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 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 de awre sawis nainly
used to slice a workpiece W't is increase in size.
~The wire saw i s an apparatus that causes a wre (a

hi gRTHODS iHGR ST@RT IMGr WPRKo BY A/ERE aSAH RNGh VEIRR SAW
presses, a workpiece against the wire to cut the

wor kpi ece while applying a slurry to the wire and
thereby slices the workpiece into many wafers at the

sane tinme (see Japanese Patent Lai d-open (Kokai)
[ 0003] Here, an outline of an exanple

- 262826) .

Téﬁhéi) VE%FFBnaIIy general wire saw is shown in FIG
[obo¥p shown in FIG 3, a wire saw 101 mainly includes
awre 102 for slicing a workpiece, grooved rollers
103 Taeopmessrithinhenties relateswdime me@ReRahPsm
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o fdewraigh urads ém 1e6hance®r)06 ftos wappl yafgra dlyumursying a
at the time of 1 slicing. [0004] The wire 102 is

wiggr &&Wed from one wire reel 107

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.

'fhéfwiré saw is éﬁ_épparatué that causes'a wire (a
high-tensile steel wire) to travél at a high speed,
presses_apwqupiece‘against the wire to cut the
wofkpiédé.hhilé.applying a slurry to the wire and
thereby_sliceé the workpiece into many wafers at the

same time (see Japanese Patent Laid-open (Kokai) No.H09-

©262826) .

[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



and reaches the grooved rollers 103 via the tensile-

force-gi ving nmechani sm 104 conposed of a powder clutch

(a constant torque notor 109), a dancer roller (a dead

wei ght) (not shown) and the |ike 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 ree

107" via the other tensile-force-giving nmechani sm
shiaingf 0005] Moreover, each of the grooved rollers 103
[d§ 2 roller that has a steel cylinder of which a

pé?ybrethane resin is pressed in the periphery and

t hat Thas wirooves? ferumdealied ffincad quia ohion weslridde

thereof . The wound wre 102 ca £ driv i@ A.i1e-
andhcr prekat i hedoFeeresh foor! & B]r ﬁe‘fje? rﬁ?ﬁ%d. FH&veling
fé?é%fﬁfﬁ%ﬁgtﬂeéﬁbx&%& MiOconbdsed 00064 pbwhert elbech

not ed” t e wor kpi ece-feeding nechanism 105 feeds
(& heonwt kpt etertiowamdtiolre Ii¥e EOHangrmdratband (Bheead .
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rollers 103 and the wound wire 102, and a slurr can

faye amppds BatelyhdOfi te 109 fugmsa & ukeH™t ank 16 Oy
an%{js:ﬁénnetglzef?l hé' ggt ﬁAth'rte' qralyl yo7 stk rynehbther

'S connect e € slurry tank 116 so that a

t elneyipes -at attf €= -0d 1 t hbegsherhyntiembd 0sippl | ed can be
- adjusted. [0007] Wth the wire saw 101, an
é%?bpriate tensile . 2 force is applied to the wire

102 ot ot eM," Gsd@nsdf eché 0§ s60gbui 7o 1TRARANI 63N 194
and the workpiece is sliced .
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 wo;kpiece—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 a 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



while the wire 102 is caused to travel in a

reci procating direction by the driving notor 110.

[ 0008] The slicing of the workpiece is finished by

cutting the workpiece until the wire reaches a pad

plate, which holds the workpiece. Then the sliced

wor kpi ece is extracted fromthe wire row by reversing

a direction of feeding the workpiece. [0009] As the

wre saw for preventing the wire from lifting by.
fdmingisaaghlied tiee tdle cddrok?? onihk hEirer kst le-

extracting the rkpi ece fro i t her e 1i5%ed
f%ﬁ%ﬁﬁ%&%ﬁg?h@eﬁﬁgg%ﬁﬁJﬁhﬁﬁr%ﬁ%hﬁgggggfg Wercgs{ir%igting
wHihe: 1 thé 9frkheow e Raysshing agavastihhe wire in

the vicinity of a wire entrance point of the 1
reagikpR ezl bt BlaesAilonoPY ddtg i &t 1 hy freBEPE, Tdich
[ se the neans for restricting in Japanese Patent

al d- open (Kokai) No.H08-11047. [0010] However, when

t he mreseritidiwensor shel woedptikee vioy ki eceh¢ @t by

waf ers by using the general wire saw as crj
CUROVEE ahlde eX8RREGFCE éﬁ‘\'ﬁ:ﬂgl o%f%‘? h&&F] Egac\%ggera, %eagi plate,
wh nJPID YRS 08ReLALRE . TheWArthd Ssonce@fworppi tast is

qualities for slicing of a sem conductor wafer.

e xtterece; ed hér omr ehqualtiiey rogerihdr @Y RS pRedacfirection of

i ncreases, the nmore demand of reduction of the Warp
fe@ﬁ@f%%é%@é T9DRL®AS "an exanpl e of a negative
[oiopfdjuence on a workpiece quality, there is a problem

that a workpiece slicing surface istgfna ed b%rtge
slur Py tdRaitisRy S BOFhRTREPRYIETe K19 A Hy” st face

11%% P By We Plg€Xh0BALI B the sliced portion at the
time of extracting the workpiece from the wire row,
there is disclosed the wire saw having a means for
restricting the l1ift of the wire by pushing against the
wire in the vicinity of a wire entrance point of the
workpiece with a pair of restricting members, which

compose the means for restricting in Japanese Patent
Laid-open (Kokai) No.H08-11047.

[0010]
However, when the present inventors sliced the

workpiece into wafers by using the general wire saw as
described above and examined a shape of the sliced wafer,
a large Warp was generated.

The Warp is one of important qualities for slicing
of a semiconductor wafer. Hence, the more quality
demand of a product increases, the more demand of
reduction of the Warp increases.

[0011]

As an example of a negative influence on a

workpiece quality, there is a problem that a workpiece

slicing surface is damaged by the slurry remaining on



the sliced workpiece fromthe wire row after slicing

the workpiece. There is disclosed the wire saw t hat

enhances a tensile force applied to the wire at the

time of extracting the sliced workpiece fromthe wire

rowin order to suppress a negative influence on the

wor kpi ece slicing surface in Japanese Patent

Lai d- open (Kokai) No.2003-275950. DI SCLOSURE OF

I NVENTION [0012] In general, the slurry supplied to,
tHhavor ki do sklcthggsiusfeospededid $ime agr8§F§éCtlng

grains suspended in. _an oily or. an e 0 t
thej rfclel 9k W ERT§e° 6?8Pn§h§r@”éﬁ%ﬁ%%ys%gg?gtgg§F?8%1ghe

wdd il Gompangite ifs §oodibken wher evitdee sdwrtlyats not
agi'tated, the slurry that changes a high, viscosi

erdrnake & o @vapbe af poaeobPriHe Iiﬁdt%%dﬁbﬁ%nFtigképFime
o remain on the workpi.ece. f L £l Jheeet-gie

o T Wt ktpri]%c%?ilggde%t%rrg&%eet r%%ltﬁhggﬁvi re row i'n‘l]n

orfdlis €oligp 8 s aa spegaslived isall wmrdke i snaphet obgpiece
generated on the workpi ece slicing surface b&ﬁg%gg e

s ltig it sworHiasecEn s RERRG S s Raftady dietf o°PRB

re row,

t Y, is degraded and quality degradation
d e YL,

curs. ] The saw mark is:generated in a streaky
shape in the direction of a right angle to the
direction of _feeding the workpiece; that is, a
Dﬁﬁ@%ﬂﬁqﬁﬁ)Qﬁr¥NY$%mI§P the wire. The present
[Oquﬁntors t hought that the saw. mark is generated by
nmoving the slurry remaining on the surface

f.th
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wi th travel of 1 @4 ACCRLdiNglY g4 BsCalsPended in
Slﬁﬁéﬂﬁnﬁﬁiﬁﬁpgﬁéggiﬁg ?ﬁgé %Q{ravel. i the wor pi ece

andlbitie dd e ofqexduactbnyante Since the abrasive
grains are easily separated from a fluid component in
condition where the slurry is not.agitated, the slurry
that changes a high viscosity one due to evaporation of
the fluid component is apt to remain on the workpiece
after slicing. Therefore, when the workpiece is
extracted from the wire row in this condition, a so-
called saw mark is apt to be generated on the workpiece
slicing surface by damage to the workpiece slicing
surface due to the wire row, thereby Warp is degraded
and quality degradation occurs.

[0013] .

