LASER BEAM PROFI LER UNI' T AND LASER PROCESSI NG APPARATUS

BACKGROUND OF THE | NVENTI ON

Field of the Invention

The present invention relates to a laser be
profiler unit for measuring the profile of a laser
that has been focused which is to be applied to a
workpiece, and a laser processing apparatus incorpo
such a laser beam profiler unit.

Description of the Related Art

Generally, there are known laser processing
apparatus for applying a laser beam to a workpiece
various devices formed thereon, such as a semicondu
device wafer, to form laser-processed grooves or mo
layers in the workpiece along projected dicing line
thereon. In the known laser processing apparatus,
laser beam that is wused in various processing
applications has its various characteristics includ
spot diameter, a spot shape such as a circular shap
elliptical shape, or the like, and a power density
adjusted to optimum conditions depending on the wor

Optical elements that are used in laser osc
and optical systems tend to have their characterist

shifted gradually from adjusted optimum conditions
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aging-induced deteriorations. For this reason, the

heretofore been proposed technologies for measuring

characteristics, known as profile, including a spot
an intensity distribution, and so on of a laser bea
for example, Japanese Patent Laid-open No. 2010-249

and Japanese Patent Laid-open No. 2016-41437).

SUMVARY OF THE | NVENTI ON

The technology disclosed in Japanese Patent
open No. 2010-249727 measures the profile of a lase
before it is focused, not the profile of a laser be
that has been focused which is to be applied to a
workpiece. Since the laser beam is liable to vary
traveling on a beam path, the technology is unable
accurately acquire information about the laser beam
is actually applied to the workpiece. The technolo
disclosed in Japanese Patent Laid-open No. 2016-414
measures the profile of a returning beam from a con
mirror that has reflected an oscillated laser beam.
Consequently, the laser beam before it is focused a
returning beam to be measured overlap each other, s
the accuracy of the measured profile cannot be guar

It is therefore an object of the present in

to provide a laser beam profiler unit that is capab

re have

shape,
m (see,

727

Laid-
r beam

am

while
to
that
gy
37

cave

nd the

o that

anteed.
vention

le of



accurately measuring the profile of a laser beam th at has
been focused which is to be applied to a workpiece, and a
laser processing apparatus incorporating such a las er
beam profiler unit.

In accordance with an aspect of the present

invention, there is provided a laser beam profiler unit
for measuring an intensity distribution of a laser beam
oscillated from a laser oscillator incorporated in a

laser processing apparatus, including a magnifying
optical system for magnifying a spot diameter of th e

laser beam oscillated from the laser oscillator and

focused by a condensing lens, a first transmission prism
for attenuating the laser beam, a second transmissi on
prism for further attenuating a laser beam reflecte d by
the first transmission prism, an image capturing el ement
for detecting the laser beam reflected by the secon d
transmission prism, and an analyzer for analyzing a n
intensity distribution of a spot of the laser beam from
data of the laser beam detected by the image captur ing
element.

With this arrangement, the focused laser be am is

attenuated and magnified, and an image thereof is
captured without returning the focused laser beam t 0 a

processing optical system, so that the laser beam



profiler unit can accurately measure an intensity
distribution and shape of a spot of the laser beam
is actually applied to a workpiece to be processed
laser processing apparatus.
Preferably, the first transmission prism an
second transmission prism serve as paired transmiss
prisms, one of the paired transmission prisms atten
P-polarized light of the laser beam at a higher
attenuation rate, and the other of the paired
transmission prisms attenuates S-polarized light of
laser beam at a higher attenuation rate, whereby th
first transmission prism and the second transmissio
prism attenuate the P-polarized light and the S-pol
light equally. With this arrangement, the laser be
profiler unit can accurately measure an intensity
distribution of a spot of the laser beam in which t
polarized light and the S-polarized light are prese
Preferably, each of the first transmission
and the second transmission prism includes a triang
prism having a bottom face in the shape of a rectan
equilateral triangle, and the laser beam is applied
side face of the triangular prism which includes on
the two catheti or sides of the rectangular equilat

triangle. With this arrangement, since the laser b
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applied to the side face of the triangular prism wh ich

includes one of the two catheti of the rectangular

equilateral triangle, consequently, even if part of the
laser beam that is transmitted through the transmis sion
prism is reflected within the transmission prism, t he
internally reflected beam does not meet the laser b eam

reflected by the side face. Therefore, no ghost is

generated and only the reflected laser beam is accu rately
measured.

