WORKPI ECE GRI NDI NG METHCD

BACKGROUND OF THE | NVENTI ON

Field of the Invention

The present invention relates to a workpiec
grinding method of grinding the workpiece to reduce
thickness thereof.

Description of the Related Art

There has been a grinding technique in whic
semiconductor wafer and an optical device wafer usi
such as a sapphire or an SiC substrate are thinned
grinding stone, but it is difficult to grind the op
device wafer due to its hardness. More specificall
if the optical device wafer is protected with an ad
tape for back grinding, a processing load in grindi
causes the optical device wafer to sink into the ad
tape, thereby causing of a grinding defect of the
workpiece, such as breaking, cracking, chipping, or
like during grinding and thinning. To prevent this
there is a processing method in which an adhesive s
a wax to be cured is applied to a support substrate

formed of a ceramic or a glass to fix a workpiece t

support substrate so as to prevent breakage of the

workpiece, even if a grinding load is applied, sinc
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workpiece is fixed to the hard support substrate (s
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SUMVARY OF THE | NVENTI ON

However, when the thinned workpiece has a t
of 100 um or less, a warp of the workpiece occurs m
greatly, an outer peripheral portion of the workpie
separated from the support substrate during grindin
thereby causing a grinding defect of the workpiece,
as breaking, cracking, chipping, or the like. Also
case of using an adhesive having hardness enough th
separation of the outer peripheral portion of the
workpiece occur during grinding, and strong adhesiv
force, a defect of the workpiece such as breaking o
in a peeling step of peeling off the workpiece from
support substrate after grinding and thinning the
workpiece.

It is therefore an object of the present in

to provide a workpiece grinding method in which

separation of an outer peripheral portion of the
workpiece is prevented from occurring during grindi

the workpiece can be easily peeled off from a suppo
substrate in peeling off the thinned workpiece from

support substrate.
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In accordance with an aspect of the present
invention, there is provided a workpiece grinding m
of grinding a back surface of a workpiece with a gr
stone, the workpiece having a front surface on whic
of devices are formed in each of regions partitione
along a plurality of division lines formed in a lat
The workpiece grinding method includes: a first sur
protection step of covering the regions of the fron
surface of the workpiece in which the devices are f
with a workpiece protective member; a second surfac
protection step of covering a front surface of a su
substrate with a support substrate protective membe
workpiece unit formation step of attaching a side o
workpiece protective member which covers the region
the front surface of the workpiece in which the dev
are formed and a side of the support substrate prot
member which covers the front surface of the suppor
substrate with an adhesive, and by pressing the wor
against the support substrate, causing the adhesive
spread over a side surface of an outer peripheral p
of the workpiece and to fix the side surface of the
peripheral portion to the support substrate, and fo
a workpiece unit; a grinding step of holding the su

substrate of the workpiece unit on a holding face o
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chuck table, grinding the back surface of the workp iece
with a grinding stone which rotates by a rotation s haft

orthogonal to the holding face, and thinning the

workpiece to a flexible thickness; a first peeling step
of peeling off the workpiece after the grinding ste p is
performed, the workpiece protective member, the adh esive,
and the support substrate protective member as one unit
from the support substrate in such a manner to turn them

over; and a second peeling step of peeling off the

workpiece protective member, the adhesive, and the

support substrate protective member as one unit fro m the
workpiece, after the first peeling step is performe d. The
side surface of the outer peripheral portion of the

workpiece is supported with the adhesive to prevent the
outer peripheral portion of the workpiece from peel ing

off from the support substrate due to a warp of the

workpiece.

It is preferable that the workpiece protect ive
member and the support substrate protective member be
adhesive tapes. Also, it is preferable that the ad hesive

be a liquid resin which is cured by heating or
ultraviolet (UV) irradiation.
It is preferable that the workpiece be a sap phire

wafer. Also, it is preferable that a thickness of the
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workpiece after the grinding step is performed be 1
or less.

