GRI NDI NG WHEEL AND WAFER GRI NDI NG METHOD

BACKGROUND OF THE | NVENTI ON

Field of the Invention

The present invention relates to a grindi ng whee
that includes an annul ar base and a plurality of segnent
gri ndstones di sposed on a free end portion of the annul ar
base and that grinds a wafer, and a wafer grinding nethod
of grinding the wafer by use of the grinding wheel.

Description of the Related Art

A wafer having a front surface forned with a
plurality of devices such as integrated circuits (1Cs)
and |l arge-scale integrated (LSI) circuits in regions
partitioned by a plurality of intersecting division |lines
is ground on the back side by a grinding apparatus to a
desired thickness and is then divided by a dicing
apparatus into individual device chips. The device chips
thus divided are used for electric equi pnment such as
nobi | e phones and personal conputers.

The grindi ng apparatus generally includes a chuck
tabl e that holds the wafer under suction, a grinding unit
that grinds the wafer held by the chuck table, and a
gri ndi ng wat er supply nmechani smthat supplies grinding

water to a grinding wheel constituting the grinding unit,



and can formthe wafer to a desired thickness (see, for

exanpl e, Japanese Patent Lai d-open No. 2009-246098).

SUVVARY OF THE | NVENTI ON

Incidentally, as illustrated in FIGS. 7A and 7B, a
gri ndi ng wheel 104 generally known in the related art is
mounted to a wheel nount 103 forned at a | ower end of a
rotary shaft 102, and has a structure in which a
plurality of segnent grindstones 106 are disposed in a
concentric pattern on a free end portion (|lower end
surface) 105a of an annul ar base 105. The grindi ng whee
104 is positioned such that the segnment grindstones 106
of the grinding wheel 104 rotating in the direction
i ndi cated by an arrow R2 pass through a center O of a
waf er 120 held through a protective tape 122 by a chuck
table 110 rotating in the direction indicated by an arrow
R1, thereby grinding the wafer 120 to a desired
t hi ckness.

However, in the existing configuration, all the
segnent grindstones 106 al ways pass through the center O
of the wafer 120. Accordingly, as depicted in FIG 7C, a
central region 124 (a region of approximtely 30 nmin
di aneter) of the wafer 120 having, for exanple, a

di aneter of 100 mmis ground nore (on the order of 1 to 2
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um than an outer circunferential region 126, so that the
central region 124 tends to be processed to be thinner
than the outer circunferential region 126. Particularly,
in the case where the finish thickness of the wafer 120
Is equal to or less than 50 um such thickness
variability is not negligible. Note that FIG 7B is a
di agramin which the annul ar base 105 is viewed fromthe
free end portion 105a side, that is, froma |ower end
surface side, and the position of the wafer 120 to be
ground is also represented by alternate | ong and two
short dashes |i ne.

Accordingly, it is an object of the present
i nvention to provide a grinding wheel and a wafer
grinding method with which thickness variability can be
reduced.

In accordance wth an aspect of the present
I nvention, there is provided a grinding wheel including
an annul ar base having a free end portion and a plurality
of segnent grindstones fixed on the free end portion of
the annul ar base in a state of being spaced from one
another in a circunferential direction. The plurality of
segnent grindstones are divided into a plurality of
gri ndstone groups each including a predeterm ned nunber

of segnment grindstones. Each of the segnent grindstones

3



i ncluded in each of the grindstone groups has a grinding
surface formed into a rectangul ar shape having a | ong
side and a short side. The segnent grindstones of the
grindstone group are sequentially fixed on the free end
portion of the annular base froman outer circunferentia
side toward an inner circunferential side such that
directions in which the Iong sides of the segnent
gri ndstones extend are changed fromthe circunferentia
direction to a dianetric direction of the free end
portion.

