LASER PROCESSI NG APPARATUS

BACKGROUND OF THE | NVENTI ON

Field of the Invention

The present invention relates to a | aser processing
appar at us.

Description of the Related Art

Known as nethods for processing a workpiece such as
a sem conductor wafer are a nethod of form ng a processed
groove by irradiating the top surface of the workpiece
with a | aser beam of an absorbabl e wavel ength and a
met hod of formng a nodified | ayer serving as a division
starting point by condensing a | aser beam of a wavel ength
transm ssi bl e through the workpiece wthin the workpiece
and irradiating the inside of the workpiece with the
| aser beam (see Japanese Patent Lai d-COpen No. 2003-320466

and Japanese Patent Lai d-Qpen No. 2002-192370).

SUMVARY OF THE | NVENTI ON
Wth regard to a | aser processing apparatus that
perforns the above-described | aser processing, there is
an increasing denmand to suppress a division defect in the
wor kpi ece or the |ike by nonitoring a change in power of

the | aser beam during the processing. A nethod of



bl ocki ng an optical path by a power neasuring unit or a
nmet hod of stopping the processing and irradiating a power
measuring unit with the |aser beamis perforned as a

nmet hod of neasuring the power of the | aser beam However,
these nethods require the processing to be stopped, and
it is thus difficult to neasure the power while
processi ng the workpi ece.

It is accordingly an object of the present
i nvention to provide a | aser processing apparatus that
can nonitor the power of a | aser beam during processing
wi t hout stopping the processing while processing a
wor kpi ece.

In accordance with an aspect of the present
invention, there is provided a | aser processing apparatus
i ncluding a chuck table configured to hold a workpi ece, a
| aser beamirradiating unit configured to irradiate the
wor kpi ece held on the chuck table with a pul sed | aser
beam a processing feed unit configured to processing-
feed the chuck table and the |l aser beamirradiating unit
relative to each other, an indexing feed unit configured
to i ndexing-feed the chuck table and the | aser beam
irradiating unit relative to each other, and a contro
unit, the laser beamirradiating unit including a |aser

oscillator, a mrror configured to reflect the | aser beam



emtted fromthe |laser oscillator and propagate the |aser
beam to a processing point, a power neasuring unit
configured to neasure power of |eakage |ight of the |aser
beamtransmtted w thout being reflected by the mrror,
and a condensing lens configured to condense the | aser
beam propagated by the mirror and irradi ate the workpi ece
with the condensed | aser beam wherein the control unit
all ows to neasure the power of the | eakage |ight of the
| aser beam by the power neasuring unit while irradiating
the workpiece with the | aser beam

Preferably, the control unit includes a signa
generating section configured to generate a signa
controlling timng of pulse oscillation of the |aser
oscillator, and a signal synchronizing section configured
to synchronize timng of measurenent of the power of the
| eakage |ight of the |aser beam by the power neasuring
unit with the signal generated by the signal generating
section, and wherein the control unit allows to neasure
the power of the | eakage light of the | aser beam by the
power measuring unit only while a pulsed |laser is
oscillated fromthe | aser oscillator.

Preferably, the | eakage |ight of the | aser beamis
made incident on the power neasuring unit after passing

t hrough a wavel ength selecting filter disposed in front
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of the power nmeasuring unit and configured to transmt
only a | aser beam of a wavel ength used for processing.
Preferably, the power neasuring unit is formed by a
position sensing device (PSD). Preferably, the contro
unit further includes a warning notifying section
configured to give notification of a warning when the
power of the |eakage |ight of the | aser beam neasured by
the power neasuring unit falls outside a predeterm ned
threshol d value range. Preferably, positional information
is nmeasured by the power neasuring unit sinultaneously
with the power of the | eakage |ight of the | aser beam
Preferably, the control unit further includes at
| east one of a pass/fail determ ning section configured
to determ ne whether or not an anount of variation in a
position of the | eakage |ight of the |aser beam neasured
by the power neasuring unit is within a predeterm ned
t hreshol d val ue range and a recordi ng section configured
to record data neasured by the power neasuring unit.
According to the invention of the present
application, it is possible to nonitor the power of a
| aser beam during processing w thout stopping the
processi ng whil e processing a workpi ece.
The above and ot her objects, features and

advant ages of the present invention and the manner of



realizing themw || becone nore apparent, and the
invention itself wll best be understood froma study of
the followi ng description and appended clains with
reference to the attached drawi ngs showi ng a preferred

enbodi nent of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG 1 is a perspective viewillustrating an
exanple of a configuration of a | aser processing
apparatus according to an enbodi nent;

FIG 2 is a schematic diagram schematically
illustrating a configuration of a |laser beamirradiating
unit of the |aser processing apparatus depicted in FIG
1;

FIG 3 is a schematic graph illustrating an exanple
of a neasured val ue neasured by a power neasuring unit
according to the enbodi nent;

FIG 4 is a schematic graph illustrating an exanple
of a neasured val ue when the neasured val ue depicted in
FIG 3 is synchronized with a gate signal for pul se
oscillation; and

FIG 5 is a schematic diagramillustrating an
exanpl e of a measured position of |eakage Iight which

position is neasured by the power neasuring unit
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according to the enbodi nent.

DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBODI MENT

An enbodi nent of the present invention wll
herei nafter be described in detail with reference to the
drawi ngs. The present invention is not limted by
contents described in the follow ng enbodiment. In
addi tion, constituent elenents described in the follow ng
i ncl ude constituent elenents readily conceivable by those
skilled in the art and essentially identical constituent
el enents. Further, configurations described in the
follow ng can be conbined with each other as appropriate.
In addition, various om ssions, replacenents, or
nodi fications of configurations can be perfornmed w thout
departing fromthe spirit of the present invention.

A configuration of a |aser processing apparatus 1
according to an enbodi nent of the present invention wl]l
first be described with reference to the drawings. FIG 1
Is a perspective viewillustrating an exanple of the
configuration of the | aser processing apparatus 1
according to the enbodinent. FIG 2 is a schenmatic
di agram schematically illustrating a configuration of a
| aser beamirradiating unit 20 of the | aser processing

apparatus 1 depicted in FIG 1. FIG 3 is a schematic



graph illustrating an exanple of a measured val ue
neasured by a power neasuring unit 24 according to the
enbodinment. FIG 4 is a schematic graph illustrating an
exanpl e of a nmeasured val ue when the neasured val ue
depicted in FIG 3 is synchronized wwth a gate signal 811
for pulse oscillation. FIG 5 is a schematic diagram
illTustrating an exanple of a neasured position of |eakage
light 31 which position is neasured by the power
measuring unit 24 according to the enbodinment. In the
foll ow ng description, an X-axis direction is one
direction in a horizontal plane. A Y-axis direction is a
direction orthogonal to the X-axis direction in the

hori zontal plane. A Z-axis direction is a direction
orthogonal to the X-axis direction and the Y-axis
direction. In the |laser processing apparatus 1 according
to the enbodi nent, a processing feed direction is the X-
axis direction, and an indexing feed direction is the Y-
axis direction.

As depicted in FIG 1, the |laser processing
apparatus 1 includes a chuck table 10, a | aser beam
irradiating unit 20, a processing feed unit 40, an
i ndexing feed unit 50, an imaging unit 60, a display unit
70, and a control unit 80. The |aser processing apparatus

1 according to the enbodi nent is an apparatus that



processes a workpi ece 100 by irradiating the workpiece
100 as a processing target with a | aser beam 30. The
processi ng of the workpiece 100 by the | aser processing
apparatus 1 is, for exanple, nodified |layer formation
processing of formng a nodified |ayer within the
wor kpi ece 100 by stealth dicing, groove processing of
formng a groove in the top surface of the workpiece 100,
cutting processing of cutting the workpiece 100 al ong
pl anned dividing lines, or the like.

The workpi ece 100 is a wafer such as a
sem conduct or device wafer or an optical device wafer in
a di sk shape which wafer has a substrate of silicon
sapphire, gallium arsenide, or the like. The workpiece
100 has a plurality of planned dividing lines set in a
| atti ce manner on the top surface of the substrate and
devices formed in regions demarcated by the planned
dividing Iines. The devices are, for exanple, an
integrated circuit such as an integrated circuit (1C) or
| arge scale integration (LSI), an inmage sensor such as a
charge coupl ed device (CCD) inage sensor or a
conpl enentary netal oxide sem conductor (CMOS) inmage
sensor, a mcroel ectronmechani cal system (MEMS), or the
i ke. The workpiece 100 is divided into individua

devi ces al ong the planned dividing |ines and manuf act ur ed
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into chips. A chip includes a part of the substrate and a
devi ce on the substrate. The planar shape of the chip is,
for exanple, a square shape or a rectangul ar shape.

The wor kpi ece 100 processed by the | aser processing
apparatus 1 is supported by an annular frame 101 and an
expandabl e tape 102 in the enbodi nent. The annul ar frane
101 has an opening |larger than the outside dianmeter of
t he wor kpi ece 100. The expandable tape 102 is affixed to
t he undersurface side of the annular frame 101. The
expandabl e tape 102 includes, for exanple, a base
material |ayer fornmed by an el astic synthetic resin and
an adhesive |layer lamnated to the base material |ayer
and fornmed by an el astic and adhesive synthetic resin.

The workpiece 100 is fixed to the annular franme 101 and

t he expandabl e tape 102 by being positioned at a
predeterm ned position in the opening of the annul ar
frame 101 and being affixed, at the undersurface thereof,
to the expandabl e tape 102.

