DESCRI PTI ON  CUTTI NG METHOD AND W RE SAW DEVI CE
TECHNI CAL FI ELD [0001] The present invention relates
to a slicing nethod and a wire saw apparatus for
slicing, e.g., asilicon ingot or an ingot of a
conpound sem conductor into many wafers by using a
W re saw apparatus (or nerely referred to as a wire

saw). BACKGROUND ART cent years, an
increase in size of a égggﬁhP&Q nanded and a wire

saw is mainly used to slice an ingot with this

increase in size. The wire saw. s an %fﬁakﬁé s that
causes a W @WQM@W@H&W WIREPA E) travel
at a high speed and presses an ingot (a work) against
the wire to be sliced while applying a slurry to the

TEGHNECATharIdyD sl i cing the ingot into many wafers at
thg same tinme (see Japanese Unexam ned Pat ent
[ORUBNi cation (Kokai) No. 262826-1997 [0003] Here, FIG

6 shpMe BReQWhld Q%\angﬂoﬁxﬁg'@!a%e%f % ageé"P:[@im\_!;\ﬂ fethod
saw. As shown in FIG 6, a wire saw 101 mainly

andneludeg sawMappdntuhafogl isddsiaqrg i rgod ; - gRoGdd con
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infgt,§hnah andihrte 0. CPBPoBrd Heiisi b6l i et hany
wafensi bg Lerery = wﬂﬁ@n§a\1t05p§>@rraftﬁﬁ:ﬂl §r t heredgotretferred
be sliced, and a neans 106 for supplying a slurry at
tot®E £i WET6F S%)ci ng. [0004] 1 The wire 102 is
unreeled fromone wire reel 107 and reaches the
grooved rollers 103 through the tensil e-
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 an apparatus that causes 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. 6 shows an outline of an example of a
general wire saw.

As shown in FIG. 6, 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
means 104 for giving the wire 102 a tensile force, a
means 105 for feeding the ingot to be sliced, and a

means 106 for supplying a slurry at the time of slicing.

[0004]



force-giving nmeans 104 forned of a powder clutch (a
constant torque notor 109), a dancer roller (a dead
wei ght) (not shown) and so on through a traverser 108.
The wire 102 is wound around this grooved rollers 103
for approximately 300 to 400 turns, and then taken up
by a wire reel 107’ through t he ot her

tensjl e-force-giving 4' . [0005], Further, e
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as shown in FIG 7 feeds the ingot to the wire 102
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an i'ngot-feeding table 111 that 1s used to
a wﬁeedrehd lidgotthaoudM ghedetbhd2, tamsingoptfetaepgliting
gsping the ingot, a slice pad plate 114 and so
meaBﬁ lgréfd‘driving the ingot-feeding table 111 along the
[OOQB@gU|de 112 under control of a conputer enables
feeding the ingot fixed at the end at a previously
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[0006]

It is to be noted that such an ingot-feeding means
105 as shown in FIG. 7 feeds the ingot to the wire 102
wound around the grooved rollers 103 at the time of
slicing the ingot. This ingot-feeding means 105 includes
an ingot-feeding table 111 that is used to feed the
ingot, an LM guide 112, an ingot clamp 113 for grasping
the ingot, a slice pad plate 114 and so on, 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 -



be supplied can be adjusted. [0008] Wth the wire saw
101, an appropriate tensile force is applied to the
wire 102 by the wire-tensile- force-giving neans 104,
and the ingot is sliced while the wire 102 is caused
to travel in the reciprocating direction by the
driving notor 110. [0009] On the other hand, in a

wafer, a size of a surface waviness conponent that is
sluaty edenhahdbt 6poghaphy GeRerprobeerti fhfesdmrry to
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dirdepids|bei fget arpolinghimi®)or it1®as reveal ed that a
nano-t opography caused due to wire saw slicing (i.e.,
[0}9ke waviness) can be classified into three types,
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j udgnment regarding a nano 3
wavelength 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 value of 0.1 pm to 0.2
pum or below. It is said that this nano-topography
affects a yield of an STI (Shallow Trench Isolation)
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. 8.

[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” is larger than a nano-topography
inthe "slicing start portion". And the "slicing end
portion" highly frequently becones a position neking a
nuneric val ue regardi ng a nano-topography the worst in
a wafer radial direction or the nano-topography in
the "slicing end portion" is rejected in the numeric
togpamgigaeny, Andrherdeuilgr.ovetitoT8OBPEEAGRY déndritfed.
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polishing with respect to Warp cross-sectional wave
shape of the sliced wafer. [0013] In general, the

DIg@fggﬁggoggagngN%Iqﬁpsured after polishing but when
a pseudo nano-topography is obtained fromthe sliced

[owmagr and the ogtained pseudo nano- topography is
use a cost and a tinme _do not_ have 1 e creased,
and %’%noﬁ%p%ﬁ?ﬁﬁ% &§J§é’&od:uee>§a§n%rgegi Iﬁ?#gence of

tose ﬁa,?gi@gomﬁ can deey nearkity exaseaedy wistihgutsuagi rg
affected by a factor in a process sgch6as pol i shi ng

coaﬁ¢@¢i@naéiwére[ggmups4shown in FIG.
FIG. 9 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 bandpass
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 1s 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 from such an exam nation that a
nano-t opography near a slicing end portion that is
demanded to be inproved the nost in the conventiona
technol ogy is caused due to a precipitous change in a
Warp shape of a wafer in this position. FIG 9(A)
shows a wafer holding small change in shape in a
position near a slicing end portion as depicted in a
shapk: meps andeassipd dfram csmrgea@fe%ambgéaa@n that a
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shage elgr BRel PoSPitaads AR highe ot F18PdEN N PO 4y Thd
o LETSSIGRE NS oo e phn eyl
topwd esphg prédispwtialsiy changedge of -0.3 to 0.4 in this
position and is larger than that depicted in FIG. 9(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 degraded. A
precipitous change in shape greatly affects the nano-
topography.

[0015]

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. 9 was examined.

First, FIG. 10 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.
10, 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 sliced wafer is precipitously changed.



5 [0016] The present inventor conducted the follow ng
exam nation concerning a possibility of occurrence of
such a cross-sectional shape (a slicing trajectory).
As aresult, it was revealed that a slicing
trajectory forned by the wire is bent toward an end
of the ingot when the ingot is contracted in an axia
direction thereof in atime close to end of slicing
[OGs6lshown in FIG 11 and that is a main factor of the
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ange in tenperature of the ingot during a slicing
proSes@ aAdnnnEnEdealoW1tbesawgaﬁ\MﬁpmqtﬂéaSQdFEQ 6

wmtob cone a xi.mately 36C. duri t
wasgisahg Drobbes. i i e oRnd T o § eyt
3002 Qxidred €l ynd Ok Bears58 S Yrip Lk posti ORe(@est as

slicing depth of 275 nmto 300 nmin this exanple).
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apﬁ?ﬂ&?Qkythe 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. 12(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. 12(B)).

[0018]

FIG. 12(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 13°C
at maximum to become approximately 36°C during the
slicing process, and it was precipitously reduced by
approximately 10°C near a slicing end portion (a slicing
depth of 275 mm to 300 mm in this example). This
coincides with a position where the Warp shape suddenly

changes near the slicing end portion. Additionally, it



changes near the slicing end portion. Additionally, it
6 can be understood from cal cul ati on using a thernal
expansi on coefficient that the ingot is precipitously
contracted by approximately 10 min the axia
direction near the slicing end position. [0019] It
can be considered that this contraction occurs
because as follows. First, as shown in FIG 13, the
cars| e rynfler ssbidi |fg0irrs qadrat Vel eecubyngppl t&gré it he
i ngot and t ard to, ooled fr rdy
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neast j ehagsLiRéng @Pﬂyppérltsj{qfh ng cooled to 22C to 24C

[Odfgf!rectly applied to the ingot near the slicing end
portion, and besides a slicing load is reduced to 1/2
or Tielaam dfe aconxiidemedalthet dridis heomforetian occurs

erature. _of the_ingot is rapidly.re ed
be%aa et RApEPALANE - aglfﬁgt’ %ﬁ%ﬁﬁyg?@r %E(c%ﬁ%
sldfr'sféﬁ Bﬁlth%dlkhabﬂémyt&mp@&alyrgppﬁlb@etdluhﬁ
that is once decreased, is again increased at
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in order to i nprove a nano- topographghcaused due to_a
f

is ptiectpt i vuspehasge tion ther pnghapecs BosilicdR &R a
pof%igﬁpgaggdbgg B%%n %qg%gng load is reduced to 1/2 or
below of a maximum value, and therefore, a temperature
of the ingot is rapidly reduced to the same temperature
as that of the slurry for slicing.

It is to be noted that the temperature of the
ingot that is once decreased, is again increased at a
slicing depth 200 mm or a further depth in FIG. 12(A)
because a flow quantity of the slurry is reduced here.
[0020]

With the above-explained examination, the present
inventor discovered that controlling a temperature of
the ingot during a slicing process in such a manner that
rapid cooling of the ingot near the slicing end portion
does not occur is important in order to improve a nano-
topography caused due to a precipitous change in Warp
shape in a position near a slicing end portion.

[0021]
Here, to control a temperature of the ingot at the

time of slicing, a publication No. WO00/43162 discloses



Here, to control a tenperature of the ingot at the
time of slicing, a publication No. W000/43162
di scloses 7 a nmethod of supplying a slurry for
slicing to a grooved rollers (a nozzle 115 of a
slurry for slicing) and supplying a slurry for
adj usting an ingot tenperature that is used to adjust
a tenperature of the ingot to the ingot (a nozzle
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[0022]

Thus, the present inventor repeatedly keenly
studied about é method that can reduce rapid cooling by
controlling a temperature of the ingot and a change in
wafer thickness in the publication No. WO00/43162 , and
thereby found that adopting the conventional method of
slicing the ingot shown in FIG. 15 causes great
interference of the slurry for slicing and the slurry
for adjusting an ingot temperature to disorder flows of
these slurries when slicing advances to slice a central
region of the ingot, thus greatly affecting a sliced
shape in the central region of the ingot. FIGS. 17 show
explanatory views of interference of these slurries. As
a result, such a sliced wafer in which an accuracy of a

thickness in the central region considerably deviates

from standard conditions as shown in FIG. 16 is obtained.



a result, such a sliced wafer in which an accuracy of
a thickness in the central region considerably
deviates from standard conditions as shown in FIG 16
is obtained. 8 [0023] Therefore, in view of the
above-expl ai ned problens, it is an object of the
present invention to provide a nethod for alleviating
rapid cooling of an ingot especially in a tinme close
[0@W3knd of slicing the ingot, consequently suppressing
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to travel in the reciprocating direction. [0025] In

[0GId manner, first, the ingot is sliced with
To achieve this object, the present invention

provides a slicing method including 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 in-a reciprocating
direction, wherein the ingot is sliced with controlling
a temperature of the ingot by supplying a slurry for
adjusting an ingot temperature to the ingot
independently from the slurry for slicing while the
slurry for adjusting an ingot temperature is supplied to
the ingot only at the exit side of the wire caused to
travel in the reciprocating direction.

