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DIVIDING METHOD OF WORKPIECE AND LASER PROCESSING 

APPARATUS 

 

BACKGROUND OF THE INVENTION 

Field of the Invention 

        The present invention relates to a dividing  method 

for dividing a plate-shaped workpiece (herein after  

simply called workpiece) and laser processing appar atus. 

Description of the Related Art 

        There is a method in which, in order to div ide a 

workpiece, for example, laser processing (ablation 

processing) in which processed grooves are formed i n the 

workpiece by irradiating the workpiece with a laser  beam 

with such a wavelength as to be absorbed by the wor kpiece 

is carried out and thereafter an external force is 

applied along the processed grooves to divide the 

workpiece into cut pieces having a predetermined sh ape 

(for example, refer to Japanese Patent Laid-Open No . Hei 

10-305420).  Furthermore, there is a method in whic h, in 

order to divide a wafer on which devices are formed  in 

the respective regions marked out by planned dividi ng 

lines in a lattice manner on a surface into individ ual 

chips, for example, processed grooves with a 

predetermined depth along the planned dividing line s are 
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formed by a laser beam or a cutting blade and there after 

an external force is applied along the planned divi ding 

lines to divide the wafer with the processed groove s 

being the point of origin (for example, refer to Ja panese 

Patent Laid-Open No. 2007-7668).  As apparatus that  

applies the external force to the wafer, expanding 

apparatus that can expand the wafer supported by an  

annular frame with the intermediary of an adhesive tape 

in the surface direction is used (for example, refe r to 

Japanese Patent Laid-Open No. 2002-334852).  

 

SUMMARY OF THE INVENTION 

        However, when processed grooves are formed in a 

workpiece by the above-described laser processing, a 

problem occurs that debris generated through meltin g of 

the workpiece due to irradiation with a laser beam enters 

the processed grooves and chips obtained by dividin g join 

due to the debris and cannot be divided.  Normally,  in the 

case of forming grooves that completely cut a workp iece 

by laser processing, the workpiece is completely di vided 

by repeatedly carrying out irradiation of the same 

planned dividing line with a laser beam.  Here, 

accumulation of the debris can be prevented if the 

processing condition is set to a condition in which  the 
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output power of one time of irradiation with the la ser 

beam is set lower and the time interval of the 

irradiation with the laser beam is set longer.  How ever, 

for example, if laser processing is carried out und er the 

above-described processing condition also for a wor kpiece 

like a warped metal, the position of the planned di viding 

line deviates.  Therefore, there is a problem that it is 

impossible to accurately irradiate the same positio n with 

the laser beam and the workpiece cannot be complete ly 

divided. 

        Thus, an object of the present invention is  to 

provide a dividing method of a workpiece and laser 

processing apparatus that prevent joining of cut pi eces 

or chips due to debris and allow the workpiece to b e 

completely divided. 

        In accordance with an aspect of the present  

invention, there is provided a dividing method of a  

workpiece in which the workpiece is divided into 

predetermined dimensions marked out based on a firs t 

direction and a second direction orthogonal to the first 

direction.  The dividing method includes a dicing t ape 

sticking step of sticking a dicing tape to the work piece, 

a first laser processing step of holding a side of the 

dicing tape on a holding table and irradiating the 
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workpiece with a laser beam with such a wavelength as to 

be absorbed by the workpiece along the first direct ion to 

form first laser-processed grooves, a first expandi ng 

step of expanding the dicing tape in the second dir ection 

to enlarge the width of the first laser-processed g rooves 

after carrying out the first laser processing step,  a 

second laser processing step of irradiating the wor kpiece 

with the laser beam with such a wavelength as to be  

absorbed by the workpiece along the second directio n to 

form second laser-processed grooves after carrying out 

the first expanding step, and a second expanding st ep of 

expanding the dicing tape in the first direction to  

enlarge the width of the second laser-processed gro oves 

after carrying out the second laser processing step . 

        In accordance with another aspect of the pr esent 

invention, there is provided laser processing appar atus 

including workpiece holding means that holds a work piece 

supported by an annular frame with the intermediary  of a 

dicing tape, laser beam irradiation means that irra diates 

the workpiece held by the workpiece holding means w ith a 

laser beam, and imaging means that images the workp iece.  

The laser processing apparatus includes frame holdi ng 

means that holds the frame, movement means for rela tively 

separating the frame holding means and the workpiec e and 
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expanding the dicing tape, and heating means for ap plying 

heat to a region between the workpiece on the dicin g tape 

and the frame and shrinking the region. 

        According to the dividing method of the pre sent 

invention, even when debris generated in the execut ion of 

the first laser processing step or the second laser  

processing step enters the first laser-processed gr oove 

or the second laser-processed groove, it is possibl e to 

prevent the possibility of joining of cut pieces ob tained 

by the dividing due to the debris and completely di vide 

the workpiece because the width of the first laser-

processed grooves is expanded in the second directi on by 

the first expanding step and the width of the secon d 

laser-processed grooves is expanded in the first 

direction by the second expanding step. 

        According to the laser processing apparatus  of the 

present invention, after the first laser-processed 

grooves are formed in the workpiece, the first lase r-

processed grooves can be enlarged by expanding the dicing 

tape by the movement means while keeping the held s tate 

of the workpiece by the workpiece holding means and  the 

frame holding means.  In addition, after the second  laser-

processed grooves are formed in the workpiece, the second 

laser-processed grooves can be enlarged by expandin g the 
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dicing tape by the movement means while keeping the  held 

state of the workpiece by the workpiece holding mea ns and 

the frame holding means.  Therefore, for example, e ven 

when debris generated in the laser processing of th e 

workpiece having the pattern enters the first laser -

processed groove or the second laser-processed groo ve, it 

is possible to prevent the possibility of joining o f the 

chips obtained by the dividing due to the debris an d 

completely divide the workpiece.  

