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 many wafers by using a
wire saw and a nethod for manufacturing an epitaxi al
waf er by depositing an epitaxial |ayer on a wafer
sliced out based on t%@ﬁ%?#@qnet hod. BACKGROUND
ART [0002] In recent years, an increase in size of a
wafer is demanded, and a wire sawis nainly used to
SITCENG@QNMETHEOt AND METHGD | FeRk d4RRUFACTURENGTHE MjiAel AL

saw i s a apparatus that %AE;’EY\? awre (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 a slurry to the wire, thereby slicing the
TE@QQ%EAMFé%y wafers at the same tine (see Japanese
{O@Jﬁ@gam ned Patent Publication (Kokai) No.
262826-1997). [0003] Here, FIG 11 shows an outline
of dthexanpkendtf imvegeniamalradaesaty Asssdhowmnd meii@d

£ 11, .a wire saw 101 mai/glg i ncl uges aavvi re 1OOt2£ at
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that gives the wire 102 a tensile force, a nechanism
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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 1s 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 a 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
includes a wire 102 that slices an ingot, grooved
rollers 103 (wire guides) around which the wire 102 1is
wound, a mechanism 104 that gives the wire 102 a tensile

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



[0004] The wire 102 is unreeled fromone wire reel 107
and reaches the grooved rollers 103 through the
tensile- force-giving nmechanism 104 forned of a powder
clutch (a constant torque notor 109), a dancer roller
(a dead weight) (not shown) and so on through a
traverser 108. The wire 102 is wound around this
rooved rollers 103 for approxi mately 300 to 400
ang y# nBechpd iskerd Akt upS BYP L 4CRi Pe SLEEIF YL GE é}ﬁo%brﬁe
Oft@figEHSK tensile-force-giving nechanism 104'. [0005]
Further, the grooved roller 103 is a roller that has
[0@Opdl yurethane resin press-fitted around a stee

cylinder and rooves f.or at a fixed pitc
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predeterm ned cycle by a driving notor 110, [0006] It
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105, i ncl udes an ingot-feeding table 111 that. .is us
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and others, and driving the ingot-feeding table 111
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nabl ding the ingot fixed at a end at a
mei%%@%%ﬁsﬁéﬁpfogranned feed speed. [0007] Moreover

[00®mzkl es 115 are provided near the 2 grooved rollers
103&%¥¥ﬁ§§,mgggdg%%g%e%p%bfﬁgazﬁ&%uiéya roller that
has a polyurethane resin press-fitted around a steel
cylinder and has grooves formed at a fixed pitch on a
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



can be supplied to the grooved rollers 103 and the
wre 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 is used to apply

an appropriate tensile force to the wire 102 fromthe
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cahngat siuialplsileic?el{jo wWhi L e causknd dhe Wd e 39248 thavekre
I'n"the eci procati ng %lrectlon by the driving notor
1021@rom0@0Y1 kbanvitihle, 1a6waterthsd itclgee ouf dHyiesngg t he

above- pl ai ned wire saw.101 be usual | lj shed
Adga§ie ﬁﬁguﬁi ‘éﬂr¥ocgb#&§figﬁybr%ﬁw$9?%?%%%§n%§gg the
s1REQQUGL HIKN 116ASE, Ofha € 8. tedpeeitearslust ofthamsetrrinto

the“epitaxial growh of a silicon wafer, a silicon

beskngipd iedy staal heiadIvEFEAA(an, epitaxial layer) having
[Ogokglckness of several mis grown on a surface of a
urface of a polished wafer based on, e.g., chem ca
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physi cal properties_as a wafer, and vice el enent
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and epitaxial layers, a structure where a PTtyEe
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[ogoowm h lies in that a Bow (Sori) occurs in a wafer
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subjected to epitaxial growth to become a product in
case of, e.g., a semiconductor wafer. 1In 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.



[0011] That is, since the P-type |owresistance wafer
222 contains a | arge anount of boron (B) having a
smaller atomic radius than silicon as a dopant, an
average interstitial distance is smaller than that of
non-doped silicon. On the other hand, the P-type
epitaxial layer 223 with having a regul ar resistance
has a small dopant anount and an average interstitia
[0@istance that is relatively larger than that of the

waf ef.. _ Theref gt n 4 i Lakshayghc@2Fdfer 222
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[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



4 distribution percentage of the PWand the EPW at
each Bow value with an absci ssa representing a Bow
val ue. As can be understood fromFIGS. 14, a
correlation of a Bowin the PWsliced out by a wire
saw and polished and a Bow in the epitaxial wafer
obt ai ned by performng epitaxial growh to this PW
(R2=0.94). Moreover, it can be reveal ed that an
digheibaséom mEowaie2d® epi Eari BF agdovithe jkPW at each
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sidlewezedispwleregh imgotcosveki dédeottl dyasiet dnfbned as a
w50 ventional .nmethod, Bow directions usually becone

[

r.éﬁﬁFaFOchF§§bECtive positions of the ingot in an
o@xpal direction. Therefore, when all of the wafers

obtai ned by slicing are nmeasured in a process before
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of a Bow after epitaxial growth is required. It is
considered that this minimization can be realized by
depositing an epitaxial layer in such a manner that
epitaxial growth cancels out a Bow in a wafer serving as
a raw material. Therefore, to deposit the epitaxial
layer to cancel out an original Bow of the sliced wafer
as above, Bow directions (+/-) of the wafer must be
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



down one by one to be put into, e.g., a polishing 5

apparatus in a reversed direction, which is

troubl esome. DI SCLOSURE OF | NVENTI ON [ 0016]

