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WAFER PRODUCING APPARATUS 

 

BACKGROUND OF THE INVENTION 

Field of the Invention 

        The present invention relates to a wafer pr oducing 

apparatus for producing an SiC wafer from a single 

crystal SiC ingot. 

Description of the Related Art 

        Various devices such as integrated circuits  (ICs), 

large scale integrated circuits (LSIs), and light 

emitting diodes (LEDs) are formed by forming a func tional 

layer on the front side of a wafer formed of Si (si licon) 

or Al 2O3 (sapphire) and partitioning this functional layer 

into a plurality of separate regions along a plural ity of 

division lines.  Further, power devices or optical devices 

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

the front side of a wafer formed of single crystal SiC 

(silicon carbide) and partitioning this functional layer 

into a plurality of separate regions along a plural ity of 

division lines.  The division lines of such a wafer  having 

these devices are processed by a processing apparat us 

such as a cutting apparatus and a laser processing 

apparatus to thereby divide the wafer into a plural ity of 

individual device chips corresponding to the respec tive 
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devices.  The device chips thus obtained are used i n 

various electrical equipment such as mobile phones and 

personal computers. 

        In general, the wafer on which the devices are to 

be formed is produced by slicing a cylindrical 

semiconductor ingot with a wire saw.  Both sides of  the 

wafer sliced from the ingot are polished to a mirro r 

finish (see Japanese Patent Laid-open No. 2000-9422 1, for 

example).  However, when the ingot is cut by the wi re saw 

and both sides of each wafer are polished to obtain  the 

product, a large proportion (70% to 80%) of the ing ot is 

discarded to cause a problem of poor economy.  In 

particular, a single crystal SiC ingot has high har dness 

and it is therefore difficult to cut this SiC ingot  with 

the wire saw.  Accordingly, considerable time is re quired 

for cutting of the SiC ingot, causing a reduction i n 

productivity.  Furthermore, since this SiC ingot is  high 

in unit price, there is a problem in efficiently 

producing an SiC wafer in this prior art. 

        A technique for solving this problem has be en 

proposed (see Japanese Patent Laid-open No. 2013-49 161, 

for example).  This technique includes the steps of  

setting the focal point of a laser beam having a 

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

the SiC ingot to thereby form a separation layer in  a 

given plane previously set inside the SiC ingot, an d next 

breaking the SiC ingot along the given plane where the 

separation layer has been formed, thus separating a n SiC 

wafer from the SiC ingot. 

 

SUMMARY OF THE INVENTION 

        However, the step of forming the separation  layer 

inside the SiC ingot, the step of separating the Si C 

wafer from the SiC ingot, and the step of grinding the 

upper surface of the SiC ingot to thereby flatten t he 

upper surface of the SiC ingot are all performed ma nually, 

causing a reduction in production efficiency. 

        It is therefore an object of the present in vention 

to provide a wafer producing apparatus which can 

automatically produce an SiC wafer from a single cr ystal 

SiC ingot. 

        In accordance with an aspect of the present  

invention, there is provided a wafer producing appa ratus 

for producing an SiC wafer from a single crystal Si C 

ingot, the wafer producing apparatus including a ho lding 

unit for holding the ingot; a flattening unit for 

grinding the upper surface of the ingot held by the  
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holding unit, thereby flattening the upper surface of the 

ingot; a laser applying unit for setting the focal point 

of a laser beam having a transmission wavelength to  the 

ingot inside the ingot at a predetermined depth fro m the 

upper surface of the ingot held by the holding unit , the 

predetermined depth corresponding to the thickness of the 

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

the ingot to thereby form a separation layer for 

separating the wafer from the ingot; a wafer separa ting 

unit for holding the upper surface of the ingot to 

separate the wafer from the ingot along the separat ion 

layer; and a wafer storing unit for storing the waf er 

separated from the ingot. 

        Preferably, the wafer producing apparatus f urther 

includes an ingot storing unit for storing the ingo t and 

an ingot transfer unit for transferring the ingot f rom 

the ingot storing unit to the holding unit.  Prefer ably, 

the wafer producing apparatus further includes a cl eaning 

unit for cleaning the ingot processed by the flatte ning 

unit.  Preferably, the holding unit is provided on a turn 

table, so that when the turn table is rotated, the 

holding unit is positioned sequentially below the 

flattening unit, the laser applying unit, and the w afer 

separating unit. 
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        According to the wafer producing apparatus of the 

present invention, the wafer can be automatically 

produced from the ingot and then stored into the wa fer 

storing unit.  Accordingly, the production efficien cy can 

be improved. 

        The above and other objects, features and 

advantages of the present invention and the manner of 

realizing them will become more apparent, and the 

invention itself will best be understood from a stu dy of 

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. 1 is a perspective view of a wafer pro ducing 

apparatus according to a preferred embodiment of th e 

present invention; 

        FIG. 2 is a perspective view of an essentia l part 

of the wafer producing apparatus shown in FIG. 1; 

        FIG. 3 is an enlarged perspective view of a n 

essential part of a flattening unit shown in FIG. 2 ; 

        FIG. 4 is a schematic view showing the oper ation of 

a cleaning unit shown in FIG. 2, in which a cleanin g 

water is discharged from a first cleaning portion a nd a 
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compressed air is discharged from a second cleaning  

portion; 

        FIG. 5 is a perspective view of a laser app lying 

unit shown in FIG. 1; 

        FIG. 6 is a view similar to FIG. 5, showing  a 

condition where a frame member is removed from the laser 

applying unit; 

        FIG. 7 is a block diagram of the laser appl ying 

unit shown in FIG. 5; 

        FIG. 8 is a perspective view of a wafer sep arating 

unit shown in FIG. 1; 

        FIG. 9 is a sectional view of the wafer sep arating 

unit shown in FIG. 1; 

        FIG. 10 is a perspective view of an ingot t ransfer 

unit shown in FIG. 1; 

        FIG. 11A is an elevational view of a single  crystal 

SiC ingot; 

        FIG. 11B is a plan view of the ingot shown in FIG. 

11A; 

        FIG. 12A is a perspective view of the ingot  and a 

substrate to be mounted thereon; 

        FIG. 12B is a view similar to FIG. 12A, sho wing a 

condition where the substrate is mounted on the ing ot; 

        FIG. 13 is a perspective view showing a hol ding 
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step; 

        FIG. 14 is a plan view showing a condition where a 

first single crystal SiC ingot is set at a flatteni ng 

position and a second single crystal SiC ingot is s et at 

a standby position; 

        FIG. 15 is a plan view showing a condition where 

the first ingot is set at a separation layer formin g 

position, the second ingot is set at the flattening  

position, and a third single crystal SiC ingot is s et at 

the standby position; 

        FIG. 16A is a perspective view showing a se paration 

layer forming step; 

        FIG. 16B is an elevational view showing the  

separation layer forming step shown in FIG. 16A; 

        FIG. 17A is a plan view of the ingot in whi ch a 

separation layer has been formed in the separation layer 

forming step; 

        FIG. 17B is a cross section taken along the  line B-

B in FIG. 17A; 

        FIG. 18 is a plan view showing a condition where 

the first ingot is set at a wafer separating positi on, 

the second ingot is set at the separation layer for ming 

position, the third ingot is set at the flattening 

position, and a fourth single crystal SiC ingot is set at 
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the standby position; 

        FIG. 19A is a perspective view showing a co ndition 

where a liquid tank is positioned directly above a chuck 

table in a wafer separating step; 

        FIG. 19B is a view similar to FIG. 19A, sho wing a 

condition where the lower surface of the liquid tan k is 

in contact with the upper surface of the chuck tabl e in 

the wafer separating step; 

        FIG. 20 is a perspective view showing a con dition 

where an SiC wafer has been separated from the ingo t by 

the wafer separating unit; 

        FIG. 21 is a plan view showing a condition where 

the first ingot is set at the standby position, the  

second ingot is set at the wafer separating positio n, the 

third ingot is set at the separation layer forming 

position, and the fourth ingot is set at the flatte ning 

position; 

        FIG. 22 is a plan view showing a condition where 

the first ingot is set at the flattening position, the 

second ingot is set at the standby position, the th ird 

ingot is set at the wafer separating position, and the 

fourth ingot is set at the separation layer forming  

position; and 

        FIG. 23 is a plan view showing a condition where 



9 

the first ingot is set at the separation layer form ing 

position, the second ingot is set at the flattening  

position, the third ingot is set at the standby pos ition, 

and the fourth ingot is set at the wafer separating  

position. 

 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

        A preferred embodiment of the wafer produci ng 

apparatus according to the present invention will n ow be 

described with reference to the drawings.  FIG. 1 s hows a 

wafer producing apparatus 2 according to this prefe rred 

embodiment.  The wafer producing apparatus 2 includ es a 

holding unit 4 for holding a single crystal SiC ing ot 

(which will be hereinafter referred to simply as “i ngot”), 

a flattening unit 6 for grinding the upper surface of the 

ingot held by the holding unit 4, thereby flattenin g the 

upper surface of the ingot, a laser applying unit 8  for 

setting the focal point of a laser beam having a 

transmission wavelength to the ingot inside the ing ot at 

a predetermined depth from the upper surface of the  ingot 

held by the holding unit 4, the predetermined depth  

corresponding to the thickness of an SiC wafer to b e 

produced (which will be hereinafter referred to sim ply as 

“wafer”), and next applying the laser beam to the i ngot 
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to thereby form a separation layer for separating t he 

wafer from the ingot, a wafer separating unit 10 fo r 

holding the upper surface of the ingot to separate the 

wafer from the ingot along the separation layer, an d a 

wafer storing unit 12 for storing the wafer separat ed 

from the ingot. 

