METHOD OF PROCESSI NG WAFER

BACKGROUND OF THE | NVENTI ON

Field of the Invention

The present invention relates to a method o
processing a wafer.

Description of the Related Art

Wafers with a plurality of devices such as
integrated circuits (ICs) and large-scale integrati
(LSI) circuits formed on their face side are divide
individual device chips including those devices by
dicing apparatus or the like. For reducing the siz
weight of electronic appliances that incorporate su
device chips, the reverse side of the wafer to be d
is ground to thin the wafer to a thickness ranging
20 to 100 pum, for example.

Since a wafer that has been thinned by grin
reverse side is low in rigidity and tends to warp t
large extent, the wafer is difficult to handle and
deliver in subsequent steps for coating the reverse
of the wafer with a metal film of gold, silver, tit
or the like to a thickness of several tens nm, and
forming via holes in electrodes of the devices. On

solution that has addressed the above problem is a
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processing method known as TAIKO (registered tradem ark)

grinding by which only the reverse side of a wafer’ S
device region is ground thin, leaving a wafer’s out er
circumferential edge portion unground as a ring-sha ped
stiffener that is thicker than the wafer’s device r egion.

The wafer processing method has made it possible to

suppress thin wafers from warping and deliver them with
ease. In a dividing step of dividing a wafer proce ssed by
the TAIKO grinding into device chips, the wafer’'s o uter
circumferential edge portion left as the ring-shape d
stiffener is unnecessary. There have been devised wafer
processing methods and apparatuses for cutting a TA IKO-
ground wafer annularly along a radially inner porti on of
the ring-shaped stiffener, cutting off and removing the

ring-shaped stiffener.

SUMVARY OF THE | NVENTI ON

However, inasmuch as an extremely delicate

operation is required to cut off and remove the rin -
shaped stiffener, which is less than 1 mm thick tho ugh
thicker than the rest of the wafer, from a dicing t ape,

it is time-consuming to remove the ring-shaped stif fener,
and the ring-shaped stiffener may accidentally be b roken,
tending to damage some of the devices. It has also been

2



proposed to remove the ring-shaped stiffener in its
entirety or projecting portions thereof by cutting
ring-shaped stiffener or its projecting portions wi
cutting blade or grinding the ring-shaped stiffener

its projecting portions with a grinding wheel. The
proposal, however, is conducive to the development
chipping or cracking in the wafer’s device region u
loads imposed by the process of removing the ring-s
stiffener.

It is therefore an object of the present in
to provide a method of processing a wafer to remove
rink-shaped stiffener without imposing processing |
on a wafer’s device region.

In accordance with an aspect of the present
invention, there is provided a method of processing
wafer having on a face side thereof a device region
which a plurality of devices are formed in respecti
areas demarcated by a plurality of intersecting str
and an outer circumferential excess region surround
the device region, the wafer further including a ci
recess defined by grinding in a reverse side of the
and corresponding to the device region and a ring-s
stiffener along an outer circumference of the circu

recess. The method includes a protective member af
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step of affixing a protective member whose area cov ers

the face side or the reverse side of the wafer to t he
wafer, and after the protective member affixing ste p has
been carried out, a ring-shaped stiffener removing step
of removing the ring-shaped stiffener from the wafe r. The

ring-shaped stiffener removing step includes a ring -

shaped stiffener separating step of dividing the wa fer
along an outer circumference of the device region t 0
separate the device region and the ring-shaped stif fener
from each other, and after the ring-shaped stiffene r
separating step has been carried out, a removing st ep of
processing the ring-shaped stiffener with a grindst one to
remove the ring-shaped stiffener from the wafer whi le a

processing fluid is being supplied to the wafer.

Preferably, the removing step includes a st ep of
grinding off the ring-shaped stiffener with a grind ing
wheel mounted on a lower end of a spindle having a
rotational axis perpendicular to a holding surface of a
chuck table that holds the wafer thereon.

Preferably, the removing step includes a st ep of
cutting off the ring-shaped stiffener with a cuttin g
blade mounted on a distal end of a spindle having a
rotational axis parallel to a holding surface of a chuck

table that holds the wafer thereon.



Preferably, the ring-shaped stiffener separ
step is carried out using a cutting blade or a lase
beam.

Preferably, the protective member affixing
includes a step of affixing an outer circumferentia
of the protective member that covers the face side
reverse side of the wafer to an annular frame, form
frame unit in which the wafer is affixed to the
protective member in an opening of the annular fram

According to the present invention, the rin
stiffener can be removed from the wafer without imp
processing loads on the device region.

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 some pre

embodiments of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG. 1 is a perspective view illustrating b
example a wafer as a target to be processed by a me

of processing a wafer according to an embodiment of
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present invention;
FIG. 2 is a perspective view of a reverse s
the wafer illustrated in FIG. 1;

FIG. 3 is a flowchart of a sequence of the

of processing a wafer according to the embodiment;

FIG. 4 is a flowchart of a sequence of ari
shaped stiffener removing step illustrated in FIG.

FIG. 5 is a perspective view illustrating b
example a reverse side grinding step illustrated in
3;

FIG. 6 is a perspective view illustrating a
side of a wafer with a ring-shaped stiffener formed
thereon after the reverse side grinding step illust
in FIG. 5;

FIG. 7 is a perspective view illustrating a
example of a frame unit after a protective member
affixing step illustrated in FIG. 3;

FIG. 8 is a cross-sectional view of the fir
example of the frame unit illustrated in FIG. 7;

FIG. 9 is a cross-sectional view illustrati
second example of the frame unit after the protecti
member affixing step illustrated in FIG. 3;

FIG. 10 is a side elevational view, partly

section, illustrating a first example of a ring-sha
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stiffener separating step illustrated in FIG. 4;

FIG. 11 is a side elevational view, partly
section, illustrating a second example of the ring-
stiffener separating step illustrated in FIG. 4;

FIG. 12 is a side elevational view, partly
section, illustrating a third example of the ring-s
stiffener separating step illustrated in FIG. 4;

FIG. 13 is a side elevational view, partly
section, illustrating a fourth example of the ring-
stiffener separating step illustrated in FIG. 4;

FIG. 14 is a side elevational view, partly
section, illustrating a first example of a removing
illustrated in FIG. 4;

FIG. 15 is a side elevational view, partly
section, illustrating a second example of the remov
step illustrated in FIG. 4;

FIG. 16 is a side elevational view, partly
section, illustrating a third example of the removi
step illustrated in FIG. 4;

FIG. 17 is a side elevational view, partly
section, illustrating a fourth example of the remov
step illustrated in FIG. 4; and

FIG. 18 is a side elevational view, partly

section, illustrating a fifth example of the removi
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step illustrated in FIG. 4.

