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METHOD OF GRINDING WORKPIECE 

 

BACKGROUND OF THE INVENTION 

Field of the Invention 

        The present invention relates to a method o f 

grinding a workpiece with grindstones to planarize a 

ground surface of the workpiece.  

Description of the Related Art 

        Silicon-carbide (SiC) wafers shaped as circ ular 

plates, for example, are used to manufacture device  chips 

incorporating power devices that are capable of ope rating 

at high temperatures and withstanding high voltages  and 

devices such as large-scale-integration (LSI) circu its.  

An SiC wafer with a plurality of devices formed on its 

face side is divided into individual device chips h aving 

respective devices.  An SiC wafer shaped as a circu lar 

plate is manufactured by being cut off from a cylin drical 

SiC ingot, e.g., a hexagonal single crystal ingot.  For 

example, a laser beam having a wavelength transmitt able 

through SiC is applied to an end face of the SiC in got 

while a converged spot of the laser beam is being 

positioned in the SiC ingot at a depth correspondin g to 

the thickness of an SiC wafer to be produced from t he end 

face of the SiC ingot.  The applied laser beam sepa rates 



2 

SiC into Si and C and extends cracks along a c-plan e in 

the SiC ingot, forming modified layers at the depth .  Then, 

the SiC wafer is cut off from the SiC ingot along t he 

modified layers that act as a peel-off starting poi nt 

(see, for example, Japanese Patent Laid-open No. 20 16-

111143). 

        An SiC ingot is manufactured by growing an SiC seed 

crystal into a cylindrical ingot growth base that h as a 

growth end face on its distal end and cutting off a  

distal-end portion of the ingot growth base that in cludes 

the growth end face.  The ingot growth base is cut with a 

wire saw, for example.  The SiC ingot has minute su rface 

irregularities on both the cut surface and the grow th end 

face.  If a laser beam is applied to the SiC ingot as it 

is in order to produce an SiC wafer therefrom, then  since 

the laser beam is disturbed by the minute surface 

irregularities on the cut surface or the growth end  face, 

modified layers are unlikely to be formed as desire d.  

Therefore, it has been customary to grind the growt h end 

face and the cut surface of the SiC ingot cut off f rom 

the ingot growth base, for removing minute surface 

irregularities therefrom.  

        There are known in the art various grinding  

apparatuses for grinding workpieces.  The grinding 
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apparatuses commonly include a holding table having  an 

upper surface as a holding surface for holding a 

workpiece thereon and a grinding unit disposed abov e the 

holding table.  The grinding unit includes a grindi ng 

wheel with an annular array of grindstones mounted 

thereon.  The holding table is rotatable about a ta ble 

axis at the center of the holding surface, and the 

grinding wheel is also rotatable about a wheel axis  at 

the center thereof to turn the grindstones along an  

annular track.  For grinding a workpiece on the gri nding 

apparatus, the workpiece is placed on the holding t able 

and held under suction thereon by a negative pressu re 

applied between the workpiece and the holding surfa ce.  

Then, the holding table and the grinding wheel are 

rotated individually, and the grinding unit is lowe red to 

bring the grindstones as they turn along the annula r 

track into grinding contact with an upper surface o f the 

workpiece, thereby grinding the upper surface of th e 

workpiece with the grindstones.  In order to grind the 

upper surface of the workpiece efficiently to a hig h-

quality finish, the holding surface of the holding table 

is a slightly inclined conical surface.  

        The holding table and the grinding unit are  

preadjusted in terms of position and orientation su ch 
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that the generatrix of the conical holding surface of the 

holding table and the annular track followed by the  

grindstones will be kept parallel to each other and  that 

the annular track will overlap the center of the ho lding 

surface of the holding table.  When the workpiece i s held 

under suction on the holding surface, the workpiece  is 

deformed into a shape complementary to the conical shape 

of the holding surface.  When the grinding unit is lowered 

while the holding table and the grinding unit are b eing 

rotated, the grindstones contact the upper surface of the 

workpiece in a grinding area extending from the out er 

circumference to the center of the upper surface of  the 

workpiece. 

 

SUMMARY OF THE INVENTION 

        In attempts to grind a hard and thick workp iece 

such as an SiC ingot on a grinding apparatus, the 

workpiece is less likely to be deformed into a shap e 

complementary to the conical shape of the holding s urface 

of the holding table even when a negative pressure is 

applied between the workpiece and the holding surfa ce to 

hold the workpiece under suction on the holding sur face.  

Therefore, the workpiece may fail to be attracted u nder 

suction to the holding table, the thickness of the ground 
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workpiece may have poor accuracy, and the upper sur face 

of the workpiece may be ground with uneven levels o f 

grinding strength.  Stated otherwise, it is not eas y to 

grind hard and thick workpieces adequately.  

        It is therefore an object of the present in vention 

to provide a method of grinding a hard and thick 

workpiece adequately.  

