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LASER MACHINING APPARATUS 

 

BACKGROUND OF THE INVENTION 

Field of the Invention 

        The present invention relates to a laser machining apparatus for machining a 

workpiece such as semiconductor wafer. 

Description of the Related Art 

        A semiconductor wafer having a device such as IC formed in each of the 

areas partitioned by scheduled division lines is machined, for example, by a laser 

machining apparatus, thus being divided into a plurality of device chips, each 

corresponding to a device.  Such a laser machining apparatus generally includes a 

chuck table and a laser irradiation unit.  The chuck table sucks and holds a 

semiconductor wafer or other workpiece.  The laser irradiation unit irradiates a laser 

beam.  In order to machine a workpiece with this laser machining apparatus, a laser 

beam is irradiated from the laser irradiation unit while at the same time relatively 

moving the laser irradiation unit and the chuck table in a direction parallel to the 

scheduled division lines (hereinafter also referred to as machining feed).  This allows 

a laser beam to be irradiated along the scheduled division lines of the workpiece 

sucked and held by the chuck table, thus machining the workpiece. 

        Incidentally, a machining method is commercially available which machines 

a workpiece by reciprocally moving the laser irradiation unit and the chuck table in a 

direction parallel to the scheduled division lines for enhanced machining efficiency of 

a laser machining apparatus such as the one described above.  With this machining 

method, for example, the relative movement (machining feed) of the laser irradiation 

unit and the chuck table is stopped after the end of machining in the forward trip.  

Next, the irradiation position of the laser beam is set at the extension of the scheduled 
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division line to be machined in the backward trip by relatively moving the laser 

irradiation unit and the chuck table in a direction perpendicular to the scheduled 

division lines (hereinafter also referred to as indexing feed).  Then, machining in the 

backward trip is initiated. 

        Further, a new technology that focuses on the amounts of time required to 

stop machining feed and required for indexing feed (refer, for example, to Japanese 

Patent Laid-Open No. 2012-161799) has been proposed.  This technology stops 

machining feed and conducts indexing feed in parallel, thus reducing the amount of 

time required for indexing feed to substantially zero and shortening the amount of 

time until next machining for enhanced machining efficiency. 

 

SUMMARY OF THE INVENTION 

        Efforts are underway in recent years to upsize workpieces for enhanced 

device chip productivity.  As workpiece sizes grow, so does the number of scheduled 

division lines to be machined, thus giving rise to demand for even higher machining 

efficiency of a laser machining apparatus. 

        In light of the foregoing, it is an object of the present invention to provide a 

laser machining apparatus which offers even higher machining efficiency. 

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

laser machining apparatus for machining a workpiece by irradiating a laser beam.  

The laser machining apparatus includes holding means, laser irradiation means, 

machining feed means, indexing feed means, and control means.  The holding means 

holds the workpiece.  The laser irradiation means irradiates a laser beam onto the 

workpiece held by the holding means.  The machining feed means relatively moves 

the holding means and the laser irradiation means in a machining feed direction.  The 

indexing feed means relatively moves the holding means and the laser irradiation 
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means in an indexing feed direction.  The control means controls the operation of 

each component.  The control means performs machining, stopping, indexing, and 

starting steps.  The machining step irradiates a laser beam from the laser irradiation 

means while at the same time moving the laser irradiation means relative to the 

holding means in a first direction parallel to the machining feed direction at a given 

speed, thus machining the workpiece, held by the holding means, along an arbitrary 

scheduled division line up to an end portion of the workpiece.  The stopping step 

stops, after the machining step, the laser irradiation means relative to the holding 

means.  The indexing step relatively moves the holding means and the laser 

irradiation means in the indexing feed direction, thus setting the irradiation position of 

the laser beam at the extension of a scheduled division line to be machined next.  The 

starting step accelerates, after the stopping step, the laser irradiation means relative to 

the holding means in a second direction opposite to the first direction, thus bringing 

the laser irradiation means to the given speed before the laser beam reaches the end 

portion of the workpiece.  During the steps, letting the amount of time required for 

the stopping step be denoted by ‘ta’ and the amount of time required for the indexing 

step be denoted by ‘tb,’ and when tb > ta, the control means initiates the stopping step 

and the indexing step simultaneously after the machining step and takes advantage of 

remaining time (tb - ta) of the indexing step following the end of the stopping step to 

perform the starting step. 

