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METHOD OF PRODUCING WAFER 

 

BACKGROUND OF THE INVENTION 

Field of the Invention 

        The present invention relates to a method o f 

producing a wafer from a hexagonal single-crystal i ngot. 

Description of the Related Art 

        Devices such as integrated circuits (ICs), large 

scale integration (LSI) circuits, light emitting di odes 

(LEDs), etc. are formed on a wafer of Si (silicon),  Al 2O3 

(sapphire), or the like by depositing a function la yer on 

the face side of the wafer and demarcating the face  side 

into a plurality of areas by a grid of projected di cing 

lines.  Power devices, LEDs, or the like are formed  on a 

wafer of single-crystal SiC (silicon carbide) by 

depositing a function layer on the face side of the  wafer 

and demarcating the face side into a plurality of a reas 

by a grid of projected dicing lines.  A wafer with devices 

formed thereon is divided into individual device ch ips 

along projected dicing lines by a cutting apparatus , a 

laser processing apparatus, or the like.  The produ ced 

device chips will be used in electric appliances su ch as 

mobile phones, personal computers, and so on. 

        A wafer on which devices are to be formed i s 
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generally produced by cutting a thin slice off a 

cylindrical semiconductor ingot with a wire saw.  T he 

wafer thus produced has its face and reverse sides 

polished to a mirror finish (see, for example, Japa nese 

Patent Laid-Open No. 2000-94221).  Such a customary  step 

of slicing wafers off a semiconductor ingot with a wire 

saw and polishing the face and reverse sides of the  

wafers is not economic because most (70% through 80 %) of 

the semiconductor ingot is wasted.  In particular, ingots 

of hexagonal single-crystal SiC are difficult to cu t with 

a wire saw as they are hard, are poor in productivi ty as 

they take considerable time to cut, and pose proble ms in 

producing wafers efficiently as they are expensive to 

obtain. 

        There has been proposed a technology in whi ch a 

laser beam having a wavelength transmittable throug h 

hexagonal single-crystal SiC is applied to an ingot  of 

hexagonal single-crystal SiC while positioning its focal 

point within the ingot, thereby forming a peel-off layer 

at a projected severance plane in the ingot, and a wafer 

is peeled off from the ingot along the projected 

severance plane (see, for example, Japanese Patent Laid-

Open No. 2013-49161). 
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SUMMARY OF THE INVENTION 

        However, the history of a wafer produced fr om a 

hexagonal single-crystal ingot is not necessarily c lear, 

and even if defects occur in devices on the wafer d uring 

a step of forming the devices on the wafer, it is n ot 

possible to examine the cause of the defects by loo king 

back on the ingot based on the history of the wafer . 

        This problem also tends to arise when a waf er is 

produced from a hexagonal single-crystal ingot by c utting 

the ingot with a wire saw and when a wafer is produ ced 

from a hexagonal single-crystal ingot by cutting th e 

ingot with an inner saw.  One problem is that it is  

difficult to link a wafer to a hexagonal single-cry stal 

ingot once the wafer is severed from the ingot. 

        It is therefore an object of the present in vention 

to provide a method of producing a wafer from a hex agonal 

single-crystal ingot while linking the history of t he 

wafer to the hexagonal single-crystal ingot and rel iably 

leaving the history in the wafer. 

        In accordance with an aspect of the present  

invention, there is provided a method of producing a 

wafer from a hexagonal single-crystal ingot, includ ing 

the steps of planarizing an end face of the hexagon al 

single-crystal ingot, forming a peel-off layer in t he 
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hexagonal single-crystal ingot by applying a pulsed  laser 

beam whose wavelength is transmittable through the 

hexagonal single-crystal ingot while positioning a focal 

point of the pulsed laser beam in the hexagonal sin gle-

crystal ingot at a depth corresponding to a thickne ss of 

a wafer to be produced from the planarized end face  of 

the hexagonal single-crystal ingot, recording a 

fabrication history on the planarized end face of t he 

hexagonal single-crystal ingot by applying a pulsed  laser 

beam to the hexagonal single-crystal ingot while 

positioning a focal point of the last-mentioned pul sed 

laser beam in a device-free area of the wafer to be  

produced, and producing the wafer by peeling off th e 

wafer from the hexagonal single-crystal ingot along  the 

peel-off layer that serves as a severance starting point. 

        Preferably, the fabrication history recorde d in the 

step of a fabrication history represents a lot numb er of 

the hexagonal single-crystal ingot, a serial number  of 

the wafer to be produced from the hexagonal single-

crystal ingot, a date on which the wafer is fabrica ted, a 

factory where the wafer is fabricated, or the type of 

fabrication equipment involved in the fabrication o f the 

wafer. 