        In accordance with an aspect of the present  

invention, there is provided a method of grinding a  

workpiece on a grinding apparatus including a holdi ng 

table having on an upper portion thereof a holding 

surface for holding a workpiece under suction there on, 

the holding table being rotatable about a table axi s 

extending through a center of the holding surface, a 

grinding unit disposed above the holding table, the  

grinding unit having a grinding wheel with an annul ar 

array of grindstones for grinding the workpiece hel d on 

the holding table and an electric motor for rotatin g the 

grinding wheel about a wheel axis, the grindstones being 

turned along an annular track overlapping the cente r of 

the holding surface when the electric motor rotates  the 

grinding wheel, and a lifting and lowering unit for  

moving the grinding unit and the holding table rela tively 

to each other along directions in which the table a xis 
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extends.  The method includes a holding step of hol ding 

the workpiece on the holding surface of the holding  table, 

the holding surface being flat, and a grinding step  of 

rotating the grinding wheel about the wheel axis to  turn 

the grindstones along the annular track while rotat ing 

the holding table about the table axis, and actuati ng the 

lifting and lowering unit to bring the grinding uni t and 

the holding table relatively toward each other unti l the 

grindstones are brought into grinding contact with an 

upper surface of the workpiece to thereby grind the  

workpiece.  In the grinding step, the annular track  is 

inclined to the holding surface of the holding tabl e, and 

the grinding step includes the step of bringing the  

grindstones into grinding contact with the upper su rface 

of the workpiece in a state where the annular track  is 

closest to the holding surface in an area between a  point 

above the center of the holding surface and a point  above 

an outer circumferential end of the holding surface .   

        Preferably, in the grinding step, the annul ar track 

is closest to the holding surface at an intermediat e 

point between the point above the center of the hol ding 

surface and the point above the outer circumferenti al end 

of the holding surface.   

        In the method of grinding a workpiece accor ding to 
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the aspect of the present invention, the grinding 

apparatus includes the holding table having the fla t 

holding surface.  Therefore, unlike a holding table  having 

a conical holding surface, the holding table accord ing to 

the aspect of the present invention does not requir e that 

the workpiece be deformed into a conical shape when  the 

workpiece is held on the holding surface, and is ab le to 

adequately hold a hard and thick workpiece on the h olding 

surface.  In the method of grinding a workpiece acc ording 

to the aspect of the present invention, the annular  track 

is inclined to the holding surface of the holding t able, 

and the workpiece is ground in the state where the 

annular track is closest to the holding surface in the 

area between the point above the center of the hold ing 

surface and the point above the outer circumferenti al end 

of the holding surface.  With this arrangement, the  upper 

surface to be ground of the workpiece can be ground  

efficiently to a high-quality finish in the same ma nner 

as if the holding surface were a conical surface. 

        Accordingly, the present invention provides  a 

method of grinding a hard and thick workpiece adequ ately. 

        The above and other objects, features and 

advantages of the present invention and the manner of 

realizing them will become more apparent, and the 
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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 schematically 

illustrating a grinding unit and a lifting and lowe ring 

unit; 

        FIG. 2 is a perspective view, partly in cro ss 

section, schematically illustrating the grinding un it and 

a holding table for holding a workpiece under sucti on 

thereon; 

        FIG. 3 is a perspective view, partly in cro ss 

section, schematically illustrating the grinding un it and 

the holding table for holding a workpiece under suc tion 

thereon; 

        FIG. 4 is a perspective view, partly in cro ss 

section, schematically illustrating the manner in w hich 

the workpiece is ground by the grinding unit; 

        FIG. 5 is a plan view schematically illustr ating 

the positional relation between an annular track fo llowed 

by grindstones and the holding table; 

        FIG. 6A is a flowchart of a sequence of ste ps of a 
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method of grinding a workpiece according to an embo diment 

of the present invention; 

        FIG. 6B is a flowchart of a sequence of ste ps of a 

method of manufacturing an SiC wafer; 

        FIG. 7A is a cross-sectional view schematic ally 

illustrating a workpiece to be ground; 

        FIG. 7B is a cross-sectional view schematic ally 

illustrating the workpiece that has been ground; 

        FIG. 8A is a cross-sectional view schematic ally 

illustrating the manner in which modified layers ar e 

being formed in the workpiece; and 

        FIG. 8B is a cross-sectional view schematic ally 

illustrating the workpiece from which a wafer has b een 

peeled off. 

 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

        A method of grinding a workpiece according to an 

embodiment of the present invention will hereinafte r be 

described with reference to the drawings.  In the m ethod 

of grinding a workpiece according to the embodiment , 

which is also referred to as a workpiece grinding m ethod, 

a workpiece is ground to a thinned configuration by  a 

grinding apparatus.  First, the workpiece will be 

described below.  FIG. 2 illustrates the workpiece,  
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denoted by 1, in perspective.  The workpiece 1 is i n the 

form of a substantially cylindrical ingot or the li ke 

that is made of silicone (Si), SiC, gallium nitride  (GaN), 

gallium arsenide (GaAs), any of various semiconduct or 

materials, or the like, for example.  The ingot is cut to 

produce a wafer shaped as a circular plate.  Then, a 

plurality of devices are formed in rows and columns  on a 

face side of the wafer, which is divided into indiv idual 

device chips including the respective devices.   

        In recent years, attention has been paid to  an SiC 

wafer as a wafer used to manufacture device chips 

incorporating power devices that are capable of ope rating 

at high temperatures and withstanding high voltages  and 

devices such as LSI circuits.  An SiC wafer is form ed by 

being cut off from an SiC ingot, e.g., a hexagonal single 

crystal ingot.  For manufacturing an SiC ingot, an SiC 

seed crystal is grown into a cylindrical ingot grow th 

base having a growth end face on its distal end.  T hen, 

the ingot growth base is cut by a wire saw or the l ike, 

producing a cylindrical SiC ingot. 

        For cutting the SiC ingot, a laser beam tha t is 

transmittable through SiC is applied to an end face  of 

the SiC ingot.  At this time, a converged spot of t he 

laser beam is positioned in the SiC ingot at a dept h 
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corresponding to the thickness of an SiC wafer to b e 

produced from the end face of the SiC ingot, while at the 

same time the converged spot is moved horizontally 

relatively to the SiC ingot.  The applied laser bea m 

separates SiC into Si and C and extends cracks alon g a c-

plane in the SiC ingot, forming modified layers at the 

depth.  Then, the SiC wafer is cut off from the SiC  ingot 

along the modified layers that act as a peel-off st arting 

point.  Thereafter, the laser beam is applied again  to the 

SiC ingot from which the SiC wafer has been peeled off, 

and a next SiC wafer is peeled off from the SiC ing ot.  In 

this manner, SiC wafers are successively formed fro m the 

SiC ingot. 

