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SiC WAFER PRODUCING METHOD 

 

BACKGROUND OF THE INVENTION 

Field of the Invention 

        The present invention relates to an SiC waf er 

producing method for producing an SiC wafer from a single 

crystal SiC ingot. 

Description of the Related Art 

        Various devices such as ICs (integrated cir cuits), 

LSIs (large-scale integrations), and LEDs (light em itting 

diodes) are formed by forming a functional layer on  the 

front side of a wafer formed of Si (silicon) or Al 2O3 

(sapphire) and partitioning this functional layer i nto a 

plurality of separate regions along a plurality of 

division lines.  Further, power devices or optical devices 

such as LEDs are formed by forming a functional lay er on 

the front side of a wafer formed of single crystal SiC 

(silicon carbide) and partitioning this functional layer 

into a plurality of separate regions along a plural ity of 

division lines.  The division lines of such a wafer  having 

these devices are processed by a processing apparat us 

such as a cutting apparatus and a laser processing 

apparatus to thereby divide the wafer into a plural ity of 

individual device chips corresponding to the device s.  The 
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device chips thus obtained are used in various elec trical 

apparatuses such as mobile phones and personal comp uters. 

        In general, the wafer on which the devices are to 

be formed is produced by slicing a cylindrical ingo t with 

a wire saw.  Both sides of the wafer sliced from th e ingot 

are polished to a mirror finish (see Japanese Paten t 

Laid-Open No. 2000-94221).  However, when the ingot  is cut 

by the wire saw and both sides of each wafer are po lished 

to obtain the product, a large proportion (70% to 8 0%) of 

the ingot is discarded to cause a problem of poor e conomy.  

In particular, a single crystal SiC ingot has high 

hardness and it is therefore difficult to cut this ingot 

with the wire saw.  Accordingly, considerable time is 

required for cutting of the ingot, causing a reduct ion in 

productivity.  Furthermore, since this ingot is hig h in 

unit price, there is a problem in efficiently produ cing a 

wafer in this prior art. 

 

SUMMARY OF THE INVENTION 

        A technique for solving this problem has be en 

proposed by the present applicant (see Japanese Pat ent 

Laid-Open No. 2016-111143).  This technique include s the 

steps of setting the focal point of a laser beam ha ving a 

transmission wavelength to single crystal SiC insid e a 
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single crystal SiC ingot, next applying the laser b eam to 

the SiC ingot as scanning the laser beam on the SiC  ingot 

to thereby form a separation layer in a separation plane 

previously set inside the SiC ingot, and next separ ating 

an SiC wafer from the SiC ingot along the separatio n 

layer. 

        However, this prior art technique has a pro blem 

such that it is difficult to separate the SiC wafer  from 

the SiC ingot along the separation layer, causing a  

reduction in production efficiency. 

        It is therefore an object of the present in vention 

to provide an SiC wafer producing method which can 

efficiently separate an SiC wafer from a single cry stal 

SiC ingot. 

        In accordance with an aspect of the present  

invention, there is provided an SiC wafer producing  

method for producing an SiC wafer from a single cry stal 

SiC ingot having an end surface, a c-axis intersect ing 

the end surface, and a c-plane perpendicular to the  c-

axis, the SiC wafer producing method including a 

separation layer forming step of setting a focal po int of 

a laser beam having a transmission wavelength to si ngle 

crystal SiC inside the SiC ingot at a predetermined  depth 

from the end surface, the predetermined depth 
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corresponding to the thickness of the SiC wafer to be 

produced, and next applying the laser beam to the S iC 

ingot, thereby forming a plurality of modified port ions 

on the c-plane at the predetermined depth and also 

forming a plurality of cracks isotropically formed on the 

c-plane so as to extend from each modified portion,  each 

modified portion being a region where SiC has been 

decomposed into Si and C, the modified portions and  the 

cracks constituting a separation layer along which the 

SiC wafer is to be separated from the SiC ingot; an d a 

wafer producing step of, after the separation layer  

forming step, separating a part of the SiC ingot al ong 

the separation layer as an interface, thereby produ cing 

the SiC wafer; the wafer producing step including t he 

steps of immersing the SiC ingot in a liquid in the  

condition where the end surface of the SiC ingot is  

opposed to an ultrasonic vibrator for generating 

ultrasonic wave, and next applying the ultrasonic w ave 

from the ultrasonic vibrator through the liquid to the 

SiC ingot, the ultrasonic wave having a frequency g reater 

than or equal to a critical frequency close to the 

natural frequency of the SiC ingot. 

        Preferably, the critical frequency close to  the 

natural frequency of the SiC ingot is 0.8 times the  
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natural frequency of the SiC ingot.  Preferably, th e 

liquid includes water, the temperature of the water  being 

set to a temperature at which the occurrence of 

cavitation is suppressed.  Preferably, the temperat ure of 

the water is in the range of 0°C to 25°C. 

        Preferably, the c-axis coincides with a nor mal to 

the end surface of the SiC ingot; the separation la yer 

forming step including a modified portion forming s tep of 

applying the laser beam to the SiC ingot in the con dition 

where the focal point is set at the predetermined d epth 

as relatively feeding the SiC ingot and the focal p oint 

in a feeding direction, thereby continuously formin g the 

modified portions so that any adjacent ones of the 

modified portions overlap each other in the feeding  

direction; and an indexing step of relatively index ing 

the SiC ingot and the focal point in an indexing 

direction by a predetermined amount in the range no t 

greater than the width of the cracks; the modified 

portion forming step and the indexing step being 

alternately performed to form the separation layer,  in 

which the cracks adjacent to each other in the inde xing 

direction are connected.  In another case, the c-ax is is 

inclined by an off angle with respect to a normal t o the 

end surface of the SiC ingot; the separation layer 
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forming step including a modified portion forming s tep of 

applying the laser beam to the SiC ingot in the con dition 

where the focal point is set at the predetermined d epth 

as relatively feeding the SiC ingot and the focal p oint 

in a first direction perpendicular to a second dire ction 

where the off angle is formed between the c-plane a nd the 

end surface, thereby continuously forming the modif ied 

portions so that any adjacent ones of the modified 

portions overlap each other in the first direction;  and 

an indexing step of relatively indexing the SiC ing ot and 

the focal point in the second direction by a 

predetermined amount in the range not greater than the 

width of the cracks; the modified portion forming s tep 

and the indexing step being alternately performed t o form 

the separation layer, in which the cracks adjacent to 

each other in the second direction are connected. 

