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LASER PROCESSING APPARATUS 

 

 BACKGROUND OF THE INVENTION 

Field of the Invention 

        The present invention relates to a laser pr ocessing 

apparatus for forming a separation layer inside an ingot 

by applying a laser beam to the ingot in the condit ion 

where the focal point of the laser beam is set insi de the 

ingot, the separation layer being formed to separat e a 

wafer from the ingot. 

Description of the Related Art 

        Various devices such as integrated circuits  (ICs), 

large-scale integrated circuits (LSIs), and light 

emitting diodes (LEDs) are formed by forming a func tional 

layer on the front side of a wafer formed of silico n (Si) 

or sapphire (Al 2O3) and partitioning this functional layer 

into a plurality of separate regions along a plural ity of 

division lines.  The division lines of such a wafer  having 

these devices are processed by a processing apparat us 

such as a cutting apparatus and a laser processing 

apparatus to thereby divide the wafer into a plural ity of 

individual device chips individually corresponding to the 

devices.  The device chips thus obtained are used i n 

various electrical equipment such as mobile phones and 
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personal computers. 

        Further, power devices or optical devices s uch as 

LEDs are formed by forming a functional layer on th e 

front side of a wafer formed of single crystal sili con 

carbide (SiC) and partitioning this functional laye r into 

a plurality of separate regions along a plurality o f 

division lines.  In general, the wafer on which the  

devices are to be formed is produced by slicing an ingot 

with a wire saw.  Both sides of the wafer sliced fr om the 

ingot are polished to a mirror finish (see Japanese  

Patent Laid-open No. 2000-094221, for example). 

        However, when the ingot of single crystal S iC is 

cut by the wire saw and both sides of each wafer ar e 

polished to obtain the product, 70% to 80% of the i ngot 

is discarded to cause a problem of poor economy.  I n 

particular, a single crystal SiC ingot has high har dness 

and it is therefore difficult to cut this ingot wit h the 

wire saw.  Accordingly, considerable time is requir ed for 

cutting of the ingot, causing a reduction in produc tivity.  

Thus, there is a problem in efficiently producing a  wafer 

from a single crystal SiC ingot in this prior art.  In 

recent years, a technique for solving this problem has 

been proposed (see Japanese Patent Laid-open No. 20 13-

049161, for example).  This technique includes the steps 
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of setting the focal point of a laser beam having a  

transmission wavelength to single crystal SiC insid e a 

single crystal SiC ingot, next applying the laser b eam to 

the ingot as scanning the laser beam on the ingot t o 

thereby form a separation layer in a separation pla ne 

previously set inside the ingot, and next separatin g a 

wafer from the ingot. 

 

SUMMARY OF THE INVENTION 

        However, in producing a wafer having a 

predetermined thickness efficiently and accurately by 

applying a laser beam to the ingot to form the sepa ration 

layer as mentioned above, it is necessary to consid er the 

height of the upper end surface of the ingot.  Ever y time 

the wafer is separated from the ingot, the height o f the 

upper end surface of the ingot changes.  That is, t he 

height of the upper end surface of the ingot change s not 

only with the thickness of each wafer to be separat ed, 

but also with the amount of polishing the end surfa ce of 

the ingot after separating each wafer.  Accordingly , in 

separating each wafer from the ingot in the conditi on 

where the height of the upper end surface of the in got is 

not accurate, there arises a problem such that the focal 

point of the laser beam cannot be accurately set at  a 
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predetermined depth from the upper end surface of t he 

ingot.  As a result, there is a possibility of vari ations 

in thickness of each wafer to be separated from the  ingot. 

        It is therefore an object of the present in vention 

to provide a laser processing apparatus which can 

separate a wafer having a proper thickness from an ingot 

by applying a laser beam to the ingot in the condit ion 

where the focal point of the laser beam is accurate ly set 

at a predetermined depth inside the ingot. 

