DESCRI PTI ON A SLI CI NG METHOD AND A W RE SAW APPARATUS
TECHNI CAL FI ELD [ 0001] The present invention
relates to a slicing nmethod and a wire saw appar at us-
for slicing, e.g., a silicon ingot or an ingot of a
conpound sem conductor into many wafers by using a
W re saw apparatus (or nerely referred to as a wire

saw). BACKGROUND ART [0 In recent years, an
increase in size of a vx&ggé%Ri[gTégﬁlanded, and a wire

saw is mainly used to slice an ingot with this

i ncrease in size. The wire saw i s an appar at us
t hat cals8BIEINGr METHAD gD eAsWIRESISEH AR FARATYS
travel at a high speed and presses an ingot (a work)
against the wire to be sliced while applying a slurry

Tteutiheaw werrithereby slicing the ingot into many
wafers at the same tine (see Japanese Unexan ned

[P2@&ht Publication (Kokai)_hb. 262826- 1997 ). [0003]
Fbr&Tﬁggﬁrgséggwiﬁy%d%{éﬂr@%?étgg %éa@”éif%iﬁg method
genera re saw

and a wire saw apparatus for slicing, e.g., a silicon

ingot or an ingdt of a compound semiconductor into many

wafers by using a wire saw apparatus (or merely referred

to as a wire saw).

BACKGROUND ART

[0002]
In recent years, an increase in size of a wafer is

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

ingot with this increase in size.

The wire saw is an apparatus that causes 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. 6 showé an outline of an example of a

general wire saw.

As shown in FIG. 6, a wire saw 101 mainly includes
a wire 102 that slices an ingot, grooved rollers 103
(wire guides) around which the wire 102 is wound, a
means 104 for giving the wire 102 a tensile force, a
means 105 for feeding the ingot to be sliced, and a

means 106 for supplying a slurry at the time of slicing.

[0004]



As shown in FIG 6, a wire saw 101 mainly includes a
wire 102 .that slices an ing0Ot, grooved rollers 103
(wire guides) around which the wire 102 is wound, a
means 104 for giving the wire 102 a tensile force, a
means 105 for feeding the ingot to be sliced, and a
means 106 for supplying a slurry at the tine of
slicing. [0004] The wire 102 is unreeled. fr
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102 can be driven in a reciprocating direction in a

meprgdéférm ned cycle by a driving motor 110. [0006]

[065 ls to be noted that such an ingot-feedi ng neans 105

hown in FIG 7 feeds the ingot to the wire 102

wounduatband the grooret roblkes 103 as ehealiler ofhat

slici ngo This i ngpt-feedin ans_1 D
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|ng t he ingot FTXed at the end at a previ ously

prodege amieedf egatlspeed. a [@007ing motorMirldbver, nozzl es
Oiég are provided near the grooved rollers 103 and the
[ hd wire 102, and a slurry can be supplied to the

groavedi s otbeps 483 candHAE MR é-1921ﬁtyelﬂf}—&e%|dﬂrfc_y means
tank 116 at the tinme of slicing. Addltlonalky
105 q% rghenpl far FIEr ik Remtecthe wWhERtt e wire 102

wound around the grooved rollers 103 at the time of
slicing the ingot. This ingot-feeding means 105 includes
an ingot-feeding table 111 that is used to feed the
ingot, an LM guide 112, an ingot clamp 113 for grasping
the ingot, a slice pad plate 114 and so on, and driving
the ingot-feeding table 111 along the LM guide 112 under
control of a computer enables feeding the ingot fixed at
the end at a previously programmed feed speed.

[0007]

Moreover, nozzles 115 are provided near the
grooved rollers 103 and the wound wire 102, and a slurry
can be supplied to the grooved rollers 103 and the wire
102 from a slurry tank 116 at the time of slicing.
Additionally, a slurry chiller 117 is connected with the -



slurry tank 116 so that a tenperature of the slurry to
be supplied can be adjusted. [0008] Wth the
wire saw 101, an appropriate tensile force is applied
to the wire 102 by the wire-tensil eforce-giving neans
104, and the ingot is sliced while the wire 102 is
caused to travel in the reciprocating direction by the
driving notor 110. [0009] On the other hand, in
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or "Warp" and longer than "surface roughness" out of a
surface shape of a wafer. And, this nano-topography is
very shallow waviness having a PV value of 0.1 pm to 0.2
pm or below. It is said that this nano-topography
affects a yield of an STI (Shallow Trench Isolation)
process in device manufacture..

[0010]

Although the nano-topography is produced in a
wafer processing step (slicing to polishing), it was
revealed that a nano-topography caused due to wire saw
slicing (i.e., slice waviness) can be classified into
three types, i.e., "one that is extemporaneously
produced"”, "one that is produced in a position where
slicing is started or ended", and "one having a
periodicity" as shown in FIG. 8.

[0011]
Of these types, one that is produced in "slicing

start/end portion of a wafer" has a high rate that it is

rejected in a numeric judgment regarding a nano-



Eoppgraphy. In particular, a nano-topography in the
"slicing end portion” is larger than a nano-topography
inthe "slicing start portion". And the "slicing end
portion" highly frequently becones a position neking a
nunmeric val ue regarding a nano-topography the worst in
a waf er radial direction or the nano-topography in the
"slicing end portion" is rejected in the nuneric

t ojpuchgraepity . ahal pentequdﬁﬂbvéhém@n@StQPPaﬁﬁpﬁydéﬁhﬁHEﬂ

., DI.SGLOSURE OF_| NVENTI QY ThuS,o_t
Spriese R SROBF L 8%ani é%Ft%%%Brap %§§|4§ﬁ§%ﬁigfy

inafigt sv sl { €edg bMtd&ltn@mmm" conAnénthendls liiaiengs amds
shown in FIG 6. FIG 9 shows Warp
poardsz ‘s et glohdl LEREPES tea R € By ﬁnPSFé&anc making a

n Caepa'CItanfL?e %Qggﬁa?mﬁ'apgq%r{]@l{é‘ﬁg?kaéﬂf} theewdrst in a

opograp I ced wafers. The pseudo
warfaﬁo +00Dgr aphyeedins abt &l nrgaxaonuﬁepgefa@éIIYuéLrde%g

a correlation with nano-to
" Sieifelng ne%dp%%ﬁﬁboﬁlgnﬁegr rb%/:“g %F@p 4 QRSang%alsrii ilter

j V19 ST vk af gdcBr f%#éh&@@rﬂgtgtrshgag a@femanded.
4%% ppl ng, grinding, §§§b0|lshlng with respect to Warp

cross-sectional wave shape of the sliced wafer. [0013]
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FIG. 9 shows Warp cross-sectional shapes measured
by an electric capacitance type measuring instrument and
"pseudo nano-topographies" of the sliced wafers. The
pseudo nano-topography means obtaining a numeric value
having a correlation with a nano-topography of a
polished wafer in a pseudo manner by applying a bandpass
filter having simulated processing charactefistics of
lapping, grinding, and polishing with respect to Warp
cross-sectional wave shape of the sliced wafer.

[0013]

In general, the nano-topography is measured after
polishing but when a pseudo nano-topography is obtained
from the sliced wafer and the obtained pseudo nano-
topography is used, a cost and a time do not have to be
increased, and a nano-topography caused due to an
influence of slicing alone can be readily examined
without being affected by a factor in a process such as
polishing after slicing.

[0014]



It was understood from such an exam nation that a
nano-t opography near a slicing end portion that is
demanded to be inproved the nmost in the conventiona
technol ogy is caused due to a precipitous change in a
Warp shape of a wafer in this position. FI G
9(A) shows a wafer holding small change in shape in a
position near a slicing end portion as depicted in a
shape tmaps anber st zedof rarclsarge @f expsendpion that a

nano-t opography i s suppressed to the ran £ Q1
nagqgd G ¥ yRhy §ﬁﬁFIaiﬁ%*ﬁ?%%s???oﬁoﬁgé%%t%g%§?%?2;

defidh R ti 9N @S i fipRoRe UNdRS sio9d fhofhkheopseuddonal
nano-t opogr aphy. On the other hand, as shown in FIG

te@hBlo lrgFl 3 0¢0¥edi dusark bed upkieEsPAEQUShERa(fent T @

shape in th osi tion.ne t he kCl end ti '
Waﬁpeéﬁﬁﬁﬁﬁd%fygcﬁﬁkﬁéd}anQFQQ %$£¥E%8%éeudopor on s
nanostrepoar @physHi &l & sawvblifier theel diangeswoédl10cBange0. in

in this position and is larger than that depicted in
shEp@ i9( & .position pears § ¢ hkCHdT e@ PhRCT 5 a Change

in the e igesﬁg o[ ’gqﬂ&ieaeyggetggughcmﬁj <hahge
i d

depicted
S slightly larg nano-t opogr aphy is har

psé?fgroa;imi:%#t@pegtpphtyus;scrmr@,;eréﬁssﬁaﬁé Gheamapge of

affects e nano- topography.. [0015] - T

0t dc gt Bt gfe%%ﬂf%ﬁyo%“?ﬁgh HL pr g BP%E%O&&%} e,

s18kiGRf Med epobRibhe apodr ae neddebeosk dirog erite pseudo
portion as shown in FIG 9 was exam n

d. _
naRor$1oP I G PIY- sABwS hen ablitipl kBl aaghﬁﬁ(j’émi A s Hape:
o (8 %rS'ELJtC(ﬁg %’?égfb]j.lt: Can S| hgh8gstbaleehary, afhdhea

Wre at Tl ingot slicing. As shown in FIG
shipe art rahecposytobnt hean rehgrebityngpeasddo it ide 1s

outer, side in slicing end portieons, near th . ends of
Pr&ﬁlﬁﬁdﬁ?l?%ypﬁ??PgﬁgarF’ﬁﬁé?%ﬁﬁgagv@r%sgggggfgecti8nal

ropBRReHy the1 561 sednwal ahd srai@si pEt e0sBy tehangedin this
position and is larger than that depicted in FIG. 9(A).

Tt is to be noted that, if a change in the entire
shape is gentle even though this change is slightly
‘large, the nano-topography is hardly degraded. A
precipitous change in shape greatly affects the nano-
topography.

[0015]
Thus, a factor of generation of such a precipitous

change in a sliced wafer in the position near the
slicing end portion as shown in FIG. 9 was examined.
First, FIG. 10 shows an example of a change in
shape of a sliced wafer, i.e., a slicing trajectory of
the wire at the time of ingot slicing. As shown in FIG.
10, a trajectory of the wire greatly spreads on the
outer side in slicing end portions near both ends of an
ingot in particular, whereby a Warp cross-sectional

shape of the sliced wafer is precipitously changed.



[ 0016] The present inventor conducted the
foll ow ng exam nati on concerning a possibility of
occurrence of such a cross-sectional shape (a slicing
trajectory). As a result, it was revealed that a
slicing trajectory forned by the wire is bent toward
an end of the ingot when the ingot is contracted in an
axial direction thereof in a tinme close to end of
[oshiegi ng as shown in FIG 11 and that is a main factor
of the posibility. [0017 Su a c t i gpal
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a Qggﬁikogemperature of a slurry for slicing had a
temperature profile depicted in FIG. 12(A). It is to be
noted that a temperature was measured at both ends
(positions having a slicing depth of 285 mm) of the
ingot by using a thermocouple (see FIG. 12(B)) .

