DESCRI PTI ON SLI CI NG METHOD AND METHOD FOR
MANUFACTURI NG EPI TAXI AL WAFER TECHNI CAL FI ELD [ 0001]
The present invention relates to a slicing nethod for
slicing, e.g., a silicon ingot or an ingot of a

conpound sem conductor into maEn fers by using a
wire saw and a method fBESKEIH %ﬁ}ing an epitaxi al

waf er by depositing an epitaxial |ayer on a wafer
sliced out based on the slicing nethod. BACKGROUND ART

[ODRING METHOD ANDReMETHORr FORMANEFAGTYRING | ERIBAXIAL

a wafer is demanded, and a_w saw is mainly used to
slice an ingot with this iﬁg&égge in size. The

wire saw is a apparatus that allows a wire (a
hi gh-tensile steel wre) to travel at a high speed and

ThErRNEesdLag iEigat (a work) against the wire to be

iﬁéifd while applying a slurry to the wire, thereby
( ng the ingot into many wafers at the sane tine

( see HapapesseHtexaidiedi Hat eell A | cat aos 1(ilkdkey )method
No. 262826-1997). [0003] . __Here, FIG 11 shows an
fogutd} heing. af -&anpd eS bl 180FelidtIPt wPre Ay ngot ot a

compound semiconductor into many wafers by using a wire

saw and a method for manufacturing an epitaxial wafer by

depositing an epitaxial layer on a wafer sliced out

based on the slicing method.

BACKGROUND ART

[0002]

In recent years, an increase in size of a wafer is

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

ingot with this increase in size.

The wire saw is a apparatus that allows a wire (a
high-tensile steel wire) to travel at a high speed and
presses an ingot (a work) against the wire to be sliced
while applying é slurry to the wire, thereby slicing the
ingot into many wafers at the same time (see Japanese

Unexamined Patent Publication (Kokai) No. 262826-1997).

[0003]
' Here, FIG. 11 shows an outline of an example of a

general wire saw.

~ As shown in FIG. 11, a wire saw 101 mainly
ihcludes a wire 102 that slices an ingot, grooved
rollers 103 {wire guides) around which the wire 102 is
wound, a mechanism 104 that gives the wire 102 a tensile

force, a mechanism 105 that feeds the ingot to be sliced,



As shown in FIG 11, a wire saw 101 nmainly includes a
wire 102 that slices an ingot, grooved rollers 103
(wire guides) around which the wire 102 is wound, a
mechani sm 104 that gives the wire 102 a tensile force,
a mechani sm 105 that feeds the ingot to be sliced,
and a nmechani sm 106 that supplies a slurry at the tine
of slicing. [0004] The wire 102 is unreel ed
fromone wire reel 107 and reaches the grooved rollers
ang3at neehghishelP6nshakf ovRRl 7 %i hgs Hecham smbrofFime
O%o% gigé_a powder clutch (a constant torque notor
09), a dancer roller (a dead weight) (not shown) and
[8608h through a traverser 108. The wire 102 i s wound

aroungl, & hi, 5, grapy el ol &% dl 08 diPlondPRi %! FRkel Y0300
to 40 urns, and then taken up g; a wre reel 107

ablir ceghhehetbeherooeedi tel foreel §F Vilmpumtidif SAntode-
0005 oEMLLDEE . 1 § her grpoyesk roldRlad0T it & (a

£ =givin
ForFef thaf Has 4 pol yur et hane resin press-fitted
canstadtatstget mytondedanda hdsnegnovasl or (fedlemd a

fixed pitch on a surface ther t ' .
“ibtih EkaPEafBa cand o SR eudl S bR nee
THeretreohORnia poenkétaroumedctis|erdyved drablians fdtor

110. [ 0006 t.is t
f?ﬁg%Péfgéﬁ%ﬁﬁe%%c%%éi%%1&%@ g@“&%b%%“%n %3 5§?é%h§y
atf@ieréngeélt 00T het i swgH OZhevooiritke aroarel tere qragogdying

rojlers 1g$ at the tine of slicing the ingot. This
meRdEL$Betdl hg' mechani sm 105 i ncl udes an i ngot - f eedi ng
[pebbe 111 that is used to feed the ingot, an LM guide

112, ARG, ST S0, (6o B
h4 809t pbeedi@thdad| eedild @it eng- et ddMaguvoel Bl 2 teeder
cGETHIh 2k SISl AL SR, RO O P 0 i s
surface thereof, and the wire 102 wound therearound can
be driven in a reciprocating direction in a
predetermined cycle by a driving motor 110.

[0006]

It is to be noted that such an ingot-feeding
mechanism 105 as shown in FIG. 12 feeds the ingot to the
wire 102 wound around the grooved rollers 103 at the
time of slicing the ingot. This ingot-feeding mechanism
105 includes an ingot-feeding table 111 that is used to
feed the ingot, an LM guide 112, an ingot clump 113 for
grasping the ingot, a slice pad plate 114, and others,
and driving the ingot-feeding table 111 along the LM

guide 112 under control of a computer enables feeding

the ingot fixed at a end at a previously programmed feed

speed.
[0007]

Moreover, nozzles 115 are provided near the



[0007] Moreover, nozzles 115 are provided near the
grooved rollers 103 and the wound wire 102, and a
slurry can be supplied to the grooved rollers 103 and
the wire 102 froma slurry tank 116 at the tine of
slicing. Additionally, a slurry chiller 117 is
connected with the slurry tank 116 so that a
tenperature of the slurry to be supplied can be

adj usted. [0008] Such a wire saw_101 i useP to
gacmmwgedarroappmpapét ange el EOflaidc@lrs the- mﬁ?i 302 urry

ro@éj} ‘H r% e@%‘SﬁefQQSQVQHVkBQlQEQhQUBSghdoﬂheamﬂke
e |ng | e causing the wire_102 to

_JKanabm ] Bh@rmectpm&céﬂﬁngtdﬁhécFP@ﬁ By Eh&CHRPvi ng
4§?f%Lona lﬁgogoghurr chlwgégmﬁﬁbensacﬁﬁﬁgét§&|ﬁ@ﬂhowﬁe

Above-éipiained wire saw 101 may_be
sisiralyl y: apad |1§|6edoam:iatth@n tsmbpeatuget 8fepheakidFry to

owt h .t.0 beco in case of, e.g., a
g%ﬁ?%%ﬂdﬁ@tgﬁnw%FePEBﬁ %Eé epitaxial growth of a
[@dosgon wafer, a S|I|con single crystal thin film

(an_ egit X|al | ayer PQ @séglgg l@fa§everal gm

i s groWhtoR % ECrfale a surface o a pol i shed waf er
dppgeshrdatee tgn,smleelfbcra:le vapohedeposi 1P8nfEowDFheovwire-

i mpraove el ectri.cal and t
CAP i STATE BSABN, MES B Toa0ed AR o adetor

éﬂﬂd%demhhaél@bub&mqrtth@i@h 102 to travel in the
reciprocating direction by the driving motor 110.
[0009]

Meanwhile, a wafer sliced out by using the above-
explained wire saw 101 may be usually polished and then
subjected to epitaxial growth to become a product in
case of, e.g., a semiconductor wafer. In the epitaxial
growth of a silicon wafer, a silicon single crystal thin
film (an_epitaxial layer) having a thickness of several
um is grown on a surface of a surface of a polished
wafer based on, e.g., chemical vapor deposition (CVD)- to
improve electrical and physical properties as a wafer,
and a device element is fabricated on a surface of this
epitaxial layer.

[0010]
Although there are many combinations of wafers and

epitaxial layers, a structure where a P-type epitaxial
layer having a regular resistance is grown on a P-type
low-resistance wafer is general. A characteristic mark
when performing this epitaxial growth lies in that a Bow
(Sori) occurs in a wafer after growth as shown in FIG.
13. FIG. 13 shows an example of an epitaxial wafer 221

having an epitaxial layer 223 deposited on a wafer 222.



Al t hough there are many conbi nati ons of wafers and
epitaxial layers, a structure where a P-type epitaxial
| ayer having a regular resistance is grown on a P-type
| ow-resi stance wafer is general. A characteristic mark
when performng this epitaxial growh lies in that a
Bow (Sori) occurs in a wafer after growmh as shown in
FIG 13. FIG 13 shows an exanple of an epitaxi al

waf er 221 having an epitaxial |ayer 223 deposited on a
[oatef 222. [0011] That is, since the P-type

| ow rﬁ-?i SLANCE AL 1223 GlAIBG -2 ebasdanasDyateel 222
B sha

bor on dving a l'er "7atom ¢ radius than silicon
castaidspaniarge awewmyeof rR@rer i (Blalhadidtdhfcenad 1er
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wPOD1ERe | FOFGRRAT PV Th S ot (S Tarer Kevi o
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a regul ar resistance graown on an. N-iype st ance
1paf efLEBRELPRI "i‘llgc’%\gI"‘é\l'lc’%g%l aTUntP o aga%/a:len%ag}%%s 3?1avi ng
b8chbRb §eEoAYORT Gus agh Usihidrea tdafomfatsidn cuh katha
dopant, a Bom1chaqge ccurs in a dirf§§éé§£f¥i g which
mepRespi ba%ing By et beeoms LEH® 18 Gpposed to the
d6%¥apRLEsdepicted in FIG 13. [0013] Here, FIG 14

shows an exanpl e of a Bow change due
[0012]

Incidentally, in an epitaxial wafer having an N-
type epitaxial layer with a small dopant amount and a
regular resistance grown on an N-type low-resistance
wafer containing a large amount of arsenic (As) having a
larger atomic radius than that of silicon as a dopant, a
Bow change occurs in a direction along which the
epitaxial layer becomes concave as opposed to the
example depicted in FIG. 13.

