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WAFER MANUFACTURING METHOD 

 

BACKGROUND OF THE INVENTION 

Field of the Invention 

        The present invention relates to a wafer 

manufacturing method in which a focal point of a la ser 

beam with a wavelength having transmissibility with  

respect to a semiconductor ingot (hereinafter, 

abbreviated simply as an ingot) is positioned insid e the 

ingot from an end surface of the ingot, the ingot i s 

irradiated with the laser beam to form a separation  

layer, and a wafer is manufactured from the separat ion 

layer. 

Description of the Related Art 

        A wafer on which plural devices such as int egrated 

circuits (ICs) and large scale integration (LSI) ci rcuits 

are formed on a front surface in such a manner as t o be 

marked out by plural planned dividing lines that 

intersect is divided into individual device chips b y a 

dicing apparatus or a laser processing apparatus.  The 

respective device chips obtained by the dividing ar e used 

for pieces of electrical equipment such as portable  

phones and personal computers. 

        A silicon (Si) substrate on which the devic es are 
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formed is formed through slicing of an Si ingot int o a 

thickness of approximately 1 mm by a cutting appara tus 

including an inner diameter blade, a wire saw, or t he 

like, lapping, and polishing (for example, refer to  

Japanese Patent Laid-open No. 2000-94221). 

        Moreover, a single-crystal silicon carbide (SiC) 

substrate on which power devices, light emitting di odes 

(LEDs), or the like are formed is also formed simil arly 

to the above description.  However, there is a prob lem 

that, when a wafer is manufactured through cutting an SiC 

ingot by a wire saw and polishing a front surface a nd a 

back surface of a cut piece, substantially half of the 

SiC ingot is discarded and this is uneconomical.  T hus, 

the present applicant has proposed a technique in w hich a 

focal point of a laser beam having transmissibility  with 

respect to single-crystal SiC is positioned inside an SiC 

ingot, the SiC ingot is irradiated with the laser b eam to 

form a separation layer at a planned cutting plane,  and 

the SiC ingot and the wafer are separated from each  other 

along the planned cutting plane at which the separa tion 

layer has been formed (for example, refer to Japane se 

Patent Laid-open No. 2016-111143). 

 

SUMMARY OF THE INVENTION 
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        Although the technique disclosed in Japanes e Patent 

Laid-open No. 2016-111143 enables efficient manufac ture 

of wafers from an ingot, there is a problem that th e 

separation layer slightly bends. 

        Thus, an object of the present invention is  to 

provide a wafer manufacturing method that can preve nt a 

separation layer from bending. 

        In accordance with an aspect of the present  

invention, there is provided a wafer manufacturing method 

in which a focal point of a laser beam with a wavel ength 

having transmissibility with respect to a semicondu ctor 

ingot is positioned inside the semiconductor ingot from 

an end surface of the semiconductor ingot, the 

semiconductor ingot is irradiated with the laser be am to 

form a separation layer, and a wafer is manufacture d from 

the separation layer.  The wafer manufacturing meth od 

includes a preparation step of preparing a laser 

processing apparatus including a holding unit that holds 

the semiconductor ingot, a laser beam irradiation u nit 

that includes a beam condenser capable of moving th e 

focal point in a Z-axis direction and executes 

irradiation with the laser beam from the end surfac e of 

the semiconductor ingot held by the holding unit, a n X-

axis movement mechanism that relatively moves the h olding 
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unit and the beam condenser in an X-axis direction,  and a 

Y-axis movement mechanism that relatively moves the  

holding unit and the beam condenser in a Y-axis 

direction; a Z-coordinate measurement step of deemi ng the 

separation layer to be formed as an XY plane and 

measuring a height Z (X, Y)  of an upper surface of the 

semiconductor ingot to be irradiated with the laser  beam, 

corresponding to an X-coordinate and a Y-coordinate ; a 

calculation step of defining a Z-coordinate of the 

separation layer to be formed as Z 0 and calculating a 

difference from the measured height Z (X, Y)  (Z (X, Y)  − Z 0) to 

obtain a Z-coordinate of the beam condenser; a sepa ration 

layer forming step of actuating the X-axis movement  

mechanism and the Y-axis movement mechanism to rela tively 

move the holding unit and the beam condenser in the  X-

axis direction and the Y-axis direction, moving the  beam 

condenser in the Z-axis direction on the basis of t he Z-

coordinate obtained in the calculation step to posi tion 

the focal point to Z 0, and forming the separation layer; 

and a wafer separation step of separating the wafer  and 

the semiconductor ingot from each other at the sepa ration 

layer. 

        Preferably, in the calculation step, when a  

numerical aperture of an objective lens of the beam  
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condenser is defined as NA(sin θ), a focal length of the 

objective lens is defined as h, a refractive index of the 

semiconductor ingot is defined as n(sin θ/sin β), and a Z-

coordinate of the objective lens is defined as Z, t he Z-

coordinate to which the objective lens is positione d is 

obtained by 

        Z = h + (Z (X, Y)  − Z 0)(1 − tan β/tan θ). 