        The above and other objects, features and 

advantages of the present invention and the manner of 

realizing them will become more apparent, and the 

invention itself will best be understood from a stu dy of 

the following description and appended claims with 

reference to the attached drawings showing some pre ferred 

embodiments of the invention. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

        FIG. 1 is a perspective view depicting a di cing 

tape sticking step of a first embodiment; 

        FIG. 2 is a perspective view depicting a fi rst 

laser processing step of the first embodiment; 

        FIG. 3 is a plan view depicting a workpiece  in 

which first laser-processed grooves are formed; 
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        FIGS. 4A to 4D are sectional views depictin g a 

first expanding step of the first embodiment; 

        FIG. 5 is a perspective view depicting a se cond 

laser processing step of the first embodiment; 

        FIG. 6 is a plan view that depicts the work piece in 

which second laser-processed grooves are formed and  

depicts a second expanding step of the first embodi ment; 

        FIG. 7 is a perspective view depicting the 

configuration of one example of laser processing 

apparatus; 

        FIG. 8 is a sectional view depicting the 

configuration of workpiece holding means and frame 

holding means; 

        FIG. 9 is a perspective view depicting a di cing 

tape sticking step of a second embodiment; 

        FIG. 10 is a perspective view depicting a f irst 

laser processing step of the second embodiment; 

        FIGS. 11A to 11C are sectional views depict ing a 

first expanding step of the second embodiment; 

        FIG. 12 is a perspective view depicting a s econd 

laser processing step of the second embodiment; and  

        FIG. 13 is a plan view that depicts the wor kpiece 

in which second laser-processed grooves are formed and 

depicts a second expanding step of the second embod iment.  
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

1 First Embodiment 

        A workpiece W depicted in FIG. 1 has a heat  

dissipation substrate for light-emitting diodes (LE Ds) 

with a rectangular plate shape, for example.  In th e 

example depicted in the diagram, on the upper surfa ce of 

the workpiece W, devices such as LEDs are not forme d and 

a pattern is not formed.  The material of the subst rate 

that forms the workpiece W is a metal composed of c opper 

or tungsten, for example.  In the following, descri ption 

will be made about a dividing method of a workpiece  in 

which the workpiece W is divided into predetermined  

dimensions marked out based on a first direction an d a 

second direction. 

(1) Dicing Tape Sticking Step 

        As depicted in FIG. 1, the peripheral part of a 

dicing tape 1 having adhesiveness is stuck to the l ower 

surface of an annular frame 2 whose central part is  

opened, and the workpiece W is stuck to the dicing tape 1 

exposed from the central part of the frame 2.  Ther eby, 

the frame 2 and the workpiece W are integrally form ed 

with the intermediary of the dicing tape 1.  The re gion in 

which the dicing tape 1 is exposed in a ring manner  

between the outer circumferential side of the workp iece W 
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and the inside of the frame 2 is an exposed part 1a .  As 

the dicing tape 1, a tape that can be stretched and  

thermally shrinks due to heat equal to or higher th an a 

predetermined temperature is used. 

(2) First Laser Processing Step 

        As depicted in FIG. 2, the workpiece W inte grated 

with the frame 2 with the intermediary of the dicin g tape 

1 is conveyed to laser processing apparatus 10, for  

example.  The laser processing apparatus 10 include s at 

least a holding table 11 that holds the workpiece a nd can 

rotate and laser beam irradiation means 12 disposed  on 

the upper side of the holding table 11.  To the low er side 

of the holding table 11, movement means that causes  the 

holding table 11 and the laser beam irradiation mea ns 12 

to relatively move in horizontal directions (first 

direction and second direction) orthogonal to the 

vertical direction is connected.  Furthermore, a su ction 

source, which is not depicted in the diagram, and a  clamp 

mechanism for holding the frame 2 are connected to the 

holding table 11.  The laser beam irradiation means  12 has 

a laser processing head 120 that emits a laser beam  

downward.  To the laser processing head 120, an osc illator 

that oscillates a laser beam LB1 with such a wavele ngth 

as to be absorbed by the workpiece W and an output power 
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adjuster that adjusts the output power of the laser  beam 

LB1 are connected.  Inside the laser processing hea d 120, 

a collecting lens for focusing the laser beam LB1 

oscillated from the oscillator is incorporated.  Th e laser 

processing head 120 is movable in the vertical dire ction 

and can adjust the focusing position of the laser b eam 

LB1. 

        When laser processing is carried out for th e 

workpiece W by using the laser processing apparatus  10 

configured in this manner, the workpiece W is held by 

suction in the holding table 11 through the dicing tape 1.  

In addition, the upper part of the frame 2 is held by the 

clamp mechanism and the frame 2 is fixed so as to b e 

immobile.  Then, the position of the laser processi ng head 

120 in the second direction is aligned with the pos ition 

to be irradiated with the laser beam.  In addition,  the 

laser processing head 120 is lowered in such a dire ction 

as to come closer to the workpiece W and the focusi ng 

point of the laser beam LB1 is positioned at a desi red 

position.  The output power of the laser beam LB1 i s 

adjusted to output power at such a level that the d icing 

tape 1 does not melt, and is set in the output powe r 

adjuster. 

        Subsequently, while the holding table 11 is  
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horizontally moved in e.g. the first direction by t he 

movement means to relatively move the laser process ing 

head 120 and the holding table 11 in the first dire ction 

parallel to the workpiece W, the laser beam LB1 is 

emitted from the laser processing head 120 toward t he 

workpiece W.  Thereby, a first laser-processed groo ve G1 

is formed in the workpiece W.  The depth of the fir st 

laser-processed groove G1 is at such a level that t he 

dicing tape 1 is exposed and it suffices that the f irst 

laser-processed groove G1 is a groove that complete ly 

cuts (fully cuts) the front and back surfaces of th e 

workpiece W.  The first laser-processed groove G1 i s 

formed by emitting the laser beam LB1 along the fir st 

direction plural times in a divided manner.  After the 

first laser-processed groove G1 of the first row or iented 

in the first direction is formed in this manner, th e 

holding table 11 is horizontally moved in the secon d 

direction by the movement means and the laser proce ssing 

head 120 is positioned at a position at a predeterm ined 

interval.  Then, the first laser-processed groove G 1 is 

formed in the workpiece W by emitting the laser bea m LB1 

from the laser processing head 120 toward the workp iece W 

while relatively moving the laser processing head 1 20 and 

the holding table 11 in the first direction paralle l to 



 

12 

the workpiece W similarly to the above description.   Then, 

with indexing feed of the laser processing head 120  in 

the second direction by a predetermined amount for every 

indexing feed, a predetermined number of first lase r-

processed grooves G1 are formed in the workpiece W along 

the first direction as depicted in FIG. 3.  Thereby , the 

workpiece W is divided into plural cut pieces RCP h aving 

a thin strip shape. 