        In accordance with an aspect of the present  

invention, there is provided a laser processing app aratus 

for forming a separation layer inside an ingot by 

applying a laser beam to an end surface of the ingo t in 

the condition where the focal point of the laser be am is 

set inside the ingot, the laser beam having a 

transmission wavelength to the ingot, the laser 

processing apparatus including holding means for ho lding 

the ingot; moving means for moving the holding mean s in a 

direction parallel to the end surface of the ingot held 

by the holding means; laser beam applying means for  

applying the laser beam to the ingot held by the ho lding 

means, the laser beam applying means having focusin g 

means for focusing the laser beam so that the focal  point 

is movable in a direction perpendicular to the end 
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surface of the ingot held by the holding means; ima ging 

means for detecting the position of the ingot in th e 

direction parallel to the end surface of the ingot held 

by the holding means; height detecting means for 

detecting the height of the end surface of the ingo t held 

by the holding means; and focal position adjusting means 

for adjusting the focal point of the laser beam to a 

predetermined depth from the end surface of the ing ot 

held by the holding means according to a detection value 

obtained by the height detecting means, the predete rmined 

depth corresponding to the thickness of a wafer to be 

produced from the ingot. 

        Preferably, the height detecting means incl udes a 

contact terminal, a moving unit for moving the cont act 

terminal until the contact terminal comes into cont act 

with the end surface of the ingot held by the holdi ng 

means, and a scale for detecting the position of th e 

contact terminal.  More preferably, the contact ter minal 

is provided adjacent to the imaging means, and the scale 

and the moving unit are included in the imaging mea ns. 

        According to the present invention, the foc al point 

of the laser beam can be set at a desired position with 

reference to the accurate height of the end surface  of 

the ingot, so that it is possible to solve the prob lem 
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that the thickness of the wafer to be separated fro m the 

ingot may vary.  Further, in the case that the heig ht 

detecting means includes the contact terminal, the moving 

unit for moving the contact terminal until the cont act 

terminal comes into contact with the end surface of  the 

ingot held by the holding means, and the scale for 

detecting the position of the contact terminal, the  

height detecting means can be easily configured.  F urther, 

in the case that the contact terminal is provided 

adjacent to the imaging means, and the scale and th e 

moving unit are included in the imaging means, the 

configuration of the imaging means can be used for the 

height detecting means, thereby suppressing an incr ease 

in cost of the laser processing apparatus. 

        The above and other objects, features and 

advantages of the present invention and the manner of 

realizing them will become more apparent, and the 

invention itself will best be understood from a stu dy of 

the following description and appended claims with 

reference to the attached drawings showing a prefer red 

embodiment of the invention. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

        FIG. 1 is a perspective view of a laser pro cessing 
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apparatus according to a preferred embodiment of th e 

present invention; 

        FIG. 2A is a perspective view of imaging me ans and 

height detecting means included in the laser proces sing 

apparatus shown in FIG. 1; 

        FIG. 2B is a vertical sectional view of the  height 

detecting means shown in FIG. 2A; 

        FIGS. 3A and 3B are side views for illustra ting the 

operation of the height detecting means shown in FI G. 2A; 

        FIG. 4 is a side view for illustrating a fo cal 

position adjusting step of adjusting the focal poin t of a 

laser beam to a predetermined depth in an ingot by the 

operation of laser beam applying means included in the 

laser processing apparatus shown in FIG. 1; and 

        FIG. 5 is a perspective view for illustrati ng a 

separation layer forming step to be performed by th e 

laser processing apparatus shown in FIG. 1. 

 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

        A preferred embodiment of the laser process ing 

apparatus according to the present invention will n ow be 

described in detail with reference to the attached 

drawings.  Referring to FIG. 1, there is shown a la ser 

processing apparatus 2 according to this preferred 
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embodiment.  The laser processing apparatus 2 shown  in FIG. 

1 includes a base 4, holding means 6 for holding an  ingot 

60 as a workpiece, moving means 8 for moving the ho lding 

means 6 in a direction parallel to an end surface o f the 

ingot 60 held by the holding means 6, laser beam ap plying 

means 10 for applying a laser beam to the ingot 60 held 

by the holding means 6, imaging means 12 for imagin g the 

ingot 60 held by the holding means 6, height detect ing 

means 13 for detecting the height of the end surfac e of 

the ingot 60 held by the holding means 6, display m eans 

14 for displaying an image obtained by the imaging means 

12, and control means (not shown) for controlling t he 

holding means 6, the moving means 8, the laser beam  

applying means 10, the imaging means 12, the height  

detecting means 13, and the display means 14. 

        The holding means 6 includes a rectangular X 

movable plate 20 mounted on the base 4 so as to be 

movable in an X direction, a rectangular Y movable plate 

22 mounted on the X movable plate 20 so as to be mo vable 

in a Y direction, and a cylindrical chuck table 24 

rotatably mounted on the upper surface of the Y mov able 

plate 22.  The X direction is defined as the direct ion 

shown by an arrow X in FIG. 1, and the Y direction is 

defined as the direction shown by an arrow Y in FIG . 1, 
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which is perpendicular to the X direction in an XY plane.  

