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LASER PROCESSING APPARATUS 

 

BACKGROUND OF THE INVENTION 

Field of the Invention 

        The present invention relates to a laser pr ocessing 

apparatus for processing a workpiece held on a chuc k 

table by applying thereto a laser beam whose wavele ngth 

is transmittable through the workpiece while positi oning 

a focused point of the laser beam within the workpi ece, 

thereby forming modified layers in the workpiece. 

Description of the Related Art 

        Wafers where a plurality of devices such as  

integrated circuits (ICs), or large scale integrati on 

(LSI) are formed in respective areas thereof demarc ated 

by a plurality of intersecting projected dicing lin es are 

divided into individual device chips by a laser 

processing apparatus.  The device chips will be use d in 

various electronic appliances including mobile phon es, 

personal computers, and so on. 

        The laser processing apparatus includes a c huck 

table for holding a wafer as a workpiece thereon, a  laser 

beam applying unit for applying a laser beam whose 

wavelength is transmittable through the wafer to th e 

wafer held on the chuck table while positioning a f ocused 
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point of the laser beam within the wafer, thereby f orming 

modified layers and cracks extending from the modif ied 

layers in the wafer, and a feed mechanism for proce ssing-

feeding the chuck table and the laser beam applying  unit 

relatively to each other.  When the laser processin g 

apparatus is in operation, the laser beam is applie d to 

the wafer while the focused point thereof is positi oned 

in the wafer in alignment with one of projected dic ing 

lines on the wafer, thereby forming modified layers  as 

division initiating points at appropriate positions  in 

the wafer.  After modified layers have been formed in the 

wafer along all the projected dicing lines, externa l 

forces are applied to the wafer, dividing the wafer  into 

individual device chips (see, for example, Japanese  

Patent No. 3408805). 

        According to the technology disclosed in Ja panese 

Patent No. 3408805, providing the wafer has a small  

thickness ranging from approximately 50 to 150 µm, it is 

possible to position the focused point of the laser  beam 

at appropriate positions in the wafer, to thereby f orm 

proper modified layers and cracks extending from th e 

modified layers in the wafer.  However, if the wafe r has a 

large thickness in excess of 300 µm, for example, t hen 

problems arise in that the laser beam tends to suff er 
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from large aberrations due to the refractive index of the 

material of the wafer (e.g., the refractive index o f 

silicon is generally 3.5), and fails to converge in to a 

single focused point, with the result that the lase r beam 

is unable to form proper modified layers in the waf er. 

 

SUMMARY OF THE INVENTION 

        To cope with the above problems, it is conc eivable 

that a spatial light phase modulator such as liquid  

crystal on silicon (LCOS) may be disposed between a  laser 

oscillator and a beam condenser of the laser beam 

applying unit for correcting a spherical aberration  in 

its entirety to allow the laser beam to converge in to a 

single focused point.  However, it is not easy to b ring 

the center of a pattern for adjusting the spatial l ight 

phase modulator and the optical path of the laser b eam 

into accurate alignment with each other.  In the ev ent 

that the center of the pattern for adjusting the sp atial 

light phase modulator and the optical path of the l aser 

beam deviate from each other, the laser beam fails to 

converge into a single focused point and has its 

processing power lowered, so that the laser process ing 

apparatus cannot process wafers stably.  The diffic ulty 

may be addressed by weakening the degree of the 



4 

correction of the spherical aberration by the spati al 

light phase modulator for the laser beam to assure a 

certain level of processing power even if the cente r of 

the pattern for adjusting the spatial light phase 

modulator and the optical path of the laser beam de viate 

somewhat from each other.  However, the reduced deg ree of 

the correction of the spherical aberration tends to  

result in a reduction in the processing power of th e 

laser beam. 

        It is therefore an object of the present in vention 

to provide a laser processing apparatus that is cap able 

of stabilizing and increasing the processing power of a 

laser beam even if the center of a pattern for adju sting 

a spatial light phase modulator and the optical pat h of 

the laser beam deviate somewhat from each other. 