(3) First Expanding Step 

        After the first laser processing step is ca rried 

out, the workpiece W is conveyed from the laser 

processing apparatus 10 to expanding apparatus 20 

depicted in FIG. 4A, for example.  The expanding ap paratus 

20 includes a support table 21 that supports the 

workpiece W, plural frame holding means 22 that are  

disposed around the support table 21 and hold the f rame 2, 

movement means 25 that raise and lower the frame ho lding 

means 22 in the upward and downward directions, and  

heating means 26 for applying heat to the exposed p art 1a 

in the region between the workpiece W on the dicing  tape 

1 and the frame 2 to shrink the exposed part 1a.  T he 

frame holding means 22 includes a frame placement b ase 23 

that is disposed on the outer circumferential side of the 

support table 21 and on which the frame 2 is placed  and a 



 

13 

clamp part 24 that clamps the frame 2 placed on the  frame 

placement base 23.  The movement means 25 includes a 

cylinder 250 and a piston 251 driven to be raised a nd 

lowered by the cylinder 250 and can raise and lower  the 

frame placement base 23 by the upward and downward 

movement of the piston 251.  The heating means 26 i s not 

particularly limited.  It may be a heater that inje cts hot 

air at a predetermined temperature or may be an inf rared 

heater that radiates an infrared ray. 

        As depicted in FIG. 4A, the side of the wor kpiece W 

is placed over the support table 21 with the interm ediary 

of the dicing tape 1 and the frame 2 is placed on t he 

frame placement bases 23.  At this time, the clamp parts 

24 hold the upper part of the frame 2 and fix the f rame 2 

so that the frame 2 may be immobile.  Subsequently,  as 

depicted in FIG. 4B, the pistons 251 move downward to 

lower the frame placement bases 23 relatively to th e 

support table 21 and expand the dicing tape 1 in th e 

second direction orthogonal to the first direction.   Due 

to this, the dicing tape 1 is stretched in the stat e in 

which the exposed part 1a is inclined from the oute r 

circumference of the support table 21 toward the fr ame 2.  

In addition, the unexposed part to which the workpi ece W 

is stuck in the dicing tape 1 is stretched in the s econd 
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direction, so that an external force in the second 

direction is given to the workpiece W.  As a result , the 

width of the first laser-processed grooves G1 depic ted in 

FIG. 4A is enlarged in the second direction and gap s 3 

are formed between adjacent cut pieces RCP.  Due to  this, 

even when debris generated in the first laser proce ssing 

step enters the first laser-processed groove G1, it  is 

possible to prevent the possibility of joining of c ut 

pieces obtained by dividing into predetermined dime nsions 

finally due to the debris because the width of the first 

laser-processed grooves G1 is expanded by the first  

expanding step. 

        If the gaps 3 between the respective cut pi eces RCP 

have a desired width, the pistons 251 move upward t o 

return the frame placement bases 23 to the original  

positions as depicted in FIG. 4C.  At this time, fl exures 

are generated in the exposed part 1a of the dicing tape 1 

and thus the exposed part 1a is heated by the heati ng 

means 26.  Specifically, the heating means 26 heats  the 

exposed part 1a by injecting e.g. hot air at a 

predetermined temperature toward the exposed part 1 a and 

thermally shrinks the exposed part 1a.  Due to this , as 

depicted in FIG. 4D, the dicing tape 1 becomes the state 

of being stretched in parallel to the support table  21 
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and the frame placement bases 23.  Thus, the flexur es 

disappear in the thermally-shrunk exposed part 1a a nd the 

expanded width of the first laser-processed grooves  G1 

can be kept.  That is, the respective gaps 3 betwee n 

adjacent cut pieces RCP can be kept. 

        Here, if the dicing tape 1 has been excessi vely 

stretched after the first expanding step is carried  out 

and before a second laser processing step to be des cribed 

later is carried out, there is a possibility that i t is 

impossible to hold the workpiece W by suction throu gh the 

dicing tape 1 in the above-described holding table 11 and 

therefore it is preferable to convey the workpiece W 

integrated with the frame 2 with the intermediary o f the 

dicing tape 1 to e.g. tape sticking apparatus and c hange 

the excessively-stretched dicing tape 1 to a new di cing 

tape. 

(4) Second Laser Processing Step 

        After the first expanding step is carried o ut, as 

depicted in FIG. 5, the workpiece W integrated with  the 

frame 2 with the intermediary of the dicing tape 1 is 

conveyed to the laser processing apparatus 10 again .  

Specifically, similarly to the first laser processi ng 

step, the workpiece W is held by suction in the hol ding 

table 11 through the dicing tape 1.  In addition, t he 
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upper part of the frame 2 is held by the clamp mech anism 

and the frame 2 is fixed so as to be immobile.  The n, the 

position of the laser processing head 120 in the fi rst 

direction is aligned with the position to be irradi ated 

with the laser beam.  In addition, the laser proces sing 

head 120 is lowered in such a direction as to come closer 

to the workpiece W and the focusing point of the la ser 

beam LB1 is positioned at the height position of th e 

upper surface of the workpiece W. 

        Subsequently, while the holding table 11 is  

horizontally moved in e.g. the second direction by the 

movement means to relatively move the laser process ing 

head 120 and the holding table 11 in the second dir ection 

parallel to the workpiece W, the laser beam LB1 is 

emitted from the laser processing head 120 toward t he 

workpiece plural times in a divided manner.  Thereb y, a 

second laser-processed groove G2 is formed in the 

workpiece W.  The second laser-processed groove G2 is also 

a groove that completely cuts the front and back su rfaces 

of the workpiece W similarly to the first laser-pro cessed 

groove G1.  In this manner, as depicted in FIG. 6, a 

predetermined number of second laser-processed groo ves G2 

are formed in the workpiece W along the second dire ction 

and thereby the workpiece W is divided into plural cut 
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pieces CP having desired dimensions. 