        Preferably, the semiconductor ingot is an S iC 

ingot, and the separation layer forming step includ es a 

processing feed step of executing processing feed o f the 

holding unit and the beam condenser relatively in t he X-

axis direction in such a manner that a direction 

orthogonal to a direction in which a c-plane tilts with 

respect to an end surface of the SiC ingot and an o ff-

angle is formed is aligned with the X-axis directio n, and 

an indexing feed step of executing indexing feed of  the 

holding unit and the beam condenser relatively in t he Y-

axis direction. 

        Preferably, the semiconductor ingot is an S i ingot, 

in the separation layer forming step, a crystal pla ne 

(100) is employed as an end surface of the Si ingot , and 

the separation layer forming step includes a proces sing 

feed step of executing processing feed of the holdi ng 

unit and the beam condenser relatively in the X-axi s 
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direction in such a manner that a direction <110> 

parallel to an intersection line at which a crystal  plane 

{100} and a crystal plane {111} intersect or a dire ction 

[110] orthogonal to the intersection line is aligne d with 

the X-axis direction, and an indexing feed step of 

executing indexing feed of the holding unit and the  beam 

condenser relatively in the Y-axis direction. 

        According to the wafer manufacturing method  of the 

present invention, the separation layer can be form ed at 

the XY plane identified based on the Z 0 coordinate 

position, and the separation layer can be prevented  from 

bending. 

        The above and other objects, features and 

advantages of the present invention and the manner of 

realizing them will become more apparent, and the 

invention itself will best be understood from a stu dy of 

the following description and appended claims with 

reference to the attached drawings showing a prefer red 

embodiment of the invention. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

        FIG. 1A is a perspective view of an SiC ing ot; 

        FIG. 1B is a plan view of the SiC ingot ill ustrated 

in FIG. 1A; 
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        FIG. 1C is a front view of the SiC ingot 

illustrated in FIG. 1A; 

        FIG. 2A is a perspective view of an Si ingo t; 

        FIG. 2B is a plan view of the Si ingot illu strated 

in FIG. 2A; 

        FIG. 3 is a perspective view of a laser pro cessing 

apparatus; 

        FIG. 4 is a schematic diagram illustrating a 

configuration of the laser processing apparatus 

illustrated in FIG. 3; 

        FIG. 5A is a perspective view illustrating a state 

in which the SiC ingot illustrated in FIGS. 1A to 1 C is 

adjusted to a predetermined orientation in a Z-coor dinate 

measurement step; 

        FIG. 5B is a perspective view illustrating a state 

in which the Si ingot illustrated in FIGS. 2A and 2 B is 

adjusted to a predetermined orientation in the Z-

coordinate measurement step; 

        FIG. 5C is a perspective view illustrating a state 

in which the Si ingot illustrated in FIGS. 2A and 2 B is 

adjusted to another orientation in the Z-coordinate  

measurement step; 

        FIG. 6 is a table illustrating data of a me asured 

height Z (X, Y)  of an upper surface of the ingot; 
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        FIG. 7 is a schematic diagram of a pulse la ser beam 

with which the ingot is irradiated from an objectiv e lens 

of a beam condenser; 

        FIG. 8A is a perspective view illustrating a state 

in which a separation layer forming step is being 

executed for the SiC ingot illustrated in FIGS. 1A to 1C; 

        FIG. 8B is a side view illustrating the sta te in 

which the separation layer forming step illustrated  in 

FIG. 8A is being executed; 

        FIG. 8C is a sectional view of the SiC ingo t in 

which a separation layer has been formed; 

        FIG. 9A is a perspective view illustrating a state 

in which the separation layer forming step is being  

executed for the Si ingot illustrated in FIGS. 2A a nd 2B; 

        FIG. 9B is a side view illustrating the sta te in 

which the separation layer forming step illustrated  in 

FIG. 9A is being executed; 

        FIG. 9C is a sectional view of the Si ingot  in 

which a separation layer has been formed; and 

        FIG. 10 is a perspective view illustrating a state 

in which a wafer separation step is being executed.  

 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

        A preferred embodiment of the present inven tion 



9 

will be described below with reference to the drawi ngs.  

In FIGS. 1A to 1C, a circular columnar silicon carb ide 

(SiC) ingot 2 that can be used for the wafer 

manufacturing method of the present invention is 

illustrated.  The SiC ingot 2 is formed from hexago nal 

single-crystal SiC.  The SiC ingot 2 has a circular  first 

end surface 4, a circular second end surface 6 on a  side 

opposite to the first end surface 4, a circumferent ial 

surface 8 located between the first end surface 4 a nd the 

second end surface 6, a c-axis (<0001> direction) t hat 

reaches the second end surface 6 from the first end  

surface 4, and a c-plane ({0001} plane) orthogonal to the 

c-axis.  At least the first end surface 4 is planar ized by 

grinding or polishing to such an extent that incide nce of 

a laser beam is not precluded. 