The chuck table 10 holds the workpi ece 100 by a
hol di ng surface 11. The holding surface 11 has a disk
shape fornmed of a porous ceramic or the lIike. The holding
surface 11 in the enbodinent is a plane parallel with a
hori zontal direction. The holding surface 11 is, for

exanpl e, connected to a vacuum suction source via a



vacuum suction path. The chuck table 10 sucks and hol ds
t he wor kpi ece 100 nounted on the hol ding surface 11. A
plurality of clanp units 12 that hold the annular frane
101 supporting the workpi ece 100 are arranged on the
peri phery of the chuck table 10. A rotating unit 13
rotates the chuck table 10 about an axis parallel wth
the Z-axis direction. An X-axis direction noving plate 14
supports the rotating unit 13. The processing feed unit
40 noves the rotating unit 13 and the chuck table 10 in
the X-axis direction via the X-axis direction noving
plate 14. The indexing feed unit 50 noves the rotating
unit 13 and the chuck table 10 in the Y-axis direction
via the X-axis direction noving plate 14, the processing
feed unit 40, and a Y-axis direction noving plate 15.

The |l aser beamirradiating unit 20 is a unit that
i rradi ates the workpi ece 100 held on the chuck table 10
with a pul sed | aser beam 30. The | aser beamirradiating
unit 20 includes a |aser oscillator 21, a mrror 22, a
condensing |l ens 23, a power neasuring unit 24, and a
wavel ength selecting filter 25.

The | aser oscillator 21 oscillates a pul sed | aser
havi ng a predeterm ned wavel ength for processing the
wor kpi ece 100. The | aser beam 30 applied by the | aser

beamirradiating unit 20 may be of a wavel ength
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transm ssi bl e through the workpi ece 100 or may be of a
wavel engt h absorbabl e by the workpi ece 100. The | aser
oscillator 21 includes, for exanple, an yttrium Al um num
Garnet (YAG laser oscillator, an yttrium orthovanadate
(YVO4) |l aser oscillator, and the |ike.

The mrror 22 reflects the | aser beam 30 enmtted
fromthe | aser oscillator 21 and propagates the |aser
beam 30 to a processing point of the workpiece 100 hel d
on the holding surface 11 of the chuck table 10. In a
case where the | aser beam 30 emitted fromthe | aser
oscillator 21 is ultraviolet ray (W), for exanple, a
reflective filmreflecting UWis fornmed on the mrror 22.
The reflective filmformed on the mrror 22 reflects nost
of the |aser beam 30 but transmts approximately a few
percent of the | aser beam 30 without reflection. 1In
addi tion, even when the | aser beam 30 emtted fromthe
| aser oscillator 21 is WV, infrared rays (IR} and Iight
of a wavel ength of green or the like may be mxed in the
| aser beam 30. In this case, the mrror 22 transmts the
| aser beam 30 of IR green, and the |ike other than UV
wi t hout reflection.

The mirror 22 in the enbodi nent includes a first
mrror 221, a second mrror 222, and a third mrror 223.

The first mrror 221 reflects, as a first |aser beam 301,
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the | aser beam 30 oscillated by the |aser oscillator 21,
toward the second mrror 222. The second mrror 222
reflects, as a second | aser beam 302, the first |aser
beam 301 reflected by the first mrror 221, toward the
third mrror 223. The third mrror 223 reflects, as a
third | aser beam 303, the second | aser beam 302 reflected
by the second mrror 222, toward the workpi ece 100.

The condensing lens 23 fornms a condensing point 32
by condensing the | aser beam 30 refl ected by the mrror
22 and irradi ates the workpiece 100 with the condensing
poi nt 32.

The power neasuring unit 24 neasures the power of
the | eakage Iight 31 of the | aser beam 30 transmtted
wi t hout being reflected by the mrror 22. In addition,
the power neasuring unit 24 detects the position of the
| aser beam 30 within a nmeasurenent plane 245 (see FIG 5)
for neasuring the | eakage light 31 of the |aser beam 30.
The power neasuring unit 24 in the enbodi nent includes a
position detecting elenent (PSD). However, the power
measuring unit 24 may, for exanple, be a thernopile power
neter, a photodetector power neter, or the |like. The PSD
nmeasures the current value of a current flow ng according
to incidence of light. The control unit 80 to be

described | ater, for exanple, converts the current val ue
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neasured by the PSD to the power of the | eakage |ight 31
of the |aser beam 30. In the case where the power
measuring unit 24 includes a PSD, the power neasuring
unit 24 may receive the | eakage light 31 of the | aser
beam 30 via a neutral density (ND) filter that equally
absorbs an anount of light. The PSD neasures a position
at which [ight enters, on the basis of a current ratio of
each current flowing in a resistance |layer divided into
four parts. For exanple, the control unit 80 to be
described |l ater determ nes a position at which |ight
enters, on the basis of each current ratio neasured by
the PSD. The power neasuring unit 24 in the enbodi nent
out puts a neasurenent result to the control unit 80 at
fixed tinme intervals.