In accordance with another aspect of the pr esent
invention, there is provided a laser processing app aratus
including a laser beam irradiation unit for applyin g a

laser beam to a workpiece held on a chuck table, a
control unit for controlling conditions under which the
laser beam irradiation unit applies the laser beam, and a

laser beam profiler unit for measuring an intensity

distribution of a spot of the laser beam. The lase r beam
profiler unit includes a magnifying optical system for
magnifying a spot diameter of a laser beam oscillat ed
from a laser oscillator and focused by a condensing lens,

a first transmission prism for attenuating the lase r beam,
a second transmission prism for further attenuating a
laser beam reflected by the first transmission pris m, a
light detector for detecting a laser beam reflected by

5



the second transmission prism, and an analyzer for
analyzing an intensity distribution of a spot of th
laser beam from data of the laser beam detected by
light detector.

In the above arrangement, the laser beam
irradiation unit includes the laser oscillator for
oscillating the laser beam, the condensing lens for
focusing the laser beam, and the magnifying optical
system for guiding the Ilaser beam from the laser
oscillator to the condensing lens, and the magnify
optical system shapes a spot shape of the laser bea

According to the present invention, the foc
laser beam is attenuated and magnified, and an imag
thereof is captured without returning the focused |
beam to a processing optical system, so that the la
beam profiler unit can accurately measure an intens
distribution and shape of a spot of the laser beam
is actually applied to a workpiece to be processed
laser processing apparatus.

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
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reference to the attached drawings showing a prefer red

embodiment of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS
FIG. 1 is a perspective view of a laser pro cessing

apparatus according an embodiment of the present

invention;
FIG. 2 is a schematic view depicting the ma nner in
which a unit body of a laser beam profiler unit has moved

to a measuring position below an irradiation head,;

FIG. 3 is a schematic view depicting the ma nner in
which the wunit body has been retracted from the
irradiation head to a retracted position;

FIG. 4 is perspective view depicting intern al
structural details of a laser irradiator and the la ser
beam profiler unit;

FIG. 5 is a side elevational view depicting
internal structural details of the laser irradiator and
the laser beam profiler unit;

FIG. 6 is a view depicting the layout of a
condensing lens, a transmission prism, and a magnif ying
optical system;

FIG. 7 is a view depicting the relationship between

a reflected beam from a side face of a triangular



transmission prism, which includes one of the two ¢
of a rectangular equilateral triangle that represen
triangular transmission prism and to which an incid
beam is applied, and an internal reflected beam in
triangular transmission prism; and

FIG. 8 is a view depicting the relationship
a reflected beam from a side face of a triangular
transmission prism, which includes the hypotenuse o
rectangular equilateral triangle that represents th
triangular transmission prism and to which an incid
beam is applied, and an internal reflected beam in

triangular transmission prism.
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DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT

A preferred embodiment of the present inven
will be described below with reference to the drawi
The present invention is not limited to the details
the illustrated preferred embodiment. The componen
described below cover those which could easily be
envisaged by those skilled in the art and those whi
essentially identical to those described below.
Furthermore, the arrangements described below can b
in  appropriate  combinations. Various  omissions,

replacements, or changes of the arrangements may be
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without departing from the scope of the present inv

FIG. 1 depicts in perspective a laser proce

apparatus 1 according an embodiment of the present

invention. As depicted in FIG. 1, the laser proces

apparatus 1 includes a chuck table 10 disposed on a

apparatus base 2 for holding a wafer 100 as a workp
thereon and a laser irradiator (laser beam irradiat
unit) 20 for applying a laser beam to the wafer 100
wafer 100 is a plate-like object such as a disk-sha
semiconductor wafer made of silicon as a base mater
an optical element wafer made of sapphire, SiC (sil
carbide), or the like as a base material, a package
substrate with devices encapsulated in a synthetic
thereon, a ceramics substrate, or the like. The wa
has a face side demarcated by a grid of projected d
lines thereon into a plurality of areas where devic
are formed. The wafer 100 is supported on an annul
frame 106 by an adhesive tape 105 that is stuck to
reverse side of the wafer 100.