The saw mark is® generated in a streaky shape in
the direction of a right angle to the direction of
feeding the workpiece, that is, a traveling direction of-
the wire. The present inventors thought that the saw
mark is generated by moving the slurry remaining on the
surface of the workpiece in a traveling direction of the

wire along with travel of the wire.

Accordingly, this can be prevented by stopping the



wor kpi ece. However, when the workpiece is extracted in
condition where the travel of the wire is stopped, the
wire rowis locally caught on particularly a portion
where the abrasive grains cohere to adhere to the
surface of the workpiece anong the slurry remaining on
the surface of the workpiece, and thereby di sconnect
of the wire occurs. [0014] In view of the
above-expl ai ned problens, it is an object of the

£ UBSENS £ | BMNENbeRpliecer ati dhe wime slwextharténgbltés
extracting the sliced morkgiece fromt he, [
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n, & g f . Qf Mot kpi eeeikhatopbed, the
céﬁqugoﬁﬁ%ﬁé?%eﬁa%rgggg%;o%hfhe W re saaL [08??? To
wiathi eve 18i soobjlégt catlgbtproesarirf hveherdl 2pPEVItdES a

met hod for_ slic¢ing a workpi ece by, usj i.r aw,
Wh@ﬁﬁLEW%g?bRFﬁHVﬁggéaWPFeQéae%ﬁi%?n%gg?gﬁngba%h%
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wre for slicing axially. in a reciprocatin

thdi rectfame of| tbengorke lksekpiadtd %W%PPxnggagpynﬁFtaOf
lurality of points arranged in an axial direction by

t S &t 1y %ﬂ%urﬁbrkpiece agai nst the wire row with the

[OMr4qpi ece cut  into while supplying a slurry to the.

wire for slicing, wherein th wor%Piec s extr c;gdan
whi | &7t te e @ itghe c%\%s_é%“?épﬁﬁé@& a‘%rogbjs%%se@ of
obf'E’e'Eé‘ ﬁf éﬁésp?}éséﬁgt ihiEBtafo£Xts astbhgdehe watlkpisace

romthe wire row after slicing the workpiece. [0016]
tHat tdrisb esnext rabheangheéheoskpica® TarkRieget £4omniiice

the wire js caused to travel at 0 I or
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inF¥luence on the slicing surface of the workpiece that
is sliced with the wire row of the wire saw. '
[0015]

To achieve this object, the present invention
provides a method for slicing a workpiece by using a
wire saw, including: winding a wire for slicing around a
plurality .of rollers to form a wire row; driving the
wire for slicing axially in a reciprocating direction;
slicing the workbiece simultaneously at a plurality of
points arrénged in an axial direction by feeding the
workpiece against the wire row with the workpiece cut
into while supplying a slurry to the wire for slicing;
wherein the workpiece is extracted while the wire is
caused to travel at a speed of 2 m/min or less at the

time of extracting the workpiece from the wire row after
slicing the workpiece.

[0016]
In this manner, when the workpiece is extracted

while the wire is caused to travel at a speed of 2 m/min-

or less at the time of extracting the workpiece from the



wire row after slicing the workpiece, the wire row is
not |ocally caught on particularly the portion where
abrasive grains cohere to adhere to the surface of the
wor kpi ece anong the slurry remaining on the surface of
the workpi ece, the disconnect of the wire for slicing
is not caused at the time of extracting the sliced
wor kpi ece fromthe wire row, and the saw nark due to
extracting the workpiece can be consequently

w BEPPF 65sedter[ 801¢linlgn tit svapdgwiecde Wheewilge row is

preferably caused to travel at the t
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are 1 mor less respectively. In this
wdmkmeecembmnnghemmlsiuH¥Xxnﬁmﬁﬁﬁkﬁqr%QtheaFUFﬁQQﬁ|ﬂ§

of ext actlng Eg|s?§ﬁ%9|%&§: QF?qgned g@gnger %ﬁ%%lng is

t%%t%of BVEFFng I a forwar rection and

@?C&(\@&Qddhte%bomﬁee olf resard@sing espectilicky, the
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extractlng e
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[@mpp]|ed at the tlne of extracting the workpiece is

preTSrably, Lgher Lhan, 5 LemmeLallis ol e eluk Yoo
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extracting the workpiece is higher than the
maremer abat ebofht heagledimng i stancad B¢ 2sFPEMAGY the

slurry adhering,.to th .f t k
O P Ty ey B AN Toher oy The: sow mart Ctauesd by

ré3gd@eivagyt he workpi ece can be nore effectively

prevent ed.

In this manner, when the wire is caused to travel

at the time of extracting the workpiece in such a manner
that both traveling distances in a forward direction and
a backward direction are 1 m or less respectively, the |
slurry adhering to the surface of the workpiece can be
easily removed and thereby the saw mark caused by
extracting the workpiece can be effectively prevented.
[0018]

In this case, a temperature of the slurry supplied
at the time of extracting the workpiece 1is preferably
higher than a temperature of the slurry at the end of
slicing.

In this manner, when a temperature of the slurry
supplled at the time of extracting the workpiece is
higher than the temperature of the slurry at the end of
slicing, the slurry adhering to the surface of the
workpiece can be easily removed and thereby the saw mark

caused by extracting the workpiece can be more

effectively prevented.



6 [0019] Furthernore, the present invention provides a
wire sawin which a wire for slicing is wound around
a plurality of rollers to forma wire row, the wire
for slicing is driven axially in a reciprocating
direction; a workpiece is sliced sinultaneously at a
plurality of points arranged in an axial direction by
feeding the workpiece against the wire rowwth the
wor kpi ece cut into while a slurry is supplied to the
[0Wh i for slicing; the wire saw controlling in such a
manner that the workpiece is extracted while t@e\MJ{%
{ﬁ c?gs@defmonﬂnnﬁﬁezﬁr%ﬁ%%%eHHB?nElﬁpnpﬁogﬁdﬁesg'aﬁ ©
e ti extracti ne s War kpi '
Sapon e PO b1 G R Fhe aot kbl dces (G050 Th the
plﬁ&ﬁ'lqtrt;y tdre MIEelﬁzaV\taCfornii pgwiaet oW /pridseitire for
i nvention controls in such a_nmanner that . - ~
slieiiks dée d5i i raa%%%H%MhFPeat ﬁ?c\ﬁpf§cgét%rgbﬁsdel §o o

tr . ! : ' | i aed
© 3Nl 3 UL L 2L G0 o 4 i o
poshitei ng tdreyawripi zreaxaad thaesty cdndhl dLRight €523% ng
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inkBE WwHH e SN ¥ O L Hesuppeirawrel thoutwix el ikicings
influence on its slicing surface. [0021] In this
theawe.ret ki ¢an tseal b g ef BbFYCRoRt FETShe W r'd'% o be

caused ta trave h [ tdactd
wo\ﬁgpl%&ceec e n )%tu%:ah 2 (?mﬁlrl]%? gte ﬁgtfe glgtieatlrga\% i sﬁgﬁ o
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the workpiece.

[0020]
In this manner, the wire saw according to the

present invention controls in such a manner that the
workpiece is extracted while the wire is caused to
‘travel at a speed of 2 m/min or less at the time of
extracting the workpiece from the wire row after slicing
the workpiece, and thereby enables suppressing an
‘occurrence of the disconnect of the wire and the saw
mark and extracting the workpiece sliced by using the

wire saw from the wire row without a negative influence

on its slicing surface.

[0021]
In this case, the wire saw preferably controls the

wire to be caused to travel at the time of extracting
the workpiece in such a manner that both traveling
distances in a forward direction and a backward
direction are 1 m or less respectively.

