WAFER PROCESSI NG METHOD

BACKGROUND CF THE | NVENTI ON

Field of the Invention

The present invention relates to a wafer processing
nmet hod wi th devices fornmed thereon.

Description of the Related Art

In a fabrication step of device chips, a wafer is
used with devices such as integrated circuits (ICs) or

| arge scale integrations (LSIs) formed in plural regions,

respectively. These plural regions are defined by a
plurality of scheduled division lines (streets) and
anot her plurality of schedul ed di vi si on l'ines
I ntersecting each other. Plural device chips, which

include the devices, respectively, are obtained by
dividing the wafer along the individual schedul ed
di vision |ines.

For the division of the wafer, a cutting apparatus
is used, for exanple. The cutting apparatus includes a
spindle (rotary shaft) wth ring-shaped cutting blades
nounted thereon for cutting the wafer. The cutting bl ades
are rotated and caused to cut into the wafer along the
schedul ed division lines, whereby the wafer is cut and

di vi ded al ong the schedul ed division |ines.



In recent years, on the other hand, interests are
focused on techniques that divide wafers by |aser
processi ng. For exanple, a method has been proposed
(refer to, Japanese Patent Laid-Open No. 2011-49454).
According to this nethod, a |aser beam that has
transmssivity through a wafer is focused inside the
wafer to form nodified regions (nodified |ayers) along
schedul ed division lines inside the wafer. The regions
with the nodified layers fornmed therein have been nade
nore brittle than the remaining regions in the wafer.
When an external force is applied to the wafer having the
nodi fied layers forned therein, the wafer is therefore
divided along the scheduled division lines from the
nodi fied | ayers as starting points.

To a wafer with nodified layers fornmed therein, a
sheet (expandabl e sheet) t hat IS expandabl e by
application of an external force is bonded, for exanple.
By causing the sheet to expand, an external force is
applied to the wafer so that the wafer is divided al ong
the scheduled division |ines. A nethod has also been
proposed (refer to, Japanese Patent Laid-Qpen No. 2015-
37172). According to this nethod, a wafer with nodified
| ayers formed therein is subjected to grinding, whereby

cracks are created fromthe nodified layers to divide the



waf er .

SUWWARY OF THE | NVENTI ON

Wen dividing a wafer by |aser processing as
descri bed above, a plurality of nodified |ayers may be
formed in a thickness direction of the wafer along
i ndi vidual scheduled division lines depending on the
t hi ckness, material and/or the like of the wafer. These
plural nodified layers are fornmed, for exanple, by
irradiating a | aser beama plurality of tines froma side
of an wupper surface (a side of a back surface) of the
waf er along every single scheduled division line while
changing a position (height) of a focal point of the
| aser beam stepwise in a vertical direction fromthe side
of a lower surface toward the side of the upper surface
of the wafer. In this manner, the wafer is appropriately
divided from the nodified |layers as starting points, for
exanple, even if the wafer is relatively thick.

Now, when formng a plurality of nodified |ayers
al ong each of first scheduled division lines and second
scheduled division lines intersecting each other, it is
common to form plural nodified |ayers fromthe side of a
| oner surface to the side of an upper surface of a wafer

along the first scheduled division lines and then to form



plural nodified |ayers fromthe side of the |ower surface
to the side of the upper surface of the wafer along the
second schedul ed division Ilines. Upon formation of the
nodi fied |ayers along the second schedul ed division |ines,
the former plural nodified |ayers are hence already
formed fromthe side of the |ower surface to the side of
the upper surface of the wafer in intersecting regions of
the first scheduled division Ilines and the second
schedul ed division |ines.

Upon formation of the latter nodified |ayers along
the second scheduled division lines, the |aser beam is
also irradiated to the intersecting regions. The | aser
beam irradiated to the fornmer nodified |ayers already
formed in the intersecting regions undergoes diffuse
scattering (splashing) so that the |aser beam may stray
from the second scheduled division [|ines. As a
consequence, the laser beam may also be irradiated onto
devices forned on the side of the |ower surface (the side
of the front surface) of the wafer, leading to potentia
damage to the devices. Especially when formng the latter
nodi fied |ayers on the side of the |lower surface of the
wafer along the second scheduled division lines, the
| aser beam is also irradiated to the nultiple former

nodified layers already fornmed in the intersecting



regions from the lower surface to the upper surface of
the wafer. Accordingly, diffuse scattering of the |aser
beam tends to occur so that the devices are prone to
damage.

Wth the foregoing problem in view, the present
invention has as an object thereof the provision of a
waf er processing nethod, which can suppress damage to
devi ces that occurs by irradiation of a | aser beam

In accordance wth an aspect of +the present
invention, there is provided a wafer processing nethod
for processing a wafer with devices forned in regions on
a side of a front surface of the wafer. The regions are
defined by first scheduled division lines and second
scheduled division lines that intersect the first
schedul ed division lines. The processing nethod includes
a protective nenber bonding step of bonding a protective
menber on the side of the front surface of the wafer, a
first nodified |layer formng step of irradiating a |aser
beam the |aser beam having transm ssivity through the
wafer, from a side of a back surface of the wafer along
the first scheduled division lines and the second
schedul ed division lines with a focal point of the |aser
beam being set at a height leveled with a height of a

first region located inside the wafer, the wafer being



held by a chuck table via the protective nenber, on the
side of the front surface of the wafer, whereby first
nodi fied |ayers are formed in the first region, a second
nodified layer formng step of, after conducting the
first nodified layer formng step, irradiating the |aser
beam from the side of the back surface of the wafer along
the first scheduled division Ilines and the second
scheduled division lines with the focal point of the
| aser beam being set at a height leveled with a height of
a second region located inside the wafer on the side of
the back surface of the wafer, whereby second nodified
| ayers are fornmed in the second region and cracks are
also forned extending fromthe front surface to the back
surface of the wafer to divide the wafer along the first
scheduled division |Iines and the second schedul ed
division lines, and a grinding step of, after conducting
the second nodified layer formng step, grinding the
wafer on the side of the back surface of the wafer to
thin the wafer to a predeterm ned thickness.

