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PLANARIZATION METHOD 

 

BACKGROUND OF THE INVENTION 

Field of the Invention 

        The present invention relates to a planariz ation 

method for planarizing a separation surface of a si licon 

carbide (SiC) ingot after a wafer that should be 

generated is separated. 

Description of the Related Art 

        Devices such as integrated circuits (ICs), large-

scale integrated circuits (LSIs), and light emittin g 

diodes (LEDs) are formed through stacking of a func tional 

layer on a surface of a wafer employing silicon (Si ), 

sapphire (Al 2O3), or the like as a material and 

segmentation by plural planned dividing lines that 

intersect.  Furthermore, power device, LED, and so forth 

are formed through stacking of a functional layer o n a 

surface of a wafer employing SiC as a material and 

segmentation by plural planned dividing lines that 

intersect.  For the wafer on which devices have bee n 

formed, processing is carried out on the planned di viding 

lines by cutting apparatus or laser processing appa ratus.  

Thus, the wafer is divided into individual device c hips, 

and the respective divided device chips are used fo r 
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pieces of electrical equipment such as mobile phone s and 

personal computers. 

        In general, a wafer on which plural devices  are 

formed is generated by thinly cutting an ingot with  a 

circular column shape by a wire saw.  The front sur face 

and back surface of the cut wafer are finished into  

mirror shapes by being polished (for example, refer  to 

Japanese Patent Laid-open No. 2000-94221).  However , when 

the ingot is cut by the wire saw and the front surf ace 

and back surface of the cut wafer are polished, the re is 

a problem that a large part (70 to 80%) of the ingo t is 

discarded and this is uneconomical.  In particular,  in the 

case of the SiC ingot, the hardness is high and cut ting 

by the wire saw is difficult and requires a conside rable 

time, and thus the productivity is low.  In additio n, the 

unit price of the ingot is high, and the SiC ingot has a 

problem in efficiently generating the wafer. 

        Therefore, the present applicant has propos ed a 

technique in which the focal point of a laser beam with 

such a wavelength as to be transmitted through SiC is 

positioned inside an SiC ingot and the SiC ingot is  

irradiated with the laser beam to form a separation  layer 

at a planned cutting plane, and a wafer is separate d from 

the SiC ingot along the planned cutting plane at wh ich 
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the separation layer is formed (for example, refer to 

Japanese Patent Laid-open No. 2016-111143). 

 

SUMMARY OF THE INVENTION 

        However, after the wafer is separated from the 

separation layer, the separation surface of the ing ot is 

rough.  Thus, grinding is carried out by a grinding  wheel 

having plural grinding abrasives disposed in a ring  

manner, and the separation surface of the ingot is made 

flat.  However, there is a problem that it is diffi cult to 

detect that the separation surface has become flat and 

the separation surface is excessively ground, and t hus 

the production efficiency is low. 

        Thus, an object of the present invention is  to 

provide a planarization method that can avoid exces sive 

grinding of a separation surface of an SiC ingot an d 

shorten the grinding time. 

        In accordance with an aspect of the present  

invention, there is provided a planarization method  for 

planarizing a separation surface of an SiC ingot af ter 

the focal point of a laser beam with such a wavelen gth as 

to be transmitted through SiC is positioned at a de pth 

corresponding to a wafer to be generated from an en d 

surface of the SiC ingot and the SiC ingot is irrad iated 
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with the laser beam to form a separation layer in w hich 

SiC is separated into Si and C and cracks are 

isotropically generated along a c-plane and the waf er is 

separated from the SiC ingot at the separation laye r.  The 

planarization method includes a grinding step of ho lding 

the opposite side to the separation surface in the SiC 

ingot by a rotatable chuck table and rotating a gri nding 

wheel having a plurality of grinding abrasives disp osed 

in a ring manner to grind the separation surface of  the 

SiC ingot held by the chuck table, and a flatness 

detection step of irradiating the separation surfac e of 

the SiC ingot exposed from the grinding wheel with light 

and detecting reflected light to detect the degree of 

flatness.  The grinding step is ended when that the  

separation surface of the SiC ingot has become flat  is 

detected in the flatness detection step. 