        Preferably, the hexagonal single-crystal in got 
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includes a hexagonal single-crystal SiC ingot havin g a 

first end face, a second end face opposite the firs t end 

face, a c-axis extending from the first end face to  the 

second end face, and a c-plane perpendicular to the  c-

axis, the c-axis being inclined to a line normal to  the 

first end face, and the c-plane and the first end f ace 

forming an off-angle therebetween.  The step of for ming a 

peel-off layer includes the steps of positioning a focal 

point of a pulsed laser beam whose wavelength is 

transmittable through the hexagonal single-crystal SiC 

ingot in the hexagonal single-crystal SiC ingot at a 

depth corresponding to a thickness of a wafer to be  

produced from the first end face of the hexagonal s ingle-

crystal SiC ingot, moving the hexagonal single-crys tal 

SiC ingot and the focal point relatively to each ot her in 

a direction perpendicular to a direction in which t he 

off-angle is formed, thereby to separate SiC in the  

hexagonal single-crystal SiC ingot into Si and C an d to 

absorb a subsequently applied pulsed laser beam wit h 

previously formed C, thereby forming a modified reg ion 

where SiC is successively separated into Si and C a nd a 

succession of cracks extending along the c-plane fr om the 

modified region, and indexing-feeding the hexagonal  

single-crystal SiC ingot and the focal point relati vely 
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to each other by a predetermined distance in the 

direction in which the off-angle is formed thereby to 

form the peel-off layer in the hexagonal single-cry stal 

SiC ingot. 

        According to the present invention, the his tory of 

the produced wafer that is linked to the hexagonal 

single-crystal ingot is reliably left on the wafer,  and 

hence can be confirmed during a step of forming dev ices 

on the wafer.  If defects occur in devices on the w afer, 

then it is possible to examine the cause of the def ects 

by looking back on the hexagonal single-crystal ing ot 

based on the history of the wafer.  Therefore, prev entive 

measures can be taken to prevent similar defects fr om 

occurring in devices on wafers. 

        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 front elevational view of an SiC 
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ingot; 

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

        FIG. 2A is a perspective view of the SiC in got and 

a substrate; 

        FIG. 2B is a perspective view of the SiC in got and 

the substrate mounted thereon; 

        FIG. 3 is a perspective view illustrating t he 

manner in which the SiC ingot is being placed on a chuck 

table of a laser processing apparatus; 

        FIG. 4A is a perspective view illustrating a peel-

off layer forming step performed on the SiC ingot; 

        FIG. 4B is a front elevational view illustr ating 

the peel-off layer forming step performed on the Si C 

ingot; 

        FIG. 5A is a plan view of the SiC ingot wit h a 

peel-off layer formed therein; 

        FIG. 5B is a cross-sectional view taken alo ng line 

B–B of FIG. 5A; 

        FIG. 6A is a perspective view illustrating a 

fabrication history recording step performed on the  SiC 

ingot; 

        FIG. 6B is a front elevational view illustr ating 

the fabrication history recording step performed on  the 

SiC ingot; 
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        FIG. 7 is a perspective view of a peeling 

apparatus; 

        FIG. 8 is a cross-sectional view of the pee ling 

apparatus, illustrating a wafer producing step perf ormed 

on the SiC ingot; 

        FIG. 9 is a perspective view illustrating t he 

manner in which a wafer is peeled off from the SiC ingot; 

and 

        FIG. 10 is a perspective view illustrating a 

planarizing step performed on the SiC ingot. 

 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

        A method of producing a wafer according to an 

embodiment of the present invention will hereinafte r be 

described below with reference to the drawings.  FI GS. 1A 

and 1B illustrate a hexagonal single-crystal SiC in got 

(hereinafter simply referred to as “ingot”) 2 on wh ich 

the method of producing a wafer according to the pr esent 

embodiment is to be performed.  The ingot 2 is made  of 

hexagonal single-crystal SiC and has a cylindrical shape 

as a whole.  The ingot 2 has a circular first end f ace 4, 

a circular second end face 6 opposite the first end  face 

4, a peripheral face 8 positioned between the first  end 

face 4 and the second end face 6, a c-axis (<0001> 
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direction) extending from the first end face 4 to t he 

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

perpendicular to the c-axis.  The c-axis is incline d to a 

line 10 normal to the first end face 4, and the c-p lane 

and the first end face 4 form an off-angle α (e.g., α = 1, 

3, or 6 degrees) therebetween.  The direction in wh ich the 

off-angle α is formed is indicated by an arrow A in FIGS. 