In accordance with anot her aspect of the present
i nvention, there is provided a wafer grinding nethod
using a grinding wheel that includes an annul ar base
having a free end portion and a plurality of segnent
grindstones fixed on the free end portion of the annul ar
base in a state of being spaced fromone another in a
circunferential direction. The plurality of segnent
grindstones are divided into a plurality of grindstone
groups each including a predeterm ned nunber of segnent
gri ndstones. Each of the segnent grindstones included in
each of the grindstone groups has a grinding surface
formed into a rectangul ar shape having a | ong side and a
short side. The segnent grindstones of the grindstone

group are sequentially fixed on the free end portion of
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t he annul ar base froman outer circunferential side
toward an inner circunferential side such that directions
in which the Iong sides of the segnent grindstones extend
are changed fromthe circunferential direction to a
dianetric direction of the free end portion. The wafer
gri ndi ng nethod includes a holding step of holding a
waf er by a rotatable chuck table while a center of the
wafer is positioned at a rotational center of the chuck
table; a positioning step of rotating the grindi ng whee
in a direction extending fromthe segnent grindstone on
the outer circunferential side whose |long side is

di sposed along the circunferential direction, to the
segnent grindstone on the inner circunferential side
whose long side is disposed along the dianetric
direction, the segnent grindstone on the outer
circunferential side and the segnent grindstone on the
inner circunferential side being included in the sane

gri ndstone group, and positioning the grinding wheel such
that the segnent grindstone on an outernost
circunferential side passes through the center of the
wafer; and a grinding step of bringing the segnent

gri ndstones of the rotating grinding wheel into contact
with the wafer held by the rotating chuck table, to grind

the wafer while grinding water is supplied froma centra
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portion of the grinding wheel, after the positioning step
is carried out.

According to the grinding wheel of the present
I nvention, the segnent grindstones that pass through the
center of the wafer at the tinme of grinding are
restricted, the tendency of the central region of the
waf er bei ng processed to be thinner than the outer
circunferential region is restrained, and the problem
that thickness variability is not negligible as the
finish thickness of the wafer is equal to or less than 50
umis sol ved.

According to the wafer grinding nmethod of the
present invention, the tendency of the central region of
the waf er being processed to be thinner than the outer
circunferential region is restrained, and the problem
that thickness variability is not negligible as the
finish thickness of the wafer is equal to or |less than 50
umis solved. In addition, since the grindstone groups
are arranged in an inpeller form when grinding water is
supplied froma central portion of the grindi ng wheel,
the grindstone groups function as centrifugal punps, so
that the grinding water can efficiently be di scharged
toward the outside. Therefore, grinding efficiency can be

enhanced.



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 will 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 1 is a general perspective view of a grinding
apparatus accordi ng to an enbodi nent of the present
I nvention;

FIG 2A is a perspective view of a grinding wheel
of the present enbodi nent;

FIG 2B is a plan view, as viewed froma | ower
side, of the grinding wheel depicted in FIG 2A

FIG 2Cis an enlarged view of a region A depicted
in FIG 2B;

FIG 3 is a perspective view depicting a wafer as a
wor kpi ece, a protective tape, and an attachi ng manner;

FIG 4 is a perspective view depicting an exanpl e
of a holding step of the present enbodi nent;

FIG 5 is a perspective view depicting an exanple

of a positioning step of the present enbodi nent;



FIG 6A is a perspective view depicting an exanpl e
of a grinding step of the present enbodi nent;

FIG 6B is a plan view, as viewed froma | ower
side, of the grinding wheel in the grinding step;

FIG 7A is a perspective view depicting an exanpl e
of a grinding step carried out by a grinding whee
according to the related art;

FIG 7B is a plan view, as viewed froma | ower
side, of the grinding wheel in the grinding step
according to the related art; and

FIG 7Cis a sectional view of a wafer to which the
grinding step according to the related art has been

appl i ed.

DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBCDI MENT

Accordi ng to an enbodi nent of the present
I nvention, a grinding wheel and a wafer grinding nethod
carried out by using the grinding wheel will be described
in detail below referring to the attached draw ngs.

FIG 1 depicts a general perspective view of a
grindi ng apparatus 1 adopting the grinding wheel of the
present enbodi mnent. The grinding apparatus 1 includes an
apparatus housing 2, a wall section 3 erected on the

apparatus housing 2, a grinding unit 4 that grinds a
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wor kpi ece, a lift mechanism5 that is disposed on a front
side of the wall section 3 and lifts the grinding unit 4
upward and downward, and a table unit 6 having a chuck
table 61 that hol ds the workpiece.

