ANNULAR GRI NDSTONE

BACKGROUND OF THE | NVENTI ON

Field of the Invention

The present invention relates to an annul ar
gri ndstone nounted to a cutting apparat us.

Description of the Related Art

A device chip is, for exanple, fornmed by cutting a
di sc-shaped wafer containing a sem conductor. For exanple,
a plurality of crossing division lines are set on a front
surface of the wafer, and the wafer is demarcated into a
plurality of regions by the plurality of division |ines,
wher eby each of the regions thus demarcated by the
division lines has a device containing the sem conductor,
such an integrated circuit (1C, forned therein. Then,
the wafer is divided along the division lines into
I ndi vi dual device chips. D vision of the wafer uses a
cutting apparatus provided with an annul ar grindstone
(cutting blade). In the cutting apparatus, the annul ar
grindstone is nade to cut in a workpiece while rotating
in a plane perpendicular to the workpi ece such as a wafer.
The annul ar grindstone includes a grindstone portion
cont ai ni ng abrasive grains and a binding material in

whi ch the abrasive grains are dispersed, and the abrasive



grai ns which are noderately exposed fromthe binding
material come in contact with the workpi ece, thereby
cutting the workpi ece (see Japanese Patent Lai d-Open No.
2000- 87282, for exanple). Moreover, there has been known
an annul ar grindstone, called a hub type, including an
annul ar base and in which the grindstone portion is
formed on an outer periphery side of the annul ar base.
The annul ar grindstone of hub type is, for exanple,
formed by el ectrodepositing the grindstone portion to an
out er peripheral edge of the annul ar base through
el ectrolytic plating or the |ike nmethods. More
specifically, the annular grindstone is, for exanple,
formed by el ectrodepositing a binding material such as a
ni ckel |l ayer or the |like in which abrasive grains such as
di anond abrasive grains are dispersed to an al um num base.
Note that the annular grindstone forned by electrolytic
plating is called an el ectrodeposited grindstone, or an
el ectrof ormed grindstone. Wen the wafer is cut with the
annul ar grindstone, static electricity occurs due to
friction between the annul ar grindstone and the wafer,
causing an el ectrostatic breakdown of a device due to the
static electricity. In viewof this, to renove the static
electricity, a cutting apparatus has been known in which

carbon dioxide is mxed into cutting water to be supplied



to the annular grindstone and the wafer in cutting (see
Japanese Patent Laid-Open No. H8-130201 and Japanese

Pat ent Lai d- OQpen No. H11-300184, for exanple).

SUVMMARY OF THE | NVENTI ON

When carbon dioxide is mxed into the cutting water
to be supplied to the annul ar grindstone, the binding
mat eri al such as the nickel |ayer contained in the
annul ar grindstone is corroded by the cutting water
cont ai ni ng carbon dioxide. As a result, this corrosion
reduces strength of the annul ar grindstone.

It is therefore an object of the present invention
to provide an annul ar grindstone in which corrosion of
the binding material is less likely to occur even when
cutting water in which carbon dioxide is mxed is
suppl i ed.

In accordance wth an aspect of the present
i nvention, there is provided an annul ar gri ndstone
i ncluding a grindstone portion including a binding
materi al, and abrasive grains which are dispersed into
the binding material to be fixed, in which the binding
mat eri al contains a nickel-iron alloy.

Preferably, a contained ratio of iron in the

nickel-iron alloy is in a range of 5 wt%or nore to | ess
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than 60 wt% More preferably, a contained ratio of iron
in the nickel-iron alloy is in a range of 20 wt % or nore
to 50 wt % or | ess.

In addition, preferably, the annul ar grindstone
i ncl udes the grindstone portion only. Moreover,
preferably, the annular grindstone further includes an
annul ar base including a grip portion, in which the
gri ndstone portion is exposed at an outer peripheral edge
of the annul ar base.