In the first nodified layer formng step, cracks
may preferably be fornmed extending from the first
nodified layers to the front surface of the wafer.
Further, in the first nodified layer formng step, the

first nodified layers nmay preferably be fornmed so that



the front surface of the wafer and the first nodified
| ayers have a distance greater than the predeterm ned
t hi ckness therebetween, and, in the grinding step, the
wafer may preferably be thinned to the predeterm ned
t hi ckness, whereby the first nodified |layers are renoved.
In the wafer processing nethod according to the
first aspect of the present invention, the first nodified
| ayers are first formed in the first region, which is
| ocated inside the wafer on the side of the front surface
(the side of the lower surface) of the wafer, along the
first scheduled division lines and the second schedul ed
di vision |ines. The second nodified layers are then
formed in the second region, which is |located inside the
wafer on the side of the back surface (the side of the
upper surface) of the wafer, along the first schedul ed
division lines and the second scheduled division |ines
According to the above-descri bed wafer processing nethod,
no nodified layers are yet fornmed in the second region
when formng the first nodified layers in the first
region along the first scheduled division lines and the
second scheduled division |ines. D ffuse scattering
(spl ashing) of the |laser beam hence hardly occurs in the
second region when irradiating the |aser beam onto the

wafer with the focal point thereof positioned in the



first region. As a consequence, the irradiation of the
| aser beam onto the devices hardly occurs, and therefore
the danage to the devices is suppressed.

The above and other obj ect s, features and
advantages of the present invention and the nanner of
realizing them wll becone nore apparent, and the
invention itself will best be understood from a study of
the following description and appended <clains wth
reference to the attached drawings showing a preferred

enbodi nent of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG 1 is a perspective view depicting a wafer;

FIG 2 is a partially cross-sectional side view
depicting a | aser processing apparat us;

FIG 3A is a cross-sectional view illustrating on
an enlarged scale a portion of the wafer in a first
nodi fied | ayer form ng step;

FIG 3B is a cross-sectional view illustrating on
the enlarged scale the portion of the wafer after the
first nodified | ayer form ng step;

FIG 4A is a cross-sectional view illustrating on
the enlarged scale the portion of the wafer in a second

nodi fied | ayer form ng step;



FIG 4B is a cross-sectional view illustrating on
the enlarged scale the portion of the wafer after the
second nodified | ayer form ng step

FIG 5 is a side view depicting a grinding
appar at us; and

FIG 6 is a cross-sectional viewillustrating on an
enl arged scale a portion of the wafer after a grinding

st ep.

DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBODI MENT

Wth reference to the acconpanying draw ngs, an
enbodi nent according to the aspect of the present
invention wll hereinafter be described. First, a
description wll be made about a configuration exanple of
a wafer that can be processed by the wafer processing
met hod according to the present enbodinent. FIG 1 is a
perspective view depicting a wafer 11.

The wafer 11 is fornmed in a disk shape by using a
material such as, for exanple, silicon, and has a front
surface 1la and a back surface 11b. The wafer 11 is

defined into plural regions by a plurality of schedul ed

division lines (streets) and another plurality of
scheduled division lines (streets) arranged in a grid
pattern so that they intersect each other. Descri bed



specifically, first scheduled division lines 13a and
second scheduled division lines 13b are set on the wafer
11. The first scheduled division lines 13a are aligned so
that their length directions extend in a first direction
(a direction indicated by arrow A), and the second
scheduled division lines 13b are aligned so that their
length directions extend in a second direction (a
direction indicated by arrow B) which is substantially
perpendi cular to the first direction. The first schedul ed
division lines 13a and the second scheduled division
lines 13b are arranged so as to intersect each other. The
wafer 11 is defined into plural regions by the first
scheduled division lines 13a and the second schedul ed
division lines 13b. On a side of the front surface 1la of
the wafer 11, devices 15 configured of 1Cs, LSIs or the
like are forned in the respective regions defined by the
first scheduled division lines 13a and the second
schedul ed division lines 13b. Wien the wafer 11 is
di vided along the first scheduled division |lines 13a and
the second scheduled division lines 13b, plural device
chi ps are obtained including the devices 15, respectively.

No limtation is inposed on the nmaterial, shape,
structure, size and the |ike of the wafer 11. For exanple,

the wafer 11 nmay also be forned with a material other
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than silicon, such as a sem conductor (GaAs, SiC, 1nP,
&GN or the like), sapphire, glass, ceramcs, a resin, or
a netal. In addition, no |limtation is inposed either on
the kind, nunber, shape, structure, size, |ayout and the
l'i ke of the devices 15.

Upon dividing the wafer 11, division starting
points are fornmed along the first scheduled division
lines 13a and the second scheduled division lines 13b,
for exanple. These division starting points function as
starting points for division (triggers for division) upon
dividing the wafer 11. The division starting points are
formed, for exanple, by applying |aser processing to the
wafer 11 and nodifying (or affecting) an inside of the
wafer 11 along the first scheduled division lines 13a and
the second schedul ed division lines 13b. Regions nodified
(nmodified layers) inside the wafer 11 are nmde nore
brittle than the remaining regions of the wafer 11. When
an external force that is directed, for exanple, outward
in a radial direction of the wafer 11 is then applied to
the wafer 11 with the nodified layers forned therein,
cracks propagate from the nodified Ilayers in the
t hi ckness direction of the wafer 11 so that the wafer 11
is divided from the nodified |layers as starting points.

