WAFER PROCESSI NG METHOD

BACKGROUND COF THE | NVENTI ON

Field of the Invention

The present invention relates to a wafer pr
method that modifies the inside of a wafer by a las
beam of a wavelength transmissible through the wafe

Description of the Related Art

In electronic apparatuses typified by mobil
telephones and personal computers, device chips inc
devices such as integrated circuits or the like are
essential constituent elements. The device chips a
example, obtained by demarcating the front surface
of a wafer formed of a semiconductor material such
silicon or the like by a plurality of planned divid
lines (streets), forming a device in each of result
regions, and thereafter dividing the wafer along th
planned dividing lines.

As one of methods of dividing the wafer, a

is known which modifies the inside of the wafer by

applying a laser beam (a transmissible laser beam)
wavelength transmissible through the wafer from the

surface side of the wafer and condensing the laser

within the wafer, and thus forms modified layers
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(modified regions) that are fragile as compared wit
other regions (see, for example, Japanese Patent La
Open No. 2002-192370). When a force is applied to
wafer after the modified layers are formed along th
planned dividing lines, the wafer can be divided in
plurality of device chips with the modified layers

starting point.

SUWARY OF THE | NVENTI ON

In the above-described method, a laser beam
wavelength transmissible through the wafer is used.
part of the laser beam applied from the back surfac
of the wafer therefore reaches the front surface si
the wafer without being absorbed. Hence, in a case
minute cracks randomly extend from the modified lay
for example, the laser beam reflected and dispersed
the cracks may reach the devices on the front surfa
side, and destroy the devices.

It is accordingly an object of the present

invention to provide a novel wafer processing metho

can prevent destruction of devices by a laser beam

reflected and dispersed within a wafer.
In accordance with an aspect of the present

invention, there is provided a wafer processing met
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for processing a wafer having a device formed in ea ch

region of a front surface side demarcated by a plur ality

of planned dividing lines, by using a laser process ing
apparatus, the laser processing apparatus including a
chuck table configured to hold the wafer, a laser b eam
irradiating unit configured to form a modified laye r
within the wafer by irradiating the wafer held on t he

chuck table with a laser beam of a wavelength

transmissible through the wafer, and a horizontal m oving
mechanism configured to move the chuck table and th e
laser beam irradiating unit relative to each other in an

X-axis direction, the laser beam irradiating unit

including a laser oscillator configured to perform pulse
oscillation of the laser beam, a condenser configur ed to
condense the laser beam oscillated by the laser

oscillator and irradiate the wafer with the laser b eam,
and a phase shift mask disposed between the Ilaser

oscillator and the condenser, the phase shift mask

forming a phase difference of 180 degrees between a part
of the laser beam guided to the condenser and a rem aining
part of the laser beam guided to the condenser such that
intensity distribution of the laser beam applied to the
wafer has two peaks separated from each other in th e X-
axis direction, the wafer processing method includi ng: a



modified layer forming step of forming the modified
along a planned dividing line within the wafer by m
the chuck table and the laser beam irradiating unit

relative to each other in the X-axis direction whil

irradiating a region corresponding to the planned

dividing line of the wafer with the laser beam from

back surface side of the wafer under a condition fo

condensing the laser beam within the wafer; and a

dividing step of dividing the wafer along the plann
dividing line with the modified layer as a starting

by applying a force to the wafer after the modified
forming step is performed; the modified layer formi
step including a forward path modified layer formin

of irradiating the wafer with the laser beam while

the laser beam irradiating unit to one side in the
direction relative to the chuck table, a backward p
modified layer forming step of irradiating the wafe

the laser beam while moving the laser beam irradiat
unit to another side in the X-axis direction relati

the chuck table, and a phase shift mask reversing s
reversing the phase shift mask so as to reverse pha
distribution of the laser beam applied to the wafer
the X-axis direction after the forward path modifie

layer forming step and before the backward path mod
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layer forming step, or after the backward path modi fied
layer forming step and before the forward path modi fied

layer forming step.

