DESCRI PTI ON  CUTTI 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 slice an ingot with this
increase in size. The PESERIBWION a appar at us t hat
allows a wire (a high-tensile steel wire) to travel
at a high speed and presses an ingot (a work) agai nst
the wire to be sliced CU¥iING éﬁﬁl%ﬂ%ng a slurry to the
wire, thereby slicing the ingot into many wafers at
the sane tine (see Japanese Unexam ned Patent
Publ i cati on (Kokai) No. 262826-1997). [0003] Here,
TEFHBICSLsHovisbAn outline of an exanple of a genera
[ob%ﬁ? saw. As shown in FIG 6, a wire saw 101 nmainly
i'ncludes~ a wire 102 that slices an ingot, grooved_ ., 4
rol | Bhe pOBsei renyembeel Ard@TE SN t hbtGiPe 165
is und, a rmechani sm t h LV heiwgbe B3I &
foFeﬁiﬁFéﬁﬁbré%jga’ A %ﬁ%%géﬁﬁl g?%a§§fgedswghe i ngot
coﬁ?oﬁﬁds@dﬁﬂho@@dcaorn&nhanManﬁIWthaﬁ bYppbiey & Wire
sfurry at the time of slicing. [0004] 1 0 The wire
sa¥w@2 is unreeled fromone wire reel 107 and reaches
the grooved rollers 103 through the tensile-

BACKGROUND ART

[0002]
In recent years, an increase in size of a wafer 1s

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
(a work) adainst the wire to be sliced

presses an ingot
thereby slicing the

while applying a slurry to the wire,

ingot into many wafers at the same time (see Japanese

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]



force-giving nmechani sm 104 fornmed of a powder clutch
(a constant torque notor 109), a dancer roller (a
dead weight) (not shown) and so on through a
traverser 108. The wire 102 is wound around this
grooved rollers 103 for approximtely 300 to 400
turns, and then taken up by a wire reel 107" through
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1 f.ar rasping the ingot, a slice pad plate 114,
megﬁgnégﬁe}g% ‘and driving the ingot-feeding table 111
[0oabbmg the LM guide 112 under control of a conputer
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prev?%ﬁ%h?rprEE?aﬁﬁEQV' éﬂiLg%Edfbﬁoéﬁ7f'ﬁﬁ)é%ﬁ%rﬁhat
hagoézkﬁgty%l:%t@fa%eorféfé ged,peas-trhe t if oMREhd 04 | €£82103

nd e wound wire 102, and a slurry can_be supplied
cylbonthe gndovied ratdastss 103rmad ehe anifriked a2l felonen 2
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[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.



be supplied can be adjusted. [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 tPe driving notor 110. [0009] On the other hand, in
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wavelength A=0.2 mm to 20 mm that is shorter than “Sori”

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

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



"slicing end portion" has a higher rate than a nano-
topography in the "slicing start portion”. And the
"slicing end portion" highly frequently becones a
posi tion making a nuneric val ue regardi ng a nano-

t opography the worst in a wafer radial direction or
the nano-topography in the "slicing end portion" is

rejected_in the nunerig jud t, _
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sthangiyopegiaaplyd.i s neasured after polishing but, when
a pseudo nano-topography is obtained fromthe sliced
waf er and the obtai ned pseudo nano- topography is

DI&SEIsuARCOFH T@Rtertdge do not have to be increased,
and a nano-topography caused due to an influence of

[0glZti ng al one can be readily exam ned without being
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toX¥@AhpAtieen ithatl iced 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



nano-t opography near a slicing end portion that is
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
pﬁsition nearda slicing end portion as depicted in a
nlape _map,..an size of a change of a pseudo

poiéﬁE}ngéﬁﬁﬁﬁ%ygi%Cﬁﬁ%pressed to the range of 0.1 m

[oghdjrel atively small in the position near the slicing
end portion as can be understood fromthe pseudo
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nabT EBRERHNPE RISE Al oubt ohde ol 5l nerend
9 (®hepeby1a . War (T )Cr oS- s&at benahdeshape ofthate, siheeda
shggéegnl%h%r%géygfgflgegyagggdélikggéﬁknd 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(A).

It is to be nbted 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



As a possibility of occurrence of such a cross-
sectional shape (a slicing trajectory), the foll ow 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

._cl t d of. slici h in F 1
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[0@XPal direction thereof as shown in FIG 11(B). The
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slicing. Further, a supply tenperature of.a _slurt
the opt8ETCilify hath 2 CEABER at P SpR6HN bl STEG TS bent
whgﬁckhézg%bodéd'ﬁbifbp§ Rabed gt Rale aitrimeiat UsBivas the
neasured at both ends (positions having a slicing

ingept Wounfd 28&mARreind herengspabylegsiidy an tdetabcoupl e
. (see.FIG,_, 12 (.B)) . 0018 I G A) shows a
dl%%%uFPnpgpﬁﬁ%ﬁfk%grﬁﬁéﬁéi%é glééhéﬁﬁghh t enper at ur e
of thigei pgobedtr iinFemtdd<cidignducted 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)).



process. A tenperature of the ingot was increased by
13C to becone approximtely 36C at nmaxi mum 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

Oigg?enly changes near the slicing end portion.
[ Ftionally, it can be understood from cal cul ation

usi ngra.thermsl swexpansisssedefl bbekenkd et rdwsungey a
Is precipitously contracted approximately 10 min the
charpal igi tesmrom twear of hehs| L8ORE S p%id i Dhicing19)
prége n be considered that this contraction occurs
€cause a tenperature of the ingot is rapidly reduced
to AheespaRatemRerat Wiee asngbat wat the relasady Hyor13°C
slicing when a slicing load is reduced to 1/2 qr
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s1Mthg adwrcamentn @f 5 8l yekngrard Jite W U red@ted
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appheximgaielyf Ar0°Cexergt @ 4ti¢sngoehd potréd arhata thelcing

t er.at,ur.e _of .t he,,jingat ' ce de ased,
denggﬁgi%%PnSPE§§%d3%¢ %8 %P?@b&% g%%?ﬂngﬁb'n§$§§§a
cofnetihes eapth d pdd X idR2(Mherbechuusaiaryd |hvaprastdtignly
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cof RS SPLEHIE Lesle, SXERPLS BUBRLY ey oo
neaxXi gahedksNectiindn ev¥a$ position.
[0019]

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.
[06020]

A possibility that the grooved rollers are
expanded 1in ﬁhe axial direction thereof as shown in FIG.