        Preferably, in the flatness detection step,  that 

the separation surface has become flat is detected when 

the separation surface is irradiated with the light  at an 

incident angle θ, and the reflected light is received at 

a reflection angle θ and the amount of received light 

surpasses a threshold.  Preferably, if the wafer to  be 

generated is separated from the separation layer of  the 

SiC ingot in which an off-angle α is formed by the c-
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plane and the end surface, in the flatness detectio n step, 

that the separation surface has become flat is dete cted 

when the light is emitted from a light emitting ele ment 

perpendicularly to the separation surface, the refl ected 

light is received at a position at which an angle f ormed 

with the light emitting element is 2 α, and the amount of 

received light falls below a threshold. 

        According to the present invention, the gri nding 

step is ended when that the separation surface of t he SiC 

ingot has become flat is detected in the flatness 

detection step.  Thus, excessive grinding of the 

separation surface of the SiC ingot can be avoided and 

the grinding time can be shortened. 

        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 front view of an SiC ingot; 

        FIG. 1B is a plan view of the SiC ingot; 
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        FIG. 2A is a perspective view of the SiC in got and 

a substrate; 

        FIG. 2B is a perspective view depicting the  state 

in which the substrate is mounted to the SiC ingot;  

        FIG. 3 is a perspective view depicting the state in 

which the SiC ingot is placed over a chuck table of  laser 

processing apparatus; 

        FIG. 4A is a perspective view depicting the  state 

in which a separation layer forming step is being c arried 

out; 

        FIG. 4B is a front view depicting the state  in 

which the separation layer forming step is being ca rried 

out; 

        FIG. 5A is a plan view of the SiC ingot in which a 

separation layer is formed; 

        FIG. 5B is a sectional view along line B-B in FIG. 

5A; 

        FIG. 6 is a sectional view of separating ap paratus; 

        FIG. 7 is a perspective view depicting the state in 

which a wafer has been separated from the ingot by the 

separating apparatus; 

        FIG. 8A is a perspective view depicting the  state 

in which a flatness detection step is being carried  out 

in conjunction with a grinding step; 
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        FIG. 8B is a perspective view depicting the  state 

in which a separation surface of the SiC ingot has been 

planarized; 

        FIG. 9A is a schematic diagram depicting th e state 

in which the separation surface is being irradiated  with 

light at an incident angle θ and reflected light is being 

received at a reflection angle θ; 

        FIG. 9B is a graph depicting change in the amount 

of received light over time in the case of FIG. 9A;  

        FIG. 10A is a schematic diagram depicting t he state 

in which light is being emitted perpendicularly to the 

separation surface and reflected light is being rec eived 

at a position with an angle of 2 α from an irradiation 

position; and 

        FIG. 10B is a graph depicting change in the  amount 

of received light over time in the case of FIG. 10A . 

 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

        An embodiment of the planarization method a ccording 

to the present invention will be described below wi th 

reference to the drawings.  In FIGS. 1A and 1B, an SiC 

ingot 2 on which the planarization method according  to 

the present invention can be carried out is depicte d.  The 

SiC ingot 2 is formed into a circular column shape as a 
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whole from hexagonal single-crystal SiC and has a f irst 

end surface 4 with a circular shape, a second end s urface 

6 with a circular shape on the opposite side to the  first 

end surface 4, a circumferential surface 8 located 

between the first end surface 4 and the second end 

surface 6, the c-axis (<0001> direction) that reach es the 

second end surface 6 from the first end surface 4, and 

the c-plane ({0001} plane) orthogonal to the c-axis .  In 

the SiC ingot 2, the c-axis is inclined with respec t to a 

perpendicular 10 to the first end surface 4 and an off-

angle α (for example, α = 1, 3, or 6 degrees) is formed 

by the c-plane and the first end surface 4.  The di rection 

in which the off-angle α is formed is depicted by an 

arrow A in FIGS. 1A and 1B.  Furthermore, in the 

circumferential surface 8 of the SiC ingot 2, a fir st 

orientation flat 12 and a second orientation flat 1 4 that 

depict the crystal orientation and have a rectangul ar 

shape are formed.  The first orientation flat 12 is  

parallel to direction A in which the off-angle α is 

formed and the second orientation flat 14 is orthog onal 

to direction A in which the off-angle α is formed.  As 

depicted in FIG. 1B, as viewed from above, a length  L2 of 

the second orientation flat 14 is shorter than a le ngth 

L1 of the first orientation flat 12 (L2 < L1).  The  SiC 
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ingot on which the planarization method according t o the 

present invention can be carried out is not limited  to 

above-described SiC ingot 2 and may be an SiC ingot  in 

which the c-axis is not inclined with respect to th e 

perpendicular to the first end surface and the off- angle 

α between the c-plane and the first end surface is 0  

degrees (that is, the perpendicular to the first en d 

surface corresponds with the c-axis). 