The annul ar grindstone according to the aspect of
the present invention includes a grindstone portion
i ncluding a binding material, and abrasive grains which
are dispersed into the binding nmaterial to be fixed. The
bi nding material contains a nickel-iron alloy. Wen a
wafer is cut by use of the annular grindstone, cutting
wat er containing carbon dioxide is supplied to the
annul ar grindstone and the wafer. However, the binding
material containing the nickel-iron alloy is less likely
to generate corrosion due to the cutting water containing
carbon di oxide. Thus, according to the aspect of the
present invention, even when the cutting water containing
carbon dioxide is supplied, it is possible to provide the
annul ar grindstone in which the binding naterial is |ess

likely to be corroded.



The above and ot her objects, features and
advant ages of the present invention and the manner of
realizing themw || becone nore apparent, and the
invention itself wll best be understood froma study of
the follow ng description and appended clains with
reference to the attached drawi ngs showi ng a preferred

enbodi nent of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG 1A is a perspective view schematically
illustrating an annul ar grindstone including a grindstone
portion;

FIG 1B is a perspective view schematically
il lustrating an annul ar grindstone including an annul ar
base and a grindstone portion;

FIG 2 is a cross-sectional view schematically
illustrating a manufacturing process of the annul ar
gri ndstone including the grindstone portion illustrated
in FIG 1A

FIG 3Ais a cross-sectional view schematically
illustrating the grindstone portion fornmed in the
manuf acturing process illustrated in FIG 2;

FIG 3B is a cross-sectional view schematically

illustrating renoval of a base, continued fromFI G 3A;



FIG 4 is a cross-sectional view schematically
illustrating a manufacturing process of the annul ar
gri ndstone including the grindstone portion and the
annul ar base illustrated in FIG 1B

FIG 5A is a cross-sectional view schematically
illustrating the grindstone portion fornmed in the
manuf acturing process illustrated in FIG 4;

FIG 5B is a cross-sectional view schematically
illustrating partial renoval of a base, continued from
FIG 5A; and

FIG 6 is a chart explaining a relation between a
contained ratio of iron in a nickel-iron alloy and a

corrosion rate.

DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBODI MENT
An enbodi nent of the present invention will be

descri bed below. FIG 1A is perspective view
schematically illustrating an annul ar gri ndstone
i ncluding a grindstone portion, as one exanple of an
annul ar grindstone (cutting blade) according to the
present enbodi nent. An annular grindstone la illustrated
in FIG 1A is a grindstone called a washer type. The
annul ar grindstone la includes a grindstone portion 3a of

a circular ring-shape having a through hole at a center



thereof. The annul ar grindstone la is nounted on a
cutting unit of a cutting apparatus. The through hol e has
a spi ndl e passing therethrough, and by rotating the
spindl e, the annular grindstone la is rotated in a plane
per pendi cul ar to an extending direction of the through
hol e. Then, when the grindstone portion 3a of the
rotating annul ar grindstone la is brought into contact
with a workpiece, the workpiece is cut.

FIG 1B is a perspective view schematically
illustrating an annul ar grindstone including an annul ar
base and a grindstone portion. An annular grindstone 1b
illustrated in FIG 1B is a grindstone, called a hub type,
in which a grindstone portion 3b is disposed at an outer
peri pheral edge of an annul ar base 5. The annul ar base 5
has a grip portion 5a held by a user (operator) of the
cutti ng apparatus when attachi ng/ detachi ng the annul ar
grindstone 1b to/fromthe cutting unit of the cutting
apparatus. The grindstone portions 3a and 3b are forned,
for exanple, by el ectrodepositing a binding naterial in
whi ch abrasive grains such as di anond abrasive grains are
di spersed to a base conposed of a netal such as al um num
Note that the annular grindstones la and 1b formed by
el ectrolytic plating or the like nmethod are also referred

to as el ectrodeposited grindstones or el ectroforned



gri ndst ones.