11(B) was examined.

The same silicon ingot was sliced under the same



neasured (see FIG 13(A)). It is to be noted that a
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 .
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expansi on of the grooved roller depicted in FIG 13(C
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was as requive y small as approximately 1 mto 2 m
axaal piressiceyvewediehanrad Pif PFeRde i1y 23] $@¢Ng

traject IS . .. : [ . .
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of ath@agrospieddlrd 1 sl asbeacket eff(icobently functions
in an apparatus utilized in the current test. [0022]
[OR¢Lh the above-expl ai ned circunstances, it can be

consjdered, hhah @1l ney yaf acte gtodveuddden 1hangss in
slicing trajectory near the slicing end portion that
genslyaeppebded iin e ,majsuddentch&nge a fndirp shdpecfnthe
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liggpgheglg? H%?A)n%gajfggtégeakn%%%ﬁﬁi of rearward
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 um 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



hard to be cooled fromstart of slicing to a mddle
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 nmaxi num Therna
expansi on of the ingot involved by this tenperature
increase is approximately 10 smin calculation (with
ect tp the ingot in Iength of 250 nm. On
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ch®hg8P9¥%eyarp 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



2/3 of a dianeter is controlled to performslicing by
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. th f dj ustj
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eaches I t .2({3 I apet MOOELY
2/3: 887 fig%lr?ge%i%i: (i il gglgéi(pﬁgi Egétfg’b%é%,l he o Y
sup%pying aspeedrgf fidie ddigpotéttag be cdomtotoldeepémties to
above nentioned range, rapid cooling of the ingot that
ChcLhpet ABAPPETSISENy S pbhE| SRUCAR UG fieh BBy
whfldeyvbateds 1iakd &%ﬁ%@e@{)e@é@@&@ toRus; changesef Nod

slicing trajectory and rp shape can be suppressed,
f r¢thet ebymamendn ¢-hiadp dgraaphyi ebng bdepipr fedhFurm IRl |

req ot enperaturdd Ot Ha T b IEb R Shosrt o Ro TR

[0G25TFiNng end portion enables appropriately slicing a
central region_of the ingot., wthout disorder of flaqws

of (HER|Uhei BYUAS YdIFPrer et s i | AREP ek SIEISTE 11 e
is&i?%§f%é8nﬁb Leehni Qs Asddpeh8Hbly & ihiad idyry

aving a uniformthickness inthe entire wafer
foranl beiopt ahnde wiortioutl bisvonk nguaplyl teawagetarre only

. havi ng, i der abl h d_thick i
i O B PEEh RO e ERER AT B E e
indtesi r@bktRethat Sepply Df3 tde tiséudiymbor radjaistiengnament

I ngot tenperature is started at ,a tenperature of thf.
thq%g%%lQh@ﬁ ﬂﬁeféﬂ%ﬁhﬁf(ﬁﬁﬁ?ﬁplalned above, the cooling

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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reaches at |east 2/3 of the dianmeter and then the
slurry for adjusting an ingot tenperature is supplied
while gradually reducing a supply tenperature
thereof. [0027] As expl ai ned above, in supply of the
slurry for adjusting an ingot tenperature, when
supply is started at the sane tenperature as a

temperature of the.ingot ., when the slicin t
reachest &t S| B4EE’ 213 gﬁiﬂ%§l§ﬁ§$én§??%i§gpgﬁg Ot the
s1teaperatuneefisttifry igoinybentshpetrbR@resupplyraftédeat
slurry for adjusting an ingot tenperature and then

a témpskracnyei oTsifs ilaw ohi Peelr ABBaPly TEduASRF D t he
red ngaEeﬂggg%t%f§ dAR eCQQLth??TaE%Fﬂﬂgﬂntﬂé‘si@?ry
SI'icing end porti'on can be very efficiently
foal éfyhatedg BR028]gdrurt drepemaeurat ishissipplnesd ivhike
preferable that the supply tenperature of the slurr
gridpaddyuserngian %lﬁﬁﬁgigni%wggﬁﬁ uﬁ?lﬁhﬁﬁ?%ﬁto bey
[O@gy?! to a supply tenperature of the slurry for
slicing at end of slicing. Wen the tenperature of_ the
sl urky dxplatpedt ahgvean imgoiPreypef at Deesilarget g

be equal _to.the, suppl t r | ur
2o FrETHG an tRaoknd e s e vy AhoE, SRRy house o
at exeesshMe eeabkr@ttare hes @avoedpdrianutrike dfi Meheliosgot o
end of slicing of the ingot, and_the. t er re of
whemethagst ieaRIpE Mt Hetd Shiodt ﬁFylePé&ugﬁ 19 tHE

dideoperaturg of jthe Iy f0ro8! LaENGngdthusmdirdf@fting
occurrence of rapid cooing of the ingot can be
sumdiecofvehy séduced.fd00RY] uALEngdRAg NG Athe MRy Fgire

t .hod th resent _ 11 jnvent] rapi [ ;
an%ﬁk@fﬂgggecﬁﬁuggyféﬁuﬁﬁpgnle hgh??ﬁeiﬁ%§k§¢§}é%$%§lng
th&|$€hPly BenpBRat-QpRQr afdlyi datoobengf becttiheelingot in

suppressed, and a high-quality wafer __ .
the slicing end portion can be’very 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



havi ng a uni form wafer thickness even in a central

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 wre saw that can be used in a slicing nethod
according to the present invention;, FIGS 2 are
graphs each show ng a supply tenperature profile of a