        The planarization method according to the p resent 

invention is a planarization method in which a sepa ration 

layer in which SiC is separated into Si and carbon (C) 

and cracks are isotropically generated in the c-pla ne is 

formed at a depth corresponding to a wafer that sho uld be 

generated from an end surface of an SiC ingot and t he 

separation surface of the SiC ingot after the wafer  that 

should be generated is separated is planarized.  Th erefore, 

prior to explanation of the planarization according  to 

the present invention, a description will be made a bout 

forming a separation layer in the SiC ingot 2 and 

separating a wafer that should be generated.  In th e 

present embodiment, first, as depicted in FIG. 2, a  

substrate 16 with a circular disc shape is mounted to the 

second end surface 6 of the SiC ingot 2 with the 

intermediary of an appropriate adhesive.  The purpo se of 
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mounting the substrate 16 to the SiC ingot 2 is to suck 

and hold the SiC ingot 2 in which the first orienta tion 

flat 12 and the second orientation flat 14 are form ed 

with a predetermined suction force by a circular su ction 

adhesion chuck of each piece of apparatus to be des cribed 

later.  The diameter of the substrate 16 is slightl y 

larger than the diameter of the suction adhesion ch uck of 

each piece of apparatus to be described later.  Thu s, the 

suction adhesion chuck is covered by the substrate 16 

when the SiC ingot 2 is placed over the suction adh esion 

chuck with the substrate 16 oriented downward.  The refore, 

the SiC ingot 2 in which the first orientation flat  12 

and the second orientation flat 14 are formed can b e held 

by suction with the predetermined suction force by the 

suction adhesion chuck.  If the diameter of the SiC  ingot 

2 is larger than the suction adhesion chuck and the  whole 

of the upper surface of the suction adhesion chuck is 

covered by the SiC ingot 2 when the SiC ingot 2 is placed 

on the suction adhesion chuck, air is not sucked fr om the 

exposed part of the suction adhesion chuck in sucti on by 

the suction adhesion chuck and suction adhesion of the 

SiC ingot 2 can be carried out with the predetermin ed 

suction force by the suction adhesion chuck.  There fore, 

the substrate 16 does not have to be mounted to the  SiC 
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ingot 2. 

        After the substrate 16 is mounted to the Si C ingot 

2, the focal point of a laser beam with such a wave length 

as to be transmitted through SiC is positioned at a  depth 

corresponding to the wafer that should be generated  from 

the end surface of the SiC ingot 2 and the SiC ingo t 2 is 

irradiated with the laser beam to form a separation  layer 

in which SiC is separated into Si and C and cracks are 

isotropically generated in the c-plane.  The format ion of 

the separation layer can be carried out by using la ser 

processing apparatus 18 partly depicted in FIGS. 4A  and 

4B.  The laser processing apparatus 18 includes a c ircular 

chuck table 20 that holds the SiC ingot 2, and a 

condenser 22 (see FIG. 4) that irradiates the SiC i ngot 2 

held by the chuck table 20 with a pulse laser beam LB.  A 

porous suction adhesion chuck 24 connected to a suc tion 

unit (not depicted) is disposed at the upper end pa rt of 

the chuck table 20.  In the chuck table 20, a sucti on 

force is generated for the upper surface of the suc tion 

adhesion chuck by the suction unit and thereby the SiC 

ingot 2 placed on the upper surface is held by suct ion.  

Furthermore, the chuck table 20 is rotated by a mot or for 

the chuck table (not depicted) in such a manner tha t an 

axial line that passes through the center of the ch uck 
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table 20 in the radial direction and extends along the 

upward-downward direction is the center of rotation .  The 

condenser 22 includes a collecting lens (not depict ed) 

for collecting the pulse laser beam LB that is osci llated 

by a pulse laser oscillator (not depicted) of the l aser 

processing apparatus 18 and is emitted from the pul se 

laser oscillator, and for irradiating the SiC ingot  2 

with the pulse laser beam LB.  Furthermore, the con denser 

22 is caused to advance and retreat in an X-axis 

direction (direction depicted by an arrow X in FIG.  4) by 

an X-axis direction movement unit (not depicted).  In 

addition, the condenser 22 is caused to advance and  

retreat in a Y-axis direction (direction depicted b y an 

arrow Y in FIG. 4) orthogonal to the X-axis directi on by 

a Y-axis direction movement unit (not depicted).  T he 

plane defined by the X-axis direction and the Y-axi s 

direction is substantially horizontal. 

