DESCRI PTI ON  CUTTI NG METHOD, AND W RE- SAW APPARATUS
TECHNI CAL FI ELD [0001] The present invention rel ates
to a slicing nethod for slicing a | arge nunber of

wafers froma silicon ingot, an ingot of a conmpound

sem conductor, or the like, by using a wre saw
apparatus and to a wire saw apparatus. BACKGROUND ART

[0002] In recent years, it has been sought after that

waf ers becone | arger, seghbrasribe wafers becone
larger, in slicing of an ingot a wire saw apparatus
is primarily wused. The wire saw apparatus is an

appar at ugyteryg! Meragp, Oﬂﬁb%iﬁtg ﬁ“ﬁ'}?ﬂa&ﬁ‘ gafers at
the sanme tine by making a wre |ghteS| e steel

wire) travel at high speed and pressing an ingot

I N the wire to slice the ingot while
Té%ﬁw%@gﬁ%ﬁ y on the wire (Japanese Unexamn ned
[Regent Publication (Kokai) No.9-262826). [0003] Here,

in FIG 12, an outline of an exanple of a  comopn wire

saw 5|5‘|§atpa?tet§§q% RN 1 s Bhbake f ntand ovbi &l 19 Vil U
£ Q1A o A ULLE AN APRAT LS LOL ORI Bl Xt DEbudes

awmre ICI ng an 1 ngot, grooved rollers 103
ir(guitr,e aguuje@c)t aoﬁumdcmﬂnpohndt lsemmaoeldll@zqrs murlidie aike,
mechani sm 104 for providin

t he
b3 Gheabh & & He nY SRR o7 PBEaF oSt HeTe! S8t to be
apPalré@ds .and a nechani sm 106 for supplying 1 slurry at
the tinme of slicing. [0004]

BACKGROUND ART

[0002]
In recent years, it has been sought after that

wafers become larger, and, as the wafers become larger,
in slicing of an ingot a wire saw apparatus is primarily
used.

The wire saw apparatus is an apparatus for slicing
out a large number of wafers at the same time by making
a wire (high-tensile steel wire) travel at high speed
and pressing an ingot (work) against the wire to slice
the ingot while spraying slurry on the wire (Japanese
Unexamined Patent Publication (Kokai) No.9-262826) .
[0003]

Here, in FIG. 12, an outline of an example of a
common wire saw apparatus is shown.

As shown in an overall view of FIG. 12(A), a wire
saw apparatus 101 mainly includes a wire 102 for slicing
an ingot, grooved rollers 103 (wire guides) around which
the wire 102 is wound, a mechanism 104 for providing the
wire 102 with tension, a mechanism 105 for feeding the

ingot to be sliced, and a mechanism 106 for supplying



The wire 102 is unreeled fromone wire reel 107, and

enters the grooved rollers 103 via a traverser 108

t hrough the tension-providing nechani sm 104 i ncl udi ng

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

roll er (deadwei ght)(not shown), etc. After the wire

102 is wound around the grooved rollers 103 about 300

to 400 tines, it is reeled onto a wire reel 107
slyrrvugh the tdiferck eisi©M%Brovi di ng nechani sm 104" .
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radi al type, and the grooved roller 103 can extend in

[OHbhxial direction toward the bearlng 121 of the
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pitch, and is configured such that the wire 102 wound
around the roller can be driven in the reciprocating
direction by a motor 110 for driving in a predetermined

cycle.

[0006]
Here, the grooved roller 103 will be further

explained. A grooved roller shown in FIG. 13 is taken up
as an example of the conventionally used grooved roller
103. At both ends of the grooved roller 103, bearings
121 and 121’ supporting a shaft 120 of the grooved
roller are provided. For example, the bearing 121 is of
the radial type, and the grooved roller 103 can extend
in an axial direction toward the bearing 121 of the
radial type. On the other hand, the bearing 121’ is of
the thrust type, and the grooved roller 103 is
configured so as not to extend toward the bearing 1217
of the thrust type easily. That is, the grooved roller

is configured such that it can extend in only one



Mor eover, sone grooved rollers are configured such
that both the bearings 121 and 121' are of the radia
type, and the grooved roller can extend back and forth
in an axial direction. [0007] Wen an ingot is sliced,
the ingot is fed to the wre 102 wound around the
grooved rollers 103 by the ingot feed nechani sm 105
as shown in FIG 12(B). This ot - f eed nmechani sm 105
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[0008]

And, as shown in FIG. 12(A), nozzles 115 are
provided near the grooved rollers 103 and the wound wire
102, whereby it is possible to supply slurry which is a
ligquid in which GC (silicon carbide) abrasive grains,
for example, are dispersed to the grooved rollers 103
and the wire 102 from a slurry tank 116 at the time of
slicing. In addition, a slurry chiller 117 is connected
to the slurry tank 116, making it possible to adjust the
temperature of the slurry to be supplied.

[0009]

An ingot is sliced by using such a wire saw
apparatus 101 and applying appropriate tension to the
wire 102 by using the wire-tension-providing mechanism
104, while making the wire 102 travel in the
reciprocating direction with the motor 110 for driving.

Currently, it is common to perform slicing by



using a wre having a wdth of 0.13 mmto 0.18 mm
applying a tension of 2.5 kgf to 3.0 kgf thereto, and
making the wire travel in the reciprocating direction
at an average speed of 400 mmn to 600 Mmn in a
cycle of 1 c¢c/minto 2 c/mn (30 s/c to 60 s/c).
DI SCLOSURE OF | NVENTI ON [0010] Previously, slicing an
i ngot was perfornmed by using the above-descri bed
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apparatus, the inventors have found out that the
cause of the eneration of the Bow or the Warp is a
DIsehPEPREeREr ALYENTAPNver | appi ng i nfl uences of,
[O@{dily di vided into, the thermal expansion of the
grooved rollers and the ingot, the strai%htness of
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slicing of a semiconductor wafer, and a further
reduction thereof is required as the product quality
demand is increased.

[0011]

Thus, as a result of an intensive study on an
ingot slicing method using a wire saw apparatus, the
inventors have found out that the cause of the
generation of the Bow or the Warp is a matter generated
by overlapping influences of, broadly divided into,

. the thermal expansion of the grooved rollers and
the ingot,

. the straightness of work feed, and

. the deflection of the wire during slicing (in a
wafer out-of-plane direction). Furthermore, they have
found out that, among them, the influence of the thermal
expansion of the grooved rollers and the ingot is
particularly large, and improving this is most effective
in obtaining an effect on improving the Bow or the Warp.
[0012]

Hereinafter, the influence of the thermal



expansi on of the grooved rollers and the ingot on a
Bow or a Warp will be described in detail. First, a
case in which the ingot is naintained at a constant
tenperature and only the grooved roller thermally
expands during slicing will be described. The grooved
roller thermally expands due to an increase in slurry
tenperature caused by heat generated by the sliced
exp POt on 06 £ Vi BeC grdunteidon of 1 dwemt afid obf ehé n@ote ON 2 Bow
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Next, a case i.n ich the.or Ll er : ;
th?h%?ﬁﬁﬁrgééfﬁ &%gﬁﬁxﬁﬁY%dtﬁ§9¥§go?85hg?ﬁglijgﬁié%%%
thaHEi Bgeshi ear@ wid lwibiecdi sicessed. cwpem st tarpatatim e

of the ingot nmeasured by using, for exanple .
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an ingot is displaced in only one direction in the axial
direction and a case (FIG. 14(B)) in which it is
displaced in a symmetrical shape in both directions
(front-back direction) in the axial direction.

[0013]

Next, a case in which the grooved roller does not
thermally expand and only the ingot thermally expands
during slicing will be discussed. When the temperature
of the ingot measured by using, for example, a
thermocouple during slicing is converted into the amount
of thermal expansion, as shown in FIG. 14(C), in both
directions in the axial direction, the ingot thermally
expands at the early stage of slicing and thermally
contracts at nearly the end of slicing, depending on a
slicing load at different times.