        According to the SiC wafer producing method  of the 

present invention, the SiC wafer can be efficiently  

separated from the single crystal SiC ingot, so tha t the 

productivity can be improved. 

        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 
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the following description and appended claims with 

reference to the attached drawings showing some pre ferred 

embodiments of the invention. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

        FIG. 1 is a perspective view of a single cr ystal 

SiC ingot having a c-axis coinciding with a normal to an 

end surface of the SiC ingot according to a first 

preferred embodiment of the present invention; 

        FIG. 2A is a perspective view showing a sep aration 

layer forming step of forming a separation layer in  the 

SiC ingot shown in FIG. 1; 

        FIG. 2B is an elevational view of FIG. 2A; 

        FIG. 3 is a schematic plan view showing mod ified 

portions and cracks constituting the separation lay er; 

        FIG. 4 is a schematic plan view of the adja cent 

modified portions continuously formed; 

        FIG. 5 is a perspective view showing a modi fication 

of the separation layer forming step, wherein the 

modified portions are formed continuously along the  

circumference of the SiC ingot; 

        FIG. 6A is an elevational view showing a wa fer 

producing step; 

        FIG. 6B is a perspective view of an SiC waf er 
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produced by performing the wafer producing step sho wn in 

FIG. 6A; 

        FIG. 7A is an elevational view of a single crystal 

SiC ingot having a c-axis inclined with respect to a 

normal to an end surface of the SiC ingot according  to a 

second preferred embodiment of the present inventio n; 

        FIG. 7B is a plan view of the SiC ingot sho wn in 

FIG. 7A; 

        FIG. 7C is a perspective view of the SiC in got 

shown in FIG. 7A; 

        FIG. 8A is a perspective view showing a sep aration 

layer forming step of forming a separation layer in  the 

SiC ingot shown in FIGS. 7A to 7C; 

        FIG. 8B is an elevational view of FIG. 8A; 

        FIG. 9A is a plan view of the SiC ingot pro cessed 

by the separation layer forming step shown in FIGS.  8A 

and 8B; and 

        FIG. 9B is a cross section taken along the line B-B 

in FIG. 9A. 

 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

        The SiC wafer producing method of the prese nt 

invention is applicable regardless of whether or no t the 

c-axis in a single crystal SiC ingot is inclined wi th 
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respect to a normal to an end surface of the single  

crystal SiC ingot.  In the case that the c-axis is not 

inclined with respect to the normal to the end surf ace, 

i.e., in the case that the c-axis coincides with th e 

normal to the end surface, there will now be descri bed a 

first preferred embodiment of the SiC wafer produci ng 

method of the present invention with reference to F IGS. 1 

to 6B. 

        FIG. 1 shows a cylindrical hexagonal single  crystal 

SiC ingot 2 (which will be hereinafter referred to simply 

as “ingot 2”) as a workpiece to be processed.  The ingot 2 

has a circular first surface 4 (end surface), a cir cular 

second surface 6 opposite to the first surface 4, a  

cylindrical surface 8 formed so as to connect the f irst 

surface 4 and the second surface 6, a c-axis (<0001 > 

direction) extending from the first surface 4 to th e 

second surface 6, and a c-plane ({0001} plane) 

perpendicular to the c-axis.  In the ingot 2, the c -axis 

is not inclined with respect to a normal 10 to the first 

surface 4.  That is, the c-axis coincides with the normal 

10. 

        In this preferred embodiment, a separation layer 

forming step is first performed to form a separatio n 

layer on the c-plane at a predetermined depth from the 



10 

first surface 4, wherein this predetermined depth 

corresponds to the thickness of a wafer to be produ ced, 

and the separation layer is composed of a plurality  of 

continuous modified portions where SiC has been 

decomposed into Si and C and a plurality of cracks 

isotropically formed on the c-plane so as to extend  from 

each modified portion.  This separation layer formi ng step 

may be performed by using a laser processing appara tus 12, 

a part of which is shown in FIGS. 2A and 2B.  The l aser 

processing apparatus 12 includes a chuck table 14 f or 

holding a workpiece and focusing means 16 for apply ing a 

pulsed laser beam LB to the workpiece held on the c huck 

table 14.  The chuck table 14 is rotatable about it s axis 

extending in a vertical direction by rotating means  (not 

shown).  The chuck table 14 is movable in an X dire ction 

by X moving means (not shown) and also movable in a  Y 

direction by Y moving means (not shown).  Both the X 

moving means and the Y moving means are included in  the 

laser processing apparatus 12.  The focusing means 16 

includes a focusing lens (not shown) for focusing a  

pulsed laser beam LB and applying it to a workpiece .  The 

pulsed laser beam LB is oscillated from a laser 

oscillator (not shown) included in the laser proces sing 

apparatus 12.  The pulsed laser beam LB oscillated from 
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the laser oscillator is transmitted to the focusing  means 

16.  The X direction is defined as the direction sh own by 

an arrow X in FIG. 2A, and the Y direction is defin ed as 

the direction shown by an arrow Y in FIG. 2A, which  is 

perpendicular to the X direction in an XY plane.  T he XY 

plane defined by the X direction and the Y directio n is a 

substantially horizontal plane. 

        In the separation layer forming step, the i ngot 2 

is first fixed to the chuck table 14 in the conditi on 

where an adhesive (e.g., epoxy resin adhesive) is 

interposed between the second surface 6 of the ingo t 2 

and the upper surface of the chuck table 14.  As a 

modification, the upper surface of the chuck table 14 may 

be formed with a plurality of suction holes, whereb y a 

suction force may be produced on the upper surface of the 

chuck table 14 to thereby hold the ingot 2 under su ction.  

Thereafter, imaging means (not shown) included in t he 

laser processing apparatus 12 is operated to image the 

ingot 2 from the upper side of the first surface 4.   

