DESCRI PTI ON  METHOD FOR CUTTI NG WORK BY W RE SAW AND W RE SAW TECHNI CAL

FI ELD [ 0001] The present invention relates to a nethod for slicing a

wor kpi ece (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 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 workppgeeeragaimst the wire to cut the
wor kpi ece while a slurry is applied to the wire and thereby slices the

wor kpi ece into nanﬁ wafers at the sanme tine. %0003! ﬁﬁﬁ% outline of an
exanpl e of a colffé Ppoﬁ%ﬁISPT%ﬁNﬁﬂWQRKMBFewgﬁﬁ/ gv it A 3. As shown
in FIG 3, a wire saw 101 mainly includes a wire 102 for slicing a
wor kpi ece, grooved rollers 103 around which the wire 102 is wound, a

mechani sm 104 for giving the wire 102 a tensile force, a nmechanism 105 for
feeding the workpiece to be sliced dowward, and a nmechani sm 106 for

suppl yi ng a time of slicing. 1 [0004] The wire 102 is
unreeled'ﬁi§ﬂ¢gégﬂﬁkgﬁﬁgel 107
[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 in size of a wafer 1s

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.



and reaches the grooved rollers 103 via the tensile- force-giving nmechani sm
104 conposed of a powder clutch (a constant torque notor 109), a dancer
roller (a dead weight) (not shown) and the |ike through a traverser 108.
The wire 102 is wound around this grooved rollers 103 for approximtely
300 to 400 turns to forma wire row, and then taken up by a wire reel 107
~via the other tensile-force-giving nechanism 104'. [0005] Moreover, each
of the grooved rollers 103 is a roller that has a steel cylinder of which
a pol yuret®@R8] resin is pressed in the periphery and that has grooves

formed at a fixggpl§el Qﬂaai§uﬁk%§%fé3”f¥gm dhe weyndrownreopy02 can be
driven in a reciprocating direction for a predetermned traveling distance

by a drivang mehaheslibe [(0Q0Q6led troslénsb&Ofoved that temesile-

wor kpi ece-feedi ng ,mechani sm 105 ds the rkpi ece toward the wire 102
wound aroEﬂHCFﬁ€g§FGGVQ§9WﬁQ%§% %@ By RSP a nagaﬁdpﬂ&ﬁﬁﬁrﬁ}ucﬁ% t he

wor kpi ece(at cbRg tbhWe t@fr fld Gidtht heo 9 Wor Kphgaee rMeiaqwer , (anazzdds 115 are
provi ded near the grooved rollers 103 and the wound wire 102, and the

slurry canebghsipghiosd sthovrhe and ethe2l{kemthroughy @ a3 at Obhe tine
grufl;cigﬂﬂefggkéggB?Lg%,g%?gkgé%é?ﬂ%gl%*f%hé}épgéggq?gg%%ggﬁ%%%?eéhgan be
adj ust ed. £ D09Bp r ¥kt hattha W30 sy 404, t @pnappoofivirat @ twensi |meow 2

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



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 nmotor 110 and free-abrasive grains int

supplied

slurry are pushed into an inner portion of a wire groove

slicing groove of the workpiece) by the wire 102 to scrape a botto
portion of the groove of the workpiece so that the workpiece is sl
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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 expansioh 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

)

on of

cted in



inflection of the slicing trajectory is detected as Warp 3 in a shape
measurenment after wafer processing. For solving the problemregarding the
generation of heat in the workpiece during slicing, there is disclosed a
wire saw that has a workpi ece cooling neans provided in a workpiece
hol di ng menber and slices the workpiece with cooling it (See Japanese

Pat ent Lai d-open (Kokai) No.H |-58365). [0010] However, in a nethod for
slicing the workpiece by wusing this wire saw, it is difficult to have a
suf fi ci ent.nceolshap« apsds hr¢yest ngétarshiedieng pporadssiiitis- far froma

cooling portion_and a_si.ze qof the coplin ortion._is restriGt: even if
t he wor kpi ece iEOEoﬁﬁéquﬁ:ﬁbﬁrﬁgéaé) ig%%gggépgnéhﬁegﬁiﬁﬁéﬁh ed in the

wor kpi eceshohdiAg erdes WeiFkpgesti auRdngAddiitldiongl Itherd his met hod cannot
control. the thermal -expansion of the grooved rqller.(%OOll On_the ot her
hand, regdidicigsatk a herral saxpahatohaSor IR KGR FIVHRY BEFTig

slicing, there is, disclose LT RS i rekoOt at ably
sustaininargvﬁéﬁﬂeﬂQt@ §§9¥%ge§%ogszgwb§r?%rs, aggggf?%g?%id?un} suppl yi ng
neans forwsuRpliYdig Wi twotdayi ngdi um(shat Japeoles cediAt @it thel deaPfRgs and a
cool i ng- medi um tenperature-adjusting means for adjusting a tenperature of
t he cooliﬁ&oﬁﬁﬁhuHQfﬁ%ﬂj%$%ﬁ%ge Pat ent Lai d-open (Kokai) No.2003-145406).
Al t hough igbﬁdw re saw can adjust the tenperature of the cooling nmediumto
be suppli to'an inner race side of the bearings, which sustain the
grooved rol | ersHowever, 'in a method for slicing the workpiece by

using this wire saw, it is difficult to have a
sufficient cooling capability since a slicing portion is
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.2003-145406).

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



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 4 tenperature of the slurry supplied to a peripheral
surface of the grooved roller, it is difficult to effectively reduce the

expansi on of the grooved roller by the nethod of adjusting only the
gr ooved

t her nal

tenperature of the cooling nmediumsupplied to a shaft part of the
Additionally, this wire saw cannot control the thernmal expansion
of the wotkppecetdur nf tHd c3hgrry09upplibdeseer, nedramh ez scl osed a
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wor kpi ecesP§fﬁﬁﬁe%§n§Ihle, qro?é)‘@ (gn]b%)ﬂg,ieﬁy %gpﬁlsyi%ﬁg tlhcgmglﬁry havi ng a
constant pemperatdng dWduik: InEifigeihgl wRpkpiseos @f tite sfrsoyedavi ng a
predeterm ned tenpéerature by controlling the tenmperature in Japanese
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such probggggikﬁat a special nechanismneeds to be added to the wire saw

or an inprovene

t effect on the Warp is insufficient.
[0012]

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

have

t he



DI SCLOSURE OF | NVENTI ON [0014] Hence, the present inventor conducted
experinents, neasured the tenperature of the workpi ece and an anobunt 5 of
di spl acenent 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 workpiece by using a wire saw.
A silicon ingot having a dianmeter of 300 nmand a |ength of 300 nm which
was prepared for the experinments, was sliced by using the wire saw shown

in FIG 3ophilepaacsupplty dfermey ajtsevell tbelskurnny al oo ralded to be a
constant tenperature of 23 C during slicing. [0015] A result of neasuring a
change i nCeRE BéAFerdt e YOre MaWoikpiegeSdiFiRg sAi"G ng is shown in FIG

S o fyberaghed A hat dhed eper g Ubec0b Lies Wor ke ps measur ed at

both ends o wor Kpi ece usi ng a thernocoupl e. shown in FIG 4,
during slgenhagathd wor kpiceemse tde ¢ kehpengt the wbrikipe ewsr ki ecelnose from
the start of, slicing, reached 38 C (increase of approximately 15 C ) when
a cutting® d&pth S6f"the workpi ece was approximately 170 nm and then fell.
I'n the vicinity,of;]facshl thgteﬂgvﬁ(?{gtiaprtii(érﬁb’é@fsoﬁa§60 iReagdt i ng depth
was approximately 275 to 300 nm, the tenperature of the workpiece

preci pi t okshgtheplf 300 becamthiZdh Grashpehpaasd d@ar IGhea RXRAHENABLS he

supply temperaf urg of 1Rg Sl uhe A rd N§ag"dn8lnsihciFie. 0048he 2
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 workpilece 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