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

Preferred embodiments of the present invent
hereinafter be described in detail below with refer
to the drawings. The present invention is not limi
the details of the embodiments described below. Th
components described below cover those which could
be envisaged by those skilled in the art and those
are essentially identical to those described above.
Furthermore, the arrangements described below can b
in appropriate combinations. Various omissions,
replacements, or changes of the arrangements may be
without departing from the scope of the present
invention.

A method of processing a wafer according to
embodiment of the present invention will be describ
below with reference to the drawings. First, a str
of a wafer as a target to be processed according to
embodiment will be described below. FIG. 1 illustr
perspective by way of example the wafer, denoted by
as the target to be processed by the method of proc
a wafer according to the embodiment. FIG. 2 illust

in perspective a reverse side 19 of the wafer 10
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illustrated in FIG. 1.
As illustrated in FIG. 1, the wafer 10 refe
wafer such as a semiconductor wafer or an optical d
wafer that is shaped as a circular plate including
substrate 11 of silicon (Si), sapphire (Al
arsenide (GaAs), silicon carbide (SiC), or the like
wafer 10 has a grid of intersecting streets or proj
dicing lines 13 on a face side 12 of the substrate
a plurality of devices 14 formed in respective area
demarcated on the face side 12 by the streets 13.
The face side 12 of the wafer 10 includes a
region 15 and an outer circumferential excess regio
The device region 15 refers to a region where the d
14 are formed and the streets 13 are established.
device region 15 is positioned centrally on the sub
11. The outer circumferential excess region 16 ref
a region where the devices 14 are not formed and th
streets 13 are not established. The outer circumfe
excess region 16 surrounds the device region 15. |
1, a boundary between the device region 15 and the
circumferential excess region 16 is represented by
dotted line for illustrative purpose. Actually, th
no line at the boundary between the device region 1

the outer circumferential excess region 16. The wa
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has a notch 17 defined in an outer circumferential
thereof as indicating a crystal orientation of the

10. The wafer 10 will be divided along the streets
into a plurality of device chips. As illustrated i

2, the reverse side 19 of the wafer 10 is positione
opposite the face side 12 where the devices 14 are
formed.

Next, the method of processing the wafer 10
according to the present embodiment will be describ
below. FIG. 3 is a flowchart of a sequence of the
of processing the wafer 10 according to the present
embodiment. FIG. 4 is a flowchart of a sequence of
ring-shaped stiffener removing step ST4 illustrated
FIG. 3. As illustrated in FIG. 3, the method of
processing the wafer 10 includes a grinding-specifi
protective member affixing step ST1, a reverse side
grinding step ST2, a protective member affixing ste
and the ring-shaped stiffener removing step ST4. A
illustrated in FIG. 4, the ring-shaped stiffener re

step ST4 includes a ring-shaped stiffener separatin

ST41 and a removing step ST42. The method of proce

the wafer 10 also includes a step of coating the re
side 19 with a metal film of gold, silver, titanium

the like or a step of forming via holes in electrod
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the devices 14, for example, between the reverse si
grinding step ST2 and the protective member affixin
ST3. The method of processing the wafer 10 further
includes a dividing step of dividing the wafer 10 a
the streets 13 into device chips after the ring-sha
stiffener removing step ST4.

The grinding-specific protective member aff
step ST1 is a step of, as illustrated in FIGS. 1 an
affixing a grinding-specific protective member 30 t
face side 12 of the wafer 10 before the reverse sid
of the wafer 10 is ground by a grinding unit 40 (se
5). The grinding-specific protective member 30 pro
the devices 14 on the face side 12 of the wafer 10

on a chuck table 45 (see FIG. 5) from deposition of

foreign matters and damages due to contact when the

reverse side 19 of the wafer 10 is ground by the gr
unit 40. According to the present embodiment, the
grinding-specific protective member 30 is in the fo
a tape as a circular plate that is identical in sha

the wafer 10. The grinding-specific protective mem
includes, for example, a base layer made of a synth
resin and an adhesive glue layer layered on at leas
either one of face and reverse sides of the base la

FIG. 5 illustrates in perspective by way of
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the reverse side grinding step ST2 illustrated in F
FIG. 6 illustrates in perspective the reverse side
the wafer 10 with a ring-shaped stiffener 21 formed
thereon after the reverse side grinding step ST2
illustrated in FIG. 5. As illustrated in FIGS. 5 a

the reverse side grinding step ST2 is a step of gri
a region of the reverse side 19 of the wafer 10 tha
corresponds to the device region 15 to a predetermi
thickness, forming a recess 20 in the reverse side
also forming the ring-shaped stiffener 21 along an
circumference of the recess 20. In other words, th
reverse side grinding step ST2 is a step of TAIKO
(registered trademark)-grinding the wafer 10 from t
reverse side 19. According to the present inventio
region of the reverse side 19 of the wafer 10 that
corresponds to the device region 15 refers to a reg
the reverse side 19 of the wafer 10 that overlaps t
device region 15 on the face side 12 in a thickness
direction of the wafer 10.