In other words, the nodified |ayers function as division
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starting points for the wafer 11. As a consequence, the
wafer 11 is divided along the first schedul ed division
lines 13a and the second scheduled division lines 13b,
and plural device <chips are obtained including the
devi ces 15, respectively.

Upon formng division starting points in the wafer
11 by | aser processing, a protective nenber 17 is first
bonded to the side of the front surface 1la of the wafer
11 (protective nenber bonding step). As the protective
menber 17, a filmshaped tape nade from a resin or the
like and fornmed in a circular shape of substantially the
same radius as the wafer 11 is used, for exanple. The
devices 15 fornmed on the side of the front surface 1lla of
the wafer 11 are covered and protected by the protective
menber 17. For the conveni ence of processing and transfer
of the wafer 11, the wafer 11 nmay be supported by an
annul ar frane. Described specifically, a protective
menber 17 of a circular shape which has a radius greater
than the wafer 11 is bonded to the side of the front
surface 1la of the wafer 11, and an annular frane, which
i ncludes a circular opening of a radius greater than that
of the wafer 11, is bonded to an outer circunferential
portion of the protective nenber 17. As a consequence, a

frame unit is configured with the wafer 11 supported by
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the annular frane via the protective nenber 17.

Next, the wafer 11 is held by a |aser processing
appar at us. FIG 2 is a partially cross-sectional side
view depicting a | aser processing apparatus 2. The | aser
processing apparatus 2 includes a chuck table (holding
table) 4 that holds the wafer 11, and a laser irradiation
unit 6 that irradiates a | aser beam 8.

The chuck table 4 is connected to a rotary drive
source (not illustrated) such as an electric notor, and
this rotary drive source rotates the chuck table 4 about
a rotation axis which is substantially parallel to a
vertical direction (Z-axis direction, up-down direction).
Further, a noving nechanism (not illustrated) is arranged
bel ow the chuck table 4, and this noving nechani sm noves
the chuck table 4 in a processing feed direction (X-axis
direction, first horizontal direction) and in an index
feed direction (Y-axis direction, second horizonta
direction). The chuck table 4 has an upper surface, which
makes up a holding surface 4a that holds the wafer 11.
Corresponding to the shape of the wafer 11, the hol ding
surface 4a is fornmed in a circular shape. However, the
shape of the holding surface 4a can be appropriately
changed depending on the shape of the wafer 11 or the

like. The holding surface 4a is connected to a suction
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source (not illustrated) via a flow channel (not
illustrated) forned inside the chuck table 4.

The laser irradiation unit 6 is arranged above the
chuck table 4. The laser irradiation unit 6 includes a
| aser oscillator that outputs a |aser beam of a
predeterm ned wavelength in pulse waveform and a
condenser that focuses the |aser beam which has been
outputted from the laser oscillator, at a predeterm ned
posi tion. The laser irradiation unit 6 irradiates the
| aser beam 8 toward the wafer 11 held by the chuck table
4. The wavel ength of the |aser beam 8 is set so that the
| aser beam 8 exhibits transmssivity through the wafer 11.
From the laser irradiation unit 6 onto the wafer 11, a
| aser beam 8 that can transmt through the wafer (has
transm ssivity through the wafer 11) is irradiated
accordi ngly.

The rotary drive source and novi ng nechani sm which
are connected to the chuck table 4, and the |aser
Irradiation unit 6 are each connected to a contro
section (not illustrated) confi gured to contro
i ndividual elenents included in the |aser processing
apparatus 2. The position of the chuck table 4 and
irradiation conditions (the position of the focal point,

the power, the spot dianeter, the repetition frequency

14



and so on) of the laser beam 8 are controlled by the
control section.

The wafer 11 is held by the chuck table 4 via the
protective nenber 17. Descri bed specifically, the wafer
11 is placed on the chuck table 4 so that the side of the
front surface 1la of the wafer 11 (the side of the
protective nmenber 17) and the holding surface 4a of the
chuck table 4 face each other. Wen a negative pressure
of the suction source is applied to the holding surface
4a in this state, the wafer 11 is held under suction by
the chuck table 4. The |laser beam 8 is next irradiated
fromthe laser irradiation unit 6 toward the wafer 11. At
this time, the laser beam 8 is focused inside the wafer
11 (in a region between the front surface 1la and the
back surface 11b of the wafer). Further, the irradiation
conditions (the power, the spot dianeter, the repetition
frequency and so on) of the |laser beam 8 are adjusted so
that the inside of the wafer 11 is nodified (affected)
t hrough mul ti photon absorption. By noving the chuck table
4 in the horizontal direction (the X-axis direction in
FIG 2) while irradiating the | aser beam 8 onto the wafer
11, a nodified linear layer (affected linear layer) 19
(hereinafter sinply referred to as "the nodified |ayer

(affected layer) 19") is forned inside the wafer 11. The
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region with the nodified |ayer 19 fornmed therein is nore
brittle than the remaining regions of the wafer 11. \When
an external force is then applied to the wafer 11 wth
the nodified layer 19 forned therein, for exanple, cracks
propagate from the nodified layer 19 in the thickness
direction of the wafer 11 so that the wafer 11 is divided
fromthe nodified |layer 19 as starting points. In other
words, the nodified layer 19 functions as division
starting points.