[0013]
Here, FIG. 14 shows an example of a Bow change due

to epitaxial growth. In FIG. 14 (A), an abscissa
represents a Bow value in a wafer (PW) that has been
sliced out and then polished but is yet to be subjected
to epitaxial growth (or a wafer after slicing), and an
ordinate represents a Bow value in an epitaxial wafer
(EPW) obtained by performing epitaxial growth to ‘the PW.
Furthermore, FIG. 14(B) is a graph showing a



to epitaxial gromh. In FIG 14(A), an abscissa
represents a Bow value in a wafer (PW that has been
sliced out and then polished but is yet to be
subjected to epitaxial growh (or a wafer after
slicing), and an ordinate represents a Bow value in an
epi taxi al wafer (EPW obtained by perform ng epitaxia
growh to the PW Furthernore, FIG 14(B) is a graph
showi ng a distribution percentage of the PWand the
dEBWrabueaoh Bewceatagewpfhthe BE¥szndshhe RBsEhtdad a
Bow_val ue, . b r R 14,
ngch?E al't5h 3 gé%8§?$% ?ﬁng§§§$?§gJ;Jﬁ?ﬁBiéi??M're
saw amsl qeb i kst eh e o BOW Ham (B Sepiltdaxidalcorardrt ion
bt ained. by, perfarm n pLtaxial . gr '
oBREZ60845 ™ KBFebher oLt bt bl r Bubh] b Pt i oned
ahBcrease in Bbw dpetépiapi vagkenl orainéd sy performing

approxi patel y, +1 for_example,,4in F I
RO RarEal bEoBt Rt REh RV AT o T ThPrepgbe) . sehetn
pBokredehhat ahgasenwWheceetsbhe £piBexidbe |ayespsiauidls
disglaged in a convex dirgction is defined as ﬁiﬁﬂ
gEPKERL i 8n2RBFeX1PeBgaY T10 KM oY i BMiet” hiahd, -
189R$|, derbAgaapweRbhaxsab Waf edn aBPi PFWAETL0 pm) .
.nlnrn12|n8 an anount %an absoluteﬁgaJngaégafif% r
igfter PepPPERFaF Ryt otk F2TE YRGEF e TR T3 Considered
sthat iEhassplatslizahi ancernehedt patt ved by depiosid iam a
an epitaxial ]Jayer in such a manner that epitaxia
“§f oA FeERABRIRSBEt a Bow in a wafer serving as a raw
(pBtiefial. Therefore, to deposit the epitaxial layer to
cancel out an original Bow of the sliced . wafer as _fer
abovedn BAW it i «(F0s It HIRg % &P IhIS e
a@l h9peddahst Pnﬁiﬂi:ﬁfﬁh%nah Nardhy@h C eab efios €L yias forinialg
epi taxial _growth, [0015] _Fbmever,(*heQ an i ngot
of sasPpecafbet dRsEI< bR adEAMRN T orI et thod, ‘BOW
cOhLEGL O8NSt hYs BRCOIRI 3 4 ¢ QM| @dn Abe NeSPRCAdY Y
positions of the ingot in an axial direction.
dapes et bhe, aphepl baxiat 1aeehaberSightaitPYy Yatking
Bl EaRBRPUL LG BaREOLESSuDES 088w POA i Shidwe Ak ihiayy as
ave Bows™in a direction opposite to a desired |,
adraecnaberiahe VRTaref ot te daRAEd (S & id6% 3dne

lgyepngotgﬁ@@epu$u&n$9’ofiéﬁnaflngiéﬁﬂﬂﬂk SR AtSE d 1N
a reversed direction, which is troubl esomne.
as above, Bow directions (+/-) of the wafer must be

It

aligned in one direction in advance before performing
epitaxial growth.

[0015]
However, when an ingot is sliced out based on a

conventional method, Bow directions usually become
irregular at respective positions of the ingot in an
axial direction. Therefore, when all of the wafers
obtained by slicing are measured in a process before
polishing and they have Bows in a direction opposite to
a desired direction, the wafers must be turned upside

down one by one to be put into, e.g., a polishing



DI SCLOSURE OF | NVENTI ON [ 0016] Therefore, in
vi ew of the above-expl ained problem it is an object
of the present invention to provide a slicing method
that can easily performslicing with excellent
reproduci bility with Sori of all wafers being trued up
to one direction when slicing an ingot by using a wire
saw. Additionally, another object is providing an
epi taxi al wafer manufacturing nethod that does not
apegithtesBow aeasueesedtdanechliory evisily opcreriivhe me -
sliced wafers sliced out |Iike a conventional exanple.
[ 0017] To achi eve these objects, the present
DIIBCEDEURE PFOYNUBETEOKI i ci ng nmet hod conpri si ng w ndi ng
awre around a plurality of grooved rollers and
[ﬂpé§éing the wire against an ingot to be sliced into
waf ershave t @ suppl Wirgy a1 |tire yakfoore -sixipdiarigetdo prigb lem,
rooved rollers and causing the wire to trayv. .
1&hé?e?ﬁ gbyest 8? 5P PHESThe T?Eﬁﬁtﬁﬁﬁléf u%% @?%da
s@.'ﬂ@iﬁbluilhéyhf)&rtﬁbtlc&@@ ¢osihe génﬁuhﬁd sbi¢inrs arith
controlling a su fenmperature there IS Vi, 0
c¥E6RALEREJTEBT %S%‘éggﬂél 1Y e‘t”aﬁ’ o%%’ﬁjr poée?o{v\lee"ﬁa ]g%Iesax]?%lSAé/
t@heal @ﬁeﬁ'@nbnf@fd%ii@c’lgz[@l@v@l?eﬂi oé}:_ec’_ﬁn@nﬁl airsw}olw using
tenperature of the slurry for_slicing, .a.sup ;1 '
at Whper 8Hr e ARGFE IR W h RTINS ‘%bé’%cs ic r%r‘%(’s%ds%é’tg

aRasgdcaRibheys £d At honshi pr bei ngeafe Bodxtidt does not
di spl acement of the grooved rollers, and a sqﬁghi £
regrperabar MR SEREN T ur#50 fdr RTTETHY WA TheSI1Urry
si0kedl 1SERYsT 515480 bed DABEUa OBoh VN SLIAY example.
ten?erature profile to slice the ingot while
[BBAYH ol Iing an axial displacement of the grooved
rol l efs anh 4@ Unid mSede 0f tld prfsemns tiaveetdlonced
out in one d[rection.m%£0018] o As expl ai ned
papvidesagcot iFheg et s??%@?&ﬁ%ﬁﬂrﬂﬁp?ﬁ? e brgsent
akQngatéoﬁluiinﬁfséf 0f r Sb¥&i NBo 1 Nerd Ngd pseddihd the
conducted while supplying the slurry for slicing to
wihe ggobnetl 20l irget arel RonttbFed ni &P stpptys wiile
saggl?n_?iﬁ‘ ug eSP‘fol‘:‘??féll.' Wiyefoy 8bichdyrddsebyoliers
e ning a relationship between an axi al displ acenment
anfl chesigroovieel W?’o}?&? e %llfm"%hg wheprin iRttt e of
sibglﬁéuﬁié{ I:Q%O\‘_Sldrk?if@'s%j:yirﬁg oM suehr@Nfor slicing
exam nation in advance enabl'es previously obtaining a
toetiei onsdved bee Weers tand ssonl reft 5tacerBitPf t he
rooved 1ol | phe, b LB Savy t RScami
t%l??faze%rgndﬁ%%eeéguhlpgpl ?%ﬁ%‘gfa u(\’r%e of the slur r,aymjfnoﬁr 2
relatiogshi®i&fween an aphih] dbswthesneHe 9%l HS onshi p
bet ween_t xial dis 3912;@?; roeviack rold er
IBRAY er%gg% @ ?%ﬁnén%ﬁ re of 1 %f%ﬁ%ﬁ?y for slicingyS
fobtal hethas ®xplmphed airoves ters uppl §4 ke mplertdiarelurry
rofile, of the slurr or._ sl ci abl i j

f‘g}éf% §°17%9 be® s??%;baa%euci 1o 1{eéa | gaﬁ% |én}{EL n?%tli'wrée%% ion
akBaBedisFladdment whenhdheystared forlets gind 4 ssupply

suppl i ed based on this profile,. the ingot ..s. s hﬁgq,
t%ﬁ?ﬁafc‘bﬁ rF 1§y THE R TT o slp(flacge’ner%}& o‘JT}F‘et hgel
f&F 09VEdii®l 1 ersuppl tde b el saw tthoe bmipply | tmehermtdire
Sorji_of all_wafers to be sl.iced out,_is unifo i
PEMEL R reet§oiPe the 1nggt, whiihe cscfjnptprloys;l]tlenrgpegrr{z;lr{%%{rlear}L
aPsefddensiic tde Wargnodwd sld i ismdeto hasietbron Sdre
above rel ationship inherent to each w.e q?mggnd t he
of |k} WaRTS |G iRy 9L/ P P i Bd SO e or m
slicing, Sori of all the wafers to be sliced out can
be easily uniforned in one direction with excell ent
reproduci bility. Furthernome, since Sori of all the
waf ers can be unifornmed in one direction, it is
possible to-elimnate an operation of




measuri ng a shape of each wafer in advance and turning
over-each wafer to align directions of Bows so that

epi taxial growth can be performed on a desired surface
side before depositing an epitaxial layer as will be
expl ained later. [0020] At this tine, it is possible
that the supply tenperature profile of the slurry for
slicing is adjusted to adjust amounts of Sori of al
the wafers to be sliced out. As explained above, since
[oDE8fel ati onshi p between the axial displacenent of the

0r 0oved Lol] a8 AU RS SUBBlLETRET RhYr @10k hoe

sl ur B84 ng éxanlne i n advance, ustln%
mé?ﬁosuoplyhéem;mwentuxnwﬁnﬁmdna(ﬁhqrﬁ?%ﬂtﬂﬂyﬁ igying the
icin ased aelab
l%%?ﬁsfg 5 %&?% sp 58%%%%#1 % t he grogﬁggxy for

sIthﬁ@Stanﬂhalgrb@mhdumokﬁpnﬁnnnﬁquﬁtﬁiﬁhlﬁﬁ 3 |UPPHe

wafers to
temperaturebgfséﬂges &%gy %oéxgglclng, thereby examining

a relationship between an axial displacement of the
grooved rollers and the supply temperature of the slurry
for slicing. Carrying out such an examination in
advance enables previously obtaining a relationship
between the axial displacement of the grooved rollers
inherent to each wire saw to be utilized and the supply

temperature of the slurry for slicing.

[0019]
Then, based on the relationship between the axial

displacement of the grooved rollers and the supply
temperature of the slurry for slicing obtained as
explained above, a supply temperature profile of the
slurry for slicing enabling Sori of wafers to be sliced
Qut to be aligned in one direction is set. Further,
when the slurry for slicing is supplied based on this
profile, the ingot is sliced while controlling the axial
displacement of the grooved rollers in the wire saw to
be utilized, and Sori of all wafers to be sliced out is
uniformed in one direction.

Since the supply temperature profile of the slurry
for slicing is set based on the above relationship
inherent to each wire saw and the slurry for slicing is
actually supplied to perform slicing, Sori of all the
wafers to be sliced out can be easily uniformed in one
direction with excellent reproducibility. Furthermore,
since Sori of all the wafers can be uniformed in oné

direction, it is possible to eliminate an operation of .



