DESCRI PTION  SLI CI NG METHOD TECHNI CAL FI ELD [ 0001]
The present invention relates to a slicing nethod for
slicing, e.g.., a silicon ingot or an ingot of a
conpound sem conductor into many wafers by using a
wire saw. BACKGROUND ART [0002] In recent years, an
increase in size of a wafer is demanded, and a wire

saw is mainly used to déd€RrpRTohngot with this
increase in size. The wire saw i s a apparatus that
allows a wire (a high-tensile steel wire) to travel

at a high speed and 8E5§2§?2N§ggkﬂgot (a wor k) agai nst

the wire to be slice ying a slurry to the

wire, thereby slicing the ingot into many wafers at

the sane tine (see Japanese Unexam ned Patent :
TECEBEFRAt iFdr{Kokai ) No. 262826-1997). [0003] Here,
[Ogbgﬁ 6 shows an outline of an exanple of a general

wre saw. As shown in FIG 6, a wire saw 101 mainly

i ncl Tiiesprasente it rtthiain st¢taseantiongots,l igricoy etethod

rollers 103 (wre gu%fes around which the wre_102
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cohghshhbe skalicenBuct®ehant sMmi0y Whate fLasks ddengngoliire
to be sliced, and a nechanism 106 that supplies a

sagiurry at the tinme of slicing. [0004] 1 The wire 102
is unreeled fromone wire reel 107 and reaches the
grooved rollers 103 through the tensile- force-giving

BAOERGRAUNDMARD4 forned of a powder clutch (a

[0002]

In recent years, an increase in size of a wafer is
demanded, and a wire saw is mainly used to slice an
ingot with this increase in size.

The wire saw is a apparatus that allows a wire (a
high-tensile steel wire) to travel at a high speed and
presses an ingot (a work) against the wire to be sliced
while applying a slurry to the wire, thereby slicing the
ingot into many wafers at the same time (see Japanesé
Unexamined Patent Publication (Kokai) No. 262826-1997).
[0003]

Here, FIG. 6 shows 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
mechanism 104 that gives the wire 102 a tensile force, a
mechanism 105 that feeds the ingot to be sliced, and a
mechanism 106 that supplies a slurry at the time of
slicing.

[0004]



constant torque notor 109), a dancer roller (a dead
wei ght) (not shown) and so on through a traverser 108.
The wire 102 is wound around this grooved rollers 103
for approximately 300 to 400 turns, and then taken up
by a wre reel 107" through the other
tensile-force-giving nmechanism 104'. [0005] Further,
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predetermined cycle by a driving motor 110.
[0006]

It is to be noted that such an ingot-feeding
mechanism 105 as shown in FIG. 7 feeds the ingot to the
wire 102 wound around the grooved rollers 103 at the
time of siicing the ingot. This ingot-feeding mechanism
105 includes an ingot-feeding table 111 that is used to
feed the ingot, an LM guide 112, an ingot clump 113 for
grasping the ingot, a slice pad plate 114, and others,
and driving the ingot-feeding table 111 along the LM
guide 112 under control of a computer enables feeding

the ingot fixed at 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.



[0008] Such a wire saw 101 is used to apply an
appropriate tensile force to the wire 102 fromthe
wire- tensile-force-giving mechani sm 104, and the
ingot is sliced while causing the wire 102 to travel
in the reciprocating direction by the driving notor
110. [0009] On the other hand, in a wafer, a size of a
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surface shape of a wafer. And, this nano-topography is
very shallow waviness having a PV value of 0.1 um to 0.2
um 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



topography in the "slicing start portion". And the
"slicing end portion" highly frequently becones a
position naking a nuneric val ue regardi ng a nano-
topography the worst in a wafer radial direction or
the nano-topography in the "slicing end portion" is
rejected in the nuneric judgnent, and hence
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used, a cost and a tine do not have to be increased,

pI8btdoguran@ft opogrephyncaused due to an influence of
slicing alone can be readily exam ned w thout being
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exam nation that a nano-topography near a slicing end
topogtrihphiklsatini ssliced wafers sliced by using such a

conventional wire saw as shown in FIG. 6.

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 band-
pass filter having simulated processing characteristics
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



demanded to be inproved the nost in the conventiona
technol ogy is caused due to a precipitous change in a
Warp shape of a wafer in this position. FIG 9(A)
shows a wafer holding small change in shape in a
position near a slicing end portion as depicted in a
shape map, and a size of a change of a pseudo
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end portion is
precipitously changed, a size of a pseudo nano-
topography falls within the range of -0.3 to 0.4 in this
position and is larger than that depicted in FIG. 9(Aa).

It 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 produced. 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



sectional shape (a slicing trajectory), the follow ng
two hypot heses can be considered. One is a case where
a slicing trajectory formed by the wire is bent
toward an end of the ingot when the ingot is
contracted in an axial direction thereof in a tine
close to end of slicing as showmn in FIG 11(A), and
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The present inventors conducted a test and
examined an influence of each of these possibilities on
the slicing trajectory.

[0017]

A possibility that the ingot is contracted in.the
axial direction as shown in FIG. 11(A) was first
examined.

Such a wire saw as depicted in FIG. 6 was used to
slice a silicon ingot having a diameter of 300 mm and a
length of 250 mm prepared for the test. A tensile force
of 2.5 kgf was applied to the wire, and the wire was
caused to travel in a reciprocating direction at an
average speed of 500 m/min in a cycle of 60 s/c to
perform slicing. Further, a supply temperature 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)) .



A tenperature of the ingot was increased by 13C to
becone approxi mately 36C at maxi mnum during the
slicing process, and it was precipitously reduced
approxi mately 10C near a slicing end portion (a
slicing depth of 275 mmto 300 nmin this exanple)
This coincides wwth a position where the Warp shape

[Oig%qenly changes near the slicing end portion.
i'tionally, it can be understood from cal cul ation
usi ngia.t hermyl srexpansi pasabef bbeiadmied hat Mdweswngoy a
is precipitously contracted approximately 10 pm,in
chepgeaxitalt iR RER F 8RS RéaFNend "Ia'ei HigE e fbo%ﬁ%ﬁ.g
prb®@LY 1t can be considered that this contraction
occurs because a tenperature of the ingot is rapidly
r edunedeinpe riahm rsanef tempei agotewas tihatreafsddidogl LBTY
for slicing when a slicipg |oad is reduced to 1/2 or
COLBPERTS SPPERRIATAE VI 18 Or @ BhBALAET REGLTHHVERS down
s1Wclifg aRECeeENdn@f 18l weknNgrand giheosd Ly ryedioced
slicing cooled to 22Cto 24Cis directly applied to
apphexiimgdte 1 f ok0°Cexeapt e2 $iifsngoehe motrdd arhata thbklcing
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again increased at a i ci ng 200 mMmor a
cofurtibers deiptth a np&s G- 138( Aherkeddiselaryd | wpeaatdtdgnly

of the slurry is reduced here. [.0020] gssibiljty .
cnghab i ARl G| B 89 ae B Bogititon Ao b it
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exam ned. The sane silicon ingot was sliced under the
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coBPRr ) S s bn Fof OF Ha” gPonuis) TETTE & hEgREbn
neaxi ahedisndctiiron avas peastied.(see FIG 13(A)). It is
[06?9?e noted that a

It can be considered that this contraction occurs
because a temperature of the ingot is rapidly reduced to
the same temperature as that of the slurry for slicing
when a slicing load is reduced to 1/2 or below of a
maximum value or when the ingot moves down with
advancement of slicing and the slurry for slicing cooled
to 22°C to 24°C is directly applied to the ingot, for

example.

