DESCRI PTI ON METHOD FOR SLI CI NG WORKPI ECE BY USI NG W RE
SAW AND W RE SAW TECHNI CAL FI ELD [ 0001] - The
present invention relates to a nethod for slicing a
wor kpi ece (e.g., a silicon ingot or an ingot of a
conpound sem conductor) into many wafers by using a

W re saw. BACKGROUND ART [ 0002 In recent

years, an increase in NESCRIPBIQBfer is denmanded, and
awre sawis mainly used to slice a workpiece with
"this increase in size. The wire saw is an

MU R RGR t §BL CCRES SORK M EEE (BY hUgANGe WiRE SAReAND WIRE
wire) to travel at a high ;geed, presses a workpi ece
against the wire to cut the>®brkpl ace while applying a
slurry to the wire and thereby slices the' workpiece

into many wafers at the sane tine (see Japanese Patent

TREH I OpENF{EDKai ) No. HO9- 262826). [0003] Her e,
an outline of an exanple of a conventionally genera
[Q@Q%lsaMIis shown in FIG 3. As shown in FIG

3, amid e ﬁ%ﬁ@llméﬁmmcwﬂ%eg Wd & Icied for

slicing a pi ece, grooved rollers 103 around whi,ch
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 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 workpiece against the wire to cut the
workpiece while applying a slurry to the wire and
thereby slices the workpiece into many wafers at the

same time (see Japanese Patent Laid-open (Kokai) No.HO09-

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



slicing. [0004] The wire 102 is unreeled from
one wire reel 107 and reaches the grooved rollers 103
via the tensil eforce-giving nechani sm 104 conposed of

a powder clutch (a constant torque notor 109), a

dancer roller (a dead weight) (not shown) and the like
through a traverser 108. The wire 102 i s wound around
this grooved rollers 103 for approxinmately 300 to 400
shypnsg to forma wire row, and then taken up by a wire
reel I07' via the other tensile-force-giving nmechani sm

[004'4] [ 0005] Mor eover, each of the grooved
cyl i nder

rollers 103 is roller th has a steel 0

mmich%ﬁep8F§Sré®@aﬁ§lﬂﬂﬁﬁéi%dpfﬁggeSW%1%%ﬁ§;ﬁﬁ?%hgpg
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surface thereof.” The wound wire 102 can be driven in a

fpeckpydraniongedilract $onlér camprsdst erfi meRloveay eFilig ch

di stance by .a driving, not 10. 006 It i
(?OCBQSESPquﬂﬁﬂu?rﬁgﬁﬁfkgpgié-Fe@&qﬁgﬁm%%%%?gnﬁ?oéead
wé £6H8 )t Raowordiwace spwatHet he k rehAdd2ghodnd raveurcer 108.

the grooved rollers 103 by hol ding and pushi ng. down
TheewhsekpPecd satvaded ta reubg Ehisi ﬂgfq%w?g%%é. 103
r : I e oy r r d
£ FRYEb R I e RO EERS G ATE S P e o
arbe shppl tedeho uph®ynia ewilf2 feoin 409'urvia tamk dtiBeat
the_ii of sli ci.ng. Additionallx,,a slurry chiller
tensi 18" ERRRESESY WG MeHART P r yOfank 116 so that a

[deg@erature of the slurry to be supplied can be
adj usted. [0007] Wth the wire saw 101, an appropriate
t ensiMagreover, 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 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



force is applied to the wire 102 with a

W re-tensileforce-giving nmechani sm 104, and the

wor kpi ece is sliced while the wire 102 is caused to
travel in a reciprocating 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 workpi ece. Then
the sl.iced warkpiece is extragted fir ML L
f?ﬁ&?r%?nfpgﬂgf?gég?o%h%fw%égdﬁ?g ?&%ggkéﬂﬁ%ﬁ%e?eF%gggf
foSckhgiwiing seHonipreventi agd thaviverfpbecei fisi g iced
by being caught on the sliced portion at, the tinme of
whkipashenyitife Wbt kbF eeBUELEIMIONE RAYR! rio, 2t here s

j . i hayi a : st nhoting

B e e R B sy ooy ot TPeThi e
[obesyicinity of a wire entrance point of the workpiece

ith ir, of tricti nb , .which . th
meanst ey 51 46EPBCAnG 16 JRbEHLSEoPACort LA Qpeh
céﬁPkﬁb)tN%-%B%ﬂHfggé 1A019] the wirébM@&@hesWﬁe@ddﬁplate,

present inventors sliced the workpiece into wafers by |
whis¢hghohdsgeher alomipeesaw athdasthiebed igss evaplipiece 1s

exam pe shape of the sliced wafer,_. 984 \WAS o f
o RR et rON R W P B BTong S byt a1 DCE 188 o

el hgi eref Abr¥Jiddw. of a sem conductor wafer. Hence
the nore quality demand of a product increases, the

[ G2l demand of reduction of the Warp increases. [0011]
As a X@@' i el ¥&-d PELLEAGE AR & 1w kpi&ae
qual ?}S)e/ evrgég%sggap%g}bfl éfnr%ﬂ%t a \%or kpi ecl_e slici n%

1isitrfragebiysbdamggech ghtt hen sther g liees manft ben fhetne

, Kpj lici, f t.the ti f ti
15 QF | CEBEROEAPedth rURT ERESGer € oW 219 o 271 £1 g

t H¥ee Wok k@i 862 osElerad suisckasedatfiqgia ensanst fate
enhances a tensile force applied to the wire at the the

regitel @F 1ext Fhet LAt Inf stheedlwbr eyl & Tt F9R 1 RPfe
wil @V 4. grde 'Egni%gﬁQﬂ§§aawffgagh%%ddgalﬁﬂEﬁ%OBfthﬁe

wor Kpl ece” s %C|ng rface I n Japanese Patent Laidjogen
woltkpkiai de Noi 2003- pA5S5&kf restricting members, whic

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



DI SCLOSURE OF | NVENTI ON [ 0012] In general, the
slurry supplied to the wire for slicing is conposed of
fi ne abrasive grains suspended in an oily or an
aqueous cool ant. Since the abrasive grains are easily
separated froma fluid conponent in condition where
the slurry is not agitated, the slurry that changes a
hi gh vi scosity one due to evaporation of the fluid

conponent. is apt, t.o remain_on the j ece af Lek ractd
tRE| WP Pl?ﬁ§n§iﬁ%%n%mgﬁr?ﬁgemnggﬁg%ggFggeg?ractégc e
t he 0B i b dwhice Kpaw dd fhbs eaeditiiren, raw softakl edisdwg the

mark is apt to be generated on the workpiece s#iging
wenkpaeeehy Bamige itto AhechprRpi EBE ¥ILTS P %utfate due

