LASER PROCESSI NG APPARATUS

BACKGROUND OF THE | NVENTI ON

Field of the Invention

The present invention relates to a laser pr ocessing
apparatus that applies laser processing to a wafer formed
on a front surface thereof with a plurality of devi ces in

the state of being partitioned by a plurality of
intersecting division lines (streets).

Description of the Related Art

A wafer formed on its front surface with a
plurality of devices such as integrated circuits (I Cs)
and large-scale integrated circuits (LSIs) in the s tate

of being partitioned by a plurality of intersecting

streets is divided into individual device chips by a
dicing apparatus or a laser processing apparatus, a nd the
thus divided device chips are used for electric equ ipment

such as mobile phones and personal computers.

The laser processing apparatus includes: a chuck
table that holds the wafer; a laser beam applying u nit
that applies a laser beam of such a wavelength as t 0 be
transmitted through the wafer to the wafer held by the

chuck table, with a focal point of the laser beam

positioned inside the wafer along the streets, to f orm



modified layers to be start points of division; a f eeding

mechanism that puts the chuck table and the laser b eam
applying unit into relative processing feed; an ima ging
unit that images the wafer; and a control unit, and the
laser processing apparatus can divide the wafer wit h high
accuracy (see, for example, Japanese Patent No. 340 8805).

SUMVARY OF THE | NVENTI ON
In the case where a laser beam is applied t 0 a
wafer with a focal point of the laser beam position ed

inside the wafer along the streets to thereby form

modified layers as described above, the presence of the
modified layers cannot be easily confirmed by the n aked
eye, and it is impossible to determine whether or n ot the

wafer has been processed. Therefore, there is a pr oblem

that notwithstanding the wafers accommodated in a
cassette have been processed, the cassette may be s et on
a laser processing apparatus for some reason, and t he

processed wafer accommodated in the cassette may be

subjected again to laser processing. If a laser be am is
again applied to a processed wafer already formed w ith
modified layers along streets, irregular reflection of
the laser beam on the already formed modified layer S

would occur, to damage the devices, resulting in a



considerable loss.

It is therefore an object of the present in vention
to provide a laser processing apparatus in which re -
processing of an already processed wafer is prevent ed.

In accordance with an aspect of the present

invention, there is provided a laser processing app aratus
for subjecting a wafer to laser processing, the waf er
being formed on a front surface thereof with a plur ality
of devices in a state of being partitioned by a plu rality
of intersecting streets, the laser processing appar atus
including: a chuck table that holds the wafer; a la ser
beam applying unit that applies a laser beam of suc h a
wavelength as to be transmitted through the wafer t o the
wafer held by the chuck table, with a focal point o f the
laser beam positioned inside the wafer along the st reets,
to form modified layers to be start points of divis ion; a
feeding mechanism that performs relative processing feed
of the chuck table and the laser beam applying unit ; an

imaging unit that images the wafer in a manner of

transmission through the wafer; and a control unit. The
control unit includes: a reference image storage se ction
that images the streets before formation of the mod ified
layers by the imaging unit and stores an obtained i mage
as a reference image; a calculation section that co mpares
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the reference image stored in the reference image s torage

section with an image of the wafer held by the chuc k
table, the image being captured by the imaging unit , and
calculates the degree of agreement of the two image s; and
a decision section that decides that the wafer held by
the chuck table is an unprocessed wafer not formed with

the modified layers in the case where the degree of

agreement calculated by the calculation section is more
than a first predetermined value, and decides that the
wafer held by the chuck table is a processed wafer formed
with the modified layers in the case where the degr ee of
agreement is equal to or less than a second predete rmined
value.

Preferably, the control unit issues an alar m signal
in the case where the decision section decides that the
wafer held by the chuck table has been processed, b efore

the laser processing of forming the wafer with the

modified layers by the laser beam applying unit is

carried out. Preferably, the first predetermined v alue is
set to be higher than the second predetermined valu e, and
the control unit issues an alarm signal indicating that
defective processing has been generated in the case where
the decision section decides that the degree of agr eement
calculated by the calculation section is not above the

4



first predetermined value and is not below the seco
predetermined value. Further, the first predetermi
value and the second predetermined value may be the
value.

