DESCRI PTI ON  SLI CI NG METHOD TECHNI CAL FI ELD [ 0001]
The present invention relates to a slicing nethod for
slicing, e.g., a silicon ingot or an ingot of a
conpound sem conductor 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 sté€grARTONNYOt With this
increase in size. The wire saw i s a apparatus that
allows a wire (a high-tensile steel wire) to travel

at a high speed and I jhgot (a work) agai nst
the wire to be sliceaglﬁﬂﬁﬁibgg%%ggng a slurry to the
wire, thereby slicing the ingot into many wafers at
the sane tine (see Japanese Unexam ned Patent
TEPHYL A4t iFdk(Kokai ) No. 262826-1997). [0003] Here,
[OEb?' 8 shows an outline of an exanple of a genera
W é saw. As shown in FIG 8, a wire saw 101 mainly
i ncl Tdesprasentte it0Zrtthatn steteseantiongotsl igricayedethod

rollers 103 (wire guides) around which the wre_102
forsshdGidd a © echahi Shr1627t A2 vds Thet W e 162%a

cohBBahke skafichnBuct®ehant sMidy thate fLass thengngoliire
to be sliced, and a nechanism 106 that supplies a

saglurry at the tinme of slicing. [0004] 1 The wire 102
is unreeled fromone wire reel 107 and reaches the
grooved rollers 103 through the tensile-

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 Japanese
Unexamined Patent Publication (Kokai) No. 262826-1997).
[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]



force-giving nmechani sm 104 fornmed of a powder clutch
(a constant torque notor 109), a dancer roller (a
dead weight) (not shown) and so on through a
traverser 108. The wire 102 is wound around this
grooved rollers 103 for approximtely 300 to 400
turns, and then taken up by a wire reel 107" through
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megﬁ%nggh 194aspi ng the ingot, a slice pad plate 114,
and others, and driving the ingot-feeding table 111

[0@0bhg the LM guide 112 under control of a conputer
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betdeiven in a reciprocating direction in a
predetermined cycle by a driving motor 110.
[0006]

It is 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.



slurry tank 116 so that a tenperature of the slurry to
be supplied can be adjusted. [0008] Such a wire saw
101 is used to apply an appropriate tensile force to
the wire 102 fromthe wire- tensile-force-giving
mechani sm 104, and the ingot is sliced while causing
the wire 102 to travel in the reciprocating direction
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process in 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 nuneric judgnment regarding a nano-
topography. In particular, a nano-topography in the
"slicing end portion" has a higher rate than a nano-
topography in the "slicing start portion”. And the
"slicing end portion" highly frequently becones a
position maki ng a nuneric val ue regardi ng a nano-
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the sliced wafer. [0013] In general, the
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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.

[0013]

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 be readily examined

without being affected by a factor in a process such as



polishing after slicing. [0014] It was understood
fromsuch an exam nation that a nano-topography near
a slicing end portion that is denmanded to be inproved
the nost in the conventional technology is caused due
to a precipitous change in a Warp shape of a wafer in
this position. FIG 11(A) shows a wafer holding snal
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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.

[0015]

Thus, a factor of generation of such a precipitous
chénge 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



5 ingot in particular, whereby a Warp cross-sectiona
shape of the sliced wafer is precipitously changed.
[0016] As a possibility of occurrence of such a cross-
sectional shape (a slicing trajectory), the follow ng
two hypot heses can be considered. One is a case where
a slicing trajectory fornmed by the wire is bent
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[0017]
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 in 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)).



14 (B)) . 6 [0018] FIG 14(A) shows a result obtained
by neasuring a change in tenperature of the ingot
during a slicing process. A tenperature of the ingot
was i ncreased by 13C to becone approxi mately 36C at
maxi mum during the slicing process, and it.was
preci pitously reduced approxinmately 10C near a
[Oggkﬁing end portion (a slicing depth of 275 mmto 300
i'n this exanple). This coincides with a position
wher e1Ghe 1Mar) shapes suddeshyt ohaagesdnésr mdwsuring a
slicing end portion. Additionall '
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prggggghcient that the ingot is precipitously _
contracted approximately 10 min the axial direction
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of the slurry is reduced here. [0020] A pos.sibilitXy
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near the slicing end position.

[0019]

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 is 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)
because a flow quantity of the slurry is reduced here.
[0020]

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



13(B) was exam ned. The same silicon ingot was sliced
under the sane 7 slicing conditions as those of the
above-expl ai ned test except a supply tenperature of a
slurry, and expansion of the grooved roller in the
axial direction was neasured (see FIG 15(A)). It is
to be noted that a supply tenperature of a slurry for
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line in FIG. 15(A) indicates an amount of rearward
expansion of the ingot depicted in FIG. 15(C) and a
lower line 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.

[0022]

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 is contraction of the ingot in the axial



slicing trajectory near the slicing end portion that
is a problem i.e., a sudden change in Warp shape in
the sliced wafer is contraction of the ingot in the
axial 8 direction depicted in FIG 13(A). As expl ai ned
above, the slurry for slicing is rarely directly
applied to the ingot and the ingot is hard to be
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change in Warp shape. As shown in FIG. 13(A), an
influence of this thermal expansion/thermal contraction
becomes large when the ingot has a longer length or when
getting closer to both ends of the ingot.

[0023]

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.
[0024]

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



provides a slicing nmethod conprising wwinding 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
9 and causing the wire to travel, wherein a supply
tenperature of the slurry for slicing is controll ed,

n I, | fo su r t he
andiSary o 2% 80 Fhet B e e G i R
tehpﬁpeta&@r©f Qﬂuihﬁlmﬂgptfbeceﬂecahgieastcdﬁquﬁle@ovend

at end of slicing the in 5] xpl.ai ned

s1i6é0g, 18c OGHFHITPID %%esgghcﬁnb nH@Fh@%%% e PrRRbAt

te? ¥§QEbQ@ d%'Hﬁ%2%fWPP§onEeg@§E§h@r%dH d heerbaiF dyure
r slicing is controlled and at |east the supply

oft ehpedayurte bafcdre st uteystoB0°Gl dri agoardag end of

ure of the ingot are set to 30C or above at
Sléﬁgg %bﬁl&l %he ingot to performslicing, the
[obgpperature of the ingot at end of slicing does not

have to be reduced as conpared wth a conveqﬁlqna

sl i Angerelasnaedl #bOVe c HENEFbRAI £81 FEPnG ietisd
meEﬁgaeB%tQ%% Q% 46 S| M EY§8R, Sk GidRg Ats ghph of
Icing is a roon1 tenperature (approximtely 22C to
teﬁﬁé&awhmehdﬁ;uher&ﬂwmryefyrleﬁﬁpenpemﬁlﬂQﬁtEﬂkﬂ¢@n@@d

ture of. the in duri g, I|C|n
atr%ﬁ?ﬁlytﬁgdﬁgﬁ?%¥3t%ﬂﬁﬁ%?%ﬁﬁ?epg elwxﬁ%%gnperature
s118ifgt bR Gl ;g a@iele 06 Sthel REgokowAErset Ntd hBo°C
present i nvention, since the supply tenperature of

or t Weo¥PuRLy ehet off iThiELRE BRE SRIOH It MPLIOHN sHilcing,
th%gg%{ngg%ge (tjr% 30C 9l apo St %Eeenhe@@ersa_tllﬁl%ggfd5@§ not

_ of slicing e also set to
ha@@oﬂe,be.eedu&e&hangecmmpaeapewatbre gfonventional

a

slicing method.

