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GRINDING APPARATUS 

 

BACKGROUND OF THE INVENTION 

Field of the Invention 

        The present invention relates to a grinding  

apparatus that grinds a separation surface of a waf er 

separated from an ingot. 

Description of the Related Art 

        The following generation method of a wafer is 

known.  Irradiation with a laser beam is executed i n such 

a manner that the laser beam is focused on a positi on 

that is inside an ingot and is at a depth correspon ding 

to the thickness of the desired wafer, and a proces sing 

mark is formed.  In addition, a separation layer th at 

horizontally extends from this processing mark is f ormed, 

and the wafer is separated from the ingot with use of the 

separation layer as the starting point. 

        In the wafer generated by this kind of meth od, 

recesses and projections are formed in the separati on 

surface on the separation layer side.  Therefore, t he 

recesses and projections of the separation surface are 

removed through, for example, grinding of the separ ation 

surface after the separation of the wafer from the ingot.  

In order to execute this kind of grinding processin g, a 
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grinding apparatus is used (for example, refer to 

Japanese Patent Laid-open No. 2018-049913 and Japan ese 

Patent Laid-open No. 2006-021264). 

 

SUMMARY OF THE INVENTION 

        However, with the grinding apparatus descri bed in 

the above-mentioned Japanese Patent Laid-open No. 2 018-

049913 and Japanese Patent Laid-open No. 2006-02126 4, 

when an operator manually houses the separated wafe r in a 

cassette, there is a fear that the operator houses the 

wafer with the wafer reversed upside down by mistak e and 

the surface opposite to the separation surface is g round. 

        Therefore, the present invention intends to  provide 

a grinding apparatus that can decrease the possibil ity of 

grinding of a surface opposite to a separation surf ace in 

a wafer. 

        In accordance with an aspect of the present  

invention, there is provided a grinding apparatus t hat 

grinds a separation surface having recesses and 

projections in a wafer generated by being separated  from 

an ingot.  The grinding apparatus includes a holdin g table 

that holds the wafer, a grinding unit that grinds a n 

exposed surface of the wafer held by the holding ta ble, a 

detecting unit that detects a physical quantity use d for 
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determination of a state of exposure of the separat ion 

surface, and a control unit having an exposure 

determining unit that determines the state of expos ure of 

the separation surface on the basis of the physical  

quantity detected by the detecting unit. 

        Preferably, the detecting unit has an upper  surface 

height detector that measures an upper surface heig ht of 

the wafer held by the holding table, and the exposu re 

determining unit determines that the state of expos ure is 

an abnormal state in which the separation surface i s not 

exposed, when a difference in the upper surface hei ght 

among a plurality of places obtained by measurement  of 

the plurality of places by the upper surface height  

detector is less than a threshold. 

        Moreover, preferably, the detecting unit ha s a 

pressure gauge that measures the negative pressure of a 

suction path when the wafer is to be sucked by a ho lding 

surface of the holding table, and the exposure 

determining unit determines that the state of expos ure is 

an abnormal state in which the separation surface i s not 

exposed, when the negative pressure measured by the  

pressure gauge when the wafer is sucked is less tha n a 

threshold. 

        Further, preferably, when it is determined that the 
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state of exposure is the abnormal state by the expo sure 

determining unit, the control unit informs an opera tor of 

the determination of the abnormal state. 

        Further, preferably, the grinding apparatus  further 

includes a position adjustment unit on which the wa fer is 

to temporarily be placed.  The detecting unit has a  light 

projecting part that irradiates either one of surfa ces of 

the wafer temporarily placed on the position adjust ment 

unit with light and a light receiving part that rec eives 

reflected light reflected by the wafer.  When the a mount 

of light received by the light receiving part is le ss 

than a threshold, the exposure determining unit 

determines that the surface irradiated with the lig ht by 

the light projecting part is the separation surface  and, 

on the basis of a result of the determination, dete rmines 

whether or not the separation surface is exposed wh en the 

wafer is held by the holding table. 

        Further, preferably, the grinding apparatus  further 

includes a cassette setting pedestal on which a cas sette 

capable of housing a plurality of the wafers is set  and a 

conveying unit including at least one conveying arm  that 

conveys the wafer from the cassette to the holding table.  

The detecting unit has a light projecting part that  is 

set on the conveying unit and irradiates either one  of 
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surfaces of the wafer with light and a light receiv ing 

part that is set on the conveying unit and receives  

reflected light reflected by the wafer.  When the a mount 

of light received by the light receiving part is le ss 

than a threshold, the exposure determining unit 

determines that the surface irradiated with the lig ht by 

the light projecting part is the separation surface  and, 

on the basis of a result of the determination, dete rmines 

whether or not the separation surface is exposed wh en the 

wafer is held by the holding table. 

        Furthermore, preferably, the conveying arm has a 

holding surface that holds the wafer, an arm part 

connected to the holding surface, and a drive part that 

is set in the arm part and is capable of inverting the 

orientation of the holding surface.  The control un it 

inverts the orientation of the holding surface befo re 

placing the wafer on the holding table when the exp osure 

determining unit determines that the separation sur face 

is not exposed. 

        According to the grinding apparatus in acco rdance 

with the aspect of the present invention, the possi bility 

of grinding a surface opposite to a separation surf ace in 

a wafer can be decreased. 

        The above and other objects, features and 
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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 preferre d 

embodiments of the invention. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

        FIG. 1 is a perspective view illustrating a  

configuration example of a grinding apparatus accor ding 

to a first embodiment; 

        FIG. 2 is a perspective view of a wafer tha t is a 

processing target of the grinding apparatus accordi ng to 

the first embodiment; 

        FIG. 3 is a plan view of the wafer illustra ted in 

FIG. 2 as viewed from the lower side; 

        FIG. 4 is a plan view of an SiC ingot from which 

the wafer illustrated in FIG. 2 is separated; 

        FIG. 5 is a side view of the SiC ingot illu strated 

in FIG. 4; 

        FIG. 6 is a plan view of the state in which  

separation layers are formed in the SiC ingot illus trated 

in FIG. 4; 

        FIG. 7 is a sectional view taken along line  VII-VII 
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in FIG. 6; 

        FIG. 8 is a perspective view illustrating a  

configuration example of a conveying arm of the gri nding 

apparatus illustrated in FIG. 1; 

        FIG. 9 is a side view schematically illustr ating 

the state in which the upper surface of the wafer h eld by 

a holding table of the grinding apparatus illustrat ed in 

FIG. 1 is a separation surface; 

        FIG. 10 is a side view schematically illust rating 

the state in which the upper surface of the wafer h eld by 

the holding table of the grinding apparatus illustr ated 

in FIG. 1 is a flat surface; 

        FIG. 11 is a side view schematically illust rating 

the state in which the upper surface of the wafer h eld by 

the holding table of a grinding apparatus according  to a 

second embodiment is the separation surface; 

        FIG. 12 is a side view schematically illust rating 

the state in which the upper surface of the wafer h eld by 

the holding table of the grinding apparatus accordi ng to 

the second embodiment is the flat surface; 

        FIG. 13 is a perspective view illustrating a 

configuration example of a grinding apparatus accor ding 

to a third embodiment; and 

        FIG. 14 is a perspective view illustrating a 
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configuration example of the conveying arm of a gri nding 

apparatus according to a fourth embodiment. 

 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

        Embodiments of the present invention will b e 

described in detail below with reference to the 

accompanying drawings.  The present invention is no t 

limited by contents described in the following 

embodiments.  Moreover, what can easily be conceive d of by 

those skilled in the art and what are substantially  the 

same are included in constituent elements described  

below.  In addition, configurations described below  can be 

combined as appropriate.  Further, various kinds of  

omission, replacement, or change of a configuration  can 

be carried out without departing from the gist of t he 

present invention. 

[First Embodiment] 

        A grinding apparatus according to a first 

embodiment of the present invention will be describ ed on 

the basis of the drawings.  FIG. 1 is a perspective  view 

illustrating a configuration example of a grinding 

apparatus according to the first embodiment.  FIG. 2 is a 

perspective view of a wafer that is a processing ta rget 

of the grinding apparatus according to the first 
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embodiment.  FIG. 3 is a plan view of the wafer 

illustrated in FIG. 2 as viewed from the lower side .  FIG. 

4 is a plan view of an SiC ingot from which the waf er 

illustrated in FIG. 2 is separated.  FIG. 5 is a si de view 

of the SiC ingot illustrated in FIG. 4.  FIG. 6 is a plan 

view of the state in which separation layers are fo rmed 

in the SiC ingot illustrated in FIG. 4.  FIG. 7 is a 

sectional view taken along line VII-VII in FIG. 6. 

(Wafer) 

        A grinding apparatus 1 according to the fir st 

embodiment illustrated in FIG. 1 is a processing 

apparatus that grinds the wafer illustrated in FIG.  2 and 

FIG. 3.  A wafer 200 that is a processing target of  the 

grinding apparatus 1 illustrated in FIG. 1 and that  is 

illustrated in FIG. 2 and FIG. 3 is generated by be ing 

separated from an SiC ingot 201 (equivalent to the ingot) 

illustrated in FIG. 4 and FIG. 5.  In the first 

embodiment, the SiC ingot 201 illustrated in FIG. 4  and 

FIG. 5 is composed of silicon carbide (SiC) and is formed 

into a circular column shape as a whole.  In the fi rst 

embodiment, the SiC ingot 201 is a hexagonal single -

crystal SiC ingot. 

        As illustrated in FIG. 4 and FIG. 5, the Si C ingot 

201 has a circular flat surface 202, a circular sec ond 
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surface 203 on the back surface side of the flat su rface 

202, and a circumferential surface 204 continuous w ith 

the outer edge of the flat surface 202 and the oute r edge 

of the second surface 203.  Further, the SiC ingot 201 

has, in the circumferential surface 204, a first 

orientation flat 205 that indicates the crystal 

orientation and a second orientation flat 206 ortho gonal 

to the first orientation flat 205.  The length of t he 

first orientation flat 205 is longer than that of t he 

second orientation flat 206. 