        In the SiC ingot 2, the c-axis is inclined with 

respect to a perpendicular line 10 to the first end  

surface 4, and an off-angle α (for example, α = 1, 3, or 

6 degrees) is formed by the c-plane and the first e nd 

surface 4.  A direction in which the off-angle α is formed 

is indicated by an arrow A in FIGS. 1A to 1C.  More over, 

in the circumferential surface 8 of the SiC ingot 2 , a 

first orientation flat 12 and a second orientation flat 

14 that both represent a crystal orientation and ha ve a 
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rectangular shape are formed.  The first orientatio n flat 

12 is parallel to a direction A in which the off-an gle α 

is formed, and the second orientation flat 14 is 

orthogonal to the direction A in which the off-angl e α is 

formed.  As illustrated in FIG. 1B, as viewed from above, 

a length L2 of the second orientation flat 14 is sh orter 

than a length L1 of the first orientation flat 12 ( L2 < 

L1). 

        The ingot that can be used for the wafer 

manufacturing method of the present invention is no t 

limited to the SiC ingot 2 and may be a circular co lumnar 

silicon (Si) ingot 16 illustrated in FIGS. 2A and 2 B, for 

example.  The Si ingot 16 has a circular first end surface 

18 obtained by making a crystal plane (100) be an e nd 

surface, a circular second end surface 20 on a side  

opposite to the first end surface 18, and a 

circumferential surface 22 located between the firs t end 

surface 18 and the second end surface 20.  At least  the 

first end surface 18 is planarized by grinding or 

polishing to such an extent that incidence of a las er 

beam is not precluded.  A rectangular orientation f lat 24 

that represents a crystal orientation is formed in the 

circumferential surface 22 of the Si ingot 16.  The  

orientation flat 24 is positioned in such a manner that 
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an angle with respect to an intersection line 26 at  which 

a crystal plane {100} and a crystal plane {111} int ersect 

is 45°. 

        In the present embodiment, first, a prepara tion 

step of preparing a laser processing apparatus is 

executed.  This laser processing apparatus includes  a 

holding unit that holds an ingot, a laser beam 

irradiation unit that includes a beam condenser cap able 

of moving a focal point in a Z-axis direction and 

executes irradiation with a laser beam from an end 

surface of the ingot held by the holding unit, an X -axis 

movement mechanism that relatively moves the holdin g unit 

and the beam condenser in an X-axis direction, and a Y-

axis movement mechanism that relatively moves the h olding 

unit and the beam condenser in a Y-axis direction. 

        In the preparation step, for example, a las er 

processing apparatus 28 illustrated in FIG. 3 can b e 

prepared.  The laser processing apparatus 28 includ es a 

holding unit 30, a laser beam irradiation unit 32, an X-

axis movement mechanism 34, and a Y-axis movement 

mechanism 36. 

        As illustrated in FIG. 3, the holding unit 30 

includes an X-axis movable plate 40 mounted over a base 

38 movably in the X-axis direction, a Y-axis movabl e 
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plate 42 mounted over the X-axis movable plate 40 m ovably 

in the Y-axis direction, a holding table 44 rotatab ly 

mounted on an upper surface of the Y-axis movable p late 

42, and a motor (not illustrated) that rotates the 

holding table 44.  The X-axis direction is a direct ion 

indicated by an arrow X in FIG. 3.  The Y-axis dire ction 

is a direction indicated by an arrow Y in FIG. 3 an d is a 

direction orthogonal to the X-axis direction.  A pl ane 

defined by the X-axis direction and the Y-axis dire ction 

is substantially horizontal.  Further, a direction 

indicated by an arrow Z in FIG. 3 is an upward-down ward 

direction orthogonal to each of the X-axis directio n and 

the Y-axis direction. 

        Moreover, in the holding unit 30, an ingot is held 

by an upper surface of the holding table 44 through  an 

appropriate adhesive (for example, epoxy resin-base d 

adhesive).  Alternatively, plural suction holes may  be 

formed in the upper surface of the holding table 44 , and 

the ingot may be held under suction by a suction fo rce 

generated on the upper surface of the holding table  44. 

        Description will be made with reference to FIGS. 3 

and 4.  The laser beam irradiation unit 32 includes  a 

housing 46 (see FIG. 3) that extends upward from an  upper 

surface of the base 38 and subsequently extends 
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substantially horizontally, a laser oscillator (not  

illustrated) incorporated in the housing 46, a beam  

condenser 48 (see FIGS. 3 and 4) mounted on a lower  

surface of a tip of the housing 46 in such a manner  as to 

be capable of rising and lowering, and a raising-lo wering 

mechanism 50 (see FIG. 4) that raises and lowers th e beam 

condenser 48. 

        The laser oscillator oscillates a pulse las er with 

a wavelength having transmissibility with respect t o the 

ingot.  As illustrated in FIG. 4, the beam condense r 48 

has an objective lens 48a that focuses a pulse lase r beam 

emitted from the laser oscillator on the ingot held  by 

the holding unit 30.  The raising-lowering mechanis m 50 

can be configured from a voice coil motor or a line ar 

motor, for example.  Moreover, in the laser beam 

irradiation unit 32, a focal point of the pulse las er 

beam can be moved in the Z-axis direction by adjust ing a 

Z-coordinate of the objective lens 48a through rais ing or 

lowering the beam condenser 48 by the raising-lower ing 

mechanism 50.  In addition, as illustrated in FIG. 3, an 

imaging unit 52 that images the ingot held by the h olding 

unit 30 is mounted on the lower surface of the tip of the 

housing 46, and a display unit 54 that displays an image 

captured by imaging by the imaging unit 52 is dispo sed on 
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an upper surface of the housing 46. 