        The holding unit 4 will now be described wi th 

reference to FIG. 2.  The wafer producing apparatus  2 

includes a base 14 having an upper surface.  The up per 

surface of the base 14 is recessed to form a turn t able 

accommodating portion 16 having a rectangular shape  as 

viewed in plan.  A circular turn table 18 is accomm odated 

in the turn table accommodating portion 16.  The tu rn 

table 18 is adapted to be rotated by a turn table m otor 

(not shown) built in the base 14.  The turn table 1 8 is 

rotatable about its axis extending in the Z directi on 

through the radial center of the turn table 18.  Th e 

holding unit 4 is composed of four circular chuck t ables 

20 rotatably provided on the upper surface of the t urn 

table 18.  Preferably, each chuck table 20 is adapt ed to 

be moved essentially to the flattening unit 6, the laser 

applying unit 8, and the wafer separating unit 10, by the 

rotation of the turn table 18.  That is, as shown i n FIG. 

2, each chuck table 20 is adapted to take a standby  
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position P1, a flattening position P2 below the 

flattening unit 6, a separation layer forming posit ion P3 

below the laser applying unit 8, and a wafer separa ting 

position P4 below the wafer separating unit 10.  Th e four 

chuck tables 20 are adapted to be rotated by four c huck 

table motors (not shown) built in the base 14.  Eac h chuck 

table 20 is rotatable about its axis extending in t he Z 

direction through the radial center of each chuck t able 

20. 

        The four chuck tables 20 are arranged at eq ual 

intervals in the circumferential direction of the t urn 

table 18 (i.e., at 90-degree intervals), and partit ioned 

by a crossing partition wall 18a provided on the up per 

surface of the turn table 18.  The upper surface of  each 

chuck table 20 is provided with a circular vacuum c huck 

22 formed of a porous material.  The vacuum chuck 2 2 has 

an upper surface present in a substantially horizon tal 

plane.  The vacuum chuck 22 of each chuck table 20 is 

connected through a suction passage to a suction un it 

(not shown).  Accordingly, a suction force generate d by 

the suction unit is adapted to be applied to the up per 

surface of the vacuum chuck 22 in each chuck table 20 

constituting the holding unit 4, so that the ingot placed 

on the upper surface of the vacuum chuck 22 can be held 
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under suction.  The Z direction is a vertical direc tion 

shown by an arrow Z in FIG. 2.  Further, the X dire ction 

shown by an arrow X in FIG. 2 is a direction 

perpendicular to the Z direction, and the Y directi on 

shown by an arrow Y in FIG. 2 is a direction 

perpendicular to both the X direction and the Z dir ection.  

The XY plane defined by the X direction and the Y 

direction is a substantially horizontal plane. 

        As shown in FIG. 2, the flattening unit 6 i ncludes 

a rectangular mounting wall 24 extending in the Z 

direction from the upper surface of the base 14 at one 

end thereof in the Y direction, a rectangular Z mov able 

plate 26 mounted on the mounting wall 24 so as to b e 

movable in the Z direction, and a Z moving mechanis m 28 

for moving the Z movable plate 26 in the Z directio n.  A 

pair of guide rails 24a extending in the Z directio n are 

provided on one side of the mounting wall 24 (i.e.,  on 

the front side in the Y direction in FIG. 2).  The guide 

rails 24a are spaced from each other in the X direc tion.  

As corresponding to the guide rails 24a of the moun ting 

wall 24, a pair of guided rails 26a extending in th e Z 

direction are formed on the Z movable plate 26.  Th e 

guided rails 26a of the Z movable plate 26 are slid ably 

engaged with the guide rails 24a of the mounting wa ll 24, 
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so that the Z movable plate 26 is mounted on the mo unting 

wall 24 so as to be movable in the Z direction.  Th e Z 

moving mechanism 28 has a ball screw 30 extending i n the 

Z direction along one side of the mounting wall 24 and a 

motor 32 connected to one end of the ball screw 30.   The 

ball screw 30 has a nut portion (not shown), which is 

fixed to the Z movable plate 26.  Accordingly, the rotary 

motion of the motor 32 is converted into a linear m otion 

by the ball screw 30, and this linear motion is 

transmitted to the Z movable plate 26, so that the Z 

movable plate 26 can be moved in the Z direction al ong 

the guide rails 24a of the mounting wall 24 by oper ating 

the Z moving mechanism 28. 

        The flattening unit 6 will further be descr ibed 

with reference to FIGS. 2 and 3.  A support block 3 4 is 

fixed to the front side of the Z movable plate 26 s o as 

to project in the Y direction.  A motor 36 is suppo rted on 

the upper surface of the support block 34, and a 

cylindrical spindle housing 38 is supported on the lower 

surface of the support block 34 so as to extend dow nward.  

A cylindrical spindle 40 is supported to the spindl e 

housing 38 so as to be rotatable about a vertical a xis 

extending in the Z direction.  The upper end of the  

spindle 40 is connected to the motor 36, so that th e 
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spindle 40 can be rotated about its axis by operati ng the 

motor 36.  As shown in FIG. 3, a disk-shaped wheel mount 

42 is fixed to the lower end of the spindle 40.  A 

grinding wheel 46 is fixed to the lower surface of the 

wheel mount 42 by bolts 44.  A plurality of abrasiv e 

members 48 are fixed to the lower surface of the gr inding 

wheel 46 so as to be annularly arranged at given 

intervals along the outer circumference of the grin ding 

wheel 46.  As shown in FIG. 3, when the chuck table  20 is 

set at the flattening position P2, the center of ro tation 

of the grinding wheel 46 is deviated from the cente r of 

rotation of the chuck table 20 in such a manner tha t a 

ring formed by the plural abrasive members 48 passe s 

through the center of the chuck table 20 as viewed in 

plan.  Accordingly, when both the chuck table 20 an d the 

grinding wheel 46 are rotated and the abrasive memb ers 48 

come into contact with the upper surface of the ing ot 

held on the chuck table 20, the whole of the upper 

surface of the ingot can be ground by the abrasive 

members 48 in the flattening unit 6.  Thus, the upp er 

surface of the ingot held on the chuck table 20 can  be 

uniformly ground to be flattened. 

        Preferably, the wafer producing apparatus 2  

includes a cleaning unit 50 for cleaning the ingot whose 



15 

upper surface has been flattened by the flattening unit 6.  

As shown in FIG. 2, the cleaning unit 50 includes a  

support member 52 mounted on the upper surface of t he 

base 14 along the side surface of the mounting wall  24 of 

the flattening unit 6, a first cleaning portion 54 

extending from the upper end of the support member 52 in 

the Y direction, and a second cleaning portion 56 

extending from the upper end of the support member 52 in 

the Y direction so as to be juxtaposed to the first  

cleaning portion 54 in the X direction.  The first 

cleaning portion 54 may be formed from a hollow mem ber, 

and a plurality of nozzle holes (not shown) are for med on 

the lower surface of the first cleaning portion 54 so as 

to be spaced in the Y direction.  The plural nozzle  holes 

of the first cleaning portion 54 are connected thro ugh a 

fluid passage to a cleaning water supply unit (not shown).  

Similarly, the second cleaning portion 56 may be fo rmed 

of a hollow member, and a plurality of nozzle holes  (not 

shown) are formed on the lower surface of the secon d 

cleaning portion 56 so as to be spaced in the Y dir ection.  

The plural nozzle holes of the second cleaning port ion 56 

are connected through a fluid passage to a compress ed air 

source (not shown).  As shown in FIG. 4, the cleani ng unit 

50 is operated in such a manner that a cleaning wat er 55 
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is discharged obliquely downward from each nozzle h ole of 

the first cleaning portion 54 toward the ingot held  on 

the chuck table 20 set below the flattening unit 6,  

thereby removing a grinding dust from the ingot.  F urther, 

a compressed air 57 is discharged downward from eac h 

nozzle hole of the second cleaning portion 56, ther eby 

removing the cleaning water 55 from the ingot.  Thu s, the 

ingot flattened by the flattening unit 6 can be cle aned 

by the cleaning unit 50. 

        The laser applying unit 8 will now be descr ibed 

with reference to FIGS. 1, 5, and 6.  The laser app lying 

unit 8 includes a frame member 58 extending upward from 

the upper surface of the base 14 so as to be locate d 

adjacent to the mounting wall 24 of the flattening unit 6 

in the X direction, a rectangular guide plate 60 

extending from the upper end of the frame member 58  in 

the Y direction, a Y movable member 62 supported to  the 

guide plate 60 so as to be movable in the Y directi on, 

and a Y moving mechanism 64 for moving the Y movabl e 

member 62 in the Y direction.  A pair of guide rail s 60a 

extending in the Y direction are formed on the lowe r 

surface of the guide plate 60 at its opposite ends in the 

X direction.  As shown in FIG. 6, the Y movable mem ber 62 

has a pair of guided portions 66 spaced in the X 
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direction and a mounting portion 68 extending in th e X 

direction so as to connect the lower ends of the gu ided 

portions 66.  A guided rail 66a extending in the Y 

direction is formed at the upper end of each guided  

portion 66.  The guided rails 66a of the guided por tion 66 

are slidably engaged with the guide rails 60a of th e 

guide plate 60, so that the Y movable member 62 is 

supported to the guide plate 60 so as to be movable  in 

the Y direction.  Further, a pair of guide rails 68 a 

extending in the X direction are formed on the lowe r 

surface of the mounting portion 68 at its opposite ends 

in the Y direction.  As shown in FIG. 6, the Y movi ng 

mechanism 64 has a ball screw 70 extending in the Y  

direction so as to be located below the guide plate  60 

and a motor 72 connected to one end of the ball scr ew 70.  