        Further, the SiC ingot 201 has a c-axis 209  

inclined with respect to a perpendicular line 207 t o the 

flat surface 202 by an off-angle α in an inclination 

direction 208 toward the second orientation flat 20 6 and 

a c-plane 210 orthogonal to the c-axis 209.  The c- plane 

210 is inclined with respect to the flat surface 20 2 of 

the SiC ingot 201 by the off-angle α.  The inclination 

direction 208 of the c-axis 209 from the perpendicu lar 

line 207 is orthogonal to the extension direction o f the 

second orientation flat 206 and is parallel to the first 

orientation flat 205.  As the c-plane 210, an infin ite 

number of planes are set in the SiC ingot 201.  In the 

first embodiment, the off-angle α is set to 1°, 4°, or 

6°.  However, in the present invention, the SiC ing ot 201 
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can be manufactured with the off-angle α freely set in a 

range of 1° to 6°, for example. 

        Grinding processing of the surface on the s ide 

opposite to the second surface 203 of the SiC ingot  201 

is executed by the grinding apparatus, and thereaft er 

polishing processing is executed by a polishing 

apparatus.  As a result, the flat surface 202 with a 

mirror surface shape is formed. 

        Separation layers 211 illustrated in FIG. 6  and 

FIG. 7 are formed in the SiC ingot 201 illustrated in 

FIG. 4 and FIG. 5, and thereafter the wafer 200 is 

separated with use of the separation layers 211 as the 

starting point.  A focal point 232 (illustrated in FIG. 7) 

of a pulsed laser beam 231 (illustrated in FIG. 7) with a 

wavelength having transmissibility with respect to the 

SiC ingot 201 is positioned to a position at a desi red 

depth 233 (illustrated in FIG. 7) corresponding to the 

thickness of the wafer 200 to be generated from the  flat 

surface 202 of the SiC ingot 201, and irradiation w ith 

the pulsed laser beam 231 is executed along the sec ond 

orientation flat 206.  As a result, the separation layers 

211 are formed inside the SiC ingot 201. 

        When the irradiation with the pulsed laser beam 231 

with the wavelength having transmissibility with re spect 
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to the SiC ingot 201 is executed, as illustrated in  FIG. 

7, a modified part 212 arising from separation of S iC 

into silicon (Si) and carbon (C) due to the irradia tion 

with the pulsed laser beam 231 and absorption of th e 

pulsed laser beam 231 with which irradiation is exe cuted 

next, by previously-formed C, and separation of SiC  into 

Si and C in a chain-reaction manner is formed insid e the 

SiC ingot 201 along the extension direction of the second 

orientation flat 206.  In addition, cracks 213 that  extend 

from the modified part 212 along the c-plane 210 ar e 

generated.  In this manner, when the irradiation wi th the 

pulsed laser beam 231 with the wavelength having 

transmissibility with respect to the SiC ingot 201 is 

executed, the separation layer 211 including the mo dified 

part 212 and the cracks 213 formed from the modifie d part 

212 along the c-plane 210 is formed in the SiC ingo t 201. 

        When the SiC ingot 201 is irradiated with t he laser 

beam 231 over the whole length in the direction par allel 

to the second orientation flat 206, indexing feed o f the 

SiC ingot 201 is executed along the first orientati on 

flat 205 relative to an unillustrated laser beam 

irradiation unit that executes the irradiation with  the 

laser beam 231.  Again, the focal point 232 is posi tioned 

to a position at the desired depth 233 from the fla t 
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surface 202, the SiC ingot 201 is irradiated with t he 

pulsed laser beam 231 along the second orientation flat 

206, and the separation layer 211 is formed inside.   In 

this manner, operation of the irradiation with the laser 

beam 231 along the second orientation flat 206 and 

operation of the relative indexing feed of the lase r beam 

irradiation unit along the first orientation flat 2 05 are 

repeated. 

        As a result, in the SiC ingot 201, at every  

movement distance of the indexing feed, the separat ion 

layer 211 that includes the modified part 212 arisi ng 

from separation of SiC into Si and C and the cracks  213 

and at which the strength is lowered relative to th e 

other part is formed at the position at the desired  depth 

233 corresponding to the thickness of the wafer 200  from 

the flat surface 202.  In the SiC ingot 201, the 

separation layer 211 is formed at every movement di stance 

of the indexing feed over the whole length in the 

direction parallel to the first orientation flat 20 5 at 

the position at the desired depth 233 from the flat  

surface 202.  After the separation layers 211 are f ormed 

across the whole of the SiC ingot 201, the side of the 

flat surface 202 is separated with use of the separ ation 

layers 211 as the starting point, so that the wafer  200 
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illustrated in FIG. 2 and FIG. 3 is generated. 

        Thus, the wafer 200 has recesses and projec tions 

215 that are formed due to the above-described modi fied 

parts 212 and cracks 213 and have surface roughness  of 

approximately several tens of micrometers as illust rated 

in FIG. 3 in a separation surface 214 on the side o f the 

separation layers 211 at which the wafer 200 is sep arated 

from the SiC ingot 201, i.e., on the side of the se cond 

surface 203.  For the wafer 200 illustrated in FIG.  2 and 

FIG. 3, grinding processing is executed for the 

separation surface 214 separated from the SiC ingot  201, 

by the grinding apparatus 1 illustrated in FIG. 1, and 

polishing processing and so forth are executed by a  

polishing apparatus that is not illustrated in the 

diagram.  Devices are formed on a front surface of the 

wafer 200 after the grinding processing, the polish ing 

processing, and so forth are executed for the separ ation 

surface 214.  In the first embodiment, the device i s a 

metal-oxide-semiconductor field-effect transistor 

(MOSFET), micro electro mechanical systems (MEMS), or a 

Schottky barrier diode (SBD).  However, in the pres ent 

invention, the device is not limited to the MOSFET,  the 

MEMS, and the SBD.  The same part as the SiC ingot 201 of 

the wafer 200 is given the same numeral, and descri ption 
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thereof is omitted. 

(Grinding Apparatus) 

        Next, the grinding apparatus will be descri bed.  

The grinding apparatus 1 is a processing apparatus that 

grinds the separation surface 214 having the recess es and 

projections 215 in the wafer 200 generated through 

separation from the SiC ingot 201 and thins the waf er 200 

to a predetermined finished thickness.  As illustra ted in 

FIG. 1, the grinding apparatus 1 includes an appara tus 

main body 2, a rough grinding unit 3 (equivalent to  the 

grinding unit), a finish grinding unit 4 (equivalen t to 

the grinding unit), grinding feed units 5, a turnta ble 6, 

a plurality of (in the first embodiment, three) hol ding 

tables 7 set on the turntable 6, cassettes 8 and 9,  a 

position adjustment unit 10, a conveying unit 11, a  

cleaning unit 12, and a control unit 100. 

        The turntable 6 is a table that is disposed  on the 

upper surface of the apparatus main body 2 and has a 

circular disc shape.  The turntable 6 is disposed 

rotatably around the axial center parallel to a Z-a xis 

direction in a horizontal plane and is rotationally  

driven at a predetermined timing.  On the turntable  6, for 

example, three holding tables 7 are disposed at equ al 

intervals with a phase angle of 120 degrees, for ex ample.  
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The three holding tables 7 have a holding table str ucture 

in which a holding surface 71 includes a vacuum chu ck 

connected to a suction source 73 through a suction path 

72.  The wafer 200 is placed on the holding surface  71 and 

is sucked by the suction source 73 through the suct ion 

path 72, and the holding table 7 thereby holds unde r 

suction the wafer 200 by the holding surface 71. 

        Pressure gauges 74 are disposed on the suct ion 

paths 72.  The pressure gauges 74 measure the press ure in 

the suction path 72, for example, a pressure genera ted 

due to suction of the wafer 200 on the holding surf ace 71 

by the suction source 73 (in the first embodiment, 

negative pressure lower than the atmospheric pressu re).  

The pressure gauges 74 output the measurement resul t to 

the control unit 100. 

        At the time of grinding, the holding tables  7 are 

rotationally driven in a horizontal plane by a rota tional 

drive mechanism around the axial center parallel to  the 

vertical direction, i.e., the Z-axis direction.  As  

described above, the holding tables 7 are configure d to 

have the holding surface 71 that holds the wafer 20 0 and 

be rotatable around the axial center.  The holding tables 

7 are sequentially moved to a carrying-in/out regio n 301, 

a rough grinding region 302, a finish grinding regi on 
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303, and the carrying-in/out region 301 by rotation  of 

the turntable 6. 

        The carrying-in/out region 301 is a region in which 

the wafer 200 is carried in and carried out to and from 

the holding table 7.  The rough grinding region 302  is a 

region in which rough grinding (equivalent to the 

grinding) of the wafer 200 held by the holding tabl e 7 is 

executed by the rough grinding unit 3.  The finish 

grinding region 303 is a region in which finish gri nding 

(equivalent to the grinding) of the wafer 200 held by the 

holding table 7 is executed by the finish grinding unit 

4. 

        The rough grinding unit 3 is a grinding uni t on 

which a grinding wheel 32 for rough grinding in whi ch 

grinding abrasive stones 31 for rough grinding to e xecute 

the rough grinding of an upper surface 216 (illustr ated 

in FIG. 9 and FIG. 10; one of the flat surface 202 and 

the separation surface 214) that is a surface expos ed 

upward in the wafer 200 held by the holding table 7  are 

annularly disposed is mounted, and that executes th e 

rough grinding of the upper surface 216 of the wafe r 200 

held by the holding surface 71 of the holding table  7 in 

the rough grinding region 302.  The finish grinding  unit 4 

is a grinding unit on which a grinding wheel 42 for  
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finish grinding in which grinding abrasive stones 4 1 for 

finish grinding to execute the finish grinding of t he 

upper surface 216 of the wafer 200 held by the hold ing 

table 7 are annularly disposed is mounted, and that  

executes the finish grinding of the upper surface 2 16 of 

the wafer 200 held by the holding surface 71 of the  

holding table 7 in the finish grinding region 303. 