[0025]

In this manner, first, the ingot is sliced with
controlling a temperature of the ingot by supplying a
slurfy for adjusting an ingot temperature of which a
supply temperature is controlled to the ingot to be

sliced independently from the slurry for slicing, and



controlling a tenperature of the ingot by supplying a
slurry for adjusting an ingot tenperature of which a
supply tenperature is controlled to the ingot to be
sliced i ndependently fromthe slurry for slicing, and

9 thus rapid cooling of the ingot that occurs in the
time close to end of slicing can be thereby

al l eviated, and occurrence of precipitous changes in

thg$ i eapgdt capddier T de W%OEhgbétcéﬁCblé%Gp’br%s% eyt me

c1$98r€9y8ﬁd”%b'%° stﬂ%g{i‘p@é{ i pethg §leb§ze%1‘i@‘vefa§@<{‘ beng

reover upp yi ng t urry f
oc@@rnshcegoanpmaqyylﬂaummnhmugestmntbéuquyg tordjeatory
the exit side of .the wire cau 0 t avel in the
ang B3 pP oBBEPRg Gy & i YPPEES TR ’t| Y18 &Y~

toﬁa@%sﬁ shhcikn@ the ddWafafaf Ocanaber smpaywd a
uni orn1th|ckness This is because even if the slurry
for Mujesténg anpbAgena disersturey farepfldpss 1Rct mn

inddE Grikls tBrerac al et b i ders SERL NI of

di sor occurs om

thd heiexi tagkdd @b thewd eisi ke, rEﬁlphecdhﬂng dﬂﬁnmxlon
the slurry for _adjusting an ingot ten% rature |s
t

at stppl Femet 8Tt R Liigst YmBLat theceRp d@ Bt o

watf€ LAUSRE GO i m'ihiéﬁné§§lprﬁﬁﬁélmg bR &ven
since the disorder occurs only at the exit side of

ift&hﬁm&lerryhéOdl@@mﬂatxﬁgtm@ shgpti ésmpleatat e ur s at

the_exit si the wire r I e
T ETRGE of L e Erfgdtt et £9F TpEPes B dng Y dilg, o
th&d@apelefribe bRgolgrentiof @ eatdyrddsorder ed ssndier

degradation of an accuracy of _a thickness ,in the

00%%%ﬁr%$lyré§| 5Rei #xddcP e cohvEREi BhAF REt¥Sy cdh B
lﬁékrv)l féé@d the Ehis MRYso@ dUighs gYaLi by Shigrd waf er

hi gh wafer "t hi ckness uniformty i'n which
temﬁgﬂ&mmweomsoﬁup@lnaﬂb1nmﬁdg$aphgotsoséypﬁésééﬁfGﬁﬁr%e

bta @g Llre Laused to travel in the reciprocating.
Moreover, since the disorder occurs only at the exit
side of the wire, the disorder of the slurries that
occurs at the exit side of the wire does not strongly
affect slicing of the ingot itself. Therefore, a sliced
shape of the ingot is not greatly disordered and
degradation of an accuracy of a thickness in the central
region in such as conventional method can be suppressed.

In this way, a high-quality sliced wafer having a
high wafer thickness uniformity in which degradation of
a nano-topography is suppressed can be obtained.

[0026]

In this case, it is preferable that the slurry for
adjusting an ingot temperature is supplied while a
supply temperature thereof is increased from start of
slicing; the supply temperature of the slurry for

adjusting an ingot temperature when the slicing depth of
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In this case, it is preferable that the slurry for

adj usting an ingot tenperature is supplied while a
supply tenperature thereof is increased fromstart of
slicing; the supply tenperature of the slurry for

adj usting an ingot tenperature when the slicing depth
of 10 the ingot reaches at |least 2/3 of the dianeter

beconmes equal to a tenperature of the ingot, and then
the hengdur rgaches adj dsiisig 2 i ngotheefpangtare hegomes

suppl i ed Fhil th S I e tu [ a I
eqlfagjgu%%d? 88§$]ra\];\%err? :éﬁig %]%Jrir@& gf égjdugth I%%g@%é isynlgI%)rtry

for eA@PESt UnG ahs isuepl itethpinderusechst enppilakdr ehile the
control, rapid cqoling of the ingot, especially, near

SURheY sTEBPRGAEHIS Por FrT UG hel SRR GEf fi ciently
[O@%jpyiated wi thout rapidly changing a tenperature of
the ingot during a slicing process. [0028] Further,
i n fiheh cdse, sltriy pref eddblse itnatamfirgot t hempriraithge

. _depth of the ingot reaches at, |east 2/3 of
lS(ﬁé%Rﬁ%?? Pﬂge§uﬁﬁf$'%&ﬂﬁﬁ%ﬁﬁﬁ%ﬁo?o?ﬁgogYuF%%%%H
coddigtbNOtRE iAgel ! empRydtdrey ) sngaadunkl ¢ liedueedid
be equal to the supp%x tenperature of the slurry for
poxrfliien epatbendesy SfdiGigntAnen t hevierper HE&PEUWF t he
 urry L uUst i [ t r [ t
e e A g S R A et P e of P he SEEnry for
sligliimog ngrateshe end of slicing as expl ai ned above,
“Ngﬁﬁessive cooling can be avoided in the tinme close to
of slicing of the ingot, and the tenperature of

t he Fungate € an bec A ust BeEeSMBBL Ry prefhicasi é othhe after
tenperature of the slurry for slicing, thus further
thepccir? eng edeP thapifd thsolingp tofr e epgdt Leafthe/3 of

théLgfgﬁgtéifeEBEV§h¥pﬁ§d%%%$erature of the slurry for
adjusting an ingot temperature is gradually reduced to
be equal to the supply temperature of the slurry for
slicing at end of slicing.

When the temperature of the slurry for adjusting
an ingot temperature is set to be equal to the supply
temperature of the slurry for slicing at the end of
slicing as explained above, excessive cooling can be
avoided in the time close to end of slicing of the ingot,
and the temperature of the ingot can be further smoothly
reduced to the temperature of the slurry for slicing,
thus further occurrence of rapid cooling of the ingot
can be further effectively reduced.

[0029]

Further, the present invention provides a wire saw
apparatus for slicing an ingot into wafers having at
least: a plurality of grooved rollers around which a
wire is wound; a means for supplying a slurry for

slicing to the grooved rollers; and a means for
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[0029] Further, the present invention provides a wre
saw apparatus for slicing an ingot into wafers having
at least: a plurality of grooved rollers around which
a wre is wund; a nmeans for supplying a slurry for
slicing to the grooved rollers; and a neans for 11
supplying a slurry for adjusting an ingot tenperature
to Fhe ingot to be sliced, a tenperature of the
sumsp Ly ipgf er sladjnystiam at) isigbrdt efpépaplr &egmperature to
control|l ed independeptly f ur Ly r Slh4,cl
th?h%?%?#e% a e_&gﬁé¥§gu§¥i?§@§%%%€Pﬁé Pﬁgg%%igaﬁ?gggg%ar
adjilgé}tﬂﬁéf bhei]i’!!gl'oft dendeer st hcedisntonwabélsedihile a
~ Slurry for slicing is supplied to the grooved rollers
inggpendentals frem gfdrﬁpﬁﬂil%@rﬁé Spar F}lF&P%y % Shgit e sav
ap§4¥%%¥sf95 adliust g By400PL LeBBRSEA! ULR iinSstSUHY velre
o the ingot by the neans for supplyinga slurry for
to agg uslllingdamnlt@go«tafetrearpdnhl@re; sthery for $ldausyd ¥
travel in reci procati directi rejn the wire
su %&%ﬁpﬁPa?G§ QEQ;? tHe l%;ﬁegﬁsgggr%%§§%1)q€kg a
sups PPt ¥ gPasktieroffod el Stikigy &0sladjrystfiorg s sgotg
tenmperature and the mneans for a supply position %I
an t heget uk epPRER tadjausits PRkl $RgbP Egﬁpélrl&tod:r Py Fhe
capa Q) | ] upply. 4t (VT VAR £
S e R R S A oA
temmpécoduoslytake thHerexid cddeedftoheraived igadsed to

travel in the reciprocatinng direction. [0Q3 I n thi
reghpheratinpsAirS Q¢m¥%é%%l§a eagﬁgkaﬁégcﬁﬁhﬁégéus

ha ' £§8PhekN¥EREOR Nasr acdmans1iohg SURRPYING possitrsy of
for adjusting an ingot tenperature to the ingot to be

thel$bedryt herwiads Uik Hppit at REOE aheBPPES t Wiife 41y dtRe

medf De§@IL! QLG SJAMPEIAtYF e Rl LDEHrd0%or Ah Eing

preci pi tous changes in

an ingot temperature is capable of controlling to supply

the slurry for adjusting an ingot temperature to the

ingot to be sliced only at the exit side of the wire

caused to travel in the reciprocating direction.

[0030]

In this manner, first, since the wire saw
apparatus of the present invention has a means for
supplying a slurry for adjusting an ingot temperature to
the ingot to be sliced, the wire saw apparatus can slice
the ingot with controlling a temperature of the ingot
and can suppress occurrence of precipitous changes in
slicing trajectory, Warp shape and degradation of a
nano-topography.

