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LASER BEAM SPOT SHAPE CORRECTING METHOD 

 

BACKGROUND OF THE INVENTION 

Field of the Invention 

        The present invention relates to a laser be am spot 

shape correcting method. 

Description of the Related Art 

        As a technology for dividing a plate-shaped  object 

(plate-shaped workpiece) such as a semiconductor wa fer 

into a chip size, a technology is known which forms  a 

modified layer serving as a division starting point  by 

positioning a focal point of a laser beam within th e 

workpiece and applying the laser beam along planned  

dividing lines (see Japanese Patent No. 3408805, fo r 

example). 

        However, various optical parts are used in an 

optical system of a laser processing apparatus that  

performs laser processing as described above, and v arious 

optical distortions may occur on an optical path of  the 

optical system.  The optical distortions may cause a 

processing result to differ between processing 

apparatuses, that is, cause a so-called machine 

difference between apparatuses. 

        In order to solve this problem, a technolog y has 
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been proposed which grasps a spot shape at a proces sing 

point by holding a concave mirror by a chuck table and 

imaging light reflected from the concave mirror (se e 

Japanese Patent Laid-Open No. 2016-41437, for examp le). 

 

SUMMARY OF THE INVENTION 

        However, the technology illustrated in Japa nese 

Patent Laid-Open No. 2016-41437 does not identify a  

position where an optical distortion occurs in a 

plurality of optical elements constituting the opti cal 

system even when the spot shape can be grasped.  Th us, 

work of identifying the position of the distortion is 

needed, and it takes time to correct the spot shape . 

        It is accordingly an object of the present 

invention to provide a laser beam spot shape correc ting 

method that can suppress the number of man-hours 

necessary to correct the spot shape of a laser beam , and 

can reduce a machine difference between processing 

apparatuses in terms of the laser beam applied to a  

workpiece. 

        In accordance with an aspect of the present  

invention, there is provided a laser beam spot shap e 

correcting method for correcting a spot shape of a laser 

beam condensed by a condensing lens in a laser proc essing 
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apparatus.  The laser processing apparatus includes  a 

chuck table configured to hold a workpiece, a laser  beam 

irradiating unit configured to irradiate the workpi ece 

held on the chuck table with the laser beam, and a 

control unit.  The laser beam irradiating unit incl udes a 

laser oscillator, the condensing lens configured to  

condense the laser beam emitted from the laser 

oscillator, and a spatial light modulator disposed 

between the laser oscillator and the condensing len s.  The 

method includes a concave mirror disposing step of 

positioning a concave mirror having a reflecting su rface 

as a spherical surface at a position facing the 

condensing lens of the laser beam irradiating unit,  a 

focal point positioning step of positioning a conde nsing 

point of the condensing lens at a focal point posit ion of 

the concave mirror after the concave mirror disposi ng 

step, a laser beam irradiating step of irradiating the 

concave mirror with the laser beam condensed by the  

condensing lens by actuating the laser oscillator, an 

imaging step of imaging reflected light reflected b y the 

reflecting surface of the concave mirror by an imag ing 

unit, an image forming step of forming an XZ plane image 

or a YZ plane image from an XY plane image depictin g a 

shape and an intensity distribution of the laser be am 
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imaged in the imaging step, and a comparing step of  

comparing the image formed in the image forming ste p with 

an XZ plane image or a YZ plane image of a laser be am 

having an ideal shape and an ideal intensity 

distribution.  A phase pattern displayed on a displ ay unit 

of the spatial light modulator is changed such that  the 

XZ plane image or the YZ plane image formed in the image 

forming step coincides with the XZ plane image or t he YZ 

plane image of the laser beam having the ideal shap e and 

the ideal intensity distribution. 

        Preferably, the laser beam spot shape corre cting 

method further includes a determining step of deter mining 

which aberration component is included in the image  of 

the laser beam imaged in the imaging step.  A phase  

pattern that cancels out the aberration component 

determined in the determining step is displayed on the 

display unit of the spatial light modulator. 

        Preferably, the laser beam spot shape corre cting 

method further includes a determining step of deter mining 

which aberration component is included in the laser  beam 

imaged in the imaging step, and a storing step of 

storing, in advance, which aberration component is 

included in the laser beam having the ideal shape a nd the 

ideal intensity distribution, in which the phase pa ttern 
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displayed on the display unit of the spatial light 

modulator is changed such that the aberration compo nent 

of the laser beam imaged in the imaging step coinci des 

with the aberration component of the ideal laser be am. 

        Preferably, in the comparing step, when a 

difference between the compared images is equal to or 

less than a predetermined rate, the difference is 

determined to be acceptable, and when the differenc e is 

larger than the predetermined rate, the spot shape is 

corrected again. 

        The invention of the present application pr oduces 

effects of being able to suppress the number of man -hours 

necessary to correct the spot shape of a laser beam  and 

being able to reduce a machine difference between 

processing apparatuses in terms of the laser beam a pplied 

to a workpiece. 

        The above and other objects, features and 

advantages of the present invention and the manner of 

realizing them will become more apparent, and the 

invention itself will best be understood from a stu dy of 

the following description and appended claims with 

reference to the attached drawings showing some pre ferred 

embodiments of the invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

        FIG. 1 is a perspective view depicting an e xample 

of a configuration of a laser processing apparatus that 

performs a laser beam spot shape correcting method 

according to a first embodiment; 

        FIG. 2 is a schematic diagram depicting a 

configuration of a laser beam irradiating unit of t he 

laser processing apparatus depicted in FIG. 1; 

        FIG. 3 is a schematic diagram of an XY plan e image 

depicting the shape and intensity distribution of 

reflected light of a laser beam, the XY plane image  being 

obtained by a beam profiler of the laser processing  

apparatus depicted in FIG. 1 by imaging the reflect ed 

light; 

        FIG. 4 is a diagram depicting an XZ plane i mage 

along a line A-A’ in FIG. 3; 

        FIG. 5 is a diagram depicting an XZ plane i mage 

along a line B-B’ in FIG. 3; 

        FIG. 6 is a diagram depicting an XZ plane i mage 

along a line C-C’ in FIG. 3; 

        FIG. 7 is a diagram depicting a YZ plane im age 

along a line A1-A1’ in FIG. 3; 

        FIG. 8 is a diagram depicting a YZ plane im age 

along a line B1-B1’ in FIG. 3; 
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        FIG. 9 is a diagram depicting a YZ plane im age 

along a line C1-C1’ in FIG. 3; 

        FIG. 10 is a diagram depicting an ideal XY plane 

image of a laser beam having an ideal shape and an ideal 

intensity distribution in the laser beam spot shape  

correcting method according to the first embodiment ; 

        FIG. 11 is a flowchart of assistance in exp laining 

the laser beam spot shape correcting method accordi ng to 

the first embodiment; 

        FIG. 12 is a diagram depicting an example o f an XY 

plane image obtained by imaging the reflected light  in an 

imaging step of the laser beam spot shape correctin g 

method depicted in FIG. 11; 

        FIG. 13 is a diagram depicting an example o f an XZ 

plane image displayed on a display unit in a compar ing 

step of the laser beam spot shape correcting method  

depicted in FIG. 11; 

        FIG. 14 is a diagram depicting an example o f a YZ 

plane image displayed on the display unit in the 

comparing step of the laser beam spot shape correct ing 

method depicted in FIG. 11; 

        FIG. 15 is a perspective view depicting an example 

of a configuration of a laser processing apparatus that 

performs a laser beam spot shape correcting method 
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according to a second embodiment; 

        FIG. 16 is a schematic diagram depicting a 

configuration of a laser beam irradiating unit of t he 

laser processing apparatus depicted in FIG. 15; 

        FIG. 17 is a diagram depicting an XY plane image of 

reflected light in which a Zernike coefficient 

corresponding to an astigmatism 0° is equal to or m ore 

than a predetermined value; 

        FIG. 18 is a diagram depicting an XY plane image of 

reflected light in which a Zernike coefficient 

corresponding to an astigmatism 90° is equal to or more 

than a predetermined value; 

        FIG. 19 is a diagram depicting an XY plane image of 

reflected light in which a Zernike coefficient 

corresponding to an astigmatism +45° is equal to or  more 

than a predetermined value; 

        FIG. 20 is a diagram depicting an XY plane image of 

reflected light in which a Zernike coefficient 

corresponding to an astigmatism -45° is equal to or  more 

than a predetermined value; 

        FIG. 21 is a diagram depicting an XY plane image of 

reflected light in which a Zernike coefficient 

corresponding to a coma aberration +X is equal to o r more 

than a predetermined value; 
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        FIG. 22 is a diagram depicting an XY plane image of 

reflected light in which a Zernike coefficient 

corresponding to a coma aberration -X is equal to o r more 

than a predetermined value; 

        FIG. 23 is a diagram depicting an XY plane image of 

reflected light in which a Zernike coefficient 

corresponding to a coma aberration +Y is equal to o r more 

than a predetermined value; 

        FIG. 24 is a diagram depicting an XY plane image of 

reflected light in which a Zernike coefficient 

corresponding to a coma aberration -Y is equal to o r more 

than a predetermined value; 

        FIG. 25 is a diagram depicting an XY plane image of 

reflected light in which a Zernike coefficient 

corresponding to a spherical aberration + is equal to or 

more than a predetermined value; 

        FIG. 26 is a diagram depicting an XY plane image of 

reflected light in which a Zernike coefficient 

corresponding to a spherical aberration - is equal to or 

more than a predetermined value; 

        FIG. 27 is a diagram depicting an XY plane image of 

reflected light in which a Zernike coefficient 

corresponding to a trefoil aberration +X is equal t o or 

more than a predetermined value; 
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        FIG. 28 is a diagram depicting an XY plane image of 

reflected light in which a Zernike coefficient 

corresponding to a trefoil aberration -X is equal t o or 

more than a predetermined value; 

        FIG. 29 is a diagram depicting an XY plane image of 

reflected light in which a Zernike coefficient 

corresponding to a trefoil aberration +Y is equal t o or 

more than a predetermined value; 

        FIG. 30 is a diagram depicting an XY plane image of 

reflected light in which a Zernike coefficient 

corresponding to a trefoil aberration -Y is equal t o or 

more than a predetermined value; and 

        FIG. 31 is a perspective view depicting an example 

of a configuration of a laser processing apparatus that 

performs a laser beam spot shape correcting method 

according to a modification of the first embodiment  and 

the second embodiment. 