[0014]

Then, slicing paths observed when the above-



5 described thermal expansion of the grooved roller
and thermal expansion/contraction of the ingot are
built into the ingot at the sane tine are shown in
FIGS. 15(A) and 15(B). FIG 15(A) is a slicing path
corresponding to a case in which the grooved rollers
thernally expand in only one direction in the axia
direction, and FIG 15(B) is a slicing path
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convent ilonal wire saw apparatus, the slicing
andat 8sBare those shown in FIGS. 15(A) and 15(B) and a

Bow or a Warp i s generated |n st of h
obt & Hed by g li iFng. SEAGLE) nqb ?ngg ? Pon *has

ca?gefnn@ﬂgchnEﬂéaﬁﬂgoéé@ r@bDéEsdeﬁékmedﬂﬂdﬁﬁ&H$ 1n
and an object thereof is to EfOVIde a SlICIC?éﬂH%h

on hpdomewdieesdwoappar athes 2hhd @aﬁeﬁ§ﬂP@wm%ﬂ
15@%J sf‘fscfinélg'glﬁtn@: Baw, oL, &, Bnd'lﬁ atWafaercaOskg alr{‘ecﬂhlch

uced, exanpl e, by

th@O@kb@krbuanalsdﬁszlmgemamjauekpandt onarfonnrﬂg@tlrsdooth
that, in partlcular the sl |c|n pat h .becones
d1¥$gtg@ﬁ§d ngypﬂbQka%}g%cFﬁgn %ﬁ%ﬂﬁXlal ?ﬁrectlon.

| ”Vez?é ' %S?P!‘L%ad%o%enem% f@rcéﬂwéhegoaau BQdiciimy
the formo wafer by winding a wire around a

mephudab:ldyaofc@m%xpnabl‘#’br@ aAd pPEsdididithe i re

A SIS0 LI 58 b1 gl oo
an¥hgr gbh, owhen Wi ingojehsrstededn rmars tarurithofwafers
Obg;fgggcggpgalzLJ&;e i ngot changing in an

[0015]

The present invention has been made in view of the
above-described problems, and an object thereof is to
provide a slicing method and a wire saw apparatus that
can perform slicing in such a way that a Bow or a Warp
in a wafer obtained by slicing can be reduced, for
example, by controlling a slicing path built into an
ingot so that, in particular, the slicing path becomes
flattened.

[0016]

To solve the above problems, the invention
provides a method for slicing an ingot in the form of a
wafer by winding a wire around a plurality of grooved
rollers and pressing the wire against the ingot while
making the wire travel and supplying slicing slurry to
the grooved rollers, wherein, when the ingot is sliced,
an amount of displacement of the ingot changing in an

axial direction is measured and an amount of axial



axial direction is nmeasured and an anount of axial 6
di spl acenent of the grooved rollers is controlled so
as to correspond to the neasured anount of axia
di spl acement of the ingot, and thereby, the ingot is
sliced while controlling a relative position of the
wire relative to an entire length of the ingot
changing in the axial direction. [0017] Since it is
ai sbTEeubhtt @ FCably @rddvesdratol bapanssonpobmodedi ¢p as
itself of the ingot, in the slicing gethod of the
to | uehe FBANAWREN e MSRFHTSS ABPFREGO Tt A& 4fount of

a1 Sl spLagenent of e A a0t ghangh8geb, aBhaxiialgot i
l%#rec?ﬁon is first néggﬁred. Then,etge anojngoofls
s1fxéal wiipl cerentl lafng e g beveder Bppéfdops of the wire

controlled so as to corre tk ; :
reGICLER] BP afo FracdentoS  RL | hOBt PR e pkea g T
thd0ssi Bl eqitagliigge. the ingot while controlling the

relative position of the wire relative to the entire
[00®khbth of the ingot changing in the axial direction,

and Al Usts @ 58! LGieg RALD dd) diRSapotneenas to be an
i ntén sficirng path. For exanple, it is possible to
exphias i en/aonsldaditngpatthsahfl oEdtbe anBew orina th& p in

each wafer after sligi kabl y. 01 1 i
S1{¢hR9 PECNepsa Bt THATR byopastlRy CoSolTHY warer

s11beguabnshaticudf dhelosppyedment! ers tard i ragjtusthiag ng
tenperature and/or a flow rate of the cooling water,
e
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onde bt PG OB 1o LAY, shicheRp g o fe
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axial displacement 'of the ingot. This makes it possible
to slice the ingot while controlling the relative
position of the wire relative to the entire length of
the ingot changing in the axial direction, and adjust a
slicing path in the ingot so as to be an intended
slicing path. For example, it is possible to flatten a-
slicing path and reduce a Bow or a Warp in each wafer
after slicing remarkably.
[0018]

At this time, it is possible that by passing
cooling water through shafts of the grooved rollers and
adjusting a temperature and/or a flow rate of the
cooling water, the amount of axial displacement of the
grooved rollers is controlled.

In this way, by passing cooling water through the
shafts of the grooved rollers and controlling the
temperature and/or the flow rate of the cooling water,

it is possible to control the amount of axial

displacement of the grooved rollers easily and



it is possible to control the anpunt of axia
di spl acenent of the grooved rollers easily and 7
accurately. [0019] Then, it is possible that the
measurenent of the amount of axial displacenent of
the ingot is performed by using a thernocouple or a
differential displacenent gage. In this way, the
measurenent of the anount of axial displacenent of
actheatBY9t can be perfornmed by a sinple nethod using a
t hernocouple or a differential displacenent gage.
[0PDBPO] Moreover, it is preferable that a profile of

|
the rﬁﬁ?Pnitoisaégéki e%phﬁ&ﬁm%ﬁe(ﬁeégﬁréﬁGQE of the

reléglve to a depth of cut Is generated fromthe
amBBAsUbEdaatmintdicfpl axérendi sl Boendngosf itsheqmigoimed

and, based on the rofile th d,q:
by oFSRPar ANSSFRLEHENS BF #HAL bf Bo000 Fal IAre 1 et

ga§ﬁptrolled. In this way, by generating a profile of
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_possible to control the anount of axial displacenent
digplaRemgréoP@@Sol lers quite easily without effort.
[059@ 1] Moreover, the invention provides a wire saw

apparatus having a wire wound around a plurality of
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depth of cut is generated from the measured amount of
axial displacement of the ingot, and, based on the
profile thus generated, the amount of axial displacement
of the grooved rollers is controlled.

In this way, by generating a profile of the amount
of axial displacement of the ingot relative to the depth
of cut from the measured amount of axial displacement of
the ingot, and, based on the profile thus generated,
controlling the amount of axial displacement of the
grooved rollers, it is possible to control the amount of
axial displacement of the grooved rollers quite easily
without effort.

[0021]

Moreover, the invention provides a wire saw
apparatus having a wire wound around a plurality of
grooved rollers and slicing an ingot in a form of a
wafer by pressing the wire against the ingot while
making the wire travel and supplying slicing slurry to
the grooved rollers, the wire saw apparatus at least

including: an ingot displacement measuring mechanism for



making the wire travel and supplying slicing slurry to
the grooved rollers, the wire saw apparatus at | east

i ncludi ng: an ingot displacenment neasuring mechani sm
for 8 measuring an anount of axial displacenent of the
ingot to be sliced; and a grooved roller displacenent
control mechanismfor controlling an anount of axia
di spl acenent of the grooved rollers so as to
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correspond to the anount of axial displacenent of the

rolhgos.nmeasured by the ingot displacenment neasuring
[O@$£panisn1by feedi ng the anount of axial displacenent
the grooved rollers back to the tenperature and/or
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shafts of the grooved rollers, it,c t e
ln%ﬁ%ﬁh?“oﬁSaﬁﬁﬂé%qﬁQnﬁ%&%n%%? oPg%heagF g%g{ ré?lers
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di spl acenent of the ingot. In addition, since

dlsphapemen§;ﬁﬁﬂ@ﬁm&ﬁQBﬁf%%d%ﬁcﬁlﬁﬁeqiu?%éﬁﬂénﬁ?ﬁ%re
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since it is provided with the grooved roller
displacement control mechanism for controlling the
amount of axial displacement of the grooved rollers so
as to correspond to the amount of axial displacement of
the ingot measured by the ingot displacement measuring
mechanism by feeding the amount of axial displacement of
the grooved rollers back to the temperature and/or the
flow rate of cooling water passed through the shafts of
the grooved rollers, it can control the amount of axial
displacement of the grooved rollers so as to correspond
to the amount of axial displacement of the ingot. In
addition, since the control is performed Dby feedback to
the temperature and/or the flow rate of cooling water
passed through the shafts of the grooved rollers, it is
possible to perform the control easily and accurately.

