PROCESSI NG METHOD OF WAFER

BACKGROUND OF THE | NVENTI ON

Field of the Invention

The present invention relates to a processi ng
method of a wafer.

Description of the Related Art

Semiconductor device chips are manufactured by

thinning a wafer in which a plurality of devices is

formed in a front surface of a substrate of silicon or

the like and dividing the same into individual chip s. To
avoid damage during transfer, the wafer has a chamf ered
round shape at its outer peripheral edge. If, howe ver,
the wafer is ground from a side of its back surface where
no devices are formed, to thin the same to an extre mely
small thickness of 50 um or smaller, the outer peri pheral
edge of the round shape is changed into what is gen erally
called a knife edge and remains as a sharp edge, so that

the outer peripheral edge becomes prone to chipping

Hence, what are generally called edge trimm ing
techniques have been developed to cut off a rounded edge
of a wafer along its outer peripheral edge on a sid e of
its device-bearing surface (see, for example, JP 20 00-
173961A). These edge trimming techniques can suppr ess the



occurrence of edge chipping even if wafers are grou nd

thin.
SUVVARY OF THE | NVENTI ON
According to the edge trimming technique di sclosed
in JP 2000-173961A, however, a stepped portion rema ins in
an edge and chips off during the grinding, so that off-
cuts occur as large annular pieces. These off-cuts build
in a drain case or the like of a cutting machine, a nd a

problem that needs periodical cleaning now remains

unsolved.
The present invention therefore has as an o bject
thereof the provision of a processing method of a w afer

(hereinafter may also be referred to as a “wafer

processing method”), which can reduce the size of o ff-

cuts that occur when an edge-trimmed wafer is groun d.
In accordance with an aspect of the present

invention, there is provided a processing method of a

wafer which has on a front surface thereof a device

region with a plurality of devices formed therein a nd an
outer peripheral surplus region surrounding the dev ice
region and which has a chamfered portion at an oute r

periphery thereof, by grinding the wafer at a back

surface thereof to thin the wafer to a finish thick ness.



The processing method includes a trimming step of ¢
the wafer along an outer peripheral edge thereof wh
causing a cutting blade to cut from the front surfa
the wafer into the chamfered portion to a depth gre
than the finish thickness, so that an annular stepp
portion is formed in the outer peripheral surplus r
a protective member bonding step of, after performi
trimming step, bonding a protective member to a sid
the front surface of the wafer, a laser processing
of, after performing the protective member bonding
applying, to the annular stepped portion, a laser b
a wavelength that has transmissivity for the wafer,
griding step of, after performing the laser process
step, of grinding the wafer from the back surface t
to thin the wafer to the finish thickness. In the
processing step, fracture starting points from whic
wafer is to be fractured under an external force to
applied by the grinding are formed in the stepped
portion, so that fragments of the stepped portion,
fragments being to occur in the grinding step, are
subdivided.

Preferably, the fracture starting points fo
the laser processing step are a plurality of annula

modified layers formed along the outer peripheral e
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the wafer, and the annular modified layers are form
concentrically with each other.

Preferably, the annular modified layers for
concentrically with each other along the outer peri
edge of the wafer have a greater length in a thickn
direction of the wafer as the annular modified laye
each located closer to the outer peripheral edge.

The wafer processing method of the present
invention brings about an advantageous effect that
off-cuts which occur when an edge-trimmed wafer is
can be reduced in size.

