LASER PROCESSI NG APPARATUS

BACKGROUND CF THE | NVENTI ON

Field of the Invention

The present invention relates to a laser pr ocessing
apparatus that carries out laser processing for a
workpiece such as a semiconductor wafer held by a c huck
table.

Description of the Related Art

In a semiconductor device manufacturing pro cess,
plural regions are marked out by planned dividing | ines
arranged in a lattice manner on a surface of a
semiconductor wafer having a substantially circular disc
shape and devices such as integrated circuits (ICs) and

large-scale integrations (LSIs) are formed in these

marked-out regions. Then, by cutting the semicondu ctor
wafer along the planned dividing lines, the regions in
which the devices are formed are divided to manufac ture

individual semiconductor device chips.

As a method for dividing the wafer such as the
semiconductor wafer along the planned dividing line s, the
following technique has been put into practical use
Specifically, the wafer is irradiated with a pulse laser

beam having such a wavelength as to be absorbed by the



wafer along the planned dividing lines to carry out
ablation processing and form laser-processed groove
Then, the wafer is split by giving an external forc

the wafer along the planned dividing lines along wh
the laser-processed grooves serving as the origin o
breakage are formed.

A laser processing apparatus that carries o
above-described laser processing includes a chuck t
that holds the workpiece, laser beam irradiating me
that irradiates the workpiece held by this chuck ta
with a laser beam, moving means that moves the chuc
table and the laser beam irradiating means relative
and alignment means that detects the region in whic
processing should be carried out in the workpiece h
the chuck table (for example, refer to Japanese Pat

Laid-open No. 2006-253432).

SUMVARY OF THE | NVENTI ON
However, there is a problem that the width
laser-processed groove becomes larger or smaller an
becomes impossible to carry out desired processing
the workpiece if the output power of the laser beam
emitted by the laser beam irradiating means changes

distortion arises in an optical system.
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Thus, an object of the present invention is to

provide a laser processing apparatus that can monit or
change in the width of the laser-processed groove, caused
by change in the output power of a laser beam emitt ed by
laser beam irradiating means or the arising of dist ortion

in an optical system.

In accordance with an aspect of the present

invention, there is provided a laser processing app aratus
including a chuck table that holds a workpiece, las er
beam irradiating means that irradiates the workpiec e held

by the chuck table with a pulse laser beam, X-axis

direction moving means that moves the chuck table a nd the
laser beam irradiating means relatively in an X-axi S
direction that is a processing feed direction, Y-ax IS
direction moving means that moves the chuck table a nd the

laser beam irradiating means relatively in a Y-axis

direction that is an indexing feed direction orthog onal
to the X-axis direction, and control means that con trols
the laser beam irradiating means, the X-axis direct ion
moving means, and the Y-axis direction moving means . The
laser beam irradiating means includes pulse laser b eam
oscillating means that oscillates the pulse laser b eam, a
condenser that condenses the pulse laser beam oscil lated
from the pulse laser beam oscillating means and emi ts the



pulse laser beam to the workpiece held by the chuck

and a dichroic mirror that is disposed between the

laser beam oscillating means and the condenser and

reflects the pulse laser beam oscillated from the p
laser beam oscillating means to lead the pulse lase

to the condenser. The dichroic mirror allows trans

of light having a wavelength other than the wavelen

the pulse laser beam through the dichroic mirror.
laser beam irradiating means further includes strob
light irradiating means that emits light to a path
which the dichroic mirror and the condenser are dis

a beam splitter that is disposed between the strobe
irradiating means and the dichroic mirror and split
light from the workpiece held by the chuck table, a
imaging means disposed on a path of light split by
beam splitter. The control means actuates the stro
light irradiating means and the imaging means accor
to the timing of the pulse laser beam that is oscil

by the pulse laser beam oscillating means and is em

to the workpiece held by the chuck table, and detec

width of a laser-processed groove immediately after
emission of the pulse laser beam on the basis of an
signal from the imaging means.

Preferably, the control means stops actuati
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the laser beam irradiating means to suspend process
the detected width of the laser-processed groove is
outside an allowable range.