        Thus, the rough grinding unit 3 is a grindi ng unit 

that uses the grinding wheel 32 for rough grinding,  and 

the finish grinding unit 4 is a grinding unit that 

executes, by using the grinding wheel 42, the finis h 

grinding of the wafer 200 for which the rough grind ing 

has been executed by the rough grinding unit 3.  Th e 

grinding units 3 and 4 have substantially the same 

configuration, and hence, description will hereinaf ter be 

made with the same part given the same numeral. 

        As illustrated in FIG. 1, the rough grindin g unit 3 

and the finish grinding unit 4 have an unillustrate d 

spindle that has a lower end on which the grinding wheel 

32 or 42 is mounted and a motor 34 that rotationall y 

drives the spindle around the axial center parallel  to 

the Z-axis direction.  The grinding wheels 32 and 4 2 have 

an annular base 35 with a circular annular shape an d the 

plurality of grinding abrasive stones 31 or 41 fixe d to 
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the lower surface of the annular base 35.  The grin ding 

abrasive stones 31 and 41 are arranged in the 

circumferential direction at the outer edge part of  the 

lower surface of the annular base 35.  The grinding  

abrasive stones 31 and 41 are configured through fi xing 

of abrasive grains by a bond.  The abrasive grains of the 

grinding abrasive stones 31 of the grinding wheel 3 2 have 

a coarser grain size (that is, are larger) than the  

abrasive grains of the grinding abrasive stones 41 of the 

grinding wheel 42, and the abrasive grains of the 

grinding abrasive stones 41 of the grinding wheel 4 2 have 

a finer grain size than the abrasive grains of the 

grinding abrasive stones 31 of the grinding wheel 3 2. 

        The spindle is housed in a spindle housing 36 

rotatably around the axial center parallel to the Z -axis 

direction perpendicular to the holding surface 71 a nd is 

rotated around the axial center by the motor 34 att ached 

to the spindle housing 36.  The spindle is formed i nto a 

circular column shape and has a lower end on which a 

wheel mount 37 for mounting the grinding wheel 32 o r 42 

is disposed.  The wheel mount 37 protrudes from the  lower 

end of the spindle in the direction toward the oute r 

circumference across the whole circumference and th e 

planar shape of the outer circumferential surface t hereof 
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is formed into a circular shape.  The upper surface  of the 

annular base 35 is made to overlap the lower surfac e of 

the wheel mount 37, and the grinding wheel 32 or 42  is 

fixed by unillustrated bolts.  The spindle and the wheel 

mount 37 are disposed at such positions as to be co axial 

with each other. 

        The spindle and the grinding wheel 32 or 42  are 

rotated around the axial center by the motor 34.  I n 

addition, the grinding abrasive stones 31 or 41 are  

brought close to the holding table 7 at a predeterm ined 

feed rate by the grinding feed unit 5 while grindin g 

water is supplied to the upper surface 216 of the w afer 

200 held by the holding table 7 in the grinding reg ion 

302 or 303.  As a result, the grinding unit 3 or 4 

executes the rough grinding or the finish grinding of the 

upper surface 216 of the wafer 200. 

        The grinding feed unit 5 moves the grinding  unit 3 

or 4 in the Z-axis direction and causes the grindin g unit 

3 or 4 to get away from or get closer to the holdin g 

table 7.  In the first embodiment, the grinding fee d unit 

5 is disposed on an upright column 21 set upright f rom 

one end part of the apparatus main body 2 in a Y-ax is 

direction parallel to the horizontal direction.  Th e 

grinding feed unit 5 includes a well-known ball scr ew 
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disposed rotatably around the axial center, a well- known 

motor that rotates the ball screw around the axial 

center, and a well-known guide rail that supports t he 

spindle housing 36 of each grinding unit 3 or 4 mov ably 

in the Z-axis direction. 

        In the first embodiment, for the rough grin ding 

unit 3 and the finish grinding unit 4, the axial ce nter 

that is the rotation center of the grinding wheel 3 2 or 

42 and the axial center that is the rotation center  of 

the holding table 7 are disposed substantially in 

parallel with an interval between each other in the  

horizontal direction, and the grinding abrasive sto nes 31 

or 41 pass over the center of the upper surface 216  of 

the wafer 200 held by the holding table 7. 

        The cassettes 8 and 9 are housing container s having 

a plurality of slots and can house a plurality of w afers 

200.  The cassettes 8 and 9 house a plurality of wa fers 

200 that have not yet undergone or that have underg one 

grinding processing, for example.  The cassettes 8 and 9 

are set on cassette setting pedestals 13.  That is,  the 

grinding apparatus 1 includes the cassette setting 

pedestals 13 on which the cassettes 8 and 9 are set .  The 

cassette setting pedestals 13 raise and lower the 

cassettes 8 and 9 in the Z-axis direction.  The pos ition 
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adjustment unit 10 is a table for temporary placeme nt of 

the wafer 200 taken out from the cassette 8 or 9 an d 

execution of adjustment of the center position of t he 

wafer 200. 

        The conveying unit 11 includes one or more 

conveying arms 14 that convey the wafer 200 from th e 

cassette 8 or 9 to the holding table 7.  In the fir st 

embodiment, the conveying unit 11 includes three 

conveying arms 14.  Two out of the three conveying arms 14 

have a suction adhesion pad that causes suction adh esion 

of the wafer 200.  One conveying arm 14 (hereinafte r, 

denoted by numeral 14-1) of the two holds, by sucti on 

adhesion, the wafer 200 that has not yet undergone 

grinding processing and for which position adjustme nt has 

been executed by the position adjustment unit 10 an d 

carries in the wafer 200 onto the holding table 7 l ocated 

in the carrying-in/out region 301.  The other conve ying 

arm 14 (hereinafter, denoted by numeral 14-2) holds , by 

suction adhesion, the wafer 200 that has undergone 

grinding processing and that is held on the holding  table 

7 located in the carrying-in/out region 301 and car ries 

out the wafer 200 to the cleaning unit 12. 

        The remaining one conveying arm 14 (hereina fter, 

denoted by numeral 14-3) takes out the wafer 200 th at has 
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not yet undergone grinding processing from the cass ette 8 

or 9 to carry out the wafer 200 to the position 

adjustment unit 10, and takes out the wafer 200 tha t has 

undergone grinding processing from the cleaning uni t 12 

to carry in the wafer 200 to the cassette 8 or 9.  FIG. 8 

is a perspective view illustrating a configuration 

example of the conveying arm of the grinding appara tus 

illustrated in FIG. 1.  As illustrated in FIG. 8, t he 

conveying arm 14-3 includes an arm part 111, a U-sh aped 

hand 115 connected to the arm part 111, an arm driv e 

part, and a drive part 118. 

        The arm part 111 includes a first arm 112 h aving 

one end part coupled to the apparatus main body 2 

rotatably around the axial center parallel to the Z -axis 

direction, a second arm 113 having one end part cou pled 

to the other end part of the first arm 112 rotatabl y 

around the axial center parallel to the Z-axis dire ction, 

and a rotating component 114 coupled to the other e nd 

part of the second arm 113 rotatably around the axi al 

center parallel to the Z-axis direction. 

        The U-shaped hand 115 has suction holes 117  

connected to an unillustrated suction source in a s urface 

116 and holds under suction the wafer 200 by the su rface 

116 through suction of the suction holes 117 by the  
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suction source.  The surface 116 is a holding surfa ce that 

holds the wafer 200.  The U-shaped hand 115 is coup led to 

the rotating component 114 rotatably around the axi al 

center parallel to the horizontal direction.  There fore, 

the arm part 111 is connected to the surface 116 of  the 

U-shaped hand 115, which is the holding surface. 

        The arm drive part positions the U-shaped h and 115 

to an arbitrary position by rotating the arms 112 a nd 113 

and the rotating component 114 around the axial cen ters 

parallel to the Z-axis direction.  The drive part 1 18 is 

set in the rotating component 114 of the arm part 1 11 and 

rotates the U-shaped hand 115 around the axial cent er 

parallel to the horizontal direction.  The drive pa rt 118 

can rotate the surface 116, which is the holding su rface, 

by 180 degrees by rotating the surface 116, which i s the 

holding surface, around the above-described axial c enter 

and execute switching between the state in which th e 

surface 116, which is the holding surface, is orien ted 

upward and the state in which the surface 116 is or iented 

downward, i.e., invert the upward-downward orientat ion of 

the surface 116, which is the holding surface. 

        The cleaning unit 12 cleans the wafer 200 t hat has 

undergone grinding and removes contamination such a s 

grinding dust that adheres to the upper surface 216  
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ground. 

        Further, the grinding apparatus 1 includes 

thickness measuring instruments 15 that measure the  

thickness of the wafer 200 held by the holding tabl e 7 in 

the rough grinding region 302 and the finish grindi ng 

region 303.  The thickness measuring instruments 15  are 

thickness measuring instruments of what is generall y 

called a contact type including a contact 151 that comes 

into contact with the upper surface 216 of the wafe r 200 

held by the holding table 7, a contact 152 that com es 

into contact with the holding surface 71 of the hol ding 

table 7, and a measuring mechanism that measures th e 

difference in the height between the contacts 151 a nd 152 

and measures the thickness of the wafer.  In the fi rst 

embodiment, the measuring mechanism outputs the 

measurement result to the control unit 100. 

