PROCESSI NG METHOD OF WAFER

BACKGROUND OF THE | NVENTI ON

Field of the Invention

The present invention relates to a processing
met hod of a wafer in which irradiation with a | aser beam
I's executed froma back surface side of the wafer and
this |l aser beamis focused inside the wafer to forma
nodi fied | ayer that becones a point of origin of dividing
the wafer and a crack is extended fromthis nodified
| ayer to a front surface side of the wafer.

Description of the Related Art

In a manufacturing step of device chips, plura
pl anned dividing lines that intersect each other are set
on a front surface of a wafer and a device is fornmed in
each region marked out, and the wafer is divided al ong
the planned dividing lines. For exanple, the wafer is
irradiated with a | aser beamw th a wavel engt h havi ng
transmssibility with respect to the wafer (wavel ength
that allows transm ssion through the wafer) from a back
surface side of the wafer and the | aser beamis focused
i nside the wafer along the planned dividing line. At this
time, a nodified |ayer that serves as the point of origin

of dividing is forned in the vicinity of a focal point of



the | aser beam \Wen a crack extends fromthe forned

nodi fied ayer to the front surface of the wafer, the
wafer is divided along the planned dividing line (for
exanple, refer to Japanese Patent Laid-open No. 2005-
86161 and Japanese Patent Lai d-open No. 2010-68009). 1In
this processing nmethod, processing conditions such as the
formation position of the nodified |layer in the depth
direction of the wafer and the irradiation condition of
the | aser beam need to be properly set so that the

nodi fied | ayer may be fornmed and the crack may progress
fromthis nodified | ayer toward the front surface of the
wafer. |If the processing conditions or the |ike are not
proper, the crack does not properly extend fromthe
formed nodified | ayer or the crack extends in a direction
that is not planned, or the like, and it is inpossible to
properly divide the wafer. Therefore, the yield of the

devi ce chips | owers.

SUMVARY OF THE | NVENTI ON
Here, it is conceivable that the front surface of
the wafer is observed by a mcroscope or the like, for
exanple, in order to check whether or not the processing
conditions or the like are proper, i.e., whether or not

the crack properly progresses fromthe nodified | ayer
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formed in the wafer toward the front surface of the
wafer. However, to observe the front surface side of the
wafer irradiated with the | aser beam from the back
surface side, for exanple, the wafer needs to be taken
out froma |aser processing apparatus and be carried in
to the mcroscope or the like with the wafer turned
upsi de down. For this reason, there is a problemthat
man- hours are required for the check of the formation
situation of the crack.

Thus, an object of the present invention is to
provi de a processing nethod of a wafer in which whether
or not the wafer has been properly processed can be
easi |y checked.

In accordance wth an aspect of the present
i nvention, there is provided a processing nethod of a
wafer in which a nodified |ayer is forned inside the
wafer on which a plurality of planned dividing lines are
set on a front surface along the planned dividing |ines
of the wafer. The processing nethod includes a hol ding
step of causing the front surface of the wafer to be
opposed to a chuck table and holding the wafer by the
chuck table and a nodified | ayer form ng step of
positioning a focal point of a first |aser beamwth a

wavel ength having transmssibility with respect to the
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wafer to the inside of the wafer and executi ng
irradiation with the first | aser beam al ong t he pl anned
dividing lines fromthe side of a back surface of the
wafer while relatively noving a | aser beamirradiation
unit and the chuck table in a direction along the planned
dividing Iine, to formthe nodified | ayer inside the
wafer. The processing nethod includes al so an observation
| aser beamirradi ati on step of positioning a focal point
of a second | aser beam w th output power that does not
exceed a processing threshold of the wafer and with a
wavel ength having transmssibility with respect to the
wafer to the inside or the front surface of the wafer and
executing irradiation with the second | aser beamfromthe
side of the back surface of the wafer after the nodified
| ayer formng step, an inmaging step of inmaging reflected
light of the second | aser beamw th which the irradiation
I's executed in the observation | aser beamirradiation
step by an inmaging unit, and a determ nation step of
determining a processing state of the wafer on the basis
of an inmage taken in the imagi ng step. The second | aser
beamwi th which the wafer is irradiated in the
observation | aser beamirradiation step is shaped in such
a manner that a sectional shape of the second | aser beam

in a surface perpendicular to a traveling direction of
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the second | aser beam becones asymetric across the
nodi fied | ayer.

Preferably, in the determination step, it is
determined that a crack extends fromthe nodified |ayer
toward the side of the front surface of the wafer when
the reflected |ight appears in such a manner as to
overlap with a region with the same shape as a region
irradiated with the second | aser beamw th which the
wafer is irradiated in the observation | aser beam
irradiation step in the back surface in the imge taken
in the imaging step, and it is determ ned that the crack
does not extend fromthe nodified | ayer toward the side
of the front surface of the wafer when the reflected
|l ight appears in such a manner as to overlap with a
region with a shape obtained by inverting a shape of the
region irradiated with the second | aser beamw th which
the wafer is irradiated in the observation | aser beam
irradiation step in the back surface in the image taken
in the imagi ng step.

Furthernore, in accordance with anot her aspect of
the present invention, there is provided a processing
met hod of a wafer in which a nodified |layer is forned
i nside the wafer on which a plurality of planned dividing

lines are set on a front surface along the planned
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dividing Iines of the wafer. The processing nethod

I ncludes a holding step of causing the front surface of
the wafer to be opposed to a chuck table and hol ding the
waf er by the chuck table and a nodified |ayer formng
step of positioning a focal point of a first |aser beam
with a wavel ength having transmissibility with respect to
the wafer to the inside of the wafer and executing
irradiation with the first |aser beam al ong t he pl anned
dividing ines fromthe side of a back surface of the
wafer while relatively noving a | aser beamirradiation
unit and the chuck table in a direction along the planned
dividing Iine, to formthe nodified | ayer inside the

waf er. The processing nethod includes al so an observation
| aser beamirradi ati on step of positioning a focal point
of a second | aser beam w th output power that does not
exceed a processing threshold of the wafer and with a
wavel ength having transmssibility with respect to the
wafer to the inside or the front surface of the wafer and
executing irradiation wwth the second | aser beamfromthe
side of the back surface of the wafer after the nodified
| ayer formng step, an inmaging step of imging reflected
light of the second | aser beamw th which the irradiation
Is executed in the observation | aser beamirradiation

step by an imaging unit, and a determ nation step of
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determining a processing state of the wafer on the basis
of an inage taken in the imging step. The second | aser
beam wi th which the wafer is irradiated in the
observation | aser beamirradiation step travels to the
inside of the wafer froma direction that is not

per pendi cul ar to the back surface of the wafer.

Preferably, the second | aser beamis made incident
on the wafer in the state in which aberration attributed
to a lens that fornms the focal point is corrected in the
observation | aser beamirradi ati on step.

Furthernore, preferably, the first | aser beam and
the second | aser beam have the sane |ight source.

Mor eover, preferably, the observation |aser beam
irradiation step is executed in liquid inmersion.

In the processing nethod of a wafer according to
the aspect of the present invention, after the nodified
| ayer formng step of focusing the first |aser beam on
the inside of the wafer and formng the nodified |ayer is
executed, the observation |aser beamirradiation step,
the i magi ng step, and the determ nation step are
executed. The second | aser beamthat is applied to the
back surface side of the wafer in this observation | aser
beamirradiation step and travels inside the wafer is

reflected by the front surface of the wafer and the crack



that extends fromthe nodified layer to the front surface
side. Furthernore, in the inmaging step, the reflected
light of this second | aser beamis imged.

Here, in the observation |aser beamirradiation
step, the second | aser beam (reflected light) travels in
a region between the nodified |layer and the front
surface. Here, if the crack that reaches the front
surface of the wafer fromthe nodified | ayer is not
formed, the second | aser beamtravels in this region as
it is. On the other hand, if the crack is fornmed, an
interface is generated between a |ayer of air that enters
this crack and the wafer and the second | aser beamis
reflected by this interface across which the difference
in the refractive i ndex between both sides is |arge. For
this reason, the shape of the reflected |ight that
appears in the inage obtained in the i magi ng step changes
dependi ng on whet her or not the crack exists. |In other
words, the processing state of the wafer regarding the
presence or absence, position, shape, and so forth of the
crack forned inside the wafer can be determ ned fromthe
shape of the reflected |ight that appears in the imge.

At this tine, the wafer does not need to be noved from
the chuck table of the | aser processing apparatus and it

Is possible to determ ne whether or not the crack that
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reaches the front surface of the wafer fromthe nodified
| ayer is fornmed without a pause after the nodified | ayer
is forned.

Therefore, by the aspect of the present invention,
a processing nethod of a wafer in which whether or not
the waf er has been properly processed can be easily
checked is provided.