In the conventional slicing method, a temperature
of the slurry for slicing at end of slicing is a room
temperature (approximately 22°C to 25°C) 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 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 be
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.

10



the ingot in the tine close to end of slicing can be
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 inproved. 10 [0026] At this
time, it is possible that a supply tenperature of the
[Oélxgry for slicing is set to be higher than a
éfderature of the ingot at start of slicing the

i ngoht them itiefegasied f¢ oposbebienenktt katsuwpsly ci ng
depth of the ingot reaches at |l east 2/3 of

teﬁpﬁmﬂﬁﬂﬁezﬂﬁi?Qﬁs%ﬁu¥éyséeroﬁ¥%ﬁiﬂgeﬂse%%goFosP?cing
nibligd 190k AdSParlyely, of! cht osRIble: thed 8 sepply

nperature o urry for slicing is set to be
sléqualg the aingmperabeneiotrehsedndotorort el momantsthpt a

of . slicing the jngot, then increased fromt t
Slﬁﬁépgadgﬂéhﬂ?£ H%%thhg? tﬁ?aiﬁﬁﬁiEﬁéé%ﬂ%g%a???gggfg
di%#n%t%fr,_a arfll AR e£q 89d3pet S6d hBoIRCAQr cahpwer adl £ddng

of slicing the ingot. [0027] Controlling a supply

theedp@iodt-ur e of the slurry for slicing with such
te”pﬁi%égh%t%%wyesite“@' §s£9f>;1€eftha%5%ur£ﬂ:!@/1y

setting e supp tenperature of the slurry “for
tefibetiatgianh A tleapelatuyefof she dingptisatsendtofbe equal
slicing to 30C or_above, 8] Mbr.eover

002 enat
top et &5 T TR %Fd???e?@%@g oﬁé?ﬁﬂéﬂvéa%a§%%%§1°f

s 15 ARG &Y & Rfod her h&got nduehR@d Hidh Ntha@ndoMent that a
tenperature ot the sane at end of slicing is set to

slsCiog el ofherhe HhgpEr sREEhss iden 8%t ks nilin @

te erat ur \ v
diameter, %ﬁ% raised to 30°C or above at end of slicing

the ingot.
[0027]

Controlling a supply temperature of the slurry for
slicing with such temperature profiles enables further
assuredly setting the supply temperature of the slurry
for slicing and a temperature of the ingot at end of
slicing to 30°C or above.

[0028]

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 is 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

11



of the ingot during, slicing and the tenperature of
the sanme at end of slicing is set to 5C or below, a
change in tenperature 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 fromgreatly varying,

ofagdngnhe\ég)&) Jg%@g%; %éOPQQEQBQYes%?ﬂ;Ir%%JéHt her

suppresse ccording to th ci ng net hod of
[0bhe]present invention, rapid coollng of the ingot can

be reduced, in at | t d d
i QA GEaT A JSuaPer Ienavng. i RO R OpBar BBy Eresent

ln%ﬁ@%hve%psilam@&lsl t&_er@he 1688tbeaebtal nethudR Em
DESCRI PTI ON"OF [0030) FIG 1 is a schematic

a t/uew showengoa@mi(mlselmllag,wrld Sal ittt usdnl the wafer
a slicing nethod

haYh@%n?|8ﬁnoFF@P ﬁ%?%ygrgpﬁcsﬁo gxg% %ggﬁﬁ%%§qg%ereln

cath eppepBtuiecRr.ofiles of a supply tenperature of a
slurry for slicing and a tenperature of an ingot in

the slicing nethod according to the present

BRiQﬁeBEbeﬁiP%E%N %ﬂ*%éhﬁﬁ%@@ showi ng anot her exanpl e

tenperature profiles the supply tenmperature of
[o@he] slurry for slicing and the tenperature of the

ingot_in _the slicin nEthod acc d|n to t ent
|nvé%V%on} & ichg%g dfﬁﬁﬁ“@%oﬁ?%g SBpply U%aREIRCYs -
w1f@”§§®aEHéQ cRhofdd essed iheaskuk ey nbomeddHoad rg-ddrding

Exanpl e 1 and Conparative Exanple; FIG 5 is a graph

tOs%@@Aﬁgeﬁ@ﬁﬁeﬂ@W@mé%ﬂﬂﬁ|Ies of the ingot in Exanple
1 and; Conpay at VSrEﬁﬁ”@H@ Aéi%naeﬁéﬁpgéagﬁs show ng
Ievels of pseu na
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 is 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 is a graph showing supply temperature
profiles of the slurry for slicing in Example 1 and
Comparative Example;

FIG. 5 is a graph showing temperature profiles of
the ingot in Example 1 and Comparative Example;

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

FIG. 7 is a measurement view showing an example of
Warp cross-sectional shapes and pseudo nano-topographies

of sliced wafers obtained by the slicing method
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t opographi es, wherein FIG 6(A) shows a result of
Exanple 1 and FIG 6(B) shows a result of Conparative
Exanmple; FIG 7 is a nmeasurenent view show ng an
exanpl e of Warp cross-sectional shapes and pseudo
nano- t opographi es of sliced wafers obtained by the
slicing nethod 12 according to the present invention;
FIG,.8 is a.schemtic vi i ng an exanple of a
acﬁnoFglggw%l?sé%? rPraesc%rﬁJ\C/eﬁ Y%ngogll’i cing nethod; FIG 9
IS aFgghegaﬁgcav@@mgﬂuwﬂmgvﬁ@wexanwﬁegohn.amample of a
“ingot -feeding nmechanism FIG 10 _is an explanatory
wiype®aghoriasy lrblaa_s%?rf-'i’%’é?ﬂ@ﬁ?é_f Sﬂéﬁrol-nc%ﬁ%%?%%%f es
produced gugstq Woin S StighngholihGg bh iskahple of
measur enent vi ew show ng Warp cross- sectional shapes
anahdgpsefde hanp-naopogn aphies of sliced wafers; FIG

and s deopiognaphy es of siiced ik
{1 aj REGor F02 81 Pné i F ISt Ot Re EPHe COP "M ng | the.