Lp.the wire row, ey degraged, and gualkhley time
e%é%?%%&tPo%eggngémﬁfgg¥3%§Eﬁlé% The saw mark is .
ogesgtated ing ahs rebkyedhape kpriddee igrecthenwafreg row - 1n

right angle to the direction qof feeding the rkpi ,
orfar I8, SHPPESRS i AR BEVPoA "I UHE W PR, t%ewgr%%ece
sPiS%ﬁgtsg.%%%%OE%tjﬁﬁgﬁésEh@%ﬂé%%?ﬁ&&@ﬁébehS(Kokai)x_

generdted by noving the slurry remaining on the '
Neuzbase2ab9oblle workpi ece in a traveling direction of

the wire along with travel of the wire. Accordingly,

this can be prevented by stopping the travel of the
DIOEKOEBRE o tReyHENTEOQf extracting the workpiece

However, when the workpiece is extracted in condition
[(@hEZE the travel of the wire is stopped, the wire row

is lagally caught on panticyl anlyi2eROkl Ahahg] et ber

abragjlf:r\l/eg%r}%lf%g"cgﬁ%re l}o%lg'a:%h%\rlékétoet he surface of the
sWEkphece anmpgsidie sf Uf i yer ebmiasiive ara hessgrpreadsd in

t he, wor kpi ece, and thereby discopnect qf th
E”bd%h¥5;0F06T4fque°us.?%Oi?ﬁﬁrofgfﬂgeé%gV%-%a%%%?ﬁgd
g obkegbe bhsiS Al Lsteal firba Rr esantdi ovmpbnentt dn

provide a wire Saw that enables extracting the_sliced
camd kbiecewheom the vé rer rwiwi fI9ta a9 eSdr r HBEuSEUTTY

wi.t hout a negati.ve inf ce. 0 heysl i€h ngvssbhaea Bf of
thle GWorR ?%c% %’ﬁgt% i"[s]lés(lyﬁ?%ggngtte the wre ‘rfogv of the
thed rel saw. cb@Pdhknt is agdo aohireweitrhian obhecworkpaece

resent i nvention praqvides net hod far .slicing.

a i %ﬁ%b%lﬁg'ys?“ﬁﬁg&f\ﬂrree’ S‘Z}\}\?ni Egﬁu?ﬂ'ioﬁg]?plvﬁén%i ﬁ% a
e E {08 BLofl PlcaKAUN Aol Uhakhty Gorditess,ta Gor-m

awre row driving the wire for slicing aX|aII% ina
caldeidrovatnagkdiseetitort;o she cHRPEERE Sbripi B Workpiece

si nul t aneous| aplral LYk RAILMS &E& angeding an
S%%ﬁ%ﬂgcﬁ$%% ?%ng&y eé%%%gt%hgﬂ%orkpiégé againstltﬁe '
suMfie=d ouaM th the wdrdepisse, cthereby Wete sspgegragesd

slurry to the wre for slicing; wherei n the workpi ece
ands g kY ede dhpAB TN \FTEUTS  caused to travel at a
[O%E%ﬂd of 2 mimn or less at the time of extracting:the

wor Kpi ece fromthe wire row after slicing the _
wor kfheceaw 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



[ 0016] In this manner, when the workpiece is
extracted while the wire is caused to travel at a
speed of 2 mMmn or less at the tine of extracting the
wor kpi ece fromthe wre row after slicing the
wor kpi ece, the wire rowis not locally caught on
particularly the portion where abrasive grains cohere
to adhere to the surface of the workpi ece anong the
slurry remaining on the surface qf the. workpiece, t
CHREBONAECEDET W R $€° £ T EﬁFcFﬁ&q:?ﬁmﬁxggﬁgeahgtgge
wdPepliLER of Hg%%%ei,' Rehdhec st i edkpeEkn ece dforathed in
W re row, and the saw mark due to extracting the
cowd kpii one whar ehe heortsezweht b shprdssedi s [ obepped, the
In this caseg, t wire is preferably cau o, Ekaysh
w%fetEQWtFﬁeiﬁF et ttﬂg Rggﬁﬁfépe ?ﬁgs%cﬁbg
whBPEeE hkhab etk d rc{w&im@g_cshaﬁs_én@s ddheréotvatte
direction and a backward direction are 1 in or less
suekpeet peltje workpieqe WPBInhMfers lUfen FRBAW[LEY &1
caused to travel at t | 0 hactd Lbhe t of
t%&wﬁﬂfgégei %é @ﬁ gmﬁaﬁ%%%ggha%nggﬁﬁﬁ%%ggglingconnec
t Kb syapeescicrg .forward directi on and a backward
direction are 1 mor |ess respectively, the slurry
[@Rfheting to the surface of the workpiece can be easily
removgd and ther efy LRe SAW PR Ki §aHS8d I i f aLt i g an
the workpiece can be effectively prevented. [0018]
oHjedthi sfcabe, paetsenperiaiweret oépnt he PnavideuppVied &BW
the time of extracti.ng the workpiece | r b
thagrHerabhan §*CERS r{b%fsiﬁ§e§|&%ﬁ}éﬁéﬁﬁefgéé spe
witld CGhE- with a s_ihféblté"'iéEtﬂB@_ﬂ@fe whemaut eapeegstigeof
~the slurry sugplle, at the tine of extractln? t he t
inforugieeeons theghdr dinth ShHefrefpefatdte BT ERESSPUFPY
1 Al 11881 Bh ThieCiide LG, SLET EXoAGNANd MRk the
surface o e wor kpi ece can be easily renoved and
[otOeFleby the saw mark caused by extracting the
wor kpi ece .can be re effectivel re ed. ;
Furt QwﬂﬁQ%?Y%et€$§s8ﬁ ﬁé%&ﬂﬁﬁ%ngﬁ?égﬁgegQy%éﬁgﬁiaW
priod M £ a W00 isaiikgirie awoubtdkprieudrd ey using a
plurality of rollers to forma wire row, the wire for . _
wighi giaty | Snatndéngaxmdnding 2 ‘f’éEFpnf&fatEi]rﬁgClng aroun
p1HEAGH P r 3 WRTKRLEES 1% Sh 1£64 SLMULLANROUEY Yng! Lo
plurality of points arranged in an axial direction by
witkeedichg 4 hiciwgkpkeéad lagdimst téeiprpeatordidhrepglion’
wor kpi ece cut j'nto whil.e slurry_is ppl i £
s1§Pielh Gt (ver hE: SeRe SrrE T ERL T oBt By T ATER L ©
poARReH A gddei MORkPEe&Ge 1| diexécatbad byhifeedieguihe
is caused to travel at a speed of 2 mmn or |ess at
workpieiare adaixst athenyitfe BRF Kpl BRethromAHEP IR TR ril
. _after .slic kpi [0020he wire £dP 4Di&ing:
1nﬁén§géi%ré§§§%£fg m%a%%gr 9%59?0 tﬁewéﬁggent _ ' J
whépgent itdre cont kel scenisuelkxtaamradr whide tthee ik ki &8e
is extracted while the wirge i aused tao trave
cagpedd t6Y X At e br A gpgeg Otfﬁeé:tli“ B ’Oéfxtlreasc% i%% ?ﬁ%
£ iMOr KB %%ecxfar&t!ﬁﬁﬁet%r%o&q&ﬁi@‘d@rfﬁbmcw@ tWiere row after
wor kpi ece, and thereby enabl es suppressing an -
slicingr éhee wafrkheedésconnect of the wire and the saw
Oﬁ?%t and extracting the workpi ece sliced by using the
[ ‘ saw fromthe wire row wi thout a negative
i nf luenegi eNmhhsed i Gingh sthéaserkpiece 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



[ 0021] In this case, the wre saw preferably
controls the wire to be caused to travel at the tine
of extracting the workpiece in such a manner that both
traveling distances in a forward direction and a
backward direction are 1 mor |ess respectively.

