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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 slicing a hexagonal single crystal ingot  to 

produce a wafer. 

Description of the Related Art 

        Various devices such as ICs and LSIs are fo rmed by 

forming a functional layer on the front side of a w afer 

formed of silicon or the like and partitioning this  

functional layer into a plurality of regions along a 

plurality of crossing division lines.  The division  lines 

of the wafer are processed by a processing apparatu s such 

as a cutting apparatus and a laser processing appar atus 

to thereby divide the wafer into a plurality of 

individual device chips respectively corresponding to the 

devices.  The device chips thus obtained are widely  used 

in various electronic equipment such as mobile phon es and 

personal computers.  Further, power devices or opti cal 

devices such as LEDs and LDs are formed by forming a 

functional layer on the front side of a wafer forme d of a 

hexagonal single crystal such as SiC and GaN and 

partitioning this functional layer into a plurality  of 

regions along a plurality of crossing division line s. 

        In general, the wafer on which the devices are to 
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be formed is produced by slicing an ingot with a wi re saw.  

Both sides of the wafer obtained above are polished  to a 

mirror finish (see Japanese Patent Laid-open No. 20 00-

94221, for example).  This wire saw is configured i n such 

a manner that a single wire such as a piano wire ha ving a 

diameter of approximately 100 µm to 300 µm is wound 

around many grooves formed on usually two to four g uide 

rollers to form a plurality of cutting portions spa ced in 

parallel with a given pitch.  The wire is operated to run 

in one direction or opposite directions, thereby sl icing 

the ingot into a plurality of wafers. 

        An ingot such as a hexagonal single crystal  ingot 

includes innumerable c-planes in which atoms grow 

planarly and a c-axis extending in a direction 

perpendicular to each c-plane along which direction  the 

atoms grow so as to be stacked.  In general, a hexa gonal 

single crystal ingot is manufactured so that the c- plane 

is exposed to the upper surface of the ingot and th e c-

axis extends vertically.  A functional layer is for med on 

the upper surface of a wafer as a substrate to be 

produced from the ingot.  To improve the affinity b etween 

the functional layer and the substrate, the upper s urface 

of the wafer has an off angle of 3.5°, 4.0°, or 8.0 ° with 

respect to the c-plane according to the kind of the  

functional layer.  To this end, the hexagonal singl e 

crystal ingot is conventionally manufactured in the  
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direction inclined by 3.5°, 4.0°, or 8.0° with resp ect to 

the c-axis and this ingot is next processed into a 

cylindrical shape.  Thereafter, this cylindrical in got is 

sliced to produce a hexagonal single crystal wafer.  

 

SUMMARY OF THE INVENTION 

        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 the ingot is discarded to ca use a 

problem of poor economy.  In particular, a hexagona l 

single crystal ingot of SiC or GaN, for example, ha s high 

Mohs hardness and it is therefore difficult to cut this 

ingot with the wire saw, causing a reduction in 

productivity. 

        Further, when a hexagonal single crystal in got 

having a c-plane on the upper surface thereof as 

manufactured by crystal growth is processed to obta in a 

cylindrical hexagonal single crystal ingot whose up per 

surface is inclined by 3.5°, 4.0°, or 8.0° with res pect 

to the c-plane and this cylindrical ingot is next s liced 

to obtain a hexagonal single crystal wafer, there a rises 

the following problem.  That is, in processing the 

original hexagonal single crystal ingot manufacture d by 

crystal growth to obtain the cylindrical hexagonal single 

crystal ingot whose upper surface is inclined by a 

predetermined angle with respect to the c-plane, ma ny 
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unwanted scraps are discarded from the expensive in got, 

causing poor economy. 

        It is therefore an object of the present in vention 

to provide a wafer producing method which can 

economically produce a hexagonal single crystal waf er 

whose upper surface has a predetermined off angle, from a 

hexagonal single crystal ingot having a c-plane on the 

upper surface thereof. 

        In accordance with an aspect of the present  

invention, there is provided a wafer producing meth od for 

producing a wafer having an off angle α from a hexagonal 

single crystal ingot having an upper surface, a c-p lane 

exposed to the upper surface, and a c-axis perpendi cular 

to the c-plane, the wafer producing method includin g a 

supporting step of supporting the ingot through a w edge 

member having a wedge angle α to a support table having a 

horizontal supporting surface, the wedge angle α being 

equal to the off angle α, thereby inclining the upper 

surface of the ingot by the off angle α with respect to a 

horizontal plane; a first modified layer forming st ep of 

setting a focal point of a laser beam having a 

transmission wavelength to the ingot inside the ing ot at 

a fixed vertical position and next applying the las er 

beam to the upper surface as relatively moving the focal 

point and the ingot in a first direction perpendicu lar to 

a second direction where the off angle α is formed, 
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thereby linearly forming a first modified layer ins ide 

the ingot and first cracks extending from the first  

modified layer along the c-plane; a first indexing step 

of relatively moving the focal point in the second 

direction to index the focal point by a predetermin ed 

amount; and an initial wafer producing step of sepa rating 

an initial wafer from the ingot at a separation pla ne 

containing the first modified layers and the first cracks 

formed inside the ingot by repeating the first modi fied 

layer forming step and the first indexing step; whe rein 

in the first indexing step, an index amount L as a 

spacing between any adjacent ones of the plural fir st 

modified layers is set less than or equal to a spac ing 

defined when front ends of the adjacent first crack s 

extending from the adjacent first modified layers a long 

the c-plane overlap each other. 

