LASER PROCESSI NG APPARATUS AND OQUTPUT PONER CHECKI NG

METHOD

BACKGROUND OF THE | NVENTI ON

Field of the Invention

The present invention relates to a | aser processing
apparatus in which a |laser beamentted froma | aser beam
generation unit is branched to a plurality of optical
paths and irradiated upon a workpiece and a nethod for
checki ng out put power of each of branched | aser beans.

Description of the Related Art

A | aser processing apparatus is known in which a
| aser beam emtted from a |aser beam generation unit is
branched to two optical paths by a polarizer and a
pol ari zing beam splitter or the like so as to be able to
be sinultaneously irradiated upon two locations of a
processing face of a workpiece (for exanple, refer to
Japanese Patent Laid-Open No. 2015-167969). A laser
processing apparatus of the type described can inprove
the productivity because, for exanpl e, two |aser
processed grooves of sane quality ~can be forned

si mul t aneously on a wor kpi ece.



SUMVARY OF THE | NVENTI ON

However, in the conventional |aser processing
apparatus described above, the output power balance of
branched |aser beanms is sonetinmes inpaired by deviation
of a rotational angle of the polarizer or the like
arising fromdeterioration of a part. |If |aser processing
Is applied to a workpiece in a state in which the output
power balance is inpaired, then since the processing
quality differs between the |aser beans, there is a
probl em t hat sone dispersion occurs with the depth or the
i ke of |aser processed grooves.

For exanple, the conventional |aser processing
apparatus has a problem that, in the case where, after
| aser beans are irradiated upon a lowk film fornmed in
streets of a workpiece to form two |aser processed
grooves in which the lowk film at the opposite ends in
the wdthw se direction of the streets is renoved, the
streets fromthe opposite ends of which the lowk filmis
renoved are cut by cutting blades, if the depth of the
| aser processed grooves is varied such that one of the
| aser processed grooves is fornmed shallower than a
predeterm ned depth, then upon a later cutting process,
the bl ades neander or exfoliation of the lowk film that

has not been broken up by the |aser beam of a greater



di amet er occurs.

Therefore, it is an object of the present invention
to provide an output power checking nmethod by which the
out put power of each of |laser beans branched to a
plurality of optical paths can be checked and a | aser
processi ng appar at us.

In accordance wth an aspect of +the present
invention, there is provided a | aser processing apparatus
including a holding table configured to hold a workpiece
thereon, a |laser beam generation wunit configured to
generate a |laser beamto be irradiated upon the workpiece
held on the holding table, a branching unit configured to
branch the |l|aser beam emtted from the |aser beam
generation unit at least to a first optical path and a
second optical path, a condenser configured to condense
the |aser beans branched by the branching unit on a
processing face of the workpiece, an output power
measuring unit configured to neasure output power of the
| aser beam emtted from the |aser beam generation unit
and having passed through the condenser, and bl ocking
nmenber positioning neans disposed between the condenser
and the output power neasuring unit and capable of
positioning a blocking nmenber between a first |aser beam

bl ocking position at which the blocking mnenber blocks



only the laser beam of the first optical path from
between the |aser beans branched by the branching unit
and a retracted position at which the blocking nenber
bl ocks none of the I|aser beans, the branching unit
i ncluding an adjustnent unit configured to adjust output
power bal ance between the |aser beans branched at | east
to the first optical path and the second optical path.

Preferably, the |aser processing apparatus may
further include an image pickup unit configured to pick
up an image of the blocking nenber, and control wunit
configured to control at |east the |aser beam generation
unit and the blocking nenber positioning neans. The
control wunit controls the blocking nenber positioning
means based on a position of the bl ocking nenber detected
based on the picked up inmage of the blocking nenber
pi cked up by the inmage pickup unit.

Preferably, the image pickup unit may pick up an
i mage of the workpiece held on the holding table.

In accordance wth another aspect of the present
invention, there is provided an output power checking
met hod for checking, in a |aser processing apparatus in
which a laser beam enmitted from a | aser beam generation
unit is branched at least to a first optical path and a

second optical path by a branching unit and the branched
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| aser beans are condensed to and irradiated upon a
processing face of a workpiece held on a holding table by
a condenser, output power of the branched |aser beans,
t he out put power checking nethod including a total output
power neasurenent step of neasuring total output power of
the laser beans at least of the first optical path and
the second optical path emtted from the |aser beam
generation wunit and condensed by the condenser, a
bl ocking step of blocking at |east the |aser beam of the
first optical path emtted fromthe |aser beam generation
unit and condensed by the condenser wusing a bl ocking
nmenber, a non-bl ocked | aser beam out put power neasurenent
step of neasuring output power of the |aser beam which
Is not blocked by the blocking nenber, in a state in
which the blocking step is carried out, and a | aser beam
out put power calculation step of calculating, based on
the value neasured at the total output power neasurenent
step and the value neasured at the non-bl ocked | aser beam
out put power neasurenent step, first output power of the
| aser beam branched to the first optical path and second
out put power of the |aser beam branched to the second
opti cal path.