The grindstone portions 3a and 3b of the annul ar
gri ndstones la and 1b each contain a binding material and
abrasive grains which are dispersed in the binding
material and fixed thereto. The abrasive grains which are
noderately exposed fromthe binding material cone in
contact with the workpi ece, whereby the workpiece is cut.
When cutting of the workpi ece proceeds, the abrasive
grains fall off fromthe binding material. At this tine,
a bl ade edge is worn out, and as a result, fresh abrasive
grains are exposed fromthe binding miterial one after
another. This effect is referred to as sel f-sharpening,
and this self-sharpening effect keeps cutting performance
of each of the annular grindstones la and 1b at a
constant level or nore. |In the annular grindstones la and
1b according to the present enbodi nent, the binding
material contained in the grindstone portions 3a and 3b
contains a nickel-iron alloy. A contained ratio of iron
in the nickel-iron alloy (a weight ratio of iron based on
the total weight of nickel and iron, for exanple) is a
range of 5 % or nore to less than 60 wt% preferably 20
W % or nore to 50 wt % or | ess.

The workpiece is a substantially disc-shaped

substrate or the |ike conposed of a material such as
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silicon or silicon carbide (SiC), or other sem conductor
materials, or a material conposed of sapphire, glass,
quartz, or the like. For exanple, a front surface of the
wor kpi ece is demarcated by a plurality of division |ines
arrayed in a grid pattern into a plurality of regions,
and each of the regions thus denmarcated has a device such
as an integrated circuit (I1C or a light emtting diode
(LED) forned therein. In the last step, the workpiece is
di vided along the division lines and forned into
i ndi vi dual device chi ps.

Next, a manufacturing nethod of the annul ar
gri ndstone la of washer type illustrated in FIG 1A wll
be described below. FIG 2 is a cross-sectional view
schematically illustrating a manufacturing process of the
annul ar grindstone la including the grindstone portion 3a
only. The annular grindstone la is forned by, for exanple,
el ectrolytic plating or the |like nmethod. In the
manuf acturing nmethod, first, an iron salt supplying
ferrous ions is dissolved into a nickel plating solution
16 into which abrasive grains are m xed, and a plating
bath 2 in which the nickel plating solution 16 is stored
is prepared. The nickel plating solution 16 is an
el ectrolytic solution containing nickel (nickel ion) such

as nickel sulfate, nickel sulfanmate, nickel chloride,



ni ckel brom de, nickel acetate, or nickel citrate, and
has abrasive grains such as di anond abrasive grains m xed
therein. Note that a configuration of the nickel plating
solution 16 and a contained ratio of each conponent are
set appropriately such that a contained ratio of iron in
the nickel-iron alloy contained in the binding nmateri al
in the grindstone portion to be fornmed becones a desired
value. The iron salt supplying ferrous ions, or the like,
is ferrous sulfate (FeSQ;), iron sulfamate (Fe(NH,SG) ),
or the like, for exanple. A contained ratio of the iron
salt in the nickel plating solution 16 is suitably
adj usted, so that the contained ratio of iron in the
ni ckel -iron alloy contained in the binding material can
be set to a desired val ue.

After preparation of the plating bath 2 is
conpl eted, a base 20a on which the grindstone portion 3a
Is formed through el ectrodeposition, and a nicke
el ectrode 6 are i Mmersed into the nickel plating solution
16 in the plating bath 2. The base 20a is, for exanple,
fornmed of a netal material such as stainless steel or
alumnumin a disc-like shape, and on a front surface
thereof, a mask 22a corresponding to a desired shape of
the grindstone portion 3a is forned. Note that the mask

22a whi ch achieves a circular ring-shaped grindstone la
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is formed in the present enbodi nent. The base 20a is
connected to a mnus termnal (negative electrode) of a

di rect-current power source 10 through a switch 8.
Meanwhi |l e, the nickel electrode 6 is connected to a plus
termnal (positive electrode) of the direct-current power
source 10. Note that the switch 8 may be di sposed between
the nickel electrode 6 and the direct-current power

source 10.