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

A possibility that the grooved rollers are
expanded in the axial direction thereof as shown in FIG.

11(B) was examined.

The same silicon ingot was sliced under the same



supply tenperature of a slurry for slicing had a
tenperature profile depicted in FIG 13(B). Further
expansi on of the grooved roller in the axial
direction was neasured by arranging an eddy current
sensor in close proximty to the axial direction of
the grooved roller (see FIG 13(C). [0021] As shown
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a main spindle, and a bracket éfficiently functions
of i phangrappadatngsl kg1 | {ged FAGthé3d@nnent test. [0022]
[Og%iz t he above- expl ai ned circunstances, it can be
idered that a primary factor of a sudden change in

sl i dfgshérheehoryanears tae, sthei goenddpenililen twed
is a problem i.e., a sudden change in Warp shape in
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or 35 BpRLATERD S| ety LDy P Gl e S el b
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expansion of the grooved roller depicted in FIG. 13(C)
and a lower line indicates an amount of frontward
expansion of the same). However, in the current test,
an expansion amount at this portion (regarding
approximately 250 mm corresponding to an ingot length)
was as relatively small as approximately 1 pum to 2 um,
and it was revealed that an influence on a slicing
trajectory is small. It can be considered that
temperature adjustment for a grooved roller core grid, a
main spindle, and a bracket efficiently functions in an
apparatus utilized in the current test.

[0022]

With the above-explained circumstances, it can be
considered that a primary factor of a sudden change in
slicing trajectory near the slicing end portion that is
a problem, i.e., a sudden change in Warp shape in the

sliced wafer is contraction of the ingot in the axial



stage of slicing, and processing heat is stored in'the
ingot (see FIG 14(A)). As a result, a tenperature of
the ingot is increased 13C at naxi num Ther nal
expansi on of the ingot involved by this tenperature
increase is approximately 10 min calculation (wth
respect to the ingot having a length of 250 nmm. On
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supplying a slurry for slicing to the grooved rollers
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th%f g&VeCOEF§ 4gggﬁmm%£?a Slgcgg%t%o 1 et to %@? orm
chéﬁgélﬂg Wﬁrp shape. As shown in FIG. 11(A), an
influence of this thermal expansion/thermal contraction
becomes large when the ingot has a longer length or when
getting closer to both ends of the ingot.

[0023]

Therefore, in view of the above-explained problems,
it is an object of the present invention to provide a
method for alleviating precipitous cooling of an ingot
in a time close to end of slicing of the ingot,
consequently suppressing generation of a nano-topography,
and slicing into high-quality wafers having a uniform
thickness when slicing the ingot by using a wire saw.
[0024]

To achieve this object, the present invention
provides a slicing method comprising winding a wire
around a plurality of grooved rollers and pressing the

wire against an ingot to be sliced into wafers while



supplying a slurry for adjusting an ingot tenperature
to the ingot independently fromthe slurry for
slicing while controlling a supply tenperature only
in a period fromthe nonent that the slicing depth of
the ingot reaches at least 2/3 of the dianeter to end
of slicing. [0025] When the slurry for adjusting an

cobBRLAHSTPISE i PUPBLATOebO M g, rotors

dentTy or sli‘cing while
an?Oﬁhﬁ@ﬁhgngh& suipp yed empeval ur ehemleyn ian @ @eriodspeed
romthe monent that. a slicin epth of th i ngot
of yERghaBIRL MES: Q/%ﬁjﬁl?%edﬁgﬁﬁegér etqélarlhgc% nteove

2/8h3k sl hebn@ ey fidi shed-a5184ptai ped rabaves1 1ditng by
cooling speed of the ingot can be controlled in the

suppbyénpeat isdned v divge, adaps diesoknngnglott HenRRor L ehat to

th%ffﬁ%%gtgg’%ééﬁséﬁﬁ%yi§¥%5p9§éigﬂu%§§ %%f f%@hg.

r
rrence Of precrprtous E:%langes In

wh8léckpgtrblajieet of sl Yt mpsbape uean ovd ys upprassed od
t hereby a nano-topoq{aph . can be in%roved. Fur t her,
fremsthechPRGNSUFRAF dihe Hel sFEPPYIeBED &dj dtS ng 3t

re#?ﬂgg 5%”@%@%&u@7§(%f dNGPLmbPed +ROSIHd W NERIciNg.

icing end portion enables appropriately slicing a
[oezhtral region of the ingot w thout disorder of flows

of the slurries as different froma later-e
conJ@H??oﬁ%? ?igﬁﬁnggF &é&¥sﬁ%%%l?? éBﬁPéhéghgég%}ure

isWehSp1 hadi RG & neniifryde tinekpesdeninyt e centite sbdery
can be obtained w thout becomng a _sliced wafer

fohavl hgiRIcHRSLGeCaBI N Thiah@da t RRERAYS & ST T2 it rap Ly
in g%gé%g%get%ﬁggn t[h%o%gr%%rg% ﬁ%hyf“ a Eilrf%’inigt d:espth of the

( at supply slurry for "adj usting an
ingagotetehper atuleas: si/4dtefl the diramperatun elod morgent

eng o0 BRER L B0 rShiiiiey P AL PAchEs Abob&ASterd T 8b1ing

speed of the ingot can be controlled in the above-
mentioned range, rapid cooling of the ingot that occurs
near a slicing end portion can be thereby alleviated,
and occurrence of precipitous changes in slicing
trajectory and Warp shape can be suppressed, thereby a
nano-topography can be improved.

Further, restricting supply of the slurry for
adjusting an ingot temperature to the ingot to a
position near the slicing end portion enables
appropriately slicing a central region of the ingot
without disorder of flows of the slurries as different
from a later-explained conventional technique. As a
result, a high-quality wafer having a uniform thickness
in the entire wafer can be obtained without becoming a
sliced wafer having a considerably changed thickness in
a central region thereof.

[0026]
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for adjusting an ingot tenperature is supplied while
gradual | y reducing a supply tenperature thereof.

[ 0027] As expl ai ned above, in supply of the slurry for
adj usting an ingot tenperature, when supply is started
at the same tenperature as a tenperature of the ingot
when the slicing depth reaches at least 2/3 of the

di a ef, ..., at e he, Lng
R RS T s b e SRR AL T
sltenperfatruaejatd idiem t hegstuteppesasup ijed strteed at

gradual ly reducing the supply tenperature, rapid
a teBPPAgtHr e I i%tlri‘%Ott‘fﬁge§l F@Fn&léﬁdl%r%‘?@ can

reDen¥er ueehlidient 1y o @l{gyi at gfle tkQ028la RHdheri®r 81urry
at this time, it is preferable that the supply

foteapgnatung ein tingsl urenyréortadpudtsi mprantighgdrile

t ature is reduced tp be equal .t
R A i L R Gl
[0827¢ing. Wen the tenperature of the slurry for

adjusting _an ingot tenperature is set to be equal_to
t he AupprplaieppeprRodee oM tHPRIvirPY £ SHvEityy &ar

S| 1 Gl | aine ove, SSi
w05 RY B, L T8 B SO SO e P o
at sthei agmef tehgeinzgotre amdat hempempénateuref dfhe hiengot

i ngot can.be further snoothl educed to {he
WhgRpBR aE e 150 P E ISEEY aF: oPRgT AT ier
di&estEerengecof Lapidhoad her 8f oEhehkengelgaaivhdie starting

effectively reduced. [0029] According to the slicing
supiet o fot hehe Lpreserfior 1adTweehPPOAD AEGIYF dGBIR IR bf £ e
and NEnLR90} C3A He/ adu fie&hﬁgﬁﬁgeggdﬁﬂ%ff&‘%Eh&%ing

sl1¢crng, 'a nano-topogra can e efflectively
thesuppppigedemprd ad tigh-p@l dt yovafieg ofavihey imgei fonm

waf e hi ckness e o
the slicgng end poggﬁgdrhékcggtggky efficiently

alleviated.