 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

        An embodiment of the present invention will  

hereinafter be described in detail with reference t o the 

drawings.  The present invention is not limited by 

contents described in the following embodiment.  In  

addition, constituent elements described in the fol lowing 
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include constituent elements readily conceivable by  those 

skilled in the art and essentially identical consti tuent 

elements.  Further, configurations described in the  

following can be combined with each other as approp riate.  

In addition, various omissions, replacements, or 

modifications of configurations can be performed wi thout 

departing from the spirit of the present invention.  

[First Embodiment] 

        A laser beam spot shape correcting method a ccording 

to a first embodiment of the present invention will  be 

described with reference to the drawings.  First, 

description will be made of a configuration of a la ser 

processing apparatus 1 that performs the laser beam  spot 

shape correcting method according to the first 

embodiment.  FIG. 1 is a perspective view depicting  an 

example of a configuration of a laser processing 

apparatus that performs the laser beam spot shape 

correcting method according to the first embodiment .  The 

laser processing apparatus 1 depicted in FIG. 1 acc ording 

to the first embodiment is an apparatus that laser-

processes a workpiece 200 by irradiating the workpi ece 

200 with a pulsed laser beam 21. 

        The workpiece 200 to be processed by the la ser 

processing apparatus 1 depicted in FIG. 1 is a wafe r such 
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as a semiconductor wafer, or an optical device wafe r in a 

disk shape which wafer has a substrate 201 of silic on, 

sapphire, gallium arsenide, or the like.  As depict ed in 

FIG. 1, the workpiece 200 has planned dividing line s 203 

set in a lattice manner on a top surface 202 of the  

substrate 201 and devices 204 formed in regions 

demarcated by the planned dividing lines 203.  The devices 

204 are, for example, an integrated circuit such as  an 

integrated circuit (IC), or a large scale integrati on 

(LSI), or an image sensor such as a charge coupled device 

(CCD) image sensor, or a complementary metal oxide 

semiconductor (CMOS) image sensor. 

        In the first embodiment, the workpiece 200 is 

supported within an opening of an annular frame 206  in a 

state in which an adhesive tape 207 having a disk s hape 

of a larger diameter than the outside diameter of t he 

workpiece 200 and having the annular frame 206 affi xed to 

an outer edge portion thereof is affixed to an 

undersurface 205 on the underside of the top surfac e 202.  

In the first embodiment, the workpiece 200 is divid ed 

into individual devices 204 along the planned divid ing 

lines 203. 

(Laser Processing Apparatus) 

        As depicted in FIG. 1, the laser processing  
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apparatus 1 includes a chuck table 10 as a chuck ta ble 

holding the workpiece 200 by a holding surface 11, a 

laser beam irradiating unit 20 as a laser beam 

irradiating unit, a moving unit 30, an imaging unit  40, 

and a control unit 100. 

        The chuck table 10 holds the workpiece 200 by the 

holding surface 11.  The chuck table 10 is of a dis k shape 

including a disk-shaped suction portion 12 in which  the 

flat holding surface 11 holding the workpiece 200 i s 

formed as an upper surface and which is formed of a  

porous ceramic or the like having a large number of  

porous holes, and a frame body 13 that fixes the su ction 

portion 12 in a state in which the suction portion 12 is 

fitted in a recess in the center of the upper surfa ce.  

The upper surface of the frame body 13 is located o n a 

same plane as the holding surface 11 and is a 

circumferential edge portion of the chuck table 10 in the 

first embodiment.  The suction portion 12 of the ch uck 

table 10 is connected to a vacuum suction source no t 

depicted via a vacuum suction path not depicted.  T he 

chuck table 10 sucks and holds the workpiece 200 mo unted 

on the holding surface 11.  In the first embodiment , the 

holding surface 11 is a flat surface parallel with a 

horizontal direction.  A plurality of clamp units 1 4 that 
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sandwich the annular frame 206 supporting the workp iece 

200 within the opening thereof are arranged on the 

periphery of the chuck table 10. 

        In addition, the chuck table 10 is rotated about an 

axis parallel with a Z-axis direction by a rotary m oving 

unit 34 of the moving unit 30.  Incidentally, the Z -axis 

direction is a direction orthogonal to the holding 

surface 11 and parallel with a vertical direction.  The 

chuck table 10 is moved in an X-axis direction para llel 

with the horizontal direction by an X-axis moving u nit 31 

of the moving unit 30 and moved in a Y-axis directi on 

parallel with the horizontal direction and orthogon al to 

the X-axis direction by a Y-axis moving unit 32 tog ether 

with the rotary moving unit 34. 

        The laser beam irradiating unit 20 is a las er beam 

irradiating unit that forms a modified layer as a 

fracture starting point within the workpiece 200 by  

irradiating the workpiece 200 held on the chuck tab le 10 

with the pulsed laser beam 21 of a wavelength 

transmissible by the workpiece 200.  The modified l ayer 

refers to a region in which density, an index of 

refraction, mechanical strength, or another physica l 

property is different from that of surroundings.  T he 

modified layer is, for example, a melted region, a crack 
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region, a dielectric breakdown region, a refractive  index 

change region, a region in which these regions are mixed, 

and the like.  In the embodiment, the modified laye r has a 

lower mechanical strength than other parts of the 

substrate 201. 

        Incidentally, while the laser beam irradiat ing unit 

20 in the first embodiment irradiates the workpiece  200 

with the laser beam 21 of a wavelength transmissibl e by 

the workpiece 200, the laser beam irradiating unit 20 in 

the present invention may subject the workpiece 200  to 

ablation processing by applying a laser beam 21 of a 

wavelength absorbable by the workpiece 200.  In the  first 

embodiment, as depicted in FIG. 1, a part of the la ser 

beam irradiating unit 20 is supported by a raising and 

lowering member 4 moved in the Z-axis direction by a Z-

axis moving unit 33 of the moving unit 30, the Z-ax is 

moving unit 33 being provided to an erected wall 3 

erected from an apparatus main body 2.  Incidentall y, a 

configuration and the like of the laser beam irradi ating 

unit 20 will be described later. 

        The moving unit 30 moves the chuck table 10  and the 

laser beam irradiating unit 20 relative to each oth er in 

the X-axis direction, the Y-axis direction, and the  Z-

axis direction.  Incidentally, the X-axis direction  and 
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the Y-axis direction are directions parallel with t he 

holding surface 11.  The moving unit 30 includes th e X-

axis moving unit 31 as processing feeding means for  

moving the chuck table 10 in the X-axis direction, the Y-

axis moving unit 32 as indexing feeding means for m oving 

the chuck table 10 in the Y-axis direction, the Z-a xis 

moving unit 33 that moves a condensing lens 23 incl uded 

in the laser beam irradiating unit 20 in the Z-axis  

direction, and the rotary moving unit 34 that rotat es the 

chuck table 10 about an axis parallel with the Z-ax is 

direction. 

        In the first embodiment, the Y-axis moving unit 32 

is installed on the apparatus main body 2 of the la ser 

processing apparatus 1.  The Y-axis moving unit 32 

supports a moving plate 15 supporting the X-axis mo ving 

unit 31 such that the moving plate 15 is movable in  the 

Y-axis direction.  The X-axis moving unit 31 is ins talled 

on the moving plate 15.  The X-axis moving unit 31 

supports a second moving plate 16 supporting the ro tary 

moving unit 34 that rotates the chuck table 10 abou t an 

axis parallel with the Z-axis direction such that t he 

second moving plate 16 is movable in the X-axis 

direction.  The Z-axis moving unit 33 is installed on the 

erected wall 3.  The Z-axis moving unit 33 supports  the 
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raising and lowering member 4 movably in the Z-axis  

direction. 

        The X-axis moving unit 31, the Y-axis movin g unit 

32, and the Z-axis moving unit 33 include well-know n ball 

screws provided rotatably about axes, well-known pu lse 

motors rotating the ball screws about the axes, and  well-

known guide rails supporting the moving plates 15 a nd 16 

movably in the X-axis direction or the Y-axis direc tion 

and supporting the raising and lowering member 4 mo vably 

in the Z-axis direction. 

        In addition, the laser processing apparatus  1 

includes an X-axis direction position detecting uni t not 

depicted for detecting the position in the X-axis 

direction of the chuck table 10, a Y-axis direction  

position detecting unit not depicted for detecting the 

position in the Y-axis direction of the chuck table  10, 

and a Z-axis direction position detecting unit for 

detecting the position in the Z-axis direction of t he 

condensing lens 23 included in the laser beam irrad iating 

unit 20.  Each of the position detecting units outp uts a 

detection result to the control unit 100. 

