
1 

WAFER PRODUCING METHOD 

 

BACKGROUND OF THE INVENTION 

Field of the Invention 

        The present invention relates to a wafer pr oducing 

method. 

Description of the Related Art 

        Chips of semiconductor devices are generall y 

manufactured by using a disk-shaped wafer.  This wa fer is, 

for example, cut out from a cylindrical semiconduct or 

ingot by using a wire saw, and thereafter produced by 

polishing the top surface of the wafer and thus fin ishing 

the top surface into a mirror surface (see Japanese  

Patent Laid-Open No. 2000-94221, for example). 

        Specifically, when the wafer is cut out fro m the 

ingot by using the wire saw, minute irregularities are 

formed on the top surface of the wafer, and the waf er is 

curved as a whole (a warp occurs in the wafer).  

Therefore, the top surface of the wafer thus cut ou t is 

often polished in order to planarize the wafer by 

removing the irregularities. 

        However, when the wafer is polished, a part  of the 

polished surface side of the wafer becomes a polish ing 

swarf and is discarded, so that the wafer is thinne d.  In 
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consideration of this, the wafer is generally cut o ut 

from the ingot so as to be thicker than a wafer use d for 

manufacturing semiconductor devices. 

        The ingot used for manufacturing chips of 

semiconductor devices is expensive.  Therefore, whe n the 

wafer is produced by a method necessitating polishi ng, 

the manufacturing cost of the chips of the semicond uctor 

devices manufactured by using the wafer also tends to be 

high. 

        Further, single crystal silicon carbide (Si C) 

expected as a material for power devices has high 

hardness.  Therefore, when a wafer is cut out from a 

single crystal SiC ingot by using the wire saw, a t ime 

required to cut out the wafer tends to be long, and  the 

wire saw tends to be worn. 

        As a result, the manufacturing cost of the single 

crystal SiC wafer tends to be high.  In view of thi s, a 

method has been developed which peels the wafer fro m the 

ingot by using a laser beam without using the wire saw 

(see Japanese Patent Laid-Open No. 2016-111143, for  

example). 

        This method irradiates the ingot with the l aser 

beam in a state in which the condensing point of th e 

laser beam having a wavelength passing through the ingot 
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is positioned within the ingot.  A peeling layer in cluding 

a modified layer and cracks extending from the modi fied 

layer is thereby formed within the ingot.  Then, th e wafer 

is peeled from the ingot by separating the ingot at  the 

peeling layer. 

 

SUMMARY OF THE INVENTION 

        In the above-described method, a chuck tabl e that 

holds the ingot moves linearly such that a part fro m one 

end to another end of the ingot passes directly bel ow a 

condenser (laser head) while a laser beam irradiati ng 

unit applies the laser beam to a position directly below 

the condenser. 

        Here, the power of the laser beam at the co ndensing 

point may not be stable when the vicinity of one en d and 

the vicinity of another end (peripheral region) of the 

ingot are irradiated with the laser beam.  In the 

following, this will be described with reference to  FIGS. 

10A to 10E.  Incidentally, FIGS. 10A to 10E are dia grams 

illustrating states in which the vicinity of one en d of 

an ingot 1 is irradiated with a laser beam 3 while the 

chuck table holding the ingot 1 is moved. 

        When the vicinity of one end of the ingot 1  is to 

be irradiated with the laser beam 3, as illustrated  in 
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FIG. 10A, the condensing point of the laser beam 3 is 

positioned at a height corresponding to the inside of the 

ingot 1 in a state in which an optical axis 5 of th e 

laser beam 3 is sufficiently separated outward from  the 

outer peripheral surface of the ingot 1. 

        When the chuck table is moved until the opt ical 

axis 5 is positioned slightly outward of the outer 

peripheral surface of the ingot 1, as illustrated i n FIG. 

10B, a part of the laser beam 3 passes through the upper 

surface of the ingot 1.  Incidentally, due to a dif ference 

in refractive index between the ingot 1 and an 

atmosphere, there is a difference between the heigh t of 

the condensing point of the laser beam 3 passing th rough 

the inside of the ingot 1 and the height of the 

condensing point of the laser beam 3 not passing th rough 

the inside of the ingot 1. 

        When the chuck table is moved until the opt ical 

axis 5 is positioned at the outer peripheral surfac e of 

the ingot 1, as illustrated in FIG. 10C, about half  of 

the laser beam 3 which half is on a side adjoining the 

ingot 1 passes through the upper surface of the ing ot 1.  

Incidentally, as described above, the height of the  

condensing point of the laser beam passing through the 

inside of the ingot 1 is different from the height of the 
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condensing point of the laser beam 3 not passing th rough 

the inside of the ingot 1. 

        When the chuck table is moved until the opt ical 

axis 5 is positioned slightly inward of the outer 

peripheral surface of the ingot 1, as illustrated i n FIG. 

10D, a part of the laser beam 3 goes to the condens ing 

point within the ingot 1 via the outer peripheral s urface 

of the ingot 1.  At this time, an ablation trace re sulting 

from multiphoton absorption is formed on the outer 

peripheral surface of the ingot 1.  Incidentally, a s in 

the foregoing, the height of the condensing point o f the 

laser beam 3 passing through the outer peripheral s urface 

of the ingot 1 is different from the height of the 

condensing point of the laser beam 3 passing throug h the 

upper surface of the ingot 1. 

        When the chuck table is moved until the opt ical 

axis 5 is sufficiently separated inward from the ou ter 

peripheral surface of the ingot 1, as illustrated i n FIG. 