In the reverse side grindings step ST2, the
grinding unit 40 grinds the region of the reverse s
of the wafer 10 that corresponds to the device regi
The grinding unit 40 includes a spindle 41 as a

rotational shaft, a grinding wheel 42 attached to a
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end of the spindle 41, grindstones 43 mounted on a
surface of the grinding wheel 42, and a rotatable ¢
table 45. The spindle 41 and the grinding wheel 42
rotational axis perpendicular to a holding surface
the chuck table 45 that holds the wafer 10 as a tar
be ground, i.e., parallel to a central axis of the
table 45.

First, in the reverse side grinding step ST
illustrated in FIG. 5, the face side 12 of the wafe
is held under suction on the holding surface 46 of

chuck table 45 of the grinding unit 40 with the gri

specific protective member 30 interposed between th

wafer 10 and the holding surface 46. Then, while t
chuck table 45 is being rotated about its central a
the grinding wheel 42 is rotated about its own cent
axis by the spindle 41. Next, while a processing f
being supplied to the reverse side 19 of the wafer
the grindstones 43, the grinding wheel 42 is lowere
bring the rotating grindstones 43 into contact with
reverse side 19 of the wafer 10 on the rotating chu
table 45. At this time, a control apparatus of the
grinding unit 40 or an operator thereof controls th
grindstones 43 to keep contacting the central axis,

the center of rotation, of the reverse side 19 of t
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wafer 10 and also to stay out of contact with a reg
the reverse side 19 that corresponds to the outer
circumferential excess region 16 of the face side 1
the wafer 10. Therefore, only the region of the re
side 19 of the wafer 10 that corresponds to the dev
region 15 is ground, forming the recess 20 in the r
side 19 and leaving the region of the reverse side
that corresponds to the outer circumferential exces
region 16 of the face side 12 unground as the ring-
stiffener 21 that is of the same thickness as the w
10 before the reverse side grinding step ST2.

By being ground to form the recess 20, the
of the reverse side 19 of the wafer 10 that corresp
to the device region 15 is thinned to a thickness r
from approximately 20 to 100 um, for example. The
thickness of the ring-shaped stiffener 21 is the sa

the thickness of the wafer 10 prior to the reverse

grinding step ST2, and ranges from approximately 0.

mm, for example. The ring-shaped stiffener 21 has

ranging from approximately 2 to 8 mm, for example.

the ring-shaped stiffener 21 is effective to restra
wafer 10 from warping, the ring-shaped stiffener 21
assists in handling and delivering the wafer 10 in

before the wafer 10 is divided into device chips.
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the reverse side grinding step ST2, the grinding-sp
protective member 30 is peeled off from the wafer 1
known method, and the step of coating the reverse s
with a metal film of gold, silver, titanium, or the
or the step of forming via holes in electrodes of t
devices 14 is carried out.

The protective member affixing step ST3 acc
to the present embodiment will be described below.
protective member affixing step ST3 is a step of af
a protective member 31 whose area covers the face s
or the reverse side 19 of the wafer 10 to the wafer
According to the present embodiment, in the protect
member affixing step ST3, an outer circumferential
of the protective member 31 that covers the face si
or the reverse side 19 of the wafer 10 is affixed t
annular frame 32, forming a frame unit 1 or 1-2 in
the wafer 10 is supported on the protective member
an opening of the annular frame 32. First and seco
examples of the protective member affixing step ST3
be described below.

FIG. 7 illustrates in perspective a first e
of the frame unit 1 after the protective member aff
step ST3 illustrated in FIG. 3. FIG. 8 illustrates

cross section the first example of the frame unit 1
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illustrated in FIG. 7. In the first example of the
protective member affixing step ST3 illustrated in
7 and 8, the protective member 31 is affixed to the
reverse side 19 of the wafer 10.

The protective member 31 includes a base la
of an elastic synthetic resin and a glue layer made
elastic and adhesive synthetic resin and layered on
least either one of face and reverse sides of the b
layer. The protective member 31 has an outer
circumferential edge affixed to a reverse side of t
annular frame 32. A diameter of the opening of the
annular frame 32 is larger than a diameter of the w
10.

In the first example of the protective memb
affixing step ST3, the wafer 10 is positioned at a
predetermined position on the protective member 31
opening of the annular frame 32, and the reverse si
of the wafer 10 is affixed to the glue layer of the
protective member 31, so that the wafer 10 is fixed
the protective member 31 and the annular frame 32.
this time, the protective member 31 is affixed to t
reverse side 19 and an inner wall surface of the ri
shaped stiffener 21 and a bottom surface of the rec

along a shape of the recess 20 defined in the rever
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side 19 of the wafer 10. In the first example of t
protective member affixing step ST3, the wafer 10
including the ring-shaped stiffener 21, the protect
member 31 affixed to the reverse side 19 of the waf
and the annular frame 32 to which the outer circumf
of the protective member 31 is affixed jointly make
the frame unit 1.

FIG. 9 illustrates in cross section a secon
example of the frame unit 1-2 after the protective
affixing step ST3 illustrated in FIG. 3. In the se
example of the protective member affixing step ST3
illustrated in FIG. 9, the protective member 31 is
affixed to the face side 12 of the wafer 10.

In the second example of the protective mem
affixing step ST3, the wafer 10 is positioned at a
predetermined position in the opening of the annula
frame 32, and the face side 12 of the wafer 10 is a
to the face side of the protective member 31, so th
wafer 10 is fixed to the protective member 31 and t
annular frame 32. In the second example of the pro
member affixing step ST3, the wafer 10 including th
ring-shaped stiffener 21, the protective member 31
affixed to the face side 12 of the wafer 10, and th

annular frame 32 to which the outer circumference o
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protective member 31 is affixed jointly make up the
unit 1-2.

Next, the ring-shaped stiffener removing st
will be described below. The ring-shaped stiffener
removing step ST4 is a step of removing the ring-sh
stiffener 21 from the wafer 10 after the protective
member affixing step ST3 has been carried out. As
described above, the ring-shaped stiffener removing
ST4 includes the ring-shaped stiffener separating s
ST41 and the removing step ST42.

