ of the slurry for slicing
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in the conventional example is substantially uniformly increased over the
entire range of slicing and reaches 30C or above at the end of slicing. [0044]
Further, when the supply temperature profile of the slurry for slicing is, e.g.,
such a temperature profile as represented by Ts, a temperature of the ingot
to be sliced can have the temperature profile represented by Ti. According to
(7B CEerSICHE BTG T of (hE 115k (08 G neliad ohthe Hredef o

nventerdticarvise uridersteod that rapid eeoling of thiecingot thatioccarstine s
thestime, close to end of slicing can:be allevigted as compared with the

temperature profile Ti' of the ingot in the conventional method. That is
Q4ifsk the ingot whose temperature has been Increased to, e.g.,
approximately S6C duréng slicingscapbe settgp3@E wrabove evehdhoughtthe
sty for sliing 3 diregtly applied to the i0gat by NGIEASINGA SUBPY o1
temperature of the scfurry for slicing %eﬁ/on the counterpart in the
eésnveRRsRaIThERDd kY reaeh 30C rebpvetatitfe eid 6FslicihgEiid thereby

theiingat isperfosmeddram beingrapidly copleds {0Q45]c pr lt istocke poted;
that, inéhe temperature Erofile of Ts, the temperature,is infcreased in the
i 1le T o th

éﬁt?r%rranﬁg from start o %ﬁ@ﬁé 16%ha of ]éﬁcing as c%)mpared With the" " in

torventionalnoethed hard lencé tle tenyrerature ofviietingot is slightlyn  be
increased.not anly in Eh%athrﬂe 8!9§§itf?gerl9f0ft'§l'8'nﬂn%@'%%ﬁ‘c?‘@égmeé in
range as compared with the conventional method (see Ti and Ti'), but
Appropridtely coRfidlling, e Ca SppRtempefatireof e stdriy fordiihg &t
staticefslicing] ardegtee oéigrapearaiure iseoinithe tme close ta endrof sticing,
a, temperature .agr%pfl ofescligi()rm(g, and others enables freely performing
agjustment so that a difference Sri between a maximum temperature Timax
during shiginlg the iRget(Wifich: ixcalse actemperaturé smptddiatelichbéfore Pasid

GoRling.accurs)and.a emperature.atihe end of slicing.becomes smally can
be set to 30°C or above even though the slurry for slicing
is directly applied to the ingot by increasing a supply
temperature of the slurry for slicing beyond the
counterpart in the conventional method to reach 30°C or
above at the end of slicing and thereby the ingot 1is
performed from being rapidly cooled.

[0045]

It is to be noted that, in the temperature profile
of Ts, the temperature i1s increased in the entire range
from start of slicing to end of slicing as compared with
the conventional method, and hence the temperature of the
ingot is slightly increased not only in the time close to
end of slicing but also in any other range as compared
with the conventional method (see Ti and Ti'), but
appropriately controlling, e.g., a supply temperature of
the slurry for slicing at start of slicing, a degree of

temperature rise in the time close to end of slicing, a
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In particular,it is good enough to effect adjustment so that Au | becomes 5C
or below.If the difference Au | between the maximum temperature Timax
during slicing the ingot and the temperature at the end of slicing is such a
small temperature difference, a change in slicing trajectory due to rapid

ogling of the ingot can pe fyther assyredly ayoide [0048] ., On the oter
hand, since the § arry for sﬂcing as’a ?e’mperature at'ls nearly aroom Y
temperatureq23C jn shiseexample) @i dhe endiof skcirg tike AS'in thecween a

cenventionakbmethod, the ingat whasetemperature has been inereasaqiio,cn
e.g., 36C during slicing is rapidly cooled in the time close to the end of slicing
afd Res] tetpéefatife WhichSs <UBstantaif the SaMe ds thafofthe sty t6r
slicing that isna raont tempperatureat the enc ofeslicing£ Thatis,iingheexampte
cszl%%igle_d in FIG. 2, Au' represents 13C, and it can be understood that there is
a considerable difference in a degree of rapid cooling from the present
inventioRthatRan skt WirFto 5CLér beléw aA@ ®ie de&jres OF rapid codtifgast

Ingreased {0047,  « RIG. 3shows.angtber pattern,of asupply temperature.
profile of the slurry for slicing and a temperature profile of the ingot that are

ditfer&itHroi those depiteFPFIGTS InsftehipEtatre Brofirs depictet

FlI@Gi3 @ slicing the ingot and the temperature at the end
of slicing 1is such a small temperature difference, a
change in slicing trajectory due to rapid cooling of the
ingot can be further assuredly avoided.

