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LASER PROCESSING APPARATUS 

 

BACKGROUND OF THE INVENTION 

Field of the Invention 

        The present invention relates to a laser processing apparatus for performing 

laser processing to a workpiece such as a wafer.  

Description of the Related Art 

        In a semiconductor device fabrication process, a plurality of crossing 

division lines are formed on the front side of a substantially disk-shaped 

semiconductor wafer to thereby define a plurality of separate regions where a plurality 

of semiconductor devices such as ICs and LSIs are each formed.  The semiconductor 

wafer is divided along the division lines to thereby divide the regions where the 

semiconductor devices are formed from each other, thus obtaining a plurality of 

individual semiconductor device chips. 

        As a method of dividing a wafer such as a semiconductor wafer along the 

division lines, there has been proposed a method including the steps of applying a 

laser beam having an absorption wavelength to the wafer along the division lines to 

thereby form a laser processed groove as a break start point along each division line 

by ablation and next applying an external force to the wafer along each division line 

where the laser processed groove as the break start point is formed, thereby breaking 

the wafer along each division line. 

        The laser processing mentioned above is performed by using a laser 

processing apparatus.  The laser processing apparatus includes workpiece holding 

means for holding a workpiece, laser beam applying means having a processing head 

for applying a laser beam to the workpiece held by the workpiece holding means, 

feeding means for relatively moving the workpiece holding means and the laser beam 
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applying means in a feeding direction (X direction), indexing means for relatively 

moving the workpiece holding means and the laser beam applying means in an 

indexing direction (Y direction) perpendicular to the feeding direction (X direction), 

and alignment means for detecting a subject area of the workpiece to be processed 

(see Japanese Patent Laid-open No. 2006-289388, for example). 

 

SUMMARY OF THE INVENTION 

        However, in the case of forming a laser processed groove having a 

predetermined depth (e.g., 10 µm) on the workpiece such as a wafer, it is necessary to 

suitably adjust the numerical values for various processing factors including the power, 

repetition frequency, pulse width, and focused spot diameter of the laser beam and a 

work feed speed and set processing conditions by trial and error as measuring the 

depth of the laser processed groove.  As a result, the productivity is reduced.  

Further, the wafer as the workpiece differs in characteristics according to kind or 

manufacturer, so that the processing conditions must be changed every time the wafer 

changes.  Accordingly, the operator requires much time for setting of the processing 

conditions. 

        It is therefore an object of the present invention to provide a laser processing 

apparatus which can automatically set the processing conditions for the workpiece by 

inputting necessary items. 

        In accordance with an aspect of the present invention, there is provided a 

laser processing apparatus including workpiece holding means for holding a 

workpiece; laser beam applying means having a processing head for applying a laser 

beam to the workpiece held by the workpiece holding means; moving means for 

relatively moving the workpiece holding means and the laser beam applying means; 

alignment means for detecting a subject area of the workpiece held by the workpiece 
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holding means; control means for controlling the laser beam applying means and the 

moving means; input means for inputting a desired processing result to the control 

means; and three-dimensional imaging means for imaging a processed condition of 

the workpiece held by the workpiece holding means to form a three-dimensional 

image, wherein the control means performs a processing conditions adjusting step of 

adjusting processing conditions so as to obtain the desired processing result input by 

the input means according to the desired processing result and the three-dimensional 

image formed by the three-dimensional imaging means, and then controls the laser 

beam applying means and the moving means according to the processing conditions 

adjusted in the processing conditions adjusting step. 

        Preferably, the processing conditions adjusting step by the control means 

includes a fundamental numerical value setting step of setting a fundamental 

numerical value of each processing factor according to the desired processing result 

input from the input means and a fundamental numerical range of each processing 

factor; a fundamental processing performing step of controlling the laser beam 

applying means and the moving means according to the fundamental numerical value 

of each processing factor set in the fundamental numerical value setting step to 

thereby perform fundamental processing to the workpiece held by the workpiece 

holding means; a three-dimensional imaging step of operating the three-dimensional 

imaging means to image the processed condition of the workpiece processed by the 

fundamental processing performing step, thereby forming a three-dimensional image; 

a graph making step of making a graph of the processing results in relation to each 

processing factor according to the three-dimensional image formed in the three-

dimensional imaging step; a changed numerical range setting step of selecting the 

processing factor having an influence upon the processing results by comparing the 

graphs each corresponding to the processing factors as made in the graph making step 
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and then setting a changed numerical range for the processing factor selected above; a 

changed numerical value setting step of setting a changed numerical value of each 

processing factor according to the changed numerical range set in the changed 

numerical range setting step; and a changed processing performing step of controlling 

the laser beam applying means and the moving means according to the changed 

numerical value of each processing factor set in the changed numerical value setting 

step, thereby performing changed processing to the workpiece held by the workpiece 

holding means; all of the three-dimensional imaging step, the graph making step, the 

changed numerical range setting step, the changed numerical value setting step, and 

the changed processing performing step being repeated until the actual processing 

result obtained by the changed processing falls within an allowable range of the 

desired processing result. 

        Preferably, the fundamental numerical value setting step, the graph making 

step, and the changed numerical value setting step are performed according to an 

experimental design. 