Wth the | aser processing apparatus of the present

I nvention, by positioning the blocking nenber at the



first |laser beam bl ocking position at which the bl ocking
menber bl ocks only the |aser beam of the first optical
path from between the |aser beans branched to the first
optical path and the second optical path, the |aser beam
of the second optical path can be irradiated upon the
out put power neasuring unit to neasure the output power
of the | aser beam of the second optical path. Further, by
positioning the blocking nenber at the retracted position
at which the blocking menber blocks none of the |aser
beans, all |aser beans can be irradiated upon the output
power measuring unit to neasure the output power of all
| aser beans. Therefore, the output power of the |aser
beans branched to the plurality of optical paths can be
checked on the basis of the neasurenent val ues.

Further, where a control wunit is configured such
that it controls the bl ocking nenber positioning neans on
the basis of the position of the blocking nenber detected
on the basis of the picked up imge of the blocking
nmenber picked up by an image pickup unit, the bl ocking
menber can be positioned in a shorter period of tinme at
the first I|aser beam blocking position at which the
bl ocki ng nenber bl ocks only the |aser beam of the first
opti cal path.

Wth the output power checking nethod of the



present invention, at the total output power neasurenent
step, the total power of the |aser beans branched to the
first optical path and the second optical path is
nmeasured, and at the non-bl ocked | aser beam output power
neasurenent step, the output power of the |aser beam that
is not blocked by the blocking nenber in the state in
which only the |laser beam of the first optical path is
bl ocked by the bl ocking nmenber is measured. Then, at the
| aser beam out put power cal culation step, on the basis of
the value neasured at the total output power measurenent
step and the value neasured at the non-bl ocked | aser beam
out put power neasurenent step, the output power of the
| aser beam branched to the first optical path and the
out put power of the |aser beam branched to the second
optical path are calculated. Therefore, the output power
of the laser beanms branched to the plurality of optica

pat hs can be checked.

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

enbodi nent of the invention.



BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG 1 is a perspective view depicting an exanple
of a | aser processing apparatus;

FIG 2 is a schematic view depicting an exanpl e of
an optical systemof the | aser processing apparatus;

FIG 3 is a block diagram depicting an exanple of a
branchi ng unit;

FIG 4 is a perspective view depicting an exanple
of a bl ocking nenber and a nounting portion;

FIG 5 is a schematic view of the optical system
when the bl ocking nenber is in a retracted position;

FIG 6 is an explanatory view illustrating a state
in which an edge of the blocking nenber depicted in a
picked up inmage is positioned at the center between
branched | aser beans; and

FIG 7 is a schematic view of the optical system
when the blocking nenber is at a first |aser beam

bl ocki ng position.

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT
A laser processing apparatus 1 depicted in FIG 1
is a processing apparatus that irradiates a |aser beam

upon a workpiece Wheld on a holding table 30 to process



the workpiece W On a base 10 of the |aser processing
apparatus 1, a Y-axis noving unit 20 is provided which
noves the holding table 30 back and forth in a Y-axis
direction that is an indexing feeding direction. The Y-
axis noving unit 20 is configured from a ball screw 200
having an axis in the Y-axis direction, a pair of guide
rails 201 disposed in parallel to the ball screw 200, a
pul se notor 202 for rotating the ball screw 200, and a
novabl e plate 203 that neshes at a nut provided therein
with the ball screw 200 and slidably contacts at a bottom
portion thereof with the guide rails 201. If the pulse
nmotor 202 rotates the ball screw 200, then the novable
plate 203 is noved by the ball screw 200 in the Y-axis
di rection under the guidance of the guide rails 201, and
the holding table 30 disposed on the novable plate 203
with a X-axis noving unit 21 interposed therebetween is
noved in the Y-axis direction by the novenent of the
novabl e pl ate 203.

On the novable plate 203, the X-axis noving unit 21
is provided which noves the holding table 30 back and
forth in an X-axis direction that is a processing feeding
di rection. The X-axis noving unit 21 includes a ball
screw 210 having an axis in the X-axis direction, a pair

of guide rails 211 disposed in parallel to the ball screw



210, a pulse notor 212 for rotating the ball screw 210,
and a novable plate 213 that neshes at a nut provided
therein with the ball screw 210 and slidably contacts at
a bottomportion thereof with the guide rails 211. If the
pul se notor 212 rotates the ball screw 210, then the
novabl e plate 213 is noved by the ball screw 210 in the
X-axis direction under the guidance of the guide rails
211, and the holding table 30 disposed on the npvable
plate 213 is noved in the X-axis direction by the
novenent of the novable plate 213.