        The description will be continued with refe rence to 

FIG. 3.  The X-axis movement mechanism 34 has a bal l screw 

56 that is coupled to the X-axis movable plate 40 a nd 

extends in the X-axis direction and a motor 58 that  

rotates the ball screw 56.  The X-axis movement mec hanism 

34 converts rotational motion of the motor 58 to li near 

motion by the ball screw 56 and transmits the linea r 

motion to the X-axis movable plate 40 to move the X -axis 

movable plate 40 in the X-axis direction relative t o the 

beam condenser 48 along guide rails 38a on the base  38. 

        The Y-axis movement mechanism 36 has a ball  screw 

60 that is coupled to the Y-axis movable plate 42 a nd 

extends in the Y-axis direction and a motor 62 that  

rotates the ball screw 60.  The Y-axis movement mec hanism 

36 converts rotational motion of the motor 62 to li near 

motion by the ball screw 60 and transmits the linea r 

motion to the Y-axis movable plate 42 to move the Y -axis 

movable plate 42 in the Y-axis direction relative t o the 

beam condenser 48 along guide rails 40a on the X-ax is 

movable plate 40. 

        The laser processing apparatus 28 further i ncludes 

Z-coordinate measuring units 64 (see FIGS. 3 and 4)  that 

measure a height of an upper surface of the ingot, a 
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control unit 66 (see FIG. 4) that controls actuatio n of 

the laser processing apparatus 28, and a separation  

mechanism 68 (see FIG. 3) that separates the ingot and a 

wafer from each other at a separation layer. 

        As the Z-coordinate measuring units 64, hei ght 

measuring instruments of a publicly-known laser sys tem or 

ultrasonic system can be used.  In the present embo diment, 

a pair of Z-coordinate measuring units 64 are set o n both 

sides of the beam condenser 48 in the X-axis direct ion.  

However, the number of Z-coordinate measuring units  64 

may be one.  The control unit 66 that can be config ured 

from a computer includes a central processing unit (CPU) 

that executes calculation processing in accordance with a 

control program, a read-only memory (ROM) that stor es the 

control program and so forth, and a readable-writab le 

random access memory (RAM) that stores a calculatio n 

result and so forth (none of them is illustrated). 

        As illustrated in FIG. 3, the separation me chanism 

68 includes a casing 70 that extends upward from en d 

parts of the guide rails 38a on the base 38 and has  a 

rectangular parallelepiped shape and an arm 72 that  

extends in the X-axis direction from a base end the reof 

mounted on the casing 70 in such a manner as to be 

capable of rising and lowering.  An arm raising-low ering 



16 

mechanism (not illustrated) that raises and lowers the 

arm 72 is incorporated in the casing 70.  A motor 7 4 is 

attached to a tip of the arm 72, and a suction adhe sion 

piece 76 is coupled to a lower surface of the motor  74 

rotatably around an axis line that extends in the u pward-

downward direction.  The suction adhesion piece 76 having 

a lower surface in which plural suction holes (not 

illustrated) are formed is connected to suction mea ns 

(not illustrated) through a flow path.  Moreover, 

ultrasonic vibration giving means (not illustrated)  that 

gives ultrasonic vibrations to the lower surface of  the 

suction adhesion piece 76 is incorporated in the su ction 

adhesion piece 76. 

        After the preparation step is executed, a Z -

coordinate measurement step is executed in which th e 

separation layer to be formed is deemed as the XY p lane 

and a height Z (X,Y)  of the upper surface of an ingot to be 

irradiated with the laser beam is measured correspo nding 

to the X-coordinate and the Y-coordinate. 

        In the Z-coordinate measurement step, first , an 

ingot (it may be either the SiC ingot 2 or the Si i ngot 

16) is held by the upper surface of the holding tab le 44.  

Subsequently, the ingot 2 (16) is imaged from above  by 

the imaging unit 52, and the holding table 44 is ro tated 
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and moved based on an image of the ingot 2 (16) cap tured 

by the imaging unit 52.  As a result, the orientati on of 

the ingot 2 (16) is adjusted to a predetermined 

orientation.  In addition, a positional relation be tween 

the Z-coordinate measuring units 64 and the ingot 2  (16) 

is adjusted. 

        When the orientation of the ingot 2 (16) is  

adjusted to the predetermined orientation, in the c ase of 

the SiC ingot 2, as illustrated in FIG. 5A, the dir ection 

orthogonal to the direction A in which the off-angl e α is 

formed is aligned with the X-axis direction by alig ning 

the second orientation flat 14 with the X-axis dire ction.  

