DESCRI PTION  METHOD FOR SLI CI NG WORKPI ECE BY USI NG W RE SAW AND W RE SAW
TECHNI CAL FI ELD [0001] The present invention relates to a nethod for
slicing a workpiece (e.g., a silicon ingot or an ingot of a conpound

sem conductor) into many wafers by using a wre saw. BACKGROUND ART
[0002] In recent years, an increase in size of a wafer is denmanded, and a
wre sawis mainly used to slice a workpiece 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, DpgseREBSIQNwor kpi ece against the wire to
cut the workpiece while a slurry is applied to the wire and thereby
slices the workpiece into many wafers at the sane tine. [0003] Here, an

outline of agplge s9f Yook b prak! By J8NTR@IWIHE SARMNE BHREN in
FIG 3. AsMgﬁgég ?ﬁRFF%;Q§ﬂ%g ﬁ?@g saw 101 mainly includes a wire 102 for

slicing a workpi ece, grooved rollers 388 around which the wire 102 is
wound, a nechanism 104 for giving the wire 102 a tensile force, a
mechani sm 105 for feeding the workpiece to be sliced dowmmward, and a

mechani smpdBanfrensupdyhng a slurry at the time of slicing. 1 0 [0004]
[0001]

The present invention relates to a method for
slicing a workpiece (e.g., a silicon ingot or an ingot

of a compound semiconductor) into many wafers by using a

wire saw.

BACKGROUND ART

[0002]
In recent years, an increase 1in size of a wafer 1is

demanded, and a wire saw is mainly used to slice a
workpiece 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,

presses a workpiece against the wire to cut the
workpiece while a slurry is applied to the wire and

thereby slices the workpiece into many wafers at the

same time.

[0003]
Here, an outline of an example of a conventionally

general wire saw is shown in FIG. 3.

As shown in FIG. 3, a wire saw 101 mainly includes

a wire 102 for slicing a workpiece, grooved rollers 103

around which the wire 102 is wound, a mechanism 104 for

giving the wire 102 a tensile force, a mechanism 105 for
feeding the workpiece to be sliced downward, and a
mechanism 106 for supplying a slurry at the time of

slicing.



The wire 102 is unreeled fromone wire reel 107 and reaches the grooved
rollers 103 via the tensile- force-giving nechani sm 104 conposed of a
powder clutch (a constant torque notor 109), a dancer roller (a dead

wei ght) (not shown) and the like through a traverser 108. The wire 102 is
wound around this grooved rollers 103 for approximately 300 to 400 turns to
forma wire row, and then taken up by a wire reel 107" via the other
tensil e-force-giving nechanism 104'. [0005] Moreover, each of the grooved
rollers 10800843 roller that has a steel cylinder of which a polyurethane

resin is pressed in the periphery and fhat _has grooves for a fixed
pitch on a surfatBet Hér&ofl 02THe vbb‘bﬁ%e{%ﬁglrgrfﬁlz %%%rﬁ%egjﬁdllo?ﬁa

reci procat|} ILegld on {or deben gi-ied oy aved | fge dishante-by a
driving no lgg qffg%el[soon%%ﬁ) %@?géfﬁo be noted that the workpiece-feeding
nechani sm 16bcteeds itnhe mvartep ese 1 Odardmplhsad ref 1D2Pov@deRdcarbGARd t he

grooved rollers 103 by hol ding and i ng down_the i ece the tinme
of slicing{@heOPREARY é(f’e‘?q%%%%Q%F, ?ﬁggzl gs ar er(\éfr)%%?dg% %%gfj t he

gr ooved F%éf%ﬁt?o%n Rd SR PUREAWERE 18%e aMrdligh s ureyezarrbd Guppl i ed
to the wwre 102 froma slurry tank 116 at the time of slicin

Addi ti onalTlye wiskudOy ichiWdwnd 1&170ilsdc§hﬁ}§ctgé”{1?wqql1 %%@%?ﬁ??‘wt ank 116
oo € PEERE B erblS 0 sy b, P BUP L e e rackat o
and then taken up by a wire reel 107' via the other
tensile-force-giving meéhanism 104°'.
[0005]

Moreover, each of the grooved rollers 103 is a
roller that has a steel cylinder of which a polyurethane
resin is pressed in the periphery and that has grooves
formed at a fixed pitch on a surface thereof. The wound
wire 102 can be driven in a reciprocating direction for
a predetermined traveling distance by a driving motor

110.

[0006]
It is to be noted that the workpiece-feeding

mechanism 105 feeds the workpiece toward the wire 102
wound around the grooved rollers 103 by holding and
pushing down the workpiece at the time of slicing the
workpiece.

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

[0007]

With the wire saw 101, an appropriate tensile



2 force is applied to the wire 102 with a wire-tensile- force-giving
mechani sm 104, the wire 102 is caused to travel in a reciprocating
direction with the driving notor 110 and free-abrasive grains in the
supplied slurry are pushed into an inner portion of a wire groove (a
slicing groove of the workpiece) by the wire 102 to scrape a bottom
portion of the groove of the workpiece so that the workpiece is sliced.
[0008] Friction that occurs in this case causes generation of heat at a

slicing p%’&ﬂc"é‘ of é%?ﬂ‘@&kleioe%e and-4 hesehy: ¢ Reawni kpi-ee@ sis d-her mal | y
expanded during ~slicTing. Mreover, the grooved roller is axially expanded
by t her malf @xpansi wingndechinicn dfsd, Hew wheeweBA tke CRAYSE%Ar® t he

grooved roller and under  frictiqnal heat generat a -i portion,
whi ch su§ﬁﬁ%ﬁ#t%ﬁe@rB%QéHrPGPFéﬂg(é%ﬁﬁﬁﬁka?IV}gﬁhgbg ggg%ﬁfﬁgtances t hat

a relati V%&Q@é ti O DSt VWeeBetas ~aarikii afesi@ndi & hehwi seppaedshi ch is
spirally wound around the grooved rollers, changes during slicinqi It has
been knows ltuhaty displ peehedt ioftot ke grmomedo¥biPBr ofn2aif1da XM recti on

has a constant. correlation w.th ,a tenperat | wer PRl i ed
duri ng slﬂ@i@le#EQW%¥?%V308f(§Q§Ejﬁﬁg(égﬁy at% tkﬁgi }ESE%i%ﬁokai)

No. H5- 18541%hpd 0004t Fokhgpae ibm WFe tiel ajioveveostt tor betmkpsreahe

wor kpi ece and the wire row, which is caused by the thermal expansion of

t he wor kpisecé hartd ttlhee expkpiees éf StHE€SGtooved roller in an axi al
directionTO%b%qgs about inflecting slicing trajectory that is depicted in

t he
Friction that occurs in this case causes

generation of heat at a slicing portion of the workpiece
and thereby the workpiece is thermally expanded during
slicing. Moreover, the grooved roller is axially
expanded by thermal expansion under frictional heat
between the wire and the grooved roller and under
frictional heat generated at a bearing portion, which
sustains the grooved roller. Consequently, there are
instances that a relative position between the workpiece
and the wire row, which is spirally wound around the
grooved rollers, changes during slicing.

It has been known that displacement of the grooved
roller in an axial direction has a constant correlation

with a temperature of the slurry supplied during slicing

the workpiece (See Japanese Patent Laid-open (Kokai)

No.H5-185419).

[0009]
A change in the relative position between the

workpiece and the wire row, which is caused by the
thermal expansion of the workpiece and the expansion of
the grooved roller in an axial direction, brings about

inflecting slicing trajectory that is depicted in the

workpiece by the wire 102. There is a problem that this

inflection of the slicing trajectory is detected as Warp



wor kpi ece by the wire 102. There is a problemthat this inflection of the
slicing trajectory is detected as Warp 3 in a shape neasurenent after wafer
processi ng. For solving the problemregarding the generation of heat in

t he wor kpi ece during slicing, there is disclosed a wire saw that has a
wor kpi ece cooling neans provided in a workpiece hol ding menber and slices
the workpiece with cooling it (See Japanese Patent Laid-open (Kokai)

No. H | -58365). [0010] However, in a nmethod for slicing the workpiece by

using this wre gawe ibash Ydddicultcdp haveraprawdssairant cooling
capability since a slicing portion is far froma cooling portioon and a
size of the coolfow spbvingnths pestrlicn etegavdhngf thRe IROKFEEE i s cool ed
with the workpi ece,coolin ans proyided in-t workni.ece; hol di ng menber
during sHQﬁrEFaEdHPthﬁalﬁﬁ p%qéé %%fﬁ%g ééﬁggﬁgeoﬁ?$% the ther mal
expansi on pfsdPgscdr goveder @ldwerthd®0Hd$ nwbhpdleher dvariding eyea@sng t he
thermal expansion of the grooved roller during slici g; there As di scl osed
a wire sawtdwatdbdsibear Wogkrfigce dtat@bng 568 &irniaﬁ)cf Lif9% atity of the

grooved rollers, a cooling-nedi um. su [ = Bl 4 dYode 00!l i NG
medi um t héf’tor%%b?geeg&ﬁhogogﬁém@ealﬁsngg %ngggg@%%%i r%—tr;e?at?um pe

t enper at ur@gcdh Yt kBgHMeang 3fa¥) .adj usting a tenperature of the cooling
medi um ( See Japanese Patent Laid-open (Kokai) No.2003-145406). Although

this wire [$4@hn adjust the tenperature of the cooling mediumto be
supplied to anldgwgvégfein a method for slicing the workpiece by

using this wire saw, it is difficult to have a
sufficient cooling capability since a slicing portion 1is
far from a cooling portion and a size of the cooling
portion is restricted, even if the workpiece is cooled
with the workpiece cooling means provided in the

workpiece holding member during slicing. Additionally,

this method cannot control the thermal expansion of the

grooved roller.

[0011]
on the other hand, regarding the thermal expansion

of the grooved roller during slicing, there is disclosed
a wire saw that has bearings for rotatably sustaining a
plurality of the grooved rollers, a cooling-medium-
supplying means for supplying a cooling medium that
cools each of the bearings and a cooling-medium-
temperature-adjusting means for adjusting a temperature
of the cooling medium (See Japanese Patent Laid-open
(Kokai) No.2003-1454006).

Although this wire saw can adjust the temperature
of the cooling medium to be supplied to an inner race
side of the bearings, which sustain the grooved rollers,
it is difficult for the wire saw to cool an outer race
side of the bearings. Since the thermal expansion of

the grooved roller is also affected strongly by a



side of the bearings, which sustain the grooved rollers, it is difficult
for the wire saw to cool an outer race side of the bearings. Since the

t hermal expansion of the grooved roller is also affected strongly by a 4
tenperature of the slurry supplied to a peripheral surface of the grooved
roller, it is difficult to effectively reduce the thermal expansion of the
grooved roller by the nethod of adjusting only the tenperature of the

cool ing nedium supplied to a shaft part of the grooved roller.

Addi t i onalyd o d Fi Sy Mk T §£ SEWLCANRGLy GAIPE Pled heot hepaali pexparlsi on of the
wor kpi ece during slicing. [0012] Moreover, there is disclosed a nethod for

slicing tshe fmorkpd Bcehahgkeocaechaedd dm tehpbs atyfé 160 1thé© wor kpi ece is

nmade snal | ,_for, ex le, ,by s | yi.ng the ayicn W,@g
t enper atureef{ﬁﬁtihvge Yi%?ﬂ@g?hggg$%meage eorgﬁé¥gﬁu}éfnyﬁl§vi ng a
predet er mmad o4 eiperiad Uhet A¥dComt Keljhigti ideot eppehat teepieralapanese

Pat ent Lai d-open (Kokai) No.2003-1624. Moreover, there is disclosed a wire
saw that lods the memsiidrnedinnnguprd iEdirty df SMALENPE Ttefferdure is

control led on fhe workpi eceAéjﬂg%%ﬁﬁhgtﬁﬁw% sh@tLLAgoa medi um of

whi ch a tngSé)rVaeture IS contto piece directly to control the
t enper at Ug@n@frdihe hawikpiee® eRphatsdomatd oraie Publk kpaticen dRarplyl et

W00/ 43162. [0013] However, any of the foregoing conventional arts have
such probBémsif¥at a special mechani smneeds to be added to the wire saw

or an irrpr[%\ég@e]nt effect on the
Moreover, there is disclosed a method for slicing
the workpiece while a change in temperature of the
workpiece is made small, for example, by supplying the
slurry having a constant temperature during slicing the
workpiece or the slurry having a predetermined
temperature by controlling the temperature in Japanese

Patent Laid-open (Kokai) No.2003-1624.

