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WORKPIECE GRINDING METHOD 

 

BACKGROUND OF THE INVENTION 

Field of the Invention 

        The present invention relates to a workpiec e 

grinding method for grinding, with a grinding wheel , a 

workpiece held on a chuck table. 

Description of the Related Art 

        In a manufacturing process of device chips,  

devices, such as an integrated circuit (IC) or larg e 

scale integration (LSI), are formed in regions of a  

wafer.  These regions are defined by a plurality of  

intersecting lines (hereinafter called “the streets ”).  By 

dividing the wafer along the streets, a plurality o f 

device chips each including the devices are manufac tured.  

Such device chips are incorporated in various kinds  of 

electronic equipment such as mobile phones and pers onal 

computers.  In recent years, there is a growing dem and for 

thinner device chips as a reflection of a move towa rd 

downsizing of electronic equipment.  A method is he nce 

used to thin a wafer by applying grinding to the wa fer 

before dividing it.  For the grinding of the wafer,  a 

grinding machine including a chuck table that holds  the 

wafer under suction and a grinding unit that grinds  the 
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wafer is used.  In the grinding unit, there is disp osed a 

grinding wheel that has a plurality of grinding sto nes 

arranged in an annular pattern. 

        These grinding stones are formed by fixing abrasive 

grits made of diamond or the like with a binder (bo nding 

material).  When grinding the wafer, the grinding s tones 

are brought into contact with the wafer while the c huck 

table and grinding wheel are rotated with the wafer  held 

under suction on the chuck table (see, for example,  

Japanese Patent Laid-open No. 2009-90389).  Abrasiv e grits 

that project from the binder of the grinding stones  come 

into contact with the wafer, whereby the wafer is g round.  

The abrasive grits are thus desired to remain in an  

adequately projecting state from the binder during the 

grinding.  When the binder is abraded by processing  debris 

and the like generated in the grinding, the binder 

located at acting surfaces that are facing the wafe r, in 

surfaces of the grinding stones, is dug out.  With a 

decrease of the binder, abrasive grits fall off fro m the 

binder.  When the grinding is further continued aft er the 

fall-off of the abrasive grits, fresh abrasive grit s are 

exposed from the binder due to wearing of the binde r 

(self-sharpening).  Due to this self-sharpening, th e state 

that abrasive grits project from the binder is 
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maintained, thereby preventing the grinding stones from 

being lowered in grinding capability. 

 

SUMMARY OF THE INVENTION 

        Depending on the material of a wafer, the m aterial 

of a ground surface of the wafer, and the like, how ever, 

the fall-off timing of abrasive grits may be advanc ed.  If 

a relatively hard oxide film is formed on the groun d 

surface, for example, fall-off (shedding) of abrasi ve 

grits is prone to occur.  In such a case, a longer period 

of time is needed from the fall-off of abrasive gri ts 

until completion of self-sharpening, in other words , a 

workpiece is ground for a longer period of time in a 

state that grinding stones have a low grinding 

capability, so that a processing failure tends to t ake 

place.  With the foregoing problem in view, the pre sent 

invention thus has as an object thereof the provisi on of 

a wafer grinding method that can suppress the occur rence 

of a processing failure. 

        In accordance with an aspect of the present  

invention, there is provided a workpiece grinding m ethod 

for grinding a workpiece with use of a grinding mac hine 

including a chuck table that holds the workpiece; a nd a 

grinding unit that has a spindle and a grinding whe el 
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disposed on the spindle, the grinding wheel having a 

plurality of grinding stones arranged in an annular  

pattern, and that grinds the workpiece held on the chuck 

table with the grinding wheel kept rotating about t he 

spindle.  The workpiece grinding method includes a groove 

formation step of grinding the workpiece by perform ing 

grinding feed of the grinding unit while rotating t he 

spindle without rotation of the chuck table on whic h the 

workpiece is held, so that an arcuate groove is for med 

with a depth not reaching a finish thickness of the  

workpiece on a side of a back surface of the workpi ece, a 

groove removal step of, after the groove formation step, 

starting rotation of the chuck table with the spind le 

kept rotating, so that the groove is ground at side  walls 

thereof and is removed from the workpiece, and a fu ll 

surface grinding step of, after the groove removal step, 

performing grinding feed of the grinding unit while  

rotating the spindle and the chuck table, so that t he 

workpiece is ground in an entirety thereof on the s ide of 

the back surface until the workpiece has the finish  

thickness. 