        The imaging unit 40 images the workpiece 20 0 held 

on the chuck table 10.  The imaging unit 40 include s an 

imaging element such as a CCD imaging element, or a  CMOS 
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imaging element that images the workpiece 200 held on the 

chuck table 10.  In the first embodiment, the imagi ng unit 

40 is attached to an end of a casing of the laser b eam 

irradiating unit 20, and is disposed at a position 

aligned in the X-axis direction with the condensing  lens 

23 depicted in FIG. 2 in the laser beam irradiating  unit 

20.  The imaging unit 40 images the workpiece 200, thereby 

obtains an image for carrying out alignment that al igns 

the workpiece 200 and the laser beam irradiating un it 20 

with each other, and then outputs the obtained imag e to 

the control unit 100. 

        The control unit 100 makes processing opera tion on 

the workpiece 200 performed by the laser processing  

apparatus 1 by controlling each of the above-descri bed 

constituent elements of the laser processing appara tus 1.  

Incidentally, the control unit 100 is a computer 

including an arithmetic processing unit having a 

microprocessor such as a central processing unit (C PU), a 

storage unit having a memory such as a read only me mory 

(ROM) or a random access memory (RAM), and an input -

output interface unit.  The arithmetic processing u nit of 

the control unit 100 implements functions of the co ntrol 

unit 100 by performing arithmetic processing accord ing to 

a computer program stored in the storage unit, and 
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outputting control signals for controlling the lase r 

processing apparatus 1 to the above-described const ituent 

elements of the laser processing apparatus 1 via th e 

input-output interface unit. 

        In addition, the laser processing apparatus  1 

includes a display unit 110 formed by a liquid crys tal 

display device or the like that displays a state of  

processing operation, an image, or the like, and an  input 

unit 111 used when an operator registers processing  

content information or the like.  The display unit 110 and 

the input unit 111 are connected to the control uni t 100.  

The input unit 111 is formed by at least one of a t ouch 

panel provided to the display unit 110 and an exter nal 

input device such as a keyboard. 

        The laser beam irradiating unit 20 will nex t be 

described.  FIG. 2 is a diagram of assistance in 

explaining a configuration of the laser beam irradi ating 

unit of the laser processing apparatus depicted in FIG. 

1.  FIG. 3 is a schematic diagram of an XY plane im age 

depicting the shape and intensity distribution of 

reflected light of a laser beam, the XY plane image  being 

obtained by a beam profiler of the laser processing  

apparatus depicted in FIG. 1 by imaging the reflect ed 

light.  As depicted in FIG. 2, the laser beam irrad iating 
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unit 20 includes a laser oscillator 22 that oscilla tes a 

pulsed laser for processing the workpiece 200, the 

condensing lens 23 that condenses a laser beam 21 e mitted 

from the laser oscillator 22 onto the workpiece 200  held 

on the holding surface 11 of the chuck table 10, a 

spatial light modulator 24, a concave mirror 25, a beam 

splitter 26 as branching means, attenuating means 2 7, a 

beam profiler 28 as an imaging unit, and a pluralit y of 

optical parts 29. 

        The condensing lens 23 is disposed at a pos ition 

opposed in the Z-axis direction to the holding surf ace 11 

of the chuck table 10.  The condensing lens 23 tran smits 

the laser beam 21 emitted from the laser oscillator  22 

and condenses the laser beam 21 at a condensing poi nt 

211. 

        The spatial light modulator 24 is a so-call ed 

liquid crystal on silicon-spatial light modulator ( LCOS-

SLM) that is disposed on an optical path of the las er 

beam 21 between the laser oscillator 22 and the 

condensing lens 23, and adjusts the optical 

characteristic of the laser beam 21 emitted from th e 

laser oscillator 22 and emits the laser beam 21 who se 

optical characteristic is adjusted.  In the first 

embodiment, the spatial light modulator 24 is a mod ulator 
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that reflects the laser beam 21 emitted from the la ser 

oscillator 22.  In the first embodiment, the optica l 

characteristic of the laser beam 21 which optical 

characteristic is adjusted by the spatial light mod ulator 

24 is, for example, at least one of the phase, plan e of 

polarization, amplitude, intensity, and propagation  

direction of the laser beam 21. 

        In the first embodiment, the spatial light 

modulator 24 includes a display unit 241 irradiated  with 

the laser beam 21 emitted from the laser oscillator  22 

and adjusts the optical characteristic when reflect ing 

the laser beam 21.  The spatial light modulator 24 emits 

the laser beam 21 whose optical characteristic is 

adjusted by the display unit 241 toward the condens ing 

lens 23 via the beam splitter 26 or the like.  In 

addition, in the first embodiment, the display unit  241 

of the spatial light modulator 24 displays a phase 

pattern for adjusting the optical characteristic of  the 

laser beam 21, and adjusts the optical characterist ic of 

the laser beam 21 by reflecting the laser beam 21.  The 

phase pattern is controlled by the control unit 100 .  The 

spatial light modulator 24 adjusts the optical 

characteristic of the laser beam 21 to be emitted o n the 

basis of the control of the phase pattern displayed  on 
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the display unit 241 by the control unit 100. 

        The concave mirror 25 includes a reflecting  surface 

252 that is disposed at a position opposable in the  Z-

axis direction to the condensing lens 23 and can be  

positioned so as to have a focal point 251 at the 

condensing point 211 of the condensing lens 23 when  

opposed in the Z-axis direction to the condensing l ens 

23.  The reflecting surface 252 is a spherical surf ace and 

reflects the laser beam 21 emitted from the condens ing 

lens 23 opposed in the Z-axis direction to the cond ensing 

lens 23.  In the first embodiment, the concave mirr or 25 

is disposed in the frame body 13 of the chuck table  10, 

and the reflecting surface 252 is disposed at a pos ition 

opposable in the Z-axis direction to the condensing  lens 

23.  In the first embodiment, the focal point 251 o f the 

reflecting surface 252 is positioned at the condens ing 

point 211 of the condensing lens 23 by adjusting th e 

position in the Z-axis direction of the condensing lens 

23 by the Z-axis moving unit 33, so that the conden sing 

point 211 of the condensing lens 23 is located at t he 

focal point 251. 

        The beam splitter 26 passes, to the condens ing lens 

23, the laser beam 21 that is emitted from the lase r 

oscillator 22 and whose optical characteristic is 
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adjusted by the spatial light modulator 24.  The be am 

splitter 26 reflects, to the attenuating means 27, 

reflected light 212 of the laser beam 21 condensed by the 

condensing lens 23, reflected by the reflecting sur face 

252 of the concave mirror 25, and passed through th e 

condensing lens 23.  The beam splitter 26 thereby b ranches 

the reflected light 212 from the laser beam 21. 

        The attenuating means 27 is to attenuate th e 

intensity of the reflected light 212 reflected by t he 

beam splitter 26.  In the first embodiment, the 

attenuating means 27 attenuates the intensity of th e 

reflected light 212 and reflects the reflected ligh t 212 

to the beam profiler 28.  The attenuating means 27 is, for 

example, formed by a wedge substrate. 

        The beam profiler 28 images the reflected l ight 212 

reflected by the reflecting surface 252 of the conc ave 

mirror 25, branched from the laser beam 21 by the b eam 

splitter 26, and attenuated in intensity by the 

attenuating means 27, and thereby obtains an XY pla ne 

image 400 (depicted in FIG. 3) of the laser beam 21 , the 

XY plane image 400 having (depicting) the shape and  

spatial intensity distribution of the reflected lig ht 212 

of the laser beam 21.  The beam profiler 28 outputs  the 

obtained XY plane image 400 to the control unit 100 .  
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Incidentally, the XY plane image 400 obtained by th e beam 

profiler 28 indicates intensity at each position in  the 

X-axis direction and the Y-axis direction of the 

reflected light 212. 

        The optical parts 29 propagate the laser be am 21 

emitted from the laser oscillator 22 to a processin g 

point at which the workpiece 200 is processed or th e 

concave mirror 25, and propagate the reflected ligh t 212 

of the laser beam 21 reflected by the reflecting su rface 

252 of the concave mirror 25 to the beam profiler 2 8.  In 

the first embodiment, the optical parts 29 include a beam 

expander 29-1, a reflecting mirror 29-2, and a wave length 

plate 29-3 arranged on an optical path of the laser  beam 

21 between the laser oscillator 22 and the spatial light 

modulator 24.  In the first embodiment, the beam ex pander 

29-1, the reflecting mirror 29-2, and the wavelengt h 

plate 29-3 are arranged in order from the laser 

oscillator 22 to the spatial light modulator 24.  T he 

optical parts 29 also include a relay optical syste m 29-4 

disposed on an optical path of the laser beam 21 be tween 

the spatial light modulator 24 and the beam splitte r 26 

and a reflecting mirror 29-5 disposed on an optical  path 

of the laser beam 21 between the beam splitter 26 a nd the 

condensing lens 23. 
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        In addition, as depicted in FIG. 1, the con trol 

unit 100 of the laser processing apparatus 1 accord ing to 

the first embodiment includes an image forming sect ion 

101, a phase pattern generating section 102, and a 

storage section 103.  Each constituent element of t he 

control unit 100 will next be described.  FIG. 4 is  a 

diagram depicting an XZ plane image along a line A- A’ in 

FIG. 3.  FIG. 5 is a diagram depicting an XZ plane image 

along a line B-B’ in FIG. 3.  FIG. 6 is a diagram 

depicting an XZ plane image along a line C-C’ in FI G. 3.  