In order to renove the slurry adhering to the surface
of the workpiece, it is nore effective that the

traveling directjon., of the wire i.s sw tched b .
L BE BPUC M s S SnbRE PREGPIBE T Hapepat e Tov i3
nbtaveldang dishaneesochNpart9evane 16i rged | porandnawhere

backward direction are 1 in or |ess respectively than
abheswivee dirs igeuseeh e pet Favadheret fe sane drFéefPoRt the

As. descri bed above, the wr rdin osthe £

WRPEEERES) ABHIY s ahi DALY § SPBMBud T e ofapry orace of

tREhAbRG il d hec1sdir d as€onhethe ofortkp ecerandocanlicing is
effectively prevent the saw mark caused bysixtr cting

nehecauprl ate.tfoopbpe of extpractfing cElke, SthESH re
wgP%%FEg%e%¥§@:éﬁg“&P£§ aolenmeratwe Liwt N8kl HUEY to
supplred at the

i me of extfacting the workpi ece so as

etorbethnghenhd hasrigpiempecatube cbridwysénrly suppkessed.
end_of slicing. In this manner, the wire saw

[%Q%E}ding to the present invention controls the

t enpefat Uy £50f skhe sy ryi SUPPL | pHe @b rbie | idBusdd to
extracting the workpiece so as to be higher than the
t tavpkr at ukbeoft imtve of (exyracting &he ofoskpéprg, in. such a

- th b Ly ve t - [ h
maTli BobBE PR Cee A BaATEFFoctt vel J B abant

dihecsavnhmnk causetkdyr&xdfasttngnt lkerenol kpi eceless
[ 0023 Since the wre saw according to the

rﬁﬁﬂ&%élivﬁﬁyention controls in such a manner that the
wor kgnect%ié ﬁéﬁg@cﬁt ed My g d hei MeT esi SLAsetd Ocravel

travel at a speed of 2 mnin or Tess at the time of
atexthacting olie ewdrqyi teioes f tloen vhskpilee s ol afpep a manner

sl.icing the workpi ece, .the saw. k r :
ERt SR | hE2HPLCahars TG Te T8 Aot Hhed SPRESELon and
a Pdash it hithetwone aaw Dimthe hWese sawmpantbeely, the

extracted without a negative influegce on the sliciplgbe
slappacdRP T iRE WOr EfiSe BT L 35%F ERT DEBCRIMSM 'ORF 8£° TER

eag%®yr%3%oved.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 is preferably,
higher than a temperature of the slurry at the end of
slicing.

In this manner, when a temperature of the slurry
supplied 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.



[0024] FIG 1 is a schematic view show ng an exanple
of the wire 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 schematic view show ng
an exanple of a conventional wire saw. BEST MODE FOR
CARRYI NG QUT THE | NVENTI ON [ 0025] Her ei nafter,
an enbodi nent according to the present invention wll
{4l Bkpl ai ned, but the present invention is not
rest@“%ﬁ%%££§£gtothe resenN e {08 YORKBBGE des a wire
sliced' y using a conventional wire saw, there is a
s ok ewh i bat at ke reaomrdl i sigenésawetnidy amewingg a he
slurry remaining on the surface of the workpiece i
Pluradel F HgOai Fé’égieéﬁ &0 i # e ar&ng Wit HCK{)er g’gleﬁé ('};fi‘r
the Y resal ot et s of exix agt begiphe cerriky etierdeohon;
Slﬁ?:grxérgsrg\fv&ggtnera%% ciyﬁg t he wor kgi ece, and thereby
a tloer Mt pcesidegladed sOmuheanenssliand, avrdiiiaity " of
wor kpi ece is extracted i.n condition re trav.
Podf the? Wk FRIF %Poﬁﬁ‘ed‘?‘vxt]oa_‘gr%%/]éﬁ?%%ﬁw;%yt %&\;’\cﬁilrrgc?r oW
wdrkg 068t | ¥g§aHght tBR RAltd Ceb@r kY thhe hpomicrop vz ecut
abrasive grains cohere to adhere to the surfzﬁ?ﬂe of .the .
infor kyfitte amehgrrie il wunp ki APn§h6n VikE T ot ot R’
t he .wor kpi ece t he di,seennrectt afhd he
thgj Welro%c% 3 Cfﬁggg]lciqrﬁ%e%%n%%ggi gwmo? t he probl ens,
wolrlk@ if@sens éRveaters tholghtthéavirke iwi causeddused
to travel at a m ni num speed where the_ sl yrr ic"@ (pg
trpgrdvet a2 $RecHi RE of )(‘tlrrhc?’anef’ﬁea\}%oltk i ece from
he W 6 T oML afib Bk pllicel Nrom tHBe WL kpi @o6. afair islicing
exﬁ:E%cprlerg%n?M\%nvent grs foundothat t he wor kpi ece can be
thexwoadteo®t h suppressi ng generation of the saw mark
Oﬁﬁg]degradati on of the Warp without an occurrence of
[0PRE 1di sconnect of the wire by controlling in such a
manngn thhats treener kpt Reewiixeextaaciedontiihg the thier e
Is caused to travel at a speed of 2 mmn or tI ess.+ L&
Praganti dmvekel 9P uFPH tEGHET iy $ochnd Tarpsie Wt e
wowgﬁ%ﬁeisca@x@fa&éa easily tesoyedeand thessaw mar k
cause y extracting the workpi ece can be effectively
‘travelenrttech lypeont 06l Ri mgdmtie o rke$d BE EAGsddMD ©
travel, at the tine of ex i t KRl 668 d $SULHin
exﬁrﬁﬁﬁﬁ&g tHAT %%%Tﬁp%?g\%eltf{rﬁog& i's aﬁ%ggo?:n a forward ?
thdli veekiparand andackeaedydierediiesn supptemsénd égs ‘
- respectively, or by controlling the tenperature of_the
- oceupEepceusdl i e 1 ERENPRRE cﬂge‘;(]??a‘ﬁfw gapﬁlet%e sdw
rKRLECSt3UASi1§ PRehivBh&pilded $hectanper alsimgy ofhe
maitl\gegsl urry at the&endeof sl i?ci ng. [0027] . . FIG
wideisam $ovendtie wibe showiwighonexanppaast vend nfilwence

saw acior»di ng to %he present invention.
on 1Ts sil1cCcln surrace.