Furthermore, the control means detects, on
basis of an image signal from the imaging means, th
amount of deviation between a set value of Y-axis
direction distance from a target that is set on the
workpiece and is to identify a region in which proc
should be carried out to the center of a laser-proc
groove to be formed and Y-axis direction distance t
center of a laser-processed groove formed by irradi
with the pulse laser beam.

Preferably, the control means controls the
direction moving means to correct a position irradi
with the pulse laser beam if the amount of deviatio
between the set value and the Y-axis direction dist
to the center of the laser-processed groove formed
irradiation with the pulse laser beam surpasses an
allowable value.

According to the laser processing apparatus
present invention, the control means actuates the s
light irradiating means and the imaging means accor
to the timing of the pulse laser beam emitted to th

workpiece, and detects the width of the laser-proce
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groove immediately after the emission of the pulse
beam on the basis of the image signal from the imag
means. Thus, in the case in which the width of the
processed groove becomes larger or smaller due to ¢
in the output power of the pulse laser beam or the
arising of distortion in the optical system, it is
possible to detect the abnormality of the laser-pro
groove in real time and respond to the abnormality
through e.g. suspending abnormal processing causing
lowering of the quality.

Furthermore, the control means detects, on
basis of the image signal from the imaging means, t
amount of deviation between the set value of the Y-
direction distance from the target that is set on t
workpiece and is to identify the region in which
processing should be carried out to the center of t
laser-processed groove to be formed and the Y-axis
direction distance to the center of the laser-proce
groove formed by irradiation with the pulse laser b
In addition, the control means controls the Y-axis
direction moving means to correct the position irra
with the pulse laser beam if the amount of deviatio
between the set value and the Y-axis direction dist

to the center of the laser-processed groove formed
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irradiation with the pulse laser beam surpasses the
allowable value. This can keep desired laser proce

The above and other objects, features and
advantages of the present invention and the manner
realizing them will become more apparent, and the
invention itself will best be understood from a stu
the following description and appended claims with
reference to the attached drawings showing some pre

embodiments of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS
FIG. 1 is a perspective view of a laser pro
apparatus configured in accordance with the present
invention;
FIG. 2 is a block configuration diagram of
beam irradiating means with which the laser process
apparatus depicted in FIG. 1 is equipped,;
FIG. 3 is a block configuration diagram of
means with which the laser processing apparatus dep
in FIG. 1 is equipped,;
FIG. 4 is a perspective view of a semicondu
wafer,;
FIG. 5 is a perspective view depicting the

which the semiconductor wafer depicted in FIG. 4 is
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to a surface of a dicing tape mounted to a ring-sha ped

frame;
FIG. 6A to FIG. 6C are explanatory diagrams of a
laser processing step carried out by the laser proc essing

apparatus depicted in FIG. 1;

FIG. 7 is an explanatory diagram depicting the
timing of a pulse laser beam emitted by the laser b eam
irradiating means and light emitted by strobe light
irradiating means; and

FIG. 8A and FIG. 8B are explanatory diagram s of a
laser-processed groove monitoring step carried out by the

laser processing apparatus depicted in FIG. 1.

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
Preferred embodiments of a laser processing
apparatus configured in accordance with the present
invention will be described in detaill below with
reference to the accompanying drawings. In FIG. 1, a

perspective view of the laser processing apparatus

configured in accordance with the present invention is
depicted. A laser processing apparatus 1 depicted in FIG.

1 includes a stationary base 2, a chuck table mecha nism 3
that is disposed on this stationary base 2 movably in an
X-axis direction that is the processing feed direct ion



depicted by an arrow X and holds a workpiece, and a
beam irradiation unit 4 as laser beam irradiating m
disposed over the base 2.

The above-described chuck table mechanism
includes the following components: a pair of guide
31 disposed in parallel along the X-axis direction
stationary base 2; a first slide block 32 disposed
these guide rails 31 movably in the X-axis directio
second slide block 33 disposed over this first slid
block 32 movably in a Y-axis direction that is orth
to the X-axis direction and is the indexing feed
direction depicted by an arrow Y; a support table 3
supported by a circular cylindrical member 34 over
second slide block 33; and a chuck table 36 as work

holding means. This chuck table 36 includes an ads

chuck 361 formed from a porous material and e.g. a

semiconductor wafer having a circular shape as
workpiece is held on a holding surface that is the
surface of the adsorption chuck 361 by suction mean
depicted). The chuck table 36 configured in this m

is rotated by a pulse motor (not depicted) disposed
the circular cylindrical member 34. Around the chu
table 36, clamps 362 for fixing a ring-shaped frame

supports the workpiece such as the semiconductor wa
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with the intermediary of a protective tape are disp