The XY plane defined by the X direction and the Y 

direction is a substantially horizontal plane. 

        The moving means 8 is the means for moving the 

holding means 6 in a direction parallel to the XY p lane 

defined by the X direction and the Y direction.  Th e 

moving means 8 includes X moving means 26 for movin g the 

X movable plate 20 in the X direction, Y moving mea ns 28 

for moving the Y movable plate 22 in the Y directio n, and 

rotating means (not shown) for rotating the chuck t able 

24 in the direction shown by an arrow 24b.  The X m oving 

means 26 includes a ball screw 30 extending in the X 

direction and a motor 32 for rotating the ball scre w 30.  

The ball screw 30 is operatively connected to the X  

movable plate 20.  The X moving means 26 is operate d in 

such a manner that the rotary motion of the motor 3 2 is 

converted into a linear motion by the ball screw 30  and 

this linear motion is transmitted to the X movable plate 

20, so that the X movable plate 20 is moved in the X 

direction along a pair of guide rails 4a provided o n the 

base 4.  Similarly, the Y moving means 28 includes a ball 

screw 34 extending in the Y direction and a motor 3 6 for 

rotating the ball screw 34.  The ball screw 34 is 

operatively connected to the Y movable plate 22.  T he Y 
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moving means 28 is operated in such a manner that t he 

rotary motion of the motor 36 is converted into a l inear 

motion by the ball screw 34 and this linear motion is 

transmitted to the Y movable plate 22, so that the Y 

movable plate 22 is moved in the Y direction along a pair 

of guide rails 20a provided on the X movable plate 20.  

Although not shown, each of the X moving means 26, the Y 

moving means 28, and the rotating means is provided  with 

position detecting means.  The position detecting m eans in 

the X moving means 26 functions to accurately detec t the 

X position of the chuck table 24.  The position det ecting 

means in the Y moving means 28 functions to accurat ely 

detect the Y position of the chuck table 24.  The p osition 

detecting means in the rotating means functions to 

accurately detect the rotational position of the ch uck 

table 24.  Detection signals from these position de tecting 

means are transmitted to the control means (not sho wn).  

According to control signals output from the contro l 

means, all of the X moving means 26, the Y moving m eans 

28, and the rotating means can be driven to move th e 

chuck table 24 to an arbitrary position and rotate it at 

an arbitrary angle. 

        The laser beam applying means 10 includes a n L-

shaped casing 38 provided on the base 4 at its rear  end 
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portion, laser oscillating means (not shown) built in the 

casing 38, focusing means 40 mounted on the lower s urface 

of the casing 38 at its front end portion, and foca l 

position adjusting means (not shown) for adjusting the 

vertical position of the focal point of a laser bea m to 

be applied from the focusing means 40.  The L-shape d 

casing 38 is composed of a vertical portion extendi ng 

upward from the upper surface of the base 4 and a 

horizontal portion extending from the upper end of the 

vertical portion in a substantially horizontal dire ction.  

Although not shown, the laser oscillating means inc ludes 

a laser oscillator for oscillating a pulsed laser b eam, 

power adjusting means for adjusting the power of th e 

pulsed laser beam oscillated from the laser oscilla tor, 

and frequency setting means for setting the repetit ion 

frequency of the pulsed laser beam to be oscillated  from 

the laser oscillator.  The focusing means 40 includ es a 

focusing lens (not shown) for focusing the pulsed l aser 

beam oscillated from the laser oscillating means. 

        The imaging means 12 is provided at the cor ner of 

the front end of the casing 38 so as to be spaced f rom 

the focusing means 40 in the X direction as shown i n FIG. 

1.  As shown in FIG. 2A, the imaging means 12 inclu des an 

objective lens unit 12a for imaging the horizontal 
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position of the ingot 60 held on the chuck table 24  in 

the direction parallel to the end surface of the in got 60, 

i.e., imaging the outside shape of the ingot 60, a 

housing 12b for holding the objective lens unit 12a , an 

imaging device (charge coupled device (CCD)) 12c fo r 

receiving light captured by the objective lens unit  12a 

through the housing 12b, and a moving unit 12d for moving 

the housing 12b in a vertical direction (Z directio n 

shown by an arrow Z in FIG. 2A) to thereby move the  

objective lens unit 12a and the imaging device 12c in the 

Z direction. 