It is to be noted that depending on the thickness,
material and/or the like of the wafer 11, a plurality of
nodified layers 19 may be formed in the thickness
direction of the wafer 11. By formng such plural
nodified layers 19, the wafer 11 can be appropriately
divided from the nodified layers 19 as starting points
even if the wafer 11 is, for exanple, relatively thick

When form ng such plural nodified layers 19 in the
t hi ckness direction of the wafer 11, it is common to form
plural nodified |ayers 19 between the side of the |ower
surface (the side of the front surface 1la) and the side
of the upper surface (the side of the back surface 11b)
of the wafer 11 along the first scheduled division lines
13a (see FIG 1) and then to form additional plural

nodi fied |ayers 19 between the side of the |ower surface
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to the side of the upper surface of the wafer along the
second scheduled division lines 13b (see FIG 1). Upon
formation of the additional nodified |layers 19 along the
second scheduled division lines 13b, the fornmer plural
nodi fied layers 19 are hence already forned between the
side of the lower surface and the side of the upper
surface of the wafer 11 in intersecting regions 13c (see
FIG 1) of the first scheduled division lines 13a and the
second scheduled division |ines 13b. Upon formng the
latter nodified layers 19 along the second schedul ed
division lines 13b, the laser beam 8 is also irradiated
to the intersecting regions 13c. Therefore, the |aser
beam 8 is also irradiated to the former nodified |ayers
19 that are already formed in the intersecting regions
13c. Diffuse scattering (splashing) of the |aser beam 8
IS thus caused so that the laser beam 8 may stray from
t he second scheduled division lines 13b. As a result, the
| aser beam 8 may also be irradiated onto the devices 15
(see FIG 1) formed on the side of the |lower surface (the
side of the front surface 1la) of the wafer 11, |eading
to potential damage to the devices 15. Especially when
formng the latter nodified |ayers 19 on the side of the
| oner surface (the side of the front surface 1la) of the

wafer 11 along the second scheduled division lines 13D,
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the laser beam 8 is also irradiated to the forner
nodified layers 19 already forned in the intersecting
regions 13c between the lower surface and the upper
surface of the wafer 11. Accordingly, diffuse scattering
of the |aser beam 8 tends to occur so that the devices 15
are prone to danmge.

Therefore, in the wafer processing nethod according
to the present enbodinent, two nodified |layers are first
formed in a first region 11lc (see FIG 3A etc.), which
is located inside the wafer 11 on the side of the front
surface 1la of the wafer 11, along the first schedul ed
division lines 13a and the second scheduled division
lines 13b, and additional two nodified |layers are then
formed in a second region 11d (see FIG 4A, etc.), which
is located inside the wafer 11 on the side of the back
surface 11b of the wafer 11, along the first schedul ed
division lines 13a and the second scheduled division
l'i nes 13b.

Described specifically, two first nodified I|inear
| ayers (two first af fected i near | ayers) 23a
(hereinafter sinply referred to as "the first nodified
| ayers (first affected layers) 23a") are first forned in
the first region 1l1c of the wafer 11 along the first

scheduled division lines 13a and the second schedul ed
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division lines 13b (first nodified layer formng step).
FIG 3A is a cross-sectional view illustrating on an
enl arged scale a portion of the wafer 11 in the first
nodi fied |ayer formng step. On the side of the front
surface 1la of the wafer 11, the protective nmenber 17 is
bonded via a device layer (function layer) 21. The device
| ayer 21 corresponds to a layer including various
function filnms (conductive film insulating film and the
like) included in the devices 15 (see FIG 1) forned on
the side of the front surface 1la of the wafer 11.

In the first nodified |ayer form ng step, the chuck
table 4 (see FIG 2) is first rotated to bring the length
direction of one of the first scheduled division I|ines
13a (see FIG 1) into alignment with the processing feed
direction of the chuck table 4. Further, the height of
the focal point of the laser beam 8 is leveled with a
predetermned first height in the first region 1lc of the
wafer 11. The chuck table 4 is then noved in the
processing feed direction while irradiating the |aser
beam 8 fromthe laser irradiation unit 6 toward the wafer
11, whereby the laser beam 8 is irradiated al ong the one
first scheduled division |line 13a. By the irradiation of
the |laser beam 8, one of the first nodified |ayers 23a,

which is located on a lower side as seen in FIG 3A
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(hereinafter referred to as "the lower first nodified
| ayer 23a"), is forned at the predeterm ned first height
in the first region 11c of the wafer 11 along the one
first scheduled division line 13a, and further, cracks
25a propagate from the lower first nodified layer 23a in
the thickness direction of the wafer 11. It is to be
noted that the cracks 25a may be fornmed from the | ower
first nodified |layer 23a toward one of the front surface
1la or the back surface 11b or may be fornmed from the
lower first nodified |ayer 23a toward both the front
surface 1la and the back surface 11b.

Next, the focal point of the |aser beam 8 is noved
toward the back surface 11b in the first region 11lc of
the wafer 11, and the laser beam 8 is simlarly
irradiated to the first region 1lc (see FIG 3A). As a
result, the other first nodified layer 23a which is
| ocated on an upper side as seen in FIGS 3A and 3B
(hereinafter referred to as "the wupper first nodified
| ayer 23a") is fornmed at a second predeterm ned height
hi gher than the first predetermned height in the first
region 11lc, whereby the two first nodified |layers 23a
whi ch overlap one over the other as seen in a plan view
are formed along the one first scheduled division |ine

13a. It is to be noted that an exanple in which the first
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nodified layers 23a are formed as many as tw is
illustrated in FIG 3A. However, the nunber of the first
nodified layers 23a can be changed depending on the
t hi ckness, material and/or the like of the wafer 11, and
can be set at a desired positive integer of 1 or greater.
When plural first nodified |layers 23a are forned, cracks
25a propagated from one of the first nodified |ayers 23a
and cracks 25a propagated from one or nore renmining
first nodified |ayers 23a are connected together. In FIG
3A, the cracks 25a, which propagated fromthe |ower first
nodi fied |ayer 23a (the first nodified |layer 23a on the
side of the front surface 1lla) toward the side of the
back surface 11b, and the cracks 25a, which propagated
from the wupper first nodified layer 23a (the first
nodi fied |ayer 23a on the side of the back surface 11b)
toward the front surface 1lla, are connected together.