The above and ot her objects, features and
advant ages of the present invention and the manner of
realizing themw || becone nore apparent, and the
invention itself will best be understood froma study of
the follow ng description and appended clains with
reference to the attached drawi ngs showi ng a preferred

enbodi nent of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG 1 is a perspective view schenmatically
illustrating a wafer;

FIG 2 is a sectional view schematically
illustrating a nodified | ayer form ng step;

FIG 3Ais an enlarged sectional view schematically
illustrating the wafer inside which a nodified |layer is
f or ned;

FIG 3B is an enlarged sectional view schematically
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illustrating the wafer inside which the nodified | ayer
and a crack are forned;

FIG 4 is a sectional view schematically
illTustrating an observation | aser beamirradiation step;
FIG 5A is a sectional view schematically

illustrating a second | aser beam applied to the wafer
i nside which the nodified |ayer is fornmed and refl ected
i ght thereof;

FIG 5B is a sectional view schematically
illustrating the second | aser beam applied to the wafer
i nside which the nodified | ayer and the crack are forned
and the reflected Iight thereof;

FIG 6Ais a plan view schematically illustrating a
region irradiated with the second | aser beamin a back
surface of the wafer;

FIG 6B is a plan view schematically illustrating
one exanple of a region in which the reflected |ight
appears in an image in which the reflected |ight appears;

FIG 6Cis a plan view schematically illustrating
anot her exanple of the region in which the reflected
l'ight appears in an image in which the reflected |ight
appears;

FIG 7A and FIG 7B are images in which the

reflected |light appears in the case in which the crack is
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formed in the wafer;

FIG 7C and FIG 7D are images in which the
reflected |light appears in the case in which the crack is
not fornmed in the wafer;

FIG 8A, FIG 8C, and FIG 8E are inages in which
the reflected |Iight appears;

FIG 8B, FIG 8D, and FIG 8F are optica
m crographs in which a front surface of the wafer
appears;

FIG 9 is a sectional view schematically
illustrating a nodification exanple of the nodified |ayer
formng step and the observation | aser beamirradiation
st ep;

FIG 10 is a sectional view schematically
illustrating the wafer irradiated with a second | aser
beam fromthe traveling direction that is not
per pendi cul ar to the back surface of the wafer; and

FIG 11 is a flowhart illustrating the flow of the

respective steps of a processing nethod of a wafer.

DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBODI MENT
An enbodi nent of the present invention will be
described with reference to the acconpanyi ng draw ngs.

First, a wafer in which a nodified layer is fornmed by a
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processi ng nethod of a wafer according to the present
enbodi nent will be described. FIG 1 is a perspective
view schematically illustrating a wafer 1. The wafer 1 is
a substrate or the like that has a substantially circular
di sc shape and is conposed of a material such as silicon
(Si), silicon carbide (SiC), galliumnitride (GaN)
gal l i um arseni de (GaAs), or another sem conductor or a
mat eri al such as sapphire, glass, or quartz, for exanple.
This glass is alkali glass, non-alkali glass, soda-line
gl ass, |ead glass, borosilicate glass, quartz glass, or
the like, for exanple. Plural planned dividing lines 3
that intersect each other are set on a front surface la
of the wafer 1. The planned dividing line 3 is referred
to also as a street. On the front surface la of the wafer
1, a device 5is forned in each of regions marked out by
the planned dividing Iines 3. The device 5 is an
integrated circuit (1C, a large-scale integrated circuit
(LSI), or the like, for exanple. However, the wafer 1 is
not limted thereto. There is no limt on the material,
shape, structure, size, and so forth of the wafer 1 and
the devices 5 do not have to be formed on the wafer 1.
When the wafer 1 is divided along the planned
di viding Iines 3, individual device chips on each of

which the device 5 is nounted are forned. Wen the wafer
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1 is divided, for exanple, a |aser beamis focused inside
the wafer 1 along the planned dividing lines 3 and a

nodi fied |ayer is fornmed inside the wafer 1. In addition,
a crack that extends fromthis nodified | ayer toward the
front surface la of the wafer 1 along the thickness
direction is forned. At this tinme, if the processing
condition of the wafer 1 is not proper and the state of a
| aser processing apparatus is also not a state suitable
for processing, the crack does not extend fromthe

nodi fied | ayer or the crack extends in a direction that
is not planned, or the like, and it is inpossible to
properly divide the wafer 1. 1In this case, a defective
product is caused and therefore the yield of the device
chi ps | owers.

Next, a | aser processing apparatus 2 with which the
processi ng nethod of the wafer 1 according to the present
enbodi nent is executed will be described by using FIG 2
and so forth. FIG 2 is a sectional view schematically
illTustrating how a nodified layer is forned in the wafer
1 by using the | aser processing apparatus 2. The | aser
processi ng apparatus 2 has a chuck table 4 that holds the
wafer 1 and a |aser beamirradiation unit 6 that
irradiates the wafer 1 held by the chuck table 4 with a

| aser beam The chuck table 4 has a porous conponent (not
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illustrated) on the upper surface side. The upper surface
of the porous conponent serves as a hol ding surface 4a
that holds the wafer 1. The chuck table 4 can rotate
around an axis perpendicular to the holding surface 4a.
The chuck table 4 has a suction source (not illustrated)
connected to the porous conponent.

When the wafer 1 is processed by the | aser
processi ng apparatus 2, the front surface la is nade
opposed to the holding surface 4a and the wafer 1 is
pl aced on the holding surface 4a. Next, a negative
pressure generated by the suction source is nade to act
on the wafer 1 through the porous conponent. In this
state, the wafer 1 is sucked and held by the chuck table
4 in the state in which the side of a back surface 1b is
exposed upward. The wafer 1 is irradiated with a |aser
beam from the side of the exposed back surface 1b and is
subj ected to | aser processing.

Wien the chuck table 4 is caused to hold the wafer
1, a frame unit obtained by integrating an annul ar frane,
an adhesi ve tape whose periphery is stuck to this annular
frame, and the wafer 1 nay be forned in advance. Wen the
frame unit is forned, the side of the front surface la of
the wafer 1 is stuck to an adhesive surface of the

adhesi ve tape exposed in the opening of this annul ar
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frane. In this case, when the chuck table 4 is caused to
hold the frane unit, the wafer 1 is placed over the
hol di ng surface 4a with the internediary of this adhesive
t ape.

The chuck table 4 and the | aser beamirradiation
unit 6 can relatively nove in directions parallel to the
hol di ng surface 4a. For exanple, the chuck table 4 can
nove in a processing feed direction (X-axis direction)
set to a direction parallel to the holding surface 4a and
the | aser beamirradiation unit 6 can nove in an indexing
feed direction (Y-axis direction) that is parallel to the
hol di ng surface 4a and is orthogonal to this processing
feed direction.

In FIG 2, the sinplest configuration exanple of
the | aser beamirradiation unit 6 that can irradiate the
wafer 1 held by the chuck table 4 with a | aser beamis
schematically illustrated. The |aser beamirradiation
unit 6 includes a laser oscillator 8 that oscillates a
| aser, a mrror 10, and a collecting lens 12.

The |l aser oscillator 8 has a function of emtting a
first | aser beam 14 with a wavel ength havi ng
transmssibility with respect to the wafer 1 (such a
wavel ength as to be transmtted through the wafer 1). For

exanple, a laser that is oscillated with use of Nd: YAG
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or the like as a nmedium and has a wavel ength of 1099 nm
Is used as the first |aser beam 14. However, the |aser
oscillator 8 and the first |aser beam 14 are not limted
thereto and are sel ected depending on the material of the
wafer 1 and so forth. Wen the nodified | ayer is forned
inside the wafer 1, the output power of the first |aser
beam 14 is set to approximately 2 to 3 W for exanple.
However, the output power of the first |aser beam 14 is
not limted thereto and it suffices that the first |aser
beam 14 has output power with which the nodified | ayer
can be formed inside the wafer 1. The first |aser beam 14
emtted fromthe |laser oscillator 8 is reflected into a
predeterm ned direction by the mrror 10 and goes through
the collecting lens 12 to be applied to the wafer 1 held
by the chuck table 4.

The collecting lens 12 has a function of focusing
the first | aser beam 14 on a predeterm ned hei ght
position inside the wafer 1 held by the chuck table 4.

For exanple, the collecting lens 12 can nove al ong the
hei ght direction and change the hei ght position of a
focal point 16. The focal point 16 of the first |aser
beam 14 is positioned to the predeterm ned hei ght
position inside the wafer 1. As illustrated in FIG 2,

when the first | aser beam 14 is focused on the inside of
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the wafer 1 while the |aser beamirradiation unit 6 and
the chuck table 4 are relatively noved al ong the
processing feed direction, a nodified layer 7 is fornmed
inside the wafer 1. Here, if the processing conditions
such as the irradiation condition of the first |aser beam
14 and the processing feed rate are properly set, a crack
9 that extends fromthe nodified |layer 7 to the front
surface la of the wafer 1 is fornmed as illustrated in
FIG 3B and it becones possible to divide the wafer 1
easi ly and properly.