        The moving unit 12d is composed of a case 1 21 for 

supporting the housing 12b, the case 121 containing  a 

drive mechanism (not shown) for moving the housing 12b in 

the Z direction, and a motor 122 for driving the dr ive 

mechanism contained in the case 121.  The case 121 is 

provided with a scale 12e for detecting the amount of 

movement of the housing 12b in the Z direction.  On  the 

other hand, a detection terminal 12f for reading th e 

graduations on the scale 12e to thereby detect the Z 

position of the housing 12b is provided on the side  

surface of the housing 12b so as to be opposed to t he 

scale 12e.  In the case of imaging the workpiece by  using 

the imaging means 12, the vertical position of the 
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housing 12b is measured by the scale 12e and the 

detection terminal 12f, and the moving unit 12d is 

operated to adjust the Z position of the objective lens 

unit 12a, thereby adjusting the focal position of t he 

objective lens unit 12a.  The drive mechanism conta ined in 

the case 121 may be configured by guide rails, a ba ll 

screw mechanism, etc. as similar to the configurati ons of 

the X moving means 26 and the Y moving means 28. 

        As shown in FIG. 2A, the height detecting m eans 13 

may be integrated with the housing 12b of the imagi ng 

means 12.  As shown in FIG. 2B, which is a cross se ction 

taken along the line A-A in FIG. 2A, the height det ecting 

means 13 is composed of a contact terminal 13a, a c ase 

13b for holding the contact terminal 13a, a spring 13c 

contained in the case 13b for biasing the contact 

terminal 13a downwardly, and a switch 13d provided in the 

inside space of the case 13b at its upper end porti on, in 

which the contact terminal 13a is located adjacent the 

imaging means 12. 

        The contact terminal 13a has a front end (l ower 

end) 131, a rear end (upper end) 133, and a flange 132 

formed between the front end 131 and the rear end 1 33.  

The front end 131 extends downward from the lower e nd 

surface of the case 13b.  The flange 132 is located  in the 
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inside space of the case 13b so as to receive a bia sing 

force of the spring 13c.  The rear end 133 is also located 

in the inside space of the case 13b, and the switch  13d 

is located at the upper end of the inside space of the 

case 13b in such a manner that a small gap is defin ed 

between the rear end 133 and the switch 13d in a no rmal 

condition shown in FIG. 2B where nothing is in cont act 

with the front end 131.  When the contact terminal 13a is 

moved upward in the case 13b and rear end 133 of th e 

contact terminal 13a comes into contact with the sw itch 

13d, the switch 13d generates an ON signal and then  

transmits the ON signal to the control means (not s hown). 

        The control means is configured by a comput er.  

Although not shown, the control means includes a ce ntral 

processing unit (CPU) for computing according to a 

control program, a read only memory (ROM) previousl y 

storing the control program, a random access memory  (RAM) 

for temporarily storing detection values, operation  

results, etc., an input interface, and an output 

interface. 

        There will now be described a wafer produci ng 

method using the laser processing apparatus 2 havin g the 

above configuration and the operation of the height  

detecting means 13. 
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        The ingot 60 to be processed by the laser 

processing apparatus 2 is a hexagonal single crysta l SiC 

ingot.  As shown in FIG. 2A, the ingot 60 has a 

substantially cylindrical shape composed of a 

substantially cylindrical surface 62, an upper end 

surface 64, and a lower end surface 66.  The substa ntially 

cylindrical surface 62 has a first orientation flat  68 

for indicating a crystal orientation and a second 

orientation flat 70 for indicating a direction 

perpendicular to a direction of inclination of a C- axis 

in the ingot 60.  Each of the first and second orie ntation 

flats 68 and 70 has a rectangular shape as viewed i n side 

elevation.  The first and second orientation flats 68 and 

70 are different in length as viewed in plan for th e 

purpose of easy discrimination. 

        Prior to holding the ingot 60 on the chuck table 24 

and starting the processing in the laser processing  

apparatus 2, the height Z1 of the chuck table 24 (t he 

height of the upper surface 24a of the chuck table 24) is 

detected by using the height detecting means 13 as shown 

in FIG. 3A.  More specifically, the height detectin g means 

13 is previously set at a standby position where th e 

front end (lower end) 131 of the contact terminal 1 3a is 

higher in level than the upper surface 24a of the c huck 
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table 24 by a predetermined distance.  That is, the  height 

detecting means 13 and the imaging means 12 united each 

other are previously set at this standby position.  