[0018]
FIG. 12(A) shows a result obtained by measuring a

change in temperature of the ingot during a slicing

process.
A temperature of the ingot was increased by 13°C
at maximum to become approximately 36°C during the
slicing process, and it was precipitously reduced by
approximately 10°C near a slicing end portion (a slicing
depth of 275 mm to 300 mm in this example). This
coincides with a position where the Warp shape suddenly

changes near the slicing end portion. Additionally, it



[0019] It can be considered that this contraction
occurs because as follows. First, as shown in FIG 13,
the slurry for slicing is rarely directly applied to
the ingot and the ingot is hard to be cooled from
start of slicing to a mddle stage of slicing, and
processing heat is stored in the ingot. Further, as
shown in FIG 14, when the ingot noves down with
caddyancemeistodos! feongeallea lsiturary deingl acihgroesd! ed
to 22C to 24C is directly applied to the ingot .near
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nebeduted sloi ¢ieg sane pespérdature as that of the slurry
[Ofor}§I|C|ng. It is to be noted that the tenperature of
Phé ingot that is once decreased, is again increased

at arsl bahn®deRids 200r &M ohat furitsheroreps dtionFbGours
12(A) because a flow quantity of the slur{g if3reggced
. ’ e

behepse as follows. First, as shown in F

slurry for slicing is rarely directly applied to the
ingot and the ingot is hard to be cooled from start of
slicing to a middle stage of slicing, and processing
heat is stored in the ingot. Further, as shown in FIG.
14, when the ingot moves down with advancement of
slicing, the slurry for slicing cooled to 22°C to 24°C
is directly applied to the ingot near the slicing end
portion, and besides a slicing load is reduced to 1/2 or
below of a maximum value, and therefore, a temperature
of the ingot is rapidly reduced to the same temperature
as that of the slurry for slicing.

It is to be noted that the temperature of the
ingot that .is once decreased, is :again increased at a
slicing depth 200 mm or a further depth in FIG. 12(4)
because a flow quantity of the slurry is reduced here.
[0020]

With the above-explained examination, the present
inventor discovered that controlling a temperature of
the ingot during a slicing process in such a manner that
rapid cooling of the ingot near the slicing end portion
does not occur is important in order to improve a nano-
topography caused due to a precipitous change in Warp
shape in a position near a slicing end portion.

[0021]
Here, to control a temperature of the ingot at the

time of slicing, a publication No. WO000/43162 discloses



[0020] Wth the above-expl ai ned exam nation, the
present inventor discovered that controlling a
tenperature of the ingot during a slicing process in
such a manner that rapid cooling of the ingot near
the slicing end portion does not occur is inportant in
order to inprove a nano-topography caused due to a
preci pitous change in Warp shape in a position near a
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shows a thickness shape of a sliced wafer obtained by a

conventional method. It is actually hard to use such a

wafer as a product.

[0022]

Thus, the present inventor repeatedly keenly
studied about a method that can reduce rapid cooling by
controlling a temperature of the ingot and a change in
wafer thickness in the publication No. W000/43162 , and
thereby found that adopting the conventional method of
slicing the ingot shown in FIG. 15 causes great
interference of the slurry for slicing and the slurry
for adjusting an ingot temperature to disorder flows of
these slurries when slicing advances to slice a central
region of the ingot, thus greatly affecting a sliced
shape in the central region of the ingot. FIGS. 17 show
explanatory views of interference of these slurries. As
a result, such a sliced wafer in which an accuracy of a
thickness in the central region considerably deviates

from standard conditions as shown in FIG. 16 is obtained.



[ 0022] Thus, the present inventor repeatedly
keenly studied about a method that can reduce rapid
cooling by controlling a tenperature of the ingot and
a change in wafer thickness in the publication No.
Wp00/ 43162 , and thereby found that adopting the
conventional nethod of slicing the ingot shown in FIG
15 causes great interference of the slurry for slicing
[oapd]the slurry for adjusting an ingot tenperature to
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time close to end of slicing the ingot, consequently
wisdppr@ssi ng degradati on of a nano-topography, and
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provide a wire saw apparatus which is capable of
suppressing degradation of a nano-topography and slicing
into high-quality wafers having a uniform thickness.
[0024]

To achieve this object, the present invention
provides a slicing method including 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 in-a reciprocating
direction, wherein the ingot is sliced with controlling
a temperature of the ingot by supplying a slurry for
adjusting an ingot temperature to the ingot
independently from the slurry for slicing while the
slurry for adjusting an ingot temperature is supplied to
the ingot only at the exit side of the wire caused to
travel in the reciprocating direction.

[0025]

In this manner, first, the ingot is sliced with
controlling a temperature of the ingot by supplying a
slurfy for adjusting an ingot temperature of which a
supply temperature is controlled to the ingot to be

sliced independently from the slurry for slicing, and



wire saw. It is another object of the present

invention to provide a wire saw apparatus which is

capabl e of suppressing degradation of a

nano-t opography and slicing into high-quality wafers

having a uni form thickness. [0024] To achieve this

obj ect, the present invention provides a slicing

nmet hod including winding a wire around a plurality of
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Moreover, supplying the slurry for adjusting an
ingot temperature to the ingot only at the exit side of
the wire caused to travel in the reciprocating direction
at the time of slicing enables slicing the ingot into
wafers having a uniform thickness. This 1is because even
if the slurry for adjusting an ingot temperature
interferes with the slurry for slicing and flows of
these slurries are greatly disordered, the disorder
occurs only at the exit side of the wire since, in the
first place, the slurry for adjusting an ingot
temperature is supplied to the ingot only at the exit
side of the wire caused to travel in the reciprocating.
Moreover, since the disorder occurs only at the exit
side of the wire, the disorder of the slurries that
occurs at the exit side of the wire does not strongly
affect slicing of the ingot itself. Therefore, a sliced
shape of the ingot is not greatly disordered and
degradation of an accuracy of a thickness in the central
region in such as conventional method can be suppressed.
In this way, a high-quality sliced wafer having a
high wafer thickness uniformity in which degradation of

a nano-topography is suppressed can be obtained.

[0026]
In this case, it is preferable that the slurry for

adjusting an ingot temperature is supplied while a
supply temperature thereof is increased from start of
slicing; the supply temperature of the slurry for

adjusting an ingot temperature when the slicing depth of
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i ndependently fromthe slurry for slicing while the
slurry for adjusting an ingot tenperature is supplied
to the ingot only at the exit side of the wire caused
to travel in the reciprocating direction. [0025] In
this manner, first, the ingot is sliced wth
controlling a tenperature of the ingot by supplying a
slurry for adjusting an ingot tenperature of which a
theufdpigot enpechear eti deasrit 2013 exf tithe hélamgbert egemes

sli.ced i ndependently fr he .slurry for icing,
eqPﬁGschﬁ?dt%%BFFﬁgu%F P%gﬁ got Hat %%%uﬁéeﬁanﬁe%T%rry
£old MR O5En g 0a BNEIngbtSkiceipet sty bei § hengbyied while the

al 'evi at ed, " and occCurrence of precipitous changes in
sugpipilei fenpef @cuoey iand raaius ldhape dadeBe suppressed,
[Obggﬁeby a nano-topography in the sliced wafer can be

i"frproved. Mor eover, supplying the slurry for

adj ugheRg td iIgotr § enper atijnettiagt e iingoit ondéyparature
_the exit side of the wire caused to trave# in thﬁ
isr esioRidad | Wydar r BBED ok CHP SRE UE St OFEEP T ¢i hGPéfabl es

hisl LN Lnt far, Vi tREf 8lMcing end

coPithads. Tt S P2 beastes e | I the Slarry Fors
poatjiost iaxn dve i ngoy eéfperianidey ialtler¥ereedwihhoRé

l f lici d fl f [
oG 800 AR b B0 CORE BLABc: cakhr oty SR 2T Re °

s18¥ihSideafsshe wire since, in the first place, the
slurry for adjusting an ingot tenperature is supplied
[0P88tlhe ingot only at the exit side of the wire caused

to tf§¥§kekn Lhe ¢ éF%QQﬁFiQQ:i@b@%@fgbaﬁiécﬁhébeafter
di sorder ocdurs only at the exit side of the wire, the
thdi sandemgpfddien sbfir thes inkat ceaglseatat hbeagit 24i3d@t

R g
adl 8sRehg9reatiyg sl seedpeedtand degratkeduahl pf raduced to
beaccuracy of a tgicknesg ineth% central reg;fgrkg u%h

asagerv &t itgrral SRR hbdteaReke élliifﬁpl%fss%l'be.. . 7
L L L T e

nandWhepoghaphpMpeanuw@sgédthans@gngnEﬁqﬁxﬁdjusting
an ingot temperature is set to be equal to the supply
temperature of the slurry for slicing at the end of
slicing as explained above, excessive cooling can be
avoided in the time close to end of slicing of the ingot,
and the temperature of the ingot can be further smoothly
‘reduced to the temperature of the slurry for slicing,
thus further occurrence of rapid cooling of the ingot
can be further effectively reduced.
[0029]

Further, the present invention provides a wire saw

apparatus for slicing an ingot into wafers having at
least: a plurality of grooved rollers around which a

wire is wound; a means for supplying a slurry for

slicing to the grooved rollers; and a means for
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[ 0026] In this case, it is preferable that the
slurry for adjusting an ingot tenperature is supplied
while a supply tenperature thereof is increased from
start of slicing; the supply tenperature of the slurry
for adjusting an ingot tenperature when the slicing
depth of the ingot reaches at |east 2/3 of the
di anet er becomes equal to a tenperature of the ingot,
suppd tien &helakuyr ¥ ororadidjsisthagaaninagst teamseratine to
is supplied while . the supply te rature s .gr Y,
theeddt@t $9029] S?lced'V\ﬁEnt%P%eggﬁ?F?/ gr LC?%&] usgglll{? art
adiggh%ﬁiw@ﬁf 8hybe iterpen i ek ungdecosueblledper at ure

ol7 rapid cooling of the ingot, especially, .near
i nidke st d @i by e Adoporthicors loarr hef 9Br §1 &FEai etyey Wire saw
al | evi ated w1t hout rapi.dl hangi eqpesat e d wi
20PRg A ot AUl PRG e T 17 Prrotessos P BuoBp  wire
toFwd hericéd this @agerd twhislerefeiabkg tfhat sdfittdma Hes
depth of the ingot. reaches a%ﬁleast 2/ 3 of the

slicin
s ' %rFOtHQeSEEQPVQQNﬁﬁﬁ%ﬁﬁ?ebﬁft eEPIFr v For
I1Ustl 0o, an; i, pgot f.emer; ;18 g1adugl np eduasadt i
Su%ghééﬁgf ?og%kggguggly téﬁ%ﬁ%%lure of tge s|u?§? forlﬁg
ansliingjaly a¢mpadaohirs! iisi rpupplied tghehet BaJOEnpEEr dthf e

of the slurry.for adjusting an_ingot mer at ur.
MBS hp beS UV 108 Che KHITH of 2 Bnpas 4P S E T 1 had ot
tetbWr¥ dos; sthei Rerat itheAnskaftsl teangladnexpl ai ned

above, excessive cooling can be avoided in the time .
reclipgoqat Bpa Sirsritdiong ofheFRIMnGdE, YAREG SRd apparatus

o SBLEHE  pho LS PO S BN Becupnd s ion o7
thbhwidnﬂyhﬁoroadgnsenmg(ﬁnr%mm@ﬁCb@MPﬁga@prﬁh@quﬁhe
means for a supply position of the slurry for adjusting
an ingot temperature is capable of controlling to supply
the slurry for adjusting an ingot temperature to the
ingot to be sliced only at the exit side of the wire
caused to travel in the reciprocating direction.