        The laser processing apparatus according to the present invention includes 

the three-dimensional imaging means for imaging the processed condition of the 

workpiece held by the workpiece holding means to form the three-dimensional image 

of this processed condition.  The control means performs the processing conditions 

adjusting step of adjusting the processing conditions so as to obtain the desired 

processing result input by the input means according to this desired processing result 

and the three-dimensional image formed by the three-dimensional imaging means.  

Then, the control means controls the laser beam applying means and the moving 

means according to the processing conditions adjusted in the processing conditions 

adjusting step.  Accordingly, the processing conditions for the workpiece can be 

automatically set by inputting necessary items from the input means.  Accordingly, 
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the operator does not need to set the processing conditions by trial and error, so that 

the productivity can be improved. 

        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 study of the following description and 

appended claims with reference to the attached drawings showing a preferred 

embodiment of the invention. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

        FIG. 1 is a perspective view of a laser processing apparatus according to a 

preferred embodiment of the present invention; 

        FIG. 2 is an exploded perspective view of three-dimensional imaging means 

included in the laser processing apparatus shown in FIG. 1; 

        FIG. 3 is a sectional view showing an essential part of an interference type 

imaging mechanism constituting the three-dimensional imaging means shown in FIG. 

2; 

        FIG. 4 is a schematic view for illustrating focusing means and interference 

light generating means included in the interference type imaging mechanism shown in 

FIG. 3; 

        FIG. 5 is a block diagram of control means included in the laser processing 

apparatus shown in FIG. 1; 

        FIG. 6 is a control map setting the relation between a voltage applied to an 

actuator provided by a piezoelectric motor and an axial displacement of the 

piezoelectric motor; 

        FIG. 7 is a perspective view of a semiconductor wafer as a workpiece in the 

condition where the semiconductor wafer is attached to a dicing tape supported to an 
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annular frame; 

        FIG. 8 is a table for illustrating a fundamental numerical range of each 

processing factor input into the control means; 

        FIGS. 9A and 9B are tables for illustrating a fundamental numerical value of 

each processing factor set in a fundamental numerical value setting step by the control 

means; 

        FIG. 10 is a sectional view of laser processed grooves #1 to #5 formed in a 

fundamental processing performing step by the control means; 

        FIG. 11 is a perspective view for illustrating three-dimensional images of the 

laser processed grooves #1 to #5 formed in a three-dimensional imaging step by the 

control means; 

        FIGS. 12A to 12C are graphs showing the relation between processing 

factors and processing results made in a graph making step by the control means; 

        FIG. 13 is a table for illustrating a changed numerical range of each 

processing factor set in a changed numerical range setting step by the control means; 

and 

        FIGS. 14A and 14B are tables for illustrating a changed numerical value of 

each processing factor set in a changed numerical value setting step by the control 

means. 

 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

        A preferred embodiment of the laser processing apparatus according to the 

present invention will now be described in detail with reference to the attached 

drawings.  FIG. 1 is a perspective view of a laser processing apparatus 1 according to 

this preferred embodiment.  The laser processing apparatus 1 shown in FIG. 1 

includes a stationary base 2, a workpiece holding mechanism 3 for holding a 
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workpiece, the workpiece holding mechanism 3 being provided on the stationary base 

2 so as to be movable in a feeding direction (X direction) shown by an arrow X, and a 

laser beam applying unit 4 provided on the stationary base 2, the laser beam applying 

unit 4 having laser beam applying means to be hereinafter described. 

        The workpiece holding mechanism 3 includes a pair of guide rails 31 

provided on the stationary base 2 so as to extend parallel to each other in the X 

direction, a first slide block 32 provided on the guide rails 31 so as to be movable in 

the X direction, a second slide block 33 provided on the first slide block 32 so as to be 

movable in an indexing direction (Y direction) shown by an arrow Y perpendicular to 

the X direction, a cover table 35 supported by a cylindrical member 34 standing on the 

second slide block 33, and a chuck table 36 as workpiece holding means.  The chuck 

table 36 has a vacuum chuck 361 formed of a porous material.  A workpiece such as 

a disk-shaped semiconductor wafer is adapted to be held under suction on the upper 

surface of the vacuum chuck 361 as a holding surface by operating suction means (not 

shown).  The chuck table 36 is rotatable by a pulse motor (not shown) provided in 

the cylindrical member 34.  The chuck table 36 is provided with clamps 362 for 

fixing an annular frame supporting a semiconductor wafer as the workpiece through a 

protective tape. 

        The lower surface of the first slide block 32 is formed with a pair of guided 

grooves 321 for slidably engaging the pair of guide rails 31 mentioned above.  A pair 

of guide rails 322 are provided on the upper surface of the first slide block 32 so as to 

extend parallel to each other in the Y direction.  Accordingly, the first slide block 32 

is movable in the X direction along the guide rails 31 by the slidable engagement of 

the guided grooves 321 with the guide rails 31.  The workpiece holding mechanism 3 

further includes X moving means 37 for moving the first slide block 32 in the X 

direction along the guide rails 31.  The X moving means 37 includes an externally 
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threaded rod 371 extending parallel to the guide rails 31 so as to be interposed 

therebetween and a pulse motor 372 as a drive source for rotationally driving the 

externally threaded rod 371.  The externally threaded rod 371 is rotatably supported 

at one end thereof to a bearing block 373 fixed to the stationary base 2 and is 

connected at the other end to the output shaft of the pulse motor 372 so as to receive 

the torque thereof.  The externally threaded rod 371 is engaged with a tapped through 

hole formed in an internally threaded block (not shown) projecting from the lower 

surface of the first slide block 32 at a central portion thereof.  Accordingly, the first 

slide block 32 is moved in the X direction along the guide rails 31 by operating the 

pulse motor 372 to normally or reversely rotate the externally threaded rod 371. 