The control unit of the laser processing ap
of the present invention includes the decision sect
that decides that the wafer held by the chuck table
unprocessed wafer not yet formed with the modified
in the case where the degree of agreement calculate
the calculation section is more than the first
predetermined value, and decides that the wafer hel
the chuck table is a processed wafer formed with th
modified layers in the case where the degree of agr
Is equal to or less than the second predetermined v
Therefore, re-processing of the processed wafer by
laser processing apparatus can be prevented, and
problem that irregular reflection of the laser beam
the previously formed modified layers would occur t
damage the devices can be solved.

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 following description and appended claims with
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reference to the attached drawings showing a prefer

embodiment of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG. 1 is a general perspective view of a |
processing apparatus;

FIG. 2 is a perspective view of a wafer to
processed by the laser processing apparatus illustr
in FIG. 1 and a protective tape;

FIG. 3 is a perspective view depicting the
of capturing a reference image and storing it, in t
laser processing apparatus illustrated in FIG. 1;

FIG. 4A is a perspective view depicting the
of subjecting a wafer to laser processing, in the |
processing apparatus illustrated in FIG. 1;

FIG. 4B is a sectional view of the wafer af
laser processing is carried out; and

FIG. 5 is a perspective view depicting the
of imaging the wafer and operating a calculation se
and a decision section, in the laser processing app

illustrated in FIG. 1.
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DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT

A laser processing apparatus according to

a



embodiment of the present invention will be describ
detail below, referring to the attached drawings.
depicts a general perspective view of a laser proce

apparatus 1 according to the present embodiment.

laser processing apparatus 1 includes: a laser beam

applying unit 4 that is disposed on a base 2 and th
functions as processing means for applying a laser
to a wafer serving as a workpiece; a holding unit 3
holds the wafer; an imaging unit 6 that images the
held by the holding unit 30; a feeding mechanism 20
puts the laser beam applying unit 4 and the holding
30 into relative processing feed and relatively mov
imaging unit 6 and the holding unit 30; a frame bod
that includes a vertical wall section 261 erected o
depth side on the base 2 and a horizontal wall sect
262 extending in a horizontal direction from an upp
portion of the vertical wall section 261; a cassett
mounting mechanism 40 and a conveying-in/out mechan
disposed adjacently to the feeding mechanism 20 on
base 2; and a control unit 100 that controls each o
operating sections of the laser processing apparatu

An optical system (omitted from illustratio
constituting the laser beam applying unit 4

accommodated in the inside of the horizontal wall s
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262 of the frame body 26. The laser beam applying
includes a laser oscillator, output control means,
the like which are not illustrated, and a light con
4a constituting a part of the laser beam applying u
is disposed on the side of a lower surface of a tip
portion of the horizontal wall section 262.

The imaging unit 6 is disposed at a positio
adjacent, in an X axis direction indicated by an ar
in the figure, to the light condenser 4a of the las
beam applying unit 4. On the upper side of the hor
wall section 262, there is disposed a display unit
IS connected to the control unit 100 and has a touc
panel function of displaying processing conditions
the laser processing apparatus 1 and inputting the
processing conditions by an operator.

The control unit 100 includes: a central pr
unit (CPU) that includes a computer and performs
arithmetic processing according to a control progra
read only memory (ROM) that stores the control prog
and the like; a random access memory (RAM) that is
capable of reading and writing and is used for
momentarily storing an image captured by the imagin
6, detection values detected, the results of arithm

processing and the like; an input interface; and an
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output interface (illustration of details is omitte
The control unit 100 has functions of controlling e
operating sections of the laser processing apparatu
recording appropriate information including an imag
captured by the imaging unit 6, analyzing the image
captured by the imaging unit 6, and deciding, for e
whether the wafer is not yet processed or has been
processed. Note that while the control unit 100 is
depicted outside the laser processing apparatus 1 i
1 for convenience of explanation, the control unit
practice is accommodated in the inside of the laser
processing apparatus 1.

