DESCRI PTI ON METHOD FOR SLI Cl NG WORKPI ECE TECHNI CAL

FI ELD [ 0001] The present invention relates to a
nmet hod for slicing a workpiece into wafers with a wire
saw. BACKGROUND ART [ 0002] AwWre saw is an

apparatus in which a workpiece is pressed against a
wre row spirally wound between a plurality of wire
gui des (grooved roll erBEsCaaPalOdsi ve fluid in a

slurry state obtained by m xing free-abrasive grains
into an oily or an aqueous coolant is supplied to a

contact portigarhepweek tdieryENEpPieRRpaRdEa W re, and
thereby the workpiece is sliced into nmany wafers by a

grinding effect of the free-abrasive grains.

i £ the free-abrasive grains in the supplied
Téﬁﬁﬁigééa#i%%% are pushed into an inner portion of a
[owo1e groove (a slicing groove of the workpiece) by the

wWre to scrape a bottom portion of the groove of the
wor kPihec @ TRFGE kYot ine wede tesw i avdlethrd for

r.eci proc ct r c S
I i B A Pl b el

wor kpi ece is sliced into wafers by scraping the

free-abrasive grains on the inner portion of the wire
BAGHGRAINY HeREl i ci ng groove of the workpi ece) by the
[oWoe traveling in a reciprocating direction. Friction

that" occurs in this case causes generation of heat at

a sl Aciwigeporav ors ama 2bhpeEBYy usheé nwotiisilece werkpiece 1s

thernmpl |y expanded. during sli.ci . Y, ire
pr&tﬁs(fg aa%/%l% tatl Vl&e(pé:r? e(fpblyc/rlatrh%lesf rr“t’al\?&gpg%gr’%%ﬁu\#der
pliuraatiitonad £ heate bgtinees t(e owivel ansll 1des i r engabdesive
and under frictional heat generated at a be

EL50k 11gh, 2 v B K USEAF fis OPe Wi 0 [0 TLSL IR FBPRTPOE3S1Ve
grRASid 1190t Ofad N YOT Kpi 86e Wb ULSRESIahe Lheswbbeied to
row, which i1s spirally wound between the w re gui des,
a comsequemdyt changeswden rdesliaikpiece and a wire, and
thereby the workpiece is sliced into many wafers by a
grinding effect of the free-abrasive grains.
Specifically, the free-abrasive grains in the supplied
abrasive fluid are pushed into an inner portion of a
wire groove (a slicing groove of the workpiece) by the
wire to scrape a bottom portion of the groove of the
workpiece while making the wire row travel in a
reciprocating direction so that the workpiece is sliced.
[0003]

As described above, the workpiece is sliced into
wafers by scraping the free-abrasive grains on the inner
portion of the wire groove (the slicing groove of the
workpiece) by the wire traveling in a reciprocating
direction. Friction that occurs in this case causes

generation of heat at a slicing portion and thereby the

workpiece is thermally expanded during slicing.



[ 0004] A change in the relative position

bet ween t he workpi ece and the wire row, which is
caused by the thernmal expansion of the workpiece and
the expansion in an axial direction of the wire

gui des, brings about inflecting slicing trajectory
depicted in the workpiece by the wwre. There arises a

MoPEBRLem that tihis duidesthen akithe ysldxpargiéd appctory
Is detected as Warp_ in a shape neasurenent after wafer
thproedssixpgngicgosinder friggignpdadiged R thee wire
angb%%%'W§P'(§¥¥EJ%F§%§n¥n&@Ehf&§% 410 e expanstbed

I'n"an axial di'rection of wre guides, Japanese
atUnexagiried; Ratrentopublkhtahi enstkakai )tho.WB8:832374ddes. A
di scl oses a net hod_of contrgILin%lth eﬁggnsion {n an

redtd Vg PESHItP bfo el Me r BPFEPSSEN Me Yuidedepy T the
wibkl ¢ubating Gpalant, el ef i §ohear kresedin tiiee MAi Pe
rollers (the wire guides). Wth regard to the

guéxpansicom sefqueniol Kk ptleeegedapanese RdtiehtndNo. 3734018
Oahgﬁloses a nethod of controlling the tenperature of a
[ pi ece by supplying a tenperature control mediumto

the workphgeein @BR6lrelative AS69LEiBY be thdeeedsur es
di scl osed in the above patent docunents, Warp of a

woskpdegenahsr the SoEhEPWi nPRé¢Ed 1Sy CUPIR@<LY ng € he

e si.Qn. i . i i ' f i i ngl
enBERSISEORLN, 0, 2 AL FERLLORCE, i e oo dssondn
anpagyeant idig ddid arel @f | viee pesicei gn idfe st,hé miorkpi @eeuti t h

. respect to the wire row, which is spirally wound : ‘
1 BOEREGHSt Ha AT o HRSC PP BT RARRD TG LoT EPhgoe
pyHOWRVGE rcan apawat ofi dhe i npreyeaRnthiag ivwsiy ficient.

DI SCLOSURE OF | NVENTI ON [ 0007] ~ The present
inFheefiticon odad hec oot 1 BREeHr pACGitOWYOfl & Hetected as Warp

inSHONFA P S AOR SfE o rgkts SERlgd pd prou
[oVaEp shape to be obtained by precisely slicing a

Mnrkgéegemgggﬂr% g§§35¥¥mthe above-mentioned problem,
with regard to the expansion in an axial direction of
wire guides, Japanese Unexamined Patent publication
(Kokai) No.8-323741 discloses a method of controlling
the expansion in an axis direction of main rollers (wire
guides) by circulating coolant water in bearings of the
main rollers (the wire guides). With regard to the
expansion of a workpiece, Japanese Patent No.3734018
discloses a method of controlling the temperature of a
workpiece by supplying a temperature control medium to
the workpiece.
[0006]

According to the measures disclosed in the above

patent documents, Warp of a sliced wafer is somewhat

improved by suppressing the expansion in an axial

direction of the wire guides and the thermal expansion



[ 0008] To achieve this object, the present

i nvention provides a nethod for slicing a workpiece

into wafers by pressing a cylindrical workpiece held

with a workpi ece holder against a wire row forned by a

wire spirally wound between a plurality of wire guides

and making the wire travel while supplying a slurry to
o8 PNt AL K PPELEOAnBEWe QY dvigh aik Pt @S erandttike wolsd tion

wherein the workpiece'is sliced wth an axis direction
ofoft tihewaokikpeeeewil il ingsdadt H e eEpecYi¥s #°pla&ich 1is

f.or by the wire row, . .after th pi [ ;
53%%$f d%?%n§u8ﬁ£ge§§h&gﬁt %ﬁédfg} %gfa?e Po%ﬁ?ﬁ tne
duM iy row Pl age i Bodeskde whekendure wf etlgei depraventat
~be axially, expanded. [0009] In this manner,
isphigrs thel GweRpi ece is sliced with the axis direction

of the workpiece inclined, a position of the wire is

noved al ong the inclination by bringing the workpiece
DISUNGEIRM Oh TKREEWIIEONand pressing it before cutting

at the start of slicing, and the slicing of the

kbiece is thereby started at the noved position.