        The laser processing apparatus 1 includes X position detecting means 374 

for detecting the X position of the chuck table 36.  The X position detecting means 

374 includes a linear scale 374a extending along one of the guide rails 31 and a read 

head 374b provided on the first slide block 32 and movable along the linear scale 374a 

together with the first slide block 32.  The read head 374b of the X position detecting 

means 374 transmits a pulse signal of one pulse every 1 µm in this preferred 

embodiment to control means which will be hereinafter described.  This control 

means counts the number of pulses as the pulse signal input from the read head 374b 

to thereby detect the X position of the chuck table 36.  In the case that the pulse 

motor 372 is used as the drive source for the X moving means 37 as in this preferred 

embodiment, the number of pulses as a drive signal output from the control means to 

the pulse motor 372 may be counted by the control means to thereby detect the X 

position of the chuck table 36.  In the case that a servo motor is used as the drive 

source for the X moving means 37, a pulse signal output from a rotary encoder for 

detecting the rotational speed of the servo motor may be sent to the control means, and 

the number of pulses as the pulse signal input from the rotary encoder into the control 
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means may be counted by the control means to thereby detect the X position of the 

chuck table 36. 

        The lower surface of the second slide block 33 is formed with a pair of 

guided grooves 331 for slidably engaging the pair of guide rails 322 provided on the 

upper surface of the first slide block 32 as mentioned above.  Accordingly, the 

second slide block 33 is movable in the Y direction along the guide rails 322 by the 

slidable engagement of the guided grooves 331 with the guide rails 322.  The 

workpiece holding mechanism 3 further includes Y moving means 38 for moving the 

second slide block 33 in the Y direction along the guide rails 322.  The Y moving 

means 38 includes an externally threaded rod 381 extending parallel to the guide rails 

322 so as to be interposed therebetween and a pulse motor 382 as a drive source for 

rotationally driving the externally threaded rod 381.  The externally threaded rod 381 

is rotatably supported at one end thereof to a bearing block 383 fixed to the upper 

surface of the first slide block 32 and is connected at the other end to the output shaft 

of the pulse motor 382 so as to receive the torque thereof.  The externally threaded 

rod 381 is engaged with a tapped through hole formed in an internally threaded block 

(not shown) projecting from the lower surface of the second slide block 33 at a central 

portion thereof.  Accordingly, the second slide block 33 is moved in the Y direction 

along the guide rails 322 by operating the pulse motor 382 to normally or reversely 

rotate the externally threaded rod 381. 

        The laser processing apparatus 1 includes Y position detecting means 384 

for detecting the Y position of the chuck table 36.  The Y position detecting means 

384 includes a linear scale 384a extending along one of the guide rails 322 and a read 

head 384b provided on the second slide block 33 and movable along the linear scale 

384a together with the second slide block 33.  The read head 384b of the Y position 

detecting means 384 transmits a pulse signal of one pulse every 1 µm in this preferred 
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embodiment to the control means to be described later.  This control means counts 

the number of pulses as the pulse signal input from the read head 384b to thereby 

detect the Y position of the chuck table 36.  In the case that the pulse motor 382 is 

used as the drive source for the Y moving means 38 as in this preferred embodiment, 

the number of pulses as a drive source output from the control means to the pulse 

motor 382 may be counted by the control means to thereby detect the Y position of the 

chuck table 36.  In the case that a servo motor is used as the drive source for the Y 

moving means 38, a pulse signal output from a rotary encoder for detecting the 

rotational speed of the servo motor may be sent to the control means, and the number 

of pulses as the pulse signal input from the rotary encoder into the control means may 

be counted by the control means to thereby detect the Y position of the chuck table 36. 

        The laser beam applying unit 4 includes a support member 41 provided on 

the stationary base 2, a unit casing 42 supported by the support member 41 so as to 

extend in a substantially horizontal direction, laser beam applying means 5 provided 

on the unit casing 42, and imaging means 6 for detecting a subject area to be laser-

processed.  The laser beam applying means 5 includes pulsed laser beam oscillating 

means (not shown) provided in the unit casing 42 and a processing head 51 for 

focusing a pulsed laser beam oscillated by the pulsed laser beam oscillating means and 

applying this pulsed laser beam to the workpiece held on the chuck table 36.  The 

pulsed laser beam oscillating means includes a pulsed laser oscillator and repetition 

frequency setting means. 

        The imaging means 6 is provided on the unit casing 42 at a position lying on 

an extension line from the processing head 51 in the X direction so as to be spaced a 

predetermined distance.  The imaging means 6 includes an ordinary imaging device 

(CCD) for imaging the workpiece by using visible light, infrared light applying means 

for applying infrared light to the workpiece, an optical system for capturing the 
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infrared light applied to the workpiece by the infrared light applying means, and an 

imaging device (infrared CCD) for outputting an electrical signal corresponding to the 

infrared light captured by the optical system.  An image signal output from the 

imaging means 6 is transmitted to the control means to be described later. 