Along the remaining first scheduled division |ines
13a, additional first nodified layers 23a are then
simlarly and successively fornmed as many as two per
every first scheduled division line 13a. As a result, the
first nodified |layers 23a are forned as many as two in
the first region 11c of the wafer 11 along every first
schedul ed division |ine 13a.

Next, the chuck table 4 is rotated to bring the
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|l ength direction of one of the second schedul ed division
lines 13b (see FIG 1) into alignnent with the processing
feed direction of the chuck table 4. Following simlar
procedures, first nodified |layers 23a are forned as nmany
as two per every second scheduled division line 13b al ong
all the second scheduled division lines 13b. As a result,
the first nodified layers 23a are forned as nmany as two
in a grid pattern at the predetermned first and second
hei ghts, respectively, in the first region 1lc of the
wafer 11 along the first scheduled division lines 13a and
t he second schedul ed division Iines 13b.

Wen formng the first nodified |ayer 23a along
each second schedul ed division line 13b, the |aser beam 8
Is irradiated to the first region 11c through the second
region 11d. If nodified layers are already forned in the
second region 11d at this tine, the |laser beam 8 may be
irradiated to the nodified |ayers and may undergo diffuse
scattering (splashing), and may then be irradiated onto
at |least some of the devices 15 included in the device
| ayer 21. As a consequence, such devices 15 nay be
damaged potentially. In the above-described first
nodi fied layer formng step, on the other hand, the first
nodi fied layer 23a along each first scheduled division

line 13a is fornmed only in the first region 1lc.
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Accordingly, wupon formng the first nodified |ayer 23a
along each second scheduled division Iline 13b, no
nodi fied |ayers are yet fornmed in the second region 11d
so that the Jlaser beam 8 hardly undergoes diffuse
scattering in the second region 11d. As a consequence,
the laser beam 8 is hardly irradiated onto the devices 15,
and therefore danage to the devices 15 i s suppressed.

Wien formng a plurality of first nodified |ayers
23a along each of the first scheduled division lines 13a
and the second scheduled division Ilines 13b, no
limtation is inposed on the order in which the first
nodi fied |layers 23a are to be forned. For exanple, along
the first scheduled division lines 13a, first nodified
| ayers 23a may first be fornmed as many as the like plural
nunber per every first scheduled division line 13a, and
along the second scheduled division lines 13b, first
nodified layers 23a nmay then be forned as nmany as the
like plural nunber per every second schedul ed division
line 13b. As an alternative, the first nodified |ayers
23a may be successively formed one by one along the first
scheduled division lines 13a and the second schedul ed
division lines 13, followed by a repetition of the
foregoing step with the focal point of the |aser beam 8

set at a height closer to the side of the back surface
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11b.

FIG 3B is a cross-sectional view illustrating on
the enlarged scale the portion of the wafer 11 after the
first nodified layer formng step. In the first region
11c of the wafer 11, two first nodified |ayers 23a are
formed in the length direction of each first schedul ed
division line 13a (the left-right direction of the plane
of the paper sheet of FIG 3B) and additional two first
nodi fied layers 23a are fornmed in the length direction of
each second scheduled division line 13b (the front-back
direction of the plane of the paper sheet of FIG 3B)
FIG 3B illustrates an exanple of the wafer 11, in which
along the first scheduled division lines 13a and the
second scheduled division lines 13b, the first nodified
| ayers 23a are fornmed as many as two per every schedul ed
di vision |ine.

Wien the first nodified |layers 23a are forned, the
regions of the wafer 11, in which the first nodified
| ayers 23a are included, may expand so that warping nmay
occur in the wafer 11 due to the expansion. | f such
war ping occurs in the wafer 11, the positions of the
first scheduled division lines 13a and the second
scheduled division lines 13b change, thereby making it

difficult to irradiate the laser beam 8 along the first
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scheduled division lines 13a and the second schedul ed
di vision lines 13b. Especially if the first schedul ed
division lines 13a and the second scheduled division
lines 13b are nunerous and their intervals are narrow
(for exanple, 5 mm or snmaller), the positions of the
first scheduled division lines 13a and the second
schedul ed division lines 13b are prone to |arge changes
by the expansion of the wafer 11. In the first nodified
| ayer formng step, it is hence preferred to cause the
occurrence of the cracks 25a from the first nodified
| ayers 23a to the front surface 1la of the wafer 11 as
illustrated in FIG 3A Descri bed specifically, upon
formati on of each lower first nodified |ayer 23a that is
closer to the front surface 1la of the wafer 11, the
irradiation conditions of the |aser beam 8 are set so
that cracks 25a are forned extending fromthe |ower first
nodi fied [ayer 23a and reaching the front surface 1lla of
the wafer 11. Wien a silicon wafer of 12 inches in
diameter and 775 umin thickness is used as the wafer 11,
for exanple, the focal point of the |aser beam 8 is
positioned at a point as deep as 200 um or snaller in
terms of the distance (depth) from the front surface 1lla
of the wafer 11. The laser beam 8 is then irradiated

along the first scheduled division lines 13a and the
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second scheduled division lines 13b. The irradiation
conditions of the |aser beam 8 may be set, for exanple
as fol |l ows.