The grinding unit 4 includes a rotary shaft 42
rotationally driven by an electric notor 41, a whee
nmount 43 disposed at a lower end of the rotary shaft 42,
and a grinding wheel 44 nmounted on a | ower surface of the
wheel nount 43. Ginding water L supplied froma grinding
wat er supply nechanism (not illustrated) is introduced
froman upper end portion 42a of the rotary shaft 42 and
iIs supplied to a central part on the free end portion
side of the grinding wheel 44 through the rotary shaft
42.

The table unit 6 includes the chuck table 61 and a
cover plate 62. The chuck table 61 includes a disk-shaped
suction chuck 6la and a frame body 61b surroundi ng the
suction chuck 6l1la, as illustrated in FIG 1, and is
configured to be rotatable by a rotational drive source
(not illustrated). The cover plate 62 causes the chuck
table 61 to protrude upward and covers the surroundi ng of
the chuck table 61. The table unit 6 includes a
conveyi ng-in/out region (the region where the chuck table

61 is located in FIG 1) which is held by a noving base
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(not illustrated) acconmodated in the apparatus housing 2
and at which the workpiece is conveyed in and out by
novi ng the chuck table 61 in the direction indicated by
an arrow Y. The table unit 6 al so includes noving neans
(not illustrated) that positions the table unit 6 in a
grinding region on the lower side of the grinding unit 4.

FIGS. 2A to 2Cillustrate the grinding wheel 44 of
the present enbodi nent that is detached fromthe whee
nmount 43 of the abovenentioned grinding unit 4. As
depicted in FIG 2A, the grinding wheel 44 includes an
annul ar base 45 and a plurality of segnent grindstones
46. An upper surface 45a of the annul ar base 45 is forned
wi th screw holes 45b to be used when the annul ar base 45
I's mounted to the wheel nmount 43, and the plurality of
segnent grindstones 46 are di sposed at a free end portion
45c which is a lower end surface of the annul ar base 45.
FIG 2B depicts a plan view of the annul ar base 45 as
viewed fromthe free end portion 45c side, and FIG 2C
depi cts an enlarged view of a region A depicted in FIG
2B.

As depicted in FIGS. 2B and 2C, in the present
enbodi nent, eight segnent grindstones 46a to 46h are
sequentially disposed in an inpeller formin the

circunferential direction (indicated by an arrow D1) of
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the free end portion 45c to forma grindstone group 50,
and a plurality of grindstone groups 50 simlar to the
abovenenti oned grindstone group 50 are di sposed al ong the
circunferential direction of the free end portion 45c of
t he annul ar base 45.

As depicted in FIG 2C, each of the segnent
grindstones 46a to 46h has a grinding surface forned into
a rectangul ar shape having a short side 461 and a | ong
side 462. The segnent grindstones 46a to 46h are di sposed
such that their positions are varied fromthe outer
circunference to the inner circunference of the free end
portion 45c of the annul ar base 45, towards the direction
in which the grinding wheel 44 is rotated at the tine of
grinding (the sane direction as the direction indicated
by the circunferential direction D1 illustrated in FIG
2C). Al so, the segnment grindstones 46a to 46h are
sequentially di sposed such that the direction in which
the long side 462 of each segnment grindstone extends is
gradual |y changed fromthe direction along the
circunferential direction D1 to a dianetric direction D2
orthogonal to the circunferential direction D1. As a
result, when the grindstone group 50 including the
segnent grindstones 46a to 46h is treated as one unit, it

has the shape of what is called an inpeller, as indicated
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by alternate | ong and short dash I|ine.

The grinding apparatus 1 of the present enbodi nent
generally has the configuration descri bed above. The
operation and effect of the abovenentioned grindi ng whee
44 and the wafer grinding nethod using the grinding whee
44 wi ||l be described bel ow.

First, when carrying out the wafer grinding nethod
of the present enbodinment, a wafer 10 as a workpiece is
prepared as depicted in FIG 3. The wafer 10 is, for
exanple, a silicon wafer having a dianmeter of 100 nmm
with a plurality of devices 12 formed on a front surface
10a in regions partitioned by division lines 14. Wen
such a wafer 10 is prepared, a protective tape T is
integrally attached to the front surface 10a, as
illustrated in FIG 3.