[0023]

With the slicing method and the wire saw apparatus



passed through the shafts of the grooved rollers, it
is possible to performthe control easily and ’
accurately. [0023] Wth the slicing nmethod and the

Wi re saw apparatus 9 of the invention, it is possible
to control the amount of axial displacenent of the
grooved rollers during slicing so as to correspond to
t he amount of axial displacenment of the ingot which
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relative to the entir e t ' '
sli¢ing 585§Fb%8 F@Hﬁﬁéh%)&gggl?%?ngﬁgg?E?%EéégﬁﬁﬁsS’

diPetitenbat, oy thleatitreyg thgeli heh si scong fpaupt ito jgpntrol.

possi ble to reduce a Bow or a War BRI EE . DES T
ThF DRAVENGS POSSAPLlert® qoﬁlgr%\fsg%nﬁﬁl@t&%g anrs‘FLTel%ll

showi n n I i S
£ S0P 098N, SXAP @I_c@ ¢ b F §rS8veappanakus oftitee
oL i HV%n |5n.wglé. f%A r}s an égzlangtory di_agr am show n
re B&t exanpbeitdforanrdInguotve ot aht o ERELREC IENFES aﬁﬁ ene

. attached. (B) i,s an explanato j L DG4
inGRBmpTa%st i inigots OFSWRTEN Y QFrarantt ol oLAD path,
andi sphagerentcugage iy phBsetlenif) the arliedplamadry it
' di agram show ng an exan%$e of a rooved roller for
iswhpshibdey toumeshics ehsery %Feapwgfgd. FIG 3 is an
expl anat ory di agram show ng an exanple of a cross
section of a grooved roller. FIG 4 is an explanatory
BRUE&IDEECRIGUIUN tde DREWENGEBnshi p bet ween changes in
[Oan4|ngo; and a grooved roller in an axial directjon
PA44 slicing method of the invention. FIG 5 is an

Fléxpgaﬂgt%r%dﬂé%H@H&S@Q&@Bgmaﬁhewam@(anﬁexﬁm§ﬂ¢0¢ﬁga
~path when thermal expansion (front-back

wire saw apparatus of the invention.

FIG. 2(A) is an explanatory diagram showing an example

of an ingot to which thermocouples are attached. (B) is
an explanatory diagram showing an example of an ingot

for which a differential displacement gage is placed.

(C) is an explanatory diagram showing an-example of a
grooved roller for which eddy-current sensors are placed.
FIG. 3 is an explanatory diagram showing an example of a
cross section of a grooved roller.

FIG. 4 is an explanatory diagram showing the

relationship between changes in an ingot and a grooved
roller in an axial direction in a slicing method of the
invention.

FIG. 5 is an explanatory diagram showing an example of a
slicing path when thermal expansion (front-back
direction) of a grooved roller and thermal
expansion/contraction of an ingot when the ingot is

sliced according to the invention are taken into

consideration.

10



direction) of a grooved roller and thernal

expansi on/ contraction of an ingot when the ingot is
sliced according to the invention are taken into
consideration. 10 FIG 6 is a graph show ng an exanple
of the tenperature of an ingot relative to the depth
of cut, the tenperature neasured by using a
thernocouple. FIG 7 is a graph showi ng an exanpl e of

r1d hegrelati gpghihp sHRRHWREN hexdepDer atutaeoft sopaatgire
wat er and ?heBaerunt Wg%? di spl acenent of a roovedatgl
of rah | eng8t rhéatdlvat itonstid JBPEAR;] ﬁédclﬂ)tr'atﬁl%el i mnary

experjnment. FILG_ 8 i h,s i |t
LR AEAEr BRERC TGt o U o3 e uaPor Lett ai ned by
FISliTing hngexpmplshowifldsa® ésampyeaph §h@mnq}qqﬁpnship
result of the neasurenment of_ Bows/\Warps _i a fer
bete e nele by SBPEdAtd % %n%%?%\ﬁ‘gewgﬁﬁma&% He @tloppt
of ?i@y%@@ﬁeﬁtﬂo‘Mf"‘% thedesyl kovlekhs, Measuremeiondhip
OWS rps in a wafer obtained by slicing in
obﬁ)ﬂpla?ab?vtahﬁxwimmrﬁarﬂ@pilllﬂ@nﬁ-gr aph showi ng the
resu 0 e _neasur enent f [
FIQbt &i ﬁédab9r§H}bis§§)WWg hdaF Eiage feimaiih i Biment
of i Bofis3RbepBt iie, i agieen shiovk bgednbexaripladingf i Egareple.

saw apparatus used in a conventional i.cing meth
FIGA)9i §san overdl |Shaweipd a*ﬁlae(B)angtao?c &%g?ecascﬁrg%?%rr%

ofoz'é%v"’}g hgg,gts- 1eed, MRehN $8t 2 Fh&d ia% s i@ et i ¢
pran~vi'ew show ng an exanple of the structure of a
co@paesedveokkempld G.. 14(A) is an explanatory diagram

oL S SLARCLTE! SRS (ncocuranent

er ‘and a slicing path

of"‘_@@ﬂs"i‘ﬂair%%‘)_tiﬂ S Std £€fl. ok Bhrines @y exiplaired oy
di agram showi ng an exanpl e of thernal
Comparative Example 2.

FIG. 11 is a graph showing the result of the measurement
of Bows/Warps in a wafer obtained by slicing in
Comparative Example 3.

FIG. 12 is a schematic diagram showing an example of a
wire saw apparatus used in a conventional slicing method.
(A) is an overall view, and (B) is a schematic diagram
of an ingot-feed mechanism.

FIG. 13 is a schematic plan view showing an example of
the structure of a grooved roller.

FIG. 14(A) is an explanatory diagram showing an example
of thermal expansion (one direction) of the grooved
roller and a slicing path when an ingot is sliced. (B)
is an explanatory diagram showing an example of thermal
expansion (front-back direction) of the grooved roller
“and a slicing path when an ingot 1is sliced. (C) is an
explanatory diagram showing an example of thermal
expansion/contraction of an ingot and a slicing path

when the ingot is sliced.
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expansion (front-back direction) of the grooved roller
and a slicing path when an ingot is sliced. (C is an
expl anatory di agram showi ng an exanpl e of thernal
expansi on/ contraction of an ingot and a slicing path
when the ingot is sliced. 11 FIG 15(A) is an

expl anatory di agram showi ng an exanple of a slicing
pat h when thermal expansion (one direction) of the

FI@r opyes) r okl an axeg tdiertmty edpa@samn/sbowunactamorexaaﬁple
an ingot when the ingot is sliced are tagen

Ofo@n%lu@iaglQﬁth(BPQQsQﬂ?%ﬁ&%aﬁ%?@?§l8pa PAR 41reCtlon
Ofa?ronéggg oﬁf%ﬂ(a &K@fh@@egxbﬁﬁéﬁ%h/@ﬁﬁﬂﬁﬁdﬂuon

direction) of the grooved roller and
oft&@rﬂagotewpansmmycmnuqmci$oﬁlbﬁednaﬁﬁg&?WW%h”FHé

coNBDRS FeR: EARRVENG HLUF THE R NUERTT O CLOGRS]" Shov=a a0

exdfp BLNBEL ar s1aR iePQitenih&h therhavertdpamsion (front-
expl ai ned; the invention, however, is not |imnted

ba¢hedetectA9nde§€hﬂhﬁiQﬂﬁﬂ%edmﬁ@ﬁlﬁﬁ PRG0S ced
ex%%%%gﬁb?gﬁ%t%%ngﬂﬁiqp@' ﬁliﬁ?BE Wﬁ%ﬁo@h%nthot is