First, the ring-shaped stiffener separating
ST41 according to the present embodiment will be
described below. The ring-shaped stiffener separat
step ST41 is a step of dividing the wafer 10 along
outer circumference of the device region 15 to sepa
the device region 15 and the ring-shaped stiffener
from each other. First, second, third, and fourth
examples of the ring-shaped stiffener separating st
ST41 will be described below.

FIG. 10 illustrates in side elevation, part
cross section, the first example of the ring-shaped
stiffener separating step ST41 illustrated in FIG.
first example of the ring-shaped stiffener separati

step ST41 illustrated in FIG. 10 is carried out aft
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first example of the protective member affixing ste

In other words, the first example of the ring-shape

stiffener separating step ST41 is carried out while

protective member 31 is being affixed to the revers
19 of the wafer 10.

In the first example of the ring-shaped sti
separating step ST41, a cutting unit 50 separates t
device region 15 and the ring-shaped stiffener 21 f
each other. The cutting unit 50 includes a cutting
51 shaped as a circular plate and a spindle 52 as a
rotational shaft of the cutting blade 51. The cutt
blade 51 has a cutting edge thickness ranging from
to 0.3 mm, for example. The cutting blade 51 and t
spindle 52 have a rotational axis parallel to a hol
surface 56 of a chuck table 55 that holds the wafer
a target to be cut. The cutting blade 51 is mounte
distal end of the spindle 52.

In the first example of the ring-shaped sti
separating step ST41, as illustrated in FIG. 10, th
reverse side 19 of the wafer 10 is held under sucti
the holding surface 56 of the chuck table 55 with t
protective member 31 interposed between the reverse
19 and the holding surface 56. In the first exampl

the ring-shaped stiffener separating step ST41, the
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table 55 is fitted in the recess 20 of the wafer 10
this time, the annular frame 32 that is pressed
downwardly below the reverse side 19 of the wafer 1
secured in place by clamps or the like, not illustr
fixing the bottom surface of the recess 20 of the w
10 to the holding surface 56 of the chuck table 55.

In the first example of the ring-shaped sti
separating step ST41, next, the cutting blade 50 an
wafer 10 are positioned with respect to each other.
Specifically, the cutting blade 51 has its processi
point positioned above an area between a device 14
outermost circumference and the ring-shaped stiffen
slightly inward of a boundary between the recess 20
the wafer 10 and the ring-shaped stiffener 21.

In the first example of the ring-shaped sti
separating step ST41, then, the spindle 52 rotates
cutting blade 51 about its central axis. In the fi
example of the ring-shaped stiffener separating ste
ST41, next, while a processing fluid is being suppl
the face side 12 of the wafer 10 and the cutting bl
51, the spindle 52 is lowered to cause the rotating
cutting blade 51 to cut into the wafer 10 on the ch
table 55 from the face side 12, and thereafter the

table 55 is rotated about its central axis, rotatin
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wafer 10 therewith. When the cutting blade 51 reac
bottom surface of the recess 20 of the wafer 10 whi
wafer 10 is rotating about its central axis, the cu
blade 51 cuts the wafer 10 along its full circumfer
separating the device region 15 and the ring-shaped
stiffener 21 from each other and forming an annular
groove therebetween in the wafer 10. Since the pro
member 31 is affixed to the wafer 10, the device re
15 and the ring-shaped stiffener 21 that have been
separated from each other remain supported on the
protective member 31.

FIG. 11 illustrates in side elevation, part
cross section, the second example of the ring-shape
stiffener separating step ST41 illustrated in FIG.
second example of the ring-shaped stiffener separat
step ST41 illustrated in FIG. 11 is carried out aft
second example of the protective member affixing st
ST3. In other words, the second example of the rin
shaped stiffener separating step ST41 is carried ou
while the protective member 31 is being affixed to
face side 12 of the wafer 10.

In the second example of the ring-shaped st
separating step ST41, the cutting unit 50 separates

device region 15 and the ring-shaped stiffener 21 f

21

hes the
le the
tting

ence,

cut
tective

gion

ly in

4. The
ing
er the

ep

the

iffener

the

rom



each other, as with the first example of the ring-s
stiffener separating step ST41. In the second exam
the ring-shaped stiffener separating step ST41, as
illustrated in FIG. 11, the face side 12 of the waf

is held under suction on the holding surface 56 of
chuck table 55 with the protective member 31 interp
between the face side 12 and the holding surface 56
this time, the annular frame 32 that is pressed
downwardly below the face side 12 of the wafer 10 i
secured in place by clamps or the like, not illustr
fixing the face side 12 of the wafer 10 to the hold
surface 56 of the chuck table 55.

In the second example of the ring-shaped st
separating step ST41, next, the cutting blade 50 an
wafer 10 are positioned with respect to each other.
Specifically, the cutting blade 51 has its processi
point positioned above an area between a device 14
outermost circumference and the ring-shaped stiffen
slightly inward of the boundary between the recess
the wafer 10 and the ring-shaped stiffener 21.

In the second example of the ring-shaped st
separating step ST41, then, the spindle 52 rotates
cutting blade 51 about its central axis. In the se

example of the ring-shaped stiffener separating ste
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ST41, next, while a processing fluid is being suppl
the reverse side 19 of the wafer 10 and the cutting
51, the spindle 52 is lowered to cause the rotating
cutting blade 51 to cut into the wafer 10 on the ch
table 55 from the bottom surface of the recess 20,
thereafter the chuck table 55 is rotated about its
central axis, rotating the wafer 10 therewith. Whe
cutting blade 51 reaches the face side 12 of the wa
while the wafer 10 is rotating about its central ax
the cutting blade 51 cuts the wafer 10 along its fu
circumference, separating the device region 15 and
ring-shaped stiffener 21 from each other and formin
annular cut groove therebetween in the wafer 10. S
the protective member 31 is affixed to the wafer 10

device region 15 and the ring-shaped stiffener 21 t

have been separated from each other remain supporte

the protective member 31.