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 resalfoekpieasuninngrdrn anquﬁrlmént@eandiapp@séméwmadf t he grooved
roller is shown in FI G 5(A). is to be noted that, the anbunt of the
d|spIacenﬁ%labioﬂﬁélar8@@@@%@ﬂqﬁﬁ PP HeastiP eByannggﬁblng an eddy

t I Kl I
oroxim ty TeePhe g GBvar Forior (e Bl FUE EIFERS Shown in Flo (A, a

positi on e@tpeéhemgnoeved roller in the front side of an apparatus was
di spl aced & ﬂpproxinately 10 mforward between the start of slicing and
a cutting[% %? of 150 mm of the workpi ece. Then, the anount of the

di spl acenent Wag gONSk apbsUNti br e sendof & ioiegnthefwehkpi ece. On the
ot her hand, a p05|t|on of the grooved roller in the rear 5|de g éh
apparatusdhapbayemhahg@d theo 3o Ve thasol hotight SR Fhapk {RL-varp

due to the di acenent . of ar, ed (.ol So EOpMEX mnth respect to
a face of the agrkplece bg %QS t % Q ()ﬁ%u e %pparatus, t he Warp of

appr oxi med £5y1 3cemenads 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 pum 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 to a 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



generated on an end face of the workpiece in the front side of the
apparatus and the Warp of approximately 0.7 pmwas 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 nmethod for fixing the
wor kpi ece 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 described above, the Warp neasured actually in a
waf er neasurepeRtnts.caused by a conbination the foregoing inflection of
the slicing trajectory due to the change in the tenperature of the

wor kpi ecel @dd91 he di spl acement of the grooved roller with the inflection

of the slicing [ géieeg%g&glegulsggg%a@h%%a%%g@ﬂ»@a Sacﬁﬁ'éllgaﬂﬁm be

gquantified. According ortant to reduce factors that can be
quantifiegl, wvthat heastiremdmf liectdamsed bheastowbhgatignethery due to the

change in the tenperature of the morKgbgce and_t he gisgl cenment of the
grooved rBPFeFCLRIorA&r &CS Liofprdvd 1hes VT pP9 FBB26F “PAYVICEW ot t he

abov?'eXp&ﬁé”SHaH§gbhﬁw§hé1féﬁ§é¥ht&¥&9§f ohet NBrRpeSEBt aindvaitd on to
provide a wre saw and a nmethod for slicing a workpiece by using a wre
saw in w@isplabemshtcbdguhaﬂqﬂnqnqdckﬂﬂb@édwiﬁhtﬁge WO SicddeOean be made
close to a_strai res e kRethe ature of

t he morkbfe%%eigggﬁgkgfgg%ﬁé?ﬂﬁ%¥r1d%??%iﬁggéﬁggporﬁlon of  the workpi ece
and by regdugt NngaaRoaMBUNGueihta fahange Adtardimeg By of it nts eampoirt anite
di spl acenent of the grooved o .
to reduce factors that can be quantified, that 1is, 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



roller during slicing so that the Warp of the workpiece to be sliced can
be i nproved. [0021] To achieve this object, the present invention provides
a method for slicing a workpiece by using a wre saw including wnding a
wire around a plurality of grooved rollers, slicing the workpiece into
wafers by causing the wire to travel and pressing the workpi ece against
the wire while supplying a slurry to the grooved rollers, wherein the

wor kpiece is sliced while a supply 8 tenperature of the slurry is increased
fromthe §éﬁEé_rtaQurtehQ>Eﬁﬂueofthhi:ﬁjrngst hecwerkpidedeon] 00ZE2]start e manner,
when the workpiece is sliced while the supply tenperature of the slurry is
i ncreasedthpofnd RE $tldrdind the EAEXBEESPIci ng t he wor kpi ece, the

decr ease E?OEEZ tenperature of the workpiece can be suppressed in the
vicinity t slicing end portion of the workpiece and the ampunt of the
change in the rabethos macnease wher Heheliwpr kebaeat 16f SRy dGVed rol | er

can be reduced during slicing. Conseguent h i ci i
Gopi ot o PHS AEPRIMK T TS Whabh Serbls Yo 5 U R ihe and f or m ng

the Varp pfiet Bea rworkpitase 41y ber ski cednganhbe wauppriessed. tH0023] In this
case, it is preferable that the increase in the supply tenperature of the
slurry frdarthesst dmt the teererdteresPicfR§ HRE & i not | ess than

5 C and not nore th%gl%ﬁﬁizvV@%Ei%ggogngﬁgagqikgjﬁﬂgﬁﬂuﬁgﬂt$@mp@fature of

the sl urfyPPECRSET ddk ecrease in
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. 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
the vicinity of the slicing end portion. When the
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



tenperature of the workpiece 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
hol di ng and feeding the workpiece of the wre saw due to an increase in a
tenperature of a nmechanismportion of the wire saw except the workpi ece.
[0024] In this case, it is preferable that a difference between the supply

tenperat upg, of;Lhe élturtr alr 4:he optaricohigsthel Agrikpa coy ki execand a
tenperature of the 9 workpiece at the star? of slicing the workpiece is 3 C

or less. on thiss.manner, when the difference between the supply

tenperature of the_slurr t th ar fistEL] t pieee and the

t enperature of %ﬂetab?krﬁ%(gggrét %’htsehqe éqegr%%ﬁggggg?ngggﬁg%\ﬁolﬁ%& ece is 3 C
or less, ébppl?n%bﬁ@%Qakmr@h&xﬁanperalurEyoﬁtthhemamprecéfcaki%%ngsnnothed
at the start of slicing the workpi ece and the rp_can _he rewgnted from
degr adi ngtBaewps kRiegeedns tidt %ﬁﬂ%@EaFHr?h8ftgﬁﬁe”ﬁﬁk&%%)et%e wor kpi ece
at the start of _slicingt. rkpi ] iknsthgsqoeasessl,t the
preferablgBFhSFagtrgFeQGfQ%fﬁgﬁgﬁggﬁﬁﬂk%ﬁggguﬁgl; pgnggrgsure of the slurry
from theistaetskoinhéhendenfpestatting ¢fhether Kpirkedsice G@hf@nt. In this

manner, when the rate of increase.in the s I rat ugy ofpd he slurry
fromthe S$Pgpthed ?ﬁegaﬁuf?ﬁrgl?%i%bl?h%gmgggp¥8%%ﬂﬁgééwwtant, the rate
of 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
supply temperature of the slurry from the start to the
end of slicing the workpiece is constant, the rate of
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



increase in the displacenment of the grooved roller can be constant during
slicing. Consequently, the slicing trajectory depicted in the workpiece
can be nmade closer to a straight line and form ng the Warp of the

wor kpi ece to be sliced can be nore effectively suppressed. [0026]
Furthernore, the present invention provides a wire sawin which a wre is
wound around a plurality of grooved rollers, the workpiece is sliced into
wafers by causing the wire to travel and pressing the workpi ece against

the wire phil gna Sleurdin diheurd iwsrk9i6Be. grooved rollers, the wire saw
controlling in such a manner that the workpiece is sliced while a supply