Wi Te saw apparatu a slicing path
s1fbeagesel RakenaXindo chrecdeoatasnshown in FIG 15 due
to, in particular, thermal expansion of a grooved
roller or an ingot in an axial direction, and a large

BE%P Wy8hEa PO 40 RMITNG SouTenerat RYENT I@maf er obt ai ned
y s |C|ng To address this, a slicing nmethod or the

[002&& for suppreSS|ng a change in an ingot or a

grogye%%{g%tg? N an éﬁﬂ&ﬂlmé%{eGE'QﬂebXnvégﬁl%%ﬁmnie

spr ayt “on"the 1ngot or the ke in order to
exBl hmheat e taechangmtiom, S}howengr patsh mqt alni ikt et

di rection ha
chovrect s been studied. [0026]

As described above, when an ingot is sliced by
using a conventional slicing method and a conventional
wire saw apparatus, a slicing path changes in an axial
direction as shown in FIG. 15 due to, in particular,
thermal expansion of a grooved roller or-an ingot in an
axial direction, and a large Bow or a large Warp is
generated in a wafer obtained by slicing. To address
this, a slicing method or the like for suppressing a
change in an ingot or a grooved roller in an axial
direction by, for example, spraying slurry on the ingot
or the like in order to eliminate a change in a slicing
path in an axial direction has been studied.

[0026]

However, the inventors have found out that it is
difficult to suppress a change in an ingot, in
particular, in an axial direction, and, even when an
attempt is made to control it by spraying slurry as

described above, the ingot actually changes a little,
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However, the inventors have found out that it is
difficult to suppress a change in an ingot, in
particular, in an axial direction, and, even when an
attenpt is made to control it by spraying slurry as
descri bed above, the ingot actually changes a little
12 whi ch nmakes such neasures i nadequate as neasures io
prevent a Bow or the like. [0027] Thus, the inventors

wndl3fSnfROceLUeH flacedual nGadioysate ahenbikgrby €O
adj usting a slicing path by changing both the grooved
prewvéheraaBdwt he ithgotlik€-an axial direction in the
[OS ~manner because it is, after all, inpossible to

: nate changes in both the grooved roller and the
i ngotniig), aphaxiavedibest have Amhcehesd alvEcABGREYout

that all that is needed . i N ' i i .
Bowonoroha AAKEGEY AN T Bt FRiChRP PALEY (Giansing

bo Bl 8 dLLaeian. J1a Adidisd £he ingbat iive istiizon of
?mnre“gpﬁﬁoprfatgiy relative to ltﬁe eﬁthgnfzjlth 8{ :

ditbet iogot nduHNG SHd Gty beeaussl Litng Srhé Hrtiunt - of
. axial _displacenent aof t oyedyLehl &r

imgaF PABpENA & LRE BNt BT axi 1 g epl acenent of - the

roifgg}ﬁn??@h@ﬁ%ﬁmﬁﬁﬂpbftﬁm sheali diesdtden [ Jord] they

after, a wre saw apparat us d [igi Ce 4

have Roundl Ctie Shiierth b e F| e BR0r nd i1 detalT °
. refer t.he LNES; i i3

a1 PEhavar s P L e e o T e an

paexarphlargf im wir esbal appaecatdonof tq REIHent?on is

ceiffibe SPURINB LR THsahelbp Rl etfon e, o
cnW LRctihe 1ength of the ingot during slicing Dby
controlling the amount of axial displacement of the
grooved roller so as to correspond to the amount of
axial displacement of the ingot, and have completed the

invention.

[0028]

Hereinafter, a wire saw apparatus and a slicing
method of the invention will be explained in detail with
reference to the drawings; the invention, however, is
not limited thereto.

In FIG. 1, an example of a wire saw apparatus of
the invention is shown.

A wire saw apparatus 1 of the invention has, first
of all, as a main body unit, as is the case with the
conventional wire saw apparatus 101, a wire 2 for
slicing an ingot, a grooved roller 3 (wire guide) around
which the wire 2 is wound, a mechanism 4 for providing
the wire 2 with tension, a mechanism 5 for feeding an
ingot to be sliced, and a mechanism 6 for supplying

slurry at the time of slicing.
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conventional wire saw apparatus 101, a wire 2 for
slicing an ingot, a grooved roller 3 (wire guide)
around which the wire 2 is wound, a mechanism4 for
providing the wire 2 with tension, a mechanism5 for
feeding an ingot to be sliced, and a nmechanismé6 for
supplying slurry at the tinme of slicing. 13 The wire
2, the wire-tensi on-providing mechanism4, the

gﬁ{ fﬁfgenECh%Wé“Wf%efﬂghéf@nsbﬁbﬁﬁdﬁw@pmkchanlsm 4,
nec anism 6 may be the sanme as those of the wire saw

thappagat uﬁeédlm@ﬁshﬁlr@smli userd i Bhe ha LESAYeRUPeHA

slicin t hod 29 id
me‘f}ba%bﬁ'g gEmf"l%’ebe[ un1 % a§$gﬁ%%§p g(r:]gﬁnlle%ﬁtdlg\éergd“pn

apPspeved nohl e ¥En 18 dgedotn espendonveptid carrdunt  of
di spl acement of the ingot changing in both directions
Sl¥¢l@gtm§§6@dd|rect|on) in the axial direction, both
[0 fngngs of the grooved roller 3 are of the radi al
and the grooved roller 3 can be conflgured such
truulmdl@amt&klgnd1ba¢meammVénﬂl¢nnntgnCQQFéP the

e S0 om0 Ak 5 i o RS R0RYEA ol 31

as | PgOLrdi-sRbageNer HRASAHd gt SoEchabpdmckinerdr of the
nmeasuring the anount of axi al dlsplacenﬁpt of . the

ingegothangihg tlinmbagh sd%l’c%"gl%a gfront-back direction)
in lﬁ%\rlgghrgl ld?&e%t%.@rgc iﬁbsn%‘fh%@ies@r%xf&l

ng the anount aX|a di Spl acenent of the
rogI@ﬁvedaﬁ:el ogr the tryad:eaehmgpet badk the dweoved roller

nper at ur e and/or the flowr te of ¢ I
3 %%%s@@ ERPEGGN TR SEHAFE DY the apog§e% %é%uegﬁgas

fotPnCOR 85PARA 4110 dihec@a®unt of axial di spl acenent of
the ingot neasured by the

[00Bgbt - di spl acenent - measuri ng nechani sm 11
And, the wire saw apparatus 1 of the invention

further includes an ingot-displacement-measuring
mechanism 11 for measuring the amount of axial
displacement of the ingot at the time of slicing and a
grooved-roller-displacement-control mechanism 12 for
controlling the amount of axial displacement of the
grooved roller 3, by feeding it back to the temperature
and/or the flow rate of cooling water passed through the
shaft of the grooved roller, so as to correspond to the
amount of axial displacement of the ingot measured by
the ingot-displacement-measuring mechanism 11.