        However, if the surface of the SiC ingot to  which 

the laser beam is applied is rough and has surface 

irregularities, the laser beam is disturbed by the 

surface to which it is applied and cannot adequatel y be 

converged.  Therefore, the SiC ingot cut off from t he 

ingot growth base by the wire saw or the SiC ingot from 

which the SiC wafer has been peeled off along the 

modified layers that act as a peel-off starting poi nt is 

ground to remove the surface irregularities.  In ad dition, 

the SiC wafer obtained from the SiC ingot is also g round 

to remove surface irregularities from the cut surfa ce of 
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the SiC wafer.  The workpiece 1, which may be the S iC 

ingot, the SiC wafer peeled off therefrom, or the l ike is 

ground by a grinding apparatus 2 illustrated in FIG . 1.  

While the grinding of the workpiece 1, such as an S iC 

ingot or an SiC wafer peeled therefrom, on the grin ding 

apparatus 2 will be described below, the workpiece 1 to 

be ground by the workpiece grinding method accordin g to 

the present embodiment is not limited to such an Si C 

ingot or an SiC wafer peeled off therefrom.   

        The grinding apparatus 2 that carries out t he 

workpiece grinding method according to the present 

embodiment will hereinafter be described.  As illus trated 

in FIGS. 1 and 2, the grinding apparatus 2 includes  a 

holding table 4 for holding the workpiece 1 under s uction 

thereon, a grinding unit 6 for grinding the workpie ce 1 

held on the holding table 4, and a lifting and lowe ring 

unit 8 for lifting and lowering the grinding unit 6  and 

the holding table 4 relatively to each other.  FIG.  1 

schematically illustrates in perspective the grindi ng 

unit 6 and the lifting and lowering unit 8.  FIG. 2  

schematically illustrates in perspective the grindi ng 

unit 6 and the holding table 4 for holding the work piece 

1 under suction thereon.   

        The holding table 4 is disposed on a table base 12 
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while in use.  The holding table 4 includes in its upper 

portion a porous member 14 that is made of ceramic or the 

like and that has a diameter commensurate with the 

diameter of the workpiece 1, for example.  The poro us 

member 14 is housed in a recess defined in a frame 16 of 

the holding table 4 that is disposed on the table b ase 12, 

and is exposed upwardly of the holding table 4.  Th e frame 

16 has an unillustrated suction channel that is def ined 

therein and that has an end connected to the porous  

member 14 and another end connected to an unillustr ated 

suction source.  The porous member 14 has an expose d upper 

surface functioning as a holding surface 10 for hol ding 

the workpiece 1 under suction thereon.  When the wo rkpiece 

1 is placed on the holding surface 10 of the holdin g 

table 4 and the suction source is actuated to apply  a 

negative pressure through the suction channel and t he 

porous member 14 to the workpiece 1, the workpiece 1 is 

held under suction on the holding table 4.  In addi tion, 

an unillustrated rotary actuator, such as an electr ic 

motor, is coupled to the bottom of the holding tabl e 4, 

i.e., the table base 12.  When the rotary actuator is 

energized, it rotates the holding table 4 about a t able 

axis 18 extending vertically through the center of the 

holding surface 10. 
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        The lifting and lowering unit 8 vertically moves 

the grinding unit 6 and the holding table 4 relativ ely to 

each other along the directions in which the table axis 

18 of the holding table 4 extends.  The grinding ap paratus 

2 also includes an upstanding support wall 20 dispo sed in 

a rear portion thereof and supporting the grinding unit 6 

through the lifting and lowering unit 8.  The lifti ng and 

lowering unit 8 includes a pair of guide rails 22 

disposed on a front surface of the support wall 20 and 

extending along Z-axis directions, i.e., vertical 

directions, and a moving plate 24 slidably mounted on the 

guide rails 22 for sliding movement along the guide  rails 

22.  The moving plate 24 has an unillustrated nut d isposed 

on a rear surface thereof that faces the support wa ll 20 

and operatively threaded over a ball screw 26 exten ding 

vertically that is disposed between the guide rails  22 

parallel thereto.  The ball screw 26 has an upper e nd 

coupled to a stepping motor 28 supported on the sup port 

wall 20.  When the stepping motor 28 is energized, it 

rotates the ball screw 26 about its central axis, c ausing 

the nut to move the moving plate 24 in the Z-axis 

directions along the guide rails 22.  The grinding unit 6 

for grinding the workpiece 1 is fixedly mounted on a 

front surface of the moving plate 24.  When the mov ing 
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plate 24 is moved in the Z-axis directions, thus, t he 

grinding unit 6 is also moved in the same Z-axis 

directions that are also referred to as processing feed 

directions.  Therefore, the lifting and lowering un it 8 

has a function of lowering the grinding unit 6 towa rd the 

holding table 4 and lifting the grinding unit 6 awa y from 

the holding table 4.  