Further, since the wire saw apparatus has a means
for controlling a supply position of the slurry for
adjusting an ingot temperature and the means for a

supply position of the slurry for adjusting an ingot

temperature is capable of controlling to supply the
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slicing trajectory, Warp shape and degradati on of a
nano-t opography. Further, since the wire saw apparat us
has a nmeans for controlling a supply position of the
slurry for adjusting an ingot tenperature and the
means for a supply position of the slurry for
adj usting an ingot tenperature is capable of
controlling to supply the 12 slurry for adjusting an
slmﬂgpt foenpdiattiag @t hmgogotemperbeuski ¢ed téd yingot
the exit side.of the wire caused t vel. in
tor%%iﬁ?bﬁﬁ iﬂﬁlaif§t5$5%,e§%% 3%?% ggmﬁkgp%géﬁnﬁggiﬁg to
tr&€sirift t8epesicliboerey therst vt oy, f ahe adjrustdang an
ingot tenmperature interferes with the slurry for
apphfatng £angreating i sorkiey1FiohsVBETENESE ST &PF
adi&s%ggﬂog YiR%%%“E%%é?r {Eigxiﬁtékggrgg W& h WHe,
nd-can slice’into a“high-quality wafer having a high
Sl&?t?kgﬁﬁssmmbﬁﬂqﬁHQIqﬁéiﬁﬂw gi satrbgrdifdomgeding ese
sliced shape of the ingot, [00311 In this case, dt_.is
Sl%%%é?ﬁlEotﬁﬁ?.PH&ﬁnﬁﬂéﬁ?%ﬁAaats%BSI?Xﬁgsﬁﬁééw%% e
wise Urbyqaf ghnadhystd nGy@n 4 Nepdh-§eaneest wegdhanaring a
~swtching valve and the slurry for adjusting an ingot
higenpeiakueesi sndfispinidey twitheut ngseatly g sqydesdny a
only at _the exit side the wire by a changeover of
Sl{%%gsﬁb?gﬁiﬁg &aeVégKf%%321 If the neans for a supply

[op®sition of the slurry for adjusting an ingot
tenperature has the switchin val ve as, nenti oned ‘
o § 5 @

abovil NS WiR BSsawtapFaPafsi Ridh tieaki FYecBRePS 05

B0 JobE B 0 iy oy ssan e
si de of

tenperaineebjas peswgdigduing hembesvendofhehé lugsifs cifihg
adygégghg an ingot temperature is supplied to the ingot
to be sliced only at the exit side of the wire by a
changeover of the switching valve.
[0032]

If the means for a supply position of the slurry
for adjusting an ingot temperature has the switching
valve as mentioned above, the wire saw apparatus can
easily control to supply the slurry for adjusting an
ingot temperature to the ingot to be sliced only at the
exit side of the wire by a periodical changeover of the
switching valve.

[0033]

The slicing method and the wire saw apparatus
according to the present invention can alleviate rapid
cooling of the ingot that occurs especially in the time
close to end of slicing and can obtain a high-quality
wafer having a uniform thickness in which degradation of

a nano-topography and an accuracy of a wafer thickness

in the central region are suppressed.
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[ 00331 The slicing nmethod and the wire saw apparat us
according to the present invention can alleviate rapid
cooling of the ingot that occurs especially in the
time close to end of slicing and can obtain a

hi gh-quality wafer having a uniformthickness in

whi ch degradation of a nano-topography and an
accuracy of a wafer thickness in the central region
are suppressed. 13 BRI EF DESCRI PTI ON OF DRAW NGS

BriEE Dbt Tdah: oR SRR Csea”in A ol 1 i ng et hod.
[o@gcprding to the present invention, FIGS. 2 are

graphs each show ng a supply tenperature rofile of a
FIG) ukrisia sRABSBRICny imat HOP'HING hen ppEdBRE S OFf a wire

sav{ ncvl?ﬂic?gn %\’Qe{lg%ﬁ ELG %ﬁ?cﬂ@%e@hé&PQhMording to
enperafure profile of a slurry for slicing and Fl G
th@(B)eséowsihhentsame of a slurry for adjusting an
i hgot tenperature; G, 3.s a graph,show ng._a
FIQ%ﬂnﬁH%ﬁﬁrﬁréﬂEﬁggaGE'Fﬁ@w%qﬁxﬁ TWPRRE nggﬁature
prd%%ﬂ%”é&'gesﬁﬁﬁﬁg|@nltﬂa(élfbiﬁgangfﬁﬁb siowhagpaesent
~ thickness distribution of a sliced wafer in Exanpl e;
invRrgsion, arkegeaphslback FHovilipa # evePPOY HeppEGAGUre
o-t opogr rein .El. Wws e of;
or e S aRo SRR b e 0B e T Al P8 Ral e hpia the
santxapl £ d1uFt G f6ri adg usthenptarc imewt shempagaanre;
exanpl e of a conventional wre

FIGchbnk®id QF@RPsﬁBWWﬁQQaﬁ'é%ﬁﬂﬁ?ég%@rng%?ﬁaéfPgeggﬁng
ind®aNS; ik GnpBel 8naN cOXRYANALI0FY Wk &Mp BE0WE; NY

cl assification of nano-topographies caused due to
FIGw re sawe sgfebhgshowing a thickness distribution of a
sliced wafer in Example;
FIGS. 5 are graphs each showing a level of a pseudo
nano-topography, wherein FIG. 5(A) shows a result of
Example and FIG. 5(B) shows a result of Comparative
Example 1;
FIG. 6 is a schematic view showing an example of a
conventional wire saw;
FIG. 7 is a schematic view showing an example of an
ingot-feeding means;
FIG. 8 is an explanatory view showing classification of
nano-topographies caused due to wire saw slicing;
FIG. 9 is a measurement view of Warp cross-sectional
shapes and pseudo nano-topography waveforms of sliced
wafers;
FIG. 10 is a schematic view showing an example of
slicing trajectories of a wire at the time of slicing an
ingot;
FIG. 11 is an explanatory view showing an example of

contraction of an ingot and slicing trajectories at the
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FIG 9.is a nmeasurenent view of WArp cross-sectional
shapes and pseudo nano-topography waveforns of sliced
wafers; FIG 10 is a schematic view showi ng an exanpl e
of slicing trajectories of a wire at the time of
~slicing an ingot; FIG 11 is an explanatory view
showi ng an exanple of contraction of an ingot and
slicing trajectories at the 14 tinme of slicing the
time?g:oﬂ ;sﬂéﬁlglﬁhspmwmtt;est result about a possibility
0 contraction of the ingot in an axial., ditectien,
FIGtherkt nshev @ 498H) r?§u&tgﬁgjrﬂ¥n%haovﬁ%%sﬁb%%ﬁggr8 ure
cordBnge; &f o henkngaly oQURINNG Sld:eidly @ndedt $0ppl yherein
tenperature profilé of a slurry for slicing and FI%
FIGL2(1) (A5 B9 aegphrhasboyiview flormrsptihenghange ©
measur enent . net hod f.or [,pgot ;
enq 9SO b8 oA BF srllor P o i ns a2 oF S enshi p
prdretveesrs thesingey &brt ke itdimey ofndtBICI ng2$B) ciimg aand

the slurry for slicing; FIGS 14 i I t
XVl VA SO TS £BF aEPBHSHIT b et VERA TRETPRGoR S HeSe

a tielgr.\pcéf‘gtx?f‘g prihan;andt;he slurry for slicing; FIG
|

S an explanatory view for explaining a_nozzle_ of
FI@ sldiriy doresplenngoand vd aroshen big aaskatpfipgship

adj usting an _ipgo nper.at ur e, 16 i p
beté'ﬁitﬁ/ﬁ‘ ng® thY g n@%s];cg‘ﬁagcelmoef A sﬁ%%e%}g%agé?cggga%ﬁlgd
thgayslqng:@gvggt:l gnakingt;hod for slicing an ingot; and

FIGS. 17 are explanatory views for explaini

FIGSH k4 ek enee SFPLRBASIOEY VW OF SPEHH %6#%&%%%

just i n,.j t , '
el LR, LA L Mt B e

slwhowsfor slicing;

FIG. 15 is an explanatory view for explaining a nozzle

for
a

of a slurry for slicing and a nozzle of a slurry for
adjusting an ingot temperature;

FIG. 16 is a graph showing a thickness shape of a sliced
wafer obtained by a conventional method for slicing an
ingot; and

FIGS. 17 are explanatory views for explaining an
interference of the slurry for slicing and the slurry
for adjusting an ingot temperature, wherein FIG. 17(A)
shows the time of starting slicing and FIG. 17(B) shows

a moment where a central region of an ingot is sliced.

BEST MODES FOR CARRYING OUT THE INVENTION
[0035]

Although an embodiment according to the present
invention will be explained hereinafter, but the present
invention is not restricted thereto.

As explained above, in order to prevent rapid

cooling of the ingot near the slicing end portion, for

15



a nonent where a central region of an ingot is sliced.
BEST MODES FOR CARRYI NG QUT THE | NVENTI ON [ 0035]

Al t hough an enbodi ment according to the present
invention will be explained hereinafter, but the

present invention is not restricted thereto. As
expl ai ned above, in order to prevent rapid cooling of
the ingot near the slicing end portion, for 15

ex&XAUB) ea puplildatatdronidNo. WODDO4 3B882ddissdlogsess aa method

met hod_ for supplyin slurry, for_sli
fo@r%@QEHYFBHIér§%d§ﬁag§%ﬁﬁl§i%%l%gsF8r?;bngp%%Jlﬁﬁ%%ﬁfs
an@Nsth gg%ihﬁnﬁegﬂdﬂﬁ§tﬂ5¥ d$j Wsednfoaadjiugbota

t enpt uré of the ‘ingot to the ingot at the tine of
temspécahgrehshangdts (swd R @185t PoReTEL I AtHE Sméthdd e

. _degrades. consi derall y ., thi e A ' '
1o 58 B2 G0N ST o] e nd BHI R YT SR ShgBor (oee
FIGNVes) or dbgeover edhichaie ihfd ubngeadas thesstecedly
shape by disorder of the flows ihat Qccur t%ge t
3t e 'S

thigkeessr Bpdd ogmitthe 91 & r§fRoF 2SI FEPAG AR sqﬁ%ﬁy

[06§5£adjusting an ingo; tenperature during slicing the
I hgot causes degradation of thickness uniformty of
t he Teé epre Fanthénvengon e greseredi pyaht dpflusnce on

di scovered. that . when th I ' '
thg S e B T G Oh PRt EaBs e e

dud heoexhtesirde fcd her Wne sIather fokaslhatimataricheche
exit side and at the entry side of the wiye, which is
slenngedoroatapdiing athel Ny E?@Eﬁfﬁﬁ&rgndiusqjinc%ssﬁtjh%mg
th%ngggakl%gu%égngéggédgﬁqonW?fhggicﬁﬁ%%thﬁﬂﬂ%ﬁﬂiﬂyMof
or justing an i'ngot tenperature interferes with
théheaskurry for slicing to disorder the flows, the

oCo ERBTBP - Ehe s bt iy LhieTLOF B1sbBFeteteenar

when the slurry for adjusting an ingot temperature is
supplied to the ingot only at the exit side of the wire
rather than both at the exit side and at the entry side
of the wire, which is caused to travel in the
reciprocating and slices the ingot like a conventional
method, even if the slurry for adjusting an ingot
temperature interferes with the slurry for slicing to
disorder the flows, the disorder occurs only at the exit
side of the wire, occurrence of the disorder at the
entry side of the wire is prevented, the disorder of the
slurries does not strongly affect slicing of the ingot,
and as a result, degradation of an accuracy of a
thickness in the central region of the ingot can be thus
prevented, thereby bringing the present invention to
completion.
[0037]