[0031]

As the ingot-displacement-measuring mechanism 11,
the one using a thermocouple 13, for example, can be
adopted. That is, an example thereof is the one in which
the thermocouple 13 is attached to the front and back
sides of the ingot in an ingot axial direction, and a

computer 18 which calculates and processes the amount of
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[0031] As the ingot-displacenent-neasuring nmechani sm
11, the one using a thernocouple 13, for exanple, can
be adopted. That is, an exanple thereof is the one in
whi ch the thernocouple 13 is attached to the front
and back sides of the ingot in an ingot axia
direction, and a conputer 18 which cal cul ates and
processes the amobunt of 14 axial displacenment of the

axi 1004 bY160BMEREI BE the Iej@ersyucenotrthegi nget

nmeasured by the thernocouple 13 into the anmount of
t ertyher ara rex pAnshen ing ofr AR Sd nPE| Bhe SpRFmOgeuple 13
. _exanple_ of a,ca [ [ch : 0 ; a
L S s L e
z(gwpléhoaggggubiﬁfiﬁ dasepassibhiechothadspe rmes vt es 13

using a difrerential disp]lacenment gage 14 instead of
ar@s?hgaﬁh@dtﬁ@rﬁﬁ@o&ﬂQQ?u%S'ﬁﬁﬁw?s, ?he anount of
[0@?%§| di spl acement of the ingot may be neasured by

a ching a supporting unit of the displacenenh %a%g

to whateowser psist adtitdorhdrarihiexphihst ®nPPFELPLE to

exa e, the main body. L ke
o GBS, shiCy AN RO Sl ke YAt csap cmpaal U 14
ins¥O9 bR aBiay ahedigipoinesoughe 1dif faeéntisal the

di spl acenent gage 14 i s connect e C0 uter 18,

_ g ed to th
ameweit caf Eﬂééésghﬂﬂ%%ﬁﬁﬁﬁﬁ%doEa?g? FRIRCGM 2B, an
me SXEIRLCRY! 27 cGR3Q A P B b hes AT hanentiralne
di sSplacerment” gage i's placed for fhe ingot is shown.
di$9038¢meEhe gag@tidisﬁkHth%anﬁéé§aﬂan 11

is not particularly limted, . .angd i, i fficient
ex?%%§19ﬂ¢(%GHeeﬁ€§mB§“ab et%ah§a§8?§ P%é%gﬁadﬁfggfsaw
appxtatudi 3p! acenenisfsime angehsactunateliy amd kptlckl

at the tinme of slicin The_nmechani 4 Y
siadsvefdeber gt in ag'axial dgrggkﬁgEH&fﬁéthe

differential displacement gage 14 is connected to the
computer 18, and can process the measured data. In FIG.
2(B), an example of a case in which the differential
displacement gage is placed for the ingot is shown.
[0033]

The ingot—displacement—measuring mechanism 11 is
not particularly limited, and it is sufficient that the
one may be able to measure the amount of axial
displacement of the ingot accurately and quickly at the
time of slicing. The mechanism using the above-described
thermocouple 13 or differential displacement gage 14 1is
preferable because it can perform the measurement easily
and accurately.

[0034]

Next, the grooved—roller—displacement—control
mechanism 12 will bé described.

The grooved—roller-displacement-control mechanism

12 is divided broadly into a grooved-roller-—

15



thernocouple 13 or differential displacement gage 14
is preferable because it can performthe neasurenent
easily and accurately. [0034] Next, the
grooved-rol |l er-di spl acenent-control mechanism 12 w ||
be described. The grooved-roller-displacenment-contro
mechani sm 12 is divided broadly into a grooved-rol |l er
15 di spl acenent - neasuring unit 15 for neasuring the

di§§PQQ&me9E—ﬁé%@uﬁyﬁﬁﬂdﬁ%ﬁniﬁ Pbriheagueaved thel letouht
and a cooling-water-adjusting unit 16 for adjusting

of taeial edpepabgescatd athecie gw v edof OLRE I'cGoldHh 2
comfigéaﬁgg%%ggﬁéggﬁﬁﬂ§tJﬁiéhfétf8£ Bﬁﬁu%EQ%ﬁﬁQHéﬂ|ef

te@b @8y edreobher tdies [Hiasenent e neisthéngoolding & tean be
configured such that it can neasure tge ﬁgpunt of

pagseal CHrspphc &MentSIRE bl Ui T ant 8aUFIcEP 3

sensor

[O&g?]for exanpl e, near the both sides of the grooved
roffers 3 in an axial direction. In FIG 2(C, an
examlesof Bheageobmeghirct ltate didiyl zoeRent ~“BeAsSHLd NI

17 e placed for_.the ooved rol et i.S
unh%aﬁé CgP %§a§8ﬂﬁﬁ§%ﬁé§zﬁﬁﬁlt{% La;?aﬁaéigbgggﬁﬁﬂﬁhe
am@fint her gkoaved irsp)lLferdents HPtplasiihedaho edwgt-current
descri bed above. However, the use of the edg%- urrent
&ssi

semepsol 7i sfopr eramidi®o HRakisen?t PriReS1AESy % to
gr8SGLS Pp ReRaon At dTPas eeal - vt thod . hirh rdear e2(of
003 r he

pr eci si on. eover, t
an CORhmplewater- adjsestimgrhuingclt 1i6e haddya Chigate néx Earfer S

and a punp provided therei juSt
17 (@hpep R RS A8 (R 19500 TR0 o or LERE dodl RO, dieans

of PRSS8HrihpowsRk theshafdr oixihe gieplederelnterof3.the
Here, the cooling-water-adjusting unit 16 w || Qf

grooved roller 3 is not limited to that described above.
However, the use of the eddy-current sensor is
preferable because it makes it possible to perform
noncontact measurement with a high degree of precision.
[0036]

Moreover, the cooling-water-adjusting-unit 16 has
a heat exchanger and a pump provided therein, and can
adjust the temperature and the flow rate of the cooling
water passed through the shaft of the grooved roller 3.

Here, the cooling-water-adjusting unit 16 will be
explained by using a sectional view of the grooved
roller 3 shown in FIG. 3. The grooved roller 3 has a
structure in which a resin unit (shell) having grooves
in which the wire 2 is wound are formed as an outermost
layer, a shell guide is provided inside the resin unit,
and a shaft center is provided inside the shell guide.
The grooved roller 3 used in the wire saw apparatus 1 of

the invention has a structure in which the cooling water

whose temperature and flow rate are adjusted by the
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expl ai ned by using a sectional view of the grooved
roller 3 shown in FIG 3. The grooved roller 3 has a
structure in which a resin unit (shell) having grooves
in which the wire 2 is wound are fornmed as an
outernost |ayer, a shell guide is provided inside the
resin unit, and a shaft center is provided inside the
shell guide. The grooved roller 3 used in the wire

coi%ﬂ%ﬁpﬁﬁég%gégﬁugﬁinbh%ﬂf%”ﬁgif§1ﬁ@@s@dsthﬂéthGﬂNé

( ng water whose tenperature and fl ow
shafad ecanieeadynsted by the 16 cooling-water-adjusting
(0 unit 16 is passed through the shaft center unit.

4°0bB7] And, the grooved-roller-displ acement-contro

mechapi sl &sosveyided1virthiiapacmuiteatt fosntrol
perform ng feedback processing on the data of the

meca”rmummgli akBaProgiigisidastidhta dfORPRt §F 060 Ed PRSI P89
asure th gr.Qo - T rs i a - 1
oo o BOER P Rae TS BT At o e hnd {he T o rare
disﬁfla}@@m@@@l bﬂgtg/at eirocareal adh lis¢ed3 byegahsred by the

cool i ng-water-adjusting unit 16 based t taq.
TE G HOFAbLET P ASETUT 6 1T Eo ST A henC GE (hET
thd Spasyredaby the Mgl -r i SpbACERBNtoBRASY Mg er

mechani sm 11 is taken into consideration when the
ardenmfgatedezandheh@Qﬁhim91ﬂQ¢Qﬁ‘a@hESEéBEiH@%&H%ﬁ

are adj ust nd nr.oar j ittt aty o
basgfbunt b fal SPAIRARLS: e SRoutl e 5
didplabéhent eby eaet rieldoad rsensmsred opr tBspongoto the

~amount of displacenent of the in ?t. [0038] .

dlanﬂ@@@m@atrsu?aﬁﬁéle&rﬁtﬁ%?aaﬂﬂaﬁ béscgﬁgg%t &8 the
cor&%ﬁ?%?%ﬁyghewﬁénorthteh%éilﬁﬁef@é&ﬁ‘ié ahndi spkagemkntratgages

e 1 ngot-di spl acement - measuri ng mechani sm 11
thentho At ngheasame ariemsd ogrredt eand o2t RECPEPFets written

so that the amount of axial displacement of the grooved
roller 3 is ultimately controlled so as to correspond to
the amount of displacement of the ingot.