        In accordance with an aspect of the present  

invention, there is provided a laser processing app aratus 

including a chuck table for holding a workpiece the reon, 

a laser beam applying unit for applying a laser bea m 

having a wavelength transmittable through the workp iece 

held on the chuck table to the workpiece while 

positioning a focused point of the laser beam withi n the 

workpiece, thereby forming modified layers in the 

workpiece, and a feed mechanism for processing-feed ing 
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the chuck table and the laser beam applying unit 

relatively to each other.  The laser beam applying unit 

includes a laser oscillator for oscillating a laser  and 

emitting the laser beam, a spatial light phase modu lator 

for adjusting a phase of the laser beam emitted fro m the 

laser oscillator, a beam condenser for condensing t he 

laser beam whose phase has been adjusted by the spa tial 

light phase modulator and positioning a focused poi nt of 

the laser beam within the workpiece, and a control unit 

for adjusting the spatial light phase modulator.  T he 

control unit has a storage section storing therein an 

adjustment pattern table for adjusting the spatial light 

phase modulator to produce in the workpiece a stron gly 

corrected central area where relatively small aberr ations 

occur and a weakly corrected outer peripheral area where 

relatively large aberrations occur at the focused p oint 

of the laser beam applied to and refracted by the 

workpiece. 

        Preferably, the strongly corrected central area 

takes up 20% to 30% of a total area of the laser be am 

emitted from the laser oscillator and is located 

centrally in the laser beam, and the weakly correct ed 

outer peripheral area takes up a remainder of the t otal 

area of the laser beam around the strongly correcte d 
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central area.  Preferably, the adjustment pattern t able 

includes a plurality of adjustment patterns accordi ng to 

which the spatial light phase modulator is to be ad justed 

depending on depths where the focused point of the laser 

beam is to be positioned within the workpiece, and 

selects one of the adjustment patterns according to  the 

depth of a focused point indicated by an operator o f the 

laser processing apparatus. 

        According to the present invention, even if  the 

center of the adjustment pattern for adjusting the 

spatial light phase modulator and the optical path of the 

laser beam deviate from each other, the processing power 

of the laser beam is stabilized and increased. 

        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 a prefer red 

embodiment of the invention. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

        FIG. 1 is a perspective view illustrating a  manner 

in which a protective tape is laid on a wafer; 
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        FIG. 2 is a perspective view of a laser pro cessing 

apparatus according to an embodiment of the present  

invention; 

        FIG. 3 is a block diagram of an optical sys tem of a 

laser beam applying unit of the laser processing 

apparatus illustrated in FIG. 2, together with an 

adjustment pattern table; 

        FIGS. 4A through 4C are plan views illustra ting 

spots formed at a focused point; 

        FIG. 5 is an enlarged fragmentary cross-sec tional 

view illustrating a laser processing step; and 

        FIG. 6 is a perspective view illustrating a  manner 

in which a grinding step is carried out. 

 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

        A laser processing apparatus according to a  

preferred embodiment of the present invention will 

hereinafter be described with reference to the 

accompanying drawings.  FIG. 1 illustrates in persp ective 

a wafer 10 prepared as a workpiece to be processed by the 

laser processing apparatus according to the present  

embodiment and a protective tape T, and also illust rates 

a manner in which the protective tape T is laid on a face 

side 10a of the wafer 10.  The wafer 10 includes, f or 
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example, a silicon wafer having a thickness of 700 µm.  

The wafer 10 has a plurality of devices 12 formed o n the 

face side 10a in respective areas thereof demarcate d by a 

plurality of intersecting projected dicing lines 14  

established on the face side 10a.  The protective t ape T 

includes a tape of resin including an adhesive laye r and 

is integrally combined with the wafer 10 by being a ffixed 

to the face side 10a of the wafer 10. 

        FIG. 2 illustrates in perspective a laser 

processing apparatus 2 according to the present 

embodiment.  As illustrated in FIG. 2, the laser 

processing apparatus 2 includes a base 3, a holding  unit 

4 for holding a workpiece thereon, a laser beam app lying 

unit 6, an image capturing unit 7, a moving mechani sm 30 

for moving the holding unit 4, provided as a feed 

mechanism for processing-feeding the holding unit 4  and 

the laser beam applying unit 6 relatively to each o ther, 

and a control unit to be described later. 