In order to remove the slurry adhering to the

surface of the workpiece, it is more effective that the



surface of the workpiece, it is nore effective that
the 7 traveling direction of the wire is switched to
be reciprocated at such short intervals that both
traveling distances in a forward direction and a
backward direction are 1 mor |ess respectively than
the wire is caused to travel in the same direction.
As described above, the wire saw according to the
present invention can easily renove the slurry
e fec%r:@@ ?i?e&t‘@oﬁubffaﬁ:el@fwjlﬂ’te wor &pi eckedntocha
. vely prevent the saw mark caused b tracti
retdruq?lvméIiSFQB@c@t speb2shomt (e THRkS ERaCuPPEDs %gaeqqng
prefera contr enparat ur fatbgcglHrH
d%ﬁﬁﬂﬂ?%ﬁi%& ?heog%égébfﬁ'extréiﬁif%@t%e mgrkpieZe o)
d%ﬁ%éﬂ&%@ ?rgrgrmtbanlasﬁerqﬁyenmiwebf thanstheryige is
e end of slicing. In this nner,.the wire saw
caxed di gt Favehel DptdSe@ionEm T ont Sdntrol s the
L emper Al Ofpddicasbye! Y theURaldecd Al ddeotdimy ofo the
extracting the workpiece so as to be higher thag t he
piesmer atnvenoiohheasl wersy lat 1eRoventhef SSPFEYngdnering

t hereby can easily.renove t.he sl d LAY 4
t%nﬁ#%c%u6$a?ﬁeo§o¥Pﬁig@@ ﬁf%%u#ﬁé¥?%§t?52%996?3&225

p%g§é§@mtg@rgagaﬁggﬁ Ry @d aot i g rateimgr kpeewerkpiece.
0023] Since the wire saw according to the present
[GGRZhtion controls in such a manner that the workpi ece

is extracted while e LSt Adb 1y ayeht vl
speeé?b%%f%ﬁ#%%%brEnggﬁg? F%é i me of ex*racting thz
t M i ©gee f 6 ONthbe swiure yr ewraftierd st cipg thae of

wor kpi ece, ~the saw.,mark can b i.t.h
e xfh rohheet the W‘Pﬁgp\?merct—? arvd %%St%e?%iﬁffg%*é% ?géﬁt \%iet h

tég&ﬁeeﬁé%t't&i?{/éé%\f Ofhet Be uWirie ssawcarehe ekt sadttédaw t hout
Tn this manner, the wire saw according to the
present invention controls the temperature of the slurry
supplied at the time of extracting the workpiece so as
to be higher than the temperature of the slurry at the
end of slicing, thereby can easily remove the slurry
adhering to the surface of the workpiece and can

effectively prevent the saw mark caused by extracting

the workpiece.

[0023]
Since the wire saw according to the present

invention controls in such a manner that the workpiece
is extracted while the wire is caused to travel at a
speed of 2 m/min or less at the time of extracting the
workpiece from the wire row after slicingvthe workpiece,
the saw mark can be reduced without the disconnect of

the wire and the workpiece sliced with the wire row of

the wire saw can be extracted without a negative

influence on the slicing surface of the workpiece.



i nfl uence on the slicing surface of the workpi

BRI EF DESCRI PTI ON OF TH% DRAW NGS [ 0024] Flg.eieisga
schematic view showi ng an exanple of the wre saw
according to the present invention. FIG 2 is a
schematic view showi ng an exanple of a

wor kpi ece-f eedi ng mechani smthat can be used in the
present invention. FIG 3 is a schenmatic view show ng
an exanple of a conventional wire saw. BEST MODE FOR

B CARRYLNGCRYE ThidR IOWENTE DRAFO02S] Hereinafter, an

enbodi nent according to the present invention wll b
. e
[eapKhai ned, but the present invention is not

restricted theretq.. h kPl ege ql [
Fi&rng &S @or’?\?Zh nl‘aonlac}/\h\?\n{]?‘é g%%?v?%ﬁergg iegggﬁp}reggjl*e;n%e
wibat shhe a3 rdmik 46 geamepatsdnbyinwentigorhe slurry
remai ning on the surface of the workpiece iré cY
FIGaval ilsg adiScdanadn ©f Vi e SAPFEdl BRg SFATR 1 fel® of

the wire at t i hraghtngahheewarskal gee fhe
w?ﬁngng roev?/dz}ﬁgter s(f}?%:rllﬁ% thetvvo?kpi gce,SKngnd t her e[Jny

ptBeeWdr pniverdeigmaded. On the other hand, when the

wor kpi ece is extracted jn conditi
FEE t Beini Pe SChTsod 1 8 pf BURHRST APe PR L A

cgﬁvgﬂgab@élc%% oy particularly the portion where
abrasive grains cohere to adhere to the surface of

BEHE WODEpiFSRe CRIFHGINGOQT uFRY FRNENALRY on  the
[@5@5206 of the workpiece, and consequently the
nnect of the wire occurs. [0026] In view of the
probl gaBe i hh€tprresent enbeehinerrst adwoghinghie the wire

is caused to travel, at a mni
present invention wil be expfgghed, but the present

invention is not restricted thereto.

When the workpiece is sliced by using a

conventional wire saw, there is a problem that the saw

mark is generated by moving the slurry remaining on the
surface of the workpiece in a traveling direction of the
wire along with travel of the wire at the time of
extracting the workpiece from the wire row after slicing
the workpiece, and thereby the Warp is degraded. On the
other hand, when the workpiece is extracted in condition
where the travel of the wire is stopped to prevent this,
the wire row is locally caught on particularly the
portion where abrasive grains cohere to adhere to the

surface of the workpiece among the slurry remaining on

the surface of the workpiece, and consequently the
disconnect of the wire occurs.

[0026]
In view of the problems, the present inventors

thought that the wire is caused to travel at a minimum
speed where the slurry can be removed at the time of

extracting the workpiece from the wire row after slicing



speed where the slurry can be renpved at the tine of
extracting the workpiece fromthe wire row after
~slicing 9 the workpiece. That is, the present

inventors found that the workpiece can be extracted
with suppressing generation of the saw mark and
degradation of the Warp without an occurrence of the
di sconnect of the wire by controlling in such a
manner that the workpiece is extracted while the wire

IS cau tg tr l. at i
t used tQ trayel. ats a gpeedre 9én2 Mhientorsl €ssind n
Badl'? o%, *the sl urry adher i ngﬁt% t he surface of the
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wfﬂ‘?ﬁﬁlt al, theddrmn@f extast hngcbhaewnr kifi ede Wire by
such a manner that both traveli n% di stances in a
d

céot waid idigr dot isorcharal BeBRRKWARE TdEPECIHOGTERIES 1 or

| ess respect.i.vel or. '
B P2ERE BT SoIN B af ot Rt ie ot o aet: ng (he

oWos kpi/aGe 9 asdd. barhightititmp the sénpevarghegmg to
the slurry at the end of slicing, [0027] FIG F Sy
t behenutiaesyicd o NeKRHE € afBle P6f MOife ST e 5 aw ed

according.tq .t ti, N | i i KD 3
2RECPRE e el LB R B Cent L nvent on
p&BE AR citislelde pidieeviied Byf opntsplding e whriGi %%g?e

grooved rollers 3 araund which i I 1Sh SVQ el
capeRdnitomtEEV e Viing T et Wi e 5 %Q%tr\gr?gﬁn? Iftg} ce 4, %ﬁece

. ilgeggegi sy deadig boenweorkpeedeg tosterstésedn 2
ownward 5, a mechani sm for supplyin . slur [y f at
£ ¢ hea ridmd igfe odliian rpdnd }?ﬁ%kW?FE. dﬁvirgé‘f%rlé’éjl Fng " °F

13Q£e%E%%eEE9RkﬁER The W r&Rtk811ing the temperature of
the slurry supplied at the time of extracting the

workpiece so as to be higher than the temperature of the
slurry at the end of slicing.

[0027]
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 according to
the present invention mainly includes the wire 2 for
slicing the workpiece, grooved rollers 3 around which
the wire 2 is wound, a mechanism for giving the wire 2 a
tensile force 4, a mechanism for feeding the workpiece
to be sliced downward 5, a mechanism for supplying a
slurry 6 at the time of slicing and the like.