The above and other objects, features and
advantages of the present invention and the manner
realizing them will become more apparent, and the
invention itself will best be understood from a stu
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 depicting an e

of a wafer as an object of processing by a wafer

processing method according to an embodiment of the

present invention;
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FIG. 2 is a cross-sectional view of the waf
along line II-Il in FIG. 1;

FIG. 3 is a flow chart illustrating a flow

wafer processing method according to the embodiment

FIG. 4 is a side view depicting partly in s
trimming step of the wafer processing method illust
in FIG. 3;

FIG. 5 is a cross-sectional view of the waf
a protective member bonding step of the wafer proce
method illustrated in FIG. 3;

FIG. 6 is a side view depicting partly in s
laser processing step of the wafer processing metho
illustrated in FIG. 3;

FIG. 7 is a fragmentary cross-sectional vie
wafer after the laser processing step of the wafer
processing method illustrated in FIG. 3;

FIG. 8 is a side view depicting partly in s
grinding step of the wafer processing method illust
in FIG. 3; and

FIG. 9 is a side view depicting partly in s
state shortly before completion of the grinding ste

the wafer processing method illustrated in FIG. 3.
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DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT



With reference to the attached drawings, a
description will hereinafter be made in detail abou
embodiment of the present invention. However, the
invention shall not be limited by details that will
described in the subsequent embodiment. The elemen
configurations that will hereinafter be described i
those readily conceivable to persons skilled in the
and substantially the same ones. Further, the
configurations that will hereinafter be described c
combined appropriately. Furthermore, various omiss
replacements, and modifications of configurations c
made without departing from the spirit of the prese
invention.

The wafer processing method according to th
embodiment of the present invention will be describ
based on the drawings. FIG. 1 is a perspective vie
depicting an example of a wafer (may hereinafter be
referred to as a “wafer 1”) as an object of process
the wafer processing method according to this embod
FIG. 2 is a cross-sectional view of the wafer 1 tak
along line lI-Il in FIG. 1. FIG. 3 is a flow chart
illustrating a flow of the wafer processing method
according to this embodiment.

The wafer 1 is a disc-shaped semiconductor
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an optical device wafer, or the like, which is made
silicon, gallium arsenide, silicon carbide (SiC),
sapphire, or the like as a base material. The wafe
has, on a front surface 2 thereof, a device region
an outer peripheral surplus region 11. In the devi
region 10, a plurality of devices 4 is formed in re
defined in a grid pattern by a plurality of scribe
(hereinafter referred to as “the streets”) 3. The

4 are, for example, integrated circuits such as
integrated circuits (ICs) or large scale integratio
(LSI) circuits, or image sensors such as charge cou
devices (CCDs) or complementary metal oxide
semiconductors (CMOSSs).

The outer peripheral surplus region 11 surr
the device region 10 over an entire periphery there
and no devices 4 are formed there.

As depicted in FIG. 2, the wafer 1 has a ch
portion 5 at an outer periphery thereof. The chamf
portion 5 is formed extending from the front surfac
a back surface 6 and is formed in a circular arc sh
viewed in cross-section such that the chamfered por
is located on an outermost peripheral side at a cen
thereof in a thickness direction of the wafer 1.

The wafer processing method according to th
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embodiment grinds the wafer 1 at the back surface 6
thereof to thin the same to a finish thickness 7 (s
FIG. 2). As illustrated in FIG. 3, the wafer proce
method according to this embodiment includes a trim
step 1001, a protective member bonding step 1002, a
processing step 1003, and a grinding step 1004.
(Trimming Step)

FIG. 4 is a side view depicting partly in s
the trimming step 1001 of the wafer processing meth
illustrated in FIG. 3. In the trimming step 1001,
wafer 1 is cut along an outer peripheral edge there
while a cutting blade 24 is caused to cut from the
surface 2 of the wafer 1 into the chamfered portion
a depth 8 greater than the finish thickness 7 such
an annular stepped portion 9 is formed in the outer
peripheral surplus region 11.