        In the groove removal step, the chuck table  may 

preferably be rotated while grinding feed of the gr inding 

unit is performed. 
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        The workpiece grinding method according to the 

aspect of the present invention includes the groove  

formation step of forming the arcuate groove in the  

workpiece by rotating the spindle without rotation of the 

chuck table, the groove removal step of grinding th e 

groove at the side walls of the workpiece and remov ing 

the groove by starting rotation of the chuck table with 

the spindle kept rotating, and the full surface gri nding 

step of grinding the workpiece in an entirety there of on 

the side of the back surface thereof.  In the groov e 

formation step, the grinding is performed primarily  with 

bottom surfaces of the grinding stones.  In the gro ove 

removal step, on the other hand, the grinding can b e 

performed primarily with side surfaces of the grind ing 

stones.  It is thus possible in the groove removal step to 

reduce deteriorations of conditions of the bottom 

surfaces of the grinding stones (in other words, lo wering 

of the grinding capability) compared with a case in  which 

the workpiece is ground in its entirety on the side  of 

its back surface primarily with the bottom surfaces  of 

the grinding stones.  In the full surface grinding step 

after the groove removal step, the workpiece from w hich 

the groove has been removed is ground in its entire ty on 

the side of its back surface.  In this full surface  
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grinding step, the grinding is performed primarily with 

the bottom surfaces of the grinding stones, especia lly in 

a state that the bottom surfaces of the grinding st ones 

are in conditions of less deteriorations.  The occu rrence 

of a processing failure of the workpiece can hence be 

suppressed even if a relatively hard oxide film is formed 

on the side of the back surface. 

        The above and other objects, features and 

advantages of the present invention and the manner of 

realizing them will become more apparent, and the 

invention itself will best be understood from a stu dy of 

the following description and appended claims with 

reference to the attached drawings showing a prefer red 

embodiment of the invention. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

        FIG. 1 is a perspective view of a grinding machine 

that can perform a workpiece grinding method accord ing to 

an embodiment of the aspect of the present inventio n; 

        FIG. 2A is a side view of a workpiece, a ch uck 

table, and a grinding wheel, and illustrates a groo ve 

formation step in the workpiece grinding method; 

        FIG. 2B is a top plan view of the workpiece , the 

chuck table, and the grinding wheel, and illustrate s the 
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groove formation step; 

        FIG. 3 is a top plan view of the workpiece after 

the groove formation step; 

        FIG. 4A is a side view of the workpiece, th e chuck 

table, and the grinding wheel, and illustrates a gr oove 

removal step in the workpiece grinding method; 

        FIG. 4B is a top plan view of the workpiece , the 

chuck table, and the grinding wheel, and illustrate s the 

groove removal step; 

        FIG. 5 is a side view of the workpiece, the  chuck 

table, and the grinding wheel, and illustrates a fu ll 

surface grinding step in the workpiece grinding met hod; 

        FIG. 6 is a flow diagram illustrating the w orkpiece 

grinding method; and 

        FIG. 7 is a graph depicting time-dependent changes 

of a current value to a motor that drives a spindle  and a 

rotational speed of the chuck table in the workpiec e 

grinding method. 

 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

        With reference to the attached drawings, an  

embodiment of the aspect of the present invention w ill 

hereinafter be described.  A description will first  be 

made about a configuration example of a grinding ma chine 
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2 that can perform the grinding method of this embo diment 

for a workpiece 11.  FIG. 1 is a perspective view 

depicting the grinding machine 2.  In the following  

description, an X-axis direction (left-right direct ion), 

a Y-axis direction (front-rear direction), and a Z- axis 

direction (grinding feed direction, up-down directi on, 

height direction) intersect one another at right an gles.  

Further, some elements of the grinding machine 2 ar e 

illustrated by functional blocks in some of the att ached 

drawings. 

        The grinding machine 2 includes a bed 4 tha t 

supports or accommodates individual elements.  The bed 4 

is provided, on a side of an upper surface of a fro nt end 

section thereof, with a rectangular opening 4a.  In  the 

opening 4a, a horizontal articulated robot arm (fir st 

transfer unit) 6 is disposed to transfer the workpi ece 

11.  The robot arm 6 is provided, on opposite ends thereof 

in the X-axis direction, with cassette mount region s 8a 

and 8b, respectively.  On the cassette mount region s 8a 

and 8b, cassettes 10a and 10b with workpieces 11 

accommodated therein are arranged, respectively. 