The ball screw 70 has an inverted U-shaped nut port ion 

70a, which is fixed to the upper surface of the mou nting 

portion 68.  Accordingly, the rotary motion of the motor 

72 can be converted into a linear motion by the bal l 

screw 70, and this linear motion can be transmitted  to 

the Y movable member 62.  As a result, the Y movabl e 

member 62 can be moved in the Y direction along the  guide 

rails 60a of the guide plate 60 by operating the Y moving 

mechanism 64. 
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        The laser applying unit 8 will further be d escribed 

with reference to FIG. 6.  The laser applying unit 8 

further includes an X movable plate 74 mounted on t he 

mounting portion 68 of the Y movable member 62 so a s to 

be movable in the X direction and an X moving mecha nism 

76 for moving the X movable plate 74 in the X direc tion.  

The opposite ends of the X movable plate 74 in the Y 

direction are slidably engaged with the guide rails  68a 

of the mounting portion 68, so that the X movable p late 

74 is mounted on the mounting portion 68 so as to b e 

movable in the X direction.  The X moving mechanism  76 has 

a ball screw 78 extending in the X direction so as to be 

located above the mounting portion 68 and a motor 8 0 

connected to one end of the ball screw 78.  The bal l screw 

78 has a nut portion 78a, which is fixed to the upp er 

surface of the X movable plate 74.  The mounting po rtion 

68 has an elongated opening 68b in which the nut po rtion 

78a is movable in the X direction.  Accordingly, th e 

rotary motion of the motor 80 can be converted into  a 

linear motion by the ball screw 78, and this linear  

motion can be transmitted to the X movable plate 74 .  As a 

result, the X movable plate 74 can be moved in the X 

direction along the guide rails 68a of the mounting  

portion 68 by operating the X moving mechanism 76. 
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        The laser applying unit 8 will further be d escribed 

with reference to FIGS. 6 and 7.  The laser applyin g unit 

8 further includes a laser oscillator 82 built in t he 

frame member 58, a first mirror 84 mounted on the l ower 

surface of the mounting portion 68 of the Y movable  

member 62 so as to be spaced from the laser oscilla tor 82 

in the Y direction, a second mirror (not shown) mou nted 

on the lower surface of the X movable plate 74 so a s to 

be spaced from the first mirror 84 in the X directi on, 

focusing means 86 mounted on the lower surface of t he X 

movable plate 74 so as to be movable in the Z direc tion, 

an alignment unit 88 mounted on the lower surface o f the 

X movable plate 74 so as to be spaced from the focu sing 

means 86 in the X direction, and a focal position 

adjusting unit (not shown) for moving the focusing means 

86 in the Z direction to adjust the Z position of t he 

focal point of the focusing means 86.  The second m irror 

is located directly above the focusing means 86.  T he 

laser oscillator 82 functions to oscillate a pulsed  laser 

beam LB having a transmission wavelength to the ing ot.  

The focusing means 86 has a focusing lens (not show n) for 

focusing the pulsed laser beam LB oscillated from t he 

laser oscillator 82.  The focusing lens is located below 

the second mirror.  The alignment unit 88 functions  to 
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image the ingot held on the chuck table 20 and dete ct an 

area to be laser-processed.  The focal position adj usting 

unit may be so configured as to have a ball screw ( not 

shown) extending in the Z direction and a motor (no t 

shown) connected to one end of the ball screw, in w hich 

the ball screw has a nut portion fixed to the focus ing 

means 86. 

        The focal position adjusting unit is operat ed in 

such a manner that the rotary motion of the motor i s 

converted into a linear motion by the ball screw, a nd 

this linear motion is transmitted to the focusing m eans 

86.  Accordingly, the focusing means 86 can be move d in 

the Z direction along a guide rail (not shown), so that 

the Z position of the focal point of the pulsed las er 

beam LB to be focused by the focusing lens can be 

adjusted.  The optical path of the pulsed laser bea m LB to 

be oscillated from the laser oscillator 82 is set t o 

extend in the Y direction.  The first mirror 84 fun ctions 

to change the optical path of the pulsed laser beam  LB 

oscillated from the laser oscillator 82 from the Y 

direction to the X direction.  The second mirror fu nctions 

to change the optical path of the pulsed laser beam  LB 

reflected by the first mirror 84 from the X directi on to 

the Z direction, thereby introducing the pulsed las er 
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beam LB to the focusing lens of the focusing means 86.  

The pulsed laser beam LB thus introduced to the foc using 

lens is focused by the focusing lens and applied to  the 

ingot held on the chuck table 20.  Even when the fo cusing 

means 86 is moved in the Y direction by operating t he Y 

moving mechanism 64 to move the Y movable member 62  or 

the focusing means 86 is moved in the X direction b y 

operating the X moving mechanism 76 to move the X m ovable 

plate 74, the optical path of the pulsed laser beam  LB 

oscillated from the laser oscillator 82 is changed from 

the Y direction to the X direction by the first mir ror 84 

and introduced to the second mirror.  Thereafter, t he 

optical path of the pulsed laser beam LB introduced  to 

the second mirror is changed from the X direction t o the 

Z direction by the second mirror and introduced to the 

focusing means 86. 

        In the laser applying unit 8 configured abo ve, a 

separation layer can be formed inside the ingot by 

applying the pulsed laser beam LB to the ingot in t he 

following manner.  First, the ingot held on the chu ck 

table 20 is imaged by the alignment unit 88 to dete ct an 

area to be laser-processed.  Thereafter, the focusi ng 

means 86 is moved in the Z direction by operating t he 

focal position adjusting unit to set the focal poin t of 
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the pulsed laser beam LB having a transmission wave length 

to the ingot inside the ingot at a predetermined de pth 

from the upper surface of the ingot held on the chu ck 

table 20, the predetermined depth corresponding to the 

thickness of the wafer to be produced.  Thereafter,  the 

pulsed laser beam LB is applied from the focusing m eans 

86 to the ingot held on the chuck table 20 as suita bly 

moving the X movable plate 74 in the X direction by  

operating the X moving mechanism 76 and also suitab ly 

moving the Y movable member 62 in the Y direction b y 

operating the Y moving mechanism 64. 

        The wafer separating unit 10 will now be de scribed 

with reference to FIGS. 1 and 8.  The wafer separat ing 

unit 10 functions to apply ultrasonic vibration to the 

ingot in which the separation layer has been formed  by 

the laser applying unit 8, thereby separating the w afer 

from the ingot along the separation layer.  The waf er 

separating unit 10 includes a support member 90 fix ed to 

the upper surface of the base 14, an arm 92 having a base 

end supported to the support member 90 so as to be 

movable in the Z direction, the arm 92 extending fr om the 

base end in the X direction, and an arm moving mech anism 

94 for moving the arm 92 in the Z direction.  The a rm 

moving mechanism 94 has a ball screw (not shown) 
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extending in the Z direction so as to be located in  the 

support member 90 and a motor 96 connected to one e nd of 

this ball screw.  The ball screw of the arm moving 

mechanism 94 has a nut portion (not shown), which i s 

fixed to the base end of the arm 92.  Accordingly, the 

rotary motion of the motor 96 can be converted into  a 

linear motion by the ball screw, and this linear mo tion 

can be transmitted to the arm 92.  As a result, the  arm 92 

can be moved in the Z direction by the arm moving 

mechanism 94 along a guide rail (not shown) built i n the 

support member 90 so as to extend in the Z directio n. 

        The wafer separating unit 10 will further b e 

described with reference to FIGS. 8 and 9.  A liqui d tank 

98 is fixed to the front end of the arm 92.  The li quid 

tank 98 functions to store a liquid in cooperation with 

the chuck table 20 in separating the wafer from the  ingot.  

The liquid tank 98 has a circular top wall 100 and a 

cylindrical side wall 102 extending downward from t he 

outer circumference of the top wall 100.  That is, the 

bottom of the liquid tank 98 is open.  The top wall  100 is 

formed with a cylindrical liquid inlet portion 104 

communicating with the inside of the liquid tank 98  and 

the outside thereof.  The liquid inlet portion 104 is 

connected through a fluid passage to a liquid suppl y unit 



24 

(not shown).  As shown in FIG. 9, an annular gasket  106 is 

mounted on the lower end of the side wall 102.  Whe n the 

arm 92 is lowered by the arm moving mechanism 94 to  make 

the lower end of the side wall 102 into close conta ct 

with the upper surface of the chuck table 20, a liq uid 

storing space 108 is defined by the upper surface o f the 

chuck table 20 and the inside surface of the liquid  tank 

98.  A liquid 110 is supplied from the liquid suppl y unit 

through the liquid inlet portion 104 into the liqui d 

storing space 108.  At this time, the leakage of th e 

liquid 110 stored in the liquid storing space 108 i s 

prevented by the gasket 106. 