According to the workpiece grinding method
present invention, during grinding the workpiece, t
side surface of the outer peripheral portion of the
workpiece is strongly fixed to the support substrat
the adhesive, so that the outer peripheral portion
workpiece can be prevented from peeling off from th
support substrate, and a grinding defect such as br
cracking, or chipping of the workpiece can be preve
from occurring.

In addition, according to the present inven
since the adhesive only fixes the side surface of t
outer peripheral portion of the workpiece and the
adhesive is not in contact with the front surface o
support substrate and the front surface of the work
it is possible to easily peel off the support subst
protective member from the support substrate in the
peeing step, and to easily peel off the workpiece
protective member from the front surface of the wor
in the second peeing step.

In a case where the workpiece protective me
the support substrate protective member are each fo

of an adhesive tape, it is possible to easily perfo
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first peeling step and the second peeling step. Al
a case where the adhesive is formed of a liquid res
which is cured by heating or a UV irradiation, it i
possible to cause the adhesive to efficiently sprea
the side surface of the outer peripheral portion of
workpiece in performing the workpiece unit formatio

In a case where the workpiece is a sapphire
a warp of the outer peripheral portion after thinni
tends to become great. According to the present in
however, since the side surface of the outer periph
portion of the workpiece is strongly fixed to the s
substrate with the adhesive, it is possible to favo
grind even a workpiece of a hard material. Moreove
case where a thickness of the workpiece after
grinding step is performed is set to 100 um or less

warp of the outer peripheral portion after thinning

likely to occur. However, according to the present

invention, it is possible to grind the workpiece to
desired thickness while preventing the warp of the

peripheral portion after thinning.

The above and other objects, features and

advantages of the present invention and the manner
realizing them will become more apparent, and

invention itself will best be understood from a stu
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the following description and appended claims with
reference to the attached drawings showing a prefer

embodiment of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG. 1 is a perspective view illustrating a
surface protection step;

FIG. 2 is a perspective view illustrating a
surface protection step;

FIG. 3A is a perspective view illustrating
workpiece unit formation step;

FIG. 3B is a perspective view illustrating
configuration of a workpiece unit;

FIG. 4 is a sectional view illustrating the
configuration of the workpiece unit;

FIG. 5 is a sectional view illustrating a g
step;

FIG. 6 is a partial enlarged sectional view
illustrating the workpiece unit in a state where th
workpiece unit is thinned after being subjected to
grinding;

FIG. 7 is a sectional view illustrating a f
peeling step; and

FIG. 8 is a perspective view illustrating a
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peeling step.

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT

A workpiece W illustrated in FIG. 1 is prov
with a substrate in a circular-plate shape and has
front surface Wa in which each of devices D are for
each of regions partitioned along a plurality of di
lines S formed in a lattice. A back surface Wb opp
to the front surface Wa of the workpiece W is a sur
to be processed by grinding with a grinding stone,
example. The workpiece W illustrated in the presen
embodiment is formed of a sapphire wafer, for examp
thickness of the workpiece W before grinding is, al
not particularly limited, 700 pm, for example. A
workpiece grinding method of grinding the back surf
of the workpiece W will be described below.

(1) First Surface Protection Step

As illustrated in FIG. 1, each of the regio

the front surface Wa of the workpiece W in which ea

the devices D is formed is covered with a workpiece

protective member 1. The workpiece protective memb
illustrated in the present embodiment has an adhesi
property and substantially the same size in diamete

the workpiece W. Also, the workpiece protective me
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is an adhesive tape in which a sticking layer (adhe sive
layer) is laminated over a base material including
polyolefin or polyvinyl chloride, for example. By
attaching the workpiece protective member 1 to the front
surface Wa of the workpiece W to cover the entire f ront
surface Wa, each of the devices D is protected.

(2) Second Surface Protection Step

As illustrated in FIG. 2, a front surface 1 1 of a
support substrate 10 is covered with a support subs trate

protective member 2. The support substrate 10 is a

support substrate for supporting the workpiece W fo r
reinforcement during grinding and formed of a glass or a
ceramic, for example. The support substrate protec tive
member 2 is formed of an adhesive tape similar to t he
workpiece protective member 1, although not particu larly
limited. By attaching the support substrate protec tive
member 2 to the front surface 11 of the support sub strate

10 to cover the entire front surface 11, the front

surface 11 is protected. Note that the support sub strate
10 and the support substrate protective member 2 ha ve
diameters larger than an outer diameter of the work piece
W.