        The grinding unit 6 has a spindle 32 rotata ble 

about its central axis by an unillustrated electric  motor 

joined to an upper proximal end of the spindle 32.  The 

electric motor is housed in a spindle housing 30.  The 

spindle 32 has a lower distal end on which there is  

mounted a wheel mount 34 shaped as a circular plate .  An 

annular grinding wheel 36 is mounted on a lower sur face 

of the wheel mount 34 for rotation in unison with t he 

wheel mount 34 and hence the spindle 32.  The grind ing 

wheel 36 supports on a lower surface thereof an ann ular 

array of grindstones 38.  The grindstones 38 are ma de of 

abrasive grains of diamond or the like and a bondin g 

material in which the abrasive grains are dispersed  and 

secured.  The grinding wheel 36 is rotatable about its 

central axis referred to as a wheel axis 40 (see FI G. 2).  

The wheel axis 40 extends along the directions in w hich 

the spindle 32 extends.  When the electric motor ho used in 
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the spindle housing 30 is energized, the spindle 32  is 

thereby rotated, rotating the grinding wheel 36 abo ut the 

wheel axis 40 and turning the grindstones 38 along an 

annular track 42 (see FIG. 5).   

        FIG. 5 schematically illustrates in plan th e 

positional relation between the annular track 42 al ong 

which the grindstones 38 are turned and the holding  table 

4.  The holding table 4 that holds the workpiece 1 under 

suction on the holding surface 10 is positioned suc h that 

the holding surface 10 will have its center 10a 

overlapping the annular track 42 while the workpiec e 1 is 

being ground by the grindstones 38.  Therefore, the  

grindstones 38 move on and along the annular track 42 

that extend through an area above the center 10a of  the 

holding surface 10.   

        Heretofore, the holding surface 10 of the h olding 

table 4 has been a slightly inclined conical surfac e, and, 

thus, the workpiece 1 held under suction on the hol ding 

surface 10 has been deformed into a shape complemen tary 

to the conical shape of the holding surface 10.  

Heretofore, the grinding unit 6 has been lowered wi th the 

holding table 4 and the grinding wheel 36 being rot ated 

respectively about their central axes while the 

generatrix of the conical holding surface 10 of the  
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holding table 4 and the annular track 42 were kept 

parallel to each other.  The grindstones 38 have co ntacted 

an upper surface 1a of the workpiece 1 in a grindin g area 

extending from the center 10a of the holding surfac e 10 

to the outer circumference thereof, thereby uniform ly 

grinding the upper surface 1a of the workpiece 1.  However, 

in a case where the workpiece 1 has been a hard and  thick 

workpiece such as an SiC ingot, there has been a pr oblem 

in holding the workpiece 1 under suction on the hol ding 

table 4.  Specifically, since the hard and thick wo rkpiece 

1 is less likely to be deformed, even when a negati ve 

pressure is applied from the holding table 4 to the  

workpiece 1, the workpiece 1 has failed to be defor med 

into a shape complementary to the conical shape of the 

holding surface 10, and the negative pressure has t ended 

to leak out through the gap between the workpiece 1  and 

the holding surface 10.  Consequently, the workpiec e 1 has 

failed to be held properly under suction on the hol ding 

table 4 and hence has not been ground adequately, w ith 

the result that the upper surface 1a of the workpie ce 1 

has not been planarized adequately. 

        In the workpiece grinding method according to the 

present embodiment, the holding surface 10 of the h olding 

table 4 is a flat surface rather than a conical sur face.  
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The flat holding surface 10 does not require the 

workpiece 1 to be deformed into a conical shape whe n the 

workpiece 1 is held under suction on the holding ta ble 4.  

Therefore, when the workpiece 1 that may be a hard and 

thick workpiece is held under suction on the holdin g 

table 4, workpiece 1 is held under suction on the h olding 

table 4 without fault.  

        One approach would be to keep the table axi s 18 and 

the wheel axis 40 parallel to each other.  In this case, 

however, the grinding area in which the grindstones  38 

contact the workpiece 1 would extend beyond an expe cted 

range on the upper surface 1a to be ground of the 

workpiece 1.  Specifically, the grinding area would  extend 

beyond an area between an outer circumferential end  of 

the upper surface 1a of the workpiece 1 and the cen ter of 

the upper surface 1a to an opposite outer circumfer ential 

end of the upper surface 1a.  According to this app roach, 

thus, the value of an electric current supplied to the 

electric motor that rotates the spindle 32 would in crease 

and the rate at which the grindstones 38 are worn w ould 

also increase, resulting in an increase in costs fo r the 

grinding step and a reduction in the efficiency of 

processing the workpiece 1.  Furthermore, a protrud ing 

mark referred to as a saw mark representing a conta ct 
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mark left by the grindstones 38 would appear notice ably 

on the upper surface 1a of the workpiece 1.  The sa w mark 

would tend to lower the quality of the upper surfac e 1a 

of the workpiece 1 and would be likely to cause an uneven 

distribution of flexural strength in the workpiece 1. 

        In the workpiece grinding method according to the 

present embodiment, the table axis 18 and the wheel  axis 

40 are not kept parallel to each other.  Rather, in  a case 

where the table axis 18 extends along the Z-axis 

directions, i.e., the vertical directions, with the  flat 

holding surface 10 lying horizontally, the spindle 32 is 

inclined from the Z-axis directions.  Then, when th e 

spindle 32 is rotated to rotate the grinding wheel 36 

about the wheel axis 40, the annular track 42 follo wed by 

the grindstones 38 is inclined to the holding surfa ce 10 

of the holding table 4.  In other words, the annula r track 

42 and the holding surface 10 do not lie parallel t o each 

other, and hence, different locations on the annula r 

track 42 and the holding surface 10 are not spaced from 

each other by a constant distance.  Consequently, e ach of 

the grindstones 38 as it turns along the annular tr ack 42 

moves toward and away from the holding surface 10.  