        The wafer separating unit 10 will further b e 

described with reference to FIGS. 8 and 9.  An air 

cylinder 112 is mounted on the top wall 100 of the liquid 

tank 98.  The air cylinder 112 includes a cylinder tube 

112a and a piston rod 112b.  The cylinder tube 112a  

extends upward from the upper surface of the top wa ll 100.  

The piston rod 112b is accommodated in the cylinder  tube 

112a, and the lower end portion of the piston rod 1 12b is 

inserted through an opening 100a of the top wall 10 0 to 

project downward from the top wall 100.  A disk-sha ped 

ultrasonic vibration generating member 114 is fixed  to 

the lower end of the piston rod 112b.  The ultrason ic 
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vibration generating member 114 may be formed of 

piezoelectric ceramic.  A disk-shaped suction membe r 116 

is fixed to the lower surface of the ultrasonic vib ration 

generating member 114.  The lower surface of the su ction 

member 116 is formed with a plurality of suction ho les 

(not shown), which are connected through a suction 

passage to a suction unit (not shown).  Accordingly , a 

suction force generated by the suction unit can be 

applied to the lower surface of the suction member 116, 

thereby holding the ingot on the lower surface of t he 

suction member 116 under suction.  The wafer separa ting 

unit 10 configured above is operated in the followi ng 

manner.  The arm 92 is lowered by the arm moving me chanism 

94 until the lower end of the side wall 102 comes i nto 

close contact with the upper surface of the chuck t able 

20 holding the ingot in which the separation layer has 

been formed by the laser applying unit 8.  Further,  the 

piston rod 112b of the air cylinder 112 is lowered until 

the lower surface of the suction member 116 comes i nto 

contact with the upper surface of the ingot held on  the 

chuck table 20 to hold the upper surface of the ing ot 

under suction.  Thereafter, the liquid 110 is store d into 

the liquid storing space 108, and the ultrasonic 

vibration generating member 114 is next operated to  apply 
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ultrasonic vibration to the ingot.  As a result, th e wafer 

can be separated from the ingot along the separatio n 

layer as a separation start point. 

        The wafer storing unit 12 will now be descr ibed 

with reference to FIGS. 1 and 2.  The wafer storing  unit 

12 is configured by a cassette capable of storing a  

plurality of wafers in the condition where these wa fers 

are arranged at given intervals in a vertical direc tion, 

in which each wafer has been separated from the ing ot 

along the separation layer by the wafer separating unit 

10.  The cassette is detachably mounted on the uppe r 

surface of the base 14.  Further, a wafer transfer unit 

118 is provided between the wafer separating unit 1 0 and 

the wafer storing unit 12.  The wafer transfer unit  118 

functions to transfer the wafer from the wafer sepa rating 

unit 10 to the wafer storing unit 12 after the wafe r has 

been separated from the ingot along the separation layer 

by the wafer separating unit 10.  As shown in FIG. 2, the 

wafer transfer unit 118 includes an elevating unit 120 

extending upward from the upper surface of the base  14, a 

first motor 122 fixed to the upper end of the eleva ting 

unit 120, a first arm 124 connected at its base end  to 

the first motor 122 so as to be rotatable about an axis 

extending in the Z direction, a second motor 126 fi xed to 
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the front end of the first arm 124, a second arm 12 8 

connected at its base end to the second motor 126 s o as 

to be rotatable about an axis extending in the Z 

direction, and a disk-shaped suction member 130 fix ed to 

the front end of the second arm 128. 

        The first motor 122 is vertically moved in the Z 

direction by the elevating unit 120.  The first arm  124 is 

rotated by the first motor 122 with respect to the 

elevating unit 120 about the rotation axis extendin g 

through the base end of the first arm 124 in the Z 

direction.  The second arm 128 is rotated by the se cond 

motor 126 with respect to the first arm 124 about t he 

rotation axis extending through the base end of the  

second arm 128 in the Z direction.  The upper surfa ce of 

the suction member 130 is formed with a plurality o f 

suction holes 130a, which are connected through a s uction 

passage to a suction unit (not shown).  Accordingly , a 

suction force generated by the suction unit can be 

applied to the upper surface of the suction member 130 in 

the wafer transfer unit 118, so that the wafer sepa rated 

from the ingot along the separation layer by the wa fer 

separating unit 10 can be held on the upper surface  of 

the suction member 130 under suction.  At the same time, 

the first arm 124 and the second arm 128 are operat ed by 
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the elevating unit 120, the first motor 122, and th e 

second motor 126, so that the wafer held by the suc tion 

member 130 can be transferred from the wafer separa ting 

unit 10 to the wafer storing unit 12. 

        As shown in FIG. 1, the wafer producing app aratus 2 

preferably further includes an ingot storing unit 1 32 for 

storing the ingot and an ingot transfer unit 134 fo r 

transferring the ingot from the ingot storing unit 132 to 

the holding unit 4.  In this preferred embodiment, the 

ingot storing unit 132 is composed of four circular  

storing recesses 132a formed on the upper surface o f the 

base 14 so as to be spaced in the Y direction.  Eac h 

storing recess 132a has a diameter slightly larger than 

the diameter of the ingot.  Accordingly, the ingot can be 

stored in each storing recess 132a. 

        The ingot transfer unit 134 will now be des cribed 

with reference to FIGS. 1 and 10.  The ingot transf er unit 

134 includes a frame member 136 provided on the upp er 

surface of the base 14 so as to extend in the Y dir ection 

along the ingot storing unit 132, an arm 138 suppor ted at 

its base end to the frame member 136 so as to be mo vable 

in the Y direction, the arm 138 extending from the base 

end in the X direction, and an arm moving mechanism  140 

for moving the arm 138 in the Y direction.  The fra me 
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member 136 is formed with a rectangular guide openi ng 

136a elongated in the Y direction.  The arm moving 

mechanism 140 has a ball screw (not shown) extendin g in 

the Y direction so as to be located in the frame me mber 

136 and a motor 142 connected to one end of this ba ll 

screw.  The ball screw of the arm moving mechanism 140 has 

a nut portion (not shown), which is fixed to the ba se end 

of the arm 138.  Accordingly, the rotary motion of the 

motor 142 can be converted into a linear motion by the 

ball screw, and this linear motion can be transmitt ed to 

the arm 138.  As a result, the arm 138 can be moved  in the 

Y direction by the arm moving mechanism 140 along t he 

guide opening 136a of the frame member 136.  As sho wn in 

FIG. 10, an air cylinder 144 extending in the Z dir ection 

is mounted on the front end of the arm 138.  The ai r 

cylinder 144 has a piston rod 144a projecting downw ard.  A 

disk-shaped suction member 146 is fixed to the lowe r end 

of the piston rod 144a.  The lower surface of the s uction 

member 146 is formed with a plurality of suction ho les 

(not shown), which are connected through a suction 

passage to a suction unit (not shown).  Accordingly , a 

suction force generated by the suction unit can be 

applied to the lower surface of the suction member 146, 

so that the upper surface of the ingot stored in th e 
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ingot storing unit 132 can be held on the lower sur face 

of the suction member 146 under suction.  In this 

condition, by operating the arm moving mechanism 14 0 to 

move the arm 138 in the Y direction and operating t he air 

cylinder 144 to move the suction member 146 in the Z 

direction, the ingot held by the suction member 146  can 

be transferred from the ingot storing unit 132 to t he 

holding unit 4. 

        FIGS. 11A and 11B show a single crystal SiC  ingot 

150 to be processed by the wafer producing apparatu s 2.  

The single crystal SiC ingot 150 (which will be 

hereinafter referred to simply as “ingot 150”) is a  

substantially cylindrical ingot formed of hexagonal  

single crystal SiC.  The ingot 150 has a substantia lly 

circular first surface 152, a substantially circula r 

second surface 154 opposite to the first surface 15 2, a 

substantially cylindrical surface 156 formed so as to 

connect the first surface 152 and the second surfac e 154, 

a c-axis (<0001> direction) extending from the firs t 

surface 152 to the second surface 154, and a c-plan e 

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

150, the c-axis is inclined by an off angle α (e.g., α = 

1, 3, or 6 degrees) with respect to a normal 158 to  the 

first surface 152.  The off angle α is formed between the 
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c-plane and the first surface 152.  The direction o f 

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

inclination of the c-axis) is shown by an arrow A i n FIGS. 

11A and 11B.  Further, the cylindrical surface 156 of the 

ingot 150 is formed with a first orientation flat 1 60 and 

a second orientation flat 162, which are both recta ngular 

in shape as viewed in side elevation.  These orient ation 

flats 160 and 162 are formed to indicate crystal 

orientation.  The first orientation flat 160 extend s 

parallel to the direction A of formation of the off  angle 

α, and the second orientation flat 162 extends 

perpendicular to the direction A of formation of th e off 

angle α.  As shown in FIG. 11B, which is a plan view taken  

in the direction of extension of the normal 158, th e 

length L2 of the second orientation flat 162 is set  

shorter than the length L1 of the first orientation  flat 

160 (L2 < L1).  The ingot to be processed by the wa fer 

producing apparatus 2 is not limited to the ingot 1 50.  