In one mode of the present invention, in th e
forward path modified layer forming step, the phase shift
mask may delay, by 180 degrees, a phase of the lase r beam

forming the peak on the other side in the X-axis

direction with respect to a phase of the laser beam

forming the peak on the one side in the X-axis dire ction,
and in the backward path modified layer forming ste p, the
phase shift mask may delay, by 180 degrees, the pha se of
the laser beam forming the peak on the one side in the X-
axis direction with respect to the phase of the las er
beam forming the peak on the other side in the X-ax IS
direction.

In addition, in one mode of the present inv ention,
a wavelength of the laser beam oscillated by the la ser

oscillator may be between 1300 nm and 1400 nm both

inclusive.

In the wafer processing method according to one
mode of the present invention, the laser beam irrad iating
unit including the phase shift mask is used, and th ereby

the wafer is irradiated with the laser beam of the

intensity distribution having the two peaks separat ed



from each other in the X-axis direction. It is the reby
possible to prevent destruction of the devices by t he
laser beam reflected and dispersed within the wafer

When a direction in which cracks extend is

controlled by the two peaks of the laser beam, a

possibility of the cracks extending in random direc tions
from the modified layer is reduced, and the reflect ion
and dispersion of the laser beam due to the random cracks
are suppressed, so that destruction of the devices can be
prevented.

In addition, in the wafer processing method
according to one mode of the present invention, the phase

shift mask is reversed so as to reverse the phase

distribution of the laser beam applied to the wafer in
the X-axis direction after the forward path modifie d
layer forming step and before the backward path mod ified
layer forming step, or after the backward path modi fied
layer forming step and before the forward path modi fied
layer forming step. Thus, even when the direction of
relative movement between the chuck table and the | aser

beam irradiating unit is changed, the wafer can be
processed with high precision under uniform process ing
conditions.

The above and other objects, features and



advantages of the present invention and the manner

realizing

them will

become more apparent, and

invention itself will best be understood from a stu

the

the following description and appended claims with

reference to the attached drawings showing a prefer

embodiment of the invention.

FIG.

BRI EF DESCRI PTI ON OF THE DRAW NGS

1 is

a perspective view schematically

depicting an example of a configuration of a laser

processing apparatus;

FIG. 2 is a diagram schematically depicting

example of a configuration of a laser beam irradiat

unit;

FIG. 3A is a plan view schematically depict

example of a configuration of a phase shift mask;

FIG. 3B is a side view schematically depict

example of the configuration of the phase shift mas

FIG. 4 is a diagram schematically depicting

of a laser beam passing through the phase shift mas

the like;

FIG.

5 is

a perspective view

schematically

depicting an example of a configuration of a wafer

the like;
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FIG. 6A and FIG. 6B are partially sectional side
views schematically depicting a state in which modi fied
layers are formed within the wafer in a forward pat h
modified layer forming step;

FIG. 7 is a plan view schematically depicti ng the
arrangement of modified layers formed in the forwar d path
modified layer forming step and the like;

FIG. 8 is a diagram schematically depicting a state
after the phase shift mask is reversed in a phase s hift

mask reversing step; and

FIG. 9A and FIG. 9B are partially sectional side
views schematically depicting a state in which modi fied
layers are formed within the wafer in a backward pa th

modified layer forming step.

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT
An embodiment according to one mode of the present

invention will be described with reference to the

accompanying drawings. A wafer processing method

according to the present embodiment includes a modi fied
layer forming step and a dividing step. In the mod ified

layer forming step, a modified layer (modified regi on)
along planned dividing lines is formed within a waf er by
irradiating the wafer with a laser beam of an inten sity



distribution having two peaks separated from each o
in an X-axis direction. In the dividing step, the

is divided along the planned dividing lines with th
modified layer as a starting point. The wafer proc
method according to the present embodiment will
described below in detail.