'me o

cl5QQQEﬁc%@%odﬂﬂﬁ»néﬁoaﬁo?é@ké@ﬂﬂ@@/pﬂdﬂm&é@wdng an wire
exanpl e of contraction of an ingot and slicing
sawr gjlectiogi’es at the time of slicing the ingot, and

FlGprdS(B) s an @XUANMAY YLew SHOWiRG: afh.Gx b es-

of expansion of a grooved roller and slicing
settapeaatloshepe satandiep ¢ &mgoohaslo-tiopp draph gt o f FpGSced
© 14 show a test result about a possibility of
waggrfracti on of the ingot in an axial direction,

whergi . TbGis14( AcHemat OF aphefhowondng enparaiple of
change of the ingot during slicing and a supply . . .
slienper &trariectmrdfes eo bf theswhrey aforthg i iR ehasEfeing
14(B) is an explanatory view for explaining a
thﬁe%?é?&ﬁent met hod for )
FIG. 13(A) is an explanatory view showing an

example of contraction of an ingot and slicing
trajectories at the time of slicing the ingot, and FIG.
13(B) is an explanatory view showing an example of
expansion of a grooved roller and slicing trajectories
at the time of slicing the ingot;

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

FIGS. 15 show a test result about a possibility of
expansion of the grooved roller in an axial direction,
wherein FIG. 15(A) is a graph showing an expansion
change of the grooved roller during slicing, FIG. 15(B)
is a graph showing a supply temperature profile of the

slurry for slicing, and FIG. 15(C) is an explanatory

13



a tenperature of the ingot; FIGS. 15 show a test
result about a possibility of expansion of the
grooved roller in an axial direction, wherein FIG
15(A) is a graph showi ng an expansion change of the
grooved roller during slicing, FIG 15(B) 1is a graph
showi ng a supply tenperature profile of the slurry

vidQre8h EiBYa NS Snd ) ohSnPnGXHRNTA S Vi oW

expla asurenent et ho or an expansi on
exp@ﬂsﬁeﬁtaa@ﬂommﬁxnnnﬂomfam@Engroﬁve@er@ﬂGHng amblers;
FIGS. 16 are explanatory views for explaining a
angyrocess that the ingot is rapidly cooled, wherein FIG

16( AT gowsst heet k! l@%é¥d¥§'fEbﬁé|EngeﬁﬁdaEﬁing a
16(B) shows a position near a slicing end portion.

pr8ESTs NDEE(cS)thléoaé@mem@ﬂgdecpN\Iteml @hel{@o‘sﬁIG
16 (Al enbPER TR Bl e haperiarren Bl e 16

sh&ﬁ@sgnposuw@m iR S NOLi¢Esyrentiegotrdioet.o.  For
exanpl e, when such a wwre saw as shown in FIG 8 is
used to slice an ingot into wafers, in the obtained

[ ; h
BEﬁgﬁSF\g@Lf?%?fB mﬂﬁ %@'f%ﬂ?lﬁb@&@qdm shape as

_ ( I'S observed near a
[0B31ting end portion, and |t |s reveal ed that a nano-

t opagr.aphy on a la Iev duced a
cor?ggggﬂﬁgggaﬁogpgggﬁ % govéFgagreseﬁt
int&et 06nokilhi $e w@&ﬁw%@h@ngafmrshm tite garedent

considered that the ingot is rapidly cooled and

invemttaet &8 PRt FESHHECLRT osee¥dtend of slicing and a
sl clflg dLBhEELOT Ynki SRIECIPIf US| Yahent. sh8A32kin 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) is observed near a
slicing end portion, and it is 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 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 trajectory is
precipitously bent.

[0032]

As explained above, as a result of studies about
rapid cooling of the ingot in 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 poftion, a position of the
ingot is relatively lowered, and a slurry for slicing

sprayed toward a wire or grooved rollers is directly

14



As expl ai ned above, as a result of studies about

rapid cooling of the ingot in 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

spfa ed.g %@ggl 187U & or sglfocovr?g ughgﬁﬁg '[h%sd'areCtly

aPHA APpl i §Tsurty for st ¢i ng usu has a

teﬁﬁ@@@t&kéfehb&ahsfhpﬁKEQXmﬂﬁééyyaarD@mnﬂ&mﬁﬁmimure
(22C to 25C) in a conventional technology, the in
(2346 e i 2593 the al FenHgNHieseds LN HALkOEY t efB Erégﬁpg

whé?% i§- ?ﬁlt%@p@%ﬁéﬁﬁﬁlﬁr@égébsaﬁﬂmﬂﬂg £optRgeVhenre of,

s slurry for slicing is directly applied
e. @hﬁrepproxwh@mﬁnytjﬁferuynrépmdhﬁacbyledeW®@me e.g.,

ratur to the I
en{SnBEr Rl S0t T uf 1y AP Erob Ve eRg L Ghan Aeaie Y
whéP@b?r@ﬁ@nhn@%%EﬂkﬂiSn@éﬁL?VEhedsbﬁattemﬁdnampfe close

supply tenperature of this slurrg for slicin

tOtblmperapmr ée@petrr?etul’r@o%St% SPEPOr ASHPE R Og ‘ghe

slf %8&ng 18,4 Setting the supply tenperature of
ﬂe sturry #or §1|C|ng to 30C or above at the end of

[0G33Fing enables nmaking it hard to reduce the

t t f the
S1 1 GTHG? | <CappPFEArto A gt ShaCERPLrRy TS

seE@ﬂ@?rﬁtHﬁ%qu v thend et ut® o0806hae ahameny ASom slicing
resu the present inventors discovered that the

and empeemparetofret lef | tyot iraat beo SAPPr e5sadorcom ety
en§UdgenFX8E§guch af%é{%{?% %ﬁ@lgﬁb%@&‘¥gh§5%ature of

prevente én1preC|p|tou varying, "and
thdafbu tepogobaphy 1Ctalm<jJet@omfsﬁcdemabda}yovmaove@,e etrteraby

slféf%grgggn&egn%gﬁfég]P@Shgggntgr%%%%%é(%héx¥g%§%£ggure
of the ingot even if the slurry for slicing is applied
to the ingot and setting the temperature of the ingot to
30°C or above. As a result, the present inventors
discovered that the temperature of the ingot can be
suppressed from being suddenly reduced, a slicing
trajectory can be prevented from precipitously varying,
and a nano-topography 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 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

invention.
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[0034] A slicing nmethod using a wire saw according to
the present invention will now be explained in detail
hereinafter with reference to the draw ngs, but the
present invention is not restricted thereto. FIG 1
shows an exanple of a wire saw that can be wused for
the slicing nethod according to the present

invention. 15 As 0 in FLG_ 1 ire. [
i ncliR %anj-?el’;gr\gqsl fedide isepb L BRASTAS B =
wiBde M £8-steesl kher fiorge: giyidgverchaniers 4, andan

i ngot - feeding  nechanism5, and a slurry-suppl |Pg :
temethanfence-JLea3s] Mesant#ssfur f’"?dséﬁpllﬁﬁﬁ/y_ eding

chanjsm 6 _wl | S i ge t:hy
meéﬁ%?%?/@s?pp[a)\e{:dnﬁ %gc%rgrﬁ; s%%épygggzﬁggﬁ%glﬁﬁféuppl y
[o@slurry for slicing to the grooved rollers 3 (the

wire 2) is arranged. Further, a ly 1t .gt f
the H91R 1 yERor SSRFElnG SBUEM T "F oMY RBSE Roadl GE 15
fizg%g beocanteel | eds $PAG fd1Gat - supPlyexgmpleehaasism 6,

wnin FIG 1, the supply tenperature of the slurry
nofntes| L6i hhatamupe oot rdtiedy byorcsadsdinga Stearry

tank .16 t he ,nozzl es A5 thyough exghanges 1
gr%%%??oFPigeEf 3 c(gcé]'peuﬁ”’elr elSQ’V Fg?t grrreiglggd'a ?Spe of =
suppBy Stunpyrasuret of edid i shedrynfpar silddiarg suppPihed

same type as that in the conventi I I :
£rans, LIPS 2 WA I Lhe, coment Lonal, example canbe,
fo%:%%éﬁ?ﬂecaﬁg'%%%wﬁﬂﬁﬁBFF@.glgieﬁei@w%ﬂﬂfﬂﬂéhﬁéﬁab&re