10E, the whole of the laser beam 3 passes through t he 

upper surface of the ingot 1.  At this time, the wh ole of 

the laser beam 3 goes to a single condensing point within 

the ingot 1.  Therefore, the power density of the l aser 

beam 3 at the condensing point within the ingot 1 a t this 

time is highest in a period from when the condensin g 
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point of the laser beam 3 is positioned at the oute r 

peripheral surface of the ingot 1 (see FIG. 10C) to  this 

time (see FIG. 10E). 

        In addition, also when the chuck table is m oved 

such that another end of the ingot 1 is irradiated with 

the laser beam 3, an ablation trace resulting from 

multiphoton absorption is similarly formed on the o uter 

peripheral surface of the ingot 1, and the power de nsity 

of the laser beam 3 at the condensing point within the 

ingot 1 changes. 

        In a case where the vicinity of one end and  the 

vicinity of another end (peripheral region) of the ingot 

1 are thus irradiated with the laser beam 3 and the  

ablation traces are formed on the outer peripheral 

surface of the ingot 1, there is a fear of chipping  

occurring in the peripheral region of the wafer in a 

post-process (grinding, chemical mechanical polishi ng 

(CMP)), edge trimming, chamfering, or the like) per formed 

on the wafer peeled off from the ingot 1. 

        In view of this, it is an object of the pre sent 

invention to provide a wafer producing method that can 

reduce a probability that chipping occurs in the 

peripheral region of a wafer in a post-process. 

        In accordance with an aspect of the present  
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invention, there is provided a wafer producing meth od for 

producing, from a workpiece that is a single crysta l SiC 

ingot or a single crystal SiC wafer and has a first  

surface and a second surface opposed to the first 

surface, a wafer having a thickness less than an in terval 

between the first surface and the second surface.  The 

wafer producing method includes a peeling layer for ming 

step of positioning, within the workpiece, a conden sing 

point of a laser beam of a wavelength passing throu gh the 

workpiece, applying the laser beam while moving the  

workpiece and the condensing point relative to each  other 

along an intersection line at which a plane paralle l with 

a c-plane of the workpiece and the first surface 

intersect each other, and forming a peeling layer 

including a modified portion and a crack extending from 

the modified portion along the c-plane, and a wafer  

peeling step of peeling the wafer from the workpiec e by 

separating the workpiece at the peeling layer, the 

peeling layer forming step applying the laser beam only 

in a state in which the condensing point is positio ned in 

a central region of the workpiece other than a peri pheral 

region extending inward from a peripheral edge of t he 

workpiece by a predetermined distance. 

        Preferably, the wafer producing method furt her 
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includes a peripheral edge detecting step of detect ing 

the peripheral edge of the workpiece by imaging the  first 

surface side of the workpiece by an imaging unit be fore 

the peeling layer forming step. 

        Preferably, the wafer producing method furt her 

includes a grinding step of grinding a peeling surf ace of 

the wafer, the peeling surface being exposed by pee ling 

the wafer from the workpiece, after the wafer peeli ng 

step. 

        Preferably, the wafer producing method furt her 

includes a chamfering step of chamfering the periph eral 

edge of the wafer after the wafer peeling step. 

        The present invention forms the peeling lay er by 

applying the laser beam only to the central region of the 

workpiece other than the peripheral region extendin g 

inward from the peripheral edge of the workpiece by  a 

predetermined distance.  In this case, the applicat ion of 

the laser beam does not form the peeling layer in t he 

peripheral region of the workpiece, and the formati on of 

an ablation trace on the outer peripheral surface o f the 

workpiece is prevented.  As a result, it is possibl e to 

reduce a probability of occurrence of chipping in t he 

peripheral region of the wafer when the wafer peele d off 

from the workpiece is subjected to a post-process. 
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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. 1A is a perspective view schematically  

illustrating an example of a workpiece; 

        FIG. 1B is a side view schematically illust rating 

the example of the workpiece; 

        FIG. 2 is a diagram schematically illustrat ing the 

workpiece in a state in which a vicinity of one end  of 

the workpiece is irradiated with a laser beam; 

        FIG. 3 is a flowchart illustrating an examp le of a 

wafer producing method; 

        FIG. 4 is a perspective view schematically 

illustrating a laser irradiating apparatus for perf orming 

a peeling layer forming step and the workpiece; 

        FIG. 5A is a sectional view schematically 

illustrating a central region of the workpiece afte r the 

peeling layer forming step; 
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        FIG. 5B is a diagram schematically illustra ting the 

workpiece after the peeling layer forming step; 

        FIG. 6 is a sectional view schematically 

illustrating a separating apparatus for performing a 

wafer peeling step and the workpiece; 

        FIG. 7 is a flowchart illustrating another example 

of the wafer producing method; 

        FIG. 8 is a perspective view schematically 

illustrating a grinding apparatus for performing a 

grinding step and a wafer peeled off from the workp iece; 

        FIG. 9 is a side view schematically illustr ating a 

chamfering apparatus for performing a chamfering st ep and 

the wafer peeled off from the workpiece; 

        FIG. 10A is a diagram illustrating a state in which 

the vicinity of one end of an ingot is irradiated w ith a 

laser beam; 

        FIG. 10B is a diagram illustrating a state in which 

the vicinity of one end of the ingot is irradiated with 

the laser beam; 

        FIG. 10C is a diagram illustrating a state in which 

the vicinity of one end of the ingot is irradiated with 

the laser beam; 

        FIG. 10D is a diagram illustrating a state in which 

the vicinity of one end of the ingot is irradiated with 
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the laser beam; and 

        FIG. 10E is a diagram illustrating a state in which 

the vicinity of one end of the ingot is irradiated with 

the laser beam. 

 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

        An embodiment of the present invention will  be 

described with reference to the accompanying drawin gs.  