1A and 1B.  The peripheral face 8 of the ingot 2 ha s a 

first orientation flat 12 and a second orientation flat 

14, each of a rectangular shape, for indicating a c rystal 

orientation.  The first orientation flat 12 lies pa rallel 

to the direction A in which the off-angle α is formed, 

whereas the second orientation flat 14 lies 

perpendicularly to the direction A in which the off -angle 

α is formed.  As depicted in FIG. 1B, a length L2 of  the 

second orientation flat 14 is smaller than a length  L1 of 

the first orientation flat 12, as viewed from above  (L2 < 

L1).  The ingot on which the method of producing a wafer 

according to the present embodiment is to be perfor med is 

not limited to the above ingot 2, but may be an SiC  ingot 

where the c-axis is not inclined to the line normal  to 

the first end face and the off-angle α between the c-

plane and the first end face is 0 degree, i.e., the  line 

normal to the first end face and the c-axis are ali gned 
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with each other, or a hexagonal single-crystal ingo t made 

of a material other than hexagonal single-crystal S iC, 

such as GaN (gallium nitride) or the like. 

        According to the present embodiment, as ill ustrated 

in FIGS. 2A and 2B, a substrate mounting step is ca rried 

out to mount a disk-shaped substrate 16 on the seco nd end 

face 6 of the ingot 2 with a suitable adhesive inte rposed 

therebetween.  The substrate mounting step is carri ed out 

in order that a circular suction chuck of each of t he 

apparatus to be described later can hold the ingot 2 with 

the first orientation flat 12 and the second orient ation 

flat 14 under predetermined suction forces.  Since a 

diameter of the substrate 16 is slightly larger tha n a 

diameter of the suction chuck, the suction chuck ha s its 

upper surface covered with the substrate 16 when th e 

ingot 2 is placed on the suction chuck with the sub strate 

16 facing downwardly, and hence the suction chuck c an 

hold the ingot 2 with the first orientation flat 12  and 

the second orientation flat 14 under predetermined 

suction forces.  If a diameter of the ingot 2 is la rger 

than the suction chuck and the upper surface of the  

suction chuck is covered in its entirety by the ing ot 2 

when the ingot 2 is placed on the suction chuck, th en 

when the suction chuck sucks the ingot 2, the upper  
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surface of the suction chuck has no exposed area an d no 

air is drawn into the suction chuck, so that the su ction 

chuck can hold the ingot 2 under predetermined suct ion 

forces.  Consequently, it is not necessary to mount  the 

substrate 16 on the ingot 2 whose diameter is large r than 

the suction chuck. 

        After the substrate mounting step has been 

performed, a peel-off layer forming step is carried  out 

to form a peel-off layer in the ingot 2 by applying  a 

laser beam having a wavelength transmittable throug h the 

ingot 2 to the ingot 2 while positioning its focal point 

within the ingot 2 at a depth corresponding to a 

thickness of a wafer to be produced from a planariz ed end 

face of the ingot 2.  Normally, the first end face 4 and 

the second end face 6 of the ingot 2 have been plan arized 

to the extent that will not obstruct the entry of t he 

laser beam into the ingot 2 in the peel-off layer f orming 

step.  Therefore, when the peel-off layer forming s tep is 

to be performed for the first time on the ingot 2, it is 

not necessary to perform a planarizing step to plan arize 

the end faces of the ingot 2. 

        The peel-off layer forming step is carried out 

using a laser processing apparatus 18 which is part ly 

illustrated in FIGS. 3, 4A, and 4B, for example.  T he 
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laser processing apparatus 18 includes a circular c huck 

table 20 for holding the ingot 2 thereon and a beam  

condenser 22 (see FIG. 4A) for applying a pulsed la ser 

beam LB to the ingot 2 on the chuck table 20.  A po rous 

circular suction chuck 24 (see FIG. 3) that is conn ected 

to suction means, not depicted, is disposed on an u pper 

end of the chuck table 20.  The chuck table 20 hold s the 

ingot 2 on the upper surface thereof under suction forces 

generated by the suction means and acting on the up per 

surface of the suction chuck 24.  The chuck table 2 0 is 

rotatable about a vertical axis by a chuck table el ectric 

motor, not depicted, connected thereto.  The beam 

condenser 22 includes a condensing lens, not depict ed, 

for focusing and applying the pulsed laser beam LB that 

is oscillated by a pulsed laser beam oscillator, no t 

depicted, of the laser processing apparatus 18, to the 

ingot 2.  The beam condenser 22 is movable back and  forth 

in X-axis directions, one of which is indicated by an 

arrow X in FIGS. 4A and 4B, by X-axis moving means,  not 

depicted, and Y-axis directions, one of which is 

indicated by an arrow Y in FIG. 4A, perpendicular t o the 

x-axis directions, by Y-axis moving means, not depi cted.  