As llustrated in FIG. 1, the holding unit
includes: a rectangular X axis direction movable pl
mounted on the base 2 movably in the X axis directi
rectangular Y axis direction movable plate 32 mount
the X axis direction movable plate 31 movably in a
direction; a cylindrical support column 33 fixed on
upper surface of the Y axis direction movable plate
and a rectangular cover plate 34 fixed to an upper
the support column 33. A chuck table 35 extending
through a slot formed on the cover plate 34 is disp
at the cover plate 34. The chuck table 35 is confi

to hold a circular wafer and to be rotatable in the
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direction indicated by an arrow R1 by rotational dr
means (not illustrated) accommodated in the support
column 33. An upper surface of the chuck table 35
constitutes a holding surface that is formed of a p
material having air permeability and that extends
substantially horizontally. = The chuck table 35 s
connected to suction means (omitted from illustrati
a passage (not illustrated) passing through the ins
the support column 33.

The feeding mechanism 20 includes an X axis

mechanism 21, a Y axis feeding mechanism 22, and th

above-mentioned rotational driving means (not

illustrated) accommodated in the support column 33.

axis feeding mechanism 21 converts a rotational mot

a motor (not illustrated) into a rectilinear motion
through a ball screw, and transmits the rectilinear
motion to the X axis direction movable plate 31, th
advancing and retracting the X axis direction movab
plate 31 in the X axis direction along guide rails

the base 2. The Y axis feeding mechanism 21 also h
similar configuration, converts a rotational motion

motor into a rectilinear motion through a ball scre
transmits the rectilinear motion to the Y axis dire

movable plate 32, thereby advancing and retracting
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axis direction movable plate 32 in the Y axis direc
along guide rails 36 on the X axis direction movabl
plate 31. Note that position sensors including an
appropriate scale and appropriate reading means (bo
omitted from illustration) are disposed at the guid
rails 27 on the base 2, the guide rails 36 on the X
direction movable plate 31, and the chuck table 35,
that accurate positions of the chuck table 35 in th

axis direction, the Y axis direction, and a rotatio
direction can be detected. As a result, while dete

the positions of the chuck table 35, the feeding
mechanism 20 is operated, so that the chuck table 3

be moved relative to the imaging unit 6 and the lig
condenser 4a of the laser beam applying unit 4 and
positioned at a desired position.

The imaging unit 6 includes: a normal imagi
element (charge-coupled device (CCD)) for imaging u
visible rays; infrared ray applying means that appl
infrared rays to the workpiece; an optical system t
captures the infrared rays applied by the infrared
applying means; and an imaging element (infrared CC
that outputs an electrical signal corresponding to
infrared rays captured by the optical system. Sinc

imaging unit 6 includes the infrared ray applying m
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and the infrared CCD as above-mentioned, even in th
where a wafer of silicon or the like is imaged from
back side, the streets formed on the front surface
the modified layers formed inside the wafer along t
streets, a reference mark required when performing
alignment, and the like can be imaged through the w
The imaging unit 6 configured in this way is used f
alignment for registration between a laser applicat
position by the light condenser 4a of the laser bea
applying unit 4 and a to-be-processed region of the

The cassette mounting mechanism 40 in the p
embodiment includes cassette mounting regions 41 in
to mount a first cassette 42 and a second cassette
accommodating a plurality of wafers. The operator
the first cassette 42 and the second cassette 43 wi
unprocessed wafers accommodated therein on each of
cassette mounting regions 41, in the state of being
aligned in a predetermined direction. When the waf
accommodated in the first cassette 42 and the secon
cassette 43 are processed and the processed wafers
accommodated in the first cassette 42 and the secon
cassette 43, the cassettes 42 and 43 are conveyed f
the cassette mounting regions 41 to an appropriate

apparatus in a latter step.
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The conveying-in/out mechanism 50 is dispos

region for facing an opening 42a of the first casse

and an opening 43a of the second cassette 43. The

conveying-inf/out mechanism 50 includes a driving

mechanism 52, an arm base 53, an arm mechanism 54 h
a plurality of arm sections, and a robot hand 55 fo

at a tip of the arm mechanism 54. The driving mech

52 converts a rotational motion of a motor 52a into
rectilinear motion through a ball screw 52b, transm
the rectilinear motion to a conveying-inf/out movabl
plate 52c, and accurately positions the conveying-i
movable plate 52c at a desired position in the X ax
direction along a guide rail 52d arranged in the X
direction. A pair of rails 52e and 52e are formed