After the immersion is carried out, by causing a
direct current to flow through the nickel plating
solution 16 with the base 20a as a cat hode and the nicke
el ectrode 6 as an anode, abrasive grains and a plating
| ayer are deposited on a portion of the front surface of
t he base 20a which is not covered with the mask 22a. As
illustrated in FIG 2, while a fan 14 is rotated by a
rotation driving source 12 such as a notor to stir the
ni ckel plating solution 16, the switch 8 di sposed between
the base 20a and the direct-current power source 10 is
short-circuited. FIG 3A is a cross-sectional view
schematically illustrating a plating |ayer 24a thus
formed. When the plating | ayer 24a becones a desired
t hi ckness, the switch 8 is disconnected to stop
deposition of the plating |layer. Next, the whole base 20a

Is renoved, and the plating |ayer 24a is separated from
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the base 20a. FIG 3B is a cross-sectional view
schematically illustrating renoval of the base 20a.
Accordi ngly, the grindstone portion 3a in which the
plating | ayer 24a containing nickel has the abrasive
grains substantially equally dispersed therein can be
formed, and the annul ar grindstone la of washer type is
achi eved.

A manuf acturing method of the annular grindstone 1b
of hub type illustrated in FIG 1B wll be next described
below. FIG 4 is a cross-sectional view schematically
illustrating a manufacturing process of the annul ar
grindstone 1b including the grindstone portion 3b and the
annul ar base 5 illustrated in FIG 1B. Simlarly to the
annul ar grindstone la, the annular grindstone 1b is
formed by electrolytic plating or the like nethods in the
plating bath 2, for exanple. In the manufacturing nethod,
a plating bath simlarly to the manufacturing method of
the annul ar grindstone la is prepared. Since a
configuration of the plating bath 2, the nickel plating
solution 16, and the additive 18 is simlar to one in the
above-descri bed manufacturing nethod of the annul ar
gri ndstone la, description thereof will be omtted here.
However, part of the base 20b connected to the negative

el ectrode of the direct-current power source 10 becones
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the annul ar base 5 supporting the grindstone portion 3b
of the annul ar grindstone 1b, a shape of the base 20b is
assunmed to be a shape corresponding to the annul ar base 5.
In addition, on a front surface of the base 20b, a mask
22b in a shape corresponding to a shape of the grindstone
portion 3b is formed. Then, in the simlar nmanner to the
manuf acturi ng net hod of the annul ar grindstone la
descri bed above, the plating |ayer is deposited on an
exposed part of the base 20b.

FIG BA is a cross-sectional view schematically
illustrating the grindstone portion formed in the
manuf acturing process illustrated in FIG 4. FIG 5Bis a
cross-sectional view schematically illustrating partia
renoval of the base, continued fromFI G 5A Part of the
base 20b is renoved to expose part of a region of the
plating |ayer 24b which is covered with the base 20b.
Note that, as illustrated in FIG 5A, the mask 22b is
renoved fromthe base 20b in advance before the base
removing step is carried out. Then, as illustrated in FIG
5B, an outer peripheral region of the base 20b on a side
where the plating |ayer 24b becom ng the grindstone
portion 3b is not formed is partially etched to thereby
expose the part of the grindstone portion 3b which is

covered with the base 20b. Accordingly, the annul ar
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gri ndstone 1b of hub type in which the grindstone portion
3b is fixed to an outer peripheral region of the annul ar
base 5 is achieved.

Herein, a relation between a contained ratio (W%
of iron in the nickel-iron alloy contained in the binding
material in the annular grindstone and a corrosion rate
of the grindstone portion of the annular grindstone w |
be described. In the present enbodinent, a plurality of
annul ar grindstones different in contained ratio of iron
in the nickel-iron alloy contained in the binding
material fromone another were fabricated, and an
experinment on corrosion of the grindstone was conducted,
thereby indicating a result of studying the relation
between the contained ratio of iron and the corrosion
rate. In the experinent, fabricated were the annul ar
gri ndstones having a contained ratio of iron in the
nickel -iron alloy of 0 wt% (conpari son exanple), 5 wt%
10 % 20 wt% 30 % 50 wt% and 60 wt% Assumi ng a
cutting step in which the annul ar grindstone was used,
each of the annul ar grindstones fabricated above was
nmounted on a cutting unit of a cutting apparatus, and the
annul ar grindstone was rotated at 30,000 rpmwhile a
cutting water containing carbon dioxide had continued to