FIG. 12 illustrates in side elevation, part
cross section, the third example of the ring-shaped
stiffener separating step ST41 illustrated in FIG.
third example of the ring-shaped stiffener separati
step ST41 illustrated in FIG. 12 is carried out aft
first example of the protective member affixing ste

In other words, the third example of the ring-shape
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stiffener separating step ST41 is carried out while
protective member 31 is being affixed to the revers
19 of the wafer 10.

In the third example of the ring-shaped sti
separating step ST41, a laser beam applying unit 60
separates the device region 15 and the ring-shaped
stiffener 21 from each other. The laser beam apply
unit 60 is a unit for applying a laser beam 61 havi
wavelength absorbable by the wafer 10 held on a chu
table 65. The laser beam applying unit 60 includes
laser beam oscillator, a mirror, and a converging |
for example. The laser beam oscillator emits the |
beam 61 for processing the wafer 10. The mirror re
the laser beam 61 emitted from the laser beam oscil
toward the wafer 10 held on a holding surface 66 of
chuck table 65. The converging lens focuses the la
beam 61 reflected from the mirror onto the wafer 10

In the third example of the ring-shaped sti
separating step ST41, as illustrated in FIG. 12, th
reverse side 19 of the wafer 10 is held under sucti
the holding surface 66 of the chuck table 65 with t
protective member 31 interposed between the reverse
19 and the holding surface 66. In the third exampl

the ring-shaped stiffener separating step ST41, the
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table 65 is fitted in the recess 20 of the wafer 10
this time, the annular frame 32 that is pressed
downwardly below the reverse side 19 of the wafer 1
secured in place by clamps or the like, not illustr
fixing the bottom surface of the recess 20 of the w
10 to the holding surface 66 of the chuck table 65.

In the third example of the ring-shaped sti
separating step ST41, next, the laser beam applying
60 and the wafer 10 are positioned with respect to
other. Specifically, the laser beam 61 has its foc
spot positioned above an area between a device 14 o
outermost circumference and the ring-shaped stiffen
slightly inward of the boundary between the recess
the wafer 10 and the ring-shaped stiffener 21.

In the third example of the ring-shaped sti
separating step ST41, then, while the chuck table 6
being rotated about its central axis, the focused s
the laser beam 61 is placed on the face side 12 of
warfer 10 or inside of the wafer 10, and the laser b
performs an ablation process on the wafer 10 to for
annular laser-processed groove in the wafer 10,
separating the device region 15 and the ring-shaped
stiffener 21 from each other. Since the protective

31 is affixed to the wafer 10, the device region 15
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the ring-shaped stiffener 21 that have been separat
from each other remain supported on the protective
31.

FIG. 13 illustrates in side elevation, part
cross section, the fourth example of the ring-shape
stiffener separating step ST41 illustrated in FIG.
fourth example of the ring-shaped stiffener separat
step ST41 illustrated in FIG. 13 is carried out aft
second example of the protective member affixing st
ST3. In other words, the fourth example of the rin
shaped stiffener separating step ST41 is carried ou
while the protective member 31 is being affixed to
face side 12 of the wafer 10.

In the fourth example of the ring-shaped st
separating step ST41, the laser beam applying unit
separates the device region 15 and the ring-shaped
stiffener 21 from each other, as with the third exa
of the ring-shaped stiffener separating step ST41.
fourth example of the ring-shaped stiffener separat
step ST41, as illustrated in FIG. 13, the face side
the wafer 10 is held under suction on the holding s
66 of the chuck table 65 with the protective member
interposed between the face side 12 and the holding

surface 66. At this time, the annular frame 32 tha
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pressed downwardly below the face side 12 of the wa fer 10
is secured in place by clamps or the like, not
illustrated, fixing the face side 12 of the wafer 1 0to

the holding surface 66 of the chuck table 65.

In the fourth example of the ring-shaped st iffener
separating step ST41, next, the laser beam applying unit
60 and the wafer 10 are positioned with respect to each
other. Specifically, the laser beam 61 has its foc used
spot positioned above an area between a device 14 o n the
outermost circumference and the ring-shaped stiffen er21,
slightly inward of the boundary between the recess 20 of

the wafer 10 and the ring-shaped stiffener 21.

In the fourth example of the ring-shaped st iffener
separating step ST41, then, while the chuck table 6 5is
being rotated about its central axis, the focused s pot of
the laser beam 61 is placed on the bottom surface o f the
recess 20 of the wafer 10 or inside of the wafer 10 , and
the laser beam 61 performs an ablation process on t he
wafer 10 to form an annular laser-processed groove in the
wafer 10, separating the device region 15 and the r ing-
shaped stiffener 21 from each other. Since the pro tective
member 31 is affixed to the wafer 10, the device re gion

15 and the ring-shaped stiffener 21 that have been

separated from each other remain supported on the
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protective member 31.

In the third and fourth examples of the rin
stiffener separating step ST41, the laser beam 61 m
have a wavelength that is transmittable through the
10. In this case, in the third and fourth examples
ring-shaped stiffener separating step ST41, the las
beam 61 applied to the wafer 10 forms annular modif
layers in the wafer 10, and the device region 15 an
ring-shaped stiffener 21 are separated from each ot
from the annular modified layers and cracks develop
from the annular modified layers.

Next, the removing step ST42 according to t
present embodiment will be described below. The re
step ST42 is a step of grinding off the ring-shaped
stiffener 21 while a processing fluid is being supp
to the wafer 10 after the ring-shaped stiffener
separating step ST41 has been carried out. First,
third, fourth, and fifth examples of the removing s
ST42 will be described below.

FIG. 14 illustrates in side elevation, part
cross section, the first example of the removing st
ST42 illustrated in FIG. 4. The first example of t
removing step ST42 illustrated in FIG. 14 is carrie

after the first or third example of the ring-shaped
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stiffener separating step ST41. In other words, th
example of the removing step ST42 is carried out wh
the protective member 31 is being affixed to the re
side 19 of the wafer 10.