vertical direction, on a front surface of the conve

infout movable plate 52c, and the arm base 53 moved

vertically along the rails 52e and 52e is supported
While detailed illustration is omitted, a motor and
driving mechanism that converts a rotational motion
the motor into a rectilinear motion through a ball

and transmits the rectilinear motion to the arm bas

are provided between the conveying-inf/out movable p

52c and the arm base 53, and the arm base 53

accurately positioned at a desired position in a Z
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direction (vertical direction) indicated by an arro w Z
along the pair of rails 52e and 52e.
A rotational driving mechanism (omitted fro m

illustration) for driving the arm mechanism 54 is

accommodated in the arm base 53, and, in cooperatio n with
motors disposed at joint parts of the respective ar m
sections, the U-shaped robot hand 55 disposed at a tip

part of the arm mechanism 54 can be positioned at a

desired position. The robot hand 55 is formed with a
plurality of suction holes, and a negative pressure is
supplied to the suction holes through the arm base 53 and
the arm mechanism 54. The wafers can be conveyed i n and
out through the opening 42a of the first cassette 4 2 and

the opening 43a of the second cassette 43, and, by

operations of the arm mechanism 54 and the robot ha nd 55,

the desired wafer is suction held and is conveyed t 0 a
conveying-in/out position where the chuck table 35 IS
positioned in FIG. 1. The wafer conveyed to the ch uck
table 35 positioned at the conveying-in/out positio n is

accurately mounted on the chuck table 35 at a deter mined
angle and suction held on the chuck table 35. The wafer

suction held by the chuck table 35 is rotated by a
predetermined angle by rotational driving means (om itted

from illustration) disposed in the support column 3 3, is

14



then positioned beneath the imaging unit 6, and is
and, further, an alignment step is carried out. Af
alignment step is performed, the chuck table 35 is
positioned beneath the light condenser 4a of the la
beam applying unit 4, and laser processing is condu
for forming modified layers inside the wafer.

After the laser processing is applied to th
by the laser beam applying unit 4, the chuck table
again  positioned at the conveying-infout position
illustrated in FIG. 1, the processed wafer is sucti
held by the robot hand 55 of the conveying-in/out
mechanism 50 and is returned to either position of
first cassette 42 and the second cassette 43 where
wafer has been accommodated before the processing.

The laser processing apparatus 1 according
present embodiment has the configuration generally
described above, and its operation will be describe
below. FIG. 2 depicts a perspective view of a wafe
be subjected to laser processing in the present
embodiment. The wafer 10 is, for example, a silico
formed on a front surface 10a thereof with a plural
devices 12 in the state of being partitioned by a
plurality of streets 14 formed in a grid pattern.

protective tape T formed in the same shape as the w
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10 is adhered to, and united with, the front surfac

of the wafer 10. A plurality of the wafers 10, eac

the protective tape T adhered to the front surface

thereof, are inverted as depicted at the lowermost

of FIG. 2, into a state with the protective tape T

directed to the lower side and with the back surfac

thereof directed to the upper side, and are accommo

at predetermined intervals in the first cassette 42

the second cassette 43.

When performing

laser

processing by the

las

processing apparatus 1, the operator conveys the fi

cassette 42 and the second cassette 43 with a plura

of unprocessed wafers accommodated therein to the |

processing apparatus 1, and mounts the cassettes 42

43 on the cassette mounting regions 41.

After the first cassette 42 and the second

43 are mounted on the cassette mounting regions 41,

operator

sets

processing

conditions

of

the

processing and the like on the laser processing app

1, and instructs starting of the laser processing.

the starting of the laser processing is instructed,

laser

driving mechanism 52, the arm base 53, the arm mech

54, and the

robot hand 55 of the conveying-in/out

mechanism 50 described above are operated, so that,
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example, a predetermined wafer 10 is suction held a nd
conveyed out of the first cassette 42. The wafer 1 0
conveyed out of the first cassette 42 is conveyed o nto

and mounted on the chuck table 35 positioned at the

position (conveying-in/out position) illustrated in FIG.
1. Next, the suction means not illustrated is oper ated,
so that the wafer 10 is suction held on the chuck t able
35.