0036] Moreover, the nozzles 15 that supply the
of sther ylutoy Sloircisig cimy t¢en | hgoconE&@ildg hethani sm 5

coargaE%§$2$ﬁ%g%f¥;rL§{§ f@npgtgﬁelﬁozgmééilS through a

heat exchanger 19 controlled by a computer 18.

Furthermore, a type of the slurry is not
restricted in particular, 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 liquid 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 by the
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amount of the slurry for slicing can be automatically
sprayed fromthe nozzles 15 to the grooved rollers 3
(the wire 2) at a predetermned timng with respect to
a predeterm ned ingot-feeding amount, i.e., a

predet erm ned ingot-slicing anount by using a preset
program Al t hough the ingot-feeding anount, the

co@ﬁﬁﬁéﬁé}%f;g§%gggﬁggégtﬁ%gkgi .n@otapgsefggQ@&/thereto

urry can be control in a

in Gestt edun@paner by the 16 conputer 18, controlling
neans is not restricted thereto in particular. [0037]
[00Rutk hernmore, the wire 2, the grooved rollers 3, the

‘W‘r%ﬁé¥ﬁﬂ ﬁ%f@rCﬁEQ!MHQQ pechap dvedngothers 3,
i ngot'-feedi ng nmechani sm5 except the slurry-supplying
t herectheat sen 61 tanfbe cehe isdimy asechasesing the aRicr & isaw

. 101 _used in the conventional sljicin ict

ingat FeSa a0 REETRE AN 5 T TRnckds of P Ee s rETs g

neHH0VEn @i tsh BE the wHeveds rohdes 3n ahst micteursav ol
any other nechanism and others are not restricteddgfb

usquhrin cuhar congan tiRey lodl el petBe FRAEdERN e S
g that desired slicing conditions can be obtained in
accordance with the conventional nethod. For exanple,

the Avmhﬂ@e? el bethockedssf ofe.tgie wirgpeci al IpPaNe

~wire having a width of _appr.oximatel .13 . 0

PitfR %\%qtbﬁegapsaﬁéd_rp&%%f % h%vﬁaxgga%%ovlgw gl i

mediadesh! ednuabehet-Ri chknesfort Sestiebngdr empyalnticamr,
e adopted. [0038] A procedure of carrying out the

and| e ngcart heddeaeesvidiasy a3k helpe egent Nk SRS gt by

slfgggg égggi%i%%gecan be obtained in accordance with
the conventional method.

For example, the wire 2 can be formed of, e.g., a
special piano wire having a width of 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.

[0038]

A procedure of carrying out the slicing method
according to the present invention by using such a wire
saw 1 will now be explained hereinafter.

First, the ingot-feeding mechanism 5 is used to
feed a grasped ingot toward a - lower position at a
predetermined speed, and the grooved rollers 3 are
driven, thereby causing the wire 2 to which a tensile
force is given by the wire-tensile-force-giving
mechanisms 4 to travel in a reciprocating 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
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saw 1 wi |l now be expl ai ned hereinafter. First, the

i ngot - f eedi ng mechanism5 is used to feed a grasped
ingot toward a | ower position at a predetermn ned
speed, and the grooved rollers 3 are driven, thereby
causing the wire 2 to which a tensile force is given
by the wire-tensile-force-giving nechanisns 4 to

extra%%[tégF%ggﬁﬁ%pﬁ%ﬁ%%iggf?%rgckh@ntolg.oi%dﬁ?é&h be

_ ragni't u e tensile force given to
appheet €8 2audet taeehiing: speed ofavheé winr eh?z,  and

others at this tine can be i at el t.. For, 17
reaBRPFAF LRI ERSFIE K GO AT 27 BoKGPSL G750 K Lah BETER
to 0PI Bt A qauUse dhaidge 2 Epnthavel 2i /e (30 s/c to

reciprocating direction at an average speed of 400
60 ng ith. The660 viallvias igam kg cfletermingdniip BEPIIRFE
. (30 s/c to 60.s/céfdqu$e kagg?.can be determ ned in

witheofddnce TN ¢RI fie®Thgot "to be sliced.

FUftE“lff@f@éﬁmoI:iB? eaéfzhwznfesar]es used tsedtapt start
spraying the slurry for slicing toward the groove
sprayies Bhandlume i B1rwbrebyOorREd ﬁ&kﬁ K9 ¢ed.

roisfggﬁrggénauewey Jignper atyr e ppof khe ghghe il wrycéer

I Ci w | I" now be explained. I n the conventiona
[063®TIing method, as shown in FIG 14(A), supply of the

slurry for_sljcing is started.. at, e.

t enperHRREY o e’flﬁgrgl%blﬁey ﬁroc}fjsf? c?ﬁgghlésgrﬂg 5?e50tro
s1beihgl diat aokehat isgdyadwwdt enperature (220, and

then"the tenperature is gradually increased owar d

the bndthg epnepngisonathatl tHeq shpehatur 85pEEOHEs FuC

rrg . %?ﬁgﬁ’f,. Slibghne il 191 eAKAI £be Lhalialy i aftapled
: , supply tenperature

at prof gl ¢ oficct he skupeyaftarresldfitigei altheycdovestliionalg
isnﬁéggged to be held at a relatively low temperature
(22°C), and then the temperature is gradually increased
toward the end of slicing so that the temperature
becomes 24°C at end of slicing which is equal to that at
. start of slicing.