Thereafter, the X moving means and the Y moving mea ns of 

the laser processing apparatus 12 are operated to m ove 

the chuck table 14 according to the image of the in got 2 

detected by the imaging means, thereby adjusting th e 

positional relation between the ingot 2 and the foc using 
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means 16 in the XY plane.  Thereafter, focal positi on 

adjusting means (not shown) included in the laser 

processing apparatus 12 is operated to vertically m ove 

the focusing means 16, thereby setting a focal poin t FP 

at a predetermined depth from the first surface 4, 

wherein this predetermined depth corresponds to the  

thickness of a wafer to be produced.  Thereafter, a  pulsed 

laser beam LB having a transmission wavelength to s ingle 

crystal SiC is applied from the focusing means 16 t o the 

ingot 2 as relatively moving the ingot 2 and the fo cal 

point FP (modified portion forming step). 

        In this preferred embodiment, the modified portion 

forming step is performed in the following manner a s 

shown in FIGS. 2A and 2B.  The X moving means is op erated 

to move the chuck table 14 relative to the focal po int FP 

in the X direction at a predetermined feed speed wi thout 

moving the focal point FP.  At the same time, the p ulsed 

laser beam LB is applied from the focusing means 16  to 

the ingot 2.  As a result, a plurality of modified 

portions 18 can be formed continuously on the c-pla ne at 

a predetermined depth from the first surface 4 so a s to 

linearly extend in the X direction, wherein this 

predetermined depth corresponds to the thickness of  a 

wafer to be produced.  At the same time, as shown i n FIG. 
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3, a plurality of cracks can be formed so as to ext end 

isotropically from each modified portion 18 along t h c-

plane.  Each modified portion 18 is a small circula r 

region where SiC has been decomposed into Si and C by the 

application of the pulsed laser beam LB.  In FIG. 3 , the 

cracks extending isotropically from each modified p ortion 

18 are represented by a circular area 20 shown by a  

phantom line. 

        Referring to FIG. 4, D denotes the diameter  of each 

modified portion 18 and L denotes the spacing betwe en the 

adjacent focal points FP spaced in the feeding dire ction 

(X direction), wherein the cracks 20 are formed 

isotropically from each modified portion 18 on the c-

plane in a region where the relation of D > L is 

satisfied (i.e., the adjacent modified portions 18 

arranged in the feeding direction, or in the X dire ction 

are overlapped).  The spacing L between the adjacen t focal 

points FP spaced in the feeding direction is define d by 

the relative speed V between the focal point FP and  the 

chuck table 14 and the repetition frequency F of th e 

pulsed laser beam LB (L = V/F).  In this preferred 

embodiment, the relation of D > L can be satisfied by 

adjusting the feed speed V of the chuck table 14 in  the X 

direction relative to the focal point FP and the 
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repetition frequency F of the pulsed laser beam LB.  

        After performing the modified portion formi ng step 

along a line in the X direction, the ingot 2 and th e 

focal point FP are relatively moved in the Y direct ion by 

a predetermined index amount in the range not great er 

than the width of the cracks 20.  In this preferred  

embodiment, the chuck table 14 is moved relative to  the 

focal point FP in the Y direction by a predetermine d 

index amount Li by operating the Y moving means in the 

range not greater than the width of the cracks 20 ( i.e., 

the diameter of the circular area 20 in FIG. 3) (in dexing 

step).  Thereafter, the modified portion forming st ep and 

the indexing step are alternately performed plural times, 

so that a plurality of linear modified layers exten ding 

in the X direction are formed so as to be spaced by  the 

index amount Li in the Y direction, wherein each li near 

modified layer is composed of the plural modified 

portions 18 overlapped in the X direction.  Further more, 

the cracks 20 adjacent to each other in the Y direc tion 

can be connected.  Accordingly, a separation layer 22 

composed of the plural modified portions 18 and the  

plural cracks 20 can be formed on the c-plane at th e 

predetermined depth from the first surface 4, which  depth 

corresponds to the thickness of a wafer to be produ ced, 
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wherein SiC has been decomposed into Si and C in ea ch 

modified portion 18.  As a modification, the modifi ed 

portion forming step may be repeated plural times ( e.g., 

four times) along the same straight line. 

        As described above, the modified portion fo rming 

step in the separation layer forming step may be 

performed by relatively moving the ingot 2 and the focal 

point FP.  Accordingly, as a modification, the modi fied 

portion forming step may be performed by rotating t he 

chuck table 14 as shown in FIG. 5.  More specifical ly, the 

rotating means (not shown) is operated to rotate th e 

chuck table 14 at a predetermined speed relative to  the 

focal point FP fixed in the counterclockwise direct ion 

(or in the clockwise direction) as viewed in plan.  At the 

same time, the pulsed laser beam LB having a transm ission 

wavelength to single crystal SiC is applied from th e 

focusing means 16 to the ingot 2.  As a result, a 

plurality of modified portions 18 are continuously formed 

on the c-plane at the predetermined depth from the first 

surface 4, which depth corresponds to the thickness  of a 

wafer to be produced, in such a manner that an annu lar 

modified layer is formed by these plural modified 

portions 18 along the circumference of the ingot 2,  

wherein SiC has been decomposed into Si and C in ea ch 
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modified portion 18.  At the same time, a plurality  of 

cracks 20 can be formed on the c-plane so as to ext end 

isotropically from each modified portion 18.  As de scribed 

above, the cracks 20 are formed isotropically from each 

modified portion 18 along the c-plane in the region  where 

the relation of D > L is satisfied, in which D deno tes 

the diameter of each modified portion 18 and L deno tes 

the spacing between the adjacent focal points FP sp aced 

in the feeding direction.  Further, the spacing L i s 

defined by the relative speed V between the focal p oint 

FP and the chuck table 14 and the repetition freque ncy F 

of the pulsed laser beam LB (L = V/F).  In the case  shown 

in FIG. 5, the relation of D > L can be satisfied b y 

adjusting the peripheral speed V of the chuck table  14 

relative to the focal point FP at the position of t he 

focal point FP and the repetition frequency F of th e 

pulsed laser beam LB. 