Thereafter, the moving means 8 is operated to move the 

chuck table 24 so that the center of the chuck tabl e 24 

is positioned directly below the front end 131 of t he 

contact terminal 13a of the height detecting means 13.  

Thereafter, the motor 122 of the moving unit 12d is  

operated to lower the height detecting means 13.  A t this 

time, the height detecting means 13 is lowered at a  low 

speed, so as to prevent that the front end 131 of t he 

contact terminal 13a may sharply collide with the u pper 

surface 24a of the chuck table 24 to cause damage o r the 

like. 

        As described above with reference to FIG. 2 B, the 

contact terminal 13a is normally biased downward by  the 

spring 13c provided in the case 13b.  When the cont act 

terminal 13a is lowered to reach the chuck table 24 , i.e., 

when the front end 131 of the contact terminal 13a comes 

into contact with the upper surface 24a of the chuc k 

table 24, the downward movement of the contact term inal 

13a is stopped.  Thereafter, the case 13b is furthe r 

lowered, so that the switch 13d provided in the cas e 13b 

is lowered by the small gap defined between the rea r end 
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133 of the contact terminal 13a and the switch 13d.   When 

the switch 13d comes into contact with the rear end  133 

of the contact terminal 13a, an ON signal is genera ted 

from the switch 13d.  Thereafter, when the ON signa l is 

transmitted to the control means (not shown), a sto p 

signal is immediately transmitted from the control means 

to the motor 122 to thereby stop the operation of t he 

motor 122 and accordingly stop the lowering of the height 

detecting means 13 (see FIG. 3A). 

        When the lowering of the height detecting m eans 13 

is stopped as mentioned above, the graduation on th e 

scale 12e at this time is read by the detection ter minal 

12f to measure the vertical position of the front e nd 131 

of the contact terminal 13a.  A detection value (Z1 ) 

obtained by the detection terminal 12f is transmitt ed to 

the control means, and this detection value is stor ed as 

the height Z1 of the chuck table 24 by the control means.  

Thereafter, the motor 122 is operated to raise the height 

detecting means 13 to the standby position mentione d 

above. 

        After detecting the height Z1 of the chuck table 24 

and setting the height detecting means 13 to the st andby 

position as mentioned above, the ingot 60 is placed  on 

the chuck table 24 in the condition where the cente r of 



18 

the ingot 60 coincides with the center of the chuck  table 

24, and an adhesive (e.g., epoxy resin adhesive) is  

interposed between the upper surface 24a of the chu ck 

table 24 and the lower end surface 66 of the ingot 60.  As 

a modification, the upper surface 24a of the chuck table 

24 may be formed of a porous material to form a cir cular 

vacuum chuck having a substantially horizontal hold ing 

surface, and this vacuum chuck may be connected to 

suction means (not shown) for producing a vacuum.  In this 

case, the ingot 60 can be held on the chuck table 2 4 

under suction. 

        After setting the ingot 60 on the chuck tab le 24, 

the operation of the height detecting means 13 ment ioned 

above is performed in a similar manner to detect th e 

height Z2 of the upper end surface 64 of the ingot 60 

held on the chuck table 24.  More specifically, as shown 

in FIG. 3B, the height detecting means 13 is lowere d from 

the standby position toward the ingot 60 held on th e 

chuck table 24.  When the front end 131 of the cont act 

terminal 13a comes into contact with the upper end 

surface 64 of the ingot 60, the vertical position o f the 

front end 131 of the contact terminal 13a, or the h eight 

Z2 of the upper end surface 64 of the ingot 60 is 

detected by the detection terminal 12f and then sto red 
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into the control means.  After detecting the height  Z1 of 

the upper surface 24a of the chuck table 24 and the  

height Z2 of the upper end surface 64 of the ingot 60 as 

mentioned above, the thickness (Z2 - Z1) of the ing ot 60 

is calculated.  The reference position (origin) on the 

scale 12e is previously set lower than the height o f the 

chuck table 24 by a predetermined amount so as to p revent 

that the detection value by the detection terminal 12f 

may become a negative value. 