First, a wire saw according to the present

invention will now be explained in detail hereinafter
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entry side of the wire is prevented, the disorder of
the slurries does not strongly affect slicing of the
ingot, and as a result, degradation of an accuracy of
a thickness in the central region of the ingot can be
thus prevented, thereby bringing the present
invention to conpletion. [0037] First, a wire saw
according to the present invention will now be
wittxptaf eeenca tet ahk Wereiimds erbutiet et RrEEFBLence to

. the draw ngs, but the t ; ;
il 208 P IS S et on e no

sawggRparatdisow 4CLRr dkagplie e apresentsamvapbaoatuss
shown in FIG 1, a wire saw apparatus 1 according to
acadred present thaveaessa e IS TP udes a wire 2 to

sl %eﬁ %r}}évﬂgoltn Bfeoved rolliers 3, WMid®aratus 1
tensil é-force-gi ving means 4, an ingot-feeding means
acdnrdBngreassther psepenyd ngreerst on yndbnlyl iscdgdes &

~means for, supplying a slurry for_adj [ j.ngot
wikenpetat &t £ gﬁn&ngoﬁear%r?%‘fe(goﬂ??%#?%nggaﬁﬁj&ﬁgy
teﬂ§¥ﬁél98r9£—@i§&ngméaﬂéfﬂﬂLﬁﬁiﬂ@g@ﬂ—fﬁgdﬁng means 5,
tenperature “7. [0038] Here, the neans for supplying a
a mﬁam$yf$DrSQFPéVm@g & Slurryafeeansifhag §upﬂiﬁé§éﬁm
slurr or slLicgi 0t rohl the wr
rors) Uity Shg ) el s el PR et or
terdPPAyiing @'shutry tefanslfct ngotiraldfioory samelds is
connected with nozzles (a,.nozzle of a sl%rr% fQr
Possi i EPMgYLE 18 EAFEGYh £ eI Uk EhGngRr TPPSE S8R 1T e
_for slicing) 19 controlled by a tenperature
controller (a slurry for slicing) of a conputer 18. A
[0Gifpply tenperature of the slurry for

Here, the means for supplying a slurry for slicing
6, i.e., a means that supplies the slurry for slicing to
the grooved rollers 3 (the wire 2), will be first
explained. In this means for supplying a slurry for
slicing 6, a slurry tank 16 is connected with nozzles (a
nozzle of a slurry for slicing) 15 through a heat
exchanger (for a slurry for slicing) 19 controlled by a
temperature controller (a slurry for slicing) of a
computer 18. A supply temperature of the slurry for
slicing can be controlled by the heat exchanger 19 and
the slurry can be supplied to the grooved rollers 3 from
the nozzles 15.

[0039]

Moreover, in the means for supplying a slurry for
adjusting an ingot temperature 6', i.e., a means that
directly supplies a slurry (a slurry for adjusting an
ingot temperature) to the ingot to be sliced in order to
adjust an temperature of the ingot, the slurry tank 16

is connected with nozzles (a nozzle of a slurry for
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slicing can be controlled by the heat exchanger 19 and
the slurry can be supplied to the grooved rollers 3
from the nozzles 15. [0039] Moreover, in the neans
for supplying a slurry for adjusting an ingot
tenperature 6', i.e., a neans that directly supplies
a slurry (a slurry for adjusting an ingot
tenperature) to the ingot to be sliced in order to
adpm$Usngaantem@wﬁaﬁummp&ﬁatmme]n@bf thheugmu@rymﬁéhk 16
.S _conne ed with nozzles (a,noz of a rry for 17
ex%&ﬁ%@?an 85|%K§Lu3%¥ 9%1%?%?S§%Sgtﬁrou§ﬁ%é heat
te¥&hanger) (ior acHtWdy d@ro@pds Uséinpg ramuiregaiontroller
tamaauﬂe)lg coMrdIedbyatemmrMure

(a coherbY| EpT eaIsIstring fasr HugQst FRgPEHatthgs) of the
co%ﬁ@?%%aﬂ re) 0 % FE%XdJ ﬂﬁgfgt&é% S¢ SLpR! ¥1henperaiure

urry I'ng an ingot tenperature can
adpestconyr ahl edgoy wmmpdnﬁnueacaangbe ¢9hta@dhﬁﬁnﬁYeﬁhe

to the i ngot fromthe noz 5' 0040 th|
hegfpnperRapHE yit r92 @ % O aERGr &P r “hsthe

noPFESgNf sirnventi on can supply the slurry for sI|C|ng
and the slurry for adjusting an ingot tenperature
[0@40 bugh heat exchangers 19, 19 respectively that are

di f e ent, Lrom eagh other, and gby1 62ebhlling

suppl'y enper ureé o] the S urry Icing and
toSﬁMéryréeénamlwﬁymuidn1camﬁﬁupphpetHEUséurﬁheﬁehore

t he slurry for adjusting an. in tenperatuyre can be
s 1 i@ipdi 839w pﬁll%ﬁﬁﬁﬁuﬂ§%|®d%ﬁ E%P?n@gpéngﬁép
terﬁﬁé@ﬂe}éf %htra%%ofhe@t the-mmagsrEor oguppl ylrféﬂsp@:tlvely

lurry for adjusting an ingot tenperature 6 and
thatermaeqe atif eoknthd Homycta dureplge s 3NPcAg ﬁre@@ersast%]a%

co§£rof°Q££8E'e%emN¥%J€E¥ @Xapcgﬂérgﬂﬁ§r9ff%&e%ﬂiéfﬂﬁ

and the slurry for adjusting an ingot temperature.

Therefore, the slurry for adjusting an ingot
temperature can be supplied with independently adjusting
a supply temperature thereof by the means for supplying
a slurry for adjusting an ingot temperature 6' and a -
temperature of the ingot during a slicing process can be
controlled. And thereby occurrence of precipitous
changes in slicing trajectory and Warp shape due to a
rapid change in temperature of the ingot can be
prevented. Therefore, degradation of a nano-topography
caused due to these can be suppressed.

[0041]

It is to be noted that the present invention is
not of course restricted to the structure depicted in
FIG. 1 and a structure that separately controls
temperatures of the slurries in respective tanks, i.e.,
supply temperatures of the slurries can be achieved by

arranging the separate slurry tanks and connecting
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changes in slicing trajectory and Warp shape due to a
rapi d change in tenperature of the ingot can be
prevented. Therefore, degradation of a nano-topography
caused due to these can be suppressed. [0041] It is to
be noted that the present invention is not of course
restricted to the structure depicted in FIG 1 and a
structure that separately controls tenperatures of
sluthey s¢éhiliessi forespectiampacinkes $lerry sappsy A

tenperatures of the slurrjes b [
mechq nbgﬁﬁeC§8p&ﬁ§%§%ﬂ%ﬁqgffg%%§tg§g|%éﬁgg3¥ing 18
terddi 4 Yuebi! ber snkors ey especiiveisbuany tarkslukry

mechani sm that can independently control supply
for enpinat ingsasf 1nge tsILAMBL FHFUSE | eRRgSHAG1CRe sl urry

for adl usti ng. anoEngol, Leeralng, cafo suf {beeq These

typ FifeS are not restricted in particular

paﬁﬁmbﬁPgrsaaﬁgtynessamdﬂuygféra$hEhosen¢enKM@na

exanpl e can be used. For, instance, a slutr obt_ai

COns{eRfi 5pRf S R§amelesiqFq dIF D deljhoﬁb?ggirt\?écegrzfi nsgq‘}qfnry

obﬁ%iﬁ%@'ggcaﬂsgér%%%§ d®©042] 1 A-sRapsrboHeGORBTRIdiivig a
supply position of tthe slurry for adjusting an ingot

graienperat ar d1igunid Icape beexpted ned. The neans for

ngﬁ?tro!ling a supply position of the slurry for
sting an ingot tenperature 7 can include, for

exanplysan@i by 8ofvirbahiimg walsup@ly @ostbhbnobifethe
L SEPRGeHAUPRGOE FERUII o e TBR O P e T SIS
exéi%} eg?,éigﬁ R85 HShiFRg \RIe 20 418g ak r aagpd ybpoween on
anger 19' and nozzles 15 as shown in
of A& slurThefow echiurf Vg van 20098t at eaPeE ate Iont rei™
inéf&he, for example, mainly a switching valve 20, a
controller for controlling a supply position of the
slurry for adjusting an ingot temperature 18a of the
computer 18.

Here, the switching valve 20 is arranged between
the heat exchanger 19' and nozzles 15' as shown in FIG.
1. The switching valve 20 is a valve to control the
"slurry for adjusting an ingot temperature delivered from
the slurry tank 16 through the heat exchanger 19' by
switching supply directions to a direction of the nozzle
15'L or the nozzle 15'R or both thereof. It is to be
noted that a left side nozzle of the nozzles 15' is the
nozzle 15'L and a right side nozzle of the nozzles 15'
is the nozzle 15'R as viewed from a front of the wire
saw apparatus 1 (i.e., a front side of FIG. 1 ).

If the means for a supply position of the slurry
for adjusting an ingot temperature has the switching

valve 20, supply directions of the slurry for adjusting

an ingot temperature can be easily and reliably
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slurry for adjusting an ingot tenperature delivered
from the slurry tank 16 through the heat exchanger
19' by switching supply directions to a direction of
the nozzle 15'L or the nozzle 15 R or both thereof.
It isto be noted that a left side nozzle of the
nozzles 15" is the nozzle 15 L and a right side
nozzl e of the nozzles 15 is the nozzle 15 R as
contimweled rioyn a £hengeoivethe fnitthee @i appagaradve 20.