        In the case shown in FIG. 5 where the modif ied 

portion forming step is performed by rotating the c huck 

table 14, the indexing step is next performed by 

operating the X moving means or the Y moving means to 

move the chuck table 14 relative to the focal point  FP in 

the radial direction of the ingot 2 by the predeter mined 

index amount Li in the range not greater than the w idth 
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of the cracks 20.  Thereafter, the modified portion  

forming step and the indexing step are alternately 

performed plural times, so that a plurality of annu lar 

modified layers extending along the circumference o f the 

ingot 2 are formed concentrically so as to be space d by 

the index amount Li in the radial direction of the ingot 

2, wherein each annular modified layer is composed of the 

plural modified portions 18 overlapped in the 

circumferential direction of the ingot 2.  Further,  the 

cracks 20 adjacent to each other in the radial dire ction 

of the ingot 2 can be connected.  Accordingly, a si milar 

separation layer 22 composed of the plural modified  

portions 18 and the plural cracks 20 can be formed on the 

c-plane at the predetermined depth from the first s urface 

4, which depth corresponds to the thickness of a wa fer to 

be produced.  As a modification, also in the case o f FIG. 

5, the modified portion forming step may be repeate d 

plural times (e.g., four times) along the same circ ular 

line. 

        After performing the separation layer formi ng step, 

a wafer producing step is performed to separate a p art of 

the ingot 2 along the separation layer 22 as an int erface, 

thereby producing a wafer.  The wafer producing ste p may 

be performed by using a separating apparatus 24 sho wn in 



18 

FIG. 6A.  The separating apparatus 24 includes a li quid 

bath 28 for storing a liquid 26, an ultrasonic vibr ator 

30 located in the liquid bath 28, ultrasonic vibrat ion 

applying means 32 for applying ultrasonic vibration  to 

the ultrasonic vibrator, and holding means 34 for h olding 

a workpiece.  The holding means 34 includes an arm 36 

extending in a substantially vertical direction and  a 

suction member 38 fixed to the lower end of the arm  36.  

The suction member 38 has a lower surface for holdi ng the 

workpiece under suction. 

        In the wafer producing step, the ingot 2 in  which 

the separation layer 22 has been formed is first he ld 

under suction on the lower surface of the suction m ember 

38 of the holding means 34 in the condition where t he 

second surface 6 of the ingot 2 is oriented upward,  i.e., 

the first surface 4 of the ingot 2 is exposed downw ard.  

That is, the second surface 6 is an end surface far  from 

the separation layer 22, and the first surface 4 is  an 

end surface close to the separation layer 22.  Ther eafter, 

elevating means (not shown) included in the separat ing 

apparatus 24 is operated to lower the holding means  34 

until a lower portion of the ingot 2 is immersed in to the 

liquid 26 and the first surface 4 of the ingot 2 is  

opposed to the upper surface of the ultrasonic vibr ator 
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30 with a given gap (e.g., approximately 4 to 5 mm)  

defined therebetween.  Thereafter, ultrasonic vibra tion 

having a frequency greater than or equal to a criti cal 

frequency close to the natural frequency of the ing ot 2 

is applied from the ultrasonic vibration applying m eans 

32 to the ultrasonic vibrator 30.  As a result, ult rasonic 

wave having a frequency greater than or equal to th e 

critical frequency close to the natural frequency o f the 

ingot 2 is applied from the ultrasonic vibrator 30 

through the liquid 26 to the ingot 2.  Accordingly,  a part 

of the ingot 2 can be efficiently separated along t he 

separation layer 22 as an interface to thereby prod uce a 

wafer 39 shown in FIG. 6B.  Accordingly, the produc tivity 

can be improved.  In this preferred embodiment, the  ingot 

2 is located at an upper position in the liquid bat h 28, 

and the ultrasonic vibrator 30 is located at a lowe r 

position in the liquid bath 28 as shown in FIG. 6A.   

However, in the wafer producing step according to t he 

present invention, it is essential that the first s urface 

4 as the wafer forming side of the ingot 2 is to be  

opposed to the ultrasonic vibrator 30.  Accordingly , as a 

modification, the ingot 2 may be located at a lower  

position in the liquid bath 28, and the ultrasonic 

vibrator 30 may be located at an upper position in the 
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liquid bath 28.  As another modification, the wafer  

forming side of the ingot 2 may be opposed to the 

ultrasonic vibrator 30 in any directions other than  the 

vertical direction (e.g., in a horizontal direction ).  

Further, the holding means 34 may be oscillated by any 

suitable oscillating means (not shown) in applying 

ultrasonic vibration from the ultrasonic vibrator 3 0 to 

the ingot 2. 

        The above-mentioned critical frequency clos e to the 

natural frequency of the ingot 2 is defined in the 

following manner.  In applying ultrasonic wave from  the 

ultrasonic vibrator 30 through the liquid 26 to the  ingot 

2 immersed in the liquid 26 to thereby separate a p art of 

the ingot 2 along the separation layer 22 as an int erface, 

the frequency of the ultrasonic wave is gradually 

increased from a frequency lower than the natural 

frequency of the ingot 2 by a predetermined amount.   When 

the frequency of the ultrasonic wave has reached a 

certain frequency, a part of the ingot 2 starts to be 

separated along the separation layer 22 as an inter face 

at this certain frequency.  This certain frequency is 

defined as the critical frequency close to the natu ral 

frequency of the ingot 2.  That is, the critical fr equency 

close to the natural frequency of the ingot 2 is lo wer 
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than the natural frequency of the ingot 2.  Prefera bly, 

the critical frequency close to the natural frequen cy of 

the ingot 2 is approximately 0.8 times the natural 

frequency of the ingot 2.  The liquid 26 stored in the 

liquid bath 28 is preferably water, and the tempera ture 

of the water is preferably set to a temperature at which 

the occurrence of cavitation can be suppressed in 

applying ultrasonic vibration from the ultrasonic 

vibration applying means 32 to the ultrasonic vibra tor 30.  