        After calculating the thickness (Z2 - Z1) o f the 

ingot 60 as mentioned above, an alignment step is 

performed to make the alignment between a target po sition 

on the ingot 60 where processing of the ingot 60 is  

started and the position of the focusing means 40 o f the 

laser beam applying means 10.  More specifically, t he 

alignment step is performed in the following manner .  

First, the moving means 8 is operated to move the c huck 

table 24 to the position below the imaging means 12 , and 

the whole of the ingot 60  held on the chuck table 24 is 

imaged by the imaging means 12.  At this time, the height 

of the imaging means 12 is detected by the scale 12 e and 

the detection terminal 12f, and the motor 122 of th e 

moving unit 12d is operated to move the imaging mea ns 12 

to a suitable position where the ingot 60 can be pr operly 
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imaged.  An image of the ingot 60 obtained by the i maging 

means 12 is displayed on the display means 14, and the 

shape of the upper end surface 64 of the ingot 60 i s 

grasped according to the image displayed.  Further,  the 

positions and directions of the first and second 

orientation flats 68 and 70 of the ingot 60 are det ected.  

Since the first and second orientation flats 68 and  70 

are different in length as viewed in plan as descri bed 

above, the first and second orientation flats 68 an d 70 

can be easily discriminated from each other. 

        After detecting the first and second orient ation 

flats 68 and 70, the moving means 8 is operated to make 

the second orientation flat 70 parallel to the X 

direction and also to align the target start positi on on 

the ingot 60 with the focusing means 40.  Thereafte r, the 

focal position adjusting means (not shown) in the l aser 

beam applying means 10 is operated to move the focu sing 

means 40 in the Z direction, thereby adjusting the focal 

point of a laser beam to a predetermined depth (e.g ., 100 

µm) from the upper end surface 64 of the ingot 60 

according to the thickness of a wafer to be separat ed 

from the ingot 60.  At this time, the focal point i s set 

with reference to the height Z1 of the chuck table 24 and 

the height Z2 of the ingot 60 as previously detecte d.  
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That is, as shown in FIG. 4, the Z position of the 

focusing means 40 is adjusted so that the focal poi nt of 

the laser beam is set at a height of (Z2 - Z1 – 100  µm) 

from the upper surface 24a of the chuck table 24. 

        After performing the alignment step as ment ioned 

above, a separation layer forming step is performed  to 

form a separation layer inside the ingot 60.  As sh own in 

FIGS. 4 and 5, the separation layer forming step is  

performed by applying a laser beam having a transmi ssion 

wavelength to single crystal SiC from the focusing means 

40 to the ingot 60 as operating the X moving means 26 to 

move the chuck table 24 at a predetermined feed spe ed in 

the X direction (i.e., in the direction parallel to  the 

second orientation flat 70).  More specifically, th e 

separation layer forming step includes a strength r educed 

portion forming step of forming a strength reduced 

portion 74 at the depth of 100 µm from the upper en d 

surface 64 of the ingot 60 held on the chuck table 24, 

the strength reduced portion 74 linearly extending in the 

X direction, and an indexing step of indexing the c huck 

table 24 in the Y direction by a predetermined amou nt by 

operating the Y moving means 28, after performing t he 

strength reduced portion forming step.  The strengt h 

reduced portion forming step and the indexing step are 
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repeated plural times.  Accordingly, a plurality of  

strength reduced portions 74 are arranged at given 

intervals in the Y direction, i.e., in the directio n 

perpendicular to the second orientation flat 70 in the XY 

plane parallel to the upper end surface 64 of the i ngot 

60.  The separation layer forming step may be perfo rmed 

under the following processing conditions. 

        Light source: YAG pulsed laser 

        Wavelength of the laser beam: 1064 nm 

        Repetition frequency: 80 kHz 

        Average power: 3.2 W 

        Pulse width: 3 ns 

        Focused spot diameter: 10 µm 

        Numerical aperture (NA) of the focusing len s: 0.65 

        Index amount: 500 µm 

        Feed speed: 150 mm/second 

        Defocus amount: 100 µm 

        After performing the separation layer formi ng step, 

a wafer separating step is performed to separate a wafer 

having a thickness of 100 µm from the ingot 60 alon g the 

separation layer as an interface as formed in the 

separation layer forming step.  The wafer separatin g step 

is not essential in the present invention, and the 

detailed description thereof will therefore be omit ted.  
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For example, the wafer separating step may be perfo rmed 

in the following manner.  First, a suction member i s 

brought into close contact with the upper end surfa ce 64 

of the ingot 60, and suction means is operated to a pply a 

vacuum to the suction member, thereby holding the i ngot 

60 to the suction member under suction.  Thereafter , 

ultrasonic vibration is applied from the suction me mber 

to the ingot 60 to thereby grow the separation laye r 

formed in the separation layer forming step.  As a result, 

the wafer can be separated from the ingot 60 along the 

separation layer as an interface. 

