ANNULAR GRI NDSTONE

BACKGROUND OF THE | NVENTI ON

Field of the Invention

The present invention relates to an annular
gri ndstone nmounted to a cutting apparat us.

Description of the Related Art

A device chip to be nounted on an electronic
apparatus is fornmed, for exanple, by cutting a disk-
shaped wafer including a sem conductor. A plurality of
intersecting streets is set on a surface of the wafer,
and a device such as an integrated circuit (1C including
the sem conductor is formed in each of regi ons
partitioned by the streets. Then, the wafer is divided
along the streets, whereby individual device chips are
f or med. For the division of +the wafer, a cutting
apparatus having a cutting unit in which an annular
grindstone (cutting blade) is nounted is used. In cutting
a workpiece such as a wafer by the cutting apparatus to
di vide the workpiece, the annular grindstone is made to
cut into the workpiece while rotating the annular
grindstone in a plane perpendicular to an upper surface
of the workpiece. The annular grindstone has a grindstone

section including abrasive grains and a binder in which



the abrasive grains are dispersed and fixed, and the
abrasive grains exposed appropriately from the binder
make contact with the workpi ece, whereby the workpiece is
cut . Al though the abrasive grains are consuned as the
cutting of the workpiece progresses, the binder is also
consuned and new abrasive grains are successively exposed
from the binder, so that the cutting performance of the
annul ar grindstone is nmaintained. Such an action of the
annul ar grindstone is called sel f-sharpening.

In recent years, power devices have been draw ng
attention as a sem conductor device higher in voltage
resi stance and controlling electrical signals of |[|arger
currents as conpared to devices fornmed from a silicon
wafer. The power device is used, for exanple, in power
source circuits for electric cars, hybrid cars and air
condi ti oners. For manufacture of the power device, a
silicon carbide (SiC) wafer better than the silicon wafer
in electric characteristics is used. Since the Si C wafer
is a hard material, cutting the SiC wafer to divide the
Si C wafer has been conducted by using, for exanple, an
annul ar grindstone in which the binder is forned of
nickel (Ni). However, since the binder formed from ni ckel
is hardly consunmed, there have been cases where the self-

sharpening action would not be generated at a sufficient



| evel. Therefore, when an SiC wafer is cut by the annul ar
grindstone, the «cutting performance of the annul ar
grindstone is lowered, so that defects called chipping or
the like may often be generated at side surfaces of the
devi ce chi ps forned.

In view of this, as a nethod by which an Si C waf er
can be divided with high processing quality, there has
been known a nethod in which a laser beam is applied to
the SIC wafer along streets, to form shield tunnels
including an anorphous phase in the S C wafer (see
Japanese Patent Laid-open No. 2014-221483). |In addition,
there has been known a nethod in which an SiC wafer is
cut while applying wultrasonic waves to an annular

grindstone (see Japanese Patent Laid-open No. 2014-13812).

SUMVARY OF THE | NVENTI ON

Since the |aser processing apparatus and the
cutting apparatus applying ultrasonic waves to an annul ar
grindstone are expensive, processing by use of these
apparatuses is high in cost. In view of this, devel opnent
of an annul ar grindstone by which a hard material such as
SiC wafer can be cut with high quality is desired. If a
hard material can be cut with high quality by nounting

the annular grindstone to an existing cutting apparatus,
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it is unnecessary to incorporate a special configuration
into the cutting apparatus, and therefore, processing
cost can be suppressed. Further, since a new use is given
to an existing cutting apparatus, the value of the
exi sting cutting apparatus is enhanced.

It is an object of the present invention to provide
an annul ar grindstone cutting a hard material such as SiC
wafer with high quality.

In accordance wth an aspect of the present
invention, there 1is provided an annular grindstone
including a grindstone section that includes a binder and
abrasive grains dispersed and fixed in the binder, in
whi ch the binder includes a tin-nickel alloy.

Preferably, a content of tin in the tin-nickel
alloy is equal to or nore than 57 wt% and |ess than 75
w %

In addition, preferably, the annular grindstone
consi sts of the grindstone section.