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

10



reaches the grooved rollers 3 via the tensile-force-
gi vi ng nmechani sm 4 conposed of a powder clutch (a
constant torque notor 9), a dancer roller (a dead
wei ght) (not shown) and the |ike through a traverser
8. The wire 2 is wound around this grooved rollers 3
for 10 approximately 300 to 400 turns to formthe
wire row, and then taken up by a wire reel 7' via the
other tensile- force-giving nechanism4'. This 4
const. t ut | b St A GO MM | oinal wikeersdw. an
aPPgo m%§%§w2é§%o€§ ggggggﬁiie of the .
£ haer kpilene-deeoy ng wireeharesm’t'hatl xdmdeotRel FRNEAES™
present jinvention.,As ,sho i,n FEl : kpigse
forseadHetatd tBe PRSPl At e W?E}%Tﬁggfa ﬁ#%gﬁgﬁﬁ-is
s 4 DYy a-ywrkpt e68ap! at@el3aw . The workpiece is held
aby a wor kpi ece-hol ding portion 11 of the
[00@8Kpi ece- f eedi ng nechanism 5 through the pad plate
14 and th rkpi ece 3l 9 5 ece-feedin
wor kEiIg'ce- \ngm‘”ﬁsg an%c?%%?‘érln%oifngl@%d]gsoytkh% ) ’
noMerkpi acec ot diag pertsed ih titet pxessed iBVABLOANd AS

push down the workpiece and an LM gui de 12 i VL Rg £
st MibrRHF 6c2x hoPei HEZFBRESh B HTTES otolh paRdplate

1452 é”r‘x%er aacg:pltg@é Pi fsCRARUL &y enalesp fesdiphataell.
%tel moﬁkpl ce at a previously progranmed feed speed 1
ThENGr oMK Kie @e ei biehdlui bl aherq;rdmngﬁ%@b%%mgpoﬁgrl?%ﬂr

11 of the workpiece-feedin chani deger bbed
0ﬁa56V%‘Y%r¥%ﬂe?%”?ﬁ%dﬁfgenfg¥ha:ngg ?g%gfggghbglomfkﬁth

pltc‘{t% wor kpigcené epdi-ngimeehalissme 5t the time of
slicing. The workpi ece-feeding nechanism5 feeds the
[0 Hpi ece downward until the wire reaches the pad
plate, .14 19 finish sliging menworir eeindhedeshehe
slicéd mofkplece Is extraCted fromthe wire owlb% q
. worBqEretdrholding portion 11 that is used to hold an

push down the workpiece and an LM guide 12. Driving the
workpiece-holding portibn 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

below 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.
[0030]

Moreover, each of the grooved rollers 3 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

11



the direction of feeding the workpiece. [0030]

Mor eover, each of the grooved rollers 3 is a roller
that has a steel cylinder of which a pol yurethane
resin is pressed in the periphery and that has grooves
formed at a fixed pitch on a surface thereof. The
wound 11 wire 2 can be driven in a reciprocating
direction by a driving notor 10. On the other hand,
nozzl es 15 are arranged above the wire 2 that is

o (oupd Lhe aroqyed r(ﬁfﬁ§o§at§ﬁ? bhgkctriavelsy a

w%ﬁﬁz& Iyaln a reciprocating rection a the tinme of
dsiv Ch@gmsvothat .t he slurry can be supplied to the

wre 2 at the tinme of slicing th rkpi e 0
Vbr coTe e, SHIFTuneaRk BEZPL s vl FoE vt fenocdlabbye

i 8L 47:89+tt hat yble dt MR Ut ige 0§ rbbeesl uiorly ertso 3
tj%% §£§%I%ed can bewadjusted. It is to be noted that

artchet lpaesent vehsenkiien liys imota ofe@bRFSEaF&8Fr Far&F thyn at

the ,constitution shown.,in EILG lLe, :
CRGIg S SEnpLLLOPe SOt G it §REhY SER e sy ted

tPrQyd dpPe Wi bB ehbek ikeat xchingey st hEuwbépriece,
the slurry chiller 17, the driving notor 10 and the

[t ki ece-f eedi ng nechanism5 are connected with a

contnol ynit, 25 éfﬁgg% Ihhg e@trol i {2 hashaa
function of controllTin a traveling speed of the wire
s12ithy atighl 1 8e U7i wbonghanottdre tEmpefabereonfothe slurry

controlling the travelin di st ance .of i t
ta &g pryat £8di R28 P6r ﬁ&ﬂg‘St& ‘ect’] onlsan%bgb%na{%gﬁé(rjdgﬁgt
e TEedd ON: r e5PeRLE YAl ¥ st hoRUPE dderslei vengrioted by, the

a function of controlling the tenperature of the 1
coglafrirtyutsippl $kawnoinhEIf-ré -2 Flerofgipmple, the supply

temperature of the slurry can be adjusted by providing
with other heat exchangers.

Furthermore, the slurry chiller 17, the driving
motor 10 and the workpiece-feeding mechanism 5 are
connected with a control unit 25.

[0032]
This control unit 25 has a function of controlling

a traveling speed of the wire 2 through the driving
motor 10, a function of controlling the traveling
distance of the wire 2 that reciprocates in a forward
direction and a backward direction respectively through
the driving motor 10, a function of controlling the
temperature of the slurry supplied to the wire 2 through
the slurry chiller 17 and a function of controlling
feeding the workpiece against the wire row with the
workpiece cut into and feeding the workpiece to extract

the workpiece from the wire row through the workpiece-

feeding mechanism 5.

[0033]
Here, the mechanism for supplying a slurry 6, that

12



the slurry chiller 17 and a function of controlling
feedi ng the workpi ece against the wire row with the
wor kpi ece cut into and feeding the workpiece to
extract the workpiece fromthe wire row through the
wor kpi ece- feedi ng mechanism5. [0033] Here, the
mechani sm for supplying a slurry 6, that 12 is, a
nmeans for supplying the slurry to the grooved rollers
3 (the wire 2) will be explained. In the mechanism

_for supplyi a slurnry., I a [ d
l%onﬂeﬁggagmﬁgﬁ Fﬁ%*ﬂé%%%%gﬁTé %%é%ﬁgheghéﬁglﬁfﬁgve
r&hiklers Rh@omirr@f Ize;ﬂ vm/lllthﬁecemptalinadi-lt zg §6et hat
the tenperature of the slurry to be su ie '
necdhasied fby sHEPIYIMNY %rﬁlr%wm’fhﬁnaegﬁé:ﬁ’ ttl%gﬂ( % is

slurr an. | j e gd | Isa dthiel 1
cGHBRELS TR B PP RLAAD 45 e gRn s panensy (i ton

11 egpet abuledobyt iheslamryrotambe 2bnspolkthéd t'd%e a

desired tenperature by the ont rol _uni
tempeKREBEE nRANS Nigs e 9 iRl %\;P&)H?Sét r%?lgt e}ﬂ%wea\@fusted

by NERE! 01, L0034h  The W1, saw aesonding bauity praosdm
nvent 1 on ontrols the morkplece-feedlng ne%pa ism5 h
swppllibe tdrkhieng nostwed ueMiehs t he (EBAt FolFCurfi't Nac

control _in uch manner. qQ% i PLECehkS s1
t%&t?ﬁé?éasngn1tﬁge ﬁqé?Hiwv |%§?¥gggmﬁre s caused
cd® beavshtablaespeed befa Haw Mmed ot ehpesaafurer B itdisg

the workpiece and to control the wre to_be_c ed to
confyel wRitheéSti mEOYEVedxt @a&qq{gr%em%pﬁp?gcg%?n

S“%E‘c‘?égg;i!?%eg&%ti&@&‘ tid2vebing distances in a

P3oFWa ection and a backward direction are 1 m or
[0@38]respectively. In addition, the wre saw

according to the present,. | t S ;
sl ur rrv‘%ﬂ'f:'t]f%rSi‘?p?gcc?gr?tmglmlct%ﬂg}%] SRSERESihRention

controls the workpiece-feeding mechanism 5 and the

driving motor 10 with the control unit 25 to control in
such a manner that the workpiece 1is extracted from the
wire row while the wire is caused to travel at a speed
of 2 m/min or less after slicing the workpiece and to
time of

both

control the wire to be caused to travel at the
extracting the workpiece in such a manner that
traveling distances in a forward direction and a
backward direction are 1 m or less respectively. 1In
addition, the wire saw according to the present
invention controls the slurry chiller 17 to control the
temperature of the slurry supplied at the time of
extracting the workpiece so as to be higher than the
" temperature of the slurry at the end of slicing.
[0035] '