[0030]

In this manner, first, since the wire saw
apparatus of the present invention has a means for
supplying a slurry for adjusting an ingot temperature to
the ingot to be sliced, the wire saw apparatus can slice
the ingot with controlling a temperature of the ingot
and can suppress occurrence of precipitous changes in
slicing trajectory, Warp shape and degradation of a
nano-topography.

Further, since the wire saw apparatus has a means
for controlling a supply position of the slurry for
adjusting an ingot temperature and the means for a
supply position of the slurry for adjusting an ingot

temperature is capable of controlling to supply the
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can be further effectively reduced. [0029]

Further, the present invention provides a wire saw

apparatus for slicing an ingot into wafers having at

| east: a plurality of grooved rollers around which a

wire is wound; a neans for supplying a slurry for

slicing to the grooved rollers; and a neans for

supplying a slurry for adjusting an ingot tenperature
shertphefbngetijusthecsldrcethgatt eappeadre cofta sl inggt

for adjustin n i ngot tenperature i ntralled
tQHﬁ%p%LH%ﬁ?I3“2VoﬁQrﬁp%l +é F&Pespﬁb%%ﬁ WiFE wipesed to
t SAYL APPAT BLHS rbB WS ey | AY0E LS off, e%3Rd waigal NSdw

the wire to be sliced into wafers while a slurry for
apgld chngsi sasupphitad ato a heogt bbordwheltcetsiehy ithery for

eans, for _supplying a slurr ot sLi cing; . r for
2R et fomin ge: heoer arire atenpstte, bt ke
siey byrtbeiseans tdoorgsawpl yi agsarsleur fiower of these

adj usting an_ ingot tenperature, the wre is c usgaﬂto
s 1y s | ho at RRCPPROC RAT IO eBEi RS RiferteiSt dhe® i Ti2°
widaw apparat s has f yrthers a, PeAD§uE 9L tGOMRld il 8ng a

supply position of the slurry for adjusting an ingot
h itegmpeh Bt kmes andnt fie mmeans Wothausuppkep tgosidiiserdgrime 2

slurry for adjpusting an .ingot tenperature is capable
S%ﬁc%énﬁ??ﬁfiﬂt gbesgﬁﬂ%Fthe slurry for adjusting an
[ooxot tenperature to the ingot to be sliced only at

the exit side of the wire caused to trave| in the

reci proddtisgane ecitons pogsgjple that|hheppgapgnf&r 2

fi 1.8}, S h i arat.u I - £
i Let T s s P S AR e
t eantjelrst i unge alma & ngotwiidmperey walve ahd ithgots ltugr e for

sliced, the wire saw apparatus can_slice the ingot .
ad\ﬂd”ﬁ?%t?%l??%@ta%fe%&aatt%% of ngpﬁﬁﬁgt %é)n Can- N9t
oS UWRPIESS-LECHRT enge @hepreaci i s 0ds elianges wiitesldciag

trajectory, Warp shape and degradation of a
chapagertpoe Aphlye switchimg tfetvesince the wire saw
[O%%eqratus has a nmeans for controlling a supply

posi‘tion of the slurry for adjusting an ingot

t enperfatiuee merach st higo meansuperd va mupipt yoposit Fha ofl uirhey

slurry for adjusting,an ingot tenperatu i | e
f°6faa&ﬂﬁRﬂqqréPtbngaﬁpﬁfqﬁ% at%$%f$§8f%§ea fﬁsilndxén
vallRaotad enmef fdnk@ &BovBe iUIgOtwite beawl bppdraniis atan

the exit side of the wire caused to travel ,in the

eapddivpicoedii Ny &R r 88PPAN, thife S e ¥ahrappdr 4k arR™
in?g%t@e S POsid 1 05 vhere Sé%r5¥ Eor cad ¥stiynktAnthe
ngot tenperature interferes with the slurry for

exski siikig tof grieatwirdi byr depetiovdi oflt hbsagshwen exf tthe
t he ongyép%zition at the exit side of the wire, and

sWiLAhdPg &4t a high-quality wafer having a high

robhBBgkness uniformty wthout greatly disordering a
sliced shape of the ingot.

The slicing method and the wire saw apparatus
according to the present invention can alleviate rapid
cooling of the ingot that occurs especially in the time
close to end of slicing and can obtain a high-quality
wafer having a uniform thickness in which degradation of

a nano-topography and an accuracy of a wafer thickness

in the central region are suppressed.
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[ 0031] In this case, it is possible that the
means for a supply position of the slurry for
adj usting an ingot tenperature has a switching val ve
and the slurry for adjusting an ingot tenperature is
supplied to the ingot to be sliced only at the exit
side of the wire by a changeover of the sw tching
val ve. [0032] If the neans for a supply
position of the slurry for adjusting an ingot
tenperature has the swi.tching val ve as nentioned

BRIFGV LEIFRI T F@Ns QW HFF4 A% can easily control to

[O%%quy phe slurry for adjusting an ingot tenperature
to the ingot to be sliced only at the exit side of the
FIG.rd hys aa pechedatak changedaring ahecsainpdki o§ a wire

val yve. [003 .Th [.i.Cl A\
SUaiR e 31 UR° aR88 A g &t & e Y CLRRE P nUSSCEgh Sar

thdl e ater rapbene@ehi;ng of the ingot that occurs
especially in the tinme close to end of _slicing and can

FI66t-aih eﬁrmdi Grepal PRFhwaaw KK | S WPRAY f SERPERATRTEs s
| . | C e p .0) -
prg%&gghégf ggfgg#g?gFg%g%h@%¥hf&€QQé§HBM @th%%_present

of & ess in the central region
in@eetsuppr essedein BRIEF DEBCRIPTGWCGN OFs DRAWNGSTPRI34jure

praiFid sl that LEBRYbGoGSEd 1o P T4 ARCHorngy Shofis the
safeceing 1o -t PerpreaaRlusitnvRNtd®Ningot temperature;
FIG. 3 is a graph showing a temperature change of the
ingot in Example and comparative Example 1i;

FIG. 4 is a graph showing a thickness distribution of a
sliced wafer in Example;

FIGS. 5 are graphs each showing a level of a pseudo
nano-topography, wherein FIG. 5(A) shows a result of
Example and FIG. 5(B) shows a result of Comparative
Example 1;

FIG. 6 is a schematic view showing an example of a
conventional wire saw;

FIG. 7 is a schematic view showing an example of an
ingot-feeding means;

FIG. 8 is an explanatory view showing classification of
nano-topographies caused due to wire saw slicing;

FIG. 9 is a measurement view of Warp cross-—sectional
shapes and pseudo nano-topography waveforms of sliced
wafers;

FIG. 10 is a schematic view showing an example of
slicing trajectories of a wire at the time of slicing an
ingot;

FIG. 11 is an explanatory view showing an example of

contraction of an ingot and slicing trajectories at the

14



FIGS. 2 are graphs each showi ng a supply tenperature
profile of a slurry in the slicing nmethod of the
present invention, wherein FIG 2(A) shows a supply
tenperature profile of a slurry for slicing and FIG
2(B) shows the sanme of a slurry for adjusting an ingot
tenperature; FIG 3 is a graph show ng a tenperature
change of the ingot in Exanple and conparative Exanple

tithe bifGsl4din@ Hapbngbew ng a thickness distribution

of a sliced wafer in Exanp FIGS. 5 h h
FISRewlAg Sélq“é\ﬁélt%tar6§€ﬂt&oa - taoéﬁb?arjgﬁgiagﬁs ac
COEEQECQQ%%.%Qf ﬁpktlﬁfa%X@%%éiEHEE@%@ioﬁ(B%hereln

oOWs are arative Exanple 1; FIG 6 is a

FIscheag®nic id eaN@tmp\hnghaww)gampIt@melaa‘@@h@eﬁbﬁéﬁﬁl of

FIG 7 h
thexaRgPe St AT (BELCTREAPRY. Aedie elvéiséhé’%“pggaeﬂre

prE¥phanatory Miew sheyingiglasy fHmeateom. of2 (B) is an
nano-t opogr aphi es caused due to wre saw sli CI ng

exglasaa Oﬂrﬁ’am@eﬁeﬁﬂr ve R 8f NG 3 M WeT e ohal §I1'1‘8Ee§°r
% sel,édo nano @09{188@( wavef orms of sliced wafers;
FEPEL64"S % schematl c”view showi ng an exanpl e of

FI6Li ¢BNgst bal esigraest of yaviewe sitowiey ta mee 1ot ighisdilpg

an | ngot
betweengthe ingot at the time of starting slicing and

the slurry for slicing;

FIGS. 14 is an explanatory view showing a relationship
between the ingot near a slicing end portion and the
slurry for slicing;

FIG. 15 is an explanatory view for explaining a nozzle
of a slurry for slicing and a nozzle of a slurry for
adjusting an ingot temperature;

FIG. 16 is a graph showing a thickness shape of a sliced
wafer obtained by a conventional method for slicing an
ingot; and

FIGS. 17 are explanatory views for explaining an
interference of the slurry for slicing and the slurry
for adjusting an ingot temperature, wherein FIG. 17(A)
shows the time of starting slicing and FIG. 17(B) shows

a moment where a central region of an ingot is sliced.

BEST MODES FOR CARRYING OUT THE INVENTION

[0035]
Although an embodiment according to the present

invention will be explained hereinafter, but the present
invention is not restricted thereto.
As explained above, in order to prevent rapid

cooling of the ingot near the slicing end portion, for
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FIG 11 is an explanatory view show ng an exanpl e of
contraction of an ingot and slicing trajectories at
the time of slicing the ingot; FIGS. 12 show a test
result about a possibility of contraction of the ingot
in an axial direction, wherein FIG 12(A) is a graph
showi ng a tenperature change of the ingot during
slicing and a supply tenperature profile of a slurry

exbfb19,1 G RNt &t Con1REB) woD cart EG adisotysesew fgrthod
expl aining a nmeasurenent nethod for_ a tenperat r%ogflers
forheuppgating|aG s 18T FY AR TeRgilandtDriyC vi e SREW ng “a
r.el_ati anshi e t [ toatiddheshi feget starting
ang Félipr?gyénogot%egg\?g??]y@?gr ralls iuci nlg;&]Fc?L GS. 14 is an
tefpRlranaireyr yehd ew shosedg ta reljats orshi puberaseget kd the

i ngot near a slicing end partion. and.the s ry.far
ingpitcitey;the GnIst | §%aﬁg§xsll§}?atoo§ Y v}%%vr??olrc}{%x%ln |%rt1:| n(gsee

1. Nez3l e @f @’ ryné oheshibal B@ andies noars edetahly
slurry for adjusting an ingot tenperature; FIG 16 is

thacgnass shovggnat vhiokaesendtimpe BIOR| PEedlFaf'@ e*
Bgt 3i ned by a conventional nethod for slicing an

[0 gt; and FIGS. 17 are explanatory views for
expl ahBi pgearnthtiaidefeocedbt colve reldurahyaf oingliienag on

and the slurry for adjusting an ingof.tenperature,
theheddiaedrighany (Y ShERE dere A rﬁah%f% N ?ha‘tts Ioi%é:lunrgs

ooff U it R e s SRR e
s1uNYENH@N adjusting an ingot temperature during slicing
the ingot éauses degradation of thickness uniformity of
the wafer.