[0038]

Incidentally, the computer 18 can be connected to
the thermocouple 13 or the differential displacement
gage 14 in the ingot-displacement-measuring mechanism 11
and, at the same time, connected to the roller-
displacement-measuring unit 15 and the cooling-water-
adjusting unit 16 in the grooved-roller-displacement-
control mechanism 12. By doing so, it is possible to
process daté on the ingot and the grooved roller 3
collectively, making it possible to perform processing
with ease and efficiency. In addition, this helps save
space compared with a case in which separate computers
are provided for the mechanisms 11 and 12, making it
possible to achieve space saving.

The number of computers, or the like, may be
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di spl acenent -nmeasuring unit 15 and the cooling-water-
adjusting unit 16 in the grooved-roller-displacenent-
control mechanism 12. By doing so, it is possible to
process data on the ingot and the grooved roller 3
collectively, making it possible to perform processing
wWith ease and efficiency. In addition, this hel ps save
space conpared with a case in which separate conputers

detd EnPLOYI dedofan nighe Jeahaint sptscddsang bawergkispgadd,
possi bl e to achi eve space saving. The nunber of
andoppet eike.or the |like, nmay be 17 determ ned
[O@iigrding to their processing power, space, and the
. [0039] Wth the above wire saw apparatus 1 of
t he wideté oabotrt W rposanwblapgaxr athange ¢hetheooved

~roller 3 in synchronismwth a chapge in the jngot
lnYﬁﬁWh@nsIF§iﬁ§.Poﬁ%ﬂb%%at9c§%%&%ﬁp © 8688Wﬁ§u#§%%§r 3
in ; g the theeilgc idimnhandlicing.
lflgﬁggﬁﬁégﬁgﬁg} MfﬁéQ@g%%ﬁa%?des in aé g&ial diré%tioﬁ?lng
That is, pbesi bikempde,extveand when gibeveaIrs t&erPalowar d

t he bot [des.in a ial di t] adj st e
xRIT ngbwbbEr S O e td Bt Er st e
bot9Sii 68 oh eachxMidie distéet hgnt heti mgopotseuidrle: ttve

both sides of the grooved roller 3 in the axial .
extirécthengraevert ¢ aliifr %ytOVﬁF?iﬁBeabﬁFggﬁééaﬁ)%ﬂ;an

10, C .the . Of 1 Axi ghe dbsphacermiterof dHies
axtﬁ%o@%%g?% Fgrg?§§g¥hath égﬁposition%of each wire |s
malkksplacpdsbybide dampuhitsEped the phsiddeuntcfofeash drire

di spl acenent in each si.tion er.¢ he d '
5143 PReathEnanealat VB Poa 1T GROBT The=i ve el atine T
rofherentipethengtdi 0f dieedtpen. i Rtushfier tiye adjwst ed,
whereby a slicing path becones fl attened.

writbugta PropFagossl Me ¥ oPraFAlekBEl PW%%& Fial

displacement of the grooved roller 3 so that the
position of each wire is displaced by an amount equal to
the amount of axial displacement in each position where
the ingot is sliced, the relative position of the wire
relative to the entire length of the ingot-is uniformly
adjusted, whereby a slicing path becomes flattened. As a
result, it is possible to obtain excellent wafer in
which a Bow or the like is reduced.

[0040]

Next, a procedure for performing the slicing
method of the invention by using the above-described
wire saw apparatus 1 will be described. Incidentally,
hereinafter, a method for controlling the amount of
axial displacement of the grooved roller 3 so that a
slicing path becomes flattened will be described,
however, the method is not limited thereto. It is
possible to make an appropriate modification so as to

obtain an intended slicing path.
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which a Bow or the like is reduced. [0040] Next, a
procedure for performng the slicing method of the
i nvention by using the above-described wre saw
apparatus 1 will be described. Incidentally,
hereinafter, a method for controlling the amunt of
axi al displacenent of the grooved roller 3 so that a
slicing path becones flattened will be descri bed,

0d1 ver, the method is not linmted thereto. It is
[ p@Smﬁ! ble to make an appropriate nodification so as to
obt @i« ik etidedisypti-figepartecheg {o041] &hr $PIOky

t he ingot-feed hani 5 i ‘ .
e L5 eaSpta S0P IR A0 kg oL apese
andr0oyed-59LLar r311%dri ien swethet hatichhehwaitr &h2 wire 2

provided with tension by the wre-tension- i di

ornan i Febmage o W 10 EhECS B0 PO
irection. .l ncidental ly gph L u i [

me kAR ER o o3 PaBd E0 The i e 2 LRt f avaf g Speed of

qitder i¥h( eIRcidnatiald i kehe cemghetagpr ofr itdicelipnseion to

For exanple, the wire can be provid it
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coSeSa1 mints” Seporhee 25 S AREPLIES (AL
60 2boxe. then widkence® £y cheonakehmahecausatbrding to
an ingot to be sliced, or the like.

Moreover, spraying of slicing slurry on the
grooved rollers 3 and the wire 2 is started, whereby the
slicing of the ingot is performed.

[0042]

When slicing is performed in the manner as
described above, the influence of frictional heat caused
by slicing, the slurry, oOr the like, produces thermal
expansion/contraction. This results in a change in an
axial direction and the formation of a slicing path as
shown in FIG. 14(C), for example, in the ingot itself.

on the other hand, thermal expansion also occurs
in the grooved roller 3, resulting in a change in an
axial direction as shown in FIG. 14(B), for example, and
affecting the slicing path of the ingot.

Therefore, these changes are combined to result in
a slicing path shown in FIG. 15(B), and a Bow or the
like is generated in the wafer thus obtained.

[0043]
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by slicing, the slurry, or the |ike rod
expansi on/ contraction.” This results’ig a gﬁ:ﬁg;hsgngL
axial direction and the formation of a slicing path as
shown in FIG 14(C), for exanple, in the ingot itself
On the other hand, thermal expansion also occurs in
the grooved roller 3, resulting in a change in an
axial direction as shown in FIG 14(B), for exanple
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AR g tbesshi€bRg tpRt s 0fc agot . as in the
Thefé¥0re, t%ese changes are conbinégﬁt% ?es in a

sl%i@ nge padd stﬁoxévﬂnei r Te@ t 157 B) 25 aRBCYBIW g:htet he
e is generated in.the f - '
re Y nies BB B CHER AU he b1 F s Bothas 11y the
gro% &hNgo Mekhod nofart heciiavedt fentias $howdG-n 4,h&he

rel ationshi p between changes Ln %he ingotdan)t .
amguooved a@hﬁérdhﬁH%?QﬁW%ﬂtd?%eE Fof "R A G, ¢&f§%m3 o
cogngggﬁgfggxﬁglEgfﬂgf¥ggﬁ%ﬁdofotBﬁegbm@umirdﬁl&xi&ﬂ
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: 0 contract when the ingot contract
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t he groov rol.l er t r [ iRRSIdH
COGFE@%Féra?gv§ﬁ%?t%e %h?§¥e8FgE§P%£ﬁ sﬁggﬁfémeEOf
a1 881 Heka@nso &S dite bercovnsdanpllas & dif tTeHI 118

|nfLyence of the above-descri bed .t ; i
botheiPgOT Ghd HE 27 | LERGE PP tond TEne et 1o o pe.

thd! 991}?%91, i |£{%@s{é@esbnﬁbuebceeofcdrh'e:altmerhal a result
expansi on of the grooved roller 3), it i Pogiible to
off kakt ém filheerste cdhgthat ALAVE &S %}Qﬁﬂé@ﬂ%dm as shown

exlpgngli%n %¢ and, rfﬁ&&@ 8nBeWeOls 1tihe ld kfath and the
control of the grooved roller 3 (the influence of the
thermal expansion of the grooved roller 3), it is
possible to flatten the slicing path ultimately obtained
as shown in FIG. 5, and reduce a Bow or the‘'like.