        The holding unit 4 includes a rectangular X -axis 

movable plate 21 movably disposed on the base 3 for  

movement in X-axis directions indicated by an arrow  X, a 

rectangular Y-axis movable plate 22 movably dispose d on 

the X-axis movable plate 21 for movement in Y-axis 

directions indicated by an arrow Y that are perpend icular 
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to the X-axis directions, a hollow cylindrical post  23 

fixedly mounted on an upper surface of the Y-axis m ovable 

plate 22, and a rectangular cover plate 26 fixed to  an 

upper end of the post 23.  The cover plate 26 has a n 

oblong hole that is defined therein and that houses  a 

circular chuck table 25 extending upwardly therethr ough.  

The chuck table 25 is rotatable about its vertical 

central axis by a rotating mechanism, not illustrat ed.  

The chuck table 25 has an upper surface acting as a  

holding surface 25a whose horizontal positions are 

defined by X-axis coordinates and Y-axis coordinate s.  The 

holding surface 25a is made of a porous material an d 

hence is air-permeable, and is connected to suction  

means, not illustrated, through a fluid channel def ined 

in the post 23. 

        The moving mechanism 30 which is disposed o n the 

base 3 includes an X-axis feed mechanism 31 for 

processing-feeding the holding unit 4 in the X-axis  

directions and a Y-axis feed mechanism 32 for index ing-

feeding the Y-axis movable plate 22 in the Y-axis 

directions.  The X-axis feed mechanism 31 converts rotary 

motion of a stepping motor 33 into linear motion th rough 

a ball screw 34 and transmits the linear motion to the X-

axis movable plate 21, moving the X-axis movable pl ate 21 
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in one of the X-axis directions or the other along a pair 

of guide rails 3a mounted on the base 3.  The Y-axi s feed 

mechanism 32 converts rotary motion of a stepping m otor 

35 into linear motion through a ball screw 36 and 

transmits the linear motion to the Y-axis movable p late 

22, moving the Y-axis movable plate 22 in one of th e Y-

axis directions or the other along a pair of guide rails 

21a mounted on the X-axis movable plate 21.  Incide ntally, 

although not illustrated, position detecting means is 

disposed on each of the X-axis feed mechanism 31, t he Y-

axis feed mechanism 32, and the chuck table 25 for 

accurately detecting X-axis and Y-axis coordinates and 

circumferentially angular position of the chuck tab le 25 

and sending the detected coordinates and angular po sition 

as positional information of the chuck table 25 to the 

control unit of the laser processing apparatus 2.  The 

control unit issues command signals based on the re ceived 

positional information to actuate the X-axis feed 

mechanism 31, the Y-axis feed mechanism 32, and the  

rotating mechanism, not illustrated, of the chuck t able 

25 to thereby position the chuck table 25 at a desi red 

position on the base 3 and turning the chuck table 25 to 

a desired circumferentially angular position. 

        As illustrated in FIG. 2, the laser process ing 
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apparatus 2 further includes a frame 37 erected on the 

base 3 sideways of the moving mechanism 30.  The fr ame 37 

includes a vertical wall 37a disposed on the base 3  and 

extending vertically along Z-axis directions 

perpendicular to the X-axis directions and the Y-ax is 

directions and a horizontal wall 37b extending 

horizontally from an upper end portion of the verti cal 

wall 37a in overhanging relation to the moving mech anism 

30.  The horizontal wall 37b houses therein an opti cal 

system of the laser beam applying unit 6.  The opti cal 

system includes a beam condenser 67, to be describe d 

later, disposed on the lower surface of a distal en d 

portion of the horizontal wall 37b. 

        The image capturing unit 7 is disposed on t he lower 

surface of the distal end portion of the horizontal  wall 

37b at a position spaced from the beam condenser 67  along 

the X-axis directions.  The image capturing unit 7 

includes an ordinary image capturing element, e.g.,  a 

charge coupled device (CCD), for capturing images w ith a 

visible light beam, an infrared radiation source fo r 

emitting infrared rays toward the chuck table 25, a nd an 

image capturing element, e.g., an infrared CCD, for  

detecting infrared rays emitted by the infrared rad iation 

source and reflected from the chuck table 25 and 
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outputting an electric signal representing the dete cted 

infrared rays.  Images captured by the image captur ing 

unit 7 are sent to the control unit, which displays  the 

images on a suitable display unit that is not 

illustrated. 