FIG. 1A is a perspective view schematically illustr ating 

an example of a workpiece used in a wafer producing  

method according to the present embodiment.  FIG. 1 B is a 

side view schematically illustrating an example of the 

workpiece.  The workpiece 11 illustrated in FIG. 1A  and 

FIG. 1B is a cylindrical single crystal SiC ingot h aving 

a top surface (first surface) 11a and an undersurfa ce 

(second surface) 11b substantially parallel with ea ch 

other. 

        The workpiece 11 is produced by using epita xial 

growth.  Then, the workpiece 11 is produced such th at a c-

axis 11c of single crystal SiC is slightly inclined  with 

respect to a normal 11d to the top surface 11a and the 

undersurface 11b in order to reduce lattice defects  

formed internally.  For example, an angle (off angl e) α 

formed between the c-axis 11c and the normal 11d is  1° to 
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6° (typically 4°). 

        Two flat portions indicating the crystal 

orientation of the single crystal SiC, that is, a p rimary 

orientation flat 13 and a secondary orientation fla t 15 

are formed on a peripheral region of the workpiece 11.  

Then, the primary orientation flat 13 is longer tha n the 

secondary orientation flat 15.  In addition, the se condary 

orientation flat 15 is formed so as to be parallel with 

an intersection line at which a plane parallel with  a c-

plane 11e of the single crystal SiC and the top sur face 

11a or the undersurface 11b intersect each other. 

        It is to be noted that the workpiece 11 is not 

limited to the single crystal SiC ingot but may be a 

single crystal SiC wafer peeled off from the single  

crystal SiC ingot.  In addition, one of or both of the 

primary orientation flat 13 and the secondary orien tation 

flat 15 may not be provided to the side surface of the 

workpiece 11. 

        Further, the workpiece 11 is demarcated int o a 

peripheral region 17a extending inward from the 

peripheral edge of the workpiece 11 by a predetermi ned 

distance and a central region 17b inward of the 

peripheral region 17a.  Incidentally, while a bound ary 

line between the peripheral region 17a and the cent ral 
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region 17b is indicated by a dotted line in FIG. 1A  and 

FIG. 1B, this boundary line is an imaginary line, a nd 

does not exist on an actual workpiece 11. 

        Specifically, the peripheral region 17a is a region 

in which intentional formation of a peeling layer i s not 

performed in a peeling layer forming step to be des cribed 

later.  On the other hand, the central region 17b i s a 

region in which the intentional formation of a peel ing 

layer is performed in the peeling layer forming ste p to 

be described later. 

        In other words, the peripheral region 17a i s a 

region in which the condensing point of a laser bea m 

applied to form a peeling layer is not positioned i n the 

peeling layer forming step to be described later.  On the 

other hand, the central region 17b is a region in w hich 

the condensing point of the laser beam applied to f orm a 

peeling layer is positioned in the peeling layer fo rming 

step to be described later. 

        In addition, the width of the peripheral re gion 

17a, that is, an interval between the peripheral ed ge and 

the central region 17b of the workpiece 11 is prefe rably 

set to be equal to or more than a minimum value of an 

interval between the condensing point of the laser beam 

all of which passes through the upper surface of th e 
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workpiece 11 and the outer peripheral surface of th e 

workpiece 11.  Therefore, the width of the peripher al 

region 17a may be set depending on the numerical ap erture 

NA of a condensing lens for condensing the laser be am 

applied to the workpiece 11 and the like. 

        This will be described with reference to FI G. 2.  

Incidentally, FIG. 2 is a diagram schematically 

illustrating the workpiece 11 in a state in which a  

vicinity of one end of the workpiece 11 is irradiat ed 

with the laser beam.  The vicinity of the one end o f the 

workpiece 11 illustrated in FIG. 2 is irradiated wi th a 

laser beam L from above.  The laser beam L is conde nsed at 

a condensing point F located on an optical axis O w ithin 

the workpiece 11. 

        In addition, when an interval between the o ptical 

axis O of the laser beam L and the outer peripheral  

surface of the workpiece 11 is equal to or more tha n r, 

all of the laser beam L passes through the upper su rface 

of the workpiece 11 without passing through the out er 

peripheral surface of the workpiece 11.  In other w ords, 

here, let r be the minimum value of the interval be tween 

the condensing point of the laser beam L all of whi ch 

passes through the upper surface of the workpiece 1 1 and 

the outer peripheral surface of the workpiece 11.  
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Therefore, the width of the peripheral region 17a n eeds 

to be set to be equal to or more than r in order fo r the 

laser beam L not to pass through the outer peripher al 

surface of the workpiece 11. 

        Here, letting θ be an angle formed between an 

imaginary line in a case where the laser beam L tra veling 

in a straight line without being refracted when ent ering 

the workpiece 11 and the optical axis O, and lettin g z be 

an interval between the upper surface of the workpi ece 11 

and a point of intersection (imaginary condensing p oint 

F0) of the imaginary line and the optical axis O, r  can 

be expressed by the following Equation 1. 

[Math. 1] 

         ··· (Equation 1) 

        In addition, letting n be the index of refr action 

of an atmosphere, the numerical aperture NA of the 

condensing lens that condenses the laser beam L can  be 

expressed by the following Equation 2, and the angl e θ 

formed between the imaginary line and the optical a xis O 

can be expressed by the following Equation 3 using the 

numerical aperture NA. 

[Math. 2] 

         ··· (Equation 2) 

[Math. 3] 
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         ··· (Equation 3) 

        When Equation 3 is substituted into Equatio n 1, r 

can be expressed by the following Equation 4. 