Alternatively, preferably, the annular grindstone
further includes an annular base having a grip section
and the grindstone section is exposed to an outer
peri pheral edge of the annul ar base.

The annul ar grindstone according to the described

node of the present invention includes the grindstone



section that includes the binder and the abrasive grains
di spersed and fixed in the binder. Besi des, the binder
includes the tin-nickel alloy. The annul ar grindstone
ensures that the binder is largely consumed when a hard
material such as SiC wafer is cut, and a self-sharpening
action is generated suitably, so that the «cutting
performance of the annular grindstone is nmaintained.
Therefore, during the cutting of the hard naterial,
processing quality is not lowered. |In addition, since the
annul ar grindstone can be nounted to an existing cutting
appar atus, processing cost is suppressed.

Therefore, according to the described node of the
pr esent i nventi on, there is provided an annular
grindstone cutting a hard material such as SiC wafer with
hi gh quality.

The above and other obj ect s, features and
advantages of the present invention and the manner of
realizing them wll becone nore apparent, and the
invention itself wll best be understood from a study of
the following description and appended clains wth
reference to the attached drawings showing a preferred

enbodi nent of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS



FI G 1A is a perspective view schematically
depi cti ng an annul ar grindstone consisting of a
gri ndstone section;

FI G 1B is a perspective view schematically
depicting a grindstone including an annular base and a
gri ndstone section;

FIG 2 is a sectional view schematically depicting
a manufacturing process for an annular grindstone
consisting of a grindstone section;

FIG 3Ais a sectional view schematically depicting
a plating layer forned,

FIG 3B is a sectional view schematically depicting
renoval of the base;

FIG 4 is a sectional view schematically depicting
a manufacturing process for an annular grindstone
i ncluding a grindstone section and an annul ar base;

FIG 5A is a sectional view schematically depicting
a plating layer forned,

FIG 5B is a sectional view schematically depicting
partial renoval of the base; and

FIG 6 is a graph depicting the status of
generation of chipping when an SiC wafer is cut by use of
an annular grindstone in which a binder is fornmed of

nickel and an annular grindstone in which a binder is



formed of a tin-nickel alloy.

DETAI LED DESCRI PTON OF THE PREFERRED EMBODI MENT

An enbodi nent of the present technology wll be
descri bed. FIG 1A is a perspective view schematically
depicting an annul ar grindstone consisting of a
gri ndstone section, as an exanple of an annul ar
grindstone (cutting blade) according to the present
enbodi nrent. The annular grindstone la illustrated in FIG
1A is an annular grindstone of a what is called washer
type. The annular grindstone l1la includes a circular
annul ar grindstone section 3a having a through-hole in
its center. The annular grindstone la is nounted to a
cutting unit of a cutting apparatus. In this instance, a
spi ndl e possessed by the cutting unit is passed through
the through-hole. Wien cutting a workpiece, the spindle
Is rotated, whereby the annular grindstone la is rotated
in a plane perpendicular to the extending direction of
the through-hole. When the grindstone section 3a of the
annul ar grindstone la in rotation is brought into contact
with the workpiece, the workpiece is cut. In addition,
FIG 1B is a perspective view schematically depicting an
annul ar grindstone including an annular base and a grind

stone section. The annular grindstone 1b illustrated in



FIG 1B is a grindstone of a what is called hub type in
which a grindstone section 3b is disposed at an outer
peri pheral edge of an annular base 5. The annul ar base 5
serves as a grip section that is gripped by the user
(operator) of a «cutting apparatus when the annular
grindstone 1b is nmounted to the cutting unit of the
cutting apparatus. VWhen the annular grindstone 1b is
nounted to the cutting unit of the cutting apparatus, a
spindle of the cutting unit is passed through a through-
hole formed in the annul ar base 5.