[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



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 nmechanismfor giving the wire 2
a tensile force 4, a nmechanismfor feeding the
wor kpi ece to be sliced dowmmward 5, a mechani sm for
supplying a slurry 6 at the tine of slicing and the
i ke. The wire 2 is unreel ed f_rorgﬁrgne vvi{)e
traeelingndiresthieon (e gheovéder diS P& tFREY RS
tensi |l e-faorceqivi i fratROWEBKelin
r%?h?gﬁcf‘gegoﬁ%t an ggkggggng?g%rg%ﬁgg%ggantge? roller (a J
ddeagdnweighh) a E@tr»sémmaiiaedttmgl lainke ag m?ulgwaad
traverser 8. The wire 2 is wound around this 0 :
dipereien3afer 1 ﬁbﬂ%ﬂ%tselrﬁsmtllé’eg@b Vfﬁrﬁsgg‘% %g?r% 18
c%ﬁgeﬁﬂgg QQWheﬁnq{¥”@Net§5ﬁ% @Hﬂ@bﬁidﬂfelreel_7 via
e ot her tensileforce-giving nechanism4'. This
constis ulésoribsethabsane, ashe woneeABNORSICATFENEahP the
[ 0028] . FIG 2 sho an exanpl.e of_ih .
DA RBF edBYFBEIRHG CRCHARP I R Comn i (RBAEFY ppperind
t P ERENLuLRYERL @N L S ﬁ@@%?ib&erﬁdlbaﬁfﬁfﬁeckpwede
I's adhered to a pad plate 14. The pad plate 14 is gel.d
phgventotkpi eew plaatle ABuSTHe bioERHIESE 179 el ByraPiece:
[m}égi ece-hol ding portion 11 of the workpi ece-feeding
nism5 through the pad plate 14 and the workpi ece
pl at glZh{H029e, the wilhé ssmmrkpeéeeabdadigyptrols a
mechani sm 5 i ncludes the wor k%i ece- hql qi'ﬁg? ]%gi QR 11
tamper25uE8edlt &Kol WhEY paeRPd e k€| ece and
i de, 12 iV t r i @re gtk Agtpant aon
e%%ﬁg%ﬁ%ﬂ%gﬁ%ﬁ% E%d\ey?) control g‘ a, conput er
t comaept @su f eediEnghehes het dywetk shecengt of pi evFo0dry
progr d. feed speed. . [ de M&t h
P he oVt o b SRR g T 17 bR 1108, UPRER AR N6 e
p ki ecevégedbng cmothedl sntheas etgeorithede abbvehies slurry
fed to the wire 2 that_is |ocated bgl owwth the ., a5
suIrkip @cat f BBEI Ad MR antEF3ChL "ond NS M HFPEFFEI R,
t ol e WPf é?CEPBSeQ'H?a_G tBRpaphsire beednd helwprkpeecehe
downward until the wire reaches the pad plate 14 to
erfd niShskl¢tngg thensdrkpretecaShéy LFECHG celge siurry

rkpiece is extracted fr e W.he row by, kex¥ghsi ng
ad}p’r%e”d?greti:?i%lﬂeo?ufg?ﬁengof%kgoy%ikg}éee. [ 0030] _
e filraoMmes v eaebvehtt htvgroovedaral taused iy aexbrpeiing
that has a steel cylinder of which a pol yurethane
theegiar ksigfRssed in the periphery and that has grooves
[O:‘?%lr?ﬁgd at a fixed pitch on a surface thereof. The

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 slicing'the 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.



wire 2 can be driven in a reciprocating direction by a
driving notor 10. On the other hand, nozzles 15
are arranged above the wire 2 that is wound around the
grooved rollers 3 and that travels axially in a
reci procating direction at the time of slicing so that
the slurry can be supplied to the wire 2 at the tine
of slicing the workpiece. [0031] Mor eover, a
slurry tank 16 is provided with a slurry chiller 17 so
BRRBF ﬂﬁ@cﬁﬁﬁﬁgﬁﬁidgﬁ BHEt RRAVINGS to be supplied can
[Bszgﬁjusted. It is to be noted that the present
rnvention is not of course restricted by the
Fransti tigt izoncthovatia Fiéw Bhomdmoexanptxamphe dpshy

tenperature of the slurgy can betgdjustgg.bx provi di ng
Wi €h Seth&c KAk changBrs Present JRES et Wore, the

Fekurby jchid lsetgie’lrgatIgevqrekﬂwsrhg)vdm{gorarﬂ-%ﬁzﬂdpl_beof a
wor kpi ece-feedi ng mechanism5 are connected with a
weDRphelcetfide @51y [0O8RRnism thatTigan dumtwsedupny s
has a fynctiagn of controlling a traveling speed of the
PHEFensd ﬂﬁ%ﬁﬁ%%%%e driving nmotor 10, a function of
rE@Nt Boliksi g ddheetdavel Fagwdissioariee efn theambie 21t hat
reciprocates in a forward direction and a backward
coiiveptionalespe® isa&Vy t hrough the driving notor 10, a

cl,i cont ERQ e vl gof the slurry
Bé%gphpgg ?@%ﬁ%&%ﬁ%éﬁg ?E?OEEE the slurry chiller 17
[@2lsqa function of controlling feeding the workpiece
against the wire row with the rkpi ece.cut .int nd
feedi%@F?h%a§5?%pié%b‘?%?%éf?%ﬂ ?E%oﬁgﬁﬁ' ece ??%n1
plfé@ew € nLRWLYOUE 1 hgeWakkhiaaerlgeding teehpriesrINE.
0033] Here, the mechanismfor supplying a slurry 6,
inhentips, is mednsSorrsapplyithg @ -slurry to the
grooved rollers 3, (t.he w L L be explaiped. In
t he ﬁ@gﬁén 4% FoFx &%bfai%g §i§¥%$r§? F%gﬁgfurry t ank
coifré st cenpeckvadaniddw t heheazzlies alpriciricight hg &ihgr spw
chiller 17 controlled by, the %gntrol uni t ZSiggngh%% the
mae tenPEPEEATE oY HROEERPr o S8 T dpdi T53  EaR Joe
s tedebynkhg ol dcehihl ar tkdveanthd henrébeishuorfy the
can be supplied to'the grooved rollers 3 (the mnr% 2)
withe culhng heihbz tlresels. oThehsuppirg fénddrat b8 of ™t he
lurry. can_be contral erpdesired 3.enperatuise ici
e%%f%?%&%%n%?%lw§ﬁi Jf%sgkéﬁggeFﬁeaﬁggﬁigg% means is 0
" thROtwekpi eokar byidr estatebpedthbelerp. ifs0@B4jraded. On the
The wire saw according to the present _invention ‘s
otdet rArd ¢ he"GBr I‘%ﬁ‘ieed'g’-"?]é%ﬂ?ﬁﬁ ﬁécﬁﬁ_&rir&%%e ing fgnartion
whideV i 0 MPL 910 W thd hei Nt EOktEpble 2% d opeotenal this,
in such a manner that the workpiece Is extracted from
theher e eroowi shilbeatliley wi2eght eauped ticuravty &f°a
speed of. 2 mnin_ar. _|ess r Lelng & L &EPLBCeh
poZRa i, Wbt oroeRe Wit S 1o b saheE " Es RURrenrerRLe
sulrfiR:Ofo Xt Kackbrgplike- swakphgcehensiucir ya nemagningaon
both traveling distances, in a forward directifg %ﬁg a
. In