FIG. 1 is a perspective view schematically
depicting an example of a configuration of a laser
processing apparatus 2 used for the wafer processin
method according to the present embodiment. As dep
in FIG. 1, the laser processing apparatus 2 has a b
on which constituent elements are mounted. Provide
top surface of the base 4 is a horizontal moving
mechanism (processing feeding means and indexing fe
means) 8 that moves a chuck table (holding means) 6
sucks and holds a wafer 11 (see FIG. 5 and the like
an X-axis direction (processing feed direction) and
axis direction (indexing feed direction).

The horizontal moving mechanism 8 has a pai
axis guide rails 10 fixed to the top surface of the
4 and substantially parallel with the X-axis direct
An X-axis moving table 12 is slidably attached to t
axis guide rails 10. A nut portion (not depicted)

provided to an undersurface side (lower surface sid
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the X-axis moving table 12.
substantially parallel with the X-axis guide rails
screwed into the nut portion.

An X-axis pulse motor 16 is coupled to one
portion of the X-axis ball screw 14. Rotating the
ball screw 14 by the X-axis pulse motor 16 moves th
axis moving table 12 in the X-axis direction along
axis guide rails 10. An X-axis position detecting
(not depicted) that detects the position of the X-a
moving table 12 in the X-axis direction is provided
position adjacent to the X-axis guide rails 10.

A pair of Y-axis guide rails 18 substantial
parallel with the Y-axis direction is fixed to a to
surface (upper surface) of the X-axis moving table
Y-axis moving table 20 is slidably attached to the
guide rails 18. A nut portion (not depicted) is pr
to an undersurface side (lower surface side) of the
axis moving table 20. A Y-axis Dball
substantially parallel with the Y-axis guide rails
screwed into the nut portion.

A Y-axis pulse motor 24 is coupled to one e
portion of the Y-axis ball screw 22. Rotating the

ball screw 22 by the Y-axis pulse motor 24 moves th

axis moving table 20 in the Y-axis direction along
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axis guide rails 18. A Y-axis position detecting s
(not depicted) that detects the position of the Y-a
moving table 20 in the Y-axis direction is provided
position adjacent to the Y-axis guide rails 18.

A table mount 26 is provided to a top surfa
(upper surface side) of the Y-axis moving table 20.
chuck table 6 is disposed on an upper portion of th
table mount 26 via a cover 28. A part of a top sur
the chuck table 6 is a holding surface 6a that suck
holds a front surface 11a (see FIG. 5 and the like)
of the wafer 11.

The holding surface 6a is connected to a su
source (not depicted) such as an ejector or the lik
a suction passage (not depicted) or the like formed
within the chuck table 6. In addition, four clamps
fixing an annular frame 19 (see FIG. 5 and the like
supporting the wafer 11 from four directions are pr
to the periphery of the holding surface 6a. A rota
driving source (not depicted) is coupled to the tab
mount 26. The chuck table 6 is rotated by the rota
driving source about a rotation axis substantially
parallel with a Z-axis direction (vertical directio

A supporting structure 30 is provided in th

of the horizontal moving mechanism 8. The supporti
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structure 30 includes a column portion 30a having a

columnar shape and an arm portion 30b projecting to

horizontal moving mechanism 8 side in the Y-axis

direction from an upper end of the column portion 3
Provided to a front end side of the arm portion 30b
example, is a laser beam irradiating unit (laser be
irradiating means) 32 that performs pulse oscillati

a laser beam and irradiates the wafer 11 on the chu
table 6 with the laser beam.

A camera 34 that images the wafer 11 held o
chuck table 6 or the like is provided at a position
adjacent to the laser beam irradiating unit 32. An
formed by imaging the wafer 11 or the like by the ¢
34 is, for example, used to adjust the position of
wafer 11 and the laser beam irradiating unit 32 or
like.