FIG. 7 is a diagram depicting a YZ plane image alon g a 

line A1-A1’ in FIG. 3.  FIG. 8 is a diagram depicti ng a YZ 

plane image along a line B1-B1’ in FIG. 3.  FIG. 9 is a 

diagram depicting a YZ plane image along a line C1- C1’ in 

FIG. 3. 

        The image forming section 101 outputs the X Y plane 

image 400 of the laser beam 21, the XY plane image 400 

being obtained by the beam profiler 28 by imaging t he 

reflected light 212 and having the shape and spatia l 

intensity distribution of the reflected light 212 o f the 

laser beam 21, to the display unit 110 to display t he XY 

plane image 400 on the display unit 110. 

        In addition, the image forming section 101 forms an 

XZ plane image 500 examples of which are depicted i n FIG. 
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4, FIG. 5, and FIG. 6 from the XY plane image 400 o f the 

reflected light 212, and outputs the formed XZ plan e 

image 500 to the display unit 110 to display the XZ  plane 

image 500 on the display unit 110.  Incidentally, t he XZ 

plane image 500 is an image in a section of the ref lected 

light 212 of the laser beam 21 which section is par allel 

with both the X-axis direction and the Z-axis direc tion.  

The image forming section 101 forms a YZ plane imag e 600 

examples of which are depicted in FIG. 7, FIG. 8, a nd 

FIG. 9 from the XY plane image 400 of the reflected  light 

212, and outputs the formed YZ plane image 600 to t he 

display unit 110 to display the YZ plane image 600 on the 

display unit 110.  The YZ plane image 600 is an ima ge in a 

section of the reflected light 212 of the laser bea m 21 

which section is parallel with both the Y-axis dire ction 

and the Z-axis direction.  Incidentally, in the pre sent 

invention, the X-axis direction and the Y-axis dire ction 

are not limited to the X- and Y-directions in FIG. 3. 

        The XZ plane image 500 examples of which ar e 

depicted in FIG. 4, FIG. 5, and FIG. 6 and the YZ p lane 

image 600 examples of which are depicted in FIG. 7,  FIG. 

8, and FIG. 9 represent an example.  The image form ing 

section 101 forms the XZ plane image 500 and the YZ  plane 

image 600 in the sections according to an operation  of 
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the operator from the input unit 111 in a state in which 

the XY plane image 400 is displayed on the display unit 

110, and displays the formed XZ plane image 500 and  the 

formed YZ plane image 600 on the display unit 110.  

Incidentally, an axis of abscissas in FIG. 4, FIG. 5, and 

FIG. 6 indicates a position in the X-axis direction , an 

axis of abscissas in FIG. 7, FIG. 8, and FIG. 9 ind icates 

a position in the Y-axis direction, and an axis of 

ordinates in FIGS. 4 to 9 indicates the intensity o f the 

reflected light 212 of the laser beam 21. 

        The phase pattern generating section 102 ge nerates 

a phase pattern having a plurality of Zernike 

coefficients of predetermined values input from the  input 

unit 111 and displays the generated phase pattern o n the 

display unit 241 of the spatial light modulator 24.   

Incidentally, the Zernike coefficients correspond t o 

respective aberrations caused at a beam spot by the  

optical system of the laser beam irradiating unit 2 0.  As 

the aberrations of the optical system of the laser beam 

irradiating unit 20, there are, for example, an 

“astigmatism 0°,” an “astigmatism 90°,” an “astigma tism 

+45°,” an “astigmatism -45°,” a “coma aberration +X ,” a 

“coma aberration -X,” a “coma aberration +Y,” a “co ma 

aberration -Y,” a “spherical aberration +,” a “sphe rical 
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aberration -,” a “trefoil aberration +X,” a “trefoi l 

aberration -X,” a “trefoil aberration +Y,” and a “t refoil 

aberration -Y.” 

        The phase pattern generating section 102 re ceives a 

predetermined value of each Zernike coefficient inp ut 

from the input unit 111.  When the phase pattern 

generating section 102 receives the values of all o f the 

Zernike coefficients, the phase pattern generating 

section 102 generates a phase pattern having the Ze rnike 

coefficients of the received values.  The phase pat tern 

generating section 102 displays the generated phase  

pattern on the display unit 241.  In addition, when  the 

operator changes the value of one optional Zernike 

coefficient by operating the input unit 111, and th e 

phase pattern generating section 102 receives the c hanged 

value of the Zernike coefficient, the phase pattern  

generating section 102 generates a phase pattern ha ving 

the Zernike coefficient of the changed value, and 

displays the phase pattern on the display unit 241.  

        The storage section 103 stores an ideal XY plane 

image 401 (depicted in FIG. 10) having a shape and a 

spatial intensity distribution of the reflected lig ht 212 

of the laser beam 21 from which an ideal processing  

result is obtained at a processing point during a 



29 

processing operation input from the input unit 111 or the 

like.  FIG. 10 is a diagram depicting an ideal XY p lane 

image of a laser beam having an ideal shape and an ideal 

intensity distribution in the laser beam spot shape  

correcting method according to the first embodiment . 

        Incidentally, the ideal XY plane image 401 is an XY 

plane image obtained by the beam profiler 28 by ima ging 

the reflected light 212 of the laser beam 21 from w hich 

an ideal processing result is obtained at the proce ssing 

point during the processing operation.  Incidentall y, the 

value of each Zernike coefficient of the reflected light 

212 of the laser beam 21 from which the ideal XY pl ane 

image 401 is generated is an ideal value of each Ze rnike 

coefficient.  In addition, in the present invention , all 

of the Zernike coefficients of the ideal XY plane i mage 

401 are equal to or less than a predetermined value . 

        Incidentally, functions of the image formin g 

section 101 and the phase pattern generating sectio n 102 

are implemented by the arithmetic processing unit b y 

performing arithmetic processing according to a com puter 

program stored in the storage unit.  Functions of t he 

storage section 103 are implemented by the storage unit. 

        When the operator registers processing cont ent 

information in the control unit 100, and mounts the  
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workpiece 200 on the holding surface 11 of the chuc k 

table 10 via the adhesive tape 207, and the control  unit 

100 receives a processing operation start instructi on of 

the operator from the input unit 111, the above-des cribed 

laser processing apparatus 1 starts processing oper ation 

on the basis of the registered processing content 

information. 

        In the processing operation, the laser proc essing 

apparatus 1 sucks and holds the workpiece 200 on th e 

holding surface 11 of the chuck table 10 via the ad hesive 

tape 207 and clamps the annular frame 206 by the cl amp 

units 14.  Next, the moving unit 30 moves the chuck  table 

10 to a position below the imaging unit 40, and the  

imaging unit 40 photographs the workpiece 200.  The  laser 

processing apparatus 1 carries out alignment on the  basis 

of an image obtained by the imaging of the imaging unit 

40. 

        The laser processing apparatus 1 moves the laser 

beam irradiating unit 20 and the workpiece 200 rela tive 

to each other along a planned dividing line 203 by the 

moving unit 30 on the basis of the processing conte nt 

information, and irradiates the planned dividing li ne 203 

with the pulsed laser beam 21 from the laser beam 

irradiating unit 20.  In the first embodiment, the laser 
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processing apparatus 1 forms a modified layer withi n the 

substrate 201 along the planned dividing line 203 b y 

applying the laser beam 21.  When the laser process ing 

apparatus 1 forms the modified layer within the sub strate 

201 along all of the planned dividing lines 203, th e 

laser processing apparatus 1 stops applying the las er 

beam 21 and ends the processing operation. 

        The laser processing apparatus 1 performs t he 

following laser beam spot shape correcting method b efore 

the start of the processing operation.  The laser b eam 

spot shape correcting method will next be described .  FIG. 

11 is a flowchart of assistance in explaining the l aser 

beam spot shape correcting method according to the first 

embodiment.  FIG. 12 is a diagram depicting an exam ple of 

an XY plane image obtained by imaging the reflected  light 

in an imaging step of the laser beam spot shape 

correcting method depicted in FIG. 11.  FIG. 13 is a 

diagram depicting an example of an XZ plane image 

displayed on the display unit in a comparing step o f the 

laser beam spot shape correcting method depicted in  FIG. 

11.  FIG. 14 is a diagram depicting an example of a  YZ 

plane image displayed on the display unit in the 

comparing step of the laser beam spot shape correct ing 

method depicted in FIG. 11. 
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        The laser beam spot shape correcting method  

(hereinafter written as the correcting method) acco rding 

to the first embodiment brings the XY plane image 4 00 

(depicted in FIG. 12) depicting the shape and inten sity 

distribution of the reflected light of the laser be am 

close to the ideal XY plane image 401 (depicted in FIG. 

10) by correcting the spot shape of the laser beam 

condensed by the condensing lens 23.  The correctin g 

method according to the first embodiment is a metho d of 

adjusting the phase pattern displayed on the displa y unit 

241 of the spatial light modulator 24 to a phase pa ttern 

that enables the laser beam 21 from which an ideal 

processing result is obtained to be applied at the 

processing point in the processing operation in ord er to 

bring the XY plane image 400 of the reflected light  212 

of the laser beam 21 which plane image is obtained by the 

imaging of the beam profiler 28 close to the ideal XY 

plane image 401. 

        As depicted in FIG. 11, the correcting meth od 

includes a storing step ST1, a concave mirror dispo sing 

step ST2, a focal point positioning step ST3, a las er 

beam irradiating step ST4, an imaging step ST5, an image 

forming step ST6, a comparing step ST7, and a deter mining 

step ST9. 
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        The storing step ST1 is a step of storing, in the 

storage section 103, the ideal XY plane image 401 h aving 

the shape and spatial intensity distribution of the  

reflected light 212 of the laser beam 21 from which  an 

ideal processing result is obtained at the processi ng 

point during the processing operation.  In the stor ing 

step ST1 in the first embodiment, the control unit 100 

receives an operation of the input unit 111 by the 

operator and stores the ideal XY plane image 401 in  the 

storage section 103. 