        Preferably, the wafer producing method furt her 

includes a separation start point forming step of s etting 

the focal point of the laser beam having a transmis sion 

wavelength to the ingot inside the ingot at a 

predetermined depth from a new upper surface of the  ingot 

as a newly exposed surface obtained by separating t he 

initial wafer in the initial wafer producing step, which 

depth corresponds to a thickness of the wafer to be  

produced, and next applying the laser beam to the n ew 

upper surface as relatively moving the focal point and 
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the ingot to thereby form a second modified layer 

parallel to the new upper surface and second cracks  

extending from the second modified layer along the c-

plane, thus forming a separation start point; and a  wafer 

separating step of separating a plate-shaped member  

having a thickness corresponding to the thickness o f the 

wafer to be produced, from the ingot at the separat ion 

start point after performing the separation start p oint 

forming step, thus producing the wafer from the ing ot; 

the separation start point forming step including a  

second modified layer forming step of relatively mo ving 

the focal point of the laser beam in the first dire ction 

perpendicular to the second direction, thereby line arly 

forming the second modified layer extending in the first 

direction; and a second indexing step of relatively  

moving the focal point in the second direction to t hereby 

index the focal point by the predetermined amount. 

        Preferably, the wafer producing method furt her 

includes a flattening step of grinding the new uppe r 

surface of the ingot to which the first modified la yers 

and the first cracks are exposed, after performing the 

initial wafer producing step and before performing the 

separation start point forming step, thereby flatte ning 

the new upper surface of the ingot. 

        In accordance with another aspect of the pr esent 

invention, there is provided a wafer producing meth od for 



7 

producing a wafer having an off angle α from a hexagonal 

single crystal ingot having an upper surface, a c-p lane 

exposed to the upper surface, and a c-axis perpendi cular 

to the c-plane, the wafer producing method includin g a 

first modified layer forming step of setting a foca l 

point of a laser beam having a transmission wavelen gth to 

the ingot inside the ingot at a first depth from th e 

upper surface and next applying the laser beam to t he 

upper surface as relatively moving the focal point and 

the ingot, thereby linearly forming a first modifie d 

layer inside the ingot and first cracks extending f rom 

the first modified layer along the c-plane; a secon d 

modified layer forming step of relatively moving th e 

focal point and the ingot in a direction perpendicu lar to 

the first modified layer to thereby index the focal  point 

by a predetermined amount after performing the firs t 

modified layer forming step, next setting the focal  point 

at a second depth greater than the first depth, and  next 

applying the laser beam to the upper surface as 

relatively moving the focal point and the ingot in a 

direction parallel to the first modified layer, the reby 

linearly forming a second modified layer parallel t o the 

first modified layer inside the ingot and second cr acks 

extending from the second modified layer along the c-

plane; an index amount L as a spacing between the f irst 

modified layer and the second modified layer in the  
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second modified layer forming step being set less t han or 

equal to a spacing defined when front ends of the f irst 

cracks and the second cracks overlap each other; 

a difference h between the first depth and the seco nd 

depth in a direction of the c-axis being set as h =  L × 

tan α; a second modified layer formation repeating step of 

repeating the second modified layer forming step as  

sequentially lowering the focal point of the laser beam 

to an intersection of a line defined by the slope o f tan α 

and a line defined by the index amount L, thereby f orming 

the second modified layers and the second cracks in  the 

whole of a separation plane in the ingot; and an in itial 

wafer producing step of separating an initial wafer  from 

the ingot at the separation plane containing the fi rst 

and second modified layers and the first and second  

cracks formed inside the ingot. 

        Preferably, the wafer producing method furt her 

includes a separation start point forming step of s etting 

the focal point of the laser beam having a transmis sion 

wavelength to the ingot inside the ingot at a 

predetermined depth from a new upper surface of the  ingot 

as a newly exposed surface obtained by separating t he 

initial wafer in the initial wafer producing step, which 

depth corresponds to a thickness of the wafer to be  

produced, and next applying the laser beam to the n ew 

upper surface as relatively moving the focal point and 
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the ingot to thereby form a third modified layer pa rallel 

to the new upper surface and third cracks extending  from 

the third modified layer along the c-plane, thus fo rming 

a separation start point; and a wafer separating st ep of 

separating a plate-shaped member having a thickness  

corresponding to the thickness of the wafer to be 

produced, from the ingot at the separation start po int 

after performing the separation start point forming  step, 

thus producing the wafer from the ingot; the separa tion 

start point forming step including a third modified  layer 

forming step of relatively moving the focal point o f the 

laser beam in a first direction perpendicular to a second 

direction where the off angle α is formed, thereby 

linearly forming the third modified layer extending  in 

the first direction; and an indexing step of relati vely 

moving the focal point in the second direction to t hereby 

index the focal point by the predetermined amount a nd 

next setting the focal point at the intersection of  the 

line defined by the slope of tan α and the line defined by 

the index amount L. 