        Further, the grinding apparatus 1 includes upper 

surface height measuring instruments 15-1.  In the first 

embodiment, the upper surface height measuring 

instruments 15-1 measure the height of the upper su rface 

216 of the wafer 200 with use of the contact 151 th at 

configures the thickness measuring instrument 15 an d 

comes into contact with the upper surface 216 of th e 

wafer 200, and output the height to the control uni t 100.  
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Moreover, in the first embodiment, the upper surfac e 

height measuring instrument 15-1 includes a height 

measuring mechanism 153 that measures the height of  the 

upper surface 216 (equivalent to the upper surface 

height) of the wafer 200 with which the contact 151  comes 

into contact.  The height measuring mechanism 153 o f the 

upper surface height measuring instrument 15-1 meas ures 

the height of the upper surface 216 at a plurality of 

places in the state in which the holding table 7 is  

rotating around the axial center, and measures the 

largest difference between the measured lowest heig ht of 

the upper surface 216 of the wafer 200 and the meas ured 

highest height of the upper surface 216 of the wafe r 200 

(equivalent to the difference in the upper surface 

height) to output the measurement result to the con trol 

unit 100. 

        In the first embodiment, the upper surface height 

measuring instrument 15-1 set in the rough grinding  

region 302 is a detecting unit that allows determin ation 

as to whether the upper surface 216 of the wafer 20 0 held 

by the holding table 7 is the flat surface 202 or t he 

separation surface 214 by measuring the above-descr ibed 

difference in the upper surface height and outputti ng the 

difference to the control unit 100.  In other words , the 
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upper surface height measuring instrument 15-1 is a  

detecting unit that detects a physical quantity, i. e., 

the upper surface height (difference in the upper s urface 

height), used for determination of the state of exp osure 

of the separation surface 214. 

        In the first embodiment, the measuring mech anism of 

the thickness measuring instrument 15 and the heigh t 

measuring mechanism 153 include a dedicated process ing 

circuit (hardware) such as a single circuit, a comp osite 

circuit, a programmed processor, or a parallel-prog rammed 

processor. 

        The control unit 100 controls each of the a bove-

described respective constituent units that configu re the 

grinding apparatus 1.  That is, the control unit 10 0 

causes the grinding apparatus 1 to execute processi ng 

operation on the wafer 200.  The control unit 100 i s a 

computer having a calculation processing device hav ing a 

microprocessor such as a central processing unit (C PU), a 

storing device having a memory such as a read only memory 

(ROM) or a random access memory (RAM), and an input -

output interface device. 

        The calculation processing device of the co ntrol 

unit 100 executes calculation processing in accorda nce 

with a computer program stored in the storing devic e and 
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outputs a control signal for controlling the grindi ng 

apparatus 1 to the above-described constituent elem ents 

of the grinding apparatus 1 through the input-outpu t 

interface device.  Further, the control unit 100 is  

connected to a display unit 101 including a liquid 

crystal display device or the like that displays th e 

state of processing operation, an image, and so for th, an 

input unit 102 used when an operator registers 

information regarding the contents of processing or  the 

like, and an informing unit 103 that executes infor ming 

the operator of a determination or the like.  The i nput 

unit 102 includes at least one of a touch panel dis posed 

on the display unit 101, a keyboard, and so forth.  The 

informing unit 103 issues at least any of sound, li ght, 

and a message on the touch panel to execute informi ng the 

operator of a determination or the like. 

        Moreover, the control unit 100 of the grind ing 

apparatus 1 according to the first embodiment inclu des an 

exposure determining unit 104.  In the first embodi ment, 

the exposure determining unit 104 determines whethe r the 

upper surface 216 of the wafer 200 held by the hold ing 

table 7 is the flat surface 202 or the separation s urface 

214 on the basis of the measurement result of the h eight 

measuring mechanism 153 of the upper surface height  
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measuring instrument 15-1 set in the rough grinding  

region 302, which is the detecting unit.  That is, the 

exposure determining unit 104 determines the state of 

exposure of the separation surface 214 on the basis  of a 

physical quantity, i.e., the upper surface height 

(difference in the upper surface height) detected b y the 

detecting unit. 

        When the side of the separation surface 214  of the 

wafer 200 is held by the holding surface 71 of the 

holding table 7, the flat surface 202 becomes the u pper 

surface 216 and is exposed, so that the difference in the 

upper surface height becomes sufficiently small.  T hus, in 

the first embodiment, the exposure determining unit  104 

determines whether or not the difference in the upp er 

surface height that is the measurement result of th e 

height measuring mechanism 153 of the upper surface  

height measuring instrument 15-1 is less than a thr eshold 

defined in advance.  It is desirable for the thresh old to 

be a value smaller than the difference in the upper  

surface height when the upper surface 216 of the wa fer 

200 is the separation surface 214. 

        In the first embodiment, when the differenc e in the 

upper surface height is less than the threshold, th e 

exposure determining unit 104 determines that the s tate 
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of exposure is an abnormal state in which the upper  

surface 216 of the wafer 200 held by the holding ta ble 7 

is the flat surface 202, that is, the separation su rface 

214 is not exposed upward.  When the difference in the 

upper surface height is not less than (that is, is equal 

to or larger than) the threshold, the exposure 

determining unit 104 determines that the state of 

exposure is a normal state in which the upper surfa ce 216 

of the wafer 200 held by the holding table 7 is the  

separation surface 214, that is, the separation sur face 

214 is exposed upward. 

        When the exposure determining unit 104 dete rmines 

that the state of exposure is the normal state, the  

control unit 100 continues the processing operation  of 

the grinding apparatus 1.  In the first embodiment,  when 

the exposure determining unit 104 determines that t he 

state of exposure is the abnormal state, the contro l unit 

100 suspends the processing operation of the grindi ng 

apparatus 1 and causes the informing unit 103 to op erate 

to execute informing the operator of the determinat ion or 

the like.  In this manner, in the first embodiment,  when 

it is determined that the state of exposure is the 

abnormal state on the basis of the measurement resu lt of 

the upper surface height measuring instrument 15-1 set in 
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the rough grinding region 302, the control unit 100  

causes the informing unit 103 to operate to execute  

informing the operator of the determination or the like. 

        In the first embodiment, when the exposure 

determining unit 104 determines that the state of 

exposure is the abnormal state, the control unit 10 0 

suspends the processing operation of the grinding 

apparatus 1 and causes the informing unit 103 to op erate 

to execute informing the operator of the determinat ion or 

the like.  Thereafter, in the first embodiment, the  

orientation of the wafer 200 on the holding table 7  is 

changed by the operator in such a manner that the 

separation surface 214 is exposed upward.  Then, th e 

control unit 100 resumes the processing operation u pon 

accepting an instruction to resume the processing f rom 

the operator through the input unit 102.  Further, when 

the exposure determining unit 104 determines that t he 

state of exposure is the abnormal state, the contro l unit 

100 may control constituent elements of the grindin g 

apparatus 1 to house the wafer 200 on the holding t able 7 

in the cassette 8 or 9 without executing grinding 

processing and execute informing the operator of th e 

determination or the like through displaying a log 

indicating that the wafer 200 has not been processe d on 
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the display unit 101, or the like.  Functions of th e 

exposure determining unit 104 are implemented throu gh 

execution of a computer program stored in the stori ng 

device by the calculation processing device of the 

control unit 100. 

(Processing Operation) 

        Next, processing operation of the grinding 

apparatus 1 will be described.  FIG. 9 is a side vi ew 

schematically illustrating the state in which the u pper 

surface of the wafer held by the holding table of t he 

grinding apparatus illustrated in FIG. 1 is the 

separation surface.  FIG. 10 is a side view schemat ically 

illustrating the state in which the upper surface o f the 

wafer held by the holding table of the grinding app aratus 

illustrated in FIG. 1 is the flat surface. 

        The grinding apparatus 1 with the above-des cribed 

configuration executes processing operation in whic h 

rough grinding processing and finish grinding proce ssing 

are sequentially executed for the wafer 200 to thin  the 

wafer 200 through control of the respective constit uent 

units by the control unit 100.  In the first embodi ment, 

the grinding apparatus 1 starts the processing oper ation 

when the cassettes 8 and 9 in which the wafers 200 are 

housed with the flat surface 202 of the wafer 200 
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oriented downward and the separation surface 214 or iented 

upward are set on the apparatus main body 2 by an 

operator, processing conditions are registered in t he 

control unit 100, and the control unit 100 accepts an 

instruction to start the processing operation from the 

operator. 

        In the processing operation, the grinding a pparatus 

1 rotates the spindles of the respective grinding u nits 3 

and 4 around the axial centers at a rotation speed 

defined in the processing conditions and causes the  

conveying arm 14-3 to take out one wafer 200 from t he 

cassette 8 and carry out the wafer 200 to the posit ion 

adjustment unit 10.  The grinding apparatus 1 cause s the 

position adjustment unit 10 to execute adjustment o f the 

center position of the wafer 200 and causes the con veying 

arm 14-1 to carry in the wafer 200 for which the po sition 

adjustment has been executed, onto the holding tabl e 7 

located in the carrying-in/out region 301.  At this  time, 

the wafer 200 carried in to the holding table 7 is 

positioned to such a position as to be coaxial with  the 

holding table 7. 

        In the processing operation, the grinding a pparatus 

1 holds under suction the wafer 200 on the holding table 

7 in the carrying-in/out region 301 and rotates the  
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turntable 6 to move the holding table 7 that has he ld the 

wafer 200 in the carrying-in/out region 301 to the rough 

grinding region 302.  In the processing operation, the 

grinding apparatus 1 rotates the holding table 7 ar ound 

the axial center at a predetermined rotation speed in the 

state in which the contact 151 of the upper surface  

height measuring instrument 15-1 set in the rough 

grinding region 302 is brought into contact with th e 

upper surface 216 of the wafer 200 and the other co ntact 

152 is brought into contact with the holding surfac e 71 

of the holding table 7. 

        The grinding apparatus 1 rotates the holdin g table 

7 around the axial center at a predetermined rotati on 

speed, and the height measuring mechanism 153 of th e 

upper surface height measuring instrument 15-1 meas ures 

the height of the upper surface 216 at a plurality of 

places in the wafer 200 and measures the difference  in 

the upper surface height of the upper surface 216 o f the 

wafer 200 to output the measurement result to the c ontrol 

unit 100.  The exposure determining unit 104 of the  

control unit 100 determines whether or not the diff erence 

in the upper surface height measured by the height 

measuring mechanism 153 of the upper surface height  

measuring instrument 15-1 is less than the threshol d 
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defined in advance.  At this time, as illustrated i n FIG. 

