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WAFER PRODUCING METHOD 

 

BACKGROUND OF THE INVENTION 

Field of the Invention 

        The present invention relates to a wafer pr oducing 

method for producing a wafer from an ingot after fo rming 

a separation layer inside the ingot by setting a fo cal 

point of a laser beam having a transmission wavelen gth to 

the ingot inside the ingot at a predetermined depth  from 

one end surface of the ingot, the predetermined dep th 

corresponding to the thickness of the wafer to be 

produced, and next applying the laser beam to the i ngot. 

Description of the Related Art 

        Various devices such as integrated circuits  (ICs), 

large scale integrations (LSIs), and light emitting  

diodes (LEDs) are formed by forming a functional la yer on 

the front side of a wafer formed of silicon (Si), 

sapphire (AL 2O3), or the like and partitioning this 

functional layer into a plurality of separate regio ns 

along a plurality of crossing division lines. 

        The division lines of the wafer having thes e 

devices are processed by a processing apparatus suc h as a 

cutting apparatus and a laser processing apparatus to 

thereby divide the wafer into a plurality of indivi dual 
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device chips respectively corresponding to the devi ces.  

The device chips thus obtained are used in various 

electrical equipment such as mobile phones and pers onal 

computers.  Further, power devices or optical devic es such 

as LEDs are formed by forming a functional layer on  the 

front side of a wafer formed of hexagonal single-cr ystal 

silicon carbide (SiC) and partitioning this functio nal 

layer into a plurality of separate regions along a 

plurality of crossing division lines. 

        In general, the wafer on which the devices are to 

be formed is produced by slicing an ingot with a wi re saw.  

Both sides of the wafer sliced from the ingot are 

polished to a mirror finish (see Japanese Patent La id-

Open No. 2000-094221, for example).  However, when the 

ingot is cut by the wire saw and both sides of each  wafer 

are polished to obtain the product, 70% to 80% of t he 

ingot is discarded to cause a problem of poor econo my.  In 

particular, a hexagonal single-crystal SiC ingot ha s 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. 
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        A technique for solving this problem has be en 

proposed by the present applicant.  This technique 

includes the steps of setting the focal point of a laser 

beam having a transmission wavelength to hexagonal 

single-crystal SiC inside an SiC ingot, next applyi ng the 

laser beam to the ingot as scanning the laser beam on the 

ingot to thereby form a separation layer in a 

predetermined separation plane inside the ingot, an d next 

separating a wafer from the ingot along the separat ion 

layer (see Japanese Patent Laid-Open No. 2016-11114 3, for 

example).  Further, a similar technique has also be en 

proposed.  This technique includes the steps of set ting 

the focal point of a laser beam having a transmissi on 

wavelength to hexagonal single-crystal Si inside an  Si 

ingot at a predetermined depth from an end surface of the 

ingot, the predetermined depth corresponding to the  

thickness of a wafer to be produced, next applying the 

laser beam to the ingot as scanning the laser beam on the 

ingot to thereby form a modified portion at this 

predetermined depth inside the ingot, and next sepa rating 

the wafer from the ingot along this modified portio n (see 

Japanese Patent Laid-Open No. 2011-060862, for exam ple). 

 

SUMMARY OF THE INVENTION 
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        According to the techniques described in Ja panese 

Patent Laid-Open No. 2016-111143 and Japanese Paten t 

Laid-Open No. 2011-060862 mentioned above, the amou nt of 

the ingot to be discarded in producing the wafer fr om the 

ingot is reduced as compared with the case of using  a 

wire saw to slice the ingot, so that some effect ca n be 

exhibited against the problem of poor economy.  How ever, 

it is not easy to separate the wafer from the ingot  along 

the separation layer or the modified portion formed  

inside the ingot by applying a laser beam, so that there 

still remains a problem in production efficiency. 

        It is therefore an object of the present in vention 

to provide a wafer producing method which can effic iently 

produce a wafer from a hexagonal single-crystal SiC  ingot. 

        In accordance with an aspect of the present  

invention, there is provided a wafer producing meth od for 

producing a wafer from an ingot after forming a 

separation layer inside the ingot by setting a foca l 

point of a laser beam having a transmission wavelen gth to 

the ingot inside the ingot at a predetermined depth  from 

one end surface of the ingot, the predetermined dep th 

corresponding to a thickness of the wafer to be pro duced, 

and next applying the laser beam to the ingot, the wafer 

producing method including: a first ultrasonic vibr ation 
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applying step of applying ultrasonic vibration to a  given 

area of the ingot at a first density to thereby for m a 

partially broken portion where a part of the separa tion 

layer is broken; a second ultrasonic vibration appl ying 

step of applying the ultrasonic vibration to a whol e area 

of the ingot larger than the given area at a second  

density lower than the first density, after perform ing 

the first ultrasonic vibration applying step, there by 

forming a fully broken portion where the separation  layer 

is fully broken in such a manner that breaking star ts 

from the partially broken portion; and a separating  step 

of separating the wafer from the ingot along the fu lly 

broken portion. 