        According to the wafer producing method of the 

present invention, it is unnecessary to process a 

hexagonal single crystal ingot obtained by crystal growth 

into a cylindrical shape so that the side surface o f the 

ingot processed is inclined by 3.5°, 4.0°, or 8.0° with 

respect to the c-axis.  Accordingly, no waste is ge nerated 
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from the hexagonal single crystal ingot, thereby 

achieving good economy.  Further, the laser beam is  

applied to the ingot to thereby form the modified l ayers 

inside the ingot and the cracks extending from each  

modified layer along the c-plane, wherein the modif ied 

layers and the cracks constitute the separation sta rt 

point.  Thereafter, the wafer is separated from the  ingot 

at this separation start point, thus producing the wafer 

from the ingot.  Accordingly, it is unnecessary to cut the 

ingot by using a wire saw in producing the wafer fr om the 

ingot, so that the problem that 70% to 80% of the i ngot 

is discarded can be avoided to thereby further impr ove 

the economy. 

        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 some pre ferred 

embodiments of the invention. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

        FIG. 1 is a perspective view of a laser pro cessing 

apparatus suitable for use in performing the wafer 

producing method of the present invention; 

        FIG. 2 is a block diagram of a laser beam 
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generating unit; 

        FIG. 3 is an exploded perspective view show ing a 

supporting step according to a first preferred embo diment 

of the present invention; 

        FIG. 4A is a perspective view showing the 

supporting step; 

        FIG. 4B is an elevational view showing the 

supporting step; 

        FIG. 5 is a perspective view for illustrati ng a 

first modified layer forming step according to the first 

preferred embodiment; 

        FIG. 6 is a schematic sectional elevation f or 

illustrating the first modified layer forming step and a 

first indexing step according to the first preferre d 

embodiment; 

        FIG. 7A is a schematic plan view for illust rating 

the first indexing step; 

        FIG. 7B is a schematic sectional view for 

illustrating an index amount in the first indexing step; 

        FIGS. 8A and 8B are perspective views for 

illustrating an initial wafer producing step accord ing to 

the first preferred embodiment; 

        FIG. 9 is a schematic sectional elevation f or 

illustrating the initial wafer producing step; 

        FIG. 10 is a perspective view showing a new ly 

exposed upper surface of the ingot obtained by perf orming 
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the initial wafer producing step; 

        FIG. 11 is a perspective view showing a fla ttening 

step according to the first preferred embodiment; 

        FIG. 12 is a schematic sectional elevation for 

illustrating a separation start point forming step 

according to the first preferred embodiment; 

        FIG. 13 is a schematic sectional elevation showing 

a wafer separating step according to the first pref erred 

embodiment; 

        FIGS. 14A and 14B are perspective views sho wing a 

supporting step according to a second preferred 

embodiment of the present invention; 

        FIG. 15 is a schematic sectional elevation for 

illustrating a first modified layer forming step, a  

second modified layer forming step, and a second mo dified 

layer formation repeating step according to the sec ond 

preferred embodiment; 

        FIG. 16 is a schematic sectional elevation showing 

a separation start point forming step according to the 

second preferred embodiment; and 

        FIG. 17 is a schematic sectional elevation showing 

a wafer separating step according to the second pre ferred 

embodiment. 

 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

        Preferred embodiments of the present invent ion will 
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now be described in detail with reference to the dr awings.  

Referring to FIG. 1, there is shown a perspective v iew of 

a laser processing apparatus 2 suitable for use in 

performing the wafer producing method of the presen t 

invention.  The laser processing apparatus 2 includ es a 

stationary base 4 and a first slide block 6 mounted  on 

the stationary base 4 so as to be movable in the X 

direction.  The first slide block 6 is moved in a f eeding 

direction, or in the X direction along a pair of gu ide 

rails 14 by a feeding mechanism 12 composed of a ba ll 

screw 8 and a pulse motor 10. 

        A second slide block 16 is mounted on the f irst 

slide block 6 so as to be movable in the Y directio n.  The 

second slide block 16 is moved in an indexing direc tion, 

or in the Y direction along a pair of guide rails 2 4 by 

an indexing mechanism 22 composed of a ball screw 1 8 and 

a pulse motor 20.  A support table 26 is mounted on  the 

second slide block 16.  The support table 26 is mov able in 

the X direction and the Y direction by the feeding 

mechanism 12 and the indexing mechanism 22 and also  

rotatable by a motor stored in the second slide blo ck 16. 

        A column 28 is provided on the stationary b ase 4 so 

as to project upward therefrom.  A laser beam apply ing 

mechanism (laser beam applying means) 30 is mounted  on 

the column 28.  The laser beam applying mechanism 3 0 is 

composed of a casing 32, a laser beam generating un it 34 
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(see FIG. 2) stored in the casing 32, and focusing means 

(laser head) 36 mounted on the front end of the cas ing 32.  

An imaging unit 38 having a microscope and a camera  is 

also mounted on the front end of the casing 32 so a s to 

be aligned with the focusing means 36 in the X dire ction. 

        As shown in FIG. 2, the laser beam generati ng unit 

34 includes a laser oscillator 40 such as YAG laser  and 

YVO4 laser for generating a pulsed laser beam, repe tition 

frequency setting means 42 for setting the repetiti on 

frequency of the pulsed laser beam to be generated by the 

laser oscillator 40, pulse width adjusting means 44  for 

adjusting the pulse width of the pulsed laser beam to be 

generated by the laser oscillator 40, and power adj usting 

means 46 for adjusting the power of the pulsed lase r beam 

generated by the laser oscillator 40.  Although esp ecially 

not shown, the laser oscillator 40 has a Brewster w indow, 

so that the laser beam generated from the laser 

oscillator 40 is a laser beam of linearly polarized  light.  