t enperat uf08f1the slurry is increased fromthe start to 10 the end of

slicing the workpi gce. 00271 .In this e L Le.sam.according to the
present inventigﬁ ggﬁ?rgkgnﬁﬁ &G “glﬁ%gﬁgg %%%?§?£%5 agrﬁ%?ece is sliced
whi | e the?iéﬁéhx t @RRertald ecdxt #dies Bhusuyghi 8 macmeasedhaftr othe he start to
the end of slicing the workpiece, thereby can suppress the qi rease in the
t enper at uVerbPieke visr 1§ ihite Uhei ARPYLEf LERR SIS G erd Dorti on of

the wor kpLegey and Gandaduce 405, @npuBLapt tBecraange ot e agie of

i ncrease in pl'acenent of the grooved roller during slicing.
Consequent hy, wblrgpdieioe s ek cosab yradkeen t siepskeepngphet dgjcectasey idegid ed in the

wor kpi ece close to a straight |[|ine and, cap _suppress.form t he Warp of
the wor kpfeReergguse Qf & YUuasIe s %%ighgagéflpﬁéxmqg;giﬁvpreferably

controls {N€cing end portion of the 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



increase in the supply tenperature of the slurry from the start to the end
of slicing the workpiece to be not less than 5 C and not nore than 15 C
When the increase in the supply tenperature of the slurry is controlled to
be not less than 5 C, the decrease in the tenmperature 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
nore than 15 C, a negative influence on the Warp does not occur which is
caused byramrpeesdnrenee ahe eduntiwnttom acicar atyrof tohshdi wgpdamf f eedi ng
the workpiece of the wire saw due to an increase in aoéenﬁgrat re of a
mechani snspbrihgntde workpiiage detv k& cept tRESwbRRPi 8ceb A%t APS manner

the wire saw accardiRgo.to r iV i oksqlihe ikRerease in
t he suppl@orflgﬁg%pggat%fegg? Fﬁg%gl rf§ ?%%??ﬂ%£€€%$t to the end of
slicing therpookpickee woarkpd et Hedse thbhhcsdC and not nore than 15 C, and
thereby can effectively reduce the Warp of the workpiece to be sliced.

[ 0029] InlPRFSlcase, the wire saw preferably controls a difference between

the supply tenpgratpis 8hsthetskurdite afau herstaribdy sbhntingst ke wor kpi ece
and a tenperature of the workpiece at the start of slicing the workpiece
to be 3 GlbFfeeescel hethieenenrers URINEY wk $PBPSEAL 4EEoPdi Fd'St & YHE Y present

Surry at2EnEE SPI0r o8 e he ol Kby Be e and s Lermoratare of the
wor kpi ecepat thBewoskaitcef ad ittiagstdet wof kplécengotbe ¥oCkmiqasss,
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 workpiece 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.

[0030]

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
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t hereby can snooth the increase in the tenperature of the workpiece at the
start of slicing the workpiece 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 workpiece. [0030] In this case, the wire saw preferably
controls a rate of increase in the supply tenperature 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 ipgcrease.in the s v te of stRe sslquiayh iy the start to
the end esngﬁﬁdefﬁ%(ﬁ%#%%%é%% %Eggggggﬁgtgﬁ%? ?%eréby the rate of

i ncrease eprtheidieyl angypandsof f¢iei gy ookedWarpl bér tdgn Weg kFvrxiant duri ng
slicing. Consequently, the wire saw can nmake the slicing trajectory

depi cted FA B2 €Bd RS -kpi ece closer to a straight line and can nore
effectivelgoggﬁpress formng the Warp of the workpiece to be sliced.

[ 0032] Siﬁce the wire saw according to the present invention controls in
such a nmanner t&anhceheéheomipicecav jacantiderRd whe | ENeheT88FPICy t enperature of

the slurry is _increased fromthe start e Sl J Gl
wor kpi ecel"VRBLAELT &4 ﬁ?%?rﬁpt%%%%r%tﬂégn%? FﬁgQ a%fkakgggﬂégggbe

suppr essedgi grthaqvivgiinid yed $depl ¢l tepgrendrpontfi dmeofs ivrer ywokrkpi ece and
t he amount of the change in the rate of increase i.n the qhiglacenent of
the groovédcrebsed daprbehedvie®Et dbPi hgesPPgi R, S11cing

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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There is thereby provided the nmethod for slicing a workpiece that enables
maki ng the slicing trajectory depicted in the workpiece close to a
straight line and suppressing the formng of the Warp of the workpiece to
be sliced wi thout adding a special nmechanismto the wire saw. BRIEF
DESCRI PTI ON OF THE DRAWNGS [0033] FIG 1 is a schematic view show ng an
exanple of the wre saw according to the present invention. FIG 2 is a
schematic view showi ng an exanple of a workpiece-feeding nechani smt hat

e aSETobl 3" ar AR USe AERONI POsLoc! BE REGSSRloUMYER e B1C 3 1S

a schemati T Vi ew show n exanple of a conventional wire saw. FIG 4 is
a graph shewbngdehentenperziargrobvetierohdekpivbee e tHE RppFy 15

tenperature of the slurr durin licing the r kpi.gc n rkpi ece
is slicedlbgedsPygus \Pen‘f?%Ylgﬁlg%\PPéesgﬂvf:elggﬁ}ls(ﬁ&%%% %Enilgx%\gri ment

result of ,t gﬁagﬁo%%vﬁfngt hee disphAceBENt hef dtike 1graemvedt: rof | ere when t he

wor kpi ece i I ced by using a conventional wire saw, wherein Ségl is a
d

graph showirngvekie ratdent dfrime eispiadeadft SdB)t HS gt FRRPIDY uring

slicing and 5(B) is an explanator V] OWeN NBAS W At +wet hod of
the amount16F CREVHE% eeef“r%lﬁg%%nh}é‘ggpggv\g %c})]l%l er. FI%@G s a gr aph

showi ng t heshenpeming & Oftidegryovkpi ecélamd the supply tenperature of the
slurry during slicing the workpiece when the \éﬁr krpi ece é}§e sliced by using
the wire Ea@-aécdmedin@raPht neh oy &88nthej AFBRETGT LS ©

workpiece and the supply temperature of the slurry
during slicing the workpiece when the workpiece is
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 CARRYING OUT THE INVENTION
[0034]

14



FIG 7 is a graph showi ng the anmount of the displacenent of th

roller when the workpiece is sliced by using tﬁe Wre saw acf:o(radig:]gozlgdt he
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 showi ng distribution of the Warp
of the wafer when the workpiece is sliced by using a conventional wre
saw. FIG 10 is a graph showing a conparison of a shape of the Warp on a

cross section ip.the ditection nfeedidig: 468oveikpi ecechehe Varp bei
the first wafer ?romna f%rént siélne of the vvireosaw iQn thé wor k ie(F:)e g: ingegn