        Preferably, the ultrasonic vibration is app lied 

through a layer of water to the ingot in the first 

ultrasonic vibration applying step and the second 

ultrasonic vibration applying step. 

        Preferably, the ingot includes a hexagonal single-

crystal SiC ingot having a c-axis and a c-plane 

perpendicular to the c-axis, and the separation lay er is 

composed of a modified portion and cracks extending  

isotropically from the modified portion along the c -plane, 

the modified portion being formed by setting a foca l 

point of a laser beam having a transmission wavelen gth to 
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hexagonal single-crystal SiC inside the SiC ingot a t a 

predetermined depth from the one end surface of the  SiC 

ingot, the predetermined depth corresponding to the  

thickness of the wafer to be produced, and next app lying 

the laser beam to the SiC ingot to thereby decompos e SiC 

into Si and C. 

        Preferably, the c-axis is inclined at an of f angle 

with respect to a normal to the one end surface of the 

SiC ingot, the off angle being formed between the c -plane 

and the one end surface, the focal point of the las er 

beam is moved in a direction perpendicular to a dir ection 

of formation of the off angle to thereby continuous ly 

form the modified portion in the direction perpendi cular 

to the direction of formation of the off angle, and  the 

focal point of the laser beam is indexed in the dir ection 

of formation of the off angle in a range not greate r than 

a range of formation of the cracks, whereby a plura lity 

of linear modified portions are arranged side by si de in 

the direction of formation of the off angle in such  a 

manner that the cracks extending from any adjacent ones 

of the plurality of linear modified portions are 

overlapped. 

        According to the wafer producing method of the 

present invention, the amount of the ingot to be 
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discarded in producing the wafer from the ingot can  be 

greatly reduced as compared with the case of using a wire 

saw to slice the ingot.  Further, the first ultraso nic 

vibration applying step is performed to apply ultra sonic 

vibration to a part of the ingot at a high density,  

thereby forming the partially broken portion.  Ther eafter, 

the second ultrasonic vibration applying step is 

performed to apply ultrasonic vibration to the whol e of 

the ingot at a low density, thereby forming the ful ly 

broken portion as spread from the partially broken 

portion.  Thus, the fully broken portion is formed from 

the separation layer previously formed inside the i ngot.  

Accordingly, the wafer to be produced can be separa ted 

from the ingot along the fully broken portion easil y and 

efficiently. 

        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 
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        FIG. 1A is an elevational view of an ingot formed 

of hexagonal single-crystal SiC; 

        FIG. 1B is a plan view of the ingot depicte d in FIG. 

1A; 

        FIG. 2 is a perspective view depicting a ma nner of 

mounting a substrate to the ingot depicted in FIGS.  1A 

and 1B and then placing the ingot with the substrat e on a 

chuck table; 

        FIG. 3A is a perspective view depicting a s tep of 

forming a separation layer inside the ingot; 

        FIG. 3B is an elevational view depicting th e step 

depicted in FIG. 3A; 

        FIG. 4A is a plan view of the ingot in the 

condition where the separation layer has been forme d 

inside the ingot by performing the step depicted in  FIG. 

3A; 

        FIG. 4B is a cross section taken along the line B-B 

in FIG. 4A; 

        FIG. 5A is a perspective view depicting a f irst 

ultrasonic vibration applying step using high-densi ty 

ultrasonic vibration generating means; 

        FIG. 5B is a sectional view depicting the f irst 

ultrasonic vibration applying step depicted in FIG.  5A; 

        FIG. 6A is a perspective view depicting a s econd 
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ultrasonic vibration applying step using low-densit y 

ultrasonic vibration generating means; 

        FIG. 6B is a sectional view depicting the s econd 

ultrasonic vibration applying step depicted in FIG.  6A; 

        FIG. 7A is a perspective view depicting a 

separating step; and 

        FIG. 7B is a sectional view depicting the 

separating step depicted in FIG. 7A. 

 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

        A wafer producing method according to a pre ferred 

embodiment of the present invention will now be des cribed 

in detail with reference to the attached drawings.  FIGS. 