In the first example of the removing step S
cutting unit 70 grinds off the ring-shaped stiffene
that has been separated from the device region 15.
cutting unit 70 includes a cutting blade 71 shaped
circular plate and a spindle 72 as a rotational sha
the cutting blade 71. The cutting blade 71 has a c
edge thickness ranging from 1 to 5 mm, for example.
Stated otherwise, the cutting blade 71 used in the
example of the removing step ST42 has its cutting e
thickness larger than the cutting edge thickness of
cutting blade 51 of the cutting unit 50 used in the
or second example of the ring-shaped stiffener sepa
step ST41. The cutting blade 71 and the spindle 72
rotational axis parallel to a holding surface 76 of
chuck table 75 that holds the wafer 10 as a target
ground. The cutting blade 71 is mounted on a dista
of the spindle 72. The cutting blade 71 includes
grindstones in at least a grinding surface or an ou
circumferential surface thereof.

In the first example of the removing step S
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illustrated in FIG. 14, the reverse side 19 of the
10 is held under suction on the holding surface 76
chuck table 75 with the protective member 31 interp
between the reverse side 19 and the holding surface
The way in which the wafer 10 is held on the holdin
surface 76 is the same as the way it is held in the
or third example of the ring-shaped stiffener separ
step ST41, and will not be described below. The ch
table 75 may be shared as the chuck table 55 or 65
ring-shaped stiffener separating step ST41. Itis
preferable, though not necessary according to the p
invention, to carry out the removing step ST42 whil
wafer 10 with the device region 15 and the ring-sha
stiffener 21 separated from each other is being hel
the chuck table 55 or 65.

In the first example of the removing step S
next, the cutting unit 70 and the wafer 10 are posi
with respect to each other. Specifically, the cutt
blade 71 has its grinding surface positioned radial
outwardly of the ring-shaped stiffener 21 of the wa
10. In the first example of the removing step ST42
while the chuck table 75 is being rotated about its
central axis, the spindle 72 is rotated to rotate t

cutting blade 71 about its central axis. Next, whi
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processing fluid is being supplied to the ring-shap
stiffener 21 of the wafer 10 and the cutting blade
the cutting blade 71 is moved toward the central ax
the chuck table 75 and pressed against the outer
circumferential edge of the wafer 10 rotating with
chuck table 75, thereby grinding the wafer 10. In
first example of the removing step ST42, the ring-s
stiffener 21 is removed progressively from the oute
circumferential edge of the wafer 10 toward its cen
At this time, a control apparatus of the cutting un
or an operator thereof controls the cutting blade 7
stay out of contact with the annular cut groove, th
laser-processed groove, or the modified layers form
the ring-shaped stiffener separating step ST41. In
manner, the loads produced in the first example of
removing step ST42 are prevented from being transmi
through the wafer 10 to the device region 15. In't
first example of the removing step ST42, the cuttin
blade 71 may grind off the entire thickness of the
shaped stiffener 21 in one stroke or may grind off
fractions of the entire thickness of the ring-shape
stiffener 21 step by step in a plurality of strokes
the cutting blade 71 moves at respective different

heights.
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FIG. 15 illustrates in side elevation, part
cross section, the second example of the removing s
ST42 illustrated in FIG. 4. The second example of
removing step ST42 illustrated in FIG. 15 is carrie
after the second or fourth example of the ring-shap
stiffener separating step ST41. In other words, th
second example of the removing step ST42 is carried
while the protective member 31 is being affixed to
face side 12 of the wafer 10.

In the second example of the removing step
the cutting unit 70 grinds off the ring-shaped stif
21 that has been separated from the device region 1
with the first example of the removing step ST42.
second example of the removing step ST42, as illust
in FIG. 15, the face side 12 of the wafer 10 is hel
under suction on the holding surface 76 of the chuc
table 75 with the protective member 31 interposed b
the face side 12 and the holding surface 76. The w
which the wafer 10 is held on the holding surface 7
the same as the way it is held in the second or fou
example of the ring-shaped stiffener separating ste
ST41, and will not be described below. The chuck t
may be shared as the chuck table 55 or 65 in the ri

shaped stiffener separating step ST41, as with the
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example of the removing step ST42. It is thus pref
though not necessary according to the present inven
to carry out the removing step ST42 while the wafer
with the device region 15 and the ring-shaped stiff
21 separated from each other is being held on the ¢
table 55 or 65.

In the second example of the removing step
next, the cutting unit 70 and the wafer 10 are posi
with respect to each other, and the ring-shaped sti
21 is ground off, i.e., removed by grinding. The w
which the cutting unit 70 and the wafer 10 are posi
with respect to each other, and the way in which th
ring-shaped stiffener 21 is ground off are the same
the way in which the cutting unit 70 and the wafer
positioned with respect to each other, and the way
which the ring-shaped stiffener 21 is ground off in
first example of the removing step ST42, and will n
described below in detail. In the second example o
removing step ST42, regardless of whether the face
12 or the reverse side 19 of the wafer 10 is held o
holding surface 76 of the chuck table 75, the ring-
stiffener 21 is removed progressively from the oute
circumferential edge of the wafer 10 toward its cen

At this time, a control apparatus of the cutting un
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or an operator thereof controls the cutting blade 7
stay out of contact with the annular cut groove, th
laser-processed groove, or the modified layers form
the ring-shaped stiffener separating step ST41. In
manner, the loads produced in the second example of
removing step ST42 are prevented from being transmi
through the wafer 10 to the device region 15. In't
second example of the removing step ST42, the cutti
blade 71 may grind off the entire thickness of the
shaped stiffener 21 in one stroke or may grind off
fractions of the entire thickness of the ring-shape
stiffener 21 step by step in a plurality of strokes
the cutting blade 71 moves at respective different
heights.

FIG. 16 illustrates in side elevation, part
cross section, the third example of the removing st
ST42 illustrated in FIG. 4. The third example of t
removing step ST42 illustrated in FIG. 16 is carrie
after the first or third example of the ring-shaped
stiffener separating step ST41. In other words, th
example of the removing step ST42 is carried out wh
the protective member 31 is being affixed to the re
side 19 of the wafer 10.