In the lower surface of the first slide blo
pair of guided grooves 321 fitted to the pair of gu
rails 31 are made. In addition, a pair of guide ra
formed in parallel along the Y-axis direction are
provided on the upper surface of the first slide bl
The first slide block 32 formed in this manner is
configured to be allowed to move in the X-axis dire
along the pair of guide rails 31 by the fitting of
guided grooves 321 to the pair of guide rails 31.
chuck table mechanism 3 includes X-axis direction m
means 37 for moving the first slide block 32 in the
axis direction along the pair of guide rails 31. T
axis direction moving means 37 includes a male scre
371 disposed between the pair of guide rails 31 in
parallel and a drive source such as a pulse motor 3
rotationally driving this male screw rod 371. One
the male screw rod 371 is rotatably supported by a
bearing block 373 fixed to the stationary base 2 an
other end thereof is joined to the output shaft of
pulse motor 372 for power transmission. The male s
rod 371 is screwed to a penetrating female screw ho
formed in a female screw block (not depicted) provi

the lower surface of the central part of the first
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block 32 in a protruding manner. Therefore, by dri

the male screw rod 371 for the forward rotation and
reverse rotation thereof by the pulse motor 372, th
first slide block 32 is moved in the X-axis directi
along the guide rails 31.

The laser processing apparatus 1 includes X
direction position detecting means 374 for detectin
X-axis direction position of the chuck table 36. T
axis direction position detecting means 374 include
linear scale 374a disposed along the guide rail 31
reading head 374b that is disposed on the first sli
block 32 and moves along the linear scale 374a toge
with the first slide block 32. The reading head 37

this X-axis direction position detecting means 374

at every 1 um, a pulse signal of one pulse to control

means to be described later in the present embodime
Furthermore, the control means to be described late
detects the X-axis direction position of the chuck

36 by counting the input pulse signal. If the puls

372 is used as the drive source of the X-axis direc
moving means 37, it is also possible to detect the

direction position of the chuck table 36 by countin
drive pulse of the control means to be described la

that outputs a drive signal to the pulse motor 372.
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Furthermore, if a servomotor is used as the drive s
of the X-axis direction moving means 37, it is also
possible to detect the X-axis direction position of
chuck table 36 by sending a pulse signal output by
rotary encoder that detects the rotation speed of t
servomotor to the control means to be described lat
counting the input pulse signal by the control mean

In the lower surface of the second slide bl
a pair of guided grooves 331 fitted to the pair of
rails 322 provided on the upper surface of the firs
slide block 32 are provided. The second slide bloc
configured to be allowed to move in the Y-axis dire
by fitting these guided grooves 331 to the pair of
rails 322. The chuck table mechanism 3 includes Y-
direction moving means 38 for moving the second sli
block 33 in the Y-axis direction along the pair of
rails 322 provided on the first slide block 32. Th
axis direction moving means 38 includes a male scre
381 disposed between the pair of guide rails 322 in
parallel and a drive source such as a pulse motor 3
rotationally driving this male screw rod 381. One
the male screw rod 381 is rotatably supported by a
bearing block 383 fixed to the upper surface of the

slide block 32 and the other end is joined to the o
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shaft of the pulse motor 382 for power transmission . The

male screw rod 381 is screwed to a penetrating fema le
screw hole formed in a female screw block (not depi cted)
provided on the lower surface of the central part o f the
second slide block 33 in a protruding manner. Ther efore,

by driving the male screw rod 381 for the forward
rotation and reverse rotation thereof by the pulse motor
382, the second slide block 33 is moved in the Y-ax is

direction along the guide rails 322.

The laser processing apparatus 1 includes Y -axis
direction position detecting means 384 for detectin g the
Y-axis direction position of the second slide block 33.