The holding table 30 for holding the workpiece W
has a circular outer shape and is comunicated wth a
suction source not depicted such that it sucks and hol ds
the workpiece Won a holding face 30a thereof that is a
hori zontal face. The holding table 30 is rotatable around
an axis in the vertical direction (Z-axis direction) by
rotation nmeans 32 disposed on the bottom face side
thereof. Around the holding table 30, four fixing clanps
33 for fixing, when the workpiece W is supported on an
annul ar frame of the holding table 30, the annular frane
are disposed uniformy in a circunferential direction.

On the rear (+Y direction side) of the base 10, a
colum 10A is provided wuprightly, and a |aser beam

generation unit 60 is disposed on a front face of the
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colum 10A with a Z-axis noving unit 22 interposed
t her ebet ween. The Z-axis noving unit 22 is configured
from a ball screw 220 having an axis in the Z-axis
direction, a pair of guide rails 221 disposed in parallel
to the ball screw 220, a pulse notor 222 for rotating the
ball screw 220, and a novable plate 223 that neshes at a
nut provided therein wth the ball screw 220 and contacts
at a side portion thereof with the guide rails 221. |If
the pul se notor 222 rotates the ball screw 220, then the
novabl e plate 223 is noved by the ball screw 220 in the
Z-axis direction under the guidance of the guide rails
221, and the |aser beam generation unit 60 is noved in
the Z-axis direction by the novable plate 223.

The | aser beam generation unit 60 includes a casing
600 fixed to the novable plate 223. The casing 600
projects horizontally in the Y-axis direction from the
novabl e plate 223, and an irradiation head 609 and an
image pickup unit 50 are provided in a lined wup
relationship in the X-axis direction at an end portion of
the casing 600. The irradiation head 609 emts, for
exanple, two branched |aser beans LBl and LB2 (refer to
FIG 2) toward the -Z direction

The | aser beam generation unit 60 includes a |aser

oscillator 601 such as an yttrium alum num garnet (YAQG
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| aser depicted in FIG 2 or the like disposed in the
casing 600, and a repetition frequency setting section
602. A laser beam LB emtted horizontally from the |aser
oscillator 601 is a linearly polarized |aser beam and is
reflected downwardly in the vertical direction by a
mrror 61. An output power adjustnent wunit 62 for
adjusting the output power of the |aser beam LB to be
irradi ated upon the workpiece W is provided between the
| aser oscillator 601 and the mrror 61.

A branching unit 63 and a condenser 64 are provided
between the mrror 61 and the holding table 30. The |aser
beam LB reflected by the mrror 61 is introduced to the
branching unit 63. The branching unit 63 branches the
| aser beam LB introduced thereto into a | aser beam LBl of
a first optical path OP1 and a | aser beam LB2 of a second
optical path OP2. The condenser 64 includes a condenser
lens 640 and condenses the |aser beans LBl and LB2
branched by the branching unit 63 to a processing face W
of the workpiece W The mrror 61, branching unit 63 and
condenser 64 are disposed in the irradiation head 609
depicted in FIG 1.

As depicted in FIG 3, the branching unit 63
includes a half-wave plate 630, a polarizing beam

splitter 631, a mrror 632 and an adjustnent unit 633.
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The half-wave plate 630 provides a phase difference by
one half wavelength to the l|aser beam LB introduced
t her et o. The polarizing beam splitter 631 branches the
| aser beam LB having passed through the half-wave plate
630 into two |aser beans LB1 and LB2 having polarization
planes S and P orthogonal to each other. The |aser beam
LBl of S polarization is reflected by the polarizing beam
splitter 631 and branched to the first optical path OPl.
Further, the laser beam LBl is reflected dowwardly in
the vertical direction by the mrror 632, passes through
the condenser lens 640 and is irradiated upon the
processing face Wa of the workpiece W Meanwhi l e, the
| aser beam LB2 of P polarization passes through the
pol arizing beam splitter 631 and is branched to the
second optical path OP2. Then, the |laser beam LB2 passes
t hrough the condenser lens 640 and is irradi ated upon the
processing face Wa of the workpiece W

The adjustnment wunit 633 includes a notor for
changing the rotational angle of the half-wave plate 630
and can adjust, by driving the notor, the rotationa
angle of the half-wave plate 630 to rotate the
pol ari zation plane of the emtted Iight of the half-wave
plate 630. Then, by rotating the polarization plane of

the emtted light of the half-wave plate 630, the
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intensity ratio between the |laser beam LB1L of S
pol ari zation and the |aser beam LB2 of P polarization to
be outputted fromthe polarizing beam splitter 631 can be
changed conti nuously. In particular, the branching unit
63 can adjust the output power balance between the two
branched |aser beans LBl and LB2 by adjusting the
rotational angle of the half-wave plate 630 using the
adj ustment unit 633.