The power neasuring unit 24 in the enbodi nent
i ncludes a first power neasuring unit 241, a second power
measuring unit 242, and a third power neasuring unit 243.
The first power neasuring unit 241 receives, as first
| eakage |ight 311, the | eakage |light 31 of the | aser beam
30 which | eakage light is transmtted w thout being
reflected by the first mrror 221, and neasures the power
of the first |eakage light 311. The second power
measuring unit 242 receives, as second | eakage |ight 312,

the | eakage Iight 31 of the | aser beam 30 whi ch | eakage
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light is transmtted w thout being reflected by the
second mrror 222, and neasures the power of the second
| eakage |ight 312. The third power neasuring unit 243
receives, as third | eakage |light 313, the | eakage |i ght
31 of the | aser beam 30 which | eakage light is
transmtted without being reflected by the third mrror
223, and neasures the power of the third | eakage |ight
313.

The wavel ength selecting filter 25 is disposed in
front of the power neasuring unit 24. The wavel ength
selecting filter 25 is a filter that transmts only the
| aser beam 30 of a wavel ength used for processing. In the
case where the | aser beam 30 emitted fromthe | aser
oscillator 21 is UV, for exanple, the wavel ength
selecting filter 25 transmts only UW. The wavel ength
selecting filter 25 is, for exanple, one of a band-pass
filter, a dichroic filter, a long-pass filter, and a
short-pass filter, or a filter having a configuration as
a conbi nation thereof. The band-pass filter is a filter
that freely selects a specific wavel ength and transmts
the specific wavel ength. The dichroic filter is a filter
that reflects light in a specific wavel ength range and
transmts light in a remai ni ng wavel ength range. The

| ong-pass filter is a filter that transmts |ight of
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wavel engt hs | onger than a predeterm ned wavel ength. The
short-pass filter is a filter that transmts |ight of
wavel engt hs shorter than a predeterm ned wavel engt h.

The wavel ength selecting filter 25 in the
enbodi nent includes a first wavel ength selecting filter
251, a second wavel ength selecting filter 252, and a
third wavel ength selecting filter 253. The first
wavel ength selecting filter 251 is disposed in front of
the first power nmeasuring unit 241. The first wavel ength
selecting filter 251 transmits only a | aser beam 30 of a
wavel engt h used for processing, in the first |eakage
l'ight 311 of the | aser beam 30. The second wavel ength
selecting filter 252 is disposed in front of the second
power mneasuring unit 242. The second wavel ength sel ecting
filter 252 transmits only a | aser beam 30 of the
wavel ength used for processing, in the second | eakage
light 312 of the |aser beam 30. The third wavel ength
selecting filter 253 is disposed in front of the third
power neasuring unit 243. The third wavel ength sel ecting
filter 253 transmits only a | aser beam 30 of the
wavel ength used for processing, in the third | eakage
light 313 of the | aser beam 30.

As depicted in FIG 1, the processing feed unit 40

is a unit that noves the chuck table 10 and the | aser

15



beamirradiating unit 20 relative to each other in the X-
axis direction as the processing feed direction. The
processing feed unit 40 in the enbodi nrent noves the chuck
table 10 in the X-axis direction. The processing feed
unit 40 in the enbodinent is installed on an apparatus
mai n body 2 of the |aser processing apparatus 1. The
processing feed unit 40 supports the X-axis direction
noving plate 14 novably in the X-axis direction. The
processing feed unit 40 includes a well-known ball screw
41, a well-known pul se notor 42, and well-known gui de
rails 43. The ball screw 41 is provided rotatably about
an axis. The pulse notor 42 rotates the ball screw 41
about the axis. The guide rails 43 support the X-axis
direction noving plate 14 novably in the X-axis direction.
The guide rails 43 are arranged so as to be fixed to the
Y-axis direction noving plate 15.

The indexing feed unit 50 is a unit that noves the
chuck table 10 and the | aser beamirradiating unit 20
relative to each other in the Y-axis direction as the
i ndexing feed direction. The indexing feed unit 50 in the
enbodi nent noves the chuck table 10 in the Y-axis
direction. The indexing feed unit 50 in the enbodinent is
install ed on the apparatus main body 2 of the |aser

processing apparatus 1. The indexing feed unit 50
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supports the Y-axis direction noving plate 15 novably in
the Y-axis direction. The indexing feed unit 50 includes
a wel |l -known ball screw 51, a well-known pul se notor 52,
and wel | -known guide rails 53. The ball screw 51 is

provi ded rotatably about an axis. The pul se notor 52
rotates the ball screw 51 about the axis. The guide rails
53 support the Y-axis direction noving plate 15 novably
in the Y-axis direction. The guide rails 53 are arranged
so as to be fixed to the apparatus nain body 2.