The X-axis directions and the Y-axis directions joi ntly 

define a substantially horizontal XY plane.  The ch uck 
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table 20 may be movable back and forth in the X-axi s 

directions and also in the Y-axis directions. 

        In the peel-off layer forming step, as illu strated 

in FIG. 3, the ingot 2 with the substrate 16 facing  

downwardly is first held under suction on the upper  

surface of the chuck table 20.  Then, image capturi ng 

means, not depicted, of the laser processing appara tus 18 

captures an image of the ingot 2 from above.  Based  on the 

image of the ingot 2 captured by the image capturin g 

means, the chuck table 20 is rotated about its own axis 

and the beam condenser 22 is moved to adjust the 

direction of the ingot 2 to a predetermined orienta tion 

and also to adjust the positions of the ingot 2 and  the 

beam condenser 22 in the XY plane.  For adjusting t he 

direction of the ingot 2 to the predetermined orien tation, 

as illustrated in FIG. 4A, the second orientation f lat 14 

is brought into alignment with the X-axis direction s, 

thereby aligning a direction perpendicular to the 

direction A in which the off-angle α is formed with the 

X-axis directions and also aligning the direction A  in 

which the off-angle α is formed with the Y-axis 

directions.  Then, focal point position adjusting m eans, 

not depicted, of the laser processing apparatus 18 lifts 

or lowers the beam condenser 22 to position a focal  point 
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FP of the pulsed laser beam LB in the ingot 2 at a depth 

of 700 µm, for example, corresponding to a thicknes s of a 

wafer to be produced from the first end face 4 of t he 

ingot 2, as illustrated in FIG. 4B.  Then, a peel-o ff 

layer forming process is carried out.  In the peel- off 

layer forming process, while moving the beam conden ser 22 

at a predetermined feed rate along one of the X-axi s 

directions aligned with the direction perpendicular  to 

the direction A in which the off-angle α is formed, the 

beam condenser 22 applies the pulsed laser beam LB whose 

wavelength is transmittable through the ingot 2 to the 

ingot 2.  During the peel-off layer forming process , as 

illustrated in FIG. 5B, the pulsed laser beam LB ap plied 

to the ingot 2 separates SiC in the ingot 2 into Si  

(silicon) and C (carbon) and the pulsed laser beam LB 

subsequently applied to the ingot 2 is absorbed by 

previously formed C, producing a modified region 24  where 

SiC is successively separated into Si and C.  The m odified 

region 24 is continuously linearly formed in the in got 2 

along the direction perpendicular to the direction A in 

which the off-angle α is formed.  At the same time, a 

succession of cracks 26 extending isotropically alo ng the 

c-plane from the modified region 24 are developed i n the 

ingot 2.  In the peel-off layer forming process, th e chuck 



 

15 

table 20 rather than the beam condenser 22 may be 

linearly moved at a predetermined feed rate along o ne of 

the X-axis directions. 

        As illustrated in FIGS. 4A, 4B, 5A, and 5B,  after 

the peel-off layer forming process, the laser proce ssing 

apparatus 18 performs an indexing feed process.  In  the 

indexing feed process, the Y-axis moving means move s the 

beam condenser 22 to indexing-feed the focal point FP 

relatively to the ingot 2 along one of the Y-axis 

directions aligned with the direction A in which th e off-

angle α is formed by a predetermined indexing feed 

distance Li that is not larger than the width of th e 

cracks 26.  In the indexing feed process, the chuck  table 

20 rather than the beam condenser 22 may be moved a long 

one of the Y-axis directions.  Then, the peel-off l ayer 

forming process and the indexing feed process are 

alternately carried out to form a plurality of line ar 

modified regions 24, each extending continuously al ong 

the direction perpendicular to the direction A in w hich 

the off-angle α is formed, at spaced intervals each equal 

to the indexing feed distance Li in the direction A  in 

which the off-angle α is formed, and also to form a 

succession of cracks 26 extending isotropically alo ng the 

c-plane from the modified regions 24, such that adj acent 
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cracks 26 in the direction A in which the off-angle  α is 

formed vertically overlap each other.  In this mann er, a 

peel-off layer 28 made up of the modified regions 2 4 and 

the cracks 26 is formed in the ingot 2 at the depth  

corresponding to a thickness of a wafer to be peele d off 

from the first end face 4 of the ingot 2.  The peel -off 

layer 28 has a lower mechanical strength than the 

remainder of the ingot 2, so that a wafer can be pe eled 

off from the ingot 2 along the peel-off layer 28, a s 

described later. 