Moreover, it is possible that the supply tenperature
profile of the slurry for slicing is set as at least a
profile that the supply tenperature is gradually

i ncreased after a slicing depth of the ingot reaches
1/2 of a dianeter. Alternatively, it is possible that
the supply tenperature profile of the slurry for
slicing is set as a profile that the supply
tenperature is gradually increased fromstart of
nehboirnggt heshaget of[ 680D wakebxbt ANRNEDARRY CHHing

al | égéﬁréaESrb€oséi£§H.QEL%Séﬂbbg SHrahes seaghady

OUnif 6Fned i n one direction based on whether the supply
epéppetlat ugeoptbf che bé phefetmed yoR or d¢FETPY Ferlete

at, l east _as .the_. [ S

<Fhe BERhsF g i BLOL R, BOR a1y e herpetpune

ekpgatineaathesrl/ 2 of the dianeter or whether the

[§§9§ y tenperature profile of the slurry for slicing
t as the profile that the supply tenperature is

gr adust | yhiscreeseditaf terpetsikilefthadt dihgy surRPlivhgot .

temperature profile of the slurry for slicing is
adjusted to adjust amounts of Sori of all the wafers to
be sliced out.

As explained above, since the relationship between
the axial displacement of the grooved rollers and the
supply temperature of the slurry for slicing is examined
in advance, adjusting the supply temperature profile of
the slurry for slicing set based on this relationship
enables adjusting the axial displacement of the grooved
rollers and also adjusting amounts of Sori of all the
wafers to be sliced out.

[0021]
Moreover, it is possible that the supply.

" temperature profile of the slurry for slicing is set as
at least a profile that the supply temperature is
gradually increased after a slicing depth of the ingot
reaches 1/2 of a diameter.

Alternatively, it is possible that the supply
temperature profile of the slurry for slicing is set as
a profile that the supply temperature is gradually
increased from start of slicing the ingot.

[0022]

As explained above, Sori of all wafers to be
sliced out can be further readily uniformed in one
direction based on whether the supply temperature

profile of the slurry for slicing is set at least as the



[0023] Addi tionally, the present invention
provi des a nmethod for manufacturing an epitaxia
waf er, wherein wafers having Sori uniformed in one
direction are sliced out by the slicing nethod
descri bed above, and an epitaxial |ayer is deposited
on the wafers having Sori uniformed in one direction.
A expl ai ned above, if wafers having Sori aligned in
one direction are sliced out based on the slicing
prefhbel Bl tHee epIRRb dleNRAFFTILS dépdEiP¥d 1oy each
i?{\@;&;%%] Vg, e S0rdcHd angstH R oRg Liiheeld eadhlesi s
possible to elimnate a conventionally required
wf)gmtdtm Bf amees rd Mo et i 1es SHPFRBGWS S8 SREES
slic out 0 ' [ f Qrse 11
R e R M L i
titht echhé onspofy Bonpematome dis agEdne Miverd ncrgased atter

directjons. are nagt I'gﬂgd, t hereby greatly a work
SEIFY c?_%ns_c?/l%%\r%? gtéhel ﬁi'pﬂr oved. [0024] According to
[¢6dx3Blicing method of the present invention, slicing

can he e si | er f ormed_w ex af. I kbl it
S BRI (BRI able  ffigehERbn| BELGEUEL D LY
mé;wc_tdne{]csmrmaflmsﬁmﬂldg vef epsi teari ale weifieged WHSE SNt h
ori thereo ile being ali.gned in,. i j 4
WA S BT b Shd i ae tarEs arsg w1 iR
ow@fiey stisd | €Ik rigtorad hizdmgdted@éovieot angvént o be

performed, thus, k effjci '
BELLEL TR oA, 8 JOLI UL R TS ySonniscall

uld G rided Sid SoheafiptdarMrew showi ng an exanpl e of a

oo e P, fEsTrohaoLRg BBERGrigned

in one direction are sliced out based on the slicing
method and the epitaxial layer is deposited on each
wafer having the Sori aligned in one direction, it is
possible to eliminate a conventionally required
operation of measuring directions of Bows of wafers
sliced out from an ingot in advance before performing
epitaxial growth and turning over each wafer to align
directions of Bows to one direction when the directions

are not aligned, thereby greatly a work efficiency can

be improved.

[0024]
According to the slicing method of the present

invention, slicing can be easily performed with
excellent reproducibility while uniforming Sori of all
wafers in one direction. Furthermore, since all wafers
can be sliced out with Sori thereof while being aligned
in one direction, the operation of measuring Bows and
turning over the wafers sliced out from the ingot does

not have to be performed, thus a work efficiency can be



FIG 2 is a schematic plane view show ng an exanpl e of
a structure of grooved rollers; FIG 3 is an
expl anatory view for explaining a nmethod for measuring
an expansi on/ contracti on anmount of the grooved
rollers; FIG 4 is a graph show ng an exanpl e
of a relationship between an axi al displacenent of the
grooved rollers 3 and a supply tenperature of a slurry
for slicing; FIG 5(A) is a graph show ng an
cenanpéralply aimpmppygdt enperature profile of the slurry
for slicing set based on a result of a prelimnary
test, and FIG 5(B) is a graph show ng another exanple
BRIEF hRESCRPPYIQNN@Er2RAFENGH of il e of the slurry for
[é@@ ng set based on a result of a prelimnary test;
6 is an explanatory view showing a process of
per f er]m ng glsd @ rsg:helma&ucchvaelwaﬁhewmIQatand?Ké@PF—@n@foP

Sor i fers are unifor I :
WEF®s sa}’w g‘iaarbhbesh‘b‘?ﬁ(%ggrgr el a]tl on H?e Hé)?pwggr?ogr?lng

t@xt R ﬁté@érﬂceﬂwﬁnﬁor& gr ooved rol | ers and a suppl y

terrperature of a sl I
pr el ifmi%ary iSed 518 8 ol rgl%nleck’rl]%wl:?g%hgﬁgs a gr aph

e;zsll@m élgoﬁtwrééxﬁ/rzl@lfmﬁé ad fureer qurafd Ixesllca‘r$l urries for

icing in Exa mpar ative Exanp

are gFr]%ph§ éécﬁmsl‘?d‘\ﬁqﬁé‘ OFd| gtllegngﬁl p ?\%\ggn a vvork

méi;plga n%ﬁ%&@%@%rﬁ@ﬁar@@ﬁﬁﬂiﬂﬁc@oﬂ faenogundo wed
rollers, wherein FIG 9(A) shows Exanple and FIG 9(B)

t R REC DB aF 2k 4 §%S Exanpl e

FIG. 4 is a graph showing an example of a
relationship between an axial displacement of the
grooved rollers 3 and a supply temperature of a slurry
for slicing;

FIG. 5(A) is a graph showing an example of a
supply temperature profile of the slurry for slicing set
based on a result of a preliminary test, and FIG. 5(B)
is a graph showing another example of the supply-
temperature profile of the slurry for slicing set based
on a result of a preliminary test;

FIG. 6 is an explanatory view showing a process of
performing slicing in such a manner that directions of
Sori of wafers are uniformed in one direction;

FIG. 7 is a graph showing a relationship between
an axial displacement of a grooved rollers and a supply
temperature of a slurry for slicing obtained in a
preliminary test in Example}

FIG. 8 is a graph showing supply temperature
profiles of slurries for slicing in Example and

Comparative Example;
FIGS. 9 are graphs each showing a relationship

10



FIGS. 10 are graphs each showi ng a neasurenent result
of Bows of all sliced wafers, wherein FIG 10(A) shows
Exanpl e and FIG 10(B) shows Conparative Exanpl e;

FIG 11 is a schematic view showi ng an exanple of a
wire saw used in a conventional slicing nethod;

FIG 12 is a schematic view showi ng an exanple of an

i ngot - f eedi ng nechani sm FIG 13 is an

expl anatory view for explaining a factor of a change
betiwBew bagedkoalfepinaxdapt}gr@m han axial dsRlacRmynt s

‘o% %lhaph %ov WG & € ﬁé}:g 89 aéﬂ“@v?%é’ﬁﬁﬂ
? ?% dﬂé (? M and FI G

an “epi taxra
athd( B)[Gl.s9aBgr apbwsh@mmpgratdvstmxam@l@n of a

er h. B I t I
Perveridge P Sar Ry As, 1 hdineR bR
rexpnanafosywyl eV shbws hijcad wxtemps o wiemxipari®n 16f (A

he grooved rolle i Ci.n ectorie )
shPhe BRAEPTE! Rt LSt nt®) B Ay %fdisec?ﬁpi\‘ﬁé
QUT T I\I\/El\ﬂ'sl A\ ddH¥Etic view Mo@ﬂiqulameﬂb(ample of
accor di n éhe present i nvent Wil now %.
2 SHERERRE horei Talt oSNt CYGHL Duttinq HRES Y, 1 o
not restsict eds thet@lematic viewAshexpiha aedeabapee of
when a wafer is subjected to epitaxial growth, an

aRpiPeRFafefRiRy Brra2S%hown in FIG 13. Thus, when

dld r eon@gs#pflﬁwﬁ e@Jpﬂ.a&'alt@ith mréworfardnes;patammngna

advance before subjecting the wafer to epitaxia
hgA TR G el

LRFBAF hohnd PRt t ki BEW P fRTAR

out armpwiof (2 waf & @ESph LAWWIRGEE dbrraladiBHNbLOh a

Bow of a conpl eted epitaxi al_ wafer can be mdnl m zed
Bow value between an epitaxial wafer (EPW) a wafer
(PW), and FIG. 14 (B) is a graph showing a distribution
of a percentage of each Bow value in the epitaxial wafer
(EPW) and the wafer (PW); and

FIG. 15 is an explanatory view showing an example

of expansion of the grooved rollers and slicing

trajectories at the time of slicing the ingot.

BEST MODE (S) FOR CARRYING OUT THE INVENTION
[0026]

An embodiment according to the present invention
will now be explained hereinafter, but the present
invention is not restricted thereto.