The Y-axis direction position detecting means 384

includes a linear scale 384a disposed along the gui de
rail 322 and a reading head 384b that is disposed o n the
second slide block 33 and moves along the linear sc ale
384a together with the second slide block 33. The reading
head 384b of this Y-axis direction position detecti ng
means 384 sends, at every 1 um, a pulse signal of one

pulse to the control means to be described later in the
present embodiment. Furthermore, the control means to be
described later detects the Y-axis direction positi on of
the chuck table 36 by counting the input pulse sign al. If

the pulse motor 382 is used as the drive source of the Y-

13



axis direction moving means 38, it is also possible to

detect the Y-axis direction position of the chuck t able
36 by counting a drive pulse of the control means t o be
described later that outputs a drive signal to the pulse
motor 382. Furthermore, if a servomotor is used as the
drive source of the Y-axis direction moving means 3 8, it
is also possible to detect the Y-axis direction pos ition
of the chuck table 36 by sending a pulse signal out put by
a rotary encoder that detects the rotation speed of the
servomotor to the control means to be described lat er and
counting the input pulse signal by the control mean S.

The laser beam irradiation unit 4 includes a
support member 41 disposed on the base 2, a casing 42

that is supported by this support member 41 and
horizontally extends substantially, laser beam

irradiating means 5 disposed on this casing 42, and

alignment means 6 that is disposed at the front end part
of the casing 42 and detects a processing region in which
laser processing should be carried out. The alignm ent
means 6 includes illuminating means that illuminate s a
workpiece, an optical system that captures the regi on

illuminated by this illuminating means, an imaging
element (CCD: charge-coupled device) that takes an image

captured by this optical system, and so forth. The

14



alignment means 6 sends an image signal obtained by the
Imaging to the control means to be described later.
The laser beam irradiating means 5 will be

described with reference to FIG. 2. The laser beam

irradiating means 5 includes pulse laser beam oscil lating
means 51, a condenser 52 that condenses a pulse las er
beam oscillated from this pulse laser beam oscillat ing
means 51 and irradiates a workpiece W held by the c huck
table 36 with the pulse laser beam, and a dichroic mirror

53 that is disposed between the pulse laser beam

oscillating means 51 and the condenser 52 and leads the
pulse laser beam oscillated from the pulse laser be am
oscillating means 51 to the condenser 52. The puls e laser

beam oscillating means 51 includes a pulse laser

oscillator 511 and repetition frequency setting mea ns 512
annexed thereto. The pulse laser oscillator 511 of the
pulse laser beam oscillating means 51 oscillates a pulse

laser beam LB having a wavelength of 355 nm in the

present embodiment. The condenser 52 includes a

collecting lens 521 that condenses the pulse laser beam
LB oscillated from the pulse laser beam oscillating means
51. The dichroic mirror 53 disposed between the pu Ise

laser beam oscillating means 51 and the condenser 5 2 has

functions of reflecting the pulse laser beam LB

15



oscillated from the pulse laser beam oscillating me
to lead the pulse laser beam LB to the condenser 52
allowing transmission of light having a wavelength
than the wavelength of the pulse laser beam LB (355
in the present embodiment) through the dichroic mir

The laser beam irradiating means 5 includes
light irradiating means 54 that emits light to the
of the dichroic mirror 53 and the condenser 52, a b
splitter 55 that is disposed between this strobe i
irradiating means 54 and the dichroic mirror 53 and
splits light from the workpiece W held by the chuck
36, and imaging means 56 disposed on the path of li
split by this beam splitter 55. The strobe light
irradiating means 54 includes the following compone
strobe light source 541 that is formed of a xenon f
lamp and emits white light; a diaphragm 542 that de
the size of the field of view of the white light em
from this strobe light source 541; a lens 543 for
collecting the white light that has passed through
diaphragm 542 onto the workpiece W held by the chuc
table 36; and a direction conversion mirror 544 tha
converts the direction of the white light collected
this lens 543 toward the beam splitter 55.

The beam splitter 55 leads the white light
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the direction conversion mirror 544 of the strobe |
irradiating means 54 to the dichroic mirror 53 and
light from the workpiece W held by the chuck table
toward the imaging means 56. The imaging means 56
formed of a compound lens 561 including an aberrati
correction lens 561a and an image forming lens 561b
an imaging element (CCD) 562 that takes an image ca
by this compound lens 561. The imaging means 56 se
image signal obtained by the imaging to the control
to be described later.