Furthermore, the present inventor discovered that
when the slurry for adjusting an ingot temperature is
supplied to the ingot only at the exit side of the wire
rather than both at the exit side and at the entry side
of the wire, which is caused to travel in the
reciprocating and slices the ingot like a conventional
method, even if the slurry for adjusting an ingot
temperature interferes with the slurry for slicing to
disorder the flows, the disorder occurs only at the exit
side of the wire, occurrence of the disorder at the
entry side of the wire is prevented, the disorder of the
slurries does not strongly affect slicing of the ingot,
and as a result, degradation of an accuracy of a
thickness in the central region of the ingot can be thus

prevented, thereby bringing the present invention to

completion.

[0037]

First, a wire saw according to the present

invention will now be explained in detail hereinafter
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[ 0035] Al t hough an enbodi nent according to the

present invention will be explained hereinafter, but

the present invention is not restricted thereto.

As expl ai ned above, in order to prevent rapid cooling

of the ingot near the slicing end portion, for

exanpl e, a publication No. WO00/43162 di scl oses a

nmet hod for supplying a slurry for slicing to a grooved
witnl ers rantes upplyiagdaasiingsy bort ddieisp¥egeni i ngot
. temperature that is used to _adjust a tenperature of
anﬁétPﬁ@bﬂﬁx?qqm¥??@6%cg?dtﬁg%ﬁ ‘'of slicing the

i ngopsseq ELGuslS HuRes: othe mathodalegrsiesatus

consi derably thickness uniformty in a central region
acobrtiegnafeerthd q3s3eThelprvesditori-nvent or di scover ed

that inf|uence on the sliced.shapg by disorder pf the
f1 owBSt RAPYBcddr %ﬁkafb ?n?%? e?gﬁcééﬂ the slurry

ackBhadhicitng @and ghesshur iyvhar iadj ustimby abnthgdes a
tenperature during slicing the ingot causes .
widegPadat isdias athi Ek#els GAPPIEH t5° bt e’ nal&F®

tensile-force-giving means 4, an ingot-feeding means 5,
a means for supplying a slurry for slicing 6, a means
for supplying a slurry for adjusting an ingot
temperature 6' and a means for controlling a supply

position of a slurry for adjusting an ingot temperature

7.
[0038]

Here, the means for supplying a slurry for slicing
6, i.e., a means that supplies the slurry for slicing to
the grooved rollers 3 (the wire 2), will be first
explained. In this means for supplying a slurry for
slicing 6, a slurry tank 16 is connected with nozzles (a
nozzle of a slurry for slicing) 15 through a heat
exchanger (for a slurry for slicing) 19 controlled by a
temperature controller (a slurry for slicing) of a
computer 18. A supply temperature of the slurry for
slicing can be controlled by the heat exchanger 19 and

the slurry can be supplied to the grooved rollers 3 from

the nozzles 15.

[0039]
Moreover, in the means for supplying a slurry for

adjusting an ingot temperature 6', i.e., a means that
directly supplies a slurry (a slurry for adjusting an
ingot temperature) to the ingot to be sliced in order to
adjust an temperature of the ingot, the slurry tank 16

is connected with nozzles (a nozzle of a slurry for

17



Furthernore, the present inventor discovered that when
the slurry for adjusting an ingot tenperature is
supplied to the ingot only at the exit side of the
wire rather than both at the exit side and at the
entry side of the wire, which is caused to travel in
the reciprocating and slices the ingot like a
conventional method, even if the slurry for adjusting
adgistigey drenpegat ut emparetheeds 1 't thheughuar epsr
slicing to disorder the _flows,. tgg di sorder occurs

exGhPPaRT t Heox? t S SHBEY of OFh8OWiYSd, 1Bt refide of the
te?\%‘?cfgdc‘%fré?t i4e §ﬁﬁ£¥o§ng_@ g, the aMgerisupeeventedller

e di sorder of' e slurries does not strongly affect
(askileimy ofort hedjagbingand asgetr dsmreraegradaltof s

an accuracy aof a thjck ' j
copREtATgdE vark BERTLE PrOUBRE B ct Al S B gt ho. Che

adR8%8Mg IdYeHdon temperpkateorar M87¢oktrelled Wiyr éhe
Saw according to the present invention wll_ now be
heexpleaiahehdar dk? i anAeFBPRALEEr tithF rJeIF%?Eng§OPo e

drawi ngs,, but the present invention is not restricted
noZRdfet o -

[0040]

In this manner, the wire saw apparatus 1 according
to the present invention can supply the slurry for
slicing and the slurry for adjusting an ingot
temperature through heat exchangers 19, 19' respectively
that are different from each other and can separately
control supply temperatures of the slurry for slicing
and the slurry for adjusting an ingot temperature.

Therefore, the slurry for adjusting an ingot
temperature can be supplied with independently adjusting
a supply temperature thereof by the means for supplying
a-slurry for adjusting an ingot temperature 6' and a
temperature of the ingot during a slicing process can be
controlled. And thereby occurrence of precipitous
changes in slicing trajectory and Warp shape due to a
rapid change in temperature of the ingot can be
prevented. Therefore, degradation of a naho—topography
caused due to these can be suppressed.

[0041]
It is to be noted that the present invention 1is

not of course restricted to the structure depicted in
FIG. 1 and a structure that separately controls
temperatures of the slurries in respective tanks, i.e.,
supply temperatures of the slurries can be achieved by

arranging the separate slurry tanks and connecting

18



FIG 1 shows an exanple of a wire saw apparatus
according to the present invention. As shown in
FIG 1, a wire saw apparatus 1 according to the
present invention nainly includes a wire 2 to slice an
i ngot, grooved rollers 3, wiretensile-force-giving
means 4, an ingot-feeding nmeans 5, a neans for
supplying a slurry for slicing 6, a neans for

s1SWRR! YWHId Bess Uf sy the adjspstitigearsiwgoy tenjser afure

6' and a neans for controlling a suppl osition of
meshandyrF drh aej CRR | hadSHePH&&tthe JB%%% gs%PpFéSoss] :
tefBEGatiNe EaRS fOr sSURRLYIrRG B1Sldinty doa shecknuxrGy

I"e.,” a nmeans that supplies the slurry for slicing to
fotrhadgnemiedy rat | Engo8 tehpewiatar®) cai |$ubblieer st

explajned. In this_ne f ' /
ol T cPRESS, CYRSITS TR 1671 3 BoRGCrST L poze es

pak®iReAze And@ sherE¥mbOk ypleisCiarg)thlds ¢ htoughea heat
exchanger (for a slurry for slicing) 19 controlled g%
sltirry

coaveamjeralurexanpt 8 oF RBr Pea UsIeGr-r f Fort BT F_NHG) 8f
obﬁ?xiqgli%&jgrb ;ﬁdjb%)éc'f@?lrl%l F%m%riﬁti@'o% Aatheas) uapyabeke

con ed by the heat exchanger 19 and
grhh@ssliur ry Icieqube sappbeedstd.the grooved rollers 3
Ofron1the nozzl es 15. [0039] Mor eover, in the
[OR¥4As for supplying a slurry for adjusting an i ngot

tenpgrAtULe &or ichtrdl BAGSat Bappdivr @etd it seppbf esha
slurry (a slurry for adjusting an ingot tenper Euge)
sltoriyhé dmgot] ust beg skhcedJiok ﬁmQQQ%F%%ﬁu%twéﬁ ©

o TREEELS S A5t EOh, e PhYSRY WksttySposiion
of the slurry for adjusting an ingot temperature 7 can
include, for example, mainly a switching valve 20, a
controller for controlling a supply position of the
slurry for adjusting an ingot temperature 18a of the
computer 18.

Here, the switching valve 20 is arranged between
the heat exchanger 19' and nozzles 15' as shown in FIG.
1. The switching valve 20 is a valve to control the
slurry for adjusting an ingot temperature delivered from
the slurry tank 16 through the heat exchanger 19' by
switching supply directions to a direction of the nozzle
15'L or the nozzle 15'R or both thereof. It is to be
noted that a left side nozzle of the nozzles 15' is the
nozzle 15'L and a right side nozzle of the nozzles 15"
is the nozzle 15'R as viewed from a front of the wire
saw apparatus 1 (i.e., a front side of FIG. 1 ).

If the means for a supply position of the slurry
for adjusting an ingot temperature has the switching

valve 20, supply directions of the slurry for adjusting

an ingot temperature can be easily and reliably
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adjusting an ingot tenperature) 15" through a heat
exchanger (for a slurry for adjusting an ingot
tenperature) 19' controlled by a tenperature
controller (a slurry for adjusting an ingot
tenperature) of the conputer 18. A supply tenperature
of the slurry for adjusting an ingot tenperature can
be controlled by the heat exchanger 19' and supplied
coh@ AdIEL d gy & r enuhbeonezzloss tIE . s§Dodeing valve g0.

this manner, the wr t - di, to._t
Ttpheedit HonAREPantEan Sup Ao SraTH) ForLArea Vg1V

ng, t y for adjusting an ingot tenperature
Ca?h?ﬁhgﬁkﬁ%g%ééxchangers 19, 19' respectively that are
[0diafflerent from each other and can separately contro
supply tenperatures o he slurry f | cl ng,apd,the
sl ur fyrftg‘leradjtlﬁq i%‘@lgﬁﬁf‘ﬂgotvatlé;r%pez?{a\taﬁlr%.é 8= 8080k

mo EBS! ef Prighat heashHEr ¥ Waread usd itwgaaal i aget connected
tenperature can be supplied with independen

tl .
wigdyj e mepreesuepl §8t enpBrafePE tHer ot By ?ﬂ’égﬁ\%%ﬁ%“g
for. supplying a slurry for ] | N9+ @8- L AGOkn ingot
Su??&ﬁ%ﬁggﬁ%%L %ﬁdgéetg%%§} tdngof 1he ingotndjrﬁhg a

t el A0 ¥ OC®SScoanrbe scamt ruidleck Meaneherdpy the

occurrence of precipitous chan in slicgi .
swiLEGheRD IR aAel %@rb?sﬁ&ﬁ?qﬂhiégﬁiyr%%%%gkggnég in
ac %'B&eié?éé"&i@ﬁ Ghevinget tean deipreyensedr Therefore,
egradation of a nano-topography caused due to the?ﬁg
t

can Be swpdrdgseidt $p@eaifically,| fqk §%RMRI Aot Ll

the present invention s, _naqt, of Seeiest-bincheditght
C2ffe @}arecusi%? " tiepi %t &d ?:r?ul%lecgo tlgg%%l a structure tltt?g}
sigepaiatel ye £ONE L Ak S abenpematdirasonfa t hAeostupki &he wire

respective tanks, i.e., supply tenperatur t :
Sa§|@ﬂﬂ%¥??ﬁﬁl%ebécﬁpgvg&lﬁgfﬁlfﬁﬁggﬁg @h%géegéﬁa?§g°t s
515 Y tANksSs 56es §0BBEEhieNd r a5t 11g Chi Feerd ohooft fhe
respective slurry tanks. A nechanismthat can

wired@peridentégnioptiel £@FploPitiemet Wi dr 2sSBPPLYe POSition

| f 6] i i . ' a can
o£ S R L) DR TS NG S iodercatpstinganoa o

send a signal that switches the valve to open only the

v

side of the left nozzle 15'L to the switching valve 20.
As a result, the slurry for adjusting an ingot

" temperature is delivered to the left nozzle 15'L and is
supplied only at a left side of the ingot, i.e., only at
a side where the wire 2 slicing the ingot exits from the
ingot (a exit side of the wire 2) in the case.