(5) Second Expanding Step 

        After the second laser processing step is c arried 

out, similarly to the first expanding step, the wor kpiece 

W is conveyed from the laser processing apparatus 1 0 to 

the expanding apparatus 20 and the width of the sec ond 

laser-processed grooves G2 is enlarged by expanding  the 

dicing tape 1 in the first direction orthogonal to the 

second direction as depicted in FIG. 6.  The expans ion 

operation is similarly to the above-described first  

expanding step.  Specifically, the pistons 251 depi cted in 

FIG. 4 move downward to lower the frame placement b ases 

23 relatively to the support table 21 and expand th e 

dicing tape 1 in the first direction.  Due to this,  the 

dicing tape 1 is stretched in the state in which th e 

exposed part 1a is inclined from the outer circumfe rence 

of the support table 21 toward the frame 2, and the  

unexposed part to which the workpiece W is stuck in  the 

dicing tape 1 is stretched in the first direction, so 

that an external force in the first direction is gi ven to 

the workpiece W.  As a result, the width of the sec ond 

laser-processed grooves G2 is enlarged in the first  

direction and gaps are formed between adjacent cut pieces 

CP.  Due to this, even when debris generated in the  second 
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laser processing step enters the second laser-proce ssed 

groove G2, it is possible to prevent the possibilit y of 

joining of the cut pieces CP obtained by the dividi ng due 

to the debris because the width of the second laser -

processed grooves G2 is expanded by the second expa nding 

step.  In this manner, the workpiece W is completel y 

divided to acquire the individual cut pieces CP.  I n order 

to keep the gaps between the respective cut pieces CP, 

the exposed part 1a may be heated to be thermally s hrunk 

by the heating means 26 similarly to the first expa nding 

step. 

        In the first embodiment, the case is descri bed in 

which the dicing tape 1 is expanded by lowering the  frame 

2 together with the frame placement bases 23 by the  

movement means 25.  However, the configuration is n ot 

limited thereto.  A raising/lowering mechanism may be 

provided on the side of the support table 21 and th e side 

of the support table 21 may be raised to relatively  

separate the frame 2 and the support table 21 and e xpand 

the dicing tape 1.  Furthermore, although the case in 

which the workpiece W is supported by the annular f rame 2 

is described in the first embodiment, the configura tion 

is not limited to this case.  Therefore, the workpi ece W 

may be directly stuck to the dicing tape 1 without using 
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the frame 2.  In this case, for example, the workpi ece W 

may be divided by using expanding apparatus that ca n 

clamp the four sides of the dicing tape 1 and pull the 

dicing tape 1 and clamping the four sides of the di cing 

tape 1 to expand the dicing tape 1 in a radial mann er. 

        As above, the dividing method of a workpiec e 

according to the present invention includes the dic ing 

tape sticking step of sticking the dicing tape 1 to  the 

workpiece W, the first laser processing step of hol ding 

the side of the dicing tape 1 on the holding table 11 and 

irradiating the workpiece W with the laser beam LB1  with 

such a wavelength as to be absorbed by the workpiec e W 

along the first direction to form the first laser-

processed grooves G1, the first expanding step of 

expanding the dicing tape 1 in the second direction  to 

enlarge the width of the first laser-processed groo ves G1, 

the second laser processing step of irradiating the  

workpiece W with the laser beam LB1 with such a 

wavelength as to be absorbed by the workpiece W alo ng the 

second direction to form the second laser-processed  

grooves G2 after carrying out the first expanding s tep, 

and the second expanding step of expanding the dici ng 

tape 1 in the first direction to enlarge the width of the 

second laser-processed grooves G2 after carrying ou t the 
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second laser processing step.  Therefore, even when  debris 

generated in the execution of the first laser proce ssing 

step or the second laser processing step enters the  first 

laser-processed groove G1 or the second laser-proce ssed 

groove G2, it is possible to prevent the possibilit y of 

joining of the cut pieces CP obtained by the dividi ng due 

to the debris and completely divide the workpiece W  

because the width of the first laser-processed groo ves G1 

is expanded in the second direction by the first 

expanding step and the width of the second laser-

processed grooves G2 is expanded in the first direc tion 

by the second expanding step. 

2 Second Embodiment 

        In the above-described first embodiment, th e case 

in which the laser processing and the expansion of the 

dicing tape 1 are carried out by separate pieces of  

apparatus is described.  However, the configuration  is not 

limited thereto.  For example, by using laser proce ssing 

apparatus 30 depicted in FIG. 7, laser processing f or a 

workpiece W1 depicted in FIG. 8 and expansion of a dicing 

tape 4 may be carried out by the same apparatus.  T he 

laser processing apparatus 30 has an apparatus base  31 

and includes the following means over the apparatus  base 

31: workpiece holding means 40 that holds the workp iece 
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W1 integrated with an annular frame 5 with the 

intermediary of the dicing tape 4; frame holding me ans 41 

that are disposed around the workpiece holding mean s 40 

and hold the frame 5; movement means 42 for relativ ely 

separating the frame holding means 41 and the workp iece 

W1 and expanding the dicing tape 4; processing feed  means 

43 that carries out processing feed of the workpiec e 

holding means 40 in an X-axis direction; first inde xing 

feed means 44 that carries out indexing feed of the  

workpiece holding means 40 in a Y-axis direction; l aser 

beam irradiation means 45 that irradiates the workp iece 

W1 held by the workpiece holding means 40 with a la ser 

beam; imaging means 48 that images the workpiece W1 ; 

heating means 49 that applies heat to the region be tween 

the workpiece W1 on the dicing tape 4 and the frame  5 and 

thermally shrinks the region; second indexing feed means 

46 that carries out indexing feed of the laser beam  

irradiation means 45 in the Y-axis direction; and 

raising/lowering means 47 that raises and lowers th e 

laser beam irradiation means 45 in a Z-axis directi on. 