Wien the wafer 10 is prepared as above, the
prepared wafer 10 is conveyed to the grinding apparatus 1
described in FIG 1, and as depicted in FIG 4, the wafer
10 is nounted and held on the chuck table 61 with a
center 2 of the wafer 10 positioned at a rotationa
center OL of the chuck table 61, in a state in which a
back surface 10b of the wafer 10 is directed upward and
the protective tape T is directed downward (hol di ng

step).
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Next, as illustrated in FIG 5, the grindi ng whee
44 is rotated in a direction extending fromthe side of
the segnment grindstone 46a having the | ong sides 462
di sposed along the circunferential direction DL to the
side of the segnent grindstone 46h (also see FIG 20
having the | ong sides 462 di sposed al ong the dianetric
direction D2, that is, in the direction indicated by an
arrow R3 in FIG 5. At the sane tine, the noving nmeans
(not illustrated) is operated to nove the chuck table 61,
t hereby positioning the grinding wheel 44 such that the
segnent grindstone 46a di sposed on the outer
ci rcunference side passes through the center @2 of the
waf er 10 (positioning step).

Subsequently, as depicted in FIG 6A, the chuck
table 61 is rotated in the direction indicated by R4. At
the same tinme, the |ift nmechanism5 described in FIG 1
Is operated to lower the grinding unit 4 in the direction
i ndicated by an arrow R5, thereby bringing the grindstone
groups 50 of the grinding wheel 44 into contact with the
back surface 10b of the wafer 10. Then, while the
t hi ckness of the wafer 10 is neasured by thickness
detection neans (not illustrated), the wafer 10 i s ground
to a desired thickness (for exanple, 50 un). In this

i nstance, as depicted in FIG 6B, a grinding water supply
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hole 42b as a lower end of the rotary shaft 42 is |ocated
at a central portion of the free end portion 45c of the
gri ndi ng wheel 44, and grinding water L is supplied from
the grinding water supply hole 42b. The grinding water L
Is introduced to a grinding part where the grindstone
groups 50 including the segnent grindstones 46 are bought
into contact with the back surface 10b of the wafer 10,
by a centrifugal force (grinding step).

In the abovenentioned grindi ng step, as understood
fromFIG 6B, with regard to the segnment grindstones 46a
to 46h included in the grindstone groups 50 di sposed on
the annul ar base 45 of the grinding wheel 44, only the
segnent grindstones 46a di sposed on the outernopst
circunferential side pass through the center Q2 of the
waf er 10, and the novenents of the segment grindstones
46b to 46h di sposed ot her positions (on the inner
circunferential side of the annul ar base 45) are
restricted so as not to pass through the center 2 of the
wafer 10. As a result, the central region of the back
surface 10b of the wafer 10 is restrained from bei ng
processed to be thinner than the outer circunferentia
region, and the problemthat the thickness variability is
not negligible as the finish thickness of the wafer 10

becones equal to or less than 50 umis sol ved.
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Note that the present invention is not limted to
the case where only the segnent grindstones 46a di sposed
on the outernost circunferential side anong the segnent
grindstones 46a to 46h passes through the center Q2 of
the wafer 10 as described above, and in addition to the
segnent grindstones 46a, the segnent grindstones 46b
di sposed at adjacent positions nmay al so pass through the
center 2 of the wafer 10. In the present invention, it
is inportant not to allow all of the segnent grindstones
46a to 46h form ng the grindstone groups 50 to pass
through the center 2 of the wafer 10, but allow only
some of the segnent grindstones to pass through the
center @2 of the wafer 10.

Further, as described above, the grindstone group
50 of the present enbodi ment includes the plurality of
segnment grindstones 46a to 46h and has an inpeller form
as a whole, and a plurality of grindstone groups 50 are
di sposed in the circunferential direction. Wth such a
configuration, as depicted in FIG 6B, the grinding water
L supplied froma central portion of the grinding whee
44 of the grinding unit 4 is introduced to the grinding
part on the outer circunferential side by a centrifuga
force, and the plurality of grindstone groups 50 in the

inmpeller formfunctions as centrifugal punps, so that the
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grinding water L is efficiently discharged fromthe
inside to the outside of the grinding wheel 44.
Therefore, grinding efficiency can be enhanced.