[0046]

On the other hand, since the slurry for slicing has
a temperature that is nearly a room temperature (23°C in
this example) at the end of slicing 1like Ts’ in the
conventional method, the ingot whose temperature has been
increased to, e.g., 36°C during slicing is rapidly cooled
in the time close to the end of slicing and has a
temperature which is substantially the same as that of
the slurry for slicing that is a room temperature at the
end of slicing. That is, in the example depicted in FIG.
2, ATi’ represents 13°C, and it can be understood that
there 1is a considerable difference in a degree of rapid
cooling from the present invention that can set ATi to 5°C
or below and the degree of rapid cooling is increased.
[0047]

FIG. 3 shows another pattern of a supply temperature
profile of the slurry for slicing and a temperature
profile of the ingot that are different from those
depicted in FIG. 2.

In a temperature profile Ts depicted in FIG. 3, a



supply temperature is equal to a temperature of the ingot or below (a room
temperature 23C) at the start of slicing, it is slightly reduced after the start of
slicing, then a constant temperature is continuously maintained, this
temperature is Increased after a slicing depth of the ingot reaches at least 2/3
of a d'iam%ter, and it becomes 30C or bove %t the endtof slicir}g. %uch. N
femiberature Controf enables providing the Same temperatire profile as thatin
the ¢cenventionakrexamplergxcept theetime®clpsetto the endaf slicifigs1icing,

Additionally, yyhen,suchia tempgrature profilesetTids agopted, afemperature
of the ingot at the end of slicing can be also set to 30C or above, thereb)t/

a
degree St rapldEESIiny o the indot iR tAE HME BOSE to'the Bhd dtsticing car®
becpasigetally dlleviatedr(seedAlT)af0048] a On thewotherehand, infa the
$ypply terperature profile s obthe slyry fog slicing according @ thg, . e
conventional method, the same control as that of Is (?ep'lctea In FIG. 3is

cArrfedout paxtway, dut & temperdtursis abt notably Increasedrnthetimeaere

close o the-end of sligingand the tempesatiue i=23Cand.remains at adoam
g:em;%eratur%ﬁas different tf{rom the temper?ture of Ti tt_’hatt is equal to 30C or .
alﬁgve af the €nd"Gf': s\ﬂscrllngl. oIrh‘—jajt ise,}éasmé)xp?aiﬁéﬁ %%ove,ht%e é%epe?a]ﬁﬂ?ee ©
piofile T ob thesihgot isprecipitously reduced at the end of slicing, and ATI'

has a valyg thatjg as)large as..e.9., approximately. 13¢ - [0049] ¢ ; 1 Altheugh
the profiles of the supply temperature of the slurry for slicing and the

tetpRrBFE o thé ing6fascotdingo the présentiifgentiod havé'beeind  °f
explained aboveowith reference oFIGSc2ands3,du the peefdes of thegree
sypply. iemperaye of the sl fot sliclog and the femperatire ofihe inogh
accor(?lﬁg to the pres%nt invention are not of course restricted thereto. t
srgbotf endught that slicingecarcbe perforhéd ir Slely aananndseac\T1) .
tefmperature becomes 30C or above at the end of slicing, as a result, a
precipitous change in slicing trajectory in the time close to the end of slicin

can be héreby avaided to Stifficiently stpprad’ s’ Ie5§fné:ferifa%%gfb%oﬁfa%ﬁge

Ts’ of the slurry for slicing according to the
conventional method, the same control as that of Ts
depicted in FIG. 3 1is carried out partway, but a
temperature is not notably increased in the time close to
the end of slicing, and the temperature i1s 23°C and
remains at a room temperature as different from the
temperature of Ti that 1is equal to 30°C or above at the
end of slicing. That 1is, as explained above, the
temperature profile Ti’ of the ingot 1s precipitously
reduced at the end of slicing, and ATi’ has a value that
is as large as, e.g., approximately 13°C.
[0049]