        The optical system of the laser beam applyi ng unit 

6 housed in the horizontal wall 37b of the laser 

processing apparatus 2 will be described below with  

reference to FIG. 3.  As illustrated in FIG. 3, the  laser 

beam applying unit 6 includes a laser oscillator 61  for 

oscillating a laser and emitting a laser beam LB0, i.e., 

a pulsed laser beam according to the present embodi ment, 

having a wavelength transmittable through the wafer  10 

held on the chuck table 25, an attenuator 62 for 

adjusting the output level of the laser beam LB0 em itted 

from the laser oscillator 61 to a desired output le vel, a 

spatial light phase modulator 63 such as LCOS for 

adjusting the phase of the laser beam LB0 whose out put 

level has been adjusted by the attenuator 62 and 

outputting a phase-adjusted laser beam LB1, a beam 

condenser 67 having a condensing lens 67a for conve rging 

the laser beam LB1 adjusted in phase by the spatial  light 

phase modulator 63 and positioning a focused point of the 

laser beam LB1 in the wafer 10 on the chuck table 2 5, and 
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a control unit 100 for adjusting the spatial light phase 

modulator 63.  Note that the condensing lens 67a ma y 

include a single lens or a compound lens made up of  a 

plurality of lenses. 

        The control unit 100 includes a computer an d is 

electrically connected to input means 8 for enterin g 

control instructions from an operator when necessar y.  The 

control unit 100 adjusts operation of the spatial l ight 

phase modulator 63.  Further, the control unit 100 has a 

memory including a storage section 110 where an 

adjustment pattern table 112 illustrated in FIG. 3 is 

stored.  The adjustment pattern table 112 includes a 

plurality of adjustment patterns 114 according to w hich 

the spatial light phase modulator 63 is to be adjus ted 

depending on depths D where the focused point of th e 

laser beam LB1 is to be positioned within the wafer  10.  

Incidentally, the laser beam applying unit 6, the i mage 

capturing unit 7, the moving mechanism 30, etc., of  the 

laser processing apparatus 2 are also electrically 

connected to the control unit 100 according to the 

present embodiment, and will be controlled by the c ontrol 

unit 100.  However, the spatial light phase modulat or 63 

may be adjusted by another separate dedicated contr ol 

unit. 
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        The spatial light phase modulator 63 has a liquid 

crystal disposed on a substrate of silicon.  The li quid 

crystal includes a plurality of pixels, e.g., alumi num 

electrodes, disposed in an uppermost layer.  The 

potentials of the respective pixels are independent ly 

controlled according to one of the adjustment patte rns 

114 that is selected by the adjustment pattern tabl e 112 

illustrated in FIG. 3 to modulate the wavefront of the 

laser beam LB0 as it passes through the liquid crys tal, 

i.e., to modulate a spatial phase distribution. 

        Functions and operation of the spatial ligh t phase 

modulator 63 according to the present embodiment wi ll be 

described below with reference to FIGS. 4A through 4C as 

well as FIG. 3.  As described above with respect to  the 

related art, if the wafer 10 has a large thickness,  then 

the laser beam tends to suffer from large aberratio ns at 

the focused point positioned in the wafer 10 due to  the 

refractive index of the material of the wafer 10, w hich 

is generally 3.5 as the wafer 10 is made of silicon  in 

the present embodiment, and fails to converge into a 

single focused point, with the result that the lase r beam 

is unable to form proper modified layers in the waf er.  

According to the present embodiment, the above diff iculty 

is addressed by referring to the adjustment pattern  table 
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112 stored in the storage section 110 of the contro l unit 

100, selecting one of the adjustment patterns 114 t hat 

corresponds to a desired depth D where the focused point 

of the laser beam LB1 is to be formed in the wafer 10, 

and adjusting the spatial light phase modulator 63 on the 

basis of the selected adjustment pattern 114.  For 

example, in a case where the desired depth D where the 

focused point of the laser beam LB1 is to be formed  in 

the wafer 10 is 300 µm, an adjustment pattern 114a is 

selected by referring to the adjustment pattern tab le 

112, and the spatial light phase modulator 63 is 

controlled according to the selected adjustment pat tern 

114a.  FIG. 4A illustrates a laser beam spot S1 for med at 

a focused point P by the laser beam LB1 in the wafe r 10 

at this time. 