Moreover, there is disclosed a wire saw that has a
means for pouring the slurry of which a temperature is
controlled on the workpiece directly or a means for
jetting a medium of which a temperature is controlled on
the workpiece directly to control the temperature of the
workpiece in International Publication Pamphlet
WOOO/43162.

[0013]

However, any of the foregoing conventional arts
have such problems that a special mechanism needs to be

added to the wire saw or an improvement effect on the

Warp is insufficient.

DISCLOSURE OF INVENTION

[0014]
Hence, the present inventor conducted experiments,

measured the temperature of the workpiece and an amount



Warp is insufficient. D SCLOSURE OF | NVENTI ON [0014) Hence, the present

i nventor conducted experinents, neasured the tenperature of the workpiece
and an anount 5 of displacenent of the grooved roller in a front and a
rear side of the wire saw during slicing, and investigated a reason for an
occurrence of the Warp generated in the case of slicing the workpi ece by
using a wire saw. A silicon ingot having a dianeter of 300 mmand a

| ength of 300 mm, which was prepared for the experinments, was sliced by

using the wire. [ I ' a |yt r f,the
slurry is égon }%ﬁ;{\’%ggﬁ\éﬂge%af': tggng%grﬁé?gnﬁg?gtegr}eino%nrzfg%ﬂdjuﬁ(ﬁgasI i ci ng.
[0015] A rssan tsdienedstheny ixechrangedunihyesténpegat amel of t he wor kpi ece
during slicing is shown in FIG 4. It is to be noted_that e tenperature
of the wIrKpiTerIagInBasGrSP att Yot eRASUEFERRE Wérﬁ&%a ¥ using a

ther mcoup]es, fzﬁé&oi‘ﬂ LReFLGseto AW 1\9; 841 hBTwbRRpWRIPIRE Qs i ddie
tenperatugé é? t he morkgﬁgce ngg fron1theéstartwof psliciﬁé? reached 38 C
(i ncrease aofwiapproxwvimately 15 C) when a cutting depth of the workpi ece was

approximately 170 mm, and then fell. In the vicinity_o a_slici,ng end
portion (i Lhi 8 cHad CThLEGOE | REvABHL R WSt off a0 &I DR2789L & 500 )
the tenpenatiyte AdrtHe0 MR KRNSES RILCI Pripdsky freld tanrd HasewrEnddtE&, which
was nearly the same as the supply tenperature of the slurry at the end of
slicing. was sliced by using the wire saw shown in FIG. 3 while a

supply temperature of the slurry is controlled to be a
constant temperature of 23 °C during slicing.

[0015]
A result of measuring a change in the temperature

of the workpiece during slicing is shown in FIG. 4.

It is to be noted that the temperature of the

workpiece was measured at both ends of the workpiece by

using a thermocouple.
As shown in FIG. 4, during slicing the workpiece,

the temperature of the workpiece rose from the start of
slicing, reached 38 °C (increase of approximately 15

°C ) when a cutting depth of the workpiece was

approximately 170 mm, and then fell. In the vicinity of

a slicing end portion (in this case, the cutting depth

was approximately 275 to 300 mm), the temperature of the
workpiece precipitously fell and became 23 °C, which was

nearly the same as the supply temperature of the slurry
at the end of slicing.

[0016]
It was thought that a shape of the Warp due to the

change in the temperature of the workpiece was concave

with respect to a face of both ends of the workpiece and

the Warp of approximately 5 um was generated at both
ends of the workpiece in consideration for a thermal

expansion coefficient of a silicon, a method for fixing



[0016] It was thought that a shape of the Warp due to the change in the
tenperature of the workpi ece was concave wth respect to a face of both
ends of the workpiece and the Warp of approximately 5 m was generated at
both ends of the workpiece in consideration for a thermal expansion
coefficient of a silicon, a method for fixing 6 the workpiece in this
experinents and a positional relationship between the grooved roller and
the workpiece in the wire saw that was used in this experinments. [0017]

Next, A result of ring a SRl acemenito@fl t he grooved
roller isqé‘%ﬁﬁ°$%8§$§§ E?Af%qslt I'S E%ﬁ%éfﬁo?gg thg t he amount of the
di spl acemant1 0f i dheh gp obuvederal ltare wasooreaduretilby aadr &fg ng an eddy
current sensor in an axial direction of the grooged r%lfg in close

proxi m ty MoF Kk ¢ obeliner e SeseMG BT RIFSIASSAOWY in FIG 5(A), a
position qf, the ed roller in the front side of an apparatus was
dispIaced%xg§n§5%%€§?hately 10 pmforward between the start of slicing and
a cutting [death] of 150 mm of the workpiece. Then, the anmount of the

di spl acenent was constant unijl _the end .of su{%;Q%uAQeO¥DE5§iece. On the
other hand, a pP6&gitri éh FSthe 9foBFEF WM % T he ' relr side of the

appar at us Jlardl - shangeds £0Q18kddvardsrd hpaight st babowa shapel®f § i) War p
due to the i spl acenent of theé grooved roller was convex with respect to

a face of the wdkkpisede ibe thetédohhasi g@iepfamount of the

displacement of the grooved roller was measured by
arranging an eddy current sensor in an axial direction
of the grooved roller in close proximity to the grooved
roller (See FIG. 5(B)).

As shown in FIG. 5(A), a position of the grooved
roller in the front side of an apparatus was displaced
by approximately 10 um forward between the start of
slicing and a cutting depth of 150 mm of the workpiece.

Then, the amount of the displacement was constant until

the end of slicing the workpiece. On the other hand, a

position of the grooved roller in the rear side of the
apparatus hardly changed.

[0018]
It was thought that a shape of the Warp due to the

displacement of the grooved roller was convex with
respect tova face of the workpiece in the front side of
the apparatus, the Warp of approximately 3 pm was
generated on an end face of the workpiece in the front
side of the apparatus and the Warp of approximately 0.7
um was generated on an end face of the workpiece in the
rear side of the apparatus in consideration for a
thermal expansion coefficient of a silicon, a method for
fixing the workpiece in this experiments and a
positional relationship between the grooved roller and

the workpiece in the wire saw that was used in this



the apparatus, the Warp of approximately 3 pmwas generated on an end face
of the workpiece in the front side of the apparatus and the Warp of
approximately 0.7 mwas generated on an end face of the workpiece in the
rear side of the apparatus in consideration for a thernmal expansion
coefficient of a silicon, a nmethod for fixing the workpiece in this
experinents and a positional relationship between the grooved roller and
the workpiece in the wire saw that was used in this 7 experinments. [0019]
As descri bed above, the Warp neasured actually in a wafer neasurenent is
caused by SXR&ImIIHatTon the foregoing inflection of the slicing trajectory
due to theoutmnge in the tenperature of the workpiece and the

di spl acenent of the grooved roller with the inflection o% t?i sl.i_ ci ng
trajectory due A6 BEIOUP L heboFact 6P MarR MefbicDequiAtiYi &4

Accor di ngly, JJc | S, LIBOLLARL: LG IaduGR: 1At Or SohbahagaBrberGuant | fi ed,

that is, onof the slicing trajectory due to the change in

t he tenperatrdg iafg t hef weckpbace fandhet hel i spy aceapactooly dhe drooved
roller in order to inprove the Wrp. 0020].In vie%/of thenﬁbqyggexplained
pr obl ens, tihe ichadige obj ekheof SPRE LS t°F nRAt YR PHpPod e A i re saw
and a et hod fceld el NGe A HOT KRLBLR DY 11 19 @i Yh Ensalh fllacuiiaeh ¢ he
slicing trajgktory epicted In"the workpiece can be nmade close to a

strai ght bifneHey slsupprgssrajeatdegr ease tiq tdel eesperhedr 26T Alife

wor kpiece in the vicinity of the.slici end. .poy-t.ion of . .t iece and
by reduciﬁaa§n9%ﬂﬂﬂﬁrhﬁ %P%ﬁghgéeﬁn aggcordlngl§’rh@ is ! Mip¥REhle

to reduce factors that can be quantified, that is, the
inflection of the slicing trajectory due to the change
in the temperature of the workpiece and the displacement
of the grooved roller in order to improve the Warp.
[0020]

In view of the above-explained problems, it is an
object of the present invention to provide a wire saw
and a method for slicing a workpiece by using a wire saw
in which the slicing trajectory depicted in the
workpiece can be made close to a straight line by
suppressing a decrease in the temperature of the
workpiece in the vicinity of the slicing end portion of
the workpiece and by reducing an amount of a change in a
rate of increase in the displacement of the grooved
roller during slicing so that the Warp of the workpiece

to be sliced can be improved.

[0021]
To achieve this object, the present invention

provides a method for slicing a workpiece by using a
wire saw including winding a wire around a plurality of
grooved rollers, slicing the workpiece into wafers by
causing the wire to travel and pressing the workpiece
against the wire while supplying a slurry to the grooved

rollers, wherein the workpiece is sliced while a supply



rate of increase in the displacenent of the grooved roller during slicing
so that the Warp of the workpiece to be sliced can be inproved. [0021] To
achieve this object, the present invention provides a nmethod for slicing a
wor kpi ece by using a wre saw including wwinding a wire around a plurality
of grooved rollers, slicing the workpiece into wafers by causing the wire
to travel and pressing the workpiece against the wire while supplying a
slurry to the grooved rollers, wherein the workpiece is sliced while a
supply 8 tenperature_of .t sl uy i,S; LNE dd gadmhesd agstato® tdhe end
of slicingd¥ eﬁ%?E%Fe8§. oj%T£¥%§th%sE§§%%§?, when the workpi ece is
sliced whidige ¢he s8pplly dierpertas werkpiehe.slurry is increased from the
start to the end of slicing the workpiece, the decrease in the tenperature
of the worlkPie€k can be suppressed in the vicinity of the slicing end
portion of the ngr | £CR-ANd L hg AP WHe Ofotkigicbange isnildeel natid e of

i ncrease in the displacement of the grooved ro | er can be reduced during
slicing. Ginsesugpllytetperasiims nyt t tlageelvryvddm dred 93°55hel TR kpi ece

can be made <close to a _straight line. and form t p t he
wor kpi ece & betartckd 5§ﬁ 3 dﬁ%r ﬁ%%a?g[8553?%ﬁ¥53ﬁ%§b£§%? it is
preferam(aégggiégeihnghga%%mﬂé}gﬁwt§u@plyhbewpe%ﬁﬂﬁae(ﬁaﬂfﬁﬁslurry from

the start to the end of slicing the workpiece is not |ess than 5 and
not nore tshapdds G=dWhen thie viimprelase ¢h £he §&ﬁﬁ5ﬁ%éﬁﬁgﬁﬁ £°%°th

the workpiece and the amount of the change in the rate

e

of increase in the displacement of the grooved roller
can be reduced during slicing. Consequently, the
slicing trajectory depicted in the workpiece can be made
close to a straight line and forming the Warp of the

workpiece to be sliced can be suppressed.

[0023]
In this case, it is preferable that the increase

in the supply temperature of the slurry from the start
to the end of slicing the workpiece is not less than 5

°c and not more than 15 °C.
When the increase in the supply temperature of the

slurry is not less than 5 °C, the decrease in the
temperature of the workpiece can be surely suppressed in
When the

the vicinity'of the slicing end portion.
increase in the supply temperature of the slurry is not
more than 15 °C, a negative influence on the Warp does
not occur which is caused by an occurrence of reduction
in accuracy of holding and feeding the workpiece of the
wire saw due to an increase in a temperature of a
mechanism portion of the wire saw except the workpiece.