For example, the ingot to be processed in the prese nt 

invention may be a single crystal SiC ingot such th at the 

c-axis is not inclined with respect to the normal 1 58 to 

the first surface 152, and the off angle α between the c-

plane and the first surface 152 is 0 degree (i.e., the c-

axis coincides with the normal 158 to the first sur face 
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152).  Further, the ingot to be processed in the pr esent 

invention may be a single crystal GaN ingot formed of 

single crystal GaN (gallium nitride), for example. 

        There will now be described a wafer produci ng 

method for producing the wafer from the ingot 150 b y 

using the wafer producing apparatus 2.  In the wafe r 

producing method using the wafer producing apparatu s 2, 

four ingots 150 are first prepared.  Thereafter, as  shown 

in FIGS. 12A and 12B, a substrate mounting step is 

performed to mount a disk-shaped substrate 164 on a n end 

surface of each ingot 150 (i.e., the second surface  154 

of each ingot 150) through a suitable adhesive.  Th e 

substrate mounting step is performed for the purpos e of 

holding each ingot 150 having the first orientation  flat 

160 and the second orientation flat 162 on the circ ular 

vacuum chuck 22 of the chuck table 20 by applying a  

predetermined suction force.  The diameter of the 

substrate 164 is slightly larger than the diameter of 

each ingot 150 and slightly larger than the diamete r of 

the vacuum chuck 22 of the chuck table 20.  Accordi ngly, 

when each ingot 150 is placed on the chuck table 20  in 

the condition where the substrate 164 is oriented 

downward, the vacuum chuck 22 is fully covered with  the 

substrate 164, so that when the suction unit connec ted to 
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the vacuum chuck 22 is operated, the substrate 164 can be 

held on the vacuum chuck 22 under suction by a 

predetermined suction force.  Accordingly, each ing ot 150 

having the first orientation flat 160 and the secon d 

orientation flat 162 can be held through the substr ate 

164 on the chuck table 20 under suction.  In the ca se that 

the diameter of each ingot is larger than that of t he 

vacuum chuck 22, the upper surface of the vacuum ch uck 22 

is fully covered with each ingot placed on the chuc k 

table 20.  In this case, there is no possibility th at air 

may be sucked around the vacuum chuck 22 in operati ng the 

suction unit, so that each ingot can be held on the  

vacuum chuck 22 under suction by a predetermined su ction 

force.  Accordingly, in this case, the substrate mo unting 

step may not be performed. 

        After performing the substrate mounting ste p, an 

ingot storing step is performed to store each ingot  150 

into the ingot storing unit 132.  In this preferred  

embodiment shown in FIG. 1, the four ingots 150 eac h 

having the substrate 164 are stored into the respec tive 

four storing recesses 132a of the ingot storing uni t 132, 

in the condition where the substrate 164 is oriente d 

downward. 

        After performing the ingot storing step, an  ingot 
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transfer step is performed to transfer each ingot 1 50 

from the ingot storing unit 132 to the holding unit  4 by 

using the ingot transfer unit 134.  In the ingot tr ansfer 

step, the arm moving mechanism 140 of the ingot tra nsfer 

unit 134 is first operated to move the arm 138 in t he Y 

direction and then positions the suction member 146  

directly above any arbitrary one of the four ingots  150 

stored in the ingot storing unit 132 (this arbitrar y 

ingot 150 will be hereinafter referred to “first in got 

150a”).  Thereafter, the air cylinder 144 of the in got 

transfer unit 134 is operated to lower the suction member 

146 and bring the lower surface of the suction memb er 146 

into close contact with the upper surface of the fi rst 

ingot 150a (e.g., the first surface 152 of the firs t 

ingot 150a).  Thereafter, the suction unit connecte d to 

the suction member 146 is operated to apply a sucti on 

force to the lower surface of the suction member 14 6, 

thereby holding the upper surface of the first ingo t 150a 

on the lower surface of the suction member 146 unde r 

suction.  Thereafter, the air cylinder 144 is opera ted to 

raise the suction member 146 holding the first ingo t 150a.  

Thereafter, the arm moving mechanism 140 is operate d to 

move the arm 138 in the Y direction and then positi ons 

the suction member 146 holding the first ingot 150a  
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directly above the chuck table 20 set at the standb y 

position P1.  Thereafter, as shown in FIG. 13, the air 

cylinder 144 is operated to lower the suction membe r 146 

holding the first ingot 150a until the lower surfac e of 

the substrate 164 comes into contact with the upper  

surface of the chuck table 20 set at the standby po sition 

P1.  Thereafter, the operation of the suction unit 

connected to the suction member 146 is stopped to t hereby 

remove the suction force applied to the suction mem ber 

146, so that the first ingot 150a is placed on the upper 

surface of the chuck table 20 set at the standby po sition 

P1.  In this manner, the first ingot 150a can be 

transferred from the ingot storing unit 132 to the chuck 

table 20 of the holding unit 4 by using the ingot 

transfer unit 134. 

        After performing the ingot transfer step, a  holding 

step is performed to hold each ingot 150 by using t he 

holding unit 4.  More specifically, in the holding step, 

the suction unit connected to the vacuum chuck 22 o n 

which the first ingot 150a has been placed is opera ted to 

apply a suction force to the upper surface of the v acuum 

chuck 22, thereby holding the first ingot 150a on t he 

chuck table 20 under suction. 

        After performing the holding step, the turn  table 
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18 is rotated by the turn table motor by 90 degrees  in a 

clockwise direction as viewed in plan to thereby mo ve the 

chuck table 20 holding the first ingot 150a from th e 

standby position P1 to the flattening position P2 a s 

shown in FIG. 14.  In this stage, the first ingot 1 50a set 

at the flattening position P2 is not processed by a  

flattening step of grinding the upper surface of ea ch 

ingot 150 held by the holding unit 4 to thereby fla tten 

the upper surface of each ingot 150.  That is, usua lly, 

the end surfaces of each ingot 150 (the first surfa ce 152 

and the second surface 154) have already been flatt ened 

to such an extent that the surface roughness does n ot 

interfere with the incidence of a laser beam in a 

separation layer forming step to be hereinafter des cribed.  

Accordingly, the flattening step may not be perform ed to 

each ingot 150 first transferred from the ingot sto ring 

unit 132 to the chuck table 20 set at the standby 

position P1 and next moved to the flattening positi on P2.  

In concert with the movement of the first ingot 150 a from 

the standby position P1 to the flattening position P2, 

the ingot transfer step and the holding step are 

performed for any arbitrary one of the remaining th ree 

ingots 150 stored in the ingot storing unit 132 (th is 

arbitrary ingot 150 will be hereinafter referred to  as 
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“second ingot 150b”).  That is, the ingot transfer unit 

134 is operated to transfer the second ingot 150b f rom 

the ingot storing unit 132 to the chuck table 20 se t at 

the standby position P1, and the holding unit 4 is next 

operated to hold the second ingot 150b on the chuck  table 

20 under suction.  In FIG. 14, the orientation of t he 

first ingot 150a set at the flattening position P2 is the 

same as the orientation of the second ingot 150b se t at 

the standby position P1 for convenience of illustra tion.  

However, by the rotation of the turn table 18 and t he 

rotation of each chuck table 20, the orientation of  the 

ingot 150 held on each chuck table 20 becomes arbit rary.  

This point is similarly applied to FIG. 15 and the other 

similar figures. 

        After performing the ingot transfer step an d the 

holding step for the second ingot 150b, the turn ta ble 18 

is rotated by the turn table motor by 90 degrees in  a 

clockwise direction as viewed in plan.  Accordingly , as 

shown in FIG. 15, the chuck table 20 holding the fi rst 

ingot 150a is moved from the flattening position P2  to 

the separation layer forming position P3, and the c huck 

table 20 holding the second ingot 150b is moved fro m the 

standby position P1 to the flattening position P2.  

Thereafter, the first ingot 150a is processed by a 
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separation layer forming step using the laser apply ing 

unit 8, in which the separation layer forming step is 

performed in such a manner that the focal point of the 

laser beam having a transmission wavelength to each  ingot 

150 is set at a predetermined depth from the upper 

surface of each ingot 150 held by the holding unit 4, the 

predetermined depth corresponding to the thickness of the 

wafer to be produced, and the laser beam is next ap plied 

to each ingot 150 to thereby form a separation laye r.  On 

the other hand, the second ingot 150b may not be 

processed by the flattening step, because the secon d 

ingot 150b is first transferred from the ingot stor ing 

unit 132 to the chuck table 20 set at the standby 

position P1 and next moved to the flattening positi on P2.  

In concert with the movement of the second ingot 15 0b 

from the standby position P1 to the flattening posi tion 

P2, the ingot transfer step and the holding step ar e 

performed for any arbitrary one of the remaining tw o 

ingots 150 stored in the ingot storing unit 132 (th is 

arbitrary ingot 150 will be hereinafter referred to  as 

“third ingot 150c”).  That is, the ingot transfer u nit 134 

is operated to transfer the third ingot 150c from t he 

ingot storing unit 132 to the chuck table 20 set at  the 

standby position P1, and the holding unit 4 is next  
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operated to hold the third ingot 150c on the chuck table 

20 under suction. 

        The separation layer forming step using the  laser 

applying unit 8 will now be described.  In the sepa ration 

layer forming step, the X moving mechanism 76 of th e 

laser applying unit 8 (see FIGS. 5 and 6) is operat ed to 

move the X movable plate 74 in the X direction and the Y 

moving mechanism 64 is operated to move the Y movab le 

member 62 in the Y direction, thereby positioning t he 

alignment unit 88 directly above each ingot 150.  