        When the adjustment pattern 114a is selecte d by 

referring to the adjustment pattern table 112 and t he 

spatial light phase modulator 63 is adjusted accord ing to 

the selected adjustment pattern 114a, the laser bea m spot 

S1 formed at the focused point P in the wafer 10 by  the 

laser beam LB1 includes, as illustrated in FIG. 4A,  a 

strongly corrected central area S1a indicated by th e 

dotted line where relatively small aberrations occu r and 

a weakly corrected outer peripheral area S1b where 
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aberrations larger than those in the central area S 1a 

occur around the central area S1a in concentric rel ation 

thereto.  Note that laser beam spots including cent ral and 

outer peripheral areas according to the present inv ention 

are not limited to the concentric laser beam spot S 1 

illustrated in FIG. 4A, and may include a square la ser 

beam spot S2 illustrated in FIG. 4B and a triangula r 

laser beam spot S3 illustrated in FIG. 4C, for exam ple.  

The square laser beam spot S2 illustrated in FIG. 4 B that 

is formed at the focused point P in the wafer 10 by  the 

laser beam LB1 includes, as illustrated in FIG. 4B,  a 

strongly corrected central area S2a formed centrall y in 

the laser beam spot S2 and a weakly corrected outer  

peripheral area S2b formed around the central area S1a.  

Similarly, the triangular laser beam spot S3 illust rated 

in FIG. 4C that is formed at the focused point P in  the 

wafer 10 by the laser beam LB1 includes, as illustr ated 

in FIG. 4C, a strongly corrected central area S3a f ormed 

centrally in the laser beam spot S3 and a weakly 

corrected outer peripheral area S3b formed around t he 

central area S3a. 

        The inventors of the present invention have  

conducted experiments and simulations to find out a bout 

appropriate ratios of the areas of strongly correct ed 
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central areas where relatively small aberrations oc cur 

and weakly corrected outer peripheral areas where 

aberrations larger than those in the central area o ccur 

around the central areas in concentric relation the reto.  

As a result of the experiments and simulations, the  

inventors have found that, by setting the area of a  

strongly corrected central area where relatively sm all 

aberrations occur to 20% to 30% of the total area o f the 

laser beam spot, the processing power of the laser beam 

LB1 is stabilized to perform a laser processing pro cess 

without compromising the processing power even if t he 

center of the adjustment pattern 114 for adjusting the 

spatial light phase modulator 63 and the optical ax is of 

the laser beam LB0 deviate from each other. 

        Note that the degree of strength of correct ion with 

respect to the central area S1a and the outer perip heral 

area S1b of the laser beam spot S1 illustrated in F IG. 4A 

is established on the basis of the following techni cal 

idea. 

        There is known in the art the fringe Zernik e 

polynomial (hereinafter referred to as “Zernike 

polynomial”) as a polynomial for approximating the 

wavefront aberration of an image capturing optical 

system.  The Zernike polynomial is generally known as a 
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polynomial expressed using a polar coordinate (r, θ) 

where r represents the radius of a unit circle and θ 

represents a rotational angle.  A ninth term ([Z9])  of the 

Zernike polynomial is indicated by the equation, 

        [Z9] = 6r 4 – 6r 2 + 1        ···(1) 

        which represents a spherical aberration.  T he 

central area S1a that is strongly corrected by the 

spatial light phase modulator 63 serves to correct the 

aberration at the position of the focal point at th e 

desired depth D with the strong correction so as to  make 

the aberration as close to zero as possible.  On th e other 

hand, the outer peripheral area S1b that is weakly 

corrected by the spatial light phase modulator 63 i s 

calculated to make the values of the coefficients o f the 

ninth term of the Zernike polynomial larger than th ose 

according to the strong correction by approximately  0.05 

to 0.09, or preferably by approximately 0.07. 

        The laser processing apparatus 2 according to the 

present embodiment is generally arranged as describ ed 

above.  Operation and advantages of the laser proce ssing 

apparatus 2 will be described below.  For processin g the 

wafer 10 with a laser beam using the laser processi ng 

apparatus 2 illustrated in FIG. 2, the wafer 10 des cribed 

with reference to FIG. 1 is unloaded from a cassett e, not 
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illustrated, and placed on the holding surface 25a of the 

chuck table 25 with the reverse side 10b of the waf er 10 

facing upwardly and the protective tape T facing 

downwardly.  Then, the suction means, not illustrat ed, is 

actuated to hold the wafer 10 under suction on the 

holding surface 25a. 