After the power of the pulsed laser beam is adjuste d to a 

predetermined power by the power adjusting means 46  of 

the laser beam generating unit 34, the pulsed laser  beam 

is reflected by a mirror 48 included in the focusin g 

means 36 and next focused by a focusing lens 50 inc luded 

in the focusing means 36.  The focusing lens 50 is 

positioned so that the pulsed laser beam is focused  

inside a hexagonal single crystal ingot 11 as a wor kpiece 
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fixed to the support table 26.  The focusing means 36 is 

mounted on the casing 32 so as to be finely movable  in a 

vertical direction (Z direction). 

        Referring to FIG. 3, there is shown an expl oded 

perspective view showing a supporting step in a waf er 

producing method according to a first preferred 

embodiment of the present invention.  FIG. 4A is a 

perspective view showing the supporting step, and F IG. 4B 

is an elevational view showing the supporting step.   

Reference symbol 11 denotes the hexagonal single cr ystal 

ingot (which will be hereinafter referred to also s imply 

as ingot) as a workpiece.  The ingot 11 has an uppe r 

surface 11a, and a c-plane is exposed to the upper 

surface 11a of the ingot 11.  Accordingly, a c-axis  17 

perpendicular to the c-plane of the ingot 11 extend s in a 

direction perpendicular to the upper surface 11a of  the 

ingot 11.  Reference symbol 15 denotes a vertical a xis.  

The hexagonal single crystal ingot 11 is selected f rom a 

SiC single crystal ingot and a GaN single crystal i ngot. 

        The wafer producing method according to the  first 

preferred embodiment is a method of producing a waf er 

having an off angle α from the ingot 11 having a c-plane 

exposed to the upper surface 11a.  First, a support ing 

step is performed in such a manner that the ingot 1 1 is 

supported through a wedge member 13 having a wedge angle 

α to the support table 26 having a horizontal suppor ting 
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surface (upper surface), wherein the wedge angle α is 

equal to the off angle α.  By performing the supporting 

step, the ingot 11 is supported to the support tabl e 26 

in the condition where the upper surface 11a of the  ingot 

11 is inclined by the off angle α with respect to a 

horizontal surface (horizontal plane).  In this pre ferred 

embodiment, the off angle α is set to 4°. 

        However, the off angle α is not limited to 4°, but 

it may be freely set in the range of 1° to 8°, for 

example.  In this case, the ingot 11 can be support ed to 

the support table 26 through a wedge member having a 

predetermined wedge angle corresponding to the off angle 

freely set above.  The wedge member 13 is fixed to the 

support table 26 by using a wax or adhesive.  Simil arly, 

the ingot 11 is fixed to the wedge member 13 by usi ng a 

wax or adhesive. 

        Referring again to FIG. 1, a column 52 is f ixed to 

the left side of the stationary base 4.  The column  52 is 

formed with a vertically elongated opening 53, and a 

pressing member 54 is vertically movably mounted to  the 

column 52 so as to project from the opening 53. 

        After performing the supporting step to sup port the 

ingot 11 through the wedge member 13 to the support  table 

26 in the condition where the off angle α is formed in 

the Y direction as shown in FIG. 5, a first modifie d 

layer forming step is performed in such a manner th at a 
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laser beam LB is applied to the ingot 11 as relativ ely 

moving the focusing means 36 in the X direction, th ereby 

linearly forming a first modified layer 19 inside t he 

ingot 11 and first cracks 21 extending from the fir st 

modified layer 19 along the c-plane.  Thereafter, a s shown 

in FIG. 6, a first indexing step is performed in su ch a 

manner that the focal point of the laser beam LB is  

relatively moved to be indexed by a predetermined a mount 

in the Y direction where the off angle α is formed.  

Thereafter, the first modified layer forming step i s 

performed again without changing the height (vertic al 

position) of the focal point of the laser beam LB. 

        Thereafter, the first indexing step and the  first 

modified layer forming step are repeated to form a 

plurality of first modified layers 19 and first cra cks 21 

in the whole of a separation plane in the ingot 11 as 

shown in FIG. 6.  As shown in FIGS. 7A and 7B, the index 

amount L as the spacing between any adjacent ones o f the 

plural first modified layers 19 is set less than or  equal 

to a spacing defined when the front ends of the adj acent 

first cracks 21 extending from the adjacent first 

modified layers 19 along the c-plane overlap each o ther.  

Preferably, the spacing h between the adjacent firs t 

cracks 21 in the direction of the c-axis is set to 50 µm 

or less. 

        In the wafer producing method according to the 
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first preferred embodiment, it is important that th e 

scanning direction of the laser beam to be applied from 

the focusing means 36 is set to the X direction 

perpendicular to the Y direction where the off angl e α of 

the ingot 11 is formed in the condition where the i ngot 

11 is supported through the wedge member 13 to the 

support table 26.  By setting the scanning directio n of 

the laser beam as mentioned above, the first cracks  21 

propagating from each first modified layer 19 forme d 

inside the ingot 11 can be formed so as to extend v ery 

long along the c-plane. 

        For example, the first modified layer formi ng step 

and the first indexing step are performed under the  

following laser processing conditions. 