The grindstone sections 3a and 3b are produced, for
exanple, by formng a binder containing abrasive grains
such as dianond abrasive grains on a base fornmed of a
net al such as al um num by a nethod such as
el ectroplating. Note that the annular grindstones la and
1b formed by the nethod such as electroplating are also
called electrodeposited grindstones or electroforned
gri ndst ones. The grindstone sections 3a and 3b of the
annul ar grindstones la and 1b each include a binder and
abrasive grains dispersed and fixed in the binder. The
abrasive grains exposed fromthe binder to an appropriate
extent is contacted with the workpiece, whereby the
wor kpi ece is cut. As cutting of the workpiece progresses,

the abrasive grains are consuned by falling off the
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bi nder or being abraded, so that the cutting perfornmance
of the annular grindstones la and 1b is gradually | owered.
However, as the cutting of the workpi ece progresses, the
bi nder is also consuned, so that new abrasive grains are
successively exposed from the binder. Therefore, the
cutting performance of the annular grindstones la and 1b
Is kept at or above a predetermined level. This action is
cal | ed sel f-sharpening.

In recent years, power devices have been draw ng
attention as a sem conductor device higher in voltage
resi stance and controlling electrical signals of |[|arger
currents as conpared to devices forned from a silicon
wafer. The power device is used, for exanple, in power
source circuits for electric cars, hybrid cars and air
condi tioners. For manufacture of the power device, an SiC
wafer is used. Conventionally, for cutting of SiC wafer
which is a hard material, for exanple, an annular
grindstone in which a binder is fornmed of nickel has been
used. However, since the binder fornmed of nickel is not
consuned easily, a self-sharpening action may not be
achieved at a sufficient level in the case of the annul ar
grindstone. Therefore, when an SiC wafer is cut by the
annul ar grindstone, the cutting performance of the

annul ar grindstone is gradually lowered, so that defects



called chipping may often be generated at side surfaces
of device chips.

On the other hand, the annular grindstones la and
1b according to the present enbodinent include the
gri ndstone sections 3a and 3b in which a tin-nickel (Sn-
Ni) alloy is used for a binder. Preferably, the binder
i ncludes a tin-nickel alloy. Wen the tin-nickel alloy is
used as the binder, the binder is severely consuned when
a hard material is cut by the annular grindstone, so that
the self-sharpening action is generated suitably.
Therefore, the annular grindstone can cut the hard
material wi thout |Iowering in processing quality.

Note that in the annular grindstones la and 1b, the
content of tin in the tin-nickel alloy (for exanple, the
weight of tin based on the total weight of tin and
ni ckel) used as the binder is preferably equal to or nore
than 57 wt% and less than 75 % More preferably, the
content of tin in the tin-nickel alloy is equal to or
nore than 64 wt% and equal to or less than 70 w%  The
tin-nickel alloy is particularly stable when the atomc
ratio of tin and nickel is 1:1. In this instance, the
content of tin in the tin-nickel alloy is approximtely
67 W%  Therefore, when a binder containing as a main

constituent a tin-nickel alloy having a tin content on
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the order of 67 wt% is used for the grindstone sections
3a and 3b of the annular grindstones la and 1b, the
performance of the annular grindstones l1la and 1b is
stabilized. In this case, a workpiece can be cut wth
extrenely stable quality, and variability in processing
quality is extrenely reduced.

In general, when cutting conditions for a workpiece
are determ ned, cutting conditions with a certain degree
of allowance are selected in consideration of variability
in cutting quality. In other words, in order that
al l omabl e results of processing can be obtained even if a
certain degree of wvariability is generated in cutting
quality, cutting conditions severer than the «cutting
conditions considered to be sufficient for obtaining
predeterm ned results of processing should be selected.
Therefore, in the case where variability in processing
supposed is large, the width of the processing conditions
that can be sel ected nay be narrowed.