The | aser processing apparatus 1 may further
include a Z-axis noving unit that noves the condensing
l ens included in the |laser beamirradiating unit 20 in
the Z-axis direction. The Z-axis noving unit is, for
exanple, installed on a columm 3 erected fromthe
apparatus main body 2. The Z-axis noving unit supports
the condensing |l ens of the |laser beamirradiating unit 20
nmovably in the Z-axis direction.

The imagi ng unit 60 i nages the workpi ece 100 held
on the chuck table 10. The imaging unit 60 includes a CCD
canmera or an infrared canmera that images the workpiece
100 held on the chuck table 10.

The display unit 70 is a display unit forned by a
liquid crystal display apparatus or the |ike. The display

unit 70 includes a display surface 71 and a notifying
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unit 72. The display surface 71 displays a state of
processi ng operation, an image, or the like. The
notifying unit 72 notifies an operator of the |aser
processing apparatus 1 of predeterm ned notification
information by emtting at | east one of sound and |ight.
The notifying unit 72 may be an external notifying
apparatus such as a speaker or a light emtting apparatus.
In a case where the display surface 71 includes a touch
panel, the display unit 70 may include an input unit. The
i nput unit can receive various kinds of operations such
as registration of processing content information by the
operator. The input unit may be an external input
apparatus such as a keyboard. |Information or an inage

di spl ayed on the display surface 71 of the display unit

70 is changed by an operation of the input unit or the
like. The display unit 70 is connected to the contro

uni t 80.

The control unit 80 makes the | aser processing
apparatus 1 perform processing operation on the workpi ece
100 by controlling each of the above-descri bed
constituent elenments of the |laser processing apparatus 1.
The control unit 80 controls the |laser beamirradiating
unit 20, the processing feed unit 40, the indexing feed

unit 50, the imaging unit 60, and the display unit 70.
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The control unit 80 is a conputer including an arithnetic
processi ng apparatus as arithnmetic nmeans, a storage
apparatus as storing neans, and an i nput-output interface
apparatus as communi cating nmeans. The arithnetic
processi ng apparatus, for exanple, includes a
m croprocessor such as a central processing unit (CPU).
The storage apparatus has a nenory such as a read only
menory (ROM or a random access nenory (RAM). The
arithnmetic processing apparatus perforns various kinds of
operations on the basis of a predeterm ned program stored
in the storage apparatus. The arithnetic processing
apparatus controls the | aser processing apparatus 1 by
out putting various kinds of control signals to the above-
descri bed constituent elenents via the input-output
i nterface apparatus according to a result of the
oper ati on.

The control unit 80 nakes the inmaging unit 60 inmge
t he wor kpi ece 100. The control unit 80 perfornms inmage
processing on an i nage i naged by the imaging unit 60. The
control unit 80 detects a planned dividing line of the
wor kpi ece 100 by the image processing. The control unit
80 drives the processing feed unit 40 and the indexing
feed unit 50 such that the condensing point 32 of the

| aser beam 30 noves al ong the planned dividing |line, and
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makes the |aser beamirradiating unit 20 apply the | aser
beam 30. The control unit 80 allows to neasure the power
of the | eakage light 31 of the |aser beam 30 by the power
measuring unit 24 while making the [ aser beamirradiating
unit 20 apply the | aser beam 30. The control unit 80 in
t he enbodi nent includes a signal generating section 81, a
signal synchroni zing section 82, a pass/fail determning
section 83, a warning notifying section 84, and a
recordi ng section 85.

The signal generating section 81 generates a gate
signal 811 that controls timng of pulse oscillation of
the | aser oscillator 21 of the |laser beamirradiating
unit 20. The signal generating section 81 outputs the
gate signal 811 to the signal synchronizing section 82
and the recordi ng section 85.

The signal synchronizing section 82 obtains the
gate signal 811 fromthe signal generating section 81.
The signal synchroni zing section 82 in the enbodi nent
obtai ns a neasurenent result of the power neasuring unit
24 when receiving the gate signal 811. The signa
synchroni zi ng section 82 synchronizes timng of
nmeasur enent of the power of the |eakage |ight 31 of the
| aser beam 30 by the power neasuring unit 24 with the

gate signal 811 generated by the signal generating
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section 81. The signal synchronizing section 82 outputs
the neasurenent result of the power nmeasuring unit 24
whi ch neasurenent result is synchronized with the gate
signal 811 to the pass/fail determ ning section 83 and
the recordi ng section 85.