        Light source: Nd:YAG pulsed laser 

        Wavelength: 1064 nm 

        Repetition frequency: 80 kHz 

        Average power: 3.2 W 

        Pulse width: 4 ns 

        Spot diameter: 10 µm 

        Numerical aperture (NA) of the focusing len s: 0.45 

        Index amount: 250 µm 

        In this manner, the focal point of the lase r beam 

is sequentially indexed to form the plural first mo dified 

layers 19 in the whole of the separation plane in t he 

ingot 11 and the first cracks 21 extending from eac h 
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first modified layer 19 along the c-plane.  Thereaf ter, an 

initial wafer producing step is performed in such a  

manner that an external force is applied to the ing ot 11 

to thereby separate an initial wafer from the ingot  11 at 

the separation plane containing the first modified layers 

19 and the first cracks 21.  This initial wafer pro ducing 

step is performed by using the pressing mechanism 5 4 

shown in FIG. 1.  The configuration of the pressing  

mechanism 54 is shown in FIGS. 8A and 8B.  The pres sing 

mechanism 54 includes a head 56 vertically movable by a 

moving mechanism (not shown) incorporated in the co lumn 

52 shown in FIG. 1 and a pressing member 58 rotatab le in 

the direction shown by an arrow R in FIG. 8B with r espect 

to the head 56.  The pressing member 58 is tiltable  with 

respect to the head 56. 

        As shown in FIG. 8A, the pressing mechanism  54 is 

relatively positioned above the ingot 11 fixed thro ugh 

the wedge member 13 to the support table 26.  There after, 

the pressing member 58 is tilted and the head 56 is  

lowered until the pressing member 58 comes into pre ssure 

contact with the upper surface 11a of the ingot 11.   In 

the condition where the pressing member 58 is in pr essure 

contact with the upper surface 11a of the ingot 11,  the 

pressing member 58 is rotated in the direction of t he 

arrow R to thereby generate a torsional stress in t he 

ingot 11.  As a result, the ingot 11 is broken at t he 
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separation plane where the first modified layers 19  and 

the first cracks 21 are formed.  Accordingly, an in itial 

wafer 23 is separated from the ingot 11 as shown in  FIG. 

9 (initial wafer producing step).  The initial wafe r 23 is 

discarded. 

        In FIGS. 9 and 10, reference symbol 11s den otes a 

newly exposed upper surface of the ingot 11 obtaine d by 

performing the initial wafer producing step mention ed 

above.  As shown in FIG. 10, the newly exposed uppe r 

surface 11s of the ingot 11 is a slightly rough sur face 

where the first modified layers 19 and the first cr acks 

21 are partially left.  Accordingly, it is preferab le to 

perform a flattening step of flattening this slight ly 

rough surface by grinding.  In performing the flatt ening 

step, the ingot 11 with the wedge member 13 is remo ved 

from the support table 26 of the laser processing 

apparatus 2.  Thereafter, as shown in FIG. 11, the ingot 

11 is held under suction through the wedge member 1 3 on a 

chuck table 74 included in a grinding apparatus (no t 

shown).  The ingot 11 is held under suction on the chuck 

table 74 through the wedge member 13 having the off  angle 

α, so that the upper surface 11s of the ingot 11 is a 

horizontal surface. 

        In FIG. 11, reference symbol 60 denotes a g rinding 

unit included in the grinding apparatus.  The grind ing 

unit 60 includes a spindle 62 adapted to be rotatio nally 
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driven by a motor (not shown), a wheel mount 64 fix ed to 

the lower end of the spindle 62, and a grinding whe el 68 

detachably mounted to the lower surface of the whee l 

mount 64 by a plurality of screws 66.  The grinding  wheel 

68 is composed of an annular wheel base 70 and a 

plurality of abrasive members 72 fixed to the lower  

surface of the wheel base 70 so as to be arranged a long 

the outer circumference thereof. 

        In the flattening step, the chuck table 74 is 

rotated at 300 rpm, for example, in the direction s hown 

by an arrow a in FIG. 11.  At the same time, the gr inding 

wheel 68 is rotated at 1000 rpm, for example, in th e 

direction shown by an arrow b in FIG. 11.  Further,  a 

pulse motor in a grinding unit feeding mechanism (n ot 

shown) is normally operated to lower the grinding u nit 60 

until the abrasive members 72 of the grinding wheel  68 

comes into contact with the upper surface 11s of th e 

ingot 11 held on the chuck table 74.  Then, the gri nding 

unit 60 is fed to press the abrasive members 72 aga inst 

the upper surface 11s of the ingot 11 under a 

predetermined load, thereby grinding the upper surf ace 

11s of the ingot 11 to flatten the upper surface 11 s.  

After performing the flattening step, the upper sur face 

11s is preferably polished to become a mirror surfa ce 11f 

as shown in FIG. 12. 

        As described above, the initial wafer 23 is  
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separated from the ingot 11 by performing the initi al 

wafer producing step.  Thereafter, the flattening s tep is 

preferably performed to flatten the upper surface 1 1s of 

the ingot 11.  Thereafter, the upper surface 11s of  the 

ingot 11 is more preferably polished to obtain the mirror 

surface 11f as a new upper surface of the ingot 11.   

Thereafter, as shown in FIG. 12, a separation start  point 

forming step is performed in such a manner that the  focal 

point of the laser beam LB having a transmission 

wavelength to the ingot 11 fixed through the wedge member 

13 to the support table 26 is set inside the ingot 11 at 

a predetermined depth from the upper surface 11f, w hich 

depth corresponds to the thickness of a wafer to be  

produced, and the laser beam LB is next applied to the 

upper surface 11f as relatively moving the focal po int 

and the ingot 11 to thereby form a modified layer ( second 

modified layer) 19 parallel to the upper surface 11 f and 

cracks (second cracks) 21 extending from the modifi ed 

layer 19 along the c-plane, thus forming a separati on 

start point. 