However, if these processing conditions or the like
are not proper, as illustrated in FIG 3A, the crack 9
does not properly extend fromthe fornmed nodified |ayer 7
or the crack 9 extends in a direction that is not
pl anned, or the like, and it is inpossible to properly
divide the wafer 1. Therefore, the yield of the device
chips lowers. Here, it is conceivable that the front
surface la of the wafer 1 is observed by a m croscope or
the like, for exanple, in order to check whether or not
the processing conditions or the |like are proper, i.e.,
whet her or not the crack 9 properly progresses fromthe
nodi fied |ayer 7 toward the front surface la of the wafer
1. However, to observe the side of the front surface la

of the wafer 1 irradiated with the first | aser beam 14
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fromthe side of the back surface 1b, for exanple, the
wafer 1 needs to be taken out fromthe | aser processing
apparatus 2 and be carried in to the mcroscope or the
like with the wafer 1 turned upside down. For this
reason, there is a problemthat man-hours are required
for the check of the processing state such as whether or
not the crack 9 exists. Thus, in the processing nethod of
a wafer according to the present enbodi nent, the nan-
hours of the check are reduced through checking the
processing state of the wafer 1 in the |aser processing
apparatus 2. Next, a configuration used for the check of
the processing state will be descri bed.

As illustrated in FIG 4, the |aser processing
apparatus 2 includes an observation | aser beam
irradiation unit 18. The observation | aser beam
irradiation unit 18 has a function of irradiating the
wafer 1 in which the nodified layer 7 is fornmed with a
second | aser beam 28 that is a | aser beamfor
observation. In FIG 4, the sinplest configuration
exanpl e of the observation | aser beamirradiation unit 18
that can irradiate the wafer 1 held by the chuck table 4
with the second | aser beam 28 is schenmatically
illustrated. The observation |aser beamirradiation unit

18 includes a | aser oscillator 20, a dichroic mrror 22,
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a collecting lens 24, and a beam shaping unit 26 that
forms the shape of the second | aser beam 28 into a
speci fic shape. The laser oscillator 20 can emt the
second | aser beam 28 with output power that allows
formation of the nodified | ayer inside the wafer 1 and
does not exceed a processing threshol d.

The laser oscillator 20 emts the second | aser beam
28 with output power of approximately 0.2 Wthat does not
exceed the processing threshold, for exanple. However,
t he out put power of the second | aser beam 28 is not
limted thereto. The processing threshold differs
depending on the material of the wafer 1 and therefore
t he out put power of the second | aser beam 28 is deci ded
as appropriate so as not to exceed the processing
t hreshol d depending on the material of the wafer 1
processed. Preferably, the output power of the second
| aser beam 28 is set in a range of one tenth to one
t housandt h of the output power of the first |aser beam
14. More preferably, the output power of the second | aser
beam 28 is set to approximtely one thirtieth of the
first | aser beam 14.

The dichroic mrror 22 has a function of reflecting
the second | aser beam 28 into a predeterm ned direction.

Furthernore, the dichroic mrror 22 has the foll ow ng
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function as described later. Specifically, after the
second | aser beam 28 is reflected by the side of the
front surface la of the wafer 1, when reflected |ight 32
t hereof reaches the dichroic mrror 22, the dichroic
mrror 22 allows transm ssion of this reflected Iight

t heret hrough. The collecting | ens 24 has a function of
focusi ng the second | aser beam 28 on the inside or the
front surface la of the wafer 1 held by the chuck table
4. For exanple, the collecting | ens 24 can nove along the
hei ght direction and change the height position of a
focal point 30.

Note that the observation |aser beamirradi ation
unit 18 may be capable of irradiating the wafer 1 held by
the chuck table 4 with the first |aser beam 14 with
out put power that exceeds the processing threshold of the
wafer 1. That is, the observation |aser beamirradiation
unit 18 may be capable of functioning as the | aser beam
irradiation unit 6 described with FIG 2. In this case,
the | aser beamirradiation unit 6 can be omtted and the
configuration of the |aser processing apparatus 2 is
sinplified. Therefore, the light sources of the first
| aser beam 14 and the second | aser beam 28 may be the
sane. On the other hand, in the case in which the |aser

processi ng apparatus 2 has both the | aser beam
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irradiation unit 6 and the observation | aser beam
irradiation unit 18, the wafer 1 can be efficiently
processed when the | aser processing apparatus 2 includes
yet another chuck table. For exanple, sinultaneously with
Irradiation of one wafer 1 wth the second | aser beam 28,
another wafer 1 can be irradiated with the first |aser
beam 14.

The beam shaping unit 26 included in the
observation | aser beamirradiation unit 18 has a function
of form ng the shape of the second | aser beam 28 emtted
fromthe laser oscillator 20 into a specific shape. For
exanpl e, the beam shaping unit 26 is a pl ate-shaped
conmponent having a transm ssi on wi ndow (not illustrated)
with a shape corresponding to this specific shape and a
bl ocking part (not illustrated) that bl ocks the second
| aser beam 28 around this transm ssion wi ndow. This
transm ssion window is fornmed to penetrate the beam
shaping unit 26. The beam shaping unit 26 is incorporated
into the observation |aser beamirradiation unit 18 while
the orientation thereof is adjusted in such a manner that
the penetration direction of the transm ssion w ndow
corresponds with the traveling direction of the second
| aser beam 28. When the second | aser beam 28 reaches the

beam shapi ng unit 26, part thereof passes through this
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transm ssion wi ndow and the renmaining part is bl ocked by
the bl ocking part, so that the second | aser beam 28 is
formed into the specific shape.

Alternatively, in the observation | aser beam
irradiation unit 18, a diffractive optical el enent (DCE)
may be incorporated as the beam shaping unit 26. In this
case, this DCE is designed and nanufactured in such a
manner that the second | aser beam 28 can be fornmed into a
predet erm ned shape. Mreover, in the observation | aser
beamirradiation unit 18, a spatial |ight nodul ator
including a Liquid crystal on silicon (LCOS) el ement nay
be incorporated as the beam shaping unit 26.

In the processing nethod of a wafer according to
the present enbodi nent, the second | aser beam 28 is
shaped in such a manner that the sectional shape thereof
in a surface perpendicular to the traveling direction of
the second | aser beam 28 (for exanple, back surface 1b)
beconmes asynmetric across the nodified | ayer 7 when the
back surface 1b of the wafer 1 is irradiated with the
second | aser beam 28. For exanple, the sectional shape of
the second | aser beam 28 is set to a semcircul ar shape
| ocat ed on one side of two regions separated with the
nodi fied | ayer 7 being the boundary. The wafer 1 is

irradiated with the second | aser beam 28 fromthe side of
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t he back surface 1b and the second | aser beam 28 travels
inside the wafer 1. Then, the second | aser beam 28 t hat
has reached the front surface la of the wafer 1 is
reflected by the front surface la of the wafer 1.
Thereafter, the reflected |ight 32 of the second | aser
beam 28 travels in the opposite direction inside the
wafer 1 and travels fromthe back surface 1b to the
external of the wafer 1.

The reflected Iight 32 of the second | aser beam 28
goes through the collecting lens 24 and is converted to
collimated light to be transmtted through the dichroic
mrror 22. Furthernore, an inmaging unit 34 that inages
the reflected light 32 is disposed on the traveling path
of the reflected light 32 transmtted through the
dichroic mrror 22. The imaging unit 34 includes an image
sensor such as a conplenentary netal oxide sem conduct or
(CMOS) sensor or a charge coupl ed device (CCD) sensor,
for exanple. The imaging unit 34 images the reflected
light 32 and forns an image in which the reflected |ight
32 appears. As described |ater, determ nation of whether
or not the crack 9 properly extends fromthe nodified
| ayer 7 fornmed inside the wafer 1 to the front surface la
i s executed based on the inmage fornmed through i magi ng of

the reflected light 32 by the imaging unit 34.
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Next, the processing nmethod of a wafer according to
the present enbodinment will be described. This processing
nmet hod of a wafer is executed in the | aser processing
apparatus 2, for exanple. In the processing nethod of a
wafer, the nodified layer 7 is formed inside the wafer 1
along the plural planned dividing lines 3 of the wafer 1
for which these planned dividing lines 3 are set on the
front surface la. In FIG 11, a flowhart for explaining
the flow of the respective steps of the processing nethod
of a wafer is illustrated. The respective steps will be
descri bed in detail bel ow.