:gs![c)ﬁgti vpkygstbyl.tuiimracmn' went 1 opal expbieisad, akdtt Hde WG FAw accor di ng
present invention. FIG_11 is.a tic view showi ng a
\r;}stecvoghoof—nf’ﬁéttléﬁpéﬁztrlﬁt %?Stiﬂlec%?lkﬁﬁégg%ﬁ G 12 is a scﬁema??gsglrggent
W ng anagxanpke otkd Soied urchofwihe geasueddr elcitaral ISEST MODE FOR
CARRYI NG QUT THE I NVENTION [0034] 14 Hereinafter, an enbodi nent accordi ng
to the pregefier meersimanent |1ipeCanped Hé‘d,th@utcot“}?el%ece]soerhtt fnvention is

not restricted thereto.. As nentien : : as i
_ - e g agg e tgheC \géjrerbtr&e}sw\@@l tually in
a wafer nERLELETER J1I§f]ce?icusle%rpby t eecom\gl nati on the for egoi ng inflegti on

of the sl igiN@hlnajeecloryhelugenpe rahereharge hen wohkpigrreratdr €281 t he

wor kpi ece and the ~ displ acement of the groqoved .roll i : ] i
of the sl déispgdawcedject ity e ‘5’6093?goﬁglgteﬁerx’”ftglcttg{esqé aétggjé%ﬁ];lt e(l;teI o

quantified, agcordingly, ifa4Sct8PYrhant 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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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

wor kpi ece and the displacenent of the grooved roller in order to inprove
the Warp. [0035] In order to solve the aforenentioned probl ens, the
present inventor repeatedly keenly conducted studies of a generation
mechani sm of the Warp in the wire saw and problens of a conventional

nmet hod for inproving the Warp. As a result, the present inventor found

that although. the conventional ]y broposed; pethaod Lok pnevidyg die Warp
attenpts ?ggnggeatH@rppéﬁaﬁé?%&xﬁédﬁd?nglggso?utg C\(/)glue%bf the increase
in the tespesahtr enobnthen workpiclce amdstbe di mphacenshatdfde o the
thermal expansion of the grooved roller, sol ute valuejp t he

th f
t enper at UYRTKP1ERE Wor RBiLEEE aftl thet i S%V%BgﬁggFmp(?&@ttuget R {1 el

expansi on, phy Lhe; gr 0qkedalald &r dipSishe Not a AECESSBhiel wndClod MIiT imd/ar p
val ue with reg rd to generation of the Warp in the wire saw and
accordi ngtlye Wookghtcehe threeskemireanenith obheoteprpirativéds. Jf0dd8] That i s,

since the wire,saw and the nethod for .15 slici rkpi.ece by using a
wire saw 4REBPUFHE FBnthg SOPESEH® v%%t?%% %g%ngFgofﬁp§ﬁ§% a manner that

the wor k@if@?n?seﬁhi e8¢ twhin & #t hens uppt ¥pi eopenatiutdieofantoumt ifurry is
increased fromfhe start to the end of slicing the 2@g§ﬂjece, t he decrease
|

in the tetiperabangeofint hde WEﬂkbﬂé%eié%ﬁe%éesﬁBpFE@% AR i nity of
the slichhg. gnd perlLan o U B Pl eceqandat BE AR 1@fing e change in
the rate ®f rhgr&&887FNR fhe 5isp acenent . .

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
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of the grooved roller can be reduced during slicing. Consequently, the
slicing trajectory depicted in the workpiece can be nade close to a
straight line and formng the Warp of the workpiece to be sliced can be
suppressed. [0037] FIG 1 is a schematic view showi ng an exanple of the
W re saw according to the present invention. As showmn 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 nmechanism4, an ingot-feeding
chhanlsngﬁ?rgyskg&rﬁigggabéinglreghan;snl 6. [0038] Here, the
urry-supplying mechanism6 w e first explajned. The slurry-supplyin
mechani sm 6 is AprRe defl BhenshszzlVed S159thdte Suphfyeeht sl urry ?or PRIYIRS

slicing t@a%PEcQFSQYGQnBOUHa“§§%étﬁyba“£§ 2) conPent3BpRNY stiermer at ure of

the slurr Oor “slrci'ng supplie t hrough the nozzles 15 can be controll ed.
Speci fi catay, béousedanpFerasxshoir,i thie Glurry hehat| Lfr JoBRPELEF ng

mechani sm 6 i s conposed such that a. slurry tank 16,1i ed_ wWth th
nozzl es TEftH%Bu@ﬁlthﬂEaFaé9&H§hg€P;ﬁ?%ﬁ)tqgﬁa%% %%gggggggﬁégr%x; ‘e

coptrolIipgqggdtgaﬁoggrggeghe supply tenperature of the 16 slurry for
slicing. A type of the slurry is not restricted in particular, and the
sane type[@83a]lconventional slurry can be used. For exanple, the slurry

frghihscgﬁnggsﬁﬂga?ﬁo§§ié§iHECQRa%aEQ&EﬁAz%9&9%§N@r9§a%8§ dispenged in a
and a workpiece-feeding mechanism S5 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 1is 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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[0039] The nozzles 15 that supply the slurry for slicing and a

wor kpi ece-f eedi ng mechanism 5 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 wire
2) through the nozzles 15 in a predeterm ned anpbunt at a predetern ned
timng with respect to a predeterm ned anmount of feeding the workpiece
that is, a predeterm ned anmount of slicing the workpiece by a preset ’

program 0040] The C uter for cantrallin 8 o) gamount of

feedi ng the wortk gng?ﬂg aﬁBuﬁ?amPl%etflgg%at urré f?%gﬁ?ln]ng at

whi ch thqnééﬂgﬁysmssjth%ddﬁﬂibdfuseﬂuﬁﬂytmenpeea9uteloﬁenh90@lurry to be
desired respectively. However a control neans | not strlcte t her et o.

The wire 25 | Shown eahed I o orid & QE KRt C& bﬁda Eﬁgﬂe °t Re P§rooved

rollers 3 via t te I o] givl wd
i uton (P 14ERstBnt TarofanBiar o0y At rol ] er (o dead e ght) (ot

shown) anmik3t herié keothpough astm@mawny B.worttwl e ¢ en@ldsngound around this

grooved rollers 3 f
.The wire £20¥1'sl§1akéﬂ\or86 %,Elpera?\();alrr tel%q 3tgee D%é.tolﬁeéﬂr?ﬁis}no 5f (EI}\IP()% Wi re row.

tensi | e- fof cesgivng cEeahansetie Joi ol shews a.exanple of the

wor kpi ece ing- nechanismb5 that can be used in the
present invention.
As shown [00#FLG 2, the workpiece is adhered to a pad plate 14. The pad

late 14 | '
P 'S hehﬂnfg 30%@&58%%9%e%b§%% mechanism 5 includes the

workpiece-holding portion 11 that is used to hold and
push down the workpiece and an LM 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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13. The workpiece is held by a workpi ece-holding portion 11 of the

wor kpi ece-feedi ng nechanism5 through the pad plate 14 and t he workpi ece
plate 13. [0041] This workpi ece-feedi ng nechanism5 includes the

wor kpi ece- hol ding portion 11 that is used to hold and push down the

wor kpi ece and an LM guide 12. Driving the workpiece-holding portion 11

al ong the LM guide 12 under control of a conputer enables feeding the held
wor kpi ece at a previously programred feed speed. The workpi ece held with

the wor kpi ggehol dicngo AntiiRN 1daof £ hReWabkphate dkeddiony Jteiahiams sm 5 as

descri bed above is fe§ tothe wwre 2 that is located K below wth the

wor kpi eceebadditigneeclraniemdzaingd ihneccerdance wg.thrife

morkpiece-feediqgone hani§?u§ feeds the workpiece downward until the wire
I

reaches tRBS&H A RS

o finish slicing the workpi ece. Then, the sliced
wor kpi ece i s extpactadmpnen the wirte rowdy beveosinad ofhe dipesditalon of
feedi ng the workpiece. [0042] The wire 2, the, rooggd r%! ers @b the wre-
t ensi | e- f pieaogwiingg haschehis i udthnaft ABPFRFIMetELd iy :%é%%anlsn15 except
the slurry-supplyin anj n o] 8l f0ry i abitalg 18,

whi ch con%fggsRW%ea%§r3§$§2g§%% 3?ngoﬁggﬁagig%?%,géan€%e theqiane as those
in a convent i(@analesiredl savEc A tlybekaadsa+t hi skiedsdofraiyanr €20 a groove
pitch of the grooved roller 3, structure in other nechanisns and the like
are not réstp d-n particular, 18 and can be determ ned each tinme so