[Math. 4] 

         ··· (Equation 4) 

        The numerical aperture NA and the index of 

refraction n of the atmosphere among parameters inc luded 

on the right side of Equation 4 can be grasped befo re the 

workpiece 11 is irradiated with the laser beam L.  In 

addition, the interval z between the upper surface of the 

workpiece 11 and the imaginary condensing point F0 can be 

set when the workpiece 11 is irradiated with the la ser 

beam L. 

        Therefore, the width r of the peripheral re gion 17a 

which width is necessary for the laser beam L not t o pass 

through the outer peripheral surface of the workpie ce 11 

can be calculated before the workpiece 11 is actual ly 

irradiated with the laser beam L.  Then, the width of the 

peripheral region 17a is preferably set to be equal  to or 

more than r thus calculated. 

        However, in a case where the power density of the 

laser beam applied to the workpiece 11 to form a pe eling 

layer is very not high (for example, in a case wher e no 
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ablation trace is formed even when the outer periph eral 

surface of the workpiece 11 is irradiated with the laser 

beam), the width of the peripheral region 17a may b e set 

to be less than the above-described r. 

        On the other hand, the peripheral region 17 a is a 

region in which a crack is intended to be developed  from 

the boundary between the peripheral region 17a and the 

central region 17b to the outer peripheral surface of the 

workpiece 11 in a wafer peeling step to be describe d 

later.  Therefore, the width of the peripheral regi on 17a 

is preferably not excessively large. 

        For example, the width of the peripheral re gion 17a 

is preferably set to be four times r or less, is mo re 

preferably set to be three times r or less, and is most 

preferably set to be twice r or less. 

        FIG. 3 is a flowchart illustrating an examp le of a 

wafer producing method according to the present 

embodiment.  In this method, first, a peeling layer  is 

formed by irradiating the workpiece 11 with the las er 

beam (peeling layer forming step: S1). 

        FIG. 4 is a perspective view schematically 

illustrating a laser irradiating apparatus for perf orming 

the peeling layer forming step (S1) and the workpie ce 11.  

Incidentally, an X-axis direction and a Y-axis dire ction 
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illustrated in FIG. 4 are directions orthogonal to each 

other on a horizontal plane, and a Z-axis direction  is a 

direction (vertical direction) orthogonal to the X- axis 

direction and the Y-axis direction. 

        The laser irradiating apparatus 2 illustrat ed in 

FIG. 4 includes a chuck table 4 that has a circular  

holding surface substantially parallel with the 

horizontal plane and which can hold the workpiece 1 1 by 

the holding surface.  The chuck table 4 is coupled to a 

suction mechanism (not illustrated). 

        The suction mechanism has an ejector or the  like.  

The suction mechanism can thereby generate a negati ve 

pressure in the holding surface of the chuck table 4.  

When the suction mechanism operates in a state in w hich 

the workpiece 11 is mounted on the holding surface,  the 

workpiece 11 is sucked and held by the chuck table 4. 

        Further, the chuck table 4 is coupled to an  X-axis 

direction moving mechanism (not illustrated) and a Y-axis 

direction moving mechanism (not illustrated).  Each  of the 

X-axis direction moving mechanism and the Y-axis 

direction moving mechanism, for example, includes a  ball 

screw, a motor, and the like.  When the X-axis dire ction 

moving mechanism and/or the Y-axis direction moving  

mechanism operates, the chuck table 4 moves along t he X-
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axis direction and/or the Y-axis direction. 

        In addition, the chuck table 4 is coupled t o a 

rotating mechanism (not illustrated).  The rotating  

mechanism, for example, includes a spindle, a motor , and 

the like.  When the rotating mechanism operates, th e chuck 

table 4 rotates about a rotational axis.  This rota tional 

axis is a straight line passing through the center of the 

holding surface and along the Z-axis direction. 

        A head 8 of a laser beam irradiating unit 6  is 

provided above the chuck table 4.  The head 8 is pr ovided 

to a distal end (one end) portion of a coupling uni t 10 

that extends along the Y-axis direction.  Incidenta lly, 

the head 8 houses an optical system of a condensing  lens, 

a mirror, and the like, and the coupling unit 10 ho uses 

an optical system of a mirror and/or a lens or the like. 

        Another end portion of the coupling unit 10  is 

coupled to a Z-axis direction moving mechanism (not  

illustrated).  The Z-axis direction moving mechanis m, for 

example, includes a ball screw, a motor, and the li ke.  

When the Z-axis direction moving mechanism operates , the 

head 8 and the coupling unit 10 move along the Z-ax is 

direction. 

        In addition, the laser beam irradiating uni t 6 

includes a laser oscillator (not illustrated) that 
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generates a laser beam of a wavelength (for example , 1064 

nm) passing through the workpiece 11.  The laser 

oscillator, for example, has Nd:YAG or the like as a 

laser medium.  When the laser oscillator generates the 

laser beam, the laser beam is applied to the holdin g 

surface side of the chuck table 4 via the optical s ystems 

housed in the coupling unit 10 and the head 8. 

        An imaging unit 12 that can image the holdi ng 

surface side of the chuck table 4 is further provid ed to 

a side portion of the coupling unit 10.  The imagin g unit 

12, for example, includes a light source such as a light 

emitting diode (LED), an objective lens, and an ima ging 

element such as a charge coupled device (CCD) image  

sensor or a complementary metal oxide semiconductor  

(CMOS) image sensor.  Then, the objective lens of t he 

imaging unit 12 is provided at a position separated  along 

the X-axis direction as viewed from the condensing lens 

housed in the head 8. 