        When the separation layer is formed in the SiC 

ingot 2, as depicted in FIG. 3, first the SiC ingot  2 is 

placed over the upper surface of the chuck table 20  with 

the substrate 16 oriented downward.  Subsequently, the 

suction unit connected to the suction adhesion chuc k 24 

is actuated to generate a suction force for the upp er 

surface of the suction adhesion chuck, and the SiC ingot 
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2 is held by suction by the chuck table 20 from the  side 

of the substrate 16.  Subsequently, the SiC ingot 2  is 

imaged from above by an imaging unit (not depicted)  of 

the laser processing apparatus 18.  Subsequently, b ased on 

an image of the SiC ingot 2 obtained by imaging by the 

imaging unit, the chuck table 20 is rotated and the  

condenser 22 is moved.  Thereby, the orientation of  the 

SiC ingot 2 is adjusted to a predetermined orientat ion 

and the positions of the SiC ingot 2, and the conde nser 

22 in the XY plane are adjusted.  When the orientat ion of 

the SiC ingot 2 is adjusted to the predetermined 

orientation, as depicted in FIG. 4A, by aligning th e 

second orientation flat 14 with the X-axis directio n, the 

direction orthogonal to direction A in which the of f-

angle α is formed is aligned with the X-axis direction, 

and direction A in which the off-angle α is formed is 

aligned with the Y-axis direction. 

        Subsequently, the condenser 22 is moved up or down 

by a focal point position adjustment unit (not depi cted) 

and, as depicted in FIG. 4B, a focal point FP is 

positioned at a depth (for example, 300 µm) corresponding 

to the thickness of the wafer that should be genera ted 

from the first end surface 4 of the SiC ingot 2.  

Subsequently, separation layer forming processing o f 
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irradiating the SiC ingot 2 with the pulse laser be am LB 

with such a wavelength as to be transmitted through  SiC 

from the condenser 22 while moving the condenser 22  at a 

predetermined feed speed in the X-axis direction al igned 

with the direction orthogonal to direction A in whi ch the 

off-angle α is formed is carried out.  When the separation 

layer forming processing is carried out, as depicte d in 

FIGS. 5A and 5B, SiC is separated into Si and C due  to 

the irradiation with the pulse laser beam LB and th e 

pulse laser beam LB with which irradiation is carri ed out 

next is absorbed by the previously-formed C, so tha t SiC 

is separated into Si and C in a chain reaction and 

thereby a modified layer 24 is formed.  This modifi ed 

layer 24 is continuously formed in the direction 

orthogonal to direction A in which the off-angle α is 

formed.  In addition, cracks 26 that isotropically extend 

along the c-plane from the modified layer 24 are 

generated.  In carrying out the separation layer fo rming 

processing, the chuck table 20 may be moved in the X-axis 

direction at the predetermined feed speed instead o f the 

condenser 22. 

        The description will be continued below wit h 

reference to FIGS. 4 to 5B.  Subsequently to the 

separation layer forming processing, the condenser 22 is 
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moved by the Y-axis direction movement unit to carr y out 

indexing feed of the SiC ingot 2 and the focal poin t FP 

relatively in the Y-axis direction aligned with dir ection 

A in which the off-angle α is formed by a predetermined 

indexing amount Li (for example, 250 to 400 µm) within a 

range that does not exceed the width of the cracks 26.  In 

the indexing feed, the chuck table 20 may be moved 

instead of the condenser 22.  Furthermore, by alter nately 

repeating the separation layer forming processing a nd the 

indexing feed, plural modified layers 24 that 

continuously extend along the direction orthogonal to 

direction A in which the off-angle α is formed are formed 

at intervals of the predetermined indexing amount L i in 

direction A in which the off-angle α is formed.  In 

addition, the cracks 26 that isotropically extend a long 

the c-plane from the modified layers 24 are sequent ially 

generated to cause the cracks 26 adjacent in direct ion A 

in which the off-angle α is formed to overlap as viewed 

in the upward-downward direction.  Thereby, at the depth 

corresponding to the thickness of the wafer that sh ould 

be generated from the first end surface 4 of the Si C 

ingot 2, a separation layer 28 that is composed of the 

plural modified layers 24 and the cracks 26 and at which 

the strength for separating the wafer from the SiC ingot 
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2 is lowered can be formed.  To form the separation  layer 

28, the separation layer forming processing can be 

carried out under the following processing conditio n, for 

example. 