In the trimming step 1001, a cutting machin
holds the wafer 1 on a side of the back surface 6 t
under suction on a holding surface 22 of a chuck ta
21. The cutting machine 20 rotates the cutting bla
about an axis of rotation thereof by a spindle 23,
places a lower end of a cutting edge 241 of the cut
blade 24 side by side with the chamfered portion 5

outer peripheral edge of the wafer 1 along a proces
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feed direction of the chuck table 21, and also at a
position lower by a distance greater than the finis

thickness 7 from the front surface 2 of the wafer 1

above-mentioned distance is the same as the depth 8

In the trimming step 1001, the cutting mach
as depicted in FIG. 4, carries out processing feed
chuck table 21 in a direction toward the cutting bl
24, thereby causing the cutting blade 24 to cut int
chamfered portion 5 of the wafer 1, and also rotate
chuck table 21 about an axis of rotation thereof.
cutting machine 20 causes the cutting blade 24 to ¢
from a side of the front surface 2 into the chamfer
portion 5 of the wafer 1 to the depth 8 greater tha
finish thickness 7, whereby the chamfered portion 5
removed by the depth 8 from the side of the front s
2 to form the stepped portion 9. In this embodimen
stepped portion 9 is defined by a vertical surface
a horizontal surface 92. The vertical surface 91 i
formed on a radially inner side of the outer periph
edge of the wafer 1 and extends from the front surf
in a direction orthogonal to the front surface 2.
horizontal surface 92 is formed in parallel with th
front surface 2 from an end of the vertical surface

the end being located on the side of the back surfa
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toward the outer peripheral edge of the wafer 1. T
vertical surface 91 and the horizontal surface 92 a
both formed over an entire periphery of the wafer 1
the stepped portion 9 is formed in the outer periph
edge of the wafer 1 over an entire periphery thereo
has an annular shape.

In the trimming step 1001 of this embodimen
cutting machine 20, as described above, removes the
chamfered portion 5 on the side of the front surfac
moving the cutting blade 24, with the lower end of
cutting edge 241 being positioned lower than the fr
surface 2, in a horizontal direction relative to th
wafer 1, to cause the cutting blade 24 to cut into
wafer 1, and also by rotating the wafer 1 by the ch
table 21 about an axis of rotation of the chuck tab
In the present invention, however, the cutting mach
may also remove the chamfered portion 5 from the si
the front surface 2 in the trimming step 1001 by wh
generally called chopper cutting, that is, by lower
the lower end of the cutting edge 241 of the cuttin
blade 24, the lower end being positioned above the
chamfered portion 5 of the wafer 1, to the depth 8
greater than the finish thickness 7 to cause the cu

edge 241 to cut into the chamfered portion 5 of the
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1, and also by rotating the wafer 1 by the chuck ta

about the axis of rotation of the chuck table 21.

wafer processing method removes the chamfered porti

from the side of the front surface 2 by the depth 8
greater than the finish thickness 7 over the entire
periphery of the wafer 1 to form the stepped portio
and then proceeds to the protective member bonding
1002.
(Protective Member Bonding Step)

FIG. 5 is a cross-sectional view of the waf
after the protective member bonding step 1002 of th
wafer processing method illustrated in FIG. 3. In
protective member bonding step 1002, a protective m
12 is bonded to the side of the front surface 2 of
wafer 1 after the trimming step 1001 is performed.
this embodiment, the protective member 12 is a subs
which is formed in a disc shape having an outer dia
equal to that of the wafer 1 and which is made from
hard resin or metal. In this invention, however, t
protective member 12 may also be a protective tape
includes a base material layer formed of a resin ha
non-adhesiveness and flexibility and a glue layer
laminated on the base material layer and made of a

having adhesiveness and flexibility. When the prot
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member 12 has been bonded to the side of the front
surface 2 of the wafer 1 in the protective member b
step 1002 of this embodiment as depicted in FIG. 5,
wafer processing method proceeds to the laser proce
step 1003.
(Laser Processing Step)

FIG. 6 is a side view depicting partly in s
the laser processing step 1003 of the wafer process
method illustrated in FIG. 3. FIG. 7 is a fragment
cross-sectional view of the wafer 1 after the laser
processing step 1003 of the wafer processing method
illustrated in FIG. 3. In the laser processing ste
after the trimming step 1001 is performed and befor
grinding step 1004 is performed, a laser beam 34 of
wavelength which has transmissivity for the wafer 1
applied to the annular stepped portion 9 to form, i
stepped portion 9, annular modified layers 13 as fr
starting points from which the wafer 1 is to be fra
under a pressing force to be applied as an external
during the grinding in the grinding step 1004, so t
off-cuts 14 (see FIG. 7) as fragments of the steppe
portion 9, the fragments being to occur in the grin
step 1004, are to be subdivided.