[0024]
In this case, it is preferable that a difference

between the supply temperature of the slurry at the

start of slicing the workpiece and a temperature of the



slurry is not less than 5 C, the decrease in the tenperature of the

wor kpi ece can be surely suppressed in the vicinity of the slicing end
portion. When the increase in the supply tenperature of the slurry is not
nore than 15 C, a negative influence on the Warp does not occur which is
caused by an occurrence of reduction in accuracy of holding and feeding
the workpiece of the wre saw due to an increase in a tenperature of a
mechani sm portion of the wire saw except the workpiece. [0024] In this

case, it is preferable that a difference .Dbet n Unpl y; & egiper at ure of
t he slurryw%§kPhéces?§th8f354%5rﬁgtﬁglﬁbpﬁpﬁggéwgﬁgqg'tenp%%ature of the

9 wor kpi eqerajthe start of slicing the workpiece is 3 C or less. In this

manner, when the difference between the supglg te e&a&ure of Qpe slurry
at the start of Eijthhy mansewer kpiescd hddt hECFERHEr BEGMESSY THe wor kpi ece

at the start of slicing.the | £C81 5,3 SOk nHeShattherrinriease in the
tenperatur%p%?9¥h “TBrk Fgééf?%% ég %%%o% ed at the start of slicing the

wor kpi ece @ngl §BekpVéaep cad e erisatend eat firenode gihadiwny kitiee ¢® at

preci pitous change in the tenperature of the work igée aé t he gﬁggt of
slicing thehewskprecef FOGZEING rFhiwCoERRBESCPt 1iSs Jpr &f 8Fabi®€ ¥hat'a rate of

i ncrease i) e Supply LETRELA A Ofc LOE ShUr b ridamcd heastisst to the end

of incindJFﬁe wor kpi ece i s onstant. In this manner, when the rate of
i ncrease igmddehequapl yheerpearsat ure ofichegskber Workahadfe atdrihto the

Warp can be prevented from degrading due to a
precipitous change in the temperature of the workpiece

at the start of slicing the workpiece.

[0025] _
In this case, it is preferable that a rate of

increase in the supply temperature of the slurry from
the start to the end of slicing the workpiece 1is

constant.

In this manner, when the rate of increase in the

the
of

supply temperature of the slurry from the start to
end of slicing the workpiece is constant, the rate
increase in the displacement of the grooved roller can
be constant during slicing. Consequently, the slicing

trajectory depicted in the workpiece can be made closer
to a straight line and forming the Warp of the workpiece

to be sliced can be more effectively suppressed.

[0026]
Furthermore, the present invention provides a wire
saw in which a wire is wound around a plurality of

grooved rollers, the workpiece is sliced into wafers by

causing the wire to travel and pressing the workpiece

against the wire while a slurry is supplied to the

grooved rollers, the wire saw controlling in such a

manner that the workpiece is sliced while a supply

temperature of the slurry is increased from the start to

10



end of slicing the workpiece is constant, the rate of increase in the

di spl acenent of the grooved roller can be constant during slicing.
Consequently, the slicing trajectory depicted in the workpi ece can be nade
closer to a straight line and form ng the Warp of the workpiece to be
sliced can be nore effectively suppressed. [0026] Furthernore, the present
invention provides a wire sawin which a wire is wound around a plurality
of grooved rollers, the workpiece is sliced into wafers by causing the

wire to travel and pressing the workpiece against the wire while a slurry
i s suppli q(??%eOPgFib9éggr5ﬁ%aﬂaék9ﬁ§%ﬁfe saw controlling in such a
manner t hagtygye) wor kpi ece is sliced while a supply tenperature of the
slurry is increased fromthe start to 10 the end of slicing the workpiece.
[0027] In this danrdris Heamies Shw HEE6r diany ae(bccf%lngr*éeeﬂ{‘ei nvention

control s in such a.nanngr thatn&@%ls 3¥$&§9ﬁ L spghheed it e e supply

e
tenperatuRE%ﬁEQFufn%?ﬁ %§nigoincrease romthe start to the end of

slicing theworkpd ece, st heeabywhaar simpreasgspl hetdmpeeasarien athéhe
tenperature of the workpiece in the vicinity of the incng gqugprtion of
t he wor kpPésigr yanis chrcredaed them Fhsurmtaftihe EREnGES 7%t e YAt ® of

norease Lo the .l splaceoRaLenl e A sohe cdirag il

Consequent e ‘W re saw can t Icing trajectory depicted in the
wor kpi ecetehpse dtoiee sbf at gbt wolrikpe eared icartseippi essityr ifnghehe Warp of

the MDrkpg?%%igé)éﬁhsgégggén[g Z%ke workpiece, and can reduce the

amount of the change in the rate of increase in the
displacement of the grooved roller during slicing.
Consequently, the wire saw can make the slicing
trajectory depicted in the workpiece close to a straight

line and can suppress forming the Warp of the workpiece

to be sliced.

[0028]
In this case, the wire saw preferably controls the

increase in the supply temperature of the slurry from
the start to the end of slicing the workpiece to be not
less than 5 °C and not more than 15 °C.

When the increase in the supply temperature of the
slurry is controlled to be not less than 5 °C, the
decrease in the temperature of the workpiece can be
surely suppressed in the vicinity of the slicing end
portion. When the increase in the supply temperature of
the slurry is controlled to be not more than 15 °C, a
negative influence on the Warp does not occur which is
caused by an occurrence of reduction in accuracy of
holding and feeding the workpiece of the wire saw due to
an increase in a temperature of a mechanism portion of
the wire saw except the workpiece.

In this manner, the wire saw according to the

present invention controls the increase in the supply

11



In this case, the wire saw preferably controls the increase in the supply
tenperature of the slurry from the start to the end of slicing the

wor kpi ece to be not Iless than 5 C and not nore than 15 C. \Wen the
increase in the supply tenperature of the slurry is controlled to be not
|l ess than 5 C, the decrease in the tenperature of the workpiece can be
surely suppressed in the vicinity of the slicing end portion. Wen the
increase in the supply tenperature of the slurry is controlled to be not

more than 18, 6o 8¢y PEIBE Y& d Nieneer Pomt BRVARR rd0e® Nie anmdirofhi ch i s
caused by an occurrence of reduction in accuracy of holding and feeding

t he wor kpi £Tec 0figt BReWWbE kDA ClIet 4 Gbe anotntesaséhiam & t°€npacampte of a

mechani sm portion of _the wire saw except the rkpiece. In thi nner,
the wire JearacktBrai A§ tor t AR FheI&hHY icrﬂfén?fggcggﬁ??éfl sret%ﬁlecrél ?lcchi%ase in

the suppl an%% Lenpgratur@pafedde sipsryrfeem.the start to the end of
slicing the rkpi ece to be not less than 5 C and not nore than 15 C, and

thereby cail0@?®éectively reduce the Warp of the workpiece to be sliced.

[0029] In this case, the wire saw pr.efer V. a itfar. e between
the supply tenperatidte® of2¥he gﬁﬁrrﬁreatsﬂglg%g%%g% ysfzfgztrffgqtsﬁgcv\or kpi ece
and a temeretdrencof bthpewar kpiceumbl ¢ heespart tafreslofcitige thieumoy kpi ece
to be 3 Cor less. In this manner, the wire saw accordi to the present
i nventi on adorthe| stahe @ffﬁéﬁéﬁ@@iﬁﬁ%ﬁ%ﬁr¥RéeC§u6pratg%wﬁﬁﬁﬁl%Fof t he

slurry at Ja{egrﬁé L Rb: 8ELCLRY ¢ e vprkph £C81209ng kARPEIAIRE Re®d the
wor kpi ece e
to be 3 °C or less.

In this manner, the wire saw according to the
present invention controls the difference between the
supply temperature of the slurry at the start of slicing
the workpiece and a temperature of the workpiece at the
start of slicing the workpiece to be 3 °C or less,
thereby can smooth the increase in the temperature of
the workpiece at the start of slicing the workplece and
can prevent the Warp from degrading due to a precipitous
change in the temperature of the workpiece at the start
of slicing the workpiece.

[00301]
In this case, the wire saw preferably controls a

rate of increase in the supply temperature of the slurry

from the start to the end of slicing the workpiece to be

constant.

[0031]

In this manner, the wire saw according to the
present invention controls the rate of increase in the
supply temperature of the slurry from the start to the
end of slicing the workpiece to be constant, thereby the
rate of increase in the displacement of the grooved
roller can be constant during slicing. Consequently,

the wire saw can make the slicing trajectory depicted in

12



start of slicing the workpiece to be 3 C or less, thereby can snooth the
increase in the tenperature of the workpiece at the start of slicing the
wor kpi ece and can prevent the Warp from degradi ng due to a precipitous
change in the tenperature of the workpiece at the start of slicing the

wor kpi ece. [0030] In this case, the wire saw preferably controls a rate of
increase in the supply tenperature of the slurry fromthe start to the end
of slicing the workpiece to be constant. [0031] In this manner, the wire

saw according to the present invention cpn%rois t he ra%g ohgrgprease in
the supplbhe erpekpiere 60K $1oud y° 15ohethel $P&r P “Fhe "%é1d of slicing

the workpi %tcfeeot@jtﬁglgogﬁéggresst I &hd Nehe "V@é??of)fi BEEEaSE kipi ddee

displacen§ roo rol'ler can be constant during slicing.
Consequentdoy,be theiwéde saw can make the slicing trajectory depicted in 12
the workpi ece closer to a straight line and can nore effectively suppress
form ng tHé”V%%b of the workpiece to be sliced. [0032] Since the wire saw
according to th%j_(§§aﬂ{ I DventkQnseestialny itb stieh premaner that the

wor kpiece is slice |?e the supply tenperature of the slurry is

i ncr eased ifyvemt hen stantrodst he endhofa gtdrney that GWBRKPPECE %I e decrease

the o1 i g U brt R bheof HeneCRGT Ko S0 SFIL RS SrouRt oF LCHe change i n

the rate qf,dRcieaseridnt PRedstBrace&®dhe end of slicing the
workpiece, the decrease in the temperature of the
workpiece can be suppressed in the vicinity of the
slicing end portion of the workpiece and the amount of
the change in the rate of increase in the displacement
of the grooved roller can be reduced during slicing.
There is thereby provided the method for slicing a
workpiece that enables making the slicing trajectory
depicted in the workpiece close to a straight line and
suppressing the forming of the Warp of the workpiece to

be sliced without adding a special mechanism to the wire

Saw.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033]
FIG. 1 is a schematic view showing an example of the

wire saw according to the present invention.

FIG. 2 is a schematic view showing an example of a
workpiece-feeding mechanism that can be used in an
apparatus according to the present invention.

FIG. 3 is a schematic view showing an example of a
conventional wire saw.

FIG. 4 is a graph showing the temperature of the
workpiece and the supply temperature of the slurry
during slicing the workpiece when the workpiece 1is

sliced by using a conventional wire saw.
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of the grooved roller can be reduced during slicing. There is thereby
provided the nethod for slicing a workpiece that enabl es naking the
slicing trajectory depicted in the workpiece close to a straight |ine and
suppressing the formng of the Warp of the workpiece to be sliced wthout
addi ng a special nmechanismto the wire saw BRI EF DESCRI PTI ON OF THE
DRAWNGS [.0033] FIG 1 is a schematic view show ng an exanpl e of the

Wi re saw according to the present invention. FIG 2 is a schenmatic view
showi ng an exanple of a workpiece-feeding nmechani sm t o used in an
appar at us BEEDr dPngreoabhe RIS § n%“’é?l‘tl?BnO%Fl%ge fn}og%at sc e%?i c View
showi ng an, exa a v J L& €18aWwheEnGt i ivoskgiagpd $how ng
t he tenper%%slﬁie@((lﬁgm?hte: ovf\g(r%glpeleggcfe&é;\?l%d%éégsuppl y temperature of the slurry
during sligingedhBywoskpigeee adrenet hicomal kpi see Sy, SR hy° (8] niSa

conventional wire saw. (13 FIGS. 5 are a er,l t amount of
the displacghepk 8hovhadgtds &gt e?Pvﬁég %‘ﬁgg\'}&‘{?gﬁ%e@e (Ipﬁs E}E(Igi ced by

using a cq Lgnal 1 WMke 533w, d/\/@j(gé'ﬂn (Ahdi s (Ba draapn sdvqwi auge t ey anount
of the di s(%{%%té%rgnt o?%t he grnooved rolTer duri n% slicing and Sé B% is an
expl anat orwiewi ehoshogi pgne ameasrerenie ol fof ené 9hr Lhe

di spl acenent of the grooved.roller. FLG s a graph showi ng the
t enper at uret L2 HEme r?éi g(t,‘@ aqﬁP?‘ﬁeedsﬁ%g}%ﬁfenperature of the slurry

during sligidng éhﬁsw@r?%%e e ddiec ner kphpeeaitsiresldfethdy using the
W re saw according to the present
workpiece and the supply temperature of the slurry
during slicing the workpiece when the workpiece 1is
sliced by using the wire saw according to the present
invention.
FIG. 7 is a graph showing the amount of the displacement
of the grooved roller when the workpiece is sliced by
using the wire saw according to the present invention.