[0044]

Hereinafter, the above-described changes in the
ingot and the grooved roller 3 in an axial direction
during slicing and the control will be described more
specifically.

First, the amount of axial displacement of the
ingot during slicing is measured by the ingot-
displacement—measuring mechanism 11. This measurement
can be performed by a measuring method using the
thermocouple 13, the differential displacement gage 14,
or the like. All that is needed is to measure the amount
of displacement of the ingot accurately and quickly.

Incidentally, in FIG. 6, an example of a change in
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[0044] Hereinafter, the above-described changes in the
i ngot and the grooved roller 3 in an axial direction
during slicing and the control will be described nore
specifically. First, the amount of axial displacenent
of the ingot during slicing is measured by the ingot-
di spl acenent - measuri ng nmechani sm 11. Thi s neasur enent
can be performed by a nmeasuring nethod using the
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dlf%g§gﬁ§9aPydgébmg&éﬁ%ﬁ¥kbé§&rI@nbr3€ﬁ§0ﬂ1ké ifsor

processed by the computer 18.

[0045]

On the other hand, also in the grooved roller 3,
the amount of axial displacement of the grooved roller 3
is measured by using the eddy-current sensor 17, for
example by the grooved—roller—displacement~measuring
unit 15 in the grooved—roller—displacement—control
mechanism 12. This measured data is also processed by
the computer 18.

Then, the amount of axial displacement of the
grooved roller 3 to be controlled is determined by the
computer 18 so as to correspond to the amount of axial
displacement of the ingot. That is, in this case, to
flatten the slicing path, the amount of axial
displacement of the grooved roller 3 is determined such
that the position of each wire wound around the grooved
roller 3 is displaced in an axial direction by an amount
equal to the amount of axial displacement in each

position where the ingot is sliced. That is, the amount
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exanpl e by the grooved-roller-displacenent-measuring
unit 15 in the grooved-roller-displacenment-contro
mechani sm 12. This measured data is al so processed by
the conputer 18. Then, the anount of axial

di spl acement of the grooved roller 3 to be controlled
is determned by the conputer 18 so as to correspond
to the anount of axial displacenent of the ingot.
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[0047]

Incidentally, the relationship between the
temperature and the flow rate of the cooling water and
the amount of axial displacement of the grooved roller 3
may be obtained by previously performing an experiment.

In FIG. 7; a graph of the relationship between the
temperature of the cooling water and the amount of
displacement of the grooved roller 3, the relationship
obtained by a preliminary test, is shown. An upper line
of FIG. 7 represents the amount by which the grooved
roller 3 extends backward, and a lower line represents
the amount by which the grooved roller 3 extends forward.
It is apparent that, as the temperature of the cooling
water increases, the amount by which the grooved roller
3 extends forward and backward increases. That is, it is
apparent that all that is needed is to increase the
temperature of the cooling water to extend the grooved
roller 3 toward the both sides, and decrease the

temperature of the cooling water to make the grooved
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may be obtained by previously performng an
experinment. In FIG 7, a graph of the relationship
between the tenperature of the cooling water and the
anount of displacement of the grooved roller 3, the
rel ati onship obtained by a prelimnary test, is
shown. An upper line of FIG 7 represents the anmpunt
by which the grooved roller 3 extends backward, and a

roﬂqur3lég§t£§9£¢sents the amount by which the grooved
roller 3 extends forward. It is apparent that, as the
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In this way, the amount of axial displacement of
the grooved roller 3 is controlled by adjusting the
temperature or the flow rate of the cooling water by
feeding the amount of axial displacement of the grooved
roller 3 back to the cooling—water—adjusting unit 16.
[0049]

As described above, it is possible to control the
amount of axial displacement of the grooved roller 3
according to moment-to-moment changes in the ingot in an
axial direction caused by thermal expansion.

It is to be noted that the reproducibility of the
amount of thermal expansion of the ingot is extremely
high depending on the slicing conditions and the
dimensions of the ingot. Thus, with consideration given
thereto, it is also possible to generate a profile of

the amount of axial displacement of the ingot measured

by the above-described method relative to the depth of
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the grooved roller 3 is controlled by adjusting the
tenperature or the flow rate of the cooling water by
feedi ng the anount of axial displacenent of the
grooved roller 3 back to the cooling-water-adjusting
unit 16. [0049] As described above, it is possible to
control the anount of axial displacenent of the
grooved roller 3 according to nonment-to-nonent
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1irh Do) thereicpafter, the invention will be explained in
(EnDre%d tail by Exanple; the invention, however, is not
¥3¥Hrt8d thereto. (Exanple) The slicing method of the
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300 mm was sliced by spra&kggnsi&;ggsoih%g%IJlre and the
grooved rollers under the slicing conditions shown in
the following Table 1.

For méasuring the amount of thermal expansion of
the ingot, as shown in FIG. 2 (A), a. thermocouple was
fixed at both ends of the ingot in a position at a depth
of cut of 285 mm with an epoxy adhesive, whereby the
temperature of the ingot was measured, and the amount of
thermal expansion was obtained by multiplying the
temperature by a coefficient of linear thermal expansion
of silicon, 2.3 x 107° /°C.

Incidentally, a change in the temperature of the
ingot relative to the depth of cut during slicing was
almost the same as that shown in FIG. 6.

[0051]

Then, while slicing was performed, the grooved

rollers 3 were displaced in an axial direction at each

depth of cut at the same rate as the amount of axial

displacement of the ingot obtained by the above-
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the followng Table 1. For neasuring the anmount of

thermal expansion of the ingot, as shown in FIG

2(A), a thernocouple was fixed at both ends of the

ingot in a position at a depth of cut of 285 mmw th

an epoxy adhesive, whereby the tenperature of the

i ngot was neasured, and the anount of thernmal

expansi on was obtained by multiplying the tenperature
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[0052]
[Table 1]
Slicing condition
Wire saw apparatus (main body unit) Toyo Advanced
Technologies
Work . | Ingot diameter EHN. $300 mm
Wire Wire diameter 160 pum
Wire tension 2.5 kgf
New wire feed rate 100 m/min
Wire inversion cycle 60 s
Wire traveling speed Ave.500 m/min
Slurry Abrasive grain GC#1000
Abrasive grain 50:50 (ratio by
concentration (coolant: weight)
abrasive grain)
Slurry temperature 23°C (constant)
[0053]

In FIG. 8, the result of the measurement of Bows,
the result obtained by actually performing shape
measurement on all wafers obtained by slicing in Example,
is shown (a lower graph in FIG. 8). Incidentally, upper
graphs in FIG. 8 represent typical examples of the shape
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[0052] [Table 1] Slicing condition Wre saw apparatus
(main body unit) Toyo Advanced Technol ogies Wrk

I ngot dianeter 4300 nmWre Wre diameter 160 m Wre
tension 2.5 kgf Newwire feed rate 100 mmn Wre
inversion cycle 60 s Wre traveling speed Ave. 500
mmn Slurry Abrasive grain GC#1000 Abrasive grain
50 50 (ratio by concentration (coolant: weight)
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[0054]
(Comparative Example 1)

An ingot was sliced in the same manner as in
Example 1 except that a conventional wire saw apparatus
(a type that can extend back and forth in an axial
direction) was used, and the cooling water was passed
through the grooved rollers with the temperature or the
flow rate thereof kept constant without measuring the
amount of thermal expansion of the ingot or the'grooved
rollers during slicing and without taking it into
account.

[0055]

In FIG. 9, the result of the measurement of Bows,
the result obtained by actually performing shape
measurement on all wafers obtained by slicing out in
Comparative Example 1, is shown. As shown in FIG. 9, it
is apparent that Bows in the wafers are concentrated in
the range of -5 pum to +6 um, and the absolute value of a
Bow value is three or more times higher than that of
Example (-2 pm to +2 um).