When the laser processing apparatus 1 is in
operation, the laser irradiator 20 applies a laser
to the wafer 100 held on the chuck table 10 along t
projected dicing lines to form laser-processed groo

the wafer 100. The laser irradiator 20 may apply a
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beam to the wafer 100 along the projected dicing li nes to

form modified layers in the wafer 100. The modifie d
layers refer to regions where the density, refracti ve
index, mechanical strength, and other physical prop erties

are different from those of peripheral regions.
The laser processing apparatus 1 also inclu des an
X-axis moving section (processing-feed mechanism) 3 0 for

moving the chuck table 10 in an X-axis direction

(processing feed direction) and a Y-axis moving sec tion
(indexing feed mechanism) 40 for moving the chuck t able
10 in a Y-axis direction (indexing feed direction). The
chuck table 10 and the laser irradiator 20 are thus able
to move relatively in the X-axis direction and the Y-axis
direction.

The laser processing apparatus 1 further in cludes a
cassette rest 55 disposed adjacent to the apparatus base

2 for placing thereon a cassette 50 that houses a

plurality of wafers 100 supported on respective ann ular
frames 106, a spinner cleaner 60 disposed adjacent to the
apparatus base 2 for cleaning a wafer 100 that has been
processed by a laser beam, and a feeder 65 for deli vering
a wafer 100 to the chuck table 10, the spinner clea ner 60,
and the cassette 50. The laser processing apparatu sl
also includes a profiler unit (a laser beam profile r unit

10



or an intensity distribution measuring unit) 70 for
measuring a profile such as a spot shape, an intens
distribution, or the like of a laser beam applied b

laser irradiator 20.

The chuck table 10 holds a wafer 100 thereo
the wafer 100 is processed by a laser beam. Accord
the present embodiment, the wafer 100 that is suppo
on the annular frame 106 by the adhesive tape 105 i
on the chuck table 10. The chuck table 10 has a ho
surface 11 for holding the wafer 100 and the annula
frame 106 under suction thereon and a plurality of
12 disposed on an outer circumferential side of the
holding surface 11 for securely placing the annular
106 on the holding surface 11.

The laser irradiator 20, which is fixed to
upstanding wall 3 of the apparatus base 2, applies
laser beam to the wafer 100 held on the chuck table
The laser irradiator 20 includes an irradiation hea
(beam condenser) 21 for applying a laser beam to th
wafer 100, an image capturing section 22 disposed i
side-by-side relation to the irradiation head 21 al
the X-axis direction, and an irradiator body 23
projecting from the upstanding wall 3 and supportin

irradiation head 21 and the image capturing section
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a distal end thereof. The image capturing section
includes a camera for capturing an image of the waf
placed on the chuck table 10 and an image of the wa
100 that is being processed by a laser beam. Accor
the present embodiment, the image capturing section
may be a general camera or an infrared camera. Int
structural details of the irradiation head 21 and t
irradiator body 23 will be described later.

The X-axis moving section 30 includes a bal

31 extending in the X-axis direction, a pair of gui

rails 32 disposed one on each side of and extending

parallel to the ball screw 31, a stepping motor 33
coupled to an end of the ball screw 31 for rotating

ball screw 31 about its own axis, and a slide plate
having a lower surface held in sliding contact with

guide rails 32 and having a nut, not depicted, ther

that is threaded over the ball screw 31. When the

stepping motor 33 is energized, the ball screw 31 i
rotated about its own axis, causing the nut to move
slide plate 34 in the X-axis direction while the sl
plate 34 is being guided by the guide rails 32. A
actuator 35 with a stepping motor, not depicted, ho
therein is fixedly mounted on the slide plate 34.

rotary actuator 35 is coupled to the chuck table 10
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turns the chuck table 10 through a predetermined an
about its own axis. According to the present embod
based on an image captured of the wafer 100 by the

capturing section 22, the rotary actuator 35 turns

chuck table 10 and hence the wafer 100 so that the

intersecting groups of projected dicing lines are
oriented respectively in the X- and Y-axis directio
The Y-axis moving section 40 includes a bal