After the wafer 10 is mounted and suction h eld on
the chuck table 35, a reference image capturing ste p
described below is conducted only at first in apply ing
laser processing to a predetermined wafer 10. In

performing the reference image capturing step, the

feeding mechanism 20 is operated to move the chuck table
35, and, as depicted in FIG. 3, the wafer 10 suctio n held
by the chuck table 35 is positioned beneath the ima ging
unit 6. After the wafer 10 is positioned beneath t he
imaging unit 6, a predetermined region is imaged an dis
displayed on the display unit 8 through the control unit
100. The predetermined region is determined with

reference to predetermined marks 16a and 16b set in
advance. It is preliminarily confirmed that the wa fer
imaged in FIG. 3 is unprocessed and is yet to be fo rmed

with modified layers.

17



After the predetermined region of the unpro
wafer 10 is imaged as depicted on the display unit
FIG. 3, only a central region including the street
extending in the X axis direction (left-right direc
with the marks 16a and 16b on both sides thereof, o
imaged region displayed on the display unit 8, is s
as a reference image GO in a reference image storag
section 110 set in the control unit 100. In additi
the time of storing the reference image GO, an X
coordinate and a Y coordinate of the chuck table 35
this instance are also stored. Note that, since th
imaging unit 6 is means for capturing an image by u
infrared rays as above-mentioned, the reference ima
consists of two colors of black and white. For exa
the reference image GO is an image expressed in 256
gradations. By these operations, the reference ima
capturing step is completed.

After the reference image GO is stored in t
reference image storage section 110 of the control
100 as above-mentioned, an alignment step is conduc
using the imaging unit 6. In performing the alignm
step, the rotational driving mechanism (not illustr
accommodated in the support column 33 is operated,

that the chuck table 35 with the wafer 10 held ther
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rotated, as required, so as to position the crystal

orientation of the wafer 10 in a predetermined dire ction.
By the alignment step, registration between the pos ition
where a laser beam LB is applied from the light con denser

4a of the laser beam applying unit 4 and the to-be-

processed position (the street 14) of the wafer 10 is
ensured. Note that the alignment step may be perfo rmed
simultaneously with the above-mentioned reference i mage
capturing step, and the reference image capturing s tep

may be conducted in the course of performing the

alignment step.

After the alignment step is conducted as ab ove-
mentioned, on the basis of position information obt ained
by the alignment step, a focal point Q of the laser beam
applying unit 4 is positioned inside the wafer 10 a long
the street 14, as depicted in FIGS. 4A and 4B. The n,
while performing processing feed of the chuck table 35in
the X axis direction by operating the above-mention ed X
axis feeding mechanism 21, the laser beam LB is app lied
to form a modified layer 18 along the street 14. A fter
the modified layer 18 is formed along a predetermin ed
street 14, indexing feed of the wafer 10 in the Y a Xis

direction (indexing feed direction) is conducted by

operating the Y axis feeding mechanism 22, and

19



application of the laser beam LB corresponding to t
street 14 yet to be processed is performed to form
modified layer 18. Such laser processing is repeat
that the modified layers 18 are formed along all th
streets 14 formed in a first direction.

After the modified layers 18 are formed alo
the streets 14 formed in the first direction, the c
table 35 is rotated by 90°, so that the streets 14
be processed that are extending in the second direc
orthogonal to the first direction are positioned al
the X axis direction. Then, the focal point Q of t
laser beam applying unit 4 is positioned inside the
10 yet to be processed along the street 14, and, wh
performing processing feed of the chuck table 35 in
axis direction by operating the X axis feeding mech
21, a modified layer 18 is formed inside the wafer

along the street 14. After the modified layer 18 i

formed along the street 14 orthogonal to the first

direction, indexing feed in the Y axis direction
(indexing feed direction) is performed by operating

axis feeding mechanism 22, and application of the |
beam LB corresponding to the adjacent street 14 yet
processed is conducted to form a modified layer 18.