More specifically, the temperature of the water is 

preferably set to 0°C to 25°C.  In this condition, there 

is no possibility that the energy of the ultrasonic  wave 

may be converted into cavitation, so that the energ y of 

the ultrasonic wave can be effectively applied to t he 

ingot 2. 

        In the case that the c-axis in a single cry stal SiC 

ingot is inclined with respect to the normal to the  end 

surface, there will now be described a second prefe rred 

embodiment of the SiC wafer producing method of the  

present invention with reference to FIGS. 7A to 9B.  

        FIGS. 7A to 7C show a generally cylindrical  

hexagonal single crystal SiC ingot 40 (which will b e 

hereinafter referred to simply as “ingot 40”) as a 

workpiece to be processed.  The ingot 40 has a 
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substantially circular first surface 42 (end surfac e), a 

substantially circular second surface 44 opposite t o the 

first surface 42, a substantially cylindrical surfa ce 46 

formed so as to connect the first surface 42 and th e 

second surface 44, a c-axis (<0001> direction) exte nding 

from the first surface 42 to the second surface 44,  and a 

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

the ingot 40, the c-axis is inclined by an off angl e α 

(e.g., α = 1, 3, or 6 degrees) with respect to a normal 

48 to the first surface 42.  The off angle α is formed 

between the c-plane and the first surface 42.  The 

direction of formation of the off angle α is shown by an 

arrow A in FIGS. 7A to 7C.  Further, the cylindrica l 

surface 46 of the ingot 40 is formed with a first 

orientation flat 50 and a second orientation flat 5 2, 

which are rectangular in side elevation and functio n to 

indicate crystal orientation.  The first orientatio n flat 

50 is parallel to the direction A of formation of t he off 

angle α, and the second orientation flat 52 is 

perpendicular to the direction A of formation of th e off 

angle α.  As shown in FIG. 7B, which is a plan view taken 

in the direction of extension of the normal 48, the  

length L2 of the second orientation flat 52 is set 

shorter than the length L1 of the first orientation  flat 
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50 (L2 < L1). 

        In this preferred embodiment, a separation layer 

forming step is first performed to form a separatio n 

layer on the c-plane at a predetermined depth from the 

first surface 42, wherein this predetermined depth 

corresponds to the thickness of a wafer to be produ ced, 

and the separation layer is composed of a plurality  of 

continuous modified portions where SiC has been 

decomposed into Si and C and a plurality of cracks 

isotropically formed on the c-plane so as to extend  from 

each modified portion.  This separation layer formi ng step 

may be performed by using the laser processing appa ratus 

12 mentioned above.  In the separation layer formin g step, 

the ingot 40 is first fixed to the chuck table 14 i n the 

condition where an adhesive (e.g., epoxy resin adhe sive) 

is interposed between the second surface 44 of the ingot 

40 and the upper surface of the chuck table 14.  As  a 

modification, the upper surface of the chuck table 14 may 

be formed with a plurality of suction holes, whereb y a 

suction force may be produced on the upper surface of the 

chuck table 14 to thereby hold the ingot 40 under s uction.  

Thereafter, the imaging means of the laser processi ng 

apparatus 12 is operated to image the ingot 40 from  the 

upper side of the first surface 42.  Thereafter, th e X 
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moving means, the Y moving means, and the rotating means 

of the laser processing apparatus 12 are operated t o move 

and rotate the chuck table 14 according to the imag e of 

the ingot 40 detected by the imaging means, thereby  

adjusting the orientation of the ingot 40 to a 

predetermined orientation and also adjusting the 

positional relation between the ingot 40 and the fo cusing 

means 16 in the XY plane.  In adjusting the orienta tion of 

the ingot 40 to a predetermined orientation, the fi rst 

orientation flat 50 is made parallel to the Y direc tion 

and the second orientation flat 52 is made parallel  to 

the X direction as shown in FIG. 8A.  Accordingly, the 

direction A of formation of the off angle α is made 

parallel to the Y direction, and the direction 

perpendicular to the direction A of formation of th e off 

angle α is made parallel to the X direction. 

        Thereafter, the focal position adjusting me ans of 

the laser processing apparatus 12 is operated to 

vertically move the focusing means 16, thereby sett ing a 

focal point FP at a predetermined depth from the fi rst 

surface 42, wherein this predetermined depth corres ponds 

to the thickness of a wafer to be produced.  Therea fter, a 

pulsed laser beam LB having a transmission waveleng th to 

single crystal SiC is applied from the focusing mea ns 16 



25 

to the ingot 40 as relatively moving the ingot 40 a nd the 

focal point FP in the X direction (i.e., in the dir ection 

perpendicular to the direction A of formation of th e off 

angle α) (modified portion forming step).  In the present 

invention, the direction perpendicular to the direc tion A 

of formation of the off angle α is defined as a first 

direction, and the direction A of formation of the off 

angle α is defined as a second direction. 

        In this preferred embodiment, the modified portion 

forming step is performed in the following manner a s 

shown in FIGS. 8A and 8B.  The X moving means is op erated 

to move the chuck table 14 relative to the focal po int FP 

in the X direction (i.e., in the direction perpendi cular 

to the direction A of formation of the off angle α) at a 

predetermined feed speed without moving the focal p oint 

FP.  At the same time, the pulsed laser beam LB is applied 

from the focusing means 16 to the ingot 40.  As a r esult, 

a plurality of modified portions 54 can be formed 

continuously on the c-plane at a predetermined dept h from 

the first surface 42 so as to linearly extend in th e X 

direction (i.e., in the direction perpendicular to the 

direction A of formation of the off angle α), wherein 

this predetermined depth corresponds to the thickne ss of 

a wafer to be produced.  At the same time, as shown  in FIG. 
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9B, a plurality of cracks 56 can be formed so as to  

extend isotropically from each modified portion 54 along 

the c-plane.  Each modified portion 54 is a small c ircular 

region where SiC has been decomposed into Si and C by the 

application of the pulsed laser beam LB.  Further, the 

cracks 56 extending isotropically from each modifie d 

portion 54 are formed as a circular area as shown i n FIG. 

3. 