Constituent elements such as the chuck tabl
horizontal moving mechanism 8 (the X-axis pulse mot
and the Y-axis pulse motor 24 in particular), the |
beam irradiating unit 32, the camera 34, and the li
connected to a control unit (not depicted). The co
unit controls the operation of each constituent ele
S0 as to process the wafer 11 properly.

FIG. 2 is a diagram schematically depicting

12

the

Oa.
, for
am
on of

ck

n the

image
amera
the

the

e 6, the
or 16
aser
ke are
ntrol

ment

an



example of a configuration of the laser beam irradi ating
unit 32. The laser beam irradiating unit 32 includ es an
oscillator (laser oscillator) 36 that performs puls e

oscillation of a laser beam L having a wavelength

transmissible through the wafer 11. An adjuster 38 that
adjusts an amount of light of the laser beam L osci llated
by the oscillator 36 is disposed at a position adja cent

to the oscillator 36.

The laser beam L whose light amount is adju sted by
the adjuster 38 is, for example, reflected by a mir ror 40,
and thereafter enters a phase shift mask 42. FIG. 3Ais a

plan view schematically depicting an example of a
configuration of the phase shift mask 42. FIG. 3B is a
side view schematically depicting the example of th e

configuration of the phase shift mask 42.

As depicted in FIG. 3A and FIG. 3B, the pha se shift
mask 42 is, for example, a Levenson mask formed in a disk
shape including a first region 44 having a predeter mined
thickness and a second region 46 thicker than the f irst
region 44. A boundary 42a between the first region 44 and
the second region 46 is, for example, set in a radi al

direction of the phase shift mask 42.
A thickness difference A between the first region

44 and the second region 46 is adjusted such that a phase

13



difference of 180 degrees ( ) can be formed between the

laser beam L passing (transmitting) through the fir st
region 44 and the laser beam L passing (transmittin 0)
through the second region 46. Here, letting n 1 be the
index of refraction of air, letting n 2 be the index of
refraction of a material constituting the phase shi ft
mask 42, and letting A be the wavelength of light in a

vacuum, a condition for a 180 degrees ( n) phase shift of

light is expressed by n 1A-n A = (2m-1)  -A-0/2 o (where m is

a positive integer).

Hence, in a case where the wavelength of th e laser
beam L is 1064 nm and the material constituting the phase
shift mask 42 is quartz glass, for example, conside ring
that the index of refraction of air is approximatel y 1.00

and the index of refraction of quartz glass s

approximately 1.45 at 20°C, a pressure of one atmos phere,
and a wavelength of 1064 nm, the thickness differen ce A
is approximately 1180 (2m-1) (nm). That s, A s
approximately 1.18 um, approximately 3.54 um,
approximately 5.90 um, or the like.

Similarly, in a case where the wavelength o f the
laser beam L is 1342 nm and the material constituti ng the

phase shift mask 42 is quartz glass, for example,

considering that the index of refraction of air is

14



approximately 1.00 and the index of refraction of q uartz
glass is approximately 1.45 at 20°C, a pressure of one
atmosphere, and a wavelength of 1342 nm, the thickn ess

difference A is approximately 1490 (2m-1) (nm). That is,

A is approximately 1.49 um, approximately 4.47 um,
approximately 7.45 um, or the like.

FIG. 4 is a diagram schematically depicting the
state of the laser beam L passing through the phase shift
mask 42 and the like. As depicted in FIG. 4, the | aser
beam L is divided into a first laser beam L1 and a second
laser beam L2 having a phase difference of 180 degr ees
() from each other by passing through the phase shif t
mask 42. More specifically, the phase of the secon d laser
beam L2 passed through the thick second region 46 i S
delayed by 180 degrees ( ) with respect to the phase of
the first laser beam L1 passed through the thin fir st
region 44.

The laser beam L (each of the first laser b eam L1
and the second laser beam L2) passed through the ph ase

shift mask 42 is condensed by a lens (condenser) 48

Because of the presence of the phase difference of 180
degrees ( m) between the first laser beam L1 and the

second laser beam L2, the first laser beam L1 and t he

second laser beam L2 attenuate each other in a reqgi on

15



corresponding to the boundary 42a of the phase shif
42 (in the vicinity of a boundary between the first
beam L1 and the second laser beam L2).