In the present embodiment, the first surfac e
protection step is performed before the second surf ace



protection step is performed, but it is not limited
this case. For example, the first surface protecti
and the second surface protection step may be perfo
at the same time. Alternatively, the second surfac
protection step may be performed before first surfa
protection step is performed.

(3) Workpiece Unit Formation Step

As illustrated in FIG. 3A and FIG. 3B, the
workpiece W and the support substrate 10 are adhere
fixed with an adhesive 3. The adhesive 3 is prefer
made of a liquid resin which is cured by heating or
irradiation. In an example illustrated in FIG. 3A,
adhesive 3 before curing may be in advance applied
the support substrate protective member 2 attached
front surface 11 of the support substrate 10.

Also, in order to prevent separation of the
workpiece W and the support substrate 10 during gri
of the workpiece W to be described later, it is pre
to select a resin having much greater hardness and
higher viscosity for the adhesive 3 to be used. Th
adhesive 3 illustrated in the present embodiment is
assumed to be composed of a product by TESK CO., LT
The adhesive

(part number: B-1014B), for example.

mentioned above is an epoxy resin having a thermose
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property which is cured through a heat treatment at
or more.
As llustrated in FIG. 3A, the workpiece W

arranged upside down in such a manner that the fron

surface Wa of the workpiece W faces downward, and

accordingly, a side of the workpiece protective mem
which covers the regions of the front surface Wa of
workpiece W in which the devices D are formed faces
side of the support substrate protective member 2 w
covers the front surface 11 of the support substrat
Then, the workpiece W is moved in a direction of
approaching the adhesive 3 applied onto the support
substrate 10. Subsequently, as illustrated in FIG.
the workpiece W is pushed against the adhesive 3 to
attach the side the workpiece protective member 1 a
side of the support substrate protective member 2 w
the adhesive 3.

In this case, by pushing the workpiece W do
the adhesive 3 extends outward in a radial directio
as illustrated in FIG. 4, the adhesive 3 is caused
protrude outward between an outer peripheral portio
of the workpiece protective member 1 and an outer
peripheral side of the support substrate protective

member 2 and spread over a side surface Wc of an ou
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peripheral portion C of the workpiece W to cover th
surface Wc. The adhesive 3 before curing is in a |
state, so that pressing the workpiece W can make th
adhesive 3 spread over the side surface Wc of the o
peripheral portion C efficiently. In this state, f
example, the adhesive 3 is subjected to heating at,
example, 100°C or more, by use of heating means suc
heater, thereby curing the adhesive 3. As a result
curing the adhesive 3, the workpiece W and the supp
substrate 10 can be fixed to form a workpiece unit
the workpiece unit 4, the side surface Wc of the ou
peripheral portion C of the workpiece W is strongly
to the support substrate 10 by the cured adhesive 3
the outer peripheral portion C of the workpiece W i
state of being hard to separate from the support
substrate 10. In a case where the adhesive 3 is fo
a UV curable resin, for example, an external stimul
such as UV irradiation is applied to the adhesive 3
use of a UV lamp, thereby curing the adhesive 3.

(4) Grinding Step

After performing the workpiece unit formati
as illustrated in FIG. 5, the workpiece unit 4 is h
a holding face 21 of a chuck table 20, and grinding

30 disposed on an upper side of the chuck table 20
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the back surface Wb of the workpiece W. The grindi
means 30 includes a rotation shaft 31 having a shaf
center extending in a vertical direction orthogonal
the holding face 21, a grinding wheel 33 mounted to
lower end of the rotation shaft 31 through a mount
and a grinding stone 34 fixedly attached to a lower
portion of the grinding wheel 33 in a ring shape.
grinding means 30 has lifting means (not illustrate
connected thereto, and the lifting means can entire
lift the grinding means 30 up and down in the verti
direction while rotating the grinding wheel 33.