(i.e., afropt side.of FIG _1). 1f e 1g fLor.
Tt Qbpiy BoshoPER brahe S it by cebTagias aase
carl ¥@es@tye8qhas the switching valve 20, supply
directions of the slurry for adjusting an ingot
[Oimeerature can be easily and reliably 19 controll ed
y C oV, o] 1.t chi V. 0 Egqgt O
be %b]ggﬂ%ﬁhfgéﬁc%%%gg?ﬁgkaﬁ%f%ii [ ;ggnglgéivggﬁ be
motastopt ®dt hd 00431isEsr theri,re e tswitchvay sakveorpemidh

. driving notor 10 that causes a wre 2 to_t
witgbrinke t €Y ER gﬁe cgﬁﬁufgﬁ%ﬁgﬂﬁ%% %%ﬂt?%ﬁ?é? %gﬁ%
sudtPY 19b 410968 oSURBLY sNRSIAY Ofb Ofadhesshugr wnf dngot

justing an ingot tenperature 18a controls in such a
tenpEmErut dal 8aheonswiotlehiimy sutlved 20apaeautomdt itda 1y

SW.tched | aggor.da 1 t.h drd £ Figyi n
SWiﬁﬁQﬁn%OYaggeegglé%n%q%%%ﬁﬁ%ég%% I§vl%g§egx§§plg, in
acddrdakes ewi bat diheeniafe thd slichuseg hotoradél- from a

right side to a left side viewed froma front of
the?ﬂr%?P%%wPab?a?@?ﬁ%ficﬁaiﬁhe ﬁ\ﬁ%ﬁﬁ%@?brlfotgﬁd
cadde i hgotnisyishi eeds idaURsponsectavehericbavel imght
Irection of the wre 2, the controller for

sidronte ot | laftassdpply pdswebnfrgt hErentr Py frdye wire

adj usting an.ingot.te r at C n ] :
saif RDLT Fahod PHot0s VB A b noar 2P, aRE0 RS S i
s1i@fd, npzztespbhnket act hteswitae higngatlvee2@ion of the

wire 2, the controller for controlling a supply position

3}

of the slurry for adjusting an ingot temperature 18a can
send a signal that switches the valve to open only the
side of the left nozzle 15'L to the switching valve 20.
As a result, the slurry for adjusting an ingot
temperature is delivered to the left nozzle 15'L and is
supplied only at a left side of the ingot, i.e., only at
a side where the wire 2 slicing the ingot exits from the
ingot (a exit side of the wire 2) in the case.

[0044]

Further, in the case that the wire 2 is caused to
travel from a left side to a right side and the ingot is
sliced, in response to the traveling direction of the
wire 2, the controller for controlling a supply position
of the slurry for adjusting an ingot temperature 18a can
send a signal that switches the valve to open only the

side of the right nozzle 15'R to the switching valve 20.
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As a result, the slurry for adjusting an ingot
tenperature is delivered to the left nozzle 15 L and
is supplied only at a left side of the ingot, i.e.,
only at a side where the wire 2 slicing the ingot
exits fromthe ingot (a exit side of the wire 2) in
the case. [0044] Further, in the case that the wire 2
is caused to travel froma left side to a right side
As andrd el t ngohei sluslriycddr iat Jwespongeanoinpett ravel i ng

direction of the, wire 2, the controller rco :
teWRﬁﬁ??ﬁ¥?nbsa§§iﬁﬁF§G€OéQN€h$ ?ﬁg?%engFaggyléoﬁ and 1s
su@dl 4 | §91 gnakNEOL-ily@RPeYiRtdIreE 188e cafigosend.a.si gndly
that switches the valve to open only the side of the
at rd ghtdeowizéeel16hRr Mérﬁh@:ﬁﬁ%%#ﬂ%th%l%QQQG.e%GtRsﬂfom
result, the ur, r justing an ingot tenperature
the JEPY v%%léaﬁg %f%‘eft?ﬁegﬁcégslriez'zzl e 15 R and is supplied
[0o0yBY at a right side of the ingot, i.e., only at a
side where the wire

2 sliging the ingot exits fro
theﬁﬁuﬁhl%dH%WW?rintbﬁew&5§e?ﬂﬂﬂﬁﬁﬁ£ﬁ§FY%ii ﬁ%ngé?,
pré&&rﬁ"" Iﬁvéﬁ’é’iéﬁp%%tl%%els afhd heea s e56Rt cbAveslilahg a
Includes the nmeans for controlling a supply position

supﬁifrppsfuioy pér tagj wdrinny afP¥ ngdi ust éhferat dNgoF

an at | east, s _capahle of. co LN I

te%ﬁﬁf%ﬁ%ﬁ?y?fspdadf'sﬁﬁﬁﬁﬁdn%%iﬁ%ﬁ%%%%eggtégg%ﬁﬁiﬁ e

to Ige1 PtNeabltife yexiolr sidmofiddeami irgdtcaesperatare
travel in the reciprocatinq:dir cti As a reiu

to tihe virgoBaRPapparat-iis £of %r%ggﬁPeiH§§ﬁtlo#%%§ed
to GARADLE Of PAL SURRLYIRG tihey syt {oh . adigshi Rgsant,

ingot tenperature at a side Where the wire 2 enters
thd ntire thawi agpereauentlr pisitdee gprepenty feveptaeg 1S

oot oSSy el U T RRILEP RO g g,
inddt themstatyrbontadj yStdengvhere the wire 2 enters into
the ingot (a entry side of the wire 2) and supplying the
slurry for adjusting an ingot temperature only at the
exit side of the wire 2 even if the slurry for adjusting
an ingot temperature is supplied in addition to the
slurry for slicing at the time of slicing. Thus, great
interference of the slurry for slicing and the slurry
for adjusting an ingot temperature at the entry side of
the wire 2, which conventionally occurs, does not occur.
Furthermore, disorder of the flows due to interference
between these slurries does not occur. And thereby
great disorder of a sliced shape of the ingot is
efficiently prevented. On the other hand, even if the
slurry for adjusting an ingot temperature greatly
interferes with the slurry for slicing to disorder the
flows, a sliced shape of the ingot is not greatly
affected because the position of the interference is the

side where the wire 2 slices the ingot to exit therefrom.
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an ingot tenperature is supplied in addition to the
slurry for slicing at the time of slicing. Thus, great
interference of the slurry for slicing and the slurry
for adjusting an ingot tenperature at the entry side
of the wire 2, which conventionally occurs, does not
occur. Furthernore, disorder of the flows due to
interference between these slurries does not occur.
Théndfoher ebhie gieat sdivcaEmerratua $| pEetihsh@pessmt he
._ingot is _efficientl revent ed, h nd,
ln%%%ﬁl?? Fhe Sgﬁﬁﬁrﬁiﬁﬁf‘% ' E%i%%ggﬁgiggg |1t%gﬁ%grature
thOfrAELY whBhelkeeyMiding hen shoetiyator ofl iacithg dkmess
~ disorder the flows, a sliced shape of the ingot is
innkegrentryl aepdere®hdctise@®E: position of the
[Oégégrferencg is the side where the wire 2 slices the
Ingot to exit therefrom 21 Therefore, the wire saw
appatatarsed, of fhecpiesewit thevemdmm Can sbnteoilatiog a

U EoROPAEYOn! OF BRICISE™Y | FOE et CBREFAD AQraW T

tetperyefiee. 7[ 9946 tHowameri cted UpSt tRB Bbnthe lmeans fayen
controlling a supply position of the slurry for

onlylj esei a§ Bhei Agetchtigrperat e e29-i Mopeorestrfefed to
t he, cont r gl t : e i-t.chi

R e R R

sided ver t bhepenghet hndsildelt afotheesi fht Land SI'& tcan be

nozzles 15'L, 15" R _can be sent and the slurry for
senid 2RY| HESaR L FREH SOt H T £19 B BROSHpSEIES FrsHe

caP B 50221 €edSrlkoanN® NIz 2l ®-Abe R 85I, BRBEGZZAQ 15'R as
exanple, in the case that an initial tenperature of

neqdrd | ngtnr i sxamp st ednbéher canqarthaf ag| +eihgala

terrtl eel'l”lpae{g%grgfoft{,éhﬁ ! Oti§aandﬂ?s?%éicg%¥o§gt 538 of
d%ese énper at ur & suppl ying the slurry for

s1iadi g} | Agt anpepgeai rieemyfertdtair engoonchot hengailck 135'det
and .

to a preset temperature by supplying the slurry for

adjusting an ingot temperature from both nozzle 15'L and

nozzle 15'R.

[0047]

It is to be noted that the means for controlling a
supply position of the slurry for adjusting an ingot
temperature 7 is not restricted to using the switching
valve 20. For example, the slurry for adjusting an
ingot temperature can be delivered from the slurry tank
16 toward nozzle 15'L and nozzle 15'R through different
lines respectively, each line can have a valve
separately and a supply position of the slurry for
adjusting an ingot temperature can be controlled by
controlling a opening and a closing of each valve.
[0048]

A nozzle/ingot feed controller of the computer 18

is connected with the nozzles 15 that supply the slurry
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nozzle 15' R [0047] It is to be noted that the neans
for controlling a supply position of the slurry for
adj usting an ingot tenperature 7 is not restricted to
using the switching valve 20. For exanple, the slurry
for adjusting an ingot tenperature can be delivered
fromthe slurry tank 16 toward nozzle 15'L and nozzle
15" R through different |Iines respectively, each |ine
forcarn fhaivey sandl vee $epatatfelediam reauppby pdtiba of

the slurry for usting an ingo c
s1yrdnt rdty ¢ lbﬁlngoﬁ%P %FI%& §W§§%ﬂ%% ﬁgﬁf?%g ?B Q

gr RAfH Vi VEers [ 9048] pé_\ea@tzérahlrmgﬂtaxﬁ@adtsomndobter of

the conputer 18 is connected with the nozzles 15 that

Qﬂﬁﬁﬂ@m¥¢@ﬁSFQWF?QSZfrP@r@ﬁq(ﬂQﬁf%ﬁﬁ }peln response to
' IC&IF%QH%nglle QHﬁb Séﬁgrfhégf ski gi.ngacan

je au sup to t gr ooved rollers 3 in
prdﬁéﬂhﬁmﬂm@@eﬁlaﬁmngtam@u@tabf;ﬂhﬁkﬂmgwmnbﬂ tBihage
fromthe nozzles 15 in response to a predeterm ned
prq%ﬁ&nﬁﬁp%ﬁ&mnt of the ingot, i.e., a predeterm ned

sl i ging rRIDUNtL Ofnd he1 b peatoky fusinG ot MyEset of the
program Further, the nozzle/ingot feed control ler of

contha: e ohput er 2180i soanse teshriticiiedi g 1RO TheSRoZ 2| e§hat
squgl% 1{}2 S 15"99' yf&?%?ﬂ' tflr{qg ar?di 5& Nge@APekR80ke .