        The peel-off layer 28 can be formed in the peel-off 

layer forming step under the following processing 

conditions: 

        Wavelength of pulsed laser beam: 1064 nm 

        Repetitive frequency: 80 kHz 

        Average output power: 3.2 W 

        Pulse duration: 4 ns 

        Focal point diameter: 3 µm 

        Focal length: 10 mm 

        Indexing feed distance: 250 to 400 µm 

        Feed speed: 120 to 260 mm/s 

        The peel-off layer forming step is followed  by a 

fabrication history recording step in which a fabri cation 

history is recorded on a planarized end face of the  ingot 
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2 by applying a laser beam to the ingot 2 while 

positioning the focal point of the laser beam in a 

device-free area of the wafer to be produced.  The 

fabrication history recording step may be carried o ut 

using a laser processing apparatus 18’ that is part ly 

illustrated in FIG. 6A, for example.  The laser pro cessing 

apparatus 18’ is of essentially the same structure as the 

laser processing apparatus 18 that is used to carry  out 

the peel-off layer forming step, except that a puls ed 

laser beam LB’ which is different from the pulsed l aser 

beam LB applied by the laser processing apparatus 1 8 is 

applied to the workpiece, i.e., the ingot 2.  The l aser 

processing apparatus 18’ includes a chuck table 20’  for 

holding the ingot 2 thereon and a beam condenser 22 ’ for 

applying the pulsed laser beam LB’ to the ingot 2 o n the 

chuck table 20’.  The chuck table 20’ is rotatable about a 

vertical axis, and the beam condenser 22’ is linear ly 

movable along the X-axis directions and the Y-axis 

directions.  The chuck table 20’ may also be linear ly 

movable along the X-axis directions and the Y-axis 

directions. 

        The fabrication history recording step will  be 

described in detail with reference to FIGS. 6A and 6B.  In 

the fabrication history recording step, the ingot 2  with 
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the substrate 16 facing downwardly is first held un der 

suction on the upper surface of the chuck table 20’ .  Then, 

image capturing means, not depicted, of the laser 

processing apparatus 18’ captures an image of the i ngot 2 

from above.  The position of the beam condenser 22’  is 

adjusted based on the image of the ingot 2 captured  by 

the image capturing means.  Then, focal point posit ion 

adjusting means, not depicted, of the laser process ing 

apparatus 18’ lifts or lowers the beam condenser 22 ’ to 

position a focal point FP’ of the pulsed laser beam  LB’ 

in a device-free outer peripheral extra area of the  wafer 

to be produced from the ingot 2.  Thereafter, while  the 

ingot 2 and the focal point FP’ are being moved 

relatively to each other, the pulsed laser beam LB’  is 

applied from the beam condenser 22’ to the ingot 2.   The 

applied pulsed laser beam LB’ performs an ablation 

process on the device-free outer peripheral extra a rea of 

the wafer to be produced from the ingot 2, on the f irst 

end face 4 of the ingot 2, thereby recording a 

fabrication history 29 in the form of a bar code.  The 

fabrication history 29 recorded in the fabrication 

history recording step represents a lot number of t he 

ingot 2, a serial number of the wafer to be produce d from 

the ingot 2, a date on which the wafer is fabricate d, a 
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factory where the wafer is fabricated, or the type of 

fabrication equipment involved in the fabrication o f the 

wafer.  In the illustrated embodiment, the fabricat ion 

history 29 is recorded along the first orientation flat 

12.  However, the fabrication history 29 may be rec orded 

along the second orientation flat 14 or along an ar cuate 

peripheral edge of the ingot 2 as long as the fabri cation 

history 29 is positioned in a device-free area on t he 

first end face 4.  The fabrication history 29 has a  depth 

ranging from approximately 200 to 300 µm, for examp le, 

that is large enough to keep the recorded fabricati on 

history 29 unremoved when the wafer peeled off from  the 

ingot 2 is thinned by grinding and polishing the fa ce and 

reverse sides of the wafer.  The fabrication histor y 

recording step can be carried out under the followi ng 

processing conditions: 

        Wavelength of pulsed laser beam: 1064 nm 

        Repetitive frequency: 80 kHz 

        Average output power: 2.0 W 

        Pulse duration: 10 ns 

        Focal point diameter: 100 µm 

        Focal length: 150 mm 

        The wavelength of the pulsed laser beam LB’  among 

the processing conditions of the fabrication histor y 
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recording step is the same as the wavelength of the  

pulsed laser beam LB as indicated among the process ing 

conditions of the peel-off laser forming step, i.e. , the 

wavelength of 1064 nm that is transmittable through  the 

ingot 2.  However, the pulsed laser beam LB’ whose 

wavelength is transmittable through the ingot 2 can  

perform an ablation process on the ingot 2 by posit ioning 

the focal point FP’ on the first end face 4, i.e., the 

upper end face, of the ingot 2.  Furthermore, since  the 

focal length from the condensing lens of the beam 

condenser 22’ to the focal point FP’ is 150 mm as 

indicated among the above processing conditions, a 

diameter of the focal point FP’ may be of a compara tively 

large size, i.e., 100 µm as indicated among the abo ve 

processing conditions.  With the comparatively larg e focal 

point FP’, the pulsed laser beam LB’ can perform an  

ablation process over a large region in the device- free 

area on the first end face 4 of the ingot 2, thereb y 

efficiently recording the fabrication history 29. 