        In the cassette 10a, a plurality of workpie ces 11 

before grinding are accommodated.  In the cassette 10b, on 

the other hand, a plurality of workpieces 11 after 
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grinding are accommodated.  Each workpiece 11 is a disc-

shaped silicon wafer having a predetermined diamete r (for 

example, a diameter of approximately 200 mm).  The 

workpiece 11 has a front surface 11a and a back sur face 

11b.  The workpiece 11 has a thickness (a length fr om the 

front surface 11a to the back surface 11b) of a 

predetermined value that is 200 µm or greater but 800 µm 

or smaller (for example, 725 µm), and on a side of the 

back surface 11b, a thermal oxide film is formed wi th a 

thickness ranging from 2,000 Å to 3,000 Å. 

        On the front surface 11a, a plurality of st reets 

are set in a grid pattern.  Rectangular regions def ined by 

the streets include devices such as ICs or LSI form ed 

respectively on a side of the front surface 11a.  I t is to 

be noted that no limitations are imposed on the kin d, 

material, size, shape, structure, and the like of t he 

workpiece 11.  The workpiece 11 may be a wafer or 

substrate formed of a material other than silicon, such 

as a compound semiconductor (gallium nitride (GaN),  

silicon carbide (SiC) or the like), glass, ceramic,  

resin, metal, or the like.  Further, no limitations  are 

imposed on the kind, number, shape, structure, size , 

arrangement, and the like of the devices formed on the 

workpiece 11.  Furthermore, no devices may be forme d on 
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the workpiece 11. 

        In rear of the opening 4a on one side in th e X-axis 

direction, a position matching mechanism 12 is disp osed.  

The workpiece 11 accommodated in the cassette 10a i s 

transferred to the position matching mechanism 12 b y the 

robot arm 6, and is positioned at a predetermined 

location by the position matching mechanism 12.  At  a 

location adjacent to the position matching mechanis m 12 

on the other side in the X-axis direction, a loadin g arm 

(second transfer unit) 14 is disposed to transfer t he 

workpiece 11.  The loading arm 14 includes, at a di stal 

end portion thereof, a suction pad that holds the 

workpiece 11 under suction on the side of the back 

surface 11b thereof. 

        The loading arm 14 holds, with the suction pad, the 

workpiece 11 positionally matched by the position 

matching mechanism 12, and then causes the suction pad to 

turn about an axis of rotation located at a proxima l end 

portion of the loading arm 14, thereby transferring  the 

workpiece 11 to a loading/unloading station A.   In  rear 

of the loading arm 14, a disc-shaped turn table 16 is 

disposed.  To a lower portion of the turn table 16,  a 

rotational drive source (not depicted) such as a mo tor is 

connected.  The turn table 16 is rotated by the rot ational 
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drive source about an axis of rotation that is 

substantially parallel to the Z-axis direction. 

        On the turn table 16, three chuck tables 18  which 

can each hold the workpiece 11 are arranged at 

substantially equal intervals along a peripheral 

direction of the turn table 16.  Through rotation o f the 

turn table 16, each chuck table 18 is sequentially 

positioned at the loading/unloading station A, a co arse 

grinding station B, and a finish grinding station C .  For 

example, one of the chuck tables 18, the one chuck table 

18 being positioned at the loading/unloading statio n A, 

is positioned at the coarse grinding station B by 

rotation of the turn table 16 clockwise over 

approximately 120 degrees in a top plan view. 

        By further rotating the turn table 16 clock wise 

over approximately 120 degrees in the top plan view , the 

chuck table 18 is next positioned at the finish gri nding 

station C.  Thereafter, by further rotating the tur n table 

16 counterclockwise over approximately 240 degrees in the 

top plan view, the chuck table 18 is then positione d from 

the finish grinding station C to the loading/unload ing 

station A.  A rotational drive source 20 (see, for 

example, FIG. 2A) such as a motor is connected, via  an 

output shaft thereof, to a lower portion of each ch uck 
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table 18.  The rotational drive source 20 rotates t he 

chuck table 18 about an axis of rotation that is 

substantially parallel to the Z-axis direction. 

        In rear of the coarse grinding station B, a  

columnar support structure 22a is arranged.  In rea r of 

the finish grinding station C, on the other hand, a  

columnar support structure 22b is arranged.  On a s ide of 

a front surface of the support structure 22a, a gri nding 

feed unit 24a is arranged.  On a side of a front su rface 

of the support structure 22b, on the other hand, a 

grinding feed unit 24b is arranged.  The grinding f eed 

units 24a and 24b each include a pair of guide rail s 26 

arranged substantially parallel to the Z-axis direc tion.  