The image pickup unit 50 depicted in FIG 1 is
di sposed at a front end portion of the casing 600 in a
predeterm ned positional relationship with respect to the
irradi ation head 609 and serves as neans for picking up
an imge of the workpiece W in order to detect a
processing region for performng |aser processing of the
wor kpi ece W held on the holding table 30 and also as
nmeans for picking up an inage of a blocking nmenber 70
depicted in FIG 1. The image pickup unit 50 includes a
canmera including an inmage pickup elenment (for exanple, a
charge coupl ed device (CCD)) having a plurality of pixels
arrayed two-dinmensionally and an inage pickup optica
system for introducing the inage pickup object inmage to a
light reception face of the image pickup elenent through
the condenser lens 640 depicted in FIG 2, and a

m croscope for expanding the imge pickup object inage
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pi cked up by the canmera. Further, the inmage pickup unit
50 i ncl udes an automati c f ocusi ng function for
automatically focusing the canmera to an image pickup
object by the m croscope. It is to be noted that the
canera of the image pickup unit 50 nay be built in the
irradi ati on head 609 and besides the optical axis of the
m croscope may be coaxial with the optical axis of the
condenser 64.

As depicted in FIG 1, the laser processing
appar at us 1 i ncl udes Y-axi s di rection position
nmeasurenent nmeans 23 for neasuring the position of the
holding table 30 in the Y-axis direction. The Y-axis
direction position neasurenent mnmeans 23 includes a scale
230 extending in the Y-axis direction along the guide
rails 201, and a reading unit not depicted that is fixed
to the novable plate 203 such that it noves together with
the novable plate 203 along the scale 230 and reads
graduations of the scale 230. The reading unit is, for
exanple, of the optical type that reads reflected |ight
fromthe graduations fornmed on the scale 230, and detects
the graduations of the scale 230 and outputs a pulse
signal to a control unit 9.

Further, the |aser processing apparatus 1 includes

X-axis direction position nmeasurenent neans 24 configured

15



from a scale 240, a reading unit not depicted and so
forth for neasuring the position of the holding table 30
in the X-axis direction.

The control wunit 9 is configured from a central
processing unit (CPU and a storage elenent such as a
menory, and counts, for exanple, a pulse signal sent out
from the Y-axis direction position neasurenent neans 23
to detect the position of the holding table 30 in the Y-
axis direction and controls the Y-axis noving unit 20.
The control wunit 9 further counts a pul se signal sent out
from the X-axis direction position measurenent means 24
to detect the position of the holding table 30 in the X-
axis direction and controls the X-axis noving unit 21.

It is to be noted that, in the present enbodi nent,
for exanple, the pulse notor 202 of the Y-axis noving
unit 20 is a pulse notor that operates with a driving
pul se supplied from a pulse oscillator not depicted.
Therefore, also it is possible for the control unit 9 to
detect the position of the holding table 30 in the Y-axis
direction by counting the nunber of driving pulses
supplied to the Y-axis noving unit 20. Further, for
exanpl e, the control unit 9 perforns control of the I|aser
beam generation unit 60. An exanple of the control by the

control unit 9 is OVOFF control of a Q switch in the
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i nside of the |aser oscillator 601.

The novable plate 203 includes an output power
nmeasuring unit 80 that neasures the output power of the
| aser beans LBl and LB2 emtted from the |aser beam
generation unit 60 depicted in FIG 2 and passing through
the condenser 64. The output power measuring unit 80 is
fixed to a central portion in the X-axis direction of a
side face of the novable plate 203 on the colum 10A side
such that an irradiated portion 800 thereof that is mde
of a predeterm ned netal is exposed upwardly. The out put
power neasuring unit 80 is a thermal sensor that converts
heat generated by irradiation of the |aser beans LBl and
LB2 upon the irradiated portion 800 into voltages to
neasure the output power of the irradiated |aser beans
LB1 and LB2.