In this manner, the supply temperature profile of
the slurry for slicing in the conventional method
usually varies only in 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 is directly

applied to the ingot as slicing gets closer to the end,
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usual ly varies only in the range of approximtely 22C
to 25C that is nearly a roomtenperature, and the
tenperature at end of slicing of course remains at a
relatively |ow tenperature that is approximately a
room tenperature. [0040] Therefore, as explai ned
above, when a slicing |load is reduced and mhen t he

ingot is rela fed towar I
a t{ ?§aFBFesP%C¥E‘§yH§\HOt QCa Ikg?/v ?gﬁ%g\r,\gtu e cl ?lg({%ely
gréhgp?nléﬁgp@aature is directly applied to the ingot
slicing gets closer to the end, 18 a tenperature of

(0G4l i ngot to be sliced is precipitously greatly
| ovey ed.,, 4(%¥ﬂ%rcnakae Q%Q@rﬂggghttfﬁh@ﬁ€§gﬁtcontrols

i nvention controls toO prOV|de such a tenperature
to pedvieet bathaasuppiperaenperptof el of thhé @l wraop ior
slicing is set to 30C or _above, at the end of Skﬁﬁbn%r

tenpes aglae ndf e ChFe ST MY | ?)H%ﬁngf of Exdnpie,

ang@rgtlghgughdao@atsthr& shown in FIG 2. Here,
solid lines Ts and Ti in FIG 2 represent a

t emSeireitng e prot ¢ eperifiie slanqsinlpiony | gpﬁgegﬁap{g,
th%E%Of%?L;rﬁo Egﬂ%éﬁréim%ﬂaﬁﬁt i1Lnrthe slicing method

€ prese invention, and dotted |ines
Ts' Hé¥H11§olI@pIEﬁeBtTa ammﬂqﬂtxanﬁﬁ@tu?erppgﬁsbétoﬁ

the slurry for slicing and t t fai.l
SuRmY SRR LRRCRCOB I oM, SF CRRG RVt RS, TOGAZY 3d
a EJ%E#PQP@E@tBE%fHTg'dE5ﬂ@édfﬁﬁ@teﬂnlBh5|@lﬁblngimethod

y tenperature of the slurry for slicing when
acaimiinagts| Ebengresenngotvert 1OR enpBAadetd 94 dgrigies Ts’

anigghplg?ég? en%tur%dg fJ“%é£§Q£a£8§§ b%&%yf% of the
slurry for slicing and a temperature profile of the
ingot in a conventional slicing method.
[0042]

In the temperature profile Ts depicted in FIG. 2,
a supply temperature of the slurry for slicing when
starting slicing the ingot is a temperature higher than
a temperature of the ingot (23°C in this example), the
supply temperature is slightly reduced after start of
slicing, and then a constant temperature is continuously
maintained. Further, as shown in, e.g., FIG. 11, a
sudden change in ingot temperature (a sudden change in
Warp cross-sectional shape) at the end of slicing starts
when a slicing depth is approximately 240 mm/300 mm, and
the supply temperature of the slurry for slicing 1is
further increased beyond 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
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supply tenperature is slightly reduced after start of
slicing, and then a constant tenperature is

conti nuously nmuaintained. Further, as shown in, e.g.,
FIG 11, a sudden change in ingot tenperature (a
sudden change in Warp cross-sectional shape) at the
end of slicing starts when a slicing depth is

appr oxi nat el 0 a u ;
R L e
is idiCreasey heviend tHpe Inbiditad nelet énpetat uMe reeveareacii
30C or above _at the end of, slici before this
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su%ﬁ?ﬁ}%eﬁﬁ??ggﬁr%tﬂé%gﬂa§¥§dOfr@mdbagﬂﬁ%ﬁﬁﬁ)ddﬁﬁht@ﬁ
g oad is reduced to approximately 1/2 or the
27% | mmy §00 omm1® rslaiboiviey vepe By edaPbdt ReogrRGovdd Tt | 87 ¢C8

or the wire 2 is directl i dely_applied to t o
actybty REFBEPe rafldar?heefsf‘é%? WX aﬁe%‘geg%gélvﬁ%s ereoab{}gel Het ©
at WeS LAgreasisndctifey. supply tenperature is started

froma slicing depth of 275 nm 300 nm or above where

[0G4pi d cooing of the ingot actually occurs and the
SUDPLY 4 SPELabHEE-Ceathes AC o atn t heneadoal onl | ci ng.

[ 00 t can be understood that such a method of
comonbl di hiyjngheheupydpt yc¢eppeabtneecst thive siupry fFoF

slicing is a patt t led.i h
S1iGnSURRI § PaRBErE e prorira Th oBET re TR FA8

thS! é&bﬁ?}yi Rchbe raenments ooal 1exaspl efi sheubstanty afoy

uni fornfy increased over the entire range of sljcif

sliamtngr éachbs QWQWﬂﬂQﬂRN%la?XPHElén&So§%§%§ﬁqﬁﬁa y

un{%gérﬁ%alzgﬁgpg sahefl, dhe. supphy i tempendtairsr pofdlggohnd
e sharry for S] icing is, e.g., such a tenperature

reféREL] 808s sepapsent ad mhelssna ¢Enpeiatoge of the
[oéfg?t .to be sliced can have the tenperature profile

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 the temperature profile
Ti of the ingot in the slicing method of the present
invention, it can be understood that rapid cooling of
the ingot that occurs in the time close to end of
slicing can be alleviated as compared with the
temperature profile Ti’ of the ingot in the conventional
method.

That is because the ingot whose temperature has
been increased to, e.g., approximately 36°C during
slicing 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
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represented by Ti. According to the tenperature
profile Ti of the ingot in the slicing nethod of the
present invention, it can be understood that rapid
cooling of the ingot that occurs in the tine close to
end of slicing can be alleviated as conpared with the
tenperature profile Ti' of the ingot in the

conventi onal t hod. That i '
e fenporat e tad 0 bodit I Eacky ot g of biicitP

£ h@PREOX i MRt 8lngA6G slupé Ao rikbcifgncare ey seaptid1g0Cool ed.
above even though the slurry for slicing is directly
[O@pplied to the ingot by increasing a supply

te rature of _t | . or; . siigi '
coun %rb%r?oi%etﬁgﬁaﬁ*ﬁgﬁqiwéﬁ %%&ng?ﬁggxggﬁﬁgggﬁgﬁﬁ%e
ofOrspbeve aferperantrofislictngaard irhérebyerherengange

| f d f bei i .
rop bemids o eLng TR B e s0a0LSd, o O0RpLEy Bscn

chLNECheURen e S hHE! eas8dnkRckhe renttidgos pageref oom
start of slicing to end of slicing as conpared with

thfﬂéngorﬁve&@t iSdnaJ'l h‘f:]ﬂeﬁt hbacraadedened e ¥ ehipetat uFtém8f
e ingot is ightly incre t ' h '

clepgsECt 8né£ywtﬁjéofsjg]r?%l¥%gbgﬁt gzggoq?}n agﬁ}yyooili}ph%% ?%;ﬁggegg
co%???@@e@ﬂMH'tﬂéﬁbdeWﬁﬂibﬁaalmﬁmmhmﬂ (=2 Ti and Ti'),

but appropriately controlling, e.g...,a suppl
buteﬁﬁéﬁ@@@@@ﬁﬁlﬁrﬁP%ﬁ%?i%ngr §rﬁ¢v%§zﬁéhﬁ%¥t o?p d

te%k%%é@%geacg?gﬁ$§sf$u£§9p96§tHﬂ@cﬁh@ﬁzi@ dherti oE

OS¢ o end o cing, a tenperature at end, of
slstingnga ardyrest hef stenpbtetufreediiy et oFif npime close

adj ystnent, .so that a diff Ti t [
tor ShioPRt drid CHiifn: 2 AP TRG EFLeEng t oy Sors Be TRy TR

otBL89 ank@Rey atre&l yipaedbanehy befjorscmeapi dscobhihga
-occurs) and a tenperature at the end of slicin
dibpEeoppsesdd]il between a maximum temperature Tlgax

during slicing the ingot (which is also a temperature
immediately before rapid cooling occurs) and a
temperature at the end of slicing becomes small.