be supplied to the annul ar grindstone for 72 hours.
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Note that, in this experinment, two kinds of cutting
water with different concentrations of carbon dioxide,
cutting water having a specific resistance value of 0.1
Mh-cm and cutting water having a specific resistance val ue
of 0.2 Mxcm were prepared to be each supplied to the
annul ar grindstone. Then, a weight of each of the annul ar
grindst ones was neasured before the two kinds of cutting
wat er were supplied and after the two kinds of cutting
wat er had been supplied for 72 hours, to thereby obtain a
reduced anount of the weight of each of the annul ar
gri ndstones. Then, when a reduced anount of the wei ght of
the annul ar grindstone having a contained ratio of iron
in the nickel-iron alloy of 0 wt% was set to 100% a
rati o of the reduced anmount of each of the annul ar
gri ndstones was cal culated as a corrosion rate (9.

Note that, in this experinment, in order to exclude
a change in weight of conponents other than the
gri ndstone portion of the annular grindstone fromthe
result of this experinent, cutting water containing
carbon di oxi de had been supplied to the annul ar base of
the annul ar grindstone for 72 hours in advance, and a
wei ght of each of the annul ar grindstones before the
experiment and a wei ght of each of the annul ar

grindstones after the experinent were neasured. Mre
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specifically, first, a weight of each of the annul ar
gri ndstones before and after the experinent was neasured
to cal cul ate a change anmobunt in weight of each of the
annul ar grindstones, and a change anmount in wei ght of
each of the grindstone portions was obtai ned by
subtracting a change anount in weight of the annul ar base
fromthe change anount in weight of each of the annul ar
gri ndstones. Then, the change anount in weight of each of
the grindstone portions was divided by the change anount
in weight of the grindstone portion according to the
conpari son exanple in which the contained anount of iron
was O w% to thereby calculate a corrosion rate (% . For
exanple, in a case in which the corrosion rate is 100%
It nmeans that the grindstone portion in this case
corrodes simlarly to the grindstone portion according to
the conparison exanple. 1In contrast, in a case in which
the corrosion rate is 0% there is confirnmed no change
amount in weight of the grindstone portion, and it neans
that the grindstone portion in this case does not corrode.
The result of the experinment will be studied bel ow
As illustrated in FIG 6, when the cutting water having a
specific resistance value of 0.2 Mcmwas supplied, the
corrosion rate of the grindstone portion having the

contained ratio of iron in the nickel-iron alloy
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contained in the binding material of 5 w%was 4.8%
Simlarly, the corrosion rate of the grindstone portion
having the contained ratio of iron in the nickel-iron
all oy contained in the binding material of 10 wt % was
7.1% In the grindstone portions each having the
contained ratio of iron in the nickel-iron alloy
contained in the binding naterial of 20 wt% 30 w% and
50 wt% no change in weight of each of the grindstone
portions before and after the experinent was confirned,
and the corrosion rate was 0.0% Further, the corrosion
rate of the grindstone portion having the contained ratio
of iron in the nickel-iron alloy contained in the binding
material of 60 wt% was 13.3% Also, as illustrated in FIG
6, when the cutting water wth the specific resistance
val ue of 0.1 Mx-cm and having hi gher corrosion effect is
supplied, the corrosion rate of the grindstone portion
havi ng the contained ratio of iron in the nickel-iron
all oy contained in the binding naterial of 5 wt% was
47.9% Simlarly, the corrosion rate of the grindstone
portion having the contained ratio of iron in the nickel -
iron alloy contained in the binding material of 10 wt %
was 6.4% In the grindstone portions each having the
contained ratio of iron in the nickel-iron alloy

contained in the binding material of 20 wt% 30 W% and
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50 wt% no change in weight of each of the grindstone
portions before and after the experinent was confirned,
and the corrosion rate was 0.0% Further, the corrosion
rate of the grindstone portion having the contained ratio
of iron in the nickel-iron alloy contained in the binding
material of 60 w% was 74. 1%