        If the amount of time required for the indexing step is longer than that for 

the stopping step, the laser machining apparatus according to the present invention 

initiates the stopping and indexing steps simultaneously and takes advantage of 

remaining time of the indexing step following the end of the stopping step to perform 

the starting step, thus reducing the amount of time required for the stopping step to 

substantially zero and substantially shortening the amount of time required for the 
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starting step.  That is, the laser machining apparatus according to the present 

invention performs not only the stopping and indexing steps but also the indexing and 

starting steps, in parallel, shortening the amount of time until next machining for even 

higher machining efficiency. 

        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 

an appended claim with reference to the attached drawings showing a preferred 

embodiment of the invention. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

        Fig. 1 is a diagram schematically illustrating a laser machining apparatus; 

        Fig. 2 is a perspective view schematically illustrating the manner in which a 

workpiece is machined; and 

        Figs. 3A to 3C are plan views schematically illustrating examples of paths 

traced by a laser beam when indexing and starting steps are performed in parallel. 

 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

        A detailed description will be given below of an embodiment of the present 

invention with reference to the accompanying drawings.  Fig. 1 is a diagram 

schematically illustrating a laser machining apparatus according to the present 

embodiment.  As illustrated in Fig. 1, a laser machining apparatus 2 according to the 

present embodiment includes a base 4 in the shape of a rectangular parallelepiped to 

which each structure is mounted.  A horizontal movement mechanism (machining 

feed means and indexing feed means) 8 is provided on the top face of the base 4.  

The horizontal movement mechanism 8 moves a chuck table (holding means) 6 in the 
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X- and Y-axis directions (machining and indexing feed directions). 

        The horizontal movement mechanism 8 includes a pair of Y-axis guide rails 

10 that are fastened to the top face of the base 4 and run parallel to the Y-axis direction.  

A Y-axis movement table 12 is arranged on the Y-axis guide rails 10 in a slidable 

manner.  A nut section (not shown) is provided on the rear face side (bottom face 

side) of the Y-axis movement table 12.  A Y-axis ball screw 14 that runs parallel to 

the Y-axis guide rails 10 is screwed into the nut section.  The Y-axis ball screw 14 

has its one end portion coupled to a Y-axis pulse motor 16.  As the Y-axis ball screw 

14 is rotated by the Y-axis pulse motor 16, the Y-axis movement table 12 moves in the 

Y-axis direction along the Y-axis guide rails 10. 

        A pair of X-axis guide rails 18 that run parallel to the X-axis direction are 

fastened to the front face (top face) of the Y-axis movement table 12.  An X-axis 

movement table 20 is arranged on the X-axis guide rails 18 in a slidable manner.  A 

nut section (not shown) is provided on the rear face side (bottom face side) of the X-

axis movement table 20.  An X-axis ball screw 22 that runs parallel to the X-axis 

guide rails 18 is screwed into the nut section.  The X-axis ball screw 22 has its one 

end portion coupled to an X-axis pulse motor 24.  As the X-axis ball screw 22 is 

rotated by the X-axis pulse motor 24, the X-axis movement table 20 moves in the X-

axis direction along the X-axis guide rails 18. 

        The chuck table 6 is arranged on the front face side (top face side) of the X-

axis movement table 20 to suck and hold a workpiece 11 (refer to Fig. 2).  The 

workpiece 11 is, for example, a disk-shaped semiconductor wafer or sapphire 

substrate.  The side of a front face 11a of the workpiece 11 is divided into a device 

area in the center and a peripheral excess area that surrounds the device area.  The 

device area is further partitioned into a plurality of areas by scheduled division lines 

(streets) that are arranged in a grid pattern, with a device 13 such as IC formed in each 
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of the areas.  Adhesive tape 15 is applied to the side of a rear face 11b of the 

workpiece 11, with an annular frame 17 fastened to the peripheral portion of the 

adhesive tape 15. 

        As illustrated in Fig. 1, the front face (top face) of the chuck table 6 is a 

holding face 6a adapted to suck and hold the workpiece 11.  The holding face 6a is 

connected to a suction source (not shown) via a channel (not shown) formed inside the 

chuck table 6.  A rotation mechanism (not shown) is provided under the chuck table 

6.  The chuck table 6 rotates about the Z-axis thanks to this rotation mechanism.  

Further, four clamps 26 are provided around the chuck table 6 to grip and fasten the 

annular frame 17 from four directions. 

        A support structure 28 in the approximate shape of letter L as seen in front 

view is provided behind the horizontal movement mechanism 8.  A vertical 

movement mechanism 32 is provided on one lateral face of the support structure 28 to 

move a laser irradiation unit (laser irradiation means) 30 in the Z-axis direction 

(vertically).  The vertical movement mechanism 32 includes a Z-axis guide rail 34 

that is fastened to one lateral face of the support structure 28 and runs parallel to the 

Z-axis direction.  A support block 36 is arranged on the Z-axis guide rail 34 in a 

slidable manner.  A nut section (not shown) is provided on the rear face side (on the 

side of the support structure 28) of the support block 36.  A Z-axis ball screw (not 

shown) that runs parallel to the Z-axis guide rail 34 is screwed into the nut section.  