As explained above, when a wafer is subjected to
epitaxial growth, an epitaxial wafer Sori as shown in
FIG. 13. Thus, when directions of Bows are aligned in
one direction in advance before subjecting the wafer to
epitaxial growth and an epitaxial layer is deposited to
cancel out a Bow of a wafer as a raw material, an amount

of a Bow of a completed epitaxial wafer can be minimized,

11



which is preferable as a product. For exanpl e,
in FIG 14(A), when a Bow of the wafer is generated at
the tinme of slicing in such a manner that an average
val ue of Bows becones approximtely -10 pm it can be
expected that an absol ute value of Bows of the
epitaxial wafer is mninzed (however, in practice,
reduci ng wavi ness at the tinme of slicing or reducing
nano-t opography based on doubl e-di sc grindi ng becones
wd&&hi&slprmhenahmeahsobupe0@a¢0e of Bows of the wafer

i's ve}g1 Iar and heﬁnﬁae |t4@ gﬁleqpr}isléj)(gqr%(} that an

avera rOXInH mis approprlate as
waﬁeQCﬁuabehétgeédvatuehe £00R74f slicinglovevauch g the

waf ers serving_as_a raw. ers sliced
ngHLehy E@Fn@n aﬁffgggamffg?r%%?é%%s i %ﬁ%i of the
?hkSQQmQHEl?ﬁf—% S/ elao&aﬁljb@ r@ﬂpedﬂtwetmhtr ot i on.
erefore ere Is required a proces syring
aBRApEESOV2APF Rgf@?gstSEaﬁ?ﬁn %Pé c%lgngao 6$| in
mQHQmeEQCt(hQﬁebéchr enpprhoeticag E@dﬁaﬁ&mglwgﬂrmf"ﬁ at

0028] Thus, the present inventors
theyding ﬁﬁoﬁilﬁlPﬁlﬁflBﬁgﬁ?bn%é?ﬁﬁ%n ?%%graﬁ% s%ﬁ@%ﬂufn

aslibeedyoyt Yaigasng! Petbresi a5if ptare, wiaen aad adt ool wie
occurrence of Bows havi ng dlffereni dlrectléng%ﬁce ﬁ@
VéﬂpéeéfoﬁPWﬁBPgrEhegV659€dl?oY?%Ys FEIT g B Wi T wound

chhergeargHRdak setihenarl by gxpaagle dvande expansietb{imately
contracted) in an axial direction thereof when a

—5enpenatapprgpraa§¢u@?yaﬁo@c%??%lﬁ@rg%tb%agﬂ%b1|ed i's
[b@ﬁﬁ ased. For instance, there is an exanpl e depi ct ed
In FIG 15. FIG 15 shows an exanple of a change i.n

axi alHoweighy o tHEe grafgviet TOIVEIS ahd FhrgeETiat-

%'C'ngéEQJg?i@éaeéuefb?nuéﬁﬂ@tamﬂﬂﬂetQ@wﬁ|dﬂfebﬁiﬂns
slicing i's supplie erformslicing with a standard

o§uBp¥y Pén‘bb?aﬁh%@eér@‘ﬁgl vafery a%%n%ﬁt%h%ﬂe 13 HY
ﬁé@?%hhatw f-e%f@r&en@}{@ée Wi 6 St r SEUS proBedy of

enperature of the slurry for slicing to, 23C of start
meésskivgnghaphenof edlit ewa ¢S t et hdr &L FF DB R°

sLAdL 8 §58981?£céhbﬁ'Befoeedp59§59@§ﬁ§ bpetLeuper granen.
inthe tinme close to end of |C|ng so t
[0028]

Thus, the present inventors keenly studied about a
relationship between the wire saw and sliced-out wafers.
In the first place, as a factor of occurrence of Bows
having different directions in the sliced-out wafers,
grooved rollers having a wire wound therearound is
thermally expanded and expanded (or contracted) in an
axial direction thereof when a temperature of a slurry
for slicing to be supplied is increased. For instance,
there is an example depicted in FIG. 15. FIG. 15 shows
an example of a change in axial length of the grooved
rollers and a change in slicing trajectories of an ingot
when the slurry for slicing is supplied to perform

slicing with a standard supply temperature profile in a

12



the tenmperature reaches 24C at end of slicing. As
shown in FIG 15, the slicing trajectories differ at
respective position in the axial direction of the

i ngot, and hence directions of Bows of all sliced

waf ers are not uniforned. Furt hernore, since
expansi on/ contraction of the grooved rollers in the
axial direction is inherent to a structure of the wire
saw, an axial displacenment profile during slicing
cMaveﬂﬁldE@Endlnglng pathodi tkatawses Be99§éﬁalaﬂare saw,

ectories diff o r cing tdS

S@%ﬁlalgg g% g%mp%rature §E {ﬁ8n§f9fFY EdErs1icing

roducing Bows o the wafers in
295@ &lf rcd Ao Ats Thei g mectodn s&edmmgs ithendtemgpgsipture

the other_h t her t
tPh%t? ‘lchaatngaeé“la{?iﬂa%(l%tlaqeeﬁ’gii ¥ djtrfge( gar%(éof}egz%&%?sthe
tEMpbRgLabeCingthe sippresssa Bovendl of ahUC¥ng%ﬁrﬁﬁat
slicing to obtain wafers [n thelﬁﬁqygntlon
thechABPBEFt SR eRCHES %% ifes e A ned Y4t eht
sRYphi ¢at res. (f@katheh@llasﬁéler&9@630r5©$ ekehpt eat

this is a nethod that cal cul at S4IBas t Ys
ra§pﬁgtaV%oﬂﬁﬁ%E+°mh%PetH%aéﬁ%?ﬁ ﬁe%§%§$ ?énﬁ?% opeet

ahhenghoeved-£eti 6r5 60 BoWsrof allespiced wefefs aare
coolant circulating in a bearing of the grooved
npp| peisovredontrol a supply tenperature of a slurry to

S"CeF&%tHéEMHreF*H%ﬂ&ﬁ,eiﬁgﬂéndﬁﬁbqnuﬂﬂaampniuﬁ the
controlllng detection of  an axial lengt lgh?¥gnt to a

gsppepAgrahicEhahgetif ?ﬁ%%llgﬁﬁ?ﬂt%gndf?flcu and

sEP?%tQEQpSEttﬁé Qi rEokbew g axchangesplacémenyrpoeeile
rollers in the axial direction are gogr and ghe{$fgée

duhéngeshbeing veripfagererfingopiofac ereT%

Eéﬁseﬁhd ?YEB&H&StQQFéetMEﬂea ak Febngrpemhesch hather.
I r t pertorns pre

imnary test to exog‘ril ne @,
rel atA@r@mlpaifaW‘é?sLﬁ)ﬁﬂ%}‘?% Wre G i
ékQEEY §'a§£98t§8§ ap @xéatlﬂespfa§2ﬂenﬁgoi;tnet
groove ro? ers, sets a supply tenperature profile of
ebbg-slurry for slicing uniformng Son i of wafers to
[BS ilced out in one direction fromthis relationship,
% upplies the slurry for slicing based aon this

_prof i0r the sitiler drendgdihetherey TS ditdf SS9t

aall Reié é@hbg OPBQ'ngop¥dskb§legs|Bu@ﬂﬁgdSIfﬁin@nto
ﬂccor t suc a slicing nethod, since Son i of al
sabpcedsoatBmafeasuarendlPgﬁé@rmﬁ ShECHRT eEP | BRTETRen
Wyt };ec“”gh NEosyLaCdRL YBLRRS1bY ewsé@m@lggrovwh
BceSs o0f measuring shapes of waf er s and
JHpaﬁeBE1uge£®m1nean@henﬁlPébﬂiéﬂtlﬁhléﬁokglbay?red
epi f axi the converdd onadt
185%ﬁgr28§§h be" Om é%fgﬁik¢£ehg%y a wor k eff|C|ency
ca$cunat@yeﬂeakbredveatasbmoesangrélFﬁmﬁHF?rtﬁg% s
erfornmed to_exam ragt S e gr9ovsd
EBFFEFQg ﬁntﬁélﬁnre a3 gﬁtggbgﬁﬁs 58§%§Ethe slurry for
c§htﬁbmgalSeﬁp@ﬁbtedetofpertooh&stleungulﬁth%@o%ﬂaﬁce

with a sup tur e I
b§PF&Pﬁg°§e€£¥r ngv? sﬁ?fl %sc§§%%§§a§|%%§¥l%|0|ng
téﬁp@?éf@féeéfmﬁlbEuﬁﬂyfebnshchOan|1ugothe Hefersst ,

I d d| d {
Faprodel BrobTgns it poPRESh FRb.B0r oD, 98 20

akohleishgte berusgdsvacirg, ahbecpapgéninatlyisebengsh is
dgggggg£$9 aggdtgggcgrééeéglggsg%b%oligwgggeamﬁﬁgnégeof

13



change each tine. [0031] A slicing method using a wire
saw according to the present invention will now be

explained in detail hereinafter with reference to the
drawi ngs, but the present invention is not restricted

t her et o. FIG 1 shows an exanple of a wire saw
that can be used for the slicing method according to
the present invention. As shown in FIG 1, a

wire saw 1 mainly includes a wire 2 to slice an ingot,
tlgé 0g¥EevE@| tETBeBs M retensiiel fdintesgion My arRdedni s

and an ingot-fe dJn nechanls ., and a
t%‘F’EI‘Ff‘W%u ?3? t()ltl%% Here, the
{@d)y@Ly suppl yi ng machanl sm 6 will be first explained.

IS slurry-supplyin hanlsm6
suppl B s I5hE }Prfe(f’fe“)él:l it %lvﬁél Oné:re&g\%éé ?%Il%grl}slggt

méﬁlh@d“tlﬁ@t 243 + St b RNGaEs f@ﬁéﬂmlraazsyupm%ﬂ: to examlne
gggerature of the slurr slicin JLpllfe rom
2t hopsh e REC¥es! ]:%It}eé‘b‘?e’%p e?l cal h y, for
fﬁe S:§ora§l§@ éﬂHFﬂﬂaaﬁaaIfﬂiéﬂﬂﬂﬂgménﬂnnﬁéﬂmﬂe of

urry for icing can be controlled b tﬁrhnecotf ng

grogyed r yot beks 165%%68 thes FRRLY <R By
tﬁé‘cgf@gf-‘% 29 oMt & OAd ach Do AnDeFTRE BT dB. waﬁifrﬁsheucrmree

a type of the slurry is not restricted | partlcul ar

shhdedheusai®e eypelheeian i Frehe Rohvistd k}ejﬂe(rrpeiﬂd

%ﬁgl?gs usgd. sf@frfxﬁé‘ﬂa'@ll@lﬁé Lﬁa{éfe@biralmeﬁb tp/roflle to
persing GC (silicon carbide) abraswe grs

sllq@|dncamg@@,ughgyeby uniforming Sori of fers to
be obtained by slicing in one direction. According to

such a slicing method, since Sori of all sliced-out
wafers are aligned in one direction, when subjecting the
sliced-out wafers to epitaxial growth, a process of
measuring shapes of the wafers and uniforming Sori in
one direction, which is carried out before epitaxial
growth in the conventional example can be omitted. And
thereby a work efficiency is improved. Moreover, since
a preliminary test is performed to examine
characteristics of the grooved rollers in the wire saw
to be used and the slurry for slicing is supplied to
perform slicing in accordance with a supply temperature
profile of the slurry for slicing set from a result of
this examination, slicing is performed while uniforming
Sori of the wafers easily and assuredly in one direction
with high reproducibility. Even if the wire saw (the
grooved rollers) to be used varies, the preliminary test

is conducted, and hence it is possible to cope with the

change each time.