Next, the method for slicing a workpiece by using

a wire saw according to the present invention will be

explained.
The control unit 25 drives the workpiece-holding

13



tenperature of the slurry supplied at the time of
extracting the workpi ece so as to be higher than the
tenperature of the slurry at the end of slicing.
[0035] Next, the nmethod for slicing a workpiece by
using a wire saw according to the present invention
wi Il be explained. The control unit 25 drives the
wor kpi ece-hol ding 13 portion 11 along the LM guide 12
&frguzh“dogn_the wor kpi ece in condition where the
) Is driven__axially .and I j [
Pqni%Qﬂa%&r%lQHQAFhe.#&eg%ﬁéﬁ%n#%ﬁ%?oﬁﬁé%p%§§§ﬁgagled
w&%ﬁg{é&@.ighgonggg@bgC@héﬁbtﬂmﬁebyréeﬂ agadnsvenhe
wire row that travels, for exanple, af 400.tg 300
aﬂ]am:y mm@ft?e abukpyeds EPRRed QA ‘F}é%dwéﬁseg Lgth
e tine o edin : [ in )
CHATSHETR (R Gof kPrBEA Tty i mto Cart bor | Tor oxanpl e
1 O0-hd 09y Araul ByRinEhes@econdie i o tRat nbEaBe leoulss

restricted thereto. 0036] Th i , ,
et | OPeEPpROGat LR Y SEb| BReal CERG B e Of 1"

slicin i ece angd t el i -
» A0 Al 5H8, 5820 et et g ahanes o
agdiuigy tieebeirsupphi ed tat HhﬁeW¢h§Pb$C§IFEFnénEQnCBQ,%e’

for exanple, 1 to 30 C._ These qﬁngg [
fQﬁnﬁ%&m$£§trpc?eao Onér &Y ™ he < |C|%d92?d?EEOH9taQE
ndior kpi £66,-PEOCEEHS 13% cdeIUdheth . above, the feeding is

stopped when the wire row reaches the pad plate on an

[Qﬁﬁﬁﬁ surface of the.morkpiecg, that is, when the
S |cmﬁ%(ﬁ.the rkpi g66sks fHishadl [403¢] Then, the

wire
cont dhit® 25 control s the drivi ng
reciprocating direction at the time of slicing the

workpiece and the traveling distance can be, for example,

400 to 600 m. The temperature of the slurry to be
supplied at the time of slicing can be, for example, 15
to 30 °C. These conditioﬁs are not of course restricted
thereto.

The slicing of the workpiece proceeds as described

the feeding is stopped when the wire row reaches
that

above,
the pad plate on an upper surface of the workpiece,

is, when the slicing of the workpiece is finished.
[0037]
Then, the control unit 25 controls the driving

motor 10 to cause the wire to travel at a predetermined

traveling speed of 2 m/min or less. After that, the

workpiece is extracted from the wire row upward by

reversing the direction of the feeding with the

workpiece-feeding mechanism 5 from that at the time of

slicing the workpiece.
A feed speed at the time of extracting the

workpiece from the wire row can be, for example, 5 to

100 mm/min and is more preferably 10 to 50 mm/min.
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nmotor 10 to cause the wire to travel at a
predeterm ned traveling speed of 2 nmimn or |ess.
After that, the workpiece is extracted fromthe wire
row upward by reversing the direction of the feeding
with the workpiece-feeding nmechanism5 fromthat at
the tine of slicing the workpiece. A feed speed at
the tine of extracting the workpiece fromthe wire
row can be, for exanple, 5to 100 mMmmn and is nore
&&iffrably 10 to 50 mimn. 14 [0038] In this manner
the control unit 25 controls the drivin nntor’

10 tofayses thenMef g Wthra%elaﬂnUkawwmﬁ¢e¥§1ﬁ@ﬂtr°1s
traveling speed of 2 mnmn or |ess,.an amunt, qf Eh%'

tN?{@rﬁmgnghEO§aw AAr K EBE Yerler at 28I H° t%e waf er
slice usi A\ 0p di iho

O PO E e BE e b d T armar | Spe ni th the  wa o1

asdbus€dobytHei Ngrp corveritd cred NMREE EQMPGTH§n§éﬁﬁgaﬂ%n

and the Warp are generated when.th [
ot whEei Fb ERB0BYS B MG TH AT TR TT e Cof oul Cact

p}gg% r§Rb§ﬁ€igﬁogbhh%éMﬂéﬂd&wﬁ 1o avmpdritiins with the
probl'ém the traveling speed of the wire nmust be 2

wig@?gsbtcfesbyandiME roreopretet @by Y1APntSRYor | ess
wer limt of t vel i i 8]
not Wit (Geiers Pag hE Beri TR R rar ek fne
tféi@ellﬁ?\éggéea speetOfwiidee aceedanZba/@in @tnithetime

nor e. 9] Furthernore, the w , .
of cextametingnther ¥OKRIGAS n@r%‘\fl‘mr tﬁ?fi‘vﬁr?i;:%gﬂt "8 &%oia

. .predet er m ned r L ' A . 5
e o i

mAﬁilEEBtiDes_d abdvés tivecametrraply 25786 nggsg% A
with the driying mtor L4 And Sa0gceet kg WAre is not

lower limit o

particularly restricted, but the lower limit of the

traveling speed of the wire can be 0.1 m/min or more.

[0039]

Furthermore, the wire can be controlled to travel

in a reciprocating direction for a predetermined
traveling distance of 1 m or less while the workpiece is
extracted from the wire row upward.

As mentioned above, the control unit 25 is
connected with the driving motor 10 and can control to
reverse the traveling direction of the wire 2 after the

wire 2 travels for a predetermined traveling distance.

[0040]
This control enables more easily removing the
slurry adhering to the surface of the workpiece and

effectively preventing the saw mark and the Warp caused

by extracting the workpiece.
It is preferable that the foregoing traveling

distance for which the wire is caused to travel in a

reciprocating direction is 1 m or less at the time of

15



reverse the traveling direction of the wwre 2 after
the wire 2 travels for a predeterm ned traveling

di stance. [0040] This control enables nore easily
renoving the slurry adhering to the surface of the
wor kpi ece and effectively preventing the saw mark and
the Warp caused by extracting the workpiece. It is
preferable that the foregoing traveling distance for
which the wire is caused to travel in a reciprocating

|£§8E5§g L f el W ileRSS Aok hendi WBref roly extr acty e

e%% iece fromthe wire row, but nmay be not |ess
néhabnetsmchAnl awer. | Bnilowefr thenit a@x%l‘ilh@ taﬁgﬁéheg for

which the wir used to tray ROG&L igng
d 5 FBREEOR OFs ¥ Eﬂfibgﬁﬁ(ﬁﬁ%ﬁly reg ?%gtga E?%%@l 9% E.
reQngoFbﬂHBgoﬁﬂfgéﬂﬂﬁyﬁdTﬁbﬂl§&ﬁﬁ¢eu¢amlber@srruﬂuﬂd
0041] Furthernore, the tenperatuyre of 0.1

bst uthg lsupplde@uﬂ)Qﬂu$Wﬁr%ﬁ@%ebFQFePéﬁFﬁnESnFP&I
so as to be higher than the tenperature of the slurry
Ma?*tHB8*End of slicing while the workpiece is
(@xitacted fromthe wre row upward. As mentioned
above, the supply tenperature of the urr
cont risirelle e Rey hehel GEFPeTAtN%: X ‘f"iﬁ ¥ur§y

con | th t i1 ¢Sconte tLll%dslsldarrays to
Sﬁ%ﬁiggh %% Wﬁerwﬁggbgggfﬁggf?han %hgote Oerature ? end

b h}ﬁugﬁbur thaat thiee tempesfatsiiei af ’Fbeséﬂ)BFFé(d akt

time of e cting the mork
o415 Stne haTa M B o SLPTe Rt S,

wifethbs gphaes. supplying the slurry having a high
tenperature at the tinme of extractlnq:the mo£k9|e8% th
As mentioned above, the supply "tempera e
slurry is controlled with the slurry chiller 17 that is
controlled with the control unit 25, and the slurry
having a higher temperature than the temperature of the
slurry at the end of slicing is supplied at the time of
extracting the workpiece from the wire row after the

feeding of the workpiece is stopped.

[0042]
In this manner, supplying the slurry having a high

temperature at the time of extracting the workpiece
enables softening the slurry adhering to the surface of
the workpiece to be removed easily and effectively
preventing the generation of the saw mark and the
degradation of the Warp due to extracting the workpiece.
The supply temperature of the slurry at the time
of extracting the workpiece from the wire row can be,
for example, 35 to 50 °C when the supply temperature of

the slurry at the time of slicing the workpiece is 15 to

/

30 °C.
[0043]
As described above, in the method for slicing a
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enabl es softening the slurry adhering to the surface
of the workpiece to be renoved easily and effectively
preventing the generation of the saw mark and the
degradation of the Warp due to extracting the
wor kpi ece. The supply tenperature of the slurry at the
time of extracting the workpiece fromthe wre row
can be, for exanple, 35 to 50 C when the supply
tenperature of the slurry at the time of slicing the
wor kpiece is 15 to 30 C. (0043 cLib a t
W@hkﬁgﬁcﬁepﬁo&sFBG'ﬁi%ﬁ?ﬁ) ) %@rigﬁécgbbggﬁs?géggn
i¥*é§t§g§%§ﬁcghgbmggﬁétd&yﬁ§f§@@tisiQXEnhboadiwhwhﬁcﬁhe

e workpiece is extracted while the wre.,s caus§gss

wipetiavehuaedatopderh Wil 2 P79 | @652 BYMEReOFi me
of extracting the workpiec r Lo VLT € rohOWhal Welre

as] ¥ n§ 1 lfe Ohofk |r§ccet§p¢§e&m%r‘ﬁap’?f}£e%eesl i cga with the

r ;T SFEBW 62A chagetHaGierkfTom t hehav werkpiecsi SR3GE %

negative influence on _its slicing, surfac 4
wieh ethaf vare £RY [EEs&R %‘iﬂ’e%ﬁ*‘i%% \Lyj\%?ﬁ“ EEG g)%%éallrr?gd

in nore_detai.l .bas XA £S; + Hus 1t hengpseseEnte.
W%ﬂ@%ﬂ%i%n%%ggﬁét%rg&%qét o thor st o, (Exanpl e 1) The

wire saw shown in FIG 1 was used to control the
traveling speed of the wire, both traveling distances
[@944he wire in a forward direction and a backward

di regid on; angrthe supphytelsemperiatuare iofn thell sbarry
supplied to the wire at the time of sliﬁing hh he
empl kphedeinespaet idadiai hrkP 1A I1 X ARLPFEoR Y o

PESEERT HRVERBLAG: Hod Tor ST e Na aacordrag to the
(PX&880& 1)nvention.