Therefore, in view of the above-explained problem it

is an object of the present invention to provide a

slicing nethod that can easily performslicing with

excel ' ent reproducibility with Sori of all wafers
apperagust ined mever itk @i reetion, weA S e righ APt Agere -

by using a wire saw. Additionally, another object is

provi ding an epitaxial wafer manufacturing nethod

DItbBOSURES OFOL NVERTUION Bow neasurenent and a reversing
operation of sliced wafers sliced out |like a
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and a supply tenperature of the slurry for slicing,
[O@hdlthe slurry for slicing is supplied based on the
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controlTing an axi al I"spl acement of the gr ooved
préol essaasd itcd ngnirfedrhmSocdmprising 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.



of all wafers to be sliced out in one direction. 6
[0018] As expl ai ned above, according to the slicing
met hod of the present invention, the test of slicing
the ingot is first conducted while supplying the
slurry for slicing to the grooved rollers and
controlling a supply tenperature of the slurry for
slicing, thereby exam ning a relationship between an
[0OGK3 Rl displacenent of the grooved rollers and the
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I Nng out ~such an exam nati on |n advance enabl es
meﬂﬁ@&l@ﬂstyeobkas@mmgumveﬂﬁmwmnshhp tbetwedn slHe iag athe

di spl acenent of the grooved roller nh nt_ .t
ln%@?el§aﬁFF§tb€°&ﬂth%§H ?h%u§83599g %é' éﬁaqa?zq%?r
fn?lHBr¥hE°5r%U¢@dK%oﬂﬁgg§]aH@eBonba&Qdﬂﬁ@IJKSupply
ationshi p between the axial displacement of the

tempemaEdreobfet@eaﬁdWﬂnys@%%l%ll@éﬁﬁerépﬁﬁ§Qﬁ epnining

obtaln b
a %%ﬁ%{¥OP8 8r W% O St 1% $§ %féBh?E??%n?bgﬁitﬁ%?ng
gr&odli pg1Bers ahavafher sumpbe Sémpeﬂatum@ Kd'mme slurry
ned in one direction is set. Furt

al i
fo%lﬁf%ylﬁ@r s?PEFMgHBSO§Gp§ﬂF¥HEﬁhs%ﬂa%hn?ﬁﬁgn 6Poflle
ad%ﬁﬁp%ngﬁgbiés %f@%i&MHl§365¥E{§ihbng the aaxidlship
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teSSLE: QPet BE @h@v%ﬂuﬂﬁylﬁwﬁh$plcnnberent to each wire
saw and the slurry for slicing is actually supplied

[0@®%performslicing, Seri of all the wafers to be
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with excel ent reproducibility. Furthernore
dlsplacement 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
out 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 one

direction, it is possible to eliminate an operation of



since Sori of all the wafers can be unifornmed in one
direction, it is possible to elimnate an operation of
7 measuring a shape of each wafer in advance and
turning over each wafer to align directions of Bows
so that epitaxial growh can be performed on a
desired surface side before depositing an epitaxial
| ayer as will be explained |later. [0020] At this |
measWBingt ai sheessidf eadatveher stPpPyEVaPEF it urerning
rofile of sthe.slurry fog.sLick [ LSt
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ex%fagﬁggiﬂgqean advance, adjusting the supply
enperature profile of the slurry for slicing set

[O®28&d on this relationship enables adjusting the
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betngggatgh%_is gradual ly increased after a slicing
dep of the ingot reaches 1/2 of a dianeter.
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end TS SO, oo ML A0 hassehe
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ineggvgggg? g%%%%tf%gltﬁi gﬁépygf%g%gg%4¥%re 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 basedvon whether the supply temperature

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



sliced out can be further readily unifornmed in one
di recti on based on whether the supply tenperature
profile of the slurry for slicing is set at |east as
the 8 profile that the supply tenperature is gradually
i ncreased when the slicing depth of the ingot reaches
1/2 of the dianmeter or whether the supply tenperature
profile of the slurry for slicing is set as the
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uni formed I'n one irection. A explained above, if
stanaf e § hawcnggsame dligpted in one direction are
[Oi%éfed_out based on the slicing nethod and the
taxial layer is deposited on each wafer having the
Sor incd i 9neflal Dypnehei peeldeart, Jirtvérsti@n)sp'rbkfé.dtea a
elimnate a conventionally required %ratlo
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turning over each wafer to align
outhbﬁcthens1mt1&gmmdﬂhqﬁmﬁen¢ecbednahh§ﬁ,t@@d an

directjo are not aligne b t :
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unStdE&hdg nBRt bad ofi ddie jwresent i nvention, slicing can
be easily perforned with excellent re rodu0|b|I|t
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in &HéhS{PBE%loﬁ'%%% @llé%ﬁe%ét 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



can be sliced out with Sori thereof while being
aligned in one direction, the operation of neasuring
Bows and turning over the wafers sliced out fromthe
i ngot does not have to be perforned, thus a work
efficiency can be 9 considerably inproved. BRI EF
DESCRI PTI ON OF DRAW NGS [0025] FIG 1 is a schematic
vi ew showi ng an exanple of a wre saw that can be
consedefably shpeiovgdet hod according to the present
invention; FIG 2 is a schematic plane view show ng an
exanpl e of a structure of grooved rollers; FIG 3 is

BRENF EXREGRAPOIYNVICEW DRAWENES ai ning a method for
nmeasuring an expansion/contraction amount of the