Wavelength of pulse laser beam   : 1064 nm 

Repetition frequency    : 60 kHz 

Average output power    : 1.5 W 

Pulse width      : 4 ns 

Diameter of focal point    : 3 µm 

Numerical aperture (NA) of collecting lens : 0.65 

Feed speed      : 800 mm/s 

        After the separation layer 28 is formed in the SiC 

ingot 2, the wafer that should be generated is sepa rated 

from the SiC ingot 2 by using the separation layer 28 as 

the point of origin.  The separation of the wafer c an be 

carried out by using separating apparatus 30 partly  

depicted in FIGS. 6 and 7, for example.  The separa ting 

apparatus 30 includes a circular chuck table 32 tha t 

holds the SiC ingot 2 and a separating unit 34 that  holds 

the upper surface of the SiC ingot 2 held by the ch uck 

table 32 and separates the wafer from the SiC ingot  2 by 

using the separation layer 28 as the point of origi n.  The 

chuck table 32 holds the SiC ingot 2 by suction at the 

upper surface, similarly to the chuck table 20 of t he 
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laser processing apparatus 18.  The separating unit  34 

includes a liquid bath 36 that houses a liquid in 

cooperation with the chuck table 32 when the wafer is 

separated from the SiC ingot 2.  The liquid bath 36  

configured to be freely moved up and down has a cir cular 

top wall 38 and a sidewall 40 that droops from the 

circumferential edge of the top wall 38 and has a 

circular cylindrical shape, and the lower end side 

thereof is opened.  A liquid supply part 42 that ma kes the 

outside and inside of the liquid bath 36 communicat e with 

each other is annexed to the top wall 38 and the li quid 

supply part 42 is connected to a liquid supply unit  (not 

depicted) by a flow path.  The outer diameter of th e 

sidewall 40 is set equal to or smaller than the dia meter 

of the chuck table 32 and the lower end of the side wall 

40 gets contact with the upper surface of the chuck  table 

32 when the liquid bath 36 is moved down.  Furtherm ore, a 

ring-shaped packing 44 is annexed to the lower end of the 

sidewall 40.  Moreover, when the liquid bath 36 is moved 

down to bring the lower end of the sidewall 40 into  tight 

contact with the upper surface of the chuck table 3 2, a 

liquid housing space 46 is defined by the upper sur face 

of the chuck table 32 and the inner surface of the liquid 

bath 36.  A liquid 48 supplied from the liquid supp ly unit 



18 

to the liquid housing space 46 through the liquid s upply 

part 42 is prevented from leaking from the liquid h ousing 

space 46 by the packing 44. 

        As depicted in FIGS. 6 and 7, an air cylind er 50 is 

mounted to the top wall 38 of the liquid bath 36 an d a 

cylinder tube 50a of the air cylinder 50 extends up ward 

from the upper surface of the top wall 38.  A lower  end 

part of a piston rod 50b of the air cylinder 50 pas ses 

through a through-opening 38a of the top wall 38 an d 

protrudes to the lower side of the top wall 38.  A 

circular ultrasonic oscillating member 52 that can be 

formed from piezoelectric ceramics or the like is f ixed 

to the lower end part of the piston rod 50b.  A cir cular 

suction adhesion piece 54 is fixed to the lower sur face 

of this ultrasonic oscillating member 52.  The suct ion 

adhesion piece 54 having plural suction holes (not 

depicted) formed in the lower surface is connected to a 

suction unit (not depicted) by a flow path.  By gen erating 

a suction force for the lower surface of the suctio n 

adhesion piece 54 by the suction unit, the suction 

adhesion piece 54 can hold the SiC ingot 2 by sucti on. 