processing is repeated, so that the modified layers
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are formed along all the streets 14 on the wafer 10
Note that laser processing conditions in th e
present embodiment may be set, for example, as foll OWS.
Wavelength: 1,342 nm
Repetition frequency: 90 kHz
Average output: 1.2 W

Feed rate: 700 mm/s

After the modified layers 18 are formed alo ng all
the streets 14 of the wafer 10, the chuck table 35 with
the wafer 10 suction held thereon is positioned at the
conveying-in/out position illustrated in FIG. 1. N ext,
the conveying-in/out mechanism 50 is operated to op erate

the driving mechanism 52, the arm base 53, the arm

mechanism 54, the robot hand 55, and the like, so t hat
the wafer 10 held on the chuck table 35 is suction held
and is accommodated into a predetermined position i n the

first cassette 42.

After the above-mentioned reference image s toring
step is applied to the first wafer 10 and the laser -
processed wafer 10 is accommodated in the first cas sette
42, the other wafers 10 that are unprocessed and
accommodated in the first cassette 42 are sequentia lly
conveyed out, and the laser processing of forming t he

modified layers 18 in the inside of the wafer 10 is

21



conducted.
In the case of applying the laser processin

the above-mentioned processing conditions to the sa

kind of wafer 10 after the above-mentioned referenc

image storing step is conducted, operations of
calculation section 120 and the decision section 13
provided in the control unit 100 are carried out, i
place of performing the above-mentioned reference i
storing step. The calculation section 120 carries
agreement degree calculating step in which the refe
image GO that is stored in the reference image stor
section 110 and a comparative image G1 of the wafer
held by the holding unit 30 that is newly captured

imaging unit 6 are compared and the degree of agree
is calculated. In addition, the decision section 1
carries out a deciding step in which, in the case w

the degree of agreement calculated by the calculati
section 120 is above a predetermined value, it is d

that the wafer 10 held by the holding unit 30 is an
unprocessed wafer 10 not yet formed with the modifi
layers 18, and in the case where the degree of agre

is below a predetermined value, it is decided that
wafer 10 held by the holding unit 30 is a processed

formed with the modified layers 18.
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In the embodiment described below, it is as
that a reference image GO of a predetermined wafer
preliminarily captured and stored in the reference
storage section 110, that laser processing of formi
modified layers 18 in all the wafers 10 accommodate
the second cassette 43 has been conducted, and that
instruction to apply the laser processing to the wa
10 accommodated in the second cassette 43 is errone
given, and an example in which the operations of th
calculation section 120 and the decision section 13
carried out before the laser processing is applied
wafer 10 will be described.

As above-described, at the time of applying
laser processing to the wafer 10, the laser process
apparatus 1 according to the present embodiment ope
the conveying-infout mechanism 50 to convey the waf
out of the second cassette 43 and mounts the wafer
the chuck table 35. The wafer 10 mounted on the ch
table 35 is positioned beneath the imaging unit 6.

At the time of positioning the wafer 10 ben
imaging unit 6, the chuck table 35 is positioned at
position based on the X coordinate and the Y coordi
stored together with the reference image GO at the

when the reference image storing step has been cond
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and pattern matching is performed, on the basis of the

marks 16a and 16b, to select a region to be imaged. Then,
as depicted in FIG. 5, a region corresponding to th e
region when the reference image GO has been capture dis
imaged, and the image is displayed on the display u nit 8.
The image displayed on the display unit 8 captures the
modified layers 18 formed inside the wafer 10 along the

streets 14, by the operations of the infrared ray

applying means and the infrared CCD included in the

imaging unit 6, and an image of the region correspo nding
to the reference image GO is specified as a compara tive
image G1. Here, by a control program constituting the
calculation section 120, the reference image GO sto red in

the reference image storage section 110 and the

comparative image G1 captured by the imaging unit 6 are
compared, and the degree of agreement of the two im ages
is calculated. As the method of calculating the de gree of

agreement between the reference image GO and the

comparative image G1, various methods may be adopte d. For

example, the degree of agreement can be calculated as
follows. Note that while the modified layers 18 ar e
represented in the wafer 10 held by the chuck table 35

depicted in FIGS. 4A, 4B, and 5 for convenience of

explanation, the modified layers 18 cannot in pract ice be

24



confirmed by visual inspection.