[0028]
Furthermore, at this time, it is preferable that

the supply temperature of the slurry for adjusting an
ingot temperature is reduced to be equal to a supply
temperature of the slurry for slicing at end of slicing.

When the temperature of the slurry for adjusting
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 cooing of the ingot can
be effectively reduced.

[0029]

According to the slicing method of the present

11



regi on can be obtai ned. BRI EF DESCRI PTI ON OF DRAW NGS
[0030] FIG 1 is a schematic view showi ng an exanpl e
of a wire saw that can be used in a slicing nethod
according to the present invention; FIGS. 2 are
graphs each showi ng a supply tenperature profile of a
slurry in Exanple, wherein FIG 2(A) shows a supply

mb ReLAL urreapwcpfdé@lﬂflgao%l UREY 1fn%rot %arplw POGUELS in

2(B) "shows the sane of "a slurry for adjusting an
thengcutnet erfpsreatiy eencFlazf slnsmggr apmagrmwcr@ocaraphy can

t.ur chan he_i i.n,Exanpl e; FI 4|s
be eg?ﬁﬁ lé’ﬁa eﬁ%%%%gn gt PSR BIF L 0t 273t FEed
haWahgr al ram@famad ewaféﬁ&hﬁcaﬁ@sgr apks €achs S&'@f\i\tﬂ@la
| evel of a pseudo nano-topography, wherein FIG 5(A)
reghens canr &sulabtapinekanmpl e and FIG 5(B) shows a
result of Conparative Exanple 1; FIG 6 is a
schematic view show ng an exanple of a wre saw used
BRIRFaDESOREMTIIONGIOB I DRAMDNGRt hod; FIG 7 is a
Oﬁéaﬁmﬂ“ c view showi ng an exanple of an ingot-feeding
anism FIG 8 is an explanatory view show ng

classifi cat i 9na0k chaRRtiePotraphi RSweAYSed duRniN Md®e a
saw slicing; FIG 9 is a neasurenent view of Warp

wireossw shetti eral hshapeed ahd psehdeimgndatdpuyrapryrding
tov\@}\{gfgkrergegft 1%%e§lﬂcerg wafers; FIG 10 is a schematic

OW ng an exanp ¢ of slici ng trajectories of a
Wi reetst he dreegehpslsi @auh ashowhgeta BLGplV1(A) is
ten?gel_?é L%gatp%ro%lvlleevc\gfsr]aovgﬂ?rry in Example, wherein FIG.
2 (A) shows a supply temperature profile of a slurry for
slicing and FIG. 2(B) shows the same of a slurry for
adjusting an ingot temperature;

FIG. 3 is a graph showing a temperature change of
the ingot in Example;

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
wire saw used in a conventional slicing method;

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

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

12



exanpl e of contraction of an ingot and slicing

trajectories at the tinme of slicing the ingot, and

FIG 11(B) is an explanatory view showi ng an exanpl e

of expansion of a grooved roller and slicing

trajectories at the time of slicing the ingot; FIGS.

12 show a test result about a possibility of

caont.ractd of the ingot in an axial direction,
Slﬁﬁ%?eﬁﬁfﬁg%a 12(A) is a graph showi ng a tenperature

changecof 10t he angatheduri g wlewi sigoandgaasupplanple of

tenperature profile of a slurry for slicing.and, Fl G
sligipy iteagdfectOGishatbry WFE@/F%rtgﬁp&ﬁmﬁ EPPlClng an
ingggsurenent met hod for a tenperature of the ingot;

IG5, 13 show a test result about a possibility of
expan&Eonland) cost ractdxml ofathey gy bevedheolingr dm an

e i R S S S % 48, FLC: Aol 8,030 oo o

ron~change of the grooved

tra9bkebrdulsi RG YHSithone FHE s13€Bhgi $ha gmapdt shawingIa.
sugp[y tenperature profile of the slurry for slicing,

114RY FPGaNLBEEL AR G expl anabBPY 1PPe®™¥ a8t @i At ng a
; t r p [ ; t OR;

B L abven Tol Tt o Bl G 14 Grg A eetBies
at expeanamer pfvisdvisccfroy ekl angbhg a process that the

ingot_is rapid cool ed, wherejn FIG . 14(A)._shows. the
e S st 121 PREVCR G der B G SHavE) & Shpre T Ty 0
coRPshtLeBNNRE theslikddg endaporkian; dilrectlion s wherein
expl anatory view for explaining a nozzle of a slurr
FIforlgl(f¢i Ag @h@ﬁ?ﬁﬁm%m%wbﬂgaasFSWP?r%ﬁﬂ*%ﬁﬁﬁ%@?%gogn
n e at ure;. I 16 | nggﬁgyy@ a
the h?@éﬁésg‘&%[@gg S%l%l%{l %gdgv\gﬁg?l%bt ai ned bydn’ge
prebhvenbifonals Inetthodt dors1 s€ivgngndnFilggotl 2B ) ets an

T A Y A R T
a @@ﬂperature of the ingot;

FIGS. 13 show a test result about a possibility of
expansion and contraction of the grooved roller in an
axial direction, wherein FIG. 13(A) is a graph showing
an expansion and contraction change of the grooved
roller during slicing, FIG. 13(B) is a graph showing a
supply temperature profile of the slurry for slicing,
and FIG. 13(C) is an explanatory view for explaining a
measurement method for an expansion and contraction
amount of the grooved rollers;

FIGS. 14 are explanatory views for explaining a
process that the ingot is rapidly cooled, wherein FIG.
14 (A) shows the time of starting slicing and FIG. 14(B)
shows a position near a slicing end portion;

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;
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FIGS. 17 are explanatory views for explaining an
interference of the slurry for slicing and the slurry
for adjusting an ingot tenperature, wherein FIG 17(A)
shows the tinme of starting slicing and FIG 17(B)
shows a nonent where a central region of an ingot is
sliced. BEST NDDES'FOR CARRYI NG QUT THE | NVENTI ON

(0034} Al § pough 22 SEhodiiienin A0LOE i Bink st RO LSHNt

i nvention w e “ex efel nafter, but the
slpcedewtafeirn\mm:tamred SbYlOéli cestfen(t;u@@atlheneéi@d Ff:@r

npl e, when su re saw as_s ﬂ'{he 1urr% Stor

SlhgéﬂgténsHWQQQNW %ﬂ% TRE O " HafEpPs; % he obt al e

adfuégﬁggm@EEE%gdﬂﬂﬂbﬁbéiﬁﬁhEétQ@&mﬁ@&@%ﬁldfsﬁﬁpelﬁg to
shown in FIG 9(B) or FIG 9(C) is observed near a

end| ¢€i agieddgsoraricon, and it is reveal ed that a nano-

Lopagraphy, .l args o auel, eﬁiSY LoduEsd Bhplaining an

correspondi ng p05| ned above, as a mmjor
inﬁ@ﬁf@keatetmﬁstnﬁ%ﬂmqmtpuSoﬁhamgelm@'ghapahetsb@nrbe
considered that the ingot is rapidl cooleg$
£oEoRaT HEEAAG N HATT et STPBEBLES Cendr 1T ﬁg ahd ‘3

shé%éctﬂg [ ﬂéﬁafnéﬁéﬁklﬁﬁe§l@b§9?55hdb®TG [0082) shows
Here, to control a tenperature of the ingot at the

a momenodf wikirel rg,.centpubl | cagion N6 anod@y#F1eE sliced.
di scl oses a technique of supplying a slurry for
slicing to a grooved rollers (a nozzle 115 of a

BEST umopEEoroR iCRRRY)ING o sHppLWvEYTICN urry for
adjusting an ingot tenperature that is used to adjust

[0@3 bnperature of the ingot to the ingot (a nozzle

Lo hu;;ﬁye&%%dl%wtawoﬁ@lh@geb m@pgr@tsgrea
at t e t| slicing the ingot (sée FIG

inHoweven, witAd preesemldnvent besceramiteed »U |tcfe%| present
invention is not restricted thereto.