Li ght source: YAG pul se | aser

Wavel engt h: 1,064 nm

Repetition frequency: 60 kHz

Aver age out put: 1.8 W

Processing feed rate: 900 mm's

Wien the laser beam 8 is irradiated under the
above-descri bed condi ti ons, t he cracks 25a are
continuously formed extending from the Jlower first
nodi fied |layer 23a closer to the front surface 1la of the
wafer 11 and reaching the front surface l1lla of the wafer
11. As a result, the wafer 11 is divided in sonme regions
on the side of the front surface 1la along the
corresponding first scheduled division |lines 13a and/or
the correspondi ng second schedul ed division lines 13b. It
has been confirmed that, if the wafer is divided on the
side of the front surface 1la as described above, the
wafer 11 beconmes resistant to the occurrence of warping
even when the first nodified |ayers 23a are fornmed. As a
consequence, distortion of the first schedul ed division
lines 13a and the second scheduled division lines 13b is

suppressed, thereby facilitating the irradiation of the
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| aser beam 8 along the first scheduled division lines 13a
and the second scheduled division lines 13b. Further, at
the time that the first nodified |ayers 23a have been
formed, the wafer 11 still remains intact wthout
division on the side of the back surface 11b (the side of
the second region 11d). Even if expansion occurs on the
side of the front surface 1la (the side of the first
region 11c) of the wafer 11 due to the formation of the
first nodified |ayers 23a, the wafer 11 therefore hardly
undergoes distortion or warping in its entirety so that
changes of the positions of the first schedul ed division
lines 13a and the second schedul ed division lines 13b are
suppr essed.

Next, second nodified |layers (affected |ayers) 23b

are formed in the second region 11d of the wafer 11 al ong

the first scheduled division lines 13a and the second
scheduled division |lines 13b (second nodified |ayer
formng step). FIG 4A is a cross-sectional view

illustrating on the enlarged scale the portion of the
wafer 11 in the second nodified | ayer form ng step.

In the second nodified layer formng step, by
simlar procedures as in the first nodified |ayer formng
step, the laser beam 8 is irradiated along the first

scheduled division lines 13a and the second schedul ed
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division lines 13b. Upon irradiating the |aser beam 8
onto the wafer 11, however, the height of the focal point
of the laser beam 8 is leveled with a predeterm ned first
height in the second region 11d of the wafer 11. As a
result, the second nodified |inear |ayers 23b, which are
| ocated on a lower side as seen in FIG 4A (hereinafter
referred to as "the |ower second nodified |ayers 23b"),
are formed at the predetermined first height in the
second region 11d of the wafer 11 along the first
scheduled division lines 13a and the second schedul ed
division lines 13b, and cracks 25b are also forned from
the | ower second nodified |ayers 23b along the thickness
direction of the wafer 11. The above-descri bed
irradiation step is next repeated except that the height
of the focal point of the laser beam 8 is brought into
alignnment with a predeterm ned second height on a side
closer to the back surface 11b than the predeterm ned
first height, in other words, on an upper side as seen in
FIG 4A As a result, the additional second nodified
linear layers 23b (hereinafter referred to as "the upper
second nodified |layers 23b") are fornmed at t he
predeterm ned second height in the second region 11d of
the wafer 11 along the first scheduled division |ines 13a

and the second scheduled division lines 13b, and cracks
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25b are also forned fromthe upper second nodified |ayers
23b in the thickness direction of the wafer 11. In the
second nodified layer formng step, the irradiation
conditions of the l|aser beam 8 are set so that as
illustrated in FIG 4A, cracks 25b are forned extending
from the upper second nodified layers 23b and reaching
t he back surface 11b of the wafer 11.

FIG 4B is a cross-sectional view illustrating on
the enlarged scale the portion of the wafer 11 after the
second nodified layer formng step. FIG 4B illustrates
an exanple of the wafer 11, in which along the first
scheduled division lines 13a and the second schedul ed
division lines 13b, the second nodified |ayers 23b are
formed as nmany as two per every schedul ed division |ine.
Further, the cracks 25b, which propagated from the | ower
second nodified |ayer 23b (the second nodified |ayer 23b
on the side of the front surface 1la) toward the side of
the Dback surface 11b, and the cracks 25b, which
propagated from the upper second nodified |ayer 23b (the
second nodified |layer 23b on the side of the back surface
11b) toward the front surface 1lla, are connected together.
Furthernore, the nunber of second nodified layers 23b to
be formed in the second region 11d can be appropriately

set like the nunber of the first nodified |ayers 23a.
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Wien formng a plurality of second nodified |ayers 23b
al ong each of the first scheduled division lines 13a and
the second scheduled division lines 13b, the order in
whi ch the second nodified |ayers 23b are to be fornmed can
be appropriately set as in the first nodified |ayer
formng step. In addition, the cracks 25b propagate in a
simlar fashion as the cracks 25a formed in the first
region lic.

Wen the second nodified layer formng step is
conducted, the cracks 25a fornmed in the first nodified
| ayer forming step and the cracks 25b fornmed in the
second nodified layer formng step are connected together,
whereby a plurality of cracks 27 that extends from the
back surface 11b to the front surface 1la of the wafer 11
is continuously forned along the first schedul ed division
lines 13a and the second schedul ed division lines 13b. As
a result, the wafer 11 is divided along the first
scheduled division lines 13a and the second schedul ed
division lines 13b, and a plurality of device chips is
obtained including the devices 15 (see FIG 1)
respectively.