As a result, the first laser beam L1 and th
laser beam L2 are condensed by the lens 48 so as to
two peaks P1 and P2. That is, the intensity distri
of the laser beam L condensed by the lens 48 has th
peaks P1 and P2 separated from each other. In the
processing apparatus 2 according to the present
embodiment, the orientation of the phase shift mask
the like is adjusted such that the two peaks Pl and
are arranged along the X-axis direction.

FIG. 5 is a perspective view schematically
depicting an example of a configuration of the wafe
processed by the wafer processing method according
present embodiment and the like. The wafer 11 is,
example, formed in a disk shape by a semiconductor
material such as silicon or the like. The front su
1la side of the wafer 11 is divided into a pluralit
regions by a plurality of intersecting planned divi
lines (streets) 13. A device 15 such as an IC (Int
Circuit) or the like is formed in each of the regio

In addition, an adhesive tape (dicing tape)

having a larger diameter than the wafer 11 is affix

16

t mask

laser

e second
have
bution

e two

laser

42 or

P2

r 1l
to the

for

rface
y of
ding
egrated
ns.
17

ed to



the front surface 11a side of the wafer 11. The an
frame 19 is fixed to an outer circumferential porti

the adhesive tape 17. A back surface 11b side of t
wafer 11 is exposed. That is, the wafer 11 is supp

by the frame 19 via the adhesive tape 17.

Incidentally, while the disk-shaped wafer 1
of a semiconductor material such as silicon or the
is used in the present embodiment, the material, sh
structure, size, and the like of the wafer 11 are n
limited. For example, a substrate formed of a mate
such as another semiconductor, a ceramic, a resin,
metal, or the like can also be used as the wafer 11
addition, the kind, quantity, shape, structure, siz
arrangement, and the like of the devices 15 are not
limited either.

The wafer processing method according to th
present embodiment first performs the modified laye
forming step of forming a modified layer (modified
region) within the above-described wafer 11. The m
layer forming step includes a holding step, a forwa

path modified layer forming step, a phase shift mas

reversing step, and a backward path modified layer

forming step.

In the holding step, the chuck table 6 of t
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processing apparatus 2 described above sucks and ho
the wafer 11. Specifically, the adhesive tape 17 a
to the front surface 11a side of the wafer 11 is br
into contact with the holding surface 6a of the chu
table 6, and a negative pressure of the suction sou
made to act. In addition, the frame 19 is fixed by
clamps 6b of the chuck table 6. Thus, the wafer 11
sucked and held on the chuck table 6 in a state in
the back surface 11b side of the wafer 11 is expose
upward.

After the holding step, the forward path mo

layer forming step, for example, is performed. FIG

and FIG. 6B are partial sectional side views

schematically depicting a state in which modified |
21 are formed within the wafer 11 in the forward pa
modified layer forming step. FIG. 7 is a plan view
schematically depicting the arrangement of the modi
layers 21 and the like. In the forward path modifi
layer forming step, first, a target planned dividin
13, for example, is made parallel with the X-axis
direction by rotating the chuck table 6.

Next, the chuck table 6 is moved to adjust
position of an emitting port of the laser beam

irradiating unit 32 right above an extension of the

18

Ids
ffixed
ought
ck
rce is

the

which

dified

. 6A

ayers

th

fied

ed

g line

the



planned dividing line 13 as a processing target. T
depicted in FIG. 6A, the chuck table 6 is moved to
side (other side in the X-axis direction) while the
11 is irradiated with the laser beam L (the first |
beam L1 and the second laser beam L2) from the lase
irradiating unit 32.

In other words, the laser beam irradiating
is moved to an X- side (one side in the X-axis dire
relative to the chuck table 6 while the wafer 11 is
irradiated with the laser beam L from the laser bea
irradiating unit 32.