        The workpiece holding means 40 is fixed ont o a 

cover table 400 having an opening part 400a and rot ation 

means 401 is connected to the lower part of the wor kpiece 

holding means 40.  The rotation means 401 can rotat e the 
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workpiece holding means 40 by a predetermined angle .  As 

depicted in FIG. 8, the workpiece holding means 40 has a 

holding part 40a formed of a porous member and the upper 

surface of the holding part 40a serves as a holding  

surface 40b that holds the workpiece W1 by suction.   A 

suction source, which is not depicted in the diagra m, is 

connected to the holding part 40a through a suction  path 

40c.  The workpiece holding means 40 can hold the 

workpiece W1 by suction by the holding surface 40b on 

which a suction force by the suction source is made  to 

act.  The frame holding means 41 includes a frame 

placement base 410 on which the frame 5 is placed o n the 

outer circumferential side of the workpiece holding  means 

40 and a clamp part 411 that clamps the frame 5 pla ced on 

the frame placement base 410. 

        As depicted in FIG. 7, the movement means 4 2 

includes a cylinder 420, a piston 421 driven to be raised 

and lowered by the cylinder 420, and an expanding m ember 

422 that is connected to the tip of the piston 421 and 

surrounds the workpiece holding means 40.  By the u pward 

and downward movement of the piston 421, the expand ing 

member 422 can be raised and lowered inside the ope ning 

part 400a of the cover table 400.  With the workpie ce 

holding means 40 and the frame holding means 41, in  the 



 

23 

state in which the workpiece W1 in the state of bei ng 

integrated with the frame 5 with the intermediary o f the 

dicing tape 4 is held by the workpiece holding mean s 40 

and the frame 5 is held by the frame holding means 41, 

the dicing tape 4 can be expanded in a radial manne r by 

raising the expanding member 422 through the rise o f the 

piston 421 and pushing up the dicing tape 4 by the tip 

part of the expanding member 422.  Although the cas e in 

which two units are disposed on the outer circumfer ential 

side of the workpiece holding means 40 as the frame  

holding means 41 depicted in the present embodiment  is 

diagrammatically represented, the number of frame h olding 

means 41 is not limited to this number. 

        The processing feed means 43 includes a bal l screw 

430 that extends along the X-axis direction, a moto r 431 

connected to one end of the ball screw 430, a pair of 

guide rails 432 that extend in parallel to the ball  screw 

430, a bearing part 433 that supports the other end  of 

the ball screw 430 rotatably, and a movement base 4 34 

that supports the workpiece holding means 40.  One surface 

of the movement base 434 is in slidable contact wit h the 

pair of guide rails 432 and the ball screw 430 is s crewed 

to a nut formed at the central part of the movement  base 

434.  When the motor 431 rotates the ball screw 430 , the 
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movement base 434 moves in the X-axis direction alo ng the 

guide rails 432, which can move the workpiece holdi ng 

means 40 in the X-axis direction. 

        The first indexing feed means 44 includes a  ball 

screw 440 that extends along the Y-axis direction, a 

motor 441 connected to one end of the ball screw 44 0, a 

pair of guide rails 442 that extend in parallel to the 

ball screw 440, a bearing part 443 that supports th e 

other end of the ball screw 440 rotatably, and a mo vement 

base 444 that supports the workpiece holding means 40.  

One surface of the movement base 444 is in slidable  

contact with the pair of guide rails 442 and the ba ll 

screw 440 is screwed to a nut formed at the central  part 

of the movement base 444.  When the motor 441 rotat es the 

ball screw 440, the movement base 444 moves in the Y-axis 

direction along the guide rails 442, which can move  the 

workpiece holding means 40 in the Y-axis direction.  

        The second indexing feed means 46 includes a ball 

screw 460 that extends along the Y-axis direction, a 

motor 461 connected to one end of the ball screw 46 0, a 

pair of guide rails 462 that extend in parallel to the 

ball screw 460, and a movable support part 463 that  

supports the laser beam irradiation means 45 and ha s a 

substantially L shape as the sectional shape.  The lower 



 

25 

surface of the movable support part 463 is in slida ble 

contact with the pair of guide rails 462 and the ba ll 

screw 460 is screwed to a nut formed at the lower p art of 

the movable support part 463.  The motor 461 rotate s the 

ball screw 460 and thereby the movable support part  463 

moves in the Y-axis direction while being guided by  the 

guide rails 462, which can move the laser beam 

irradiation means 45 in the Y-axis direction. 

        The raising/lowering means 47 includes a ba ll screw 

that extends along the Z-axis direction and is not 

depicted in the diagram, a motor 470 connected to o ne end 

of the ball screw, and a pair of guide rails 471 th at 

extend in parallel to the ball screw.  The motor 47 0 

rotates the ball screw, which can raise and lower t he 

laser beam irradiation means 45 in the Z-axis direc tion. 

        The laser beam irradiation means 45 include s a 

laser processing head 450 that emits a laser beam i n the 

vertical direction to the workpiece W1 held by the 

workpiece holding means 40, a casing 451 having a t ip to 

which the laser processing head 450 is attached, an d a 

holder 452 that horizontally supports the casing 45 1.  The 

casing 451 has a configuration in which the tip par t 

thereof extends to a position on the upper side of the 

movement path in the movement direction (X-axis 
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direction) of the workpiece holding means 40.  Insi de the 

casing 451, an oscillator that oscillates the laser  beam 

with such a wavelength as to be absorbed by the wor kpiece 

W1 and an output power adjuster that adjusts the ou tput 

power of the laser beam are housed.  Inside the las er 

processing head 450, a collecting lens for focusing  the 

laser beam oscillated from the oscillator is incorp orated.  

The laser processing head 450 can move upward and 

downward in association with the movement of the ca sing 

451 in the upward and downward directions by the 

raising/lowering means 47 and adjust the focusing 

position of the laser beam. 