As depicted in FIG 1, the blocking nenber 70 is
di sposed on the novabl e plate 213. The bl ocki ng nenber 70
is provided at one end portion in the X-axis direction of
a side portion of the novable plate 213 on the colum 10A
si de. The bl ocking nenber 70 is a menber for blocking
only the laser beam LBl of the first optical path OP1
when the output power of the laser beanms LB1 and LB2
emtted from the irradiation head 609 is neasured using

the output power neasuring unit 80. For exanple, the
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bl ocking nenber 70 is positioned to a first |aser beam
bl ocking position at which it blocks only the |aser beam
LB1 by noving, in a state in which the Y-axis noving unit
20 stops the novable plate 203 at a predeterm ned
position in the Y-axis direction at which both of the
| aser beans LBl and LB2 are irradiated upon the output
power mneasuring unit 80, the novable plate 213 in the X-
axis direction by the X-axis nmoving unit 21 and a
retracted position at which it blocks none of the |aser
beans LB1 and LB2. 1In other words, the X-axis noving unit
21 functions al so as bl ocki ng nmenber positioning neans.
Alternatively, the blocking nenber positioning
nmeans nmay be configured such that novenent of the novable
plate 213 by the X-axis noving unit 21 and novenent of
the novable plate 203 by the Y-axis noving unit 20 are
perfornmed sinultaneously under the control by the contro
unit 9 to position the blocking nenber 70 at the first
| aser beam bl ocki ng position at which the bl ocking nenber
70 blocks only the laser beam LBl and the retracted
position at which the blocking nmenber 70 bl ocks none of
the |aser beanms LB1 and LB2. In other words, in the
present enbodi ment, the bl ocking nenber positioning neans
is configured from the X-axis noving unit 21 and the Y-

axis noving unit 20.
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The bl ocking nmenber 70 is nounted for replacenent
on a nmounting unit 71 formed integrally wth the novable
plate 213. The nmounting unit 71 projects upwardly from a
side portion of the novable plate 213. As depicted in FIG
4, a cutout portion 710 is fornmed on the nmounting unit 71
such that it extends in the X-axis direction to the
substantially center of the mounting unit 71. The cutout
portion 710 is fornmed at an internediate position of the
mounting unit 71 in the Y-axis direction such that it
extends through the nounting wunit 71 in the Z-axis
di rection.

The bl ocking nmenber 70 is a nenber in the formof a
plate formed from ceramcs that is less likely to be
processed by a laser beam LB of a predetermned
wavel ength (for exanple, 355 nm. The bl ocking nenber 70
is fixedly screwed to an upper face of the nounting unit
71 by screws 73 such that an edge 70a thereof crosses
obliquely in the proximty of and above the cutout
portion 710. For exanple, the angle defined by the edge
70a of the blocking nmenber 70 and the Y axis is
approxi mately 45 degrees. Since the edge 70a of the
bl ocking nmenber 70 is not chanfered and therefore is
angl ed, when the bl ocking nenber 70 is viewed from above,

the boundary of the edge 70a can be distinguished readily.
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It is to be noted that the shape of the blocking nenber
70 is not limted to the exanple depicted in FIG 4.

Qut put power checking operation (output power
checking nethod) by the |laser processing apparatus 1
configured in such a manner as described above is
described in the foll ow ngs.

(1) Total Qutput Power Measurenent Step

The Y-axis noving unit 20 depicted in FIG 1 noves
the novable plate 203 in the Y-axis direction and the X-
axis nmoving unit 21 noves the novable plate 213 in the X-
axis direction to position the blocking nenber 70 such
that the edge 70a thereof is partly included in the inage
pi ckup region of the inage pickup unit 50. The Z-axis
nmoving unit 22 gradually noves the novable plate 223 in
the Z-axis direction to nove the image pickup unit 50 by
a predeterm ned distance at a tinme toward (or away from
the upper face of the bl ocking nenber 70 while the inmage
pickup unit 50 operates to successively perform imge
pi ckup by the canera at a plurality of height positions,
and the canera of the imge pickup wunit 50 is
automatically focused to the height position of the upper
face of the blocking nenber 70 on the basis of a result
of i mage processing of the picked up imges. Then, the Z-

axis noving unit 22 stops the novenent of the novable
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plate 223 at a point of tinme at which the canera of the
I mage pickup unit 50 is focused just to the upper face of
t he bl ocki ng nenber 70.

Further, in the |laser processing apparatus 1, a
program for adjusting the height position of the focusing
point of the condenser lens 640 of the condenser 64
depicted in FIG 5 in an interlocking relationship with
such an automatic focusing operation of the inmage pickup
unit 50 as just described is incorporated. Thus, at a
point of time at which the canera of the image pickup
unit 50 is focused just to the upper face of the bl ocking
menber 70, the condenser lens 640 is placed into a state
in which the height position of the focusing point
thereof is aligned with the height position of the upper
face of the bl ocking nenber 70.

A picked up image G on which the edge 70a of the
bl ocking menber 70 is reflected is forned in the state in
which the canera of the image pickup unit 50 is focused
just to the upper face of the blocking nmenber 70, and the
formed picked up inmage G on which part of the bl ocking
nmenber 70 is reflected is displayed on a nonitor screen B
of a predeterm ned resolution depicted in FIG 6. Broken
lines depicted on the nonitor screen B depict reference

lines L1 (in the present enbodi nent, they are also center
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lines of the condenser lens 640) of the canmera of the
I mage pickup unit 50, and a point of intersection between
the reference lines L1 is set so as to be always
di spl ayed at the center position of the nonitor screen B.
Further, two circles in the picked up inmage G indicate
virtual |laser beanms LBl and LB2 after branched. For
exanpl e, the coordinate position ymof the center (mddle
poi nt) between the |aser beans LBl and LB2 in the Y-axis
direction is associated with the reference lines L1 such
that it becones the center position of the nonitor screen
B.