In the case of the Si ingot 16, as illustrated in F IG. 

5B, the adjustment is executed in such a manner tha t an 

angle formed between the X-axis direction and the 

orientation flat 24 becomes 45°, and a direction <1 10> 

parallel to the intersection line 26 at which the c rystal 

plane {100} and the crystal plane {111} intersect i s 

aligned with the X-axis direction.  Alternatively, in the 

case of the Si ingot 16, as illustrated in FIG. 5C,  the 

adjustment may be executed in such a manner that th e 

angle formed between the X-axis direction and the 

orientation flat 24 becomes 315°, and a direction [ 110] 

orthogonal to the intersection line 26 may be align ed 
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with the X-axis direction. 

        Subsequently, by actuating either one of th e pair 

of Z-coordinate measuring units 64 while moving the  

holding table 44 that holds the ingot 2 (16) in the  X-

axis direction by the X-axis movement mechanism 34,  

heights Z (X1, Y1) , Z (X2, Y1) , Z (X3, Y1) , ···, Z (Xm, Y1)  of the upper 

surface (in the present embodiment, the first end s urface 

4 (18)) of the ingot 2 (16) at coordinates (X 1, Y 1), (X 2, 

Y1), (X 3, Y 1), ···, (X m, Y 1), respectively, are measured.  

The measured height of the upper surface of the ing ot 2 

(16) is the height of the upper surface of the ingo t 2 

(16) when the separation layer to be formed is deem ed as 

the XY plane (reference plane). 

        Subsequently, indexing feed of the holding table 44 

is executed in the Y-axis direction by a predetermi ned 

pitch (Y 2 − Y 1) by the Y-axis movement mechanism 36.  

Thereafter, the Z-coordinate measuring unit 64 is 

actuated while the holding table 44 is moved in the  X-

axis direction, and heights Z (X1, Y2) , Z (X2, Y2) , Z (X3, Y2) , ···, 

Z(Xm, Y2)  of the upper surface of the ingot 2 (16) at 

coordinates (X 1, Y 2), (X 2, Y 2), (X 3, Y 2), ···, (X m, Y 2), 

respectively, are measured.  Then, while indexing f eed of 

the holding table 44 is executed in the Y-axis dire ction 

to a coordinate Y n by a predetermined pitch (Y n − Y n−1), 
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the height of the upper surface of the ingot 2 (16)  is 

measured at plural points along the X-axis directio n.  As 

a result, data relating to the height Z (X, Y)  of the upper 

surface of the ingot 2 (16) like one illustrated in  FIG. 

6 is measured corresponding to the X-coordinate and  the 

Y-coordinate, and the measured data is stored in th e 

random access memory of the control unit 66. 

        After the Z-coordinate measurement step is 

executed, a calculation step of defining the Z-coor dinate 

of the separation layer to be formed as Z 0 and calculating 

a difference from the measured height Z (X, Y)  (Z (X, Y)  − Z 0) 

to obtain the Z-coordinate of the beam condenser 48  is 

executed. 

        Description will be made with reference to FIG. 7.  

In the calculation step of the present embodiment, a 

numerical aperture of the objective lens 48a of the  beam 

condenser 48 is defined as NA(sin θ), a focal length of 

the objective lens 48a is defined as h, a refractiv e 

index of the ingot 2 (16) is defined as n(sin θ/sin β), and 

the Z-coordinate of the objective lens 48a is defin ed as 

Z.  In this case, the following expression holds. 

        (Z (X, Y)  − Z 0)tan β = [h − {Z − (Z (X, Y)  − Z 0)}]tan θ 

When the above expression is transformed, the follo wing 

expression (1) is obtained. 
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        (Z (X, Y)  − Z 0)tan β/tan θ = h − Z + (Z (X, Y)  − Z 0) 

        Z = h + (Z (X, Y)  − Z 0) − (Z (X, Y)  − Z 0)tan β/tan θ 

        Z = h + (Z (X, Y)  − Z 0)(1 − tan β/tan θ)   Expression (1) 

The Z-coordinate to which the objective lens 48a of  the 

beam condenser 48 is positioned is obtained by the above 

expression (1). 

        In the calculation step, based on the data relating 

to the height Z (X, Y)  of the upper surface of the ingot 2 

(16) measured in the Z-coordinate measurement step,  the 

Z-coordinate to which the objective lens 48a of the  beam 

condenser 48 is positioned is calculated at all 

coordinates from the coordinates (X 1, Y 1) to the 

coordinates (X m, Y n).  By positioning the objective lens 

48a of the beam condenser 48 to the Z-coordinate 

calculated in the calculation step at all points fr om the 

coordinates (X 1, Y 1) to the coordinates (X m, Y n), a focal 

point FP of a pulse laser beam LB can be positioned  to Z 0.  

In FIG. 7, a focus position of the objective lens 4 8a in 

air is indicated by a symbol f(h). 