[OQ#2bved rollers; FIG 4 is a graph showing an exanpl e
of gurd el?tignéhFEhgﬁ%\ﬁ@ Ak RXd 13w dhgphacerarb1ef of a

the ‘grooved rollers a supply tenperature of a

wisé usay thet sbmc&n@1J§éd3foﬁa s$1iaiggaple Beshiarranding

exanmpl e of u tenperature profile of the slurry
tof?ﬁesPFﬁFﬁB séPV%E§§e 'on a result of a prelininary

testgr@Ndh H & 256Bhenat iz @lapte shosw ngharahhean
exanpl e of the supply tenperature Erofile of the
exahpleyofor SErEioiFEetohaBeACVed AOLLSHSY of a

prelinagy; Lest: o #)@an%eosf fbfé%@'@@@t @&mwl%wng a

showing a process o erformng slicing In such
me G ef ot hatadurdcig ars aﬁpaﬁblonétomaﬁ@p§hmﬁaamount of

uniformed in one direction; FIG 7 is a graph show ng
th%.?%P%Y?6n§H#Eeﬁ§%meen an axi al displacement of a

grogves, rpligrs grdpd SURMhg teperabple of a slurry

for slicing obtained in a prelimnary test in
reE&@n@h@hlp 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



FIG 8 is a graph show ng supply tenperature profiles
of slurries for slicing in Exanple and Conparative
Exanple; FIGS. 9 are graphs each showi ng a
relationship 10 between a work slicing depth and an
axi al displacenent of the grooved rollers, wherein
FIG 9(A) shows Exanple and FIG 9(B) shows
Conparative Exanple; FIGS. 10 are graphs each show ng
beawgeasar ewerkt slriesing @¢pBowendf aal laxdlalc el sipf aggment

of\ghbﬁ%ein BLGq IUA), . sho ExgrqplF%Gan%(r%Q?s}%oqggsz§Qﬂﬁe

aPAtVvE Al %ESFI Chttl's"a sche iC VI

an&hewsng 9am )Xo £ @dmpar it L eeSaWapac;i n a
conventional slicing nmethod; FIG 12 is a schematic

vi eW 5héwi h ancefampIe Gtachinshaygsrdr dedieagurement
re SESPaBIS L, %‘ffa]asil' Ss?fc@&%vé@@&%r,y WHSEW fPTFTG. 10 (A)

explalining a ctor of a change in Bow based on
shepst Axikalp lgr entch;FIG G0 1B] Aphbwsa Cgmaelr ashiond ngxample;
corr ti of a Bow val ue between an.epitaxial fer
(EPtanath far & SoPeliP a1 e SaaT a5 8% gran S of
a whew Bewaudiest HirPW | @hveht BoREICeNtiage Pimeacdd Bow
value in the epitaxial wafer (EPW and the wafer
(PWEIGnd1RI & 25sichems tepl iRt of JOVied SRo®¥FgRAe of
e e fis | t he grooved rollers and
ans#ﬁg?%gfegpéﬁ c?ﬁﬁéﬂbéﬁmihe time of slicing the
i NgAIGBEST MODEASE xPORnGARRY NG GUTE FHEekNVENTIION a

0026] _An enbodi nent accordi to th t
fa$59§n%?oﬁ c%gHJQMthEP%XB?%g eaghspgﬁ%%Sf Wgﬁﬁﬂt?ﬁe

present. iMYENtEQNal §RQh rasdyicyed tberetacidh of a
expl ai ned above, when a wafer is subjected to
Bowpvaankabegrownh ararereliaake il wvadrer (86M) @fdrpvrefar

(o) G add: pTBUSq RSN i rectiong OhoRaty & @dld N6t 18y
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,
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one direction in advance before subjecting the wafer
to epitaxial growh and an epitaxial layer is
deposited to cancel out a Bow of a wafer as a raw
material, an anount of a Bow of a conpleted epitaxial
wafer can be mnimzed, 11 which is preferable as a
product. For exanple, in FIG 14(A), when a Bow of the
wafer is generated at the tine of slicing in such a
whhahnés phatf camlaveragea varaduof . Bows becones

approximately -10,m 1t can ex te t

abs %?ee§%Wééeofl§oﬁ?§ﬁ %gﬁhbiggépag %ggéfﬁ?ghe
wa ik i fkzgdnEheweverat | therachecesr seduding wavéwessaat

the tinme of slicing or reducing nano-topography based
mapperdsbblte 28 $¢ 9grd Frli Wyl BecBfre§odist AeGA™ehen an

absol. ut

I f Bo) f '
+of03EhE14740, Lo SOUE Ehn BE MLl o L0

ca ere at” an average val ue
abod1lappr oxilnet elfy Bovts nof sthppeppriatie lasvaieact sial
_target value). [0027] However, in the wafers serving
minimizedy (Reperied, 11 REAChAifEr s T8AUSI DN B 8T ngta
thdM £ psaWs dilRGHPNSr PEdBEVEgOhahbe tHd by wasedson
are not aligned in one direction. Therefore, there is
domlquir_deacz JpriocEsyy diecomasufihgishdfedoin A7 RFetste
o _alig i_recti.qns OF [ | n i Jecti e:
va _ 8F f 8ifmgr?g‘que|6)| t a{:)%eal"?‘igﬁ%]\?ﬁ %E bFS%Z%a%eﬁs,dﬁe@ﬁgée%
cah NVENtORS ikeerly t3taried abeutga vedhat ichspprbeimetaly
the wire saw and sliced-out wafers. In the first
-5 placks aRPEOPFdRGe S cRRUuRFEHRE &R T8GIs Vahials hy
[Oéﬁﬁjerent directions in the sliced-out wafers,
grooved rollers having a wire wound therearound is |
t hertha¢ ye expandsd cand feararteddv { 0¥ e6ner &éiedR 49T shl /