1A and 1B depict an ingot 2 according to this prefe rred 

embodiment.  The ingot 2 is a hexagonal single-crys tal SiC 

ingot having a substantially cylindrical shape in t his 

preferred embodiment.  For example, the ingot 2 has  a 

diameter of approximately 100 mm.  The ingot 2 has a 

substantially circular first end surface 4, a 

substantially circular second end surface 6 opposit e to 

the first end surface 4, a substantially cylindrica l 

surface 8 formed so as to connect the first end sur face 4 

and the second end surface 6, a c-axis (<0001> dire ction) 

extending from the first end surface 4 to the secon d end 
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surface 6, and a c-plane ({0001} plane) perpendicul ar to 

the c-axis.  In the ingot 2, the c-axis is inclined  by an 

off angle α (e.g., α = 1, 3, or 6 degrees) with respect 

to a normal 10 to the first end surface 4.  The off  angle 

α is formed between the c-plane and the first end su rface 

4.  The direction of formation of the off angle α (i.e., 

the direction of inclination of the c-axis) is depi cted 

by an arrow A in FIGS. 1A and 1B.  Further, the 

cylindrical surface 8 of the ingot 2 is formed with  a 

first orientation flat 12 and a second orientation flat 

14, which are rectangular as viewed in side elevati on and 

function to indicate crystal orientation.  The firs t 

orientation flat 12 is parallel to the direction A of 

formation of the off angle α, and the second orientation 

flat 14 is perpendicular to the direction A of form ation 

of the off angle α.  As depicted in FIG. 1B, which is a 

plan view of the ingot 2, the length L2 of the seco nd 

orientation flat 14 is set shorter than the length L1 of 

the first orientation flat 12 (L1 > L2).  According ly, the 

direction A of formation of the off angle α can be 

determined irrespective of whether or not the first  end 

surface 4 is the front side of the ingot 2.  The in got to 

be applied to the wafer producing method according to the 

present invention is not limited to the hexagonal s ingle-



11 

crystal SiC ingot 2 mentioned above, but the ingot 

applicable may be an ingot having a c-axis not incl ined 

with respect to the normal to the first end surface , that 

is, having a configuration such that the off angle α 

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

degrees (i.e., having a configuration such that the  

normal to the first end surface coincides with the c-

axis). 

        In the wafer producing method according to this 

preferred embodiment, a separation layer forming st ep is 

first performed to form a separation layer by setti ng a 

focal point of a laser beam having a transmission 

wavelength to the ingot 2 inside the ingot 2 at a 

predetermined depth from the first end surface 4 of  the 

ingot 2, the predetermined depth corresponding to t he 

thickness of a wafer to be produced, and next apply ing 

the laser beam to the ingot 2.  The separation laye r 

forming step will now be described with reference t o FIGS. 

2 to 4B. 

        In performing the separation layer forming step, a 

circular substrate 16 is first mounted through an 

adhesive or the like to the second end surface 6 of  the 

ingot 2 as depicted in FIG. 2.  Thereafter, the ing ot 2 

with the substrate 16 is transferred to a laser 
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processing apparatus 18, a part of which is depicte d in 

FIG. 2.  The laser processing apparatus 18 includes  a 

chuck table 20.  The chuck table 20 has an upper su rface 

formed with a circular vacuum chuck 24.  The vacuum  chuck 

24 is formed of porous ceramic allowing the pass of  air.  

The size (diameter) of the vacuum chuck 24 is sligh tly 

smaller than that of the substrate 16.  Suction mea ns (not 

depicted) is connected to the vacuum chuck 24.  The  ingot 

2 with the substrate 16 as transferred to the laser  

processing apparatus 18 is placed on the vacuum chu ck 24 

of the chuck table 20 in the condition where the 

substrate 16 is in contact with the upper surface o f the 

vacuum chuck 24.  Accordingly, the first end surfac e 4 of 

the ingot 2 is oriented upward on the chuck table 2 0.  

Thereafter, the suction means is operated to hold t he 

ingot 2 with the substrate 16 on the vacuum chuck 2 4 

under suction.  In the present invention, the subst rate 16 

to be mounted to the ingot 2 is not essential.  Tha t is, 

the substrate 16 may be omitted, provided that the vacuum 

chuck 24 of the chuck table 20 has a size and shape  

capable of directly holding the ingot 2 on the vacu um 

chuck 24 under suction. 

        After thus holding the ingot 2 on the chuck  table 

20, a focal point of a laser beam having a transmis sion 
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wavelength to the single-crystal SiC forming the in got 2 

is set inside the ingot 2 at a predetermined depth from 

the first end surface 4 of the ingot 2, in which th e 

predetermined depth corresponds to the thickness of  a 

wafer to be produced.  Thereafter, the laser beam i s 

applied to the first end surface 4 of the ingot 2, 

thereby forming a separation layer in which SiC is 

decomposed into Si and carbon (C), and cracks are f ormed 

isotropically in the c-plane.  The first end surfac e 4 is 

a mirror surface previously formed by performing gr inding 

and polishing to remove roughness.  The separation layer 

forming step will now be described in more detail w ith 

reference to FIGS. 3A to 4B. 