First, a holding step S10 is executed in which the
wafer 1 is carried in to the |aser processing apparatus 2
and the front surface la of the wafer 1 is nade opposed
to the chuck table 4 and the wafer 1 is held by the chuck
table 4. In the holding step S10, the wafer 1 is placed
on the chuck table 4 in such a manner that the side of
the front surface la of the wafer 1 is nade opposed to
the hol ding surface 4a of the chuck table 4 to cause the
side of the back surface 1b of the wafer 1 to be exposed
upward. Thereafter, when the suction source of the chuck
table 4 is actuated to cause a negative pressure to act
on the wafer 1, the wafer 1 is sucked and held by the

chuck table 4. In FIG 2, a sectional view of the wafer 1
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sucked and held by the chuck table 4 is schematically
illustrated. Note that, before the holding step S10 is
executed, a protective conponent disposing step of
sticking a protective conponent such as an adhesive tape
to the front surface la of the wafer 1 may be executed in
advance. In this case, the wafer 1 is held by the chuck
table 4 with the internediary of this protective
conmponent in the holding step S10.

Next, a nodified layer formng step S20 i s executed
in which irradiation with the first |aser beam 14 is
executed along the planned dividing lines 3 fromthe side
of the back surface 1b of the wafer 1 and the nodified
layer 7 is fornmed inside the wafer 1. The first |aser
beam 14 is a | aser beamw th a wavel ength havi ng
transmssibility with respect to the wafer 1 (wavel ength
that allows transm ssion through the wafer 1). FIG 2 is
a sectional view schematically illustrating the nodified
| ayer formng step S20. In the nodified | ayer form ng
step S20, first, the chuck table 4 and the | aser beam
irradiation unit 6 are relatively noved and one end of
one planned dividing line 3 of the wafer 1 is positioned
under the |laser beamirradiation unit 6. Sinultaneously,
the chuck table 4 is rotated to align the planned

dividing line 3 of the wafer 1 with the processing feed
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direction. Then, the focal point 16 of the first |aser
beam 14 is positioned to a predeterm ned hei ght position
i nsi de the wafer 1.

Thereafter, the wafer 1 is irradiated wth the
first laser beam 14 while the chuck table 4 and the [|aser
beamirradiation unit 6 are relatively noved in the
processing feed direction. Wen the wafer 1 is irradiated
with the first | aser beam 14 under a condition
appropriate for processing of the wafer 1, the nodified
| ayer 7 along the planned dividing Iine 3 is forned
inside the wafer 1 and the crack 9 (see FIG 3B and so
forth) that extends fromthe nodified layer 7 to the
front surface la of the wafer 1 is fornmed. After the
nodi fied |layer 7 is fornmed al ong the one planned dividing
line 3 of the wafer 1, the chuck table 4 and the |aser
beamirradiation unit 6 are noved in the indexing feed
direction and the nodified layer 7 is simlarly fornmed
i nside the wafer 1 al ong another planned dividing line 3.
After the nodified layer 7 is forned along all planned
dividing Iines 3 along the one direction, the chuck table
4 is rotated and the nodified layer 7 is simlarly forned
al ong the planned dividing |ines 3 along the other
direction. Wen the irradiation with the first |aser beam

14 has been executed along all planned dividing |ines 3
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of the wafer 1, the nodified |ayer formng step S20 is
conpleted. Note that, along each planned dividing |ine 3,
irradiation with the first |aser beam 14 may be executed
two or nore times wth change in the height of the foca
point 16 and plural nodified |layers 7 that overlap with
each other may be forned.

When the wafer 1 inside which the nodified |ayer 7
and the crack 9 that extends fromthe nodified | ayer 7
are fornmed al ong the planned dividing lines 3 is ground
fromthe side of the back surface 1b to thin the wafer 1
and renove the nodified layer 7 and so forth, the wafer 1
I's divided and i ndividual device chips are obtained.
However, if the crack 9 does not properly extend to the
front surface la of the wafer 1, the wafer 1 cannot be
properly divided, and the quality of the forned device
chi ps does not neet the standards in sonme cases and
damage to the device chip occurs in other cases. Thus,
the yield of the device chips | owers.

FIG 3Ais an enlarged sectional view schematically
illustrating the wafer 1 inside which the nodified | ayer
7 is formed and the crack 9 is not forned. Furthernore,
FIG 3B is an enlarged sectional view schematically
illustrating the wafer 1 inside which the nodified | ayer

7 and the crack 9 that reaches the front surface l1la from
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the nodified layer 7 are forned. If the crack 9 reaches
the front surface la as illustrated in FIG 3B, the crack
9 is visually recogni zed when the front surface la of the
wafer 1 is observed by a m croscope. On the other hand,
if the crack 9 is not fornmed, the crack 9 cannot be
visually recognized in the front surface la. Thus, it is
concei vabl e that the side of the front surface la of the
wafer 1 is observed by a mcroscope in order to check
whet her or not the crack 9 exists after the nodified
layer 7 is formed in the wafer 1. However, to observe the
front surface la by the m croscope, the wafer 1 needs to
be carried out fromthe chuck table 4 and be noved to the
m croscope. Thus, in the processing nethod of a wafer
according to the present enbodi nent, an observation | aser
beamirradiation step S30, an inaging step S40, and a
determi nation step S50 are executed in order to determ ne
whet her or not the crack 9 that extends fromthe nodified
| ayer 7 to the front surface la exists.

Next, the observation |aser beamirradiation step
S30 executed after the nodified |layer form ng step S20
W || be described. In the observation |aser beam
irradiation step S30, the wafer 1 held by the chuck table
4 is irradiated with the second | aser beam 28 as a | aser

beam for observation fromthe observation | aser beam
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irradiation unit 18. The second | aser beam 28 is a | aser
beam wi t h out put power that does not exceed the
processing threshold of the wafer 1 and with a wavel ength
having transmssibility with respect to the wafer 1
(wavel ength that allows transm ssion through the wafer

1). FIG 4 is a side view schematically illustrating the
observation | aser beamirradi ation step S30. Wen the
wafer 1 inside which the nodified layer 7 is forned is
irradiated with the second | aser beam 28 fromthe side of
t he back surface 1b, the focal point 30 is positioned to
the inside or the front surface l1a of the wafer 1 in
advance. Preferably, the focal point 30 is positioned to
a position that overlaps with the nodified layer 7 in the
front surface la of the wafer 1.

The second | aser beam 28 emitted fromthe | aser
oscillator 20 reaches the beam shaping unit 26 and is
shaped into a predeterm ned shape by the beam shapi ng
unit 26. Thereafter, the second | aser beam 28 is
reflected by the dichroic mrror 22 and travels toward
the chuck table 4. Then, the second | aser beam 28 is
transmtted through the collecting | ens 24 and thereafter
is applied to the back surface 1b of the wafer 1 and
travels inside the wafer 1 to be focused on the foca

poi nt 30. The second | aser beam 28 that travel s inside
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the wafer 1 is reflected by the front surface la of the
wafer 1. Then, the reflected light 32 of the second | aser
beam 28 travels inside the wafer 1 and goes through the
back surface 1b of the wafer 1 to travel to the external.
Thereafter, the reflected light 32 is transmtted through
the collecting lens 24 and the dichroic mrror 22 and
reaches the imaging unit 34.

FIG 6A is a plan view schematically illustrating
one exanple of the sectional shape of the second | aser
beam 28 with which the wafer 1 is irradiated.
Specifically, in FIG 6A, a region 40 irradiated with the
second | aser beam 28 in the back surface 1b of the wafer
lis illustrated and hatching lines are given to the
region 40. Moreover, for conveni ence of expl anation,
dashed lines that schematically illustrate the planar
position of the nodified layer 7 forned inside the wafer
1 along the planned dividing line 3 and a point that
schematically illustrates the planar position of the
focal point 30 are displayed in FIG 6A. As illustrated
in FIG 6A, the sectional shape of the second | aser beam
28 is a semcircular shape, for exanple. As illustrated
in FIG 6A, the second | aser beam 28 i s shaped by the
beam shapi ng unit 26 in advance in such a manner that the

sectional shape thereof in a surface perpendicular to the
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traveling direction thereof (for exanple, back surface 1b
of the wafer 1) becones asymmetric across the nodified
| ayer 7.