The annular modified layers 13 are formed
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concentrically with each other along the outer peri
edge of the wafer 1 as viewed in plan. The annular
modified layers 13 mean regions changed into a diff
state of density, refractive index, mechanical stre

or other physical properties from those of surround
The annular modified layers 13 are each a region wh
is, for example, a fusion processed region, a crack
region, a dielectric breakdown region, a refractive
change region, a region where two or more of these
regions exist mixed together, or the like. The ann
modified layers 13 are lower in mechanical strength
the like than the remaining portions of the wafer 1
this embodiment, the fracture starting points forme
the laser processing step 1003 are the annular modi
layers 13 formed along the outer peripheral edge of
wafer 1 as appreciated from the foregoing.

In the laser processing step 1003 of this
embodiment, after the protective member bonding ste
is performed, a laser processing machine 30 holds t
wafer 1 on the side of the front surface 2 thereof
suction on a holding surface 32 of a chuck table 31
the protective member 12. The laser processing mac
then position, above the stepped portion 9, a laser

application unit 33 that applies the laser beam 34.
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Subsequently, the laser processing machine 30 sets
focal point 35 inside the stepped portion 9, and as
depicted in FIG. 6, rotates the chuck table 31 abou
axis of rotation thereof while applying the laser b

of the wavelength which has transmissivity for the

1, from the laser beam application unit 33 to the s
portion 9, so that the annular modified layers 13 a
formed inside the stepped portion 9 over the entire
periphery of the wafer 1, in other words, the chamf
portion 5.

In the laser processing step 1003, the annu
modified layers 13 are formed concentrically with e
other in the stepped portion 9, specifically, at
positions in the stepped portion 9, the positions b
coaxial with the wafer 1, by the laser processing m
30 as depicted in FIG. 7. In the laser processing
1003 of this embodiment, the laser processing machi
forms three annular modified layers 13 concentrical
with each other in the stepped portion 9.

The three annular modified layers 13 formed
concentrically with each other by the laser process
machine 30 have a greater length 131 in the thickne
direction of the wafer 1 as they are each located ¢

to the outer peripheral edge of the wafer 1. The t
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annular modified layers 13 may hereinafter be refer
as “the radially outermost annular modified layer 1
“the radially central annular modified layer 13,” a
“the radially innermost annular modified layer 13,”
respectively. Upon formation of the radially outer
annular modified layer 13, the laser processing mac
30 sets the focal point 35 at a plurality of (in th
embodiment, three) different heights in the thickne
direction, and at each height, sequentially rotates
wafer 1 at least one turn about the axis of rotatio
the chuck table 31 while the laser beam 34 is appli
the laser processing step 1003 of this embodiment,
laser processing machine 30 forms the radially oute
annular modified layer 13 in three layers in the
thickness direction inside the stepped portion 9 as
depicted in FIG. 7.

Further, upon formation of the radially cen
annular modified layer 13, the laser processing mac
30 sets the focal point 35 at a plurality (smaller
that upon formation of the radially outermost annul
modified layers 13) of (in the embodiment, two) dif
heights in the thickness direction, and at each hei
sequentially rotates the wafer 1 at least one turn

the axis of rotation of the chuck table 31 while th
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laser beam 34 is applied. In the laser processing
1003 of this embodiment, the laser processing machi
forms the radially central annular modified layer 1
two layers in the thickness direction inside the st
portion 9 as depicted in FIG. 7.