t hat desiﬁgg4§hicing conditions can be obtained in accordance with a

Here, the grooved roller 3 will be additionally
explained. An example 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
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 1is
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 1is
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 beariﬁg 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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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 mm 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 wll 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 _exanple, the bearing 21 is.a radjal- ign QRS deration
for the f%?%@ﬁijﬁﬂggﬁﬁné}é‘eofprte}?ee”gtr glonv%e élr%?f e?hg ig%$2§7€3<'§1jxiraot1 di rection
during sljgipge Thee augovedy=d iy Bseani axhatl yeexpawd edowar dh# si de of
the radial-type bearing 21. On the other hand, the bearing 21' is a

t hr ust - t ypgpandst Hescridegr 3t rol ler 3 is hard to expand toward a side

of the thrust. type bearings Zhounlls Guepverl [ ollehesnysuably has such

structure. Wen a ?ength of the grooved roller 3 axially changes, since
the groovgdaeehl ae Boith reidd iodedlat wotkpsedesto gee s¥irge t&n correspond

with the change so that |ogad is not excessively appl] t o .t he apparat us.
[0044] ThusmPeHathEewicle L8y P HRIST nge@hee ﬁ%ﬁ%ﬁ?"hﬁg\?e%ﬁ on, when the

expansi on ggnggﬁegrQQ%%g | &mpit F 0E€EdSoA%kallyngt N8 exphrkiten mainly
pr oceeds fowards  t he S|éé of the radial-type bearing 21 (referred to as a
front of dtheawned bawmeaﬂuﬁamanttmﬁmdb%dp¥ﬁﬁﬁsﬁﬁdtWétﬁbt for slicing
19 .
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
controlling 18. Furthermore, 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, and controls the difference between the supply
temperature of the slurry at the start of slicing the
.workpiecé 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 is

not restricted thereto.

Hereinafter, a procedure for carrying out the
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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 the

wor kpi ece to neasure the tenperature of the workpiece. The thernocouple is
connected with the conputer for controlling 18 and data obtained by

measur enment can be processed wth the conputer for controlling 18. [0045]
The wire saw according to the present invention controls in such a nmanner

that the workpiece is_sliced while the supply at.ur. fs e slurry is
nDnotonidﬁ???oﬁnépéaééécﬁﬂ%a%ﬁﬁﬂﬁéaT%nB%rgﬁﬁrEggggﬁgtH%gggﬁgéggd and the

i ncrease ﬁgiﬁget UPRliY-<t eaReratdl edd Scroédsabppedyifiiome he start to the
end of slicing the workpiece by controlling the workpiece-feeding
mechani srexplandethe heat exchanger 19 with the computer for controlling

18. Furthernore,.the W re saw,pr.efer 5@l BeihgoliAGL@aseti A the
suppl y terrperatm}ésgfwfhg wor g %%C%rgi%t eeﬁfs)'?:tart to the end of slicing the

“DrkpieCQp%@dB%e@ﬁﬁnb@B%ﬂé§ﬂ1di&hammen@brhpiecehéﬁeﬁﬁngameﬁﬂﬁ(ﬁwnrols t he

di fference between the supply _tenperature of the sl urr t ot tart of
slicing thee @spPRFeecEodi® e (Fnpetht itk of"th hﬁ&F&B?é%EaéFﬁfﬁé? start

of slicing,t hﬁi‘é&r ‘épit%%esitl%.] %ﬁ:@ 05 §€56n L9OABLNEN wihics-taaseildhe wire
abl y

saw nore preWer controls the rate of increase in the supply
t enper at urercef gtikd ngl ureran o roni s heassadt tootrA¥eénd ™o slicing the

r kpi n nt . ver, ntrol i r r
rﬁergtg?erégiggoggtik% %iﬁé%%ié%. acontrol peanseLy thQlk rest cted

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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Hereinafter, a procedure for carrying out the 20 nmethod 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 dowward 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 magnitude of the tensile

force givep,tpytRe Wel @udpided rayealdmgi speesl of ihbeewisee Zramd thwe |ike at
this time can be appropriately set. For exanEIe, a ten%%I% force of 2.5
to 3.0 kgétaah be appl iead taf tHelGHTe BRE YABKPHEFE ¥Wah Gécaused to trave

in a reci rocatinﬂﬂi%%%ggk%gp ggﬁgjayﬁr@gg §E§§gz05nﬁ0%ﬂﬂhdﬂﬂ)fﬂrﬁn in a

cycl e of 4®Fb6°35¢ hése can det ermi ned in

accordancgtwamngfQhee&@mméaséhe wor kpi ece to be sliced. Mreover, the
jets of the slurry for slicing are started toward the grooved rollers 3
and the wiP@48] [0047] In this case, the heat exchanger 19 is controlled

with the computer fgf.canteol Lo nkld bautinde rangers hbat the workpi ece
is sliced while thé supply tenperature of the slurry is nonotonically

i ncreasedpréfembiy sbmﬁquiaduw;wm bmestpmpngerhéowbﬂQ§Q§g%%1¢%r t he
purpose SLaTAL DL ANS SIS0 A1 SELEr Y EPLE ecLn e spri ece ol ose 1o
wor kpi ecegj gt he tkinpleHaltyn . diecisd i €1agrgndrpar thensafart 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 is preferable that

an amount of a change in the rate of increase 1s 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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t he wor kpi ece and by reduci ng the anpbunt of the change in the rate of
increase in the displacenent of the grooved roller during slicing, the
tenperature of the 21 slurry to be supplied is continuously increased from
the start to the end of slicing the workpiece without decreasing the
tenperature of the slurry and without stopping the increase. [0048] In
this case, the heat exchanger 19 is nore preferably controlled wth the
conputer for controlling 18 in such a manner that the rate of increase in

the supply tenperature of the slurry fr startyhont Bge end of slicing
t he morkdﬂ@%evi§lééﬁ§t85tFq%1%%ﬁ%?%%ﬁ%%@?béggﬁéﬁhe Tate of increase in the

suppl y tefperatuce;qf thiae ssigyiry e theuseact tbet Béurgnyd isf P91 cing the
wor kpiece is controlled to be constant, the slicing tr 'ectg;gsdepicted in

the wor kpbesethan hé fAtgdeachegetitve drstiusyte 7 nele FBhBy a condi tion

of the rate_of increase.in the grapyr enoh e a’dyirafy is not
restricté%OttﬂgFBFOWSﬁcphé%Mlﬁyéégvéic%%g?ng to the present _invention

The rate 1 hnaHease ifaddie d eipenad ekpfetheofskber yire Bas A i€l can be
changed fromthe start to the end of slicing the warkpi 68 4ndid s not
necessaridy iooneeast 18t 2aliemRarRtUrRwRle?, P PE Sieferabl e that an

anount of change i e (Heksaseel.s as snmall as possible. [0049]
Nbreover,tﬁﬁewﬁggtS@%h%%ﬁﬁgr 19 is preferably controlled with the conputer

for contrpbbbsog 18 in such a manner that the increase in the supply

temperature of 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
the wire saw shown in FIG. 1 and the supply temperature

of the slurry to be supplied to the grooved rollers was
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the slurry fromthe start to the end of slicing the workpiece is not |ess
than 5 C and not nore than 15 C. Wen 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. Wien 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 holding and feeding
t he workpi ece o e_WMre_s u  hHCERASQoirkpaclcenperature of a
nechanisn?%%ff?%%ggfaﬁiﬁeemﬁﬁggggﬁggi%gg%ﬁﬁhe morkpig%e. [ 0050] Mor eover,
the heat exchanges }9reanabengoat Kdldretemiaf 16@ wonpasersSedr Eontrol ling