In addition, the laser beam irradiating uni
adjusted and controlled such that the laser beam L
condensed within the wafer 11. When the laser beam
having a wavelength transmissible through the wafer
thus condensed within the wafer 11, the wafer 11 is
modified by multiphoton absorption in a region in w
the laser beam L is condensed (that is, at the peak
and P2) and in the vicinity thereof, so that the mo
layers 21 (modified layers 21a and 21b) serving as
starting point of division can be formed.

Concrete processing conditions are as follo
example.

Wavelength of the laser beam L: 1064 nm or
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Repetition frequency: 90 kHz
Feed speed (processing feed speed) of the c huck
table 6: 500 mm/s

Numerical aperture (NA) of the lens 48: 0.7

Energy of the laser beam L per pulse: 12 ud

Interval between the peak P1 and the peak P 2.1 um
to2 um

However, there are no particular limitation s to the
processing conditions. For example, in the case wh ere the

wafer 11 formed of a semiconductor material such as

silicon or the like is processed, it is also possib le to

use a laser beam L of another wavelength in a range of
900 to 1500 nm both inclusive, preferably in a rang e of
1000 to 1100 nm both inclusive or in a range of 130 0 to
1400 nm both inclusive. The forward path modified layer
forming step is ended after the modified layers 21 are
formed along the planned dividing line 13 as a proc essing

target, as depicted in FIG. 6B and FIG. 7.

In the forward path modified layer forming step
according to the present embodiment, as depicted in FIG.
6A, the orientation of the phase shift mask 42 or t he
like is adjusted so as to delay the phase of the se cond
laser beam L2 forming the peak P2 on the X+ side (t he
other side in the X-axis direction) with respect to the

20



phase of the first laser beam L1 forming the peak P 1 on

the X- side (one side in the X-axis direction) by 1 80
degrees ( ). It is thereby possible to prevent
destruction of the devices 15 by the laser beam L ( the

first laser beam L1 and the second laser beam L2)
reflected and dispersed within the wafer 11.
When a direction in which cracks extend is
controlled by the two peaks P1 and P2 of the laser beam L,

a possibility of the cracks extending in random

directions from the modified layers 21 is reduced, and
the reflection and dispersion of the laser beam L d ue to
the random cracks are suppressed, so that destructi on of

the devices 15 can be prevented.
After the forward path modified layer formi ng step,
the phase shift mask reversing step is performed wh ich

reverses the phase shift mask 42 so that the phase

distribution of the laser beam L applied to the waf er 11
is reversed in the X-axis direction. FIG. 8 isad iagram
schematically depicting a state after the phase shi ft
mask 42 is reversed in the phase shift mask reversi ng
step.

In the phase shift mask reversing step, for example,
the phase distribution of the laser beam L applied to the
wafer 11 is reversed in the X-axis direction by rot ating

21



the phase shift mask 42 by 180 degrees about a rota
axis parallel with the traveling direction of the |

beam L. As a result, as depicted in FIG. 8, the ph

the second laser beam L2 forming the peak P2 on the
side (one side in the X-axis direction) is delayed

degrees ( ) with respect to the phase of the first laser
beam L1 forming the peak P1 on the X+ side (the oth
side in the X-axis direction).

After the phase shift mask reversing step,
backward path modified layer forming step is perfor
FIG. 9A and FIG. 9B are partially sectional side vi
schematically depicting a state in which the modifi
layers 21 are formed within the wafer 11 in the bac
path modified layer forming step. In the backward
modified layer forming step, first, the chuck table
moved to adjust the position of the emitting port o
laser beam irradiating unit 32 right above an exten
of a planned dividing line 13 as a processing targe
example, a planned dividing line 13 adjacent to the
planned dividing line 13 set as a processing target
the forward path modified layer forming step).