9, when the difference in the upper surface height of the 

wafer 200 is not less than the threshold, the expos ure 

determining unit 104 determines that the upper surf ace 

216 is the separation surface 214.  Furthermore, as  

illustrated in FIG. 10, when the difference in the upper 

surface height of the wafer 200 is less than the 

threshold, the exposure determining unit 104 determ ines 

that the upper surface 216 is the flat surface 202.  

        In the grinding apparatus 1, when determini ng that 

the difference in the upper surface height that is the 

measurement result of the height measuring mechanis m 153 

of the upper surface height measuring instrument 15 -1 is 

less than the threshold, the exposure determining u nit 

104 of the control unit 100 determines that the sta te of 

exposure is the abnormal state in which the separat ion 

surface 214 of the wafer 200 held by the holding ta ble 7 

is not exposed upward.  Then, the control unit 100 

suspends the processing operation of the grinding 

apparatus 1 and causes the informing unit 103 to op erate 

to execute informing the operator of the determinat ion or 

the like. 

        In the grinding apparatus 1, when determini ng that 

the difference in the upper surface height that is the 
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measurement result of the height measuring mechanis m 153 

of the upper surface height measuring instrument 15 -1 is 

not less than (that is, is equal to or larger than)  the 

threshold, the exposure determining unit 104 of the  

control unit 100 determines that the state of expos ure is 

the normal state in which the separation surface 21 4 of 

the wafer 200 held by the holding table 7 is expose d 

upward, and the control unit 100 continues the proc essing 

operation of the grinding apparatus 1. 

        In the processing operation, the grinding a pparatus 

1 rotates the holding table 7 around the axial cent er and 

executes the rough grinding processing of the wafer  200 

by the rough grinding unit 3 while supplying the gr inding 

water.  Then, the grinding apparatus 1 rotates the 

turntable 6 to move the holding table 7 that holds the 

wafer 200 that has undergone the rough grinding 

processing to the finish grinding region 303.  The 

grinding apparatus 1 rotates the holding table 7 ar ound 

the axial center and executes the finish grinding 

processing of the wafer 200 by the finish grinding unit 4 

while supplying the grinding water.  Then, the grin ding 

apparatus 1 rotates the turntable 6 to move, to the  

carrying-in/out region 301, the holding table 7 in which 

the rotation around the axial center has stopped an d that 
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holds the wafer 200 that has undergone the finish 

grinding processing. 

        In the processing operation, the grinding a pparatus 

1 conveys the wafer 200 that has undergone the fini sh 

grinding processing from the holding table 7 in the  

carrying-in/out region 301 to the cleaning unit 12,  

cleans the wafer 200 by the cleaning unit 12, and 

thereafter houses the wafer 200 in the cassette 8 o r 9.  

In the processing operation, every time the turntab le 6 

rotates, the grinding apparatus 1 conveys the wafer  200 

to the cleaning unit 12 from the holding table 7 th at 

holds the wafer 200 that has undergone the finish 

grinding processing in the carrying-in/out region 3 01 and 

then carries in the wafer 200 that has not yet unde rgone 

grinding processing to the holding table 7 that doe s not 

hold the wafer 200 that has undergone the finish gr inding 

processing in the carrying-in/out region 301.  The 

grinding apparatus 1 ends the processing operation when 

having executed the rough grinding processing and t he 

finish grinding processing for all the wafers 200 i n the 

cassettes 8 and 9. 

        As described above, the grinding apparatus 1 

according to the first embodiment includes the uppe r 

surface height measuring instrument 15-1 that is th e 
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detecting unit that detects a physical quantity, i. e., 

the upper surface height (difference in the upper s urface 

height), used for determination of the state of exp osure 

of the separation surface 214.  Thus, it is possibl e to 

determine whether the upper surface 216 of the wafe r 200 

held by the holding table 7 is the separation surfa ce 214 

or the flat surface 202.  As a result, the grinding  

apparatus 1 provides an effect of decreasing the 

possibility that the separation surface 214 is held  on 

the holding table 7 and the flat surface 202 that i s the 

surface opposite to the separation surface 214 of t he 

wafer 200 is ground. 

        Further, in the grinding apparatus 1 accord ing to 

the first embodiment, the upper surface height meas uring 

instrument 15-1 measures the difference in the uppe r 

surface height at a plurality of places on the uppe r 

surface 216 of the wafer 200, and it is determined 

whether or not the measured difference in the upper  

surface height is less than the threshold defined i n 

advance.  When it is determined that the difference  in the 

upper surface height is less than the threshold, it  is 

determined that the state of exposure is the abnorm al 

state in which the separation surface 214 is not ex posed 

upward.  As described above, the grinding apparatus  1 
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determines whether the upper surface 216 of the waf er 200 

held by the holding table 7 is the separation surfa ce 214 

or the flat surface 202 by using the upper surface height 

measuring instrument 15-1 that measures the differe nce in 

the upper surface height at a plurality of places o n the 

upper surface 216 of the wafer 200.  Thus, an abnor mality 

can be detected without increasing the number of pa rts. 

        Moreover, when determining that the state o f 

exposure is the abnormal state in which the separat ion 

surface 214 is not exposed upward, the grinding app aratus 

1 according to the first embodiment executes inform ing 

the operator of the determination or the like.  Thu s, an 

appropriate response can be made. 

        In the present invention, in the grinding a pparatus 

1 according to the first embodiment, the upper surf ace 

height measuring instrument 15-1 may be set in the 

carrying-in/out region 301, the difference in the u pper 

surface height of the wafer 200 placed on the holdi ng 

table 7 positioned in the carrying-in/out region 30 1 may 

be measured, and a physical quantity, i.e., the upp er 

surface height (difference in the upper surface hei ght), 

used for determination of the state of exposure of the 

separation surface 214 may be detected as in the fi rst 

embodiment. 
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[Second Embodiment] 

        A grinding apparatus according to a second 

embodiment of the present invention will be describ ed on 

the basis of drawings.  FIG. 11 is a side view 

schematically illustrating the state in which the u pper 

surface of the wafer held by the holding table of t he 

grinding apparatus according to the second embodime nt is 

the separation surface.  FIG. 12 is a side view 

schematically illustrating the state in which the u pper 

surface of the wafer held by the holding table of t he 

grinding apparatus according to the second embodime nt is 

the flat surface.  Regarding FIG. 11 and FIG. 12, t he same 

part as that in the first embodiment is given the s ame 

numeral, and description thereof is omitted. 

        In a grinding apparatus 1 according to the second 

embodiment, the pressure gauge 74 disposed on the s uction 

path 72 connected to the holding surface 71 of the 

holding table 7 positioned in the rough grinding re gion 

302 is a detecting unit that allows determination a s to 

whether the upper surface 216 of the wafer 200 held  by 

the holding table 7 is the flat surface 202 or the 

separation surface 214.  In other words, the pressu re 

gauge 74 is a detecting unit that detects a physica l 

quantity, i.e., the pressure (negative pressure) of  the 
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suction path 72, used for determination of the stat e of 

exposure of the separation surface 214. 

        The exposure determining unit 104 of the co ntrol 

unit 100 of the grinding apparatus 1 according to t he 

second embodiment determines whether the upper surf ace 

216 of the wafer 200 held by the holding table 7 is  the 

flat surface 202 or the separation surface 214 on t he 

basis of the measurement result of the pressure gau ge 74 

that is the detecting unit disposed on the suction path 

72 connected to the holding surface 71 of the holdi ng 

table 7 positioned in the rough grinding region 302 .  That 

is, the exposure determining unit 104 determines th e 

state of exposure of the separation surface 214 on the 

basis of a physical quantity, i.e., the pressure 

(negative pressure) of the suction path 72 detected  by 

the detecting unit. 

        In the second embodiment, the exposure dete rmining 

unit 104 determines whether or not the pressure (ne gative 

pressure) measured by the pressure gauge 74 when th e 

wafer 200 is sucked on the holding surface 71 of th e 

holding table 7 positioned in the rough grinding re gion 

302 as the measurement result of the pressure gauge  74 is 

less than a threshold defined in advance.  It is de sirable 

for the threshold to be a value smaller than the pr essure 
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(negative pressure) that is measured when the upper  

surface 216 of the wafer 200 held under suction on the 

holding surface 71 is the separation surface 214. 

        When the side of the separation surface 214  of the 

wafer 200 is sucked on the holding surface 71 of th e 

holding table 7, a gap is generated between the hol ding 

surface 71 and the separation surface 214, and air flows 

into the suction path 72.  Thus, the pressure of th e 

suction path 72 does not sufficiently lower.  That is, the 

negative pressure of the suction path 72 does not b ecome 

sufficiently high.  Thus, in the second embodiment,  when 

the pressure (negative pressure) measured by the pr essure 

gauge 74 when the wafer 200 is sucked on the holdin g 

surface 71 of the holding table 7 is less than the 

threshold, the exposure determining unit 104 determ ines 

that the state of exposure is the abnormal state in  which 

the upper surface 216 of the wafer 200 held by the 

holding table 7 is the flat surface 202, that is, t he 

separation surface 214 is not exposed upward.  When  the 

pressure (negative pressure) measured by the pressu re 

gauge 74 when the wafer 200 is sucked on the holdin g 

surface 71 of the holding table 7 is not less than (that 

is, is equal to or higher than) the threshold, the 

exposure determining unit 104 determines that the s tate 
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of exposure is the normal state in which the upper 

surface 216 of the wafer 200 held by the holding ta ble 7 

is the separation surface 214, that is, the separat ion 

surface 214 is exposed upward. 