        As depicted in FIG. 3A, the laser processin g 

apparatus 18 (a part of which being depicted) furth er 

includes focusing means 22 in addition to the chuck  table 

20.  The focusing means 22 functions to apply a pul sed 

laser beam LB to the ingot 2.  The chuck table 20 i s 

adapted to be rotated about its vertical axis by a motor 

(not depicted).  Further, the chuck table 20 is ada pted to 

be moved by an X moving mechanism (not depicted) in  the X 

direction depicted by an arrow X in FIG. 3A with re spect 

to the focusing means 22.  That is, the chuck table  20 is 

adapted to be fed in the X direction.  Further, the  chuck 



14 

table 20 is adapted to be moved by a Y moving mecha nism 

(not depicted) in the Y direction depicted by an ar row Y 

in FIG. 3A with respect to the focusing means 22, t he Y 

direction being perpendicular to the X direction.  That is, 

the chuck table 20 is adapted to be indexed in the Y 

direction.  The focusing means 22 includes a focusi ng lens 

(not depicted) for focusing the pulsed laser beam L B 

inside the ingot 2 and applying it to the ingot 2.  The 

pulsed laser beam LB is generated from a laser beam  

applying unit (not depicted) and adjusted in power.  

        In forming the separation layer in the ingo t 2 held 

on the chuck table 20 under suction, the ingot 2 is  

imaged by an imaging unit (not depicted) included i n the 

laser processing apparatus 18.  That is, the first end 

surface 4 of the ingot 2 is imaged by the imaging u nit to 

thereby obtain an image of the ingot 2.  According to the 

first orientation flat 12 and the second orientatio n flat 

14 distinguished from each other by viewing the ima ge of 

the ingot 2, the chuck table 20 is rotated by the m otor 

and also moved by the X moving mechanism and the Y moving 

mechanism, thereby adjusting the orientation of the  ingot 

2 to a predetermined orientation and also adjusting  the 

positional relation between the ingot 2 and the foc using 

means 22 in the XY plane defined by the X direction  and 
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the Y direction. 

        In adjusting the orientation of the ingot 2  to a 

predetermined orientation, the second orientation f lat 14 

is made parallel to the X direction as depicted in FIG. 

3A.  Accordingly, the direction perpendicular to th e 

direction A of formation of the off angle α is made 

parallel to the X direction, and the direction A of  

formation of the off angle α is made parallel to the Y 

direction.  Thereafter, focal position adjusting me ans 

(not depicted) included in the laser processing app aratus 

18 is operated to vertically move the focusing mean s 22, 

thereby setting a focal point FP at a predetermined  depth 

(e.g., 300 µm) from the first end surface 4 of the ingot 

2 as depicted in FIG. 3B, in which the predetermine d 

depth corresponds to the thickness of a wafer to be  

produced.  Thereafter, the pulsed laser beam LB hav ing a 

transmission wavelength to SiC forming the ingot 2 is 

applied from the focusing means 22 to the ingot 2 a s 

moving the chuck table 20 at a predetermined feed s peed 

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

to the direction A of formation of the off angle α, thus 

performing a laser processing operation to form a 

modified portion or a modified area 26. 

        As depicted in FIG. 4A as a plan view of th e ingot 
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2 and in FIG. 4B as a cross section taken along the  line 

B-B in FIG. 4A, the modified portion 26 is continuo usly 

formed in the direction perpendicular to the direct ion A 

of formation of the off angle α by the application of the 

pulsed laser beam LB.  In this laser processing ope ration, 

the pulsed laser beam LB is initially applied to th e 

ingot 2 to thereby decompose SiC into Si and C.  

Thereafter, the pulsed laser beam LB is next applie d to 

the ingot 2 and absorbed by C previously produced.  Then, 

SiC is decomposed into Si and C in a chain reaction  

manner with the movement of the chuck table 20 in t he X 

direction.  At the same time, cracks 27 are also fo rmed so 

as to extend isotropically from the modified portio n 26 

along the c-plane.  While the chuck table 20 is mov ed in 

the X direction in the laser processing operation f or 

forming the modified portion 26, the focusing means  22 

may be moved in the X direction at a predetermined feed 

speed without moving the chuck table 20. 