On the other hand, since variability in the
performance of the annular grindstone according to the
present enbodinent is small, wvariability in cutting
quality is also small when a workpiece is cut by use of
the annular grindstone. Therefore, at the time of

determining the cutting conditions for cutting a
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wor kpi ece by use of the annular grindstone, limtations
on the cutting conditions are conparatively small, and
the width of selection of the cutting conditions is
br oadened. Further, when the binder containing a tin-
nickel alloy as a main constituent is formed by an
el ectroplating nethod as described later, the atomc
ratio of tin and nickel is liable to be 1:1, so that the
binder with a tin content of approxinmately 67 wMt% is easy
to produce stably, and productivity is good. For exanple,
in producing the annular grindstone, even when a
variation is generated in the conposition of the plating
solution placed in a plating tank in which electroplating
is conducted, the conposition of the binder forned is not
| argely vari ed. Therefore, the annular grindstone
according to the present enbodinent is easy to manage the
production process thereof.

The annul ar grindstones la and 1b according to the
present enbodinment are particularly suitable for use of
cutting a workpiece forned of a hard material represented
by SIC It is to be noted, however, that the workpiece
that can be cut by the annular grindstones la and 1b is
not limted to this, and, for exanple, workpieces forned
of a material such as a sem conductor such as silicon or

a material such as sapphire, glass and quartz may al so be
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cut. For exanple, a surface of the workpiece is
partitioned by a plurality of streets arranged in a grid
pattern, and a device such as an IC or a light emtting
di ode (LED) is forned in each of the regions partitioned.
Finally, the workpiece is divided along the streets,
wher eby i ndi vi dual device chips are forned.

Next, a manufacturing nethod for the annular
gri ndstone la of the washer type depicted in FIG 1A will
be descri bed. FIG 2 is a sectional view schematically
depicting a nmanufacturing process for the annular
grindstone la consisting of a grindstone section. The
annul ar grindstone 1a is formed by such a nethod as
el ectropl ati ng. In the manufacturing nethod, first, a
plating bath tank 2 filled with a plating solution 16
with abrasive grains mxed therein is prepared. The
plating solution 16 is an electrolytic solution in which
a salt containing nickel and a salt containing tin are
di ssol ved. Each of the salts is any one of, for exanple,
sul fate, sulfamate, chloride, bromde, acetate, citrate,
and pyrophosphate. The salts are put into the plating
solution 16 in such a manner that the atomc ratio of
nickel and tin will be approximtely 1:1. It is to be
noted, however, that even in the case where the atomc

ratio of the ions contained in the plating solution 16 is
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not 1:1, the conposition of the plating layer to be
formed is hardly influenced. |In other words, managenent
of the plating liquid 16 is easy.

Further, it may be recommendable to add a fluoride
such as ammonium bifluoride or sodium fluoride to the
plating solution 16. Al ternatively, it may  be
recommendabl e to add an al pha am no acid such as glycine
to the plating solution 16. When such an additive is
I nt roduced into t he pl ating sol ution 16, t he
precipitation potentials of Sn? and N 2" are brought
closer to each other. In addition, the plating solution
16 further has abrasive grains such as dianond abrasive
grains mxed therein. After a plating bath tank 2 is
prepared, a base 20a on which a grindstone section 3a is
to be fornmed by electroformng and a nickel electrode 6
are imrersed in the plating solution 16 in the plating
bath tank 2. The base 20a is forned, for exanple, in a
circular disk shape from a netallic material such as
stainless steel or alumnum and a mask 22a having an
opening in a shape corresponding to the shape of the
desired grindstone section 3a is fornmed on a surface of
the base 20a. Note that in the present enbodi nent, the
mask 22a is formed such that a circular annular

gri ndstone la can be forned.
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The base 20a is connected to a mnus termna
(negative electrode) of a DC power source 10 through a
switch 8. On the other hand, the nickel electrode 6 is
connected to a plus termnal (positive electrode) of the
DC power source 10. It is to be noted, however, that the
switch 8 may be disposed between the nickel electrode 6
and the DC power source 10. Thereafter, with the base 20a
as a cathode and with the nickel electrode as an anode, a
DC current is passed through the plating solution 16
whereby a plating layer is deposited on the surface of
the base 20a that is not covered with the mask 22a. As
illustrated in FIG 2, while rotating a fan 14 by a
rotational drive source 12 such as a notor to stir the
plating solution 16, the switch 8 disposed between the
base 20a and the DC power source 10 is turned on.