In particular, it is good enough to effect
adjustment so that ATi becomes 5°C or below. If the
difference ATi 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 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 like 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
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In particular, it is good enough to effect adjustnent
so that ATi beconmes 5C or below. If the difference
ATi between the maxi mum tenperature Tinmax during
slicing the ingot and the tenperature at the end of
slicing is such a small tenperature difference, a
change in slicing trajectory due to rapid cooling of

t he | ngot an be furt I v 00464
ter?fheer%Jng ﬁ&h sllsncseuk{]% %%;9]‘ %P%s%aﬁgas{ has a o
théegpgggpu&grt@aﬁdghgmﬁﬂéy asreomnbmmmamnan&tu(@3€t|hhe

this exanple) at the end of slicin Ilke e
endopfeAlicnad mellhéd e Jr]ﬁgBPev\ﬁ %‘?%%%E%dhég FIG.

2, ngngﬁe:jncﬁ%t%%%?& 0,1 $cJ. ’an%GCnﬂ%éﬂgbé'hﬁﬁ%&s't%doaﬂdrﬁdw

i“me cl"8sé to the end of sl i cing and has
thérliteapepatsice natileh dsfSabsnant ilal lay dapreanef agapid

coqbhper GEaRe ae BRESUNY SRVEhF LPHg i S h AT to
5o EXAMRLE Jbgﬁpéﬁ&eghbnd'élg@ee of Qaplaeebesawgs iE3C, and

~ 1t can be understood that there is a considerable
lnekéaeeénpe in a degree of rapid cooling fromthe
[0$ﬁz ent invention that can set ATi to 5C or bel ow and
degree of rapid cooling is increased. 0047] FI G
3 shows. amoshewSpahbah@ﬂﬁp&tswppl9f aeﬁy@

profile of the slurry for slicing e
terbp%mtérs]‘ prrred Ll dt %/ttmﬁ %nll}éraryf é?rrenst g‘r[}? %‘ﬁ%ug‘e
terg;%’kskﬁge' @r@f@leZ of Ntide t eAgEEAtULE Piraf idEfflsrent from

epicted in 3, a supply tenperature is equal to

thfweedpenataﬂehﬂ Rlfe 4ngot or below (a room
e rature t
ITE% it %t%%teg stafd PL qshiekldy it A%, 3, a

sli He start of slicing, then a
suﬁ@ﬂ?taahprmMﬂﬁﬁlmgee@uabntonaOMQMperature of the

ingot or below (a room temperature 23°C) 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
diameter, and it becomes 30°C or above at the end of
slicing. Such temperature control enables providing the
same temperature profile as that in the conventional
example except the time close to the end of slicing.
Additionally, when such a temperature profile of
Ti is adopted, a temperature of the ingot at the end of
slicing can be also set to 30°C or above, thereby a
degree of rapid cooling of the ingot in the time close

to the end of slicing can be considerably alleviated

(see ATi).
[0048]

On the other hand, in a supply temperature profile

Ts’ of the slurry for slicing according to the
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mei ntained, this tenperature is increased after a
slicing depth of the ingot reaches at least 2/3 of a
dianeter, and it beconmes 30C or above at the end of
slicing. Such tenperature control enables providing
the sanme tenperature profile as that in the
conventional exanple except the tine close to the end

of sljcing. Additj | ]
comrerit §nof meEhod aais St TRiBEPAr o TSN (Te

defictde endrot. sl iiG ngwearedecat spasewatyy 30C o
above, thereby a degree of rapid coqling of the ifgot
tengerdeuEeneschese Nt lie EHer of Sefi dingiGart e ©10S°
cansi derably _al.l evi at ( i ;
toqu%re%%naF F%lglgﬁbpﬁgu%é%%%ré%ﬁ%grggg ilégpég?%aﬁnd
refdiens| atry Fopms ltiemipry snoor disgdi 6 fetrernt2 from the

conventi onal nethod, the sane contégL as _that of Ts
"Eudy, 260

tenparterei ALFEE thats ISrgqdl obfP WY, ABqr a2t the

end BSPES B UEBgl.S PALLNGL3DIAE idigsPaseddi abbkre,t ithe cl ose
to the end of slicing, and the tenperature is 23C and
tempered Perat paofedm tTafperfatihe HBIAFf fér AREFRR IR Y

e ragu of Ti that,.is. equal 1.0 G Qr \ t
reéﬁé%%faElﬁgﬁnﬁpdTﬁﬁjﬁ%ic%%géx%Pgiﬁ?g ag§§£?pfﬁ% ot Bfat
is LE4Pes A4 8spr efig.e Hpprdxihet edgotl3°6. preci pitously

Oreduce_d at the end of slicing, and [err] has a val ue
[0@4dt is as large as, e.g., approximtely 13C. [0049]

Nijﬂ¥ﬁﬂbﬁ£@ Prhef bhesiak st ke suppl yuppiperaipes aafure of
the slurry for slicing and the tenperature of the

thé ngbtrractordisid tima Mnridsent eMREEREUGE 1Ry & hRehngot

expl ai ne ave Wi th ref 0,,ELGS: .
ac ?ébiﬁ%f??eggeopﬁ %?%%56?&5?§§%§r253fe9§ét?ﬁ%éﬁ%?#%d
abd®s $litgi pgrameénddhe d e9MpEs at 2r endf 3t héutngdte profiles
got

ofagggrgbgglgot%%%é¥;¥ﬁ¥g of the slurry for slicing and
the temperature of the ingot according to the present
invention are not of course restricted thereto.

It is good enough that slicing can be performed in
such a manner each temperature becomes 30°C or above at
the end of slicing, as a result, a precipitous change in
slicing trajectory in 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 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 expansion
of the rollers is further effective. 1In particular,

this suppression is effective when such a supply

23



invention are not of course restricted thereto. It is
good enough that slicing can be perforned in such a
manner each tenperature becones 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
slicing can be thereby avoided to sufficiently

suppress. a_l . of 0- ra : I4sis to

teﬂﬁéﬁ%ﬁ%ﬁ?t%ﬁ??xgéggf g%%%ﬁ%ﬁ%ﬁg%fP?%eShgggg%%éﬁioIIers
depgittteéd axhat1di r ectiisopmandmdal so  additional ly
suppressed at this tine. To avoid a precipitous
ge in slicing trajectory, suppressing both

con td . O+ t DevEAGbnbasad ofbu Nee sékpiAgnertimod
according to the present invention and expansion of

motdedeiohl Brisapedf ont keramf¥ett i vet FhepREES@ItarinVEH; on
., _suppressjon js _.effective when such a supply 23
lst3§#;ﬁ%ﬁtféct?8fF Sﬁﬁt%he slurry for slicing as
depih:eghdine FIG 3 is provided. [0051] The present
invention will now be explained in nnrg getaiL based
[

on éxatiplessabutheNe preddit ilnvEnt ibiedi 5ongetce 2
si r'e%ﬁrﬁ Ilfltll\ggtt HSQ%%- S( Baml € d) oA BhhemsaWrshown dfial