o “URPErRg 00 Stpl Ted T AR gy Bacet Tyt I Retanse)®
of Bows of the sliced-out wafers are not aligned in one
direction. Therefore, there is required a process of
measuring shapes of all wafers to align directions of
Sori in one direction before performing epitaxial growth.
[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



there is an exanple depicted in FIG 15. FIG 15 shows

an exanple 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 tenperature
profile in a 12 conventional slicing method that uses

a general wire saw, sets a supply tenperature of the

costemt yohal slliicinmg teetR28E thast arteofa sYSRERAL VRES Saw,

reduces t t t 2 j .
se&F | & REPPANA ORI ET? HBE Forperarare 1oF rarg iy to

03¢ g5 L0, £pdoef sShiGinRg Shdhatedhbest erperaimyerat
reaches c-54C 3t gnaL ofn@g'l i Ci ng. E/Rs sﬁommi.n FI G alslfre

tothe°Glati agniddilectstrioss af 4 bicany, r egfedfiqreases the
osition.in_t axl dj [ f [ ; a
tefieftetirecn ong Srin el SFELPP Bnd B | DpRlingPO0 chat

th?‘ﬂté@b@?ﬂtuglér tr:tﬁsrms,zgi]mcxt expdnsifos/ldaritract i2Zen of

e .grooved rollers ipn the axial. direction,]

shetimetBnt Ifo &5GHFQ%t%£be?gtﬁ&%ﬁ%%g%ﬁﬁﬁsd%liﬁ?glat

re%é@%%@”ﬁ%ﬂ%@ﬂ | & €nei Bgishi eiing tardreso flepeadiingot,
on each wire sawto be wused, and slicing trajectories

anaéil }fléecfef domesddioros hef . Bagsegpl dilded ldsdie, "ot 9BBcPRG

ows.af all the wafers in one direction at the tine

no%fugF?SFWSdrs not easy. [0029] On the other hand,
therﬁu%ﬁh@fﬁskbodgﬂmﬁe(pr@msioawcamtabduﬁqﬁrpﬁﬁthﬁe
grooved rollers during slici to, .suppress_.a Bow

greaved AR LEESt ot | %?(h@it S LaBEE T v ot 47 FebReto @

£ FQOYERLI aral Heechnal ogy, (S8R, a&iG1 dikAPedestent profil
S fﬁexanlne Pat ent Publi%étiona(éokaif_hb. SE protiie
du#t8541911093). vRoriexanppendihids ons & Get'oke t hay to be

15 G R ne B Ang 14N LM o1 TERG LRGPt RaTarGoved ol ers FheT
As explained above, producing Bows of all the
wafers in one direction at the time of slicing is not
easy.
[0029]
On the other hand, there is a method that changes

an axial length of the grooved rollers during slicing to
suppress a Bow value and performs slicing to obtain
wafers in the conventional technology (see, e.g.,
Japanese Unexamined Patent Publication (Kokai) No.
185419-1993). For example, this is a method that
calculates measured data by using a computer while
measuring an axial length of the grooved rollers to
control a temperature of a coolant circulating in a
bearing of the grooved rollers or control a supply
temperature of a slurry to slice an ingot. However,
there are problems that controlling detection of an
axial length during slicing and change in this length is

difficult, and that properties of following a change of
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control a tenperature of a coolant circulating in a

bearing of the grooved rollers or control a supply

tenperature of a slurry to slice an ingot. However,

there are problenms that controlling detection of an

axial length during slicing and change in this Iength

is difficult, and that properties of following a

change of 13 the grooved rollers in the axia
thaligectved apélpasr inariche tdwtal odbrehé lvst FdE ROt and

practica 00 Thus, t.h [
ehdiierSatng SRRy ATl AL LT THSt per forms a

[00d@&] imnary test to exanmine a relationship between a
supply tenmperature of the slurry for slicing gnd .an
axi dlhuf s pt e eprens eBE tlﬁéfe”&%véborﬁ%?’rg?’g, asére 49
met%ucpcfl yhé@”?%&@"c”%%r@o‘lfrﬁg & qf eilﬂﬁiﬁlalfé/r Y & iCkdbine
unitornng Sori wafers to be sliced out in one
a rdalllﬁcidmﬁhﬁpomeﬂ:hﬂesanr el atummbhi pemardatsmspldiesthae
slurry for_slicing based on, this.profile t st i an
S1iigot LoE nBH 86y Hin Gy Mg 8ot F SRPRdds To Th
gré @i nedi by rsl i GRS i Qs O) r eshberatAceoriori 1o of
such a slicing nethod, since Sori of all_ sliced-out
the/\ﬁﬁfbmsrjar oal pdred nion whief AFRERYT AT Iwkdn "Afif et FagPe
the, sljced-out fers tq epitaxial .or ; es
Slkﬁedn%% U%Pnanghggggé}léﬁmf%éﬁetghgnggﬁﬁﬁﬁﬁﬁéﬁéf%bﬁ?d
suppli®setHer ectirey, Ao chlisicarbaeddoon béfior orofile to

epi taxi al rowmth in the conventional ,ex l.e can.b
SLigiR t1Rai ARl FREFERY 4ok RB1PPCPERy s A Hprved s £
be MU EQYRES BINGE 1A ald nharyitest ios .penbedrei dg to

exam ne characteristics of the grooved rollers in the
such re shicing bethosd anicnaheSerirp§ Pl HLiGey 9dt

upplied to, gerfornmslic' .h: ARCO | -

W d 1n one. {]Jge b 8, Ev%%rr]lc%d% &@ln the
ai&é%l%r?e afatur e pré?f#e o% %ﬁe slurry foffslici%g
sliseddfs0m Rarfesul troofepittdsi #kagroathena gricciawpg i af