[0044]

Further, in the case that the wire 2 is caused to
travel from a left side to a right side and the ingot is
sliced, in response to the traveling direction of the
wire 2, the controller for controlling a supply position
of the slurry for adjusting an ingot temperature 18a can
send a signal that switches the valve to open only the

side of the right nozzle 15'R to the switching valve 20.
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These types of slurries are not restricted in
particul ar, and the sane types as those in the
conventional exanple can be used. For instance, a
slurry obtained by dispersing GC (silicon carbide)
abrasive grains in a liquid can be used. [0042]
A neans for controlling a supply position of the
slurry for adjusting an ingot tenperature 7 will be
AsenNnﬁaukt Tm@enehnsrﬁof0¢oﬁﬁﬂﬂﬂﬁ1nﬂfﬁguppg9tp05|t|on

I
CoREr AT S ofS Hahbl B Shal W 918 W Ehi ML GAPve B, "0 i

su@?'ltlre@ lg11§ ot contighki Bgda Siﬂi)pil'ye posgét pniok.thenly
urry for adjusting an ingot tenperature 18a of the
atcénﬁu{d@r wigere the wigpe2 Bhd GWid dhihglVaPlecBhtps from

Mﬁﬁn e a xchanger 19' and nozzles
th%SEQQ% ﬁgﬁ% F%%itgg %ﬁg switching valve 20 is a
[00abye to control the slurry for adjustlng an i ngot

tenperature deli vered fron1the slurr k t hr ough
the hRatPéRcRERGET 1F %y %ﬁ?tﬁﬁwna %f {'%ﬁ%

r&geﬁtdhﬁﬁgdﬂﬁb@f1ﬁ8§u8@§2kﬁel%daﬂg tde @@ﬁ€£6115n8 a
or both thereof. It is to be noted that a left side

supplyl posfl tilpen Mz ztlke sburiy feg ekl et 4By lanngngot

r t si.de -nozzl e 0z e
cefpRhrBh POAH . of JFeR0 E haban1S (hrcafeEbeling
tolsﬁppey,t&dﬁsmurﬁydﬁoﬁfaEbGStlnb an 1ngotftempenean$e

or a supply position of the slurr ust
tol hg8t 1ngRbera Ut @ halshe ngx il F&ﬁené){/ gpﬁﬂ}sed

to dEF8GENORS @fhd neeéilyfasaaﬁ%ga@h%tdtqga@n lzngca result,
tenperature can be easil reliabl controll ed by

the whaﬁge@weramanar@%v\lt@ﬁu hbevﬁlr\@@ez{t jnvertienpés
ca%ék ?ea F8%4%%B% yi&@a{£¥ Q&h‘&%ﬁ%agﬂ\ﬁﬁ&éPlﬁs an
ingot temperature at a side where the wire 2 enters into
the ingot (a entry side of the wire 2) and supplying the
slurry for adjusting an ingot temperature only at the
exit side of the wire 2 even if the slurry for adjusting
an ingot temperature is supplied in addition to the
slurry for slicing at the time of slicing. Thus, great
interference of the slurry for slicing and the slurry
for adjusting an ingot temperature at the entry side of
the wire 2, which conventionally occurs, does not occur.
Furthermore, disorder of the flows due to interference
between these slurries does not occur. And thereby
great disorder of a sliced shape of the ingot is
efficiently prevented. On the other hand, even if the
slurry for adjusting an ingot temperature greatly
interferes with the slurry for slicing to disorder the
flows, a sliced shape of the ingot is not greatly
affected because the position of the interference is the

side where the wire 2 slices the ingot to exit therefrom.
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Further, the switching valve 20 and a driving notor 10
that causes a wre 2 to travel are connected with the
conmputer 18. The controller for controlling a supply
position of the slurry for adjusting an ingot
tenperature 18a controls in such a manner that the
swtching valve 20 is automatically switched in
accordance with drive of the driving notor 10.

ThE@ i nthid wpeei Bhealadppa faorusexanpf efhenprkesecdse

, that the wire 2 is caused to tragvel froma right side

inyend Jaat tcadt del hsevilBked "ArfehS 13 6ht9of PRERSe saw

th%@%e?éj.swiltl’pau{ hﬁegﬁ:'a\ﬁ'irﬁ% R UcdPradg bheal RBAkkn®ss

SlI'iced, in response’to the traveling direction of the
inwithee Zertthea o gbdbhepff ghecomtfof{ing a supply

osition of the slurry for adjusting an ingot
[Ogéﬁﬂerature 18a can send a signal that switches the

val vaol,avepen Oiundheosi 8¢ ehet hedrsf trowzabet161ling a

the switching valve 20. As a result, the slurry for
supdilys g e ngbt thengdvatyr £9% {1dI #9eiBg £8 ttheOt

| eft nozzl 5’ d.i | a ft +$is68€ open
i e et S P
onski @imkg dthecHagow i exhtiagf mahwehe? @ ngdtoecexit §pde of

the wire 2) in the case. [ 0044 Further, in.t
exXgRPd rhat %%ﬁ?%&r%h?ti§w&&é%§%tﬁp?rgﬁﬁvefignPgePeﬁﬁF%
sigkde df0 & d I Gn 8i daqand sithe dwads i 8551} ced,'Ri kan be

response to the traveling direction of the wire 2, the
senbnimnsl Itdre foruroyt £l RAg U tsiupsh| 30 pbREPF o eBP SR Ure

slurry for. .adj usfing [ t_ st enmperat n1send as
caf Bprariia ot oBneltn B L e s P R e
ne8fiethe Foghtexrogzle, 1bhRche theeswittathiany vakvéalo.

As a result, the s[urrg for ad[usti%gbag ingg% t of
tepRppatatE O LRl 198PEd 1o AHE T Yht PRbZEFe SHETR &id
s158134RPld Q:d—::ngiﬂﬁ/a‘@ﬁr@ birghhesiidRyof ¢de bagauickle. set

only at a side where the wire 2 slicing the ingot
toeai by efsrdmitemod nRjoureqlal SRR X chide. sioess) for

Ln _this manner h N a t '
adyfatdnd Moanidsn Friphaai it AR er Boskls, 1o gnd
nogdppl yspesition of the slurry for adjusting an ingot

tenperature 7 and, at l|least, is capable of controlling .
[0967dupply the slurry for adjusting an ingot

tenmpegat Ur eot get B ddW@oth oAl ¥hat mehe exidr sestietpblihag a

wire 2 caused to travel in the reciprocating _
supplgcposritimn ®F eyt slune ywifog appardt a8 1nget

t he present, i.nv lop_L$..C f S | i &
teBP R o, Tad ua PO S RGOt ot St B iY o BF B arguihe
vawher eot. hervkr ex2ngiiter sthat sltbey dgot &) entipgsade
. of the wire 2) and supplyi the slurr r adjusti
inGnti REBPereibEattte DRI Jeat e bt 1ol HBCof PR N e S
16 28484l hotha sl ry £R/H adkuald Nk @ tRgetigh different

tenperature is supplied in addition to the slurry for
1imséscirrgpactive lty meeathslisengamThiave i e lve

interference aof the slu for. slici a rry
Se?%FagaﬁMSFp g %ar ik % %é%ﬁg?gﬁuﬁglgw%hgg%%? y§§?de
ad Phsthagwahe idgorhi tdmpseny entriconaln ywocounsrodded hot

occur. Furthernore, disorder of,the(%%oms ue go
contretiépance opeiideh #hdsd SRS Yoes2not VBELhr
[0&?9 thereby great disorder of a sliced shape of the

|ng£t is efficiently prevented. On the other hand,

everh ifothke singpy fferecadjarst faglen iofgdthe expyepaEearel s

. greatly interfer with the sLurry for Lcin 0
15 G QRRBEFeRhE FPowe et Sa @ﬁaﬁi‘a&f ?‘#éﬂ’ﬁégg?gi Sy
greatly affected because the position of the

interference is the side where the wire 2 slices the
ingot to exit therefrom 22



Therefore, the wire saw apparatus 1 of the present
i nvention can slice into wafers having a uniform
t hi ckness wi t hout degradi ng an accuracy of a thickness
in the central region of the wafer. [0046]
However, a function of the nmeans for controlling a
supply position of the slurry for adjusting an ingot
tenperature 7 is not restricted to the control that
foepein ianing cned of hehengwitt-dld et vl wea28. Shor Bodethef or
exanpl e, a sjgpal that swtches the valve to.open bot
slyirdds T t%]el‘rgjr@‘ﬁt Cahd Ple At % B h ny,suEg'lﬁ%ggﬁcqoetme
grode AN the- sl yr iy Hot RAdisti it ainbhges haaperat ure
can be supplied fromboth nozzle 15 L and nozzle 15 R
prasleteegddedorirkagpl §rom thre wegsel ¢hat Sahni gESPanse to
tenperature o he .i.ngot i s adjust b start of
a eriegieﬁ’ge,rnélqee%‘p%?%\?ﬁfl 8fnotuhngt ionu%o %aﬁégé%uﬁékﬁ'y' Set
prit@ek HESRId tETDEL AU tSUPP| thiagi hdet sbyr up ifgr a
adjusting an ingot tenperature fromboth nozzle 15'L
PrgRgtn®ZA %' R [ 0047] It is to be noted that
the EﬁégﬁeEoﬁﬂﬁéﬁﬁé%éiQQiﬁ SYPRYL PRIt A PErt BE the
slurry for "adjusting an mggt tenperature 7 is not
compsitiirctled i absagcbheeswiad hinth vidieen@gzlesr 15' that
exanpl e, the slur for,.adjusting an ingot t ratuyre
SuEBllrybél%tTequ\)b’?@G ¥¥5rr?fiﬁé15j§:|]1ﬂq’ alnrkgci% %8m rg%%r?%zrz ‘e
ThdSshpNd zzliee 151 Rrikhr eugh i fiserony annesgot
respectively, each line can have a val ve separately
tempdratawsplis pUseeroRmer fRe VEIQN 13f floFnhRpas Py SapPLy
LE e at n,Re;cC ntEekhi ng a
L i R T R
acoordlieh ngott Heedrzoal okl ed mefcttive cohpther wige & .-
connected with the nozzles 15 that supply the slurry
[0P8P1sIici ng and the ingot-feeding neans 5. And the
sl urgpyrfgerabirel, NG HelNy PLe apt orBki galdowsslippbiedrsos,
the grooved rollers 3 in predeterm ned ampunts and at
ther sdseeteinsdd 41 FR PER - FLEANChESTES2 1 s ABA| hhredparde
feégiﬁgpﬁgg%%?@ﬁﬁgﬁy6§eghegs%m@“ys(ghég@ 1A9¢he I - €.
a prédeterm ned slicing anount of the ingot by using a
copresetoppdgrdme saw 10Fudepércteche mozkFe/ Pngot feed