AS t he Sl dih Pr ogees i ohokee adoridl PiliedhenWriew of

back to the original position, and a slicing
thea ajlector 9xpl ai hedworiopiless + et 1S b@bDﬁfJ%eétSed‘.o On

t he. ot her hand he w.r.e .quj e a icah )
PUSIEHRY Byt DY el CoxHrG oY A2 heoa B g e scocdy "9 °
gt amathesebye acbsben dote iWigd b phectlspégt sdicding a

axi al ly expandi ng the wire guides, and the slicing
Wk iREdryl EendsWEsehEdhf | ected in the sane direction
[dﬁbéﬁe expansi on of the wire guides. In the

present invention, the workpiece is sliced after the

wor kficeeechisvacthhedobpestch thenmitsrenhainYhet 3PHe

far. fromthe wre_row.pl.ane is th ' t '

PG fsS af "7 b B8 g%ralsﬁylcé“ilpqanadew %%bgﬁgtgh?hgo WatE oy
prd¥d iacd i Hnsy cangedchy g towe flacl drsiobear wiom kiphece

opposite direction to one another. The lnflecti%ggrof
holitee 513 €3 HyS tr aj WEEEr T8 EUSRRE HyY t et PuBPractor
wdﬁﬁakﬁé% nOff Sehradnd bcan ke ghrabghhhy shikaed the

I't can be consequently Sliced into the wafers having a
wigeod Mév el shiapke supplyiMe eéovekursy nge ancCepfééit of

the present invention can be exert opk y by 110 ng,
potr:}?el(g%ﬁﬁ%tf"é%%naggg " r?ﬁ?éLe T et &fo%q%rg }é?’ér ?ﬁh%gg}lby ©
wddk@ iHesent snvesti anthamyn speics adidevites arfe tinet

necessary, and it can_be sliced well ai?|OM/COSt

wopgpHgzce inclined; Hishc#8SP4TF i TR IF nRtPBR ARGMEDLPY the
witdde A%t S Qf{«?ftf.:ﬂg Qb i My kil ececi snepehar aklon set

based on a slicing trajectory of a workpiece . _
mapires ousdly sl $tdd. far from rEhehiwipanney, Paangndgntd side

and a direction of the expansi on of ch_w.r i de
whdiseddihg” bhe appar&fué téh oa??eeral‘ﬁjt?ggyo?%agidg%'of
(ot i nflection of the slicing trajectory can be
under st ood based on the slicing trajectory of_the ,
wor kpinedé iy eATOLRT y WheBelihe workpiece is sliced with

the axis direction of the workpiece inclined, a position
of the wire is moved along the inclination by bringing
the workpiece contact with the wire and pressing it
before cutting at the start of slicing, and the slicing

of the workpiece is thereby started at the moved



and an effective inclination angle can be therefore
set in the next slicing using this. [0011] I n
this case, the inclination angle of the axis direction
of the workpiece is preferably adjusted to an absol ute
val ue ranging fromO0.003 to 0. 2. When t he
inclination angle is adjusted in the range descri bed

podk@Uen .t hasi Aflecdlian of bheceblis) NGolricaj eettar e cgutbe
more effectively prevented, and it can be conseguentl|y
thel Wiae bR the Wt ep 51 BARRAGPE SGdP Margl Siapeticing
0012] In this case Lnelinati it +Sd. 0
tr ijleé%tolréln Oo¢ 1_t e %%ﬁ%?ggé ?ghggeftg)pabg ylrg%%ét ed by .
t heneltihrimng drhe, wikpiece balides hemthalmiand tdeially
wor kpi ece, by an inclined shape_ of nenber_inserted
expanfedy e Wt kpfeeanNakart Ré Workp THoIRE? SO ° by
ingl i | §Ge: ROl g R- R LN Al tachesh vbth
fo{%% ﬁgfﬁ%¥§%29ﬁ%$d§$.ﬁng ghggIn this manner, when the
axiigdlliynatkipemading hehaxvirdi geddiesn @nd Heraw? kpFeee i s
adj usted by the nethod. descri bed .abqve, a SpPec] -
Lrgd@cded Yar 5%0%%55P§§F8Fe§aﬁpy&%§§6ﬂ¥X?hel%%§§éﬁ?

as! PR dieh i Bl tRAt hoReCanibe s .eadi |y adj usted,
and it can be consequently sliced into the wafers .
havi By &hgoedeseny sitaprn i on owt BBsHOBYPA eSS Hnred

af%%%ﬁiEESQ%H:d%ggge Jpefgcﬂ§kg8d§np%ﬂugﬁeQQ£¥ﬁﬁé£Ythat
the side far from the wire row plane is the side where
the wire guides are to be axially expanded so that the
inflections caused by these two factors occur in the
opposite direction to one another. The inflections of
the slicing trajectories caused by these two factors can
be thus offset, and it can be straightly sliced. It can
be consequently sliced into the wafers having a good
Warp shape.

Moreover, since an effect of the present invention
can be exerted only by inclining the workpiece axis in
the direction predetermined by the present invention,
any special devices are not necessary, and it can be
sliced well at low cost.

[0010]

In this case, an inclination angle of the axis
direction of the workpiece is preferably set based on a
slicing trajectory of a workpiece previously sliced.