[0031]
A slicing method using a wire saw according to the
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10033] Moreover, the nozzles 15 that supply the
slurry for slicing and the ingot-feeding nechani sm5
are connected with the conputer 18, and a
predet erm ned anmount of the slurry for slicing
.controlled in tenperature can be autonmatically sprayed
fromthe nozzles 15 to the grooved rollers 3 (the wire
2) at a predetermned timing with respect to a
predet erm ned ingot-feeding anount, i.e., a
p@éedﬁte&ﬁweedlongailSImcwngeaaﬁyhal@qdusmr@ﬁ%ﬁp&eset

hough t he 0 t

hEFEIPITLEF YR SRECRETaRd i Hhag rand L Uiy e 11
pgéﬁ’_@ﬁtgﬁ.ﬂfienﬁﬁ.o%hESShm ryes*amdmeedonmmtced in a

esi red mapner t he _conput er cont

is notifes r?e}c?‘é% acrhegixeal“g})"]% opfarat i'C Sr QJ[ &S‘% A be
uggatESEHEhe,slhclmgr@thodh@c@on@ym@ t@lthﬂspﬁﬁsem@
wire-tensil e-force-giving nechanisns 4, and the
ipMgBEiPRBedi ng nechani sm5 except the slurry suppl yi ng

nmechati sshvicaim berd ha samviase tdnsd i iy vincd wes a

101 used in the conventlonal slicin neth?d depi ct ed
wigeFRGto1glice an ingehneInagved tﬁ?gkﬁﬁis of " %ge wire

téns@16L88¥EePhi 6@ mébLa gl Ry ed, rohd esn Iingostferdime
in any other nechanism and others are not restricted

mpahpal sNc Al apndafds + REYY CHAPBLY HRY PRT AR F4ch ti ne so
papjdesired slicing conditions can be obt ai ned |n
accordance with the conventional netho

exanpiere t Heh&j %@IZYCW%XWW“’@"Q 6 Wélslpé’cﬁ al

fgkégoe%islnéal NG @ W Ny fr APRAQIPIPILR] Yok TEM 16
and the grooved roIIer 3 having a rqéye

ngzza;hsow(ahel*ésw@@lm eF L RT e kFREsS LAGIRT i 9 n
g£889¥8'}oﬁﬁgr993a@9ﬂéeﬁhre 2) is arranged. Further, a

supply temperature of the slurry for slicing supplied
from these nozzles 15 can be controlled. Specifically,
for example, as shown in FIG. 1, the supply temperature
of the slurry for slicing can be controlled by
connecting a slurry tank 16 to the nozzles 15 through a
heat exchanger 19 controlled by a computer 18.

Furthermore, a type of the slurry is not
restricted in particular, and the same type as that in
the conventional example can be used. For example, a
slurry obtained by dispersing GC (silicon carbide)
abrasive grains in a liquid can be used.

[0033]

Moreover, the nozzles 15 that supply the slurry
for slicing and the ingot-feeding mechanism 5 are
connected with the computer 18, and a predetermined
amount of the slurry for slicing controlled in
temperature can be automatically sprayed from the

nozzles 15 to the grooved rollers 3 (the wire 2) at a
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[ 0035] It is to be noted that the grooved
rollers 3 will be further explained in detail. As an
exanpl e of the conventionally utilized grooved rollers
3, there is such a grooved rollers as shown in FIG 2.
Al t hough bearings 21 and 21' that support a shaft 20
of the grooved rollers are arranged at both ends of
the grooved rollers 3, the bearing 21 is of, e.g., a
radi al type while considering a change of the grooved
pebkeesm3nta theinyiaitHi respéon dorangredecemy el
‘that the grooved rollers 3 can eéggnd &H éhgn | al
inpPEcEPSALBA §MSPBE: of - Thi 2 rREFAF-TYPe Bearing 21
s8RdingNakBanet Br ubang, at beebearpngg?dn.is of a thrust
type so that the grooved ro]lers 3 are Qﬁ{d H%r%§gand
on a &Aleeowdh tihe InMgUstts DERTHY 212¢ Gsai Ty,
shbsyghgoxﬁguﬁel L8ASt 3mbhAg, SAEd @ ShpPLY utemparak oot ho £
sides fhereof are not fixed, but one, of them can cope
thet Rlarerafge PR axnbrotLegthnof %%lﬁ?%o’{}%%“?roﬂ?ﬁér‘%‘%
cbRpREEYERNE  ABCRYXEESBING ho&2ds f 1oMmbei pgsepptted tioetdieo
apparatus when this change in axial |ength occurs.
ipopagfricular. Therefore, in this wire saw apparatus 1,
gpithe grooved rollers 3 expand in the axia
Irection, expansion mainly advances on the side %f
the rBeftherngre beard g 2B {whih 920w sS dral 1§ Fe Sof
thgey%§89¥ggsifgLfg cdlgiving héchsnimbesnoied dhat,
I'n e slircing nethod according to the present )
ingeenteedinghweghanien  orxeeRt 3the eShBTTYe3RR LY EW t o
Lh €z€ aj,pegdpty L n L& ei gavhd Wordesdisero
e i A M e g R g
ueddyinuthentoseasbienak es b ipg et rod| depipreskiin tEIG-
1&0 the axial direction of the grooved rollers. This
enabl es nmeasuring an axi al displacenent of the grooved
rol | ek stydé rerchen pridldkmiassy i ddie wllichdugh? 13Fceve

R Rk e T
meehasismsi angdt behedslyacerrent reshsbesednibl R2 R AL,
Ao PhRY Fp 3 BY" SEDn L d SR8 COME Lo MBARE et D 19
slicing conditions can be obtained in accordance. with
the conventional method.

For example, the wire 2 can be formed of, e.g., a
special piano wire having a width of approximately 0.13
mm to 0.18 mm, and the grooved roller 3 having a groove

pitch of (a desired wafer thickness + a slicing removal)

can be adopted.

[0035]
It is to be noted that the grooved rollers 3 will

be further explained in detail. As an example of the
conventionally utilized grooved rollers 3, there is such
a grooved rollers as shown in FIG. 2. Although bearings
21 and 21’ that support a shaft 20 of the grooved

rollers are arranged at both ends of the grooved rollers
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Each sensor is connected wth the conputer 18, and
data obtai ned from neasurenent can be subjected to
" data processing by the conputer 18. [0038] A
- procedure for carrying out the slicing nethod
according to the present invention by using such a
wre saw 1 will now be expl ai ned. First, a
prelimnary test is conducted to exam ne a
rel ati onshi p between an axi al displacenment of the
Qrgﬁéeﬂeéehh§f§131bnofhié gi f easaadial ot pee uwiiliged
and a su eratyure of the slurry.for slici
CPﬁéﬂdF§l§gpﬁlFE%E?8 ?hi EPGr oHORUCH of PEFETS %u#§n€g€
aghibti A¥rection dJBEn@aBEltﬂ@@tsaStBﬂtlﬂ@@tgt@@?eds
actuall¥ sliced (which is dete a_mai n- sl |

rpldeEss SP?e?xPﬁPg b?eF?ﬁ1ﬂ%??f1%%fe$§l%?e%are

thhg kQQQEl'§y§E|E§QrEH@|QICQﬂ&IOthﬂ@ea@dhehan@mmg Ehe
supply tenperature of the slurrg for slicin

beamengi A, 4f aki al threpr at¥ngnt© ?h?ﬁetﬁ?ogﬁ%%veé

rb9hLeES33aks BhSQ EBaASKHpEAdbyn USI B9AE hert eeldys ctiirest
sensor arranged in close proximty to the aX|a

tpeebenshngf 2Lhe JFotAAlY r dtherer®vepoapylers 3 hag

sﬁgﬂphysE9H9€ﬁ§5Ur§n9r9$tﬁesPée§h@héf@éfYaf@fnétIﬂii@ﬁ
istime 1s not restricted in particular,_and a

bptobnEeOénébﬁmngaasggP%dwythe%sﬁ??ﬁ%eahna§¥%f ength

og'ﬁﬁkag BFGEdoioibsrgf90¥8dp£9b£§£Sa§ éﬁé@@éﬂﬁ@dl&aﬁh
pply tenperature can suffice. For exa when

fsappbyging sPalt%@ be the %Bm%r@EWﬁeV%?%r%hééng%%ﬁg%fln
%ggllgg?étﬁtogggrgeglnnlng of slicing and a supply

reirs radually i ncreased at a speed enabling
[OOBBbmnng a change in supply tenperature of the slurry

for shig ]lsélgc% eac%'@llﬁd'ﬁQQW@pﬁré% dr,0GMRG) the

rollers supply tenperature can be ‘measur ed.
ggeeﬁeﬁ rolisrso3 bexpanddin hle t eiak| A ronshePr bet ween

expan51on mainly advances on the side of the radial type
bearing 21 (which is a front side of the grooved rollers
3).

It is to be noted that, in the slicing method
according to the present invention, the grooved rollers
3 are not restricted to the above-explained type in the
wire saw 1 to be used.

[0037]
Additionally, as shown in FIG. 3, an eddy current

sensors are arranged in close proximity to the axial
direction of the grooved rollers. This enables
measuring an axial displacement of the grooved rollers 3
in the preliminary test. Although this measurement of
an axial displacement of the grooved rollers 3 is not
restricted to the above-explained means, using the eddy
current sensors enable highly accurate measurement in a

non-contact manner, which is preferable.
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axi al di splacement of the grooved rollers 3 and a

supply tenperature of the slurry for slicing is

exanmned in this prelimnary test, and adopting other

conditions, e.g., atensile force applied to the wire
~in this prelimnary test equal to conditions in the

mai n-slicing process which is perfornmed later is

preferable. Wen such conditions are adopted, the

rel ati onshi p between an axi al displacenment of the

gr oovieskt addredsr 3 santbrenesuimyl W ittdnpdreatagreugier HS, and

slurry for slicing obtained in rel.im
desa BétﬂbPﬁgaEEﬁ?a?%?§u5%%??%dc%ﬁe?ﬁegﬁgﬂﬁ?g%?c%ﬁaéata
pPbBEESSng[ BY4the Fubkpetapr £§. such a rel ationship
betgeen an axi al displacenent of the grooved rollers 3
[8R&8& supply tenperature of the slurry for slicing as
fltep! Cziféjrdbcfbcﬂﬁ o 1€ afh they ol adutedtes xipliain e tdssie.
accogging tg Qgéegrggggtagnggggioklg$ ﬁQiﬁ%C%uéh a wire

saw 1 will now be explained.