The pass/fail determ ning section 83 obtains the
measurenent result of the power measuring unit 24 which
nmeasurenent result is synchronized with the gate signa
811 fromthe signal synchronizing section 82. The
pass/fail determ ning section 83 determ nes whether or
not the power of the |eakage |ight 31 of the | aser beam
30 nmeasured by the power neasuring unit 24 is within a
predeterm ned threshold value range 91. The threshold
val ue range 91 represents a range between an upper limt
t hreshol d val ue 92 higher than a normal power 90 of the
| eakage light 31 of the laser beam30 in FIG 4 and a
lower limt threshold value 93 | ower than the nornal
power 90. In an exanple depicted in FIG 4, when the
power of the | eakage light 31 of the |aser beam 30 falls
bel ow the lower limt threshold value 93, the pass/fai
determ ning section 83 determ nes that the power of the
| eakage light 31 of the | aser beam 30 is outside the
predeterm ned threshold value range 91. The pass/fai

determ ning section 83 outputs, to the warning notifying
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section 84 and the recording section 85, a determ nation
result indicating that the power of the | eakage |ight 31
of the |aser beam 30 is outside the predetermn ned
t hreshol d val ue range 91.

The pass/fail determ ning section 83 further
det ermi nes whet her or not an anount of variation in the
position of the | eakage |ight 31 of the | aser beam 30
nmeasured by the power neasuring unit 24 is within a
predeterm ned threshold value range 96. As depicted in
FIG 5, the predeterm ned threshold val ue range 96 of the
anmount of variation in the positionis, for exanple, a
range equal to or less than a predeterm ned di stance from
a reference position 95, through which the optical axis
of the nornmal |aser beam 30 passes, in a plane direction
orthogonal to the optical axis, in the nmeasurenent plane
245 of the power neasuring unit 24. The predeterm ned
t hreshol d val ue range 96 of the anmpunt of variation in
the position may be represented in the shape of a perfect
circle on the plane orthogonal to the optical axis or may
be represented in an elliptic shape as in an exanpl e
depicted in FIG 5. In the case where the power neasuring
unit 24 includes a PSD, for exanple, the anount of
variation in the position of the | eakage Iight 31 nay be

determ ned on the basis of a threshold val ue based on the
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current ratio of each current flowng in the resistance
| ayer of the PSD. In an exanple depicted in FIG 5, a
part of the |eakage |ight 31 of the | aser beam 30
neasured by the power neasuring unit 24 lies off the
predeterm ned threshold value range 96. 1In this case, the
pass/fail determ ning section 83 determ nes that the
amount of variation in the position of the |eakage |ight
31 of the laser beam 30 is outside the predeterm ned
threshol d val ue range 96. The pass/fail determ ning
section 83 outputs, to the warning notifying section 84
and the recording section 85, a determ nation result
i ndicating that the anmount of variation in the position
of the | eakage light 31 of the | aser beam 30 is outside
the predeterm ned threshold val ue range 96.

The control unit 80 stops the oscillation of the
| aser fromthe | aser oscillator 21 while indexing-feeding
the chuck table 10 in the Y-axis direction during | aser
processing by the | aser processing apparatus 1. That is,
as depicted in FIG 3, in a case where the power
measuring unit 24 neasures the power of the | eakage |i ght
31 of the |aser beam 30 at all tinmes, the nmeasured power
val ue of the power neasuring unit 24 is substantially
zero when the gate signal 811 is off.

When the signal synchronizing section 82
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synchroni zes tim ng of neasurenent of the power of the
| eakage light 31 of the |aser beam 30 with the gate
signal 811, the neasured power val ue when the gate signa
811 is off can be excluded. That is, the signa
synchroni zi ng section 82 determ nes whether or not the
power of the | eakage light 31 of the |aser beam 30 is
within the predeterm ned threshold val ue range 91, on the
basis of the neasured power val ue of the power neasuring
unit 24, only in time periods 812 in which a pulse is
oscillated fromthe laser oscillator 21. A quantitative
eval uation of the neasured power val ue thereby becones
possible, as depicted in FIG 4. More specifically, it is
possi bl e to eval uate whet her or not the power of the
| eakage light 31 of the | aser beam 30 neasured by the
power measuring unit 24 is within a power range suitable
for processing.

When the power of the |eakage light 31 falls bel ow
the lower Iimt threshold value 93, for exanple, a
decrease in the power of the laser oscillator 21, a
defect in an optical elenment, or the like can be
predi cted. Wen the power of the | eakage |light 31 exceeds
the upper Iimt threshold value 92, for exanple, damage
to the reflective filmof the mrror 22, the falling off

of an optical elenent itself, or the |like can be
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predicted. In addition, investigation of a cause of a
decrease in power or the like is facilitated by conparing
the respective neasured power values of the first power
measuring unit 241, the second power neasuring unit 242,
and the third power neasuring unit 243 wth each other.