The positional relationship between the bl ocking
menber 70 and the virtual |aser beans LBl and LB2 after
the branching is grasped from the picked up inmage G and
the Y-axis noving unit 20 depicted in FIG 1 npves the
novable plate 203 in the Y-axis direction under the
control by the control wunit 9 to position the output
power neasuring unit 80 such that the irradiated portion
800 is positioned just below the irradiation head 609,
and the X-axis noving unit 21 noves the novable plate 213
in the X-axis direction to position the blocking nenber
70 at the retracted position P2 (refer to FIG 5) at
whi ch the blocking nmenber 70 blocks none of the |aser

beam LB1 of the first optical path OP1 and the |aser beam
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LB2 of the second optical path OP2 emtted from the
irradiation head 609 toward the output power neasuring
unit 80. Thereafter, the | aser beam generation unit 60 is
rendered operative, nanely, the laser oscillator 601 is
caused to oscillate a laser beam LB while the output
power of the laser beam LB is adjusted by the output
power adjustnment unit 62, and the branched |aser beans
LB1 and LB2 of the first optical path OP1 and the second
optical path OP2 are irradiated from the condenser 64
upon the output power neasuring unit 80 to neasure the
total output power of the |laser beans LB1 and LB2. Then,
the total output power neasured by the output power
measuring unit 80 is recorded.

It is to be noted that, since a thermal sensor
having a characteristic that the range of the neasurenent
power is wide is used as the output power mneasuring unit
80, also in the case where the height position of the
focusi ng point of the condenser |ens 640 is adjusted not
to the irradiated portion 800 of the output power
nmeasuring unit 80 but to the upper face of the bl ocking
menber 70, the total output power of the |aser beans LBl
and LB2 can be neasured accurately. Further, also at a
non- bl ocked |aser beam output power neasurenent step

hereinafter described, simlarly the output power of the
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| aser beam LB2 of the second optical path OP2 can be
nmeasured accurately, and therefore, a neasurenent mss
does not occur.

(2) Blocking Step

Thereafter, a blocking step of blocking only the
| aser beam LB1 of the first optical path OP1l emtted from
the |aser beam generation unit 60 and condensed by the
condenser 64 using the blocking nenber 70 is carried out.
For exanple, a worker would view the picked up inmage G on
the nonitor screen B to grasp the position of the edge
70a in the proximty of the center of the bl ocking nenber
70 and designate a predeterm ned position of the edge 70a
of the blocking nmenber 70 to the control unit 9 such that
the edge 70a of the blocking nmenber 70 and the center
position of the nonitor screen B (point of intersection
of the reference lines L1) in the picked up imge G
overlap wth each other. Here, since the blocking nenber
70 that is angled at the edge 70a thereof is used, the
part of the edge 70a of the blocking nenber 70 in the
pi cked up image G forned by the inmage pickup unit 50 can
be made clear. Consequently, grasping of the position of
the edge 70a and position designation to the control unit
9 by the worker can be perforned readily and accurately.

For example, if the designation by the worker is
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inputted to the <control wunit 9 from a touch panel
provided on the nonitor screen B, a keyboard provided in
the apparatus or the |ike, then the control wunit 9
controls, on the basis of the designation, the Y-axis
moving unit 20 depicted in FIG 1 to nove the novable
plate 203 in the Y-axis direction and controls the X-axis
noving unit 21 to nove the novable plate 213 in the X-
axis direction while a state in which the irradiated
portion 800 of the output power neasuring unit 80 is
positioned just below the irradiation head 609 is kept to
adjust the edge 70a of the blocking nenber 70 to the
coordinate position ym at the center (mddle point)
between the virtual |aser beans LB1 and LB2 after the
branching as depicted in FIG 6. In particular, as
depicted in FIG 7, a state is established in which the
bl ocking menber 70 is positioned at the first |aser beam
bl ocking position Pl at which only the |aser beam LBl of
the first optical path OP1 from between the |aser beans
LB branched by the branching unit 63 is bl ocked.