        After performing the laser processing opera tion to 

form the modified portion 26 extending in the 

predetermined direction (X direction) inside the in got 2 

as mentioned above, the chuck table 20 is moved by a 

predetermined index amount Li in the Y direction, i .e., 

in the direction A of formation of the off angle α by 
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operating the Y moving mechanism.  Accordingly, the  ingot 

2 and the focal point FP are relatively moved in th e Y 

direction.  The predetermined index amount Li (e.g. , 250 

to 400 µm) is set so as not to exceed the diameter of a 

circular area defined by the plural cracks 27 exten ding 

isotropically.  Thus, an indexing operation for ind exing 

the chuck table 20 in the Y direction is performed.   

Thereafter, the laser processing operation and the 

indexing operation are repeated to thereby form a 

plurality of modified portions 26 spaced the 

predetermined index amount Li in the direction A of  

formation of the off angle α and also form a plurality of 

cracks 27 extending isotropically from each modifie d 

portion 26 along the c-plane.  In this preferred 

embodiment, the c-axis is inclined with respect to the 

normal to the first end surface 4 of the hexagonal 

single-crystal SiC ingot 2, so that the off angle α 

greater than 0 degrees is formed.  Accordingly, the  cracks 

27 and the cracks 27 adjacent to each other in the 

direction A of formation of the off angle α are 

overlapped as viewed in plan.  Thus, a separation l ayer 28 

is formed inside the ingot 2 at the predetermined d epth 

from the first end surface 4 of the ingot 2, the 

predetermined depth corresponding to the thickness of a 
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wafer to be produced, in which the separation layer  28 is 

composed of the plural modified portions 26 and the  

plural cracks 27.  Accordingly, the separation laye r 28 

for separating the wafer from the ingot 2 has a red uced 

strength. 

        For example, the separation layer forming s tep of 

forming the separation layer 28 is performed under the 

following processing conditions. 

        Wavelength: 1064 nm 

        Repetition frequency: 60 kHz 

        Average power: 1.5 W 

        Pulse width: 4 ns 

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

        Feed speed: 200 mm/s 

        By performing the separation layer forming step, 

the ingot 2 having the separation layer 28 can be 

obtained, in which the separation layer 28 is forme d 

inside the ingot 2 at the depth corresponding to th e 

thickness of a wafer to be produced. 

        After preparing the ingot 2 having the sepa ration 

layer 28 by performing the separation layer forming  step, 

a broken portion is formed from the separation laye r 28 

as a break start point, and the wafer to be produce d is 

next separated from the ingot 2 along this broken p ortion.  
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There will now be described the procedure of formin g the 

broken portion in the ingot 2 and separating the wa fer 

from the ingot 2 along the broken portion with refe rence 

to FIGS. 5A to 7B. 

(First ultrasonic vibration applying step) 

        First, a first ultrasonic vibration applyin g step 

is performed to apply high-density ultrasonic vibra tion 

to a given area of the ingot 2 including the wafer to be 

produced, thereby forming a partially broken portio n 

where a part of the separation layer 28 is broken.  In the 

first ultrasonic vibration applying step, an ultras onic 

vibration generating apparatus 40 including a water  bath 

30 is prepared as depicted in FIG. 5A.  A holding t able 32 

is provided on the bottom of the water bath 30.  Th e 

holding table 32 has a flat upper surface for holdi ng the 

ingot 2.  After preparing the water bath 30, the in got 2 

with the substrate 16 is placed on the holding tabl e 32 

in the condition where the first end surface 4 of t he 

ingot 2 is oriented upward, in which the separation  layer 

28 has already been formed in the ingot 2.  After p lacing 

the ingot 2 on the holding table 32, water 34 is po ured 

into the water bath 30 until the level of the surfa ce of 

the water 34 in the water bath 30 becomes sufficien tly 

higher than the level of the first end surface 4 of  the 
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ingot 2 as depicted in FIG. 5B.  While FIG. 5B is a  

sectional view depicting the first ultrasonic vibra tion 

applying step, only the water bath 30 is depicted i n 

vertical section for convenience of illustration. 

        The ultrasonic vibration generating apparat us 40 

includes high-density ultrasonic vibration generati ng 

means 42.  The high-density ultrasonic vibration 

generating means 42 incorporates an ultrasonic vibr ator 

(not depicted) for generating ultrasonic vibration S.  The 

lower end portion of the high-density ultrasonic 

vibration generating means 42 is tapered to form a high-

density ultrasonic vibration applying portion 43.  The 

high-density ultrasonic vibration applying portion 43 is 

a circular portion having a diameter of 8 mm, for e xample. 

        The ultrasonic vibration S to be generated by the 

high-density ultrasonic vibration generating means 42 has 

a power of 100 W and a frequency of 400 kHz, for ex ample.  