        This separation start point forming step in cludes a 

second modified layer forming step of relatively mo ving 

the focal point of the laser beam LB in a first dir ection 

(X direction) perpendicular to a second direction ( Y 

direction) where the off angle is formed, thereby 

linearly forming the modified layer (second modifie d 
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layer) 19 extending in the first direction and also  

includes a second indexing step of relatively movin g the 

focal point in the second direction to thereby inde x the 

focal point by the predetermined amount.  This sepa ration 

start point forming step is repeated to form a plur ality 

of second modified layers 19 and second cracks 21 i n the 

whole of a separation plane at the predetermined de pth in 

the ingot 11.  Thereafter, a wafer separating step is 

performed in such a manner that a plate-shaped memb er 

having a thickness corresponding to the thickness o f the 

wafer to be produced, from the ingot 11 at the sepa ration 

start point, thus producing a hexagonal single crys tal 

wafer 25 shown in FIG. 13. 

        This wafer separating step may be performed  by 

using the pressing mechanism 54 used in the initial  wafer 

producing step mentioned above with reference to FI GS. 8A 

and 8B.  That is, the pressing member 58 is brought  into 

pressure contact with the upper surface 11f of the ingot 

11.  In this condition, the pressing member 58 is r otated 

to generate a torsional stress in the ingot 11.  As  a 

result, the ingot 11 is broken at the separation st art 

point where the modified layers 19 and the cracks 2 1 are 

formed.  Accordingly, the hexagonal single crystal wafer 

25 can be separated from the ingot 11 as shown in F IG. 13.  

After separating the wafer 25 from the ingot 11, th e 

separation surface of the wafer 25 and the separati on 
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surface of the ingot 11 are preferably ground and 

polished to a mirror finish.  Thereafter, the separ ation 

start point forming step and the wafer separating s tep 

are repeatedly performed to the ingot 11 to thereby  

produce a plurality of wafers 25 from the ingot 11.  

        There will now be described a wafer produci ng 

method according to a second preferred embodiment o f the 

present invention with reference to FIGS. 14A to 17 .  In 

the wafer producing method according to the second 

preferred embodiment, the hexagonal single crystal ingot 

11 having a c-plane exposed to the upper surface 11 a is 

fixed directly to the supporting surface (upper sur face) 

of the support table 26 by using a wax or adhesive as 

shown in FIGS. 14A and 14B (supporting step). 

        Thereafter, as shown in FIG. 15, a first mo dified 

layer forming step is performed in such a manner th at the 

focal point of a laser beam LB having a transmissio n 

wavelength (e.g., 1064 nm) to the ingot 11 is set i nside 

the ingot 11 at a first depth from the upper surfac e 11a 

of the ingot 11, and the laser beam LB is next appl ied to 

the upper surface 11a as relatively moving the foca l 

point and the ingot 11, thereby linearly forming a first 

modified layer 19 inside the ingot 11 and first cra cks 21 

extending from the first modified layer 19 along th e c-

plane. 

        After performing the first modified layer f orming 
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step, a second modified layer forming step is perfo rmed 

in such a manner that the ingot 11 and the focal po int 

are relatively moved in the direction (Y direction)  

perpendicular to the first modified layer 19 to the reby 

index the focal point by a predetermined amount, an d that 

the focal point is next set at a second depth great er 

than the first depth and the laser beam LB is next 

applied to the upper surface 11a as relatively movi ng the 

ingot 11 and the focal point in the X direction par allel 

to the first modified layer 19, thereby linearly fo rming 

a second modified layer 19 parallel to the first mo dified 

layer 19 inside the ingot 11 and second cracks 21 

extending from the second modified layer 19 along t he c-

plane. 

        In the second modified layer forming step, the 

index amount L as the spacing between the first mod ified 

layer 19 and the second modified layer 19 is set le ss 

than or equal to a spacing defined when the front e nds of 

the first cracks 21 and the second cracks 21 overla p each 

other as shown in FIG. 7B. 

        Letting h denote the difference between the  first 

depth and the second depth in the direction of the c-axis, 

the difference h is set as h = L × tan α.  Thereafter, the 

second modified layer forming step is repeated as 

sequentially lowering the focal point of the laser beam 

LB to the intersection of a line defined by the slo pe of 
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tan α and a line defined by the index amount L, thereby 

forming a plurality of second modified layers 19 an d 

second cracks 21 in the whole of a separation plane  in 

the ingot 11 (second modified layer formation repea ting 

step). 

        The Y coordinate and Z coordinate of the 

intersection of the line defined by the slope of ta nα and 

the line defined by the index amount L are prelimin arily 

stored in a memory of a controller included in the laser 

processing apparatus 2.  Then, the focusing means 3 6 is 

sequentially lowered according to the Y coordinate and Z 

coordinate stored in the memory in repeating the se cond 

modified layer forming step.  The laser processing 

conditions in the second preferred embodiment are s imilar 

to those in the first preferred embodiment mentione d 

above. 

        Thus, the first modified layer forming step , the 

second modified layer forming step, and the second 

modified layer formation repeating step are perform ed to 

form the separation plane containing the modified l ayers 

19 and the cracks 21 formed inside the ingot 11.  