[0056]

(Comparative Example 2)
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achieve a relatively flat slicing path. [0054]
(Conparative Exanple 1) An ingot was sliced in the
same manner as in Exanple 1 except that a
conventional wire saw apparatus (a type that can
extend back and forth in an axial direction) was
used, and the cooling water was passed through the
grooved rollers with the tenperature or the flowrate

thergof, kept $oBSLkanteW LRoulh Teasts iMgnhbe asmaunt of
t hermal expansi on of the ingot or the grooved rollers
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[0057]
(Comparative Example 3)

An ingot was sliced in the same manner as in
Comparative Example 1 except that a conventional wire
saw apparatus (a type that can extend in only one
direction in the axial direction) was used, and slurry
was sprayed also on the ingot during slicing in order to
suppress axial displacement of the ingot. Incidentally,
the temperature of the slurry sprayed on the ingot was
kept constant at 23°C.

[0058]

In FIG. 11, the result of the measurement of Bows,
the result obtained by actually performing shape
measurement on all wafers obtained by slicing out in
Comparative Example 3, is shown. As shown in FIG. 11,
the result reveals that Bows in the wafer are
concentrated in the range of -2 pum to +4 um, which is
widef than that of Example (-2 pm to +2 pm). This is

because, although a change in the ingot in an axial
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the range of -2 mto +8 m which is also wi der than
that of Exanple (-2 mto +2 m, and the absol ute val ue
beconmes high. Incidentally, due to the difference in
type of a grooved roller, Bows are tilted toward a
plus side. [0057] (Conparative Exanple 3) An ingot
was sliced in the sane manner as in Conparative
Exanpl e 1 except that a conventional wire saw .
a1 APPA &L Ustha bhBedehalaaadd axy etidermadnkygpemsion, 1s
Irection in the axial direct] on% was used, ano:lm?rog{ryit
s1igist spragddcabs b Yo e 1ot NeuF TG Y PG 1S n er
. to su ss,axi al . di e f ttheeirdg@ompletely,
1s I%?%%ggé‘ﬁ?y,to E%g%qggngée%tﬁgﬁ%fe fhe slurry sppr ayed
an®Na t Bewi pgothead i keepin comsteafeat opgeinesody| It
11, the result of tr&e nmeasur enent _of Boug..q the result
oulpbi @i ne@tBY adtualdNt &3 orhingYshape ' ireasur enent on
[0@(§ waf ers obtained by slicing out in Conparative
anple 3, is showmn. As shown in FIG 11, the resucl.t n
revert sis hat Bewsnde refeashftdratarehe cBhEaftFratdd G +°

. the range, of -2 mto + L Eh oS o qWinidert thadrd hat
lso?oExgﬁ%FEe(j- v 10 s +"§a4¥r)%y\'1'ﬁ1§ ie}s?ﬁobecause, al t hough
de 8c £hBBEE abbviehe THigotbdvie asmartafed? disr axaiohy 2he

change caused by thermal expansion, is. sl -
exapplieedaby SpvAIME tHeA &) ﬁg?yskiﬁst”cﬁ‘é‘sﬁlr?;lo]tﬁgh%}%g T

i LDl aduas, { g chasge rkeizesd iconetel yims of
Stﬁﬁgggj% o?vgotrt%te{we [1ke in the vvafrer lobt ai ned by sl %ci ng
theUprisenaf tiewealtjormyd phhetaPlyfe&ls SATHRE [OD58T

It is to.b toad: 1 hat _t td td '
anfiobeREFRE8d §41 dny" HEy By PRe Srbsd ent TRy cor

present invention.
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descri bed above. The above enbodiment is nerely an
exanpl e, and anything that has substantially the sane
structure as the technical idea recited in the clains
of the present invention and that offers simlar
wor ki ngs and benefits falls within the technica
scope of the present invention. 28 CLAIMS 1. A
method for slicing an ingot in a formof a wafer by
winding a wire around a pLacalSity of grooved rollers

and pressing the w.re against, the ingot il Ki
1. the KVPFenofaler id csappl i nietF ol ig%s FAFFY Tho & HEAEeE
byg&Qﬂﬁgﬂgf%wayé%aﬂgﬁﬁélg phepathe y REOtgisowdd cesl1ahs

anount di spl acenment of  the ingot changing in an
andxpaksdiingcttihen wimse megsinet she amomouiilild makhpg the

. di spl acenent of th rooved raollers. | t I
wi 58 B3G50 deshrnnig 7S NEash R Saveuny 5 G oftosfed
rofispkacgrentief the ingot, and thereby, the ingot is

sliced while controlling a relative position of the

wi r erhen atRoeingodn ientsice@ngth BROHRE tngot

; | n [ Lr 1R 2. nl i
o SHRRLRRT SRR Sloch (SELLSR2 T ShLELpas e bodor
iswatesutrbroagh shmafdmowittbeé agiedved spoldaamenihdof the

adj usting_a. tenperature d/ior a_flo t f t
ITRe¥PHng° ?éﬁ;%quf?ﬂﬁﬁﬁff%? gRi ar Eﬁxé§%§§§)% @g o the

med 868 8H0QMBUNOIJ I8¢ i 51 CONEpOhbeBlent. ofherlsd itidigt, and
nmet hod according to claiml1l or 2, wherein the

thﬁ%@byveneny of the amount of axial displacement of

t he M‘cgojgngﬁt PeLf anTRd PY,is] 09-8n+ LBER ARGOUP & 190t e

di fferenti di splracenment gage. 4. The slicing nethod
pogtthodi b theany mnerefatiweénso an entire length of the

ingot changing in the axial direction.

2. The slicing method according to claim 1, wherein
by passing cooling water through shafts of the

grooved rollers and adjusting a temperature and/or a

flow rate of the cooling water, the amount of axial

displacement of the grooved rollers is controlled.

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

wherein
the measurement of the amount of axial
displacement of the ingot is performed by using a

thermocouple or a differential displacement gage.

4. The slicing method according to any one of claims

1 to 3, wherein

a profile of the amount of axial displacement of
the ingot relative to a depth of cut is generated from

the measured amount of axial displacement of the ingot,
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1to 3, wherein a profile of the anmount of axia
di spl acenent of the ingot relative to a depth of cut
is generated from the neasured anount of axia
di spl acenent of the ingot, 29 and, based on the
profile thus generated, the anount of axi al
di spl acenent of the grooved rollers is controlled. 5.
A wire saw apparatus having a wire wound around a
ancf,' YakéhyoRt tﬁéog\t%ctirl@ |l et $s agenskheedg ane rgatuitn @f
orm of a wafer yfpreSS|ng the wire_against the |Q§Pt
ax sl | @i spkangmEns Wil &g MEPORRd B8ppPYEng SIS HPLled-
slurry to the grooved rollers, the wire saw apparat us
at least conprising: an ingot displacenent nmeasuring
5. mechaniisme fosw appsvaing amvamyurd wiraxvabnd around a
di spl acenent of the ingot to ge iliced; and a grogved
Plyxdl By dPEpUACENESt TNt 0T FREhANFSMF 67 ST ol T ng

fofﬁ'?gngn%a@éraégabﬂgéﬂﬁﬁ§eﬂﬁétwQ?etB@ai@@QOWQQzingot

rolTers so as to Correspond to the amount of axia
whili s phakengnt hef wilve itygote heasdr 8dPBY YERE iSAgsting

di spl acepent neasurjn chani by, . gegiqg &ﬂﬁa nt
awd a at
sLgpruxtQl ?sﬁFS@&ﬁgﬂéﬁéT%%g’g?%%véégro ers aé%ﬂ?g a
led Stmesmpuigiagd/ or a flow rate of cooling water passed
t hrough shafts of the grooved rol]ers. 30 .,

an ingot displacement measuring mechanism for
measuring an amount of axial displacement of the ingot
to be sliced; and

a grooved roller displacement control mechanism
for controlling an amount of axial displacement of the
grooved rollers so as to correspond to the amount of
axial displacement of the ingot measured by the ingot
displacement measuring mechanism by feeding the amount
of axial displacement of the grooved rollers back to a

temperature and/or a flow rate of cooling water passed

through shafts of the grooved rollers.
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