        The fabrication history recording step is f ollowed 

by a wafer producing step in which the wafer to be 

produced is peeled off from the ingot 2 along the p eel-

off layer 28 that serves as a severance starting po int.  

The wafer producing step can be carried out using a  
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peeling apparatus 30 which is partly illustrated in  FIGS. 

7 through 9.  The peeling apparatus 30 includes a c ircular 

chuck table 32 for holding the ingot 2 thereon and 

peeling means 34 for peeling off the wafer from the  ingot 

2 along the peel-off layer 28 that serves as a seve rance 

starting point while holding the upper surface of t he 

ingot 2 held on the chuck table 32.  The peeling me ans 34 

includes a liquid container 36 for storing a liquid  

therein in cooperation with the chuck table 32 at t he 

time the wafer is peeled off from the ingot 2.  The  liquid 

container 36 that is vertically movable has a circu lar 

top wall 38 and a hollow cylindrical side wall 40 

extending downwardly from the peripheral edge of th e top 

wall 38, and is open at its lower end.  The top wal l 38 

includes a tubular liquid supply port 42 that provi des 

fluid communication between the outside and inside of the 

liquid container 36.  The liquid supply port 42 is 

connected to liquid supply means, not depicted, thr ough a 

fluid channel.  The side wall 40 has an outside dia meter 

that is equal to or smaller than a diameter of the chuck 

table 32.  When the liquid container 36 is lowered,  the 

side wall 40 has its lower end held in contact with  the 

upper surface of the chuck table 32.  An annular pa cking 

44 is attached to the lower end of the side wall 40 .  When 
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the liquid container 36 is lowered until the lower end of 

the side wall 40 is brought into contact with the u pper 

surface of the chuck table 32, a liquid storing spa ce 46 

is defined between the upper surface of the chuck t able 

32 and an inner surface of the liquid container 36.   When 

a liquid is supplied from the liquid supply means t hrough 

the tubular liquid supply port 42 to the liquid sto ring 

space 46, the liquid is prevented from leaking from  the 

liquid storing space 46 by the packing 44. 

        As illustrated in FIGS. 7 through 9, an air  

cylinder 50 is mounted on the top wall 38 of the li quid 

container 36.  The air cylinder 50 includes a cylin der 

tube 50a extending upwardly from an upper surface o f the 

top wall 38.  As illustrated in FIG. 8, the air cyl inder 

50 also includes a piston rod 50b slidably disposed  in 

the cylinder tube 50a and having a lower end portio n 

extending through a through opening 38a defined in the 

top wall 38 and projecting downwardly from the top wall 

38.  The projecting lower end portion of the piston  rod 

50b has a lower end to which there is fixed a disk- shaped 

ultrasonic vibration generator 52 that may be made of 

piezoelectric ceramics or the like.  A disk-shaped suction 

member 54 is fixed to a lower surface of the ultras onic 

vibration generator 52.  The suction member 54 has a 
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plurality of suction holes, not depicted, defined i n a 

lower surface thereof that are connected to suction  means, 

not depicted, through a fluid channel.  When a suct ion 

force generated by the suction means acts through t he 

suction holes on the lower surface of the suction m ember 

54, the suction member 54 attracts and holds the in got 2 

under suction on the lower surface thereof. 

        In the wafer producing step, as illustrated  in FIG. 

7, the ingot 2 with the substrate 16 facing downwar dly is 

first held under suction on the upper surface of th e 

chuck table 32.  Then, lifting and lowering means, not 

depicted, lowers the liquid container 36 until the lower 

end of the side wall 40 of the liquid container 36 is 

brought into contact with the upper surface of the chuck 

table 32.  Thereafter, the piston rod 50b of the ai r 

cylinder 50 is moved to bring the lower surface of the 

suction member 54 into contact with the first end f ace 4 

of the ingot 2.  Thereafter, a suction force is gen erated 

by the suction means and caused to act on the lower  

surface of the suction member 54, holding the first  end 

face 4 under suction on the suction member 54.  The n, the 

liquid supply means connected to the liquid supply port 

42 is actuated to supply a liquid 48, e.g., water, from 

the liquid supply port 42 to the liquid storing spa ce 46 



 

24 

until the ultrasonic vibration generator 52 is imme rsed 

in the liquid 48.  The ultrasonic vibration generat or 52 

is energized to apply ultrasonic vibrations to the ingot 

2, stimulating the peel-off layer 28 to elongate th e 

cracks 26 for thereby breaking the peel-off layer 2 8.  