18 in such a manner that j fference bet e ppl- e ature of
t he sIur??nﬁﬁl?h§0§9§rpfb%'gi%ﬂﬁmﬁ?%eaﬂgﬁﬁgﬁegg g%% &foénggﬁgture of the

wor kpi ece; gt &E?e%%rst Bfusdd Gidg: thee1 Wonkpi eeeiipgo@aiorg less. In this
manner, m%en the difference between the su 8Iy t enper.at ur e_of tn§fslurry
at the staiteofishi eitngn tave nagkpireed afd g Pemddrdr die %S WOt kpi ece
at the start ,of slici,ng the, workpi ' : r,k,.ess xithbe cagsnaorase in the
t enper at ufts 8 St hi8 \?31’1 1‘ec h@aﬁhgle&%gn%%‘%%legegtb hgésta?te of slicing the
wor kpi ece,apf hheooam can besdigventetibr om ddgiddiveg dtredo a

preci pitous change in the tenperature of the workpiece at the start of
slicing theOddikpi ece. [0051] Hereinafter, the present invention will be

expl ai ned in moge, detall hasedcwh PAPIES.5bsY, the eddy current

tion of the grooved

This

‘sensor was arranged in an axial direc
roller 3 in close proximity to the grooved roller.
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 workpiece 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 in
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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present invention is not restricted thereto. (Exanple 1) A silicon ingot
havi ng a dianeter of 300 mmand 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 time of slicing the workpiece. The wire having a dianeter of 160 m was
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 60 s/c to slice. The slurry. in by m xi ng
GC#1000 hilgh acoperadung of we? git il o?n%o?goséégml}géd%e[ 0052]

Mor eover, d@%r@é‘%‘@n iinhn t@eetéﬁ@mg@rgdgy eHer el kpsertsorwams arranged in an
axial direction of the grooved roller 3 in close proximty to the grooved

rol l er. TBiuppries shecausshithe? do sif! aicenseme victhétyr 6dvéd SidlI& in an

axial direction quan be neasured, and thus is not essential for the present
i nventi onSTA PR df?’™t'he neasurement of the displacement of the grooved
roller 3 in anpgxiak @itheGt iehd,s dawtskesnriot 4Gto Théheorfegditng neans,
use of the eddy current sensor enables the neasurenen 1§ h. i gh

accur acy wosheuitorcerft ddie amaeevedi 50LheFeldre ddfé’fjearcaebc% eé.,%il%le&tlgrrper ature

of the workpiece S..S t.0. be L RaabieblRe strardhOfwst el dige aamdt he
wor kpi ecew\?vgi1 srlelsc?e(ft \(il"lrﬁ I%%hgagﬁﬁplgy teEeonperat ure of the slurry is
i ncreased ¢ heaRjipareAserd d@achelir om ga Gtathieheerst 0% 9¥1@17¢ing to 35 C

h n f i . i
2Engt:nf_%h% d?gangéﬁgkgqg g 0Bast p%g§kfa%3Jfgehégriﬁcrease Was

constant regardless of the cutting depth of the
workpiece. As described above, the amount of the
displacement of the grooved roller increased to 30 pm

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

Comparative Example where a conventional wire 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 pum 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
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. 10

25



[0053] A result of measuring the change in the tenperature of the

wor kpi ece 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 nmmto reach a maxi mumtenperature 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 workpi ece was
suppressed within 7.9 Cin the vicinity of a slicing end portion. On the

other hand,,ag) ol BBl Gn e dditd TORLa BosERLENoES cheeugimaaved rol | er
was dlsplaced straig Wi £ respect to the cutting depth of the workpiece

and the ﬂlS@éacbyenslmga¢MEjwﬂransﬁWt¢@ﬁ@ndlbg §P|@hﬁgpreﬁﬁéﬂdlsplacenent

of the rear position was near]l nst ant h i,ng depth of
the workphéeRtigs H€§CPPB€&%§§ The %%% %?R glggﬁgﬁéﬁgnt of the

grooved robl£EnEREHEASEM O s3%.M from 10 m mhlch was a result in the case
of Conparative Exanple where a conventional wre saw was used and the
supply tenperature of the slurry was a constant tenperature of 23 C during
slicing. E?@ggg since the anmount of the displacenent of the grooved
roller in d straight wwth respect to the cutting depth of the
wor kpi ece(pk&@pwer kpi ece slicing trajectory was not |nflected as descri bed

bel ow and influence on the fornln of fhe Was grea pressed.
[0054] FIG 8 SHemsworkpiesatas &f lﬂ?éi \M}Vﬁbﬁp $ae WaP R 1¥13HBP4S

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 pm.
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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that was neasured after slicing. An average for all wafers was 5.51 m and
thus the Warp was greatly inproved in conparison with the Warp of the

waf er sliced by using a conventional wire saw. FIG 10 shows a conpari son
of a shape of the Warp on a cross section in the direction of feeding the
wor kpi ece, the Warp being on the first wafer fromthe front side of the
wre saw in the workpiece sliced respectively by using a conventional wre
saw and the w re saw according to the present invention. FIG 10 25
reveals that the inflection of a surface of the %@iféd shi ggd by using the

wire saw attobddngthe £R&ESpPEsMCIGaRend D WS 2uUppr esse

nore than the

case of USiQQggﬂeggngﬁ@t ln‘lgiﬁlll.ewdaie SavwidP055nd (Ewanphre2)iatipe wor kpi ece

was sliced in

same conditions as Exanple 1 except of controlling in

such a negwngluibabn tbkeEsapplle tlemser ataf®- of the slurry was increased at a

constant rate o

m ddl e of slidhgd (Beebtting? &FHHF

a constanti+48h
rate of increas

and the saner¥asp ievahgatsivePlas EERFHTEEUC DS

aver age fog\ al |
si nce t he“fatrae

f

gh

increase from 23 C%rt éfglg %%?r gﬁg‘érssk»)acsi ng. 39 8. C at the

that 1t was increased at

of +i REeaTR I ARdhaxdmpBS T atnthetbadrefte $If cing (the

was controlled to be changed_at,the.m ddl slicing),
ErihE. o %"%t

ARTEY, &8 , an

8%2?&%!'@%3 t%eg‘r?/{ai:?éa s‘uﬂé hﬂh@@obéd%@r@t&%m’i haye Exanple 1

ddse’in pply tenperature of the slurry was

changed hghfways the Warfewasl iag dvedisiong 2haArvRetigRAd dF%ihe waf er
sliced by using a conventional wre

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 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 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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saw. [0056] (Exanple 3) The workpiece was sliced in the sanme conditions as
Exanpl e 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 sanme Warp

eval uati on as Exanple 1 was nade. e a r &l l; waf ers
was 7.33 e %PPHéMgﬁemP%ﬁ%¥W&ﬁséfs %§&££Ye9§ s?ﬁ%gg?ﬁ%%fgféézf

oerease |, LhensuRAlY e Alds Offr&hezgl Wy vesse shangedthal fuay, the

Warp was Thproved nore than the rp of the wafer sliced gé usi ng
convent i ofBl c whe tosdw. °p0657khe(enﬁnﬂﬁaQQlQ¥ﬁ9mn§% di Ble @esllced in the

same conditions_a pt of nt&QkLlLing in such a manner that
t he suppl@a¥%nﬁ¥?iﬁﬁE§9&=%ﬁ1 i:}r% gégggncreased at a constant rate of

increase fromg3 € atshhe, s@@%aﬁgragélﬁoﬂgaﬂm 28 € rat w&&;%naQoﬂmsI|C|ng
and the sane Warp eval uation as Exazf ma? mg Jegsult, an
aver age fAitAPRoWafiér ¥yakador S than %ﬂ%ﬁbﬁ { Vias moré% fhan Exanpl e 1,

the Warp § o IR Q¥ed THIE, t e VerPLRE WhEewakenceld ¢ad Usinsing a
conventi onalr"W're saw. Since the anount of the
a conventional wire saw. It can be 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.