thpagrifarei EcthenvarkRierer FBLsCPBSFEMSG Ve
a1 8adi i Qn 5%‘%%[@1&@@&&%@”9 to the present

rnvention controls the slurry chiller 17 to contro
[oob&ltenperature of the slurry supplied at the tinme of

extracting the rkpi ece.so as t.0 he hj r.
t enpéPaldry &t }ﬁée SPEPE’)}eng't He eerPdr%%g}sq?i &F]%h{gfs

th&QQ%@ 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



Next, the nethod for slicing a workpiece by using a
W re saw according to the present invention wll be
- expl ained. The control unit 25 drives the
wor kpi ecehol ding portion 11 along the LM guide 12 to
push down the workpiece in condition where the wire 2
is driven axially and the slurry is supplied to the
wire 2 with the mechani smfor supplying a slurry 6.
The workpiece is thereby fed against the wire rom1thgt
theavelrkpifegre exdipite, ini 700 PEESEO i FEMFPRSt ABUD
wor kpiece cyt into. A feed _spee t [ f ‘n
t?@EdE Fﬁ@%ﬁﬂ%ﬁﬁe%%naggiﬁs ﬁ%%f%&r{?#%mﬁgfgﬁefﬁé °

g¥REKRIECR G HHY OsgANmBek hord exaymidatol bE @he Warp
nmm m n. These conditions are not of course rg&trictggla
wihbpatto.an GO3BIr TeRCHi PE E8F 1KE SGRNRCE o r &8 Wit °Y
reci prqcating directio | o sbigbreckhas
C%B?E%#@&anﬁglt%%Fﬁr%vgﬁﬁhéggﬁﬁ%ﬁggé can be? for
cRXBHBkRA 400 1 08 Wirdhest enpereat we bfavhd sitursr yppeed

to be supplied at the tinme of slicing can be, f .
oExAnpVainimn gegps ¢ Fhed@dEEA Y She G EREy gfhering to

tﬁ&“%ﬁ?f&%&'8fﬁéﬁbt®82529ec2h%dﬂiﬁéfﬁb@é theily removed
wor kKpi éce proceeds as scribed above, the feeding is
asd ophed salemartie ewusedoyr exdiresstting phlde pHRE&PdFCHh can

o P REF DA, Y UEp By B I L SO0 o e
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, or by controlling 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



Then, the control unit 25 controls the driving notor
10 to cause the wire to travel at a predeterm ned
traveling speed of 2 mmin or less. After that, the
wor kpi ece is extracted fromthe wire row upward by
reversing the direction of the feeding with the
wor kpi ece-feedi ng nechanismb5 fromthat at the tinme of
slicing the workpiece. A feed speed at the tine of
extracting the workpiece fromthe wire row can be, for
afxespi gath 1tyo 3000 to4fith madnks teorfe g &g dbt §° 18 o
S50 nmimin. [0038] In this ner .. the contrgbile-
CRER 1 25SBoEr IYs & fe ' iVTRg té’rl%q’{éo_(%:%se t%e re
Y EE-§OvE haV @le MarA i edet ermh nedcbhavtealtivw apeiesl ofie 2
mmn~or |éss, an amount of the Warp and the saw mark
sdme bes generatved tiipnaile Wwaf@r S3Wi-ced by using the wire
qs(?élxézﬁccordi ng to the present invention can be reduced
[ npari son with the wafer sliced by using a .
conventd onal swbwe SaWexample Jhethawwoarkip igwetfreding
Warp are generated when the traveling S%Jeed. ofetﬁgon As
meghran bxeeEBa t2 GArmine disqPelli Mo IBATHet RGP Ra"
wor kpj ecg fr om t he Yo L0 javeighd i ©6 08l pad plate
S}}%went%lgvgﬁ%ﬁg@épgzjg ﬁ&t)ﬁg W re must be 2 mnin or
14 esTrandbad phaeepidf dsatleld byninwor Mpdsxe miaherls.
limt of the traveli speed of the w.re is no ; 11
THSar T PAPFS s PEtd &Y, Dutor 81|e&%rh?el.&n%‘%‘5]o¢0%‘ﬁé°n
o%rfﬂ@”W@Qk?@%@@—QEédY%dMﬂébﬁéﬁi@& G kH¥dugh othapped
0039] Furthernore, the wire can be controlled to
platavel 4 i and téei posdaiiane dPte&ei s for a
redeterm ned traveling distance of 1 mor |ess while
Lichachs

rkpiece is extracted fromthe wire row upward.
This workpiece-feeding mechanism 5 includes the

and

. workpiece-holding portion 11 that is used to hold and
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

periphery and that has grooves
The wound

resin is pressed in the

formed at a fixed pitch on a surface thereof.

11



As nentioned above, the control unit 25 is connected
with the driving notor 10 and can control to reverse
the traveling direction of the wire 2 after the wire 2
travels for a predeterm ned traveling distance. [0040]
This control enables nore easily renoving the slurry
adhering to the surface of the workpiece and
effectively preventing the saw nmark and the Warp
caused by extracting the workpiece. It is preferable
wihat 2t leerf dyegbiinen ravedi ngcdicstaartel #ordWACER1PRe PY 2
dmﬂre i S cqfseqi}o travel in a reciprocating direction
FEVi% 8P 1%ss at the tine of extracting the
wor kpbgcenkr ohkhe haindg rove zbes may she rotrdessdt Aanve
1 m Alower Iimt of the traveling distanc fo&lmhic
thaewiiree 4 & hedusied 1O R ad &P U atf}é‘ec%%%%gi hg+-+ers
jregticon Js, ot particyl aply restid iRyt gihection at
A A e e
th®reime0@4Fl]slicing sdurhaer whree,s ltvwer ¥ erper beuseppflied

the slurry supplied to, the gﬁrﬁ:lswfreferabl¥ fece
tRohRRoPER o s HE Hel ™ ghér Stian the FenbeF KPuPS Sof
[d@§1§lurry at the end of slicing while the workpiece

I's extracted fromthe wire row upward. As
nent imeedoubovea sharsypplank ehpeiat previdathe’sthrdy

is controlled w.th t sl u hi | | h '
Slcuol?llfyoFF‘é&l\ﬁrt \#‘7t e B%lﬁti’ O{Réni%te%%raﬁgr% hdél%s Eirer ?lurry
t @ ngupphiigliecahemeerad et éan the itserqeensat wietedl that

the slurry at the end of slicing is supplied at tafb the
the rRr ofeBkt FAYENHE othd SworRpi e COVGRG HEIFFECFEW PY

c&ﬁgégtﬁgfogegﬂbﬁg qf, tghes woi kpi pge E%a%&QEQa%he 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 reciprocateé 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