        As described above, letting D denote the di ameter 

of each modified portion 54 and L denote the spacin g 

between the adjacent focal points FP spaced in the 

feeding direction (X direction), the cracks 56 are formed 

isotropically from each modified portion 54 on the c-

plane in a region where the relation of D > L is 

satisfied.  The spacing L between the adjacent foca l 

points FP spaced in the feeding direction is define d by 

the relative speed V between the focal point FP and  the 

chuck table 14 and the repetition frequency F of th e 

pulsed laser beam LB (L = V/F).  In this preferred 

embodiment, the relation of D > L can be satisfied by 

adjusting the feed speed V of the chuck table 14 in  the X 

direction relative to the focal point FP and the 

repetition frequency F of the pulsed laser beam LB.  

        After performing the modified portion formi ng step 
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along a line in the X direction, the ingot 40 and t he 

focal point FP are relatively moved in the Y direct ion 

(i.e., in the direction A of formation of the off a ngle 

α) by a predetermined index amount in the range not 

greater than the width of the cracks 56.  In this 

preferred embodiment, the chuck table 14 is moved 

relative to the focal point FP in the Y direction b y a 

predetermined index amount Li’ by operating the Y m oving 

means in the range not greater than the width of th e 

cracks 56 (indexing step).  Thereafter, the modifie d 

portion forming step and the indexing step are 

alternately performed plural times, so that a plura lity 

of linear modified layers extending in the X direct ion 

(i.e., in the direction perpendicular to the direct ion A 

of formation of the off angle α) are formed so as to be 

spaced by the index amount Li’ in the Y direction ( i.e., 

in the direction A of formation of the off angle α), 

wherein each linear modified layer is composed of t he 

plural modified portions 54 overlapped in the X dir ection.  

Furthermore, the cracks 56 adjacent to each other i n the 

Y direction can be connected.  Accordingly, a separ ation 

layer 58 composed of the plural modified portions 5 4 and 

the plural cracks 56 can be formed at the predeterm ined 

depth from the first surface 42, which depth corres ponds 
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to the thickness of a wafer to be produced, wherein  SiC 

has been decomposed into Si and C in each modified 

portion 54.  As a modification, the modified portio n 

forming step may be repeated plural times (e.g., fo ur 

times) along the same straight line. 

        After performing the separation layer formi ng step, 

a wafer producing step is performed to separate a p art of 

the ingot 40 along the separation layer 58 as an 

interface, thereby producing a wafer.  The wafer pr oducing 

step may be performed by using the separating appar atus 

24 mentioned above.  In the wafer producing step, t he 

ingot 40 in which the separation layer 58 has been formed 

is first held under suction on the lower surface of  the 

suction member 38 of the holding means 34 in the 

condition where the second surface 44 of the ingot 40 is 

oriented upward, i.e., the first surface 42 of the ingot 

40 is exposed downward.  That is, the second surfac e 44 is 

an end surface far from the separation layer 58, an d the 

first surface 42 is an end surface close to the 

separation layer 58.  Thereafter, the elevating mea ns of 

the separating apparatus 24 is operated to lower th e 

holding means 34 until a lower portion of the ingot  40 is 

immersed into the liquid 26 and the first surface 4 2 of 

the ingot 40 is opposed to the upper surface of the  
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ultrasonic vibrator 30 with a given gap (e.g., 

approximately 4 to 5 mm) defined therebetween.  The reafter, 

ultrasonic vibration having a frequency greater tha n or 

equal to a critical frequency close to the natural 

frequency of the ingot 40 is applied from the ultra sonic 

vibration applying means 32 to the ultrasonic vibra tor 30.  

As a result, ultrasonic wave having a frequency gre ater 

than or equal to the critical frequency close to th e 

natural frequency of the ingot 40 is applied from t he 

ultrasonic vibrator 30 through the liquid 26 to the  ingot 

40.  Accordingly, a part of the ingot 40 can be 

efficiently separated along the separation layer 58  as an 

interface to thereby produce a wafer.  Accordingly,  the 

productivity can be improved.  In the wafer produci ng step 

according to the present invention, it is essential  that 

the first surface 42 as the wafer forming side of t he 

ingot 40 is to be opposed to the ultrasonic vibrato r 30.  

Accordingly, the first surface 42 may be opposed to  the 

ultrasonic vibrator 30 in a vertical direction or i n a 

horizontal direction.  Further, the holding means 3 4 may 

be oscillated by any suitable oscillating means (no t 

shown) in applying ultrasonic vibration from the 

ultrasonic vibrator 30 to the ingot 40. 

        Also in the second preferred embodiment, th e above-
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mentioned critical frequency close to the natural 

frequency of the ingot 40 is defined in the followi ng 

manner.  In applying ultrasonic wave from the ultra sonic 

vibrator 30 through the liquid 26 to the ingot 40 

immersed in the liquid 26 to thereby separate a par t of 

the ingot 40 along the separation layer 58 as an 

interface, the frequency of the ultrasonic wave is 

gradually increased from a frequency lower than the  

natural frequency of the ingot 40 by a predetermine d 

amount.  When the frequency of the ultrasonic wave has 

reached a certain frequency, a part of the ingot 40  

starts to be separated along the separation layer 5 8 as 

an interface at this certain frequency.  This certa in 

frequency is defined as the critical frequency clos e to 

the natural frequency of the ingot 40.  That is, th e 

critical frequency close to the natural frequency o f the 

ingot 40 is lower than the natural frequency of the  ingot 

40.  Preferably, the critical frequency close to th e 

natural frequency of the ingot 40 is approximately 0.8 

times the natural frequency of the ingot 40.  The l iquid 

26 stored in the liquid bath 28 is preferably water , and 

the temperature of the water is preferably set to a  

temperature at which the occurrence of cavitation c an be 

suppressed in applying ultrasonic vibration from th e 
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ultrasonic vibration applying means 32 to the ultra sonic 

vibrator 30.  More specifically, the temperature of  the 

water is preferably set to 0°C to 25°C.  In this co ndition, 

there is no possibility that the energy of the ultr asonic 

wave may be converted into cavitation, so that the energy 

of the ultrasonic wave can be effectively applied t o the 

ingot 40. 