        The laser processing apparatus 1 further includes three-dimensional imaging 

means 7 for imaging a processed condition of the workpiece held on the chuck table 

36 to form a three-dimensional image.  The three-dimensional imaging means 7 

includes an interference type imaging mechanism 70 provided on the unit casing 42 

for imaging the workpiece held on the chuck table 36 in three dimensions composed 

of the X direction, the Y direction perpendicular to the X direction, and the Z direction 

perpendicular to both the X direction and the Y direction and then outputting an image 

signal obtained above.  The interference type imaging mechanism 70 is supported to 

first Z moving means 8 provided on the unit casing 42 so as to be movable in the Z 

direction by the first Z moving means 8.  The interference type imaging mechanism 

70 and the first Z moving means 8 constituting the three-dimensional imaging means 

7 will now be described in detail with reference to FIGS. 2 to 4. 

        The interference type imaging mechanism 70 shown in FIGS. 2 to 4 is a so-

called Mirau interference type imaging mechanism.  As shown in FIG. 3 in detail, the 

interference type imaging mechanism 70 includes a mechanism housing 71, imaging 

device means 72 provided at the upper portion of the mechanism housing 71, focusing 

means 73 provided at the lower portion of the mechanism housing 71 so as to be 

opposed to the holding surface (upper surface) of the chuck table 36, and light 

applying means 74 for applying light through the focusing means 73 to the workpiece 

held on the holding surface of the chuck table 36.  The imaging device means 72 

includes a plurality of pixels arranged in the X direction and the Y direction and 

outputs an image signal to the control means to be described later. 
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        The focusing means 73 constituting the interference type imaging 

mechanism 70 is composed of a unit case 731 and an objective lens 732 provided in 

the unit case 731.  As shown in FIG. 4, the objective lens 732 functions to focus the 

light from the light applying means 74 to a focal point P (imaging position).  In this 

preferred embodiment, the focused spot diameter at the focal point P is set to 100 µm.  

Further, interference light generating means 75 is provided in the unit case 731 of the 

focusing means 73.  The interference light generating means 75 functions to generate 

interference light according to return light reflected on the workpiece held on the 

holding surface of the chuck table 36.  As shown in FIG. 4, the interference light 

generating means 75 is composed of a glass plate 751 interposed between the 

objective lens 732 and the chuck table 36 and a first beam splitter 752 interposed 

between the glass plate 751 and the chuck table 36.  The glass plate 751 is provided 

with a central microscopic mirror 751a having a diameter of 0.5 mm, for example.  

The first beam splitter 752 functions to partially transmit the light applied from the 

light applying means 74 and focused by the objective lens 732, thereby applying the 

transmitted light to the workpiece held on the holding surface of the chuck table 36 

and also to partially reflect the light applied from the light applying means 74 and 

focused by the objective lens 732, thereby directing the reflected light toward the 

mirror 751a of the glass plate 751.  The transmitted light through the first beam 

splitter 752 is reflected at the focal point P (imaging position) to interfere with the 

reflected light from the first beam splitter 752 on the glass plate 751.  Thus, the 

focusing means 73 and the interference light generating means 75 cooperate to 

generate interference light having a high intensity and guide this interference light 

toward the imaging device means 72. 

        As shown in FIG. 3, the mechanism housing 71 has a bottom wall 711 

formed with a mount hole 711a.  The unit case 731 containing the objective lens 732 
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and the interference light generating means 75 is mounted to the mechanism housing 

71 so as to be movable through the mount hole 711a of the bottom wall 711 in a 

direction (vertical direction as viewed in FIG. 3) perpendicular to the holding surface 

(upper surface) of the chuck table 36.  A flange portion 731a is provided at the upper 

end of the unit case 731, and an actuator 76 is provided between the bottom wall 711 

of the mechanism housing 71 and the flange portion 731a of the unit case 731 of the 

focusing means 73.  The actuator 76 functions as second Z moving means for 

moving the unit case 731 in the vertical direction as viewed in FIG. 3.  In this 

preferred embodiment, the actuator 76 is provided by a piezoelectric motor including 

a piezoelectric element adapted to axially extend according to a voltage applied.  

Accordingly, the actuator 76 provided by such a piezoelectric motor can move the unit 

case 731 in the vertical direction as viewed in FIG. 3 (in the direction perpendicular to 

the holding surface of the chuck table 36) according to a voltage applied under the 

control by the control means to be described later.  As a modification, a high-

responsive voice coil motor such as a piezoelectric motor may be used for the actuator 

76. 

        The light applying means 74 is composed of a light source 741 such as an 

LED provided in a side projection 712 projecting from one side surface of the 

mechanism housing 71 and a second beam splitter 742 provided in the mechanism 

housing 71 at a position between the imaging device means 72 and the focusing means 

73.  The second beam splitter 742 functions to guide the light emitted from the light 

source 741 toward the focusing means 73 and also to guide the light reflected from the 

workpiece held on the holding surface of the chuck table 36 toward the imaging 

device means 72. 

        The configuration of the first Z moving means 8 will now be described in 

detail with reference to FIG. 2.  The first Z moving means 8 is composed of a support 
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case 81 for supporting the mechanism housing 71 of the interference type imaging 

mechanism 70 so that the mechanism housing 71 is movable in the Z direction shown 

by an arrow Z (in the direction perpendicular to the holding surface of the chuck table 

36) and operating means 82 for moving the mechanism housing 71 supported to the 

support case 81 in the Z direction.  The support case 81 is composed of an upper wall 

811, a bottom wall 812, opposite side walls 813 and 814, and a rear wall (not shown).  