. Slurrty in_Exanple, wherein FIG . -

inYeibebR uFErbrIa B b1 ey PEPY S, TR i

th@(Blmshewssthe csaymri Adf as Bl utihy, f ar naadj-ustpayraphy can
i ngot tenperature; FIG 3 is a graph show.ng a

be t eiperat ird Ve lFaRpr TTsedhe2MAgst hﬁﬁhmlé%’ PS4 is

hai éaghuﬁgg@fﬁgﬁﬁﬁéy(%ﬂ¥§§ngé§tébg%“ﬂﬂqa(Heﬁtﬁéiced
waf er “in anpl e; GS. 5 are graphs each show ng a

reteyel cah bde pdedoarano-topography, wherein FIG 5(A)
shows a result of Exanple and FIG 5(B) shows a
result of Conparative Exanple 1; FIG 6 is a

BRPEREHBRELR TPITEWNS awimtnrvexanpl e of a wire saw used
in a conventional slicing nethod;, FIG 7 is a

[088BEmati c vi ew showi ng an exanpl e of an ingot-feeding

mec LS F [ : anat L ew, shawi
cl a:bgﬁ i g:}L;lt %%%o? clﬁ%ﬁ‘%{% tl?p;g}glraé;gh%%w%gﬁsggl %\gg%{@;& ewiorfe 2

wis@wsski ehag; cenGbd ised hmasusémenngvimawhsfd \Begording
cross- sectional shapes and pseudo nano-topography

toveherBERSEBE 1PYAGXAY wafers; FIG 10 is a schematic

Vi e ShOW 710,28 §¥apBlse fch A& Nggt Aakapbaki es of a
wre at the tinme of slicing an ingot;
temperature profile of a slurry 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



FIG 11(A) is an explanatory view showi ng an exanple

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

tlbms of slicing the ingot; FIGS. 12 show a test result

aboyt a possibility of contraction of the ingot in an
Sllo&?é! YatE&Si on, wherein FIG 12(A) is a graph

showng. aipenperakwhenchainger dw $hewingotndexangple of

slicing and a supply tenperature rofile of _a slurr
slieingl Feirdgchnd MG oA BY1Fe ah tgf@plt&ﬁk% Gty e Foran
in?XPL."’“ ning a neasurenent nethod for a tenperature of

%e’! ngot; FIGS. 13 show a test result about a

possn"bcgl [ Lly (A} iexpansixgrl arak cont vaewi ehovfinchen

grooved roller in an axial direction, erein FIG
ex3mpAf PE &OGtEHT S vy 2AntBRB _ngflglns dohtracti on
tr&@éegg_r@fest he @reovethe roF! 81idunyngns iiGiguy, A FIG.

13(B) is a graph showing a supply tenperature profile
116B)t he shuerplfsgratsdiyingew ahavwing amsEdenlernt

expl anat or.y view for.e I i a
ex?%ﬁséﬁnegbfa siggr?oé}r)le C%Cﬁjf?%\gt :3%% Sé%ﬁﬁy o¥ t%%é@éPPgs
at gtnlgvgdméololferss_;io?]r@.tﬁé anegoexpl anatory views for

expl ai ni ng_a rocess that the ingot js rapidly.,..

Cool BHOS whbf eF ROHI @ TR AP SHone ko MaTt e Ose Btidr it
coﬁ#f&bggoﬁn@waﬁe:ggéat Sho¥s axPAsi HiiGRd¥e@dn A wherein

slicing end portion;” FIG 15 is an explanatory view
FIGor12xp)ailsi mg sxrapmozsthewbhigaastampyripdrurs diargandt a

nozzl e, of, a.slurry for just | [ t
Ehe ehEPE: GH&1 83 SHE A% ﬁ%gaagg%ggﬁaghgv%mgn 55 tH Tkness
pr@bﬁﬁ@d@F a sa:uizc:gd faf es1 bbiagnaddby I& .cArvEit i omadn

net ho or slicing an ingot while keeping supply, of
exphenafaryy VAGH g L?séf%agl%hngn@owefiéﬁﬁ&“%ﬂﬁ ghgiho for

a §éﬁﬁ&r9£u§%i%EnQHéJingot;

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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end of slicing; and 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 noment where a central region
of an ingot is sliced. BEST MODES FOR CARRYI NG OUT

THE QYL Q00 A oy g, Soporhegt sHERiaew o

slf@é&iﬁéﬁbgroﬂﬂglﬂé&EEye§e@©nVEﬁve@hBQHMGihun for
restricted thereto. For exanple, when such a

slacigtionn PWQQUEWh%#?sk%%%ﬁnﬁos§PP&§ &t iTo tgﬁqﬁ{y “For
g LA I%%é%”éﬂﬁ?%%ﬁ§ukéegr$ﬁf%E%mTSQﬁ@ A icing to
t ous chrange 1| ape as shown in FIG 9(B) or
en&l&f Qaﬁtlm@-obs&fved near a slicing end portion, and

is reveal ed that 0- on_a
IevéT‘?% p?%dé&@de l%ﬁ? {%%% S posi® }gﬁ mig an
1n@é(9f§k@ﬁ@ea%‘?fv%heassjﬁlﬁﬁj/Ofof:aﬁlle@lfg tahics the slurry
preci pitous change in shape, it can be con3|dered t ha