performed while uniforniqg . : .
measuring shapes of the wafers and uniforming Sori 1in
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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Sori of the wafers easily and assuredly in one
direction wth high reproducibility. Even if the wire
saw (the grooved rollers) to be used varies, the
prelimnary test is conducted, and hence it is
possible to cope with the change each tinme. [0031] A
slicing nethod using a wire saw according to the 14
present invention will now be expl ained in detail
préeset nahventiiorh wieflerreric eb¢ ockhé adngsl rigs, ddirit he

ne £ e PhR Folam ¢ ST o SakEhar At Bt Bided For

prébens! i aiyBg tNRINOG acsor 8 sgri etthie tmreemm
i nvention. As shown in FIG 1, a wire saw 1 nmain

i nclRies h shpre ant @xsRdle efhfl%gYﬁ%regPSUvéﬁlartoI‘%/aé? e
us?dri]ggl?_ ¢ e}e%ie%él cﬁeiggrﬁeetkgé%' chc 8%@' £ the %@e@@nt

_ ani sm a slurry- supp yi ng
inv@ehashsm 6. [0032] Here, the sI urry suppl yi ng
mechanism6 will _be first e]pl ai ned i

sl urft-SUpPr y i Rg FdEchdni $n6L>© nd2¥| %smf%t ?#atlnsculpup Yy °

wifeSHULEY shakesldCingydio, t §oogé@0‘t@>(11recﬂd €75 Wiféhe
wre 2) is arranged.” Furt a supply tenperature of
temaelsf@pn:yef@rlvs;mq:.m@cfsmpﬁméd4 f POR Pesld §Rzzf 889159

can_b tr.ol
me }P]%%efn(r:}ggl (r'i% LPIGIC %&%hﬁ‘pnlgat urcg?%q{% t h%azl urry

[of®pyslicing can be control |l ed by connecting a slurry

tank 16 to the nozzles 15 through a heat ch 19
contte¥¢ed-hy &' Béﬁﬁu?@@@@’l%%%ﬁpﬁﬁﬁgm tw%ggg?r

ritde ék REY nied) . no%s @%ﬂg'§¥&¥EynsﬁﬁblyﬁﬂbahedﬂKhiQﬁ 6,

samne pe as that in the conventional exanple can be
nowsbels Ebr téeranplupply =l skvyrpbfairned ising sﬁo%r%lﬂﬁg GC

grégééécggl %E%Iqﬁ)'the wire 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

15



abrasive grains in a liquid can be used. [0033]

Mor eover, the nozzles 15 that supply the slurry for

slicing and the ingot-feeding nechanism5 are

connected with the conputer 18, and a predetermn ned

amount of the slurry for slicing controlled in

tenperature can be automatically sprayed fromthe

nozzles 15 to the grooved rollers 3 (the wire 2) at a
prddepeedéhednitied rig niingh wi¢dpeespeot at prdetermined
_ redgternined i ngot - f eedi ng anount, i..e.,.a
ingebaetBAM e @ ONIBt - %1?t1n€ Bﬁséﬁ%eﬁyﬁﬁﬁqu%9%§éset
s1 P& pRGaRmoAhtheyah dihey i agote eedpra ganmiint, the

slurfy- spraying anmount and timng, and a supply

gemﬁ%ﬁh@M@hotheth@g§¢uﬁﬁﬁdﬂﬂ9kﬁﬂ%@ﬁ?roFP@d%%¥%¥Y‘

esired_manner by, the . r.1 r ' S

S b R 7 s
th&usiherpoean bhe odrter2, 14¢deigr aoded imald erasniBr thhethe

W re-tensil e-force-givi hani 4, d th
conpyberf é8ei ﬁ@%%al?#fxﬁlmn %&E%ea??' ?15% ﬁ%@%%ﬁ%ﬂ%%ﬁeto

inr%§9§pgagh§_can be the sane as those in the wire saw
101 used in the conventional slicing nethod depicted

[O0MFIG 11. Atype and a thickness of the wire 2, a

gr oaqve itch_of e gr.oqv r e str e4dn
any dfﬂ%ﬁér%%ﬁﬁan%gﬁl and o’hé%%£a Egﬁg?drgggﬁ%%%é in
thdaplteutansiland dhey- canihe detkanived egchardd nehso
~ that desired slicing conditions can he obtained in
ingeeof daféBIWErR N A HE R ohveFt FBhal M e ol * ¥ot! e,

meélg]gn%ﬂlefizc%ﬁn pRe Y ned Of as e Hose@ inSREfd alifd ad®y 101
wire having a wdth of approximately 0.13 mmto 0.18
usenn iantheheogrveoddnadl | £ki3ihavinaghedgdsmicted in FIG.
11.

A type and a thickness of the wire 2, a groove
pitch of the grooved roller 3, a structure in any other
mechanism, and others are not restricted in particular,
and they can be determined each time so that desired
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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pitch of (a desired wafer thickness + a slicing
renmoval ) can be adopted. [0035] It is to be noted
that the grooved rollers 3 will be further explained
in detail. As an exanple of the conventionally
utilized grooved rollers 3, there is such a grooved
rollers as showmn in FIG 2. Although bearings 21 and
21' that support a shaft 20 of the grooved rollers