Here, detailed description will be nade about the
path of the reflected Iight 32 of the second | aser beam
28 reflected at the focal point 30 positioned to the
front surface la of the wafer 1. FIG 5A is a sectiona
view schematically illustrating the traveling path of the
second | aser beam 28 and the reflected light 32 in the
case in which the crack 9 that extends fromthe nodified
| ayer 7 to the front surface la of the wafer 1 is not
formed. FIG 5B is a sectional view schematically
illustrating the traveling path of the second | aser beam
28 and the reflected light 32 in the case in which the
crack 9 that extends fromthe nodified |layer 7 is forned.
Note that the sectional viewillustrated in FIG 5A and
the sectional viewillustrated in FIG 5B are draw ngs
for explaining the influence of the presence and absence
of the crack 9 on the reflected light 32. 1In the
sectional viewillustrated in FIG 5A and the sectiona
viewillustrated in FIG 5B, characteristics such as the
relative positional relation anong the wafer 1, the
nodi fied | ayer 7, the planned dividing Iine 3, and the

crack 9 and the angles at which the second | aser beam 28
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and the reflected |ight 32 travel are enphasized for
conveni ence of expl anati on.

As illustrated in FIG 5A and FIG 5B, the second
| aser beam 28 with which the side of the back surface 1b
of the wafer 1 is irradiated is focused on the foca
poi nt 30. Then, the second | aser beam 28 is refl ected by
the front surface la of the wafer 1, and the reflected
light 32 travels inside the wafer 1 and reaches the back
surface 1b of the wafer 1. If the crack 9 that reaches
the front surface la of the wafer 1 fromthe nodified
layer 7 is not forned inside the wafer 1, the second
| aser beam 28 passes through a region under the nodified
| ayer 7 and travels. As illustrated in FIG 5A, the
second | aser beam 28 (incident light) and the reflected
| ight 32 becone the state of being inverted across the
nodi fied | ayer 7.

In contrast, if the crack 9 that reaches the front
surface la of the wafer 1 fromthe nodified layer 7 is
formed inside the wafer 1, the second | aser beam 28
reaches the crack 9 under the nodified layer 7 and is
affected by the crack 9. |If the crack 9 reaches the front
surface la of the wafer 1, the wafer 1 is slightly split
by the crack 9 and therefore an interface is forned

between a | ayer of air that enters the crack 9 and the
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wafer 1. For this reason, simlarly to the reflection of
the second | aser beam 28 by the front surface la, the
second | aser beam 28 that has reached the crack 9 is
reflected by the crack 9. In this case, as illustrated in
FIG 5B, the reflected light 32 reversely travels in the
sanme region as the region inside the wafer 1 through
whi ch the second | aser beam 28 (incident |ight) has been
transmtted and reaches the front surface la of the wafer
1.

In the processing nethod of a wafer according to
the present enbodi nent, next, the imging step S40 of
i maging the reflected Iight 32 of the second | aser beam
28 with which the wafer 1 is irradiated in the
observation | aser beamirradi ation step S30 by the
imaging unit 34 is executed. In the imaging step S40, the
reflected light 32 is imaged and an image in which the
reflected |light 32 appears is forned.

FIG 6Cis a plan view schematically illustrating a
region 42b in which the reflected |ight 32 appears in an
i mage 38 fornmed through imging by the inmaging unit 34 in
the case in which the crack 9 that reaches the front
surface la fromthe nodified layer 7 is not fornmed. |If
the crack 9 is not fornmed, as illustrated in FIG 5A, the

second | aser beam 28 (incident light) and the reflected
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| ight 32 becone the state of being inverted across the
nodi fied | ayer 7. Thus, the shape of the reflected Iight
32 of the second | aser beam 28 that appears in the inmage
38 becones such a shape as to be obtained by inverting
the sectional shape of the second | aser beam 28. Wen the
sectional shape of the second | aser beam 28 is a

sem circul ar shape, the region 42b in which the reflected
| ight 32 appears has a shape obtained by inverting this
semcircular shape as illustrated in FIG 6C.

Furthernmore, FIG 6B is a plan view schematically
illustrating a region 42a in which the reflected |ight 32
appears in an i mage 36 fornmed through imagi ng by the
i maging unit 34 in the case in which the crack 9 extends
fromthe nodified layer 7 to the front surface la. If the
crack 9 extends fromthe nodified layer 7 to the front
surface l1la, as illustrated in FIG 5B, the paths of the
second | aser beam 28 (incident light) and the refl ected
light 32 overlap. Thus, when the sectional shape of the
second | aser beam 28 is the sem circul ar shape, the
region 42a in which the reflected |light 32 appears has a
shape simlar to this semcircular shape as illustrated
in FIG 6B.

As above, the shape and so forth of the reflected

l'ight 32 that appears in the inmages 36 and 38 forned
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through i maging of the reflected light 32 in the inaging
step S40 change dependi ng on whether or not the crack 9
exi sts. Thus, on the basis of the imges 36 and 38,

whet her or not the crack 9 that reaches the front surface
la fromthe nodified layer 7 is forned inside the wafer 1
can be determ ned.

In the processing nethod of a wafer according to
the present enbodi nent, the determ nation step S50 of
determi ning the processing state of the wafer 1 on the
basis of the imges 36 and 38 taken in the inaging step
S40 is executed. Here, the processing state refers to the
state of the wafer 1 processed by being irradiated wth
the first |aser beam 14, for exanple, and includes the
result of processing. For exanple, the processing state
refers to the presence or absence of the crack 9 that
reaches the front surface la fromthe nodified | ayer 7.
Details of the determ nation executed in the
determination step S50 will be described. In the
determ nation step S50, it is determ ned whether or not
the shape of the reflected |light 32 of the second | aser
beam 28 that appears in the image 36 or 38 taken in the
i magi ng step S40 is a shape in which the sectional shape
of the second | aser beam 28 (incident |ight) with which

the wafer 1 is irradiated is reflected. To put it sinply,
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it is determ ned whether or not the reflected |ight 32
has a shape simlar to the sectional shape of the
incident light (S51). Here, the sectional shape of the
second | aser beam 28 refers to the shape of the region
irradiated wth the second | aser beam 28 in the back
surface 1b of the wafer 1, for exanple.

As a result, if it is confirned that the reflected
light 32 has a shape simlar to the sectional shape of
the incident light as illustrated in FIG 6B, it is
determ ned that the crack 9 extends fromthe nodified
| ayer 7 toward the side of the front surface la of the
wafer 1 (S52). More specifically, if the reflected |ight
32 appears in the taken inage in such a manner as to
overlap with the region 42a with the sane shape as the
region irradiated with the second | aser beam 28 (region
40 in FIG 6A) in the back surface 1b, it is determ ned
that the crack extends fromthe nodified | ayer 7 toward
the side of the front surface la of the wafer 1. On the
other hand, if it is confirmed that the reflected |ight
32 has the shape obtained by inverting the sectiona
shape of the incident light as illustrated in FIG 6C, it
is determ ned that the crack 9 does not extend fromthe
nodi fied |ayer 7 toward the side of the front surface 1la

of the wafer 1 (S53). Specifically, if the reflected
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light 32 appears in the relevant taken inage in such a
manner as to overlap with the region 42b with the shape
obtai ned by inverting the region irradiated with the
second | aser beam 28 (region 40 in FIG 6A) in the back
surface 1b, it is determned that the crack 9 does not
extend fromthe nodified |ayer 7 toward the side of the
front surface la of the wafer 1.

If it is determ ned that the crack 9 does not
extend fromthe nodified layer 7 to the front surface la
in the determ nation step S50, it can be determ ned that
the | aser processing executed in the nodified | ayer
formng step S20 has not been properly executed. In this
case, it is conceivable that the processing condition
under which the wafer 1 is irradiated with the first
| aser beam 14 to process the wafer 1 in the nodified
| ayer formng step S20 is not proper or the |aser
processi ng apparatus 2 including the | aser beam
irradiation unit 6 involves sonme kind of abnormality. |If
It is determned that the crack 9 that extends to the
front surface la is fornmed in the determ nation step S50,
thereafter, for exanple, the wafer 1 is ground and
thinned fromthe side of the back surface 1b and the
wafer 1 is divided to manufacture individual device

chips. |If the crack 9 is properly forned, the wafer 1 is
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properly divided.

FIG 7A and FIG 7B are pictures illustrating one
exanpl e of imges taken by the imging unit 34 when the
crack 9 is formed in the wafer 1. Furthernore, FIG 7C
and FIG 7D are pictures illustrating one exanpl e of
i mages taken by the imaging unit 34 when the crack 9 is
not forned in the wafer 1. In each picture, the reflected
light 32 resulting fromreflection of the second | aser
beam 28 by the front surface la of the wafer 1 appears in
white. Furthernore, it is understood that the shape and
the position of the reflected Iight 32 that appears in
each picture can serve as the criterion of the
determ nati on of whether or not the crack 9 exists
because the shape and the position of appearance of the
reflected light 32 in the i mage change dependi ng on
whet her or not the crack 9 is forned in the wafer 1. Note
that, as is understood from each picture, the reflected
light 32 does not necessarily appear with even intensity
in the region in which the reflected |ight 32 appears.
That is, the reflected |light 32 is not necessarily
di stributed evenly in the whole of the region 42a
illustrated in FIG 6B or the whole of the region 42b
illustrated in FIG 6C. The reflected Iight 32 appears in

a streak manner or in a spot manner in the inmage due to
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vari ous causes attributed to an optical phenonenon and so
forth. However, the determ nation of whether or not the
crack 9 exists is sufficiently possible even when the
reflected |light 32 unevenly appears in the inmage.