for hadj ng@tlnlgz afv?mrlmt clooneer ahdr8ontESedd iFL ¢ hel { {
ose, to,_en o ) n ci t ect [
Sh%V%ch t 6G8%y ﬂa%%%%g]gLéC§kbt8%%0ﬁ?$% L) [ 8hous
a m@M@ﬁtaWMéQdﬁétd&htm@btraglbheoftBMEMM@QﬁIxﬂrﬁﬁl@ed
publication No. WO00/43162 discloses a technique of
supplying a slurry for slicing to a grooved rollers
BESP M?éé‘seﬁ"&@ vy sldr sy f ereskivgEngIol and
supplying a slurry for adjusting an ingot tenperature
[O?ﬁhi_ls used to aFJust a tenperature of the ingot to
e ot nQzz f n
| ngdt! PenpaPattr oy Bst et Aot ilio PRy AR
int&eeibhGneils) be explalned hereinafter, but the present

9
aafffsls

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 1is
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)

14



However, the present inventors exam ned a sliced

waf er obtai ned by such a conventional technique and
t hereby discovered that an accuracy of a wafer
thickness is three tines to twenty tinmes of that in
standard conditions and thickness uniformty is
considerably degraded in a central region of the

waf er (see FI t is.act aII ar H use s h
ang ﬁﬁ?@&yéggaﬁm§ﬁﬁﬁﬁ t 60§§Puf e g%%sent -
terhﬁéé%ﬁftﬁrr% ft%%a;atleﬁhyséé@eﬁbyadghuﬂl ed t@n@ﬁratm hofl the

that can reduce rapid coolln by controlLvE?

e or

ingehpépattinee igfgctthe(d nrg@f-zéﬁd h&fgé ity
thl?gggséghgﬁkﬂﬁéﬁya SALEQRNO atmgggf4§}§¥’o§ngllc1n

d
adihe pting PheConvent i onal  met hod o
théel igybg tked mgm. wh) e supplying the slurry for

I to th d |
B T

waF890bpkE AR ) S&Eh3£'ébﬂgeth%&@lOEéﬂhﬁdq@eCaﬂSeS
gr eat |nterference of the slurry for slicing and. the

thetabyydﬁ@mqyﬂnﬁd|¢@Ptaﬁn|ﬁg@yrﬁ@ﬁpéénﬁu%ﬁﬁ%FdF%bFH%?SS
1sSJH?‘£'§ gtc&tg%%fa slurgie FV‘{HEQ %'f' Gilg %VW%dSQd

reglon 0 i ngot, us greatly

coﬁ&ﬂ@@bh@gd&dﬂﬂﬂmﬁkﬁéﬁﬁeuhmfbhmltgems%don$¥m©nabiythe
ingot (FIG 17) . As a result, %u sl M@Egr i@
demaéﬁdaﬁna@cm%* LeghPBKkREs S TS é BTy

1t 98Yi aLegah Hgfﬁu%%duggnghEhoﬁSWdféﬂWasQ@nﬁf@huct
regi on as s own in FIG 16 is obtained. [0034]

[0O0BBEOver, the present i nventors further proceeded

t ud h di '
15 'of FRta"FRro PERA L | DT UATE? PabPRG o8 dedivady -

sthdieknassutvd hrmﬁh&egtaatngaa trleidekeessapid tbeoling by
central region, and "a tenperature of the_ingot near

costreilAgnend MHWWrepaﬁt Fogl dnoeihn %n?lP%PPSdln
waEQrSERRS%%srsaQrg €00 ﬁﬁblléa@ﬂo%bﬁﬁ i grsb ovai 81 6having

consi der ab I nmpr oved
thereby found that adopting 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 1is obtained.
[0034]

Moreover, the present inventors further proceeded

studies, and thereby discovered that the ingot can be
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nano-t opography can be thus obtai ned, by supplying the
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 dianmeter until slicing is
finished rather than supplying the slurry for

adj usting an ingot tenperature in the entire period

of sl th f f sl
o2 Blod) SHRTRES 40 MERLP ALkt o R e entples:

w1ﬁﬁ§u@rQégﬁbdlh@weﬁtdﬁﬂbE£E§@nph6th@ncdﬂﬂﬂﬁﬂ ﬁbgdon;ngnd
met hod using a wire saw according to the

a fenearabnrd Cf AW HXpl BEABIR Fld&ddid © h r%%%%?‘érln
paﬁ%{ ESEeESRC%é‘%éﬁ%&é&f@ﬁ”gﬁe?ggb £ :F¥E”6001ng,

t HVeRtion - i's not restricted f shows an
an@xenpl elated wafersavwatiag ganobeideged foringeoved

slicing nethod accqrdi to t he. pr t
N ROWRDERERPEY. £27% R ra S PR ERAPREY  Pel U S 48
s1¢rt §BkC§d%%s%mﬁ§aa&r§@§@g E@hb%&&ﬁﬁréMﬁdéthe 1ngot
tensile-force-giving nechani sns 4, and

onlylgl.)tl aeeamg»d refdteani s g 5ichnd §e§lt@rr%f-stlﬂfplwg1‘@t
chani 003 r

refipantEnt 8o5 /oo 117 it el gt TR Y G be

fisLppeyi Bgtneehamasm@ppmmd;esrx% stlivatr ys Ujspt yadjusting

slurry for slicing to the gr d Il e he, W
an 2y ROFERES ET> (Hat e PRELFS SRR oI o h B Che
inﬁﬁ%UfiHﬁ”EtQ&tadeH¥¥é§ﬁ6etooénhh%ﬂlawﬁciﬂgtimken@ot