41 extending in the Y-axis direction, a pair of gui

rails 42 disposed one on each side of and extending

parallel to the ball screw 41, a stepping motor 43
coupled to an end of the ball screw 41 for rotating

ball screw 41 about its own axis, and a slide plate
having a lower surface held in sliding contact with
guide rails 42 and having a nut, not depicted, ther
that is threaded over the ball screw 41. The Y-axi
moving section 40 is mounted on the apparatus base
When the stepping motor 43 is energized, the ball s
41 is rotated about its own axis, causing the nut t

the slide plate 44 in the Y-axis direction while th
slide plate 44 is being guided by the guide rails 4

X-axis moving section 30 is disposed on the slide p
44. Consequently, when the slide plate 44 moves in

axis direction, the X-axis moving section 30 also m
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in the Y-axis direction.

The cassette 50 houses a plurality of wafer
that are supported on respective annular frames 106
respective adhesive tapes 105. The cassette rest 5
vertically movable in Z-axis directions with respec
the apparatus base 2. The profiler unit 70 include
unit body 71 for detecting a laser beam applied fro
irradiation head 21 and an analyzer 80 for analyzin
intensity distribution of a laser beam that is dete
by the unit body 71.

The profiler unit 70 will be described in d
below. As depicted in FIGS. 2 and 3, the unit body
suspended from a guide rail 4 that extends in the Y

direction from the upstanding wall 3 of the apparat

base 2. The unit body 71 has an upwardly extending

support 71A coupled to a nut, not depicted, threade

a ball screw, not depicted, housed in the guide rai
When the ball screw is rotated about its own axis b
motor, not depicted, the nut causes the support 71A
hence the unit body 71 to move along the guide ralil
The unit body 71 also has a light detector 71B disp
below a surface thereof that faces the irradiation

when the unit body 71 is in the position depicted i

2. When the unit body 71 is in the position depict
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FIG. 2, the light detector 71B can detect a laser b
applied from the irradiation head 21. For measurin
profile of the laser beam, the unit body 71 is move

the direction indicated by the arrow Y1 along the g

rail 4, as depicted in FIG. 2, positioning the ligh
detector 71B in a measuring position between the
irradiation head 21 and the chuck table 10. For
processing the wafer 100 on the chuck table 10 with

laser beam from the irradiation head 21, the unit b

is moved in the direction indicated by the arrow Y2

the guide rail 4, as depicted in FIG. 3, retracting

light detector 71B away from the position beneath t
irradiation head 21 to a retracted position. The u

body 71 of the profiler unit 70 may be moved by a
reciprocating mechanism such as a cylinder, for exa

rather than the linear-motion mechanism including t
ball screw and the motor as described above. In th
present embodiment, the mechanism for moving the un
body 71 is fixed to the upstanding wall 3 of the
apparatus base 2. However, the mechanism for movin

unit body 71 is not limited to such a structure, bu

be fixed to an upper surface of the apparatus base

example.

As depicted in FIG. 5, the irradiator body
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the laser irradiator 20 houses therein a laser osci

24 for oscillating a laser beam 200 and an optical

not depicted, for transmitting the oscillated laser

200. The laser oscillator 24 is controlled by a co
unit, not depicted, to adjust the wavelength (frequ
output power, and repetitive frequency of a laser b

be oscillated thereby depending on the type of the
100 and the way in which the wafer 100 is to be pro
by the laser beam. The irradiation head 21 include
total-reflection mirror 25 for reflecting the laser

200 oscillated by the laser oscillator 24 to travel
downward direction and a condensing lens 26 for foc
the laser beam 200. The condensing lens 26, which
as the optical system referred to above, includes
combination lens assembly including a plurality of

and concave lenses, and emits a focused laser beam

a

The irradiation head 21 is capable of adjusting the

focused position of the focused laser beam 201 in t
axis directions, i.e., vertical directions, through
adjustments made by the optical system, i.e.,
condensing lens 26, and of correcting the shape of
spot of the focused laser beam 201 into a desired s
such as an elliptical shape, a rectangular shape, o

like, with a cylindrical lens and a mask that are p
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the optical system.