Thereafter, the alignment unit 88 is operated to im age 

the ingot 150 from the upper side thereof.  Thereaf ter, 

according to an image of the ingot 150 as obtained by the 

alignment unit 88, the chuck table 20 is rotated by  the 

chuck table motor, and the X movable plate 74 is mo ved in 

the X direction by the X moving mechanism 76.  Furt her, 

the Y movable member 62 is moved in the Y direction  by 

the Y moving mechanism 64.  Accordingly, the orient ation 

of the ingot 150 is adjusted to a predetermined 

orientation, and the positional relation between th e 

focusing means 86 and the ingot 150 in the XY plane  is 

adjusted. 

        In adjusting the orientation of the ingot 1 50 to a 

predetermined orientation, the first orientation fl at 160 
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is made parallel to the Y direction and the second 

orientation flat 162 is made parallel to the X dire ction 

as shown in FIG. 16A.  Accordingly, the direction A  of 

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

direction, and the direction perpendicular to the 

direction A of formation of the off angle α is made 

parallel to the X direction.  Thereafter, the focal  

position adjusting unit is operated to move the foc using 

means 86 in the Z direction, thereby setting a foca l 

point FP at a predetermined depth from the upper su rface 

of the ingot 150 (e.g., the first surface 152) as s hown 

in FIG. 16B, in which this predetermined depth 

corresponds to the thickness of the wafer to be pro duced.  

Thereafter, a pulsed laser beam LB having a transmi ssion 

wavelength to the ingot 150 is applied from the foc using 

means 86 to the ingot 150 as moving the X movable p late 

74 by operating the X moving mechanism 76 to thereb y move 

the focal point FP relative to the ingot 150 at a 

predetermined feed speed in the X direction paralle l to 

the direction perpendicular to the direction A of 

formation of the off angle α (modified layer forming 

step). 

        In the modified layer forming step, the pul sed 

laser beam LB is initially applied to the ingot 150  to 
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thereby decompose SiC into Si (silicon) and C (carb on).  

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

the ingot 150 and absorbed by C previously produced .  Thus, 

SiC is decomposed into Si and C in a chain reaction  

manner with the movement of the focal point FP in t he X 

direction to thereby linearly form a modified layer  166 

extending in the X direction as shown in FIGS. 17A and 

17B.  At the same time, cracks 168 are also formed so as 

to propagate from the modified layer 166 in opposit e 

directions along the c-plane as shown in FIGS. 17A and 

17B.  In the modified layer forming step, the focal  point 

FP is fed in the X direction relative to the ingot 150 so 

that the adjacent spots of the pulsed laser beam LB  

applied to the ingot 150 are overlapped with each o ther 

at the depth where the modified layer 166 is formed  (i.e., 

a plurality of circular modified portions are overl apped 

with each other to form the linear modified layer 1 66).  

Accordingly, the pulsed laser beam LB is applied ag ain to 

the modified layer 166 (to the circular modified po rtion 

previously formed) where SiC has been decomposed in to Si 

and C.  In order to ensure that the adjacent spots of the 

pulsed laser beam LB are overlapped with each other  in 

the modified layer forming step, the relation of G = 

(V/F) - D < 0 must hold, where F is the repetition 
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frequency of the pulsed laser beam LB, V is the fee d 

speed of the focal point FP, and D is the diameter of 

each spot.  Further, the overlap rate of the adjace nt 

spots is defined as |G|/D. 

        The separation layer forming step will furt her be 

described with reference to FIGS. 16A to 17B.  Afte r 

performing the modified layer forming step along a line 

in the X direction, an indexing step is performed i n such 

a manner that the Y movable member 62 is moved by t he Y 

moving mechanism 64 to thereby move the focal point  FP 

relative to the ingot 150 by a predetermined index amount 

Li in the Y direction parallel to the direction A o f 

formation of the off angle α.  Thereafter, the modified 

layer forming step and the indexing step are repeat ed 

plural times to thereby form a plurality of linear 

modified layers 166 spaced from each other by the 

predetermined index amount Li in the direction A of  

formation of the off angle α (in the Y direction), in 

which each linear modified layer 166 extends in the  

direction perpendicular to the direction A of forma tion 

of the off angle α (in the X direction) as shown in FIG. 

17A.  Furthermore, the cracks 168 propagating from each 

linear modified layer 166 and the cracks 168 propag ating 

from its adjacent linear modified layer 166 are 



43 

overlapped with each other in the direction A of 

formation of the off angle α (in the Y direction) as 

shown in FIG. 17B.  Accordingly, a separation layer  170 

for separating the wafer from the ingot 150 can be formed 

inside the ingot 150 at a predetermined depth from the 

upper surface of the ingot 150, the predetermined d epth 

corresponding to the thickness of the wafer to be 

produced, in which the separation layer 170 is comp osed 

of the plural linear modified layers 166 and the cr acks 

168 propagating therefrom as shown in FIG. 17B.  Fo r 

example, the separation layer forming step for form ing 

the separation layer 170 inside the ingot 150 may b e 

performed under the following processing conditions . 

        Wavelength of the pulsed laser beam: 1064 n m 

        Repetition frequency: 80 kHz 

        Average power: 3.2 W 

        Pulse width: 4 ns 

        Diameter of the focal point: 3 µm 

        Numerical aperture (NA) of the focusing len s: 0.43 

        Z position of the focal point: 300 µm in de pth from 

the upper surface of the ingot 

        Feed speed of the focal point: 120 to 260 m m/second 

        Index amount: 250 to 400 µm 

        After performing the separation layer formi ng step 
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for the first ingot 150a and performing the ingot 

transfer step and the holding step for the third in got 

150c, the turn table 18 is rotated by the turn tabl e 

motor by 90 degrees in a clockwise direction as vie wed in 

plan.  Accordingly, as shown in FIG. 18, the chuck table 

20 holding the first ingot 150a in which the separa tion 

layer 170 has been formed is moved from the separat ion 

layer forming position P3 to the wafer separating 

position P4.  At the same time, the chuck table 20 holding 

the second ingot 150b is moved from the flattening 

position P2 to the separation layer forming positio n P3, 

and the chuck table 20 holding the third ingot 150c  is 

moved from the standby position P1 to the flattenin g 

position P2.  At the wafer separating position P4, the 

first ingot 150a is processed by a wafer separating  step 

using the wafer separating unit 10, in which the wa fer 

separating step is performed in such a manner that the 

upper surface of each ingot 150 is held under sucti on to 

separate the wafer from the ingot 150 along the 

separation layer 170.  Further, the second ingot 15 0b is 

processed by the separating layer forming step usin g the 

laser applying unit 8.  On the other hand, the thir d ingot 

150c may not be processed by the flattening step, b ecause 

the third ingot 150c is first transferred from the ingot 
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storing unit 132 to the chuck table 20 set at the s tandby 

position P1 and next moved to the flattening positi on P2.  

In concert with the movement of the third ingot 150 c from 

the standby position P1 to the flattening position P2, 

the ingot transfer step and the holding step are 

performed for the remaining one ingot 150 stored in  the 

ingot storing unit 132 (this remaining one ingot 15 0 will 

be hereinafter referred to as “fourth ingot 150d”).   That 

is, the ingot transfer unit 134 is operated to tran sfer 

the fourth ingot 150d from the ingot storing unit 1 32 to 

the chuck table 20 set at the standby position P1, and 

the holding unit 4 is next operated to hold the fou rth 

ingot 150d on the chuck table 20 under suction. 

        The wafer separating step using the wafer 

separating unit 10 will now be described with refer ence 

to FIGS. 9, 19A, 19B, and 20.  In the wafer separat ing 

step, the arm moving mechanism 94 is operated to lo wer 

the arm 92 and bring the lower end of the side wall  102 

of the liquid tank 98 into close contact with the u pper 

surface of the chuck table 20 holding the ingot 150  in 

which the separation layer 170 has been formed as s hown 

in FIGS. 19A and 19B.  Thereafter, as shown in FIG.  9, the 

air cylinder 112 of the wafer separating unit 10 is  

operated to lower the piston rod 112b and bring the  lower 
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surface of the suction member 116 into close contac t with 

the upper surface of the ingot 150.  Thereafter, th e 

suction unit connected to the suction member 116 is  

operated to apply a suction force to the lower surf ace of 

the suction member 116, so that the upper surface o f the 

ingot 150 is held by the lower surface of the sucti on 

member 116 under suction.  Thereafter, the liquid s upply 

unit connected to the liquid inlet portion 104 is 

operated to supply the liquid 110 (e.g., water) fro m the 

liquid inlet portion 104 into the liquid storing sp ace 

108 until the ultrasonic vibration generating membe r 114 

is immersed in the liquid 110.  Thereafter, the ult rasonic 

vibration generating member 114 is operated to appl y 

ultrasonic vibration to the ingot 150, so that an S iC 

wafer 172 to be produced can be separated from the ingot 

150 along the separation layer 170 as a separation start 

point.  Thereafter, the arm moving mechanism 94 is 

operated to raise the arm 92, thereby separating th e 

liquid tank 98 from the chuck table 20, so that the  

liquid 110 is discharged from the liquid storing sp ace 

108.  The liquid 110 discharged from the liquid sto ring 

space 108 is drained through a drain opening 16a (s ee FIG. 