        The concave mirror disposing step ST2 is a step of 

positioning the concave mirror 25 having the reflec ting 

surface 252 as a spherical surface at a position fa cing 

the condensing lens 23 of the laser beam irradiatin g unit 

20 in the Z-axis direction.  In the concave mirror 

disposing step ST2 in the first embodiment, the con trol 

unit 100 makes the condensing lens 23 of the laser beam 

irradiating unit 20 and the reflecting surface 252 of the 

concave mirror 25 face each other along the Z-axis 

direction by controlling the X-axis moving unit 31 and 

the Y-axis moving unit 32. 

        The focal point positioning step ST3 is a s tep of 

positioning the condensing point 211 of the condens ing 

lens 23 at the position of the focal point 251 of t he 
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concave mirror 25 after the concave mirror disposin g step 

ST2.  In the focal point positioning step ST3 in th e first 

embodiment, the control unit 100 positions the cond ensing 

point 211 of the condensing lens 23 at the focal po int 

251 of the reflecting surface 252 by controlling th e Z-

axis moving unit 33. 

        The laser beam irradiating step ST4 is a st ep of 

emitting the laser beam 21 from the laser oscillato r 22 

by actuating the laser oscillator 22, and irradiati ng the 

reflecting surface 252 of the concave mirror 25 wit h the 

laser beam 21 condensed by the condensing lens 23.  In the 

laser beam irradiating step ST4, the control unit 1 00 

receives an operation of the input unit 111 by the 

operator and stores each Zernike coefficient of a 

predetermined value.  Incidentally, in the first 

embodiment, the predetermined value is an optional value.  

In the laser beam irradiating step ST4, when the ph ase 

pattern generating section 102 receives the values of all 

of the Zernike coefficients, the phase pattern gene rating 

section 102 generates a phase pattern having the Ze rnike 

coefficients of the received values.  In the laser beam 

irradiating step ST4, the phase pattern generating 

section 102 displays the generated phase pattern on  the 

display unit 241. 
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        In the laser beam irradiating step ST4 in t he first 

embodiment, after the phase pattern generating sect ion 

102 displays the generated phase pattern on the dis play 

unit 241, the control unit 100 oscillates a laser b y 

actuating the laser oscillator 22.  In the laser be am 

irradiating step ST4, the reflecting surface 252 of  the 

concave mirror 25 is irradiated with the laser beam  21 

emitted from the laser oscillator 22 via the spatia l 

light modulator 24, the beam splitter 26, the conde nsing 

lens 23, and the like.  The optical characteristic of the 

laser beam 21 applied to the reflecting surface 252  is a 

characteristic corresponding to the phase pattern 

generated by the phase pattern generating section 1 02 and 

displayed on the display unit 241. 

        The imaging step ST5 is a step of imaging t he 

reflected light 212 of the laser beam 21 reflected by the 

reflecting surface 252 of the concave mirror 25 by the 

beam profiler 28.  In the imaging step ST5 in the f irst 

embodiment, the reflected light 212 of the laser be am 21 

reflected by the reflecting surface 252 is reflecte d to 

the attenuating means 27 by the beam splitter 26, a nd is 

imaged by the beam profiler 28.  In the imaging ste p ST5 

in the first embodiment, the beam profiler 28 image s the 

reflected light 212 of the laser beam 21, thereby o btains 
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the XY plane image 400 (depicted in FIG. 12) of the  

reflected light 212 of the laser beam 21, the XY pl ane 

image 400 having the shape and spatial intensity 

distribution of the reflected light 212 of the lase r beam 

21, and outputs the obtained XY plane image 400 to the 

control unit 100. 

        The image forming step ST6 is a step of for ming the 

XZ plane image 500 (depicted in FIG. 13) or the YZ plane 

image 600 (depicted in FIG. 14) from the XY plane i mage 

400 of the reflected light 212 of the laser beam 21 , the 

XY plane image 400 being obtained by the imaging in  the 

imaging step ST5 and depicting the shape and spatia l 

intensity distribution of the reflected light 212 o f the 

laser beam 21. 

        In the image forming step ST6 in the first 

embodiment, the image forming section 101 of the co ntrol 

unit 100 outputs, to the display unit 110, the XY p lane 

image 400 of the reflected light 212 of the laser b eam 

21, the XY plane image 400 being obtained by the im aging 

in the imaging step ST5 and having the shape and sp atial 

intensity distribution of the reflected light 212 o f the 

laser beam 21, to display the XY plane image 400 on  the 

display unit 110.  In the image forming step ST6 in  the 

first embodiment, the image forming section 101 rec eives 
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an operation of the operator from the input unit 11 1 in a 

state in which the XY plane image 400 is displayed on the 

display unit 110, and forms the XZ plane image 500 and 

the YZ plane image 600 in section according to the 

operation of the operator from the XY plane image 4 00. 

        The comparing step ST7 is a step of compari ng the 

XZ plane image 500 (an example of which is represen ted by 

a solid line in FIG. 13) or the YZ plane image 600 (an 

example of which is represented by a solid line in FIG. 

14) as an image formed in the image forming step ST 6 with 

an XZ plane image 501 (an example of which is repre sented 

by alternate long and short dashed lines in FIG. 13 ) or a 

YZ plane image 601 (an example of which is represen ted by 

alternate long and short dashed lines in FIG. 14) o f the 

ideal XY plane image 401.  Incidentally, an axis of  

abscissas in FIG. 13 indicates a position in the X- axis 

direction, an axis of abscissas in FIG. 14 indicate s a 

position in the Y-axis direction, and an axis of 

ordinates in FIG. 13 and FIG. 14 indicates the inte nsity 

of the reflected light 212 of the laser beam 21.  I n 

addition, the XZ plane image 501 is an XZ plane ima ge of 

the reflected light 212 of the laser beam 21 having  an 

ideal shape and an ideal intensity distribution, an d the 

YZ plane image 601 is a YZ plane image of the refle cted 
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light 212 of the laser beam 21 having an ideal shap e and 

an ideal intensity distribution. 

        In the comparing step ST7 in the first embo diment, 

the image forming section 101 forms the XZ plane im age 

501 and the YZ plane image 601 in section according  to 

the operation of the operator from the ideal XY pla ne 

image 401.  As depicted in FIG. 13, the control uni t 100 

displays, on the display unit 110, the XZ plane ima ge 500 

formed in the image forming step ST6 in a state of being 

superimposed on the XZ plane image 501 formed from the 

ideal XY plane image 401.  In addition, as depicted  in 

FIG. 14, the control unit 100 displays, on the disp lay 

unit 110, the YZ plane image 600 formed in the imag e 

forming step ST6 in a state of being superimposed o n the 

YZ plane image 601 formed from the ideal XY plane i mage 

401. 

        Incidentally, while the XZ plane images 500  and 501 

are displayed in a state of being superimposed on e ach 

other on the display unit 110 and the YZ plane imag es 600 

and 601 are displayed in a state of being superimpo sed on 

each other on the display unit 110, it suffices in the 

present invention to perform at least one of the 

displaying of the XZ plane images 500 and 501 in a state 

of being superimposed on each other on the display unit 
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110 and the displaying of the YZ plane images 600 a nd 601 

in a state of being superimposed on each other on t he 

display unit 110. 

        Thereafter, the operator determines whether  or not 

at least one of differences between the XZ plane im ages 

500 and 501 and between the YZ plane images 600 and  601 

as images displayed in a state of being superimpose d on 

each other on the display unit 110 and compared wit h each 

other in the comparing step ST7 is equal to or less  than 

a predetermined rate (step ST8).  When the operator  

determines that at least one of the differences bet ween 

the XZ plane images 500 and 501 and between the YZ plane 

images 600 and 601 is larger than the predetermined  rate 

(step ST8: No), the processing proceeds to a determ ining 

step ST9. 

        The determining step ST9 is a step of deter mining 

which aberration component is included in the XY pl ane 

image 400 obtained by the imaging in the imaging st ep ST5 

and having the shape and spatial intensity distribu tion 

of the reflected light 212 of the laser beam 21.  I n the 

determining step ST9 in the first embodiment, an 

operation of the input unit 111 by the operator is 

received, and the control unit 100 displays the XY plane 

image 400 on at least the display unit 110.  Incide ntally, 
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in addition to the XY plane image 400, the display unit 

110 may display the ideal XY plane image 401 and ma y 

display the XZ plane images 500 and 501 and the YZ plane 

images 600 and 601. 

        In the determining step ST9, the operator 

determines an aberration as a largest difference of  the 

XY plane image 400 from the ideal XY plane image 40 1 on 

the basis of at least one of the difference between  the 

XY plane images 400 and 401, the difference between  the 

XZ plane images 500 and 501, and the difference bet ween 

the YZ plane images 600 and 601.  Thus, in the dete rmining 

step ST9, which aberration component is included in  the 

XY plane image 400 is determined by determining the  

aberration as the largest difference of the XY plan e 

image 400 from the ideal XY plane image 401. 