As depicted in FIGS. 4 and 5, the unit body
includes four transmission prisms 72, 74, 75, and 7
attenuating and transmitting the laser beam 201 app
from the irradiation head 21, an image capturing se
77 for detecting the transmitted laser beam 201, an
magnifying optical system 73 disposed between
transmission prism (first transmission prism) 72 an
transmission prism (second transmission prism) 74.
transmission prism 72 is disposed in the light dete
71B of the unit body 71.

As depicted in FIG. 4, the transmission pri
74, 75, and 76 includes a triangular prism each tha
a bottom face in the shape of a rectangular equilat
triangle. The triangular prism has a side face 72A
75A, and 76A which includes one of the two catheti
sides of the rectangular equilateral triangle and t
which the laser beam 201 is applied. The transmiss
prisms 72, 74, 75, and 76 transmit most (e.g., 96%)
the laser beam applied thereto therethrough and ref
the remainder
thereby attenuating the energy density of the laser

to the extent that the image capturing section 77 c

capture an image of the applied laser beam without
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damaged thereby. According to the present embodime
transmission prisms 72, 74, 75, and 76 can attenuat
energy density of a laser beam 206 transmitted to t
image capturing section 77 to approximately 1/400,0
the energy density of the laser beam 201 focused by
condensing lens 26.

As depicted in FIGS. 5 and 6, the transmiss
prism 72 is held by a holder 78 such that a side fa
thereof which includes the hypotenuse of the rectan
equilateral triangle extends vertically. The trans
prism 72 reflects the laser beam 201 applied vertic
downwardly from the irradiation head 21 as a laser
202 in a horizontal direction from the side face 72
reflected laser beam 202 is converted by the magnif
optical system 73 into a laser beam 203 having an
increased spot diameter, and the laser beam 203 is
transmitted to the transmission prism 74. As depic
FIGS. 4 and 5, the transmission prism 74 is held by
holder 78 such that an end face 74C thereof lies
horizontally. The transmission prism 74 reflects t
laser beam 203 at an angle of 90° as a laser beam 2
a horizontal plane from the side face 74A. The ref
laser beam 204 is transmitted to the transmission p

75.
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According to the present embodiment, the
transmission prism 72 and the transmission prism 74
as paired transmission prisms for the following rea
Generally, it is known that a laser beam contains S
polarized light and P-polarized light that are 90°
phase with each other. Since the S-polarized light
the P-polarized light have different reflectivities
they are reflected and transmitted by a plurality o
transmission prisms, the S-polarized light and the
polarized light are likely to be attenuated at diff
attenuation rates. According to the present embodi
as the side face 72B of the transmission prism 72 e
vertically and the end face 74C of the transmission
74 extends horizontally, the transmission prism 72
attenuates one polarized light at a higher attenuat
rate whereas the transmission prism 74 attenuates t
other polarized light at a higher attenuation rate.
Therefore, the transmission prism 72 and the transm
prism 74 that act as paired transmission prisms pro
the laser beam 204 in which the S-polarized light a
P-polarized light have been equally attenuated in a
balanced manner.

Similarly, the  transmission prism (second

transmission prism) 75 and the transmission prism (
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transmission prism) 76 also act as paired transmiss
prisms. As depicted in FIG. 4, the transmission pr
is held by a holder 78 (FIG. 5) such that an end fa
thereof lies horizontally. The transmission prism
reflects the laser beam 204 at an angle of 90° as a
beam 205 in a horizontal plane from the side face 7
The reflected laser beam 205 is transmitted to the
transmission prism 76. The transmission prism 76 i
by a holder 78 (FIG. 5) such that a side face 76B t
which includes the hypotenuse of the rectangular
equilateral triangle extends vertically. The trans
prism 76 reflects the laser beam 205 as the laser b
206 vertically upwardly from the side surface 76A.
reflected laser beam 206 is transmitted to the imag
capturing section 77. The transmission prism 75 an
transmission prism 76 that act as paired transmissi
prisms produce the laser beam 206 in which the S-
polarized light and the P-polarized light have been
equally attenuated in a well balanced manner.