FIG 3Ais a sectional view schematically depicting
the plating |layer 24a thus formed. Wen the plating |ayer
24a has reached a predeterm ned thickness, the switch 8
Is cut off, to stop the deposition of the plating |ayer
24a. The plating layer 24a is a tin-nickel alloy in which
the dianond abrasive grains are dispersed wuniformy.
Thereafter, the whole of the base 20a is renoved, and the
plating layer 24a is peeled off fromthe base 20a. FIG

3B is a sectional view schematically depicting the
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renoval of the base 20a. As a result, the grindstone
section 3a that includes the binder including the tin-
ni ckel alloy and the abrasive grains dispersed and fixed
in the binder can be fornmed, and the annular grindstone
la of the washer type is conpl eted.

Next, a manufacturing nmethod for an annular
grindstone 1b of the hub type depicted in FIG 1B wll be
descri bed. FIG 4 is a sectional view schematically
depicting the manufacturing nethod for the annular
grindstone 1b including a grindstone section and an
annul ar base. Like the annular grindstone la, the annul ar
grindstone 1b is formed, for exanple, by such a nethod as
el ectroplating in a plating bath tank 2. In the
manuf acturing nethod, a plating bath tank simlar to that
in the manufacturing nmethod for the annular grindstone 1la
Is prepared. The configurations of the plating bath tank
2 and the plating solution 16 are simlar to those in the
manufacturing nethod for the annular grindstone 1la
descri bed above, and therefore, description thereof 1is
omtted. It is to be noted, however, that a part of the
base 20b connected to the negative electrode of the DC
power source 10 is an annular base 5 supporting the
gri ndstone section 3b of the annular grindstone 1b, and

therefore, the shape of +the base 20b is a shape
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corresponding to the annular base 5. 1In addition, a mask
22b having an opening corresponding to the shape of the
grindstone section 3b is formed on the surface of the
base 20b. Then, simlarly to the manufacturing nethod for
the annular grindstone 1a described above, a plating
| ayer is deposited on an exposed part of the base 20b.

FIG 5A is a sectional view schematically depicting
the plating layer 24b forned on the surface of the base
20Db. After the plating layer 24 is fornmed in a
predeterm ned thickness, as depicted in FIG 5A a part
of the base 20b is renpbved to expose a part of that
region of the plating layer 24b which has been covered
with the base 20b. In addition, prior to carrying out the
base renoving step, the mask 22b is prelimnarily renoved
fromthe base 20b. Then, as depicted in FIG 5B, an outer
peri pheral region on the side of the base 20b on which
the plating layer 24b is not fornmed is partially etched,
to expose a part of that region of the plating |ayer 24b
whi ch has been covered with the base 20b. As a result,
the annular grindstone 1b of the hub type in which the
grindstone section 3b is fixed to the outer peripheral
region of the annular base 5 is conpleted.

[ Exanpl e]

In the present enbodi nent, an annul ar grindstone 1la
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having a grindstone section 3a that includes a binder
including a tin-nickel alloy and abrasive grains
di spersed and fixed in the binder is produced. The
annul ar grindstone thus produced is referred to as an
exanpl e bl ade. Using the exanple blade, an SiC single
crystal substrate as a workpiece is cut, the workpiece
after the cutting is observed, and the size of danmages
such as chipping generated in the workpiece is neasured.
In addition, the dianeter of the exanple blade after the
cutting is neasured, and the neasured value is conpared
with the diameter of the exanple bl ade before the cutting,
to calculate a consunption anount. Besides, in the
present enbodi nment, for conparison, an annul ar grindstone
having a grindstone section that includes a binder
i ncludi ng nickel and abrasive grains dispersed and fixed
in the binder is produced. The annular grindstone thus
produced is referred to as a conparative exanple bl ade.
Using the conparative exanple blade, an SiC single
crystal substrate is cut simlarly to the above, the size
of damages such as chipping generated in the workpiece is
neasured, and the consunption anount is cal cul at ed.