be sliced are arranged. 16 Additionally, each of
comﬂ@@tyoh@ﬁp@ﬁ&h@dﬁ;Eﬁem¢hysbniﬂ91nﬁoﬂhﬁ|Rﬁ@ﬁf%ﬁd t he

in{ebht Yheb8 ROPAIGE H4Tand 15 can be i ndependent Ly
[oeonirolled. Specifically, for exanple, as shown in
FlGAf%lianS“ﬁQ%%o%?@%Tﬁglﬁ*ﬁigé ggw according 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 be
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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slurry for slicing and the slurry for adjusting an
ingot 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
adj usting an ingot tenperature) 19' respectively

ich diff f
nad L £t £v" 1822005 ot FomBe Rbtaa K The o oELY

not ed t hat
foPr §8€RinhN¥aRt itdre isluiey Dbrcadhsetriest rrctiodydo the

structure depicted in FIG 1 and a _str %gure that

temppnrhnepy seoRLics flf@ﬁp@%?ﬁr@@Z&fleﬁhg %ﬂ‘?iﬁg i p2n

be regggﬁéhggntcan %o*tr%lle%yppéﬂeéfﬁpgéﬂﬁgr,e%on d&:henple,
sT'urrrés can be achieved by arranging the separate

as Ssewy tankgcand carmectupglysteaempy reffiddesr % ofhe he

respective slyrry tanks. A _nmechani sm_that_.c; .
SLERAEpERBCALLS CONETD] Sippty L Edmper atlros o d i 1noot

tespdELYular cshi Hng ki he1 §! ubhy roflQfeadjusidmge @ning
I'ngot tenperature can suffice. These types of slurries

onarelnotyr behki difediith PaetPedrars and Atk sanethypegh @
he%ﬁs%ggggpbgrt g%orc%/ ”§189?§b$ég”%'1%&%)bﬁy5§1¢d for

_ I"urry obtal ned i spersing GC (silicon
he&@ar bkdrhngabkr agiote tgrai mbut nyafbirqaidd uwedritse asetngot

[0038] Further, the nozzles 15 that | th
tempeFpyuredr 19| aerﬁﬁeﬁjev%i¥z}*’8§0%5'a8lj@12§llﬁep%‘“?ﬁ?%sffﬂ%‘

ea§$u5£MeffQﬁdagd#%ﬂdmﬂé@ Hh{Pget chappelat ure, and the
I ngot - feeding nechanism5 are connected with the

[O%bﬁbufer 18, 17 predeterm ned anounts of the slurry

or icing and th lLyrry ' kn i ;

tenﬁé?ai%rgocgﬁ BS%eéﬁﬁﬁﬁ%.i%§§|§9§%§§§e q?%ﬂﬁ%?g s

no®r §eveduk skl eles t iartded heo thgob taticpnedetdrmi eleddd in
timngs fromthe nozzles 15 and zl es

FIGesbeéﬂﬁvél?QHW9¥W¥§uﬁﬂﬁttBeaaﬁﬁg%éﬁéﬁﬁﬁﬁifls

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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feeding amount of the ingot, i.e., a predeternned
slicing amount of the ingot by using a preset program
Al though the feeding amount of the ingot, the

sprayi ng amounts of the slurry and tim ngs, and supply
tenperatures of the slurries can be controlled in a
desired manner by the conputer 18, controlling neans

[ not .restrict th t.o i icular. .
et REAER! SRR B U Sy PREL G o A 00 g ene
s1W¥ F@-t68PShbheubenesr ginvi Ngydechanpsera tdreanthrt hee

i ngot - f eedi ng mechani sm5 except the sl urry-suppl
autehiahtehl B eanayed He samne %%O?Hégerpﬁhﬁﬁ§\ﬁr%ggaage

. 101 S ' . it LCi i ct
indf¥ S BLghORL PR ERR FEADIRL PLUR! e gl o
noZ DOy e15pi tebpetttilve lgr ooiveld rebpert3;toa astpmsastafernhned

any other nechanism., and others are not restrjct§d in

Yy
feqehrig cirarnt QﬁdﬁFﬁéfﬂﬁﬂFbeld%terﬁiﬁ§8QQ%ﬁ¥W%n o)
s1idatg desbhad o8l itGidng ity 0ns i 6gh abe refieal b dram.

accordance with the conventional method., For exanple,
t he Aditto Wkt aphdeftodivg @mownty.of gthgpéBpal / pit&fo

W re havin wi_dt h . of [
Spﬁﬁ%l%%da?ﬁgngﬁoS%egﬁﬁn§¥§4§§k§§§ﬁgxgq§ odvgﬁiﬁﬁégﬁ%¥
tef?bﬁ%Fﬁféﬂ m?BSEStM1ﬁ@uﬁ§s+cansbécbn@tmahﬂ&ﬂ)incan

e adopt ed. A procedure_ of [ out th ,
B L SWE
noiﬁ%é@tf?&@ea Mhieethf SAWArid Lh1Rew be expl ai ned

ereinafter. First, the ingot-feeding nechanism5 is
[0QB%Ed to feed a grasped ingot toward a | ower position

o LR AT e
thd efstéetensile-force-giving 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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force is given by the wire-tensile-force-giving
mechanisnms 4 to travel in a reciprocating direction.
It is to be noted that a nagnitude 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. S i to travel in