The opposite side walls 813 and 814 project to the front side to respectively form a 

pair of guide rails 813a and 814a.  The operating means 82 includes an externally 

threaded rod 821 extending parallel to the opposite side walls 813 and 814 of the 

support case 81 so as to be interposed therebetween.  The externally threaded rod 

821 is rotatably supported to the upper wall 811 and the bottom wall 812.  The 

operating means 82 further includes a pulse motor 822 as a drive source provided on 

the upper wall 811 for rotationally driving the externally threaded rod 821.  An 

internally threaded block 713 having a tapped through hole 713a is provided on the 

rear wall of the mechanism housing 71.  The tapped through hole 713a of the 

internally threaded block 713 is threadedly engaged with the externally threaded rod 

821 of the operating means 82.  Accordingly, the mechanism housing 71 having the 

internally threaded block 713 is moved along the guide rails 813a and 814a in the Z 

direction by operating the pulse motor 822 to normally or reversely rotate the 

externally threaded rod 821. 

        The three-dimensional imaging means 7 further includes Z position 

detecting means 80 for detecting the Z position of the interference type imaging 

mechanism 70 to be moved by the first Z moving means 8.  The Z position detecting 

means 80 is composed of a linear scale 80a provided on the guide rail 813a and a read 

head 80b mounted on the mechanism housing 71 of the interference type imaging 

mechanism 70 and movable along the linear scale 80a together with the mechanism 
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housing 71.  The read head 80b of the Z position detecting means 80 transmits a 

pulse signal of one pulse every 1 µm, for example, to the control means to be 

described later. 

        The laser processing apparatus 1 further includes control means 9 shown in 

FIG. 5.  The control means 9 functions to generate image information according to an 

image signal output from the imaging device means 72 of the interference type 

imaging mechanism 70.  The control means 9 controls not only the components of 

the three-dimensional imaging means 7, but also all the other components of the laser 

processing apparatus 1.  The control means 9 is configured by a computer, and it 

includes a central processing unit (CPU) 91 for performing operational processing 

according to a control program, a read only memory (ROM) 92 preliminarily storing 

the control program, a random access memory (RAM) 93 for storing the results of 

computation, etc., an input interface 94, and an output interface 95.  Detection 

signals from the X position detecting means 374, the Y position detecting means 384, 

the imaging means 6, the imaging device means 72 of the interference type imaging 

mechanism 70, the read head 80b of the Z position detecting means 80 for detecting 

the Z position of the interference type imaging mechanism 70, and input means 90 are 

input into the input interface 94 of the control means 9.  On the other hand, control 

signals are output from the output interface 95 of the control means 9 to the pulse 

motor 372 of the X moving means 37, the pulse motor 382 of the Y moving means 38, 

the laser beam applying means 5, the pulse motor 822 of the first Z moving means 8, 

the actuator 76 provided by a piezoelectric motor functioning as the second Z moving 

means, the light source 741 of the light applying means 74, and output means 900 

such as display means and a printer.  The RAM 93 includes a memory area 

preliminarily storing a control map shown in FIG. 6 for setting the relation between a 

voltage applied to the actuator 76 provided by a piezoelectric motor and an axial 
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displacement of the piezoelectric motor.  The RAM 93 also includes other memory 

areas. 

        The operation of the laser processing apparatus 1 configured above will now 

be described.  FIG. 7 is a perspective view of a semiconductor wafer 10 as a 

workpiece to be processed by the laser processing apparatus 1 in the condition where 

the semiconductor wafer 10 is attached to a dicing tape T supported to an annular 

frame F.  The semiconductor wafer 10 shown in FIG. 7 is a silicon wafer.  A 

plurality of crossing division lines 101 are formed on the front side 10a of the 

semiconductor wafer 10 to define a plurality of separate regions where a plurality of 

devices 102 such as ICs and LSIs are respectively formed. 

        There will now be described a setting procedure for processing conditions in 

forming a laser processed groove having a predetermined depth (e.g., 10 µm) on the 

semiconductor wafer 10.  First, the semiconductor wafer 10 supported through the 

dicing tape T to the annular frame F is placed on the chuck table 36 of the laser 

processing apparatus 1 shown in FIG. 1 in the condition where the dicing tape T is in 

contact with the upper surface of the chuck table 36.  Thereafter, the suction means 

(not shown) is operated to hold the semiconductor wafer 10 through the dicing tape T 

on the chuck table 36 under suction.  Accordingly, the semiconductor wafer 10 is 

held through the dicing tape T on the chuck table 36 in the condition where the front 

side 10a of the semiconductor wafer 10 is oriented upward.  Further, the annular 

frame F supporting the dicing tape T is fixed by the clamps 362 provided on the chuck 

table 36.  Thereafter, the X moving means 37 is operated to move the chuck table 36 

holding the semiconductor wafer 10 to a position directly below the imaging means 6. 

        In the condition where the chuck table 36 is positioned directly below the 

imaging means 6, an alignment operation is performed by the imaging means 6 and 

the control means 9 to detect a subject area of the semiconductor wafer 10 to be laser-
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processed.  More specifically, the imaging means 6 and the control means 9 perform 

image processing such as pattern matching for making the alignment of the division 

lines 101 extending in a first direction on the semiconductor wafer 10 and the 

processing head 51 of the laser beam applying means 5, thus performing the alignment 

for the division lines 101 extending in the first direction.  Similarly, this alignment is 

performed for the other division lines 101 extending in a second direction 

perpendicular to the first direction on the semiconductor wafer 10. 