According to the result of the experinent described
above, it was confirnmed that the grindstone portion
havi ng the contained ratio of iron in the nickel-iron
all oy contained in the binding nmaterial of 5 wt% or nore
was significantly prevented from being corroded, conpared
to the grindstone portion containing no iron in the
bi nding material. Particularly, in a case in which the
contained ratio of iron in the nickel-iron alloy
contained in the binding material was increased to be 20
W % or nore and 50 wt% or less, it was confirned that the
gri ndstone portion was not corroded. |In addition, when
the contained ratio of iron in the nickel-iron all oy
contained in the binding naterial reached 60 wt% it was
confirmed that the grindstone portion was corroded. This
can be considered that, since the ratio of iron in the
ni ckel -iron alloy becane too high, rust was fornmed on the
iron in the grindstone portion, nmaking the grindstone

portions brittle. According to the experinent described
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above, it can be said that the contained ratio of iron in
the nickel-iron alloy contained in the binding materi al
is preferably in a range of 5 wt%or nore to |l ess than 60
w % nore preferably 20 wt% or nore to 50 wt % or | ess.

As descri bed above, according to this enbodi nent,
even when the cutting water in which carbon dioxide is
m xed is supplied, it is possible to provide the annul ar
gri ndstone in which corrosion of the binding material is
less likely to occur. Accordingly, a change in
performance of the annular grindstone in performng
cutting processing is reduced, and excessive consunption
of the annular grindstone is suppressed, so that a
frequency of replacenent of the annular grindstone can be
decreased. In the foregoing enbodi nent, a case in which
the grindstone portion is formed by depositing the
plating |l ayer containing the nickel-iron alloy through
el ectrolytic plating has been described; however, the
annul ar grindstone according to an aspect of the present
invention is not limted thereto. The annular grindstone
according to the aspect of the present invention nay be
formed by other nmethods. For exanple, the grindstone
portion may be forned by punching out a sheet conposed of
a nickel-iron alloy containing abrasive grains with a die

of a predeterm ned shape.
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The present invention is not Iimted to the details
of the above described preferred enbodi nent. The scope of
the invention is defined by the appended clains and al
changes and nodifications as fall within the equival ence
of the scope of the clains are therefore to be enbraced

by the invention.
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WHAT IS CLAIMED IS:

1. An annular grindstone comprising:

a grindstone portion including a binding material,
and abrasive grains which are dispersed into the binding
material to be fixed by electrodeposition to the
grindstone,

wherein the binding material contains a nickel-iron
alloy;

wherein a contained ratio of iron in the nickel-
iron alloy is in a range of 20 wt% or more to 50 wt$% or
less.

2. The annular grindstone according to claim 1,

wherein the annular grindstone comprises the
grindstone portion only.

3. The annular grindstone according to claim 1,
further comprising:

an annular base including a grip portion,

wherein the grindstone portion is exposed at an
outer peripheral edge of the annular base.

4. The annular grindstone according to claim 1,

wherein the corrosion rate of the grindstone
portion is 0% when the cutting water comprising carbon
dioxide is supplied to the grindstone.

5. A process for cutting a semiconductor wafer
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using an annular grindstone and cutting water, the
grindstone comprising:

a grindstone portion including a binding material,
and abrasive grains which are dispersed into the binding
material to be fixed by electrodeposition to the
grindstone,

wherein the binding material contains a nickel-iron
alloy;

wherein a contained ratio of iron in the nickel-
iron alloy is in a range of 20 wt% or more to 50 wt% or
less;

the process comprising:

bringing the grindstone into contact with the
semiconductor wafer;

supplying the cutter water to the grindstone,

wherein the cutter water comprises carbon dioxide.

6. The process of claim 5 wherein the cutting water
has a specific resistance value of 0.1 MQ-cm.

7. The process of claim 5 wherein the cutting water
has a specific resistance value of 0.2 MQ-cm.

8. The process of claim 5, wherein the corrosion
rate of the grindstone portion is 0% in response to the
supplying the cutting water comprising carbon dioxide to

the grindstone.
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