Sthl wﬁi&iﬁf@b %|ﬁfp|?%£€#o§e%?§ggEg%gﬁage speed of
400 m A3 f, theb6@BgmitMfleddirey ayethantsh & risn used to
c/mn (30 s/c to 60 s/c). These val ues can be

fegdt ar ATASHS IRGr deiti dwht hOVETg POF e Thedt Fo be
pr%%égggmiﬁgﬁt@ JBY €. 224 tHRNI bR 027 18 A @rgrésed

start spraying the slurry for slicing toward the
drivenyetherelersa Giam the wire 2, t® sipptly a tensile

t enper at yre and thers of this.slurry can be also
FOFFRORy GareTRgy b e SRR B RO R I Ve
metBHREEALUILE t(2RGP)a s De a Sebcipo4b)t vy edvesction. It

slicing of the ingot is advanced under such

iscbadbei orsed hd1adl vt rpgoF tadpusti g Cart 9hgote force
gi§§gp§gg‘§g(g§ wfged'j,ecg 'yrépé@yﬁg keward dheiaget r&rom

to start supply under, e.g., contro
an@®f othbescanputhdrs lifinpasesin oneaappeselr imtogkansatt erfar

slicing depth of the ingo eache t | t, 2L 3 of
oxEBhEL oF RGP LCErtral Pegl BT o Sapgrgt gt Be
apSBiEhedo eulusdntide sfiféng €6 theviengdin ithd i ni shed.

As expl ai ned above, in the slicing nethod according

recbprheapragentinantein ot 2Rea¥PERCP FReed P hdf 8t PAGLD
oY TR LR LS UpPL ROy 2 T meraocs o o
60reAchesTak skeastl X3 ¢an end detskindinegl {rocX}ordarnhes
wiéﬂ?eé.gt,l%h%r%%%gﬁﬂg%tggts?igg%ply

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 of the slurry for adjusting an ingot
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

«hSTREREL U L L (edursy g lesilly ool

changi n

ped £5@EE AbHI enef nidie ithgtatiuthags1acshigcidegp tpr acestshe
Moreover, it is preferable to set the for

slurr
ingelf usefahean aitnger stterdpet a‘%%r%n@oof-hé%éﬁél%'uppl y
[Oéf@Perature as a tenmperature of the slurry for slicing
€d’ fromthe nozzles 15 at the end of slicing. [0043]
VWhemi henh ssippiyet efrperiat prres fiesr Bohe rohéedai §upply
manner to supply the slur for.adjusting an ingot
tem&%ﬁ%FﬁFﬁréft6hFh§m9ﬁﬁ%,E%#C%QFFE l?ﬁeg%(%héﬂg i ngot
texggé/fgeukaeiél seitng lept hy bei Agt efpakatares wahavetié 3
the dianmeter that is a problemin the conyentjona
s1lixbnpl dephh bé ¢t riglded, ranahppedifpileddid cobli ny- £
especi al | t he period cl of, ,Sldigd n
theg %If‘%e#S%‘P)? rgﬁlué:\(/al ated: ?%ﬁ%%???ggﬁafro,é;s}%e%gll%ﬁe‘gﬁe
subDyeo fWeBE &1lpraf Ifbmfadhessippl ynt emyertatierepesasere
_ to a Erofile in which the su {})Ig tenperature at_start,,
15 oFEashpgl 97Ps LOER (ke Yoyt LRPBF 20T Bt K T Agat LY
redidegt heAﬁugpkgsh%Pefs@ﬁﬂl%; i sath hea graduald wirediced
to set the sane as the supply tenperature of the .
pretipiyofiely shiecigigata eremperafhepngt tHhe iyt canring
pg.gentlé 20 cool ed, thereby effectively avoi di ng
3 Fapri"€oBFPY§°5t the ingot. As a result, a
preqigid Ousr fhangesi prelficdiaigle ttaj et othecad upey for
revented, a position where a Vﬁrﬁ shape 1
ad i eeipot 8Os P oPdr LIRS B @l Fiti hRed I SAHPY
teﬁﬁ%?ﬁ@ﬁgesgbcgdﬂ@ﬁﬁgraﬁﬁ¥gaoﬁaﬂﬁetQQ@Qﬁ@pmbﬂ”§Ew6£ﬂg

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 1in,
especially, the period close to end of slicing can be
considerably alleviated. In 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 Dbe gently
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near a slicing end portion can be greatly inproved.
[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  adj [ an ingot. er re d ubpl i ed
cottem starresy © iy T ¢ IS SRS g e of
ths! thgycforagdhusbisndt, an igigotip enpesathnegearigelsiicing
interferes with the slurr for slicing to degrade an
trapedraty 6fnabRafee el tkhesd PPALEA PN YSS TGerft (R TP
regi on_wher [ t.ral. regi i i i n
on {80 R HSRE N LR (R oney By R i e,
obtNpekdt elmeeat uaddrs ratd supphhedtapography mrgiuced
sI|C|ng%the ingot central region in thﬁ- r.esent

negfvantfoRTAY GRCF B 3T oA T hRS cIRTar iﬁ&é‘fprn%‘{%%a,

[O@@Q hence the interference of the slurries of course
does not occur and the central region of the ingot
can Aslliapprapt vat éhy thiei eaEsaer EBYeRReC8ri @8d waf er

ose .entire regqion - dj ral ob IS
orB55e bR S,, SHSIh ey dng, Bis sebaglog caiger
ted®945tutt is tapha ket eshlpatnaat peicigd drragt drlt¢ ngoment
supplylng_the_slurr for adjusting an ingot 1 5/3
thatenplf ab bt 610gs IFRTT &3t riRe et PR paFEE % fas™ T30 /
of atlsléé h§i§ﬁb%b_%9 tdeptd d eapaingo ornabeveraty Ifeast
2 of the diameter, but setting the timng to the
admsrennggehonegpaput@nmamgr@f1@héup@dd{edoc A §saBE of
course_desirable. . .21 That S S [ (ew
! h8Ss% JF £33 0st £
Sl%%ﬁ%%ntghSHSeOFn%%ﬁﬁﬁngt%%%eFa u?eﬁggg%u en éhé%%eng
an | Th¥¥f Ptenpssasesid Anatge Bhape)ekfiettee il dfhensdlofry
slicing starts when the slicin de%Ih i s :
fopppt bRi et EPy 246 3AH 350 FEUEAQY 0L & Bhiertickness
inSﬁﬁrlnagepkghQQaﬁh%éﬂﬂgﬂYWEQﬁ adj UstleM@d 1 &1 region 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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I ngot tenperature before this sudden change. However,
an effect can be obtai ned 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