Then, as depicted in FIG. 9A, the chuck tab
moved to the X- side (one side in the X-axis direct

while the wafer 11 is irradiated with the laser bea
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(the first laser beam L1 and the second laser beam
from the laser beam irradiating unit 32. In other
the laser beam irradiating unit 32 is moved to the
side (the other side in the X-axis direction) relat
the chuck table 6 while the wafer 11 is irradiated
the laser beam L from the laser beam irradiating un

In addition, the laser beam irradiating uni

adjusted and controlled such that the laser beam L

condensed within the wafer 11. When the laser beam

having a wavelength transmissible through the wafer

thus condensed within the wafer 11, the wafer 11 is

modified by multiphoton absorption in a region in w
the laser beam L is condensed (that is, at the peak
and P2) and in the vicinity thereof, so that modifi
layers 21 (modified layers 2l1a and 21b) serving as
starting point of division can be formed.

Concrete processing conditions may be the s
in the forward path modified layer forming step. H
there are no particular limitations to the processi
conditions. The backward path modified layer formi
is ended after the modified layers 21 are formed al
the planned dividing line 13 as a processing target
depicted in FIG. 9B.

In the backward path modified layer forming
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according to the present embodiment, as depicted in
9A, the orientation of the phase shift mask 42 or t
like is adjusted so as to delay the phase of the se
laser beam L2 forming the peak P2 on the X- side (o
side in the X-axis direction) with respect to the p
of the first laser beam L1 forming the peak P1 on t
side (the other side in the X-axis direction) by 18
degrees ( ). It is thereby possible to prevent
destruction of the devices 15 by the laser beam L (
first laser beam L1 and the second laser beam L2)
reflected and dispersed within the wafer 11.

In addition, in the wafer processing method
according to the present embodiment the phase shift
42 is reversed by performing the phase shift mask
reversing step after the forward path modified laye
forming step and before the backward path modified
forming step. The phase distribution of the laser
applied to the wafer 11 is thereby reversed in the
direction. Thus, even when the direction of relati
movement between the chuck table 6 and the laser be
irradiating unit 32 is changed, the wafer 11 can be
processed with high precision under uniform process
conditions.

Incidentally, after the backward path modif
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layer forming step, the phase shift mask reversing

may be further performed, and thereafter the forwar

modified

layer

forming step,

the phase shift

reversing step, the backward path modified layer fo

mask

step, and the phase shift mask reversing step may b

repeated as required. The modified layer forming s

ended after modified layers 21 are formed along all

the planned dividing lines 13.

After the modified layer forming step, the

step is performed which divides the wafer 11 along

planned dividing lines 13 in which the modified lay

are formed.

fractured and divided with the modified layers 21 a

starting point by applying a force to the wafer 11

arbitrary method.

Incidentally, there is no partic

limitation to the method of applying the force to t

wafer 11.

For example,

the wafer

In the dividing step, the wafer 11 is

11 can be divided by

applying the force by a method of expanding the adh

tape 17.

In addition, the wafer 11 may be divided

applying the force by a method of grinding the back

surface 11b side of the wafer 11, a method of press

rod-shaped

dividing lines 13, or the like.

(edge-shaped)

member

The dividing step
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ended after the wafer 11 is divided along all of th
planned dividing lines 13.

It is to be noted that the present inventio
limited to the description of the foregoing embodim
but can be modified and carried out in various mann
For example, while the laser processing apparatus 2
according to the foregoing embodiment uses a Levens
mask as the phase shift mask 42, a spatial phase
modulator typified by a LCOS-SLM (Liquid Crystal on
Silicon - Spatial Light Modulator) or the like may
used as a phase shift mask.

In addition, the laser processing apparatus
according to the foregoing embodiment adopts the la
beam irradiating unit (laser beam irradiating means
having a configuration in which the laser beam L is
reflected by the mirror 40 before entering the phas
shift mask 42. However, there is no particular lim
to the arrangement or the like of the constituent
elements constituting the laser beam irradiating un
For example, the laser beam irradiating unit can al
configured such that the laser beam passed through
phase shift mask is reflected by the mirror.