On the paired guide rails 26, a movable plate 28 is  

arranged in a state that it is slidable along the g uide 

rails 26. 

        On a side of a rear surface of the movable plate 

28, nut portions (not depicted) are disposed.  To t he nut 

portions, a ball screw 30 arranged substantially pa rallel 

to the guide rails 26 is rotatably connected.  To a n upper 

end portion of the ball screw 30, a stepping motor 32 is 

connected.  When the ball screw 30 is rotated by th e 

stepping motor 32, the movable plate 28 moves along  the 

Z-axis direction.  On a side of a front surface of the 



13 

movable plate 28 of the grinding feed unit 24a, a 

grinding unit 34a is fixed to perform coarse grindi ng of 

the workpiece 11.  On a side of a front surface of the 

movable plate 28 of the grinding feed unit 24b, on the 

other hand, a grinding unit 34b is fixed to perform  

finish grinding of the workpiece 11.  The grinding feed 

units 24a and 24b respectively move the grinding un its 

34a and 34b up and down. 

        The grinding units 34a and 34b each have a 

cylindrical housing 36.  Inside the housing 36, a p ortion 

of a cylindrical spindle 38 (see FIG. 2A) disposed along 

the Z-axis direction is accommodated.  On an upper end 

portion of the spindle 38, a rotational drive sourc e 40 

such as a motor is arranged to rotate the spindle 3 8.  As 

illustrated in FIG. 2A, a lower end portion of the 

spindle 38 is exposed from the housing 36, and on t he 

lower end portion, a disc-shaped mount 42 is fixed at a 

central area of an upper surface thereof. 

        On a side of a lower surface of the mount 4 2 of the 

grinding unit 34a, a grinding wheel 44a for coarse 

grinding is disposed.  The grinding wheel 44a inclu des an 

annular hub 46 having substantially the same diamet er as 

the mount 42.  On a side of a lower surface of the annular 

hub 46, a plurality of grinding stones 48 are discr etely 
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arranged along a peripheral direction of the annula r hub 

46.  As illustrated in FIG. 2B, the grinding stones  48 are 

thus arranged in an annular pattern on the side of the 

lower surface of the annular hub 46.  Each of the g rinding 

stones 48 has a substantially parallelepipedal shap e, and 

are formed by fixing abrasive grits, which are form ed of 

diamond, cubic boron nitride (cBN), or the like, wi th 

metal, resin, vitrified, or like binder. 

        Each chuck table 18 has a disc-shaped frame  body 

formed of a ceramic material.  In an upper portion of the 

frame body, a disc-shaped recess is formed, and in this 

disc-shaped recess, a disc-shaped porous plate made  of a 

porous ceramic material is fixed.  The porous plate  is 

connected to a suction source (not illustrated) suc h as 

an ejector via a flow passage (not illustrated) for med 

inside the frame body.  An upper surface of the por ous 

plate and an upper surface of the frame body are 

substantially in flush with each other, and make up  a 

holding surface 18a on which the workpiece 11 is to  be 

held under suction. 

        The holding surface 18a has a conical shape  that 

slightly expands from an outer periphery toward a c enter.  

For the sake of convenience, however, the holding s urface 

18a is illustrated as a planar surface substantiall y 
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parallel to the X-axis direction and Y-axis directi on in 

FIG. 2A (also in FIGS. 4A and 5 to be described lat er) 

because the amount of expansion of the holding surf ace 

18a is extremely small (for example, 30 µm).  When the 

suction source is operated and a negative pressure is 

caused to act on the upper surface of the porous pl ate, 

the workpiece 11 or the like arranged on the holdin g 

surface 18a is held under suction on the holding su rface 

18a so that the workpiece 11 or the like conforms t o the 

shape of the holding surface 18a.  It is to be note d that 

the axis of rotation of the chuck table 18 is sligh tly 

inclined relative to the Z-axis direction so that a  

grinding surface that is defined by the lower surfa ces of 

the grinding stones 48 and a portion of the holding  

surface 18a become substantially parallel to each o ther.  