        FIG. 3 schematically illustrates in perspec tive the 

grinding unit 6 in a state where the wheel axis 40 is 
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inclined to the table axis 18 and the annular track  42 is 

inclined to the holding surface 10.  FIG. 3 also 

schematically illustrates in cross section the hold ing 

table 4 in that state.  The relative positions of t he 

holding table 4 and the grinding unit 6 are adjuste d and 

the tilt of the spindle 32 is adjusted such that th e 

annular track 42 is closest to the holding surface 10 in 

an area between a point above the center 10a of the  

holding surface 10 and a point above an outer 

circumferential end 10b of the holding surface 10.  At 

this time, a lowermost spot 38a of the grindstones 38 as 

they turn along the annular track 42 is positioned in the 

area.  In the workpiece grinding method according t o the 

present embodiment, then, the grinding unit 6 is lo wered 

to bring the grindstones 38 into grinding contact w ith 

the upper surface 1a of the workpiece 1. 

        There are several ways of inclining the ann ular 

track 42 followed by the grindstones 38 to the hold ing 

surface 10 of the holding table 4.  For example, wh en the 

grinding unit 6 is to be fixed to the moving plate 24 of 

the lifting and lowering unit 8 illustrated in FIG.  1, 

the grinding unit 6 with the wheel axis 40 tilted f rom 

the vertical directions may be fixed to the moving plate 

24.  Alternatively, the grinding unit 6 with the wh eel 
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axis 40 variable in its orientation may be mounted on the 

moving plate 24.  Furthermore, the annular track 42  may be 

inclined to the holding surface 10 by adjusting the  

orientation of the table axis 18 instead of the 

orientation of the wheel axis 40.  For example, the  

holding table 4 may be supported on three shafts fr om 

below, and the lengths of at least two of the three  

shafts may be adjusted to change the orientation of  the 

holding surface 10, i.e., the orientation of the ta ble 

axis 18. 

        FIG. 4 schematically illustrates in perspec tive the 

grinding unit 6 for grinding the workpiece 1.  FIG.  4 also 

schematically illustrates in cross section the hold ing 

table 4 for holding the workpiece 1 to be ground un der 

suction thereon.  When the workpiece 1 is to be gro und by 

the grinding unit 6, the grinding unit 6 is lowered  to 

bring the grindstones 38 into grinding contact with  the 

upper surface 1a of the workpiece 1 at the lowermos t spot 

38a.  As the grinding unit 6 is further lowered, an  area 

where the grindstones 38 abut against the upper sur face 

1a, i.e., a grinding area, spreads along the annula r 

track 42.  Then, the grindstones 38 contact the upp er 

surface 1a of the workpiece 1 in the area between t he 

point above the center 10a of the holding surface 1 0 and 
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the point above the outer circumferential end 10b o f the 

holding surface 10.  On the other hand, the grindst ones 38 

do not contact the upper surface 1a of the workpiec e 1 

outside that area.  Consequently, even though the h olding 

surface 10 is flat instead of being conical, the ar ea 

where the grindstones 38 abut against the upper sur face 

1a of the workpiece 1, i.e., the grinding area, rem ains 

the same as if the holding surface 10 were conical.   The 

grinding unit 6 is thus able to grind the upper sur face 

1a of the workpiece 1 in its entirety as with the 

conventional art. 

        Steps of the workpiece grinding method acco rding to 

the present embodiment will be described below.  FI G. 6A 

is a flowchart of a sequence of steps of the workpi ece 

grinding method according to the present embodiment .  In 

the workpiece grinding method, holding step S10 is 

carried out at first to hold the workpiece 1 on the  flat 

holding surface 10 of the holding table 4.  Next, g rinding 

step S20 is carried out to grind the workpiece 1 he ld on 

the holding surface 10.  

        First, holding step S10 will be described b elow.  

In holding step S10, the workpiece 1 is delivered o nto 

the holding surface 10 of the holding table 4.  At this 

time, the upper surface 1a to be ground of the work piece 
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1 faces upwardly, and a lower surface 1b thereof fa ces 

downwardly opposite the holding surface 10.  Therea fter, 

the suction source of the holding table 4 is actuat ed to 

apply a negative pressure through the porous member  14 to 

the workpiece 1, holding the workpiece 1 under suct ion on 

the holding surface 10.  Since the holding surface 10 is 

flat, even if the workpiece 1 is a hard and thick 

workpiece such as an SiC ingot, the holding table 4  

adequately holds the workpiece 1 under suction on t he 

holding surface 10 without fault.  In the workpiece  

grinding method according to present embodiment, th e 

workpiece 1 is not limited to a hard and thick work piece 

such as an SiC ingot, and may be a wafer having a 

plurality of devices formed on a face side thereof.   If 

the workpiece 1 is such a wafer, then a reverse sid e of 

the wafer with no devices formed thereon is treated  as 

the upper surface 1a, whereas the face side of the wafer 

with the devices formed thereon is treated as the l ower 

surface 1b.  A protective tape may be affixed to th e face 

side in order to protect the devices on the face si de.  

        Next, grinding step S20 will be described b elow.  

In grinding step S20, the grinding wheel 36 is rota ted 

about the wheel axis 40 to turn the grindstones 38 along 

the annular track 42, and the holding table 4 is ro tated 
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about the table axis 18.  The lifting and lowering unit 8 

then brings the grinding unit 6 and the holding tab le 4 

relatively toward each other until the grindstones 38 

abut against the upper surface 1a of the workpiece 1, 

starting grinding of the workpiece 1.  When the 

grindstones 38 contact and grind the workpiece 1, s warf 

is produced from the workpiece 1 and the grindstone s 38 

and heat is generated therefrom, increasing the 

temperature of the workpiece 1.  In order to quickl y 

remove the swarf and temperature from the workpiece  1, 

etc., the workpiece 1, etc. is supplied with a flui d 

called a grinding fluid when the workpiece 1 is gro und by 

the grindstones 38.  The grinding fluid may be pure  water, 

for example.  