The laser processing apparatus 1 includes c
means 7 depicted in FIG. 3. The control means 7 is
of a computer and includes a central processing uni
(CPU) 71 that executes arithmetic processing
accordance with a control program, a read only memo

(ROM) 72 that stores the control program and so for

random access memory (RAM) 73 that stores arithmeti

results and so forth and is readable and writable,
input interface 74, and an output interface 75. To
input interface 74 of the control means 7, detectio
signals from the X-axis direction position detectin
means 374, the Y-axis direction position detecting

384, the imaging element (CCD) 562 of the imaging m

56, the alignment means 6, and so forth are input.
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Furthermore, from the output interface 75 of the co
means 7, control signals are output to the X-axis
direction moving means 37, the Y-axis direction mov
means 38, the pulse laser beam oscillating means 51
the laser beam irradiating means 5, the strobe ligh
irradiating means 54, and so forth.

The laser processing apparatus 1 is configu
the above-described manner and the operation thereo
be described below. FIG. 4 depicts a perspective v
a semiconductor wafer 10 as a workpiece to be proce
by the above-described laser processing apparatus 1
semiconductor wafer 10 depicted in FIG. 4 is formed
silicon wafer. Plural planned dividing lines 101 a
formed in a lattice manner on a front surface 10a.
addition, devices 102 such as ICs and LSIs are form
plural regions marked out by these plural planned
dividing lines 101.

In order to divide the above-described
semiconductor wafer 10 along the planned dividing |
101, first a workpiece supporting step of sticking
surface of an adhesive tape made of a synthetic res
a back surface 10b of the semiconductor wafer 10 an
supporting the circumferential part of the adhesive

by a ring-shaped frame is carried out. Specificall
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depicted in FIG. 5, the back surface 10b of the
semiconductor wafer 10 is stuck to the surface of a
adhesive tape T whose circumferential part is mount
cover the inside opening of a ring-shaped frame F.
adhesive tape T is made of a polyvinyl chloride (PV
sheet in the present embodiment.

After the above-described wafer supporting
carried out, the side of the adhesive tape T of the
semiconductor wafer 10 is placed on the chuck table
the laser processing apparatus depicted in FIG. 1.
by actuating suction means (not depicted), the
semiconductor wafer 10 is held over the chuck table
suction with the intermediary of the adhesive tape
(workpiece holding step). The ring-shaped frame F
supports the semiconductor wafer 10 with the interm
of the adhesive tape T is fixed by the clamps 362
disposed around the chuck table 36.

After the above-described workpiece holding
carried out, the X-axis direction moving means 37 i
actuated to position the chuck table 36 that holds
semiconductor wafer 10 by suction directly under th
alignment means 6. When the chuck table 36 is posi
directly under the alignment means 6, alignment wor

detecting a processing region in which laser proces
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should be carried out on the semiconductor wafer 10 is

carried out by the alignment means 6 and the contro I

means 7. Specifically, the alignment means 6 and t he
control means 7 execute image processing such as pa ttern
matching for position adjustment with respect to th e
condenser 52 of the laser beam irradiating means 5 that
irradiates the semiconductor wafer 10 with a laser beam
along the planned dividing lines 101 formed along a first
direction of the semiconductor wafer 10 and accompl ish

alignment of the laser beam irradiation position.

Furthermore, alignment of the laser beam irradiatio n
position is similarly accomplished also regarding t he
planned dividing lines 101 formed on the semiconduc tor
wafer 10 along a second direction orthogonal to the first
direction.

After the planned dividing lines formed on the
semiconductor wafer 10 held on the chuck table 36 a re
detected and the alignment of the laser beam irradi ation
position is carried out in the above-described mann er, as
depicted in FIG. 6A, the chuck table 36 is moved to the
laser beam irradiation region above which the conde nser
52 of the laser beam irradiating means 5 is located and

one end (left end in FIG. 6A) of the predetermined

planned dividing line 101 is positioned directly un der

20



the condenser 52. Then, a light focus point P of a

laser beam emitted from the condenser 52 is positio

the vicinity of a front surface (upper surface) 10a

the semiconductor wafer 10. Next, the chuck table

moved in a direction indicated by an arrow X1 in Fl

at a predetermined movement speed while the pulse |
beam having such a wavelength as to be absorbed by
semiconductor wafer 10 (355 nm, in the present
embodiment) is emitted from the condenser 52 of the

beam irradiating means 5. Then, when the other end

end in FIG. 6B) of the planned dividing line 101 re

the position directly under the condenser 52, the
emission of the pulse laser beam is stopped and the
movement of the chuck table 36 is stopped. As a re
laser-processed groove 110 is formed in the semicon

wafer 10 along the planned dividing line 101 as dep

in FIG. 6B and FIG. 6C (laser processing step).