The warning notifying section 84 obtains a
determination result of the pass/fail determ ning section
83. The warning notifying section 84 nakes the notifying
unit 72 give notification of predeterm ned warning
i nformati on, when the pass/fail determ ning section 83
deternmines that at |east one of the power of the | eakage
light 31 of the | aser beam 30 neasured by the power
nmeasuring unit 24 and the anount of variation in the
position of the | eakage light 31 of the |aser beam 30 is
outsi de the predeterm ned threshold val ue range 91 or 96.
The warning notifying section 84 nmakes the notifying unit
72 give notification of predeterm ned warning information,
when the pass/fail determ ning section 83 determ nes that
a nmeasurenent result of at |east one power neasuring unit
24 of the plurality of power neasuring units 241, 242,
and 243 is outside the predeterm ned threshold val ue
range 91 or 96.

In an exanple depicted in FIG 4, when the power of

the | eakage Iight 31 of the | aser beam 30 falls bel ow the
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lower Iimt threshold value 93, for exanple, the warning
notifying section 84 obtains, fromthe pass/fai
determining section 83, a determ nation result indicating
that the power of the |eakage |ight 31 of the |aser beam
30 is outside the predeterm ned threshold val ue range 91.
On the basis of the obtained determ nation result of the
pass/fail determ ning section 83, the warning notifying
section 84 makes the notifying unit 72 give notification
of predeterm ned warning information indicating that the
power of the | eakage light 31 of the |aser beam 30 is
below the lower limt threshold value 93. 1In an exanple
depicted in FIG 5, for exanple, the warning notifying
section 84 obtains, fromthe pass/fail determning
section 83, a determnation result indicating that a part
of the | eakage light 31 of the I aser beam 30 lies off the
predeterm ned threshold value range 96. On the basis of
the obtained determnation result of the pass/fai
determ ning section 83, the warning notifying section 84
makes the notifying unit 72 give notification of
predet erm ned warning i nformati on indicating that a part
of the | eakage light 31 of the |aser beam 30 lies off the
predet erm ned threshol d val ue range 96.

The recordi ng section 85 obtains and records data

such as the neasurenent result of the power measuring
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unit 24, the gate signal 811 generated by the signa
generating section 81, the neasurenent result of the
power measuring unit 24 which nmeasurenent result is
synchroni zed by the signal synchronizing section 82, and
the determnation result of the pass/fail determ ning
section 83. The neasurenent result data, for exanple,

i ncl udes the power neasured val ue of the | eakage |ight 31
of the | aser beam 30 which value is neasured by each
power neasuring unit 24, tinme series data on the

i nci dence position, and the like. The control unit 80 nay
di splay the data recorded by the recording section 85 on
the display surface 71 of the display unit 70.

As descri bed above, while the | aser processing
apparatus 1 according to the enbodi nent irradi ates the
wor kpi ece 100 with the | aser beam 30, the power neasuring
unit 24 measures the power of the | eakage |ight 31 of the
| aser beam 30 transmtted w thout being reflected by the
mrror 22. By using the |eakage |light 31 of the |aser
beam 30 transmtted by the mrror 22 for power
nmeasurenent, the | aser processing apparatus 1 can nonitor
the power of the | aser beam 30 during processing w thout
st oppi ng the processing while processing the workpi ece
100. Hence, it is possible, for exanple, to quickly find

a decrease in power, damage to an optical elenent, or the

27



i ke during the processing and suppress a processing
defect in the workpiece 100.

Further, a plurality of power measuring units 24
may neasure the power of the first |eakage Iight 311
transmtted by the mrror 22 (the first mrror 221)
provided i Mmedi ately in the rear of an eni ssion aperture
of the laser oscillator 21 and the second | eakage |i ght
312 or the third | eakage |ight 313 passed through a
plurality of optical elenments and transmtted by the
mrror 22 (the second mrror 222 or the third mrror 223).
Consequently, investigation of a cause of a decrease in
power or the like is facilitated by conparing each piece
of | eakage light 31 transnmtted by each mrror 22
provi ded between the em ssion aperture of the |aser
oscillator 21 and the condensing point 32 of the | aser
beam 30. Mbre specifically, isolation becones possible,
for exanple, as to whether the power decrease is caused
by a degradation in the laser oscillator 21 or the |ike
or whether the power decrease is caused by an optica
el enent at a m dpoint in propagation to the condensing
poi nt 32.

It is to be noted that the present invention is not
limted to the foregoing enbodinent. That is, the present

i nvention can be nodified and carried out in various
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manners w t hout departing fromthe gist of the present

I nvention. For exanple, the signal synchronizing section
82 in the present invention may nmake the power neasuring
unit 24 measure the power of the | eakage light 31 of the
| aser beam 30 only in the time periods 812 in which the
gate signal 811 is received, and obtain a result of the
measurenent. In this case, the signal synchronizing
section 82 controls timng of power neasurenent of the
power measuring unit 24.