Thereafter, an initial wafer producing step is perf ormed 

in such a manner that an initial wafer is separated  from 

the ingot 11 at this separation plane.  This initia l wafer 

producing step is similar to that in the first pref erred 

embodiment described above with reference to FIGS. 8A, 8B, 
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and 9, and the description thereof will therefore b e 

omitted. 

        After performing the initial wafer producin g step, 

a flattening step is preferably performed by using a 

grinding apparatus to flatten the upper surface of the 

ingot 11 as in the first preferred embodiment.  Fur ther, a 

polishing step is preferably performed after perfor ming 

the flattening step to obtain a mirror surface 11f as the 

new upper surface of the ingot 11 as in the first 

preferred embodiment.  In the second preferred embo diment, 

the upper surface 11f of the ingot 11 is inclined b y the 

off angle α with respect to a horizontal surface 

(horizontal plane). 

        After performing the initial wafer producin g step 

and preferably performing the flattening step and t he 

polishing step as mentioned above, a separation sta rt 

point forming step is performed as shown in FIG. 16  in 

such a manner that the focal point of the laser bea m LB 

having a transmission wavelength to the ingot 11 is  set 

inside the ingot 11 at a predetermined depth from t he 

upper surface 11f, which depth corresponds to the 

thickness of the wafer to be produced, and the lase r beam 

LB is next applied to the upper surface 11f as rela tively 

moving the focal point and the ingot 11 to thereby form a 

modified layer (third modified layer) 19 parallel t o the 

upper surface 11f and horizontal cracks (third crac ks) 21 
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extending from the modified layer 19 along the c-pl ane, 

thus forming a separation start point. 

        This separation start point forming step in cludes a 

third modified layer forming step of relatively mov ing 

the focal point of the laser beam LB in the X direc tion 

(first direction) perpendicular to the Y direction 

(second direction) where the off angle is formed, t hereby 

linearly forming the third modified layer 19 extend ing in 

the X direction, and also includes an indexing step  of 

relatively moving the focal point in the Y directio n to 

thereby index the focal point by a predetermined am ount 

and also lowering the focal point to the intersecti on of 

the line defined by the slope of tan α and the line 

defined by the index amount L. 

        In the separation start point forming step in the 

second preferred embodiment, the focal point of the  laser 

beam LB is set at the intersection of the line defi ned by 

the slope of tan α and the line defined by the index 

amount L, and the laser beam LB is scanned in the X  

direction to thereby form the separation start poin t 

inside the ingot 11, wherein the separation start p oint 

is composed of the modified layers 19 parallel to t he 

upper surface 11f of the ingot 11 and the horizonta l 

cracks 21 extending from each modified layer 19 alo ng the 

c-plane.  After performing the separation start poi nt 

forming step, a wafer separating step is performed in 
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such a manner that a plate-shaped member having a 

thickness corresponding to the thickness of the waf er to 

be produced is separated from the ingot 11 at the 

separation start point composed of the modified lay ers 19 

and the cracks 21, thereby producing a hexagonal si ngle 

crystal wafer 25 as shown in FIG. 17. 

        As described above, the wafer producing met hod 

according to the second preferred embodiment is 

characterized in that the indexing step includes no t only 

the step of indexing the focal point in the Y direc tion 

by the predetermined amount, but also the step of s etting 

the focal point at the intersection of the line def ined 

by the slope of tan α and the line defined by the index 

amount L.  After separating the wafer 25 from the i ngot 11, 

the separation surface of the wafer 25 and the sepa ration 

surface of the ingot 11 are preferably ground and 

polished to a mirror finish.  Thereafter, the separ ation 

start point forming step and the wafer separating s tep 

are repeatedly performed to the ingot 11 to thereby  

produce a plurality of wafers 25 from the ingot 11.  

        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.  A wafer producing method for producing a wafer 

having an off angle α from a hexagonal single crystal 

ingot having an upper surface, a c-plane exposed to  the 

upper surface, and a c-axis perpendicular to the c- plane, 

the wafer producing method comprising: 

        a supporting step of supporting the ingot t hrough a 

wedge member having a wedge angle α to a support table 

having a horizontal supporting surface, the wedge a ngle α 

being equal to the off angle α, thereby inclining the 

upper surface of the ingot by the off angle α with 

respect to a horizontal plane; 

        a first modified layer forming step of sett ing a 

focal point of a laser beam having a transmission 

wavelength to the ingot inside the ingot at a fixed  

vertical position and next applying the laser beam to the 

upper surface as relatively moving the focal point and 

the ingot in a first direction perpendicular to a s econd 

direction where the off angle α is formed, thereby 

linearly forming a first modified layer inside the ingot 

and first cracks extending from the first modified layer 

along the c-plane; 

        a first indexing step of relatively moving the 

focal point in the second direction to index the fo cal 

point by a predetermined amount; and 

        an initial wafer producing step of separati ng an 
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initial wafer from the ingot at a separation plane 

containing the first modified layers and the first cracks 

formed inside the ingot by repeating the first modi fied 

layer forming step and the first indexing step; 

        wherein in the first indexing step, an inde x amount 

L as a spacing between any adjacent ones of the plu ral 

first modified layers is set less than or equal to a 

spacing defined when front ends of the adjacent fir st 

cracks extending from the adjacent first modified l ayers 

along the c-plane overlap each other. 