[0042] In this manner, supplying the slurry
having a high tenperature at the tinme of extracting
t he wor kpi ece 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 tinme of extracting the workpiece fromthe wire
150w cap be, fF SxePPYeng3%ho AMG when the suppived
tenperature of the slurry at the tine of slic ng t he
rodikpisede (ithel5iiee 38) CWifldors] &P RSt fbed BhéPE, in

the nethod for_slici a I cey 4sipeyatuinke 16 is
mggﬁﬁéfﬁ%ﬂ iy ?%P?%%E%Pegeﬁﬁ'lnegntion Th which t he _
cHARKRIRGE Wik IEXtHached zWeisl @ 5t hdmiugh i sheagdad myp chiller

travel at a speed of 2 mimn or less at t [ of
1 8xepactiodd ache ok kpi 668 LEPIMUHE V%S e 7 ogvﬁg%‘t g?‘e

témrlnip%irgg;utr%e Prkpl egfurkge LW ARG Bl baedan e tdgjusted

€ row can be extracted fromthe wire row w thout a
bypegaki wa urfy usncklen s siidcitigrsuriacsl upaos4Rn e

Hereinafter, th t i t ' l\ai
SYRPRGFR. (et 1S BEEeava BRhNde ) bLLT e brogdnt o

tﬁﬁVﬁB&QQQsi%SF“ ﬁHgHé%f@@? thapetrat (fxampl ehe) slurry
The wire saw shown in G 1 was used to control thcgg

canabel icogtspddddfte heewar e st (TARETAf UdiSs tah ey’
of the wire in a forward directi n ckwanet

C‘&?F58ﬁi blﬁl-l;ng}l'he Pgouvf)%Ygrt e%rpg%gggpg S%@atuﬁi slurry

pSdppbued iy thestvietat thertitme of slicing the
morkEiece respectively and to slice a silicon ingot
[(B@dRhg a diameter of -8 inches (200 nm into wafers

based; g §heaebhod 5 rglhgi B8 86e0didgeio Lheention
pr esent | nventi on.

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 is 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

control 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

"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



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 workpi ece. The supply tenperature of the slurry
was 25 C at the end of slicing. [0045] The
traveling speed of the wire was 2 minmin at the tinme of

e%%{&?t i‘gaieﬁg\ﬂ%@lme?ﬁw@ thetwi pesaf tarws| e ng
p| ece. 'The traveling distance in a

rwar d
wcshkgex:etq:enlwasondmtalm tWee ¥ ¢ alBEi Hg 1@ < dr?ceé?hv%tn

ac war d cti n was 0,5 e+l |, of ﬁg(érgcmﬂg
%rﬁﬁge% élrrLP’bplry H%‘ggrl%taur% of the sl urry.

tﬁf@%é@ﬁaﬁ@gﬁ a% 1t haigEIpengt ar elat riyhé .end hof Vsq’lfléﬁ”rfbce
The present inventors sliced,the V\orgrphﬁetge ';Q %_lﬂg
i orlegrotiny Eeddipgiagims andh@xuif Red Oy bFeyY

surff\ce oFt%B% el %@Cﬁﬁﬁ&heg\,l&‘dﬂ GiHW dtdekpeekpi ece. into.

Tes the saw nmark and the anmount of the Warp
A Wes&d r egeeadaitn tm@marmesoafmfehdnn@ cta‘ié% thfrla%i'-ﬁge

conventional wre saw. B [0046 EX be,
agRorIkpF eelewdd T8l itCel Th hEh% ]%8 %gﬁt? S5 ocn%t a%ntEgag'gﬁe ©

< hat bhe 4 ravel ivigmsReedTRE skheosdiet ivarss lare
for]ﬁrrél(}?%g%l%he time of extractlng t he wor kpi ece fromthe
8-

not ref aodrsbe resire o dath9hess -Exanpl e 1 was nade.
Mresult, it was reveal ed that the saw mark and the
[ t of the Warp on the surface of the workpiece

WBVeTH%“%%%EiBaﬁoﬁgaﬁdﬁybdMﬂ¢lth&veésenoﬁ»using a
conventional wire saw and that the a\r;arDFunt of ’%‘Q

recddueed dhings diaegerl ahaht EY(%ﬁpFémf et THel BF abefi ng

w S&gpe ec?% %ES ‘E"hre d1 Thgi B4 swhirde Wesn 2081, nifp rorexample,

e time extractlngthe vvorkplecefrokr)nthe
40 1o §004] (Ehamnlee\ma)rature ofhEhGosRMEce Was

d th It t
st Ty FoRperBure of LREG) Gty Wi 30 C ar The.

e ol iR f extlacd i agnbheiwaskpirecemotandf t heusame restricted
eval uation as Exanple 1 was nade. As a result,
thietrefes- reveal ed that the saw mark and the anount of

the Yarp on Lhe,syef age Qfodiiei deekpreeeeds as descrlbed

above, the feeding is stopped when the wire row reaches
that

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

sllc1ng 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.

14



were reduced in conparison with the case of using a
conventional wre saw and that the anount of the
reducti on was |arger than Exanple 1 when the supply
tenperature of the slurry was 35 C, which was hi gher
than the tenperature of the slurry at the end of
slicing, at the tinme of extracting the workpiece.

[ 0048] (Exanple 4) The wor kpi ece was sliced in
the same conditions as Exanple 1 except that the
[55§g§eling speed of the wire was 1 mmn at the tine of

extracting the workpiece fromthe wire and .t s
t enpefmt Unés ofanhers| U vile 3608t Y rr]rg5 oﬂ%)x%yols

ER P e GeeL 0 o cafiE LHE Sl eyl faven as 2

prevsakedihbat therspingaskeand othe anbubt of LRESVAPP

on the surface of the workpiece were greatl ;
anguobnpar ithen Wakh 3md EBSeSGF Ty go c%%v ﬁf‘igg%gl%q H

Wi re_saw t URH, Of, ithe sedugttondwag to the
t?%ré’%r%etrh%’ﬁqéegﬁnp?%hgs?g% V\,ﬁen lt he travel i ng speed hofth
ptBgewkr enwas thor man bhi chdnas® i FAMBRILESE, Wat €

the time of extracting the workpiece fr t W re,
wahert Bé1sGppRY Ry af‘uFSnanti%ﬁéms‘?elurvr@%\Nag%% C,

whi chyyass bi; ohar- it ham thiee twapgr atrer genfetdieed| whey ghe

the end o? slicing, at the time of extrazti,ng hg e time
t novkpiege spe@EUIIf (Hxanplisespxceeds 2 THEM Gy ?%i S

was sliced in.the sa it el e ok .exceptvoid
o R ERECL PR g ShRRACSE (RO i 1o v B, & nT ot
thhe biaB16k, ©XHAG i figel hagweplsiceoet f tben PhEewst be 2

the traveling distance in a faqrwar dir Lan ]
mfman phelesse 61d eh§ r‘ﬁ@??nﬁr@ﬁrgﬁﬂﬂd&%i %crg%élrllg to\%gae(l-& A

15&8%!9&&{1{%%%‘ ANGe i Padehapknaptah rect the waxed iz mot
at ‘the time of extracting the workpiece, _and thef sqne
pevalual kol yas dBtanpteed, way tndde  [@psp) L1mit ©

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 predetermlned

traveling distance of 1 m or less while the workpiece 1s

extracted from the wire row upward.