        The peeling layer forming step (S1) using t he laser 

irradiating apparatus 2 is performed in the followi ng 

order, for example.  First, the workpiece 11 is mou nted on 

the holding surface of the chuck table 4 such that the 

top surface 11a is oriented upward.  Next, the suct ion 

mechanism operates to suck and hold the workpiece 1 1 on 
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the chuck table 4. 

        Next, the rotating mechanism rotates the ch uck 

table 4 such that the secondary orientation flat 15  

becomes parallel with the X-axis direction on the b asis 

of an image of the top surface 11a of the workpiece  11 or 

the like which image is formed by imaging of the im aging 

unit 12.  Next, the X-axis direction moving mechani sm 

and/or the Y-axis direction moving mechanism moves the 

chuck table 4 such that the head 8 is positioned di rectly 

above a position of the central region 17b which po sition 

is in the vicinity of the boundary between the peri pheral 

region 17a and the central region 17b of the workpi ece 

11. 

        Next, the optical system(s) of the head 8 a nd/or 

the coupling unit 10 is (are) set such that the 

condensing point of the laser beam applied from the  laser 

beam irradiating unit 6 is positioned within the 

workpiece 11.  For example, the Z-axis direction mo ving 

mechanism moves the head 8 and the coupling unit 10  such 

that an interval between the condensing lens housed  in 

the head 8 and the top surface 11a of the workpiece  11 

becomes a predetermined distance. 

        It is to be noted that such an optical syst em 

setting may be made in any timing before the irradi ation 
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of the workpiece 11 with the laser beam.  For examp le, the 

optical system setting may be made prior to the rot ation 

and movement of the above-described chuck table 4.  In 

addition, such an optical system setting is made su ch 

that an interval between the condensing point of th e 

laser beam and the top surface 11a of the workpiece  11 is 

slightly larger than the thickness of a wafer used to 

manufacture chips of semiconductor devices. 

        Next, the laser beam irradiating unit 6 app lies the 

laser beam of the wavelength passing through the 

workpiece 11 while the X-axis direction moving mech anism 

moves the chuck table 4 such that the condensing po int of 

the laser beam does not go out of the central regio n 17b.  

That is, the laser beam irradiating unit 6 irradiat es the 

central region 17b with the laser beam while the 

workpiece 11 and the condensing point of the laser beam 

are moved relative to each other along the intersec tion 

line at which a plane parallel with the c-plane 11e  of 

the workpiece 11 (single crystal SiC) and the top s urface 

11a intersect each other. 

        Next, similar application of the laser beam  is 

repeated.  Specifically, the laser beam is similarl y 

applied to a linear part along the X-axis direction  in 

the central region 17b which linear part is separat ed by 
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a predetermined distance in the Y-axis direction fr om a 

linear part along the X-axis direction which linear  part 

has been irradiated with the laser beam.  A plurali ty of 

rows of modified portions 19 along the X-axis direc tion 

are thereby formed over the whole of the inside of the 

central region 17b. 

        FIG. 5A is a sectional view schematically 

illustrating the central region 17b of the workpiec e 11 

after the peeling layer forming step (S1).  FIG. 5B  is a 

diagram schematically illustrating the workpiece 11  after 

the peeling layer forming step (S1). 

        As illustrated in FIG. 5A and FIG. 5B, when  the 

modified portions 19 are formed in the peeling laye r 

forming step (S1), cracks 21 can develop from the 

modified portions 19 along the c-plane 11e.  A peel ing 

layer 23 that has the modified portions 19 and the cracks 

21 and is to be separated vertically by application  of an 

external force to the workpiece 11 is thereby forme d in 

the central region 17b. 

        The method illustrated in FIG. 3 peels a wa fer off 

from the workpiece 11 (wafer peeling step: S2) by 

separating the workpiece 11 at the peeling layer 23  after 

the peeling layer forming step (S1).  FIG. 6 is a 

sectional view schematically illustrating a separat ing 
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apparatus for performing the wafer peeling step (S2 ) and 

the workpiece 11. 

        The separating apparatus 14 illustrated in FIG. 6 

has a liquid tank 18 that internally houses a liqui d 16.  

A bottom portion of the liquid tank 18 is provided with a 

mounting table 20 on which to mount the workpiece 1 1.  The 

workpiece 11 is mounted on the mounting table 20 in  a 

state of being immersed in the liquid tank 18. 

        Further, the separating apparatus 14 has an  

ultrasonic irradiating unit 22 that can apply an 

ultrasonic wave.  The ultrasonic irradiating unit 2 2 can, 

for example, be moved between a retracted position at 

which the ultrasonic irradiating unit 22 is separat ed 

from the liquid 16 and a driving position at which the 

bottom surface of the ultrasonic irradiating unit 2 2 is 

in contact with the liquid 16. 

        The wafer peeling step (S2) using the separ ating 

apparatus 14 is performed in the following order, f or 

example.  First, the ultrasonic irradiating unit 22  is 

positioned at the retracted position, and thereafte r the 

workpiece 11 is mounted on the mounting table 20 su ch 

that the top surface 11a is oriented upward. 

        Next, the ultrasonic irradiating unit 22 is  

positioned at the driving position, and thereafter an 
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ultrasonic wave is applied from the bottom surface of the 

ultrasonic irradiating unit 22.  This ultrasonic wa ve is 

propagated in the liquid 16 and is applied to the 

workpiece 11. 

        An ultrasonic vibration (external force) is  thereby 

applied to the workpiece 11, so that the cracks 21 formed 

in the peeling layer forming step (S1) further deve lop.  

Then, the cracks 21 develop not only in the central  

region 17b but also to the peripheral region 17a.  As a 

result, the workpiece 11 is separated at the peelin g 

layer 23, and a wafer is peeled off from the workpi ece 

11. 