For the sake of convenience, however, the axis of 

rotation of the chuck table 18 is illustrated to be  

substantially parallel to the Z-axis direction in F IG. 2A 

(also in FIGS. 4A and 5 to be described below) beca use 

the axis of rotation has an extremely small inclina tion. 

        The grinding wheel 44a is arranged above th e chuck 

table 18 positioned at the coarse grinding station B, and 

partly covers an upper surface of the chuck table 1 8 so 

that a portion of the grinding wheel 44a passes abo ve the 
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center of rotation of the chuck table 18 (see FIG. 2B).  

The grinding unit 34b depicted in FIG. 1 is configu red 

similar to the grinding unit 34a.  On a side of a l ower 

surface of the mount 42 of the grinding unit 34b, a  

grinding wheel 44b for finish grinding is disposed.   The 

grinding wheel 44b has a similar configuration as t he 

grinding wheel 44a, but the abrasive grits containe d in 

the grinding stones 48 of the grinding wheel 44b ha ve an 

average grit size smaller than that of the abrasive  grits 

contained in the grinding stones 48 of the grinding  wheel 

44a. 

        The grinding units 34a and 34b are each pro vided 

internally or externally with a grinding water supp ly 

unit (not illustrated) for supplying fluid (grindin g 

fluid) such as pure water to a processing point.  I n the 

vicinity of each of the coarse grinding station B a nd 

finish grinding station C, a thickness gauge 50 is 

arranged.  The thickness gauge 50 includes a first height 

gauge 52a and a second height gauge 52b.  The first  height 

gauge 52a measures the height of the upper surface (in 

other words, the back surface 11b) of the workpiece  11 

held under suction on the corresponding chuck table  18, 

and the second height gauge 52b measures the height  of 

the holding surface 18a.  Based on a difference bet ween 
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the heights measured by the first height gauge 52a and 

the second height gauge 52b, the thickness of the 

workpiece 11 is calculated.  On the other side in t he X-

axis direction of the loading arm 14, an unloading arm 

(third transfer unit) 54 is disposed. 

        The unloading arm 54 includes a suction pad  that 

holds the workpiece 11 under suction on the side of  the 

back surface 11b thereof.  After holding, with the suction 

pad, the workpiece 11 positioned at the loading/unl oading 

station A, the unloading arm 54 causes the suction pad to 

turn about an axis of rotation located at a proxima l end 

portion of the loading arm 54, thereby transferring  the 

workpiece 11 to a cleaning unit 56.  After cleaning  the 

workpiece 11 by the cleaning unit 56, the workpiece  11 is 

transferred by the robot arm 6, and is accommodated  in 

the cassette 10b.  The grinding machine 2 has a con trol 

unit 58 that controls operations of the individual 

elements. 

        The control unit 58 controls operations of the 

robot arm 6, the position matching mechanism 12, th e 

loading arm 14, the turn table 16, the chuck tables  18, 

the rotational drive sources 20, the grinding feed units 

24a and 24b, the grinding units 34a and 34b, the 

thickness gauges 50, the unloading arm 54, the clea ning 
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unit 56, and so on.  The control unit 58 is configu red by 

a computer that includes, for example, a processor 

(processing device) represented by a central proces sing 

unit (CPU), a main storage device such as a dynamic  

random access memory (DRAM), a static random access  

memory (SRAM), and a read only memory (ROM), and an  

auxiliary storage device such as a flash memory, a hard 

disk drive, or a solid state drive.  In the auxilia ry 

storage device, software containing predetermined 

programs is stored.  Functions of the control unit 58 are 

realized by operating the processing device and the  like 

according to the software.  A description will next  be 

made about a grinding method of the workpiece 11, i n 

which the workpiece 11 is ground using the grinding  

machine 2. 

        First, the cassette 10a with workpieces 11 

accommodated therein is arranged on the cassette mo unt 

region 8a, and one of the workpieces 11 is transfer red by 

the robot arm 6 from the cassette 10a to the positi on 

matching mechanism 12.  After position matching of the 

workpiece 11 has been performed by the position mat ching 

mechanism 12, the workpiece 11 is transferred by th e 

loading arm 14 from the position matching mechanism  12 

onto the chuck table 18 arranged at the loading/unl oading 
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station A. 

        At this time, the workpiece 11 is arranged on the 

chuck table 18 with the side of the back surface 11 b 

being exposed upward, whereby the workpiece 11 is h eld 

under suction on the holding surface 18a on the sid e of 

the front surface 11a (see FIG. 2A).  It is to be n oted 

that, if devices are formed on the side of the fron t 

surface 11a, a protective tape may be bonded to the  side 

of the front surface 11a in order to protect the de vices.  