The image capturing section 77 has a photoe
transducer for detecting the laser beam 206 and
generating electric charges based on the detected |
beam 206, and may include a charge-coupled device (

for example. The magnifying optical system 73 serv
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increase the spot diameter of the laser beam applie
thereto, and is constructed as an objective lens as
including a plurality of convex and concave lenses.
the magnifying optical system 73 transmits a laser
having an increased spot diameter to the image capt
section 77 that captures an image of the spot of th
laser beam, the image capturing section 77 can accu
measure the shape of the spot of the laser beam.
According to the present embodiment, the magnifying
optical system 73 is disposed between the transmiss
prism 72 and the transmission prism 74. However, t
magnifying optical system 73 and the transmission p
72, 74, 75, and 76 are not limited to such a layout
may be positionally switched around freely insofar
they are positioned between the irradiation head 21
the laser irradiator 20 and the image capturing sec
7.

As depicted in FIG. 4, the analyzer 80 incl
image processor 81 and a data receiver 82. The dat
receiver 82 receives an image captured by the image
capturing section 77. An image captured by the ima
capturing section 77 represents an intensity distri
of the attenuated laser beam 206, and may have such

brightness distribution that it is the brightest at
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center where the intensity is the highest and becom
progressively darker in a direction away from the c
toward a peripheral edge thereof, for example. The
processor 81 converts grayscale levels of the captu
image into finite-level discrete values. The analy
analyzes the intensity distribution, spot diameter,
spot shape of the laser beam 201 before it is atten
i.e., the laser beam 201 applied from the irradiati
head 21, based on the intensity distribution of the
beam 206 calculated from the converted discrete val

According to the present embodiment, the
transmission prisms 72, 74, 75, and 76 and the magn
optical system 73 attenuate the laser beam 201 and
increases its spot diameter, and the image capturin
section 77 captures an image of the attenuated and
magnified laser beam 206. Therefore, the profiler
can accurately measure the profile of the laser bea
that is actually applied to the wafer 100 without
returning the laser beam 201 to a processing optica
system.

The transmission prism 72 and the transmiss
prism 74 act as paired transmission prisms, and the
transmission prism 72 attenuates one polarized ligh

polarized light) at a higher attenuation rate where
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transmission prism 74 attenuates the other polarize d
light (P-polarized light) at a higher attenuation r ate.

Therefore, the transmission prism 72 and the transm ission

prism 74 produce the laser beam 204 in which the S-

polarized light and the P-polarized light have been

equally attenuated in a well balanced manner. The

profiler unit 70 can thus accurately measure the

intensity distribution of the spot of the laser bea m 201
in which the P-polarized light and the S-polarized light

are present.

The transmission prisms 72, 74, 75, and 76 include
a triangular prism each that has a bottom face (end face)
in the shape of a rectangular equilateral triangle, and
the laser beam is applied to and reflected by the s ide

face 72A, 74A, 75A, and 76A includes one of the two

catheti or sides of a rectangular equilateral trian gle.
Consequently, even if part of the laser beam that i S
transmitted through the transmission prisms 72, 74, 75,
and 76 is reflected within the transmission prisms 72, 74,
75, and 76, the internally reflected beam does not meet
the laser beam reflected by the side face 72A, 74A, 75A,
and 76A. Therefore, no ghost is generated and only the

reflected laser beam is accurately measured.

According to the present embodiment, the

23



transmission prisms 72, 74, 75, and 76 are oriented for
accurate laser beam profile measurements. Generall y, a

transmission prism has such a tendency that a face

thereof that has a large area is used as a face to which
a laser beam is applied. In case of the transmissi on
prism 72, the side face 72B thereof which includes the
hypotenuse of the rectangular equilateral triangle tends
to be used as a face to which a laser beam is appli ed, as
depicted in FIG. 8. The transmission prism 72 is o riented
such that the laser beam 201 is applied to the side face
72B at an incident angle 6 of 45° in order for the side

face 72B to reflect the laser beam 201 horizontally
Part of a transmitted laser beam 210 that i S

transmitted through the transmission prism 72 may

reflected in the transmission prism 72 as an intern ally
reflected beam 211, which may overlap the laser bea m 202
reflected by the side face 72B, causing a ghost bea m. If
the internally reflected beam 211 overlaps the lase r beam
202, it is impossible to accurately measure the pro file

of the transmitted laser beam 210.