As mentioned above, the control unit 25 is
connected with the driving motof 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



As a result, it was revealed that the saw mark and the
anount of the Warp on the surface of the workpiece

were reduced in conparison with the case of using a
conventional wire saw and that the anmount of the
reduction was |arger than Exanple 1 when the traveling
speed of the wire was 0.5 nmimn, which was 2 mmn or
less, at the time of extracting the workpiece fromthe
wire, the traveling distance in a forward direction
oWas Aty Whé Cllo wasidce drdressie atitherew nebpt may be

extracting the workpi ece and the tr
ngthd@&mareh R rbdhi or® wadW 9L 2 1y hihi% g‘th%\/{bsqi rr?%?gﬁgs

d?%‘)’(ctal}ﬁié 'f?r Ofh £Xt ragLi fg rehe Wt kpiegeso[ 03kl in a

The workpi ece was sliced in the sane 4,
recigitdonsing Exaapt £0l exscemt tor t i pel aFhveFpRgricted,
£ 98s nSE can be 0.1

bégt rtgcf‘?f]ﬁtap?e% %Jr’f’(p?gcg?‘far &rﬁat eaflﬁ(? dl%ﬁ% travel i ng

mdbstapge in a forward direction was 0.3 mat the tine

of extracting the
[0041]

Furthermore, the temperature of the slurry
supplied to the wire is preferably controlled so as to
be higher than the temperature of the slurry at the end
of slicing while the workpiece is extracted from the
wire row upward.

As mentioned above, the supply temperature of the

slurry is controlled with the slurry chiller 17 that is

controlled with the control unit 25, and the slurry

having ayhigher 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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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 workpi ece, and the
sanme eval uation as Exanple 1 was nmade. [0052] As a
result, it was revealed that the saw mark and the
anmount of the Warp on the surface of the workpiece
were greatly reduced in conparison wth the case of

' C | ; W and diaing heo anmenprefent
wgggggg fégﬁﬁﬁﬂaggf?%rg%?%tﬁgn Exanplelq§to 3 when, ge§he

itwawneliony ispeddicf the workpi@se.is @xii FaChRf cHh

mmn or less, at the time of extracti t r kpi
EBMEnE W The TELEN Fifg Tareae e | o7 difnlel B! e68s

afi Eget itGmavass Q3 Fa cWhihgh taes wbrRpdfed@stromt thhewire
time of extracting the workpiece and the traveling. g
rdvsedties sl i@ arkiae dwairkedEicon WS 0728 WP 1GhPcRThas

1 less, at the ti f t i NG henh o kpkeeew
whﬁgq ?ﬁ?@ gt yrciwerr%aé}rla ur%xg?[)%t t%%tsl urry was 35 C,
wibhehtwas digghervd hanfibentcemper dttsr eslofcihe shufpgeat

the end of slicing, at the tinme of extracting the

wor kpi ece. [0053] (Conparative Exanple 1) The
[qgﬁggiece was sliced in the sane conditions as Exanpl e
except that the traveling speed of the wire was 10
n ni rtHatelhefteme ahexprasenhgintienwdorpivicel f?9m t he
wre, the traveling distapce in a fQr ir [
exRsa2pemh 40 M9ES icgﬁet%?’&egtalsggt g a\é\%mg?gbi Egg gﬁé‘?

pldgchtayakiong idinstianceotnraskagkward thieeetoon was 10
mat the tinme of extracting the workpiece, and the

(Bammpéealllati on as Exanple 1 was made. [0054]

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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As a result, it was revealed that the saw mark and the
anount of the Warp on the surface of the workpiece
wer e degraded in conparison with Exanple 1 when the
traveling speed of the wire was 10 m m n, which
exceeded 2 mmn, at the tine of extracting the
wor kpi ece fromthe 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 .
f&’%ééégcgﬂr‘éc@;i@%ﬁ% di fi aet it Wasivkl ing whigbance in
exceeded 1 m at the tine of extracting the mg;kgéeggting
a [958} a Go i areatti en ExafpPe 520 Be BAGH Kpite e® WaS* T
sliced,in the s conditijo e eptut Pptwas
ERe WP F PSSRy sggged Solfp?%% gmé?gﬁ\ﬁa%ﬁ%%o%é rﬁqﬁé: at th]gﬁl
thé MBaRE &%t KA ithgnp Beavarkpiaece Her amd hef wh k¢ lbtie
traveling distance in a forward dire%tion was 200 matye
the tThe presgntadiiViRp tPesS wotkprPEcé End YHP 15 %ve i ng

disbance -2 RAcker dndl eeekioRas SO0 et the bumEace

f%ﬁe%§§P§cFFﬁ€' e workpiece, and the sane eval uation
o BSt EXanplrépli owas amider FQAGEhoAThe rewtipiese - waS 2

reveal ed that the saw mark,and the anount, of Yarp
rewuthe §9ﬁf§@@(ﬁaE%eaagrﬁB@e&@QMﬂ%e%ﬁké&?ywéggrgggd

ré'o(ghcggmw %%&gvgxtifggxama 1rnehenddef ravehing speed

e wre s 100 mim n, which exceeded 2 mmn, at

cdireehtirenafl exitrreactdawg t he wor kpi ece fromthe wre,

the traveling distance in a forward direction was 200

m which exceeded 1 m at the tinme of extracting the
(w4 &piece and the traveling distance in a backward

direction was 100 m which exceeded 1 m at the tine
(Efamieaéti ng t he wor kpi ece. [0057] (Conparative

Exam¥ﬁ%3%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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The wor kpi ece was sliced in the sane conditions as
Exanple 1 except that the traveling speed of the wire
was 3 ninmn at the tine of extracting the workpiece
fromthe wire, and the same evaluation as Exanple 1
was made. As a result, it was revealed that the

saw mark and the anmount of the Warp on the surface of

t he workpi ece were degraded in conparison with
Exanpl e 1 al though the saw mark and the anmount of the

wME pr #@i eeletinerc drfper Coompaw at hvehExams e af wheing e

traveling speed of the wire was nm_m n, Wwhi
C%k‘é%‘éﬁé‘an?lni”ﬁ‘irﬁ, Sat™ t3nd ¢ FhRt OFEEX?WC‘H%gofhhtehe
r HRIEPL B Ly LLOTL N iean [ 90581 ab rlershone dhsply
conbi ned results 'of the quality evaluation of the
t SN diph ea e sbifcithg stnface wast BB £C newdfl céx twagchilgdrer

t he rkpi ece and the conditions._in C f anpl T
EhaT CormaPaerya i ber i opLaR e 8’ lniadR) Bicing.
atSRERD ORVOREAT ENEMVE {GHEXTRACTIVEr NORIKMECE  TRAVELI NG