The cracks 25a fornmed in the first region 1lc
through the first nodified layer formng step may not

have reached the front surface 1la of the wafer 11. | f

30



cracks 25b are formed reaching the back surface 11b of
the wafer 11 through the second nodified |ayer formng
step, however, the cracks 25a propagate to reach the
front surface 1la of the wafer 11 while wusing the
formation of the cracks 25b as a trigger. Furt her, the
protective nmenber 17 is already bonded on the side of the
front surface 1lla of the wafer 11 when the wafer 11 is
di vi ded. The layout of the individual device chips is
therefore retained by the protective nenber 17 even after
the wafer 11 has been divided into the device chips.
Preferably, the nunber of the first nodified | ayers
23a to be fornmed in the first region 1llc and the nunber
of the second nodified layers 23b to be formed in the
second region 11d are adjusted depending on the thickness,
material and/or the |like of the wafer 11. If the wafer 11
is a silicon wafer of 12 inches in dianmeter and 775 umin
t hi ckness, for exanple, it has been confirmed that the
wafer 11 can be appropriately divided when the first
nodified layers 23a are forned as many as two in the
first region 11c per every one of the first schedul ed
division lines 13a and the second scheduled division
lines 13b and the second nodified |ayers 23b are forned
as many as two in the second region 11d per every one of

the first scheduled division lines 13a and the second
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schedul ed division lines 13b. Further, the nunber of the
first nodified layers 23a forned in the first region 1lc
is preferably smaller than the nunber of the second
nodi fied |ayers 23b forned in the second region 11d. This
relationship in nunber between the first nodified |ayers
23a and the second nodified |ayers 23b has been confirned
to make the wafer 11 nore resistant to the occurrence of
war pi ng.

Next, the wafer 11 is ground on the side of the
back surface 11b to thin the wafer 11 to a predeterm ned
thi ckness (grinding step). In the grinding step, the
wafer 11 is ground wusing, for exanple, a grinding
appar at us. FIG 5 is a side view depicting a grinding
apparatus 12.

The grinding apparatus 12 includes a chuck table
(holding table) 14 that holds the wafer 11. The chuck
table 14 is connected to a rotary drive source (not
depicted) such as an electric notor, and this rotary
drive source rotates the chuck table 14 about a rotation
axis which is substantially parallel to the vertica
direction. Further, a noving nmechanism (not depicted) is
arranged below the chuck table 14, and this noving
mechani sm noves the chuck table 14 in a processing feed

direction. The chuck table 14 has an upper surface, which
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makes up a holding surface 14a that holds the wafer 11.
Corresponding to the shape of the wafer 11, the holding
surface 14a is fornmed in a circular shape. However, the
shape of the holding surface 14a can be appropriately
changed depending on the shape of the wafer 11 or the
like. The holding surface 14a is connected to a suction
source (not depicted) via a flow channel (not depicted)
formed i nside the chuck table 14.

A grinding unit 16 is arranged above the chuck
table 14. The grinding unit 16 includes a spindle housing
(not illustrated) supported by a Ilift nmechanism (not
depicted). A spindle 18 is accompdated in the spindle
housi ng, and a di sk-shaped nmount 20 is fixed to a |ower
end portion of the spindle 18. On the side of a I|ower
surface of the mnmount 20, a grinding wheel 22 of
substantially the sane dianeter as the nount 20 is
mounted. The grindi ng wheel 22 includes an annul ar bed 24
formed with a netal material such as stainless steel or
alum num Further, on the side of a |ower surface of the
bed 24, a plurality of grinding stones 26 forned in a
paral | el epi ped shape are fixedly secured. The grinding
stones 26 are aligned in a circle along an outer
circunference of the bed 24. A rotary drive source (not

illustrated) such as an electric notor is connected to a
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side of an upper end (a side of a proximal end) of the
spindle 18. By a force transmtted fromthe rotary drive
source, the grinding wheel 22 is rotated about a rotation
axis that 1is substantially parallel to the vertical
direction. In addition, a grinding fluid supply passage
(not depicted) is arranged inside the grinding unit 16 to
supply grinding fluid such as pure water. The grindi ng
fluid is supplied toward the wafer 11 and the grinding
stones 26 when grinding is applied to the wafer 11.

In a grinding step, the wafer 11 is first placed on
the chuck table 14 so that the side of the front surface
lla of the wafer 11 (the side of the protective nenber
17) and the holding surface 14a face each other. Wen a
negati ve pressure of the suction source is applied to the
hol ding surface 14a in this state, the wafer 11 is held
under suction by the chuck table 14 with the side of the
back surface 11b exposed upward. Next, the chuck table 14
is noved and placed under the grinding unit 16. Then, the
chuck table 14 and the grinding wheels 22 are both
rotated, and the spindle 18 is caused to descend while
supplying the grinding fluid to the side of the back
surface 11b of the wafer 11. The descendi ng speed of the
spindle 18 is adjusted so that the |ower surfaces of the

grinding stones 26 are pressed under an appropriate force
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agai nst the side of the back surface 11b of the wafer 11.
When the grinding stones 26 conme into contact with the
side of the back surface 11b of the wafer 11, the wafer
11 is ground on the side of the back surface 11b so that
the wafer 11 is thinned. The grinding of the wafer 11 is
then continued until the thickness of the wafer 11 is
reduced to a predeterm ned thickness (finish thickness).
The finish thickness corresponds to a final thickness of
device chips to be obtained by dividing the wafer 11.

FIG 6 is a cross-sectional viewillustrating on an
enlarged scale a portion of the wafer 11 after the
grinding step. When the grinding step is conducted, the
wafer 11 divided along the first schedul ed division |ines
13a and the second scheduled division lines 13b is
thinned to the finish thickness.