Further, upon formation of the radially inn
annular modified layer 13, the laser processing mac
30 sets the focal point 35 at a smaller number (tha
upon formation of the radially central annular modi
layers 13) of (in the embodiment, one) height or he
in the thickness direction, and at the height so se
rotates the wafer 1 at least one turn about the axi
rotation of the chuck table 31 while the laser beam
applied. In the laser processing step 1003 of this
embodiment, the laser processing machine 30 forms t
radially innermost annular modified layer 13 as a s
layer in the thickness direction inside the stepped
portion 9 as depicted in FIG. 7.

Therefore, the length 131 of the radially o
annular modified layer 13 is greater in the thickne
direction of the wafer 1 than the length 131 of the
radially central annular modified layer 13, and the
length 131 of the radially central annular modified

13 is greater in the thickness direction of the waf
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than the length 131 of the radially innermost annul
modified layer 13.

In the laser processing step 1003 of this
embodiment, the laser processing machine 30 also fo
the three annular modified layers 13 closer to the
surface 6 as they are each located closer to the ou
peripheral edge of the wafer 1. In other words, th
processing machine 30 forms the radially outermost
annular modified layer 13 closer to the back surfac
than the radially central annular modified layer 13
also forms the radially central annular modified la
closer to the back surface 6 than the radially inne
annular modified layer 13. When the three annular
modified layers 13 have been formed concentrically
each other inside the stepped portion 9 of the wafe
the laser processing step 1003, the wafer processin
method proceeds to the grinding step 1004.
(Grinding Step)

FIG. 8 is a side view depicting partly in s
the grinding step 1004 of the wafer processing meth
illustrated in FIG. 3. FIG. 9 is a side view depic
partly in section a state shortly before completion
the grinding step 1004 of the wafer processing meth

illustrated in FIG. 3. In the grinding step 1004,
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the protective member bonding step 1002 is performe

also after the laser processing step 1003 is perfor
the wafer 1 is ground at the back surface 6 thereof
thin the same to the finish thickness 7.

In the grinding step 1004, a grinding machi
first holds the wafer 1 on the side of the front su
2 thereof under suction on a holding surface 42 of
chuck table 41 via the protective member 12. As de
in FIG. 8, the grinding machine 40 then rotates a
grinding wheel 44 about an axis of rotation thereof
rotating the chuck table 41 about an axis of rotati
thereof with grinding water being supplied from a s
nozzle 43 to the back surface 6 of the wafer 1, and
brings grinding stones 45 into contact with the bac
surface 6 of the wafer 1 and then presses the wafer
toward the chuck table 41 by the grinding stones 45
carry out grinding processing of the back surface 6
the wafer 1. As depicted in FIG. 9, the grinding m
40 continues the grinding processing of the wafer 1
the wafer 1 is thinned to the finish thickness 7.

As the annular modified layers 13 have been
inside the stepped portion 9, the grinding of the b
surface 6 of the wafer 1 by the grinding machine 40

the grinding step 1004 causes fracture of the wafer
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from the annular modified layers 13 as fracture sta
points under a pressing force applied as an externa
force from the grinding stones 45 during the grindi
addition, as the radially outermost annular modifie
layers 13 is formed closer to the back surface 6 th
radially central and radially innermost annular mod
layers 13, the grinding of the back surface 6 of th
wafer 1 by the grinding machine 40 in the grinding
1004 causes separation of the stepped portion 9 as
cuts 14 sequentially from an outer peripheral side

thereof which is close to the radially outermost an

modified layer 13 and which has been reached by the

grinding stones 45.

In the grinding step 1004 of this embodimen
stepped portion 9 is first separated as off-cuts 14
the wafer 1 on an outer peripheral side of the radi
outermost annular modified layer 13, is next separa
off-cuts 14 from the wafer 1 on an outer peripheral
of the radially central annular modified layer 13,
finally separated as off-cuts 14 from the wafer 1 o
outer peripheral side of the radially innermost ann
modified layer 13. Using the three annular modifie
layers 13 as fracture starting points in the grindi

step 1004 of this embodiment, the stepped portion 9
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the wafer 1 is separated as a plurality of off-cuts
from the wafer 1. In the wafer processing method
according to this embodiment, the off-cuts 14 which
separated from the wafer 1 in the grinding step 100
sizes smaller than those of conventional fragments
occur through separation of the whole stepped porti

from the wafer 1 by conventional processing methods

wafer processing method ends when the wafer 1 has b

thinned to the finish thickness 7.