Although the profiles of the supply temperature of
the slurry for slicing and the temperature of the ingot
according to the present invention have Dbeen explained

above with reference to FIGS. 2 and 3, but the profiles
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[0050] It is to be noted that, e.g., expansion of the grooved rollers in an
axial direction can be also additionally suppressed at this time. To avoid a
precipitous change in slicing trajectory, suppressing both contraction of the
ingot based on the slicing method according to the present invention and
%ﬁp ngieon od‘ th? ro"@é% isefugth% gﬁ%%liv%hlen pa{tlilcular, ?gsf su %reigion ciisn
effective when'such a sﬁ)ppﬁy %empera ure profife of the s urry for sﬁcmﬁI as
dépictea P FIG L3 i=providedh §Exanmpie] [(051¢r dirEhe tppeseheinvariionnt

wilkaow beexplaingd:in moredetail based onexamplgs, byt the present
invention is not restricted thereto. (Example 1) A wire saw shown in FIG.

1 was uSéd {5’ sIER 4 sifEsH ot Raving A'diaméter Bt 386 it e & Gxial
length @f %Qﬁﬁgkint@awafetseBMQmﬁl@e ﬁ@@ng@tw@cwdia@@&eat
present invention, thereby 249 sliced Wai%rs were obéalngg. Awire .

ha\?inge a Wid%h of 1160018% was ugegf, and a fensilé force of 2.5 ﬁgfcwgg %?)pl’:'end
léaussthebwireggtory 1in the time close to the end of

slicing can be thereby avoided to sufficiently suppress a
level of nano-topography.
[0050]

It is to be noted that, e.g., expansion of the
grooved rollers 1in an axial direction <can Dbe also
additionally suppressed at this time. To avoid a
precipitous change in slicing trajectory, suppressing
both contraction of the ingot based on the slicing method
according to the present invention and expansion of the
rollers is further effective. In particular, this
suppression 1is effective when such a supply temperature
profile of the slurry for slicing as depicted in FIG. 3
is provided.

[Example]
[0051]

The present invention will now be explained in more
detail Dbased on examples, but the present invention is
not restricted thereto.

(Example 1)

A wire saw shown in FIG. 1 was used to slice a
silicon ingot having a diameter of 300 mm and an axial
length of 250 mm into wafers based on the slicing method
according to the present invention, thereby 240 sliced
wafers were obtained.

A wire having a width of 160 um was used, and a

tensile force of 2.5 kgf was applied to cause the wire to
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travel in a reciprocating direction at an average speed of 500 m/min in a cycle
of 60 s/c, thereby slicing was performed. A slurry for slicing was supplied to
grooved rollers while controlling a supply temperature thereof in such a
manner that the supply temperature was set to 30C at start of slicing,

rraaglue ly r.enducedrteo 29Cr:gg£ilta slici ?hgg%h 81‘nth(31 inggt reaacggd SeO mm,
then Increased from the moment that the's |ciLng deptth of" the‘fngoat(%eac%pede
230 M), andwraisedto 35C at éad of slichg{see FIG.e4)ePhatss isuctoa was

temperatiwe profile of Is-as depictechin HIG, 2.was proyvided.q  + Jtigtodhgq
noted that a material obtained by mixing GC#1500 with a coolant at a weight

Fdte BT 151 WAL el HE & Siutiyi9 & MorEdver HEPmbeouples wergs ot 1n
arranged asshewndn Gt £4(B)dppneasiseechange-intempesature, oithe:

ingot during slicing. [0052 FIG. 5 shows a change, in temperature aof the
oot SIS e, FIC 5 ko sORS s Manes o ioaarature oo theot =
whefi the sieRfor Shcitg ®as supplictwith tHe SAmBtempefdturersiafy asd

thatin the sonventional example-fos comparisan (algtemexplainethe  ingot
Comparative Example). It can be understood that controlling a suppl

: ! ply
teriperature bt the slurryFor 8iidifig inSccordanéé withth8 tempérfatiife grofife
NIEIG. 4 enablesallevsatinguapid €odlimgreithe ingot priheitime closelto the

and of slicing asgshown,in EIG. 5. Morespecifically, a temperature of the
ingot is 40C when the ingot slici?tg depth is approximately 275 mm, and it is

approximatel§ 35¢ that &Gl 16 Htetnpetafire Bf the SRR Bhicifd $irieh
thesslietng depth iss30mmaat therend ofeslining, thereby a degreesafscooting
can Qessﬂ lo §C or below. [0053]

Moreover, thermocouples were arranged as shown in
FIG. 14(B) to measure a change 1in temperature of the
ingot during slicing.