The laser processing condition of the above
described laser processing step is set as follows f
example.

Light source of laser beam: YVO4 laser or Y

Wavelength: 355 nm

Repetition frequency: 50 kHz

Average output power: 3 W

21

pulse
ned in
of

36 is
G. 6A
aser

the

laser

(right

aches

sult, a
ductor

icted

or

AG laser



Light focus spot diameter: 10 um

Processing feed speed: 100 mm/second

There is the following problem. Specifical
the output power of the pulse laser beam emitted fr
condenser 52 of the laser beam irradiating means 5
changes or distortion arises in the optical system
the pulse laser beam oscillating means 51 to the
condenser 52 when the above-described laser process
step is being carried out, the width of the laser-
processed groove becomes larger or smaller and it b
impossible to carry out desired laser processing fo
semiconductor wafer 10 as the workpiece. To addres
problem, in the laser processing apparatus in the p
embodiment, change in the width of the laser-proces
groove caused by the change in the output power of
pulse laser beam emitted from the condenser 52 of t
laser beam irradiating means 5 or the arising of
distortion in the optical system is monitored.
Specifically, the strobe light irradiating means 54
actuated to irradiate the pulse laser beam irradiat
region in the semiconductor wafer 10 with white lig
according to the irradiation timing of the pulse la
beam that is oscillated from the pulse laser beam

oscillating means 51 of the laser beam irradiating
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5 and is emitted from the condenser 52 to the
semiconductor wafer 10 held by the chuck table 36.
light from the semiconductor wafer 10 is imaged by
imaging means 56 and an image signal obtained by th
imaging is sent to the control means 7. Thereby, t
control means 7 detects the width of the laser-proc
groove formed by the irradiation with the pulse las
beam on the basis of the image signal sent from the
imaging element (CCD) 562 of the imaging means 56.
addition, the control means 7 detects the deviation
between the position irradiated with the pulse lase
and the position at which the processing should be
carried out (laser-processed groove monitoring step

The above-described laser-processed groove
monitoring step will be described in more detail wi
reference to FIG. 7. In the present embodiment, th
repetition frequency of the pulse laser beam oscill
from the pulse laser beam oscillating means 51 of t
laser beam irradiating means 5 is 50 kHz. Thus, on
of the pulse laser beam LB is emitted to the
semiconductor wafer 10 held by the chuck table 36 e
20 microseconds. In order to detect the irradiatio

position of the pulse laser beam emitted to the

semiconductor wafer 10 held by the chuck table 36 i
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manner and the width of the laser-processed groove
formed in the semiconductor wafer 10 by the irradia

with the pulse laser beam, the control means 7 actu

the strobe light source 541 of the strobe light

irradiating means 54. As the timing when this stro
light source 541 is actuated, it is so actuated tha
white light is emitted between the pulse laser beam
and the other pulse laser beam LB so that the white
may be prevented from overlapping with the pulse la
beam LB. Specifically, in the present embodiment,
actuation timing is so set that, as depicted in FIG

the first actuation timing is 50 microseconds from

oscillation start of the pulse laser beam and there

the strobe light source 541 is actuated every 100

microseconds to irradiate the semiconductor wafer 1
by the chuck table 36 with white light WL. Therefo
light from the region processed by the pulse laser
with which the semiconductor wafer 10 held by the c
table 36 is irradiated immediately before
microseconds before) the irradiation with the white
WL is led to the imaging means 56 via the collectin
521, the dichroic mirror 53, and the beam splitter