The present invention is not [imted 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. A grinding wheel comprising:

an annular base having a free end portion; and

a plurality of segment grindstones fixed on the
free end portion of the annular base in a state of being
spaced from one another in a circumferential direction,

wherein the plurality of segment grindstones are
divided into a plurality of grindstone groups each
including a predetermined number of segment grindstones,

each of the segment grindstones included in each of
the grindstone groups has a grinding surface formed into
a rectangular shape having a long side and a short side,
and

the segment grindstones of each of the grindstone
groups are sequentially fixed on the free end portion of
the annular base from an outer circumferential side
toward an inner circumferential side such that directions
in which the long sides of the segment grindstones extend
are changed from the circumferential direction to a
diametric direction of the free end portion,

the segment grindstone on the outer
circumferential side and the segment grindstone on the
inner circumferential side being included in a same

grindstone group, and
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wherein the grinding wheel is configured to be
used in a wafer grinding method.

2. The grinding wheel according to claim 1,
wherein the segment grindstones are sequentially disposed
in an impeller form in the circumferential direction of
the free end portion to form each of the grindstone
groups.

3. A wafer grinding method using a grinding wheel
that includes an annular base having a free end portion
and a plurality of segment grindstones fixed on the free
end portion of the annular base in a state of being
spaced from one another in a circumferential direction,
the plurality of segment grindstones being divided into a
plurality of grindstone groups each including a
predetermined number of segment grindstones, each of the
segment grindstones included in each of the grindstone
groups having a grinding surface formed into a
rectangular shape having a long side and a short side,
the segment grindstones of the grindstone group being
sequentially fixed on the free end portion of the annular
base from an outer circumferential side toward an inner
circumferential side such that directions in which the
long sides of the segment grindstones extend are changed

from the circumferential direction to a diametric
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direction of the free end portion,

the wafer grinding method comprising:

a holding step of holding a wafer by a rotatable
chuck table while a center of the wafer is positioned at
a rotational center of the chuck table;

a positioning step of rotating the grinding wheel
in a direction extending from the segment grindstone on
the outer circumferential side whose long side is
disposed along the circumferential direction, to the
segment grindstone on the inner circumferential side
whose long side is disposed along the diametric
direction, the segment grindstone on the outer
circumferential side and the segment grindstone on the
inner circumferential side being included in a same
grindstone group, and positioning the grinding wheel such
that the segment grindstone on an outermost
circumferential side passes through the center of the
wafer; and

a grinding step of bringing the segment grindstones
of the rotating grinding wheel into contact with the
wafer held by the rotating chuck table, to grind the
wafer while grinding water is supplied from a central
portion of the grinding wheel, after the positioning step

is carried out.
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4. The wafer grinding method according to claim 3,
wherein the segment grindstones are sequentially disposed
in an impeller form in the circumferential direction of
the free end portion to form each of the grindstone
groups.

5. The wafer grinding method according to claim 3,
wherein

in the grinding step, the grinding water is
introduced to a grinding part where the grindstone groups
including the segment grindstones are brought into
contact with a back surface of a wafer, by a centrifugal
force.

6. The wafer grinding method according to claim 5,

wherein

in the grinding step, the grinding water is
introduced to the grinding part on the outer
circumferential side by the centrifugal force, and the
plurality of grindstone groups in the impeller form
functions as centrifugal pumps, to discharge the grinding
water from the inside to the outside of the grinding
wheel.

7. The wafer grinding method according to any one
of claims 3 to 6,

wherein in the positioning step, not all, but only
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some of the segment grindstones forming each of the
grindstone groups are allowed to pass through the center
of the wafer.
8. The wafer grinding method according to claim 7,
wherein in the positioning step, the segment
grindstone disposed at an adjacent position to the
segment grindstone on the outermost circumferential side

also passes through the center of the wafer.
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