In a case of grinding the workpiece W, a si
the support substrate 10 of the workpiece unit 4 is
on the holding face 21 of the chuck table 20 such t
the back surface Wb of the workpiece W is exposed u
and the chuck table 20 is rotated, for example, in

direction of an arrow R. Subsequently, the grindin

30 lowers the grinding wheel 33 at a predetermined

grinding feeding speed while rotating the grinding

33 in the direction of the arrow R, for example, an
while pressing the back surface Wb of the workpiece
with the grinding stone 34 which rotates, grinds an
thins the back surface Wb of the workpiece W so as

reach a flexible thickness T illustrated in FIG. 6.
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flexible thickness T illustrated in the present
embodiment is a thickness in which a warp occurs in
outer peripheral portion C of the workpiece W, whil
the same time, meaning a predetermined finished thi
The flexible thickness T is preferably set to 100 p
less, for example, and is assumed to set to 50 um o
for example, in the present embodiment.

During grinding the workpiece W, when the t
of the workpiece W is thinned to 100 pm or less, th
workpiece W is curved in a direction (upward direct
in which the outer peripheral portion C of the work
W is separated from the support substrate 10, and a
is likely to occur. However, since the side surfac
the outer peripheral portion C of the workpiece W i
strongly fixed to the support substrate 10 with the
adhesive 3, it is possible to prevent the warp of t
outer peripheral portion C from occurring, so that
separation of the outer peripheral portion C from t
support substrate 10 during grinding can be prevent
Then, at the time of thinning the workpiece W to th
flexible thickness T by the grinding operation, the
grinding step ends.

(5) First Peeling Step

After the grinding step is performed, as
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illustrated in FIG. 7, for example, a peeling tape

higher adhesive force than the support substrate

protective member 2 is attached to an outer periphe

edge portion 2a of the support substrate protective

member 2 adhered to the support substrate 10 and

projecting outward from the side surface Wc of the

peripheral portion C of the workpiece W to pull the

peeling tape up, and accordingly, the workpiece W,
workpiece protective member 1, the adhesive 3, and
support substrate protective member 2 are peeled of
the support substrate 10 as one unit in such a mann
turn them over. In this manner, it is possible to
separate the support substrate protective member 2
the front surface 11 of the support substrate 10 an
lift up the side of the outer peripheral portion C
workpiece W. Thus, by separating the support subst
protective member from the entire front surface 11
support substrate 10, the workpiece W is fully peel
from the support substrate 10.

(6) Second Peeling Step

After the first peeling step is performed,
illustrated in FIG. 8, the workpiece W is reversed,
that the front surface Wa of the workpiece W faces

A peeling operation in the second peeling step may
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carried out in an operation similar to the first pe
step. More specifically, for example, a peeling ta
having higher adhesive force than the workpiece
protective member 1 is attached to the outer periph
edge portion 2a of the support substrate protective
member 2 to pull the peeling tape up, and according
the workpiece protective member 1, the adhesive 3,
the support substrate protective member 2 are peele
from the front surface Wa of the workpiece W as one
in such a manner to turn them over. At this time,
only the workpiece protective member 1 is attached
surface Wa of the workpiece W, it is possible to ea
separate the workpiece protective member 1 from the
surface Wa of the workpiece W. Thus, by separating
workpiece protective member 1 from the entire front
surface Wa of the workpiece W, the entire front sur
Wa of the workpiece W can be exposed. In this mann
workpiece W having favorable processing accuracy ca
obtained.