FIG. 8 is a graph showing distribution of the Warp of

the wafer when the workpiece is sliced by using the wire
saw according to the present invention.

FIG. 9 is a graph showing distribution of the Warp of

the wafer when the workpiece is sliced by using a

conventional wire saw.

FIG. 10 is a graph showing a comparison of a shape of
the Warp on a cross section in the direction of feeding
the workpiece, the Warp being on the first wafer from a
front side of the wire saw in the workpiece sliced
respectively by using a conventional wire saw and the
wire saw according to the present invention.

FIG. 11 is a schematic view showing a measurement method

of the temperature of the workpiece.

FIG. 12 is a schematic plan view showing an example of

structure of the grooved roller.

BEST MODE FOR CARRYINGvOUT THE INVENTION
[0034]
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invention. FIG 7 is a graph showi ng the anount of the displacenent of the
grooved roller when the workpiece is sliced by wusing the wire saw
according to the present invention. FIG 8 is a graph showi ng distribution
of the Warp of the wafer when the workpiece is sliced by using the wire
saw according to the present invention. FIG 9 is a graph show ng
distribution of the Warp of the wafer when the workpiece is sliced by
using a conventional wire saw. FIG 10 is a graph showi ng a conpari son of

a shape of the Warp on_a cross secti.on_in i iohn phefeeding the
wor kpi ece, the W&rSIB&IHFon ﬁ‘rhee?‘]f)?g%m\?éllte%%?roggr#]g%front side of the wire

saw in th%r\g%relmg ek Shi £64 whespeet iewglahedisi gt atbenpeasedal wire saw
and the re saw according to the present invention. FIG 11 is a

schemat i ¢ ivivewtsitowi g moteasatereredrettfo®tdf the tenperature of the

wor kpiece. FIG 12 is a sch tic pl Vi A Nor & gxanpl eyolin
structure of th8SglREONELTD %?V%Esﬁﬂﬁogéwgsm CARRYI NG OUT THE | NVENTI ON

[ 00341 14 Hereidiafialsu An@ibodismeaty saet arydi tige t conhénapiedest S nvent i on
w || be explained, but the present invention is not ‘ES%%%@Q& hereto. As
ment i oned falrew®,inche VEkecHeaBUPEd tRG FISLTH TH2NGFEF Tfeasurement i s

caused by _the conbinatio h r i dinfleetopkpietbBeanld cihrg
traj ectorfrhﬁué: G99 ne? cﬁ%%ggellnﬁgtr%g%tﬂeégnperat ure of tphe_workpi ece and the
di spl acengRkpafaddieerar 0¥ eth & obepvwidt lralhee s ikt FBA 18 1EREEM cing

trajectory due to various other factors .
’ gf the slicing trajectory due to various other factors

that cannot be quantified. Accordingly, it is important

to reduce the factors that can be quantified, that is,
the inflection of the slicing trajectory due to the
change in the temperature of the workpiece and the

displacement of the grooved roller in order to improve

the Warp.

[0035]

In order to solve the aforementioned problems, the
present inventor repeatedly keenly conducted studies of

a generation mechanism of the Warp in the wire saw and

problems of a conventional method for improving the Warp.
As a result, the present inventor found that although

the conventionally proposed method for improving the

Warp attempts to solve_the problems by reducing absolute
value of the increase in the temperature of the
workpiece and the displacement due to the thermal
expansion of the grooved roller, the absolute value of
the temperature of the workpiece and the displacement
due to the thermal expansion of the grooved roller does
not necessarily determine a Warp value with regard to
generation of the Warp in the wire saw and accordingly
brought the present invention to completion.

[0036]
That is, since the wire saw and the method for
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that cannot be quantified. Accordingly, it is inmportant to reduce the
factors that can be quantified, that is, -the inflection of the slicing
trajectory due to the change in the tenperature of the workpi ece and the

di spl acenent of the grooved roller in order to inprove the Warp. [0035] In.
order to solve the aforenentioned problens, the present inventor

repeatedly keenly conducted studies of a generation nmechanismof the Warp
in the wire saw and problens of a conventional method-for inproving the

Warp. As a result, the present inventor found that alkﬁ%ﬁgp the ine
convent i orral 1G4 RE oposeBKREEREd Do S FiY o¥i HYL EhE WA At énpt's t o sol ve

the problens b e L ng.ahsal val ye gfichhs hAeneasehat tulee t enperature
of the \Mﬂﬁ&ﬁ%%% gﬁgéﬁgéggiggﬁgggﬁént due %o the thermal expansion of the
grooved raldmipiéhe abssliitedvainia eofthe heupphpeiammedadfiiehe® ndrkgi ece and

t he di splacenent due to the thernmal_ .expansion,_of e _gr r:qld does
not necesS$ArdiNY det et RFRBAECHaly kI UE V\ﬂ‘ﬁrge&gr 5%'?0 eglé:g%\g‘ra%tll lgénl of the

Varp in the w d aggopdi br Qught tbeppresent iofveritd on to
r%Gltue[ Ou{)%%]fﬁ%g?, i gﬁ% RAINH s e b p

conpl eti on. since the wire saw and the nmethod for 15
slicing awrkgpieoe dyn usénguapwiess exaviactle dVagind tthet ff&sent invention

controls in such a nner that th wor kpi ece LS i j supply
t enper at usd 1(9“1“?1eerg@l RPFyLPE Pﬁc%&se@%ﬁﬁggﬁeagkaﬁl@t \(%(*Mto'k@ge%f of

slicing the wykpiece, the daekease inctdesteinetature spfl adeemenor kpi ece
can be suppressed 1n the vicinity of the slicing end port.iaqn of the
wor kpi ece odnd heheg mmoved ppller can be reduced during slicing.

Consequently, the slicing trajectory depicted in the
workpiece can be made close to a straight line and

forming the Warp of the workpiece to be sliced can be

suppressed.

[0037]
FIG. 1 is a schematic view showing an example of

the wire saw according to the present invention.

As shown in FIG. 1, the wire saw 1 mainly includes
the wire 2 for slicing the workpiece, the grooved
rollers 3, a wire-tensile-force-giving mechanism 4, an

ingot-feeding mechanism 5, a slurry-supplying mechanism

6.

[0038]

Here, the slurry-supplying mechanism 6 will be
first explained. The slurry-supplying mechanism 6 is
provided with nozzles 15 that supply the slurry for
slicing to the grooved rollers 3 (the wire 2). The
supply temperature of the slurry for slicing supplied
through the nozzles 15 can be controlled.

Specifically, for example as shown in FIG. 1, the
slurry-supplying mechanism 6 is composed such that a
slurry tank 16 is connected with the nozzles 15 through

a heat exchanger 19 controlled by a computer for

controlling 18 to control the supply temperature of the

16



the change in the rate of increase in the displacenent of the grooved
roll er can be reduced during slicing. Consequently, the slicing trajectory
depicted in the workpiece can be nade close to a straight |ine and

formng the Warp of the workpiece to be sliced can be suppressed. [0037]
FIG 1 is a schematic view show ng an exanple of the wre saw according to
the present invention. As shown in FIG 1, the wire saw 1 mainly incl udes
the wire 2 for slicing the workpiece, the grooved rollers 3, a

W re-tensile-faorce-qivi . hanism 4, an ingot-feeding mechanismb5, a
sIurry-suﬁ%f%Fﬁﬁ %gghg%ggﬁi . (0038] Here, the slurry-supplying mechani sm
6 will be firstaexpbai sedthEhelsinury yi-ssuppt yiegtmichani sm 6 is provi ded

with nozzles 15 that supply the slurry for slicing to th rollers
3 (the wi rRap§icuipeg, §@§p|t§1@ceﬁﬁd%<?a?%ﬁ>% Bf Ph&oﬁv%ﬂ%}?“oa?l 2%?@%’% suppl i ed

t hr ough tgﬁa?o§élgﬁea5 cggrnggggﬁkgHg%g §@@§£§iﬁﬁbky@sf@bn@Xﬁﬂﬂie as

shown in e slurry-supplying mechanism6 is conposed such that a
slurry tankf 164 s(sbhhechedawnbtiblelhemuryies d5aiRfoddlsPed Scht: ex&hanger
19 controlled by a copputer for <controlling 18 to control the supply

t enper at urel B EhE2R681 SRR for slicing. A type of the slurry is not
restricted d@ggparticular, and the sane type as a conventional slurry can
be used. For exanple, the slurry that is conposed of GC (sili,con carbide)
abrasi ve grains Hisperzzbesnll that supply the slurry for slicing

and a workpiece-feeding mechanism 5 are connected with

the computer for controlling 18. The slurry for slicing

of which the temperature is controlled can be
automatically jetted on the grooved rollers 3 (the wire
2) through the nozzles 15 in a predetermined amount at a
predetermined timing with respect to a predetermined
amount of feeding the workpiece, that is, a

predetermined amount of slicing the workpiece by a

preset program.

[0040]
The computer for controlling 18 can control the

amount of feeding the workpiece, the amount of jetting

the slurry, the timing at which the slurry is jetted and

the supply temperature of the slurry to be desired

respectively. However a control means is not restricted

thereto.

The wire 2 is unreeled from one wire reel 7 and
reaches the grooved rollers 3 via the tensile-force-
giving mechanism 4 composed of a powder clutch (a
constant torque motor 9), a dancer roller (a dead
weight) (not shown) and the like through a traverser 8.
The wire 2 is wound around this grooved rollers 3 for
approximately 300 to 400 turns to form the wire row.

The wire 2 is taken up by a wire reel 7' via the other

tensile-force-giving mechanism 4'.
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liquid can be used. [0039] The nozzles 15 that supply the slurry for
slicing and a workpi ece-feeding nmechanism5 are connected with the
conputer for controlling 18. The slurry for slicing of which the °
tenperature is controlled can be automatically jetted on the grooved
rollers 3 (the wwre 2) through the nozzles 15 in a predeterm ned anount at
a predetermned timng with respect to a predeterm ned anmount of feeding
the workpiece, that is, a predeterm ned anount of slicing the workpiece by
a preset program [0040] The conputer for controlljng 18 can control the
amount of feedi MI&he2 wohkpsees, exraprdfondt tdie ,-vé@fmgeC?ﬁ%esﬂapsy, t he

timng at which the slyrry is jett d; -t sypRLYntreNRRIAtUIgh of the
slurry to“k?é:rhaé%}r?‘&dg Eggéegtair{/%ey. We%/%rp}gecgntroln means i s not
restrictedg thes@t oinTheowi e 2Hes wirlgel ece f i snadheraidr &a éelPad and

reaches the grooved rollers 3 via the tensile-force- givyin ism 4
conposed @flatgoltler Thatead(R1ag6ndtlarts tl't?rl(ﬁjeb%?ov 5%{31%%2%@%?%0' | er

(a dead i gh (not_sho d W t he8cthavearnsgr 8. The wire
2 IS wound-dro t"ﬁ?rsk%%%%%eggr (t)lltelrlgr g%eﬁ‘ (;Jrﬂglqg%pr oxXi r.rateler/gBOO to 400
turns to fyApidie Wirefrewe wBrkpiiewe 2féadinagencgpapiamiy NI via
the other tensil e-force-gi ving mechani sm 4' . 1% FLG, 42 shows an exanple of
t he wor kpitdee-Haddp hgtemb8hamds s (1 KREFCHePU8EF i 't he present

i nventi on.[o(ﬁ}sl]shown in FIG 2, the workpiece is adhered to a pad

This workpiece-feeding mechanism 5 includes the

workpiece-holding portion 11 that is used to hold and
push down the workpiece and an IM guide 12. Driving the
workpiece~holding portion 11 along the LM guide 12 under
control of a computer enables feeding the held workpiece
at a previously programmed feed speed.

| The workpiece held with the workpiece-holding
portion 11 of the workpiece—-feeding mechanism 5 as
described above is fed to the wire 2 that is located
pelow with the workpiece-feeding mechanism 5 at the time
of slicing. The workpiece-feeding mechanism 5 feeds the
workpiece downward until the wire reaches the pad plate

14 to finish slicing the workpiece. Then, the sliced

workpiece is extracted from the wire row by reversing
the direction of feeding the workpiece.