In addition, in the forward path modified |

forming step of the foregoing embodiment, the laser
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irradiating unit 32 is moved to the X- side relativ
the chuck table 6 while irradiating the wafer 11 wi
laser beam L.
limited to this mode. For example, in the forward
modified layer forming step, the laser beam irradia
unit 32 may be moved to the X+ side relative to the
table 6 while irradiating the wafer 11 with the las
beam L.
interchanged.

In addition, another modified layer forming
may be additionally performed after the modified la
forming step of the foregoing embodiment and before
dividing step of the foregoing embodiment. For exa
after the modified layers 21 are formed at a first
position of the wafer 11 in the modified layer form
step of the foregoing embodiment, additional modifi
layers can be formed at a second depth position of
wafer 11 in another modified layer forming step. |
case, the phase shift mask 42 does not necessarily
to be used in the other modified layer forming step

In addition, the structure, the method, and
like according to the foregoing embodiment can

modified and carried out as appropriate without dep

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

by the invention.
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WHAT | S CLAIMED I S:

1. A wafer processing method for processin
wafer having a device formed in each region of a fr
surface side demarcated by a plurality of planned
dividing lines, by using a laser processing apparat
the laser processing apparatus including a chuck ta
configured to hold the wafer, a laser beam irradiat
unit configured to form a modified layer within the
by irradiating the wafer held on the chuck table wi
laser beam of a wavelength transmissible through th
wafer, and a horizontal moving mechanism configured
move the chuck table and the laser beam irradiating
relative to each other in an X-axis direction,

the laser beam irradiating unit including

a laser oscillator configured to pe
pulse oscillation of the laser beam,

a condenser configured to condense
beam oscillated by the laser oscillator and irradia
wafer with the laser beam, and

a phase shift mask disposed between
laser oscillator and the condenser, the phase shift
forming a phase difference of 180 degrees between a
of the laser beam guided to the condenser and a rem

part of the laser beam guided to the condenser such
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intensity distribution of the laser beam applied to
wafer has two peaks separated from each other in th
axis direction,

the wafer processing method comprising:

a modified layer forming step of forming th
modified layer along a planned dividing line within
wafer by moving the chuck table and the laser beam
irradiating unit relative to each other in the X-ax
direction while irradiating a region corresponding
planned dividing line of the wafer with the laser b
from a back surface side of the wafer under a condi
for condensing the laser beam within the wafer; and

a dividing step of dividing the wafer along
planned dividing line with the modified layer as a
starting point by applying a force to the wafer aft
modified layer forming step is performed;

the modified layer forming step including

a forward path modified layer formi
of irradiating the wafer with the laser beam while
the laser beam irradiating unit to one side in the
direction relative to the chuck table,

a backward path modified layer form
of irradiating the wafer with the laser beam while

the laser beam irradiating unit to another side in
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axis direction relative to the chuck table, and
a phase shift mask reversing step o

reversing the phase shift mask so as to reverse pha
distribution of the laser beam applied to the wafer
the X-axis direction after the forward path modifie
layer forming step and before the backward path mod
layer forming step, or after the backward path modi
layer forming step and before the forward path modi
layer forming step.

2. The wafer processing method according t
1, wherein

in the forward path modified layer forming
the phase shift mask delays, by 180 degrees, a phas
the laser beam forming the peak on the other side i

X-axis direction with respect to a phase of the las

beam forming the peak on the one side in the X-axis

direction, and

in the backward path modified layer forming
the phase shift mask delays, by 180 degrees, the ph
the laser beam forming the peak on the one side in
axis direction with respect to the phase of the las
beam forming the peak on the other side in the X-ax
direction.

3. The wafer processing method according t

31

ified
fied
fied

0 claim

step,

n the

er

step,
ase of
the X-

er

o claim



1, wherein
a wavelength of the laser beam oscillated b y the
laser oscillator is between 1300 nm and 1400 nm bot

inclusive.
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