In some cases, not only determ ning whether or not
the crack 9 is fornmed inside the wafer 1 but al so
evaluating the quality of the crack 9 is desired. In the
processi ng nethod of a wafer according to the present
enbodi nent, the quality of the crack 9 may be eval uated
fromthe inage in which the reflected |ight 32 appears.
For exanpl e, when neandering occurs in the crack 9 and
m nute recesses and projections exist on the reflective
surface of the second | aser beam forned by the crack 9,
the image in which the reflected |ight 32 appears becones
unclear. Furthernore, part of the reflected |ight 32
appears outside the region in which the reflected |ight
32 is planned to appear in the imge in sonme cases.
Moreover, for exanple, if the crack 9 that extends from
the nodified layer 7 is short and the crack 9 does not
reach the front surface la, a non-formation region of the
crack 9 is often left between the nodified |layer 7 and
the front surface l1la. In this case, part of the second
| aser beam 28 passes through this non-formation region

and the other part thereof is reflected by the crack 9.
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That is, in sone cases, in the inage taken by the imaging
unit 34, the reflected |light 32 appears in both the
region in which the reflected |ight 32 appears when the
crack 9 is forned in the wafer 1 and the region in which
the reflected Iight 32 appears when the crack 9 is not
f or med.

Furt her exanples of the image obtained in the
i magi ng step S40 will be depicted together with optica
m cr ogr aphs obt ai ned by phot ographing the side of the
front surface la of the wafer 1. FIG 8A is an inage in
which the reflected |light 32 appears, taken when the
crack 9 is not fornmed fromthe nodified |ayer 7 of the
wafer 1 to the front surface la. FIG 8B is an optica
m cr ogr aph obt ai ned by phot ographi ng the side of the
front surface la of the sane wafer 1. FIG 8C is an inmage
in which the reflected |ight 32 appears, taken when the
crack 9 with insufficient quality is formed fromthe
nodi fied |ayer 7 of the wafer 1 to the front surface 1la.
FIG 8D is an optical mcrograph obtained by
phot ographi ng the side of the front surface la of the
same wafer 1. Moreover, FIG 8E is an inmage in which the
reflected |ight 32 appears, taken when the crack 9 with
sufficient quality is formed fromthe nodified | ayer 7 of

the wafer 1 to the front surface 1la. FIG 8F is an
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opti cal m crograph obtained by photographi ng the side of
the front surface la of the sanme wafer 1.

In the picture illustrated in FIG 8F, an
extrenely-thin line that runs in the horizontal direction
can be confirnmed. |If the crack 9 with little nmeandering
and sufficient quality is fornmed in the wafer 1, the
crack 9 is seen as such an extrenely-thin Iine when the
front surface la is observed by an optical mcroscope. An
I mage obtai ned by executing the observation | aser beam
irradiation step S30 and the imaging step S40 in this
case is illustrated in FIG 8E. In contrast, a |line that
runs in the horizontal direction cannot be confirned in
the picture illustrated in FIG 8B. That is, it is
understood that the crack 9 that appears in the front
surface la is not forned in the wafer 1. An inmage
obt ai ned by executing the observation | aser beam
irradiation step S30 and the inmaging step S40 in this
case is illustrated in FIG 8A It is understood that the
shape and the position of the region in which the
reflected |ight 32 appears are inverted from each ot her
between the image illustrated in FIG 8A and the inmage
illustrated in FIG 8E

Furthernore, a line that runs in the horizontal

direction can be confirnmed in the picture illustrated in
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FIG 8D. The line that appears in the picture illustrated
in FIG 8D is thicker than the extrenely-thin |ine that
appears in the FIG 8F. |If the crack 9 that invol ves
nmeandering and has low quality is forned in the wafer 1,
the crack 9 is seen as such a conparatively-thick |ine
when the front surface la is observed by an optica

m croscope. An inmage obtai ned by executing the
observation | aser beamirradi ation step S30 and the

I magi ng step S40 in this case is illustrated in FIG 8C.
In the inmage illustrated in FIG 8C, the reflected |ight
32 appears in both the region in which the reflected
light 32 appears in the image illustrated in FIG 8A and
the region in which the reflected Iight 32 appears in the
image illustrated in FIG 8E. That is, it is considered
that, when the image illustrated in FIG 8C is taken

part of the second | aser beam 28 passes through the
regi on between the nodified layer 7 and the front surface
la and the other part of the second | aser beam 28 is
reflected by the crack 9. Thus, it can be determ ned that
the quality of the crack 9 is insufficient. As above, in
the processing nethod of a wafer according to the present
enbodi nent, the quality of the crack 9 forned inside the
wafer 1 nmay be evaluated fromthe i nage obtai ned by

executing the imagi ng step $40.
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Note that the shape and the position of the
reflected light 32 that appears in the imge obtained in
the imaging step S40 are not limted thereto. For
exanple, it is also conceivable that the reflected |ight
32 that appears in the i mage does not have the shape
obtai ned by inverting the sectional shape of the incident
light when the crack 9 is not forned in the wafer 1
dependi ng on the focal position of the second | aser beam
28 and the position at which the imaging unit 34 is
di sposed. For exanple, in sone cases, the reflected |ight
32 that appears in the inmage has the shape obtai ned by
i nverting the sectional shape of the incident |[ight when
the crack 9 is formed. The influence of the presence or
absence of the crack 9 on the position and the shape of
the reflected Iight 32 that appears in the imge differs
for each system Thus, in the case of attenpting to
determ ne whether or not the crack 9 that extends from
the nodified layer 7 to the front surface la exists from
the image acquired in the imaging step S40, it is
desirabl e to make verification about this influence in
advance.

For exanple, it is desirable to execute the
foll owi ng process. The wafer 1 in which the crack 9 is

forned in advance and the wafer 1 in which the crack 9 is
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not forned are prepared, and each wafer 1 is irradiated
with the second | aser beam 28 and the reflected |ight 32
is simlarly imged to obtain an i mage. Then, the
I nfluence of the presence or absence of the crack 9 on
the inmage is evaluated and create a criterion for
determ ni ng whether or not the crack 9 exists fromthe
image. In the follow ng, the description will be
conti nued by taking as an exanple the case in which
determ nation is executed based on whether the shape and
the position of the reflected Iight 32 that appears in
the image 36 or 38 are what reflect the sectional shape
of the second | aser beam 28 directly or what reflect the
sectional shape through inversion. However, the nethod,
criterion, and so forth of the determ nation are not
limted thereto

Here, description will be nade about an experi nent
in which an investigation is made about influence given
to whether or not formation of the crack 9 succeeds by
the hei ght position inside the wafer 1 regarding the
focal point 16 on which the first |aser beam 14 is
focused when the nodified | ayer formng step S20 is
executed. In this experinent, Si wafers with a thickness
of 775 um are prepared as the wafers 1 and | aser

processing is executed by the | aser processi ng apparatus
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2. At this tinme, the wafer 1 is held by the chuck table 4
in the state in which the side of the back surface 1lb of
the wafer 1 is exposed upward and the wafer 1 is
irradiated with the first [aser beam 14 to formthe
nodi fied |ayer 7 inside the wafer 1. In the present
experinment, the respective Si wafers are irradiated with
the first | aser beam 14 under plural processing
conditions different in the distance of the focal point
16 fromthe front surface la and plural wafers 1
different fromeach other in the formation depth of the
nodi fied | ayer 7 are created.

Then, each wafer 1 is irradiated with the second
| aser beam 28 and the reflected light 32 is imged, and
whet her or not the crack 9 existed is determ ned froma
formed i nmage. Next, each wafer 1 is carried to a
m croscope and the side of the front surface la of the
wafer 1 is observed to check whether or not the crack 9
exi sted. Furthernore, the relation anong a depth D
(height) of the nodified layer 7 fromthe front surface
la, the result of the determ nation of whether or not the
crack 9 existed fromthe image, and the result of the
check of whether or not the crack 9 existed by the
m croscope is depicted in Table 1.