First, a preliminary test is conducted to examine
a relationship between an axial displacement of the
grooved rollers 3 in this wire saw 1 to be utilized and
a supply temperature of the slurry for slicing that is
supplied to this grooved rollers 3 during slicing.

The same ingot as an ingot that is actually sliced
(which is determined as a main-slicing process) after
this preliminary test is prepared, and the ingot is
sliced while controlling and changing a supply
temperature of the slurry for slicing. At the same time,
an axial displacement of the grooved rollers 3 is also
measured by using the eddy current sensor arranged in

close proximity to the axial direction of the grooved

rollers 3.

[0039]
A supply temperature profile of the slurry for

slicing at this time is not restricted in particular,
and a profile enabling assuredly measuring an axial
displacement of the grooved rollers 3 associated with
each supply temperature can suffice. For example, when
supply is started at the same temperature as that of the
ingot at the beginning of slicing and a supply
temperature is gradually increased at a speed enabling
following a change in supply temperature of the slurry
for slicing, an axial displacement of the grooved

rollers 3 at each supply temperature can be measured.
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represents an anount that the grooved rollers 3
expands rearward (i.e., the side of the thrust type
bearing 21') and a |lower line represents an anount

that the same expands frontward (the side of the

radi al type bearing 21). As expl ained above, it can be
understood that the grooved rollers 3 of this wire saw
1 having a structure where the thrust type bearing 21
and radial type bearing 21 support the shaft 20 of the
(gpeoyed rollers do not expand nuch toward the S|de of

thrust type bearing 2 as the re si de . hut S
t onar Bt the & Re #° ?ﬂ% Thaf ql 3 ?&%ﬁﬁ%ﬁ%z? I%% an

aﬁcEQﬁlt d§b?§a@§m@nﬁoaﬁeﬁﬂén§ﬁoe‘v€d} thbLighs a3 tambeac asupely
of the s or slicing_is ipcreased.

urr
tg@EﬁF?tﬁéﬁp@¥aFﬁ?eSbPBFVIEoﬁf het g ur ¥ y© #%ﬁ¥g@dﬁ&n

this preliminary test, and adopting other conditions,
e.g., a tensile force applied to the wire in this
preliminary test equal to conditions in the main-slicing
process which is performed later is preferable. When
such conditions are adopted, the relationship between an
axial displacement of the grooved rollers 3 and a supply
temperature of the slurry for slicing obtained in the
preliminary test can be more accurately applied to the
main-slicing process.

[0041]
Furthermore, such a relationship between an axial

displacement of the grooved rollers 3 and a supply
temperature of the slurry for slicing as depicted in FIG.
4 can be obtained as explained above.

It is to be noted that an upper line in FIG. 4
represents an amount that the grooved rollers 3 expands
rearward (i.e., the side of the thrust type bearing 21')
and a lower line represents an amount that the same
expands frontward (the side of the radial type bearing
21).

As explained above, it can be understood -that the
grooved rollers 3 of this wire saw 1 having a structure
where the thrust type bearing 21’ and radial type
bearing 21 support the shaft 20 of the grooved rollers
do not expand much toward the side of thrust type
bearing 21’ as the rear side but expands toward the side
of the radial type bearing 21 as the front side as a

consequence even though a temperature of the slurry for

slicing is increased.
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slicing in the main-slicing process that is
subsequently perfornmed is set based on the thus
obt ai ned rel ati onshi p. When setting this supply
tenperature profile, the profile is set so as to form
slicing trajectories enabling uniform ng Son i of al
wafers to be sliced in one direction. Wen setting
this profile, using, e.g., the conputer 18 enabl es
easy and accurate setting, which is preferable. The
(dakgjobtained fromthe prelimnary test is processed

by the conputer t hereb pr rlat u

t enpet aﬁ‘iﬁ%librt(ﬁ"iﬂeerékﬁuﬁenéjv%qaﬂr]r épypﬁ?rbe
sPbtahgednsent had i R edet engi pf:dcéiesl meb& asl SL(bS’quuently

trajectories can be obtained, pane

pPebfPERgdchf B%tch%ﬁ@%doPntPﬁetBRFaP%E??%E? Bﬁ??hlSnShlp’

desi ngtbiredii&lind QA4 supply tEdpaa@veesyppliile, the
tenperature froflle of the slurry for slicing wll now

pb@fniaiaelspee f$%a4‘$yt‘exf)‘l”§f‘n%%llc}‘i‘gl"srallfecﬂe° %®d t hat
ch 51 YhECuSAYLERI DG s8] 13L0a W | haPer&XY aldnadh ased him

wre saw 1 having such a structure as depicted in
OIPF¢ GSlrQCtl-)Ol?s héthen FRitting this REefEd eappeidtus & -War

ﬁ\"ﬂ:@r Sy heﬁakgfe@t & 985 i g betveeit ansévd @lg, which

|sp acenent of the grooved rollers 3 and a supply
is eprp@famlplae of Thre dAtwr raptasimed ifgiory the @ﬁ&k&mﬁlaewe

r&st HOYe gffscew@d RS ¢ SERd C% ShEREd P d S ﬁ}fgrafy Gayr se

restricted to use of su a Wwre saw. The supply
apenper ba e esyppiy | terpfe xdeurd gLy &f |fd}s1gsldh1hrsbef°r

sfﬁg{gggégéeég &EQ &8 10 Accordanss Mlthed desirable

ar a I CS o each wire saw. £f044 First, a
sElpphy teaperiuies ctart Hee sthifaingdr nARlhg the

Chan%?drgfigr n glbebé %é,d andr@a%t @Eleally chZreétQL&flCin

9T YRHE Conventional exanp h a rearward
a edpahsedmammemt and a frontward expansi on anmount of
[5¢§ grooved rollers 3 rarely differ at the nonment

% to start of slicing and the nonent close to end

of siTihei rgpoivie bh@p&qtk9@p9kb¢hﬁ@ procédse, oﬁaﬁbhyslarry
d|r i on of ch B m1| var
%;lecﬁ%%nwjtﬁ oSDe expl ai rﬁdclr%né/gaevi:h} rlea opt ec]4 and
id hﬁo red aiotons hihm thathae eni s saw dlo daespitademi wof LYt Ppe
rooved rollers 3 and a su I ature
’&?luarlr 16t se'}eci"ﬁgr? ssarweglr ggae Jtne%lr%‘1 such a gr apﬁ s
deciﬁrtttcé@ohn FHG 14.td 13 aardie dhRasi der, euhulsaust he
simlar situation i s apt to.occur % %\¥wé%

aRRATA{ght @i G38 BP A 1SUhhét &% or e

adiA) estaylifsemm e dhe lmjd‘co:ramd:dmwse 3d|amei:ta| apply
and a direction of a Bom1 ch waf er t be sl é?k
i t

teRe Gt Woure WG i %ﬁ%qggﬁﬁnﬁ on d?l
HIWBAEr | RN rdedit (ilnrv%ﬁiﬂwm (i digteetfi euafsea Bow may

be hi ghl possnbly reversed at each of both ehds of
rqqﬁ;qé%ﬁASto use of such a wire saw. The
temperature profile of the slurry for slicing can be
appropriately adjusted in accordance with
characteristics of each wire saw.
[0044]

First, a supply temperature of the slurry for

slicing is changed only in the range of approximately 22
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[ 0045] Thus, it is good enough to increase a
supply tenperature by setting such a profile as
depicted in, e.g., FIG 5(A) and control an axia

di spl acenent of the grooved rollers 3 during slicing
by intentionally increasing a displacenent anount of
the grooved rollers in the axial direction (see FIG

4) so as to provide slicing trajectories uniform ng
Son i of all wafers to be sliced out in one direction.
D 2uppl ynt @H@eé@ﬁvéﬁtp@@sl | @xgrﬁpﬁ@,OV\@nd bdiiGa 5(6%)rwasrd
a profile that a su pl¥ ng ture is, g radual | g £ the
SXREPES4O8d BBPUBE 3NnE| AcFRE™Y §FPRREPRBTC P RECRes
gHodvRld FRnecek 8 Qb@gﬁyeﬂlfkbrlSttehbemaﬁéﬁﬂ th@$eato
standard supply tenperature profile Ts' of .th

stt@i tsIoifc iSRG CLATt RBAC5RGeRPIERAI CERERPER ?gdsﬂgmﬁl¥%+xg

15h%h%a%%t9EeCQﬁ@é&h%oﬁrocégg46hamely, aVeReStLHN a0 £
profile Ts is used, since a sup nperature of the

egichir Bpwf ¢ §PFcFﬁgVﬁ§ngaHHaﬁl?m?X&réﬁgéﬂan?%? the

aggqgn%xbﬁaﬁngaerbﬂggt1bsaéb%ﬁgg hahf tpe PBIEL Ushship
slicing is finishe front end portion of the

bgtweead anopképrd disppamemenbnehafBewarPevad reatlens 3

mﬁrgl Qn B& t@@mg@ggtakéoo§ltgetEYu?f?aEgrfEPD&ﬁﬁédls
he leln depth of the ingot reaches 1/2 or

represehtedebyli anehep asaphnapedandeistodd Fiom £ i,

?ﬂdbgeggﬁsﬁdgkhﬁlEgaEr@h3059ﬁ¥l§£ §§€Ha9§o§oi§ @@Qst@f

can havé a Son i shape that is convex
oceammmhanoéacheBpwgmal@enlﬁegépﬁrﬁésgﬂlEPn@e small.