The Z-axis ball screw has its one end portion coupled to a Z-axis pulse motor 38.  As 

the Z-axis ball screw is rotated by the Z-axis pulse motor 38, the support block 36 

moves in the Z-axis direction along the Z-axis guide rail 34. 

        A support arm 40 that supports the laser irradiation unit 30 is fastened to the 

support block 36.  The laser irradiation unit 30 is provided on the support arm 40 to 

irradiate a laser beam L downward (refer to Fig. 2).  The laser irradiation unit 30 
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includes a condenser (not shown) to irradiate the workpiece 11, sucked and held by 

the chuck table 6, with the laser beam L oscillated in a pulse form by a laser oscillator 

(not shown). 

        A camera 42 is provided adjacent to the laser irradiation unit 30 to capture 

an image of the side of the front face 11a of the workpiece 11.  The image captured 

by the camera 42 is used, for example, to adjust the position of the laser irradiation 

unit 30 relative to the workpiece 11. 

        The chuck table 6, the horizontal movement mechanism 8, the laser 

irradiation unit 30, the vertical movement mechanism 32, the camera 42, and other 

components are connected to a controller (control means) 44.  The controller 44 

controls the operation of each of the components for proper machining of the 

workpiece 11. 

        Fig. 2 is a perspective view schematically illustrating the manner in which 

the workpiece 11 is machined by the laser machining apparatus 2 according to the 

present embodiment.  The controller 44 brings the irradiation position of the laser 

beam L at the extension of the scheduled division line to be machined first, and then 

machines the workpiece 11 by repeating machining, stopping, indexing, and starting 

steps which will be described later.  It should be noted that although the laser 

machining apparatus 2 according to the present embodiment moves the chuck table 6 

in the X- and Y-axis directions, the laser machining apparatus according to the present 

invention need only be configured so that the chuck table 6 and the laser irradiation 

unit 30 are relatively moved.  More specifically, for example, the laser irradiation 

unit 30 can be moved in the X- and Y-axis directions.  In the description given below, 

therefore, reference will be made only to the relative movement of the chuck table 6 

and the laser irradiation unit 30. 

        In the machining step, the laser beam L is irradiated from the laser 
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irradiation unit 30 while at the same time moving the laser irradiation unit 30 relative 

to the chuck table 6 in a first direction (e.g., direction X1) parallel to the X-axis 

direction at an arbitrary speed v.  The speed v is set, for example, in accordance with 

conditions including the material and thickness of the workpiece 11, and the 

wavelength, power density, and repetition frequency of the laser beam L.  This 

makes it possible to form a starting point area 19 along scheduled division lines to be 

machined as illustrated in Fig. 2.  The starting point area 19 serves as a starting point 

for division.  The starting point area 19 may be a machined groove formed by using a 

laser beam of a wavelength that is readily absorbed by the workpiece 11 or a modified 

area formed by using a laser beam of a wavelength that is difficult to be absorbed by 

the workpiece 11.  The machining step ends when the workpiece 11 is machined to 

its end portion along the scheduled division lines to be machined. 

        The machining step is followed by the stopping step in which the laser 

irradiation unit 30 is stopped relative to the chuck table 6.  Further, the indexing step 

is performed in which the irradiation position of the laser beam L is set at the 

extension of the scheduled division line to be machined next by relatively moving the 

chuck table 6 and the laser irradiation unit 30 in the Y-axis direction.  Still further, 

after the stopping step, the starting step is performed in which the laser irradiation unit 

30 is accelerated to the given speed v relative to the chuck table 6 in a second 

direction (e.g., direction X2) opposite to the first direction.  In the starting step, the 

laser irradiation unit 30 is accelerated to the given speed v relative to the chuck table 6 

before the laser beam L (irradiation position of the laser beam L) reaches the end 

portion of the workpiece 11. 

        The starting step is followed by the machining step again.  It should be 

noted that, in this machining step, the laser beam L is irradiated from the laser 

irradiation unit 30 while at the same time moving the laser irradiation unit 30 relative 
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to the chuck table 6 in the second direction (e.g., direction X2) at the speed v.  Thus, 

machining the workpiece 11 by reciprocally moving the laser irradiation unit 30 

relative to the chuck table 6 provides higher machining efficiency than machining 

only in the forward or backward trip. 