X ute " fhe sup y for adjusting

Thealsugigiog ofeﬂnerauumeyl§qrwxﬁyunﬂahqraw|emgot t|n1ngs
and supply. positions éﬁhe nozzl e %5 L and the .ng %
te“@%tu%%cﬁdli’ﬁ@gfémf“ﬁ frave S hP Ti T HREROR BF% ﬁupp Y

pos; {ﬁ {QQ4§$ EYet Renapigyg thee Wd£22e 1 hergrooved
rollers 3, the wre-tensile-force-giving neans 4, and
acddnﬁmwgobg the traveling direction of the wire 2’

[0049]

Furthermore, the wire 2, the grooved rollers 3,
the wire-tensile-force-giving means 4, and the ingot-
feeding means 5 can be the same as those in the
conventional wire saw 101 depicted in FIG. 6.

A type and a thickness of the wire 2, a groove
pitch of the grooved roller 3, a structure in any other
means, and so on are not restricted in particular, and
they can be determined each time so that desired slicing
conditions can be obtained in accordance with the
conventional wire saw.

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.

[0050]

A procedure of carrying out the slicing method

according to the present invention by using such a wire
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feeding neans 5 can be the sane as those in the
conventional wire saw 101 depicted in FIG 6. A type
and a thickness of the wire 2, a groove pitch of the
grooved roller 3, a structure in any other neans, and
so on are not restricted in particular, and they can
be determ ned each tine so that desired slicing
conditions can be obtained in accordance with the
sawohvantbodahgwitioe tdaw.p rEremi r enPeghhobe Widhdma®vwole

e, g, eci,al_piano wre having a width of
eX%L%?E??nEEﬁFﬁnﬁ. ftTmto 0.18 nm and the grooved
rol leyy 3 havhagi aggrogeeincheind & tesised waf €eed a

thickness + a slicing renoval) can be ado ted.t[ooao
graspedckugr PWeHd A IPWRE RHRIEEPRI A AePREgietermined

sp§§§9rgé§gthg %@%d@éﬁ*?gliéW§”ﬁiQPeerQ%EHQ WDy
wre

saw I"according to the present invention wll
canoihpethexplaiened theneiindf tertefside, fomee is given by

i ngot-feeding neans 5 is used to feed, a . grasped i ngot
th?d%hF%‘BePS&gF'E&§Qﬁ79+¥ﬂn%iTﬁ%ﬂ@t rﬁPnE%aVEEEé-,E%nd

redNSrOEQOVRE HQlRNS o are: dré ves, behgbeby téausiang the
wire 2 to which a tensile force is given by the

magw eudensifl sheoteasdild fpreansinenoter &R6l vigey 2, 2

tr%ﬁ%%?%%é%&%%%t%%r%gé i t2jsaﬁ8 98 Bﬂtgq %%ﬁ% %%me

€ tensi ér ofce given to the wire 2, a
cat rsyehppgoppeead edfy tdee WFer 2exandlep entanstiHies fidumee

can_be appropriately set. For exanple, a _tensile force
of of- 2. Sgﬁgfgot g-8. @gl%fcacrhrp%ea%%ﬁggd%?o CeiiSe e WWite 2
to2tr£9eir§Mekhgnﬂggagfgaéﬁﬂﬁ@tﬁﬂgegtﬂgﬁtb@naﬁ Bferage

average speed of 400 mimin to 600 mMnmn in a cyc|e of
spded/afnd06 mZmdpinite (P gicnin B0 3/ 6yclehede g/ to

2 $§9%§6(386g92nkgg%d %/Qﬂcprﬁﬁggs Wi Res®cldn Hhe i ngot
determined in accordance with, e.g., the ingot to be
sliced.

[0051]

Furthermore, although the nozzles 15 are used to
start supplying the slurry for slicing toward the
grooved rollers 3 and the wire 2, a supply temperature
and others of this slurry can be also freely set. For
example, an approximately room temperature (25°C) can be
set.

FIG. 2(A) shows an example of a supply temperature
profile of the slurry for slicing in the slicing method
of the present invention. It is to be noted that the
slurry for slicing with such supply temperature profile
can be supplied, but the present invention is not
restricted thereto.

[0052]
Further, the slurry for adjusting an ingot

temperature is directly supplied to the ingot from the
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sliced. [0051] Furthernore, although the nozzles 15
are used to start supplying the slurry for slicing
toward the grooved rollers 3 and the wire 2, a supply
tenperature and others of this slurry can be al so
freely set. For exanple, an approximately room
tenperature (25C) can be set. FIG 2(A) shows an
exanpl e of a supply tenperature profile of the slurry
noﬁiﬂeSﬂSﬁlﬂ@rlﬂhéhﬁoSh&elﬂ@ Ret héd tdfig Helpe esehe

slx%ﬂ%iﬂ%%o%w@ml§% Spggt d gg%%ﬁ:ge flu?5¥1E9%ns of

theSUPRlL &4, rbHt s §hEsPRESERN IMRIY | tempSradtirer gt thet ed
heret%gI 0052) HFurthgr the slurry. ﬁor ad ust?

meangﬁﬂortQQ@Ergi@ﬂeglg slpeds P asidpt9Rdof o Pﬁesaﬁﬁ&ﬁ

. the, 24 nozzl 1 I zl At;ghis
fort arfgu*ﬂ’ﬁe Isturry? |%§ 3&%“ %rg V\Aét]ﬁ?coﬁl{}gag? IRll?}g sﬁpply

redisidd ons ohe thevslungy dioreadjustongthe waget 2, the

tenperature by the means faor control
Swaﬁﬁhkﬂ%nv%$v?hgosFﬁrﬁytqqﬁt%ﬁﬁ%%¥|% éﬁgeagggpgéﬁlver

the Irectﬁ%ufg aﬁgnéklh% ann 1 dRSPONSEpé patheet baugl ity

wre 2, the swtching valve 20 is
thauﬁanmﬁechbtgtsdna@hé@et@&ﬁﬂ|%&#e ehetBRuliyef ¢r LY the

N B Ll

s1 0N rebt esafesteapt kel linvgta tsem;pézyamset ﬂea of AnHe
slurry for adjusting an ingot_te er ture

cheltmirlyhe HeURRBI PORLORONS fof (he® LY LF by 1Py 00 bsting
anzﬁﬂﬁg%l€§mpég Fgggfn%e@%ﬂﬁydﬂﬁédsaﬁ@nth@|EQ@r&@dfkhe

g an i ngot tenperature is supplied
adimsttheg i agoingonl yeaperiadusng tisigerptiehetgi toep ingot
only at the exit side of the wire 2.
[0053]

As explained above, the slicing method according
to the present invention can supply the slurry for
adjusting an ingot temperature only at the exit side of
the wire 2, and hence during a slicing process, supply
of the slurry for adjusting an ingot temperature at the
entry side of the wire can be prevented, occurrence of
disorder of the flows of the slurries by interference
between the slurry for slicing and the slurry for
adjusting an ingot temperature can be suppressed and
great influence on the sliced shape of the ingot can be
prevented. Thus, the degradation of thickness
uniformity in a central region of the wafer caused due
to great interference between the slurries 1is
effectively prevented.

[0054]
Even if interference between the slurries occurs

at the exit side of the wire 2, because the position of
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[ 0053] As expl ai ned above, the slicing nethod
according to the present invention can supply the
slurry for adjusting an ingot tenperature only at the
exit side of the wire 2, and hence during a slicing
process, supply of the slurry for adjusting an ingot
tenperature at the entry side of the wire can be
prevent ed, occurrence of disorder of the flows of the
theslintéefebyntat ésf éhenepe s gstawent t heeskiirey pogit ion

slicing.and the_slurry for . adjustipg an._ingo
atty %i%ﬁéngaﬁlbglg b s st A © r%§ rﬁﬁflbgﬁce on
intlderstéged $hapgeof riahe 1iingptd Ladic beonpoEVenked i rends,is
the degradation of thickness uniformty in a_centra

notr egg bt ed thesharérdcafsdd eIt great tPAt ElféPéhce
sh_b%§W§%$ EH?SS¥H%r%ﬁi%gﬁe§gf5¥nﬁﬂglNa?éfvgggegot[0054]
R PRt er e

ven i erence ween the slurries occurs at
grddel exatfrecdedof the wire 2, because the position of
25 the interference is the position of the wire
Yion after finishing slicing the ingot, of course,

the pd nterdenences 8qt RRakr aveldmi dideed i ®ropf 1thet
wire 2 is not related to slicing of the ingot, and
the helstrygefiorshdpesandat ljus irEot hi @RPeS3tBESt A€ Waf er

ar. I f : '
1 0B EPL AER, LIEplabtats, o6t e

2 (Fdj uz{ém, am}%é ngehpéeaperat prefinea ofltloe nglprogessr
can be set, for exanple, as shown in FIG . 2(B). Here,
adl@ﬁ;%%%p%ﬁa%HGQth8ﬂH§§%ﬁu§qm¥¥$hr?§ ?6PlaégF@Sting
an 'Irrlxgq;k}é ﬁg&ﬂ&rﬁe%bh be ex gimesbntd nidhenshibsl ngs

met hod o present invention, as shown in FIG
sha(iB)iniFIEs PrBYerall é st lpmefigreable that the

temperature is gradually increased after supply is
started at, for example, approximately room temperature.
This corresponds to a temperature of the ingot that
gradually increases with slicing, and thereby, it can be
prevented that the ingot is excessively cooled and is
precipitously changed by the slurry for adjusting an
ingot temperature.

[0056]

And, it is preferable that the slurry for
adjusting an ingot temperature is supplied in such a
manner that the supply temperature of the slurry when
the slicing depth of the ingot reaches at least 2/3 of
the diameter becomes equal to a temperature of the ingot
and then the slurry for adjusting an ingot temperature
is supplied while the supply temperature is gradually
reduced. Furthermore, it is preferable that the supply
temperature thereof becomes equal to that of the slurry
for slicing at end of slicing.