In this manner, an amount and a direction of the
expansion of each wire guide depending on apparatus
characteristics or a size of the inflection of the
slicing trajectory can be understood based on the

slicing trajectory of the workpiece previously sliced,



[ 0013] As descri bed above, when the workpiece is
sliced wwth the workpiece inclined in the direction
defined in the present invention according to the

met hod for slicing a workpi ece of the present
invention, the inflection of the slicing trajectory in
the opposite direction to the inflection of the

anSl 1261 NG AL @l £6L Of Y- 0f nhhe owoLkRj1eCe e d ocideefore set

expansion 1n an axial direction of wire guides are
inmade ocour ,stheingf be¢higoibicaused by two factors are
tqﬁyeby of fset, and the workpi ece can be therefore
[0t ded straightly. That is to say, the slicing is
st ar ted tat <t he glel i hes at et yinayednpasiglicom fofttheaxis e
by slicing the workpiece with it axially inclineg SO
ditdemtt ite 9hftleet voRkBEeCRe 18l RGF 1FR €cidySHEe £8 an
the force acting to put _the wy®.0back {060t he origina
abﬁﬁ;WqﬁnV ??n5§%9%85n5r8€b8rékﬁ% ?ﬁb(%g%ésite
di r e@hicon the tihe: 1siet iver enghe isr edguisdes] airre thee be

axi al |y expanded. The slicing _can be thereb t forned
rapgle 997 Gt Rt HROVRT | SEE 6ﬁl%&fecttﬁeo%l?€i W@gt ggjl(é%:{lgry

t rla éyf3§¥“é§h Bodpbtccar rhe shiced didwethedyabgdsit can
havi ng i'nproved Warp. In addition, a conventiona

beapparstaisecahy bel basicahity tded Walifr $pery dnddeveeed
are not necessary, and it can be therefore sliced well

Wazp |55 Rost . BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0014]

[obli@) 1(A) is a side view showi ng a workpi ece status
before slicing in the slicing of the workpiece in

ExanpRethdsd Ass, 118 shehsnehdod odi dd'G r3fettory in
di@gyggéh of the workpiece is preferably adjusted by
inclining the workpiece holder for holding the workpiece,
by an inclined shape of a member inserted between the
workpiece and the workpiece holder, or by inclining a

workpiece-holding-portion attached with the workpiece

holder.

In this manner, when the inclination of the axis
direction of the workpiece is adjusted by the method
described above, any special devices are not necessary
for carrying out the present invention, the inclination
can be readily adjusted, and it can be consequently
sliced into the wafers having a good Warp shape at low
cost by a simple and convenient method.

These methods can be naturally combined to use.
[0013]

As described above, when the workpiece is sliced
with the workpiece inclined in the direction defined in
the present invention according to the method for
slicing a workpiece of the present invention, the

inflection of the slicing trajectory in the opposite



FIG 2 is a view showing the slicing trajectory when

t he workpi ece has been sliced with the axis direction
of the workpiece slightly inclined with respect to the
wire row pl ane. FIG 3(A) is a side view

showi ng a wor kpi ece status before slicing in the
slicing of the workpiece in Conparative Exanple, and

di%&i%B)coS'%%G itiel Sdi L&RYoET BhECEORY: ity Ganppsaidwe of
anpl e. FIG 4 is a schematic view show ng,
tha wbré&psaweappar dtasthsedkpanshenngfhed faorlash i rRfF alon
wor kpi ece accordin o the pre t.i i d b
or PR SR e MRS 00 B SRR e oy

twil ERciBe sWalhr® Saw anparaf 8Seysednidn thike wietdoiedeorcan be
slicing a workpiece according to the Eresent
theneéareosliced straqthyis BadkxpFah8t SR 'vitd\f
show ng an.inf G t LeLRg 1ty AR P Yo SEL 60 of
Slfﬁénlgnglsi r?attairgﬁlﬁenrh‘gnagii g?lg%alreegti otr%/Ir of the PoSHEL
thwowkRkee®. slicing tH& wdrkpianeexpltdndttoraxid ey

showi ng an influence on the slicing.trajectory of the
ingpirprese &het & el RkpaRELBR P gll?eaﬁlaﬁ cf'l%ecti on

- i 1 ' BEST-MOPE+ kR EARRUNG HTw HE back
tr?il%%ﬁl?lrg\ld[%gg%so?%e %%en Eché,a\(\/or_kp% ece is Vé,l i ced
towthk anigieadawopartéorutiaripgastihcdsiy Qg% ren the

ui de, i n which onl ne end _c p £xpands; g
opgﬂsaﬁs Girresh St q>a(%<dt ecﬁéﬁaeaﬂﬁ%hg%%el atlvg(%lééé &re
toPBei bixaR 106t Wegih tded workipd eseiandgt banwibree thawehwhi ch

i s caused by thermal expansion becorresigp% q{:}ge.%{]e .
pesEpeneg tedjledtoryhbiehi ERedinh LerE Loy I et byt Red

re.i r lpdhectgd. iThene hrs deeded hento the
tr%ﬁ gglté%y: E%t ﬁ%‘%é%#éc%ﬁgnlof tahe slicing traj e?:t ory
wafFsrdehectied; asipMoped nifarghapénnedgdacemént dafter wafer

ing. The inflecti
co B avute P HIG i i L3P B es Lo o i e RaY© can
spaboue- desaidded rethod suebsasryse sofd cidoleam et er.

However, the inprovenment of Varp of the sliced
thapekpirec s IHas betnl + ndtf £PYi ERCE -

BRIEF DESCRIPTION OF THE DRAWINGS
[0014]

FIG. 1(A) is a side view showing a workpiece
status before slicing in the slicing of the workpiece in
Example, and FIG. 1(B) shows the slicing trajectory in
Example.

FIG. 2 is a view showing the slicing trajectory
when the workpiece has been sliced with the axis
direction of the workpiece slightly inclined with
respect to the wire row plane.

FIG. 3(A) is a side view showing a workpiece
status before slicing in the slicing of the workpiece in
Comparative Example, and FIG. 3(B) shows the slicing

trajectory in Comparative Example.



[0016] The present inventors repeatedly keenly
conducted studies of the Warp shape of the sliced
wafer. As a result, the present inventors have found
that, in the event that the workpiece is sliced with
it slightly inclined, cutting in the workpiece is
started after the wire skids on a surface of a
cylindid cal wprkpieeembnianvaxis stidveiatd on @tra saart
part of slicing the workpiece, and an anot her ,
appHtates ons of tﬁetéﬁi&QQEQQ1§%kt%%be%%u?swﬁﬁkﬁlece
osition o L i hback to a position
a%ﬁa%ﬁ%??h%éstﬁg &#F%e %eq%?ggﬁégggbf the slicing, in
addi tFitgn to tdhean nékethhanodye vtievhedt sgeheray ed

during slicing as descri bed above. [0017 . The
WodrheaietfEe | wikht bRE WAVE Pt HerP3 G Sf}la%ét g the method

féﬁ?%?%ﬁgﬁgrébﬁgrﬁgﬁgk%gégﬁgndfhbsiécfﬂg bB@s@ﬁ&kpiece

xi's direction of the workpiece inclined with

imvespecdnto the wre row plane, the inflections of the
slicing trajectories caused by t.wo fact c