[ Tabl e 1]
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Depth D Result of determ nation

(um from Whet her or not on basis of inage in
front crack existed which reflected Iight
surface appear ed
57 crack existed crack existed
61 crack existed crack existed
65 crack existed crack existed
69 crack existed crack existed
73 crack existed crack existed
77 crack existed crack existed
81 crack existed crack existed
86 crack existed crack existed

crack does not
90 crack does not exi st
exi st

crack does not
94 crack does not exi st
exi st

crack does not
98 crack does not exi st
exi st

crack does not
102 crack does not exi st
exi st

As depicted in Table 1, in the present experinent,
the depth D of the nodified |ayer 7 fromthe front
surface la is set to twelve depths from57 to 102 um and
the nodified layer 7 is forned in each wafer 1. Then, the
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wafer 1 is irradiated wwth the second | aser beam 28 and
the reflected light 32 is inmaged to formthe image. For
exanple, FIG 7A is an image fornmed when the depth D of
the nodified layer 7 fromthe front surface la is 81 um
and FIG 7B is an image forned when the depth Dis 86 um
Furthernmore, FIG 7C is an inage formed when the depth D
Is 90 umand FIG 7D is an inmage fornmed when the depth D
is 94 um

In eight wafers 1 in which the depth D of the
nodi fied |ayer 7 fromthe front surface la is equal to or
smal ler than 86 um the shape of the reflected |ight 32
that appeared in the image is simlar to the sectiona
shape of the second | aser beam 28. On the other hand, in
four wafers 1 in which the depth D of the nodified |ayer
7 fromthe front surface la is equal to or larger than 90
um the shape of the reflected Iight 32 that appeared in
the image is the shape obtained by inverting the
sectional shape of the second | aser beam 28. That is, it
IS suggested that the crack 9 that that reaches the front
surface la fromthe nodified layer 7 is forned when the
depth D of the nodified layer 7 is equal to or smaller
than 86 um

Furthernore, in the present experinent, the wafer 1

is carried out fromthe | aser processing apparatus 2 and
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the front surface la of each wafer 1 is observed by the
m croscope to check whether or not the crack 9 existed.
Then, it is confirned that the crack 9 is fornmed in the
eight wafers 1 in which the depth D of the nodified |ayer
7 is equal to or smaller than 86 umas depicted in Table
1 and it is confirnmed that the crack 9 is not formed in
the four wafers 1 in which the depth D of the nodified
layer 7 is equal to or larger than 90 um |In the present
experinment, it is confirmed that the height of the
nodi fied | ayer 7 affects whether or not formation of the
crack 9 that reaches the front surface la fromthe
nodi fied | ayer 7 succeeds. Moreover, in the present
experinment, it is confirmed that the result of the
determ nati on of whether or not the crack 9 exists on the
basis of the image in which the reflected |ight 32
appears conpletely corresponds to the result of the check
of whether or not the crack 9 exists by the m croscope
and the processing state of the wafer 1 can be checked by
the processing nethod of a wafer according to the present
enbodi nent .

As descri bed above, in the processing nethod of a
waf er according to the present enbodi nent, w thout noving
the wafer 1 fromthe chuck table 4 of the |aser

processi ng apparatus 2, whether or not the crack 9 exists
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can be easily determned in situ. That is, the processing
state of the wafer 1 can be easily checked.

Note that the present invention is not limted to
the description of the above-descri bed enbodi nent and can
be carried out with various changes. For exanple, wth
FIG 2, the sinplest configuration of the | aser beam
irradiation unit 6 has been described. Furthernore, with
FIG 4, the sinplest configuration of the observation
| aser beamirradiation unit 18 has been descri bed.

Mor eover, the case in which the |ight source of the first
| aser beam 14 is different fromthe |ight source of the
second | aser beam 28 has been mainly descri bed. However,
t he processing nethod of a wafer according to the present
enbodi nent is not limted thereto. For exanple, a |aser
beamirradiation unit of another formmay be used in the
nodi fied |ayer form ng step S20 and t he observation | aser
beamirradiation step S30 in the processing nethod of a
waf er according to the aspect of the present invention.

Next, a |l aser processing apparatus 48 that is a
nodi fication exanple of the |aser processing apparatus 2
wi Il be described. FIG 9 is a side view schematically
illustrating a | aser beamirradi ation unit 52 according
to the nodification exanple with which the | aser

processi ng apparatus 48 is equi pped. The |aser processing
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apparatus 48 includes a chuck table 50 including a
hol di ng surface 50a exposed upward and the | aser beam
irradiation unit 52. The chuck table 50 is configured
simlarly to the chuck table 4 of the | aser processing
apparatus 2. The |aser beamirradiation unit 52 has a
function of irradiating the wafer 1 with a | aser beam
wi th such a wavel ength as to be transmtted through the
wafer 1. Furthernore, the |aser beamirradiation unit 52
can irradiate the wafer 1 wth a first |aser beam 66 with
out put power that exceeds a processing threshold and
irradiate the wafer 1 with a second | aser beam 68 with
out put power that does not exceed the processing
threshold. That is, the | aser beamirradiation unit 52
can be used for the nodified |ayer form ng step S20 and
t he observation | aser beamirradiation step S30.

As illustrated in FIG 9, the |aser beam
irradiation unit 52 includes a | aser oscillator 54, a
pol ari zer 56, a spatial |ight nodul ator 58, a 4f |ens
unit 60, a dichroic mrror 62, and a collecting | ens 64.
The | aser oscillator 54, the dichroic mrror 62, and the
collecting lens 64 are simlar to the correspondi ng
configurations of the above-described | aser beam
irradiation unit 6 and observation | aser beamirradiation

unit 18. Furthernore, the | aser processing apparatus 48
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i ncludes an inmaging unit 72 configured simlarly to the
imaging unit 34 near the |laser beamirradiation unit 52.
The polarizer 56 is used in order to adjust the
pol ari zation direction of the |aser beamincident on the
spatial |ight nodulator 58. Furthernore, the spatia
I ight nodul ator 58 is an LCOS el enent, for exanple. Wen
the LCOS el enment that functions as the spatial |ight
nodul ator 58 is irradiated with the |aser beam this
| aser beamis reflected while being subjected to phase
nodul ation by a liquid crystal, so that the wave surface
shape can be controlled. That is, using the spatial I|ight
nodul at or 58 can shape the incident | aser beaminto a
predet erm ned sectional shape. The 4f lens unit 60
di sposed between the spatial |ight nodul ator 58 and the
dichroic mrror 62 has a pair of |lenses. Furthernore, the
pair of |lenses are separated from each other by a
predet erm ned di stance. Moreover, the distance between a
respective of the |enses and the spatial |ight nodul ator
58 or the dichroic mrror 62 is also adjusted. That is,
the pair of lenses of the 4f lens unit 60 configure a bi-
tel ecentric optical system Due to this, an inage of the
| aser beamreflected by the reflective surface of the
spatial |ight nodulator 58 is fornmed on the incident

surface of the collecting | ens 64.
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In the nodified layer form ng step S20, by the
| aser beamirradiation unit 52, the focal point of the
first |aser beam 66 is positioned to a predetermn ned
hei ght position inside the wafer 1 and the side of the
back surface 1b of the wafer 1 is irradiated with the
first | aser beam 66. Thereby, the nodified |layer 7 al ong
the planned dividing line 3 is fornmed inside the wafer 1.
At this tinme, in the spatial |ight nodul ator 58, the
incident first |aser beam 66 is not shaped into a
specific shape. Alternatively, the first |aser beam66 is
shaped into a shape suitable for formation of the
nodi fied | ayer 7.

In the observation | aser beamirradi ati on step S30,
by the | aser beamirradiation unit 52, the focal point of
the second | aser beam 68 is positioned to the front
surface la or the inside of the wafer 1 and the side of
t he back surface 1b of the wafer 1 is irradiated with the
second | aser beam68. At this time, the spatial |ight
nodul at or 58 shapes the second | aser beam 68 in such a
manner that the sectional shape thereof in a surface
per pendi cul ar to the traveling direction thereof becones
asynmmetric across the nodified | ayer 7 when the back
surface 1b of the wafer 1 is irradiated with the second

| aser beam 68. Thereafter, the second | aser beam 68
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travels inside the wafer 1 and is reflected by the front
surface la. Then, reflected light 70 travels fromthe
back surface 1b of the wafer 1 to the external of the
wafer 1 and is transmtted through the dichroic mrror 62
to reach the imaging unit 72. The imaging unit 72 inmages
the reflected Iight 70 and creates an i mge.

As above, when the | aser beamirradiation unit 52
is used, the first | aser beam 66 and the second | aser
beam 68 can be generated by a common |ight source and
therefore the | aser processing apparatus 48 is obtained
as an apparatus having a sinplified configuration.