controller of the conputer 18_.i s, al so_connecte '
t he Shoz¥PesaP8 & Iifg'tln‘gﬂb?)?i ?ﬁe%ﬁu?”rﬁf% ?p’ adj %E%%g
pi@8hi BYOt hbe R ALY exoThersapplay stfrudieusd utnyahgr other

adjusting an ingot tenperature is progranmed in view
megfst i ANAgSCaRd AUPHI TP o§??ﬂ:6ﬁ§tﬁcﬁe”hé%az¥ﬁl@Blﬁ‘ran&nd

th%Qe?%§Z§%fg%§é?%ﬁﬁ%?fQ£8H t9mkhe d ravel | §gs dbEgCENGR ing

conditions can be obtained in accordance with the

conventional wire saw.
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.

[0050]
A procedure of carrying out the slicing method

according to the present invention by using such a wire
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Furthernore, the wire 2, the grooved rollers 3, the

W re-tensile-force-giving neans 4, and the

i ngot -feeding neans 5 can be the sane as those in the

conventional wire saw 101 depicted in FIG 6. A

type and a thickness of the wire 2, a groove pitch of

the grooved roller 3, a structure in any other neans,

and so on are not restricted in particular, and they
sa®an bedet®ing ned ehehptieserso trivaendesnredld| neivngpe

condi tions can be obtained in accordance with the
expaavaRd dife Wa eteaw. The wire 2 can be forned

of, 8iQst,aFREC otplfvl@@dmhgen!é%\ﬂgl% a Meéddoto feed a

approximately 0.13 mmto 0.18 mm and the grooved )
graesbler ihdw@Eyitngvardr aovewsint ap ot {en deki peBregedermined

thickness + a slicing renmgval an_be ed
Spﬁef}ro@éTfErtetieofg%%?Y‘fzgnﬁo S hhe’ s ]f%i%gggrgtlhoghk%%@
cadssaidivie i tdhe2 pEeseAt chnwerddosi by fiskog dsclyiaven by

wire saw 1 according to the present invention w.(l]
thaowile ©aj & Fedf peFerAari®g means 4pfegiraygd 1n a

.ngot - ol ; .5 i sqused, t.q f & gyaspad igngot
reF%&%Féggﬁﬁgﬂg?ﬂgggf%?Sh g# g¢bf§éé§§?ﬁ1%ed speed? and
mayhe tgreovet] ol | eess Blar €odrdey ey, vémet ebyheawdingg 4-hed

wire 2 to which tensile fqrce i iven b :

trW?é-lF‘é}ns?HeeQ$cﬁge§]@?vWﬁ§e nsarhét%ot Ave itcﬂ(iaS time

cah€pePL@GAd NG Aisegt560.. IFod Sedfmpre Nodedehbatlea force
magni t ude of the tensile force given to the wire 2, a

oft Rabelkiafy tepebd) ckgfheani e 2P 4ot ®nCALSEhitL S g e 2
can_be .appr ' F - ; ngiyl -

RPN A R St e R AR S

sp@etlootfr ael m/Mmimetoe6DPr odatimgimia ecy¢ba af anc/min to

aver age _s %gp of 4 n, m n 600 mMimn.in_a cle of
2 q/BiR r{3t02 </ ng 387§/ ¢ Ergl%sc? sTt)" Thase \g/%l ues
de €8PMBE REti8f es-dinascandance Wi h, tige gingbhe tiongat
to be sliced. [0051] Furt hernore, although the
slhoedl-es 15 are used to start supplying the slurry for
[0555 ing toward the grooved rollers 3 and the wire 2, a
Supply tenperature and others of this slurry can be
al sorfirerbymset, Rdrtrexagpl eheanogzirsxilmtaty waerm to
stél?gpg{l%tpulry%n(gZSth Csa{]u:tc)gy for slicing toward the
grooved rollers 3 and the wire 2, a supply temperature
and others of this slurry can be also freely set. For
example, an approximately room temperature (25°C) can be
set.

FIG. 2(A) shows an example of a supply temperature
profile of the slurry for slicing in the slicing method
of the present invention. It is to be noted that the
slurry for slicing with such supply temperature profile
can be supplied, but the present invention is not
restricted thereto.

[0052]
Further, the slurry for adjusting an ingot

temperature is directly supplied to the ingot from the
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set. FIG 2(A) shows an exanple of a supply
tenperature profile of the slurry for slicing in the
slicing nethod of the present invention. It is to be
noted that the slurry for slicing with such supply
tenperature profile can be supplied, but the present
invention is not restricted thereto. [0052] Further,
the slurry for adjusting an ingot tenperature is
nodizilectllsy Isupplited nozthe LAJE. fAcmithe horel eths' L

h le 15'R hi h
o2 e gt cGhcr el BTy bt ieh B oFpdons of

th§ %%hfyOffcﬁﬁJa%jlh@tglﬁﬁ hRYGh R 4 8t By et be mR@NS
or controlling a supply position of the slurry for

meadpuékun@qntnqﬁﬁnnqeﬂpéﬁaP&WEPPSIﬁﬁﬂn|@f Fﬁerééﬁéﬁ§é

o8, PUOR Al DT e BOTBRAICAR ) bui L Ehed T 7

regﬁbh%%rﬂdﬁtﬁéLﬁfawépingdﬁu$bbm1dﬁ1amgbmetemperébum@e
only to the nozzle |ocated at the exit. side .o % 9 1
swit e8ipaby aliiee coht kDl 2 8EORBE LGartNol $1hgcReduppl fFetiver

thgogihyyW(gofggafﬁégfﬂ foh Q%d&g'ﬂghﬁﬁkéHQQE only to

enpera ture 1 ereby t'he supply p05|t|ons of
thehaoslzirer yi frt atljaist thg enitngdida enberleurérps2 by the

troll ed dth f d t
coppRpatauret St bt Y omr REEEAdor Bh BTab "Phe g ¢
s1§k99 ¢t heMdeidy 400880t temphsrLexptai hed. abaué,

the slicing nethod according to the present |nveg on .
th@aﬁbyuﬁﬁl%/ FuRe &Y ey Fepnadpdstigg e hyotor adiusting

an 1n§8EaE@ﬁ$éyHt A {Qecgﬁfkoim$a(gn&h@h@”§§u%ryaﬁ@r
h&h

€ dur Icing process, supply of the slurry
adﬁostadguam|1ygnt|tgmperenpeean@r@unpli@dehpryh§|@@got
of the wire can be GEFE i ocp%{rence of di sorder
S

ondy ghe thoW It %*ﬂa ‘erference between

(obhgyslurry for sI|C|ng and the slurry for adjusting an

|ngot tenperature can be suppressed an re
i nf 1AenesPdaingd gbiovey sHapeSbiCcihE Fﬁ&gT ‘faﬁc%%rdlng

co DbVt i Ao aetions) Itlcknessy coc
adi@sglagt anntierdcer ermepdret een thd yslak rilee ¢xit side of
the wire 2, and hence during a slicing process, supply
of the slurry for adjusting an ingot temperature at the
entry side of the wire can be prevented, occurrence of
disorder of the flows of the slurries by interference
between the slurry for slicing and the slurry for
adjusting an ingot temperature can be suppressed and
great influence on the sliced shape of the ingot can be
prevented. Thus, the degradation of thickness
uniformity in a central region of the wafer caused due
to great interference between the slurries is

effectively prevented.

[0054]
‘Even if interference between the slurries occurs

at the exit side of the wire 2, because the position of
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effectively prevented. [0054] Even i f
interference between the slurries occurs at the exit
side of the wire 2, because the position of the
interference is the position of the wire portion after
finishing slicing the ingot, of course, the
interference in the traveling direction of the wire 2
is not related to slicing of the ingot, and the sliced
thehape antetduiset he theckpeds iafn tde Wed ewiaeepattion

reatly affected, [0055 ) It is to be noted that
afgﬂﬁuﬁkﬂ%ﬁm&%gp?%%%F@go¥hfhéQQQHTyogo?oﬁafﬁst% an
i ntR9%e X EIPET AL U Bel PravehiiGign G iasessn can Baesetird O is
exanple, as shown in FIG 2(B). Here, the tenperature
nopr afellated tdheskiqing pér tadj Ustdaly aandngbe sliced
tenperature will be explained. t sbLigin
ShAREh G D TR 1R B?%sgﬂfcgﬁ$§ﬁHQ£ntgﬁ;%%%%ﬁ ?%eFkgg °

gréGBLy idrfscpsgferable that the tenperature is
[Ogradually i ncreased after supply is started at, for

»&npl e, approximtely room tenperature. This
corr esp @d%&”%éi&5¥gﬁﬁﬁﬁgfeapEekﬂ%ﬂdﬂﬂ¥etﬁ%@file of

gradual 'y increases wt icing, and thereby, it can
thbe spruevent el tddjushengngot iingycEx deggbeesyuseoliad aand

sl%%i%gaﬁééq(i%glr%@ﬁngggg(jg}é]ftohre es>|<é'|nﬁ;r3 et orasa%ih%%ni r}Lgn FIG.
2(B). Here, the temperature profile of the slurry for
adjusting an ingot temperature will be explained.

In the slicing method of the present invention, as
shown in FIG. 2(B), it is preferable that the
temperature is gradually increased after supply is
started at, for example, approximately room temperature.
This corresponds to a temperature of the ingot that
gradually increases with slicing, and thereby, it can be
prevented that the ingot is excessively cooled and is
precipitously changed by the slurry for adjusting an

ingot temperature.

[0056]
And, it is preferable that the slurry for

adjusting an ingot temperature is supplied in such a
manner that the supply temperature of the slurry when
the slicing depth of the ingot reaches at least 2/3 of
the diameter becomes equal to a temperature of the ingot
and then the slurry for adjusting an ingot temperature
is supplied while the supply temperature is gradually
reduced. Furthermore, it is preferable that the supply
temperature thereof becomes equal to that of the slurry
for slicing at end of slicing.