For example, when such a wire saw as shown in FIG.
6 is used to slice an ingot into wafers, in the obtained
sliced wafers, such a precipitous change in shape as
shown in FIG. 9(B) or FIG. 9(C) is observed near a
slicing end portion, and it is revealed that a nano-
topography on a large level is produced at a
corresponding position.

As explained above, as a major factor of this
precipitous change in shape, it can be considered that
the ingot is rapidly cooled and contracted in the time
close to end of slicing and a slicing trajectory is
precipitously bent.

[0032]

Here, to control a temperature of the ingot at the
time of slicing, a publication No. WO00/43162 discloses
a technique of supplying a slurry for slicing to a

grooved rollers (a nozzle 115 of a slurry for slicing)
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waf er obtained by such a conventional technique and
t hereby di scovered that an accuracy of a wafer
thickness is three tinmes to twenty tinmes of that in
standard conditions and thickness uniformty is
consi derably degraded in a central region of the

wafer (see FIG 16). It is actually hard to use such
rgﬂgf 0 o L ; nt
an?n§@E§O S ﬁgﬁga Ls kgég §§B§§Eg§%%22§6§?ﬁzgnethod

tehparatamer edie :rapnsjecdobbu agjbyst corttergid fafguae of the
enperature of the i ha | waf e

1n9ﬁFcPﬁe§§q|+Q9%th%lg%é? Sn ﬁﬂg Wﬁ% i%&%&ryaﬁ%r

adﬁbsw% Lound ddiatt agoptk parkhe agonventd onal o fres hodi ag
Sslicing the ingot while supplying the slurry for

thel ivgng (See HEGrobvked rollers and supplying the
Slurégvégé¥st %Stl%% %ﬂ:“ﬂgy HESggegggsﬁ%éﬁjgigﬁiced

i ngo Sl cihg i ci ng causes

waﬂé@abbt@hakkﬁmyﬂéhcmfathensbnmﬁwﬂaﬂ‘Hﬁahﬂi@pandndhe
slurry for adjusting an ingot tenperature sor

th?F@W ot serdse e it esaPwWRERUSRCY °F &d %Jg Brc fess
a# EgeatQ%@§%%Oré%%ﬁ%yoélhgg oEn@NattﬂHE%ﬂﬁﬁgékﬂ

ecting a sliced shape in the central region of the
comgbuo@lél @ndl Hhiddeness esnl formdfioh is sldreeddoadletvin

Io 300 A4 Foatditiar S> ORI ProCS) RLIE Centr&fe- 16)

Tt regi aptas13ROWMa d b Gusd 6siishoht adafed. H08B4product.
Moreover, the present inventors further proceeded
[Ogﬁﬁbles and thereby discovered that the ingot can be

th| Ci &gd FpLo each 5l iiGRk yab£5 P@EEQGe@l@e%é&my

ness wthout degrading a thickness in the
stuenedabbbegl@nmeﬂhbdatm@hpeaatmeéwﬂetﬂﬂ94®g©@0hé@@ 1204

cofbrEhbaraee FRBIRE CHor Tty O ahliot RESE SO0 vl e hagi A8

wa fe £00RE d@hallsy iy eshb na@@tﬁepogxbapmmm be6? husnd
thé§28§n%gun%ygﬁgﬁﬂggggkigg the conventional method of
slicing the ingot while supplying the slurry for slicing
to the grooved rollers and supplying the slurry for
adjusting an ingot temperature to the ingot from start
of slicing to end of slicing 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 (FIG. 17). As a result,
such a sliced wafer in which an accuracy of a thickness
considerably deviates from standard conditions in the
central region as shown in FIG. 16 is obtained.

[0034]

Moreover, the present inventors further proceeded

studies, and thereby discovered that the ingot can be
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slurry for adjusting an ingot tenperature to the ingot
only in a period after a slicing depth of the ingot
reaches at |east 2/3 of a dianeter until slicing is
finished rather than supplying the slurry for
adjusting an ingot tenperature in the entire period
of slicing the ingot fromstart of slicing to end of

slf«lﬁ!aai ngcli ke & Lonveptopal nggb%% tfbﬁe’&%@rmgbngess

e present invention to co etion. [0035] A slicing
w1ﬂh®hoddagma@nmgma%ih&wkmessrﬂnngmaaqanxqueg@®lon, and
i nvention wll_nqw be expl ained_in.det.ail gre|n fter

a FFROFBIBFENCE (S e WRGE, 2bit AHdd il gt Lo in

paf@YSﬁlencb%'Hg dastrdried thekabprddsGrapshoyso ang,
exanple of a wire saw that can be wused for the

and| toenglieetod ot High g 02t AENPRESEROLY niBEPBRd As
shomn | r Ly ihnel YT

naSiPh0epsablly trgbtt ouifeat AT rEeY B L And! the

sl&ﬁﬂﬁlE?rfaﬂq&ﬂyﬂﬁgmﬁﬂmmm@ﬁtSﬂBm@eﬁmumnﬂ1to the ingot
i ngot - f eedi n nmechani sm5, and rr

On%%ch%n?sﬁ?éloPoﬁﬁﬂeqkﬁefl%ﬁ%ngl ¥éd%%1§§%g¥

re§@589n5§”l@d@ﬂ|2}§5of'isélgﬁgkékn%%tr¥5éﬁﬂédﬁéuiéy
suppl yi ng nechanism 6, nozzles 15 that s

u
fislsiheg fethslr dihep tsjlmhbyllg@ obked slairrer sfp%r (QC#ﬂau@\H@g

2) and pozzles,15' that, . di I I
an a%ﬁ“%g?rrgﬁ? PSE 3L Whpet at i eégﬂkfghglé%oy abt% #e%l'%go%he
1n<j<9t bﬂréﬂnl ged rar @fargjagtgﬁdg 16 Addi blfomﬂJJch_l,ngeabhk@fa
upply tenperatures of the slurr for slicin dth
CoRTaREYOnon BEHISH g REF GoRE LD G 6 S e

lnjéﬁ@qgﬁe§g ReAEh&s ilon and 15" can be |ndependent!y

controlled. Specifically, for exanple, as shown in
[(OHBXE 1, the supply tenperatures of the slurry for

Sli%iqgtﬂppnéh%e%kgar%sg%h'%QRHEEéngaanaE%%%%ing to the
present invention will now be explained in detail
hereinafter with reference to the drawings, but the
present invention is not restricted thereto.

FIG. 1 shows an example of a wire saw that can be
used for the slicing method according to the present
invention.

As shown in FIG. 1, a wire saw 1 mainly includes a
wire 2 to slice an ingot, grooved rollers 3, wire-
tensile-force-giving mechanisms 4, and an ingot-feeding
mechanism 5, and a slurry-supplying mechanism 6.