        Further, when performing the stopping, indexing, and starting steps, the 

controller 44 performs the stopping and indexing steps in parallel.  Still further, if a 

given condition is satisfied, the controller 44 performs the indexing and starting steps 

in parallel.  More specifically, letting the amount of time required for the stopping 

step be denoted by ‘ta’ and that required for the indexing step be denoted by ‘tb,’ and 

when tb > ta is satisfied, the controller 44 performs the indexing and starting steps in 

parallel.  Figs. 3A to 3C are plan views schematically illustrating examples of paths 

traced by the laser beam L when the indexing and starting steps are performed in 

parallel.  As illustrated in Figs. 3A to 3C, when the machining step ends at a point P1 

on a path T of the laser beam L, the stopping and indexing steps are initiated 

simultaneously.  If tb > ta is satisfied, the stopping step ends before the indexing step 

ends.  Therefore, the remaining time of the indexing step immediately after the end 

of the stopping step is tb - ta. 

        Here, letting the amount of time required for the starting step be denoted by 

‘tc,’ the path T that satisfies tb – ta > tc is as shown in Fig. 3A.  That is, the stopping 

step ends at a point P2, and the starting step begins at a subsequent arbitrary point P3.  

That is, only the indexing step is performed between the points P2 and P3.  For 

example, if the starting step begins when the remaining time of the indexing step is 

equal to ‘tc,’ the indexing step ends at a point P4, and the starting step ends 

simultaneously at a point P5 as illustrated in Fig. 3A.  Thus, it is preferred that the 

starting step should be initiated when the remaining time of the indexing step is not 

shorter than ‘tc’ to enhance the machining efficiency. 
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        On the other hand, the path T that satisfies tb – ta = tc is as shown in Fig. 3B.  

That is, the stopping step ends at the point P2, and the starting step begins 

simultaneously at the point P3.  Further, the indexing step ends at the point P4, and 

the starting step ends simultaneously at the point P5. 

        Further, the path T that satisfies tb – ta < tc is as shown in Fig. 3C.  Also in 

this case, the stopping step ends at the point P2, and the starting step begins 

simultaneously at the point P3.  On the other hand, because tb – ta < tc, the indexing 

step ends earlier at the point P4.  Then, the starting step ends at the point P5. 

        Thus, if the amount of time ‘tb’ required for the indexing step is longer than 

the amount of time ‘ta’ required for the stopping step, the laser machining apparatus 2 

according to the present embodiment initiates the stopping and indexing steps 

simultaneously and takes advantage of remaining time (tb - ta) of the indexing step 

following the end of the stopping step to perform the starting step, thus reducing the 

amount of time required for the stopping step to substantially zero and shortening the 

amount of time required for the starting step.  That is, the laser machining apparatus 

2 according to the present embodiment performs not only the stopping and indexing 

steps but also the indexing and starting steps, in parallel, shortening the amount of 

time until next machining for even higher machining efficiency. 

        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 claim 

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

claim are therefore to be embraced by the invention. 
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WHAT IS CLAIMED IS: 

        1.  A laser machining apparatus for machining a workpiece by irradiating a 

laser beam, the laser machining apparatus comprising:  

        holding means for holding the workpiece; 

        laser irradiation means for irradiating a laser beam onto the workpiece held 

by the holding means; 

        machining feed means for relatively moving the holding means and the laser 

irradiation means in a machining feed direction; 

        indexing feed means for relatively moving the holding means and the laser 

irradiation means in an indexing feed direction; and 

        control means for controlling the operation of each component, wherein 

        the control means performs 

                a machining step of irradiating a laser beam from the laser 

irradiation means while at the same time moving the laser irradiation means relative to 

the holding means in a first direction parallel to the machining feed direction at a 

given speed so as to machine the workpiece, held by the holding means, along an 

arbitrary scheduled division line up to an end portion of the workpiece, 

                a stopping step of stopping, after the machining step, the laser 

irradiation means relative to the holding means, 

                an indexing step of relatively moving the holding means and the 

laser irradiation means in the indexing feed direction so as to set the irradiation 

position of the laser beam at the extension of a scheduled division line to be machined 

next, and 

                a starting step of accelerating, after the stopping step, the laser 

irradiation means relative to the holding means in a second direction opposite to the 

first direction so as to bring the laser irradiation means to the given speed before the 
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laser beam reaches the end portion of the workpiece, and 

        during the steps, letting the amount of time required for the stopping step be 

denoted by ‘ta’ and the amount of time required for the indexing step be denoted by 

‘tb,’ and when tb > ta, the control means initiates the stopping and indexing steps 

simultaneously after the machining step and takes advantage of remaining time (tb - 

ta) of the indexing step following the end of the stopping step to perform the starting 

step. 