        Thereafter, the operator changes the value of a 

Zernike coefficient corresponding to the aberration  

determined in the determining step ST9 by a predete rmined 

value by operating the input unit 111, and thereby brings 

the value of the Zernike coefficient close to an id eal 

value.  When the phase pattern generating section 1 02 of 

the control unit 100 receives the changed value of the 

Zernike coefficient, the phase pattern generating s ection 

102 generates a phase pattern having the Zernike 
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coefficient of the changed value, and displays the phase 

pattern on the display unit 241 (step ST10).  The 

processing then returns to the laser beam irradiati ng 

step ST4.  The aberration component of the laser be am 21 

imaged in the imaging step ST5 is brought close to the 

aberration component of the laser beam 21 from whic h an 

ideal processing result is obtained by thus display ing a 

phase pattern such as cancels out the aberration 

determined in the determining step ST9 on the displ ay 

unit 241 of the spatial light modulator 24. 

        When the operator determines that both of t he 

differences between the XZ plane images 500 and 501  and 

between the YZ plane images 600 and 601 are equal t o or 

less than the predetermined rate (step ST8: Yes), t he 

correcting method is ended.  Thus, in the step ST8,  when 

both of the differences between the XZ plane images  500 

and 501 and between the YZ plane images 600 and 601  are 

equal to or less than the predetermined rate as a r esult 

of the comparing step ST7, it is determined that th e 

phase pattern displayed on the display unit 241, th at is, 

the laser beam 21 applied to the workpiece 200 is 

acceptable.  When at least one of the differences b etween 

the XZ plane images 500 and 501 and between the YZ plane 

images 600 and 601 is larger than the predetermined  rate, 
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the processing returns to the laser beam irradiatin g step 

ST4 via the determining step ST9 and the step ST10 to 

correct the phase pattern, that is, correct the XY plane 

image 400 as the spot shape of the laser beam 21 ag ain. 

        In addition, in the correcting method accor ding to 

the first embodiment, when the value of one Zernike  

coefficient is changed by a predetermined value and  thus 

adjusted so as to be brought close to an ideal valu e in 

the step ST10, variations occur also in aberrations  

corresponding to the other Zernike coefficients tha n the 

Zernike coefficient whose value is changed among th e 

aberrations included in the XY plane image 400 obta ined 

by the beam profiler 28 in the imaging step ST5.  

Accordingly, the correcting method according to the  first 

embodiment repeats the laser beam irradiating step ST4, 

the imaging step ST5, the comparing step ST7, the s tep 

ST8, the determining step ST9, and the step ST10, a nd 

changes the values of the Zernike coefficients one by one 

until it is determined in the step ST8 that both of  the 

differences between the XZ plane images 500 and 501  and 

between the YZ plane images 600 and 601 are equal t o or 

less than the predetermined rate. 

        Therefore, the correcting method according to the 

first embodiment changes the phase pattern displaye d on 



43 

the display unit 241 of the spatial light modulator  24 

such that the XZ plane image 500 or the YZ plane im age 

600 formed in the image forming step ST6 coincides with 

the XZ plane image 501 or the YZ plane image 601 fo rmed 

from the ideal XY plane image 401 having the shape and 

spatial intensity distribution of the reflected lig ht 212 

of the laser beam 21 from which an ideal processing  

result is obtained, by repeating the laser beam 

irradiating step ST4, the imaging step ST5, the com paring 

step ST7, the step ST8, the determining step ST9, a nd the 

step ST10 until it is determined in the step ST8 th at 

both of the differences between the XZ plane images  500 

and 501 and between the YZ plane images 600 and 601  are 

equal to or less than the predetermined rate. 

        As described above, in the comparing step S T7, the 

correcting method according to the first embodiment  

performs at least one of the displaying of the XZ p lane 

images 500 and 501 in a state of being superimposed  on 

each other on the display unit 110 and the displayi ng of 

the YZ plane images 600 and 601 in a state of being  

superimposed on each other on the display unit 110.   It is 

therefore possible to determine easily in the step ST8 

whether or not at least one of the differences betw een 

the XZ plane images 500 and 501 and between the YZ plane 
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images 600 and 601 is equal to or less than the 

predetermined rate. 

        In addition, when the correcting method acc ording 

to the first embodiment determines in the step ST8 that 

at least one of the differences between the XZ plan e 

images 500 and 501 and between the YZ plane images 600 

and 601 is larger than the predetermined rate, the 

correcting method according to the first embodiment  

displays the XY plane image 400 on at least the dis play 

unit 110 in the determining step ST9, and the opera tor 

determines an aberration as a largest difference of  the 

XY plane image 400 from the ideal XY plane image 40 1.  

Therefore, the correcting method according to the f irst 

embodiment can suppress the number of man-hours tak en to 

correct the aberration of the laser beam 21 to the 

aberration of the laser beam 21 from which an ideal  

processing result is obtained at the processing poi nt.  As 

a result, the correcting method according to the fi rst 

embodiment can suppress the number of man-hours nec essary 

to correct the spot shape of the laser beam 21. 

        In addition, the correcting method accordin g to the 

first embodiment in the step ST8 displays at least either 

the XZ plane images 500 and 501 or the YZ plane ima ges 

600 and 601 on the display unit 110, so that it is 
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possible to determine easily whether or not at leas t one 

of the differences between the XZ plane images 500 and 

501 and between the YZ plane images 600 and 601 is equal 

to or less than the predetermined rate.  The correc ting 

method according to the first embodiment displays t he XY 

plane image 400 on at least the display unit 110 in  the 

determining step ST9, and the operator determines a n 

aberration as a largest difference of the XY plane image 

400 from the ideal XY plane image 401.  In addition , the 

correcting method according to the first embodiment  

repeats the laser beam irradiating step ST4, the im aging 

step ST5, the comparing step ST7, the step ST8, the  

determining step ST9, and the step ST10 until it is  

determined in the step ST8 that both of the differe nces 

between the XZ plane images 500 and 501 and between  the 

YZ plane images 600 and 601 are equal to or less th an the 

predetermined rate.  Therefore, the correcting meth od 

according to the first embodiment can bring the 

aberration of the laser beam 21 close to the aberra tion 

of the laser beam 21 from which an ideal processing  

result is obtained at the processing point.  As a r esult, 

the correcting method according to the first embodi ment 

can suppress a machine difference between processin g 

apparatuses in terms of the spot shape of the laser  beam 
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21. 

        Hence, the correcting method according to t he first 

embodiment produces effects of being able to suppre ss the 

number of man-hours necessary to correct the spot s hape 

of the laser beam 21 and being able to reduce a mac hine 

difference between processing apparatuses in terms of the 

laser beam 21 applied to the workpiece 200. 

[Second Embodiment] 

        A laser beam spot shape correcting method a ccording 

to a second embodiment of the present invention wil l be 

described with reference to the drawings.  FIG. 15 is a 

perspective view depicting an example of a configur ation 

of a laser processing apparatus that performs the l aser 

beam spot shape correcting method according to the second 

embodiment.  FIG. 16 is a diagram of assistance in 

explaining a configuration of a laser beam irradiat ing 

unit of the laser processing apparatus depicted in FIG. 

15.  Incidentally, in FIG. 15 and FIG. 16, the same  parts 

as in the first embodiment are identified by the sa me 

reference numerals, and description thereof will be  

omitted. 

        A laser processing apparatus 1-2 that perfo rms the 

laser beam spot shape correcting method (hereinafte r 

written as the correcting method) according to the second 
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embodiment is the same as in the first embodiment e xcept 

that functions of an image forming section 101-2 an d a 

storage section 103-2 are added and the control uni t 100 

includes a determining section 104. 

        The storage section 103-2 of the control un it 100 

of the laser processing apparatus 1-2 that performs  the 

correcting method according to the second embodimen t 

stores an ideal value of each Zernike coefficient o f the 

reflected light 212 of the laser beam 21 from which  an 

ideal processing result is obtained in the storing step 

ST1 in addition to the functions in the first embod iment.  

In addition, in the storing step ST1, the phase pat tern 

generating section 102 of the control unit 100 of t he 

laser processing apparatus 1-2 that performs the 

correcting method according to the second embodimen t 

generates phase patterns including predetermined 

aberration components, generates aberration-includi ng XY 

plane images 701, 702, 703, 704, 705, 706, 707, 708 , 709, 

710, 711, 712, 713, and 714 depicted in FIGS. 17 to  30, 

and stores the aberration-including XY plane images  701, 

702, 703, 704, 705, 706, 707, 708, 709, 710, 711, 7 12, 

713, and 714 in the storage section 103-2, in addit ion to 

the functions in the first embodiment. 

        These aberration-including XY plane images 701, 
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702, 703, 704, 705, 706, 707, 708, 709, 710, 711, 7 12, 

713, and 714 are XY plane images of the reflected l ight 

212 including aberrations which plane images are 

generated by imaging, by the beam profiler 28, the laser 

beam 21 in which Zernike coefficients corresponding  to 

the respective aberrations are equal to or more tha n a 

predetermined value. 

        Thus, in the storing step ST1, the storage section 

103-2 of the control unit 100 of the laser processi ng 

apparatus 1-2 that performs the correcting method 

according to the second embodiment stores the aberr ation-

including XY plane images 701, 702, 703, 704, 705, 706, 

707, 708, 709, 710, 711, 712, 713, and 714, and the reby 

stores which aberration component is included in th e XY 

plane image 400 obtained in the imaging step ST5 wi th 

respect to the ideal XY plane image 401 having the shape 

and spatial intensity distribution of the reflected  light 

212 of the laser beam 21 from which an ideal proces sing 

result is obtained at the processing point in the 

processing operation. 