In the third example of the removing step S
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cutting units 70 grind off the ring-shaped stiffene
that has been separated from the device region 15.
third example of the removing step ST42, the two cu
units 70 are disposed such that their cutting blade
have their grinding surfaces facing each other. Th
cutting units 70 simultaneously grind the outer
circumferential edge of the wafer 10 from diametric
opposites sides thereof.

In the third example of the removing step S
reverse side 19 of the wafer 10 is held under sucti
the holding surface 76 of the chuck table 75 with t
protective member 31 interposed between the reverse
19 and the holding surface 76. Next, the cutting u
and the wafer 10 are positioned with respect to eac
other, and the ring-shaped stiffener 21 is ground o
The way in which the cutting unit 70 and the wafer
positioned with respect to each other, and the way
which the ring-shaped stiffener 21 is ground off ar
same as the way in which the cutting unit 70 and th
wafer 10 are positioned with respect to each other,
the way in which the ring-shaped stiffener 21 is gr
off in the first example of the removing step ST42,
will not be described below in detail. In the seco

example of the removing step ST42 illustrated in FI
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the ring-shaped stiffener 21 may also be ground off
two cutting units 70 that are disposed such that th
cutting blades 71 have their grinding surfaces faci
each other.

In the first, second, and third examples of
removing step ST42 illustrated respectively in FIGS
15, and 16, while the chuck table 75 is being rotat
the cutting blade 71 is caused to cut into the wafe
from the outer circumference toward the center ther
However, the way in which the ring-shaped stiffener
removed by the cutting blade 71 is not limited to t
illustrated method. In the first, second, and thir
examples of the removing step ST42, as with the fir
second examples of the ring-shaped stiffener separa
step ST41, the cutting blade 71 may be caused to cu
the ring-shaped stiffener 21 from the upper surface
thereof, and thereafter the chuck table 75 may be
rotated. In this case, the cutting blade 71 may re
fractions of the ring-shaped stiffener 21 step by s
a plurality of strokes where the cutting blade 71 m
from the outer circumference toward the center of t
wafer 10. In either one of the methods of removing
ring-shaped stiffener 21 with the cutting blade 71,

speed at which the chuck table 75 rotates and a spe
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which the cutting blade 71 moves are selected to be
appropriate conditions.

FIG. 17 illustrates in side elevation, part
cross section, the fourth example of the removing s
ST42 illustrated in FIG. 4. The fourth example of
removing step ST42 illustrated in FIG. 17 is carrie
after the first or third example of the ring-shaped
stiffener separating step ST41. In other words, th
fourth example of the removing step ST42 is carried
while the protective member 31 is being affixed to
reverse side 19 of the wafer 10.

In the fourth example of the removing step
grinding unit 40 grinds off the ring-shaped stiffen
that has been separated from the device region 15.
grinding unit 40 may be the same as or different fr
grinding unit 40 used in the reverse side grinding
ST2. The grinding unit 40 used in the fourth examp
the removing step ST42 includes a spindle 41 and a
grinding wheel 42 attached to a lower end of the sp
41, at least the spindle 41 and the grinding wheel
having a rotational shaft perpendicular to a holdin
surface 46 of a chuck table 45 that holds the wafer
a target to be ground, or parallel to a central axi

the chuck table 45.
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In the fourth example of the removing step
illustrated in FIG. 17, the reverse side 19 of the
10 is held under suction on the holding surface 46
chuck table 45 with the protective member 31 interp
between the wafer 10 and the holding surface 46. T
in which the wafer 10 is held is the same as the wa

which it is held in the first or third example of t

removing step ST42, and will not be described below

In the fourth example of the removing step
next, the grinding unit 40 and the wafer 10 are
positioned with respect to each other. Specificall
grindstones 43 mounted on a lower surface of the gr
wheel 42 are positioned above the face side 12 of t
ring-shaped stiffener 21 of the wafer 10. At this
the grindstones 43 are positioned such that outer
circumferential edges thereof will not enter an are
above the device region 15. In the fourth example
removing step ST42, then, while the chuck table 45
being rotated about its central axis, the spindle 4
rotates the grinding wheel 42 about its central axi
Next, while a processing fluid is being supplied to
ring-shaped stiffener 21 of the wafer 10 and the
grindstones 43, the grinding wheel 42 is lowered to

the rotating grindstones 43 into contact with the f
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side 12 of the ring-shaped stiffener 21 of the wafe
on the rotating chuck table 45. In the fourth exam
the removing step ST42, the ring-shaped stiffener 2
thus ground off from the face side 12 toward the re
side 19. At this time, the control apparatus of th
grinding unit 40 or the operator thereof controls t
grindstones 43 to stay out of contact with the annu
cut groove, the laser-processed groove, or the modi
layers formed in the ring-shaped stiffener separati

step ST41. In this manner, the loads produced in t

fourth example of the removing step ST42 are preven

from being transmitted through the wafer 10 to the
region 15. In the fourth example of the removing s
ST42, the grindstones 43 may grind off the entire w
of the ring-shaped stiffener 21 in one stroke or ma
grind off fractions of the entire width of the ring
shaped stiffener 21 step by step in a plurality of
strokes where the grindstones 43 move over respecti
different distances to the central axis of the chuc
table 45.

FIG. 18 illustrates in side elevation, part
cross section, the fifth example of the removing st
ST42 illustrated in FIG. 4. The fifth example of t

removing step ST42 illustrated in FIG. 18 is carrie
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after the second or fourth example of the ring-shap
stiffener separating step ST41. In other words, th
example of the removing step ST42 is carried out wh
the protective member 31 is being affixed to the fa
side 12 of the wafer 10.

In the fifth example of the removing step S
with the fourth example of the removing step ST42,
grinding unit 40 grinds off the ring-shaped stiffen
that has been separated from the device region 15.
fifth example of the removing step ST42, the face s
of the wafer 10 is held under suction on the holdin

surface 46 of the chuck table 45 with the protectiv

member 31 interposed between the wafer 10 and the h

surface 46. The way in which the wafer 10 is held
same as the way in which it is held in the second e
of the removing step ST42, and will not be describe
below.