        2.  The wafer producing method according to  claim 1, 

further comprising: 

        a separation start point forming step of se tting 

the focal point of the laser beam having a transmis sion 

wavelength to the ingot inside the ingot at a 

predetermined depth from a new upper surface of the  ingot 

as a newly exposed surface obtained by separating t he 

initial wafer in the initial wafer producing step, which 

depth corresponds to a thickness of the wafer to be  

produced, and next applying the laser beam to the n ew 

upper surface as relatively moving the focal point and 

the ingot to thereby form a second modified layer 

parallel to the new upper surface and second cracks  

extending from the second modified layer along the c-

plane, thus forming a separation start point; and 

        a wafer separating step of separating a pla te-
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shaped member having a thickness corresponding to t he 

thickness of the wafer to be produced, from the ing ot at 

the separation start point after performing the 

separation start point forming step, thus producing  the 

wafer from the ingot; 

        the separation start point forming step inc luding 

                a second modified layer forming ste p of 

relatively moving the focal point of the laser beam  in 

the first direction perpendicular to the second dir ection, 

thereby linearly forming the second modified layer 

extending in the first direction, and 

                a second indexing step of relativel y moving 

the focal point in the second direction to thereby index 

the focal point by the predetermined amount. 

        3.  The wafer producing method according to  claim 2, 

further comprising: 

        a flattening step of grinding the new upper  surface 

of the ingot to which the first modified layers and  the 

first cracks are exposed, after performing the init ial 

wafer producing step and before performing the sepa ration 

start point forming step, thereby flattening the ne w 

upper surface of the ingot. 

        4.  A wafer producing method for producing a wafer 

having an off angle α from a hexagonal single crystal 

ingot having an upper surface, a c-plane exposed to  the 

upper surface, and a c-axis perpendicular to the c- plane, 
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the wafer producing method comprising: 

        a first modified layer forming step of sett ing a 

focal point of a laser beam having a transmission 

wavelength to the ingot inside the ingot at a first  depth 

from the upper surface and next applying the laser beam 

to the upper surface as relatively moving the focal  point 

and the ingot, thereby linearly forming a first mod ified 

layer inside the ingot and first cracks extending f rom 

the first modified layer along the c-plane; 

        a second modified layer forming step of rel atively 

moving the focal point and the ingot in a direction  

perpendicular to the first modified layer to thereb y 

index the focal point by a predetermined amount aft er 

performing the first modified layer forming step, n ext 

setting the focal point at a second depth greater t han 

the first depth, and next applying the laser beam t o the 

upper surface as relatively moving the focal point and 

the ingot in a direction parallel to the first modi fied 

layer, thereby linearly forming a second modified l ayer 

parallel to the first modified layer inside the ing ot and 

second cracks extending from the second modified la yer 

along the c-plane; 

        an index amount L as a spacing between the first 

modified layer and the second modified layer in the  

second modified layer forming step being set less t han or 

equal to a spacing defined when front ends of the f irst 
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cracks and the second cracks overlap each other; 

        a difference h between the first depth and the 

second depth in a direction of the c-axis being set  as h 

= L × tan α; 

        a second modified layer formation repeating  step of 

repeating the second modified layer forming step as  

sequentially lowering the focal point of the laser beam 

to an intersection of a line defined by the slope o f tan α 

and a line defined by the index amount L, thereby f orming 

the second modified layers and the second cracks in  the 

whole of a separation plane in the ingot; and 

        an initial wafer producing step of separati ng an 

initial wafer from the ingot at the separation plan e 

containing the first and second modified layers and  the 

first and second cracks formed inside the ingot. 

        5.  The wafer producing method according to  claim 4, 

wherein the index amount L is set so that the diffe rence 

h becomes 50 µm or less. 

        6.  The wafer producing method according to  claim 4, 

further comprising: 

        a separation start point forming step of se tting 

the focal point of the laser beam having a transmis sion 

wavelength to the ingot inside the ingot at a 

predetermined depth from a new upper surface of the  ingot 

as a newly exposed surface obtained by separating t he 

initial wafer in the initial wafer producing step, which 
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depth corresponds to a thickness of the wafer to be  

produced, and next applying the laser beam to the n ew 

upper surface as relatively moving the focal point and 

the ingot to thereby form a third modified layer pa rallel 

to the new upper surface and third cracks extending  from 

the third modified layer along the c-plane, thus fo rming 

a separation start point; and 

        a wafer separating step of separating a pla te-

shaped member having a thickness corresponding to t he 

thickness of the wafer to be produced, from the ing ot at 

the separation start point after performing the 

separation start point forming step, thus producing  the 

wafer from the ingot; 

        the separation start point forming step inc luding 

                a third modified layer forming step  of 

relatively moving the focal point of the laser beam  in a 

first direction perpendicular to a second direction  where 

the off angle α is formed, thereby linearly forming the 

third modified layer extending in the first directi on, 

and 

                an indexing step of relatively movi ng the 

focal point in the second direction to thereby inde x the 

focal point by the predetermined amount and next se tting 

the focal point at the intersection of the line def ined 

by the slope of tan α and the line defined by the index 

amount L. 
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        7.  The wafer producing method according to  claim 1, 

wherein the hexagonal single crystal ingot is selec ted 

from a SiC single crystal ingot and a GaN single cr ystal 

ingot. 

        8.  The wafer producing method according to  claim 4, 

wherein the hexagonal single crystal ingot is selec ted 

from a SiC single crystal ingot and a GaN single cr ystal 

ingot. 