According to the high-density ultrasonic vibration 

generating means 42, the ultrasonic vibration S gen erated 

by the ultrasonic vibrator is concentrated by the h igh-

density ultrasonic vibration applying portion 43 ha ving a 

tapering shape, so that the density of the ultrason ic 

vibration S is increased.  Accordingly, the ultraso nic 

vibration S can be applied at a high density toward  a 
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target area. 

        In the condition where the ingot 2 is held on the 

holding table 32 and immersed in the water 34 in th e 

water bath 30, the high-density ultrasonic vibratio n 

generating means 42 is lowered toward the first end  

surface 4 of the ingot 2.  Thereafter, the high-den sity 

ultrasonic vibration applying portion 43 formed at the 

lower end portion of the high-density ultrasonic 

vibration generating means 42 is immersed into the water 

34 in the water bath 30 and then set near the cente r of 

the first end surface 4 of the ingot 2.  At this ti me, a 

small gap (e.g., several mm) is defined between the  high-

density ultrasonic vibration applying portion 43 an d the 

first end surface 4 of the ingot 2. 

        After setting the high-density ultrasonic v ibration 

applying portion 43 near the center of the first en d 

surface 4 of the ingot 2 as mentioned above, the hi gh-

density ultrasonic vibration S is applied from the high-

density ultrasonic vibration applying portion 43 th rough 

the layer of the water 34 toward the first end surf ace 4 

of the ingot 2 for a predetermined period of time ( e.g., 

approximately 10 seconds).  Accordingly, as depicte d in 

FIG. 5B, the high-density ultrasonic vibration S is  

concentratedly applied to the given area of the fir st end 



22 

surface 4 of the ingot 2 including the wafer to be 

produced, thereby stimulating a part of the separat ion 

layer 28.  As a result, a partially broken portion 29 is 

formed at this part of the separation layer 28 as 

depicted in FIG. 5B.  That is, this part of the sep aration 

layer 28 is broken in the partially broken portion 29.  In 

this manner, the first ultrasonic vibration applyin g step 

is completed. 

(Second ultrasonic vibration applying step) 

        After completing the first ultrasonic vibra tion 

applying step, a second ultrasonic vibration applyi ng 

step is performed.  The second ultrasonic vibration  

applying step will now be described with reference to 

FIGS. 6A and 6B. 

        In performing the second ultrasonic vibrati on 

applying step, the high-density ultrasonic vibratio n 

generating means 42 used in the first ultrasonic 

vibration applying step is changed to low-density 

ultrasonic vibration generating means 45 depicted i n FIG. 

6A.  As a method of changing the high-density ultra sonic 

vibration generating means 42 to the low-density 

ultrasonic vibration generating means 45, the high-

density ultrasonic vibration generating means 42 ma y be 

first removed from the ultrasonic vibration generat ing 
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apparatus 40, and the low-density ultrasonic vibrat ion 

generating means 45 may be next mounted.  As anothe r 

method, the ultrasonic vibration generating apparat us 40 

may include a mounter (not depicted) for mounting b oth 

the high-density ultrasonic vibration generating me ans 42 

and the low-density ultrasonic vibration generating  means 

45, in which the mounter is configured so as to sui tably 

select either the high-density ultrasonic vibration  

generating means 42 or the low-density ultrasonic 

vibration generating means 45.  In this case, the h igh-

density ultrasonic vibration generating means 42 ma y be 

first moved away from the position above the ingot 2, and 

the low-density ultrasonic vibration generating mea ns 45 

may be next set above the ingot 2. 

        As depicted in FIGS. 6A and 6B, the low-den sity 

ultrasonic vibration generating means 45 has a lowe r end 

portion formed as a low-density ultrasonic vibratio n 

applying portion 46.  The low-density ultrasonic vi bration 

applying portion 46 is opposed to the first end sur face 4 

of the ingot 2.  The low-density ultrasonic vibrati on 

applying portion 46 has an area larger than the are a of 

the high-density ultrasonic vibration applying port ion 43 

used in the first ultrasonic vibration applying ste p.  

More specifically, the low-density ultrasonic vibra tion 
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applying portion 46 is a circular portion having a 

diameter of 100 mm, for example, which is substanti ally 

the same as the diameter of the ingot 2. 

        The low-density ultrasonic vibration genera ting 

means 45 is adapted to generate ultrasonic vibratio n S’.  

As similar to the high-density ultrasonic vibration  

generating means 42, the low-density ultrasonic vib ration 

generating means 45 incorporates an ultrasonic vibr ator 

(not depicted) for generating the ultrasonic vibrat ion S’.  