When the slicing depth of the ingot reaches at
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And, it is preferable that the slurry for adjusting an

i ngot tenperature is supplied in such a manner that

the supply tenperature of the slurry when the slicing

depth of the ingot reaches at |east 2/3 of the

di aneter beconmes equal to a tenperature of the ingot

and then the slurry for adjusting an ingot tenperature

is supplied while the supply tenperature is gradually
1eé@@uqe@.cﬁuﬁﬂﬁsr@b?mitét,ia ﬁﬂek?nablb%a@aiSthﬁdQGQ@IWnd

tenperature thereof becones equal to the, o~
theg| gy Porf & it hgla¥ Bhd2BPT %%ﬂ%ﬁﬁ£W€%%Qiﬁﬁas%?é%ﬁﬁs

- f‘%gﬁ iygot imel easle Hmpdrdthere of the
dlgggkg er, segginéhfgggf?seggguced and fﬁi slurry for
ingbitcidug iatg appFoké ey epyoR2Est ¢azu®e ssHPY E¥t Fyoled

.supplied. . this tinme e tenper.at of <t I B
WlBHPEﬁgﬁﬁgﬁg%ﬁrﬁpiﬁ%%%gs%ggn%égﬁﬁé%&@g%oéfegﬁaﬁ?%§EF by
dikapidlhy sehang)ingy thieet eMperyt Woe efd fietimgostnbyngot

directly supplying the slurry for adjusting ap ipgot,
tempapetatne & tatthhesabpet EBREERH TR 33 *%11’1%«‘? 8? FH% ingot

i.ngot t her rs SUp [ r ing an
an gt Bee g RO T LI P & el s rine
infyegperapwra tiwqgradibe| yheeduppd.y temper&Fumraetrs when

the tenperature of the slurry for adjusting an ingot
gredhpedat ditdi<®det to be equal to that of the slurry

for shifhBg,alynthe ond dnséistige xcass WL oo} i Aigr

of the ingof by the slurry for adjusting an ingot
adferpéngt ame igwivthet PrrocatBge [E05AL tO be @Al ke

sSLurey. paf | i ap, i “Rﬁf tirg 68 supehhed
th@\njct ﬁft 8 ésﬁigjert@ ulfcgr p?%???ggatg%exp egi ned above, 5
exPELEI Pt 0v® Idhanges time singbhgbyr djhectolyrngafos
slicing end portion, which is espe ially &ote
adgBabaRTi 6RaltHUDI P REATBESpFaveMed & 057 T on
[Owggge a Warp shape precipitously varies can be
elimnated in each obtained sliced wafer and a
nandihepoghaphyucay Foyraditytingr 8Pedngot tempgragure
. 1o be.nated .that .t e afile o1 LhsishHewny
is ¢ PP &St iw%ét%ant}}&ngto%ﬁgg%gpgfgupgﬁ S not T ethalrgi ct ed
abbWe papteeipdrtdus tdleampaesein showdinion tiaGe(Byy apdr a

It can be determ ned each tinme accaordi-ng to . a t .
s1iptngngbe PO Wi CHY-CR %ﬁpﬁF?etcelr?gLe]rﬁgt%r%o%Yg{%ﬁéSBal

prSbUERY £ah %@i?ﬂghéﬂté@?_é!b@sik@@&&hhere a Whep thepe
Ingot is sliced by the slicing nmethod according to the

prgwégéhpusﬁVeW@nﬁeqﬁpngpgjﬁéaméggyéd in each obtained

sliced wafer and a nano-topography can be greatly

improved.
It is to be noted that the temperature profile of

the slurry for adjusting an ingot temperature is not
restricted in particular to the pattern shown in FIG.
2(B), and it can be determined each time according to a
type of the ingot to be sliced, a supply temperature of
the slurry for slicing or the like.

[0058]
When the ingot is sliced by the slicing method

according to the present invention as explained above,
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degradati on of a nano-topography that conventionally
occurs near a slicing end portion can be suppressed,
great degradation of a sliced shape in the centra
region of the wafer can be prevented and high-quality
wafers in which an accuracy of a wafer thickness
return to a nornmal revel can be obtained. [0059]

The present invention will be explained in nore detai

debaserk to e xafph elSarlet om@rmpes;emhamvce@wentﬁgnadtly

restricted thereto.
oc&@ééﬁ dISRE td ?%Jecb’rlgsgﬁfj %})éﬁ%ncas}hg‘% ?HPEF&SSf

U3 lbeop sngRded a; ¢li @net eenef 300
9t % Jgﬁﬁﬂgif%?ﬁl%%gthson%boqﬁkﬁ?%t% ma?grs gaggd on
ret;h@rslqﬁ';lﬂge rmeuf]@d asoobgi m:g:emerttrfed pare@eh@ghnﬁéﬁtluw

t hereby 1 O i ced_waf er
wagaFisng t%ﬁ %Fcféé%:rﬁ{mas lse ﬁCknFSﬁsﬂ@H&%n

tof%r%%ﬁﬁa£3£%¢§ﬁ $as ngbb@iﬂdb&ause the wireto
travel in a reciprocating direction at an average

speed of 500 mMmn in a cycle of 60 s/c, thereby

[O%P ﬁlng was perforned. [0060] In this case, the
sfarry for slicing was supplied fromstart of slicing,
and wheW@&e$mmﬁiﬂnhémt@onovédlrbblem@hﬂﬁﬁﬁ@.in more

tenperature profile iC FI . .
depgrhéfsie, ‘giheex%ll“ﬁ??g 5 dﬁrﬁﬁstf? S%@.ha‘cﬁ?“tlon e
noke@@ygyfg@édst§@pgtbed to the ingot only at the exit

de of the wre. That is, the slurry for adjusting an

Exag@ﬂfﬂenperature S supplled wWth the tenperature

Prorh, BRGNP sk Pkt Sssag e,
shbh® in FIG. 1 was used to cut a silicon ingot having a
diameter of 300 mm and an axial length of 200 mm into
wafers based on the slicing method according to the
present invention, thereby 190 sliced wafers were
obtained.

A wire having a diameter of 160 um 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 slicing

was performed.

[0060]
In this case, the slurry for slicing was supplied

from start of slicing, and it was supplied to grooved
rollers with a temperature profile depicted in FIG. 2(A).
Furthermore, the slurry for adjusting an ingot
temperature is supplied to the ingot only at the exit
side of the wire. That is, the slurry for adjusting an
ingot temperature is supplied with the temperature
profile shown in FIG. 2(B) from start of slicing so that
it is sprayed only frém the right nozzle 15'R in the ‘

28



case that the wire is caused to travel froma left

side to a right side as viewed froma front of the

wire saw apparatus (a front side of FIG 1), on the
other hand, it is supplied only fromthe left nozzle
15'L in the case that the wire is caused to travel
froma right side to a |eft side. Mor eover,

t her nocoupl es were arranged as shown in FIG 12(8) to

cafgeashne ahzhangee i st eapsedt tioe tofatdie frgota dugfhgsade

slicin ro . [0061 Fl h h
toih FeMEr SARD B VHEVSSIGBEm: & e et PG Thear o8

ap§§95%§ g Change: i o1 genper atrer.e 10f, tdie igascmbenhaha,
urry for adjusting an ingot tenperature is not

it sEgppIS:le@lﬁ@(d orconpar dwohh el dedit- &g Zdichekd Conpar hbPve
a . . . As _sho in El , 4 :
Ca%ﬁdgggfg'o%é?et H&t" S He® ¢ %%%égofc%i St %errfp]{eorlg?gurgfagg side
to Mdecke kegederate during a slicing process and rapid
cooling was sufficiently alleviated at a positiqn near

a sINRTRgVeRd FOHRIIGEIMRYET HEeEPURFY2PEF adiust' MY ah”
FIG ngeh (E?W%r %%ﬁ%@za SHHth%d il (RGEdaneee W Ehehe

enperature pr epicted in FIG 2(B), especially
ingst cdopaned anislhi donpapadeeeskExanpl e 1 using the
0 cgnye.ntl onal slicing nmethod. [0062]
[O0®4] t i onal Iy, thickness distributions of the sliced

waf gf g ObtakRedsi A Bramye wereenpasutatde PIfGte shoyst
measurenent results of the sliced wafers, which are
at 20bvhs #dwe. 60, BGrhso 190PACTE26t KN K™ and 160t h

ter%%%gugga%fyt%ee qh%(b@ JqHQHt tB2 rsqm'r%%ﬁrlit@ﬁ ié’c?§usjc§ng

: ¢ under st ood t a uniformthickness
an disgot buknpr reaudee obtmdheduppl iespdairld ycomprrison

central region in [ ' '
(quﬁ%F@xplaqned Coﬁg]rggfyéeE&gm% %Squnner. Li ke

As shown in FIG. 3, it cah be understood that the
change of ingot temperature was made to be moderate
during a slicing process and rapid cooling was
sufficiently alleviated at a position near a slicing end
portion when the slurry for adjusting an ingot
temperature was supplied in accordance with the
temperature profile depicted in FIG. 2(B), especially as
compared with Comparative Example 1 using the
conventional slicing method.

[0062]
Additionally, thickness distributions of the

sliced wafers obtained in Example were measured. FIG. 4
shows measurement results of the sliced wafers, which
are 20th, 40th, 60th, 80th, 100th, 120th, 140th, and
160th from a head side of the ingot as representatives.
It can be understood that a uniform thiékness
distribution can be obtained in, especially, the central

region in any sample in this manner. Like later-
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expl ai ned Conparative Exanple 2, when the slurry for

adj usting an ingot tenperature was conti nuously

supplied fromboth right and | eft nozzles, such a

uni form t hi ckness distribution cannot be obtai ned.

[ 0063] Furt her, pseudo nano-topographi es were

exam ned in sliced wafers obtained by slicing a

plurality of ingots based on the sanme nethod as
exblarples) Camtb@oahivé Essoubils depivdienl e F$ G1r5yAfoWas
dth ained. FIG 5 s@ows a_level of eachtfg gg 1 lied
adddRG1OGh gt aJPIF]?/OFn PREBEHBFHISE o6 D en‘g og 4 PEPRg +©
£ rivit Bodh aDSPh§S8n 8 ePEeseRbizd & Pasidh 00 @hiEbeni ngot

in an axial“direction. In this manner, the |evel does
thicknessesti sinr Uppetoni ARENes Be (P BRSA-rel ative
[Oﬁﬁgge) in any region of each ingot, an average val ue

[ ach region of the ingot is 0.16 at a front end

pogt FeRthBrl?2 paidelﬁicﬁefﬁrﬁ@-t@pbgiraphi@mj w18 extaminedr in

end portion, and it can be_understood that.fhe avera
sligede vade e i +BePelYt §1aSH&Y asréjﬂr%%’r{i@. © oéé@%ecs
balBg®bhl AL AOVRethE 8L Ehsh T Noth@ceaEd! BY kosults

the present i1nvention controlled the nano-to ograph)i
depﬁc}zeﬁelilm BiE. h gh) quaki pptadi@eds HalG ngd aSBﬁWﬁoﬁm evel

thi ckness djstributjon were,abl.e t LN
ofsgeh ap\f\;/foéO i%afb%{%?la%aifagh% el'd tﬁﬁi"%&?@egg%gg

en@aBrb@liikGreaset:h (S9npBEat bve Deapdeed)ihf065position
The silicon Ingot was sliced in the sane panner as ‘

of EkhRpladekcept ahadxihe @FE?F&iPcS‘r' dd} st RghaR PhgottRe
le(é%?g?%% %1[%0 has HOL 4 SYRPLHBEr tNGIiabYs B0 Wab e6s avere

relative value) in any region of each ingot, an average
value in each region of the ingot is 0.16 at a front end
portion, 0.12 at a central portion, and 0.13 at a rear
end portion, and it can Dbe understood that the average

value can be controlled to a very small value.