        The grinding apparatus 2 may include an 

unillustrated thickness measuring unit for measurin g the 

thickness of the workpiece 1 as it is being ground.   The 

thickness measuring unit has a probe for contacting  the 

upper surface 1a of the workpiece 1, for example.  When 

the thickness measuring unit is used, it can measur e and 

monitor the thickness of the workpiece 1 as it is b eing 

thinned during grinding step S20, and can also dete ct 

that the workpiece 1 has reached a predetermined 

thickness.  
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        The relation between the annular track 42 a long 

which the grindstones 38 are turned and the holding  

surface 10 of the holding table 4 in grinding step S20 

will be described in detail below.  As described ab ove, 

FIG. 5 schematically illustrates in plan the relati onship 

between the holding surface 10 of the holding table  4 and 

the annular track 42.  Specifically, FIG. 5 schemat ically 

illustrates in plan the annular track 42 along whic h the 

grindstones 38 are turned at the time the grinding wheel 

36 is rotated about the wheel axis 40.  In grinding  step 

S20, the grindstones 38 as they are turned along th e 

annular track 42 pass through the area between the point 

above the center 10a of the holding surface 10 and the 

point above the outer circumferential end 10b of th e 

holding surface 10.  As described above, the annula r track 

42 is inclined to the holding surface 10 of the hol ding 

table 4.  In grinding step S20, the grindstones 38 abut 

against the upper surface 1a of the workpiece 1 whi le the 

annular track 42 is closest to the holding surface 10 in 

the area between the point above the center 10a of the 

holding surface 10 and the point above the outer 

circumferential end 10b of the holding surface 10. 

        Preferably, in grinding step S20, the posit ion of 

the spindle 32 and the tilt of the wheel axis 40 ar e 



26 

established such that the annular track 42 is close st to 

the holding surface 10 at an intermediate point 10c  

between the point above the center 10a of the holdi ng 

surface 10 and the point above the outer circumfere ntial 

end 10b of the holding surface 10.  In this case, a  

contact area 44, i.e., a grinding area 44, where th e 

grindstones 38 and the upper surface 1a of the work piece 

1 contact each other can be established between the  point 

above the center 10a of the holding surface 10 and the 

point above the outer circumferential end 10b of th e 

holding surface 10.  This means that the contact ar ea 44 

that is similar to a contact area in a case where t he 

workpiece 1 is ground while being held on the holdi ng 

table 4 with the conventional conical holding surfa ce 10 

is realized in grinding step S20.  In other words, in 

grinding step S20, the upper surface 1a of the work piece 

1 is ground in its entirety efficiently to a high-q uality 

finish. 

        Heretofore, in a case where the holding sur face 10 

of the holding table 4 is a conical surface, the ta ble 

axis 18 and the wheel axis 40 do not extend paralle l to 

each other, but their extensions cross each other.  In the 

workpiece grinding method according to the present 

embodiment, the table axis 18 and the wheel axis 40  do 
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not extend parallel to each other nor do their exte nsions 

cross each other.  FIG. 4 schematically illustrates  in 

cross section the workpiece 1 that is ground in gri nding 

step S20.  When the upper surface 1a of the workpie ce 1 is 

ground by the grindstones 38 as they are turned alo ng the 

annular track 42 while changing their heights, an a nnular 

cavity is formed in the upper surface 1a of the wor kpiece 

1 between the center and the outer circumferential edge 

thereof.  The larger the angle between the annular track 

42 and the holding surface 10, i.e., the tilt of th e 

wheel axis 40 from the vertical directions, becomes , the 

deeper the annular cavity formed in the upper surfa ce 1a 

of the workpiece 1 becomes.   

        If the angle between the annular track 42 a nd the 

holding surface 10 is too large, then the thickness  of 

the workpiece 1 tends to become uneven excessively.   If 

the angle between the annular track 42 and the hold ing 

surface 10 is too small, making the annular track 4 2 and 

the holding surface 10 substantially parallel to ea ch 

other, then the grinding area tends to extend beyon d the 

area between the outer circumferential end of the u pper 

surface 1a of the workpiece 1 and the center of the  upper 

surface 1a to the opposite outer circumferential en d of 

the upper surface 1a, posing problems on the grindi ng of 
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the workpiece 1.  Stated otherwise, the angle betwe en the 

annular track 42 and the holding surface 10 should be of 

a value in a preferable range.  The magnitude of th e angle 

is represented by the difference between the distan ce 

between the grindstones 38 and the holding surface 10 at 

the time the grindstones 38 as they are turned alon g the 

annular track 42 are closest to the holding surface  10 

and the distance between the grindstones 38 and the  

holding surface 10 at the time the grindstones 38 a re 

farthest from the holding surface 10.  In a case wh ere the 

grinding wheel 36 used is of a diameter of 200 mm, the 

difference between the above distances should prefe rably 

be in a range from 5 to 50 µm, and more preferably be of 

20 µm.  In FIG. 4 and other figures, for illustrati ve 

purposes, the tilt of the annular track 42 followed  by 

the grindstones 38 mounted on the grinding wheel 36  with 

respect to the holding surface 10 of the holding ta ble 4 

is illustrated as exaggerated, and the shape of the  

annular cavity formed in the upper surface 1a of th e 

workpiece 1 is also illustrated as exaggerated.  In  other 

words, the tilt of the annular track 42 and the sha pe of 

the annular cavity are not limited to those illustr ated.  