        When the wafer is separated from the SiC in got 2, 

first a suction force is generated for the upper su rface 

of the chuck table 32 and the SiC ingot 2 is held b y 
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suction by the chuck table 32 from the side of the 

substrate 16.  Subsequently, as depicted in FIG. 6,  the 

liquid bath 36 is moved down by a lifting-lowering unit 

(not depicted), and the lower end of the sidewall 4 0 of 

the liquid bath 36 is brought into tight contact wi th the 

upper surface of the chuck table 32.  Subsequently,  the 

piston rod 50b of the air cylinder 50 is moved, and  the 

lower surface of the suction adhesion piece 54 is b rought 

into tight contact with the first end surface 4 of the 

SiC ingot 2.  Subsequently, a suction force is gene rated 

for the lower surface of the suction adhesion piece  54, 

and the first end surface 4 is held by suction by t he 

suction adhesion piece 54.  Subsequently, the liqui d 48 

(for example, water) is supplied from the liquid su pply 

part 42 to the liquid housing space 46 until the 

ultrasonic oscillating member 52 is immersed.  

Subsequently, by oscillating ultrasonic waves from the 

ultrasonic oscillating member 52, the separation la yer 28 

is stimulated and the cracks 26 are elongated to fu rther 

lower the strength of the separation layer 28.  

Subsequently, by raising the liquid bath 36 in the state 

in which the SiC ingot 2 is held by suction by the 

suction adhesion piece 54, a wafer 56 that should b e 

generated can be separated from the SiC ingot 2 by using 
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the separation layer 28 as the point of origin as 

depicted in FIG. 7.  A separation surface 58 of the  SiC 

ingot 2 from which the wafer 56 has been separated has 

recesses and protrusions, and the height of the rec esses 

and protrusions of the separation surface 58 is abo ut 100 

µm, for example.  When ultrasonic waves are oscillat ed 

from the ultrasonic oscillating member 52, a gap (f or 

example, 2 to 3 mm) may be made between the upper s urface 

of the SiC ingot 2 and the lower surface of the suc tion 

adhesion piece 54. 

        As described above, after the separation la yer 28 

is formed in the SiC ingot 2 and the wafer 56 that should 

be generated is separated from the SiC ingot 2, a 

planarization method for planarizing the separation  

surface 58 of the SiC ingot 2 is carried out.  In t he 

planarization method, a grinding step of holding th e 

opposite side to the separation surface 58 on a rot atable 

chuck table and rotating a grinding wheel having gr inding 

abrasives in a ring manner to grind the separation 

surface 58 of the SiC ingot 2 held by the chuck tab le is 

included.  The grinding step can be carried out by using 

grinding apparatus 60 partly depicted in FIG. 8A, f or 

example.  The grinding apparatus 60 includes a circ ular 

chuck table 62 that holds the SiC ingot 2 and a gri nding 
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unit 64 that grinds and planarizes the upper surfac e of 

the SiC ingot 2 held by the chuck table 62.  Simila rly to 

the chuck table 20 of the laser processing apparatu s 18, 

the chuck table 62 holds the SiC ingot 2 by suction  at 

the upper surface and is rotated by a motor for the  chuck 

table (not depicted) around an axial line that pass es 

through the center of the chuck table 62 in the rad ial 

direction and extends along the upward-downward dir ection.  

The grinding unit 64 includes a circular-column-sha ped 

spindle 66 that is joined to a motor for the spindl e (not 

depicted) and extends along the upward-downward dir ection, 

and a wheel mount 68 that is fixed to the lower end  of 

the spindle 66 and has a circular disc shape.  A ri ng-

shaped grinding wheel 72 is fixed to the lower surf ace of 

the wheel mount 68 by bolts 70.  To the outer 

circumferential edge part of the lower surface of t he 

grinding wheel 72, plural grinding abrasives 74 dis posed 

in a ring manner at intervals in the circumferentia l 

direction are fixed.  In the grinding apparatus 60,  the 

center of rotation of the grinding wheel 72 is disp laced 

with respect to the center of rotation of the chuck  table 

62 in such a manner that the grinding abrasives 74 pass 

through the center of rotation of the chuck table 6 2.  

When the upper surface of the SiC ingot 2 held on t he 



22 

upper surface of the chuck table 62 and the grindin g 

abrasives 74 get contact with each other while the chuck 

table 62 and the grinding wheel 72 mutually rotate,  the 

whole upper surface of the SiC ingot 2 is ground by  the 

grinding abrasives 74. 

        The description will be continued below wit h 

reference to FIGS. 8A and 8B.  In the grinding step , first 

a suction force is generated for the upper surface of the 

chuck table 62 and the opposite side to the separat ion 

surface 58 in the SiC ingot 2 (side of the substrat e 16) 

is held by suction by the chuck table 62.  Subseque ntly, 

the chuck table 62 is rotated at a predetermined 

rotational speed (for example, 300 rpm) in an 

anticlockwise manner as viewed from above.  Further more, 

the spindle 66 is rotated at a predetermined rotati onal 

speed (for example, 6000 rpm) in an anticlockwise m anner 

as viewed from above.  Subsequently, the spindle 66  is 

moved down by a lifting-lowering unit (not depicted ) of 

the grinding apparatus 60, and the grinding abrasiv es 74 

are brought into contact with the separation surfac e 58.  