        Then, the moving mechanism 30 is actuated t o 

position the wafer 10 below the image capturing uni t 7, 

and then stopped.  The image capturing unit 7 appli es 

infrared rays to the wafer 10 from the reverse side  10b 

thereof to capture an image of the wafer 10.  The p osition 

of one of the projected dicing lines 14 on the face  side 

10a along which the wafer 10 is to be divided is de tected 

from the image and stored in the control unit 100 

(alignment step). 

        After the alignment step, the moving mechan ism 30 

is actuated again to move the wafer 10 below the be am 

condenser 67 and also to bring the projected dicing  line 

14 into alignment with a direction along processing  feed 

directions, i.e., the X-axis directions, and positi on a 

location where the wafer 10 is to start to be proce ssed 

on the projected dicing line 14 directly below the beam 

condenser 67. 

        Next, the laser beam applying unit 6 is ene rgized 
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to generate a laser beam LB1 whose wavelength is 

transmittable through the material, i.e., silicon, of the 

wafer 10 so as to position the focused point P of t he 

laser beam LB1 within the wafer F at a desired dept h D 

(see FIG. 5) therein.  As illustrated in FIG. 5, th e laser 

beam LB1 is applied to the wafer 10 from the revers e side 

10b thereof at a region of the wafer 10 where the w afer 

10 is to be divided, i.e., the projected dicing lin e 14, 

while at the same time the moving mechanism 30 is 

actuated to processing-feed the chuck table 25 in o ne of 

the X-axis directions indicated by the arrow X, the reby 

forming modified layers 18 in the wafer 10 along th e 

projected dicing line 14. 

        As illustrated in FIG. 5, the modified laye rs 18 

include a first modified layer 18a, a second modifi ed 

layer 18b, and a third modified layer 18c situated 

respectively at different depths.  The first modifi ed 

layer 18a has a depth D of 550 µm, for example.  Fo r 

energizing the laser beam applying unit 6 in order to 

form the first modified layer 18a, an adjustment pa ttern 

114b is selected by referring to the adjustment pat tern 

table 112 stored in the storage section 110 of the 

control unit 100 illustrated in FIG. 3, and the spa tial 

light phase modulator 63 is adjusted according to t he 



21 

selected adjustment pattern 114b.  The adjusted spa tial 

light phase modulator 63 applies the laser beam LB1  to 

the wafer 10.  Further, the second modified layer 1 8b has 

a depth D of 500 µm, for example.  For energizing t he 

laser beam applying unit 6 in order to form the sec ond 

modified layer 18b, an adjustment pattern 114c is 

selected by referring to the adjustment pattern tab le 112 

stored in the storage section 110 of the control un it 

100, and the spatial light phase modulator 63 is ad justed 

according to the selected adjustment pattern 114c.  The 

adjusted spatial light phase modulator 63 applies t he 

laser beam LB1 to the wafer 10.  In addition, the t hird 

modified layer 18c has a depth D of 450 µm, for exa mple.  

For energizing the laser beam applying unit 6 in or der to 

form the third modified layer 18c, an adjustment pa ttern 

114d is selected by referring to the adjustment pat tern 

table 112 stored in the storage section 110 of the 

control unit 100, and the spatial light phase modul ator 

63 is adjusted according to the selected adjustment  

pattern 114d.  The adjusted spatial light phase mod ulator 

63 applies the laser beam LB1 to the wafer 10. 

        For forming the first through third modifie d layers 

18a through 18c having the respective different dep ths D, 

as described above, the spatial light phase modulat or 63 
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is adjusted in a manner to match the desired depths  D 

where the focused point P is formed, and the laser beam 

LB1 is applied from the adjusted spatial light phas e 

modulator 63 to the wafer 10 to produce in the wafe r 10 

the laser beam spot S1 including the strongly corre cted 

central area S1a where relatively small aberrations  occur 

and the weakly corrected outer peripheral area S1b where 

relatively large aberrations occur around the centr al 

area S1a at the focused point P of the laser beam L B1 

applied to and refracted by the wafer 10, thereby f orming 

the first through third modified layers 18a through  18c 

in the wafer 10.  As the chuck table 25 is processi ng-fed 

in the X-axis direction, the first through third mo dified 

layers 18a through 18c are successively formed in t he 

wafer 10 while at the same time cracks 19 are also formed 

therein to interconnect the first through third mod ified 

layers 18a through 18c and reach the face side 10a of the 

wafer 10. 