[0052]

FIG. 5 shows a change in temperature of the ingot at
this time. FIG. 5 also shows a change in temperature of
the ingot when the slurry for slicing was supplied with
the same temperature slurry as that in the conventional
example for comparison (a later—-explained Comparative
Example) .

It can Dbe understood that controlling a supply
temperature of the slurry for slicing in accordance with
the temperature profile in FIG. 4 enables alleviating
rapid cooling of the ingot in the time close to the end
of slicing as shown in FIG. 5. More specifically, a
temperature of the ingot is 40°C when the ingot slicing
depth 1is approximately 275 mm, and it 1is approximately
35°C that 1s equal to a temperature of the slurry for

slicing when the slicing depth is 300 mm at the end of
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Further, pseudo nano-topographies were also examined in sliced wafers
obtained by slicing a plurality of ingots based on the same method as
Example 1, and results depicted in FIG. 6(A) were obtained. FIG. 6 shows a
level of each pseudo nano-topography in the time close to end of slicing with
an abscissa representing a position of the ingot in an axjal direction.In_this

frahnieP dhe Vel Udks hot EXEESD &h UPPRF fitit vafide (576 28" refative” ©F

valueyin any region of each ingot, an average value in each region of the
inget is,0.43 at a front end portion, 0.24 at a central portion, or 0.33 at a rear
end portion, and it can be understood that the average value can be

suppressel 184 very) ETHAIPVAIRB MRS EXAMPIES & réthttion fa 28 size"d
on averdge waswachieved astcompareduyith allatersexplained Cemparativeo £

Example- [0 ., Eythermare, Warp shapes of sliced waters obtained py
€he same metﬁod as Example 1 were measured. F GlO 7 shows measurement
FEsiits ot dlided WefersOhichare FifthP 60t 420th FI80thCakd 230t fréfvE L

head-side op tha.ingotas representatives: Pseuda saratepogiaply to end
wrgGvef?rms are alsc% ﬁlepicted.b .Pa in% attention to the War% shages in c
FIG. 7, écplrrégipiWolus ch%ﬂgeaissrgfaﬁﬁ/ely sﬁ%reessesréale%n tho %Jthé ehtiré

shapeis{argely changed ke le. @l | thecfifffowafer, Bmd &lsize ofdtsnwaveforne

isawell suppressed in the range of :0.3,19.0,3 as.ipdicated pyeach pgeudo 4
nano-topography waveform as compared with the examples depicted in FIG.

if(@)tai'n‘ﬁeFlé?1 l.L‘i?():) Basedbh the torVertfonaPethtdd RMoredVer 3K Bhe
obthe60ih, E20ih, #8Qthand 230thavafets;@a levelof pseddo nam@ont end

topogra hy ganhe r%duced it can be suygpressed to the,range of -0.1 to Q1
gsﬁecllal?y' in‘gach of the 180th and 230th wa érs. and it can%e tnderstood

thraif eheh psetdo hans-tdpderaphysas thieogery extellert levet[e055]value

can be suppressed to a very small value. In this example,
a reduction to a 2/3 size on average was achieved as
compared with a later-explained Comparative Example.
[0054]

Furthermore, Warp shapes of sliced wafers obtained
by the same method as Example 1 were measured. FIG. 7
shows measurement results of sliced wafers which are
fifth, 60th, 120th, 180th, and 230th from a head side of
the 1ingot as representatives. Pseudo nano-topography
waveforms are also depicted.

Paying attention to the Warp shapes in FIG. 7, a
precipitous change 1is relatively suppressed even though
the entire shape is largely changed like, e.g., the fifth
wafer, and a size of its waveform is well suppressed in
the range of -0.3 to 0.3 as indicated by each pseudo
nano-topography waveform as compared with the examples
depicted in FIG. 11(B) and FIG. 11(C) Dbased on the

conventional method. Moreover, in each of the 60th, 120th,
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(Example 2) The same silicon ingot as that in Example 1 was prepared,
and the silicon ingot was sliced in the same manner as Example 1 except a
supply temperature profile of a slurry for slicing. It is to be noted that a
supply temperature of the slurry for slicing was set to 23C at start of slicing

eitrg% tfklle slugrx O{or szl%n was gggel&ed toagro%%de Eollegsfwhiles corat(gollirgl%its B
supﬁly temperaturé so that the supply temperatlre was graguaﬁﬁ/ reducéd to
22camtiplslicing depth of giingdt reathedth50 inen, tharpineseased front-the

moment that the ingat slicing Q@ﬁ&&%ﬁb&d 23040, apd raised 1@ 32C afng
end of incir]cS%. That is, when such a temperature profile of Ts as shown in