[0036]

Here, the slurry-supplying mechanism 6 will Dbe
first explained. As this slurry supplying mechanism 6,
nozzles 15 that supply a slurry for slicing to the
grooved rollers 3 (the wire 2) and nozzles 15’ that
directly supply a slurry for adjustment of a temperature

of the ingot to the ingot to be sliced are arranged.
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tenperature can be separately controlled by connecting
one slurry tank 16 with the nozzles 15 and 15" through
a heat exchanger (for the slurry for slicing) 19 and
a heat exchanger (for the slurry for adjusting an
ingot tenperature) 19' respectively which are
different from each other and controlled by a

Ad&?@?éﬂ{ls&l%- 93 £ 14, 1%%@5 Reked thats £ hen pr esgpty
inventron-i's not of cours resPrlcted to the
fostsLtting depi cthed sTurFyGiot andd us tsmauctruriengdiat
separately contr.ol tenperatures of th lurries,i
tem@§5@EPF§eSPQM&%eiiif?m Eﬁﬁﬁ?ynpéﬁﬂ§¥%tEfégu%ffshegan
be St HEEDER deAR 182 ARGl CYETdegY @%é@ﬂ@ﬁ&@lﬂ@e Feparatanple,
slurry tanks and connecting slurry chillers for the

asrsgpwntﬁneFiﬁur@wt%hmssupplﬁeéﬁgﬁﬁy%Qqﬁgsc%ﬁ the
i ndependentl.y .cont , '
S 1P E7r B BN R PHEP Y kG TR ER Ofnd N ingot

: SITCi and t ustihg an
tempgohtlieapenat Wee Lava satélgeconhesd tehdsy ofoshectieg

are not restricted jn ticular, dth
onasSIRESH FATEHA 6 bRt FonBPLEIERPre GY bl usEd: CFgP 2
he%gf%?gggng@r Sley Yo iobt 81 nedy by odi sparsinyg G (ghdi gon

abrasive grains in"a liquid can be used.
he&©088thEugeler(fathethwzglesrysfpmardgusiing aphelngot

slurr for.slicin the nozz 5'_ that: suppljes
tempgr e urFEr}%ﬁjdgi ﬁ%c%%v?géokﬁﬁg#pé?gig%%, an%llllt€h]g3£!%?l
ca &R0t hefeadidng omchani st byasecoapneetred 8x th t he

conputer 18, 17 predeterm ned anounts of the slurry

[09371slicing and the slurry for adjusting an ingot
t enpgf %gﬁ?cﬁg B8+ AUt Rt | CRd | yrepeayednb@dtheon is

groove ers 3 and the ingot at predeterm ned
not i of ngeufrsemrielse miozizé @st a5thadstaostivese depicted in

e o St
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
slurry chillers for the respective slurry tanks. A
mechanism that can independently control supply
temperatures of the slurry for slicing and the slurry
for adjusting an ingot temperature can suffice.

These types of slurries are not restricted in
particular, and the same types as those in the
conventional example can be used. For instance, a
slurry obtained by dispersing GC (silicon carbide)
abrasive grains in a liquid can be used.

[0038]

Further, the nozzles 15 that supplies the slurry
for slicing, the nozzles 15’ that supplies the slurry
for adjusting an ingot temperature, and the ingot-

feeding mechanism 5 are connected with the computer 18,
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slicing amount of the ingot by using a preset program

Al t hough the feedi ng anount of the ingot, the

sprayi ng anounts of the slurry and timngs, and supply

tenperatures of the slurries can be controlled in a

desired manner by the conputer 18, controlling nmeans
not restricted thereto in particular. [0039]

pré&gég ﬁfﬂé &%%ﬂ@é*%fztﬁge %ﬁ??gegoEo”ﬁ%fiﬁﬁ addleche

W T e- ens orce-giving nec ms 4, an
slmmgptféeeddﬂgsM&m@amnnmﬁg@MCEpmpehetgk@rKyusdpplying

mechani sm 6 can be the s as tho t wre
auterat ysadlynSPRE YEShveéht b %a?rgPVE nﬁoﬁéfﬁﬁﬁ %?%%e
indd RAG pr@deeetﬂfﬁ%éﬁ‘dcﬁnir%§kﬂﬁéﬁ ehet I?h%zVerer 2L5 dand

groove pitch of the grooved roller 3, a structure in

nozmye ot hef rﬁepﬁ@mlsrmlxmmm hee8Paré [et aré?srtqq%ft%@mr%ed
rtlcular and .t hey. c be det er
fe%) et ad8PF 3 1nz%E SRR g %btalne

sI|C|ng di tTons’ can

s 1 BE00d d@xﬁ@&nw bl thhe 1cm;’bfremsy Onahng’ebh@des}édi pexa;npire,
the wire 2 can be forned of, e. speci al pi.ano
MAr@hﬁﬁﬁ?&ﬁatﬁ?dfﬁegﬂnﬁpﬁmﬂHqﬁu%f %eléngﬁﬁ1t5%§ 18

d,hBEn8508¥ed HOld Bl r By NANENG 1 A1 86RQVanPid

Spf%?cﬁgl?ed aa%er thlckneserﬁya sllcﬁné Pgnovgi) fﬁﬁfw

teMnEEMM@red of0046] sAyrmicesiuranobecapnyirng lag irhed

cing_net ho cording to t pres 7z
de ity Betheh e SPLE R {1 hou e chia s msgheis
notheri af teed Enesletd |1&1 iprgot : £eedibng mechanismb5 is
used to feed a grasped ingot toward a | ower position

[0%#%la predetermined speed, and the grooved rollers 3
areF%ﬂ?H’ of@er€9¥ %@9%'Qghghﬁﬂﬁfﬁbge&0r$@h%Qsa3,

t ensi orce is given
thaMWIrefMShBeléofoeqyﬂguK}ng mechanisms 4, and the

ingot-feeding mechanism 5 except the slurry-supplying
mechanism 6 can be the same as those in the wire saw 101
used in the conventional slicing method 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
mechanism, and others are not restricted in particular,
and they can be determined each time so that desired
slicing conditions can be obtained in accordance with
the conventional method.

For example, the wire 2 can be formed of, e.g., a
special piano wire having a width of approximately 0.13
mm to 0.18 mm, and the grooved roller 3 having a groove
pitch of (a desired wafer thickness + a slicing removal)
can be adopted.

[0040]

A procedure of carrying out the slicing method

according to the present invention by using such a wire
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mechani snms 4 to travel in a reciprocating direction.
It is to be noted that a nmagnitude of the tensile
force given to the wire 2, a traveling speed of the
wire 2, and others at this tinme can be appropriately
set. For exanple, a tensile force of 2.5 kgf to 3.0
kgf can be applied to cause the wire 2 to travel in

sa&gg H;ﬁ' RG 9,0@%4 rag(rguﬁ%aol@eeelaaf@é%r age speed of

mnin acycle of 1 ¢/mnto 2
c/ mmi S0, stbet ongbd -Fee)dinthesechahien danshased to
rm ned i n.accaordanc lhce__L i ngé)t éo be

det
fe%ﬂ?l%earaﬁﬁrefjhéﬁ?@rte Qa"ﬁ%%u@hp?ﬂgrngfzsl are used

pré@etékﬁﬁhe@prs@)é'eﬁ‘ﬂ tdten stk ryrbetresl Ir@ilrl@rtsw\ar&iré he
grooved rollers 3 and the wire 2, a su
drieeper fhereban¢avsting sthg whre §| Gpr yfhelaw G ERpile

freel a el
£ °1 %%pér a 3&8 & %é’C)t%%Eanrmblge g%tl QP I\/br%lo\{/lg?&n
meShagi BYso tbe timagatl iin aajvaaceplronderlngsuinlrectlon. It

condi tions, the slurr for a n i ngat
istePpeeaPared &haitr @ct ‘é‘g%do o%g‘re tteﬁ‘esgll%nego§0¥?%m
gl&@ﬁ pgzgheswide 0 Setaffa@éjpph{xf ypded, oF Ghe GRNEE 0D,

of the conput er 18 based on a preset program after_a

and| pthagsdept hifs tthend g peazhps orlr i y 23%’6 of EPr

dla t h t d
Feam SARSIdE TGRS, 579, REs RS IS pe

apﬁi@%ptal pedsabawe Wird e sbi trage&eulnoctheaccor d| ng
to the present invention, the slurry for dj usti
regHPT PGBt LREPerAAren s pl BT BAPY S .Pr?%?lopé 4@@ n/min
tofé@@1ﬁpﬁlﬁoqﬁn% 14 her sl igymandept b @f/ntihe (3M99¥c to
reaches at least 2/3 to end of slicing. [0042] At this

60t$,ﬁte) i Theseprefleresblantt Hae desappiped: dipearcrUr@vee
he sI urry Ror a%joucst Ongoeansip(gg&.