In the fifth example of the removing step S
next, the grinding unit 40 and the wafer 10 are
positioned with respect to each other. Specificall
grindstones 43 mounted on the lower surface of the
grinding wheel 42 are positioned above the reverse
19 of the ring-shaped stiffener 21 of the wafer 10.

this time, the grindstones 43 are positioned such t
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the outer circumferential edges thereof will not en
the area above the device region 15. In the fifth

of the removing step ST42, then, while the chuck ta
is being rotated about its central axis, the spindl|
rotates the grinding wheel 42 about its central axi
Next, while a processing fluid is being supplied to
ring-shaped stiffener 21 of the wafer 10 and the
grindstones 43, the grinding wheel 42 is lowered to
the rotating grindstones 43 into contact with the r
side 19 of the ring-shaped stiffener 21 of the wafe
on the rotating chuck table 45. In the fifth examp
the removing step ST42, the grindstones 43 thus gri
ring-shaped stiffener 21 from the reverse side 19 t
the face side 12, partly removing the ring-shaped
stiffener 21 to a thickness that is the same as the
thickness of the device region 15 or fully removing
ring-shaped stiffener 21. At this time, the contro
apparatus of the grinding unit 40 or the operator t
controls the grindstones 43 to stay out of contact
the annular cut groove, the laser-processed groove,
the modified layers formed in the ring-shaped stiff
separating step ST41. In this manner, the loads pr
in the fifth example of the removing step ST42 are

prevented from being transmitted through the wafer
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the device region 15. In the fifth example of the
removing step ST42, the grindstones 43 may grind of
entire width of the ring-shaped stiffener 21 in one
stroke or may grind off fractions of the entire wid
the ring-shaped stiffener 21 step by step in a plur
of strokes where the grindstones 43 move over respe
different distances to the central axis of the chuc
table 45.

The first and fourth examples of the removi
ST42 illustrated in FIGS. 14 and 17 are carried out
the protective member 31 is being affixed to the re
side 19 of the wafer 10 and the face side 12 of the
10 is facing upwardly. This method is advantageous
that after the ring-shaped stiffener 21 has been re
the protective member 31 does not need to be reaffi
and the wafer 10 can be divided into device chips b
dicing or the like without changing its orientation

On the other hand, the second and fifth exa
the removing step ST42 illustrated in FIGS. 15 and
carried out while the protective member 31 is being
affixed to the face side 12 of the wafer 10 and the
reverse side 19 of the wafer 10 is facing upwardly.
method is advantageous in that the wafer 10 can eas

held on the chuck table 75 or 45, and since the
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protective member 31 is affixed to the face side 12
the wafer 10, swarf or debris produced in the remov
step ST42 is prevented from being applied to the su
of the devices 14.

As described above, in the method of proces
wafer 10 according to the present embodiment, after
region corresponding to the device region 15 and th
ring-shaped stiffener 21 have been separated, the
separated ring-shaped stiffener 21 is ground off, i
removed by grinding. As the separated ring-shaped
stiffener 21 is removed by grinding, it is not nece
to carry out a difficult step, which requires a del
operation, of detaching the ring-shaped stiffener 2
the protective member 31 and delivering the wafer 1
is not time-consuming to remove the ring-shaped sti
21, and the devices 14 are prevented from being dam
by the ring-shaped stiffener 21 as the ring-shaped
stiffener 21 is not accidentally broken. Furthermo
inasmuch as the ring-shaped stiffener 21 is ground
it has been separated from the device region 15, th
loads produced when the ring-shaped stiffener 21 is
ground are not transmitted to the device region 15.
Accordingly, the device region 15 is prevented from

chipped or cracked by the loads produced when the r
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shaped stiffener 21 is ground.

The present invention is not limited to the
of the above described preferred embodiments. The
of the invention is defined by the appended claims
all changes and modifications as fall within the
equivalence of the scope of the claims are therefor

be embraced by the invention.
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VWHAT IS CLAIMED | S:

1. A method of processing a wafer having o
side thereof a device region in which a plurality o
devices are formed in respective areas demarcated b
plurality of intersecting streets and an outer
circumferential excess region surrounding the devic
region, the wafer further including a circular rece
defined by grinding in a reverse side of the wafer
corresponding to the device region and a ring-shape
stiffener along an outer circumference of the circu
recess, the method comprising:

a protective member affixing step of affixi
protective member whose area covers the face side o
reverse side of the wafer to the wafer; and

after the protective member affixing step h
carried out, a ring-shaped stiffener removing step
removing the ring-shaped stiffener from the wafer,

wherein the ring-shaped stiffener removing
includes:

a ring-shaped stiffener separating
dividing the wafer along an outer circumference of
device region to separate the device region and the
shaped stiffener from each other, and

after the ring-shaped stiffener sep
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step has been carried out, a removing step of proce

the ring-shaped stiffener with a grindstone to remo
ring-shaped stiffener from the wafer while a proces
fluid is being supplied to the wafer.

2. The method of processing a wafer accord
claim 1,

wherein the removing step includes

a step of grinding off the ring-sha

stiffener with a grinding wheel mounted on a lower
a spindle having a rotational axis perpendicular to
holding surface of a chuck table that holds the waf
thereon.

3. The method of processing a wafer accord
claim 1,

wherein the removing step includes

a step of cutting off the ring-shap

stiffener with a cutting blade mounted on a distal
a spindle having a rotational axis parallel to a ho
surface of a chuck table that holds the wafer there

4. The method of processing a wafer accord
claim 1,

wherein the ring-shaped stiffener separatin
is carried out using a cutting blade or a laser bea

5. The method of processing a wafer accord
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claim 1,

wherein the protective member affixing step

includes

a step of affixing an outer circumf erential
edge of the protective member that covers the face side
or the reverse side of the wafer to an annular fram e,
forming a frame unit in which the wafer is affixed to the
protective member in an opening of the annular fram e.
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