3, atBeabéamga@-ankxﬁrbﬁnds.@f,thergdd@¢e¢yﬁﬂIwh%lQ6 3,
the bearing 21 is o

. 0., dia
copphdPyéreng gh@ﬁ]&?g&%feﬂgﬁeggPé?{S@d fr°31)51 é%ﬂh% P Fhe
axf‘é%ahlgle'é%gb'norc’dmr dgjgsf‘ibﬁh@gsgotihﬁéﬂ de @ ooved

lers 3 can expand in the axial direction on a side
roblershBs cradiexivanhel thelr ¢ ngx22ladd resit e Ot herside of

hand, .th bearing 21' is.,0 thrust, Y t
thb?oBégaaﬁ SRS & Eﬁ%gh%%dg?g eggan& oﬁﬂguiﬁdﬁgﬁ§' Bfte
bedhifigt hnust s ype bgarisyg ipe Weuahlay, tiwe grooved

rollers 3 has such a structure, and bot 1_quldes

a

rothergof are RGES iSREXPHYE BReof e THpefitth

ty% CBQQQ‘EH oaxi al g %Qtll'y ol{hé h&r@&@@ﬂegoﬁcﬂéﬁi% $Hd®
revent a excessi ve from elngcégp ied to the

sua@ppar atuscwer, thnﬁwﬁmﬂ@eSLﬂesaihéwﬂ qte oeelur fixed,

036] Therefore, in this, e s M/a grat
bu h%nengoggngﬁQQNQPQFé&bgnd i M aX|mé%?rec¥Q§§th
ofeﬂﬂénékgﬁvgﬂl&bﬂl&ﬁ%ﬁﬁ@e§oopréhénsld®(ﬁxddﬁsiﬁdlhbad
type bearing 21 (which is a front side of the grooved
frep| Peisg spplied £q e aBPadatHat VhieR tHet 31 FeeRge 10

axf§£h99 REC A |Q% to the present invention, the
oove roIIers are not restricted to the

[O@Eéve expl ai ned type inthe wre saw 1 to be used.

Therefore, in this wire saw apparatus 1, when the
grooved rollers 3 expand in the axial direction,
expansion 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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[0037] Additionally, as shown in FIG 3, an eddy

current sensors are arranged in close proxinmty to

the axial direction of the grooved rollers. This
enabl es neasuring an axial displacenent of the

grooved rollers 3 in the prelimnary test. Although
this neasurenent of an axial displacenent of the
grooved rollers 3 is not restricted to the
aboEe@xpsansed meansnnesitry thetkdiye eanpaiersdifsorand

o SJo0L DL 4, 25P 1L S, MERNESTBR L B MR8 Bt

pr&@&@@ﬁ?h@db\y th et hengampatt e18 18, and data obt ai ned
from measurenment can be subjected to data processing

[O%&?I?ﬁ corputer 18. h[0038] A procedure for carrying
ou e sl i t
Lhg. ggEs%%h€y¥%§c%6® EHe be;preseMethod

i nvéhton %y usi saw 1 will now be
ac&xpiahgedo ElhreStprea?em’cellmaatyone@ly wmoﬁmkedat@lre
exam ne_ a relationshi tween an axial displacenent

sapfliWellgresves retimléarj:“ inthis wire saw 1 to be

utilgzed and ac34RRNY rtermesat us ecehdtibeesl o yefanine
sI|C|ng that I's suppliéd to this grooved rollers 3

a ﬂ@lahgosbhapn@efﬁfﬁeefsm anget d4sRdacrint mat Fhe
grﬁé%% %%&ﬁ%&%groces IQP Ialggtggwlﬂe@c@%éautlllzed and

after I's prelimnary test is
a §M zedem@@&dﬂuieraﬁntmé s$hmmgdﬁdnIaixnwngothahgls

angi ng .a suppl t f .th
sugpl ¢ AgrOAF e SRS rEo L BASaR 4T Sl SN  of

the grooved.r oL Lers a3 iah alifot MeRsHr ed By twsiNg tdeiced
eddy current sensor arranged in_ close prOX|n1ty to

(wh heh axsaHedieredtriesh af 2 heajro6vedindoIHEEeSs) [9HROT

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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A supply tenperature profile of the slurry for

slicing at this tinme is not restricted in particular,

and a profile enabling assuredly neasuring an axia

di spl acenent of the grooved rollers 3 associated with

each supply tenperature can suffice. For exanple, when

supply is started at the sane tenperature as that of

the ingot at the beginning of slicing and a supply
[obeoperature is gradually increased at a speed enabling

follow ng a cha [ ly t f. th I
for S¥itfngo AR BATAC i Gt AERreRE . of LPRE gFocuear coh Yan
ax%%i{%%%gﬁa%%ﬂ%ﬁ%‘éPp9h¥ LepBetat Woa 16 be aeasaredpply

I's to be noted that the relationship
tempeweenranofaxird el epracéaensléfcitite igr XTI ROMI &Ps

P AL L L e;)%‘}é "8a80r G %lttlf{%ﬁln FGEaPti6hay

i mnary tes adopt i ng

e.§t hen eendiillicdMorce. goplaetiensi el orinee appl tiedst
the wire in this prelimnary test equal to conditions
prehinhaamy #o91h GHP L pFOCESEIWAIORS rbet‘rff%rlﬁ%ijnraiéfcmg

proSeBLelaian a.c Wieheosheh candil ans, @i adont ed. wk e
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e
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na e b BB 4 not e that an upper |ine |n FlG 4

[00&plesents an anmount that the grooved rollers 3
gég??ﬁ%tQ%S;g\é%r,d s(ulc'he'ai Lteh agigrelsggpt lp)%ttwherel’rllStaﬁ YPEi a1

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 217)
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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and a lower |ine represents an anount that the sane
expands frontward (the side of the radial type bearing
21). As expl ai ned above, it can be understood that the
grooved rollers 3 of this wwire saw 1 having a
structure where the thrust type bearing 21' and
radi al type bearing 21 support the shaft 20 of the
grooved rollers do not expand much toward the side of
[oG6hpyst type Dbearing 21' as the rear side but expands

toward the side of the radi al %pe bearing 21 as_the
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grggggasggﬁagrgec%%!&kge g%ééd in the axial direction in
a desired manner.