        After the calculation step is executed, a 

separation layer forming step is executed in which the X-

axis movement mechanism 34 and the Y-axis movement 

mechanism 36 are actuated to relatively move the ho lding 

unit 30 and the beam condenser 48 in the X-axis dir ection 
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and the Y-axis direction, the beam condenser 48 is moved 

in the Z-axis direction on the basis of the Z-coord inate 

obtained in the calculation step, to position the f ocal 

point FP to Z 0, and a separation layer is then formed. 

        Regarding the separation layer forming step , 

description will be made individually for the case of 

executing it for the SiC ingot 2 and the case of 

executing it for the Si ingot 16.  First, the case of 

executing the separation layer forming step for the  SiC 

ingot 2 will be described with reference to FIGS. 8 A to 

8C.  In the separation layer forming step, first, a  

positional relation between the beam condenser 48 a nd the 

SiC ingot 2 is adjusted.  In addition, the objectiv e lens 

48a of the beam condenser 48 is positioned to the Z -

coordinate calculated in the calculation step.  As a 

result, the focal point FP (see FIG. 8B) of the pul se 

laser beam LB is positioned to the Z-coordinate (Z 0) of 

the separation layer to be formed.  As is understoo d by 

referring to FIG. 8A, also in the separation layer 

forming step, the direction orthogonal to the direc tion A 

in which the off-angle α is formed is aligned with the X-

axis direction as in the Z-coordinate measurement s tep. 

        Subsequently, while processing feed of the holding 

table 44 is executed by the X-axis movement mechani sm 34 
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in the X-axis direction at a predetermined feed rat e and 

the beam condenser 48 is moved in the Z-axis direct ion by 

the raising-lowering mechanism 50 on the basis of t he Z-

coordinate obtained in the calculation step, the Si C 

ingot 2 is irradiated with the pulse laser beam LB with a 

wavelength (for example, 1064 nm) having transmissi bility 

with respect to the SiC ingot 2 (processing feed st ep).  

As a result, SiC separates into silicon (Si) and ca rbon 

(C), and the pulse laser beam LB with which irradia tion 

is executed next is absorbed by previously-formed C , so 

that SiC separates into Si and C in a chain-reactio n 

manner.  In addition, a separation zone 82 arising from 

extension of cracks 80 that isotropically extend al ong 

the c-plane from a part 78 at which the separation into 

Si and C has occurred is formed. 

        In the processing feed step, the objective lens 48a 

of the beam condenser 48 is positioned to the Z-

coordinate calculated in the calculation step.  Thu s, the 

focal point FP of the pulse laser beam LB can be 

positioned to Z 0 even when the height of the upper surface 

of the SiC ingot 2 is not constant due to existence  of 

undulation in the upper surface of the SiC ingot 2.   

Therefore, the part 78 at which the separation into  Si 

and C has occurred in the separation zone 82 is for med 
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straight along the X-axis direction at the position  of 

the coordinate Z 0. 

        Subsequently, indexing feed of the holding table 44 

is executed by the Y-axis movement mechanism 36 in the Y-

axis direction by a predetermined indexing feed amo unt Li 

(indexing feed step).  The indexing feed amount Li is the 

same as the predetermined pitch (Y n − Y n−1) in the Z-

coordinate measurement step.  By alternately repeat ing the 

processing feed step and the indexing feed step, a 

separation layer 84 that is composed of plural sepa ration 

zones 82 and has lowered strength can be formed at the XY 

plane identified based on the Z 0 coordinate position. 

        It is desirable that the indexing feed amou nt Li be 

set within a range that does not exceed a width of the 

cracks 80 and the cracks 80 adjacent in the Y-axis 

direction be caused to overlap with each other as v iewed 

in the upward-downward direction.  This can further  reduce 

the strength of the separation layer 84, and separa tion 

of a wafer becomes easy in a wafer separation step to be 

described later. 

        Next, the case of executing the separation layer 

forming step for the Si ingot 16 will be described with 

reference to FIGS. 9A to 9C.  Also in the separatio n layer 

forming step for the Si ingot 16, first, the object ive 
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lens 48a of the beam condenser 48 is positioned to the Z-

coordinate calculated in the calculation step.  As a 

result, a focal point FP’ (see FIG. 9B) of a pulse laser 

beam LB’ is positioned to the Z-coordinate (Z 0) of the 

separation layer to be formed.  As is understood by  

referring to FIG. 9A, also in the separation layer 

forming step for the Si ingot 16, the direction <11 0> 

parallel to the intersection line 26 at which the c rystal 

plane {100} and the crystal plane {111} intersect i s 

aligned with the X-axis direction as in the Z-coord inate 

measurement step.  Alternatively, the direction [11 0] 

orthogonal to the intersection line 26 may be align ed 

with the X-axis direction although diagrammatic 

representation is not made. 

        Subsequently, while processing feed of the holding 

table 44 is executed by the X-axis movement mechani sm 34 

in the X-axis direction at a predetermined feed rat e and 

the beam condenser 48 is moved in the Z-axis direct ion by 

the raising-lowering mechanism 50 on the basis of t he Z-

coordinate obtained in the calculation step, the Si  ingot 

16 is irradiated with the pulse laser beam LB’ with  a 

wavelength (for example, 1342 nm) having transmissi bility 

with respect to the Si ingot 16 (processing feed st ep).  