Furthermore, although the nozzles 15 are used to
start spraying the slurry 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.

[0041]

Moreover, slicing of the ingot is advanced under
such conditions, the slurry for adjusting an ingot
temperature is directly sprayed toward the ingot from
the nozzles 15’ to start supply under, e.g., control of
the computer 18 based on a preset program after a
slicing depth of the ingot reaches at least 2/3 of a
diameter through a central region, and supply is carried
out until slicing of the ingot is finished.

As explained above, in the slicing method

according to the present invention, the slurry for
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tenperature is set to, e.g., a tenperature when the
slicing depth of the ingot reaches at least 2/3, i.e.,
the sane tenperature as a tenperature of the ingot
when supply of the slurry for adjusting an ingot
tenperature is started and then this supply
tenperature is gradually reduced. As a result, supply

. Start : L pi L0 , .
o R ERGSULVGHoN Ullerpc b Lo staniing o,
pebs@o¥eon ithei moprefteraidte tiveselithegsidepth faf the

. adjusting an ingot te ture to the.sanme suppl
1nge E?é?g?é 3¢ e@éﬁbgﬁg{gﬁ% ordt R §ﬂ&§?§m?ofpsYicing
[Og@g]fron1the nozzles 15 at the end of slicing. [0043]

Wien the supply tenperature is controlled in this
mander thoisupphy,t hé dlsupme ferakaby ushahgaas UiPRgot

tenperature _to,the.i : coQlj ng:spe f [ t
teRgRTRG ERe O8I Fhng amh Bor recdaigi B0 e 279
teﬁﬁeré?ﬁréiaﬁghét &hﬁtfnga,paobémpekatuh@ corerenthenal

exanpl e can be controlled, and precipit [ in,
=LA o8 GPPYR Offe (BT |G Ch 6eA £BEENG Lo "85 i g caly Be'
th&OQ%Qegﬁgklégégh%‘é' aled, ddmparitgubans anexpgdnedhen

above, _profile of the supply tenperature is set
supmly pfothkesilmrulyl dvt ed Supplpot appénaialy ESRPetarEre

. _of supply i,s. set to.the sane t as '
s e SERE SO e 14 ERBEEERAbEATY o dggt
redi9csS@l Adeasageuas,t heppupplyar espesabutedofvittheut
slurry for slicing at end of slicing, the i.ngot can
8£| gUrlng

PrasipEhe Ryl 70CE88I0dRY ther¥HYCBR FBERI VI 5 oi'tH Hy
a dPPLE, ogkbgg af the ingot. As a result, a
preci prtous cﬁange in slicing trajectory can be
pr eventeoliven, pbsi L foprafferakd edrp sehapbe slurry for

o PR gt R AR A PR
terif@Fauski 85Ng eRehRAIAH 10 can beegsiatrlry iffpr ayledcing
fed from the nozzles 15 at the end of slicing.

[0043]

When the supply temperature is controlled in this
manner to supply the slurry for adjusting an ingot
temperature to the ingot, a cooling speed of the ingot
having the slicing depth being equal to or above 2/3 of
the diameter that is a problem in the conventional
example can be controlled, and precipitous cooling in,
especially, the period close to end of slicing can be
considerably alleviated. 1In particular, as explained
above, when a profile of the supply temperature is set
to a profile in which the supply temperature at start of
supply is set to the same temperature as the ingot and
the supply temperature is then gradually reduced to set
the same as the supply temperature of the slurry for

slicing at end of slicing, the ingot can be gently
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[0044] Additionally, in the present invention, as
expl ai ned above, the slurry for adjusting an ingot
tenperature is supplied only in a period fromthe
noment that the slicing depth of the ingot reaches at
| east 2/3 of the dianeter to end of slicing. The
slurry for adjusting an ingot tenperature is supplied

f star f j Cl e .Sl Gl g

cogf Tt RET B SR Y raor Tt enser et o 1oy a o

théniegber esAwi bhrebelsl,ura yréoip stposngheagtegmadel a@ing

accuracy of a wafer thickness in.%n inqvt centra
patign o

. |
tra ggrbATHhERT WS REEHTTaF T egft oR© Th The? P

sh&ﬁ@vggébgﬁﬁkdﬂgﬂy3¥aE&%st@ﬁnsbérEﬂﬂﬁﬂhaﬁﬁﬂLEﬁi@@Cﬁn
I'ngot tenperaturé is not supplied at the tine of
obsiinedgsiheeidngatf csantard ? eGRBA-ILRPTE gRs apfoduced
invention.as different. fro he c ti . pn; d,
neqhg® ﬁéﬁgénﬁhgqlﬂ%ﬁr&ﬁé%cgkéfB?hgqéﬁﬁﬁﬁfgﬁﬁﬁgiggise
[ogoes not occur and the central region of the ingot
can be appropriately sliced, therebéﬁthe sliced wafer

whodeld gkt PreltEgi 4R iThe RIEFH T hel RERP AP redi%on is
ex?%%%ﬁ?dt?bo@%Yeﬁ%ékgﬁﬁﬁ t b ekpass dtS RPtal nedyot

It is to be noted that a timng for starting
tempephyiing tise ssipplriyed opnhylj Ust Bngead dchgotom the moment
tenperature, i s not .restricted in.parti r..as
th%EHFH% EEFEHﬁg &itth 9 %%%afDESto%eaC%%%géy?l%%ﬁgg 2/3
of 2{BeOfiibhetdiranet &ind HEtssetihpg t hRet istiurgyt E€dhe
moment before rapid cooling of the ingot occurs is o
adiest se9desi FaLIOL, t%mpemﬁﬁu¥§,1555§mﬁi+%qw @ grapt of

slfggsgntShgﬂgeoEn§ﬂ¥¥¥ g L SARCEALULE (e s Udden $Nadigeng
N rp cross-sectional™ shape) in thetinme of end of
an sl hgbhgt shaetrs twhren ltawege by i chhgrdeptes iwsith the slurry
coRPB ELELELY 240 I 000 I PO, Lol 8, PELSETCH S, cneas
in tEAPERGbUr echefrane Adyisosudtlen ehasgeertrveEverggion is
sliced in the conventional method, but the slurry for
adjusting an ingot temperature is not supplied at the
time of slicing the ingot central region in the present
invention as different from the conventional method, and
hence the interference of the slurries of course does
not occur and the central region of the ingot can be
appropriately sliced, thereby the sliced wafer whose
entire region including the central region is sliced to
have a desired thickness is obtained.