First, the respective annular grindstones 1la
produced will be described. The thickness of the exanple

blade is set in such a manner that the width of a cut
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groove formed in a workpiece when the workpiece is cut
would be 25 to 30 um In the grindstone section, a tin-
nickel alloy is used as the binder, and dianond abrasive
grains are used as the abrasive grains. Here, the content
of tin in the tin-nickel alloy is set to 67 w% I n
addition, as the dianond abrasive grains, abrasive grains
of a grain size of #2000 are used. For the grain size,
refer to JI'S R  6001-2:2017 ( Bonded abr asi ves-
Det erm nati on and designation of grain size distribution-
Part 2: Mcrogrits) enacted by Japanese |Industrial
Standards Committee (JISC). In addition, the degree of
concentration of the abrasives is set to 50. Note that
the conparative exanple blade is produced simlarly to
the exanple blade, except that nickel (100 wt% is used
in place of the tin-nickel alloy as the binder.

As a workpiece to be cut by the exanple blade and
the conparative exanple blade, a disk-shaped SiC single
crystal substrate having a thickness of 130 um and a
dianeter of 4 inches is prepared. In the present
enbodi nent, a pressure sensitive adhesive tape is adhered
to the back side of the SiC single crystal substrate, the
SiC single crystal substrate is placed on a holding table
of a cutting apparatus through the pressure sensitive

adhesive tape, and the SiC single crystal substrate is
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hel d on the holding table. Besides, the exanple blade or
the conparative exanple blade is nounted to a cutting
unit of the cutting apparatus.

The exanple bl ade or the conparative exanple bl ade
nmounted to the cutting unit is rotated at a speed of
50,000 rpm the cutting wunit s positioned at a
predeterm ned height position, and the holding table and
the cutting unit are put into relative novenent in a
direction parallel to a holding surface of the holding
tabl e. As a result, the rotating exanple blade or
conparative exanple blade cuts the SiC single crystal
substrate, whereby the SiC single crystal substrate is
di vi ded. In this instance, a lower end of the exanple
bl ade or the conparative exanple blade is set at such a
height as to be positioned at a height position
approximately 30 um below the upper surface of the
pressure sensitive adhesive tape adhered to the back side
of the SiC single crystal substrate. 1In other words, the
SiC single crystal substrate is cut together with part of
the pressure sensitive adhesive tape by the cutting unit,
to divide the SiC single crystal substrate. |In addition,
the relative velocity of the holding table and the
cutting unit is set to 5 nm sec.

After the SiC single crystal substrate is cut, the
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back side of the SiC single crystal substrate is observed
under an optical mcroscope, to detect damages such as
chi pping. Specifically, the SiC single crystal substrate
Is cut fromone end to the other end in 15 lines, and the
SiC single crystal substrate is observed along each of
the lines. The size of a nmaxi mum one of the chippings
generated in each line is neasured. Table 1 below sets
forth the size of the naximum one of the chippings
confirmed in each 1line of the S C single crystal
substrate cut, in the case where the exanple blade is
used and in the case where the conparative exanple bl ade
Is used. In addition, FIG 6 depicts distribution status

of the size of the maxi mum chipping confirned in each

l'i ne.
[ Tabl e 1]
Li ne nunber Conparative Exanpl e bl ade
exanpl e bl ade (um
(rm
1 8.0 5.5
2 25.6 11.0
3 14.5 5.7
4 21.9 6.0
5 34.1 10. 8
6 34.1 9.0
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7 29.2 8.0
8 13.6 9.3
9 37.7 6.1
10 20.1 8.2
11 31.9 7.2
12 29.5 13.3
13 29.6 8.4
14 31.0 10.9
15 37.7 6.6