Th%{,;glﬁ?sagﬁ Ewg{:&%?%ﬁ 390 sgdfi%plov%a% elrpofﬁgot

n"thé éentral

temPO¥gEdRS. ( aTB%cﬁiH}DWhémmsngncaarbecamms}mecattmzyalset
in accordance wth various kinds of conditi
‘%ﬂﬁ usH‘%g

Sh%\p@égﬂéetbﬁ tiimeerdleratd e0 bf St he18PuSH? Hlot

jng enperay f
e R B S sk g S

beﬁh@rptesemhrltn\sejppmMglthbesémplran fet iadhpslelng an

~ detail based on | es,, but t resent

ingiot FESPEFEte S MAEEE FERADIE o RA TS San S

an R BreltWasnusrd d: £ille@ eSbhi GBBNI @@@iplf}awlsﬂgs‘@arted
dianeter of 300 mmand an axial Ilength of 200 mmii n68

whevaf the badednen ddrtls|iei aguatt O OTaddH Y my T IV Fhd

resent inv nt b 9 f
mm o‘ﬁ?%ftﬁeaap Wi rgrhhu#eéanl@méd?f%&%?c%%éw\r%qmg%s%ﬁgﬁs andOn

th@ otRasi hanﬁjqr;a@dﬁrcznsg kgd was.appli eha cloause foe
wre to travel in a reciprocating direc
adhyefapge a8pedd st ts%’?ﬂfﬁr?nla gyapel &A 6%5271%
sligfﬁgb)ﬁe?lt'hc 1039 2 R SRLE & O ARdo rAaplotie Y re S]_d)d)@i: ng
upplied from22 start of slicing, and it was

qusllppyl éd 8o geoovEty ol etke Genliralt fsERR FRRVerges.

p| cted in RlG th
Th$o?u88?l¥st i'Ag & GThgot ﬁ% ﬁrggr el ;sr%%p” ?%xéjégﬁé%nce

withenaaishscikigadepih d@n&iBlmQr e.above, PPy 9
started at a supply terrpergture of

interference of the ‘slurry for adjusting 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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33C close to a tenperature of the ingot (35C) at that
nmonment, 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. Moreover,

t hernocoupl es were arranged as shown in FIG 12(B) to

nmeasure a.ch in t t f th [ '
oo ZFESphe-RiaNa0e A | PELELILE Tl LS L0

witoh &heehpaebtudle tduisriidedeplEeed dAnsemepiTis) a
change in tenperature of the ingot when the slurr
Fm}fmemp@i@vi Ag S 1A 43hgleR T t 2@APpeP AL life als Wo%uﬁo%llﬁ’%%ature
of ari terg L ai.n i l e
wad hofg SRS AL s LR SH AT Sl e,
abdgpt supp 1yodersate] ar tcad| ®@d anstibe livarigenrof r 20@reme £

where supply was started to 300 nm where _slicin
339G mlshrl tand Faﬁp@r@&mqﬁfﬁa@h%u%FgeFerﬁﬁl%yC 2t that

morbh Vi 8h8d aat A RASI i O PEIE i BeSHiepliRG 2N POrLE ON2 (B)
en the slurry for adjusting an ingot tenperature
wasvasssdpplied in accordance with the tenperature

profile, depicited in Fl (B) Lff - f

Con‘pfafr atfv oEéSn’BPé:ef Sgllants %h%a@%%%égnt‘é%g%glne;ﬂoi@g ng
mi¥EhHodCc#16048}viAddid iovwl dyt &hi ekwedsgihdi statidudf ohsl

of the sliced wafers obtained in Exanple were
wasipasefeds PRGP #L1WHohs neasurement results of the

sli S, [ r t 3, i
S0t T B o e A a2 ae o P

FIGhel 2 0Bt tas meepresernt atharge LD EaMPEE Alibe sthothe
uni form t.hi ckness distribution can be obtai ned

. th@t a
ingqt dUpaEPaPly C¥ife central region in any sanple in
(0G4 s manner. Like |ater-

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 undefstood 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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expl ai ned Conparative Exanple 2, when the slurry for
adj usting 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
obt ai ned by incing a plurality of ingots based on

t he sanme | e
o Mg 0 TELTOLGER AR 2 O oTUbAR, S el
l6d§ﬁuﬁﬁoﬁ380hb@@0%mﬂﬂnbﬂftﬁ@elﬂgbtOdkaeyiedanEHmhvés.

slicing with an absci ssa representing a osition
theﬁﬁuﬂﬁn|bﬁaﬁn§%F§F0@ﬁréﬁ%§nﬁ 4?9?%?@ E %&?sﬁhe

dls!teve?uégsr% %’éc%%dcﬂhé@pfﬁ |é§bEc\i§|ll1%‘/, (& @sneral

i ve val'ue regi on of each ingot, an
re@M@t age aﬁt{ueampl@aom rdgi omahnehe i hgybe |l§t@12‘7 at

a front end portlon 0. 14 t central port
expylained; CqmpazAtdy s o ghdwﬁ? Ne &R & un g?ood
adjtd?(%lﬂgeanaYﬁ age t\é\{p@facamr@elguwppas_@@ tfrdm vetyrt of
val ue he sl |C|ng met hod according to the

s lipries@nt suthventingrf cgdh R@8St e ShARSUIBY MOt oPe
a yer% smal | value in this manner, and high-quality
havi ng a uni formthickness distribution were
[o®bde to be obtained. Wien such a wafer is provided, a
yield in a device process can be .increased.