[0045]

It is to be noted that a timing for starting
supplying the slurry for adjusting an ingot temperature
is not restricted in particular as long as the slicing
depth is equal to or above at least 2/3 of the diameter,

but setting the timing to the moment before rapid

cooling of the ingot occurs is of course desirable.
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an effect can be obtained even when supply is started
when the slicing depth is equal to or above 275 nm 300
nm where rapid cooling of the ingot actually occurs.
On the other hand, according to FIG 16, the slurry
for adjusting an ingot tenperature is supplied at the
slicing depth of 200 nm 300 mm or above where poor
Thggah%ty£§1éﬂhﬁﬁx&%a Yeinothe GRRd £ROLO8 in ingot
converges. e supply timng can be appropriately set
tehpeaacardance swiddén vanhbogs Kinndemgd @congtsensionad.
a degree of .interference of the .slurry for adjusting
share ndét t%teerﬁfé?eat% e‘?aﬁdo hétl§|clh‘}%/ TSR] 589
51§ EAhRY Rt ChagbeokNgately PaR oy 3ol ed, £0848F is
The present invention will be explained in nore
betieeal It chadead tors wxahpl B9, thet stive i dsehtad ekt PEnafs
. _not restrict t | aw in
R T e R S
andeameicer «efn 330 s ahdednearnalwhdrengtdplof 280sharietio
waf ers based on the sllcin% t hod ac%%%din§7 o] tbgoo
whpRe§ft SiliveMtd GifPthet 8b§IEge 19 &Fd 2Rl er e
mmOQE@E%egap%dMdé%i%W%anatﬁ%dﬁﬂg%k B0 e mes dsedrsandon
a tensile force of 2.5 kgf was applied to cause the
thai pehetro hiamaleladeordirgi ppo€dGi-nd @i rided | HhuBrYahor
average _speed aof 500 mnmn._in.a ¢ e of ;60 s
2af{SFaRG ot criny ! vbarperbired i SaH RS 67t SFfie ng

s1¥8sngupRited I 0 @2nsy 300 af slb Gibuy;e artei¢ masr
supplied to grooved rollers wth a _tenperature

quptéfiyl éNdépl XM TICHI & 20R) SR herTrr?) QORI EFPFS -
Th%ﬁéﬁﬂgﬂgf%ﬁﬁglﬁﬁ d§@0$et%gg?ﬁ@&ﬁ%%elWaﬁﬁﬁypﬁﬁi§QC@BHMnce

icing depth 1s nm or above, supply was
wishavtedoats &isulplof teppdiations, ofe- BIC xIdzered af

inEggggE%%%%eég éﬁgaéfﬁ@Ey(§§§3a%Edé¥¥ng an ingot
temperature and the slurry for slicing or a timing at
which the ingot is rapidly cooled.

[0046]

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

(Example)

A wire saw shown 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 width of 160 pm was used, and a
tensile force of 2.5 kgf was applied to cause the wire
to travel in a reciprocating direction at an average
speed of 500 m/min in a cycle of 60 s/c, thereby slicing

was performed. A slurry for slicing was supplied from
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nonment, and a tenperature profile depicted in FIG
2(B) was used. It is to be noted that a materi al

obtai ned by m xing GC#1500 with a cool ant at a wei ght
rate of 1:1 was used as each slurry. Mboreover,

t her nocoupl es were arranged as shown in FIG 12(B) to
nmeasure a change in tenperature of the 1ingot during

st%%%fhggsﬂﬁgkﬁa,Fﬂéﬁ §t$QQ§BE?8?h%QQf'ﬂJ‘é?&@@éét95§lers

ingot at this tine. al so depicts a
withaageeinpe teenper apuo£idé thepichgot Mhenl& he2 §Rurry
adjusting an ingot te er%t.ure i S not suggl i ed
[

f
FUFBReRTRS Bpad SUET Y at OF - BRpPAtred Cohpdaet Ve ERSARES TS

wad) suppishew iy RiKzn3a klieangbelepiderisd opds that okhe
i ngot was noderately cooled in the range of 218 nm
abomer esuppdpl yagass 52 aEedat 02360PPhYME e TR LAY Rés

Jinished _and rapid cqoling suf fi.cient
I3 1BHT St eloat &oPBaTI O el SNEI 8RR and Sor fiton hat
momded, t Badslaurdemgeratadg uskbiid lan dexgictt é@njer BIGr e2 (B)
was supplied in accordance with the tenperature
wapreffFfe depicted in FIG 2(B), as different from

Conmpa at ki VeoExamplog cb Usig 4 heat 6en¥enbipanalned iy ng

met hod. [0048] Additionally, thickness distributions
mipingheC#d5i0ded Waf ex scobt anhedti B Bedfdlite yefe of 1:1

measur.ed. FI G, 4 ., shows neasurenent results of the
wag | ¥2ed a8 SASD Wit 93 are 20th, 40th, 60th, 80th,

100t rd20th, téAtmocnthldS0idrér arrankead s dehafn in
t he ingot as representatives. |t can be understood
FIG hat24BlnitPoMaasi tknesshangst i Po et & be %gt bl fied

im{“ﬂt SéEﬁﬁgallei’cit central region in any sanple in
I's mannér. Like 1ater- explained Conparative Exanpl e

[0@47When the slurry for

FIG. 3 shows a change in temperature of the ingot
at this time. FIG. 3 also depicts a change in
temperature of the ingot when the slurry for adjusting
an ingot temperature is not supplied for a comparison
(later-explained Comparative Example 1).

As shown in FIG. 3, it can be undetstood that the
ingot was moderately cooled in the range of 218 mm where
supply was started to 300 mm where slicing was finished
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), as different from Comparative Example 1 using the
conventional -slicing method.

[0048]

Additionally, thickness distributions of the

sliced wafers obtained in Example were measured. FIG. 4

shows measurement results of the sliced wafers, which
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adjusting an ingot tenperature is supplied fromstart
of slicing, such a uniformthickness distribution
cannot be obtained. [0049] Further, pseudo

nano-t opogr aphies were examned in sliced wafers
obtained by slicing a plurality of ingots based on
the sane nethod as Exanple, and results depicted in

aré;'ﬁ‘) R{AY W8I & Qti el FI ﬁgO@h?hQ%t@l, |1e4/@tlh9fa§§]§h

seudo nano-fopograbhy int period close to end
166Gth cEfpgmwiat heanl abiste ssh tlepr ésgnti ag aempousienoatores.

the ingot in an axial diyection. In.,this nner, . the

| evel® doR Rt u@%@é@&oé’rﬁ]{ J'%Fet? Tilﬁ?fkgﬁinugﬁ(:g(. Us a
did€labhyeoyalue) Hé16ﬂﬁb{@§&05n?fe§§%ﬁﬂdﬂ¥¥p tld central

average value in each region of the ingot is 0.27 at

regiémonn eny perdlen,im. uad atmansent r abik6r tidder and
0,21 t .a_rear_.en ' nd it _c rs d
exphanefeBnbEtase (alhhgle 27 Cubbrc s tnEy O 00

adpi@t i nyabde intha ddmpewe tetbodsasoppdiirgl toremestart of

present invention can suppress the nano-topograph 0
slicidy SYRRI P PRIFOTH *ifH%kﬁaﬁﬁeB,lS&ﬁ& tglffzrﬁu%%l%f@% be
obH%ﬁﬁéé. havi ng a uni formthickness distribution were
able to be obtained. Wien such a wafer is provided, a
[0G42]ld in a device process can be increased. [0050]

(Conparative Example 1) Asilic ' t [ . :

(CoTBRLaA LYo BRI b A LG AN LBBY M Ao 1n
slid¥&ePpargde randpithe ridd igpns PAcingot wasirslliiced ofH theots

same manner as Exampl e except that the slurry for
ba sk USRI AGoafaFgde Terber Bt LFaTRAE: ABE SUPHIYEY,
deﬁé@i&%yiﬁ“%&@f &f G el & O0LBE AeHeal 0051E . AS shws id