When the slicing depth of the ingot reaches at
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tenperature is gradually increased after supply is
started at, for exanple, approxinmately room
tenperature. This corresponds to a tenperature of the
ingot that gradually increases with slicing, and
thereby, it can be prevented that the ingot is
excessively cooled and is precipitously changed by
the slurry for adjusting an ingot tenperature. [0056]
leddnd,2/3 65 phef diablké¢etrhata thlelelngr yober 1sadjedsrgasy and

an jngot tenperature is supplied | c :
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t ature of the ingot during a slicing process can
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tenperature while the supply tenperature is radual |'y
exgemhiced. cFot ther ofwitde tinwatenper Bhar 6 L8EThé O urry

aayfFe it 431 - PRele el e S ioPa BrRdeaRg g o1
[og81xing,

When the slurry for adjusting an ingot temperature
is supplied with the temperature profile as explained
above, precipitous changes in slicing trajectory near a
slicing end portion, which is especially a conventional
problem, can be prevented, a position where a Warp shape
precipitously varies can be eliminated in each obtained
sliced wafer and a nano-topography can be greatly
improved.

It is to be noted that the temperature profile of
the slurry for adjusting an ingot temperature is not
restricted in particular to the pattern shown in FIG.
2(B), and it can be determined each time according to a
type of the ingot to be sliced, a supply temperature of
the slurry for slicing or the like.

[0058]
When the ingot is sliced by the slicing method

according to the present invention as explained above,
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excessive cooling of the ingot by the slurry for

adj usting an ingot tenperature can be prevented.

[ 0057] When the slurry for adjusting an ingot

tenperature is supplied with the tenperature profile

as expl ained above, precipitous changes in slicing

trajectory near a slicing end portion, which is

especially a conventional problem can be prevented,
dedr st 1 dono fher eaa oWargp iraEhy priezt ptooushy ivaeilds

can be elininﬁted in each obtained s]iced wgf%r and a
OCGHEID-R9PBGR aphy AR &GRS | AP 0V8d> UPPECS 556 "be

grdt egdedhaliat hent eper alure Prefdpe oh thbBecshirmay for
adjusting an ingot tenperature is not restricted .in

regiaen i ¢fil thetvathe gart & N el el h2EBy dUdd it
wa £ e, Ak SLI 090 2060 A4 18 ACLARLEDD ER1BKnbERS turn
[ %o t5 e sfiCe ) supply tenperature of the
to S UWié¥méDr reveti Bgnobd hbtldiesd [ 0058] When the ingot
is sliced by the slicing nethod according to the
present invention as expl ai ned above, 27 degradation
[Odg9f_nano-topography that conventionally occurs near
a slicing end portion can be suppressed, great
dfegrzamatprfmsmt aisvepedoshapd li e xrentrafl 1PefPeR
of, 1t he wafer can_be.prevente I gh- qual.i ; r
deﬁ?ﬁ%&#%ﬁe%nogcgﬁﬁg%§j%’ gnﬂbggﬁyﬁ%?%%%%gsabg%ﬁﬁﬁ%@{gjg

nothord®d r Vel enarbecabt ai ned. [0059] The present
invention will be explained in nore detail based on

(Exsipt ks, but the present invention is not restricted

thereto. (EXaNDL €2 orAiWy' € oSANAGHAUSLMNEY 1QvEACion
present 1 nvention
shown in FIG. 1 was used to cut a silicon ingot having a
diameter of 300 mm and an axial length of 200 mm into
wafers based on the slicing method according to the
present invention, thereby 190 sliced wafers were
obtained.

A wire having a diameter of 160 um was used, and a
tensile force of 2.5 kgf was applied to cause the 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.

[0060]

In this case, the slurry for slicing was supplied
from start of slicing, and it was supplied to grooved
rollers with a temperature profile depicted in FIG. 2(A).

Furthermore, the slurry for adjusting an ingot
temperature is supplied to the ingot only at the exit
side of the wire. That is, the slurry for adjusting an
ingot temperature is supplied with the temperature

profile shown in FIG. 2(B) from start of slicing so that
it is sprayed only from the right nozzle 15'R in the
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shown in FIG 1 was used to cut a silicon ingot having
a dianmeter of 300 nmand an axial |ength of 200 mm
into wafers based on the slicing nmethod according to
the present invention, thereby 190 sliced wafers were
obtained. A wire having a dianeter of 160 m was used,
and a tensile force of 2.5 kgf was applied to cause
the wire to travel in a reciprocating direction at an
casavertege tspeedref 150Camseich i rayel efppmee dpdt side

t her, l1ci f d, 0, IS .
0 e GG £ 3 #1981 PAPHE e Bhpbl 16 01 b BEabi hr o

appldLiug, (andrbhtWasdsupd iredt t oL )gr oowether okherrs hairtdy
a tenperature profile depicted in FIG Zﬁﬁq. ,
it Ry tyuppbied PRéYsEaery ther R ustPhglanlPngotn the

t enper.at ' uppl i t i 0 a Xidi
cass TR PRE ErS R cRhe (s SPENH Teunty LaBITy e
to lahgadft espéeature is supplied with the tenperature

profile shown in FIG 2 fromstart of slicipg sq .

t hatlohgeY&t s p?%%ﬂoﬁﬂ!l§§%ﬁo?ﬁetrﬁe aﬁrgalﬂgeh%zaz? esggwﬁ A
rid.he 28 rasg hbatuk-be aWidarde causeshporatavel offr amea

left side to a right side as viewed froma front of

ingate duriengaw sappanat R¥oCESTont side of FIG 1), on

[O&él other hand, it is supplied only fromthe |eft
nozzle 15'L in the <case that the wire is caused to

trawvelc.f romleows ght clsadge ta adngfdaradivwee dbrebgeingot

t her nocoupl es_were arranged .as_sho ' FLG 12(B) t
at ﬁ%ﬁﬁu?&%gchgﬁﬁe Snagéﬁb%ﬁﬁﬁﬁﬁfcﬁm$%lgan§8t dugiLg g
terdd AN Or9eeshie [BGBL Wlda thehoveraychapgadimisting

tenperature of the ingot at this time. FIG 3 also
an deygat stempdnagerenis not supplied for a comparison
(later-explained Comparative Example 1).

As shown in FIG. 3, it cah be understood that the
change of ingot temperature was made to be moderate
during a slicing process and rapid cooling was
sufficiently alleviated at a position near a slicing end
portion when the slurry for adjusting an ingot
temperature was supplied in accordance with the
temperature profile depicted in FIG. 2(B), especially as
compared with Comparative Example 1 using the

conventional slicing method.

[0062]
Additionally, thickness distributions of the

sliced wafers obtained in Example were measured. FIG. 4
shows measurement results of the sliced wafers, which
are 20th, 40th, 60th, 80th, 100th, 120th, 140th, and
160th from a head side of the ingot as representatives.
It can be understood that a uniform thiékness
distribution can be obtained in, especially, the central

region in any sample in this manner. Like later-
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tenperature of the ingot when the slurry for adjusting

an ingot tenperature is not supplied for a conparison

(1 ater-explained Conparative Exanple 1). As shown in

FIG 3, it can be understood that the change of ingot

tenperature was nmade to be noderate during a slicing

process and rapid cooling was sufficiently alleviated

at a position near a slicing end portion when the
expslainmred foompai astivegExaripdgot? , twrperbkar 8lwagy for

suppl ied in, accordance with the _t rfile .
a0 Pt nifrel SERPe-athes Ay CORELERELELY Shprtied

frdaP Rt vgh Exannl ecEtusiong lids, wwriveat unhabrsl i cing
et hod. Cg_0062] Addi tional ly, thickness distributions
thigtkngrs &}5eeaPWALEPs COBRE &P i BERple were

[0 sured. FIG 4 shows neasurenent results of the
sl ced wafers, which are 20th, 40th, 60th, 80th,
100 th2(t h,pdeh@d b, nand-t 2600t afohdmsa Wzl exageingd in
the ingot as representatives.. |t _c be. upder st
s1iqed %%ﬁ?o?mgﬁpgan ¥s S-di%td b%tﬁ?j(;%r%laﬁg eogbtggl%r?et
baddh &SPech abhye hBeneentlsalExan@di®N ifdasychapl edsults
this manner. Like later 29 expl ai ned Con‘gar ative
n

derbimd el FiienSthe ghgr optagmedhd) U5 i ng 8ROWRgSt level
t enper at ont i I : ' rivght
ot SEPPOf0%o a0 SRR Y, PP i Lo Bokber
endlist rd bikkioeg wanhotnbebshtisisked:e 08681t Fugt heposition
seudo nano-topographi.es,  wer etaexarri JPed in_ slice

d .
of \%&eerjéq%‘b’? a%]ﬁeggbﬁ?x PilcPrid & il al 11yt ot Si BgBPs™- the

1eRASLAN L He §3RBAELRAOE % rEXaTp €, vandeeaoh6oks a
results depicted in FIG 5(A) was obtained. FIG 5

relstiowes vdewel iof apackepdond® hamch opdgP aph§li AVER&9IS
va1&%%%%2éﬁéfﬁgrégﬁggrgfg%hgifﬁdgkVﬁgrb?T6aQ§CES§§ont end
portion, 0.12 at a central portion, and 0.13 at a rear
end portion, and it can be understood that the average
value can be controlled to a very small value.

[0064]

As explained above, the slicing method according
to the present invention controlled the nano-topography
very well, and high-quality wafers having a uniform
thickness distribution were able to be obtained. When

such a wafer is provided, a yield in a device process

can be increased.

(Comparative Example 1)

[0065]

The silicon ingot was sliced in the same manner as
Example except that the slurry for adjusting an ingot
temperature was not supplied, thereby 190 wafers were
obtained.