As a result, a crystal structure of the silicon is 
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broken.  In addition, a separation zone 90 arising from 

isotropic extension of cracks 88 along a (111) plan e from 

a part 86 at which the crystal structure is broken is 

formed.  The part 86 at which the crystal structure  is 

broken in the separation zone 90 is formed straight  along 

the X-axis direction at the position of the coordin ate Z 0. 

        In the present embodiment, the holding tabl e 44 and 

the beam condenser 48 are relatively moved in the 

direction <110> parallel to the intersection line 2 6 at 

which the crystal plane {100} and the crystal plane  {111} 

intersect.  However, the separation zone 90 similar  to the 

above is formed also when the holding table 44 and the 

beam condenser 48 are relatively moved in the direc tion 

[110] orthogonal to the intersection line 26. 

        Subsequently, indexing feed of the holding table 44 

is executed by the Y-axis movement mechanism 36 in the Y-

axis direction by a predetermined indexing feed amo unt 

Li’ (indexing feed step).  The indexing feed amount  Li’ is 

the same as the predetermined pitch (Y n − Y n−1) in the Z-

coordinate measurement step executed for the Si ing ot 16.  

By alternately repeating the processing feed step a nd the 

indexing feed step, a separation layer 92 that is 

composed of plural separation zones 90 and has lowe red 

strength can be formed at the XY plane identified b ased 
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on the Z 0 coordinate position. 

        A slight gap may be set between the cracks 88 of 

the separation zones 90 adjacent in the Y-axis dire ction.  

However, it is preferable that the indexing feed am ount 

Li’ be set within a range that does not exceed a wi dth of 

the cracks 88 and the adjacent separation zones 90 be 

brought into contact with each other.  This can cou ple the 

adjacent separation zones 90 to each other and furt her 

reduce the strength of the separation layer 92, and  

separation of a wafer becomes easy in the wafer 

separation step to be described later. 

        After the separation layer forming step is 

executed, the wafer separation step of separating t he 

ingot 2 (16) and a wafer from each other at the 

separation layer 84 (92) is executed.  An example i n which 

the SiC ingot 2 and a wafer are separated from each  other 

at the separation layer 84 will be described with 

reference to FIG. 10.  In the wafer separation step , 

first, the holding table 44 is positioned below the  

suction adhesion piece 76 of the separation mechani sm 68 

by the X-axis movement mechanism 34.  Subsequently,  the 

arm 72 is lowered, and the lower surface of the suc tion 

adhesion piece 76 is brought into close contact wit h the 

upper surface of the SiC ingot 2.  The suction mean s is 
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then actuated to cause suction adhesion of the lowe r 

surface of the suction adhesion piece 76 to the upp er 

surface of the SiC ingot 2.  Subsequently, the ultr asonic 

vibration giving means is actuated to give ultrason ic 

vibrations to the lower surface of the suction adhe sion 

piece 76.  In addition, the suction adhesion piece 76 is 

rotated by the motor 74.  This can separate the SiC  ingot 

2 and a wafer 94 from each other with use of the 

separation layer 84 as a point of origin.  After th e wafer 

94 is separated, a separation surface of the SiC in got 2 

and a separation surface of the wafer 94 are planar ized 

by grinding or polishing.  Also when the Si ingot 1 6 and a 

wafer are separated from each other at the separati on 

layer 92, the wafer separation step is executed sim ilarly 

to the above description. 

        As described above, according to the wafer 

manufacturing method of the present embodiment, the  

separation layer 84 (92) can be formed at the XY pl ane 

identified based on the Z 0 coordinate position, and the 

separation layer 84 (92) can be prevented from bend ing.  

Moreover, because the separation layer 84 (92) does  not 

bend, the wafer 94 that hardly involves undulation can be 

manufactured from the ingot 2 (16), and work of rem oving 

undulation of the manufactured wafer 94 can be shor tened 
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or omitted. 

        In the present embodiment, the example in w hich the 

Z-coordinate measurement step, the calculation step , and 

the separation layer forming step are separately ex ecuted 

has been described.  However, the Z-coordinate meas urement 

step, the calculation step, and the separation laye r 

forming step may be concurrently executed.  That is , the 

following operation may be executed.  While the hol ding 

table 44 is moved toward one side in the X-axis dir ection 

(for example, left side in FIG. 4) by the X-axis mo vement 

mechanism 34, the height Z (X, Y)  of the upper surface of 

the ingot 2 (16) is measured by the Z-coordinate 

measuring unit 64 on the left side in FIG. 4 (Z-

coordinate measurement step), the Z-coordinate of t he 

beam condenser 48 is obtained by using the measured  

height Z (X, Y)  of the upper surface (calculation step), and 

the ingot 2 (16) is irradiated with a laser beam wh ile 

the beam condenser 48 is moved in the Z-axis direct ion on 

the basis of the calculated Z-coordinate (separatio n 

layer forming step). 