The light led to the imaging means 56 is su

to image forming on the imaging element (CCD) 562 v
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compound lens 561 including the aberration correcti on

lens 561a and the image forming lens 561b. Then, t he
imaging element (CCD) 562 sends an image signal obt ained
by the image forming to the control means 7. The c ontrol

means 7 stores the image signal sent from the imagi ng
element (CCD) 562 every 100 microseconds in this ma nner
in the random access memory (RAM) 73. FIG. 8A depi cts the

laser-processed groove 110 formed by the pulse lase r beam
with which the semiconductor wafer 10 held by the c huck
table 36 is irradiated along the planned dividing | ine
101 of the semiconductor wafer 10, and a first take n

image nl and a second taken image n2 sent from the

imaging element (CCD) 562. In the embodiment depic ted in
FIG. 8A, a target 102a is set at a predetermined po sition
in each of the respective devices 102 formed on the

semiconductor wafer 10 and the Y-axis direction dis tance

from this target 102a to the center of the adjacent

planned dividing line 101 (processing position) is set to
Al (for example 300 um). Furthermore, the width of the
laser-processed groove 110 formed by the irradiatio n with
the pulse laser beam is set to B1 (for example 10 um). In
the embodiment depicted in FIG. 8A, the state in wh ich
the Y-axis direction distance Al from the target 10 2a to
the center of the laser-processed groove 110 (proce ssing

25



position) is detected and the width Bl of the laser -

processed groove 110 formed by the irradiation with the
pulse laser beam is detected in the first taken ima ge nl
is depicted. Furthermore, the state in which the Y -axis
direction distance Al from the target 102a to the ¢ enter
of the laser-processed groove 110 (processing posit ion)
is detected and a width B2 of the laser-processed g roove
110 formed by the irradiation with the pulse laser beam
is detected in the second taken image n2 is depicte d.

If the width of the laser-processed groove 110 is
detected as B1 (set value: 10 um) in the first taken
image nl and the width B2 of the laser-processed gr oove
110 detected in the second taken image n2 is differ ent
from the set value (10 um) as depicted in FIG. 8A, the
control means 7 checks whether or not the width B2 of the
laser-processed groove 110 is within an allowable r ange
(for example, set value: 10 um =2 um). Then, the control
means 7 continues the laser processing if the width B2 of
the laser-processed groove 110 is within the allowa ble
range (set value: 10 um £ 2 um), and stops the actuation
of the laser beam irradiating means 5 to suspend th e
laser processing if the width B2 of the laser-proce ssed
groove 110 is outside the allowable range (set valu e: 10

um = 2 um). For example, if the width B2 of the laser-
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processed groove 110 is 11 um, the control means 7

continues the laser processing because the width B2 IS
within the allowable range (set value: 10 um 2 um). If
the width B2 of the laser-processed groove 110 is 1 3 um,
the control means 7 stops the actuation of the lase r beam

irradiating means 5 to suspend the laser processing

because the width B2 is outside the allowable range (set
value: 10 um = 2 um). Therefore, the lowering of the

quality due to the continuation of the laser proces sing
in the state in which the width of the laser-proces sed

groove 110 is outside the allowable range can be

prevented.

Next, an embodiment depicted in FIG. 8B wil | be
described. In the embodiment depicted in FIG. 8B, the
state in which the Y-axis direction distance Al (se t

value: 300 um) from the target 102a to the center of the

laser-processed groove 110 (processing position) is

detected and the width B1 (set value: 10 um) of the

laser-processed groove 110 formed by the irradiatio n with
the pulse laser beam is detected in the first taken image
nl is depicted. Furthermore, the state in which a Y-axis
direction distance A2 from the target 102a to the c enter
of the laser-processed groove 110 (processing posit ion)
is detected and the width B1 (set value: 10 um) of the
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laser-processed groove 110 formed by the irradiatio
the pulse laser beam is detected in the second take
image n2 is depicted.

If the Y-axis direction distance Al (set va
um) from the target 102a to the center of the laser-
processed groove 110 (processing position), detecte
the first taken image n1, is different from the Y-a
direction distance A2 from the target 102a to the c
of the laser-processed groove 110 (processing posit
detected in the second taken image n2, as depicted
above-described FIG. 8B, the control means 7 obtain
amount of deviation between the Y-axis direction di
A2 and the Y-axis direction distance Al (set value:
um) (absolute value of A2 — Al) and checks whether o
the amount of deviation (absolute value of A2 — Al)

equal to or smaller than an allowable value (for ex

10 um). Then, the control means 7 continues the laser

processing if the amount of deviation (absolute val

A2 - Al) is equal to or smaller than the allowable

(10 um), and controls the Y-axis direction moving means

38 to correct the irradiation position of the pulse

beam emitted from the condenser 52 of the laser bea

irradiating means 5 if the amount of deviation (abs

value of A2 — Al) surpasses the allowable value (10

28

n with

lue: 300

d in
Xis
enter
ion),

in the
s the
stance
300

r not
is

ample

ue of

value

laser

olute

um).