If this is the case, the side of the front surface 11a is 

held under suction on the holding surface 18a via t he 

protective tape. 

        Next, the turn table 16 is rotated clockwis e over 

approximately 120 degrees in the top plan view, so that 

the chuck table 18 with the workpiece 11 held there on is 

arranged at the coarse grinding station B.  Then, t he 

workpiece 11 is coarsely ground by the grinding uni t 34a.  

In this embodiment, an arcuate groove 11c is formed  on 

the side of the back surface 11b by grinding the 

workpiece 11 with the grinding unit 34a without rot ation 

of the chuck table 18 (groove formation step S10). 

        FIG. 2A is a side view of the workpiece 11,  the 

chuck table 18, and the grinding wheel 44a, and 

illustrates the groove formation step S10.  When th e 
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rotational drive source 40 is operated, the grindin g 

wheel 44a rotates about the spindle 38.  In the gro ove 

formation step S10, the spindle 38 is set at a 

predetermined rotational speed (for example, 3,500 rpm), 

and grinding feed of the grinding unit 34a is perfo rmed 

at a predetermined grinding feed rate (for example,  0.5 

µm/sec). 

        When the spindle 38 is rotated and the grin ding 

feed of the grinding unit 34a is performed with the  

grinding stones 48 maintained in contact with the s ide of 

the back surface 11b, the side of the back surface 11b is 

ground primarily with the bottom surfaces 48a of th e 

grinding stones 48.  FIG. 2B is a top plan view of the 

workpiece 11, the chuck table 18, and the grinding wheel 

44a, and illustrates the groove formation step S10.   In 

the groove formation step S10, the chuck table 18 i s not 

rotated, so that the side of the back surface 11b i s 

ground along a track of the rotating grinding stone s 48 

and the arcuate groove 11c is formed along a locus of the 

rotating grinding stones 48 on the side of the back  

surface 11b. 

        The groove 11c has a depth that is deeper t han the 

thermal oxide film formed on the side of the back s urface 

11b but does not reach a finish thickness of the 
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workpiece 11.  If the thickness before grinding is 725 µm 

and the finish thickness is 50 µm, for example, a 

grinding feed amount by which the grinding unit 34a  is to 

be moved downward from a height position where the 

grinding surfaces come into contact with the back s urface 

11b is set to 20 µm.  FIG. 3 is a top plan view of the 

workpiece 11 obtained after the groove formation st ep 

S10.  The groove 11c is formed in an arcuate shape that 

extends from a portion of an outer periphery of the  

workpiece 11, through a center of the back surface 11b, 

to another portion of the outer periphery of the 

workpiece 11.  In the groove formation step S10, th e 

bottom surfaces 48a of the grinding stones 48 are 

primarily used to form the single groove 11c.  It i s thus 

possible to reduce deteriorations of conditions of the 

bottom surfaces 48a of the grinding stones 48 (in o ther 

words, lowering of the grinding capability) compare d with 

a case in which the workpiece 11 is ground in its 

entirety on the side of the back surface 11b by usi ng 

primarily the bottom surfaces 48a of the grinding s tones 

48. 

        After the grinding feed of the grinding uni t 34a 

has been performed by a predetermined grinding feed  

amount, rotation of the chuck table 18 is started w ith 
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the spindle 38 kept rotating at the predetermined 

rotational speed.  Consequently, the groove 11c is ground 

at side walls 11d thereof primarily with inner peri pheral 

side surfaces 48b and outer peripheral side surface s 48c 

of the grinding stones 48, and is thus removed from  the 

side of the back surface 11b (groove removal step S 20).  

FIG. 4A is a side view of the workpiece 11, the chu ck 

table 18, and the grinding wheel 44a, and illustrat es the 

groove removal step S20.  FIG. 4B is a top plan vie w of 

the workpiece 11, the chuck table 18, and the grind ing 

wheel 44a, and illustrates the groove removal step S20.  

As indicated by arrow marks 41 in FIG. 4B, the side  of 

the back surface 11b is ground primarily with the i nner 

peripheral side surfaces 48b and the outer peripher al 

side surfaces 48c of the grinding stones 48 in the groove 

removal step S20. 