The wire saw shown in FIG. 1 was used to control
the traveling speed of the wire, both traveling
distances of the wire in a forward direction and a
backward direction and the supply temperature of the

slurry supplied to the wire at the time of slicing the

workpiece respectively and to slice a silicon ingot

having a diameter of 8 inches (200 mm) into wafers based
on the method for slicing according to the present
invention.

The traveling speed of the wire was 600 m/min at

the time of slicing the workpiece. The wire was caused

to travel in a reciprocating direction in such a manner
that both traveling distances in a forward direction and
a backward direction were 500 m or less to slice the

workpiece. The supply temperature of the slurry was 25.

°c at the end of slicing.

[0045]
The traveling speed of the wire was 2 m/min at the

time of extracting the workpiece from the wire after

slicing the workpiece. The traveling distance in a
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The traveling speed of the wire was 600 mMmn at the
time of slicing the workpiece. The wire was caused to
travel in a reciprocating direction in such a manner
that both traveling distances in a forward direction
and a backward direction were 500 mor less to slice
the workpiece. The supply tenperature of the slurry
was 25 C at the end of slicing. [0045] The traveling
speed of the wire was 2 mMmmn at the tinme of

extra ﬁéﬁ?g&‘gﬁe HOLKR! 4CG, LM dle widfeRid@ldistancagin

Lo 1Ooth&%Fr avel i'ng distance in a 17 forward,
2 digaction ¥Bsedtmvandashe T avelt nghai stmmcel | pxtpacting

backward direction was 0.5 mat the ti f exty I, g
thehevatikpeeee. The SUPBHY tEMPS &TIE ggfsft 0e ;%tlul?%/y 25

t}gqva-ss atd'€s %agﬁeaﬁ ehﬁt% A8 alurgndteddieoensll oéing.

i€ing. Thé prese inventors sliced the workpiece ikr11
the Ty agoisien oy enons sasd ieeahithed wordReE O 1 nee

surface of the workpiece after sljci h LEPLEace
fqﬂ@?@W%sﬁP??Wﬁ@“§a®“f£rﬁ5%? e‘—:lt aérrg%%% 5(; V\?he Var paCe

e [ LN ;¢QRPArd 1St 1 tihd heockasteod . ushhga a
O%ﬁhv%n‘ht'?g%gfg\?\nbrg saw. 0046?,4 (Exampl e 2% ‘;l,'he re
rasorkpi eciee waswshaecd ang tihe speurbrief t FansVagP ve
Exanpl e, 1 except .that t.he t el l egsli R the wire
re\ﬁé’scr%é nt i ﬁoront?gfﬁgotnl He g} %@%ré\%%?négpt hel\/\%r kpi ece

cdfRtibgaw herecasdwt.ne sane eval uation as Exanple 1
was made. As a result, it was reveal ed that the saw

mark and the anount of the Warp on the surface of the
[O\/&ré(pi ece were reduced in conparison with the case of

usi n]g a conventional wire saw and that the anount of
(Hdmenp Yeda2ipti on was | arger than Exanple 1 when the

trav%ﬁé“%orkpiece was sliced in the same conditions as
Example 1 except that the traveling speed of the wire
was 1 m/min at the time of extracting the workpiece from
the wire, and the same evaluation as Example 1 was made.

As a result, it was revealed that the saw mark and

the amount of the Warp on the surface of the workpiece
were reduced in comparison with the case of using a
conventional wire saw and that the amount of the
reduction was larger than Example 1 when the traveling
speed of the wire was 1 m/min, which was 2 m/min or less,

at the time of extracting the workpiece from the wire.

[0047]
(Example 3)

The workpiece was sliced in the same conditions as
Example 1 except that the supply temperature of the

slurry was 35 °C at the time of extracting the workpiece,

and the same evaluation as Example 1 was made.

As a result, it was revealed that the saw mark and

the amount of the Warp on the surface of the workpiece
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speed of the wire was 1 mMmn, which was 2 nimn or
less, at the tine of extracting the workpiece from
the wire. [0047] (Exanple 3) The workpi ece was sliced
in the sane conditions as Exanple 1 except that the
supply tenperature of the slurry was 35 C at the tine
of extracting the workpiece, and the sane eval uation
as Exanple 1 was made. As a result, it was reveal ed
that the saw mark and the anmount of the Warp on the
wé%gffgéhégdtbﬁ &Bﬁg@&g%%n 18 taerend eslwsgdoEnusing a
comparison wth t case of using a conventional wre
csawantbiaht wihe ampuandofchate thedrevdh /Asthar ger
than Exanple 1 when es I t u 0
g R
e. of e Y als 13w end wafish ivdndhigladr
tetgrﬁ)reg'teglﬁsey%fogx%pgctsiihgrtryhe wor kpi?ge. rT£0048g1 %Exarl‘pl e
thdin Tites woekpe sabuwes o itde S XRE 3hnkNEoRE Y Pdnd as 19
Ex le 1 except. that .the.tra NG ed of the wre
atv\ég‘ngi IS Al nogt gf(}_ig‘_’ltcitcr#e1 oftheex*fdafc]{tlglr%@ighe wor kpi ece
from the wire and the supply tenperature of the
slurry was 35 C at the tinme of extracting the
[OAd8dpi ece, and the sane evaluation as Exanple 1 was
de. result, it was revealed that the saw mark
(Eg(%g%]tér?})gnount of the Warp on the surface of the,
wor kmihec evo nigriee o et yst édadedni FheorfrdRe s t T e S
case of_ wusing a_conventional w.re s d.&h there
Exgfidit bfe¥H trtégagt Eg‘ﬁ %&s‘wle\z;frlgne? a%aeigngf“é tFto
wherydhe atrewel thigespeed xafrddieing rehaasotkpiarg, from
ich was 2 mmn or less, at the tige of e’f&{:%‘:tkﬁg 35
t hiehev ivitsr lepidclehe f $BRPELHe CRIPET 34F ¢ Het sEPpI §105 1Y

°Ct§gp%kgt%T%éﬁogrg%§£§££¥ng the workpiece, and the same
evaluation as Example 1 was made.
As a result, it was revealed that the saw mark and

wad
wh

the amount of the Warp on the surface of the workpiece
were greatly reduced in comparison with the case of
using a conventional wire saw and that the amount of the
reduction was larger than Example 1 to 3 when the
tréveling speed of the wire was 1 m/min, which was 2
m/min or less, at the time of extracting the workpiece
from the wire, and the supply temperature of the slurry
was 35 °C, which was higher than the temperature of the

slurry at the end of slicing, at the time of extracting

the workpiece.