The reference image GO and the comparative
are both images captured by use of infrared rays, a
above-described, they are images represented in lig
shade by two colors of black and white. Here, the
calculation section 120, in regard of the reference
GO depicted in FIG. 3 and the comparative image G1
depicted in FIG. 5, sums up numerical values of ton
(256 levels) of all the dots constituting each of t
images, and calculates tone evaluation values PO an
corresponding to the images. The numerical value o
Is selected such that the blackest tone is set at O
as the value increases, the tone gets closer to the
whitest tone set at 255. The reference image GO de
in FIG. 3 is characterized in that the central stre
extending in the X axis direction and the street 14
extending in the Y axis direction both appear white
the modified layers 18 are not formed there, so tha
numerical value of the tone evaluation value PO obt
by summing up the tones of all the dots constitutin
reference image GO is high as a whole.

On the other hand, the comparative image G1
depicted in FIG. 5 has the modified layers 18 forme

the centers of the street 14 extending in the X axi
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direction and the street 14 extending in the Y axis
direction, and the modified layers 18 appear black.
result, the tone evaluation value P1 obtained by su
up the tones of all the dots constituting the compa
image G1 is a lower value than the tone evaluation
PO of the reference image GO. The calculation sect
evaluates the extent in which the tone evaluation v
P1 of the comparative image G1 agrees with the tone
evaluation value PO of the reference image GO servi
a reference, and calculates the extent as the degre
agreement. If the wafer 10 for which the comparati
image G1 is captured does not include the modified
18 formed therein, the tone evaluation value P1
theoretically agrees with the tone evaluation value
so that the degree of agreement obtained by the
calculation section 120 is calculated as 100%. On
other hand, if the modified layers 18 have already
formed along the streets of the wafer 10 as depicte
FIG. 5, the tone evaluation value P1 is calculated
low value, so that the degree of agreement is lower
is calculated as a low numerical value of equal to
less than 80%, for example.
When the degree of agreement between the re

image GO and the comparative image G1 is calculated
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the calculation section 120 as above-mentioned, an
operation of the decision section 130 is carried ou
the basis of the degree of agreement. In the case
the degree of agreement calculated by the calculati
section 120 is above a first predetermined value (f
example, 90%), the decision section 130 decides tha
wafer held by the holding unit is an unprocessed wa
not formed with the modified layers 18, and in the
where the degree of agreement is below a second
predetermined value (for example, 80%), the decisio
section 130 decides that the wafer held by the hold
unit 30 is a processed wafer formed with the modifi
layers 18.

The wafer 10 accommodated in the second cas
is a processed wafer as above-mentioned, and the de
of agreement in the present embodiment is a value b
80%, so that the decision section 130 decides that
wafer 10 held by the chuck table 35 of the holding
30 has already been processed. In that case, if th
processing is carried out on the wafer 10 as it is,
devices 12 may be damaged; therefore, one or more o
various alarms is/are issued so as to inform the op
of that laser processing is going to be applied to

processed wafer 10. As the alarm, conventionally k
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various alarming methods may be adopted, examples o f
which include issuing an alarm sound (buzzer or the like),
displaying an alarm message on the display unit 8,

informing by voice from a speaker, informing an err or by
blinking a red lamp, and a combination of these. | n
addition, at the time of issuing such an alarm, the

operation of the laser processing apparatus 1 is st opped

such that the laser processing is not performed.

Note that if the wafer 10 accommodated in t he
second cassette 43 is an unprocessed wafer, the dec ision
section 130 decides that the wafer 10 held by the h olding
unit 30 is not yet processed, thereafter an alignme nt
step performed in normal laser processing is perfor med on
the wafer 10 as it is, and the above-mentioned lase r

processing is carried out.