        After performing the alignment operation to detect the subject area of the 

semiconductor wafer 10 held on the chuck table 36, a processing conditions adjusting 

step is performed by the control means 9 in such a manner that the processing 

conditions are adjusted so as to obtain a desired processing result input by the input 

means 90 according to the desired processing result and a three-dimensional image 

formed by the three-dimensional imaging means 7.  In this processing conditions 

adjusting step, the operator first sets the target depth of the laser processed groove 

(e.g., 10 µm) as the desired processing result and also sets the fundamental numerical 

ranges of processing factors shown in FIG. 8.  The target depth and the fundamental 

numerical ranges set above are input from the input means 90 to the control means 9 

by the operator.  For example, the processing factors are defined as the repetition 

frequency of a pulsed laser beam, the power of the pulsed laser beam, and the work 

feed speed.  The fundamental numerical range of each processing factor is set by 

setting the maximum value and the minimum value of each processing factor.  For 

example, as shown in FIG. 8, the maximum value and the minimum value of the 

repetition frequency of the pulsed laser beam are set to 200 kHz and 40 kHz, 

respectively, the maximum value and the minimum value of the power of the pulsed 

laser beam are set to 2 W and 0.5 W, respectively, and the maximum value and the 

minimum value of the work feed speed are set to 200 mm/second and 50 mm/second, 
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respectively. 

        After inputting the fundamental numerical range of each processing factor, 

the control means 9 performs a fundamental numerical value setting step of computing 

according to the fundamental numerical range of each processing factor by using an 

experimental design to thereby set a fundamental value of each processing factor.  By 

performing this fundamental numerical value setting step, the fundamental numerical 

value of each processing factor is set as shown in FIG. 9A.  For example, five test 

samples #1 to #5 are prepared as shown in FIG. 9A, wherein the fundamental 

numerical values for the repetition frequency, power, and work feed speed as the 

processing factors are set in each test sample and the processing result (the depth of 

the laser processed groove) is also set.  The fundamental numerical values set above 

are stored into the RAM 93. 

        After performing the fundamental numerical value setting step mentioned 

above, the control means 9 performs a fundamental processing performing step of 

controlling the laser beam applying means 5 and the X moving means 37 according to 

the fundamental numerical values set in the fundamental numerical value setting step 

to thereby perform fundamental processing to the semiconductor wafer 10 held on the 

chuck table 36.  More specifically, the control means 9 moves the chuck table 36 to 

position one end of a predetermined one of the division lines 101 directly below the 

processing head 51 of the laser beam applying means 5.  Thereafter, the control 

means 9 operates the laser beam applying means 5 and the X moving means 37 by 

using the fundamental numerical values set in the test sample #1 (repetition frequency: 

200 kHz, power: 2 W, work feed speed: 200 mm/second) to thereby apply a pulsed 

laser beam along the predetermined division line 101.  The focused spot diameter of 

the pulsed laser beam to be focused by the processing head 51 is preliminarily set to 2 

µm, for example.  As a result, a laser processed groove denoted by #1 in FIG. 10 is 
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formed on the semiconductor wafer 10. 

        Thereafter, the control means 9 operates the Y moving means 38 to move 

the chuck table 36 in the Y direction by the pitch of the division lines 101, thereby 

positioning one end of the next division line 101 directly below the processing head 

51.  Thereafter, the control means 9 similarly operates the laser beam applying means 

5 and the X moving means 37 by using the fundamental numerical values set in the 

test sample #2 (repetition frequency: 40 kHz, power: 2 W, work feed speed: 50 

mm/second) to thereby apply a pulsed laser beam along this next division line 101.  

As a result, a laser processed groove denoted by #2 in FIG. 10 is formed on the 

semiconductor wafer 10.  Thereafter, laser processing is similarly performed along 

the further next division lines 101 by using the fundamental numerical values set in 

the test samples #3, #4, and #5.  As a result, laser processed grooves denoted by #3, 

#4, and #5 in FIG. 10 are formed on the semiconductor wafer 10. 

        After performing the fundamental processing performing step, the control 

means 9 performs a three-dimensional imaging step of imaging the processed 

condition of the semiconductor wafer 10 to form a three-dimensional image.  In this 

three-dimensional imaging step, the control means 9 operates the X moving means 37 

to move the chuck table 36 holding the semiconductor wafer 10 processed by the 

fundamental processing performing step to a position directly below the focusing 

means 73 constituting the interference type imaging mechanism 70 of the three-

dimensional imaging means 7.  In this condition, the laser processed groove #1 

formed on the semiconductor wafer 10 is positioned directly below the focusing 

means 73.  Thereafter, the first Z moving means 8 is operated to lower the 

interference type imaging mechanism 70 from a predetermined standby position.  

Further, a voltage of 60 V, for example, is applied to the actuator 76 provided by a 

piezoelectric motor as the second Z moving means, thereby axially extending the 
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actuator 76 by an amount of 60 µm as shown in FIG. 6.  In this extended condition, 

the focal point P (see FIG. 4) of light to be applied from the focusing means 73 of the 

interference type imaging mechanism 70 is set near the front side 10a (upper surface) 

of the semiconductor wafer 10 held on the chuck table 36. 