        After performing the wafer separating step,  a 

polishing step is performed to polish the new upper  end 

surface of the ingot 60 by using polishing means (n ot 

shown) provided on the base 4.  Accordingly, the re maining 

ingot 60 can be used to produce a wafer again.  Tha t is, 

the height detecting means 13 is lowered toward the  ingot 

60 held on the chuck table 24 until the front end 1 31 of 

the contact terminal 13a comes into contact with th e new 

upper end surface of the ingot 60 as shown in FIG. 3B, 

thereby detecting the height of the new upper end s urface 

of the ingot 60 and storing it into the control mea ns.  

Thereafter, the above-mentioned steps are similarly  

performed with reference to the height of the new u pper 
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end surface of the ingot 60 detected above.  By rep eating 

the above operation, a plurality of wafers can be 

efficiently produced from the ingot 60 to thereby i mprove 

the productivity.  The height Z1 of the chuck table  24 is 

not required to be detected again because it is not  

changed even after the separation of a wafer from t he 

ingot 60.  For example, the height Z1 of the chuck table 

24 may be detected and stored once at the start of daily 

work or at starting the operation of the laser proc essing 

apparatus 2. 

        The present invention is not limited to the  above 

preferred embodiment, but various modifications may  be 

made within the scope of the present invention.  Fo r 

example, while the height detecting means 13 is loc ated 

adjacent to the imaging means 12 in the above prefe rred 

embodiment, the height detecting means 13 may be lo cated 

at the front end of the casing 38 independently of the 

imaging means 12.  Further, the height Z2 of the up per end 

surface 64 of the ingot 60 is detected by measuring  the Z 

position at the center of the upper end surface 64 of the 

ingot 60 in the above preferred embodiment.  As a 

modification, a plurality of Z positions at a plura lity 

of points on the upper end surface 64 may be detect ed and 

the average of these plural Z positions detected ma y be 
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adopted as the height Z2. 

        The present invention is not limited to the  details 

of the above described preferred embodiment.  The s cope of 

the invention is defined by the appended claims and  all 

changes and modifications as fall within the equiva lence 

of the scope of the claims are therefore to be embr aced 

by the invention. 
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WHAT IS CLAIMED IS: 

        1.  A laser processing apparatus for formin g a 

separation layer inside an ingot by applying a lase r beam 

to an end surface of said ingot in a condition wher e the 

focal point of said laser beam is set inside said i ngot, 

said laser beam having a transmission wavelength to  said 

ingot, said laser processing apparatus comprising: 

        holding means for holding said ingot; 

        moving means for moving said holding means in a 

direction parallel to the end surface of said ingot  held 

by said holding means; 

        laser beam applying means for applying said  laser 

beam to said ingot held by said holding means, said  laser 

beam applying means having focusing means for focus ing 

said laser beam so that the focal point is movable in a 

direction perpendicular to the end surface of said ingot 

held by said holding means; 

        imaging means for detecting the position of  said 

ingot in the direction parallel to the end surface of 

said ingot held by said holding means; 

        height detecting means for detecting the he ight of 

the end surface of said ingot held by said holding means; 

and 

        focal position adjusting means for adjustin g the 
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focal point of said laser beam to a predetermined d epth 

from the end surface of said ingot held by said hol ding 

means according to a detection value obtained by sa id 

height detecting means, said predetermined depth 

corresponding to the thickness of a wafer to be pro duced 

from said ingot. 

        2.  The laser processing apparatus accordin g to 

claim 1, wherein said height detecting means includ es a 

contact terminal, a moving unit for moving said con tact 

terminal until said contact terminal comes into con tact 

with the end surface of said ingot held by said hol ding 

means, and a scale for detecting the position of sa id 

contact terminal. 

        3.  The laser processing apparatus accordin g to 

claim 2, wherein said contact terminal is provided 

adjacent to said imaging means, and said scale and said 

moving unit are included in said imaging means. 