Then, while holding the ingot 2 under suction on th e 

suction member 54, the liquid container 36 is lifte d to 

peel off a wafer 56 that has the recorded fabricati on 

history 29 from the ingot 2 along the peel-off laye r 28 

serving as a severance starting point.  When ultras onic 

vibrations are applied from the ultrasonic vibratio n 

generator 52 to the ingot 2, the upper surface of t he 

ingot 2 and the lower surface of the suction member  54 

may be spaced from each other by a gap ranging from  2 to 

3 mm, for example. 

        After the wafer producing step has been car ried out, 

a planarizing step for planarizing an end face of t he 

ingot 2 from which the wafer 56 has been peeled off , 

hereinafter referred to as “peeled face 58,” is car ried 

out.  The planarizing step can be carried out using  a 

grinding apparatus 60 which is partly illustrated i n FIG. 

10.  The grinding apparatus 60 includes a circular chuck 

table 62 for holding the ingot 2 thereon and grindi ng 

means 64 for grinding and planarizing the peeled fa ce 58 
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of the ingot 2 held on the chuck table 62.  The chu ck 

table 62 is rotatable about a vertical axis extendi ng 

through the diametrical center of the chuck table 6 2, by 

a chuck table electric motor, not depicted, connect ed 

thereto.  The grinding means 64 includes a cylindri cal 

spindle 66 coupled to a spindle electric motor, not  

depicted, and extending vertically and a disk-shape d 

wheel mount 68 fixed to the lower end of the spindl e 66.  

The wheel mount 68 has a lower surface to which an 

annular grinding wheel 72 is fastened by a pluralit y of 

bolts 70.  A plurality of circumferentially spaced 

grinding stones 74 that are arranged in an annular array 

are fixed to an outer peripheral edge portion of a lower 

surface of the grinding wheel 72.  The center of ro tation 

of the grinding wheel 72 is offset from the center of 

rotation of the chuck table 62 such that the grindi ng 

stones 74 pass through the center of rotation of th e 

chuck table 62.  When the peeled face 58 of the ing ot 2 

held on the upper surface of the chuck table 62 and  the 

grinding stones 74 are held in contact with each ot her 

while the chuck table 62 and the grinding wheel 72 are 

rotating with respect to each other, the peeled fac e 58 

of the ingot 2 is ground in its entirety by the gri nding 

stones 74. 
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        The planarizing step will be described in d etail 

below with reference to FIG. 10.  The ingot 2 with the 

substrate 16 facing downwardly is first held under 

suction on the upper surface of the chuck table 62.   Then, 

the chuck table electric motor rotates the chuck ta ble 62 

about its own axis counterclockwise as viewed from above 

at a predetermined speed of 300 rpm, for example.  The 

spindle electric motor rotates the spindle 66 about  its 

own axis counterclockwise as viewed from above at a  

predetermined speed of 6000 rpm, for example.  Then , 

lifting and lowering means, not depicted, of the gr inding 

apparatus 60 is actuated to lower the spindle 66 to  bring 

the grinding stones 74 into contact with the peeled  face 

58 of the ingot 2.  After having brought the grindi ng 

stones 74 into contact with the peeled face 58, the  

lifting and lowering means lowers the spindle 66 at  a 

predetermined grinding feed speed of 1.0 µm/s, for 

example.  The grinding stones 74 thus grind the pee led 

face 58 of the ingot 2, thereby planarizing the pee led 

face 58 to the extent that it will not obstruct the  entry 

of the pulsed laser beam LB’ in the fabrication his tory 

recording step.  The peel-off layer forming step, t he 

fabrication history recording step, the wafer produ cing 

step, and the planarizing step are repeated to prod uce a 
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plurality of wafers 56 each having a fabrication hi story 

29 recorded thereon from the ingot 2. 