_ S used t ice a silicon ingot having a
lerdjaeser 266 B00 imnoand far sudbased| engtheofs 1280 m 19§ od

f based th li ci '
acqirElag FhvEREi BAC Ot by ZHDL ST cEA aErers et et

wafebt i pede dpwhiachaving a width of 160 mwas used, and
a tensile force of 2.5 kgf was applied to cause the

wir@ wioce revelngnaawidsihpiodedi§hginivaet reRdat 38 2
teé%éigggog ?g?%g%ﬁ55Q%fﬂﬁﬂ§‘éﬁp?i@&ckg eh R e wire
to 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 30°C at start of slicing, gradually reduced to
29°C until a slicing depth of the ingot reached 50 mm,
then increased from the moment that the slicing depth of
the ingot reached 230 mm, and raised to 35°C at end of
slicing (see FIG. 4). That is, such a temperature
profile of Ts as depicted in FIG. 2 was provided.

It is to be noted that a material obtained by
mixing GC#1500 with a coolant at a weight rate of 1:1
was used as a slurry.

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

[0052]

FIG. 5 shows a change in temperature of the ingot
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was performed. A slurry for slicing was supplied to
grooved rollers while controlling a supply tenperature
thereof in such a manner that the supply tenperature
was set to 30C at start of slicing, gradually reduced
to 29C until a slicing depth of the ingot reached 50
mm - then increased fromthe nonent that the slicing

depth of the_ingo he
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[0053]

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 axial
direction. In this manner, the level does not exceed an
upper limit value (0.6 as a relative value) in any
region of each ingot, an average value in each region of
the ingot 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
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.
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or below. [0053] Further, pseudo nano-topographies

were also examned in sliced wafers obtained by

slicing a plurality of ingots based on the sane

nmet hod as Exanple 1, and results depicted in FIG

6(A) were obtained. FIG 6 shows a |evel of each

pseudo nano-topography in the tine close to end of
[Of%lf!ng with an abscissa representing a position of

& ingot in an axial direction. In this manner, the
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wav@Estmexphal nad Loumsr ateye Exanple. 25 [0054]
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thof entheei B@GbeAS ¢ epaegehy athuegedPddldgo e.9., the

_nano-t opogr aph waveforps, are al sq depicte ayin
figtheneifss t & @m@esﬁﬁﬁéﬁsi Hal‘-’le%\on?‘P Fy “S?lei; gitgus

suéﬁ?@ggeids ihehatd velygsuppr egsedreven 3 haugindideted by
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enb st RS0 0,08 TR PRy, FRED) poce
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60th, 120th, 180th, and 230th wafers, a level of pseudo
nano-topography can be reduced, it can be suppressed to
the range of -0.1 to 0.1 especially in each of the 180th
and 230th wafers, and it can be understood that each
pseudo nano-topography has the very excellent level.

f0055]
(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 23°C at start of slicing
and the slurry for slicing was supplied to grooved
rollers while controlling its supply temperature so that
the supply temperature was gradually reduced to 22°C
until a slicing depth of the ingot reached 50 mm, then

increased from the moment that the ingot slicing depth
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on the conventional nethod. Moreover, in each of the
60t h, 120th, 180th, and 230th wafers, a |evel of
pseudo nano-topography can be reduced, it can be
suppressed to the range of -0.1 to 0.1 especially in
each of the 180th and 230th wafers, and it can be
under st ood that each pseudo nano-topography has the
very excellent |evel ., 055] anpl ) Fh
reaihedon P nyBt é§dtﬁ%lﬁ%£é%%ﬁ§§e:é%%éhépngggggg%gﬁd
thdde sil s8R Eaeet awasrgddcedutra phefidre odlmers aghown
Exanpl e 1 except a supply tenperature praofile of o
in stLEry3feassheednga Itenretatpeenefed ehad I s i 332 ¢
t erat ur I kehng was et 40 23C
eq%§ﬁik%r%H%$ g%i%ﬂ%}giﬁgfghégglﬁggshf%r slicing was
s1S4PRY | ednlioAghoewed ba addtersowh?d eoconeioll i fguist gapid

supply tenperature so that _the supply t erature was
CO%%@a@FyeP@dBéeéﬁtl&% e PF guggrr)éisﬁgé%epth of the

i ng%dc{}f@fﬁQl@Q M 1kheN dMcs essedddr ambhe opogeraphy
that the 1 ngot sficing depth 26 reached 230 mm aﬂﬁ 1
was absarlined32@ sheershmd BIRREAGAS FRAHIE WhelSuch’

. tenperature profil T ion F1G 23 MeBat i
dl%s&@? ngSﬁSe?gt&égég %ﬁ%fﬁngg?ﬁ%aéosfg equal to
vaih@l oh bR skufiion fof shécingoat end efn al4ragR), vahde

ATi can be set to 5C or below, th rapid i at
ine@@ber§HF@Pn@fc&#Qx9%%%Er%§§eg:HZdé%iﬁnﬁﬁ§§§ %&d
pot€YEh 0b.37PSEUE0 Nanor 4 PREGEERbY, Was (aRTiaeda i neahe

sane hanner as Exanple 1, the |level did not exceed an

endipperthibm,t avnal thyD. 65e_PBEeFELALI FE8S VA RY) TN AnYerY
Smrﬁgionlof thei4§§“ev§@§ an average value in each
Feyi BA-8F PRE AYgotWas 0.47 at a front end portion,
058y at a central portion, or 0.38 at a rear end
portion, and thus, suppressing the level to a very
(Comparative Example)

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 23°C at start of slicing
and the slurry for slicing was supplied to grooved
rollers while controlling its supply temperature so that
the supply temperature was gradually reduced to 22°C
until a slicing depth of the ingot reached 50 mm, then
increased from the moment that the ingot slicing depth
reached 230 mm, and raised to 24°C at end of slicing
(see FIG. 4). That is, this is the same supply
temperature-profile of the slurry for slicing as that in
the conventional example.