        FIG. 17 is a diagram depicting an XY plane image of 

the reflected light in which the Zernike coefficien t 

corresponding to the astigmatism 0° is equal to or more 

than the predetermined value.  FIG. 18 is a diagram  
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depicting an XY plane image of the reflected light in 

which the Zernike coefficient corresponding to the 

astigmatism 90° is equal to or more than the 

predetermined value. 

        FIG. 19 is a diagram depicting an XY plane image of 

the reflected light in which the Zernike coefficien t 

corresponding to the astigmatism +45° is equal to o r more 

than the predetermined value.  FIG. 20 is a diagram  

depicting an XY plane image of the reflected light in 

which the Zernike coefficient corresponding to the 

astigmatism -45° is equal to or more than the 

predetermined value. 

        FIG. 21 is a diagram depicting an XY plane image of 

the reflected light in which the Zernike coefficien t 

corresponding to the coma aberration +X is equal to  or 

more than the predetermined value.  FIG. 22 is a di agram 

depicting an XY plane image of the reflected light in 

which the Zernike coefficient corresponding to the coma 

aberration -X is equal to or more than the predeter mined 

value. 

        FIG. 23 is a diagram depicting an XY plane image of 

the reflected light in which the Zernike coefficien t 

corresponding to the coma aberration +Y is equal to  or 

more than the predetermined value.  FIG. 24 is a di agram 
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depicting an XY plane image of the reflected light in 

which the Zernike coefficient corresponding to the coma 

aberration -Y is equal to or more than the predeter mined 

value. 

        FIG. 25 is a diagram depicting an XY plane image of 

the reflected light in which the Zernike coefficien t 

corresponding to the spherical aberration + is equa l to 

or more than the predetermined value.  FIG. 26 is a  

diagram depicting an XY plane image of the reflecte d 

light in which the Zernike coefficient correspondin g to 

the spherical aberration - is equal to or more than  the 

predetermined value. 

        FIG. 27 is a diagram depicting an XY plane image of 

the reflected light in which the Zernike coefficien t 

corresponding to the trefoil aberration +X is equal  to or 

more than the predetermined value.  FIG. 28 is a di agram 

depicting an XY plane image of the reflected light in 

which the Zernike coefficient corresponding to the 

trefoil aberration -X is equal to or more than the 

predetermined value. 

        FIG. 29 is a diagram depicting an XY plane image of 

the reflected light in which the Zernike coefficien t 

corresponding to the trefoil aberration +Y is equal  to or 

more than the predetermined value.  FIG. 30 is a di agram 
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depicting an XY plane image of the reflected light in 

which the Zernike coefficient corresponding to the 

trefoil aberration -Y is equal to or more than the 

predetermined value. 

        In the comparing step ST7, the determining section 

104 of the control unit 100 of the laser processing  

apparatus 1-2 that performs the correcting method 

according to the second embodiment calculates a sum  total 

of differences between the XZ plane image 500 as an  image 

formed in the image forming step ST6 and the XZ pla ne 

image 501 of the ideal XY plane image 401 (a part o f the 

differences are represented by hatching in FIG. 13)  and a 

sum total of differences between the YZ plane image  600 

as an image formed in the image forming step ST6 an d the 

YZ plane image 601 of the ideal XY plane image 401 (a 

part of the differences are represented by hatching  in 

FIG. 14).  Next, the determining section 104 of the  

control unit 100 of the laser processing apparatus 1-2 in 

the comparing step ST7 calculates a sum of the sum total 

of the differences between the XZ plane image 500 a nd the 

XZ plane image 501 of the ideal XY plane image 401 and 

the sum total of the differences between the YZ pla ne 

image 600 and the YZ plane image 601 of the ideal X Y 

plane image 401.  Thus, in the comparing step ST7 o f the 
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correcting method according to the second embodimen t, the 

determining section 104 calculates the above-descri bed 

sum, and thereby compares the XZ plane image 500 an d the 

YZ plane image 600 with the XZ plane image 501 and the YZ 

plane image 601. 

        The determining section 104 of the control unit 100 

of the laser processing apparatus 1-2 in the step S T8 

determines whether or not the sum calculated in the  

comparing step ST7 is equal to or less than a 

predetermined value determined in advance, and ther eby 

determines whether or not the differences between t he XZ 

plane images 500 and 501 and between the YZ plane i mages 

600 and 601 are equal to or less than a predetermin ed 

rate.  When the determining section 104 of the cont rol 

unit 100 of the laser processing apparatus 1-2 dete rmines 

in the step ST8 that the sum calculated in the comp aring 

step ST7 is larger than the predetermined value 

determined in advance, the determining section 104 

determines that the differences between the XZ plan e 

images 500 and 501 and between the YZ plane images 600 

and 601 are larger than the predetermined rate (ste p ST8: 

No), and proceeds to the determining step ST9.  Whe n the 

determining section 104 of the control unit 100 of the 

laser processing apparatus 1-2 determines in the st ep ST8 
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that the sum calculated in the comparing step ST7 i s 

equal to or less than the predetermined value deter mined 

in advance (step ST8: Yes), the determining section  104 

ends the correcting method. 

        The determining section 104 of the control unit 100 

of the laser processing apparatus 1-2 in the determ ining 

step ST9 calculates an aberration-including XY plan e 

image most similar to the XY plane image 400 among the 

aberration-including XY plane images 701, 702, 703,  704, 

705, 706, 707, 708, 709, 710, 711, 712, 713, and 71 4 

stored in the storage section 103-2.  The determini ng 

section 104, for example, performs image processing  such 

as pattern matching on each of the aberration-inclu ding 

XY plane images 701, 702, 703, 704, 705, 706, 707, 708, 

709, 710, 711, 712, 713, and 714 and the XY plane i mage 

400, and calculates an aberration-including XY plan e 

image that matches most as an aberration-including XY 

plane image very similar to the XY plane image 400.   The 

determining section 104 determines the Zernike 

coefficient of an aberration-including XY plane ima ge 

very similar to the XY plane image 400 to be an 

aberration as a largest difference of the XY plane image 

400 from the ideal XY plane image 401.  Thus, in th e 

second embodiment, by calculating an aberration-inc luding 
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XY plane image most similar to the XY plane image 4 00 

among the aberration-including XY plane images 701,  702, 

703, 704, 705, 706, 707, 708, 709, 710, 711, 712, 7 13, 

and 714, the determining section 104 determines an 

aberration as a largest difference of the XY plane image 

400 from the ideal XY plane image 401, and determin es 

which aberration component is included in the XY pl ane 

image 400. 

        The determining section 104 of the control unit 100 

of the laser processing apparatus 1-2 in the step S T10 

changes, by a predetermined value, the value of a Z ernike 

coefficient corresponding to the aberration compone nt 

included in the aberration-including XY plane image  most 

similar to the XY plane image 400 among the aberrat ion-

including XY plane images 701, 702, 703, 704, 705, 706, 

707, 708, 709, 710, 711, 712, 713, and 714, and the reby 

brings the value of the Zernike coefficient close t o an 

ideal value.  Incidentally, functions of the determ ining 

section 104 are implemented by the arithmetic proce ssing 

unit by performing arithmetic processing according to a 

computer program stored in the storage unit. 

        The correcting method according to the seco nd 

embodiment calculates the sum of the sum total of t he 

differences between the XZ plane image 500 and the XZ 
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plane image 501 and the sum total of the difference s 

between the YZ plane image 600 and the YZ plane ima ge 601 

in the comparing step ST7, and determines whether o r not 

the above-described sum is equal to or less than th e 

predetermined value determined in advance in the st ep 

ST8.  It is therefore possible to determine easily whether 

or not the differences between the XZ plane images 500 

and 501 and between the YZ plane images 600 and 601  are 

equal to or less than the predetermined rate. 

        In addition, the correcting method accordin g to the 

second embodiment calculates an aberration-includin g XY 

plane image most similar to the XY plane image 400 among 

the aberration-including XY plane images 701, 702, 703, 

704, 705, 706, 707, 708, 709, 710, 711, 712, 713, a nd 714 

stored in the storage section 103-2 in the determin ing 

step ST9, and thereby determines an aberration as a  

largest difference of the XY plane image 400 from t he 

ideal XY plane image 401.  As a result, as in the f irst 

embodiment, the correcting method according to the second 

embodiment can suppress the number of man-hours nec essary 

to correct the spot shape of the laser beam 21. 

        In addition, the correcting method accordin g to the 

second embodiment in the step ST8 determines whethe r or 

not the above-described sum is equal to or less tha n the 
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predetermined value determined in advance.  It is 

therefore possible to determine easily whether or n ot the 

differences between the XZ plane images 500 and 501  and 

between the YZ plane images 600 and 601 are equal t o or 

less than the predetermined rate.  The correcting m ethod 

according to the second embodiment in the determini ng 

step ST9 calculates an aberration-including XY plan e 

image most similar to the XY plane image 400 among the 

aberration-including XY plane images 701, 702, 703,  704, 

705, 706, 707, 708, 709, 710, 711, 712, 713, and 71 4, and 

thereby determines an aberration as a largest diffe rence 

from the ideal XY plane image 401.  In addition, th e 

correcting method according to the second embodimen t 

repeats the laser beam irradiating step ST4, the im aging 

step ST5, the comparing step ST7, the step ST8, the  

determining step ST9, and the step ST10 until it is  

determined in the step ST8 that the differences bet ween 

the XZ plane images 500 and 501 and between the YZ plane 

images 600 and 601 are equal to or less than the 

predetermined rate.  As a result, the correcting me thod 

according to the second embodiment can bring the 

aberration of the laser beam 21 close to the aberra tion 

of the laser beam 21 from which an ideal processing  

result is obtained, and can suppress a machine diff erence 
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between processing apparatuses in terms of the spot  shape 

of the laser beam 21, as in the first embodiment. 