Then, after the grinding abrasives 74 are brought i nto 

contact with the separation surface 58, the spindle  66 is 

moved down at a predetermined grinding feed speed ( for 

example, 1.0 µm/s).  This can grind and planarize the 
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separation surface 58 of the SiC ingot 2 to such an  

extent that the incidence of the pulse laser beam L B is 

not hindered when the separation layer 28 is formed  in 

the SiC ingot 2 again.  When the separation surface  58 is 

ground, grinding water is supplied from a grinding water 

supply unit (not depicted) to the separation surfac e 58 

and the grinding abrasives 74. 

        When the above-described grinding step is b eing 

carried out, a flatness detection step of irradiati ng the 

separation surface 58 of the SiC ingot 2 exposed fr om the 

grinding wheel 72 with light and detecting reflecte d 

light to detect the degree of flatness is carried o ut.  

When that the separation surface 58 has become flat  is 

detected in the flatness detection step, the grindi ng 

step is ended.  As depicted in FIGS. 8A and 8B, the  

flatness detection step can be carried out by using  a 

light emitting element 76 that irradiates the separ ation 

surface 58 exposed from the grinding wheel 72 with light, 

a light receiving element 78 that receives reflecte d 

light obtained through the irradiation from the lig ht 

emitting element 76 and reflection by the separatio n 

surface 58, and a grinding water removing unit (not  

depicted) that removes the grinding water at an 

irradiation position S (see FIG. 8B) at which the 
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irradiation with the light of the light emitting el ement 

76 is carried out in the separation surface 58.  Th e 

grinding water removing unit includes a nozzle conn ected 

to a compressed air source and sprays compressed ai r from 

the nozzle toward the irradiation position S to rem ove 

the grinding water at the irradiation position S an d 

expose the separation surface 58. 

        In the flatness detection step, after the g rinding 

water at the irradiation position S is removed and the 

separation surface 58 is exposed, when, as depicted  in 

FIG. 9A, the separation surface 58 is irradiated wi th 

light from the light emitting element 76 at an inci dent 

angle θ and reflected light is received by the light 

receiving element 78 at a reflection angle θ and the 

amount of light received by the light receiving ele ment 

78 surpasses a threshold, that the separation surfa ce 58 

has become flat can be detected.  Specifically, bef ore the 

separation surface 58 has been planarized, the ligh t with 

which the separation surface 58 is irradiated from the 

light emitting element 76 at the incident angle θ with 

respect to the separation surface 58 is diffusely 

reflected.  Thus, the amount of reflected light ref lected 

at the reflection angle θ is small and the amount of 

light received by the light receiving element 78 is  small.  
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However, when the separation surface 58 has been 

planarized, the reflected light reflected at the 

reflection angle θ increases from the reflected light 

before the planarization and the amount of light re ceived 

by the light receiving element 78 increases.  Thus,  that 

the separation surface 58 has become flat can be de tected 

when the amount of light received by the light rece iving 

element 78 surpasses a threshold.  As depicted in F IG. 9B, 

a threshold Rc can be arbitrarily set between an av erage 

R1 of the amount of received light before planariza tion 

and an average R2 of the amount of received light a fter 

planarization.  However, it is preferable for the 

threshold Rc to be a value closer to the average R2  than 

the middle value between the average R1 and the ave rage 

R2. 

        Furthermore, if the wafer 56 that should be  

generated is separated from the separation layer 28  of 

the SiC ingot 2 in which the off-angle α is formed by the 

c-plane and the end surface (that is, the off-angle  α is 

not 0 degrees), it is also possible to carry out th e 

flatness detection step in the following manner.  

Specifically, when, as depicted in FIG. 10A, light is 

emitted from the light emitting element 76 

perpendicularly to the separation surface 58 and 
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reflected light is received by the light receiving 

element 78 at a position at which the angle formed with 

the light emitting element 76 is 2 α and the amount of 

received light falls below a threshold, that the 

separation surface 58 has become flat is detected.  