        Incidentally, while FIG. 6 illustrates an 

embodiment in which the whole of the workpiece 11 m ounted 

on the mounting table 20 is immersed in the liquid 16, 

the whole of the workpiece 11 may not be immersed i n the 

liquid 16 in the wafer peeling step (S2). 

        In the separating apparatus 14, for example , a 

nozzle that supplies the liquid to the workpiece 11  may 

be provided in the vicinity of the ultrasonic irrad iating 

unit 22.  Then, in the wafer peeling step (S2), an 

ultrasonic vibration (external force) may be applie d to 

the workpiece 11 by the ultrasonic irradiating unit  22 by 

applying the ultrasonic wave while the liquid is su pplied 
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from the nozzle to the workpiece 11. 

        The wafer producing method illustrated in F IG. 3 

forms the peeling layer 23 by applying the laser be am 

only to the central region 17b of the workpiece 11 other 

than the peripheral region 17a extending inward fro m the 

peripheral edge of the workpiece 11 by a predetermi ned 

distance. 

        In this case, the application of the laser beam 

does not form the peeling layer 23 in the periphera l 

region 17a of the workpiece 11, and the formation o f an 

ablation trace on the outer peripheral surface of t he 

workpiece 11 is prevented.  As a result, it is poss ible to 

reduce a probability of occurrence of chipping in t he 

peripheral region of the wafer when the wafer peele d off 

from the workpiece 11 is subjected to a post-proces s 

(grinding, chemical mechanical polishing, edge trim ming, 

chamfering, or the like). 

        It is to be noted that the wafer producing method 

illustrated in FIG. 3 is one aspect of the present 

invention, and that a wafer producing method having  

features different from this method is also include d in 

the technical scope of the present invention.  FIG.  7 is a 

flowchart schematically illustrating another exampl e of 

the wafer producing method included in the technica l 
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scope of the present invention.  Specifically, FIG.  7 is a 

flowchart illustrating a wafer producing method inc luding 

other steps in addition to the peeling layer formin g step 

(S1) and the wafer peeling step (S2) of the wafer 

producing method illustrated in FIG. 3. 

        The wafer producing method illustrated in F IG. 7 

detects the peripheral edge of the workpiece 11 

(peripheral edge detecting step: S3) before the pee ling 

layer forming step (S1).  The peripheral edge detec ting 

step (S3) is, for example, performed on the basis o f an 

image formed by the imaging unit 12 by imaging the top 

surface 11a of the workpiece 11 after the chuck tab le 4 

of the laser irradiating apparatus 2 illustrated in  FIG. 

4 sucks and holds the workpiece 11. 

        In a case where the peripheral edge detecti ng step 

(S3) is performed, the peripheral region 17a extend ing 

inward from the peripheral edge of the workpiece 11  by a 

predetermined distance can be identified accurately .  

Therefore, the formation of the peeling layer 23 in  the 

peripheral region 17a of the workpiece 11 by the 

application of the laser beam is prevented reliably .  As a 

result, the probability of occurrence of chipping i n the 

peripheral region of the wafer can be further reduc ed 

when the wafer peeled off from the workpiece 11 is 
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subjected to a post-process. 

        In addition, after the wafer peeling step ( S2), the 

wafer producing method illustrated in FIG. 7 grinds  a 

peeling surface of the wafer peeled off from the 

workpiece 11 (surface of the wafer which surface is  

exposed due to the peeling of the wafer from the 

workpiece 11) (grinding step: S4).  FIG. 8 is a 

perspective view schematically illustrating a grind ing 

apparatus for performing the grinding step (S4) and  the 

wafer peeled off from the workpiece 11. 

        The grinding apparatus 24 illustrated in FI G. 8 

includes a chuck table 26 that has a holding surfac e in a 

shape corresponding to the side surface of a circul ar 

cone whose center slightly projects from an outer e dge 

thereof and which can hold the wafer 25 by the hold ing 

surface.  The chuck table 26 is coupled to a suctio n 

mechanism (not illustrated). 

        The suction mechanism has an ejector or the  like.  

The suction mechanism can thereby generate a negati ve 

pressure in the holding surface of the chuck table 26.  

When the suction mechanism operates in a state in w hich 

the wafer 25 is mounted on the holding surface, the  wafer 

25 is sucked and held by the chuck table 26. 

        Further, the chuck table 26 is coupled to a  
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horizontal direction moving mechanism (not illustra ted).  

The horizontal direction moving mechanism, for exam ple, 

includes a ball screw, a motor, and the like.  When  the 

horizontal direction moving mechanism operates, the  chuck 

table 26 moves along a horizontal direction. 

        In addition, the chuck table 26 is coupled to a 

rotating mechanism (not illustrated).  The rotating  

mechanism, for example, includes a spindle, a motor , and 

the like.  When the rotating mechanism operates, th e chuck 

table 26 rotates about a rotational axis along the 

direction of an arrow illustrated in FIG. 8.  This 

rotational axis is a straight line passing through the 

center of the holding surface and along a vertical 

direction. 

        A grinding unit 28 is provided above the ch uck 

table 26.  The grinding unit 28 has a spindle 30 wh ose 

upper end portion is coupled to a motor.  A disk-sh aped 

wheel mount 32 is fixed to a lower end portion of t he 

spindle 30. 

        The wheel mount 32 is provided with a plura lity of 

openings (not illustrated) that penetrate the wheel  mount 

32 in an upward-downward direction.  The plurality of 

openings are annularly arranged so as to be spaced from 

each other along the circumferential direction of t he 
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wheel mount 32. 