DI STANCE OFW REI NFORWARW BACKWARD DI RECTI ON

ATTHETI MEOF EXTRACTI NG WORKPECE
[0048]

(Example 4)
The workpiece 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 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
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

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, 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
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SUPPLY TEMPERATURE OFSLURRYATTNETI ME OFEXTRACTMG
WORKPECE VM ERCLI AUTY BY EXTRACTI NG | NOCRKPECE EXAMPLE1
2111/(11 i n 1m 0. 5m 25t 0 EXAMPLE2 Ira/mn 1m 0. 5m

25t (c) EXAMPLE3 2ni nin

was 0.3 m at the time of extracting the

direction
workpiece and the traveling distance in a backward
direction was 0.2 m at the time of extracting the

workpiece, and the same evaluation as Example 1 was made.
[0050]

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 0.5 m/min, which was 2 m/min or
less, at the time of extracting the workpiece from the

wire, the traveling distance in a forward 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 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
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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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
traveling speed of the wire was 0.5 m/min, which was 2
m/min or less, at the time of extracting the workpiece
from the wire, the traveling distance in a forward
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 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.

[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 dégraded 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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direction was 10 m, which exceeded 1 m, at the time of

extracting the workpiece.

[0055]

(Comparative Example 2)
The workpiece was sliced in the same conditions as

Example 1 except that the traveling speed of the wire
was 100 m/min at the time of extracting the workpiece
from the wire, the traveling distance in a forward
direction was 200 m at the time of extracting the
workpiece and the traveling distance in a backward
direction was 100 m at the time of extracting the
workpiece, and the same evaluation as Example 1 was made.
[0056]

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

workpiece from the wire, the traveling distance in 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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COVPARATWEEXAMPLES 3mf m 1m 0. 5m 25C X [0060] As
descri bed above, the workpiece sliced with the wire
row can be extracted fromthe wire row wi thout a
negative influence on the slicing surface of the
wor kpi ece 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
travel at a speed of 2 mimn or less at the tine of

wEX& T astiragebhe merdap eces bnomi the Exiame row oFepough the

slicing the workpi ece.
saw mark and the amoun

Comparative Example 1 when the traveling speed of the
at the time of

t of the Warp were better than

wire was 3 m/min, which exceeded 2 m/min,
extracting the workpiece from the wire.

[0058]
Table 1 shows the combined results of the quality

evaluation of the workpiece slicing surface at the time

of extracting the workpiece and the conditions in each

of Examples and Comparative Examples.

[0059]
(Table 1)
TRAVELING SPEED | TRAVELING DISTANCE | o ,pp) ¥ TEMPERATURE | WAFER QUALITY
OF WIRE AT THE TIME g:g’;&i;”oﬁfgg{ﬁgﬁ OF SLURRY AT THETIME | gy EXTRACTING
OF EXTRACTING AT THE TIME OF OF EXTRACTING WORKPIECE
WORKPIECE EXTRACTING WORKPIECE
WORKPIECE
EXAMPLE 1 2m/min 1m/0. 5m 25C 0
EXAMPLE 2 Im/min 1m/0. 5m 25C ©
EXAMPLE 3 2m/min 1m/0. 5m 35°C @)
EXAMPLE 4 ° Im/min 1m/0. 5m 35T 00
EXAMPLE 5 0. 5m/min 0.3m/0.2m 25°C ©
EXAMPLE 6 0.5m/min 0.3m/0. 2m 35C 00
COMPARATIVE . 25 X
EXAMPLE 1 10m/nin 20m/10m T
COMPARATIVE - 25°C X X
EXAMPLE 2 100m/min 200m/100m
COMPARATIVE 3m/min 1m/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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[0061] It is to be noted that the present invention is
not restricted to the foregoi ng enbodi nent. The
enbodi ment is just an exenplification, and any
exanpl es that have substantially the sane feature and
denonstrate the sane functions and effects as those in
the technical concept described in clains of the
present invention are included in the technical scope
of the present invention. CLAIM 1.A nethod f.or
t sd¥ 61 ngtaawepkpidece By mikiig arwieessak, Ghfcltddieh gt
winding awre for slicing aro plural j t r slicin
e%?ﬁ@%?énﬂotPGrWpéhﬂﬁﬁfﬁxéko%rgggngl?%eé%%%?%%ﬁ ?
tﬁ%J&éPg axkally in a reciprocating direction; slicing
the morﬁpiece simul taneously at a plurality of points
arranged in an axial direction by feeding the
morﬁPiece agai nst the wire row with the workpi ece cut
LG®% 6 whil e supplying a slurry to the wire for slicing;
whereiin is to bethetwar kpicaceches pxesaotednwgintd ohe S

Wre is caused to travel at a spegg)g%_z q?nﬁpﬁgr | ess
natt réetripbedf textthertiNeL PN HoPRTCEE Ftomthe wire
rom;afteg slLicing the workpi eeecaicHe dirt hody fexamples

e ARG S wor Kpirecé by Using a wire S&MI&CCOYdi%% to, o
t @i mate bOPswhne iiel pauskee samer dealtugie (and (GHRORPLL2

extracting the workpiece_jn such a er. bhnical
the a3@e n§uBFrstaRceS1%h eaf]%%?aﬁr asditph%%% olnr¥ gﬁje g@é nres

o BACIYEr e dipepkion a1 i B opel eas paspeati vBiyentgon are
e nethod for slicing a workpi ece by u3|n$ a Wre SaW; ..
i racoodeld ngnt bhel diemhnigrakl arapre, of (B BEurBtof "t'he
slurry supplied at the tinme of extracting the
wor kpi ece is higher than a tenperature of the slurry
at the end of slicing.
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4. Awire 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 sinmultaneously at a
plurality of points arranged in an axial direction by
feedi ng the workpi ece against the wire row with the

wor kpi ece cut into while a slurry is supplied to the
wire for slicing; the wire saw controlling in

such a manner that the workpFé&édMSs extracted while
the wire is caused to travel at a speed of 2 mimn or
|l ess at the tine of extracting the workpiece fromthe

iMre QPWe%*o%f £Sld GG e Mopkpkpeece by Tsdng rae wome
according to claim4, controlling the wire to be
seaysemdlmdimayelwiatdihe &i wéref o sddiGimy tHeeund 2
wor kpi.ece in such a manner _t hat veliinging the
pREerdes 9 P ranr b df PR Poll ka5 ackincd ©F
wikEeeldorsare rly M:oral Bgsineapeediyalocat g TheraFkeon?
saw according to claim4 or claim5, control#%gg ey of
s1 bapedattiiee Wirkiheead uF FPUSLAPFCES 1t athé (et of Tty

extracting the workpiece:se as Lediehighereddangathe
bed Srgfhrém%¥iﬁﬁéﬁgiu$§§§at {he end ofgglicing.
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.

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, & 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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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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