        After the modified layers 18 and the cracks  19 have 

been formed in the wafer 10 along the projected dic ing 

line 14 that extends in a predetermined first direc tion, 

the moving mechanism 30 is actuated to move the waf er 10 

by an interval equal to the distance between two 

projected dicing lines 14 in one of the Y-axis 



23 

directions, which is normal to the sheet of FIG. 5,  

perpendicular to the X-axis directions, positioning  an 

adjacent projected dicing line 14 in the Y-axis dir ection 

that extends in the first direction directly below the 

beam condenser 67.  Then, the laser beam LB1 is app lied to 

the wafer 10 on the positioned projected dicing lin e 14 

and at the same time the chuck table 25 is processi ng-fed 

in one of the X-axis directions, thereby forming mo dified 

layers 18 and cracks 19 in the wafer 10 along the 

projected dicing line 14, in the same manner as des cribed 

above. 

        The above processing sequence is repeated t o apply 

the laser beam LB1 to the wafer 10 along all the 

projected dicing lines 14 extending in the first 

direction to form modified layers 18 and cracks 19 in the 

wafer 10 along those projected dicing lines 14.  Th en, the 

wafer 10 is turned 90 degrees about its central axi s by 

the chuck table 25 to bring one of the projected di cing 

lines 14 extending along a predetermined second dir ection 

perpendicular to the first direction into alignment  with 

the X-axis directions.  The laser beam LB1 is appli ed to 

the wafer 10 along the projected dicing line 14 wit h the 

focused point P at the desired depth D, forming mod ified 

layers 18 and cracks 19 in the wafer 10.  Similarly , the 
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laser beam LB1 is applied to the wafer 10 along all  the 

projected dicing line 14 extending in the second 

directions, forming modified layers 18 and cracks 1 9 in 

the wafer 10 along all the projected dicing line 14  

extending in the second directions (laser processin g 

step). 

        Note that the above laser processing step i s 

carried out by the laser processing apparatus 2 und er the 

following processing conditions, for example. 

        Wavelength: 1099 nm 

        Average output power: 2.6 W 

        Repetitive frequency: 120 kHz 

        Feed speed: 800 mm/second 

        The wafer 10 processed with the laser beam LB1 by 

the laser processing apparatus 2 is delivered to a 

grinding apparatus 50, partly illustrated in FIG. 6 .  The 

grinding apparatus 50 performs a grinding process o n the 

wafer 10 as follows. 

        As illustrated in FIG. 6, the grinding appa ratus 50 

includes a chuck table 51 and a grinding unit 52.  The 

chuck table 51 has an upper holding surface provide d by a 

porous surface connected to a suction source, not 

illustrated.  When the suction source is actuated, it 

generates and applies a negative pressure to the up per 
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holding surface to hold the wafer 10 under suction 

thereon.  The chuck table 51 includes rotating mean s and 

moving means, both not illustrated.  When the rotat ing 

means is actuated, it rotates the chuck table 51 ab out a 

vertical central axis thereof.  When the moving mea ns is 

actuated, it moves the chuck table 51 between a loa ding 

and unloading area where the wafer 10 can be loaded  onto 

and unloaded from the chuck table 51 and a grinding  area 

where the wafer 10 on the chuck table 51 can be gro und by 

the grinding unit 52.  The grinding unit 52 include s a 

spindle 53 rotatable about a vertical central axis 

thereof by an electric motor, not illustrated, a wh eel 

mount 54 fixedly mounted on a lower end of the spin dle 

53, a grinding wheel 55 fixedly mounted on a lower 

surface of the wheel mount 54, and a plurality of 

grindstones 56 disposed in an annular array on a lo wer 

surface of the grinding wheel 55. 