EiS 58 wig UsRa; a fBifiperatufé bf the ingtt Was-$2€ efliaitto that of fieude
slarry-foo slicig @b end 0f sticiagyang A canlkersetitovaQ or below, thus
r?fpd% g(])oling at end of slicing can be suppressed. Additionally, a level of
a pseudo nano-topography was examined in the same manner as Example

1 Eereevel did not exceed an upper limit value (0.6 as a relative value) in any

region of the ingel: and an averagea yatue in eachuregion ofdhgripget was QAy

at a front gnd gogion 0.27 a&a centralrportion, or 0.38 at a rear end portion,

repare nd .th i1licon 1ngaot was, sliced ,in e
nd s, suppressing theJeveltd'a ver)g small Valué was achieved. [00

(Comparative Example) 1 JFhessamessilfoopoihgottasithat atExampled was

Brepared, and the.silican ingot was sliced in the same manner as Example 1
except a supply temperature profile of a slurry for slicing. It is to be noted

that a stpply fenvPerafurd of ik diGAY for shting Was-s8tt6 28 af staft of e
slicing and dhe slurey: fog slieingsnas supplied to, grapvedoliersswhile ng and
controlling, its supply te’%?%ﬁat“re 30 that the %E’%'yé%mperr%“rg A3ollers
gradually reduced to 22C untila svi7i0|ng de%ﬁw of the mgolgreac‘ﬁe 50 mm,

thehlifcressedrrorhithe meéffent tharthe ingefsIfkcing depth feachder230 the

mm,And raiseabio.24C at ¢ad ofslicing, (sep FIG: A <Thatds, Jhieis the same
supply temperature profile of the slurry for incingSas that in the conventional
S%é%b&g depth of the 1ngot reached 50 mm, then increased
from the moment that the ingot slicing depth reached 230
mm, and raised to 32°C at end of slicing. That is, when
such a temperature profile of Ts as shown in FIG. 3 was
used, a temperature of the ingot was 32°C equal to that of
the slurry for slicing at end of slicing, and ATi can be
set to 5°C or below, thus rapid cooling at end of slicing
can be suppressed.

Additionally, a level of a pseudo nano-topography
was examined in the same manner as Example 1, the level
did not exceed an upper limit wvalue (0.6 as a relative
value) in any region of the ingot, and an average value
in each region of the ingot was 0.47 at a front end
portion, 0.27 at a central portion, or 0.38 at a rear end
portion, and thus, suppressing the level to a very small

value was achieved.

[0056]
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[0057] Further, a temperature of the ingot was 34C in the time close to
end of slicing (an ingot slicing depth was 275 mm) and approximately 24C
which is equal to that of the slurry for slicing when a slicing depth was 300
mm at end of slicing as shown in FIG. 5, and hence the ingot was rapidly
g%%lr%daby atplpr(e)xin;{atgglle C. It can be understood from FIG. 5 that a
egr of ( coo“ngE(aate perature difference) of the ingot can be reduced to
1/2 in EXample dm@AT E=50)cas compared with thissComparathenExample even

though,thg range;of the inget slicing depth{27p,mmto;300:mAy) remains; ;e
unchanged. [0058] Furthermore, FIG. 6(B) shows results of pseudo
RaRo-topodtaphied s Siced WA obaindd By dliciiy™s phitality of ffgots by

the sameunethodas Gomparnative Example. Referring to FIG. 6(B), pseudo
nanc-topearaphies gxcepdedanprer Imilyalys (06 gsa iaiae valua)gl

both ends of the ingot. Moreover, an average value of the nano-topographies
is10152 at Bofrontlandi portioasof thé ingot20.33 ata eeatral pdrtiohiofthe and

same,0r3:53 atra reag end pastion¢f the;samec As ean be ypderstopshfiems
data of Example 1 jn FIG. 6(A), a level of the pseudo nano-topography (a

s i S o G RR RS o (o e i
acgardingtierthe present invention.d0059Ly rAdditienalty, mezsuring \WWarps

shapes,gnd;others gislicgd walgrs.obtained by the same mgthpd;az-abave 4
Comparative xamgle, a precipitous change in Warp shape or pseudo

hARBLtIPEYrdERavErdfh watobseived in'd positior Feaf a sfiéingehd? 30
pertion like FIG.sEYB)eor FI@Cl14€), and adevekof therpseudee ric. 4).
e%g%-topso,graﬂﬁhyswalssal%%Iear%%n{(e)06sollpply temperature profile of
the slurry for slicing as that 1in the conventional
example.