        When the exposure determining unit 104 dete rmines 

that the state of exposure is the normal state, the  

control unit 100 continues the processing operation  of 

the grinding apparatus 1 as in the first embodiment .  In 

the second embodiment, when the exposure determinin g unit 

104 determines that the state of exposure is the ab normal 

state, the control unit 100 suspends the processing  

operation of the grinding apparatus 1 and causes th e 

informing unit 103 to operate to execute informing the 

operator of the determination or the like.  In this  

manner, in the second embodiment, when it is determ ined 

that the state of exposure is the abnormal state on  the 

basis of the measurement result of the pressure gau ge 74 

disposed on the suction path 72 connected to the ho lding 

surface 71 of the holding table 7 positioned in the  rough 

grinding region 302, the control unit 100 causes th e 

informing unit 103 to operate to execute informing the 

operator of the determination or the like, as in th e 

first embodiment. 

        In the grinding apparatus 1 according to th e second 
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embodiment, in the processing operation, the exposu re 

determining unit 104 of the control unit 100 determ ines 

whether or not the pressure measured by the pressur e 

gauge 74 disposed on the suction path 72 connected to the 

holding surface 71 of the holding table 7 positione d in 

the rough grinding region 302 is less than the thre shold 

defined in advance.  At this time, as illustrated i n FIG. 

11, when the upper surface 216 of the wafer 200 is the 

separation surface 214, the exposure determining un it 104 

determines that the pressure measured by the pressu re 

gauge 74 is not less than the threshold.  Furthermo re, as 

illustrated in FIG. 12, when the upper surface 216 of the 

wafer 200 is the flat surface 202, the exposure 

determining unit 104 determines that the pressure 

measured by the pressure gauge 74 is less than the 

threshold. 

        In the grinding apparatus 1, when determini ng that 

the pressure measured by the pressure gauge 74 disp osed 

on the suction path 72 connected to the holding sur face 

71 of the holding table 7 positioned in the rough 

grinding region 302 is less than the threshold, the  

exposure determining unit 104 of the control unit 1 00 

determines that the state of exposure is the abnorm al 

state in which the separation surface 214 of the wa fer 
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200 held by the holding table 7 is not exposed upwa rd.  

Then, the control unit 100 suspends the processing 

operation of the grinding apparatus 1 and causes th e 

informing unit 103 to operate to execute informing the 

operator of the determination or the like. 

        In the grinding apparatus 1, when determini ng that 

the pressure measured by the pressure gauge 74 disp osed 

on the suction path 72 connected to the holding sur face 

71 of the holding table 7 positioned in the rough 

grinding region 302 is not less than (that is, is e qual 

to or higher than) the threshold, the exposure 

determining unit 104 of the control unit 100 determ ines 

that the state of exposure is the normal state in w hich 

the separation surface 214 of the wafer 200 held by  the 

holding table 7 is exposed upward, and the control unit 

100 continues the processing operation of the grind ing 

apparatus 1. 

        The grinding apparatus 1 according to the s econd 

embodiment includes the pressure gauge 74 that is t he 

detecting unit that detects a physical quantity, i. e., 

the pressure (negative pressure) of the suction pat h 72, 

used for determination of the state of exposure of the 

separation surface 214.  Thus, it is possible to de termine 

whether the upper surface 216 of the wafer 200 held  by 
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the holding table 7 is the separation surface 214 o r the 

flat surface 202.  As a result, the grinding appara tus 1 

provides an effect of decreasing the possibility th at the 

separation surface 214 is held on the holding table  7 and 

the flat surface 202 that is the surface opposite t o the 

separation surface 214 of the wafer 200 is ground. 

        Further, the grinding apparatus 1 according  to the 

second embodiment determines whether or not the pre ssure 

(negative pressure) measured by the pressure gauge 74 is 

less than the threshold defined in advance, and 

determines that the state of exposure is the abnorm al 

state in which the separation surface 214 is not ex posed 

upward when determining that the pressure (negative  

pressure) is less than the threshold.  As described  above, 

the grinding apparatus 1 determines whether the upp er 

surface 216 of the wafer 200 held by the holding ta ble 7 

is the separation surface 214 or the flat surface 2 02 by 

using the pressure gauge 74 that measures the press ure of 

the suction path 72 and has conventionally been use d in 

order to check whether the wafer 200 is normally he ld 

under suction by the holding table 7.  Thus, an 

abnormality can be detected without increasing the number 

of parts. 

        The recesses and projections 215 with surfa ce 
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roughness of approximately several tens of micromet ers 

are present in the separation surface 214.  Thus, t he 

pressure measured by the pressure gauge 74 tends to  

notably change depending on whether or not the sepa ration 

surface 214 is located on the holding surface 71.  With 

use of this, the grinding apparatus 1 according to the 

second embodiment uses the pressure gauge 74 dispos ed on 

the suction path 72 connected to the holding surfac e 71 

of the holding table 7 positioned in the rough grin ding 

region 302 as the detecting unit that detects a phy sical 

quantity used for determination of the state of exp osure 

of the separation surface 214.  Thus, the state of 

exposure of the separation surface 214 can be accur ately 

determined. 

[Third Embodiment] 

        A grinding apparatus according to a third 

embodiment of the present invention will be describ ed on 

the basis of a drawing.  FIG. 13 is a perspective v iew 

illustrating a configuration example of the grindin g 

apparatus according to the third embodiment.  Regar ding 

FIG. 13, the same part as that in the first embodim ent is 

given the same numeral, and description thereof is 

omitted. 

        A grinding apparatus 1 according to the thi rd 
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embodiment includes a detecting unit 16 that includ es a 

light projecting part 161 that irradiates, with lig ht, 

either the separation surface 214 or the flat surfa ce 202 

of the wafer 200 that is temporarily placed on the 

position adjustment unit 10 and for which position 

adjustment has been executed and a light receiving part 

162 that receives reflected light reflected by the wafer 

200 through the irradiation by the light projecting  part 

161.  The detecting unit 16 outputs the amount of l ight 

received by the light receiving part 162 (what is 

equivalent to the intensity of received light) to t he 

control unit 100.  That is, the light projecting pa rt 161 

and the light receiving part 162 configure the dete cting 

unit 16 that detects a physical quantity, i.e., the  

amount of received light (intensity of received lig ht), 

used for determination of the state of exposure of the 

separation surface 214.  When the separation surfac e 214 

is opposed to the light receiving part 162 of the 

detecting unit 16, the light emitted by the light 

projecting part 161 is scattered by the recesses an d 

projections 215, and the amount of received light l owers 

relative to the case in which the flat surface 202 is 

opposed to the light receiving part 162.  With use of 

this, it is made possible to determine whether the upper 
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surface 216 of the wafer 200 for which position 

adjustment has been executed by the position adjust ment 

unit 10, i.e., the upper surface 216 of the wafer 2 00 to 

be held by the holding table 7, is the flat surface  202 

or the separation surface 214 through outputting of  the 

amount of received light received by the light rece iving 

part 162 to the control unit 100 by the detecting u nit 

16.  That is, determination of the state of exposur e of 

the separation surface 214 is enabled. 

        The exposure determining unit 104 of the co ntrol 

unit 100 of the grinding apparatus 1 according to t he 

third embodiment determines whether the upper surfa ce 216 

of the wafer 200 is the flat surface 202 or the 

separation surface 214 when the wafer 200 is later held 

by the holding table 7, on the basis of the amount of 

received light received by the light receiving part  162 

of the detecting unit 16 disposed in the position 

adjustment unit 10.  That is, the exposure determin ing 

unit 104 determines the state of exposure of the 

separation surface 214 on the basis of a physical 

quantity, i.e., the amount of received light detect ed by 

the detecting unit 16. 

        In the third embodiment, the exposure deter mining 

unit 104 determines whether or not the amount of re ceived 
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light received by the light receiving part 162 is l ess 

than a threshold defined in advance.  It is desirab le for 

the threshold to be a value smaller than the amount  of 

received light when the upper surface 216 of the wa fer 

200 for which position adjustment has been executed  by 

the position adjustment unit 10, i.e., the upper su rface 

216 of the wafer 200 to be held by the holding tabl e 7, 

is the separation surface 214. 

        In the third embodiment, when the amount of  

received light received by the light receiving part  162 

is less than the threshold, the exposure determinin g unit 

104 determines that the surface of the wafer 200 

irradiated with the light by the light projecting p art 

161 (surface on the side opposite to the upper surf ace 

216 of the wafer 200 for which position adjustment has 

been executed by the position adjustment unit 10) i s the 

separation surface 214.  That is, when the amount o f 

received light received by the light receiving part  162 

is less than the threshold, the exposure determinin g unit 

104 determines that the upper surface 216 of the wa fer 

200 for which position adjustment has been executed  by 

the position adjustment unit 10, i.e., the upper su rface 

216 of the wafer 200 to be held by the holding tabl e 7, 

is the flat surface 202, and determines that the st ate of 
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exposure is the abnormal state in which the separat ion 

surface 214 is not exposed upward.  When the amount  of 

received light received by the light receiving part  162 

is not less than (that is, is equal to or larger th an) 

the threshold, the exposure determining unit 104 

determines that the surface of the wafer 200 irradi ated 

with the light by the light projecting part 161 (su rface 

on the side opposite to the upper surface 216 of th e 

wafer 200 for which position adjustment has been ex ecuted 

by the position adjustment unit 10) is the flat sur face 

202.  That is, when the amount of received light re ceived 

by the light receiving part 162 is not less than (t hat 

is, is equal to or larger than) the threshold, the 

exposure determining unit 104 determines that the u pper 

surface 216 of the wafer 200 for which position 

adjustment has been executed by the position adjust ment 

unit 10, i.e., the upper surface 216 of the wafer 2 00 to 

be held by the holding table 7, is the separation s urface 

214, and determines that the state of exposure is t he 

normal state in which the separation surface 214 is  

exposed upward. 