Moreover, in the above-described enbodi nent,
descri ption has been made about the case in which the
sectional shape of the second | aser beam 28 is asymetric
across the nodified layer 7 and irradiation with the
second | aser beam 28 is executed fromthe nornal
direction of the back surface 1b of the wafer 1. However,
t he aspect of the present invention is not l[imted
thereto. FIG 10 is a sectional view schematically
illustrating the case in which the traveling direction of
a second | aser beam 44 is not perpendicular to the back
surface 1b of the wafer 1 in the observation | aser beam
irradiation step S30. As illustrated in FIG 10, if the

crack 9 that reaches the front surface la fromthe
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nodified |layer 7 is not forned, the second | aser beam 44
(reflected light 46) travels in a region between the

nodi fied |ayer 7 and the front surface la. On the other
hand, if the crack 9 that extends fromthe nodified |ayer
7 to the front surface la exists, the second | aser beam
44 (reflected light 46) is reflected by the crack 9.

As above, there is also the case in which whet her
or not the crack 9 exists can be determ ned fromthe
image in which the reflected |ight 46 appears
irrespective of whether or not the sectional shape of the
second | aser beam 44 is asymmetric. In this case, the
second | aser beam 44 with which the wafer 1 is irradiated
in the observation | aser beamirradiation step S30 is
made to travel froma direction that is not perpendicul ar
to the back surface 1b of the wafer 1 to the inside of
the wafer 1. Furthernore, also in this case, change
occurs in the image in which the reflected |light 32
appears dependi ng on whether or not the crack 9 exists.
Thus, whether or not the crack 9 exists can be determ ned
fromthe inmage in which the reflected |ight 32 appears.

Incidentally, in some cases, the second | aser beam
28 with which the wafer 1 is irradiated is not precisely
focused on the focal point 16 due to the influence of

spherical aberration and the reflected |light 32 does not
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clearly appear in the imge obtained in the imging step
S40 as a result. Thus, a correction ring that alleviates
the influence of the spherical aberration may be nounted
on the collecting lens 24. Furthernore, in this case, the
correction ring with appropriate performance according to
the thickness and material of the wafer 1 is selected and
used, for exanple. Alternatively, when a spatial |ight
nodul at or such as an LCOS elenment is used for the
observation | aser beamirradiation unit 18, the second

| aser beam 28 about which the spherical aberration has
been corrected nmay be fornmed and the back surface 1b of
the wafer 1 may be irradiated with the second | aser beam
28.

Mor eover, the observation |aser beamirradi ation
step S30 may be executed in liquid inmersion. This case
w ||l be described with the observation | aser beam
irradiation step S30 illustrated in FIG 4. A space
bet ween the collecting lens 24 and the back surface 1b of
the wafer 1 is filled with a liquid. As this liquid, a
liquid called imersion oil, glycerin, or purified water
can be used, for exanple. In the case of executing the
observation | aser beamirradiation step S30 in |iquid
i mrersion, the numerical aperture of the collecting |ens

24 that functions as an objective |l ens can be set high.
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Thus, the resolution of the image that is taken by the
imaging unit 34 and in which the reflected |ight 32
appears can be enhanced and anal ysis can be executed in
nore detail regarding the crack 9 that extends fromthe
nodi fied | ayer 7.

Furthernore, in the above-described enbodi nent,
descri ption has been made mainly about the case in which
the wafer 1 on which the devices 5 are forned on the side
of the front surface la is irradiated wth the first
| aser beam 14 and the second | aser beam 28 fromthe side
of the back surface 1b. However, the aspect of the
present invention is not limted thereto. For exanple,
the side of the front surface la of the wafer 1 may be
irradiated with the first |aser beam 14 and the second
| aser beam 28. Furthernore, |aser processing of the wafer
1 on which the devices 5 are not forned may be executed
and the nodified layer 7 nay be forned inside the wafer
1. Moreover, in the above-described enbodi nent,
descri ption has been made by taking as an exanple the
case in which the sectional shape of the second | aser
beam 28 is a sem circul ar shape. However, this sectiona
shape is not limted thereto. For exanple, this sectiona
shape may be a triangul ar shape, a rectangul ar shape, or

anot her pol ygonal shape. That is, it suffices that the
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di stribution of the power is asymmetric across the

nodi fied | ayer 7. For exanple, if this sectional shape is
a shape of half of a semicircle, information relating to
the extension direction of the crack 9 is obtained from
the image in which the reflected |Iight 32 appears in sone
cases.

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

by the invention.

57



WHAT IS CLAIMED | S

1. A processing nethod of a wafer in which a
nodi fied |ayer is formed inside the wafer on which a
plurality of planned dividing lines are set on a front
surface along the planned dividing |ines of the wafer,

t he processing net hod conpri sing:

a holding step of causing the front surface of the
waf er to be opposed to a chuck table and hol ding the
waf er by the chuck table;

a nodified |l ayer formng step of positioning a
focal point of a first |Iaser beamw th a wavel ength
having transmssibility with respect to the wafer to
i nside of the wafer and executing irradiation with the
first | aser beam along the planned dividing lines froma
side of a back surface of the wafer while relatively
nmoving a | aser beamirradiation unit and the chuck table
in a direction along the planned dividing line, to form
the nodified |ayer inside the wafer;

an observation |l aser beamirradiation step of
positioning a focal point of a second | aser beamwi th
out put power that does not exceed a processing threshold
of the wafer and with a wavel ength havi ng
transmssibility with respect to the wafer to the inside

or the front surface of the wafer and executing
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irradiation with the second | aser beam fromthe side of
the back surface of the wafer after the nodified |ayer
form ng step

an imagi ng step of imaging reflected |ight of the
second | aser beamw th which the irradiation is executed
in the observation | aser beamirradiation step by an
I magi ng unit; and

a determ nation step of determ ning a processing
state of the wafer on a basis of an imge taken in the
i magi ng step, wherein

the second | aser beamw th which the wafer is
irradiated in the observation | aser beamirradi ation step
is shaped in such a nanner that a sectional shape of the
second | aser beamin a surface perpendicular to a
traveling direction of the second | aser beam becones
asymretric across the nodified | ayer.

2. The processing nethod of a wafer according to
claim1l1, wherein,

in the determ nation step

it is determined that a crack extends from

the nodified |layer toward a side of the front surface of
the wafer when the reflected Iight appears in such a
manner as to overlap with a region with a sane shape as a

region irradiated with the second | aser beamw th which
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the wafer is irradiated in the observation | aser beam
irradiation step in the back surface in the image taken
in the i mgi ng step, and

it is determ ned that the crack does not
extend fromthe nodified | ayer toward the side of the
front surface of the wafer when the reflected |ight
appears in such a manner as to overlap wth a region with
a shape obtained by inverting a shape of the region
irradiated with the second | aser beamw th which the
wafer is irradiated in the observation | aser beam
irradiation step in the back surface in the image taken
in the imagi ng step.

3. A processing nethod of a wafer in which a
nodified layer is forned inside the wafer on which a
plurality of planned dividing lines are set on a front
surface along the planned dividing |ines of the wafer,

t he processing nethod conpri sing:

a holding step of causing the front surface of the
waf er to be opposed to a chuck table and hol ding the
waf er by the chuck table;

a nodified layer formng step of positioning a
focal point of a first |Iaser beamw th a wavel ength
having transmissibility with respect to the wafer to

i nside of the wafer and executing irradiation with the
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first | aser beam along the planned dividing lines froma
side of a back surface of the wafer while relatively
noving a | aser beamirradiation unit and the chuck table
in a direction along the planned dividing line, to form
the nodified | ayer inside the wafer;

an observation | aser beamirradiation step of
positioning a focal point of a second | aser beamw th
out put power that does not exceed a processing threshold
of the wafer and with a wavel ength havi ng
transmssibility with respect to the wafer to the inside
or the front surface of the wafer and executing
irradiation with the second | aser beam fromthe side of
the back surface of the wafer after the nodified |ayer
formng step

an i magi ng step of imaging reflected |ight of the
second | aser beamw th which the irradiation is executed
in the observation |aser beamirradi ation step by an
i magi ng unit; and

a determnation step of determ ning a processing
state of the wafer on a basis of an imge taken in the
I magi ng step, wherein

the second | aser beamw th which the wafer is
irradiated in the observation | aser beamirradiation step

travels to the inside of the wafer froma direction that
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i's not perpendicular to the back surface of the wafer.

4. The processing nethod of a wafer according to
claim1l, wherein

t he second | aser beamis made incident on the wafer
in a state in which aberration attributed to a | ens that
forms the focal point is corrected in the observation
| aser beamirradi ati on step.

5. The processing nmethod of a wafer according to
claim1, wherein

the first | aser beam and the second | aser beam have
a same |ight source.

6. The processing nethod of a wafer according to
claim1l, wherein

the observation | aser beamirradiation step is

executed in liquid inmersion.
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