        A grinding wheel 36 is fitted to a lower po rtion of 

the wheel mount 32.  The grinding wheel 36 includes  an 

annular base 38.  An upper portion of the base 38 i s 

provided with a plurality of female threaded portio ns 

(not illustrated).  Lower end portions of bolts 34 are 

screwed into the respective female threaded portion s. 

        In addition, a plurality of grinding stones  40 

arranged annularly so as to be spaced from each oth er 

along the circumferential direction of the base 38 are 

fixed to a lower end portion of the base 38.  The l ower 

surfaces of the plurality of grinding stones 40 are  

arranged at substantially the same height.  These l ower 

surfaces constitute a grinding surface of the grind ing 

unit 28. 

        Further, the spindle 30 is coupled to a ver tical 

direction moving mechanism (not illustrated).  The 

vertical direction moving mechanism, for example, 

includes a ball screw, a motor, and the like.  When  the 

vertical direction moving mechanism operates, the s pindle 

30, the wheel mount 32, and the grinding wheel 36 m ove 

along the vertical direction. 

        The grinding step (S4) using the grinding a pparatus 

24 is performed in the following order, for example .  
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First, in a state in which the chuck table 26 and t he 

grinding unit 28 are separated from each other in b oth 

the horizontal direction and the vertical direction , the 

wafer 25 is mounted on the chuck table 26 such that  the 

peeling surface (surface exposed due to the separat ion of 

the workpiece 11 at the peeling layer 23) 25a of th e 

wafer 25 is oriented upward. 

        Next, the suction mechanism operates so as to suck 

and hold the wafer 25 on the chuck table 26.  Next,  the 

horizontal direction moving mechanism moves the chu ck 

table 26 such that the rotational axis of the chuck  table 

26 coincides with an annular region in which the 

plurality of grinding stones 40 are arranged. 

        Next, the rotating mechanism rotates the ch uck 

table 26, and the motor coupled to the upper end po rtion 

of the spindle 30 rotates the spindle 30, the wheel  mount 

32, and the grinding wheel 36. 

        Next, the vertical direction moving mechani sm 

lowers the spindle 30, the wheel mount 32, and the 

grinding wheel 36 such that the peeling surface 25a  of 

the wafer 25 and the lower surfaces of the pluralit y of 

grinding stones 40 come into contact with each othe r.  The 

peeling surface 25a of the wafer 25 is thereby grou nd. 

        Here, the wafer 25 is separated from the wo rkpiece 
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11 with the cracks 21 as a boundary, the cracks 21 

developing along the c-plane 11e slightly inclined from 

the top surface 11a and the undersurface 11b.  Ther efore, 

minute irregularities are often formed on the peeli ng 

surface 25a of the wafer 25. 

        However, the above-described grinding step (S4) can 

remove the minute irregularities formed on the peel ing 

surface 25a of the wafer 25.  Performing the grindi ng step 

(S4) after the wafer forming step (S2) is therefore  a 

preferable embodiment in the present invention. 

        In addition, the wafer producing method ill ustrated 

in FIG. 7 chamfers the peripheral edge of the wafer  25 

(chamfering step: S5) after the grinding step (S4).   FIG. 

9 is a side view schematically illustrating a chamf ering 

apparatus for performing the chamfering step (S5) a nd the 

wafer 25. 

        The chamfering apparatus 42 illustrated in FIG. 9 

includes a chuck table 44 that has a substantially 

parallel circular holding surface and which can hol d the 

wafer 25 by the holding surface.  Incidentally, the  size 

(diameter) of the holding surface is smaller than t he 

size (diameter) of the wafer 25.  Therefore, the vi cinity 

of the peripheral edge of the wafer 25 is not direc tly 

supported by the chuck table 44. 
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        An upper end portion of a spindle 46 is fix ed to a 

lower end portion of the chuck table 44.  In additi on, a 

motor (not illustrated) is coupled to a lower end p ortion 

of the spindle 46.  When the motor operates, the ch uck 

table 44 and the spindle 46 rotate about a rotation al 

axis along the direction of an arrow c illustrated in 

FIG. 9.  This rotational axis is a straight line pa ssing 

through the center of the holding surface of the ch uck 

table 44 and along the vertical direction. 

        Further, the chuck table 44 is coupled to a  suction 

mechanism (not illustrated) via the spindle 46.  Th e 

suction mechanism has an ejector or the like.  The suction 

mechanism can thereby generate a negative pressure in the 

holding surface of the chuck table 44.  When the su ction 

mechanism operates in a state in which the wafer 25  is 

mounted on the holding surface, the wafer 25 is suc ked 

and held by the chuck table 26. 

        In addition, the chuck table 44 is coupled to a 

horizontal direction moving mechanism (not illustra ted) 

via the spindle 46.  The horizontal direction movin g 

mechanism, for example, includes a ball screw, a mo tor, 

and the like.  When the horizontal direction moving  

mechanism operates, the chuck table 44 moves along the 

horizontal direction. 



34 

        A grinding stone 48 is provided to a side o f the 

chuck table 44.  The grinding stone 48 includes an upper 

portion 48a and a lower portion 48b in a disk shape  which 

portions are substantially equal in diameter to eac h 

other, a central portion 48c in a disk shape whose 

diameter is smaller than that of the upper portion 48a 

and the lower portion 48b, an upper side chamfering  

portion 48d in the shape of a circular truncated co ne 

which chamfering portion is provided between the up per 

portion 48a and the central portion 48c so as to co nnect 

the upper portion 48a and the central portion 48c t o each 

other, and a lower side chamfering portion 48e in t he 

shape of a circular truncated cone which chamfering  

portion is provided between the lower portion 48b a nd the 

central portion 48c so as to connect the lower port ion 

48b and the central portion 48c to each other. 