        The imaging means 48 is a camera in which a  charge-

coupled device (CCD) image sensor or a complementar y 

metal-oxide semiconductor (CMOS) image sensor is 

incorporated, for example.  The imaging means 48 ca n 

detect the position that should be irradiated with the 

laser beam on the workpiece W1 by imaging the workp iece 

W1 held by the workpiece holding means 40 and execu ting 

image processing such as pattern matching.  The hea ting 

means 49 is not particularly limited.  It may be a heater 

that injects hot air at a predetermined temperature  or 

may be an infrared heater that radiates an infrared  ray. 

        The laser processing apparatus 30 includes control 
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means 300 that controls at least the workpiece hold ing 

means 40, the frame holding means 41, the movement means 

42, the processing feed means 43, the first indexin g feed 

means 44, the laser beam irradiation means 45, the second 

indexing feed means 46, the raising/lowering means 47, 

the imaging means 48, and the heating means 49.  Th e 

control means 300 includes a central processing uni t 

(CPU) that executes arithmetic processing by a cont rol 

program and a storing element such as a memory.  Da ta 

necessary for control of various kinds of drive 

mechanisms is stored in the storing element and the  

control means 300 controls these respective drive 

mechanisms.  When the position that should be irrad iated 

with the laser beam on the workpiece W1 is detected  by 

the imaging means 48, this detection data is sent t o the 

control means 300.  Based on the detection data, th e 

control means 300 can control rotational operation of the 

workpiece holding means 40, movement operation of t he 

workpiece holding means 40 by the processing feed m eans 

43 and the first indexing feed means 44, and moveme nt 

operation of the laser beam irradiation means 45 by  the 

second indexing feed means 46.  Position alignment between 

the position of the laser processing head 450 and t he 

position that should be irradiated with the laser b eam is 
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carried out by indexing feed of the workpiece holdi ng 

means 40 together with the movement base 444 in the  Y-

axis direction by the first indexing feed means 44 or by 

indexing feed of the laser beam irradiation means 4 5 

together with the movable support part 463 in the Y -axis 

direction by the second indexing feed means 46. 

        Next, as an operation example of the laser 

processing apparatus 30, a dividing method of a wor kpiece 

in which the workpiece W1 is divided by using the l aser 

processing apparatus 30 will be described.  As depi cted in 

FIG. 9, the workpiece W1 has a substrate having a 

circular disc shape.  On a front surface Wa thereof , 

devices D are formed in the respective regions mark ed out 

by plural first planned dividing lines S1 that exte nd 

along a first direction and plural second planned 

dividing lines S2 that extend along a second direct ion 

orthogonal to the first direction, for example.  On  the 

other hand, the surface on the opposite side to the  front 

surface Wa of the workpiece W1 is a stuck surface t o 

which the dicing tape 4 is stuck. 

(1) Dicing Tape Sticking Step 

        First, as depicted in FIG. 9, the dicing ta pe 4 is 

stuck to the lower surface of the frame 5 and the 

workpiece W1 is stuck to the dicing tape 4 exposed from 
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the central part of the frame 5 from the side of a back 

surface Wb.  Due to this, in the state in which the  side 

of the front surface Wa is exposed upward in the 

workpiece W1, the frame 5 and the workpiece W1 are 

integrally formed with the intermediary of the dici ng 

tape 4.  The region in which the dicing tape 4 is e xposed 

in a ring manner between the outer circumferential side 

of the workpiece W1 and the inside of the frame 5 i s an 

exposed part 4a.  Subsequently, the side of the wor kpiece 

W1 is placed over the holding surface 40b of the 

workpiece holding means 40 depicted in FIG. 8 with the 

intermediary of the dicing tape 4.  In addition, th e frame 

5 is placed on the frame placement bases 410 of the  frame 

holding means 41.  At this time, the clamp parts 41 1 hold 

the upper part of the frame 5 and fix the frame 5 s o that 

the frame 5 may be immobile. 

(2) First Planned Dividing Line Detecting Step 

        The workpiece holding means 40 is positione d below 

the imaging means 48 by the processing feed means 4 3 

depicted in FIG. 7, and the workpiece W1 is imaged and 

image processing such as pattern matching is execut ed by 

the imaging means 48.  Thereby, alignment to detect  the 

position that should be irradiated with the laser b eam 

(first planned dividing line S1) is carried out.  I n the 
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first planned dividing line detecting step, all fir st 

planned dividing lines S1 may be detected.  However , it 

suffices to detect the first one line with which la ser 

processing is started because the widths of the fir st 

planned dividing lines S1 and the second planned di viding 

lines S2 have not been expanded.  The detection dat a 

detected by the imaging means 48 is sent to the con trol 

means 300. 

(3) First Laser Processing Step 

        By carrying out the first planned dividing line 

detecting step, position alignment between the lase r 

processing head 450 and the detected first planned 

dividing line S1 is carried out.  Subsequently, as 

depicted in FIG. 10, the laser beam irradiation mea ns 45 

lowers the laser processing head 450 in such a dire ction 

as to come closer to the workpiece W1 and adjusts t he 

focusing point of a laser beam LB2 to the height po sition 

of the front surface Wa of the workpiece W1.  The o utput 

power of the laser beam LB2 is adjusted to output p ower 

at such a level that the dicing tape 4 does not mel t, and 

is set in the output power adjuster. 

        Subsequently, while the workpiece holding m eans 40 

depicted in FIG. 7 is horizontally moved in e.g. th e − X 

direction by the processing feed means 43 to relati vely 
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move the laser processing head 450 and the workpiec e W1 

in the first direction parallel to the workpiece W1  as 

depicted in FIG. 10, the laser beam LB2 having such  a 

wavelength as to be absorbed by the workpiece W1 is  

emitted from the laser processing head 450 along th e 

first planned dividing line S1.  Thereby, a first l aser-

processed groove G3 is formed in the workpiece W1.  The 

depth of the first laser-processed groove G3 is at such a 

level that the dicing tape 4 is exposed and it suff ices 

that the first laser-processed groove G3 is a groov e that 

completely cuts (fully cuts) the front and back sur faces 

of the workpiece W1.  The first laser-processed gro ove G3 

is formed by emitting the laser beam LB2 along the first 

planned dividing line S1 plural times in a divided manner. 