        In the workpiece grinding method according to the 

present embodiment, as the annular cavity is formed  in 
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the upper surface 1a to be ground of the workpiece 1, the 

upper surface 1a is not made completely flat.  Howe ver, 

inasmuch as the upper surface 1a is ground by conta ct 

with the grindstones 38, minute surface irregularit ies 

that have been present on the upper surface 1a befo re 

being ground are removed when the upper surface 1a is 

ground by the grindstones 38.  Stated otherwise, wh en the 

workpiece grinding method according to the present 

embodiment is performed on the workpiece 1, the upp er 

surface 1a thereof with the minute surface irregula rities 

is ground into a surface with reduced surface rough ness.  

In the present description, a process of removing m inute 

surface irregularities from a surface to be ground may be 

referred to as planarization.  When a laser beam is  

applied to the upper surface 1a with reduced surfac e 

roughness and converged at a predetermined depth in  the 

workpiece 1, the laser beam is less likely to be 

disturbed by the upper surface 1a.  In a case where  the 

workpiece 1 is an SiC ingot, for example, the laser  beam 

can be converged at a predetermined depth in the Si C 

ingot to form modified layers as desired in the SiC  ingot.  

Therefore, a peel-off surface from which an SiC waf er is 

to be peeled off from the SiC ingot can be formed h ighly 

accurately in the SiC ingot.  
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        In the workpiece grinding method according to the 

present embodiment, as described above, even if the  

workpiece 1 to be ground is a hard and thick workpi ece, 

the workpiece 1 can be held under suction on the ho lding 

table 4 without fault, and the upper surface 1a of the 

workpiece 1 can be ground uniformly efficiently to a 

high-quality finish.  According to the present inve ntion, 

the workpiece 1 is not limited to any particular ty pes, 

and even if the workpiece 1 is not hard and is thin , the 

workpiece 1 can be ground to a high-quality finish.  

        Next, a method of grinding an SiC ingot, e. g., a 

hexagonal single crystal ingot, on the grinding app aratus 

2 and cutting off an SiC wafer from the SiC ingot a t a 

predetermined depth from a distal end thereof will be 

described below.  FIG. 6B is a flowchart of a seque nce of 

steps of a method of manufacturing an SiC wafer, al so 

referred to as an SiC wafer manufacturing method.  In the 

SiC wafer manufacturing method illustrated in FIG. 6B, an 

SiC wafer shaped as a circular plate is produced fr om a 

cylindrical SiC ingot that is cut off by a wire saw  or 

the like from a distal end portion of a cylindrical  ingot 

growth base grown from an SiC seed crystal and havi ng a 

growth end face on its distal end.  In the SiC wafe r 

manufacturing method, a laser beam is converged at a 
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predetermined depth in the SiC ingot to form modifi ed 

layers including cracks in the SiC ingot, and an Si C 

wafer is cut off from the SiC ingot along the modif ied 

layers that act as a peel-off starting point.   

        In the SiC wafer manufacturing method, firs t, an 

SiC ingot 3 (see FIG. 7A) as a workpiece is ground to 

remove minute surface irregularities from an upper 

surface 3a thereof.  FIG. 7A schematically illustra tes in 

cross section the SiC ingot 3 with minute surface 

irregularities on the upper surface 3a.  In the SiC  wafer 

manufacturing method, as with the workpiece grindin g 

method, holding step S10 and grinding step S20 are 

carried out.  Details of holding step S10 and grind ing 

step S20 have been described in detail above, and w ill 

not be described below.  If not only the upper surf ace 3a 

of the SiC ingot 3, but also a lower surface 3b the reof, 

are to be ground, then after the upper surface 3a o f the 

SiC ingot 3 has been ground, the SiC ingot 3 is 

vertically inverted, and holding step S10 and grind ing 

step S20 are carried out again.  FIG. 7B schematica lly 

illustrates in cross section the SiC ingot 3 that h as 

been ground to remove minute surface irregularities  from 

the upper surface 3a.  As illustrated in FIG. 7B, a n 

annular cavity is formed in the upper surface 3a of  the 



32 

SiC ingot 3 between the center and the outer 

circumferential edge thereof, while minute surface 

irregularities which would otherwise tend to distur b a 

laser beam to be described later are removed from t he 

upper surface 3a.  

        In the SiC wafer manufacturing method, next , laser 

beam applying step S30 is carried out.  FIG. 8A 

schematically illustrates in cross section the mann er in 

which laser beam applying step S30 is carried out.  In 

laser beam applying step S30, a laser beam having a  

wavelength transmittable through SiC, i.e., a wavel ength 

that can transmit SiC, is applied to the SiC ingot 3.  In 

laser beam applying step S30, there is used a laser  

processing apparatus including a laser processing u nit 46 

that is capable of converging a laser beam 48 havin g a 

wavelength of 1064 nm oscillated through a medium o f 

neodymium-doped yttrium alminum garnet (Nd:YAG), fo r 

example, at a predetermined depth in the SiC ingot 3.   

        In laser beam applying step S30, a converge d spot 

50 of the laser beam 48 is positioned in the SiC in got 3 

at a depth corresponding to the thickness of an SiC  wafer 

to be produced from the SiC ingot 3.  Then, while t he 

laser beam 48 is being applied to the SiC ingot 3, the 

SiC ingot 3 and the laser processing unit 46 are 
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processing-fed in a horizontal direction relatively  to 

each other.  By thus scanning the SiC ingot 3 with the 

laser beam 48, modified layers 52 are formed in the  SiC 

ingot 3 at the depth referred to above.  The modifi ed 

layers 52 act as a peel-off starting point.   