[0042]
The wire 2, the grooved rollers 3, the wire-

tensile-force-giving mechanism 4, and the ingot-feeding
mechanism 5 except the slurry-supplying mechanism 6 and
the computer for controlling 18, which controls the

slurry-supplying mechanism 6, can be the same as those

in a conventional wire saw.

A type and a thickness of the wire 2, a groove

pitch of the grooved roller 3, structure in other

mechanisms and the like are not restricted in particular,
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plate 14. The pad plate 14 is held by a workpiece plate 13. The workpi ece
is held by a workpiece-holding portion 11 of the workpiece-feeding

mechani sm5 through the pad plate 14 and the workpi ece plate 13. [0041]
Thi s wor kpi ece-feedi ng nechanism5 includes the workpiece-hol ding portion
11 that is used to hold and push down the workpi ece and an LM gui de 12.
Driving the workpiece-holding portion 11 along the LM guide 12 under
control of a conputer enables feeding the held workpiece at a previously
programed feed speed. The workpiece held with KRR &5t T g
portion 1Br¢t ¥ WBrRBFeEBINEEUiSTS Eh%ﬁi%%]gkgg %%ggcfibed abng is fed
to the wr Ls.Lpcatedpthalav Wi 4 hatbervankpi edehf eedi ng mechani sm 5
at the tiﬁ%ﬂﬁ%#gg%?ciﬁg. The wor kpi ece-feedi ng mechanism5 feeds the

wor kpi ece cdowevat donat i hethedwi re reaches the pad plate 14 to finish
slicing the workpi ece. Then, e sl.ice | eES - hSqexkr ackee diraam t he
wire row by rev|Qﬁ|ﬁfaqékfdi£€8tﬁéﬁfhgzf%%gh%% tﬁ% morkpiece%@[0042] The
wire 2, the gIooyef-rphlens 3, Witk mise-appnsklimatedyelgiMd ngt fezhani sm 4,
and the ingot-feeding nechanismb5 exgﬁgt t he sIurry-s%ggagéu%{@gpanisn16
and the Gomputren, f andcbher eirboygd & oWhEhS cBAVEBFSs &t sl urry-suppl yi ng
mechani sm can, be.the sape as,t:ha56. 5Ny a;3conyeRhiORRdImoMde seam A type
and a t hi ¥ness %ﬁsfﬁ%gmr?ggf,%glgroév% bi tch of tﬁg grooved roller 3,
struct urepieh LdefedaMechani sms and the like are not restricted in
partiCU|a%b05%3Fnd can be determ ned each tine so that desired slicing

Here, the grooved roller 3 will be additionally

An example of the grooved roller 3 that is

explained.
conventionally used is shown in FIG. 12. Bearings 21,
21', which sustain a shaft 20 of the grooved roller, are

placed at both ends of the grooved roller 3. For

example, the bearing 21 is a radial-type in
consideration for the foregoing change of the grooved
roller 3 in an axial direction during slicing. The

grooved roller 3 can axially expand toward a side of the

radial-type bearing 21. On the other hand, the bearing

21' is a thrust-type and thus the grooved roller 3 is
hard to expand toward a side of the thrust-type bearing
21'. The grooved roller 3 usually has such structure.
When a length of the grooved roller 3 axially changes,
since the grooved roller 3 is not fixed at both sides,
one side can correspond with the change so that load is

not excessively applied to the apparatus.

[0044]
Thus, in the wire saw 1 according the present

invention, when the expansion of the grooved roller 3
proceeds axially, the expansion mainly proceeds towards

the side of the radial-type bearing 21 (referred to as a

front of the wire saw).
It is to be noted that in the method for slicing
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condi tions can be obtained in accordance with a conventional nethod. For
exanple, the wire 2 can be fornmed of a special piano wire having a width
of approximately 0.13 mmto 0.18 nm and the grooved roller 3 having a
groove pitch of (a desired wafer thickness + a slicing renoval) can be
adopted. [0043] Here, the grooved roller 3 will be additionally explained.
An exanple of the grooved roller 3 that is conventionally used is shown in
FIG 12. Bearings 21, 21', which sustain a shaft 20 of the grooved roller,
are placed at both ends of the grooved roller 3. For ex rq%loei,le}(h beari ng
21 is a radiclrdipe tn tkensrdecati ROt 1R f bR8g8FRGVERange of the
grooved raller 3 in an_axia Lrecti v | Lesngicthka tgr adved roller
3 can axi &% ﬁ’&d’é]n’aet%%r;i ghgztdg%oﬁ%cg%érglg?gl !-Ctype bearing 21. On the
ot her hang,Jhe bedsiagin@d’ absva.thrust-type and thus the grooved roller 3

is hard to expand toward a side of the_thrust-type. b j 1. The
grooved rol |l er Boyewxldn, s %@%‘tﬁns%PuEgﬁreﬂsl’Mﬁ%n%efﬁéggﬁp(l) the gr ooved

rol ler 3 axially changes, . sknee the QpoMet&ol termdabarrothfe xed at both
si des, oFf aﬁed% actaﬁbggﬁr%gggng?vmh the change so that load is not

excessi Vel d@drd oo f hehapparapisce.0044]e THRIMPEORReCW Pe saw 1

according the present invention, when the ex bon _aof 1bhe gr eemed rol ler
3 proceedondacliad, witHe BRParSMEH LiEi rf‘ltcﬁlrp %@ggﬁgggg%a}?s "The side of the

radial -ty [d 1 4ref eLRedtt 0a@s & froBéseobdt hethi tdesaw). It is to
be not ed tg%éct q’?inéc?%je;rret%olé for slicing
computer for controlling 18.

[0045]
The wire saw according to the present invention

controls in such a manner that the workpiece is sliced

while the supply temperature of the slurry is
monotonically increased (the supply temperature is not
decreased and the increase in the supply temperature is
not stopped) from the start to the end of slicing the
workpiece by controlling the workpiece-feeding mechanism
5 and the heat exchanger 19 with the computer for

the wire saw preferably

re of the

controlling 18. Furthermore,
controls the increase in the supply temperatu

slurry from the start to the end of slicing the

workpiece to be not less than 5 °C and not more than 15

°c, and controls the difference between the supply
temperature of the slurry at the start of slicing the
workpiece and the temperature of the workpiece at the

start of slicing the workpiece to be 3 °C or less.

[0046]
In this case, the wire saw more preferably

controls the rate of increase in the supply temperature

of the slurry from the start to the end of slicing the

workpiece to be constant. However, a control means 1S

not restricted thereto.

Hereinafter, a procedure for carrying out the
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19 according to the present invention, the grooved roller 3 of the wire
.saw 1 that is used is not restricted to the type as described above.
Moreover, as shown in FIG 11, a thernocouple is placed at both ends of

t he workpi ece to neasure the tenperature of the workpiece. The

t hernocouple is connected with the conmputer for controlling 18 and data
obt ai ned by neasurenent can be processed with the conputer for controlling
18. [0045] The wire saw according to the present invention controls in
such a manner that the workpiece is_sliced while the suprglé/nttie&perature of
the sl urrynéthodohoroniléaing ianaeedero (EAetBEpprY SE&per{ U e T's not

decreased and the increase_in.the s Yibearepatr 6119 pwt stopped) from
the start 1ot %etBRd"of SsPRY nlgr}j\%e&@%rkplgece by controlling the
wor kpi ece-d;gedi pgefechani sm 5 and the heat exchanger 19 with the conputer

for controlling 18. Furthernore, the wire saw preferahl r t he
increase in the Buppty EeepePakire s 1tsnehejs$u?$§ Irt?(c)lmgf))r{{gw%'%?r tacgtza t he end

f slici th j ; - i 8 ce-arRediat $han 15 C,
ana”cont e B RUPCREL AL RALE, S RRub P, B ame el ey

and contr ween the supply tenperature of the slurry
at the stae ofrsbiretingotlhe rswir kpiecdr anent hantermperait &% The® wor kpi ece

at the start of slicing the rkpiece to be 3.C or,less. . l0046d;ip-this
case, the tg reehsghy %F@nﬁﬂéﬁer\gp%c% ton?16F8 Vﬁghr HE gflrléhcreasle in the

suppl y te%chéy(%fvigg Lbensl ur s fenméherst artiviea tihe end of slicing the
wor kpi ece 't o be tonstant. However, a control neans is5s
reciprocating direction. It is to be noted that
magnitude of the tensile force given to the wire 2, a

traveling speed of the wire 2 and the like at this time

can be appropriately set. For example, a tensile force

of 2.5 to 3.0 kgf can be applied to the wire and the
wire can be caused to travel in a reciprocating
direction at an average speed of 400 to 600 m/min in a

cycle of 1 to 2 c/min (30 to 60 s/c). These can be

determined in accordance with, for example, the

workpiece to be sliced.
Moreover, the jets of the slurry for slicing are

started toward the grooved rollers 3 and the wire 2.

[0047]
In this case, the heat exchanger 19 is controlled

with the computer for controlling 18 in such a manner
that the workpiece is sliced while the supply
temperature of the slurry is monotonically increased
from the start to the end of slicing the workpiece.

For the purpose of making the slicing trajectory
depicted in the workpiece close to a straight line by
suppressing the decrease in the temperature of the
workpiece in the vicinity of the slicing end portion of
the workpiece and by reducing the amount of the change
in the rate of increase in the displacement of the

grooved roller during slicing, the temperature of the
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not restricted thereto. Hereinafter, a procedure for carrying out the 20
met hod for slicing according to the present invention wusing the wire saw 1
as descri bed above will be explained. First, the workpiece is held and fed
downward at a predeterm ned speed with the workpi ece-feeding neans 5, the
grooved rollers 3 are driven, and thereby the wire 2 to which a tensile
force is given with the wire-tensile- force-giving neans 4 is caused to
travel in a reciprocating direction. It is to be noted that nagnitude of

the tensile force given to the w.re X |, i aeddofr rfdhe tg e 2 and
the like &UH% E?ﬁ@e Eﬁﬁpgée§p6§o€%Q§E§%§§E$? g%$§gxanple, a tensile
force of 2.5¢03 Ohkoénaabrbelapfilnedio wdekpieecandthRet wire can be
caused to travel in a reciprocating direction at_an ave&ag%o%geed of 400
to 600 nf Mievierzingyehe bEMPergtRLE @i (D THUBEY sAEY. "THESS can be

determ ned . in accordance with, for exanple, the workpiece to be sliced.
Nbreover,ﬁﬁ%?ﬁ%ﬁ% B etﬁ%g%%gﬁﬁy for slicing are started toward the
grooved rqlooarss) 3 and the wire 2. (0047] In this case, the heat exchanger

19 is controlled wth the conputer for controlling 18 in suych a manner
that the workpi e tihd ssIGae@l whlPePBRE SEODIA' IS erperat ure of the slurry is

monot oni cal | é%%? S@Qnt£59?bhh%i%%a@hé(béﬁﬁhﬁ@ﬂ 66 rskbaitmg ltlhieng
workpiecep or éﬁgurpose of making the slicing_trajector,¥ld epicted in
t he wor kpil@ce rclfiseh to masheai ghitl ithe mateuphrE8SFRESEhddéNease in the

tenperatu;%ﬁgl;r¥%mperature of the slurry from the start to the

end of slicing the workpiece is constant.

In this manner, when the rate of increase in the
supply temperature of the slurry from the start to the
end of slicing the workpiece is controlled to be
constant, the slicing trajectory depicted in the
workpiece can be made closer to a straight line.
However, a condition of the rate of increase in the
supply temperature of the slurry is not restricted

thereto in the wire saw according to the present

invention. The rate of increase in the temperate of the

slurry to be supplied can be changed from the start to

the end of slicing the workpiece and is not necessarily

constant at all times. However, it 1is preferable that

an amount of a change in the rate of increase 15 as
small as possible.

[0049]
Moreover, the heat exchanger 19 is preferably

controlled with the computer for controlling 18 in such
a manner that the increase in the supply temperature of
the slurry from the start to the end of slicing the

workpiece is not less than 5 °c and not more than 15 °C.