offsé??ib aﬁ§émfH%XEg?PﬁﬁﬁerWﬁ%ﬁtihfé§$% 8 Phriuence

r

ordalides pt @l ¥gskiddierg oirRe aMd ecd nchibei el eabitdonofint ke
si de where t%e wire guides are to be axially expanded,
aximpel il ¥ ee gl desoAxithlel yWookRaiz® before the wire is put
back 0. t he Jori gi na) Q?ﬁékb?& dUrd NEHAR 94 T £hNInf@BEnce
a slicing position o e workpi ece becones the sane
oA e poBi¢ing ofatibetwinye din tie expeptdedewdue Goi dés
so that the slicing.is .not inflec%ed and.strahg%%gy
eﬁﬂ%ﬂﬁ%ﬁ%,l%nﬂnb?ﬁﬁgﬁtdﬂﬁ?ﬁﬁ%ﬁﬁnﬁ i venti68 £4 .
conpl etion. [0018] Her ei nafter, an exanpl e of
an enbodi ment of the nethod for slicing a workpiece
BESTE QP IIgFRR @hBR§ﬁ§§e@Wﬁlﬂﬂﬁniﬁﬁﬁwﬁlnge expl ai ned
[dd1§¥ﬂail with reference to the draw ngs, but the
present invention is not restricted thereto. It
IS tehee notedvdhiapi&tE 1%( Al liceda witde aieireshsaing a
condi tion where the workpiece is held innaw @%%eo%.w one
PGy 2T he|  neRT Uskd TRPE MICE) TRT4S i &l YREGNG i ts

erd] IGING L5 2)8Ct OLPands Am YO coné apresbadinnentndfa
the method for slicing a workpiece according to the
chamesentn | plventrgbative position between the workpiece

and the wire row, which is caused by thermal expansion,
becomes large. The slicing trajectory depicted in the
workpiece by the wire is therefore inflected. There has
been the problem that this inflection of the slicing
trajectory is detected as Warp in a shape measurement
after wafer processing. The inflection caused by heat
as above can be prevented to a certain degree by using
the above-described method such as use of coolant water.
However, the improvement of Warp of the sliced workpiece
has been insufficient.
[0016]

The present inventors repeatedly keenly conducted

studies of the Warp shape of the sliced wafer. As a



FIG 6 is an explanatory view show ng an influence on
the slicing trajectory due to the inclination in an
axial direction of the workpiece. FIG 7 is an
expl anatory vi ew showi ng an i nfluence on the slicing
trajectory of the workpiece due to the expansion in an
axial direction of the wire guides. [0019]
rddyst, Fh&E phebsnd seReMCrG \Hew shonhdgtRatexanplae
of a wire saw apparatus used in the nethod for slicing
evardoridialy thetHerppasest lisnvdntGeh. v i 15 péigRtly
. expl to | I.Cl : rkpi LEh
R e B A T
wiaecofiidg ¢ &heupresentofi maventliiondrscatewspepiiake in an
devi ces are not necessary except fog a.’gar{li of hal di.n%
axife WoFkprEeR, 3k EoRvenRti 6HA Vi T e® Shw BPphPat HSTERT "
arRf HASICHhYr USEEebPQ2R of the gbfc%hqetﬁéW@ctpry
apparatus shown in FIG 4 has the wire 13 for slicing
oddver sndrk pa egges 14 ionhe fwithe guidesoang opuini Rarkg tehe
wire 13, each wre i.de af i.ch one end_is.fixed, a
P MY %?%Fe\i\qig?og%&%i Vittd tHE vﬁ‘?%g‘é%?%gfl?’%a
s1MRGhan si 1548 0t 1 BrOoYdithg tiher Medei d3 améhtbensaan, a
mechani sm 10 for hol ding and feedj ng the workpi ece 14
gene daet &d | dedinandlécangy aso A 5 155 ¢ orPSYiBpl yi ng a
(oYY during slicing. As shown in FIG 5, the
vvork]pi ece-feedi ngnmechanism 10 is provided with a
wor k gihec e@rea edi thgipovéh oord 7hane & wworhepi elteuid| depmi8he
A slice base 19 is inserted bg}tvvee . the V\@kai ece 14 o
250 S &1 Tt dnf BERE SuoT b e Hoh Het 80 FOBSFP 1 ¢°

willh thee PLesenti bavenbhons aheshowkp Nefé Gind(Ahedwhdnh
the workpiece 14 is sliced with the wire saw apparatus
respEaly thetke rutrar sods Paleve, e ok kpretenssod| ito&d
Wi t. ' LEecti fit kpi 4 dpclddnederset,
SThhd Sl SraE RS sRlsE Y St by PR T s Tow as T o
beafahere titee Woukpi rgeid4 sita ritrel iafede 1 ndsutheaaadyer

that, the side far fromthe plane of the wire . row 13 i
S HIRBADE Mg 6 bW TS GUrdee 122 e Voo aki ANy S the
wi%%p%ﬂﬁ%%s[£¥@2&o be axially expanded, the wire guides
axially expands before the wire is put back to the
original position during the slicing, and a slicing
position of the workpiece becomes the same as a position
of the wire in the expanded wire guides so that the
slicing is not inflected and straightly proceeds, and
brought the present invention to completion.
[0018]

Hereinafter, an example of an embodiment of the
method for slicing a workpiece according to the present
invention will be explained in detail with reference to
the drawings, but the present invention is not
restricted thereto.