As described above, the workpiece grinding
according to the present invention includes the fir
surface protection step of covering the regions of

front surface Wa of the workpiece W in which the de

D are formed, with the workpiece protective member
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second surface protection step of covering the fron

surface 11 of the support substrate 10 with the sup

substrate protective member 2, the workpiece unit

formation step of attaching the side of the workpie
protective member 1 which covers the regions of the
surface Wa of the workpiece W in which the devices
formed and the side of the support substrate protec
member 2 which covers the front surface 11 of the s
substrate 10 with the adhesive 3, and by pressing t
workpiece W against the support substrate 10, causi
adhesive 3 to spread over the side surface Wc of th
outer peripheral portion C of the workpiece W and t

the side surface Wc of the outer peripheral portion

the workpiece W to the support substrate 10, and fo

the workpiece unit 4, the grinding step of thinning
workpiece W to the flexible thickness T, the first
peeling step of peeling off the workpiece W after
thinning, the workpiece protective member 1, the ad

3, and the support substrate protective member 2 as
unit from the support substrate 10 in such a manner
turn them over, and the second peeling step of peel
off the workpiece protective member 1, the adhesive
and the support substrate protective member 2 as on

from the workpiece W. Accordingly, the side surfac
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the outer peripheral portion C of the workpiece W i S
strongly fixed to the support substrate 10 with the
adhesive 3 during grinding of the workpiece W. As a
result, the outer peripheral portion C of the workp iece W
can be prevented from peeling off from the support
substrate 10, and a grinding defect such as breakin g,
cracking, or chipping of the workpiece W can be pre vented
from occurring.

In addition, in the present invention, the side

surface Wc of the outer peripheral portion C of the

workpiece W is only fixed with the adhesive 3, and the
adhesive 3 is not in contact with the front surface 11 of
the support substrate 10 and the front surface Wa o f the
workpiece  W. Accordingly, the support substrate

protective member 2 can be easily peeled off from t he
support substrate 10 in the first peeling step, and the
workpiece protective member 1 can be easily peeled off

from the front surface Wa of the workpiece W in the

second peeling step.

The present invention is not limited to the details
of the above described preferred embodiment. The s cope of
the invention is defined by the appended claims and all
changes and modifications as fall within the equiva lence
of the scope of the claims are therefore to be embr aced
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by the invention.
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WHAT | S CLAIMED | S:

1. A workpiece grinding method of grinding
surface of a workpiece with a grinding stone, the
workpiece having a front surface on which each of d
is formed in each of regions partitioned along a
plurality of division lines formed in a lattice, th
method comprising:

a first surface protection step of covering
regions of the front surface of the workpiece in wh
the devices are formed, with a workpiece protective
member;

a second surface protection step of coverin
front surface of a support substrate with a support
substrate protective member;

a workpiece unit formation step of attachin
of the workpiece protective member which covers the
regions of the front surface of the workpiece in wh
the devices are formed and a side of the support
substrate protective member which covers the front
surface of the support substrate with an adhesive,
pressing the workpiece against the support substrat
causing the adhesive to spread over a side surface
outer peripheral portion of the workpiece and to fi

side surface of the outer peripheral portion to the
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support substrate, and forming a workpiece unit;

a grinding step of holding the support subs
the workpiece unit on a holding face of a chuck tab
grinding the back surface of the workpiece with a
grinding stone which rotates by a rotation shaft
orthogonal to the holding face, and thinning the
workpiece to a flexible thickness;

a first peeling step of peeling off the wor
after the grinding step is performed, the workpiece
protective member, the adhesive, and the support
substrate protective member as one unit from the su
substrate in such a manner to turn them over; and

a second peeling step of peeling off the wo
protective member, the adhesive, and the support
substrate protective member as one unit from the
workpiece, after the first peeling step is performe

wherein the side surface of the outer perip
portion of the workpiece is supported with the adhe
to prevent the outer peripheral portion of the work
from peeling off from the support substrate due to
of the workpiece.

2. The workpiece grinding method according
claim 1,

wherein the workpiece protective member and

21

trate of

le,

kpiece

pport

rkpiece

heral
sive
piece

a warp

to

the



support substrate protective member are adhesive ta

3. The workpiece grinding method according
1,

wherein the adhesive is a liquid resin whic
cured by heating or ultraviolet irradiation.

4. The workpiece grinding method according
claim 1,

wherein the workpiece is a sapphire wafer.

5. The workpiece grinding method according
claim 4,

wherein a thickness of the workpiece after

grinding step is performed is 100 um or less.
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