[0064]
As explained above, the slicing method according

to the present invention controlled the nano—-topography
very well, and high-quality wafers having a uniform
thickness distribution were able to be obtained. When

| such a wafer is provided, a yield in a device process

can be increased.

(Comparative Example 1)

[0065]

The silicon ingot was sliced in the same manner as
Example except that the slurry for adjusting an ingot

temperature was not supplied, thereby 190 wafers were

obtained.

[0066]
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abl e to be avoi ded. However, when a thickness

di stribution of each sliced wafer obtained by slicing

was neasured, a thickness in the central region

consi derably fluctuated |like the case depicted in FIG

16. It can be considered that this fluctuation occurs

because since the slurry for adjusting an ingot

tenperature was continuously supplied fromright and
aphef tonezzles ided. and 15' R, as different from Exanpl e

in which the present |nvention exam ned, .natural h
sIurH?WﬁH?ramWRQQr@ Gt ﬁ8?stg%éﬁ%ﬁ%ﬁ%&@éséguééfﬁeg

s13L8Q ﬁéyai?%éynéﬁd%yogﬂﬂBiﬁ@rﬁhsémgaéhUSd, a
especi ally en the central region of the wafer was

thilcikmefk,s tie Sheircgntor Ladjegstamems + AgbePEInpeiiat e <9
greatly interfered with_t lurgy f | Cj :

Likft SPSSiGRe Of ?%%Cﬁfgelpol%gr%aﬁ@' aflgtcrecct%lt1 h%@glciégg%ﬁ%red

thskape: d G06Altddtisnt ecbarrotarbdbad $hecpr ébentslurry
invention is not restricted to the forego
foenbddiurdding e tRBOEI FEAPSIE U Ah° egaﬁggm%%ﬁyon,
sugg tiae%{y %ﬁ%h%héhdhﬁ\é%tsmﬁ% albyrthadsamer, as
ure ‘an enonstrate the same functions and effects
di&?e&ﬁ@ﬁe firort hex4ephai ¢al whdrdepthelegtespRE AR VENdilan
of the present j [
examined,pnaturaifyegkgogl%&%y for adjusting an ingot
temperature was supplied also at the entry side of the
wire, and thus especially when the central region of the
wafer was sliced, the slurry for adjusting an ingot
temperature greatly interfered with the slurry for

slicing at the entry side of the wire to greatly affect

the sliced shape.

[0069]
It is to be noted that the present invention is

not restricted to the foregoing embodiment. The
embodiment ‘is just an exemplification, and any examples
that have substantially the same feature 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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included in the technical scope of the present

i nventi on. As shown in FIG 3, inrelation to

a tenperature of the ingot during a slicing process,

it can be understood that the ingot is rapidly cooled

at a position near a slicing end portion (275 mmto

300 nm. Further, as shown in FIG 5(B), in

obtai ned sliced wafers, a level of a pseudo

nana4 oplogwapby FIGhi @gh. An mvkatgeni $00a5% eatper T wne

end portion of the ingot, 0.29 at a central_ portion of
of tHae sAREOToAUSIAY & S +ehRIeRICFE S on Df S hePSane,

undflsLB8AAYRLR0C NAI Uiy d e Ps4rbBidaf (ddBIdDIE & han
the data of Exanple depicted in Fl 5(A) in each
posikgion. nearpar silddiary ¢he pevéloaxdeeedrantappep mm) .

limt value 0.6 at a_pasitd n the_slici .
porﬁ%ﬁﬂgb rth%smﬁggwnsﬂf%é%ﬂgUt§?$6ﬁ1%Reo réﬁ?“%ﬁ liced
wafofd] 0§ oeviheorred wyvhiporhhas-ebplerdpigetis nhsghe An
cases. The wafer having such a | evel of the
aVQﬁﬂﬁ@opégpaéﬁyaGr@mﬂ%PQﬁf%%@sPQF§P&QjQ@1%P%eh?%%t'
0. JBWE G UELPYART QLBSS o DFPERA! bupcEXAPI® 23 {008Tkear
e Sanme silicon‘ingot as that in Exanple was sliced
end pdéheisamefmaherers s Exangl eheoavktraige M0Lwtited2.4 to

waf ers except that the slurry_far adj,ustjng an i ngot
3. % drigee st iPEcwaSado %@%‘éﬁ%ﬁﬁﬁﬂ?&%%ﬁ%ﬁ BRF G-
5 (plffin né’ééhe§e%§'oln .ang, s R 1egandl, esneofl dinel teavetdog
irection of the wire. It is to be noted that the

an ugpty emper aedre Br-df idte df PPRETIPH MPEFOrtRRY) g5iFhpg
n ingot t t S a a t I

onf ki STPERE Y e o209, LHR gl B30 e

portapl eoothagrehrt ked ngott hear ofhéhs! iigigwy: eimd some

portion was
cases.

The wafer having such a level of the nanatopography

greatly affects a yield in a device manufacturing

process.

(Comparative Example 2)

[0067]

The same silicon ingot as that in Example was
sliced in the same manner as Example to obtain 190
sliced wafers except that the slurry for adjusting an
ingot temperature was continuously supplied from right
and left nozzles 15'L and 15'R regardless of the
trafeling direction of the wire. It is to be noted that
the supply temperature profile of the slurry for

adjusting an ingot temperature was the same as that in

Example.

[0068]
As a result of Comparative Example 2, rapid

cooling of the ingot near the slicing end portion was
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CLAIMS 1. A slicing nethod including wwnding 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 in a reciprocating

di rection, wherein the ingot is sliced with
controlling a tenperature of the ingot by supplying a
slurry for adjusting an Cagdt3 enperature to the ingot
i ndependently fromthe slurry for slicing while the
slurry for adjusting an ingot tenperature is supplied

1.t0 thesingohgorktmid tiec BXdingi denafinddien Wiiee catsedd a
to travel inthe reciprocating direction. 2. The
plerpdiity Wt o DroPhgers gl MUeSHRY ebRet Here

slurry _for [LUST | ap- k t . I.5; s4ppl i ed

ag%??é gns&pr)%%yt ?Cteérrpnkg? a?b?ggtahéﬁig?f)q{%#%%rggégg from

suppaytngf aslsilaing; fde suppliygt enpertet uyeoovedheodlarsy
for adjusting an ingot tenperature when, the slicing

angeBRRSBAY KB Y MHOEe  BACREEVEL [dhdt 9 GIRFOTAEIAT

digggﬁgggg hecones, equal to a tenperature of the ingot,
and then the slurry for Sgiusting an ingot tenperature

isdsu@ﬁliegomhﬁbeaﬂkgadj yht eppératiddad 2 gretearfyure
reduced. The. sljcing net i . clal m.2,

of \FBbethont, by CORIT L Taeatn 8 e 19y epeFhe Ahe
in@bt| easbe2hd wife tthe dhamehgbr tibelepuppient eppéranutde

of the slurry for adjusting an ingot_te rature is
slgF aduaPry Shddiced i be BRbar gk ef%ﬂggﬁus ing an

iné????%gbg&gﬂyrér¥%Sé&ﬁﬁiigarﬁgiﬂHéKhﬁﬁo@”QnQ? at the
exit side.of the wire caused to travel in the

reciprocating direction.

2. The slicing method according to claim 1, wherein
the slurry for adjusting an ingot temperature is
supplied while a supply temperature thereof is increased
from start of slicing;. the supply temperature of the
slurry for adjusting an ingot temperature when the
slicing depth of the ingot reaches at least 2/3 of the
diameter becomes equal to a temperature of the ingot,
and then the slurry for adjusting an ingot temperature

is supplied while the supply temperature is gradually

reduced.

3. The slicing method according to claim 2, wherein
after the slicing depth of the ingot reaches at least
2/3 of the diameter, the supply temperature of the
slurry for adjusting an ingot temperature is gradually
reduced to be equal to the supply temperature of the

slurry for slicing at end of slicing.
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4. A wre saw apparatus for slicing an ingot into

waf ers having at | east: a plurality of grooved
rollers around which a wire i s wound, a neans
for supplying a slurry for slicing to the grooved
rollers; and a means for supplying a slurry for

adj usting an ingot tenperature to the ingot to be
sliced, a tenperature of the slurry for adjusting an
i ngot tenperature is controlled independently fromthe

slurry for slicin t he W r.e saw a t [
4. wh!@h%Fﬁ§i%ﬂﬁna?éaﬁ?gggegOggﬁ%ﬁéf§§e¥%ﬁ?ga%g %2td“
wafdicathime wafeesswhile a slurry for slicing is

supplied to the grooved rollers by the neans fo

suppl piligad sturey 98po¥PrcirRg; o 1 F Py Fol Nadfusdt iy ©
is athQgpt tenperature is supplied to the ingot by the
NEANns™ f or supplying a slurry for adjusting an ingot
t enpemalawse;fdhesuppeylingcausddinny tfawesliniag to the
reci procating direction, wherein the wire saw

g T o5 gﬁ?k#?%é;fﬁpgher a means for controlling a supply
posit hnnQf ﬂJEE§ﬁﬁﬁiy%%@ra3@ﬂ@¥ﬂymkéﬁ EBAgAbting an
e

~ tenperature and 1€ neans for a_supply position
ingoft tteenpdtatyréokoadhestingptant® ngot stéfsératiure is

capahl e of controlli t I
temEaahit % ThGor Penger 15t FEas; Aot e
tenPdreadianl ys atohbeoetied Simteminddethyr € roausdee tolurry

travel in the reciprocating direction. 5. The wire
fors&d igpprdat us according to clai m4, wherein the nmeans

for AcSURRlY PAsTLH0R9F ukhenskairoh fone adhysti ng an
i ngot tenperature has a switching valve and the slurr
prefsaredidigmsting ahei njoe tonper stk ecds insgppatar s d'ihee
S e PLLSEH 9L Y Gl et L BECR Ao W fers
by the means for supplying a slurry for slicing; a
slurry for adjusting an ingot temperature 1is supplied to
the ingot by the means for supplying a slurry for
adjusting an ingot temperature; the wire is caused to
travel in a reciprocating direction,
wherein the wire saw apparatus has further a méans
for controlling a supply position of the slurry for
adjusting an ingot temperature and
the means for a supply position of the slurry for
adjusting an ingot temperature 1is capable of controlling
to supply the slurry for adjusting an ingot temperature

to the ingot to be sliced only at the exit side of the

wire caused to travel in the reciprocating direction.

5. The wire saw apparatus according to claim 4,
wherein the means for a supply position of the slurry
for adjusting an ingot temperature has a switching valve

and the slurry for adjusting an ingot temperature 1is
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supplied to the ingot to be sliced only at the exit side

of the wire by a changeover of the switching valve.
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