It is to be noted that FIG. 1(A) is a side view

showing a condition where the workpiece is held in a



When the workpiece is sliced with the workpiece
inclined as described above, the wire is noved before
cutting by pressing the workpi ece against the wre,
and the noved position fromthe position of the wire
gui des where the wire lines up becones the start
position of slicing. The slicing trajectory is
witBerakora difiect ed i Rebiheadiar gaid.on (Fomd he vibyved
position to the original position by the force acting
shoyipgt ittfe Sl rel BackredeERETYr| gisndl FOSIMRoh a5 2he
LGl pr I () I : er
emﬁgﬁ&fn%gﬁtnggcﬁhgesvﬁﬁégﬁaﬁi ggg %(%altCll?f); &n ai}%kgj[%/gexpand
acasridiecsldciutge proceeds, ihkienwioe .unr eel ed from each
Wre Eui de is also noved in the sane_direction,, d
the EEFei Rgitr e TP HILRRE WOFRpFrBCY 1Y iaﬁ]fllégﬁe‘bence
i prihe ditiect i S| ere d e i18: BLbglesn asg
Oneglp%n elggfgg}e %‘aé’é%&?y b \Mla)n tt he present
axiiaventirest isimeet t hlee i mekkpaeicen i §1&dj Ustied 4™ such a

that the inflections, d by these two. .
CXPAEHGrS doctheT P 1HB: BPpos: L8 AR Oif tg one -o1"d

trﬁ?_@t:_t&%rray e dnw wotkgcétenguar e Oftfrisetex@itside in an

slicing straightly proceeds. The Warp of the sliced

axhafedicgs heon ek ebye | whEBvEE16§ISy by hol ding with the

[o¥R5 pi ece inclined according to the nethod of the
présent invention, w thout using special devices, and
it chbrbe,skiced aneld atsdloemenst. viee23howing arn

this case, an inclination angle of the is direction
eXBRDLRe Mok pi et 337 pPRPEFabEY Y8Ebaded b THE 00 £or

s1$kk BigNY A BGPT¥o Of hé herwekekpi aer prendousIpIes! i Tels
I'n this way, the direction and the degree of the
anj akpéenia¢waf wimw sbf cfhgcing) Ebeomp e %hFi nele

. based_on t jcing trajectory of the workpiece
Wlﬁ?e\§ﬁguglp3?%§lafécdesg', the inclination angl e can be

t herebytheadelkyhosetfiomextisingi agcoadibg ror eéhe present
ef fectively perforned [.[1. . Accordin

) I gﬁlc}/ ae(gerodugt S
inpeRFePanl PG etPaftt Pr&VFEas A SN P & wtihy
ex&@%lsplf%e al @B Nendheihpajcdet orkdi24] a

FI 2 shows the slicing trajectory of the workpiece
conbeatnedads wi resid APPABAUS §§7a Pehdies fat he wager

ébb ed while the workpiece was held with it slightly
[0 ﬁ ; .

incfined with respect to the wire row pl ane,

specThé¢callby sawa appedidtiwn shewe fheFilGgl idndtasorthe

angl e . .
wire913 for slicing the workpiece 14, the wire guides 12
for winding the wire 13, each wire guide of which one
end is fixed, a driving motor 11 for driving the wire
guides 12, a mechanism 15 for providing the wire 13 with
tension, a mechanism 10 for holding and feeding the
workpiece 14 to be sliced, and slurry nozzles 16 for
supplying a slurry during slicing.

As shown in FIG. 5, the workpiece-feeding-

mechanism 10 is provided with a workpiece-holding-
portion 17 and a workpiece holder 18. A slice base 19

is inserted between the workpiece 14 to be sliced and



of the workpiece was adjusted to 0.003. In the
slicing trajectory shown in FIG 2, it can be
confirmed that the slicing trajectory is inflected
toward a scale of zero of a wafer position at the
begi nning of slicing, and that the wire guides thus
axially expanded in the direction of the scale of zero
thef Wi Zeanteblagksigthe wafer position).
Accordingly, the inclination angle can be further set
[Gi%%1dondi ti ons where the workpiece is inclined in such
a manner_ .t hat |, de; cal f AET f e 1
hori?%nf&e )5%;%ﬂﬂel§§%é9§ﬂéfea$h§hm reqégﬂﬁgg'aréA%b
thﬁ.&ﬁéﬂdnggp@@demx is tshie csidevifter fheonvihe wawe row
pl ane. [0025] In this case, the inclination.
APRAGIAE W LB SPEi PEEHICHM 16T %%@%Y%pi‘é%% ‘iﬁr%Elece
ispfsgfoi%&P'»yi@?J ustedxtQ an ARksaldl e rval e meg'ﬁmgcér Qm
0.003 to 0. 2. G ven the expansion of the wire
im%fﬂhﬁﬁzwﬁtmrmﬁ$pket whem hiehe liand | fatmon Brgkbe gire
adj.usted_in the ran described above, . the infl i Qn
T ot ﬁ%ﬂ;%ﬁ§%¥n ?rgfggPéﬁfeo€4tHésWﬂ}e%%%%g %gnsgghn%re
ma®ifeCtinegl Y eyentedarafdont Gan dEatONSequrst Wyre row
sliced into the wafers having a good Warp shape, [026]
13| A st Hile caisde wherenehenatdiven Bfidee bkisrai FecPPon of
gce 14 is preferably adjusted by inclining
rkpiece hol der 18 for hol ding the workpiece 14,
[Omﬁzan i nclined shape of the nenber inserted between
the workpi ece 14 and the, workpi ece holder 18 (for.
exanBREn tHE $i97d0 1ree 18) SLoFog e tnd wdifbiece
in@N9h&pdi Usid £9r 1BERAALSAOf the wire is moved before
wor kpi ece- hol di ng-Portion 17 attached with the |
culbrikig ek et HeindsthpurpR&PIRGE adreses rethedyingy Bed
conbined to e fo re. finely: .adjustj ;
e gy BEEEron PE IR Sheo Rt Rl cone cirpeotldes
whadjeusthed wiyra bimpkeuantdecomeenitdre stet hodpostiheon of

usi ng speci al devjces, a i i
Sl&éﬁp%htpﬁ§ﬁ<§£ﬁqing ﬁra?gc%grgaQSb%gg¥gfg£geigkiggged

i or

in the direction from the moved position to the original
position by the force acting to put the wire back to the
original position as the slicing proceeds (See FIG. 6).

On the other hand, since the wire guides heat up
and axially expand as the slicing proceeds, the wire
unreeled from each wire guide 1is also moved in the same
direction, and the slicing trajectory of the workpiece
is inflected in the direction of the side where the wire
guides are expanded (See FIG. 7).

In the present invention, since the inclination is
adjusted in such a manner that the inflections caused by
these two factors occur in the opposite direction to one
another, the two inflections are offset, and the slicing
straightly proceeds. The Warp of the sliced wafer can

be thereby improved only by holding with the workpiece

10



[ 0027] Herei nafter, the present invention wll
be explained in nore detail based on Exanples and
Conpar ati ve Exanple, but the present invention is not
restricted thereto. [0028] (Exanple 1) First, the

Wi re saw apparatus as shown in FIG 4 was used to
slice a silicon ingot (a workpiece) having a dianeter

inefl i3QQ v aty axb athbengithoof o30Gmanpmesdnti ng
~conditions shown in Table 1. The supply te rature o
inyRa tsiomr y i wlone s bP e8PE6 1B &K %wn£$§nbgr8?ﬁr%e

105 LT GATAIE SRt o 316 0g o e end o
[ OVW2RKPI ECE

In this case, an inclination angle of the axis
direction of the workpiece is preferably set based on
the slicing trajectory of the workpiece previously
sliced.