For example, if the Y-axis direction distance A2 fr
target 102a to the center of the laser-processed gr
110 (processing position) is 309
continues the laser processing because the amount o
deviation is 9 um (309 um - 300
the allowable value (10 um). On the other hand, if the Y-
axis direction distance A2 from the target 102a to

center of the laser-processed groove 110 (processin
position) is 320 um, the amount of deviation is 20
(320 um - 300 um) and surpasses the allowable value (10

Thus, the control means 7 controls the Y-axis

um).
direction moving means 38 to correct the irradiatio
position of the pulse laser beam emitted from the
condenser 52 of the laser beam irradiating means 5
that the Y-axis direction distance from the target
to the center of the Ilaser-processed groove 110
(processing position) may become the set value (300
At this time, the control means 7 controls the Y-ax
direction moving means 38 on the basis of a detecti
signal from the Y-axis direction position detecting
384.

The present invention is not limited to the
of the above described preferred embodiments. The

of the invention is defined by the appended claims
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all changes and modifications as fall within
equivalence of the scope of the claims are therefor

be embraced by the invention.
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WHAT | S CLAIMED I S:

1. A laser processing apparatus comprising

a chuck table that holds a workpiece;

laser beam irradiating means that irradiate
workpiece held by the chuck table with a pulse lase
beam;

X-axis direction moving means that moves th
table and the laser beam irradiating means relative
an X-axis direction that is a processing feed direc

Y-axis direction moving means that moves th
table and the laser beam irradiating means relative
a Y-axis direction that is an indexing feed directi
orthogonal to the X-axis direction; and

control means that controls the laser beam
irradiating means, the X-axis direction moving mean
the Y-axis direction moving means,

wherein the laser beam irradiating means in

pulse laser beam oscillating means
oscillates the pulse laser beam,
a condenser that condenses the puls

beam oscillated from the pulse laser beam oscillati
means and emits the pulse laser beam to the workpie
held by the chuck table,

a dichroic mirror that is disposed
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the pulse laser beam oscillating means and the cond

and reflects the pulse laser beam oscillated from t

pulse laser beam oscillating means to lead the puls

laser beam to the condenser, the dichroic mirror al

transmission of light having a wavelength other tha

wavelength of the pulse laser beam through the dich

mirror,

strobe light irradiating means that

light to a path on which the dichroic mirror and th

condenser are disposed,

a beam splitter that is disposed be

strobe light irradiating means and the dichroic mir

and splits light from the workpiece held by the chu

table, and

imaging means disposed on a path of

split by the beam splitter, and

the control
irradiating means and the imaging means according t

timing of the pulse laser beam that is oscillated b

means actuates

the strobe

light

pulse laser beam oscillating means and is emitted t

workpiece held by the chuck table, and detects widt

laser-processed groove immediately after emission o

pulse laser beam on the basis of an image signal fr

imaging means.
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2. The laser processing apparatus accordin
claim 1,

wherein the control means stops actuation o
laser beam irradiating means to suspend processing
detected width of the laser-processed groove is out
an allowable range.

3. The laser processing apparatus accordin
claim 1,

wherein the control means detects, on the b

an image signal from the imaging means, the amount

deviation between a set value of Y-axis direction

distance from a target that is set on the workpiece
is to identify a region in which processing should
carried out to the center of a laser-processed groo
be formed and Y-axis direction distance to the cent
a laser-processed groove formed by irradiation with
pulse laser beam.

4. The laser processing apparatus accordin
claim 3,

wherein the control means controls the Y-ax
direction moving means to correct a position irradi
with the pulse laser beam if the amount of deviatio
between the set value and the Y-axis direction dist

to the center of the laser-processed groove formed
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irradiation with the pulse laser beam surpasses an

allowable value.
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