When the increase in the supply temperature of the

slurry is not less than 5 °c, the decrease in the

temperature of the workpiece can be surely suppressed in
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wor kpiece in the vicinity of the slicing end portion of the workpiece and
by reducing the anmount of the change in the rate of increase in the

di spl acenent of the grooved roller during slicing, the tenperature of the
21 slurry to be supplied is continuously increased fromthe start to the
end of slicing the workpi ece without decreasing the tenperature of the
slurry and wi thout stopping the increase. [0048] In this case, the heat
exchanger 19 is nore preferably controlled with the conmputer for
controlling 18 in such a manner that the rate of incggasetkg the supply
t enper at urtheofvidienstyrof themstHeitarend oPPREI%Bnd 8781 iCing the

wor kpi ece is constant. _ln this n.thegsrate efld dasendtn t he
suppl y terdpEriditte bf th EFgﬂ%yﬁggﬁﬁ?ﬁ%€%¥%r§ﬂ()the gﬁykﬁ slicing the
wor kpi ece | 5. £cont sl §dot 0 benegarsiantinfihesté comgtheafesPodpedepi cted in

the workpiece can be nade closéer to a straight |ine. V&S .o condition
of the ram@ﬁﬁ0¢¢mreﬂééchnlﬁhéaQ§ﬁﬂﬂ®¥t%ﬁ%%ggfﬁPelﬁf fﬁg%§{¥F3 i's not

restricte thereto i,n.the.w F8gokothbBewpresentw dusverdi on.

The rate gjpli%c?%a%%di ngfeﬁéw?reer%%?\g{%o I?&ﬁ% slurry to be suppliged can be

changed fromihersiaet ihoa thapenthfrs| ¢ £i agnerbanssipiRadd 3% not

necessarily constant at all tines. However, it is preferable that an

amount of thiechshie $aYt AECERILe Lo i1RTSR58°Fs as small as possible. [0049]

Nbreoverufqg%éyﬁu exchanger 19 is preferably controlled with the conputer
111N

for contr 18 in such
Moreover, the heat exchanger 19 can be controlled

with the computer for controlling 18 in such a manner
that a difference between the supply temperature of the

slurry at the start of slicing the workpiece and a

temperature of the workpiece at the start of slicing the

workpiece is 3 °C or less.
In this manner, when the difference between the

supply temperature of the slurry at the start of slicing

the workpiece and a temperature of the workpiece at the

start of slicing the workpiece is 3 °C or less, the

increase in the temperature of the workpiece can be

smoothed at the start of slicing the workpiece and the

Warp can be prevented from degrading due to a

precipitous change in the temperature of the workpiece

at the start of slicing the workpiece.

[0051]
Hereinafter, the present invention will be

explained in more detail based on examples, but the

present invention is not restricted thereto.
(Example 1)
A silicon ingot having a diameter of 300 mm and an

axial length of 300 mm was sliced into wafers by using
1 and the supply temperature

oved rollers was

the wire saw shown in FIG.

of the slurry to be supplied to the gro
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a manner that the increase in. the supply tenperature of the slurry from
the start to the end of slicing the workpiece is not less than 5 C and not
nore than 15 C. Wien the increase in the supply tenperature of the slurry
is not less than 5 C, the decrease in the tenperature of the workpiece can
be surely suppressed in 22 the vicinity of the slicing end portion. Wen
the increase in the supply tenperature of the slurry is not nore than 15
C, a negative influence on the Warp does not occur which is caused by

reduction in accuracy of hol ding d feeding e iece of the wire saw
due to arfqHerehsed| atathemberiat e B l%”ﬁ%cﬁ%%i g\r% rtion of the wire

saw except the rkpi ece. ) M8l r the heat uexehangeedl9 acan be
controlled w t%%gﬂcﬁﬁp}&%g?ﬁgo? c&nt rolling 18 in such .a manner that a

di ff er ence: dves Wbentoheesafply & dgfersasir ePBE 1eHe tOs|ENe ViS¢ i St art of

slicing the workpiece and a r at h (S oI eYels the start of
slicing tHde WBkpi Bes reuged ?):rrg)ﬁcersas#éfng{lh%sg%&%r%ﬁ V\herﬁjthe di f f erence

bet ween the . suppby Lenper ateref dpweslofr $oat nt/imdnstiar ta ofy&le c?hg the
wor kpi ece and a tenperature of the workpiece, at tﬁg start %f #%de:d ng the
wor kpi ece 60 &/ € oo bsse.t hBhei Aavaase ht3 hRefeR¥ePatard &F the wor kpi ece

can be ot hed at the, start i didde. W b
prevent egr‘r"foftohrne?je(g?ﬁﬁj?ﬁ&sa%r 3 Q)‘elsdﬂtClpgtweo\ﬁOl’sl@leQﬁeqa@ Rture of

ue to a” preciplitous change in the tenperature of
the workpigggsopt the start of slicing the workpiece. [0051) Hereinafter,

the present invention wll be
P Moreover, as shown in FIG. 5(B), an eddy current

‘sensor was arranged in an axial direction of the grooved

roller 3 in close proximity to the grooved roller. This

is because the displacement of the grooved roller in an

axial direction can be measured, and thus is not

essential for the present invention. Although the

measurement of the displacement of the grooved roller 3

in an axial direction is not restricted to the foregoing

means, use of the eddy current sensor enables the

measurement with a high accuracy without contact and it

is therefore preferable.
The temperature of the workpilece was set to be 23
°c at the start of slicing and the workpiece was sliced

while the supply temperature of the slurry is increased

(an increase of 12 °C) from 23 °C at the start of
slicing to 35 °C at the end of slicing in such a manner

that the rate of increase was constant.

[0053]
A result of measuring the change in the

temperature of the workpiece during slicing is shown 1n

FIG. 6.
As shown in FIG. 6, the temperature of the

workpiece kept rising from the start of slicing to a

cutting depth of 285 mm to reach a maximum temperature

of 42.9 °C. Since the temperature of the slurry was a
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explained in nore detail based on exanples, but the present invention is
not restricted thereto. (Exanple 1) A silicon ingot having a dianmeter of
300 mMm and an axial length of 300 mMmmwas sliced into wafers by using the
wire saw shown in FIG 1 and the supply tenperature of the slurry to be
supplied to the grooved rollers was 23 controlled at the tinme of slicing
t he workpi ece. The wire having a dianeter of 160 mwas used, 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 Mmn in a

cycle of 6058/ €ehpeshittee TR 33 LﬂCr}atObll'a@ n@@ldbS?fmS itrg "Gk with a
cool ant at a wei ght ratio of 50: SOtmas us g IJ@ga@ygr as shown in
FI G 5(B)<j%%r%ﬁ§9 ebr tOft TR T WAS 5 arrange in an axial direction of

t he grooved rg ggdBWHthlose yrqgrfﬂt@héovibengtoomédaroMMQQHGThrs IS
because t h&" splracenment oflthe grooved roller in an axial direction can
be neasureshdapdrthos.i s not essentlal for the present invention. Although

the neasurenent_ of the nt_ of o{ Qoved .r gl,| @he3 fdontan axi a
direction is noﬂoqe%??lggh Qg féféﬁ%?ﬁ% means, use of the eddy

current s Q{t%ﬁbb%Stme Weﬁemem wasadmwm@éw?a@awlr‘hout

contact a IS therefore preferable. r at e, MQr kpi ece
was set tONbEhZBeSQEaﬁ ﬁ@e@ﬂﬁn@u%ﬁl%gl@?H&gaﬁ%ngﬁe ﬁ%#ﬁ%géi%gwas sliced

whil e the suppl er at ure of urtyatkschecraasese {aincimgrease of 12
C) from 23tke ?XFHEHEFEFP ?%ﬁng @ FELéSaC at the end of slicing in such

a manner The displacement of the rear position was nearly
constant regardless of the cutting depth of the
As described above, the amount of the.

reased to 30 um

workpiece.
displacement of the grooved roller inc

from 10 pm, which was a result in the case of

Comparative Example where a conventional wilre saw Was

used and the supply temperature of the slurry was a

constant temperature of 23 °C during slicing. However,

since the amount of the displacement of the grooved

roller increased straight with respect to the cutting

depth of the workpiece, the workpiece slicing trajectory

was not inflected as described below and influence on

the forming of the Warp was greatly suppressed.

[0054]
FIG. 8 shows distribution of the Warp of the wafer

that was measured after slicing. An average for all

wafers was 5.51 um and thus the Warp was greatly

improved in comparison with the Warp of the wafer sliced

by using a conventional wire saw.

FIG. 10 shows a comparison of a shape of the Warp

on a cross section in the direction of feeding the

workpiece, the Warp being on the first wafer from the

of the wire saw in the workpiece sliced
saw and the

FIG. 10

front side

respectively by using a conventional wire

wire saw according to the present invention.
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that the rate of increase was constant. [0053] A result of neasuring the
change in the tenperature of the workpiece during slicing is shown in

FIG 6. As shown in FIG 6, the tenperature of the workpiece kept rising
fromthe start of slicing to a cutting depth of 285 mmto reach a maxi num
tenperature of 42.9 C. Since the tenperature of the slurry was a 24 high
tenperature of 35 C at the end of slicing, the decrease in the tenperature
of the workpiece was suppressed within 7.9 Cin the vicinity of a slicing
end portion. On the other hand, as  sho in Fl { e o osition of
the grooveevesiliserthas eheptRELBCELCR O a\ﬁ%é%?%%pégttgé ? gegutting

depth of the workpiece hg; desplhacerRrdaeghed 8Renpaesehe end of
s B e R e o

slicing. e rear position was nearly constant

regar di ess nobntthercuids ngupiepe hsefl eee Worakpitdee. CagedeschPbBE &bove, the
amount of the displacenent of the grooved roller increased to 30 m from
10 m whi ERNXES T GeslI¥Li% $AB-case of Conparative Exanple where a
conventional wire saw was used and the supply tenperature of the slurry
was a constant tenperature of 23 C during slicing. However, since the
anount of [0B&5di spl acenent of the grooved roller increased straight with
respect to the cuttjng depth of the workpiece, the workpiece slicing
trajectorﬁEXﬁ&Qﬁﬁb@)inflected as descri bed bel ow and i nfluence on the

form ng of the Y4epwakpdeedt lWasuppiesdedn [tO@54Rme conditions as
Example 1 except of controlling in such a manner that
the supply temperature of the slurry was increased at a
constant rate of increase from 23 °C at the start of
slicing to 28 °C at the middle of slicing (a cutting
depth of 150 mm) and that it was increased at a constant
rate of increase from that to 35 °C at the end of
slicing (the rate of increase was controlled to be
changed at the middle of slicing), and the same Warp
evaluation as Example 1 was made.

As a result, an average for all wafers was 6.95 um.
Although it was worse than Example 1 since the rate of
increase in the supply temperature of the slurry was
changed halfway, the Warp was improved more than the

Warp of the wafer sliced by using a conventional wire

Saw.

[0056]

(Example 3)
The workpiece was sliced in the same conditions as

Example 1 except of controlling in such a manner that
the supply temperature of the slurry was increased at a

constant rate of increase from 23 °C at the start of
slicing to 30 °C at the middle of slicing (a cutting

depth of 150 mm) and that it was increased at a constant

rate of increase from that to 35 °c at the end of
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FIG 8 shows distribution of the Warp of the wafer that was neasured after
slicing. An average for all wafers was 5.51 mand thus the Warp was
greatly inproved in conparison with the Warp of the wafer sliced by using
a conventional wire saw. FIG 10 shows a conparison of a shape of the Warp
on a cross section in the direction of feeding the workpiece, the Warp
being on the first wafer fromthe front side of the wire saw in the

wor kpi ece sliced respectively by using a conventional wire saw and the

w re saw according to the present invention. FIG 10_25 reveals that the

i nfl ecti oglafcingurflaceratet bé vimfoereass iwasl 9N LEPAGSENE W e saw

according to the present inventi s .suppre d I e sbRamyt case of
using a CHAHRT ﬁ%ltb\?lﬁlgg e Fggﬁvﬁcj(@a'np%zgzal@hgamrkgirgﬁe was

sliced in 1ﬁa"’\f?cr?° di . 9Rs1@s 1 Reamilaid. except of controlling in such a
manner thaetvﬁt e supp?y terrp%rature of the slurry was increafeg3 at_a
gt

constant rate ofs iancreaskt fram 23 eCaate tiar sahtt Wafers WdHh HMC at the
m ddl e of slicing (a cuttin dept h of 1 aggdhthat het Avas igrcreased at
a constanﬁl%‘tgg‘bf”r n‘&?%a@grlsleo%triaﬁlatm%agp%%@ﬁc at the end of slicing (the
rate of ingreaseyas, contr shped yt @ dipe eitangedo it thhe shuddive e sl i ci ng),
and the sane Warp evaluation as Exanple 1 was rrage. As %aresclﬁlt, an

aver age fohaaldedwdfatEvars 5ng5WRALP AashodyE P Y Ralonsr S€% han Exanpl e 1

since the rate o i ncre LA dempesahieatobnthe wsine ry was
changed hglafr\ﬁaﬁgt%e Vﬁ?ﬁgﬁagmﬁ%?o% dmr%% e(ft han t he

Saw.