        After the first laser-processed groove G3 i s formed 

along the first planned dividing line S1 of one row  

oriented in the first direction, indexing feed of t he 

laser processing head 450 is carried out in the Y-a xis 

direction by the second indexing feed means 46 depi cted 

in FIG. 7 and the laser processing head 450 is posi tioned 

on the upper side of the adjacent first planned div iding 

line S1.  Then, the first laser-processed groove G3  is 

formed by emitting the laser beam LB2 from the lase r 

processing head 450 along the first planned dividin g line 
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S1 while moving the workpiece holding means 40 in e .g. 

the − X direction by the processing feed means 43 

similarly to the above description.  When the first  laser-

processed grooves G3 are formed along all first pla nned 

dividing lines S1, the first laser processing step is 

completed. 

(4) First Expanding Step 

        After the first laser processing step is ca rried 

out, the width of the first laser-processed grooves  G3 is 

enlarged by expanding the dicing tape 4 in the seco nd 

direction orthogonal to the first direction while k eeping 

the held state of the workpiece W1 by the workpiece  

holding means 40 and the frame holding means 41.  

Specifically, the piston 421 depicted in FIG. 7 mov es in 

the + Z direction, for example.  Thereby, as depict ed in 

FIG. 11A, the expanding member 422 is raised to pus h up 

the dicing tape 4 by the tip part thereof and relat ively 

separate the frame holding means 41 and the workpie ce W1.  

When the dicing tape 4 is expanded in the second 

direction due to this, the dicing tape 4 is stretch ed in 

the state in which the exposed part 4a is inclined from 

the outer circumference of the workpiece holding me ans 40 

toward the frame 5.  In addition, the unexposed par t to 

which the workpiece W1 is stuck in the dicing tape 4 is 
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stretched in the second direction, so that an exter nal 

force in the second direction is given to the workp iece 

W1.  As a result, the width of the first laser-proc essed 

grooves G3 depicted in FIG. 10 is enlarged in the s econd 

direction and gaps 6 are formed between adjacent de vices 

D.  Due to this, even when debris generated in the first 

laser processing step enters the first laser-proces sed 

groove G3, it is possible to prevent the possibilit y of 

joining of chips obtained by dividing finally due t o the 

debris because the width of the first laser-process ed 

grooves G3 is expanded by the first expanding step.  

        If the gaps 6 between the respective device s D have 

a desired width, the piston 421 depicted in FIG. 7 moves 

in e.g. the − Z direction to lower the expanding me mber 

422 depicted in FIG. 11B.  At this time, flexures a re 

generated in the exposed part 4a of the dicing tape  4 and 

thus the exposed part 4a is heated by the heating m eans 

49.  The heating means 49 heats the exposed part 4a  by 

injecting e.g. hot air at a predetermined temperatu re 

toward the exposed part 4a and thermally shrinks th e 

exposed part 4a.  Due to this, as depicted in FIG. 11C, 

the dicing tape 4 becomes the state of being stretc hed in 

parallel to the workpiece holding means 40.  Thus, the 

flexures disappear in the thermally-shrunk exposed part 
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4a and the expanded width of the first laser-proces sed 

grooves G3 can be kept.  That is, the respective ga ps 6 

between adjacent devices D can be kept. 

(5) Second Planned Dividing Line Detecting Step 

        After the first expanding step is carried o ut, the 

workpiece holding means 40 is rotated by 90 degrees  

around the axial center in the Z-axis direction by the 

rotation means 401 depicted in FIG. 7.  Thereby, th e 

second planned dividing lines S2 oriented in the se cond 

direction depicted in FIG. 9 are oriented into the X-axis 

direction and the first planned dividing lines S1 

oriented in the first direction are oriented into t he Y-

axis direction.  Subsequently, the workpiece holdin g means 

40 is positioned below the imaging means 48 by the 

processing feed means 43.  Then, the workpiece W1 i s 

imaged and image processing such as pattern matchin g is 

executed by the imaging means 48 to carry out align ment 

to detect the first planned dividing lines S1 along  which 

the first laser-processed grooves G3 are formed and  the 

position that should be irradiated with the laser b eam 

(second planned dividing line S2).  In the second p lanned 

dividing line detecting step, the width of all firs t 

planned dividing lines S1 expanded in association w ith 

the expansion of the first laser-processed grooves G3 is 
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detected.  In addition, all second planned dividing  lines 

S2 are detected and the detection data is sent to t he 

control means 300.  The expanded width of the first  

planned dividing lines S1 is set in the control mea ns 300 

as the indexing feed width of the laser processing head 

450 in the Y-axis direction. 

(6) Second Laser Processing Step 

        By carrying out the second planned dividing  line 

detecting step, position alignment between the lase r 

processing head 450 and the detected second planned  

dividing line S2 is carried out.  The laser beam 

irradiation means 45 lowers the laser processing he ad 450 

in such a direction as to come closer to the workpi ece W1 

and adjusts the focusing point of the laser beam LB 2 to 

the height position of the front surface Wa of the 

workpiece W1.  Subsequently, while the workpiece ho lding 

means 40 is horizontally moved in e.g. the − X dire ction 

to relatively move the laser processing head 450 an d the 

workpiece W1 in the second direction parallel to th e 

workpiece W1 as depicted in FIG. 12, the laser beam  LB2 

having such a wavelength as to be absorbed by the 

workpiece W1 is emitted from the laser processing h ead 

450 along the second planned dividing line S2.  The reby, a 

second laser-processed groove G4 is formed in the 
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workpiece W1.  The second laser-processed groove G4  is 

also a groove that completely cuts the front and ba ck 

surfaces of the workpiece W1 similarly to the first  

laser-processed groove G3. 

        After the second laser-processed groove G4 is 

formed along the second planned dividing line S2 of  one 

row oriented in the second direction, indexing feed  of 

the laser processing head 450 is carried out in the  Y-

axis direction by the second indexing feed means 46  

depicted in FIG. 7 and the laser processing head 45 0 is 

positioned on the upper side of the adjacent second  

planned dividing line S2.  Then, the second laser-

processed groove G4 is formed by emitting the laser  beam 

LB2 from the laser processing head 450 along the se cond 

planned dividing line S2 while moving the workpiece  

holding means 40 in e.g. the − X direction by the 

processing feed means 43 similarly to the above 

description.  When the second laser-processed groov es G4 

are formed along all second planned dividing lines S2, 

the workpiece W1 is divided into plural chips C. 