        The present inventor performed a test on th e 

critical frequency close to the natural frequency o f the 

single crystal SiC ingot and on the temperature of the 

liquid stored in the liquid bath in the separating 

apparatus.  The test was performed under the follow ing 

laser processing conditions. 

(Laser processing conditions) 

        Wavelength of the pulsed laser beam: 1064 n m 

        Repetition frequency F: 60 kHz 

        Average power: 1.5 W 

        Pulse width: 4 ns 

        Spot diameter: 3 µm 

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

        Feed speed V: 200 mm/second 

(Test 1)  Formation of a proper separation layer 

        A single crystal SiC ingot having a thickne ss of 3 

mm was used for the test.  The focal point of the p ulsed 
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laser beam was set in the ingot at a depth of 100 µm from 

the end surface of the ingot.  Then, the pulsed las er beam 

was applied to the ingot to thereby form a pluralit y of 

continuous modified portions each having a diameter  of 17 

µm, wherein SiC has been decomposed into Si and C.  These 

continuous modified portions were overlapped in the  

feeding direction at an overlap rate R of 80%.  Tha t is, 

the overlap rate R between any adjacent ones of the  

plural modified portions continuously formed in the  

feeding direction was 80%.  Further, a plurality of  cracks 

each having a diameter of 150 µm were formed 

isotropically on the c-plane so as to extend from e ach 

modified portion.  Thereafter, the focusing means w as 

indexed by 150 µm to similarly form a plurality of 

continuous modified portions and cracks, thereby fo rming 

a separation layer at the depth of 100 µm, which 

corresponds to the thickness of a wafer to be produ ced.  

The overlap rate R can be calculated from the diame ter D 

of each modified portion (D = 17 µm in this test) and the 

spacing L of the adjacent focal points spaced in th e 

feeding direction, wherein the spacing L of the adj acent 

focal points spaced in the feeding direction is def ined 

by the feed speed V (V = 200 mm/second in this test ) and 

the repetition frequency f of the pulsed laser beam  (F = 
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60 kHz in this test) as described above (L = V/F). 

        R = (D - L)/D 

          = {D - (V/F)}/D 

          = [17 ( µm) – {200 (mm/second)/60 (kHz)}]/17 ( µm) 

          = [17 × 10 -6  (m) – {200 × 10 -3  (m/second)/60 × 10 3 

(Hz)}]/17 × 10 -6  (m) 

          = 0.8 

(Test 2)  Dependence on the frequency of ultrasonic  wave 

in relation to the natural frequency 

        The natural frequency of the single crystal  SiC 

ingot having a thickness of 3 mm mentioned above wa s 

determined as 25 kHz.  In Test 2, the single crysta l SiC 

ingot in which the separation layer was formed in T est 1 

was immersed in water having a temperature of 25°C.   

Further, the power of ultrasonic wave to be applied  to 

the ingot was set to 100 W, and the frequency of th e 

ultrasonic wave was changed in the sequence of 10 k Hz, 15 

kHz, 20 kHz, 23 kHz, 25 kHz, 27 kHz, 30 kHz, 40 kHz , 50 

kHz, 100 kHz, 120 kHz, and 150 kHz.  In this condit ion, 

the ultrasonic wave was applied to the ingot immers ed in 

the water to thereby separate the wafer from the in got 

along the separation layer as an interface.  Then, the 

time required for the separation of the wafer at ea ch 

frequency was measured to verify the frequency depe ndence. 
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(Result of Test 2) 

Frequency  Separation time 

10 kHz Not separated even after 10 minutes elapsed:  NG 

15 kHz Not separated even after 10 minutes elapsed:  NG 

20 kHz Separated in 90 seconds 

23 kHz Separated in 30 seconds 

25 kHz Separated in 25 seconds 

27 kHz Separated in 30 seconds 

30 kHz Separated in 70 seconds 

40 kHz Separated in 170 seconds 

50 kHz Separated in 200 seconds 

100 kHz Separated in 220 seconds 

120 kHz Separated in 240 seconds 

150 kHz Separated in 300 seconds 

(Test 3)  Dependence on the power of ultrasonic wav e 

        In Test 2, the power of the ultrasonic wave  was 

fixed to 100 W and the frequency of the ultrasonic wave 

was changed to measure the time required for separa tion 

of the wafer from the ingot along the separation la yer 

formed in Test 1.  In contrast thereto, Test 3 was 

performed in the condition where the power of the 

ultrasonic wave was changed in the sequence of 200 W, 300 

W, 400 W, and 500 W at each frequency used in Test 2 to 

measure the time required for separation of the waf er 
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from the ingot along the separation layer formed in  Test 

1.  Then, the power dependence was verified.  The s ymbol 

“NG” shown below is similar in meaning to that used  in 

Result of Test 2.  That is, the symbol “NG” means t hat the 

wafer was not separated from the ingot even after 1 0 

minutes elapsed from the time of starting the appli cation 

of the ultrasonic wave to the ingot. 

(Result of Test 3) 

 Separation time at each power 

Frequency 200 W 300 W 400 W 500 W 

10 kHz NG NG NG NG 

15 kHz NG NG NG NG 

20 kHz 50 sec 33 sec 15 sec 6 sec 

23 kHz 16 sec 10 sec 4 sec 3 sec 

25 kHz 3 sec 1 sec ≤ 1 sec ≤ 1 sec 

27 kHz 15 sec 11 sec 5 sec 2 sec 

30 kHz 48 sec 40 sec 18 sec 3 sec 

40 kHz 90 sec 47 sec 23 sec 4 sec 

50 kHz 100 sec 58 sec 24 sec 6 sec 

100 kHz 126 sec 63 sec 26 sec 7 sec 

120 kHz 150 sec 70 sec 27 sec 8 sec 

150 kHz 170 sec 82 sec 42 sec 20 sec 

sec: second(s) 

(Test 4)  Temperature dependence 
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        In Test 4, the ingot in which the separatio n layer 

was formed in Test 1 was immersed in water, and the  

temperature of this water was increased from 0°C to  

measure the time required for separation of the waf er 

from the ingot along the separation layer formed in  Test 

1.  Then, the temperature dependence was verified.  In 

Test 4, the frequency of the ultrasonic wave was se t to 

25 kHz and the power of the ultrasonic wave was set  to 

500 W. 

(Result of Test 4) 