        Hence, as in the first embodiment, the corr ecting 

method according to the second embodiment produces 

effects of being able to suppress the number of man -hours 

necessary to correct the spot shape of the laser be am 21 

and being able to reduce a machine difference betwe en 

processing apparatuses in terms of the laser beam 2 1 

applied to the workpiece 200. 

        In addition, in the second embodiment of th e 

present invention, the determining section 104 of t he 

control unit 100 of the laser processing apparatus 1-2 

may determine which aberration component is include d in 

the XY plane image 400 by using machine learning 

(artificial intelligence (AI)) in the determining s tep 

ST9. 

[Modifications] 

        A laser processing apparatus according to a  

modification of the first embodiment and the second  

embodiment of the present invention will be describ ed 

with reference to the drawings.  FIG. 31 is a persp ective 

view depicting an example of a configuration of a l aser 

processing apparatus that performs a laser beam spo t 

shape correcting method according to the modificati on of 
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the first embodiment and the second embodiment.  

Incidentally, in FIG. 31, the same parts as in the first 

embodiment are identified by the same reference num erals, 

and description thereof will be omitted. 

        As depicted in FIG. 31, a laser processing 

apparatus 1-1 according to the modification is the same 

as in the first embodiment except that the concave mirror 

25 is disposed in a predetermined position on the s econd 

moving plate 16 and in the concave mirror disposing  step 

ST2, the condensing lens 23 of the laser beam irrad iating 

unit 20 is opposed in the Z-axis direction to the 

reflecting surface 252 of the concave mirror 25 on the 

second moving plate 16. 

        As in the first embodiment, the laser beam spot 

shape correcting method according to the modificati on 

produces effects of being able to suppress the numb er of 

man-hours necessary to correct the spot shape of th e 

laser beam 21 and being able to reduce a machine 

difference between processing apparatuses in terms of the 

laser beam 21 applied to the workpiece 200.  Incide ntally, 

in the present invention, in the laser processing 

apparatus 1-1 that performs the laser beam spot sha pe 

correcting method according to the modification, th e 

image forming section 101 and the storage section 1 03 may 
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have functions similar to those in the second embod iment, 

and the control unit 100 may include the determinin g 

section 104 as in the second embodiment. 

        It is to be noted that the present inventio n is not 

limited to the foregoing embodiments.  That is, the  

present invention can be variously modified and car ried 

out without departing from the gist of the present 

invention.  In addition, in the present invention, in a 

case where the ideal XY plane image 401 of the refl ected 

light 212 of the laser beam 21 includes a certain 

aberration equal to or more than a predetermined va lue, a 

method may be used which stores, in advance, XY pla ne 

images including aberrations such that differences from a 

Zernike coefficient corresponding to the aberration  

included in the ideal XY plane image 401 are a 

predetermined value, and compares the XY plane imag e 400 

with the aberration-including XY plane images. 

        The present invention is not limited to the  details 

of the above described preferred embodiments.  The scope 

of the invention is defined by the appended claims and 

all changes and modifications as fall within the 

equivalence of the scope of the claims are therefor e to 

be embraced by the invention.   
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WHAT IS CLAIMED IS: 

        1.  A laser beam spot shape correcting method for 

correcting a spot shape of a laser beam condensed by a 

condensing lens in a laser processing apparatus, 

        the laser processing apparatus including 

        a chuck table configured to hold a workpiece, 

        a laser beam irradiating unit configured to 

irradiate the workpiece held on the chuck table with the 

laser beam, and 

        a control unit, 

        the laser beam irradiating unit including 

                a laser oscillator, 

                the condensing lens configured to condense 

the laser beam emitted from the laser oscillator, and 

                a spatial light modulator disposed between 

the laser oscillator and the condensing lens, 

        the method comprising: 

        a concave mirror disposing step of positioning a 

concave mirror having a reflecting surface as a spherical 

surface at a position facing the condensing lens of the 

laser beam irradiating unit; 

        a focal point positioning step of positioning a 

condensing point of the condensing lens at a focal point 

position of the concave mirror after the concave mirror 
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disposing step; 

        a laser beam irradiating step of irradiating the 

concave mirror with the laser beam condensed by the 

condensing lens by actuating the laser oscillator; 

        an imaging step of imaging reflected light 

reflected by the reflecting surface of the concave mirror 

by an imaging unit; 

        an image forming step of forming an XZ plane image 

or a YZ plane image from an XY plane image depicting a 

shape and an intensity distribution of the laser beam 

imaged in the imaging step; 

        a comparing step of comparing the image formed in 

the image forming step with an XZ plane image or a YZ 

plane image of a laser beam having an ideal shape and an 

ideal intensity distribution; and 

 a determining step of determining which aberration 

component is included in the image of the laser beam 

imaged in the imaging step, 

        a phase pattern displayed on a display unit of the 

spatial light modulator being changed such that the XZ 

plane image or the YZ plane image formed in the image 

forming step coincides with the XZ plane image or the YZ 

plane image of the laser beam having the ideal shape and 

the ideal intensity distribution, 
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 wherein the phase pattern that cancels out the 

aberration component determined in the determining step 

is displayed on the display unit of the spatial light 

modulator. 

        2.  A laser beam spot shape correcting method for 

correcting a spot shape of a laser beam condensed by a 

condensing lens in a laser processing apparatus, 

        the laser processing apparatus including 

        a chuck table configured to hold a workpiece, 

        a laser beam irradiating unit configured to 

irradiate the workpiece held on the chuck table with the 

laser beam, and 

        a control unit, 

        the laser beam irradiating unit including 

                a laser oscillator, 

                the condensing lens configured to condense 

the laser beam emitted from the laser oscillator, and 

                a spatial light modulator disposed between 

the laser oscillator and the condensing lens, 

        the method comprising: 

        a concave mirror disposing step of positioning a 

concave mirror having a reflecting surface as a spherical 

surface at a position facing the condensing lens of the 

laser beam irradiating unit; 



63 

        a focal point positioning step of positioning a 

condensing point of the condensing lens at a focal point 

position of the concave mirror after the concave mirror 

disposing step; 

        a laser beam irradiating step of irradiating the 

concave mirror with the laser beam condensed by the 

condensing lens by actuating the laser oscillator; 

        an imaging step of imaging reflected light 

reflected by the reflecting surface of the concave mirror 

by an imaging unit; 

        an image forming step of forming an XZ plane image 

or a YZ plane image from an XY plane image depicting a 

shape and an intensity distribution of the laser beam 

imaged in the imaging step; and 

        a comparing step of comparing the image formed in 

the image forming step with an XZ plane image or a YZ 

plane image of a laser beam having an ideal shape and an 

ideal intensity distribution; 

 a determining step of determining which aberration 

component is included in the laser beam imaged in the 

imaging step; and 

        a storing step of storing, in advance, which 

aberration component is included in the laser beam having 

the ideal shape and the ideal intensity distribution, 
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wherein 

        a phase pattern displayed on a display unit of the 

spatial light modulator being changed such that the XZ 

plane image or the YZ plane image formed in the image 

forming step coincides with the XZ plane image or the YZ 

plane image of the laser beam having the ideal shape and 

the ideal intensity distribution, and 

 the phase pattern displayed on the display unit of 

the spatial light modulator is changed such that the 

aberration component of the laser beam imaged in the 

imaging step coincides with the aberration component of 

the ideal laser beam. 

        3.  A laser beam spot shape correcting method for 

correcting a spot shape of a laser beam condensed by a 

condensing lens in a laser processing apparatus, 

        the laser processing apparatus including 

        a chuck table configured to hold a workpiece, 

        a laser beam irradiating unit configured to 

irradiate the workpiece held on the chuck table with the 

laser beam, and 

        a control unit, 

        the laser beam irradiating unit including 

                a laser oscillator, 

                the condensing lens configured to condense 
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the laser beam emitted from the laser oscillator, and 

                a spatial light modulator disposed between 

the laser oscillator and the condensing lens, 

        the method comprising: 

        a concave mirror disposing step of positioning a 

concave mirror having a reflecting surface as a spherical 

surface at a position facing the condensing lens of the 

laser beam irradiating unit; 

        a focal point positioning step of positioning a 

condensing point of the condensing lens at a focal point 

position of the concave mirror after the concave mirror 

disposing step; 

        a laser beam irradiating step of irradiating the 

concave mirror with the laser beam condensed by the 

condensing lens by actuating the laser oscillator; 

        an imaging step of imaging reflected light 

reflected by the reflecting surface of the concave mirror 

by an imaging unit; 

        an image forming step of forming an XZ plane image 

or a YZ plane image from an XY plane image depicting a 

shape and an intensity distribution of the laser beam 

imaged in the imaging step; and 

        a comparing step of comparing the image formed in 

the image forming step with an XZ plane image or a YZ 
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plane image of a laser beam having an ideal shape and an 

ideal intensity distribution; 

        a phase pattern displayed on a display unit of the 

spatial light modulator being changed such that the XZ 

plane image or the YZ plane image formed in the image 

forming step coincides with the XZ plane image or the YZ 

plane image of the laser beam having the ideal shape and 

the ideal intensity distribution,  

 wherein 

 in the comparing step, when a difference between 

the compared images is equal to or less than a 

predetermined rate, the difference is determined to be 

acceptable, and 

        when the difference is larger than the 

predetermined rate, the spot shape is corrected again. 

 