2) to the outside of the wafer producing apparatus 2, in 

which the drain opening 16a is formed in the turn t able 
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accommodating portion 16 of the base 14 at a positi on 

adjacent to the wafer separating unit 10.  Thereaft er, as 

shown in FIG. 20, the air cylinder 112 is operated to 

lower the piston rod 112b until the wafer 172 produ ced 

from the ingot 150 projects downward from the lower  end 

of the side wall 102 of the liquid tank 98.  As sho wn in 

FIG. 20, after separating the wafer 172 from the in got 

150, the upper surface of the ingot 150 becomes a r ough 

separation surface 174.  The height of the roughnes s of 

the rough separation surface 174 is approximately 1 00 µm, 

for example. 

        After performing the wafer separating step for the 

first ingot 150a, a wafer transfer step is performe d by 

using the wafer transfer unit 118 in such a manner that 

the wafer 172 produced from the first ingot 150a is  

transferred from the wafer separating unit 10 to th e 

wafer storing unit 12.  In the wafer transfer step,  the 

first arm 124 is operated by the first motor 122 of  the 

wafer transfer unit 118, and the second arm 128 is 

operated by the second motor 126 of the wafer trans fer 

unit 118 to thereby position the suction member 130  of 

the wafer transfer unit 118 directly below the wafe r 172 

held by the suction member 116 of the wafer separat ing 

unit 10 after separating the wafer 172 from the fir st 
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ingot 150a.  Thereafter, the elevating unit 120 of the 

wafer transfer unit 118 is operated to bring the up per 

surface of the suction member 130 of the wafer tran sfer 

unit 118 into close contact with the lower surface of the 

wafer 172.  Thereafter, the operation of the suctio n unit 

connected to the suction member 116 of the wafer 

separating unit 10 is stopped to remove the suction  force 

applied to the suction member 116.  Thereafter, the  

suction unit connected to the suction member 130 of  the 

wafer transfer unit 118 is operated to apply a suct ion 

force to the upper surface of the suction member 13 0, 

thereby holding the lower surface of the wafer 172 on the 

upper surface of the suction member 130 under sucti on.  

Thusly, the wafer 172 is received by the wafer tran sfer 

unit 118 from the wafer separating unit 10.  Therea fter, 

the elevating unit 120, the first motor 122, and th e 

second motor 126 are operated to move the first arm  124 

and the second arm 128, thereby transferring the wa fer 

172 held by the suction member 130 from the wafer 

separating unit 10 to the wafer storing unit 12 and  then 

storing the wafer 172 into the wafer storing unit 1 2. 

        After performing the wafer separating step for the 

first ingot 150a, performing the wafer transfer ste p for 

the wafer 172 produced from the first ingot 150a, 
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performing the separation layer forming step for th e 

second ingot 150b, and performing the ingot transfe r step 

and the holding step for the fourth ingot 150d, the  turn 

table 18 is rotated by the turn table motor by 90 d egrees 

in a clockwise direction as viewed in plan.  Accord ingly, 

as shown in FIG. 21, the chuck table 20 holding the  first 

ingot 150a is moved from the wafer separating posit ion P4 

to the standby position P1, the chuck table 20 hold ing 

the second ingot 150b is moved from the separation layer 

forming position P3 to the wafer separating positio n P4, 

the chuck table 20 holding the third ingot 150c is moved 

from the flattening position P2 to the separation l ayer 

forming position P3, and the chuck table 20 holding  the 

fourth ingot 150d is moved from the standby positio n P1 

to the flattening position P2.  Thereafter, the waf er 

separating step is performed for the second ingot 1 50b by 

using the wafer separating unit 10, and the wafer 

transfer step is performed for the wafer 172 produc ed 

from the second ingot 150b, by using the wafer tran sfer 

unit 118.  Further, the separation layer forming st ep is 

performed for the third ingot 150c by using the las er 

applying unit 8.  On the other hand, the flattening  step 

may not be performed for the fourth ingot 150d, bec ause 

the fourth ingot 150d is first transferred from the  ingot 
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storing unit 132 to the chuck table 20 set at the s tandby 

position P1 and next moved to the flattening positi on P2.  

The first ingot 150a moved from the wafer separatin g 

position P4 to the standby position P1 waits at the  

standby position P1 until the turn table 18 is next  

rotated. 

        After performing the wafer separating step for the 

second ingot 150b, performing the wafer transfer st ep for 

the wafer 172 produced from the second ingot 150b, and 

performing the separation layer forming step for th e 

third ingot 150c, the turn table 18 is rotated by t he 

turn table motor by 90 degrees in a clockwise direc tion 

as viewed in plan.  Accordingly, as shown in FIG. 2 2, the 

chuck table 20 holding the first ingot 150a is move d from 

the standby position P1 to the flattening position P2, 

the chuck table 20 holding the second ingot 150b is  moved 

from the wafer separating position P4 to the standb y 

position P1, the chuck table 20 holding the third i ngot 

150c is moved from the separation layer forming pos ition 

P3 to the wafer separating position P4, and the chu ck 

table 20 holding the fourth ingot 150d is moved fro m the 

flattening position P2 to the separation layer form ing 

position P3.  The flattening step using the flatten ing 

unit 6 is performed for the first ingot 150a in suc h a 
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manner that the upper surface of the ingot 150 held  by 

the holding unit 4 is ground to be flattened.  The wafer 

separating step is performed for the third ingot 15 0c by 

using the wafer separating unit 10.  The wafer tran sfer 

step using the wafer transfer unit 118 is performed  for 

the wafer 172 produced from the third ingot 150c.  The 

separation layer forming step using the laser apply ing 

unit 8 is performed for the fourth ingot 150d.  The  second 

ingot 150b moved from the wafer separating position  P4 to 

the standby position P1 waits at the standby positi on P1 

until the turn table 18 is next rotated. 

        The flattening step using the flattening un it 6 

will now be described with reference to FIGS. 2 and  3.  In 

the flattening step, the chuck table 20 holding the  ingot 

150 from which the wafer 172 has been separated is 

rotated by the chuck table motor at a predetermined  speed 

(e.g., 300 rpm) in a counterclockwise direction as viewed 

in plan.  Further, the spindle 40 of the flattening  unit 6 

is rotated by the motor 36 at a predetermined speed  (e.g., 

6000 rpm) in a counterclockwise direction as viewed  in 

plan.  Thereafter, the Z moving mechanism 28 of the  

flattening unit 6 is operated to lower the Z movabl e 

plate 26 and bring the abrasive members 48 into con tact 

with the separation surface 174 of the ingot 150.  After 
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the abrasive members 48 come into contact with the 

separation surface 174, the Z movable plate 26 is l owered 

by the Z moving mechanism 28 at a predetermined fee d 

speed (e.g., 1.0 µm/second).  Accordingly, the sepa ration 

surface 174 of the ingot 150 from which the wafer 1 72 has 

been separated is ground by the abrasive members 48  and 

thereby flattened to such an extent that the surfac e 

roughness of the upper surface of the ingot 150 doe s not 

interfere with the incidence of the pulsed laser be am LB 

in the separation layer forming step.  In grinding the 

separation surface 174 of the ingot 150 to flatten the 

same, a thickness gauge (not shown) may be used to 

measure the thickness of the ingot 150.  In this ca se, the 

thickness gauge is brought into contact with the 

separation surface 174 of the ingot 150, and it is 

detected that the thickness of the ingot 150 measur ed by 

the thickness gauge has been reduced by a predeterm ined 

amount (e.g., 100 µm corresponding to the height of  the 

roughness of the separation surface 174).  As a res ult, it 

is possible to detect that the upper surface of the  ingot 

150 has been suitably flattened.  Further, in the 

flattening step, a grinding water is supplied from a 

grinding water supply unit (not shown) to a grindin g area 

in grinding the separation surface 174 of the ingot  150.  
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The grinding water supplied to the grinding area is  

drained through a drain opening 16b (see FIG. 2) to  the 

outside of the wafer producing apparatus 2, in whic h the 

drain opening 16b is formed in the turn table 

accommodating portion 16 of the base 14 at a positi on 

adjacent to the flattening unit 6. 

        After performing the flattening step for th e first 

ingot 150a, performing the wafer separating step fo r the 

third ingot 150c, performing the wafer transfer ste p for 

the wafer 172 produced from the third ingot 150c, a nd 

performing the separation layer forming step for th e 

fourth ingot 150d, the turn table 18 is rotated by the 

turn table motor by 90 degrees in a clockwise direc tion 

as viewed in plan.  Accordingly, as shown in FIG. 2 3, the 

chuck table 20 holding the first ingot 150a is move d from 

the flattening position P2 to the separation layer 

forming position P3, the chuck table 20 holding the  

second ingot 150b is moved from the standby positio n P1 

to the flattening position P2, the chuck table 20 h olding 

the third ingot 150c is moved from the wafer separa ting 

position P4 to the standby position P1, and the chu ck 

table 20 holding the fourth ingot 150d is moved fro m the 

separation layer forming position P3 to the wafer 

separating position P4.  Just after performing the 
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flattening step for the first ingot 150a, the clean ing 

unit 50 is operated to clean the first ingot 150a i n the 

following manner as shown in FIG. 4.  The cleaning water 

55 is discharged obliquely downward toward the firs t 

ingot 150a from each nozzle hole of the first clean ing 

portion 54 to thereby remove a grinding dust from t he 

first ingot 150a.  Thereafter, the compressed air 5 7 is 

discharged downward from each nozzle hole of the se cond 

cleaning portion 56 to thereby remove the cleaning water 

55 from the first ingot 150a.  Thus, the first ingo t 150a 

processed by the flattening unit 6 is cleaned and d ried 

by the cleaning unit 50.  After cleaning the first ingot 

150a, the separation layer forming step is performe d for 

the first ingot 150a by using the laser applying un it 8.  