        The wafer 10 delivered to the grinding appa ratus 50 

is placed on the holding surface of the chuck table  51 

positioned in the loading and unloading area with t he 

reverse side 10b of the wafer 10 facing upwardly an d the 

protective tape T facing downwardly, as illustrated  in 

FIG. 6.  Then, the suction means, not illustrated, is 

actuated to hold the wafer 10 under suction on the 



26 

holding surface of the chuck table 51.  Then, the c huck 

table 51 is moved by the moving means to a position  

directly below the grinding unit 52, i.e., the grin ding 

area, where the center of the wafer 10 held on the chuck 

table 51 is aligned, as viewed from above, with a 

position through which the annular array of the 

grindstones 56 will move to grind the wafer 10. 

        After the wafer 10 has been positioned in t he 

grinding area, the chuck table 51 is rotated in the  

direction indicated by an arrow R1 at a speed of 30 0 rpm, 

for example, while at the same time the spindle 53 of the 

grinding unit 52 is rotated in the direction indica ted by 

an arrow R2 at a speed of 6000 rpm, for example.  T hen, a 

grinding feed unit, not illustrated, is actuated to  lower 

the grinding unit 52 in the direction indicated by an 

arrow R3 toward the chuck table 51.  The grindstone s 56 

are now brought into contact with the reverse side 10b of 

the wafer 10, and are grinding-fed downwardly at a 

grinding feed speed of 1.0 µm/second, for example, by the 

grinding feed unit, thereby grinding the reverse si de 10b 

of the wafer 01.  At this time, a measurement gage,  not 

illustrated, should preferably measure the thicknes s of 

the wafer 10 as the wafer 10 is ground.  The grindi ng 

process thus performed thins down the wafer 10 and 
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fractures the wafer 10 along the projected dicing l ines 

14, dividing the wafer 10 into individual device ch ips 

12’, as illustrated in FIG. 6.  After the grinding 

process, the wafer 10 is delivered to a next proces s or 

stored into a cassette, not illustrated. 

        According to the present embodiment, even i f the 

center of the adjustment pattern for adjusting the 

spatial light phase modulator 63 and the optical pa th of 

the laser beam LB0 deviate from each other, the 

processing power of the laser beam LB1 is stabilize d and 

increased.  Note that the adjustment pattern table 112 

described above is illustrated by way of example on ly and 

should not be construed as being limited to the det ails 

illustrated in FIG. 3. 

        The present invention is not limited to the  details 

of the above described preferred embodiment.  The s cope 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 IS CLAIMED IS: 

        1.  A laser processing apparatus comprising : 

        a chuck table for holding a workpiece there on; 

        a laser beam applying unit for applying a l aser 

beam having a wavelength transmittable through the 

workpiece held on the chuck table to the workpiece while 

positioning a focused point of the laser beam withi n the 

workpiece, thereby forming modified layers in the 

workpiece; and 

        a feed mechanism for processing-feeding the  chuck 

table and the laser beam applying unit relatively t o each 

other, wherein 

        the laser beam applying unit includes 

                a laser oscillator for oscillating a laser 

and emitting the laser beam, 

                a spatial light phase modulator for  

adjusting a phase of the laser beam emitted from th e 

laser oscillator, 

                a beam condenser for condensing the  laser 

beam whose phase has been adjusted by the spatial l ight 

phase modulator and positioning a focused point of the 

laser beam within the workpiece, and 

                a control unit for adjusting the sp atial 

light phase modulator, and 
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                the control unit has a storage sect ion 

storing therein an adjustment pattern table for adj usting 

the spatial light phase modulator to produce in the  

workpiece a strongly corrected central area where 

relatively small aberrations occur and a weakly cor rected 

outer peripheral area where relatively large aberra tions 

occur at the focused point of the laser beam applie d to 

and refracted by the workpiece. 

        2.  The laser processing apparatus accordin g to 

claim 1, wherein 

        the strongly corrected central area takes u p 20% to 

30% of a total area of the laser beam emitted from the 

laser oscillator and is located centrally in the la ser 

beam; and 

        the weakly corrected outer peripheral area takes up 

a remainder of the total area of the laser beam aro und 

the strongly corrected central area. 

        3.  The laser processing apparatus accordin g to 

claim 1, wherein 

        the adjustment pattern table includes a plu rality 

of adjustment patterns according to which the spati al 

light phase modulator is to be adjusted depending o n 

depths where the focused point of the laser beam is  to be 

positioned within the workpiece, and selects one of  the 



30 

adjustment patterns according to a depth of a focus ed 

point indicated by an operator of the laser process ing 

apparatus. 

  