[0066]

30



of the ingot in an axial direction. In this manner,

the I|evel does not exceed an upper limt value (0.6
as a relative value) in any region of each ingot, an
average value in each region of the ingot is 0.16 at
a front end portion, 0.12 at a central portion, and
0.13 at a rear end portion, and it can be understood
that the average value can be controlled to a very

smahk walbwe. i[04} . A&,ekplaéheuiabow@ a Heemad ¢ 1049 fgre

met hod di
of TRE NI GHOGTIBNG S IaEs M CCARE T oh dRl Py

und@??%éb&“ﬁﬂi@ @h@niﬁgbﬁ11bmﬁ3§¥ﬂﬁy(hddle@Uétoa wer e
able to be obtai ned. When such a wafer is provided, a
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ggaft%“"e A=xampl& Ly {r98651gx£he Sir i3 1 NPt s MWBSe g

i thé “sdane manner anmpl € except that the
waf%&iésr rya flgvedj eist & ngsandongano-ttenpereapne washhoh. An
supplled thereby 190 wafers were obta#rp OOG@] 30
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0. 2@“%6'Hﬂ%eﬁ%géfg%érﬁhbﬁleg RMRCESSne | to£an. b8 at a rear
rstood that the ingot is rapldly cool ed at a

endp@ynhxnnrﬂﬁutnes$amﬁngaéddt@@rﬁWﬁf%@?SVﬁ%V?olsoé 4 to

. Further, .as s d
IS Nt ereiay eve seugﬁiﬁgﬂ%g %g%ggapﬁngg'

5(Ah|@m Ath avef Be. I$n0p59t&bu&dﬂ%ﬂﬁh@nﬂepeltEEneeﬂed
the ingot, 0.29 at a central partion of the s

an gpps il igiearalapdOpbr £fof @Psﬂjfel%n%eaﬁnah?ﬁghcg%g
enda}l)%ré:cgl% valfe i s @aﬂe&osl:icédt IBS e thancibetrdaha

np e depicted in FIG 5(A) in each region. In
porpdrtn cut arhe theat eortl preséded of the ingot In some
cases.
The wafer having such a level of the nanatopography

greatly affects a yield in a device manufacturing

process.

(Comparative Example 2)

[0067]

The same silicon ingot as that in Example was
sliced in the same manner as Example to obtain 190
sliced wafers except that the slurry for adjusting an
ingot temperature was continuously supplied from right
and left nozzles 15'L and 15'R regardless of the
traveling direction of the wire. It is to be noted that
the supply temperature profile of the slurry for
adjusting an ingot temperature was the same as that in
Example.

[0068]
As a result of Comparative Example 2, rapid

cooling of the ingot near the slicing end portion was
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an upper limt value 0.6 at a position near the
slicing end portion of the wafer sliced out fromthe
front end portion or the rear end portion of the
ingot in some cases. The wafer having such a | evel of
t he nanat opography greatly affects a yield in a
devi ce manufacturing process. (Conparative Exanple 2)
[0067] The sanme silicon ingot as that in Exanple was
abXd it®dbd natbedsdne manner as Exanple to obtain 190

sliced wafers except . that the sl.urry. . adj ust | an
i ng&toSHRier athFR 5@%R&8%Pfﬁﬁbé§%g%&é%#}e J??oﬁ???ght

s1 80k | gffepogetas ntd ﬁjﬂgiﬂéiﬁbr@@ﬁrﬂbesar@ﬁ,the
traveling direction o

thidlatess henstppl gendmser g@?ﬁjgrés%?ﬁll;éggf?g{%ﬂg(esf:ﬁ%%s‘artoerd
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tha@ptgisceohitagasficthedngn beerusbdesshicei fgeerd urry
0¥ reknesbngi 0 B forf PRIl 180 Rt er Shra ned
o i e

diffe e f6oml Exemwplse idoridh Hel efhet REESERits 1nvention
fluctyation occyrs hec i n t Sl Uk for;
ex%m}%gafnaagﬁrﬁﬁ&* %ﬁsE%Fﬁ 2y NESr Qaaﬁsﬂldé ﬁd31ngot

rpef at uf e was cont i nuousl y
terﬁé}‘@ffé’%gﬁtef ]far@ng[siEXu@ﬁia r_:_pjaal’tdl _d]esfm% _mﬁz?ﬁesewrly tmdi‘_ el?ﬁt?_,t}a%
| ple in whic e present_inv
wiexankRddthrat @s@act a ey s"l’kb?l?ytlf‘ﬁrcgg‘jtﬁ i g lnoerPnég%tnthe

wal&pgratune was syppld g &) spoat alihesentigy a8 devgidt the
temperature greatly interfered with the slurry for
slicing at the entry side of the wire to greatly affect

the sliced shape.

[0069]

Tt 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 substantially the same feature 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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wire, and thus especially when the central region of
the wafer was sliced, the slurry for adjusting an
ingot tenperature greatly interfered with the slurry
for slicing at the entry side of the wire to greatly
affect the sliced shape. [0069] It is to be noted
that the present invention is not restricted to the
foregoi ng enbodi ment. The enbodinent is just an
exenplification, and anglédatpl es that have
substantially the sanme feature and denonstrate the
same functions and effects as those in the technica
1. congepl idessy inRathdd chainuial whedinesentwimventéomd a
are included in the technical ~scope of the present
plunaldity orf spoeyafivsoliers kit SRethddt PRcl ulfng

aggyﬁ¥ylg%eﬁﬂééf @5oﬂgds§id@d“fﬁﬂéBWéﬁeﬁéoﬁMﬁﬂero!|er3
and pressin he wire against an ingot to be sliced
suppllyd maferslwhi y efosuppliyiimy &osltive yoreevedi EPhgers

the grooved rol|ers, and causi.ng the w L ravel in
andy G b ¢ gt Qi FEcLTEY e ﬁl%??ﬁﬁ?%%%%ﬁﬁg
dirddicesh Wighe songrol ling a tenperature of the ingot by

supplying a slurry for adjusting an__ingot tenperature

t?_th@ iimgett iirdepeheedt V§thr 6pPEEE L 1N () fgpperature
I Cl.n ' h f ' - -
of ?c o c%“ﬂ)fsé%ggg&Iﬂél[?ytao%{lhﬁdﬂwsﬁdf‘gaéﬁ‘ustEQ tan

_ ur e’ ¢ e I'ngot only at the exit
inggtde éfpd et wis et cavded ihgdtr avelegenddrtly from the

reci procatjing, direction. 2. Th lici h
Sl%ﬁﬁ%ﬂ?ﬂﬁmf¥bg%?%iWpi}ewﬁgﬁéi J%ﬁ%;é§€??§?§8?9ng an

inff Usth g 20,1 8005 LapRanaldt® ithe sippbt ednihi bhe ahe
.supp!y tenperature thereof is increased fromstart of
exidl ixtidry;of heheuppkg cemsedatinr £ GFVehelnsFifry for

re AYHS140G, §Nal PEL s bgTPer at ure when the

2. The slicing method according to claim 1, wherein
the slurry for adjusting an ingot temperature is
supplied while a supply temperature thereof is increased
from start of slicing; the supply temperature of the
slurry for adjusting an ingot temperature when the
slicing depth of the ingot reaches at least 2/3 of the
diameter becomes equal to a temperature of the ingot,
and then the slurry for adjusting an ingot temperature
is supplied while the supply temperature 1is gradually

reduced.

3. The slicing method according to claim 2, wherein
after the slicing depth of the ingot reaches at least
2/3 of the diameter, the supply temperature of the
slurry for adjusting an ingot temperature is gradually
reduced to be equal to the supply temperature of the

slurry for slicing at end of slicing.
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slicing depth of the ingot reaches at |east 2/3 of the
di aneter becones equal to a tenperature of the ingot,
and then the slurry for adjusting an ingot tenperature
is supplied while the supply tenperature is gradually
reduced. 3. The slicing nmethod according to claim 2,
wherein after the slicing depth of the ingot reaches
at least 2/3 of the dianmeter, the supply tenperature
of the slurry for adjusting an ingot tenperature is

4. gr ﬁ%g%l&.l , esrag%duafpﬁ;gaéé)?gs %8?a|slﬁg.itntbe asﬂ"%m %t ojfnto

te STurry tTor slicing at™ e

wa feldsCimngrid® 4t Pewkte saw apparatus for slicing an
ingot into_wafers having at gﬁast:

, a pluraliry of .
gr odv e reids A SRR WA CRO& it e aqogl%{mdﬁal,g% rehs®
is QQ§I§prIy|ng a slurry for slicing to the grooved
rolTers; and a neans for supplying a slurry for

a?jasgba@samoﬁrﬁﬁpplphpgratadammytﬂﬂ;i&kﬂﬁim@ be the
sl i ced, tenpergture of the slurry for adjusting an
IToOyGSt 19 ?atﬁ?g is controlled i ndependently from

thesshdbhy fo¥ SlpEl Pongt he swukre ys & apah)ed tisng nan

~ Wwhich the ingot is Rgressed against the wire to be
ingslti dednnanat wWae eFQ WARI eNIRLsINR R ot 1SPci Ag is
ten%%&%f&?%tékt ﬁe959g¥§9 Q] & F;u i dheaeangotor

uppl'ying a slurry tor-slicing;” a slurry for
tempdirushimg B9 cogotol erperdaderernidersupyl fednt bhet Rurry
¢ |n%3%{b the means for supplying a slurry for
OLadf usth an ingot tenperature; the wire is caused to

trayglk kA rLG MpSatapgsdi heahiioh oMeraidgot heswire
saw apparatus has further a nmeans for controllin% a
pressyl VYRSt okhef Wi ke §puh%/qkﬁced into wafers while

a slurry for slicing is supplied to the grooved rollers
by the means for supplying a slurry for slicing; a
slurry for adjusting an ingot temperature 1is supplied to
the ingot by the means for supplying a slurry for
adjusting an ingot temperature; the wire is caused to
travel in a reciprocating direction,

wherein the wire saw apparatus has further a means
for controlling a supply position of the slurry for
adjusting an ingot temperature and

the means for a supply position of the slurry for
adjusting an ingot temperature is capable of controlling
to supply the slurry for adjusting an ingot temperature
to the ingot to be sliced only at the exit side of the

wire caused to travel in the reciprocating direction.

5. The wire saw apparatus according to claim 4,
wherein the means for a supply position of the slurry
for adjusting an ingot temperature has a switching valve

and the slurry for adjusting an ingot température is
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adjusting an ingot tenperature and the nmeans for a
supply position of the slurry for adjusting an ingot
tenperature is capable of controlling to supply the
slurry for adjusting an ingot tenperature to the
ingot to be sliced only at the exit side of the wre
caused to travel in the reciprocating direction. 5.
The wire saw apparatus according to claim4, wherein
supbhé evbdrs the ngeppty PesPLiesortie & uFi§ ei‘blt' side
just.ing.,ap in ag r a | [ ve
of FRE Te Sl 4 P R A R TS
34 supplied to the ingot to be sliced only at the exit
side of the wire by a changeover of the sw tching
val ve. 35
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