According to the present embodiment, as dep icted in
FIG. 7, the transmission prism 72 has the side face T72A
which includes one of the two catheti of the rectan gular
equilateral triangle as a face to which a laser bea m is

24



applied. The transmission prism 72 is oriented suc
the laser beam 201 is applied to the side face 72A
incident angle 6 of 45° in order for the side face 72A to
reflect the laser beam 201 horizontally. With the
transmission prism 72 thus oriented, even if part o
transmitted laser beam 210 that is transmitted thro

the transmission prism 72 is reflected in the
transmission prism 72 as an internally reflected be

the internally reflected beam 211 is emitted from t
transmission prism 72 in a different direction from

laser beam 202 reflected by the side face 72A. Sin

internally reflected beam 211 does not overlap the

beam 202, no ghost beam is generated. @ The other

transmission prisms 74, 75, and 76 are also similar
oriented. Consequently, the profile of the laser b
can accurately be measured based on the reflected |
beams 202, 204, 205, and 206.

The present invention is not limited to the
embodiment. Rather, various changes and modificati
be made in the embodiment without departing from th
scope of the invention. For example, in the above
embodiment, the paired transmission prisms 72 and 7
the paired transmission prisms 75 and 76 are employ

attenuate the S-polarized light and the P-polarized
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equally in a well balanced fashion. However, the n umber

of pairs of transmission prisms can be changed inso far as
the laser beam transmitted to the image capturing s ection
77 has been attenuated to a desired attenuation rat e.

The present invention is not limited to the above

described preferred embodiment. The scope of the

invention is defined by the appended claims and all

changes and modifications as fall within the equiva lence
of the scope of the claims are therefore to be embr aced

by the invention.
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WHAT | S CLAIMED | S:

1. A laser beam profiler unit for measurin
intensity distribution of a laser beam oscillated f
laser oscillator incorporated in a laser processing
apparatus, comprising:

a magnifying optical system for magnifying
diameter of the laser beam oscillated from the lase
oscillator and focused by a condensing lens;

a first transmission prism for attenuating
laser beam;

a second transmission prism for further att
a laser beam reflected by the first transmission pr

an image capturing element for detecting th
beam reflected by the second transmission prism; an

an analyzer for analyzing an intensity dist
of a spot of the laser beam from data of the laser
detected by the image capturing element.

2. The laser beam profiler unit according
claim 1, wherein the first transmission prism and t
second transmission prism serve as paired transmiss

prisms, one of the paired transmission prisms atten

P-polarized light of the laser beam at a higher

attenuation rate, and the other of the paired

transmission prisms attenuates S-polarized light of
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laser beam at a higher attenuation rate, whereby th
first transmission prism and the second transmissio
prism attenuate the P-polarized light and the S-pol
light equally.

3. The laser beam profiler unit according
1, wherein each of the first transmission prism and
second transmission prism comprises a triangular pr
having a bottom face in the shape of a rectangular
equilateral triangle, and the laser beam is applied
side face of the triangular prism which includes on
the two catheti of the rectangular equilateral tria

4. A laser processing apparatus comprising

a laser beam irradiation unit for applying
beam to a workpiece held on a chuck table;

a control unit for controlling conditions u
which the laser beam irradiation unit applies the |
beam; and

a laser beam profiler unit for measuring an
intensity distribution of a spot of the laser beam;
wherein

the laser beam profiler unit includes

a magnifying optical system for mag

spot diameter of the laser beam oscillated from a |

oscillator and focused by a condensing lens,
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a first transmission prism for atte
the laser beam,

a second transmission prism for fur
attenuating a laser beam reflected by the first
transmission prism,

a light detector for detecting the
beam reflected by the second transmission prism, an

an analyzer for analyzing an intens
distribution of a spot of the laser beam from data
laser beam detected by the light detector.

5. The laser processing apparatus accordin
claim 4, wherein the laser beam irradiation unit in
the laser oscillator for oscillating the laser beam
condensing lens for focusing the laser beam, and th
magnifying optical system for guiding the laser bea
the laser oscillator to the condensing lens, and

the magnifying optical system shapes a spot

of the laser beam.
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