[0049]

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

Example 1 except that the traveling speed of the wire

was 0.5 m/min at the time of extracting the workpiece

from the wire, the traveling distance in a forward

19



was 35 C, which was higher than the tenperature of the
slurry at the end of slicing, at the tinme of
extracting the workpiece. [0049] (Exanple 5) The
wor kpi ece was sliced in the same conditions as
Exanpl e 1 except that the traveling speed of the wire
was 0.5 mifmn at the tinme of extracting the workpiece
fromthe wire, the traveling distance in a forward 19
direction was 0.3 mat the tine of extracting the

4 ddi @ evasdot Bent navehiend idiestahcext neat bagk idrd

direction was 0.2 mat .the tj.me of extractj
quﬁnﬁﬁ%%e?n%nﬁh?hérégﬁéléﬂm4ﬁﬁQQﬁF%sl %n%?gk%gags

made. ; 90 fsSoapr esulcthe itti paSo f eyeat&dtihgt thee saw
d#%% %é% é%%e énognt of the Warp on the surface of the

woMNKiE @ andr eheedaoed &va lonipbeh sdh RiERPLFe Jos dyade-
using a conventional wire saw and that the anount of
[@%P T reducti on was |arger than Exanple 1 when the

travald ng rspeed, of t tigsWeboewasd.thatl nilne svaiv chawksand
2 mmnor less, at the tinme of extrac%igg t he kpiece
theordpiwece ¢Fforheh¥arg og thfe $4552FF ngl dFE8ancd Pna

forward directian . 0.3 hich Mase 1o 0k ihgss,
W%ﬁet?ﬁé%?%% of 89?&%2 F%@ %ﬂﬁﬁ%&ﬁkpiecz and the
cdamel i Biga Ui §t asceaivn aadbatiatartthe dimeertoAfwaden. 2 m

whi ch 1 I t the tj f D gt
et e POUBLP =, Ekahp e el e LR e e

sliced:i hg; sang,copdist igRsi rds wikkelphesl2exdepn or
S%ﬁﬁé:#%ep?%agé??ngaspeed of the wire was 0.5 gimlwége
1dde tdtmetlnd exmeacti retriRe tigrk pi R VO F KBAECRe T e,

wfgg% H&%geééggegkggagggtk%c% Gg{wgrﬁorward direction was
0.3 m, which was 1 m or less, at the time of extracting

the workpiece and the traveling distance in a backward

direction was 0.2 m, which was 1 m or less, at the time

of extracting the workpiece.

[0051]

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

Example 1 except that thertraveling speed of the wire
was 0.5 m/min at the time of extracting the workpiece
from the wire, the traveling distance in a forward
direction was 0.3 m at the time of extracting the
workpiece, the traveling distance in a backward
direction was 0.2 m at the time of extracting the
workpiece and the supply temperature of the slurry was
35 °C at the time of extracting the workpiece, and the

same evaluation as Example 1 was made.

[0052]
As a result, it was revealed that the saw mark and

the amount of the Warp on the surface of the workpiece
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direction was 0.3 mat the tinme of extracting the

wor kpi ece, the traveling distance in a backward
direction was 0.2 mat the tine of extracting the

wor kpi ece and the supply tenperature of the slurry was
35 C at the time of extracting the workpiece, and the
sane eval uation as Exanple 1 was made. [0052] As a
result, it was revealed that the saw mark and the
amount of the Warp on the surface of the workpiece 20

wer e gLeat yrggq.léggd i) CHPRFiSOm with the case off

WY n% a convention W re saw and that the anmount of the
udheg sedoaveanivasll ariger sdamEkanpit Theo 2FUWR nothé

traveling speed of the wr : kN | Glmewas 2
refwshior Wé§s,la§tgetrhet%ia}r}re§)6ﬁ%§rgcﬂ)gg Flﬁl\gwworfpi ece

t wﬂng WhEed lFe tHeavel dguals SO ance/mana fidrivdr ¢as 2
irection was 0.3 m which was 1 n1or,|es% aR,EQ%iece
ninte oof lessraett rdiet Hamorikbi @8er antiPie Favdhi g
di stance i.n _a backward directi 043 & adrweiranas
£rom, bRe| Byger g%%ﬁﬁ?%ﬁ%ﬁ%% %§$$§§§?na t he wor kpi ece
afPdot hensuRel v . 3t enpertaidl eva the skulegswast3ghe time

whi ch was higher than the tenperature_of t. U
ofitexheaehdnsf thie garfkpiege (el TR b Fa el isdnlg thse

. Wor k 58 &0 et athve Exawpliehl)wadel m or less,
1o? kBPECEas sl ced 1n the same condi tions, a

2 Exanpl eiheentepxtitmatt itte thavert kglepeed ok tta*hee SHBRLY

was 10 mMmn at the tinme of ex [ LKpk gge
temparehBrei PE, thise Stiavel i Wy d{’éf‘g&rfcgg?%gg ?%rsmg?g -

1§ eEhEORWRS r2Q URAto f hené | sBuptyertr adte repd hef slicing,
wor kpi ece and the trayeliandistaEce in a backward
atiteet tomenas Pxtmamtine theeVof “Bxfracting the
wor kpi ece, and the sane eval uati on as Exanple 1 was
made.

[0053]
(Comparative Example 1)

The workpiece was sliced in the same conditions as
Example 1 except that the traveling speed of the wire
was 10 m/min at the time of extracting the workpiece
from the wire, the travéling distance in a forward
direction was 20 m at the time of extracting the
workpiece and the traveling distance in a backward
direction was 10 m at the time of extracting the

workpiece, and the same evaluation as Example 1 was made.

[0054]
As a result, it was revealed that the saw mark and
the amount of the Warp on the surface of the workpiece

were degraded in comparison with Example 1 when the

traveling speed of the wire was 10 m/min, which exceeded

2 m/min, at the time of extracting the workpiece from
the wire, the traveling distance in a forward direction
was 20 m, which exceeded 1 m, at the time of extracting

the workpiece and the traveling distance in a backward
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[0054] As a result, it was revealed that the saw mark

and the anount of the Warp on the surface of the

wor kpi ece  were degraded in conparison with Exanple 1

when the traveling speed of the wire was 10 nf mn,

whi ch exceeded 2 mmn, at the tinme of extracting the

wor kpi ece from the wire, the traveling distance in a

forward direction was 20 m which exceeded 1 m at

the tinme of extracting the workpiece and the .

trav g dLstance i.R:anbackwrdb21l di) ext | tine wasnéd 0o
d%ﬁeW§{$ﬁ %g%eggeg 1hﬂﬁ%§t the tinme of extracting the
e WO &Pt £6g. th606Sk kpi€orpar ati ve Exanpl e 2) The

wor kpi ece was sliced in the sanme conditions as

Exanpl e 1 except that the traveling speed of the wire
[dwg%jloo mmn at the time of extracting the workpiece

fromthe wire, the traveling distance in a forward
(abmgmrabnvaagxam91ﬁ1§t the time of extracting the

wor kpj ece and the tra I St,aRGR idhnie Rawkywt tons as
di re%‘t eor?”%qép % %%ggteﬁngho?%extractl ng the

Emdgpé epeex@élﬁtt bﬁasamee\mdamhmg aspexAnpfethenydre
[0056] As a result, E was reveal ﬂ t hat gtﬂgce
wasaw GRrk/mRE athehgnbaRe S (HE ARG oh The 8oFFRCe ot

t he r tilng deosedtece | in conparwaod
f%’ %A%(k‘pif %2% %rg{;’%gltravel | n% peed of Wre

th
ﬂmcﬂﬂ@nmmnzomhmcht Eheeddate © %ﬁ?lra%FlPﬂegpiems of

extractin e ce fr t k{,gyal i ng
Wi KR BicR g‘ﬁ th?mg gg(i&l rgecc?|n§ogr1‘4}?\/\%%'I IZS amggC ch

qExeeeded dad 10d hhat tihee tofmexdf a@xtn@Cthégw‘éh?pl ece

andthetravellng distance in a backward diregti de.
w100 m AT BHE ERTee @ 107 HLOB S E nER T of S made

[Oq?gg]actl ng the workpi ece.

As a result, it was revealed that the saw mark and
the amount of the Warp on the surface of the workpiece
were greatly degraded in comparison with Example 1 when
the traveling speed of the wire was 100 m/min, which
exceeded 2 m/min, at the time of extracting the

workbiece from the wire, the traveling distance 1n a

forward direction was 200 m, which exceeded 1 m, at the

time of extracting the workpiece and the traveling
distance in a backward direction was 100 m, which

exceeded 1 m, at the time of extracting the workpiece.

[0057]
(Comparative Example 3)

The workpiece was sliced in the same conditions as
Example 1 except that the traveling speed of the wire
was 3 m/min at the time of extracting the workpiece from
the wire, and the same evaluation as Example 1 was made.