If the first nodified layers 23a (see FIG 3A
etc.) remain in the wafer 11 after the grinding, the
devices chips obtained by dividing the wafer 11 have a
| onered flexural strength. In the above-nentioned first
nodified layer formng step, it is hence preferred to
form the lower first nodified layers 23a so that the
di stance between the front surface 1la of the wafer 11
and the lower first nodified layers 23a in the thickness

direction of the wafer 11 becones greater than the finish
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thickness. In other words, it is preferred not to form
the lower first nodified layers 23a in a region the
di stance (depth) of which from the front surface 1la of
the wafer 11 is equal to or snaller than the finish
thickness. In the case of the above-described preferred
manner, the upper and lower first nodified |ayers 23a are
all renmoved if the wafer 11 is ground in the grinding
step until the thickness of the wafer 11 is reduced to
the finish thickness. As a consequence, the first
nodified layers 23a no longer remain in the wafer 11
after the grinding, thereby suppressing a reduction in
the flexural strength of the device chips.

As has been described above, the wafer processing
nmet hod according to the present enbodi nent includes the
first nodified layer form ng step and the second nodified
| ayer form ng step. In the first nodified |ayer formng
step, first nodified layers 23a are forned along the
first scheduled division lines 13a and the second
schedul ed division lines 13b. In the second nodified
| ayer form ng step, second nodified |ayers 23b are forned
along the first scheduled division lines 13a and the
second scheduled division lines 13b. In the above-
descri bed wafer processing nmethod, no nodified |ayers are

yet formed in the second region 11d when formng first
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nodified layers 23a along the first scheduled division
lines 13a and the second scheduled division |ines 13b.
Therefore, diffuse scattering (splashing) of the |aser
beam 8 hardly occurs in the second region 11d when
irradiating the |laser beam 8 onto the wafer 11 with the
focal point of the |laser beam 8 positioned in the first
region 1llc. As a consequence, irradiation of the [aser
beam 8 onto the devices 15 hardly occurs, and therefore
damage to the devices 15 is suppressed.

In the case of use of a nethod, which divides a
waf er by using an expandabl e sheet after form ng nodified
| ayers in the wafer, or a nmethod, which divides a wafer
by subjecting the wafer to grinding after formng
nodified layers in the wafer, as in the conventional
practice, an external force may not be applied to the
whol e wafer as intended and the wafer may hence not be
di vi ded appropriately. Further, at the tine that a step
has been conducted to formnodified layers in a wafer, it
Is difficult to confirm whether or not the nodified

| ayers have been appropriately forned along schedul ed

division lines, and therefore it is hard to foresee
whet her or not the wafer will be appropriately divided in
a subsequent step. In the wafer processing nethod

according to the present enbodinent, on the other hand
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the wafer 11 is divided by using cracks that occur by
formng nodified layers from the side of the front
surface 1lla to the side of the back surface 11b of the
wafer 11. As a consequence, the wafer 11 is appropriately
di vided along the first scheduled division |lines 13a and
the second scheduled division lines 13b. In addition, at
the tine that the first nodified |layer formng step and
the second nodified layer formng step have been
conducted, the dividing step of the wafer 11 has al ready
been conpl et ed. Before conducting a subsequent step
(grinding step or the like), it is hence possible to
confirm wth ease, whether or not the wafer 11 has been
appropriately divided.

It is to be noted that the structures, procedures
and the like according to the above-described enbodi nent
can be practiced with changes and nodifications as
desired insofar as no departure takes place from the
scope of the object of the present invention.

The present invention is not l[imted to the details
of the above described preferred enbodi ment. The scope of
the invention is defined by the appended clains and all
changes and nodifications as fall within the equival ence
of the scope of the clains are therefore to be enbraced

by the invention.
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WHAT IS CLAIMED | S

1. A wafer processing nethod for processing a
wafer with devices formed in regions on a side of a front
surface of the wafer, the regions being defined by first
schedul ed division lines and second scheduled division
lines that intersect the first schedul ed division |ines,
conpri si ng:

a protective nenber bonding step of bonding a
protective nmenber on the side of the front surface of the
waf er,

a first nodified |layer formng step of irradiating
a laser beam the laser beam having transmssivity
through the wafer, from a side of a back surface of the
wafer along the first scheduled division lines and the
second schedul ed division lines with a focal point of the
| aser beam being set at a height leveled with a height of
a first region located inside the wafer, the wafer being
held by a chuck table via the protective nmenber, on the
side of the front surface of the wafer, whereby first
nodi fied | ayers are fornmed in the first region,

a second nodified layer formng step of, after
conducting the first nodified layer formng step,
irradiating the laser beam from the side of the back

surface of the wafer along the first schedul ed division
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lines and the second scheduled division lines with the
focal point of the |aser beam being set at a height
|l eveled with a height of a second region |ocated inside
the wafer on the side of the back surface of the wafer,
whereby second nodified |ayers are forned in the second
region and cracks are also formed extending from the
front surface to the back surface of the wafer to divide
the wafer along the first scheduled division lines and
t he second schedul ed division |ines, and

a grinding step of, after conducting the second
nodified layer formng step, grinding the wafer on the
side of the back surface of the wafer to thin the wafer
to a predeterm ned thickness.

2. The wafer processing nethod according to claim
1, wherein,

in the first nodified layer formng step, cracks
are formed extending from the first nodified |layers to
the front surface of the wafer.

3. The wafer processing nethod according to claim
1, wherein,

inthe first nodified |ayer formng step, the first
nodified |ayers are formed so that the front surface of
the wafer and the first nodified |ayers have a distance

greater than the predetermined thickness therebetween,
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and,
in the grinding step, the wafer is thinned to the
predeterm ned thickness, whereby the first nodified

| ayers are renoved.
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