[0057]

(Example 4)
The workpiece was sliced in the same conditions as

Example 1 except of controlling in such a manner that
the supply temperature of the slurry was increased at a
constant rate of increase from 23 °C at the start of
slicing to 28 °C at the end of slicing, and the same
Warp evaluation as Example 1 was made.

As a result, an average for all wafers was 7.53 um.
Although it was worse than Example 1, the Warp was
improved more than the Warp of the wafer sliced by using

a conventional wire saw. Since the amount of the

increase in the supply temperature of the slurry
supplied during slicing was smaller than Example 1, an
effect to make the slicing trajectory depicted in the
workpiece closer to a straight line was small and

thereby resulting in a smaller improvement than Example

1.

[0058]

(Example 5)
The workpiece was sliced in the same conditions as

Example 1 except of controlling in such a manner that
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Warp of the wafer sliced by using a conventional wire saw [0056]

(Exanpl e 3) The workpiece was sliced in the sane conditions as Exanple 1
except of controlling in such a manner that the supply tenperature of the
slurry was increased at a constant rate of increase from23 C at the start
of slicing to 30 Cat the mddle of slicing (a cutting depth of 150 mm
and that it was increased at a constant rate of increase fromthat to 35 C
at the end of 26 slicing (the rate of increase was controlled to be

changed at the mddle of slicing), and the same Warp , eval uation as Exanple
1 was nmade:hd\Ssappeyulempanr saveragef f ohe abLukgie WS Sweld! OF 555 2 fhough it

was worse than Exanple 1 since the rate of  .ipgrease,in thesypply
t enper at ureo$tahé §Ial§|8r>®fmd§‘cﬁ%ﬁ@eérﬂﬁl 12\%/ay(S gﬁe%ﬁgr Sttvvas i nproved nore

t han the rp.of the waber sliged g Uusf ng1 accngyeanidonale waree saw.
[ 00571 (IS}JM;Jn‘ng%%;;COTﬁ\ga\Agr ?)Q:i ece was sliced in fhe same conditions as

Exanpl e 1 wexeepéval veadbmolds grampkech YafafRee that the suppl y

tenperature of the slurry was increased at _a_,GO raks of cbnemease
from 23 C at thPeSs@aFﬁségt'sﬁr‘ci%‘@elf%g%B%erataltG"hggen of 'slicing, and the

sane \War %fﬁ’%g@hi oR as sExamie dhamseEradeleAd ,a thesdarp dff@dver age for
all wafers was 7”53 m Although it was vvor?le than Exanmple, L, tHgiMgrp was
i nproved niomerdhed e W@ roft thdIaaP ef LsitEed 2y fusi g

a conventional wire saw. It can pbe considered that

since the amount of the increase in the supply
temperature of the slurry supplied during slicing

exceeded 15 °C, the temperature of the mechanism portion

of the wire saw except the workpiece increased, a

negative influence on the Warp occurred due to an

occurrence of reduction in accuracy of holding and

feeding the workpiece of the wire saw, and thereby

resulting in a smaller improvement than Example 1.

[0059]

(Example 6) |
The workpiece was sliced in the same conditions as

Example 1 except of controlling in such a manner that

the supply temperature of the slurry was increased at a

constant rate of increase from 20 °C at the start of

slicing to 35 °C at the end of slicing, and the same

Warp evaluation as Example 1 was made.
an average for all wafers was 7.93 pm.

the Warp was

As a result,

Although it was worse than Example 1,

improved more than the Warp of the wafer sliced by using

a conventional wire saw. Since the difference between

y at the start of
re of the

the supply temperature of the slurr
slicing the workpiece and the temperatu

: o
workpiece at the start of slicing the workplece was 3 °Cc,

degradation of the Warp due to the change in the
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a conventional wire saw. Since the ampunt of the increase in the supply
tenperature of the slurry supplied during slicing was snaller than Exanple
1, an effect to make the slicing trajectory depicted in the workpiece
closer to a straight line was small and thereby resulting in a smaller

i nprovenent than Exanple 1. [0058) (Exanple 5) The workpi ece was sliced
in the sanme conditions as Exanple 1 except of controlling in such a manner
that 27 the supply tenperature of the slurry was increased at a constant
rate of increase from23 C at the start of slicing to 40 C at the end of
slicing, ansmpleasame oVArheewadtipione ast Exhfplsd ol tnest ntdfeC 1 DG Sfesul t,

an average for all wafers was 8,22 m th it : Exanmpl e
1, the vaﬂﬁoﬂbgleFﬁpV@?e@Qﬁn%P?ﬁ%ﬁl?%%f%afggg?%ﬁ%§%x§%§%éﬁ?%€g§%y usi ng

a conventional WikRp3aW1 LihCahdecspnsedeal ednghdtn sismel kde amount of the
increase in the supply tenperature of the slurry supplied during slicing
exceeded 1fmgyovheehénpérat Eeardle he- nechani smportion of the wire saw
except the workpiece increased, a negative influence on the Warp occurred
due to an occurrence of reduction in accuracy of holding and feeding the
wor kpi ece gfoéhe Wire saw, and thereby resulting in a snaller inprovenent
than Exanple 1. [0059] (Exanple 6) The workpiece was sliced in the sane
condi ti ons(Exampkanple 1 except of controlling in such a manner that

The workpiece was sliced in the same conditions as
Example 1 except of controlling in such a manner that
the supply temperature of the slurry was increased at a

constant rate of increase from 26 °C at the start of
slicing to 35 °C at the end of slicing, and the same
Warp evaluation as Example 1 was made.

As a result, an average for all wafers was 7.71 pm.
Although it was worse than Example 1, the Warp was

improved more than the Warp of the wafer sliced by using

a conventional wire saw. Since the difference between

the supply temperature of the slurry at the start of
slicing the workpiece and the temperature of the
workpiece at the start of slicing the workpiece was 3 °c,

degradation of the Warp due to the change in the

temperature of the workpiece at the start of slicing the

workpiece was not sufficiently suppressed in comparison

with Example 1 and thereby resulting in a smaller

improvement than Example 1.

[0061]

(Example 8)
The workpiece was sliced in the same conditions as

Example 1 except of controlling in such a manner that
the supply temperature of the slurry was increased at a
constant rate of increase from 23 °C at the start of

slicing to 27 °C at the end of slicing, and the same
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the supply tenperature of the slurry was increased at a constant rate of
increase from20 C at the start of slicing to 35 C at the end of slicing,
and the sane Warp evaluation as Exanple 1 was nade. As a result, an
average for all wafers was 7.93 m Although it was worse than Exanple 1,
the Warp was inproved nore than the Warp of the wafer sliced by using a
conventional wire saw. Since the difference between the supply tenperature
of the slurry at the start of slicing the workpi ece and the tenperature of
the workpiece at the start of slicing th iece was 3 C, degradation
of the VaMaidue Yl tRk2RaAFe #ﬁ“?ﬁéag% Y%%g@%é?ﬁre of the workpiece at the

start of slici ?&% %:ere%\@:[gpi §RE VRS Y soif T ATl entlfy rsupmErestetl i -
conmpari son W anple 1 and thereby resulting i&ﬁawﬁnalkp%.inprovenent
t han Exanpllehbugh 0060¥a 6 Examplee tRHRITHEX 3P kpi ecetRifs "&Fcéd i n the sane

conditions as Ex le 1 _exce of tLol {80 hResUch izemmierudinag  the
suppl y teﬁﬂ@rrﬁ‘{ﬁ%n‘g‘?r?htéﬁgpug&lf \Wffﬁnctngeasedwat “a constant rate of

i ncrease fy (P Rfeft Bbnbhewstar kaef. slicdiengheo o at ofhéhénd of slicing,

and the sane Warp evaluation as Exanple 1 was . ,4 an
aver age fdmcaidarmf-"emsthﬁsS?PPti.‘Hﬁmp%?%‘bﬁ%ho??g\aﬁséabl%gfwastn Exanpl e 1,

the Warp was inproved nore than the-\Wa afe rhe waf efushieed byeusing a
convent i ongr W€ %ﬁ?ﬁet?%% if?éréﬁce between.trg§supe#% t enperature
of the sl yddkatsd henstRet tefpeshiteimgy @ hetwr kpr&pé e&fd ithd Yenper at ure of

the mork%f??%fﬁytgg gﬁgrglggigblgﬂ1 é£¥%¥Q£kghgcﬁowa%d%f%cient

in comparison with Example 1 and thereby resulting in a

smaller improvement than Example 1.

[0062]

(Example 9)
The workpiece was sliced in the same conditions as

Example 1 except of controlling in such a manner that

the supply temperature of the slurry was increased at a

constant rate of increase from 19 °C at the start of

slicing to 34 °C at the end of slicing, and the same

Warp evaluation as Example 1 was made.

As a result, an average for all wafers was 8.67 pm.

Although it was worse than Example 1 and 6, the Warp was

improved more than the Warp of the wafer sliced by using

a conventional wire saw. Since the difference between

the supply temperature of the slurry at the start of

slicing the workpiece and the temperature of the

2 [o]
workpiece at the start of slicing the workplece was 4 °C,

which exceeded 3 °C, degradation of the Warp due to the

change in the temperature of the workpiece at the start

of slicing the workpiece was not sufficiently suppressed

in comparison with Example 1 and 6, and thereby

resulting in a smaller improvement than Example 1 and 6.
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degradati on of the Warp due to the change in the tenperature of the

wor kpi ece at the start of slicing the workpiece was not sufficiently
suppressed in conparison wth Exanple 1 and thereby resulting in a snaller
i nprovenent than Exanple 1. [0061] (Exanple 8) The workpi ece was sliced in
the sane conditions as Exanple 1 except of controlling in such a manner
that the supply tenperature of the slurry was increased at a constant
rate of increase from23 C at the start of slicing to 27 C at the end of
slicing, and the sanme 29 Warp eval uation as Exanple 1 was nmade. As a
result, anj@yesage for all wafers was 8.71 m Al though it was worse than
Exanple 1, the Warp_was inproved nore than the Warp of the wafer sliced by
using a coy@APL8nal wire saw. Since the anount of the increase in the

supply tenperat uf, Of oL RSi8LES W as e d, inhtha sameesondidi BT, 2%n
effect to suppress the decrease in the tenperature of thqeyn{%§£ece in the
vicinity dxatels| icengepnd qforadmirahbingt 18urth éht™ @ he tonpari son with

Exanple 1 and thereby resulting in r Vedted hod Exaaple 1
[0062] ( ExXafmpfers yTﬁgmﬁgﬁfb*%%% %gstég?%ggrfknﬁﬁ§;§zne Condi tions as

Exanple 1 gg(g%pg of .cent el lifg-d s SUEhom mENAEr athahe tshardupdl y
tenperature of the slurry was increased at a, gonstan% E%éeégkmgncrease
from 19 Catithegstar860fC ski ¢iheg anst 31f G hi C+REr eAd “of S i°Ci

_ ng, and the
same  Vérp, eval uath 00 33 PR Earlp Y851 RS- made.

As a result, an average for all wafers was 8.82 pm:

Although it was worse than Example 1 and 7, the Warp was

improved more than the Warp of the wafer sliced by using

a conventlional wire saw. Since the difference between

the supply temperature of the slurry at the start of

slicing the workpiece and the temperature of the

workpiece at the start of slicing the workpiece was 4 °c,
which exceeded 3 °C, degradation of the Warp due to the

change in the temperature of the workpiece at the start

of slicing the workpiece was not sufficiently suppressed

in comparison with Example 1 and 7, and thereby

resulting in a smaller improvement than Example 1 and 7.

[0064]

(Comparative Example)
The workpiece was sliced in the same conditions as

Example 1 except of controlling in such a manner that
the supply temperature of the slurry was a constant
temperature of 23 °C from the start of slicing to the

end of slicing, and the same Warp evaluation as Example

1 was made.