Specifically, if the wafer 56 that should be genera ted is 

separated from the separation layer 28 of the SiC i ngot 2 

in which the off-angle α is formed by the c-plane and the 

end surface, the part that extends along the c-plan e 

exists in the separation surface 58.  Thus, the amo unt of 

light received by the light receiving element 78 di sposed 

at the position at which the angle formed with the light 

emitting element 76 is 2 α becomes comparatively large 

when the positional relationship depicted in FIG. 1 0A is 

satisfied in grinding of the separation surface 58.   Thus, 

the amount of light fluctuates as depicted in FIG. 10B.  

Then, when the separation surface 58 has been plana rized, 

the part that extends along the c-plane disappears in the 

separation surface 58.  Thus, the amount of receive d light 

with the comparatively-large value intermittently 

detected becomes undetected.  Therefore, when the a mount 

of light received by the light receiving element 78  has 

fallen below the threshold (that is, the amount of 

received light equal to or larger than the threshol d has 
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become undetected), that the separation surface 58 has 

become flat can be detected.  As depicted in FIG. 1 0B, the 

threshold Rc in this case can be arbitrarily set be tween 

an average R3 of the amount of received light with the 

comparatively-large value intermittently detected b efore 

planarization and an average R4 of the amount of re ceived 

light after planarization.  However, it is preferab le for 

the threshold Rc to be a value closer to the averag e R4 

than the middle value between the average R3 and th e 

average R4.  “Perpendicularly to the separation sur face 

58” in the above-described “light is emitted from t he 

light emitting element 76 perpendicularly to the 

separation surface 58” means that the light is 

perpendicular to the flat separation surface 58 aft er 

grinding. 

        As described above, in the present embodime nt, the 

planarization method includes the grinding step of 

holding the opposite side to the separation surface  58 in 

the SiC ingot 2 on the rotatable chuck table 62 and  

rotating the grinding wheel 72 having the grinding 

abrasives 74 in a ring manner to grind the separati on 

surface 58 of the SiC ingot 2 held by the chuck tab le 62, 

and the flatness detection step of irradiating the 

separation surface 58 of the SiC ingot 2 exposed fr om the 
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grinding wheel 72 with light and detecting reflecte d 

light to detect the degree of flatness.  Because th e 

grinding step is ended when that the separation sur face 

58 of the SiC ingot 2 has become flat is detected i n the 

flatness detection step, the excessive grinding of the 

separation surface 58 can be avoided and the grindi ng 

time can be shortened. 

        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 planarization method for planarizing a 

separation surface of a silicon carbide ingot after  a 

focal point of a laser beam with such a wavelength as to 

be transmitted through silicon carbide is positione d at a 

depth corresponding to a wafer to be generated from  an 

end surface of the silicon carbide ingot and the si licon 

carbide ingot is irradiated with the laser beam to form a 

separation layer in which silicon carbide is separa ted 

into silicon and carbon and cracks are isotropicall y 

generated along a c-plane, and the wafer is separat ed 

from the silicon carbide ingot at the separation la yer, 

the planarization method comprising: 

        a grinding step of holding an opposite side  to the 

separation surface in the silicon carbide ingot by a 

rotatable chuck table and rotating a grinding wheel  

having a plurality of grinding abrasives disposed i n a 

ring manner to grind the separation surface of the 

silicon carbide ingot held by the chuck table; and 

        a flatness detection step of irradiating th e 

separation surface of the silicon carbide ingot exp osed 

from the grinding wheel with light and detecting 

reflected light to detect a degree of flatness, whe rein 

        the grinding step is ended when that the se paration 
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surface of the silicon carbide ingot has become fla t is 

detected in the flatness detection step. 

        2.  The planarization method according to c laim 1, 

wherein 

        in the flatness detection step, that the se paration 

surface has become flat is detected when the separa tion 

surface is irradiated with the light at an incident  angle 

θ, and the reflected light is received at a reflecti on 

angle θ and an amount of received light surpasses a 

threshold. 

        3.  The planarization method according to c laim 1, 

wherein 

        if the wafer to be generated is separated f rom the 

separation layer of the silicon carbide ingot in wh ich an 

off-angle α is formed by the c-plane and the end surface, 

in the flatness detection step, that the separation  

surface has become flat is detected when the light is 

emitted from a light emitting element perpendicular ly to 

the separation surface, the reflected light is rece ived 

at a position at which an angle formed with the lig ht 

emitting element is 2 α, and an amount of received light 

falls below a threshold. 