For example, the ultrasonic vibration S’ has a powe r of 

100 W and a frequency of 400 kHz.  As described abo ve the 

area of the low-density ultrasonic vibration applyi ng 

portion 46 is larger than the area of the high-dens ity 

ultrasonic vibration applying portion 43.  Accordin gly, 

the density of the ultrasonic vibration S’ to be ap plied 

from the low-density ultrasonic vibration applying 

portion 46 is lower than the density of the ultraso nic 

vibration S to be applied from the high-density 

ultrasonic vibration applying portion 43. 

        As depicted in FIG. 6A, the low-density ult rasonic 

vibration generating means 45 is positioned directl y 

above the ingot 2 placed on the holding table 32 se t in 

the water bath 30.  In performing the second ultras onic 

vibration applying step, the low-density ultrasonic  
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vibration generating means 45 is lowered toward the  first 

end surface 4 of the ingot 2 until the low-density 

ultrasonic vibration applying portion 46 of the low -

density ultrasonic vibration generating means 45 is  

immersed into the water 34 stored in the water bath  30 

and comes near the first end surface 4 of the ingot  2.  

Accordingly, the whole of the first end surface 4 o f the 

ingot 2 is covered with the lower-density ultrasoni c 

vibration applying portion 46.  At this time, a sma ll gap 

(e.g., several mm) is defined between the low-densi ty 

ultrasonic vibration applying portion 46 and the fi rst 

end surface 4 of the ingot 2. 

        In the condition where the low-density ultr asonic 

vibration applying portion 46 is set near the first  end 

surface 4 of the ingot 2 as mentioned above, the lo w-

density ultrasonic vibration S’ is applied from the  low-

density ultrasonic vibration applying portion 46 th rough 

the layer of the water 34 toward the whole of the f irst 

end surface 4 of the ingot 2 for a predetermined pe riod 

of time (e.g., approximately 30 seconds).  By apply ing the 

low-density ultrasonic vibration S’ to the whole of  the 

first end surface 4 of the ingot 2 as mentioned abo ve, 

the whole of the separation layer 28 formed inside the 

ingot 2 is stimulated by the low-density ultrasonic  
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vibration S’, so that the cracks 27 in the separati on 

layer 28 extend from the partially broken portion 2 9 

formed in the first ultrasonic vibration applying s tep 

and the adjacent cracks 27 are accordingly connecte d to 

each other, thereby forming a fully broken portion 29’ 

where the separation layer 28 is fully broken.  As 

depicted in FIG. 6B, the fully broken portion 29’ i s well 

formed in the whole of the separation layer 28 form ed 

inside the ingot 2.  Accordingly, the wafer to be p roduced 

can be reliably separated from the ingot 2 along th e 

fully broken portion 29’.  In this manner, the seco nd 

ultrasonic vibration applying step is completed. 

(Separating step) 

        After performing the first ultrasonic vibra tion 

applying step and the second ultrasonic vibration 

applying step to thereby form the fully broken port ion 

29’ from the separation layer 28 formed inside the ingot 

2, a separating step is performed to separate a waf er W 

from the ingot 2 along the fully broken portion 29’ , in 

which the ingot 2 remains immersed in the water 34 stored 

in the water bath 30.  Accordingly, the wafer W has  the 

first end surface 4 of the ingot 2 as a front side Wa as 

depicted in FIGS. 7A and 7B.  In performing the sep arating 

step, the wafer W may be directly held and lifted b y an 
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operator.  Alternatively, the wafer W may be held b y 

suction means (not depicted) under suction and lift ed 

from the water bath 30 by the suction means, in whi ch the 

suction means has a size corresponding to the size of the 

wafer W. 

        In the condition where the wafer W has been  

separated from the ingot 2 by performing the separa ting 

step as mentioned above, the separation surface of the 

wafer W as a back side Wb is a rough surface, and t he 

separation surface of the ingot 2 as a new first en d 

surface 4’ is also a rough surface.  Accordingly, t he back 

side Wb of the wafer W and the first end surface 4’  of 

the ingot 2 are next polished to be flattened (not 

depicted).  Thereafter, the wafer W separated from the 

ingot 2 is stored into a suitable case or the like and 

then transferred to any apparatus for performing a 

subsequent step.  On the other hand, the ingot 2 ha ving 

the first end surface 4’ flattened is transferred t o the 

laser processing apparatus 18 to perform the separa tion 

layer forming step again.  After forming a separati on 

layer in the ingot 2 by using the laser processing 

apparatus 18, the first ultrasonic vibration applyi ng 

step, the second ultrasonic vibration applying step , and 

the separating step are performed again to thereby 
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efficiently produce another wafer W from the ingot 2. 

        According to this preferred embodiment, the  amount 

of the ingot 2 to be discarded in producing the waf er W 

from the ingot 2 can be greatly reduced as compared  with 

the case of using a wire saw to slice the ingot 2.  