Temperature Separation time 

0°C 0.07 sec 

5°C 0.09 sec 

10°C 0.12 sec 

15°C 0.6 sec 

20°C 0.8 sec 

25°C 0.9 sec 

30°C 3.7 sec 

35°C 4.2 sec 

40°C 6.1 sec 

45°C 7.1 sec 

50°C 8.2 sec 

sec: second(s) 

        From Result of Test 2, it was verified that  the 
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critical frequency of the ultrasonic wave for separ ation 

of the wafer from the ingot is dependent on the nat ural 

frequency of the ingot (25 kHz in this test) and th at 

this critical frequency is 20 kHz close to the natu ral 

frequency of the ingot (this critical frequency is 0.8 

times the natural frequency of the ingot).  Further , it 

was also verified that when the frequency of the 

ultrasonic wave is in the range of 20 to 30 kHz in the 

vicinity of the natural frequency of the ingot (thi s 

frequency range is 0.8 to 1.5 times the natural fre quency 

of the ingot), the wafer is separated from the ingo t 

along the separation layer as an interface effectiv ely 

(in a relatively short period of time).  From Resul t of 

Test 3, it was verified that even when the frequenc y of 

the ultrasonic wave is greater than the frequency r ange 

of 20 to 30 kHz which is in the vicinity of the nat ural 

frequency of the ingot, the wafer is effectively 

separated from the ingot along the separation layer  as an 

interface by increasing the power of the ultrasonic  wave.  

From Result of Test 4, it was verified that when th e 

temperature of the water as the liquid stored in th e 

liquid bath of the separating apparatus is greater than 

25°C, the energy of the ultrasonic wave is converte d into 

cavitation, so that the wafer cannot be effectively  
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separated from the ingot along the separation layer  as an 

interface. 

        The present invention is not limited to the  details 

of the above described preferred embodiments.  The scope 

of the invention is defined by the appended claims and 

all changes and modifications as fall within the 

equivalence of the scope of the claims are therefor e to 

be embraced by the invention. 
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WHAT IS CLAIMED IS: 

        1.  An SiC wafer producing method for produ cing an 

SiC wafer from a single crystal SiC ingot having an  end 

surface, a c-axis intersecting said end surface, an d a c-

plane perpendicular to said c-axis, said SiC wafer 

producing method comprising: 

        a separation layer forming step of setting a focal 

point of a laser beam having a transmission wavelen gth to 

single crystal SiC inside said SiC ingot at a 

predetermined depth from said end surface, said 

predetermined depth corresponding to a thickness of  said 

SiC wafer to be produced, and next applying said la ser 

beam to said SiC ingot, thereby forming a plurality  of 

modified portions on said c-plane at said predeterm ined 

depth and also forming a plurality of cracks 

isotropically formed on said c-plane so as to exten d from 

each modified portion, each modified portion being a 

region where SiC has been decomposed into Si and C,  said 

modified portions and said cracks constituting a 

separation layer along which said SiC wafer is to b e 

separated from said SiC ingot; and 

        a wafer producing step of, after the separa tion 

layer forming step, separating a part of said SiC i ngot 

along said separation layer as an interface, thereb y 
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producing said SiC wafer; 

        said wafer producing step including the ste ps of 

immersing said SiC ingot in a liquid in the conditi on 

where said end surface of said SiC ingot is opposed  to an 

ultrasonic vibrator for generating ultrasonic wave,  and 

next applying said ultrasonic wave from said ultras onic 

vibrator through said liquid to said SiC ingot, sai d 

ultrasonic wave having a frequency greater than or equal 

to a critical frequency close to the natural freque ncy of 

said SiC ingot. 

        2.  The SiC wafer producing method accordin g to 

claim 1, wherein said critical frequency close to t he 

natural frequency of said SiC ingot is 0.8 times th e 

natural frequency of said SiC ingot. 

        3.  The SiC wafer producing method accordin g to 

claim 1, wherein said liquid includes water, the 

temperature of said water being set to a temperatur e at 

which the occurrence of cavitation is suppressed. 

        4.  The SiC wafer producing method accordin g to 

claim 3, wherein the temperature of said water is i n the 

range of 0°C to 25°C. 

        5.  The SiC wafer producing method accordin g to 

claim 1, wherein said c-axis coincides with a norma l to 

said end surface of said SiC ingot; 
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        said separation layer forming step includin g: 

        a modified portion forming step of applying  said 

laser beam to said SiC ingot in the condition where  said 

focal point is set at said predetermined depth as 

relatively feeding said SiC ingot and said focal po int in 

a feeding direction, thereby continuously forming s aid 

modified portions so that any adjacent ones of said  

modified portions overlap each other in said feedin g 

direction; and 

        an indexing step of relatively indexing sai d SiC 

ingot and said focal point in an indexing direction  by a 

predetermined amount in the range not greater than the 

width of said cracks; 

        said modified portion forming step and said  

indexing step being alternately performed to form s aid 

separation layer, in which said cracks adjacent to each 

other in said indexing direction are connected. 

        6.  The SiC wafer producing method accordin g to 

claim 1, wherein said c-axis is inclined by an off angle 

with respect to a normal to said end surface of sai d SiC 

ingot; 

        said separation layer forming step includin g: 

        a modified portion forming step of applying  said 

laser beam to said SiC ingot in the condition where  said 
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focal point is set at said predetermined depth as 

relatively feeding said SiC ingot and said focal po int in 

a first direction perpendicular to a second directi on 

where said off angle is formed between said c-plane  and 

said end surface, thereby continuously forming said  

modified portions so that any adjacent ones of said  

modified portions overlap each other in said first 

direction; and 

        an indexing step of relatively indexing sai d SiC 

ingot and said focal point in said second direction  by a 

predetermined amount in the range not greater than the 

width of said cracks; 

        said modified portion forming step and said  

indexing step being alternately performed to form s aid 

separation layer, in which said cracks adjacent to each 

other in said second direction are connected. 