( Corfpaitdts Ve Eﬁ%ﬂﬁpenf)’w/xtm%%ar?}?h%%twﬁﬁs ﬁé‘%%%%d in

1diameerof 380 THANG RS 8XiAL hepaufa0fi b0 M ngst
S 1'preparede and tﬁé sil |8§n 24 |n%ot &gs glﬁbég in tﬁgﬁ °

bassaireomabher sameExatpicsl exeepramphar eRE SIAFTYET or
cerffleh 19, 800,00 | L 8,10 TERCUEEs o
led G o8B, eéahrgb%UdEWddhdkﬁ@mwgraphyein the 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 value
(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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of the ingot during slicing, 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 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 central portian of th 0.53
R L R e e T G ST

thdbecdat a1k xaml exdepi€i g bR EnGotd(Mmpetature was
particular, the |evel exceeded an upper limt value

no®. Suppi iadposinemab et 0 t Hef sFiciitg P It Fdn of the
[O¥€Lfr sliced out fromthe front end portion or the
end portion of the ingot in some cases. The

waf efs hewbwg suclria .| evelimnfréhat hanatot epdgmasnature
greatly affects a yield in a, device uf act uri

. . man
of pFleed5IOL00SI (Lohbhs At P vet ExSMH &£2)" R thped that
th&! 11688 H%ggag¥ﬂf§m@oéﬂegxéﬁpbepMEitﬁdﬂQ@Qafnatbﬁicing
same”manner as Exanple except that supply of the :
endlporyibor (@djSustn nge ak0P nyod -t enper at ure began from

start of slicing..lt is t n a.su ; ;
t en‘péa‘i%)f}&?@’ pPSf P Sk Jtrhgﬂs)(f?m%gfér lgldjia’ljﬂs%lnnge%nﬂlced
wafdg8l at egpenatds ea Wesetie fame-aspdtypty is high. An

temperature profile of a sl fao lici I G
Aveiaby LPOOSTR A o rESERE, SPAPPIISOON 1 OfVE hothRgor

0.3%aL€ dce%ftr%lgi gﬂ&gt 8kl enko henavai degl. bt atwhegear
athic I stri but

. ness S i on of each sliced wafer
en@bparnédnby fsltind mpmemsangasbeedverads cknbds ip gouble

e OBl R ahe FORSPEBRY 1L vttt Henghe case
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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In this manner, according to the slicing nmethod of
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
in the tine close to end of slicing in particular can
be alleviated as shown in FIG 3, a precipitous
_change i.n shape in sliced wafers tai ne om .
dl%FFé%HélEQnoﬁée%ﬂhrﬁ#b?% ,ngﬁéhég%éﬁﬁg?gﬁéi g%ﬁc ed
wakREQ¥Edeqand eatikstisednval eentad ngreglionf or m
thi ckness distribution can be obtained w thout

cohai delrpbillyudtivatti vt edt hi kRnéde icrse RpEFteentPaFiC-
16region as shown in FIG 4. Therefore, high-quality

waf ers can be provided to the next process, thus a
[oybehd can be inproved. [0055] It is to be noted that

the present invention is not restricted.to the

foreg@iﬁblénﬁéépﬁéht?cﬂﬂfd%%%oBPnEhFi%iﬁQEﬂgeﬁFthOd ot
thsxggg's'efn!tc tiQhe 809 anycexanplespddtrdavene ingot

supstantially the sanme feature and denonstrate the
whsane Blnctingnsiegrich ef § eetivaas tichese drrtae?{ échfi eal

,concept described in.clains of .t t o ENyVeatigRot
digpgte; n<‘§|‘3‘l?dg’c3E i%e?%ﬁl?égﬁhi 5%?15?2(;%626%?? h%fpr esent go
ini pMentiigR. A6 AldBend. oA slliiciimg niet hoglr coapilihsi pgn be

winding a wire around _a plurality of, grooved éollersin
aldadipressiafg SRevmi 2 Fafai Ast 2k i%gol 18 e 8P E&d
shlﬁgoiﬁaggﬁ i) Br o SUPBLY LAY R Hl Vs f 01841 6BAJDEOD

the grooved rollers and causing the wire to travel,
elihenaiteda eooldmy-speedraphyt kan mgotinpeavads| papdngach

depth is equal to or above _2/3.of | a | :
s1iGRer YPred %@Wﬁﬂqo?n?gﬁ¥gfﬁgt§¢c%§ﬁ% yﬁﬁéggléﬁﬁﬁﬁf can
pel 8htadinkst WiG Lt NUStgteppenalatimtting thethngéhess in a

i ndependently fromthe slurry for_slicjng _whi
wagent centineg & Ligpt ya® eAPerat die Fdi y 4n aT%%¥?g8re'
hi&ﬁgghgﬁqtgpmﬁgeanéaﬁhSeSbE%WﬂaéHﬂ¥$‘EﬁetH@xEnQchess,
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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reaches at |least 2/3 of the diameter to end of
slicing. 2. The slicing nethod according to claim1,
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 anmeter, and then the slurry for adjusting an ingot

tenperature is supplied [ gradual |y reducing a
supply tenperature thergﬂglk§ The slicing nethod

according to claim2, wherein the supply tenperature

of the slurry for adjusting an ingot tenperature
. rediRedili6lpg BEEAOX FARLPHLYI WéﬁﬁéP&t&ré”dffe an%ound

a 51H£5X1E9r6¥'dydgbéﬁ 2046188 sShingl RPeAfing 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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