Further, the first ultrasonic vibration applying st ep is 

performed to apply the high-density ultrasonic vibr ation 

S to a part of the ingot 2, thereby forming the par tially 

broken portion 29.  Thereafter, the second ultrason ic 

vibration applying step is performed to apply the l ow-

density ultrasonic vibration S’ to the whole of the  ingot 

2, thereby forming the fully broken portion 29’ as spread 

from the partially broken portion 29.  Thus, the fu lly 

broken portion 29’ is formed from the separation la yer 28 

previously formed in the ingot 2.  Accordingly, the  wafer 

W to be produced can be separated from the ingot 2 along 

the fully broken portion 29’ easily and efficiently . 

        The present invention is not limited to the  above 

preferred embodiment, but various modifications may  be 

made.  For example, while the c-axis in the ingot 2  as a 

workpiece is inclined with respect to the normal 10  to 

the first end surface 4 of the ingot 2 and the off angle 

α is formed between the c-plane and the first end su rface 

4 in the above preferred embodiment, the present 
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invention is not limited to this configuration.  Th at is, 

the present invention is applicable also to an ingo t 

having a configuration such that the c-axis is not 

inclined with respect to the normal 10 to the first  end 

surface 4. 

        Further, while ultrasonic vibration is appl ied from 

the ultrasonic vibration generating apparatus 40 th rough 

the layer of the water 34 to the ingot 2 in the fir st 

ultrasonic vibration applying step and the second 

ultrasonic vibration applying step in the above pre ferred 

embodiment, the layer of the water 34 may be replac ed by 

a layer of air or a layer of liquid other than wate r. 

        The present invention is not limited to the  details 

of the above described preferred embodiment.  The s cope of 

the invention is defined by the appended claims and  all 

changes and modifications as fall within the equiva lence 

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

by the invention. 
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WHAT IS CLAIMED IS: 

        1.  A wafer producing method for producing a wafer 

from an ingot after forming a separation layer insi de the 

ingot by setting a focal point of a laser beam havi ng a 

transmission wavelength to the ingot inside the ing ot at 

a predetermined depth from one end surface of the i ngot, 

the predetermined depth corresponding to a thicknes s of 

the wafer to be produced, and next applying the las er 

beam to the ingot, the wafer producing method compr ising: 

        a first ultrasonic vibration applying step of 

applying ultrasonic vibration to a given area of th e 

ingot at a first density to thereby form a partiall y 

broken portion where a part of the separation layer  is 

broken; 

        a second ultrasonic vibration applying step  of 

applying the ultrasonic vibration to a whole area o f the 

ingot larger than the given area at a second densit y 

lower than the first density, after performing the first 

ultrasonic vibration applying step, thereby forming  a 

fully broken portion where the separation layer is fully 

broken in such a manner that breaking starts from t he 

partially broken portion; and 

        a separating step of separating the wafer f rom the 

ingot along the fully broken portion. 
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        2.  The wafer producing method according to  claim 1, 

wherein 

        the ultrasonic vibration is applied through  a layer 

of water to the ingot in the first ultrasonic vibra tion 

applying step and the second ultrasonic vibration 

applying step. 

        3.  The wafer producing method according to  claim 1, 

wherein 

        the ingot includes a hexagonal single-cryst al SiC 

ingot having a c-axis and a c-plane perpendicular t o the 

c-axis, and 

        the separation layer is composed of a modif ied 

portion and cracks extending isotropically from the  

modified portion along the c-plane, the modified po rtion 

being formed by setting a focal point of a laser be am 

having a transmission wavelength to hexagonal singl e-

crystal SiC inside the SiC ingot at a predetermined  depth 

from the one end surface of the SiC ingot, the 

predetermined depth corresponding to the thickness of the 

wafer to be produced, and next applying the laser b eam to 

the SiC ingot to thereby decompose SiC into Si and C. 

        4.  The wafer producing method according to  claim 3, 

wherein 

        the c-axis is inclined at an off angle with  respect 
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to a normal to the one end surface of the SiC ingot , the 

off angle being formed between the c-plane and the one 

end surface, 

        the focal point of the laser beam is moved in a 

direction perpendicular to a direction of formation  of 

the off angle to thereby continuously form the modi fied 

portion in the direction perpendicular to the direc tion 

of formation of the off angle, and 

        the focal point of the laser beam is indexe d in the 

direction of formation of the off angle in a range not 

greater than a range of formation of the cracks, 

        wherein a plurality of linear modified port ions are 

arranged side by side in the direction of formation  of 

the off angle in such a manner that the cracks exte nding 

from any adjacent ones of the plurality of linear 

modified portions are overlapped. 