In addition, in the enbodi nent, the pass/fai
determ ning section 83 determ nes whether or not each of
the power of the | eakage Iight 31 of the | aser beam 30
and the anopunt of variation in the position of the
| eakage light 31 of the |aser beam 30 is within the
threshol d val ue range 91 or 96. However, the present
i nvention may determ ne only one of the power and the
amount of variation in the position. In this case, the
war ni ng notifying section 84 nmakes the notifying unit 72
give notification of a warning when the one determ ned by
the pass/fail determ ning section 83 is outside the
threshol d value range 91 or 96. |In addition, while the
respective threshold value ranges 91 and 96 are set for
t he power of the | eakage Iight 31 of the | aser beam 30

and the anount of variation in the position in the
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enbodi nent, the present invention may set a threshold
val ue range on the basis of a conbination of the power
and the anount of variation in the position.

In addition, in the enbodi nent, the warning
notifying section 84 nakes the notifying unit 72 give
notification of predeterm ned warning information, when
the pass/fail determ ning section 83 determ nes that the
nmeasurenent result of at |east one power measuring unit
24 of the plurality of power neasuring units 241, 242,
and 243 is outside the predeterm ned threshold val ue
range 91 or 96. However, the present invention nay nake
the notifying unit 72 give notification of predeterm ned
war ni ng i nformati on, when the pass/fail determning
section 83 determ nes that the neasurenent results of al
of the power measuring units 241, 242, and 243 are
outsi de the predeterm ned threshold val ue range 91 or 96.

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

by the invention.
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WHAT IS CLAIMED IS:

1. A laser processing apparatus comprising:

a chuck table configured to hold a workpiece;

a laser beam irradiating unit configured to
irradiate the workpiece held on the chuck table with a
pulsed laser beam;

a processing feed unit configured to processing-
feed the chuck table and the laser beam irradiating unit
relative to each other;

an indexing feed unit configured to indexing-feed
the chuck table and the laser beam irradiating unit
relative to each other; and

a control unit;

the laser beam irradiating unit including

a laser oscillator,

a mirror configured to reflect the laser
beam emitted from the laser oscillator and propagate the
laser beam to a processing point,

a power measuring unit configured to measure
power of leakage light of the laser beam transmitted
without being reflected by the mirror, and

a condensing lens configured to condense the
laser beam propagated by the mirror and irradiate the

workpiece with the condensed laser beam,
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wherein the control unit includes
a signal generating section configured to
generate a signal controlling timing of pulse oscillation
of the laser oscillator, and
a signal synchronizing section configured to

synchronize timing of measurement of the power of the
leakage light of the laser beam by the power measuring
unit with the signal generated by the signal generating
section, and

wherein the control unit allows to measure the
power of the leakage light of the laser beam by the power
measuring unit only while a pulsed laser is oscillated
from the laser oscillator.

2. The laser processing apparatus according to
claim 1, wherein

the leakage light of the laser beam is made
incident on the power measuring unit after passing
through a wavelength selecting filter disposed in front
of the power measuring unit and configured to transmit
only a laser beam of a wavelength used for processing.

3. The laser processing apparatus according to
claim 1, wherein

the power measuring unit is a position sensing

device.
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4. The laser processing apparatus according to
claim 1, wherein

the control unit further includes a warning
notifying section configured to give notification of a
warning when the power of the leakage light of the laser
beam measured by the power measuring unit falls outside a
predetermined threshold value range.

5. A laser processing apparatus comprising:

a chuck table configured to hold a workpiece;

a laser beam irradiating unit configured to
irradiate the workpiece held on the chuck table with a
pulsed laser beam;

a processing feed unit configured to processing-
feed the chuck table and the laser beam irradiating unit
relative to each other;

an indexing feed unit configured to indexing-feed
the chuck table and the laser beam irradiating unit
relative to each other; and

a control unit;

the laser beam irradiating unit including

a laser oscillator,
a mirror configured to reflect the laser
beam emitted from the laser oscillator and propagate the

laser beam to a processing point,
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a power measuring unit configured to measure
power of leakage light of the laser beam transmitted
without being reflected by the mirror, and

a condensing lens configured to condense the
laser beam propagated by the mirror and irradiate the
workpiece with the condensed laser beam,

wherein the control unit allows to measure the
power of the leakage light of the laser beam by the power
measuring unit while irradiating the workpiece with the
laser beam,

positional information is measured by the power
measuring unit simultaneously with the power of the
leakage light of the laser beam, and

the control unit further includes at least one of

a pass/fail determining section configured
to determine whether or not an amount of variation in a
position of the leakage light of the laser beam measured
by the power measuring unit is within a predetermined
threshold value range, and

a recording section configured to record

data measured by the power measuring unit.
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