Further, the flattening step is performed for the s econd 

ingot 150b by using the flattening unit 6.  Further , the 

wafer separating step is performed for the fourth i ngot 

150d by using the wafer separating unit 10, and the  wafer 

transfer step is performed for the wafer 172 produc ed 

from the fourth ingot 150d, by using the wafer tran sfer 

unit 118.  Further, the third ingot 150c moved from  the 

wafer separating position P4 to the standby positio n P1 

waits at the standby position P1 until the turn tab le 18 

is next rotated. 
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        Thereafter, every time the turn table 18 is  rotated 

by the turn table motor by 90 degrees in a clockwis e 

direction as viewed in plan, each chuck table 20 is  

sequentially set at the standby position P1, the 

flattening position P2, the separation layer formin g 

position P3, and the wafer separating position P4.  

Thereafter, the flattening step, the separation lay er 

forming step, and the wafer separating step are 

repeatedly performed for each ingot 150 held on eac h 

chuck table 20.  Further, the wafer transfer step i s 

performed for each wafer 172 separated by the wafer  

separating unit 10.  Accordingly, an obtainable num ber of 

wafers 172 are produced from each ingot 150, and th e 

wafers 172 thus produced are stored into the wafer 

storing unit 12. 

        After producing an obtainable number of waf ers 172 

from each ingot 150, a substrate recovering step ma y be 

performed to recover the substrate 164 on which a p art of 

the ingot 150 is slightly left.  A suitable recover y 

container 176 (see FIGS. 1 and 2) for recovering th e 

substrate 164 is located on the upper surface of th e base 

14 at the front end portion thereof in the vicinity  of 

the ingot transfer unit 134.  The substrate 164 is 

transferred to the substrate recovery container 176  by 



56 

the ingot transfer unit 134.  More specifically, in  the 

substrate recovering step, the arm moving mechanism  140 

of the ingot transfer unit 134 is operated to move the 

arm 138 in the Y direction and thereby position the  

suction member 146 directly above the substrate 164  set 

at the standby position P1.  Thereafter, the air cy linder 

144 of the ingot transfer unit 134 is operated to l ower 

the suction member 146 and bring the lower surface of the 

suction member 146 into close contact with the uppe r 

surface of the substrate 164.  Thereafter, the suct ion 

unit connected to the suction member 146 is operate d to 

apply a suction force to the lower surface of the s uction 

member 146, thereby holding the upper surface of th e 

substrate 164 on the lower surface of the suction m ember 

146 under suction.  Thereafter, the air cylinder 14 4 is 

operated to raise the suction member 146 holding th e 

substrate 164.  Thereafter, the arm moving mechanis m 140 

is operated to move the arm 138 in the Y direction and 

thereby position the suction member 146 directly ab ove 

the recovery container 176.  Thereafter, the operat ion of 

the suction unit connected to the suction member 14 6 is 

stopped to remove the suction force applied to the 

suction member 146, thereby storing the substrate 1 64 

into the recovery container 176.  Thereafter, the t urn 
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table 18 is rotated by the turn table motor to 

sequentially move the substrate 164 to the standby 

position P1.  Thereafter, the above substrate recov ering 

step may be similarly performed for each substrate 164.  

Thus, all of the substrates 164 may be recovered in to the 

recovery container 176. 

        According to the above preferred embodiment , the 

wafer producing apparatus 2 includes the holding un it 4 

for holding the ingot 150, the flattening unit 6 fo r 

grinding the upper surface of the ingot 150 held by  the 

holding unit 4, thereby flattening the upper surfac e of 

the ingot 150, the laser applying unit 8 for settin g the 

focal point FP of the pulsed laser beam LB having a  

transmission wavelength to the ingot 150 inside the  ingot 

150 at a predetermined depth from the upper surface  of 

the ingot 150 held by the holding unit 4, the 

predetermined depth corresponding to the thickness of the 

wafer 172 to be produced, and next applying the pul sed 

laser beam LB to the ingot 150 to thereby form the 

separation layer 170 for separating the wafer 172 f rom 

the ingot 150, the wafer separating unit 10 for hol ding 

the upper surface of the ingot 150 to separate the wafer 

172 from the ingot 150 along the separation layer 1 70, 

and the wafer storing unit 12 for storing the wafer  172 
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separated from the ingot 150.  Accordingly, by 

sequentially performing the separation layer formin g step, 

the wafer separating step, the wafer transfer step,  and 

the flattening step, the wafer 172 can be automatic ally 

produced from the ingot 150 and then stored into th e 

wafer storing unit 12, so that the production effic iency 

can be improved. 

        In this preferred embodiment, the wafer pro ducing 

apparatus 2 further includes the ingot storing unit  132 

for storing the ingot 150 and the ingot transfer un it 134 

for transferring the ingot 150 from the ingot stori ng 

unit 132 to the holding unit 4.  Accordingly, by op erating 

the wafer producing apparatus 2 in the condition wh ere 

the ingot 150 is stored in the ingot storing unit 1 32, 

the ingot transfer step of transferring the ingot 1 50 

from the ingot storing unit 132 to the holding unit  4 can 

also be automated. 

        In this preferred embodiment, the wafer pro ducing 

apparatus 2 further includes the cleaning unit 50 f or 

cleaning the ingot 150 processed by the flattening unit 6.  

Accordingly, by operating the cleaning unit 50 in 

grinding the separation surface 174 of the ingot 15 0 in 

the flattening step, it is possible to prevent the 

possibility that the grinding dust generated in the  
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flattening step or the grinding water supplied to t he 

grinding area may be scattered to the laser applyin g unit 

8.  Further, in rotating the turn table 18 after 

performing the flattening step, the ingot 150 proce ssed 

in the flattening step can be cleaned by the cleani ng 

unit 50. 

        In this preferred embodiment, the four chuc k tables 

20 constituting the holding unit 4 are provided on the 

turn table 18.  By the rotation of the turn table 1 8, each 

chuck table 20 can be positioned sequentially below  the 

flattening unit 6, the laser applying unit 8, and t he 

wafer separating unit 10.  Accordingly, a plurality  of 

ingots can be simultaneously processed by different  steps 

(essentially, the flattening step, the separation l ayer 

forming step, and the wafer separating step), so th at a 

plurality of steps can be performed efficiently. 

        In the separation layer forming step in the  above 

preferred embodiment, the focal point FP is moved 

relative to the ingot 150 in the direction perpendi cular 

to the direction A of formation of the off angle α in the 

modified layer forming step, and the focal point FP  is 

moved relative to the ingot 150 in the direction A of 

formation of the off angle α in the indexing step.  As a 

modification, the direction of movement of the foca l 



60 

point FP relative to the ingot 150 in the modified layer 

forming step may not be the direction perpendicular  to 

the direction A of formation of the off angle α, and the 

direction of movement of the focal point FP relativ e to 

the ingot 150 in the indexing step may not be the 

direction A of formation of the off angle α.  Further, the 

wafer producing apparatus 2 may include a wafer gri nding 

unit for grinding a separation surface of the wafer  172 

separated from the ingot 150 by the wafer separatin g unit 

10. 

        The present invention is not limited to the  details 

of the above described preferred embodiment.  The s cope of 

the invention is defined by the appended claims and  all 

changes and modifications as fall within the equiva lence 

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

by the invention. 
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WHAT IS CLAIMED IS: 

        1.  A wafer producing apparatus for produci ng an 

SiC wafer from a single crystal SiC ingot, said waf er 

producing apparatus comprising: 

        a holding unit for holding said ingot; 

        a flattening unit for grinding the upper su rface of 

said ingot held by said holding unit, thereby flatt ening 

the upper surface of said ingot; 

        a laser applying unit for setting the focal  point 

of a laser beam having a transmission wavelength to  said 

ingot inside said ingot at a predetermined depth fr om the 

upper surface of said ingot held by said holding un it, 

said predetermined depth corresponding to the thick ness 

of said wafer to be produced, and next applying sai d 

laser beam to said ingot to thereby form a separati on 

layer for separating said wafer from said ingot; 

        a wafer separating unit for holding the upp er 

surface of said ingot to separate said wafer from s aid 

ingot along said separation layer; and 

        a wafer storing unit for storing said wafer  

separated from said ingot. 

        2.  The wafer producing apparatus according  to 

claim 1, further comprising: 

        an ingot storing unit for storing said ingo t; and 
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        an ingot transfer unit for transferring sai d ingot 

from said ingot storing unit to said holding unit. 

        3.  The wafer producing apparatus according  to 

claim 1, further comprising: 

        a cleaning unit for cleaning said ingot pro cessed 

by said flattening unit. 

        4.  The wafer producing apparatus according  to 

claim 1, wherein said holding unit is provided on a  turn 

table, so that when said turn table is rotated, sai d 

holding unit is positioned sequentially below said 

flattening unit, said laser applying unit, and said  wafer 

separating unit. 