        When the exposure determining unit 104 dete rmines 

that the state of exposure is the normal state, the  

control unit 100 continues the processing operation  of 
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the grinding apparatus 1 as in the first embodiment .  In 

the third embodiment, when the exposure determining  unit 

104 determines that the state of exposure is the ab normal 

state, the control unit 100 suspends the processing  

operation of the grinding apparatus 1 and causes th e 

informing unit 103 to operate to execute informing the 

operator of the determination or the like.  In this  

manner, in the third embodiment, when it is determi ned 

that the state of exposure is the abnormal state on  the 

basis of the amount of received light received by t he 

light receiving part 162, the control unit 100 caus es the 

informing unit 103 to operate to execute informing the 

operator of the determination or the like, as in th e 

first embodiment. 

        In the grinding apparatus 1 according to th e third 

embodiment, in the processing operation, the detect ing 

unit 16 irradiates the wafer 200 with light from th e 

light projecting part 161 when the wafer 200 is 

temporarily placed on the position adjustment unit 10 and 

position adjustment is executed.  In the grinding 

apparatus 1 according to the third embodiment, in t he 

processing operation, the exposure determining unit  104 

of the control unit 100 determines whether or not t he 

amount of received light received by the light rece iving 
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part 162 when the wafer 200 that is temporarily pla ced on 

the position adjustment unit 10 and for which the 

position adjustment has been executed is irradiated  with 

the light by the light projecting part 161 is less than 

the threshold defined in advance.  At this time, wh en the 

upper surface 216 of the wafer 200 is the separatio n 

surface 214, the exposure determining unit 104 dete rmines 

that the amount of received light is less than the 

threshold.  Further, when the upper surface 216 of the 

wafer 200 is the flat surface 202, the exposure 

determining unit 104 determines that the amount of 

received light is less than the threshold. 

        In the grinding apparatus 1, when determini ng that 

the amount of received light received by the light 

receiving part 162 when the wafer 200 that is tempo rarily 

placed on the position adjustment unit 10 and for w hich 

position adjustment has been executed is irradiated  with 

the light by the light projecting part 161 is less than 

the threshold, the exposure determining unit 104 of  the 

control unit 100 determines that the state of expos ure is 

the abnormal state in which the separation surface 214 of 

the wafer 200 to be held by the holding table 7 is not 

exposed upward.  Then, the control unit 100 suspend s the 

processing operation of the grinding apparatus 1 an d 
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causes the informing unit 103 to operate to execute  

informing the operator of the determination or the like. 

        In the grinding apparatus 1, when determini ng that 

the amount of received light received by the light 

receiving part 162 when the wafer 200 that is tempo rarily 

placed on the position adjustment unit 10 and for w hich 

position adjustment has been executed is irradiated  with 

the light by the light projecting part 161 is not l ess 

than (that is, is equal to or larger than) the thre shold, 

the exposure determining unit 104 of the control un it 100 

determines that the state of exposure is the normal  state 

in which the separation surface 214 of the wafer 20 0 to 

be held by the holding table 7 is exposed upward, a nd the 

control unit 100 continues the processing operation  of 

the grinding apparatus 1. 

        The grinding apparatus 1 according to the t hird 

embodiment includes the detecting unit 16 that dete cts a 

physical quantity, i.e., the amount of received lig ht, 

used for determination of the state of exposure of the 

separation surface 214 of the wafer 200 that is 

temporarily placed on the position adjustment unit 10 and 

for which position adjustment has been executed, i. e., 

the wafer 200 to be held by the holding table 7.  T hus, it 

is possible to determine whether the upper surface 216 of 
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the wafer 200 to be held by the holding table 7 is the 

separation surface 214 or the flat surface 202.  As  a 

result, the grinding apparatus 1 provides an effect  of 

decreasing the possibility that the separation surf ace 

214 is held on the holding table 7 and the flat sur face 

202 that is the surface opposite to the separation 

surface 214 of the wafer 200 is ground. 

        In the present invention, in the grinding a pparatus 

1 according to the third embodiment, after the expo sure 

determining unit 104 of the control unit 100 has 

determined that the state of exposure is the abnorm al 

state in which the separation surface 214 of the wa fer 

200 to be held by the holding table 7 is not expose d 

upward, the orientation of the wafer 200 that is 

temporarily placed on the position adjustment unit 10 and 

for which position adjustment has been executed may  be 

inverted upside down by the conveying arm 14-3, the  wafer 

200 may be temporarily placed on the position adjus tment 

unit 10 again, and the processing operation may be 

continued. 

[Fourth Embodiment] 

        A grinding apparatus according to a fourth 

embodiment of the present invention will be describ ed on 

the basis of a drawing.  FIG. 14 is a perspective v iew 
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illustrating a configuration example of the conveyi ng arm 

of the grinding apparatus according to the fourth 

embodiment.  Regarding FIG. 14, the same part as th at in 

the first embodiment is given the same numeral, and  

description thereof is omitted. 

        A grinding apparatus 1 according to the fou rth 

embodiment has a detecting unit 16 that includes a light 

projecting part 171 that is set on the U-shaped han d 115 

of the conveying arm 14 of the conveying unit 11, t hat is 

opposed to the wafer 200 held under suction on the 

surface 116, which is the holding surface, and that  

irradiates either the separation surface 214 or the  flat 

surface 202 of the wafer 200 with light and a light  

receiving part 172 that receives reflected light 

reflected by the wafer 200 through the irradiation by the 

light projecting part 171.  The detecting unit 17 o utputs 

the amount of light received by the light receiving  part 

172 (what is equivalent to the intensity of receive d 

light) to the control unit 100.  That is, the light  

projecting part 171 and the light receiving part 17 2 

configure the detecting unit 17 that detects a phys ical 

quantity, i.e., the amount of received light (inten sity 

of received light), used for determination of the s tate 

of exposure of the separation surface 214.  When th e 
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separation surface 214 is opposed to the light rece iving 

part 172 of the detecting unit 17, the light emitte d by 

the light projecting part 171 is scattered by the 

recesses and projections 215, and the amount of rec eived 

light lowers relative to the case in which the flat  

surface 202 is opposed to the light receiving part 172.  

With use of this, it is made possible to detect whe ther 

the surface opposed to the light projecting part 17 1 in 

the wafer 200 held by the U-shaped hand 115 of the 

conveying arm 14 of the conveying unit 11 is the 

separation surface 214 and to determine whether the  upper 

surface 216 of the wafer 200 to be held by the hold ing 

table 7 is the flat surface 202, through outputting  of 

the amount of received light received by the light 

receiving part 172 to the control unit 100 by the 

detecting unit 17.  That is, determination of the s tate of 

exposure of the separation surface 214 is enabled. 

        The exposure determining unit 104 of the co ntrol 

unit 100 of the grinding apparatus 1 according to t he 

fourth embodiment determines whether the surface op posed 

to the light projecting part 171 is the flat surfac e 202 

or the separation surface 214 on the basis of the a mount 

of received light received by the light receiving p art 

172 of the detecting unit 17 set on the U-shaped ha nd 115 
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of the conveying arm 14.  That is, the exposure 

determining unit 104 determines the state of exposu re of 

the separation surface 214 on the basis of a physic al 

quantity, i.e., the amount of received light detect ed by 

the detecting unit 17. 

        In the fourth embodiment, the exposure dete rmining 

unit 104 determines whether or not the amount of re ceived 

light received by the light receiving part 172 is l ess 

than a threshold defined in advance.  It is desirab le for 

the threshold to be a value smaller than the amount  of 

received light when the surface of the wafer 200 op posed 

to the light projecting part 171 is the flat surfac e 202, 

that is, the upper surface 216 of the wafer 200 to be 

held by the holding table 7 is the separation surfa ce 

214. 

        In the fourth embodiment, when the amount o f 

received light received by the light receiving part  172 

is less than the threshold, the exposure determinin g unit 

104 determines that the surface of the wafer 200 

irradiated with the light by the light projecting p art 

171 is the separation surface 214.  That is, when t he 

amount of received light received by the light rece iving 

part 172 is less than the threshold, the exposure 

determining unit 104 determines that the surface of  the 
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wafer 200 opposed to the light projecting part 171 is the 

separation surface 214, that is, determines that th e 

upper surface 216 of the wafer 200 to be held by th e 

holding table 7 is the flat surface 202, and determ ines 

that the state of exposure is the abnormal state in  which 

the separation surface 214 is not exposed upward.  When 

the amount of received light received by the light 

receiving part 172 is not less than (that is, is eq ual to 

or larger than) the threshold, the exposure determi ning 

unit 104 determines that the surface of the wafer 2 00 

irradiated with the light by the light projecting p art 

171 is the flat surface 202.  That is, when the amo unt of 

received light received by the light receiving part  172 

is not less than (that is, is equal to or larger th an) 

the threshold, the exposure determining unit 104 

determines that the surface of the wafer 200 oppose d to 

the light projecting part 171 is the flat surface 2 02, 

that is, determines that the upper surface 216 of t he 

wafer 200 to be held by the holding table 7 is the 

separation surface 214, and determines that the sta te of 

exposure is the normal state in which the separatio n 

surface 214 is exposed upward. 

        In this manner, in the grinding apparatus 1  

according to the fourth embodiment, the exposure 
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determining unit 104 determines whether the separat ion 

surface 214 is exposed upward when the wafer 200 is  held 

by the holding table 7, according to the amount of light 

received by the light receiving part 172 of the det ecting 

unit 17, i.e., the detection result of the detectin g unit 

17. 

        When the exposure determining unit 104 dete rmines 

that the state of exposure is the normal state, the  

control unit 100 continues the processing operation  of 

the grinding apparatus 1 as in the first embodiment .  In 

the fourth embodiment, when the exposure determinin g unit 

104 determines that the state of exposure is the ab normal 

state, that is, determines that the separation surf ace 

214 is not exposed upward when the wafer 200 is hel d by 

the holding table 7, the control unit 100 rotates t he U-

shaped hand 115 that holds under suction the wafer 200 in 

the conveying arm 14 by 180 degrees to invert the 

orientation of the wafer 200 upside down before pla cing 

the wafer 200 on the holding table 7, and continues  the 

processing operation. 