(3) Non-Bl ocked Laser Beam Qut put Power Measurenent
Step

In the state in which the blocking step is carried
out, a laser beam LB is oscillated from the |[aser

oscillator 601 depicted in FIG 7 and the output power of
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the laser beam LB is adjusted by the output power
adjustnent unit 62, and the |aser beam LB2 of the second
optical path OP2 branched by the branching unit 63 but
not bl ocked by the blocking nmenber 70 is emtted fromthe
condenser 64 and passes the cutout portion 710 (refer to
FIG 4) of the nounting unit 71 so as to be irradiated
upon the output power neasuring unit 80 to neasure the
out put power of the |aser beam LB2 of the second optica
pat h OP2.

(4) Laser Beam Qut put Power Cal cul ation Step

Then, on the basis of the value neasured at the
total output power neasurenent step (total output power
of the | aser beans LB1 and LB2) and the value neasured at
the non-bl ocked | aser beam out put power neasurenent step
(out put power of the |aser beam LB2 of the second optica
path OP2), an output power value (first output power) of
the | aser beam LB1 branched to the first optical path OP1
and an output power value (second output power) of the
| aser beam LB2 branched to the second optical path OP2
are cal cul at ed. In particular, a value when the value
neasured at the non-blocked |aser beam output power
nmeasurenent step is subtracted fromthe val ue neasured at
the total output power neasurenent step is calculated as

the out put power value of the |laser beam LBl branched to
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the first optical path OP1.

Oiginally, in the |aser processing apparatus 1,
t he out put power bal ance between the two |aser beans LBl
and LB2 branched from the |aser beam LB should becone a
desired balance by rotational angle adjustnment of the
hal f-wave plate 630 by the adjustnent unit 633 depicted
in FIG 3. However, for exanple, degradation of a notor
of the adjustnment unit 633 or the |ike may give rise to a
case in which the output power balance between the two
| aser beans LB1 and LB2 branched from the |aser beam LB
are displaced from a desired balance. However, as
descri bed above, according to the |laser processing
apparatus 1 of the present enbodi nment, si nce, by
positioning the blocking nenber 70 at the retracted
position P2 at which none of the |aser beans LBl and LB2
are blocked, all of the |aser beans LBl and LB2 can be
irradi ated upon the output power neasuring unit 80 to
neasure the output power of all of the laser beans LBl
and LB2, and by positioning the blocking nenber 70 at the
first |aser beam blocking position P1 at which only the
| aser beam LB1 of the first optical path OPl1 from between
the | aser beans LBl and LB2 branched to the first optical
path OP1 and the second optical path OP2 is blocked, the

| aser beam LB2 of the second optical path OP2 can be
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irradiated upon the output power neasuring unit 80 to
neasure the output power of the |aser beam LB2 of the
second optical path OP2, the output power bal ance between
the |l aser beans LBl and LB2 branched to the first optical
path OP1 and the second optical path OP2 can be checked
on the basis of the nmeasurenment values of the output
power .

Further, by configuring the control unit 9 of the
| aser processing apparatus 1 such that it controls the
bl ocki ng nenber positioning neans on the basis of the
position of the blocking nenber 70 detected on the basis
of the picked up image G of the bl ocking nenber 70 picked
up by the image pickup unit 50, it is possible to
position the blocking nmenber 70 in a shorter period of
time to the first |aser beam blocking position Pl at
which only the | aser beam LB1L of the first optical path
OP1 i s Dbl ocked.

Further, with the output power checking nethod of
the present enbodi nent, by neasuring, at the total output
power mneasurenent step, the total output power of the
| aser beans LBl and LB2 branched to the first optical
path OP1 and the second optical path OP2 and neasuring,
at the non-blocked |aser beam output power neasurenent

step, the output power of the |aser beam LB2 that is not
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bl ocked by the blocking nmenber 70 in the state in which
only the laser beam LBl of the first optical path OP1 is
bl ocked by the blocking nmenber 70 and then cal cul ating,
at the |aser beam output power calculation step, the
out put power of the |aser beam LBl branched to the first
optical path OPl1 and the output power of the |aser beam
LB2 branched to the second optical path OP2 on the basis
of a value neasured at the total output power neasurenent
step and a value neasured at the non-blocked |aser beam
out put power neasurenent step, the output power of the
branched | aser beans LBl and LB2 can be checked.

Further, in the present enbodinent, since the
bl ocki ng nmenber 70 angled at the edge 70a thereof is used,
the part of the edge 70a of the bl ocking nenber 70 in the
pi cked up inmage G forned by the inmage pickup unit 50 can
be made clear, and the edge 70a of the bl ocking nmenber 70
can be positioned readily and accurately at the center
between the | aser beans LBl and LB2.

It is to be noted that the enbodinent of the
present invention is not I|imted to the enbodinent
descri bed above and the present invention can be changed,
replaced or nodified in various manners w thout departing
from the scope and the spirit of the technical scope of

the present invention.
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For exanple, while, in the enbodinent described
above, the blocking step and the non-bl ocked |aser beam
out put power neasurenent step are carried out after the
total output power neasurenent step, otherwise the tota
out put power neasurenent step nay be carried out after
the blocking step and the non-bl ocked |aser beam out put
power measurenent step.