(7) Second Expanding Step 

        After the second laser processing step is c arried 

out, similarly to the first expanding step, the wid th of 

the second laser-processed grooves G4 is enlarged b y 
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expanding the dicing tape 4 in the first direction 

orthogonal to the second direction as depicted in F IG. 13 

while keeping the held state of the workpiece W1 by  the 

workpiece holding means 40 and the frame holding me ans 41.  

The expansion operation is similarly to the above-

described first expanding step.  Specifically, the dicing 

tape 4 is pushed up by the expanding member 422 of the 

movement means 42 and the frame holding means 41 an d the 

workpiece W1 are relatively separated.  When the di cing 

tape 4 is expanded in a radial manner due to this, the 

width of the second laser-processed grooves G4 is 

enlarged and gaps are formed.  Due to the forming o f such 

gaps, even when debris generated in the second lase r 

processing step enters the second laser-processed g roove 

G4, it is possible to prevent the possibility of jo ining 

of the chips C obtained by the dividing due to the debris 

because the width of the second laser-processed gro oves 

G4 is expanded by the second expanding step.  In th is 

manner, the workpiece W1 is completely divided to a cquire 

the individual chips C.  In order to keep the inter val of 

the gaps between the respective chips C, the expose d part 

4a in the region between the workpiece W1 and the f rame 5 

may be heated to be thermally shrunk by the heating  means 

49 similarly to the first expanding step. 



 

38 

        As above, the laser processing apparatus 30  

according to the present invention includes the wor kpiece 

holding means 40 that holds the workpiece W1 stuck to the 

annular frame 5 with the intermediary of the dicing  tape 

4, the laser beam irradiation means 45 that irradia tes 

the workpiece W1 held by the workpiece holding mean s 40 

with the laser beam LB2, and the imaging means 48 t hat 

images the workpiece W1, and further includes the f rame 

holding means 41 that hold the annular frame 5, the  

movement means 42 for relatively separating the fra me 

holding means 41 and the workpiece W1 and expanding  the 

dicing tape 4, and the heating means 49 for applyin g heat 

to the region between the workpiece W1 on the dicin g tape 

4 and the frame 5 and shrinking the region.  Thus, after 

the first laser-processed grooves G3 are formed in the 

workpiece W1, the first laser-processed grooves G3 can be 

enlarged by expanding the dicing tape 4 by the move ment 

means 42 while keeping the held state of the workpi ece W1 

by the workpiece holding means 40 and the frame hol ding 

means 41.  In addition, after the second laser-proc essed 

grooves G4 are formed in the workpiece W1, the seco nd 

laser-processed grooves G4 can be enlarged by expan ding 

the dicing tape 4 by the movement means 42 while ke eping 

the held state of the workpiece W1 by the workpiece  
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holding means 40 and the frame holding means 41.  

Therefore, even when debris generated in the laser 

processing enters the first laser-processed groove G3 or 

the second laser-processed groove G4, it is possibl e to 

prevent the possibility of joining of the chips C 

obtained by the dividing due to the debris and it b ecomes 

possible to completely divide the workpiece W1. 

        Regarding the laser processing apparatus 30 , the 

case is described in which the frame holding means 41 and 

the workpiece W1 are relatively separated to expand  the 

dicing tape 4 by raising the expanding member 422 b y the 

movement means 42.  However, the configuration is n ot 

limited thereto.  For example, the frame holding me ans 41 

and the workpiece W1 may be relatively separated to  

expand the dicing tape 4 by providing a raising/low ering 

mechanism on the side of the frame holding means 41  and 

lowering the side of the frame 5. 

        Furthermore, regarding the laser processing  

apparatus 30, the case of dividing the workpiece W1  in 

which a pattern is formed is described.  However, t he 

laser processing apparatus 30 can be applied also t o the 

workpiece W in which a pattern is not formed like t hat 

depicted in the first embodiment. 

        The present invention is not limited to the  details 
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of the above described preferred embodiments.  The scope 

of the invention is defined by the appended claims and 

all changes and modifications as fall within the 

equivalence of the scope of the claims are therefor e to 

be embraced by the invention. 
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WHAT IS CLAIMED IS: 

        1.  A dividing method of a workpiece in whi ch the 

workpiece is divided into predetermined dimensions marked 

out based on a first direction and a second directi on 

orthogonal to the first direction, the dividing met hod 

comprising: 

        a dicing tape sticking step of sticking a d icing 

tape to the workpiece; 

        a first laser processing step of holding a side of 

the dicing tape on a holding table and irradiating the 

workpiece with a laser beam with such a wavelength as to 

be absorbed by the workpiece along the first direct ion to 

form first laser-processed grooves; 

        a first expanding step of expanding the dic ing tape 

in the second direction to enlarge width of the fir st 

laser-processed grooves after carrying out the firs t 

laser processing step; 

        a second laser processing step of irradiati ng the 

workpiece with the laser beam with such a wavelengt h as 

to be absorbed by the workpiece along the second 

direction to form second laser-processed grooves af ter 

carrying out the first expanding step; and 

        a second expanding step of expanding the di cing 

tape in the first direction to enlarge width of the  
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second laser-processed grooves after carrying out t he 

second laser processing step. 

        2.  Laser processing apparatus comprising: 

        workpiece holding means that holds a workpi ece 

supported by an annular frame with intermediary of a 

dicing tape; 

        laser beam irradiation means that irradiate s the 

workpiece held by the workpiece holding means with a 

laser beam; 

        imaging means that images the workpiece; 

        frame holding means that holds the frame; 

        movement means for relatively separating th e frame 

holding means and the workpiece and expanding the d icing 

tape; and 

        heating means for applying heat to a region  between 

the workpiece on the dicing tape and the frame and 

shrinking the region.  