[0057]

Further, a temperature of the ingot was 34°C in the
time close to end of slicing (an ingot slicing depth was
275 mm) and approximately 24°C which is equal to that of
the slurry for slicing when a slicing depth was 300 mm at
end of slicing as shown in FIG. 5, and hence the ingot
was rapidly cooled by approximately 10°C.

It can be understood from FIG. 5 that a degree of
cooling (a temperature difference) of the ingot can be
reduced to 1/2 1in Example 1 (ATi=5°C) as compared with
this Comparative Example even though the range of the
ingot slicing depth (275 mm to 300 mm) remains unchanged.
[0058]

Furthermore, FIG. 6(B) shows results of pseudo nano-
topographies of sliced wafers obtained by slicing a
plurality of 1ingots by the same method as Comparative

Example. Referring to FIG. 6(B), pseudo nano-topographies
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As explained above, according to the slicing method of the present invention
like Example 1 or Example 2, a supply temperature of the slurry for slicing is
set to 30C or above at end of slicing and a temperature of the ingot is also
set to 30C or above, and thereby it is possible to suppress rapid cooling in

the time close to end of sljcing. And i is possible to avoid a precipitous
SR T oig Viottory OF hars b o Cheh Licba WATEE thg 211
etnsiderabinidsprove alevelrof miano-tdpography. Therefurs, @oyieldedarebe £

increased dn adevice process.i[0061]s 4  Jtis 1o be noted.that thepresent, ¢
invention is not restricted to the for;%oing embodiment. The embodiment is

jusE an ex8mplificatior? Gnd &y’ &Xamplethatave” stbstantafy tHe same
sttuciurecand demonpstratedhe sameHfanetions. and effects asd¢haselkrtheood

chniceg concept described in glaims ofEtlﬂg present inventiqn arelinclgdeghin
:ﬁ%o'{?achn?cﬁ scope o%{ﬁ{%ppreesent invention. [Bﬁe((ef ékpla%at?oenvgf the -
DFEWHYSPP0B2] OP O JFRP.M] AlScHEMALT (RASSIHGWINY afPéxarfiple ot aced

wire saw that can-he usgd dn asslicingdnethed acgoring toithequresentg to
invention; [FIG. 2] A.graph showing an example of temperature profiles
tPe Breﬁﬁnt inve tf%n. . . .
of a supply temperature of a'slurry for slicing and a temperature of an ingot in
thelslicing method according to the present invention;

Additionally, measuring Warps shapes and others of
sliced wafers obtained by the same method as above
Comparative Example, a precipitous change in Warp shape
or pseudo nano-topography waveform was observed in a
position near a slicing end portion like FIG. 11(B) or
FIG. 11(C), and a level of the pseudo nano-topography was
also large.

[0060]

As explained above, according to the slicing method
of the present invention like Example 1 or Example 2, a
supply temperature of the slurry for slicing is set to
30°C or above at end of slicing and a temperature of the
ingot is also set to 30°C or above, and thereby it is
possible to suppress rapid cooling in the time close to
end of slicing. And it 1is possible to avoid a precipitous
change in slicing trajectory or Warp shape of each sliced
wafer, thus considerably improve a level of nano-
topography. Therefore, a yield can be increased 1in a
device process.

[0061]

It is to be noted that the present invention is not

restricted to the foregoing embodiment. The embodiment is

just an exemplification, and any examples that have



[FIG.3] A graph showing another example of temperature profiles of the
supply temperature of the slurry for slicing and the temperature of the ingot in
the slicing method according to the present invention; [FIG. 4] A graph
showing supply temperature profiles of the slurry for slicing in Example 1 and

gwspt rg \ie %{r\zmgle rée IG, ?]uAtguaph sh Wlng [ﬁpera Of"%%r%

fhe Ingot'i ple fana ompara ve?xamp raephs
§W@ngdevelgoﬁpseﬁ;@©q‘¢a?noat@pcb;graphles,rl\Nﬁére|nt(A9tlsh@mJa resoktept