G 3, Inrelation to a tenperature of the ingot
levhi i of shibi pgeudo camdetapderspbydinhathe period close
to end of slicing with an abscissa representing a
position of the ingot in an axial direction. In this
manner, the level does not exceed an upper limit wvalue
(0.6 as a relative value) in any region of each ingot,
an average value in each region of the ingot is 0.27 at
a front end portion, 0.14 at a central portion, and 0.21
at a rear end portion, and it can be understood that the
average value can be suppressed to a very small value.
The slicing method according to the present
invention can suppress the nano-topography to a very
small value in this manner, 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.
[0050]
(Comparative Example 1)

A silicon ingot having a diameter of 300 mm and an

axial length of 250 mm was prepared, and the silicon
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the ingot is rapidly cooled at a position near a

slicing end portion (275 mmto 300 mm). Further, as

shown in FIG 5(B), in obtained sliced wafers, a

| evel of a pseudo nano-topography is high. An average

is 0.54 at a front end portion of the ingot, 0.33 at

a centralfporti on of the sane, or 0.53 at a rear end
._portion aqf .the s n e r Y} i 5. d
R S S
thfartheubanriynedevad j exceardednan nggpert émpe tavakraewas

0.6 at a position near the _slicing en ortion of the
nofpafBPPLldEdeed e Y ot § NE FREFRL Wee?fc? ;Pgtﬁ%fhe%r t he
(068 end portion of the ingot in some cases. The
waft er having such a | evel of the nana- topography
gredks ysadwectis &LFE.el iin ardbetéen mang &@MRSTREULE
process. [0052]. (Conparative., I T
ot R F oI Rt g S HaL LT B e S 81T Cei (aegnEna
thSaBgBRNAGI rapikKapPdeoB¥gept bhalossitpplly nedrtheslicing
slurry for %?'J'usting an i ngot tenperature began from

engdtpPrtdPrs|(2dimdm %0 309 0™Beé -noted a supply
te HEE, PLAT ighe, of itrEeFf’(l; ur £Ygh Or ;adjowtd g dNs1iced
i ngo enpérature was the same as a supply

wafzeip)er at Llleae][ir affi | pedudoshanpy topoastd@ingl ¢ skegkl G An

. .[0Q5 As a result, rapid _caqaling.o he_| ngot

av‘ﬁéad%_eeﬁ% %og’%laitcian %@Eaﬁpé P(?rgc oélvocg%e%j%u??é&gén

0.83thicknesst 20 disttibutbentak eaelte,sldced. Safet a rear
obtai ned by slicing was neasured, a thickness in

endepe¥al onegiforth e otsieler abfly thPuSVEARAEF | ke E heS caeéble
endSBUELG B MhpL000A) <5 Sper xgccorain
particular, the level exceeded an upper limit value 0.6
at a position near the slicing end portion of the wafer
sliced out from the front end portion or the rear end
portion of the ingot in some cases.

The wafer having such a level of the nana-
topography greatly affects a yield in a device
manufacturing process.

[0052]

(Comparative Example 2)

The same silicon ingot as that in Example was
sliced in the same manner as Example except that supply
of the slurry for adjusting an ingot temperature began
from start of slicing. It is to be noted a supply
temperature profile of the slurry for adjusting an ingot
temperature was the same as a supply temperature profile
of a slurry for slicing (see FIG. 2(A)).

[0053]
As a result, rapid cooling of the ingot near end

of slicing was able to be avoided but, when a thickness
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the present invention, a cooling speed for the ingot

when a slicing depth is equal to or above 2/3 of a

di aneter can be restricted, rapid cooling of the ingot

inthe tine close to end of slicing in particular can

be alleviated as shown in FIG 3, a precipitous

change in shape in sliced wafers obtai ned from

. slicing.can e : n ;
N O A P
washihekpaseddi st rdthit ks sahn be celttaiaie dr &g 1 dout
Iargely fluctuating a thicknegs in a (yafertcgntra e
copggferakd YsHeWs HUE & LakeThefeGi€ “High-gaat 'ty -
1gWafers can be provided to the next process, thus a

yield can be inproved. [0055] It is to be noted that
[0Dbé]present invention is not restricted to the

foregoi ng. enbodi nent .. The . enbodi IS 4 £

exen%@i?&%%twaﬂpegnd%ﬁﬁ?%&%&%lgén§?%afiﬁg£§gzﬁbth0d ©
th&upstashicaling dritel s@)rea f eab Ut aganpedeimhst rabe ihbet

sanme functions and effects as those in the %gchﬁica
whenneepl igéser iderth 2l aPRB Lot Ot RE FRVERL2{ AvRAt Fon

di%&e%”%‘a&ﬂd% g}ﬁé;};ié@&&[‘i cab 1 SCORR 0fnd Ner PERSERhgot

invention. 1. A slicing nmethod conprising
inwthdi pgme willseartoninehd aopl alalkiing gfin graevedutar| epg be

and, pressing the wire ai gst _an _i ngat. e Lced.
aligvdahareAs whiae: %%p%fgrng’aasﬁﬁ%éﬁg%#gggi%ﬁ%gagoln
sh%ﬁ@ ghoQvedJoll L1 Srs anEt §aHs NG ridie s Teihg taavbk,
erein a cooling speed of the ingot when a slicin

eliepthted, equalanar PPaBBIRNY2F3N0P% iR e i 8nd dach
sl?%%&; %Eg? %%d%ﬂq(grﬂﬁifgkﬂgtﬂﬁcﬁﬂgggy&fgtﬁiﬁhﬁﬁbﬁ can

ing an 1ngot tenperature to the ingot _
bei adependaniliy Houm tdegslur £y ukdnadiiing iy tivhfkress in a

wa f 2B oG Ao 121 nERal R Rg ‘Gab H of TRET A5t
hlgﬁ?gpﬁgl% Wegsr 2/ Sawfpéhgroivadeiercd ccigdnekt process,
thus a yield can be improved.

[0055]

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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2. The slicing nethod according to claim1l, wherein
supply of the slurry for adjusting an ingot
tenperature is started at a tenperature of the ingot
when the slicing depth reaches at least 2/3 of the
di aneter, and then the slurry for adjusting an ingot
tenperature is supplied while gradually reducing a
supply tenperature thergeh \d The slicing nethod
according to claim?2, wherein the supply tenperature
of the slurry for adjusting an ingot tenperature is

1. [ouped; L,Be saual £ o2, SUPBLY, LeTRELEt U 6.0 Uound
a plurality of grooved rollers and pressing the wire
against an ingot to be sliced into wafers while
supplying a slurry for slicing to the grooved rollers
and causing the wire to travel, wherein a cooling speed
of the ingot when a slicing depth is equal to or above
2/3 of a diameter is controlled to perform slicing by
supplying a slurry for adjusting an ingot temperature to
the ingot independently from the slurry for slicing
while controlling a supply temperature only in a period
from the moment that the slicing depth of the ingot

reaches at least 2/3 of the diameter to end of slicing.

2. The slicing method according to claim 1, wherein
supply of the slurry for adjusting an ingot temperature
is started at a temperature of the ingot when the
slicing depth reaches at least 2/3 of the diameter, and
then the slurry for adjusting an ingot temperature is
supplied while gradually reducing a supply temperature
thereof.

3. The slicing method according to claim 2, wherein
the supply temperature of the slurry for adjusting an
ingot temperature is reduced to be equal to a supply

temperature of the slurry for slicing at end of slicing.
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