        Thereafter, the control means 9 operates the imaging device means 72 and 

the light source 741 of the light applying means 74 constituting the interference type 

imaging mechanism 70.  Further, the voltage applied to the actuator 76 as a 

piezoelectric motor is reduced from 60 V in steps of 1 V.  As a result, the actuator 76 

as a piezoelectric motor is reduced in length in steps of 1 µm as apparent from FIG. 6, 

so that the focusing means 73 is lowered in the Z direction in steps of 1 µm.  Every 

time the focusing means 73 is lowered in steps of 1 µm, the X moving means 37 is 

operated by the control means 9 and the imaging device means 72 forms an image and 

transmits an image signal to the control means 9.  The control means 9 inputs the 

image signal transmitted from the imaging device means 72 in steps of 100 µm for the 

movement of the chuck table 36 in the X direction according to the detection signal 

from the X position detecting means 374, thereby forming a three-dimensional image 

of the laser processed groove #1 as shown in FIG. 11.  This three-dimensional 

imaging step is similarly performed to the other laser processed grooves #2 to #5 to 

thereby form three-dimensional images of the laser processed grooves #2 to #5 as 

shown in FIG. 11.  At the same time, the depths of the laser processed grooves #1 to 

#5 are measured from the three-dimensional images of the laser processed grooves #1 

to #5.  Thereafter, the control means 9 stores the three-dimensional images of the 

laser processed grooves #1 to #5 formed above into the RAM 93 and also records the 

depths of the laser processed grooves #1 to #5 measured above into the column of the 

groove depth (µm) shown in FIG. 9A, which is previously stored with the fundamental 

numerical values of the processing factors in the RAM 93.  The depths (µm) of the 
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laser processed grooves #1 to #5 as recorded above are shown in FIG. 9B. 

        If any one of the depths (µm) of the laser processed grooves #1 to #5 

recorded above falls within an allowable range (9.5 µm to 10.5 µm) of the desired 

processing result (10 µm as the target depth of the laser processed groove), the control 

means 9 decides the processing conditions for formation of this laser processed groove 

having the depth falling within the allowable range as desired processing conditions. 

        Thereafter, the control means 9 performs a graph making step of making a 

graph of the processing results in relation to each processing factor according to the 

three-dimensional images formed in the three-dimensional imaging step.  More 

specifically, the control means 9 computes according to the three-dimensional images 

shown in FIG. 11 by using an experimental design and then graphs the processing 

tendency for the depth of the laser processed groove in relation to the repetition 

frequency of the pulsed laser beam, the power of the pulsed laser beam, and the work 

feed speed as shown in FIGS. 12A to 12C.  Then, the control means 9 selects the 

processing factor having an influence upon the processing results by comparing the 

graphs shown in FIGS. 12A to 12C.  That is, as apparent from the graphs shown in 

FIGS. 12A to 12C, it can be determined that the processing factor having a greatest 

influence upon the desired processing result (10 µm as the target depth of the laser 

processed groove) is the work feed speed having a processing tendency related to the 

target depth of 10 µm (changed numerical range setting step).  After determining that 

the processing factor having an influence upon the desired processing result is the 

work feed speed, the control means 9 determines that the range of the work feed speed 

exerting an influence upon the desired processing result in the graph shown in FIG. 

12C is higher than 125 mm/second which is a middle point between 50 mm/second 

and 200 mm/second.  Then, the control means 9 changes the minimum value of the 

work feed speed as the processing factor from 50 mm/second (see FIG. 8) to 125 
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mm/second (see FIG. 13) and sets this changed numerical range (changed numerical 

range setting step). 

        After performing the changed numerical range setting step mentioned above, 

the control means 9 performs a changed numerical value setting step of computing 

according to the changed numerical range of the selected processing factor by using 

an experimental design and changing the numerical value of each processing factor to 

set this changed numerical value.  By performing this changed numerical value 

setting step, the changed numerical values for each processing factor in all the test 

samples #1 to #5 are set as shown in FIG. 14A.  The changed numerical values set 

above are stored into the RAM 93. 

        After performing the changed numerical value setting step mentioned above, 

the control means 9 performs a changed processing performing step of controlling the 

laser beam applying means 5 and the X moving means 37 according to the changed 

numerical value of each processing factor set in the changed numerical value setting 

step, thereby performing changed processing to the semiconductor wafer 10 held on 

the chuck table 36.  This changed processing performing step is performed in a 

manner similar to that of the fundamental processing performing step mentioned 

above. 