As a result, an average for all wafers was 7.93 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 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
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increase in the supply tenperature of the slurry supplied during slicing
was snaller than Exanple 1, an effect to nake the slicing trajectory
depicted in the workpiece closer to a straight line was snall and thereby
resulting in a smaller inprovenent than Exanple 1. [0058] (Exanple 5) The
wor kpi ece was sliced in the same 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 slicjng, and_fhe sa IR e [oNn as
Exanpl e 1temBeraderead fa thes AL kRE %e?%g%ﬁ?oﬁ%ﬁfl ﬁé?gﬁéﬁ%ggygggg gm

- Al 't hough jﬁgr%?ey}gr S8 ot E@{ B@P] &idnt es¥hppev@sd iimproowngamyan t han the
e r

Warp of t er sliced by using a conventional wire saw. It can be
consi der edithaExasipiee 1t kewcanthanely résulhépgad® ien SMRe Sdpply

tenperature of the slurr lied during slicing exceeded 15 C, the

tenperatuF@péPvﬁﬁén%egﬁ§%1?#ggﬁﬁf'oﬁ‘ of the wire saw except the workpiece

i ncreased, 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 {hékéby resulting in a smaller inprovement than Exanple 1.

[ 0059] ( | e.6) -The workpi ece was sliced in the sane conditions as
Eln

Exanpl e controlling in such a manner that the supply
tenperature of the ®bukpyewas wakcrslaset ain athe 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 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 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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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 nmade. 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 wre saw. Since the difference between the supply
tenperature of the slurry at the start of slicing the workpiece and the
tenperature of the workpiece at the start of slicing the workpi ece was 3

C, degr %Qﬂaoﬁvgﬁuhtﬂ%o\%%& duamil d he ¢hangeden the 28 tenperature of the

wor kpi ece at"the start of slicing the workpiece was not sufftlci ently

suppressed i n Konparesabt,warh dweamde foandliherdey s ¢a t9ngt iHa smal | er
i mprovenent than Ex le 1. 0Q60 rpivege was sliced in
DROPEEBnS oy SR T Ak GaaDt € L), PR, Wip

the sane @ except controlling in such a manner
that the;gyppt¥dt aERer atee tafe tiers| of r yheasaifrer sdde¢datdya UGt ant
rate of increase from26 C at the start of . slici n%tt8f315_h§ at the end of
slicing, andonfiensdmaalwaig i at DT BXanpl@Y I wds mide. As a result,

an average for all .wafers Mas,1%, Aefberdtbbough khewas usanserddhan Exanpl e
1, the V\af’Bc\F\ﬁggei rlr\g?c?\?léed S\r%)}e%han %e Warp of the wafer sliced by using
a conventé®nath itk eisaless naeant ive °di, f ber erfdfe dette eFUPR FRS S UbPEy

tenperature of the slurry at the start of lj.Gl ; kjfieece and the
t enper at u?‘@céﬁatsﬁel%ﬁ‘l@pit&‘@%ﬁaﬁ%ﬁes?grFhéf |A'(so\}Elﬁlgiltr?rg&(:ét\#glrwor kpi ece was 3

C,  degragatigni9f otehq MMArd idiighd cehidiepebange iwast het sufficient
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 um.
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
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 6, and thereby

resulting in a smaller improvement than Example 1 and 6.
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tenperature of the workpiece at the start of slicing the workpiece was not
sufficiently suppressed in conparison wth Exanple 1 and thereby resulting
in a smaller inprovenent than Exanple 1. [0061] (Exanple 8) The workpi ece
was sliced in the same 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, an average for all wafers was 8.71 m Although it was worse than
Exanple 1f08R81varp was inproved nore than the Warp of the wafer sliced by
usi ng QXﬁ?EbOTQ wire saw. Since the anount of the increase in the
suppl y teﬁpera ure o the slurry was 4 C, which is |ess Qan 5

effect to supprBss vhekpdeceesss istitars tighpetat 378 of ORfS &Bpﬁplece in the

vicinity of th icin ort ot suf,EhClhemlannd? aegrari son with
Exanpl e 1F éﬂﬂpﬁﬁehe8§0%§§ufgfngI?%H%F?§n %erHPnprgveneﬁi t han Exanple 1.

[ 0062] (gﬁgnphgpgy {@@p@ﬁdﬁﬁﬁﬁﬁbﬂ%ﬁhelstedrynwaﬁel§&ﬁ@a§6ﬁhﬁﬂidhs as
Exanpl e 1 excep controlling in such a nanner t g %he su
t enper at ucenst anhe rafter Of Vi TerRTRaEEMMat /a C cdhst ARt SFAFE 8 |ncrease

from1l9 C t t he tart Q I| 1NQ atithe snd eheskh@ieng, and the
same \Warp eGépﬁa? asEExgnp% % &)é¥1%ﬁ 7 ga result, an average for

al | “ﬁferWaﬂ@Se8a6ﬁamlon as Example 1 was made.

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

FIG. 4.

As shown in FIG. 4, during slicing, the
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Al though it was worse than Exanple 1 and 6, 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 workpiece and the tenperature 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 tenperature of the workpiece at the
start of slicing the workpiece was not sufficiently suppressed in
conparison with Exanple 1 and 6, and thereb

res i i mal | er
i mpr ovenerempaaat Exanple theaP kP Rr§ Wyff%}aﬁ%%eg%&r%ﬁfmr kpi ece was

sliced in the,sane_condi tiaqn : 4o £Xgepsroligeenrtcolvhieng in such a
manner tha lci‘ﬂ%’sﬁﬁﬁlcyetde%pznragfllﬂnr@o; tiee STurry was incregged at .a

constant tiaéecot tingr eapehf norm 2braxinagedyalt lofM s FREMFATPREIC at t he

end of slicing, and the same \Warp evaluation, as Exanpl npde. As a
resul t, amn@vgﬁﬁgéaﬁéfi &Y Lvafer § \ﬁ?s%@. 852’;’mWhlElht houghﬁllet51 éI\/\\grgeworse t han

Exanpl e 1 adg 7ot he tWhide (Masird i oved sbueryhan the tWar prot athe waf er
sliced by using "a“conventlional wre saw. Since the difference between
t he supplyliempgrature of the slurry at the start of slicing the workpiece

and the tenperature of the r kpi gGe d herstardo9itsbncbiigthiee wor kpi ece
was 4 C,  whi c%%x%@%‘ﬂgdlg E\,ﬁ%degr(zge{t ?(%)hn of the rp due to the change in

the tenpegatyi840oh-otihe MarkepiBicsp Pdcédebgt approsfimsitiedivnd & Wet wor kpi ece was

not suffitiently suppressed in conparison with anpl e , and
thereby feswpringeitivesns g e?tq?fbr%éeﬁgh?l?ﬁaﬁ%% é:]ultaez}(r%1 7.