Further, since the blocking nmenber 70 is gradually
processed by a |aser beam by repeatedly carrying out the
out put power checking nethod according to the present
i nvention, the blocking nenber 70 used by a plural nunber
of times is renoved at a fixed timng from the nounting
unit 71 and is replaced with a new bl ocki ng nenber 70.

Further, while the output power checking nethod
according to the enbodi nent descri bed above is configured
such that a |aser beam LB oscillated from the |aser beam
generation unit 60 is branched to two optical paths of
the first optical path OP1 and the second optical path
OP2 by the branching unit 63, also it is possible to
configure the output power checking nmethod such that the
| aser beam LB is branched to three or nore optical paths.

It is to be noted that a program may be inputted to
the control unit 9 such that, wthout interposing, at the

(2) bl ocking step, such an operation of a worker that the
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worker views the picked up imge G to grasp a
predeterm ned position of the edge 70a of the bl ocking
menber 70 and designates the position of the edge 70a or
the like to the control wunit 9 as in the enbodi nent
descri bed above, the (2) blocking step is perforned
automatically by the |aser processing apparatus 1. In
this case, for exanple, if a predeterm ned operation
button of the |aser processing apparatus 1 is depressed,
then image pickup of the blocking nenber 70 by the inmage
pi ckup unit 50 is carried out automatically, and then the
edge 70a of the blocking nmenber 70 in a picked up inage
is detected by inmge processing, whereafter the bl ocking
menber 70 is positioned by the blocking nenber
positioning neans such that the coordinate position of
the detected edge 70a and the coordinate position of the
center (mddle point) between the |aser beans LBl and LB2
after branched coincide wth each other.

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

by the invention.
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WHAT | S CLAIMED I S:

1. A laser processing apparatus, conprising:

a holding table configured to hold a workpiece
t her eon;

a | aser beam generation unit configured to generate
a laser beam to be irradiated upon the workpiece held on
t he hol di ng tabl e;

a branching unit configured to branch the |aser
beam emtted fromthe | aser beam generation unit at | east
to a first optical path and a second optical path;

a condenser configured to condense the |aser beans
branched by the branching unit on a processing face of
t he wor kpi ece;

an output power neasuring unit configured to
nmeasure output power of the |laser beam emtted from the
| aser beam generation unit and having passed through the
condenser; and

bl ocki ng nmenber positioning neans di sposed between
the condenser and the output power neasuring unit and
capabl e of positioning a blocking nmenber between a first
| aser beam bl ocking position at which the bl ocking nenber
bl ocks only the |aser beam of the first optical path from
between the |aser beans branched by the branching unit

and a retracted position at which the blocking nenber
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bl ocks none of the | aser beans;

the branching unit including an adjustnment unit
configured to adjust output power balance between the
| aser beans branched at least to the first optical path
and the second optical path.

2. The | aser processing apparatus according to
claim1, further conprising:

an i mage pickup unit configured to pick up an inage
of the bl ocki ng nenber; and

a control wunit configured to control at |east the
| aser beam generation wunit and the blocking nenber
posi ti oni ng neans, wherein

the control wunit controls the blocking nenber
positioning neans based on a position of the bl ocking
menber detected based on the picked up inmage of the
bl ocki ng nenber picked up by the i mage pickup unit.

3. The |aser processing apparatus according to
claim 2, wherein the image pickup unit picks up an inage
of the workpi ece held on the holding table.

4. An output power checking nethod for checking,
in a laser processing apparatus in which a |aser beam
emtted from a | aser beam generation unit is branched at
least to a first optical path and a second optical path

by a branching unit and the branched |aser beans are
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condensed to and irradiated upon a processing face of a
wor kpi ece held on a holding table by a condenser, output
power of the branched |aser beans, the output power
checki ng nmet hod conpri sing:

a total output power neasurenent step of neasuring
total output power of the |aser beans at |east of the
first optical path and the second optical path emtted
from the | aser beam generation unit and condensed by the
condenser;

a bl ocking step of blocking at |east the | aser beam
of the first optical path emtted from the |aser beam
generation unit and condensed by the condenser using a
bl ocki ng nenber;

a non-bl ocked |aser beam output power measurenent
step of neasuring output power of the |aser beam which
Is not blocked by the blocking nenber, in a state in
whi ch the bl ocking step is carried out; and

a |laser beam output power calculation step of
calculating, based on the value neasured at the total
out put power neasurenent step and the value neasured at
t he non-bl ocked | aser beam out put power neasurenent step,
first output power of the |aser beam branched to the
first optical path and second output power of the |aser

beam branched to the second optical path.

34