        In the case of concurrently executing the Z -

coordinate measurement step, the calculation step, and 

the separation layer forming step as above, it is 

preferable that the Z-coordinate measuring units 64  be 
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disposed on both sides of the beam condenser 48 in the X-

axis direction.  Due to this, whichever of one side  and 

the other side in the X-axis direction (left side a nd 

right side in FIG. 4) the holding table 44 is moved  

toward, the height of the upper surface of the ingo t 2 

(16) can be measured before the ingot 2 (16) is 

irradiated with the laser beam from the beam conden ser 

48.  Therefore, in the case in which the Z-coordina te 

measuring units 64 are disposed on both sides of th e beam 

condenser 48 in the X-axis direction, after process ing 

feed of the holding table 44 is first executed towa rd one 

side in the X-axis direction to form the separation  layer 

84 (92) and subsequently indexing feed is executed,  

processing feed of the holding table 44 can be exec uted 

toward the other side in the X-axis direction to fo rm the 

separation layer 84 (92).  That is, the separation layer 

84 (92) can be formed in both forward movement and 

backward movement of the holding table 44, and ther efore, 

improvement in productivity can be sought. 

        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 
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by the invention. 
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WHAT IS CLAIMED IS: 

        1.  A wafer manufacturing method in which a  focal 

point of a laser beam with a wavelength having 

transmissibility with respect to a semiconductor in got is 

positioned inside the semiconductor ingot from an e nd 

surface of the semiconductor ingot, the semiconduct or 

ingot is irradiated with the laser beam to form a 

separation layer, and a wafer is manufactured from the 

separation layer, the wafer manufacturing method 

comprising: 

        a preparation step of preparing a laser pro cessing 

apparatus including a holding unit that holds the 

semiconductor ingot, a laser beam irradiation unit that 

includes a beam condenser capable of moving the foc al 

point in a Z-axis direction and executes irradiatio n with 

the laser beam from the end surface of the semicond uctor 

ingot held by the holding unit, an X-axis movement 

mechanism that relatively moves the holding unit an d the 

beam condenser in an X-axis direction, and a Y-axis  

movement mechanism that relatively moves the holdin g unit 

and the beam condenser in a Y-axis direction; 

        a Z-coordinate measurement step of deeming the 

separation layer to be formed as an XY plane and 

measuring a height Z (X, Y)  of an upper surface of the 
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semiconductor ingot to be irradiated with the laser  beam, 

corresponding to an X-coordinate and a Y-coordinate ; 

        a calculation step of defining a Z-coordina te of 

the separation layer to be formed as Z 0 and calculating a 

difference from the measured height Z (X, Y)  (Z (X, Y)  − Z 0) to 

obtain a Z-coordinate of the beam condenser; 

        a separation layer forming step of actuatin g the X-

axis movement mechanism and the Y-axis movement mec hanism 

to relatively move the holding unit and the beam 

condenser in the X-axis direction and the Y-axis 

direction, moving the beam condenser in the Z-axis 

direction on a basis of the Z-coordinate obtained i n the 

calculation step to position the focal point to Z 0, and 

forming the separation layer; and 

        a wafer separation step of separating the w afer and 

the semiconductor ingot from each other at the sepa ration 

layer. 

        2.  The wafer manufacturing method accordin g to 

claim 1, wherein, 

        in the calculation step, when a numerical a perture 

of an objective lens of the beam condenser is defin ed as 

NA(sin θ), a focal length of the objective lens is defined 

as h, a refractive index of the semiconductor ingot  is 

defined as n(sin θ/sin β), and a Z-coordinate of the 
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objective lens is defined as Z, 

        the Z-coordinate to which the objective len s is 

positioned is obtained by 

        Z = h + (Z (X, Y)  − Z 0)(1 − tan β/tan θ). 

        3.  The wafer manufacturing method accordin g to 

claim 1, wherein 

        the semiconductor ingot is an SiC ingot, an d 

        the separation layer forming step includes 

                a processing feed step of executing  

processing feed of the holding unit and the beam 

condenser relatively in the X-axis direction in suc h a 

manner that a direction orthogonal to a direction i n 

which a c-plane tilts with respect to an end surfac e of 

the SiC ingot and an off-angle is formed is aligned  with 

the X-axis direction, and 

                an indexing feed step of executing indexing 

feed of the holding unit and the beam condenser 

relatively in the Y-axis direction. 

        4.  The wafer manufacturing method accordin g to 

claim 1, wherein 

        the semiconductor ingot is an Si ingot, 

        in the separation layer forming step, a cry stal 

plane (100) is employed as an end surface of the Si  

ingot, and 
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        the separation layer forming step includes 

                a processing feed step of executing  

processing feed of the holding unit and the beam 

condenser relatively in the X-axis direction in suc h a 

manner that a direction <110> parallel to an inters ection 

line at which a crystal plane {100} and a crystal p lane 

{111} intersect or a direction [110] orthogonal to the 

intersection line is aligned with the X-axis direct ion, 

and 

                an indexing feed step of executing indexing 

feed of the holding unit and the beam condenser 

relatively in the Y-axis direction. 

  