In this way, the direction and the degree of the
inflection of the slicing trajectory can be examined
based on the slicing trajectory of the workpiece
previously sliced, the inclination angle can be thereby
readily set, next slicing can be more effectively
performed well. Accordingly, a product is preferably
sliced after previously slicing a dummy workpiece to
examine the trajectory.

[0024]

FIG. 2 shows the slicing trajectory of the
workpiece obtained as a result of measuring a shape of
the wafer sliced while the workpiece was held with it
slightly inclined with respect to the wire row plane,
specifically in a condition where the inclination angle
of the workpiece was adjusted to 0.003°.

In the slicing trajectory shown in FIG. 2, it can
be confirmed that the slicing trajectory is inflected
toward a scale of zero of a wafer position at the
beginning of slicing, and that the wire guides thus
axially expanded in the direction of the scale of zero
of a horizontal axis (the wafer position).

Accordingly, the inclination angle can be further
set in conditions where the workpiece is inclined in
such a manner that a side of the scale of zero of the

horizontal axis (the side where the wire guides are to

11



I NGOT DI AMETER 0 300mm W RE W RE DI AMETER 160 g m
?ggE{TENSION 2.5kgf NEWW RE LI NE SUPPLY AMOUNT
mn

be axially expanded) is the side far from the wire row

plane.
[0025]

In this case, the inclination angle of the axis
direction of the workpiece 14 is preferably adjusted to
an absolute value ranging from 0.003° to 0.2°.

Given the expansion of the wire guides and the
like, when the inclination angle is adjusted in the
range described above, the inflection of the slicing
trajectory of the workpiece can be more effectively
prevented, and it can be consequently sliced into the
wafers having a good Warp shape.

[026]

In this case, the inclination of the axis
direction of the workpiece 14 is preferably adjusted by
inclining the workpiece holder 18 for holding the
‘workpiece 14, by an inclined shape of the member
inserted between the'workpiece 14 and the workpiece
holder 18 (for example, the slice base 19), or by an
angle—-adjusting-mechanism of a workpiece-holding-portion
17 attached with the workpiece holder 18. Furthermore,
these methods may be combined to use for more finely
adjusting.

In this way, the inclination of the workpiece can
be adjusted by a simple and convenient method without

using special devices, and it can be therefore sliced

well at low cost.

[0027]

Hereinafter, the present invention will be
explained in more detail based on Examples and
Comparative Example, but the present invention is not

restricted thereto.

12



W RE REVERSAL CYCLE 60s W RE TRAVELI NG SPEED
AVERAGES00M 171i rl SLURRY ABRASI VE GRAI N GC#1000
ABRAS| VE GRAI N CONCENTRATI ON

[0028]

(Example 1)
First, the wire saw apparatus as shown in FIG. 4

was used to slice a silicon ingot (a workpiece) having a
diameter of 300 mm and an axial length of 300 mm in
slicing conditions shown in Table 1. The supply
temperature of the slurry was controlled to be a
constant temperature of 23 °C from the start of slicing

to the end of slicing.

[0029]
(Table 1)
SLICING CONDITIONS
WORKPIECE INGOT DIAMETER @ 300mm
WIRE WIRE DIAMETER 160 Um
WIRE TENSION 2.5kgf
NEW WIRE LINE SUPPLY AMOUNT 100m/min
WIRE REVERSAL CYCLE 60s
WIRE TRAVELING SPEED AVERAGE 500m/min
SLURRY ABRASIVE GRAIN GC#1000
A G e 50 50 (10T FaTE)
[0030]

The workpiece was fixed in such a manner that a
résin slice base was fixed by adhering to an upper
surface of a metal workpiece holder, and the workpiece
was adhered onto the resin slice base. When the
workpiece was set to the wire saw apparatus, a set of
the metal workpiece holder, the resin slice base, and
the workpiece, which was fixed by these adhesion, was
turned upside down, and the workpiece holder was fixed
and held by the workpiece-holding-portion of the wire
saw apparatus, in conditions where the workpiece holder

was located above and the workpiece is hung and held

(See FIG. 5).
[0031]

13



(COOLANT: ABRASI VE GRAIN) 50 : 50 (VEIGHT RATI O

0030] The wor kpi ece was fixed in such a nmanner
that a resin slice base was fixed by adhering to an
upper surface of a metal workpiece holder, and the

wor kpi ece was adhered onto the resin slice base. Wen
t he workpi ece was set to the wire saw apparatus, a set

of theeretale Warkni ecpi bol dgte tihe kesiores ite tlase,
and the workpi ece, which was fixed by these adhesj on,

WOk itagrendtb Lpst dendotne aRd KPHEGRoMds ek dbPder ThEY
fixed.and held b . rkpi -Nol di ng-portien.pL the

VW ealdshaev]&eag]pp%gg %Séﬁﬁﬁé’g&ﬁ [ t%?%ﬁls% eérlgr%ﬁﬁé wor kpi ece

woltelpdercavaso 1heat &ddabove hand etsdie workp: ecese s hudg and
held (See FIG 5). [0031 the resin.slice

Wh
a5 a9d Ve Baor Hl ¢ B RE LRSFK oA Trol Wi ST R el 1=e
ba F@Ndﬂ¥%éWWbPQ$§éSQ’sbh%% wey e, adhered afs@fFface of a

adj usting shape accuracy of the workpiece hol der and
woafkptife o gslat sl wtehbasepeand tpartdld eddskp bfcehexlis.

wor kpj ece holder, the resin_slice base _and. the
morkgk§c¥9§ P£ 1% aFfe tg éﬁ?f§8§% l%f%éhi%ﬁ%%éwas

FiRkdt &M ther@spest the Lheowekpiggextss, with ithe
wor kpi ece adhered to the workpi ece hol der was fixed
slagdtHel dindhing@. wike sareapphar afudeafiyHng Sr¢ghtly

. inclined, As a re SUp t Loglhpatiany;

ln&ﬁ&%? %ﬁﬁwﬁﬁg%%eggkgﬁgkfgﬁ%e%ﬁ%%%ré§%$re rgMIandw%ﬁg

rowoikpl age: axd Skpideeshdésyhehe tshelaviwiee gei tes wieet o
be axially expanded was inclined to the side fa Of&g@