[0043]

The above supply temperature profile of the slurry
for slicing will now be more specifically explained. It
is to be noted that the wire saw to be utilized will be
explained as the wire saw 1 having such a structure as
depicted in FIGS. 1 to 3 here. That is, this is an
apparatus that can obtain such a relationship between an
axial displacement of the grooved rollers 3 and a supply
temperature of the slurry for slicing as shown in FIG. 4.
However, the present invention is not of course
restricted to use of such a wire saw. The supply
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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expl ained as the wre saw 1 having such a structure as
depicted in FIGS. 1 to 3 here. That is, this is an
apparatus that can obtain such a relationship between
an axial displacenent of the grooved rollers 3 and a
supply tenperature of the slurry for slicing as shown
in FIG 4. However, the present invention is not of
course restricted to use of such a wire saw. The
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of the ingot in the axial direction (a direction of a
Bow may be highly possibly reversed at each of both ends
of the ingot).

[0045]

. Thus, it is good enough to increase a supply
temperature by setting such a profile as depicted in,
e.g., FIG. 5(A) and control an axial displacement of the
grooved rollers 3 during slicing by intentionally
increasing a displacement amount of the grooved rollers
in the axial direction (see FIG. 4) so as to provide
slicing trajectories uniforming Sori of all wafers to 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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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 axial displacenent of
the grooved rollers 3 during slicing by intentionally
i ncreasing a di splacenent anount of the grooved
rollers in the axial direction (see FIG 4) so as to
provide slicing trajectories uniformng Sori of al
[ovakers to be sliced out in one direction. A supply

tenperature profile |s showm in FIG 5(A) i
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isCSj_Qf ha@fewadly mdhe yafens tatheeslgged outTHerenere,
sligaggtggg.be performed while uniforming Sori of all
the wafers to be sliced out in one direction.

FIG. 6 shows an example of a process that slicing
is performed while uniforming Sori of all the wafers to
be sliced out in one direction. As shown in FIG. 6, it
can be understood that Sori of slicing trajectories are
aligned since the grooved rollers largely expands
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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FIG 6 shows an exanple of a process that slicing is

perfornmed while uniformng Sori of all the wafers to

be sliced out in one direction. As shown in FIG 6, it

can be understood that Sori of slicing trajectories

are aligned since the grooved rollers largely expands

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

portion of the grooved rollers 3 expands rearward in
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performed while supplying the slurry for slicing,.
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TG L3 o Pyl £ash AOSILL 0 ShohMBorl9R0 ot ne
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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.

(o048}

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 oﬁ 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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enough to appropriately carry out adjustnent so as to

obtain Sori having desired anobunts. [00489, It is to

be noted that the two supply tenperature profiles of

the slurry for slicing depicted in FIG 5(A) and FIG

5(B) have been taken as exanpl es and expl ai ned, the

present invention is not of course restricted to

these profiles. Characteristics of each wire saw (each
digeeoved inokl eles)ims® exantnedabyl ¢oreduwdtymyy t her

prelimnary test accor ing to.the wire saw to be
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Situatron ‘every tinme even though the wire saw
prehamngesryj tetst pent ovui figes) i endg hased et hef sappl y

tenperature rofile of,the slurry for slici :
wabp¥aj fed %ﬁnﬂ%ﬁ#ﬁ%ﬁau?ﬁ%?Fﬂfﬂaﬁy &St é%#?éﬁ#k?cg}th
hi@@drgggggungiyytjﬂl waf ers can be readily uniforned
in one direction wwth high reproducibility. [0049]

[0F4Piher, a nmethod for manufacturing an epitaxia

o RSP bR RUFSERLENENLINY b 2psceo
wafatf aepeddingone ditegieschasedventtivm sis cd ng et hod
manufacturing method of slicing out wafers having Sori
uniformed in one direction based on the slicing method
of the present invention and depositing an epitaxial
layer on each of the wafers having Sori uniformed 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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of the present invention and depositing an epitaxia

| ayer on each of the wafers having Sori unifornmed in
one direction. As explained above, uniform ng Sori of
all wafers to be sliced out froman ingot in one
direction is not easy in the conventional technol ogy,
and hence shapes of wafers whose Sori directions

di ffer dependi ng on each position in the ingot in the

ep@ﬁb%ﬁadiy%ﬁéﬂﬂhdﬁﬁﬁ?b@g geasteed remerly omeetbion,
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ormed in one direction can be of course subjected
epibaxaaprgaﬁggﬁhe.g., polishing in advance before the
[OﬁggiaX|al growm h. [0051] Although the present

ntion will now be explained in nore detail based
on exagpbesh huke thesent invention will now be

explained in more detail based on examples, but the
present invention is not restricted thereto.