As a result, it was revealed that the saw mark and

the amount of the Warp on the surface of the workpiece
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[ 0057] (Conparative Exanple 3) The workpi ece was
sliced in the sane conditions as Exanple 1 except
that the traveling speed of the wire was 3 mMmn at
the tinme of extracting the workpiece from the wre,
and the sane eval uation as Exanple 1 was nmade. As a
result, it was revealed that the saw mark and the
anmount of the Warp on the surface of the workpiece 22
wer e degraded in conparison with Exanple 1 although
the k; andoh S ramRiNtyiafh thieaBr @ Weaktbetghr the
wetﬂeandégén(ggéa%ﬁvgoégaﬁpl e 1 when the traveli ngnrsgﬁed
saof ek shdethasafonmhin of WHic Hasw aerfed DehERf n- AP
the time of _ extracting the . workpj fLomthe WET €he
Caupsel t Ta| EximB_LS {"'ﬂ‘ ncgc elne_ ‘r%égbl(%s_gr%f the
wi%l‘lﬁééf 3exAh Al i pRieh theswmidpizae/sinciay shef adge of
at the time of extracting the workpiece and the

exdonattt inpsthe eackpiefe dh ettt Eonpar at i ve
les. [0059] (Table 1) TRAVELI NG SPEED TRAVELI NG
( ANCE SUPPLY TEMPERATURE WAFER QUALITY OF WRE IN

FORMARD 1 OF SIRRY AT THEMBLME dOF SARE AP THERq | @ L1ty
BACKWARD DI RECTI ON BY EXTRACTING OF RA
emmmmmmmpn@ml%ﬁlwgﬁﬁgﬁ%ﬁ% %ﬁe
: MR Bl 2nd e ncdnd Ot 5and596 @ach
O%‘{%ﬁmﬁééﬁﬁk% 55t 0 EXAVPLE3 2mi nin

ofl i 855&n EXAMRhES altiiviel rE¥afol & 35C QOQ EXAMPLES
QSmmn 0.3nmM0. 2m 25C 00 EXAMPLE6 0. 5mimin 0.3m 0.

[Ba%Bkc @ @

(Table 1)
TRAVELING DISTANCE | g;pp| y TEMPERATURE |  waFER QUALITY

TRAVELING SPEED

OF WIRE AT THE TIME g;é”g@i%’gggg’fg{q OF SLURRY AT THETIME |  py EXTRACTING

OF EXTRACTING AT THE TIME OF OF EXTRACTING WORKPIECE

WORKPIECE EXTRACTING WORKPIECE

WORKPIECE
EXAMPLE 1 2m/min im/0. 5m 25C O
EXAMPLE 2 In/min 1m/0. 5m 25C ©
EXAMPLE 3 2m/min 1m/0. 5m 35C ©
EXAMPLE 4~ Im/min 1m/0. 5m 35C 00
EXAMPLE 5 0. 5m/min 0.3m/0.2m 25°C ©
EXAMPLE 6 0.5n/min 0.3m/0.2m 35C 00
COMPARATIVE . 95°C X
EXAMPLE 1 10m/min 20m/ 10m
COMPARATIVE 100m/min 200m/100m 25°C X X
EXAMPLE 2
COMPARATIVE 3m/min 1n/0. 5m 25°C X
EXAMPLE 3
[0060]

As described above, the workpiece sliced with the
wire row can be extracted from the wire row without a
negative influence on the slicing surface of the
workpiece by using the wire saw according to the present
invention that controls in such a manner that the

workpiece is extracted while the wire is caused to
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COVPARATI VE | O min 20n 10m 25C X COWWA COVPARATI VE
100m mi n 200n1 100m 25t X X EXAMPLE 2 COWVPARATI VE
3mmn ImM0. 5m 25C X EXAMPLE 3 [0060] As descri bed
above, the workpiece sliced with the wre row can be
extracted fromthe wire row without a negative

i nfluence on the slicing surface of the workpiece by
using the wire saw according to the present invention
that controls in such a manner that the workpiece is

tr%’%}efla%hfda V{%é@d@@ Pi pemis cauleds m2Xite atweme Rfa
Sspeed mn or less at the tine of ext '§ﬂ1c1ng

egmcmm@.m #oohpiReewWEre™ dReaftier® sﬁ‘f‘”&.%
wor kpi ece. [00611 It is to be noted that the present
the, WQ&F? * not restricted to the foregoing
enbodi nrent. The enbodinent is just an
exenplification, and any exanples that have
[0 sk antial ly the same feature and denmonstrate the
same (Luncl i.ons, Afd 614 echar agnbhpse st fiaeaahinical s
conc&ﬁt escCri In clainms of the present invention
@ EredtnEicided to the feckgiodals setmdigieithe hresent

invention. 24 CLAIMS 1. A | 2 1
emnﬂdﬁﬂ%%% by UsFhg2h ﬁﬁ?@plggaca ncq&d%%d§ ﬂ?%d.ﬁ%mp ©s

H%J\Pé Sl Si 09 apoupdtae plawealidatwfe rond edemepstrate

orma wire row, driving the wre for slicin
thd]gnmexﬁqHQEEQmﬂgaddr@ feshs o i th %B?keé&ﬁhkxal

L L R ot oo Lasganion aze

included in the technlcal scope of the present invention.
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wor kpi ece against the wire row with the workpi ece cut
into while supplying a slurry to the wire for slicing;
wherein the workpiece is extracted while the wire is
caused to travel at a speed of 2 mimn or less at the
time of extracting the workpiece fromthe wre row
after slicing the workpiece. 2. The nmethod for
slicing a workpiece by using a wire saw according to
claiml, the wire is caused to travel at the tine of
extracting the workpiece in@uchv® manner that both
traveling distances in a forward direction and a
backward direction are 1 mor |ess respectively. 3.

The net hod for_slicjng. r kpi | NG5 AM & ewire
lsaw fbd‘b?%??fg F%rcfﬂaf%wl%g\gg E’I’%g?%%f@éaq?enpelr ac%Mure of
sdde shainyisgpphiigdial theviierefof ekichryiagovhd 2
wor kpi ece i s hi gher than a tenperature of t{}g.gl Ug kY
platralheyend oplébirsi 9. T2 it SaP¥ h Wt e Wi Te

f lici A . by kEersoh
s R S e T P

sEXi Bhd Yeh8 Robepiprecatimgd tadiemeslpmt 2 vtkprédéYi &F
sliced sinultaneously at, | uralit f | th
PomtahgeErARIEA aRi &1 c‘ﬁ’%lé@t i‘glrf%‘ilatl‘é% ?%e%’?%%i?ﬁe ©
Legce hOst +hRe Wide Faw Wit the wookkpeeee cadt
wo%#%\ﬁlglgag%s?urry is supplied to the, wire fo:l[. ng:
irdd oilpylet heppilyéngaw camtumyl |ihgthe ieh SOhafindF 9’
that, the workpiece is extracted while the wire is
WIEHREY to travel at a speed of 2 minin or less at the
time ofe o4& KELdEA0i$ hexveakpieec artfilemthite Wi e #dw

after slicing the workpiece._ 5 The.wir
caasast di gt tavelarin 2, BT A i%g’“?rﬁlen %mler%g%v% § the

£ iGAYSSA éQt££§¥§hgaEhEh%d¥H§ﬁééeeﬂi&ﬁcﬁmagwire row after

slicing the workpiece.

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

saw according to claim 1, the wire is caused to travel

at the time of extracting the workpiece in such a manner
that both traveling distances in a forward direction and

a backward direction are 1 m or less respectively.

3. The method for slicing a workpiece by using a wire
saw according to claim 1 or claim 2, a temperature of
the slurry supplied at the time of extracting the

workpiece is higher than a temperature of the slurry at

the end of slicing.

4. A wire saw in which a wire for slicing is wound
around a plurality of rollers to form a wire row; the
wire for slicing is driven axially in a reciprocating
direction; a workpiece is sliced simultaneously at a

plurality of points arranged in an axial direction by
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t he workpi ece in such a manner that both traveling
di stances in a forward direction and a backward
direction are 1 mor |less respectively. 6. The wire
saw according to claim4 or claim5, controlling a
tenperature of the slurry supplied at the tinme of
extracting the workpiece so as to be higher than a
tenperature of the slurry at the end of slicing. 26

feeding the workpiece against the wire row with the

workpiece cut into while a slurry is supplied to the

wire for slicing;

the wire saw controlling in such a manner that the

workpiece is extracted while the wire is caused to
travel at a speed of 2 m/min or less at the time of

extracting the workpiece from the wire row after slicing

the workpiece.

5. The wire saw according to claim 4, controlling the
wire to be caused to travel at the time of extracting
the workpiece in such a manner that both traveling
distances in a forward direction and a backward

direction are 1 m or less respectively.

6. The wire saw according to claim 4 or claim 5,
controlling a temperature of the slurry supplied at the
time of extracting the workpiece so as to be higher than

a temperature of the slurry at the end of slicing.
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