        In the grinding apparatus 1 according to th e fourth 

embodiment, in the processing operation, the detect ing 

unit 17 irradiates the wafer 200 with light from th e 

light projecting part 171 when the conveying arm 14  of 
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the conveying unit 11 holds under suction the wafer  200 

that has not yet undergone grinding processing on t he 

surface 116 which is the holding surface of the U-s haped 

hand 115.  In the grinding apparatus 1 according to  the 

fourth embodiment, in the processing operation, the  

exposure determining unit 104 of the control unit 1 00 

determines whether or not the amount of received li ght 

received by the light receiving part 172 when the w afer 

200 that has not yet undergone grinding processing and 

that is held under suction on the surface 116 which  is 

the holding surface of the U-shaped hand 115 of the  

conveying arm 14 of the conveying unit 11 is irradi ated 

with the light by the light projecting part 171 is less 

than the threshold defined in advance.  At this tim e, when 

the surface of the wafer 200 opposed to the light 

projecting part 171 is the flat surface 202, that i s, the 

upper surface 216 of the wafer 200 to be held by th e 

holding table 7 is the separation surface 214, the 

exposure determining unit 104 determines that the a mount 

of received light is not less than the threshold.  

Furthermore, when the surface of the wafer 200 oppo sed to 

the light projecting part 171 is the separation sur face 

214, that is, the upper surface 216 of the wafer 20 0 to 

be held by the holding table 7 is the flat surface 202, 



62 

the exposure determining unit 104 determines that t he 

amount of received light is less than the threshold . 

        In the grinding apparatus 1, when determini ng that 

the amount of received light received by the light 

receiving part 172 when the wafer 200 that has not yet 

undergone grinding processing and that is held unde r 

suction on the surface 116 which is the holding sur face 

of the U-shaped hand 115 of the conveying arm 14 of  the 

conveying unit 11 is irradiated with the light by t he 

light projecting part 171 is less than the threshol d, the 

exposure determining unit 104 of the control unit 1 00 

determines that the state of exposure is the abnorm al 

state in which the separation surface 214 of the wa fer 

200 to be held by the holding table 7 is not expose d 

upward.  In the processing operation, when it is 

determined that the state of exposure is the abnorm al 

state, the grinding apparatus 1 according to the fo urth 

embodiment inverts the orientation of the wafer 200  

upside down by the conveying arm 14, temporarily pl aces 

the wafer 200 on the position adjustment unit 10, a nd 

continues the processing operation. 

        In the grinding apparatus 1, when determini ng that 

the amount of received light received by the light 

receiving part 172 when the wafer 200 that has not yet 
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undergone grinding processing and that is held unde r 

suction on the surface 116 which is the holding sur face 

of the U-shaped hand 115 of the conveying arm 14 of  the 

conveying unit 11 is irradiated with the light by t he 

light projecting part 171 is not less than (that is , is 

equal to or larger than) the threshold, the exposur e 

determining unit 104 of the control unit 100 determ ines 

that the state of exposure is the normal state in w hich 

the separation surface 214 of the wafer 200 to be h eld by 

the holding table 7 is exposed upward, and the cont rol 

unit 100 continues the processing operation of the 

grinding apparatus 1. 

        The grinding apparatus 1 according to the f ourth 

embodiment includes the detecting unit 17 that dete cts a 

physical quantity, i.e., the amount of received lig ht, 

used for determination of the state of exposure of the 

separation surface 214 of the wafer 200 held under 

suction by the conveying arm 14 of the conveying un it 11, 

i.e., the wafer 200 to be held by the holding table  7.  

Thus, it is possible to determine whether the upper  

surface 216 of the wafer 200 to be held by the hold ing 

table 7 is the separation surface 214 or the flat s urface 

202.  As a result, the grinding apparatus 1 provide s an 

effect of decreasing the possibility that the separ ation 
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surface 214 is held on the holding table 7 and the flat 

surface 202 that is the surface opposite to the 

separation surface 214 of the wafer 200 is ground. 

        Further, in the grinding apparatus 1 accord ing to 

the fourth embodiment, the detecting unit 17 is dis posed 

on the U-shaped hand 115 of the conveying arm 14 of  the 

conveying unit 11.  Thus, determination of the stat e of 

exposure of the separation surface 214 can be execu ted at 

the stage of conveyance before the wafer 200 is pla ced on 

the holding table 7, such as in a standby time of t he 

conveying arm 14 in grinding processing of the prev ious 

wafer 200.  As a result, in the grinding apparatus 1 

according to the fourth embodiment, there is no nec essity 

for detection and determination after placement of the 

wafer 200 on the holding table 7, and there is no f ear 

that the holding table 7 is occupied and the produc tivity 

is lowered. 

        Moreover, in the grinding apparatus 1 accor ding to 

the fourth embodiment, in the middle of conveying t he 

wafer 200 that has not yet undergone grinding proce ssing 

to the holding table 7, the wafer 200 can be invert ed in 

such a manner as to be placed on the holding table 7 with 

the separation surface 214 exposed upward.  As a re sult, 

the grinding apparatus 1 according to the fourth 
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embodiment does not need a step in which the wafer 200 

with respect to which the state of exposure is dete rmined 

to be the abnormal state is returned to the cassett e 8 or 

9 without being processed and the operator inverts the 

wafer 200 upside down and sets it again, a step in which 

the operator manually inverts the orientation of th e 

wafer 200 upside down every time the state of expos ure is 

determined to be the abnormal state, and so forth. 

        The present invention is not limited to the  above-

described embodiments.  That is, the present invent ion can 

be carried out with various modifications without 

departing from the gist of the present invention.  The 

grinding apparatus 1 of the present invention may e mploy, 

as the upper surface height measuring instrument 15 -1, a 

height measuring instrument of a contactless type t hat 

measures the upper surface height of the wafer by 

irradiating the upper surface 216 of the wafer 200 with 

light and receiving reflected light from the upper 

surface 216 of the wafer 200. 

        The present invention is not limited to the  details 

of the above described preferred embodiments.  The scope 

of the invention is defined by the appended claims and 

all changes and modifications as fall within the 

equivalence of the scope of the claims are therefor e to 
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be embraced by the invention. 
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WHAT IS CLAIMED IS: 

        1.  A grinding apparatus that grinds a sepa ration 

surface having recesses and projections in a wafer 

generated by being separated from an ingot, the gri nding 

apparatus comprising: 

        a holding table that holds the wafer; 

        a grinding unit that grinds an exposed surf ace of 

the wafer held by the holding table; 

        a detecting unit that detects a physical qu antity 

used for determination of a state of exposure of th e 

separation surface; and 

        a control unit having an exposure determini ng unit 

that determines the state of exposure of the separa tion 

surface on a basis of the physical quantity detecte d by 

the detecting unit. 

        2.  The grinding apparatus according to cla im 1, 

wherein 

        the detecting unit has an upper surface hei ght 

detector that measures an upper surface height of t he 

wafer held by the holding table, and 

        the exposure determining unit determines th at the 

state of exposure is an abnormal state in which the  

separation surface is not exposed, when a differenc e in 

the upper surface height among a plurality of place s 
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obtained by measurement of the plurality of places by the 

upper surface height detector is less than a thresh old. 

        3.  The grinding apparatus according to cla im 1, 

wherein 

        the detecting unit has a pressure gauge tha t 

measures negative pressure of a suction path when t he 

wafer is sucked by a holding surface of the holding  

table, and 

        the exposure determining unit determines th at the 

state of exposure is an abnormal state in which the  

separation surface is not exposed, when the negativ e 

pressure measured by the pressure gauge when the wa fer is 

sucked is less than a threshold. 

        4.  The grinding apparatus according to cla im 2, 

wherein, 

        when it is determined that the state of exp osure is 

the abnormal state by the exposure determining unit , the 

control unit informs an operator of the determinati on of 

the abnormal state. 

        5.  The grinding apparatus according to cla im 3, 

wherein, 

        when it is determined that the state of exp osure is 

the abnormal state by the exposure determining unit , the 

control unit informs an operator of the determinati on of 
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the abnormal state. 

        6.  The grinding apparatus according to cla im 1, 

further comprising: 

        a position adjustment unit on which the waf er is to 

be temporarily placed, wherein 

        the detecting unit has 

                a light projecting part that irradi ates 

either one of surfaces of the wafer temporarily pla ced on 

the position adjustment unit with light, and 

                a light receiving part that receive s 

reflected light reflected by the wafer, and, 

        when an amount of light received by the lig ht 

receiving part is less than a threshold, the exposu re 

determining unit determines that the surface irradi ated 

with the light by the light projecting part is the 

separation surface and, on a basis of a result of t he 

determination, determines whether or not the separa tion 

surface is exposed when the wafer is held by the ho lding 

table. 

        7.  The grinding apparatus according to cla im 1, 

further comprising: 

        a cassette setting pedestal on which a cass ette 

capable of housing a plurality of the wafers is set ; and 

        a conveying unit including at least one con veying 
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arm that conveys the wafer from the cassette to the  

holding table, wherein 

        the detecting unit has 

                a light projecting part that is set  on the 

conveying unit and irradiates either one of surface s of 

the wafer with light, and 

                a light receiving part that is set on the 

conveying unit and receives reflected light reflect ed by 

the wafer, and, 

        when an amount of light received by the lig ht 

receiving part is less than a threshold, the exposu re 

determining unit determines that the surface irradi ated 

with the light by the light projecting part is the 

separation surface and, on a basis of a result of t he 

determination, determines whether or not the separa tion 

surface is exposed when the wafer is held by the ho lding 

table. 

        8.  The grinding apparatus according to cla im 7, 

wherein 

        the conveying arm has 

                a holding surface that holds the wa fer, 

                an arm part connected to the holdin g 

surface, and 

                a drive part that is set in the arm  part and 
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is capable of inverting an orientation of the holdi ng 

surface, and 

        the control unit inverts the orientation of  the 

holding surface before placing the wafer on the hol ding 

table, when the exposure determining unit determine s that 

the separation surface is not exposed. 

  