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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[ 0064] (Conparative Exanple) The workpiece was sliced in the sanme

conditions as
supply tenperature of the slurry was a constant

the start of slicing to the

end of slicing,

Exanpl e 1 except of controlling in such a nmanner that
tenperature of 23 C from
and the sane Warp eval uation

t he

as Exanple 1 was nmade. A result of neasuring the change in the
tenperature of the workpiece during slicing is shownin FIG 4. As shown
in FIG 4 —during—stHcing—the—31tenperatureof theworkpiece 10se from
the start| of sli c| TEgpERARAEIFEGUBPLYTEEMPERATYRE GREPERAL UT € ofNaf88. 2 C when the
cutting depth was aW@&qEﬁ’ateI<’§FSIW0FrﬁhC'N§heﬂEM?Qf§ﬁ@HG) Lﬁ”de'f:ﬁ?ggseased by
15.2 Ctd 23 C, wh|¥ARWWAS'INe| § g /Lenp npéraCEYESt [the siurry
up to the end of §licing. As‘ggﬁyﬁfF%“ﬁ?c;w%g ¥ F% front position of the
grooved rijol | er was| di spl aced by apprOX|nater 10 gm florward betyween the
start of |slicing and the cuttjing depth of 150 nm of tlhe workpi ece and then
t he anount _of the| di splacemgn S nstant untilT theg gn f sllcing. On
the ot her| R4ANBE"t he %;g r_posilt %5M€of§§h grooved rollle § %%gt Was not
di spl aceq dyring s|ibedvg. FIG % ghoys disgsidution of éheg ¥ara of the
waf er t h d-after slici ng- An—average—for—al wafets was 9. 05
m [ 0065]| tabbe:l sBoWE t he coﬁt&°ﬂed3|0é@u’laé Wf the WAarp-at 3uhe|time of
slicing theworkpirece and—the condirtions in

EXAMPLE 4 23C 23LC—>28%C 7. 53um

EXAMPLE 5 23%C 23T—-=40%C 8. 22pm

EXAMPLE 6 23T 20C—-35%C 7. 93pum

EXAMPLE 7 23C 26@%35t 7. 7T1luym

EXAMPLE 8 23T 23C—-27C B. Tlum

EXAMPLE 9 23T 19C—=34%C B. 6 7um

EXAMPLE 10 23%C 27C—386%C 8. 82um

COMPARATIVE o

EXAMPLE 23T 23CT—23C 8. 05um

[0067]

to the present invention,

As explained above,

which controls in

such a

manner that the workpiece is sliced while the supply

use of the wire saw according

temperature of the slurry is increased from the start to

the end of slicing the workpiece,

enables suppressing

the decrease in the temperature of the workpiece in the

viéinity 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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each of Exanpl es and Conparative Exanple. [0066] (Table 1) 32 TEMPERATURE
OF SUPPLY TEMPERATURE OF SLURRY Warp WORKPI ECE AT (AT START OF SLICI NG AT
END OF SLICING (AVERAGE FOR START OF SLICING OR ALL WORKPI ECES) (AT START
OF SLICING - M DDLE AT END OF SLICING EXAMPLEI 2 3C2 3C' 35C5. 51u
m EXAMPLE2 23C 23  C->28C- 35'C 6. 95um EXAMPLE3 23C 23C-'30C--'35C 7.
33um EXAMPLE4 23C 23C-'28C 7. S3prn EXAWMPLES 23C 23C->40C S. 22m
EXAMPLES 2 3C2 0 G* 35 C7. 93 m EXAWLE7 23C 26C-'35C 7. 71lum
EXAMPLES 23C 23C.>27C 8. .71 .9 2 : cC 4 C8 67um
EXAMPLE | BP% §esér2°$e€‘- oy e %w§%88 ﬁqﬁbggj\’/éﬁgﬁﬁ \?E%EXANPLE 23C2
VG 2 3 CefboBiben® il[006&t Am expemphefiaboven, usadofanthe Ximnel saw
according to the present invention, which gon%rol S il’(lj S&’@{:or?s fenner that
the workpthes havel isedstaitiathe ShppPomet ERBEFAELAE DI THE ST UTTY is

 ner eased, LLOMINE IR Il 48 £PFo Ot sShbCLRGsLNE iaHeplashn amabl es
suppr essi tﬁg Re decrease 1 n the tenperature of the workpiece in the
vicinity ebnthetsldesiond hertd iporelaimsef of hehRoPKEiISEEE ait SHetRiti #g° t he

anount of the change in the rate of _increase.int i spl . .af the
gr ooved réPFéPdeéhﬂFh§hﬁi?ﬁ?ﬁﬂlﬁﬁirgﬁﬁpetﬁgeﬁq%ﬂé%%%%gfegﬁgggeEOR
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depicted in the workpi ece can be nmade close to a straight line and the
formng of the Warp of the workpiece to be sliced can be suppressed. It is
to be noted that the present inventionis 33 not restricted to the
foregoi ng enbodi nent. The enbodinment is just an exenplification, and any
exanpl es that have substantially the sanme feature and denonstrate the
sane functions and effects as those in the technical concept described in
clainms of the present invention are included in the technical scope of the
present invention. 34 CLAIM5 1. A nmethiodMor slicing a workpiece by using
awre saw including wwnding a wwire around a plurality of grooved
rollers, slicing the workpiece into wafers by causing the wire to travel

and pressing the workpi ece against the wire whil nl Vi lurry to
the grooved @ Matodhnkr®i® %ﬁénﬁo?kﬁ%é‘@%esces|b?>’c§‘ﬁbol\?d{$/|‘I"gg”égéléjpm y

tenperature of i@gigguggxdgggigp&@§%5¢fagﬁmt@epstﬁality blie end of
slicing tive mor%plece. . The nmethod for slicing a morkgiece g§ using a
wire sawmsseosdi ngllers|ashitinghdhes wWamePiees ehlEC HAERES Sdpply

tenperature of the slurry fromthe . star e of,oskbsle@ t he
wor kpi ecec3&s Hyd F%@sw%ﬁéntg érgﬁﬁlréaéré$%§$ an ?geC.OS.bThe met hod for

slicing aaa%frlfﬁ eCcBebY 1 WS (8 12 Wi p ISaMm @ce os Hungyt bockhemarooved ai m 2,
wherein a Ifference between the supply tenperature of the slurry at the
start of =dilkeng, t ibewoiRpi ece and a tenperature of the workpiece at the

start of S'iCiT%éfw%EfﬁkgéSCES sliced while a supply temperature

of the slurry is increased from the start to the end of

slicing the workpiece.

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

saw according to claim 1, wherein 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.
3. The method for slicing a workpiece by using a wire

saw according to claim 1 or claim 2, wherein 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, wherein a
rate of increase in the supply temperature of the slurry

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

constant.

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

plurality of grooved rollers, the workpiece is sliced
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is 3 Cor less. 4. The nethod for slicing a workpiece by using a wire saw
according to any one of clains 1 to 3, wherein a rate of increase in the
supply tenperature of the slurry fromthe start to the end of slicing the
wor kpi ece is constant. 5. Awire 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 rollers, the wire saw

controlIi{gkénw§yggsabga@gggﬂﬂ@ﬂtﬁéuwiﬂww$@iEﬁavé$ shidcedewlsiing a supply
tenperature of the slUrry is increased fromthe start to _the end of
slicing tihe workpiece. agaiTisd e wiif dttbtdi AgStBTEVait™ 5, control |ing
the increase.in,the pl L emer & of the slurry from the start to

t he end oﬁu%P%%?ﬂgQ?higgog%ﬁpece té?#%gﬁuf l ess than 5 C and not nore than
15 C. 7. The witee San@ceawdepgtiroldlimigmis cudt ad mapnetohbabl FPRg a

di fference between the supply tenperature . of the_ sl start of
slicing therkpiRpreés §%dceéyﬂ@hkkﬁeﬁLﬁ%PQ&th%mRBFEEP%%e%Ef%?ﬁ% start of

slicing the. rFQi &;ggrtegsl@a F QP esstaB: Thether enslawracddradimy to any
one of clarns 0 7, controlling a rate of increase in the supply

t enper at uglge wbrkpheéeskurry fromthe start to the end of slicing the
wor kpi ece 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.

8. The wire saw according to any one of claims 5 to 7,
controlling a rate of increase in the supply temperature

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

workpiece to be constant.
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