        According to the illustrated embodiment, as  

described above, the method of producing a wafer in cludes 

at least the planarizing step of planarizing an end  face 

of the ingot 2, the peel-off layer forming step of 

forming the peel-off layer 28 in the ingot 2 by app lying 

the pulsed laser beam LB whose wavelength is 

transmittable through the ingot 2 while positioning  the 

focal point FP of the pulsed laser beam LB in the i ngot 2 

at the depth corresponding to a thickness of a wafe r 56 

to be produced from the planarized end face of the ingot 

2, the fabrication history recording step of record ing 

the fabrication history 29 on the planarized end fa ce of 

the ingot 2 by applying the pulsed laser beam LB’ t o the 

ingot 2 while positioning the focal point FP’ of th e 

pulsed laser beam LB’ in the device-free area of th e 

wafer 56 to be produced, and the wafer producing st ep of 

producing the wafer 56 by peeling off the wafer 56 from 

the ingot 2 along the peel-off layer 28 that serves  as a 

severance starting point.  Consequently, the histor y of 

the produced wafer 56 that is linked to the ingot 2  is 

reliably left on the wafer 56, and hence can be con firmed 

during a step of forming devices on the wafer 56.  If 
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defects occur in devices on the wafer 56, then it i s 

possible to examine the cause of the defects by loo king 

back on the ingot 2 based on the history of the waf er 56.  

Therefore, preventive measures can be taken to prev ent 

similar defects from occurring in devices on wafers . 

        In the peel-off layer forming step accordin g to the 

illustrated embodiment, the modified region 24 is 

continuously formed in the direction perpendicular to the 

direction A in which the off-angle α is formed, and the 

focal point FP is indexing-fed relatively to the in got 2 

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

However, the modified region 24 may not be formed i n the 

direction perpendicular to the direction A in which  the 

off-angle α is formed, and the focal point FP may not be 

indexing-fed relatively to the ingot 2 along the 

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

        The present invention is not limited to the  details 

of the above described preferred embodiment.  The s cope of 

the invention is defined by the appended claims and  all 

changes and modifications as fall within the equiva lence 

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

by the invention. 
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WHAT IS CLAIMED IS: 

        1.  A wafer producing method comprising the steps 

of: 

        planarizing an end face of a hexagonal single-

crystal ingot; 

        forming a peel-off layer in the hexagonal single-

crystal ingot by applying a first pulsed laser beam whose 

wavelength is transmittable through the hexagonal single-

crystal ingot while positioning a focal point of the 

first pulsed laser beam in the hexagonal single-crystal 

ingot at a depth corresponding to a thickness of a wafer 

to be produced from the planarized end face of the 

hexagonal single-crystal ingot; 

        recording a fabrication history on the planarized 

end face of the hexagonal single-crystal ingot by 

applying a second pulsed laser beam to the hexagonal 

single-crystal ingot while positioning a focal point of 

the second pulsed laser beam in a device-free area of the 

wafer to be produced; and 

        producing a severed  wafer by peeling off the wafer 

to be produced from the hexagonal single-crystal ingot 

along the peel-off layer that serves as a severance 

starting point. 

        2.  The method according to claim 1, wherein 
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        the fabrication history represents a lot number of 

the hexagonal single-crystal ingot, a serial number of 

the wafer to be produced from the hexagonal single-

crystal ingot, a date on which the severed wafer is 

fabricated, a factory where the severed wafer is 

fabricated, or the type of fabrication equipment involved 

in the fabrication of the severed wafer. 

        3.  The method according to claim 2, wherein 

        the hexagonal single-crystal ingot includes a 

hexagonal single-crystal SiC ingot having a first end 

face, a second end face opposite the first end face, a c-

axis extending from the first end face to the second end 

face, and a c-plane perpendicular to the c-axis, the c-

axis being inclined to a line normal to the first end 

face, and the c-plane and the first end face forming an 

off-angle therebetween; and 

        the step of forming the peel-off layer includes the 

steps of positioning the focal point of the first pulsed 

laser beam whose wavelength is transmittable through the 

hexagonal single-crystal SiC ingot in the hexagonal 

single-crystal SiC ingot at the depth corresponding to 

the thickness of the wafer to be produced from the first 

end face of the hexagonal single-crystal SiC ingot, 

moving the hexagonal single-crystal SiC ingot and the 
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focal point of the first pulsed laser beam relatively to 

each other in a direction perpendicular to a direction in 

which an off-angle is formed, thereby to separate SiC in 

the hexagonal single-crystal SiC ingot into Si and C and 

to absorb a subsequently applied first pulsed laser beam 

with previously formed C, thereby forming a modified 

region where SiC is successively separated into Si and C 

and a succession of cracks extending along the c-plane 

from the modified region, and indexing-feeding the 

hexagonal single-crystal SiC ingot and the focal point  of 

the first pulsed laser beam relatively to each other by a 

predetermined distance in the direction in which the off-

angle is formed thereby to form the peel-off layer in the 

hexagonal single-crystal SiC ingot. 