A result of measuring the change in the

temperature of the workpiece during slicing is shown 1n

FIG. 4.
As shown in FIG. 4, during slicing, the
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As a result, an average for all wafers was 8.67 m Although it was worse
than Exanple 1 and 6, the Warp was inproved nore than the Warp of the

waf er sliced by using a conventional wire saw. Since the difference
between the supply tenperature of the slurry at the start of slicing the
wor kpi ece and the tenperature of the workpiece at the start of slicing the
wor kpi ece was 4 C, which exceeded 3 C, degradation of the Warp due to the
change in the tenperature of the workpiece at the start of slicing the

wor kpi ece was not sufficiently suppressed in conparison with gxanple 1 and
6, and thef&hyerkesuet 0Ty tie avcniabiecei mprevément ifar® BahpPe 1 and 6. 30

[ 00631 (Exanple 10) The workpiece was sliced, in th iWd.ons as
Exanpl e 1 sktephgoef reashras |3 m&#%ﬂ%ﬂcﬁeﬁpﬁﬁﬁﬁgfqﬂé; Eiheogﬂg%é§p

t enper at urg_of sl ur Syd 51CE 68504 iatata 1ycarsl ant, r ahenofiriopeeshse
from27 C4& etﬁéngggfC%%ﬁﬂglicingﬁﬁo 36 C at the end of slicing, and the

sane \Mrp, gyahdatcarcas Exanpl 2 °C vas DRdE, Ashikchedapt thans &ge for

all wafers was 8.82 m Al though it I dnands7, the
Warp was §hRproves lforEéMATHR evﬁfgggﬁmgﬁg%ﬁé?gﬂj5%?ggg§bynusing a

conventliopal yhﬁ@ saw. Since the difference between the supply
t enper at ure of "t he slurry at the start of slicing the “QLFQ; qgugnd t he
tenperature of the showkpiec&I&t theh st aFeof FeNFcPRG HHE Workpi ece was 4

C, which exceeded 3_C, degradation of .t e dixiheiochange in the
t enper at ur@&r eV ere RS 1§%£ag?grp§ %?igfﬁging the morE%iece was not

sufficientdy SHPRr BSs@@er N HeOMPEd I 500 f Wil h cExgmaing! TLEmdCPLEARE t her eby
depth of 150 mm of the workpiece and then the amount of
the displacement was constant until the end of slicing.
On the other hand, the rear position of the grooved

roller most was not displaced during slicing.
FIG. 9 shows distribution of the Warp of the wafer

that was measured after slicing. An average for all

wafers was 9.05 pm.

[0065]
Table 1 shows the combined results of the Warp at

the time of slicing the workpiece and the conditions in
each of Examples and Comparative Example.

[0066]

(Table 1)
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resulting in a smaller inprovenent than Exanple |

and 7. [00641

(Conpar ati ve Exanple) The workpi ece was sliced in the sanme conditions as

Exanpl e 1 except of controlling in such a nmanner that
tenperature of the slurry was a constant
start of slicing to the

end of slicing,

t he supply
tenperature of 23 C fromthe
and the sane Warp eval uation as

Exanple 1 was nade. A result of neasuring the change in the tenperature
of the workpiece during slicing is shown in FIG 4. As-showsinFlG 4,
during slicing, the .3 [eRPS" alH ErefberhRRe YL URL €Ce rosesfrom the start of
slicing, freached a NgrkéREki €NRATsAARY bEsLRING 3Bar2nbordlenc) [tAversGEIRCRI NG dept h
was approxi mately 1/7Qaamidrsidien odr opped, and decreased BWPBKFEC®) o 23 C,
which was|the same as the suppingTAREapRICAE U WORE —tATENS| Urry up to|the end
of slicimng. As shown in FIG |3&|Nahe front position jof the grooved
roller was di splaced by approximately 10 m forward between the start of
slicing apd-the cutting—depth of 150 mmof—thewerkprece—and—then the
amount of mmmndisplacéﬁent wgs2 @dnstanmtCunti|l the end |of-stilcimg.l On the
ot her handr—the—rear positionjof _the grgoved__rofter nos not |di spl aced
during slicMFLEFI G 2% Shows di $8r¥ u‘?rgo(ﬁ ~ot 5tthe Warp ofét\rll\%%vfié?ler t hat
was neasufed after sLichng. An age ofor ke wafers mwas 950p,m [00651
Table 1 shows"the o%rb::{r:]ed re ﬁégéof P @ \lilfr’n at ' P

EXAMPLE 4 2 3%C 23°C—728°C 7. 53pm

EXAMPLE 5 23T 23T—40%C 8. Z2Zum

EXAMPLE 6 23T 20C—357C 7. 93 pm

EXAMPLE 7 23T 26%435t 7. Tlum

EXAMPLE 8 23%C 23C—27%C 8. 71lpum

EXAMPLE 9 23T 19C—34C 8. 6 7Tum

EXAMPLE 10 23%C 27C—36%C 8. 832um

COMPARATIVE o

EXAMPLE 23T 23CT—23C 9. 05um

[0067]

to the present invention,
manner that the workpiece
temperature of the slurry

the end of slicing the workpiece,

As explained above,

use of the wire saw according
which controls in such a

is sliced while the supply

is increased from the start to

enables suppressing

the decrease in the temperature of the workpiece in the

viCinity of the slicing end portion of the workpiece and

reducing the amount of the change in the rate of

increase in the displacement of the grooved roller

during slicing.

Whereby,

the slicing trajectory

depicted in the workpiece can be made close to a

straight line and the forming of the Warp of the

workpiece to be sliced can be suppressed.

It is to be noted that the present invention is
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the tinme of slicing the workpiece and the conditions in each of Exanples
and Conparative Exanple. [00661 (Table 1) 32 TEMPERATURE OF SUPPLY
TEMPERATURE OF SLURRY Warp WORKPI ECE AT (AT START OF SLICING AT END OF
SLI CI NG (AVERAGE FOR START OF SLICING OR ALL WORKPI ECES) (AT START OF
SLICING -- MDDLE - AT END OF SLICI NG aEXAMPLEl1 23C 23C-'35C 5. 51um
EXAMPLE 2 2 3 C2 3 C 2 VG35t 6. 95 um EXAWLE3 23C 23C'30C ' 35C 7.
33um EXAMPLE a2 3 C23 C 28C7. S3um EXANPLES 230 23C-a40C 8.
22uin  EXAMPLE6 23C 20C'35C 7. 93m EXAMPLE 7 C.2 35C7. 71
m EXAVPLES® 4k 2it&i>t8 The gomwm%e@@mﬁ% 1% %000 5 4 ¢
8. 6 7 um EXAMPLE10, 23C 27C'36C 8. 5%}@ RAThMEa2 3 etapdes 2 3 C
9. 0 5 1<aRPERAPLE $9089F CAE ex] %¥3m3 ove, ﬁhsghgf tRe mnréﬁéaw
according . t%tﬁ%{fﬁﬁgﬁahezﬁnulyomhmm chmatoks ands@@ﬁlowstr@ﬁ?er that

the workpiece is iced while the supply tenperature t rd
i ncreased tfhreommdree Stactions ehe éﬁﬁP £%132i hgCtRe W mo?%ﬁigggﬁlgha

suppressing the decrease i,n.th t r tbe woﬁhmeﬁnidﬂ1am£
vicinity SPRHIRPLIFeFRGtRRd 60r$§b§ﬁgf t ugﬁeoéglecg and redUC|ng%the

amount of ;the .caNoeni Phtheekaind fl sawpeasé thet Prefiadpt akehent 1oR - t he
grooved roller

u
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during slicing. Wiereby, the slicing trajectory depicted in the workpiece
can be made close to a straight line and the form ng of the Warp of the
wor kpi ece to be sliced can be suppressed. It is to be noted that the
present invention is 33 not restricted to the foregoi ng enbodi nent. The
enbodi nent is just an exenplification, and any exanples that have
substantially the sane feature and denonstrate the sanme functions and
effects as those in the technical concept described in clains of the
present invention are included in the technical scope of the present
invention. 34 CLAIMS 1. A nethod for §ﬂ¢6¢ﬁb a workpiece by using a wire
saw including winding a wire around a plurality of grooved rollers,
slicing the workpiece into wafers by causing the wire to travel and

pressing {he wogkpibeseq agai nstidheg vareowhipliecsupyl Wi a 31WHFS to the
grooved Tollers, wherein the workpiece is sléced u%%f-@ysggply
t enper at usew ohctlhelisiaireindsngner ¥AEEd AV HE Btarf to'the end of
slicing the workpiece. 2. The. od 0o, o 15 &g ai mos kpa Eeesbpyusi ng a
wire samﬂéeegﬁgiﬁfﬁl?%ﬁbj%fi$?§ﬂe?einvkhexfncrease in the  supply
t enper at ugg;Qfi nighe e urive feomtheest and rraseingndlef YSFFBHTG®t he
wor kpi ece 1's not less than 5 C and not .nore th Bhe The oRichpd for
slicing aageikpitedd oy ies ighhl@i FEPP éﬂfﬁ%é%r%?ﬁ6}§ogélaiﬁ1 or claim 2,
wherein a Lfference between the supply tenperature of the slurry at the
start of §Pi Fﬁﬁ’tﬁ%‘%éﬁi%?ece and a tenperature

: the workpiece is sliced while a s

ased from the start to the end of

upply temperature

of the slurry is incre

slicing the workpiece.

2. The method for slicing a workpiece by using a wire

saw according to claim 1, wherein the increase in the

h
supply temperature of the slurry from the start to the

end of slicing the workpiece is not less than 5 °C and

not more than 15 °C.

3. The method for slicing a workpiece by using a wire

saw according to claim 1 or claim 2, whereln a

difference between the supply temperature of the slurry

at the start of slicing the workpiece and a temperature

of the workpiece at the start of slicing the workpiece

is 3 °C or less.

4. The method for slicing a workpiece by using a wire

saw according to any one of claims 1 to 3, whereiln a

rate of increase in the supply temperature of the slurry

from the start to the end of slicing the workpiece 1s

constant.

5. A wire saw in which a wire is wound around a

plurality of grooved rollers, the workpiece is sliged
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of the workpiece at the start of slicing the workpiece is 3 Cor less. 4.
The nmethod for slicing a workpiece by using a wre saw according to any
one of clainms 1 to 3, wherein a rate of increase in the supply tenperature
of the slurry fromthe start to the end of slicing the workpiece is
constant. 5. Awre sawin which a wire is wound around a plurality of
grooved rollers, the workpiece is sliced 35 into wafers by causing the
wire to travel and pressing the workpiece against the wire while a slurry
is supplied to the grooved rallers, t i nghel oG dimguch a
manner t hatthe?aheF kph 8ceaPs 149 ctzlo? v&:lﬁgem Eagsﬁg%fﬁgterrpesature o? t he
slurry i sgﬂg:r‘@@]@]@giéé@nhgggngttarﬂhet avite wehillof asbileiray 1tShe wor kpi ece. 6.
The wire saw according to'claim5, controlling the increase in the supply
t enper at ursmpfl i 6 uthy Bre@mveache StER%Sto the end of slicing the

wor kpi ece to be not .| ess than t; t hanmdhn€r thathehw re saw
according to cl i &9 FAY mcg?t?ggggrn I Ilirggglgc di fference between the
supply teqpangiisce 0§ shecsbummyilat 4 heusp byt t oMPSIRGUAE t3e T kpi ece and

a tenperature of the workpiece at the start of sligin & WOy kpigge to be
3 Cor |essuy The Wweeesardades™itiy tD-ahy BRe P %l“éﬁt%s 510 72%

controlling a rate of increase in the supply tenperature of the slurry
fromthe &qhertw?{)klflﬁ%(:éehd of slicing the workpiece to be constant. 36

6. The wire saw according to claim 5, controlling the

increase in the supply temperature of the slurry from

the start to the end of slicing the workpiece to be not

less than 5 °C and not more than 15 °C.

7. The wire saw according to claim 5 or claim 6,
controlling a difference between the supply temperature
of the slurry at the start of slicing the workpiece and
a temperature of the workpiece at the start of slicing

the workpiece to be 3 °C or less.

saw according to any one of claims 5 to 7,

rate of increase in the supply temperature

8. The wire
controlling a
of the slurry from the start to the end of slicing the

workpiece to be constant.
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