        As described above, the groove removal step  S20 is 

performed right after the groove formation step S10 .  In 

the groove removal step S20, the chuck table 18 is 

rotated at a predetermined rotational speed (for ex ample, 

100 rpm) while grinding feed of the grinding unit 3 4a is 

performed at a predetermined grinding feed rate (fo r 

example, 0.5 µm/sec).  In the groove removal step S20, the 

thermal oxide film is removed by grinding the side of the 
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back surface 11b with the inner peripheral side sur faces 

48b and the outer peripheral side surfaces 48c of t he 

grinding stones 48, the inner peripheral side surfa ces 

48b and the outer peripheral side surfaces 48c havi ng 

relatively good conditions, instead of the bottom 

surfaces 48a of the grinding stones 48, the bottom 

surfaces 48a having been primarily used in the groo ve 

formation step S10.  In the groove removal step S20 , it is 

possible to reduce the deteriorations of the condit ions 

of the bottom surfaces 48a of the grinding stones 4 8 

compared with the case in which the workpiece 11 is  also 

ground in its entirety on the side of the back surf ace 

11b with the bottom surfaces 48a of the grinding st ones 

48, the bottom surfaces 48a having been primarily u sed in 

the groove formation step S10. 

        After the groove removal step S20, grinding  feed of 

the grinding unit 34a is performed while the spindl e 38 

and the chuck table 18 are rotated, whereby the wor kpiece 

11 is ground in its entirety on the side of the bac k 

surface 11b until the thickness of the workpiece 11  is 

reduced to the finish thickness (full surface grind ing 

step S30).  FIG. 5 is a side view of the workpiece 11, the 

chuck table 18, and the grinding wheel 44a, and 

illustrates the full surface grinding step S30.  Th e 
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rotational speeds of the spindle 38 and the chuck t able 

18 and the grinding feed rate are the same as those  in 

the groove removal step S20. 

        In the full surface grinding step S30, the side of 

the back surface 11b is ground by the grinding unit  34a 

while the bottom surfaces 48a of the grinding stone s 48 

are primarily used and the thickness of the workpie ce 11 

is measured by the thickness gauge 50 until the wor kpiece 

11 has a predetermined thickness greater than the f inish 

thickness (first full surface grinding).  As the wo rkpiece 

11 has been ground using primarily the inner periph eral 

side surfaces 48b and the outer peripheral side sur faces 

48c of the grinding stones 48 in the above-mentione d 

groove removal step S20, the conditions of the bott om 

surfaces 48a of the grinding stones 48 have not bee n 

deteriorated much (in other words, are relatively g ood) 

in the full surface grinding step S30.  Occurrence of a 

processing failure can thus be suppressed even if a  

relatively hard oxide film is formed on the side of  the 

back surface 11b. 

        After the workpiece 11 has been thinned to the 

predetermined thickness by the grinding unit 34a, t he 

turn table 16 is rotated to position the workpiece 11 at 

the finish grinding station C.  Grinding is then pe rformed 
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by the grinding unit 34b while the thickness of the  

workpiece 11 is measured by the thickness gauge 50 

(second full surface grinding).  When the workpiece  11 has 

been thinned to the finish thickness in the second full 

surface grinding, the full surface grinding step S3 0 is 

ended, followed by rotation of the turn table 16 to  

position the workpiece 11 at the loading/unloading 

station A. 

        The workpiece 11 is transferred to the clea ning 

unit 56 by the unloading arm 54, and the workpiece 11 

cleaned by the cleaning unit 56 is transferred into  the 

cassette 10b by the robot arm 6.  FIG. 6 is a flow diagram 

illustrating the grinding method of this embodiment .  As 

described above, the grinding method of this embodi ment 

for the workpiece 11 includes the groove formation step 

S10 that forms the arcuate groove 11c, the groove r emoval 

step S20 that grinds the side walls 11d of the groo ve 11c 

by starting rotation of the chuck table 18 with the  

spindle 38 kept rotating, and the full surface grin ding 

step S30. 

        In the groove formation step S10, the grind ing is 

performed primarily with the bottom surfaces 48a of  the 

grinding stones 48.  In the groove removal step S20 , on 

the other hand, the grinding can be performed prima rily 
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with the inner peripheral side surfaces 48b and out er 

peripheral side surfaces 48c of the grinding stones  48.  