        After performing the changed processing performing step mentioned above, 

the control means 9 performs a second three-dimensional imaging step of imaging the 

processed condition of the semiconductor wafer 10 processed by the changed 

processing performing step and then forming a three-dimensional image.  This 

second three-dimensional imaging step is performed in a manner similar to that of the 

three-dimensional imaging step of imaging the processed condition of the 

semiconductor wafer 10 processed by the fundamental processing performing step 

mentioned above by using the three-dimensional imaging means 7.  In this manner, 
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the control means 9 creates three-dimensional images of the laser processed grooves 

#1 to #5 and measures the depths of the laser processed grooves #1 to #5.  Further, 

the control means 9 stores the three-dimensional images of the laser processed 

grooves #1 to #5 into the RAM 93 and also records the depths of the laser processed 

grooves #1 to #5 measured above into the column of the groove depth (µm) shown in 

FIG. 14A, which is previously stored with the changed numerical values of the 

processing factors in the RAM 93.  The depths (µm) of the laser processed grooves 

#1 to #5 as recorded above are shown in FIG. 14B.  If any one of the depths (µm) of 

the laser processed grooves #1 to #5 recorded above falls within the allowable range 

(9.5 µm to 10.5 µm) of the desired processing result (10 µm as the target depth of the 

laser processed groove), the control means 9 decides the processing conditions for 

formation of this laser processed groove having the depth falling within the allowable 

range as desired processing conditions.  In the case shown in FIG. 14B, the control 

means 9 decides the processing conditions for formation of the laser processed groove 

#3 having a depth of 10.4 µm falling within the allowable range as the desired 

processing conditions for formation of the laser processed groove having the target 

depth of 10 µm (repetition frequency: 200 kHz, power: 0.5 W, work feed speed: 125 

mm/second).  Thereafter, the control means 9 outputs the decided processing 

conditions (repetition frequency: 200 kHz, power: 0.5 W, work feed speed: 125 

mm/second) to the output means 900, thereby displaying them on display means such 

as a monitor or printing them out through a printer. 

        In the case that the depth of each laser processed groove does not fall within 

the allowable range (9.5 µm to 10.5 µm) of the desired processing result (10 µm as the 

target depth of the laser processed groove) in the second three-dimensional imaging 

step, all of the graph making step, the changed numerical range setting step, the 

changed numerical value setting step, the changed processing performing step, and the 
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second three-dimensional imaging step are repeated until the actual processing result 

obtained by the changed processing falls within the allowable range. 

        In the laser processing apparatus according to the present invention 

described above, the processing conditions for the workpiece can be automatically set 

by inputting necessary items.  Accordingly, the operator does not need to set the 

processing conditions by trial and error, so that the productivity can be improved. 

        While the repetition frequency of the pulsed laser beam, the power of the 

pulsed laser beam, and the work feed speed are set as the processing conditions in the 

above preferred embodiment, it is preferable to set the pulse width of the pulsed laser 

beam and the focused spot diameter of the pulsed laser beam as the processing 

conditions. 

        The present invention is not limited to the details of the above described 

preferred embodiment.  The scope of the invention is defined by the appended claims 

and all changes and modifications as fall within the equivalence of the scope of the 

claims are therefore to be embraced by the invention. 



25 

WHAT IS CLAIMED IS: 

        1.  A laser processing apparatus comprising: 

        a chuck table for holding a workpiece; 

        a laser beam applying unit having a processing head for applying a laser 

beam to said workpiece held by said chuck table; 

        moving mechanism for relatively moving said chuck table and said laser 

beam applying unit; 

        an alignment unit for detecting a subject area of said workpiece held by said 

chuck table; 

        a controller for controlling said laser beam applying unit and said moving 

mechanism; 

        an operation panel for inputting a desired processing result to said 

controller; and 

        three-dimensional imaging unit for imaging a processed condition of said 

workpiece held by said chuck table to form a three-dimensional image, 

        wherein said controller performs a processing conditions adjusting step of 

adjusting processing conditions so as to obtain said desired processing result input by 

said operational panel according to said desired processing result and said three-

dimensional image formed by said three-dimensional imaging unit, and then controls 

said laser beam applying unit and said moving mechanism according to said 

processing conditions adjusted in said processing conditions adjusting step. 

        2.  The laser processing apparatus according to claim 1,  

        wherein said processing conditions adjusting step by the control means 

includes: 

                a fundamental numerical value setting step of setting a 

fundamental numerical value of each processing factor according to said desired 
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processing result input from said operation panel and a fundamental numerical range 

of each processing factor; 

                a fundamental processing performing step of controlling said laser 

beam applying unit and said moving mechanism according to the fundamental 

numerical value of each processing factor set in said fundamental numerical value 

setting step to thereby perform fundamental processing to said workpiece held by said 

chuck table; 

                a three-dimensional imaging step of operating said three-

dimensional imaging unit to image the processed condition of said workpiece 

processed by said fundamental processing performing step, thereby forming a three-

dimensional image; 

                a graph making step of making a graph of the processing results in 

relation to each processing factor according to said three-dimensional image formed in 

said three-dimensional imaging step; 

                a changed numerical range setting step of selecting the processing 

factor having an influence upon the processing results by comparing the graphs each 

corresponding to the processing factors as made in said graph making step and then 

setting a changed numerical range for the processing factor selected above; 

                a changed numerical value setting step of setting a changed 

numerical value of each processing factor according to the changed numerical range 

set in said changed numerical range setting step; and 

                a changed processing performing step of controlling said laser 

beam applying unit and said moving mechanism according to the changed numerical 

value of each processing factor set in said changed numerical value setting step, 

thereby performing changed processing to said workpiece held by said chuck table; 

        all of said three-dimensional imaging step, said graph making step, said 
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changed numerical range setting step, said changed numerical value setting step, and 

said changed processing performing step being repeated until the actual processing 

result obtained by said changed processing falls within an allowable range of said 

desired processing result. 

        3.  The laser processing apparatus according to claim 2, wherein said 

fundamental numerical value setting step, said graph making step, and said changed 

numerical value setting step are performed according to an experimental design. 