        When the laser beam 48 is converged at the 

converged spot 50, if the upper surface 3a, to whic h the 

laser beam 48 is to be applied, of the SiC ingot 3 has 

minute surface irregularities and hence has large s urface 

roughness, then the laser beam 48 is disturbed by t he 

upper surface 3a.  The disturbed laser beam 48 fail s to be 

converged adequately at the predetermined depth wit h a 

predetermined intensity, and is unable to form desi red 

modified layers 52 in the SiC ingot 3.  Consequentl y, an 

SiC wafer cannot adequately be peeled off from the SiC 

ingot 3.  Even if an SiC wafer is peeled off from t he SiC 

ingot 3, peel-off surfaces of the SiC wafer and the  SiC 

ingot 3 are roughened to a large extent.  Those rou ghened 

peel-off surfaces have to be ground with a high lev el of 

grinding strength, resulting in a large amount of S iC 

loss as swarf, so that the efficiency of manufactur ing 

SiC wafers from the SiC ingot 3 is reduced. 

        On the other hand, according to the present  

embodiment, since grinding step S20 is carried out prior 
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to laser beam applying step S30, minute surface 

irregularities are removed from the upper surface 3 a of 

the SiC ingot 3, and hence the laser beam 48 is les s 

likely to be disturbed by the upper surface 3a.  Th erefore, 

modified layers 52 of desired quality are formed in  the 

SiC ingot 3, and an SiC wafer can adequately be pee led 

off from the SiC ingot 3. 

        In the SiC wafer manufacturing method, next , 

peeling step S40 is carried out.  In peeling step S 40, the 

SiC ingot 3 is divided along the modified layers 52  

acting as the peel-off starting point, peeling off an 

unillustrated SiC wafer from the SiC ingot 3.  In t his 

manner, the SiC wafer is manufactured.  Inasmuch as  

desired modified layers 52 are formed at the 

predetermined depth in the SiC ingot 3 in the SiC w afer 

manufacturing method, SiC wafers can efficiently be  

manufactured from the SiC ingot 3.  FIG. 8B schemat ically 

illustrates in cross section the SiC ingot 3 left a fter 

the SiC wafer has been peeled off therefrom.  The S iC 

ingot 3 that has been left is used to manufacture a  next 

SiC wafer therefrom.  However, a new upwardly expos ed 

upper surface 3a of the SiC ingot 3 may have minute  

surface irregularities due to the modified layers 5 2 

previously formed in the SiC ingot 3.  For manufact uring a 
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next SiC wafer from the SiC ingot 3 illustrated in FIG. 

8B, consequently, it is preferable to carry out hol ding 

step S10 and grinding step S20 to grind the new upp er 

surface 3a. 

        The present invention is not limited to the  

embodiment described above, and various changes and  

modifications may be made in the embodiment.  Accor ding to 

the above embodiment, for example, the workpiece 1 is 

illustrated as an SiC ingot, e.g., a hexagonal sing le 

crystal ingot.  However, the workpiece 1 is not lim ited to 

such an SiC ingot and is not limited to a hard and thick 

workpiece either.  

        For example, a relatively thin SiC wafer cu t off 

from an SiC ingot by a wire saw may be used as the 

workpiece 1.  Since minute surface irregularities a re 

formed on the cut surface of the SiC wafer cut off from 

the SiC ingot by the wire saw, the flexural strengt h of 

the SiC wafer may be lowered if the minute surface 

irregularities remain unremoved.  In addition, devi ces may 

not adequately be formed on a surface of a SiC wafe r cut 

off from an SiC ingot by a wire saw if the surface has 

minute surface irregularities thereon.  Therefore, the 

workpiece grinding method according to the above 

embodiment may be performed on an SiC wafer manufac tured 
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without the application of a laser beam, as the wor kpiece 

1.  If the cut surface of an SiC wafer cut off from  an SiC 

ingot by a wire saw is ground, minute surface 

irregularities on the cut surface are removed.  

        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 method of grinding a workpiece on a g rinding 

apparatus including 

        a holding table having on an upper portion thereof 

a holding surface for holding a workpiece under suc tion 

thereon, the holding table being rotatable about a table 

axis extending through a center of the holding surf ace, 

        a grinding unit disposed above the holding table, 

the grinding unit having a grinding wheel with an a nnular 

array of grindstones for grinding the workpiece hel d on 

the holding table and an electric motor for rotatin g the 

grinding wheel about a wheel axis, the grindstones being 

turned along an annular track overlapping the cente r of 

the holding surface when the electric motor rotates  the 

grinding wheel, and 

        a lifting and lowering unit for moving the grinding 

unit and the holding table relatively to each other  along 

directions in which the table axis extends, 

        the method comprising: 

        a holding step of holding the workpiece on the 

holding surface of the holding table, the holding s urface 

being flat; and 

        a grinding step of rotating the grinding wh eel 

about the wheel axis to turn the grindstones along the 
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annular track while rotating the holding table abou t the 

table axis, and actuating the lifting and lowering unit 

to bring the grinding unit and the holding table 

relatively toward each other until the grindstones are 

brought into grinding contact with an upper surface  of 

the workpiece to thereby grind the workpiece, 

        wherein the annular track is inclined to th e 

holding surface of the holding table, and the grind ing 

step includes the step of bringing the grindstones into 

grinding contact with the upper surface of the work piece 

in a state where the annular track is closest to th e 

holding surface in an area between a point above th e 

center of the holding surface and a point above an outer 

circumferential end of the holding surface.   

        2.  The method of grinding a workpiece acco rding to 

claim 1, wherein, in the grinding step, the annular  track 

is closest to the holding surface at an intermediat e 

point between the point above the center of the hol ding 

surface and the point above the outer circumferenti al end 

of the holding surface. 