In the above-described wafer processing met
according to this embodiment, the annular modified
13 are formed inside the stepped portion 9 in the |
processing step 1003, and therefore the stepped por
is fractured to small sizes under a pressing force
applied during the grinding in the grinding step 10
thereby bringing about an advantageous effect that
occurring off-cuts 14 can be made smaller.

As a result, the wafer processing method ac
to this embodiment brings about an advantageous eff
that when griding the edge-trimmed wafer 1, the occ
off-cuts 14 can be reduced in size.

As the annular modified layers 13 are forme
concentrically with each other and have a greater |

131 in the thickness direction of the wafer 1 as th
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annular modified layers 13 are each located closer
outer peripheral edge of the wafer 1, the wafer
processing method according to this embodiment also
brings about another advantageous effect that as th
grinding proceeds, the off-cuts 14 are separated fr
wafer 1 sequentially from the outer peripheral side
thereof, and smooth fracture of the stepped portion
promoted.

The wafer processing method according to th
embodiment also brings about a further advantageous
effect that wear of the grinding stones 45, which t
place due to impacts from the occurrence of the off
14 and the grinding of the annular modified layers
the grinding step 1004, is suppressed.

It is to be noted that the present inventio
not be limited to the above-described embodiment.
other words, the above-described embodiment can be
practiced with various changes or modifications to
extent as not departing from the spirit of the pres
invention. In the present invention, a plurality o
modified layers may be formed, for example, in radi
directions of the wafer 1 inside the annular steppe
portion 9 such that the off-cuts 14 have smaller le

in the peripheral direction. In the present invent
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the annular modified layers 13 may be continuous or
discontinuous. For example, 0.1 mm regions free of
modified layer may be interposed individually betwe
adjacent continuous modified layers of 2 mm or smal
such that the annular modified layers 13 may be for
the shape of a broken line.

The present invention is not limited to the
of the above described preferred embodiment. The s
the invention is defined by the appended claims and
changes and modifications as fall within the equiva
of the scope of the claims are therefore to be embr

by the invention.
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WHAT IS CLAIMED | S

1. A processing method of a wafer which ha
front surface thereof a device region with a plural
devices formed therein and an outer peripheral surp
region surrounding the device region and which has
chamfered portion at an outer periphery thereof, by
grinding the wafer at a back surface thereof to thi
wafer to a finish thickness, the processing method
comprising:

a trimming step of cutting the wafer along
peripheral edge thereof while causing a cutting bla
cut from the front surface of the wafer into the
chamfered portion to a depth greater than the finis
thickness, so that an annular stepped portion is fo
in the outer peripheral surplus region;

a protective member bonding step of, after
performing the trimming step, bonding a protective
to a side of the front surface of the wafer;

a laser processing step of, after performin
protective member bonding step, applying, to the an
stepped portion, a laser beam of a wavelength that
transmissivity for the wafer; and

a griding step of, after performing the las

processing step, of grinding the wafer from the bac
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surface thereof to thin the wafer to the finish
thickness,

wherein, in the laser processing step, frac
starting points from which the wafer is to be fract
under an external force to be applied by the grindi
formed in the stepped portion, so that fragments of
stepped portion, the fragments being to occur in th
grinding step, are to be subdivided.

2. The processing method according to clai
wherein the fracture starting points formed in the
processing step are a plurality of annular modified
layers formed along the outer peripheral edge of th
wafer, and the annular modified layers are formed
concentrically with each other.

3. The processing method according to clai
wherein the annular modified layers formed concentr
with each other along the outer peripheral edge of
wafer have a greater length in a thickness directio
the wafer as the annular modified layers are each |

closer to the outer peripheral edge.
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