[0057]

Further, a temperature of the ingot was 34°C in
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smal | val ue was achi eved. [0056] (Conparative
Exanpl e) The sane silicon ingot as that in Exanple 1
was prepared, and the silicon ingot was sliced in the
same nmanner as Exanple 1 except a supply tenperature
profile of a slurry for slicing. It is to be noted
that a supply tenperature of the slurry for slicing

was. set to 23C at star .slicin h [

e o RS SaBaIT o T DrhoVeS (Pl FEIS e g deben

wa SO £ obhi Ngnit § SRR M €OPET 24 Ut egishch hab ehelsuppl y
tenperature was gradually reduced to 22C . unti

that ief nghdeplhra tirRe iTigbtiteathed 30Simcifte epth was
304 ' Ca8edylir 8P LA JOPNL s thiaby b henl BgeL S Ging lapsd
mm an

reached rai sed to 24C at end of slicing
thd sBeg&t Giad) raphall y Ssodés bg sbpreadmatiipt y10°C.

temperature profile of the sl f I Ci t

e R ke Sheh g TR ehbbEL AT bk lor
cod BIPET 4 UL BmBE rbie 1 Naot £ 1B 34€) | Bf 2ZRel Narddymeca ase
. to end of slicing (an ingot slicing depth was 275 mm

recalmiecapp?oiki/ﬁatial Es24® Whi th(ABiegl@l 29 cepgpered tHeh
slugr or.slicin e i £ e was, t
thkﬁuﬁ%#b%F?E%HS gggg oﬁ% ?%éélééggggaggghencéF§8%%nyﬂé
inddgos 1 vesngapiedith capl dubytappooximmit elemd DG wncbanged.
_Dbe understood fromFIG 5 that a degree of cooling (a
[OQ¥hberature difference) of the ingot can be reduced

to:yé%ﬂﬂbf%éfgleFiG(A%W%$3$K5W§Qﬂ@§&§ﬂsmbEhpstdb

Conpar ati1 ve Exanpl e even though the range of the
nanagotpsyraphgedeptth s(lz'mecﬁan&ges@oowim@@ai% slicing a
prjicharged: (L9998 FiNerSBe nELfoalD Hierative
Example. Referring to FIG. 6(B), pseudo nano-
topographies exceeded an upper limit value (0.6 as a
relative value) at both ends of the ingot. Moreover, an
average value of the nano-topographies is 0.54 at a
front end portion of the ingot, 0.33 at a central
portion of the same, or 0.53 at a rear end portion of
the same. As can be understood from data of Example 1
in FIG. 6(A), a level of the pseudo nano-topography (a
nano-topography) can be reduced to 2/3 in each region by
the slicing method according to the present invention.
[0059]

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]
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nano-t opogr aphi es of sliced wafers obtained by slicing
a plurality of ingots by the sane nethod as
Conparative Exanple. Referring to FIG 6(B), pseudo
nano- topographi es exceeded an upper limt value (0.6
as a relative value) at both ends of the ingot.
Mor eover, an average val ue of the nano-topographies
is 0,54 at.a, front end portion. e, a at
a cent r%?‘plﬁéLPFidor?tb(ﬁV? ’hea%félérjrg(,glg{3 %BSgh%?%glrée)lal?éend
nePRbHI BF @he the sane. i Asenan obe lundersstandl é rbrodat a
of Exanple 1 in FIG 6(A), a level of the pseudo
Exampdet 8pogr &p1RP ¥ CHBRBresPs§r &fhyhcahl bet ¥ etitted to

2/ 3_in.each .regi h l.CLng Nt .GOr i 0
S1IRENGr dSerh ﬁ%’e%%.og [%@)@é% igdlegiao%gﬁlsgfi(%%erg%lfn%%ga
teMBERS tahapes atk oibess of adlsioc e twefer30 Whtet redeb by,

t he sane net hod as aboy nmpar ati ve Exa e . :
an%rEEﬁﬁ?P@U§¢bHéhd%3§519§?pg§h§ﬁ§pﬁﬁsﬁxﬁﬂéﬁg cOgllng in
th82p0nkoRAY AP L vavef oFMswas iaksenyrll ith Bs Possibda to

near a slicing end portion like FIG 11(B) or FIG

aval@Cp, paedtiwiteves ofarge pdeddd cHarh-tobbFEphY Ohal2rP
al so l.arge, [006 ex in oy i 04
S e T S U
le®xanplfe nkne-t dpedpdeh 2, aTsapplyreenmpendtalrde ofn tihe
~Slurry for slicipng is set to 300C or above at end of
ingreeskg dmd 3 45MIet PEPESSE the ingot is also set to
g8¢ or above, and thereby it is possible to suppress
[0 ] . . . >4
rapid cooling in the tinme close to end of slicjing.,
And It is posbeblneteas wHvat dtheppeesghitods & Hbngd! i kS

licing.traj ectory or ¥\§g . shapRe . f i‘?@é&f‘ty iged
noaafgrsjt%tlﬁl}sédggcnosié@ﬁé? abl'y ?ﬁﬁr veTR oG TE T of
embPaaomtapodraphyst Therekemnpl id iyia¢lidrcamibd annceraspdes
in a device process.
that have substantially the same structure and
demonstrate the same functions and effects as those in
the technical concept described in claims of the present

invention are included in the technical scope of the

present invention.
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[0061] It is to be noted that the present invention is
not restricted to the foregoing enbodi ment. The
enbodi ment is just an exenplification, and any
exanpl es that have substantially the same structure
and denpnstrate the same functions and effects as
those in the technical concept described in clainms of
the present invention ar, A'&%Iuded in the technica
scope of the present invgnglon. 29 CLAIMS 1. A
slicing nethod conprising winding a wire around a
plurality of grooved rollers and pressing the wire
1. agail}ns$laﬁlhgg@ﬁtﬁ]@%é%ﬁ-‘&%‘ﬂlﬁlﬁt Bindfeds amjiee around
S i 0 I r b Gl t e ol ees
A e I C R T
aggggper?huﬁ&gﬁttﬂnaféuslycédriﬂuaﬂwgfesﬁcwmlfﬁlIe¢
and slicing is perfornmed in such manner a
SuBnILPS Perder i e orS e BRuLEy P61 Bl TeTHy hRuLgrS
an&ewsg%ﬁf enhofyihe {hoetabetonumairdiaasd SOEpoy above
at end off slicing the ingot. 2. The slicing netho
te?ﬁenafhmg K?fdhﬁrﬁhgrmMe @rnséiQ%ﬂﬂﬂ%ﬁt%%%%F%@EFg'and
e slurr or slicing | e i r a
slienpdracu gﬁﬁbﬁWﬁﬁi%%o%ﬁgg étggpéﬁir% ici%%gtﬁggply

tehP8ohtulrken fi naieaskdr tyofvtrhe livnemy didta atempeephgre
depth of the ingot reaches at |east 2/3 of a
of di heetiegotame FaS ealt t 5230E 8L abB¥e 2RO ENF ore i @f ng

sl%ﬁ?néngﬂ%-fﬁ?é?? slicing nethod according to claiml,
erein a supply tenperature of the slurry for

slicing is set to be equal to a tenperature of the
2| MO RELRN SYat e RhL RN R g, ihercls
subpgot teapehes ate | @asth@/ 8lurry 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 leaét 2/3 of a

diameter, and raised to 30°C or above at end of slicing

the ingot.

3. The slicing method according to claim 1, wherein a
supply temperature of the slurry for slicing is set to
be equal to a temperature of the ingot or below 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, and raised to 30°C or above at end of

slicing the ingot.

4. The slicing method according to any one of claims
1 to 3, wherein 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

30



of a dianeter, and raised to 30C or above at end of
slicing the ingot. 4. The slicing nethod according to
any one of claims 1 to 3, wherein a difference

bet ween a maxi num tenperature of the ingot during
slicing and a tenperature of the sane at end of
slicing is set to 5C 30 or below 31

or below.
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