% E%gggrlg§lé&n5h§r5538 of?ég gnd HQEBlQnunlformed in

ofi és are’reve Inthe time close to start
ook dhmecngoandanﬁeatdneectege o6 enBowfob| ea¢ingrateE &
b OSEtIOH DG o %hgoﬁ Qée§a9gﬁgh§ Qggin Soft Qaﬁ$¥fﬁion

t Re efRti Fé" Sor| ere i ci ng can be
ometﬁermagomhuhetuﬂlém;nin@lﬁ@ﬂtloof(aldlrﬁ@tM@me@% 2o

be s o
BB aNB oo5t NAo B BBRLe FPL BT ErReY: 5 et Tar e v 12

oﬁntﬁerthgtBon i of all the wafers to be sliced out in
ﬁﬁg ?irection. As shown in FIG 6, it can be
[ 8fstood that Son i of slicing trajectories are

al i grtmhss,l nce itheyagrd@mohgiolderindaaags v eqradds

b d tha d
LEOPTFORGE PHoGr bOUEa or | £t 8t BiPatRs o o ¢ 1

elfe, tFoe. CcH 0BR 410d Statt rof amuaxh@la@dsplmnement of the

sli htI ands frontward, duri sli n | ai ned
Iopove é‘&ﬁi{ T 7 TGS BFL SIS ?%T%% ories at the

1ﬁ@ﬁéa§ﬂﬁig POr &1 HPl SEEMEt Namalenwi 6h Soa §r ek vest t1 e 10f

7 0D47] SXER EOVOFSCT 610 ol aTI G ahibh 56 1T @R

sSUPPhY tﬁ&rp@é@éyi@sl@jgmdmmcjy ySo L refsenl fwafeist ard be
slIced out in one direction. A supply temperature
profile Ts shown in FIG. 5(A) is a profile that a supply
temperature is gradually increased after a slicing depth
of the ingot.reaches 1/2 or more of a diameter. It is
to be noted that a standard supply temperature profile
Ts’ of the slurry for slicing in the conventional

example is shown for the sake of comparison.
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slicing the ingot such as shown in FIG 5(B) is
adopted and slicing is perforned while supplying the
slurry for slicing based on this profile and
controlling a displacement of the grooved rollers 3,
Son i of all the wafers can be uniforned in one

di rection. Addi tionally, when the profile

i ncreasing a supply tenperature of the slurry for
slicing froman earlier stage in slicing is used in
foldssjmanner, amounts of Soni of all the wafers to be

sllced out can be S|gn|f|cantly ad&usted i n thﬂs f?se
Thi s WBeR| §B8CApPaPEAt L +7 oh? FHESSA%ant  85C 1hat 0%

ﬁgnﬁﬂ%dﬁﬁr%xb§|tﬁbSBh@QggeﬁbraEQdﬁhn@f1bh@rgﬂankﬂ
rollers 3 is increased as a_sup g y tenperatur tgalf
iglaneapeopf§ercithg FPEEEL Wheh tHE ga%% 1Pe éF%?

oS nidradualihy sngkeased sf ramishant af f&bhel agd paehion
sI|C|ng tra] ectogﬁ at each position of the
&

dfaitgel Proeveds roang ramsuftke28a §6ﬁntW8FdaWP E%eamé?%Fs

e%%.% r%hb%egfo%heaggmél§stn§ﬂ§@§QQy kkphadg@ednenaugh
ppropriately carry out adjustnment so a519? obt ai n
t

wBem ithieaviligisesidepgharbuibs. ipgoigpeaches OF sTPH°
o%et%%t%qah%?%rtag S0 %@pﬁhﬁek%%B%BaEHbﬁ pm@flheSaﬁﬁ
lurry for slicing depicted in FIG 5(A and_FlI G
h@@Bp hawd ibéen takdémciorexaipPeshand BRpPaPRed, ofhkhe
;%e% n' BYGAL gog&&ﬁ 28bp af chayr 38 eeabkkCredriarahese
aracteristics of each wire saw
t@eaahg@modvedregbrérgp siécargnicnadebyoedrdueti hEet he
reli ninar e rd saw,Losbe th
i e AN e R e
thiore subseng0|stapproﬁrsénenygséndbébédtéﬁea01ose to”end
rel gtionshi p_het X d I t oef tfBe;4 t
o8 SOvEa Pel PBRs S aRg A el B e SEa e of 1 et 198Y
ikon abkilcwag mbtalnédtby ehtgrexapicadti ohheveiereo
ni f.orm Son._ i c B a1
Sgé§ﬁpgdcﬁﬁn88rper 8rP%§ FE%?yugg?og F%?ngbgg gupplied
thésedf@msthbprreﬁnbedtouslnoeonhedinthioﬂhereby Sor i
of al] fers can be unifor e
Ther ef {ﬁv’\a 5ig i TR R STHTR 19 (gfo % %PCF%Q% Sﬁ%gtrgl Lreing
lgv@éyfbmmedewamléhoughotméngﬁSersamﬁchéhgéb? jagers to

perform.ng sli sed_pn the sup epefAt Ure ;¢
bﬁré#FFSdog ?hénng?r F5Fs sP|C|n%gog%%Y%e%ptiﬁ%bgf't%e
cBhebkmipaeystest taatsabticef amdchBQCErsbectogiea|are

ahigheresiBatcthe prpbved OLIBES! 1a0h81{) Lephhal W th

frontward. It is to be noted that, when the rear end

portion of the grooved rollers 3 expands rearward in the
time close to start of slicing and then it slightly
expands frontward during slicing as explained above,
Sori directions of slicing trajectories at the rear end
portion can coincide with Sori directions of slicing
trajectories at the ingot front end portion.
[0047]

Moreover, for example, when a profile that a

supply temperature is gradually increased from start of
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[00491 Further, a nmethod for manufacturing an
epi taxi al wafer according to the present invention is
a manufacturing nethod of slicing out wafers having
Soni unifornmed in one direction based on the slicing
met hod of the present invention and depositing an

epi taxial layer on each of the wafers having Son i

uni formed in one direction. As expl ai ned above
uniformng Son i of all wafers to be sliced out from
AN difgPteHe 1o tdisiett isen showrotine &S -i 19 (Bhe 1s adopted

conventional, technol o nd hence .s es.af
agthsd ISog Ik rpt?&qod?ﬁ‘%ydai"?]flg’re S5 .*1%% The SRkehS for
o tdPbdded ke ithged prvfine addalcotitredtliiog rust be

measured one by one to confirm.di ti .of i
Hefrdreeidsial ida r?éfoé’aﬁetia;ﬁ";qlﬂlrtfs - %@3 SP§S 1L the

m%gﬂé'x_@ic!% eac hiwaftmed am e ligectdonoper ati on t hat

ni drections of all f [
F A T e LY
toe‘ﬁg%‘a&%xdé IECHHRN SIS peEderdiardme fSweh san earlier

operation is very conplicated and requires a cost :
oty i GOS0)indoviey érsed A e ife (HEF For ARG O %?1’6 *

&N L epPidaxial s af §f6 aLIdid ud karpeseriignificantly
I'nvention, since Sori of all wafers are alrgag¥ FIGS
8m .

adiJsratedin rkhome diseect T8 SwHEN 2LKEs 8PRAFEP

Eh;QfQLou%h%EOannshﬁQ%FantB%i@@f@&%gh&%bﬁ@nﬁOémount of
J

uni forned in one’direction can be subjected .to

tﬂ'gé tgpdatedyroitlens thdd iPETRSAhFS e SUPPLY

abaove- ai conplj LOparatien, r WHSh Wheny e
t_S%mn")pei rea%eu s&zdcv\}}or krgie fﬁﬁ{:?%ncgﬁ 013%111%2 rclonssf:'der ai;l?/ *
supwlor etbmpletra tine e grace i hat neRsdsehdndy St °f

slicing, each slicing trajectory at each position of the
ingot largely curves, and amounts of Sori of all the
wafers to be sliced out are also increased. It is good
enough to appropriately carry out adjustment so as to
obtain Sori having desired amounts.

{00487

It is to be noted that the two supply temperature
profiles of the slurry for slicing depicted in FIG. 5(A)
and FIG. 5(B) have been taken as examples and explained,
the present invention is not of course restricted to
these profiles.

Characteristics of each wire saw (each grooved
rollers) are examined by conducting the preliminary test
according to the wire saw to be utilized, a supply
temperature profile of the slurry for slicing is
appropriately set based oﬂ a relationship between an
axial displacement of the grooved rollers and a supply
temperature of the slurry for slicing obtained by this

examination so as to uniform Sori of all wafers in one
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uni fornmed in one direction can be of course subjected
to a process, e.g., polishing in advance before the
epi taxial growh. [0051] Although the present

invention will now be explained in nore detail based
on exanples, but the present invention is not
restricted thereto. (Exanple) The slicing

nmet hod according to the present invention was carried
out by using the wire saw depicted in FIG 1. As a
dBhekictAbRaRy begksitBa mafmes|| kaanthagstuasyafst!icon
ingot having a_dianmeter of 300.mm and.an axial.len
seéf.c189 ﬁﬁ1?BPBélﬁgeBaFﬁdaoﬁa?ﬁ}glPﬁ?gbf%rg%egglggsgﬁg

i9bbeed thBtapyakers whi helswppkybngan Beunnyféoned in
slicing and controlling a supply tenperature thereof.
ope d3regtpetmoted that a wire having a width of 160 m

was UgLycphfe 2 1€nss | Sod H1Ee Ofo Zdp K ofithnsa apiiuadion
to cause the wre to travel .in a recj rocatlng c
everycting aveanthorphgbhepBigeofaBoBRARAFH i A3 cycl e

, siBeERRYpRSEHOBAT BHeSkUEH Y. tétpeBatarbe
p%%fggm?ﬁgtsgaﬁatgrial obtainea bypgiglng GC#1500 m@ﬁh
paofodeant sheashsrghit fpat 8loFing1oRhdingdqthgoggh the

p%EHgRXnaIgeigseothtEQ@§iéé? Lhe RaRBeasosii 6ENgll
conditions in a main-slicing process that is, carried

wadiersaten. be[ @056djily uniformeghdp, one ShFeChifR, wiyth

suppl gtyce,of a slurry for slicing was
h%ﬁgréé %ggpgggﬁg%gyto 35C, and expansi on of a grooved
[oOoKBérs 3 was neasured by eddy current sensors,

Lher ePYy OBL 2! L Ml thd ! AbL ORI Pa OSLVGRD A B @lxial

di spl acenen e groove lers ¢ a supply
whéapenatordionfy thetbeuprgsent shvenrhgonH& 27 shows

this_relationshi u NSk W EES s ThEGPRESERLS
mﬁanﬁf uFé”SxBSF@PSﬁgﬁn%E§§1g? ?HE groovzq (ollgrs and
uaiformed| ineonepdésention basatwanrdtespahissdbngd arsthed

o3t thRcPEFUFPY #B7oar g TR e P o her are
1pgttkepn aschhefrehat wefishsphdepngt 8drinufifpryed in one
direction.