        An upper end portion of a spindle 50 is fix ed to a 

lower end portion of the lower portion 48b.  In add ition, 

a motor (not illustrated) is coupled to a lower end  

portion of the spindle 50.  When the motor operates , the 

grinding stone 48 and the spindle 50 rotate about a  

rotational axis along the direction of an arrow d 

illustrated in FIG. 9.  This rotational axis is a s traight 

line passing through a center in a cross section in  the 
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horizontal direction of the grinding stone 48 and a long 

the vertical direction. 

        Further, the spindle 50 is coupled to a ver tical 

direction moving mechanism (not illustrated).  The 

vertical direction moving mechanism, for example, 

includes a ball screw, a motor, and the like.  When  the 

vertical direction moving mechanism operates, the 

grinding stone 48 and the spindle 50 move along the  

vertical direction. 

        The chamfering step (S5) using the chamferi ng 

apparatus 42 is performed in the following order, f or 

example.  First, in a state in which the chuck tabl e 44 

and the grinding stone 48 are separated from each o ther 

in the horizontal direction, the wafer 25 is mounte d on 

the chuck table 44. 

        Next, the suction mechanism operates so as to suck 

and hold the wafer 25 on the chuck table 44.  Next,  the 

vertical direction moving mechanism moves the grind ing 

stone 48 and the spindle 50 such that the height of  a 

center in the vertical direction of the central por tion 

48c of the grinding stone 48 and the height of a ce nter 

in the vertical direction of the wafer 25 coincide with 

each other. 

        Next, the motor coupled to the lower end po rtion of 
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the spindle 46 rotates the chuck table 44 and the s pindle 

46, and the motor coupled to the lower end portion of the 

spindle 50 rotates the grinding stone 48 and the sp indle 

50. 

        Next, the horizontal direction moving mecha nism 

moves the chuck table 44 and the spindle 46 such th at the 

peripheral edge of the wafer 25 comes into contact with 

the upper side chamfering portion 48d and the lower  side 

chamfering portion 48e of the grinding stone 48.  T he 

peripheral edge of the wafer 25 is thereby chamfere d. 

        Here, the wafer 25 is peeled from the workp iece 11 

where the peeling layer 23 including the modified 

portions 19 and the cracks 21 is not formed in the 

peripheral region 17a.  There is consequently a low  

probability that the modified portions 19 and the c racks 

21 exist also in the vicinity of the peripheral edg e of 

the wafer 25.  Hence, the wafer 25 is a preferable wafer 

as a wafer whose peripheral edge is to be chamfered . 

        It is to be noted that the wafer producing method 

illustrated in FIG. 7 may not perform one or two of  the 

peripheral edge detecting step (S3), the grinding s tep 

(S4), and the chamfering step (S5).  In other words , the 

technical scope of the present invention includes a  wafer 

producing method that performs the peeling layer fo rming 
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step (S1) and the wafer peeling step (S2) and one o r two 

of the peripheral edge detecting step (S3), the gri nding 

step (S4), and the chamfering step (S5). 

        Besides, structures, methods, and the like 

according to the embodiment and the modification 

described above can be modified and implemented as 

appropriate without departing from the objective sc ope of 

the present invention. 

        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 wafer producing method for producing,  from a 

workpiece that is a single crystal SiC ingot or a s ingle 

crystal SiC wafer and has a first surface and a sec ond 

surface opposed to the first surface, a wafer havin g a 

thickness less than an interval between the first s urface 

and the second surface, the wafer producing method 

comprising: 

        a peeling layer forming step of positioning , within 

the workpiece, a condensing point of a laser beam o f a 

wavelength passing through the workpiece, applying the 

laser beam while moving the workpiece and the conde nsing 

point relative to each other along an intersection line 

at which a plane parallel with a c-plane of the wor kpiece 

and the first surface intersect each other, and for ming a 

peeling layer including a modified portion and a cr ack 

extending from the modified portion along the c-pla ne; 

and 

        a wafer peeling step of peeling the wafer f rom the 

workpiece by separating the workpiece at the peelin g 

layer, 

        the peeling layer forming step applying the  laser 

beam only in a state in which the condensing point is 

positioned in a central region of the workpiece oth er 



39 

than a peripheral region extending inward from a 

peripheral edge of the workpiece by a predetermined  

distance. 

        2.  The wafer producing method according to  claim 

1, further comprising: 

        a peripheral edge detecting step of detecti ng the 

peripheral edge of the workpiece by imaging the fir st 

surface side of the workpiece by an imaging unit be fore 

the peeling layer forming step. 

        3.  The wafer producing method according to  claim 

1, further comprising: 

        a grinding step of grinding a peeling surfa ce of 

the wafer, the peeling surface being exposed by pee ling 

the wafer from the workpiece, after the wafer peeli ng 

step. 

        4.  The wafer producing method according to  claim 

2, further comprising: 

        a grinding step of grinding a peeling surfa ce of 

the wafer, the peeling surface being exposed by pee ling 

the wafer from the workpiece, after the wafer peeli ng 

step. 

        5.  The wafer producing method according to  claim 

1, further comprising: 

        a chamfering step of chamfering the periphe ral edge 
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of the wafer after the wafer peeling step. 

        6.  The wafer producing method according to  claim 

2, further comprising: 

        a chamfering step of chamfering the periphe ral edge 

of the wafer after the wafer peeling step. 

        7.  The wafer producing method according to  claim 

3, further comprising: 

        a chamfering step of chamfering the periphe ral edge 

of the wafer after the wafer peeling step. 

        8.  The wafer producing method according to  claim 

4, further comprising: 

        a chamfering step of chamfering the periphe ral edge 

of the wafer after the wafer peeling step. 