JUERESWARE ridw pF el BY LY. 663CHE S dtthds) S 0832
siPR 3uErage,yalye @%réggowa%ﬁa%fe %3} yef @55 sli Cededh@s) .

the 'wor kpi ece in the ove-described condition was 7.4
[0p3@] FIG 2 shows Warp shapes of a cross section in a

wor kpi ece feeding directi 0 f eres piicked Ups Vel Yeq
5 wahbr STSFRGE (a1 reh bapenatB, S I NRELR, BYbLYe
froentthe .woripDeeaeasuted dabacofdddrer Weg. condision was

reveal ed that the inflection of the slicin tra'ectorY
7.1s tre| afilfel ¥ Slppredéerr athfRESHEG MniGTP DT ST LAY, 0

a workpiece feeding direction of wafers picked up every
5 wafers after the fifth wafer, such as first, fifth,
tenth .., from measured data of the Warp. It is revealed
that the inflection of the slicing trajectory is
relatively suppressed at the beginning of slicing.

In Example 1, since the workpiece axis was
relatively near to be parallel with respect to the plane
formed by the wire row, the skid of the wire did not
occur at the start part of slicing, deterioration of the
Warp due to the inflection of the slicing trajectory
caused by the moved wire was consequently suppressed and
the inflection of the slicing trajectory caused by the
expansion in an axial direction of the wire guides was

still observed.

14



In Exanple 1, since the workpiece axis was relatively
near to be parallel wth respect to the plane forned
by the wire row, the skid of the wire did not occur at
the start part of slicing, deterioration of the Warp
due to the inflection of the slicing trajectory caused
by the noved wire was consequently suppressed and the
[Obggl]ecti on of the slicing trajectory caused by the
expansion in an axial direction of the wire guides was
(Egtmplleol?served. [0033] (Exanple 2) The slicing
trajectory.shown in .Fl 2 rey s.th when
face%%? §i¥\3\/|cll§ggﬁir(?§ @ Osﬁ%lesetgﬁwa ﬁ%r?t%grit gl r%)?’%saqrgd
tha€ak@ecof o280 dit H&ze2pfi 8 setreagud deef @ eniode of a
position, the wire guide of the wire saw apparatus
hoggadnite 1baams &2 baso Ax? 8P ynefpinded i tHet as 2
irection of..t.he ot f a s fi W
reggf:le%:r?t OSa‘ithllse%’ca eéoﬁgggr E?r?%FIO% dc%é) vf%ro%ﬁa
apbArwitew afsddiisy Exampier 1t easf badtilMel yexfdsdedt he the

inflection of the incing tr%ject02¥ﬁ£or d gye to the,
diggpaAdinor s Fhgh & er enfelersn (6 £ W e gl bes®by
axEEe iahlectd onQf {herskichpg trajectory due to the

S ig o#’the wre, the workpiece was held in conditions
[O0Adrie the workpiece axis was inclined by 0.10 in such

.that _t he ,side f f h i : |
a ma ggélwgpg tt%‘ésﬁlmi ?Jel’l acgrdégnq:g Sf?nerc%lrv%vyyp (ff{/ﬁé’@s

t he gur des weré to bé axial

thexpanrdedt ias JOWheé ns Fl &ind( Arajhcidicafoimgdtdue to
having a dianmeter of 300 mm and an axial |ength of . 300
thameweensilioved 1 A1 M sakedésRattron S fas s ahpte quices

byeﬁﬁgpﬁ %%%3€¥%Arg%i9ﬁéiQﬂi@@ﬁgetrﬁﬁ%&ﬂ5¥§r@ﬁéoﬂoofhe
the workpiece axis was adjusted by a shape of o
skiidcbifnithg av it ¢ kites swof kphecgomiesi drsel holmlepongiifions

| ongi tudi nal_ direction. [0035 . Fl G 8)..sho
Wh%?pt%p‘)"&r}%\rl%f:ecr%)éﬁssgéﬁi 6]r'?cilﬁna?w3f<p9é{ce feeding °
magheectingn ahavafeds phekedomp teeeryt re wedwerslahe evashehe

fifth wafer, such as first, fifth, tenth ..., from
sifpaghea® ddrea "Ofre hUVaep BETEhd Owdrerdstithy FFBAltRE-

e [ h ve-ge i BEH ¢aB@itt INRF shown

as;l\%ﬁé?’& Ci%( g)},é't ﬁle@?}r)]fl ezgt%g%igfs the@gl icin lrfé?aj ectory
dimmsthkar dify 388senvesnd pant pgdkar Lygnstth Hef bg@@ NAPnYy2 8f

sliéggiQ%'ﬁ%% %¥§L§9§OX3£E$082 %@eﬁg@ﬂﬁle 1 except for
the inclination angle. The inclination of the workpiece
axis was adjusted by a shape of inclining a thickness of
the workpiece holder in a longitudinal direction.
[0035]

FIG. 1(B) shows Warp shapes of a cross section in
a workpiece feeding direction of wafers picked up every
5 wafers after the fifth wafer, such as first, fifth,
tenth .., from measured data of the Warp of the wafer
sliced from the workpiece in the above-described
condition. As shown in FIG. 1(B), the inflection of the
slicing trajectory was hardly observed, particularly at

the beginning of slicing. An average value of the Warp
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of all wafers was 6.3 1.1m which was inproved in
conmparison with the wafer sliced with it slightly
inclined in Exanple 1. It is to be noted that a
standard of a wafer plane orientation is one of
quality items for silicon single crystals, and when
slicing is perforned with the workpi ece axis

del.i.berately inclinegd as r ts jopp it is
Ofc&}&erwﬁgaeﬁ%avfa? héé’ §| %ﬁé %pﬁgﬁt g’?ﬁ?n”%@%?i%%d waf er
cot@eirdtsem byi thethacvafati of iaegl ¢idfh tHe wwbidptbte
o axis. Wth respect to this, the influence can be
1 By €the orientation of the workpiece by

the irpckisnaly 2 angl & of nhheawekkpidecel axi s iwvafer plane

gdvance. [0036] (Conparative Exanple ... Asilicon
onﬂg¥?i?mnnrgpzp?waﬂﬁtéﬂaéﬂt?OGﬁﬁﬁ%i %nsh%%%PnléhBPEe