Note that the size of the maximum one of the
chi ppings confirmed in the SiC single crystal substrate
when the exanple blade is used is 13.3 um and the
average of the sizes of nmaximum chippings in the lines is
8.4 um Further, in regard of the distribution of the
sizes of the maxi mum chippings in the 15 lines, a value
obt ai ned by adding 3c to the average is 15.4 um |In other
words, it is understood that when the SiC single crystal
substrate is cut by use of the exanple Dblade, chippings
in excess of 15.4 um are hardly generated. On the other
hand, the size of the maxinmum one of the chippings
confirmed in the SiC single crystal substrate when the
conparative exanple blade is used is 37.7 um and the
average of the sizes of maximum chippings in the lines is

26.6 um  Further, in regard of the distribution of the
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sizes of the maxi mum chippings in the 15 lines, a value
obt ai ned by adding 3c to the average is 53.8 um |In other
words, it is understood that when the SiC single crystal
substrate is cut by use of the conparative exanpl e bl ade,
chippings of equal to or less than 53.8 um my be
gener at ed. Therefore, it has been confirned from the
present enbodi ment that the annular grindstone in which
the binder including the tin-nickel alloy is provided at
the grindstone section can performcutting with extrenely
high quality, even in the case where the workpiece is a
hard materi al .

Further, as a consunption amount of the blade when
the SiC single crystal substrate is cut until a cutting
length of 5 mis reached, using the exanple blade or the
conparative exanple blade, variation in the dianeter of
each of the blades is neasured. As a result, while the
consunption anount of the exanple blade is 14.7 um the
consunption anount of the conparative exanple blade is
2.5 um From this result, it is understood that the
exanple blade is liable to be consuned nore by cutting of
a workpiece as conpared to the conparative exanpl e bl ade,
and permts the self-sharpening action to be positively
gener at ed. In other words, the annular grindstone in

which the binder including the tin-nickel alloy is
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provided at the grindstone section ensures that its
cutting performance is maintained by the self-sharpening
action, even when used to cut the workpiece. Therefore,
it has been suggested that the workpiece can be cut wth
high quality by the annular grindstone since the self-
shar pening action is sufficiently generated.

As has been described above, according to the
pr esent enbodi nent , there is provided an annular
grindstone which is able to cut a hard material such as
an SiC wafer with high quality. The annular grindstone
according to the present enbodinment is simlar in shape
to the existing annular grindstones, and therefore, can
be easily nmounted to an existing cutting apparatus. For
this reason, it becones possible to perform high-quality
cutting of hard materials by the existing cutting
apparatus, so that processing cost for the workpiece is
suppressed. Further, since a new use is inparted to the
existing cutting apparatus, the value of the existing
cutting apparatus is enhanced.

Note that while a case of dividing a workpiece by
cutting the workpiece with the annular grindstone has
been described in the above enbodinent, the annular
gri ndstone according to a node of the present invention

may be used for other purposes. For exanple, the annul ar
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grindstone may be made to cut into a workpiece with such
a cutting depth as not to reach the back side of the
wor kpi ece, to forma cut groove whose bottom surface does
not reach the back surface of the workpiece. In this case,
al so, the annul ar grindstone according to one node of the
present invention can cut the workpiece with high quality.
The present invention is not limted to the details
of the above described preferred enbodi nent. The scope of
the invention is defined by the appended clains and all
changes and nodifications as fall within the equival ence
of the scope of the clainms are therefore to be enbraced

by the invention.
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WHAT | S CLAIMED | S:

1. An annul ar grindstone conpri sing:

a grindstone section that includes a binder and
abrasive grains dispersed and fixed in the binder,
wherein

t he binder includes a tin-nickel alloy.

2. The annul ar grindstone according to claim 1,
wher ei n

a content of tin in the tin-nickel alloy is equal
to or nore than 57 wt% and | ess than 75 wt %

3. The annul ar grindstone according to claiml,

consi sting of the grindstone section.

4. The annul ar grindstone according to claim 1,
further conpri sing:

an annul ar base having a grip section, wherein

the grindstone section is exposed to an outer

peri pheral edge of the annul ar base.
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