(Example)

The slicing method according to the present
invention was carried out by using the wire saw depicted
in FIG. 1. As a preliminary‘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 pum 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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present invention is not restricted thereto.
(Exanple) The slicing nethod according to the present
i nvention was carried out by using the wire saw
depicted in FIG 1. As a prelimnary test, the same
silicon ingot as a silicon ingot having a dianeter of
300 mm and an axial length of 180 mmto be used in a
main-slicing process was sliced into wafers while
rogepnl ying a slurry for slicing and controlling a
supply tenperature thereof. It is to be noted that
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performng slicing. It is to,be noted hat terial
CugBERtn S IR 1 xi S LRI 568 T RTH 1Y aco%?%%?l%ﬁsg?agbﬂt

petdbeofinl gk Mes ¥sed1 88cRedhUY thelNESSo€oAdEbLOBES and
are the sanme as slicing conditions in a main-slicing .

a pnppéys tdmteiatwae rpédtbet sllawery. D& [9b5ingur t hee

at this tinme, .a supply teppe e.qf a . sl y for
ShQW?cFﬁd%m%?ﬂ%&ﬁ%%ggﬂgfro%EZB%%#% %&aezﬁ% ﬂnj%%('paiﬁsion
rephedegnooved-dohh£Fr8 3xpassiwasunedihy efidyhecgroened
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supppresents m nese waf dtegpadsiray dfrrourdlbtinge gilesed

.roll I | ] . .
11 B2t KU o1 P hECEAmB S ¥ Beasr tanee vy L asBhete

inseppl.y a.enperature of the slurry for slicing. These
lines formthe sane pattern as the rel ationship
[OBé&gilcted in FIG 4.

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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[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 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 uniforned in this
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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 pm 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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front end portion to the rear end portion of the
ingot. [0055] FIG 10(A) shows a Bow neasurenent
result obtained by actually neasuring shapes of al
wafers sliced out in above Exanple. As shown in FIG
10(A), it can be understood that Bows of all sliced
wafers fall within the range of approximately -3 mto
-6 mand Sori are wuniforned in one direction

prb8dheatinieegat | v& Bavpbr¥al uand Heered osechwben
subjecting the wafers having Sori, uniformed in one
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ongy B
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measured to confirmeach Sori direction in this
[0oexanpl e, but the Sori directions of the sliced wafers

are uni f.or in -opne direction when the slicing
(Cﬂﬁpﬁ&ﬁgﬁﬁéﬁg%ﬁﬁp}%pthe 27 present invention is

adoptgd, ward Rence:saehi Bomkanpasuwererida@rede ahd the
course elimnated. Mreover, Bows fall within tﬂg.
Jicehainto

samgngé ldicorapprdxt nafeFPar3 i £ AP R i ha
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pi taxi al” waf er s a desired small value and rarely
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tehpelr@ the N ek 1 hat c18sedichf er ertornf rosmp&xatmice, lake the
prelimnary test was not conducted and_a

conventional example as shown in FIG. 8.

It is to be noted that other slicing conditions
were the same as those in Example.
[0057]

As shown in FIG. 9(B), in regard to an axial
displacement of a grooved rollers, a rear end portion of
the grooved rollers expanded rearward approximately 4 pm
and became substantially constant from a slicing depth
reached approximately 50 mm to 100 mm, and a front end
portion of the same expanded approximately 4 um and
became substantially constant and then slightly expanded
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,

28



supply tenperature of a slurry for slicing had a
supply tenperature profile close to a room
tenperature like the conventional exanple as shown in
FIG 8. It is to be noted that other slicing
conditions were the sane as those in Exanple. [0057]
As shown in FIG 9(B), in regard to an axi al
di spl acenent of a grooved rollers, a rear end portion
negﬁtlbbeawﬂﬂpdﬂiﬂiﬁéeB6weXpanéedameammﬂahsively
proximately 4 m and becane s% stanti IIy c nstant ,
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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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an opposite direction was turned over to align its
Sori direction, and then an epitaxial |ayer was
deposited. Therefore, a work efficiency was poor, and
nore 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 epitaxicalaIgtowh is difficult.

[0058] It is to be noted that  the t t '
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91,299} O%HS%d' %Jlli%&@%?&%@ééémgt taa, wane
ny exanpl es at have substantially the sanme

agaunu¢tume:Ewgbtdeqnhstséﬂ@eﬁhelﬁahéﬂaﬁﬁéﬁl@hélﬁnd

ef f ect th h |
SuPRIGF At o1 (WaY pF BEet L CRRVBrit ot r & LT dagd Th°

ath@:ah%qli'ﬂj GHe SEOPE €b tmavear es@ndréveat tent 29
CLAIMS 1. A slicing_nethod _conprising wndin
slarénqd the? pingati vpise §roeved D!t sS%.HHr}Srg% &lClng
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plying a slurry for slicing to the gr ooved
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test, of slicing the i Iurr
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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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for slicing is supplied based on the supply
tenperature profile to slice the ingot while
controlling an axial displacenment of the grooved
rollers and to uniformSori of all wafers to be
sliced out in one direction. 2. The slicing nethod
according to claiml1l, wherein the supply tenperature
profile of the slurry for slicing is adjusted to
s1adjidgt igmewtt :1s0fa Serof vt eakhatheéhwafssply otdmpetratede
~out. 3. The slicing nethod accordi t.0 cJaingl or 2o+
isypepera Liie IOGHASTRNDEPE 6F& L fr 6 156 BT Thet 3¢ u# PO -
for slicing is set at least as a profile that the
supply tenperature is gradually increased after_a
5. sl i chngetepthfoof mahme: fagiotr irachesepizagfiad diadhfster .
4. The slicing nethod,accordi l.a] ok ; .
WhGREMBi HATRE Ss Wﬁp?eﬁ%g%aPﬂ%ggﬁb%|I€§E§J?ré}§?ﬁF%§n
ar&051i3@asbiugl By ithsesl asiagpmetinloal tahatotdienguppl gny
tenperature is gradually increased fromstary of
ong| péi GRS iInd&t .4, 5anA" ABt ABA tRGH anA¥t utFng an
de?BEE@é'da!onV\@fh%r wa LS e{)QvWﬁBeB% PRI 38 g Ui f enaed
none direction are sliced out by the slicing nethod
diaecatdhng to any one of clains 1 to 4, and an
epitaxial layer is deposited on the wafers having
Sori uniforned in one direction. 31
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