5%%@591%%@”943%§99W§ a resuftof Comparative Example; are[HGe71Aeq
measurement view showing an example of Warp cross-sectional shapes and

pSeldd nARGAOPGGrAphREEST s‘hﬁeﬁ%f@&%ﬁt%ﬁeﬁ%ﬂ?elgﬁhng method
accordingetocdtherpresent ingentien; DrawFiGs8] A schematic view showing an
%%rggl]e of a wire saw used in a conventional slicing method; [FIG. 9] A

schematic view showing an example of an ingot-feeding mechanism;
[FIG. 1] A schematic view showing an example of a

wire saw that can be used in a slicing method according
to the present invention;

[FIG. 2] A graph showing an example of temperature
profiles of a supply temperature of a slurry for slicing
and a temperature of an ingot in the slicing method
according to the present invention;

[FIG. 3] A graph showing another example of
temperature profiles of the supply temperature of the
slurry for slicing and the temperature of the ingot in
the slicing method according to the present invention;

[FIG. 4] A graph showing supply temperature profiles
of the slurry for slicing in Example 1 and Comparative
Example;

[FIG. 5] A graph showing temperature profiles of the
ingot in Example 1 and Comparative Example;

[FIGS. 6} Graphs showing levels of pseudo nano-
topographies, wherein (A) shows a result of Example 1 and
(B) shows a result of Comparative Example;

[FIG. 7] A measurement view showing an example of
Warp cross—-sectional shapes and pseudo nano-topographies
of sliced wafers obtained by the slicing method according
to the present invention;

[FIG. 8] A schematic view showing an example of a
wire saw used in a conventional slicing method;

[FIG. 9] A schematic view showing an example of an

ingot-feeding mechanism;
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[FIG. 10] An explanatory view showing classification of nano-topographies
produced due to wire saw slicing; [FIG. 11] A measurement view
showing Warp cross-sectional shapes and pseudo nano-topographies of
sliced wafers; [FIG. 12] A schematic view showing an example of slicing

rajectorigs, gf thewire at the time.of slising the ingot; , [F1G. 131 A0 js an
explanatory view showing an exampﬁe of Contraction of 'dn mgo? and sﬁlcmg

trajectoriestatthetimed o slicing the aot,uand (BYisan explanatory view

showing; an @xample of,expansionHfangrooued,rolier and slicing.trajectories.
at the time of slicing the ingot; [FIGS. 14] A test result about a .
pESibifitFdf cORtRETonBIthePingotin andal firsttibhC heteir? (a) s a e

grapirshowing a temperature change of the ingot during slicing and a supply

temperafyu;profilg of 4 sluiry Jar.slicing. And, (BL 5.1 explanatory vigw for
explaining a measurement method for a temperature of the ingot;

FIGSL 1%] Atestresalk abdutcd possibility ©F expansivh dfthe gfbovéd t6lietd
ian axigbdirection, wherein (A) is a graph showing an expansion change of

the grooved roller during slicing, (Bgs a graph showing a.supply temperature
profile oﬁﬁg Slur%éj flor é%Acﬁlng,lgnda( ) i%%n?g%ﬁgﬁg%ry\ﬁeevvf fo%/}é% arilrﬁngaarl1
areaspiement methodrfor an expansicrt andagontractiontamoumd of tlké icing

grooyedrgllers; and [EIGS. 16]Explanatory. vigws forexplgining a procgss that
the ingot is rapidly cooled, wherein (A) shows the time of starting slicing and
(B) shoWs"d positivn heal a Sheify ehdporfigrele of expansion of a

grooved roller and slicing trajectories at the time of
slicing the ingot;

[FIGS. 14] A test result about a possibility of
contraction of the ingot in an axial direction, wherein
(A) is a graph showing a temperature change of the ingot
during slicing and a supply temperature profile of a
slurry for slicing and (B) 1s an explanatory view for
explaining a measurement method for a temperature of the
ingot;

[FIGS. 15] A test result about a possibility of
expansion of the grooved roller in an axial direction,
wherein (A) 1s a graph showing an expansion change of the
grooved roller during slicing, (B) is a graph showing a
supply temperature profile of the slurry for slicing, and
(C) is an explanatory view for explaining a measurement
method for an expansion and contraction amount of the
grooved rollers; and