In the decision section 130 in the present

embodiment, the decision based on the degree of agr eement
calculated by the calculation section 120 is conduc ted
using 90% as the first predetermined value and 80% as the
second predetermined value. By using these two dif ferent
predetermined values, it is possible, in addition t o the
decision of whether the wafer is unprocessed or pro cessed,

to decide that defective processing may have been

generated. More specifically, for example, in the case

28



where the degree of agreement calculated by the

calculation section 120 is 85%, the degree of agree
is not above the first predetermined value (90%) an
not below the second predetermined value (80%), so
it is presumed that laser processing has been condu
so as to form the modified layers 18 but the format
the modified layers 18 is not adequate, and it is d
that defective processing has been highly possibly
generated. In that case, therefore, an alarm signa
indicative of that defective processing has occurre
issued to the operator. As aforementioned, example
the means for issuing the alarm signal include issu
alarm sound (buzzer or the like), displaying an ala
message on the display unit 8, informing by voice f
speaker, informing an error by blinking a red lamp,
combination of these.

Note that in the present invention, in rega
the predetermined values used at the time of decidi
the decision section 130, the first predetermined v
and the second predetermined value may not necessar
different values. In the case where it is unnecess
detect defective processing, for example, the first
predetermined value and the second predetermined va

may be the same value (for example, 90%). In such
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when the degree of agreement is above 90%, it may b
decided that the wafer 10 held by the holding unit
not yet processed, and when the degree of agreement
equal to or less than 90%, it may be decided that t
wafer 10 held by the holding unit 30 has been proce

Thus, by use of the calculation section 120
decision section 130, it is possible to decide whet
the wafer 10 imaged by the imaging unit 6 has not y
been processed or has been processed. Therefore,
processing of a processed wafer 10 again by the las
processing apparatus can be prevented, so that a pr
that irregular reflection of the laser beam on the
previously formed modified layers occurs to damage
devices can be solved.

In the above-described embodiment, the regi
identifying the reference image GO and the comparat
image G1 has been specified by limiting the region
by the imaging unit 6, but this is not limitative.
Operations of the reference image storage section 1
the calculation section 120, and the decision secti
may be performed by use of the whole part of the im
captured by the imaging unit 6. It is to be noted,
however, that when the region used for decision is

limited to the narrow region including the streets
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is thereby possible to enhance the accuracy in
determining whether the wafer in question has not y et

been processed or has been processed.

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

by the invention.
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WHAT | S CLAIMED | S:

1. A laser processing apparatus for subjec
wafer to laser processing, the wafer being formed o
front surface thereof with a plurality of devices i
state of being partitioned by a plurality of inters
streets, the laser processing apparatus comprising:

a chuck table that holds the wafer;

a laser beam applying unit that applies a |
beam of such a wavelength as to be transmitted thro
the wafer to the wafer held by the chuck table, wit
focal point of the laser beam positioned inside the
along the streets, to form modified layers to be st

points of division;

a feeding mechanism that performs relative

processing feed of the chuck table and the laser be
applying unit;

an imaging unit that images the wafer in a
of transmission through the wafer; and

a control unit,

wherein the control unit includes:

a reference image storage section t

images the streets before formation of the modified

layers by the imaging unit and stores an obtained i

as a reference image,
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a calculation section that compares
reference image stored in the reference image stora
section with an image of the wafer held by the chuc
table, the image being captured by the imaging unit
calculates a degree of agreement of the two images,

a decision section that decides tha

wafer held by the chuck table is an unprocessed waf

formed with the modified layers in a case where the

degree of agreement calculated by the calculation s
is more than a first predetermined value, and decid
that the wafer held by the chuck table is a process
wafer formed with the modified layers in a case whe
degree of agreement is equal to or less than a seco
predetermined value.

2. The laser processing apparatus accordin
claim 1,

wherein the control unit issues an alarm si
a case where the decision section decides that the
held by the chuck table has been processed, before
laser processing of forming the wafer with the modi
layers by the laser beam applying unit is carried o

3. The laser processing apparatus accordin
claim 1,

wherein the first predetermined value is se
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higher than the second predetermined value, and the

control unit issues an alarm signal indicating that

defective processing has been generated in a case w here
the decision section decides that the degree of agr eement
calculated by the calculation section is not above the
first predetermined value and is not below the seco nd

predetermined value.

4. The laser processing apparatus accordin g to
claim 1,
wherein the first predetermined value and t he

second predetermined value are the same value.
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