As explained above, uniforming Sori of all wafers
to be sliced out from an ingot in one direction is not
easy in the conventional technology; and hence shapes of
wafers whose Sori directions differ depending on each
position in the ingot in the axial direction must be
measured one by one to confirm directions of Sori before
depositing the epitaxial layer (before polishing each
wafer, for example), an operation that Sori directions
of all wafers are uniformed in one direction by turning
over each wafer having an opposite direction must be
performed. Such an operation is very complicated and
requires a cost and labor,

[0050]
However, in the method for manufacturing an
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[ 0053] Then, a supply tenperature profile of
the slurry for slicing depicted in FIG 8 was set
based on this obtained relationship in such a nanner
that Sori directions of slicing trajectories in the

I ngot became convex rearward at each position in the

i ngot along the axial direction and Sori directions of
wafers to be sliced out can be uniformed in this

di rection. The silicon ingot was sliced based

%&ttakkh%lpmfﬂelrea@&oadrﬂagntsl tRkngrpeesessntenobomi n
sliced wafers. The slicing conditions ar the same
Lseady BRpf o

sdgcendosioP ft Rd lpiefrinary ¢ ¥ BRprarhea above:

dhitrelct i@ ke ROk adskhat rarsaxiral sdiggkacenettroaf ahhéngot,
grooved rollers was neasuyred by the edd curgent

t@@n@@ﬁ§rﬁnhﬁWénﬁa§ﬁrélPEFﬁ@rB?SCégson?I rgCEhgsCar Pe

SE%HQE%%%SpreB@EQ@@QlaBergﬁt wskheuBgpdepbhmang ahe
axi al | acement of the grooved rollers as a result

a@bvehﬁgpﬁéagﬁﬂeﬁémpllF@@S@]°Perat1°nrtWEéﬁ ptS Very
%ﬁrSt%%QSfrOWBEkG%f91EQ@5c9 teanbeeBInboBaELOP1Pf the
gr

ovéd 1ol érs greatly expands frontward as shown in
impb@ovédf.rom the slicing depth reaches approxi mately

150 st 0ceothe oUpph Ve h EPRLALLE endfi ddicssiair 1y T or

slicing 1S gradually 1 ncreased when the slicing dept
unefolreedlin oheaddicartieon ¢ansbecPAgCaBpER 6Fb1%6tﬁﬁ)t°

Furthernnre r 0 h PEB ahso
asPrQery / expgndssggéggﬁgng&rggyg%ggsgﬁfﬁng dept h

epaaeakdalappoethnmat el y 150 nm That is, since the
[g gﬁ ed rollers that denponstrate such an expansi on

q ée are used to performslicing, a curve of each
sI|C|ngthoagﬁctmeypbe3©m931@wmw©x0@|WE%%|Q9Wr@%rmard

each position fr h n on
eﬁ@&Flgﬁg g8 P51 dF%Fﬁé ?ﬁgo? BFO%%@?B&EE bﬁe EH@
pt@EAhtshawena iBawiseastr ershrirgésdl thebetPred by
actuall %ne?syrlng shapes of all wafers sliced out in

above! As shown in FIG 10(A), it can be
under@h@oglihmg Bawwshod ad:cto:sdim@dtwaﬁw sefedentyi t hin

t he range of approxi,mat el n1t a S
SoherbFhbarPh SRBEAFHIREEol RaPl: iy apEei iy cee

in FIG. 1. As a prellmlnary test, the same silicon
ingot as a silicon ingot having a diameter of 300 mm and
an axial length of 180 mm to be used in a main-slicing
process was sliced into wafers while supplying a slurry
for slicing and controlling a supply temperature thereof.
It is to be noted that a wire having a width of
160 pm was used, and a tensile force of 2.5 kgf was
applied to cause the wire to travel in a reciprocating
direction at an average speed of 500 m/min in a cycle of
60 s/c, thereby performing slicing. It is to be noted
that a material obtained by mixing GC#1500 with a
coolant at a weight rate of 1:1 was used as a slurry.
These conditions are the same as slicing conditions in a

main-slicing process that is carried out later.
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val ues. Therefore, when subjecting the wafers
having Sori uniformed in one direction to epitaxial
growth, it is not necessary to turn over wafers having
an opposite Sori direction to uniformtheir direction
like a | ater-expl ai ned Conparative Exanpl e, polishing
was able to be perforned w thout changing the
direction, and an epitaxial layer was able to be
deposited on each of the wafers. It is to be noted
oo each Bow was neasured to confirm each Sori
irection in this exanple, but the Sori directions_of
tEe sIE'uc@aemf atsthie LAREor ALEUPRLBNESHPRERITH Uheh
t.he slicin t.had c [ ese i Nty
TR0t S e e B d e s et Brent Caty e o
coparsd. gl ofi maedoved rollppredvErs BERSULSA! PYi EARY
tiy%%ﬁyuggﬂgbr PP /L8 e%$t§§nﬁhboa'@eﬁh@@QnBﬁYE snal |
uct uat’ions ol y, whereby Sori after obtaining each
ﬁﬁhﬂﬁﬁd aln wafierl lkdspdadesiengd oénihie @§P9§e§n6°gé?éﬁyand
uct uat es. ( rat.i I . Lhe W r a
SHFEY ERERSTEINAS Slonted Lad "t RS oam P con o7
shiogat tad st hratl aitd oBshipl.e Masusbecedinat dnwBi@rs? It is

to be noted that, as, diff f
<P habadd dibRiah, AEgTHEIemLEs Brooves

ricd/TRarsatamice aofl owesl Uing freprsisenitsg ahddoatyappl y
e%%g%esri%tnu ra%o%'i'l?:f Iolfe t%leo Sé%mteo in Eggmr‘ag%gr Wi'ﬂﬁeegbﬁe

supply temperature of the slurry for slicing. These

lines form the same pattern as the relationship depicted

in FIG. 4.

[0053]
Then, a supply temperature profile of the slurry

for slicing depicted in FIG. 8 was set based on this

obtained relationship in such a manner that Sori
directions of slicing trajectories in the ingot became
convex rearward at each position in the ingot along the
axial direction and Sori directions of wafers to be
sliced out can be uniformed in this direction.

The silicon ingot was sliced based on this profile
as a main-slicing process to obtain 170 sliced wafers.
The slicing conditions are the same as those of the
preliminary test as explained above.

It is to be noted that an axial displacement of
the grooved rollers was measured by the eddy current
sensors in the main-slicing process. FIG. 9 shows a
relationship between an ingot slicing depth and an axial

displacement of the grooved rollers as‘a result of this

measurement.

[0054]
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conventional exanple as shown in FIG 8. It is to be
noted that other slicing conditions were the same as
those in Exanple. [0057] As shown in FIG 9(B), in
regard to an axi al displacenent of a grooved rollers,
a rear end portion of the grooved rollers expanded
rearward approximately 4 um and becane substantially
constant froma slicing depth reached approxi mately 50
mmto 100 mm and a front end portion of the same
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shla\ten[goslleblther‘eealches. 1¥Br efver diameter (a slicing depth
of 150 mm). Furthermore, a rear end portion of the same
also slightly expands frontward from the slicing depth
reaches approximately 150 mm.

That is, since the grooved rollers that
demonstrate such an expansion change are used to perform
slicing, a curve of each slicing trajectory becomes
convex direction rearward at each position from the
front end portion to the rear end portion of the ingot.
[0055]

FIG. 10(A) shows a Bow measurement result obtained
by actually measuring shapes of all wafers sliced out in
above Example. As shown in FIG. 10(A), it can be
understood that Bows of all sliced wafers fall within
the range of approximately -3 um to -6 um and Sori are
uniformed in one direction indicating negative Bow
values.

Therefore, when subjecting the wafers having Sori
uniformed in one direction to epitaxial growth, it is
not necessary to turn over wafers having an opposite
Sori direction to uniform their direction like a later-
explained Comparative Example, polishing was able to be
performed without changing the direction, and an
epitaxial layer was able to be deposited on each of the
wafers. It is to be noted that each Bow was measured to
confirm each Sori direction in this example, but the
Sori directions of the sliced wafers are uniformed in

one direction when the slicing method according to the
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negati ve and positive Bow val ues are intensively
swtched in a central region of the ingot in the axia
direction, and it can be understood that the Sori
directions are not uniforned at all. As expl ai ned
above, this situation is relatively apt to occur when,
e.g., a change in axial displacenent anount is snal
at each position of the grooved rollers in the axia
di rection throughout the entire slicing process.
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frontward when the slicing depth reached 250 mm to 300

mm at the moment close to end of slicing and then became
8 pm.

As a result, as shown in FIG. 10(B), roughly
classifying Sori directions of sliced wafers, Sori
directions at a front end portion of the ingot have
negative values and Sori directions at a rear end

portion of the ingot have positive values. Moreover,
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3. The slicing nethod according to claim1l, wherein
the supply tenperature profile of the slurry for
slicing is adjusted to adjust amounts of Sori of al
the wafers to be sliced out. 4. The slicing nethod
according to claim1 or 2, wherein the supply
tenperature profile of the slurry for slicing is set
at least as a profile that the supply tenperature is
gradual ly increased after a slicing depth of the ingot
ntg§aches ind pf)sﬁtdvaanervalﬁes Thee sintdmai veethod

according to claim th Rp!
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throughout the entire slicing process.

Therefore, when performing epitaxial growth, like
the conventional example, Bow measurement is performed
with respect to all wafers, each wafér having a Bow in
an opposite direction was turned over to align its Sori
direction, and then an epitaxial layer was deposited.
Therefore, a work efficiency was poor, and more effort
and cost were required beyond necessity.

Additionally, even if the reversing operation is
carried out, an absolute value of Bows fluctuates in the
range of 0 to 5, and obtaining desired Sori of each
wafer after epitaxial growth is difficult.

[0058]

It is to be noted that the present invention is
not restricted to the foregoing embodiment. The
foregoing embodiment is just an exemplification, and any
examples that have substantially the same structure and
demonstrate the same functions and effects as those in
the technical concept described in claims of the present

invention are included in the technical scope of the

present invention.
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CLAIMS
1. A slicing method comprising winding a wire around
a plurality of grooved rollers and pressing the wire
against an ingot to be sliced into wafers while
supplying a slurry for slicing to the grooved rollers
and causing the wire to travel, wherein a test of
slicing the ingot while supplying the slurry for slicing
to the grooved rollers and controlling a supply
temperature thereof is previously conducted to examine a
relationship between an axial displacement of the
grooved rollers and a supply temperature of the slurry
for slicing, a supply temperature profile of the slurry
for slicing is set based on the relationship between an
axial displacement of the grooved rollers and a supply
temperature of the slurry for slicing, and the slurry
for slicing is supplied based on the supply temperature
profile to slice the ingot while controlling an axial
displacement of the grooved rollers and to uniform Sori

of all wafers to be sliced out in one direction.

2. The slicing method according to claim 1, wherein
the supply temperature profile of the slurry for slicing

is adjusted to adjust amounts of Sori of all the wafers

to be sliced out.

3. The slicing method according to claim 1 or 2,
wherein the supply temperature profile of the slurry for
slicing is set at least as a profile that the supply
temperature is gradually increased after a slicing depth

of the ingot reaches 1/2 of a diameter.

4. The slicing method according to claim 1 or 2,

wherein the supply temperature profile of the slurry for
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slicing is set as a profile that the supply temperature

is gradually increased from start of slicing the ingot.

5. A method for manufacturing an epitaxial wafer,
wherein wafers having Sori uniformed in one direction
are sliced out by the slicing method according to any
one of claims 1 to 4, and an epitaxial layer is

deposited on the wafers having Sori uniformed in one

direction.
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