[FIGS. 16] Explanatory views for explaining a
process that the ingot 1is rapidly cooled, wherein (A)
shows the time of starting slicing and (B) shows a

position near a slicing end portion.
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[Explanations of Numerals] [0063] 1,101...wire saw, 2,102...wire,

3,103...grooved roller, 4,104,104'...tensile-force-giving mechanism,

5,105...ingot-feeding mechanism, 6,106...slurry-supplying mechanism,

15,115...nozzle supplying slurry for slicing, 16,116...slurry

t nk,]18...0%m uter,lfQ.Nheate ch?nger, 107,107'... wire reel,108...traverser,
¢" constan ?osrqae mo o?,rf?OS...driving motor, 111...ingot-feeding table,

19268M guide, 113...ingot clump, 114...slice pad plate, 117...slurry chiller.

1,101.wire saw, 2,102..wire, 3,103..grooved roller,
4,104,104"..tensile-force—-giving mechanism,
5,105..ingot-feeding mechanism,
6,106..slurry-supplying mechanism,

15,115..no0zzle supplying slurry for slicing,
16,116..slurry tank, 18..computer, 19..heat exchanger,
107,107".. wire reel, 108..traverser,

109..constant torque motor, 110..driving motor,
111..ingot—-feeding table,

112..LM guide, 113..ingot clump, 11l4..slice pad plate,
117..slurry chiller.
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CLAIMS [Claim 1] A slicing method comprising winding a wire around a
plurality of grooved rollers and pressing the wire against an ingot to be sliced
into wafers while supplying a slurry for slicing to the grooved rollers and
causing the wire to travel, wherein a supply temperature of the slurry for
slicing is controlled, and slicing is pcerfolrwgd in such a manner that the
supply temperature of the slurry for %TlAcmg is set to be higher than a
temperature of the ingot at start of slicing the ingot, then Increased from the
mement that a slicing depth of the ingot reaches at least 2/3 of a diameter,
the supply temperature of the slurry for slicing and a temperature of the ingot

become™at1east-36C b dbove Gt BT OF Sheing theifgot afgr © 2gound a
difference:betweenra sneadmuo temperatdrecafdhe ingotduringislicing and a

temperature,of fhe same. at.end pf slicing I3 3et 102G or helow. [Claim 2k 1o
a slurry for slicing to the grooved rollers and causing
the wire to travel, wherein

a supply temperature of the slurry for slicing is
controlled, and slicing is performed in such a manner
that

the supply temperature of the slurry for slicing is
set to be higher than a temperature of the ingot at start
of slicing the ingot, then increased from the moment that
a slicing depth of the ingot reaches at least 2/3 of a
diameter,

the supply temperature of the slurry for slicing and
a temperature of the ingot become at least 30°C or above
at end of slicing the ingot, and

a difference between a maximum temperature of the
ingot during slicing and a temperature of the same at end

of slicing is set to 5°C or below.

[Claim 2]

A slicing method comprising winding a wire around a
plurality of grooved rollers and pressing the wire
against an ingot to be sliced into wafers while supplying
a slurry for slicing to the grooved rollers and causing
the wire to travel, wherein

a supply temperature of the slurry for slicing is
controlled, and slicing is performed in such a manner
that

a supply temperature of the slurry for slicing is
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A slicing method comprising winding a wire around a plurality of grooved
rollers and pressing the wire against an ingot to be sliced into wafers while
supplying a slurry for slicing to the grooved rollers and causing the wire to
travel, wherein a supply temperature of the slurry for slicing is controlled,
and slicing is performed in such a manner that a supply temperature.of the
Ry Tor DRciB 16 Setto Bo PHIATLS R teRpatat RS of fHE mogt o bt &
startrof shitinglthelingot; tisen moréased: fromithenmeareht thiatma slicing depth
Qbtheipgetreaches at least 243 of a diameter, ; nqdhe supRlydemperature of

the slurry for slicing and a temperature of the ingot become at least 30C or
4bcveé at 8nd bFERGARG the ingot, and a difference between a maximum
temperature efithelingakdudng slicteg andtantemperatyrefofithe samenat end

gf%g¥¥%§§¥§§85§%°Eggo¥ﬁgot become at least 30°C or above
at end of slicing the ingot, and

a difference between a maximum temperature of the
ingot during slicing and a temperature of the same at end

of slicing is set to 5°C or below.
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