0 nmmwas sliced.in the_s i a
C IRl s alr\{gn‘?ﬂh@zneigé&mboﬁsi %ﬁ%% h‘g{]%rﬁ%ieece
wodps de (1 0B9 (S1mbeuber 1w tinalespettas othbeppbanst
~formed by the wire row in the opposite directiog %o
ineariplas 1l tands 200RSSERE6RN tiW?tFl%e e pdr¢fgracion of
a IT%&&E“&&%%P“?&@iQEeEh%\Myﬂgﬂfﬁéif%é§ioﬁdQﬁ§$€ WES the
t'he maxi nmim val ue obtalnga by, several tines,
wolr!k;{fﬁé‘ddega%xm. t el timckeapecon tangihe saf tidre atihbkpagee can

wi t hout adjustnments of the.inclinatio e -
PengrIRR & hoI BRY L BfAd " ﬁeQﬁﬁ%é;%ﬁﬁfn[ﬁﬁgg?g w8Ekbﬁ%ﬁe by
£ LAY BIRYE; Y Uen Ofnghe Wé&r pref waldkpiedes sasisced Bdemnce.

the workpi ece in the above-described condition was 9.2

Ism FIG 3(B) shows Warp shapes of a cross section in
“ﬁ¥ﬂﬁrkp|ece feeding direction of wafers picked up
every 5 wafers after the fifth wafer, such as first,
(donfgdrat end hExampl&)om nmeasured data of the Warp.

A silicon ingot having a diameter of 300 mm and an
axial length of 300 mm was sliced in the same conditions
as Examples 1 and 2 except for inclining the workpiece
axis by 0.05° (3 minute) with respect to the plane
formed by the wire row in the opposite direction to
Examples 1 and 2, as shown in FIG. 3(A). As the
inclination angle of the workpiece axis, adopted was the
maximum value obtained by, several times, investigating
the inclination angle after adhering without adjustments
of the inclination angle of the workpiece holder and the
workpiece.

[0037]

An average value of the Warp of all wafers sliced
from the workpiece in the above-described condition was
9.2 pm. FIG. 3(B) shows Warp shapes of a cross. section
in a workpiece feeding direction of wafers picked up
every 5 wafers after the fifth wafer, such as first,

fifth, tenth .., from measured data of the Warp.
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The skid of the wire occurred at the start part of
slicing due to the inclination of the workpiece, and
the inflection occurred in the sane direction as the
inflection due to the expansion in an axial direction
of the wire guides. The slicing trajectory of the
wor kpi ece was therefore greatly inflected, and the
Vr pryas sdeterd orat€dqi tO088turred atl ttHes dtaadie prottedof
that the present invention is not restricted to the
s lfigriegnichie enbodh aehncliRe téBodi fndiite oy ketegp, and the
. empl. fication nd_a e : . hav
g Tt a7y TR T oaRe P Sat TR chd Gansnat 12t &S he
inFank:-fisctdwsast andhef tepbsisdaort hosean et heltethactapn of
concept described in clains of the vention

ai I resent_i

th@r@%ﬁﬁﬂﬁﬂﬁﬁﬁ$r1t?ﬁ@t%%hﬁ?ﬁglt§@dﬁ§R6FWiH§fﬂg5§ent
wo'&:fﬁrétdeonﬂas Al Morole ér‘é%ttrl%j fof1 st &4NJaRd the Warp

wor Kpi ece into wafers by pressing a cylindrica
wawordgreacio et eldwi t h a wor kpi ece hol der against a wire

row fornmed by a wire spirally wound between a
[Oﬁﬁ&ﬂality of wire guides and making the wire travel

Whi | @ SURPIH NG e St & r¥hh e @heopiraie nrori wem thiss meen

the workpiece and the wire, wherein the
noworasitecect &d st ¢ celew Prege g €hedktedh- of PEhe

rkpiece inclipned w t - I

e MR L0 TP eph RRehBaed ch P 20T LAL TR oY Les
thathaEes diiedtansideliather eanehef e tnere oangl damonstgate

side where the wire guides are to he axiall exganged.

i fRgtegniical

the spRe fetMod Pof SPfcPhd S8 WiorAdi Wt actdr

cotlRIP e ety ap EnghiRaldon g e oint hena¥hsion are
direction of the workpiece is set based on a slicing .

intrlajdect oy olfic at aohkpicede SHaRE cus| yhe| pgegentz inpghtion.
nmet hod for slicing a workpi ece according to claim1 or
claim2, wherein the inclination angle of the axis
direction of the workpiece is adjusted to an absol ute
val ue ranging from0.003 to 0. 2.
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4. The method for slicing a workpi ece according to any
one of claims 1 to 3, wherein the inclination of the
axis direction of the workpiece is adjusted by
inclining the workpiece holder for holding the

wor kpi ece. 5. The nethod for slicing a workpiece
according to any one of claims 1 to 4, wherein the
|an|nation of the axis direchirers of the workpiece is
adj usted by an inclined shape of a nmenber inserted

bet ween the workpiece and the workpi ece hol der. 6. The

1.8t NRdy Lo 3 146G, & VAIKPL €66, R6SOEA! BY,10 AP NG, Pf

"cl ai s’ 0 °5,” Wwherein the inc ation of the axis
préiskaely en of1 ider os kpiee&pii e cadjhedtdedvioyh i mckdnkpgeae

wor kpi ece- hol di ng-portion attach?g wth the morkgiece
hopgedeggainst a wire row formed by a wire spirally
wound between a plurality of wire guides and making the
wire travel while supplying a slurry to a contact
portion between the workpiece and the wire, wherein

the workpiece is sliced with an axis direction of

the workpiece inclined with respect to a plane formed by
the wire row, after the workpiece is inclined in such a

manner that a side far from the wire row plane is a side

where the wire guides are to be axially expanded.

2. The method for slicing a workpiece according to
claim 1, wherein an inclination angle of the axis
direction of the workpiece is set based on a slicing

trajectory of a workpiece previously sliced.

3. The method for slicing a workpiece according to
claim 1 or claim 2, wherein the inclination angle of the
axis direction of the workpiece is adjusted to an

absolute value ranging from 0.003° to 0.2°.

4. The method for slicing a workpiece according to
any one of claims 1 to 3, wherein the inclination of the
axis direction of the workpiece is adjusted by inclining

the workpiece holder for holding the workpiece.

5. The method for slicing a workpiece according to
any one of claims 1 to 4, wherein the inclination of the
axis direction of the workpiece is adjusted by an

inclined shape of a member inserted between the
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workpiece and the workpiece holder.

6. The method for slicing a workpiece according to
any one of claims 1 to 5, wherein the inclination of the
axis direction of the workpiece is adjusted by inclining

a workpiece-holding-portion attached with the workpiece

holder.
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