Compared with the case in which the workpiece 11 is  

ground in its entirety on the side of the back surf ace 

11b primarily with the bottom surfaces 48a of the 

grinding stones 48, the deteriorations of the condi tions 

of the bottom surfaces 48a of the grinding stones 4 8 can 

thus be reduced.  In the full surface grinding step  S30 

that performs grinding primarily with the bottom su rfaces 

48a of the grinding stones 48, occurrence of a proc essing 

failure of the workpiece 11 can be suppressed 

accordingly. 

        With reference to FIG. 7, a description wil l next 

be made about an experiment in which the grinding m ethod 

of this embodiment and a conventional grinding meth od 

were compared.  In the experiment, silicon wafers 

(diameter: approx. 200 mm, thickness: approx. 725 µm) 

each with a thermal oxide film of approx. 2,000 Å t o 

3,000 Å thickness formed on the side of the back su rface 

11b were used as workpieces 11.  As a grinding unit , on 

the other hand, the grinding unit 34b was used.  Th e 

grinding unit 34b had the grinding wheel 44b having  the 

grinding stones 48 in which diamond abrasive grits of 

grit size #3000 were fixed with a vitrified bond. 
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        FIG. 7 presents graphs D1 (solid line) and D2 

(dotted line) each illustrating time-dependent chan ges of 

the current value to the motor driving the spindle 38, 

and graphs E1 (broken line) and E2 (dash-dot line) each 

illustrating time-dependent changes of the rotation al 

speed of the chuck table 18.  In the conventional g rinding 

method, the side of the back surface 11b was ground  using 

primarily the bottom surfaces 48a of the grinding s tones 

48 from start to end without the formation of the g roove 

11c.  Also, in the conventional grinding method, as  

illustrated by the graph E2, the rotational speed o f the 

chuck table 18 was set constant at 100 rpm from tim e 0 

sec to time t 4. 

        In the grinding method of this embodiment, on the 

other hand, as illustrated by the graph E1, the chu ck 

table 18 was kept stationary without rotation from time 0 

sec to time t 2 (groove formation step S10), and rotation 

of the chuck table 18 was started at time t 2 (groove 

removal step S20).  The rotational speed was then 

maintained at 100 rpm until time 150 sec elapsed (f ull 

surface grinding step S30).  In both the grinding m ethod 

of this embodiment and the conventional grinding me thod, 

the grinding feed rate of the grinding unit 34b arr anged 

above the chuck table 18 was set to 0.5 µm/sec.  Also, in 
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both the grinding method of this embodiment and the  

conventional grinding method, the bottom surfaces 4 8a of 

the grinding stones 48 were brought into contact wi th the 

back surface 11b at time t 1, to start grinding. 

        In the conventional grinding method, the cu rrent 

value gradually increased (see graph D2).  At time t 4, the 

grinding feed was stopped to end the grinding.  As 

apparent from the manner of the increase of the cur rent 

value from time 120 sec to time t 4, a relatively high 

grinding load was applied to the grinding stones 48  in 

the conventional grinding method.  In the grinding method 

of this embodiment, on the other hand, the groove 

formation step S10 was performed from time t 1 to time t 2 

to form the groove 11c (groove formation step S10).   With 

the spindle 38 kept rotating, rotation of the chuck  table 

18 was then started at time t 2 (groove removal step S20). 

        As illustrated by the graph D1, the current  value 

increased with a spike at time t 2, but shortly began 

decreasing at time t 3 without reaching an allowable upper 

limit.  This period from time t 2 to time t 3 corresponds to 

the groove removal step S20.  The period from time t 2 to 

time t 3 is approx. 1 sec, and is a period of time that 

allows the chuck table 18 to make approximately one  and a 

half rotations.  Therefore, the groove 11c was remo ved 
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while the chuck table 18 made approximately one and  a 

half rotations. 

        The period from time t 3 to time t 4 corresponds to 

the full surface grinding step S30.  Compared with the 

conventional grinding method, the conditions of the  

bottom surfaces 48a of the grinding stones 48 were 

relatively good in the full surface grinding step S 30, so 

that the grinding load (in other words, the current  

value) was relatively low.  Moreover, self-sharpeni ng of 

the grinding stones 48 is considered to have effect ively 

occurred in the full surface grinding step S30.  As  

described above, effectiveness of the grinding meth od of 

this embodiment was confirmed in the experiment.  I t is to 

be noted that, at time t 4, the grinding feed was stopped 

to terminate the grinding.  In the period from time  t 4 to 

time t 5, the grinding stones 48 did not come into contact 

with the back surface 11b and remained in an idling  

state. 

        It is to be noted that the configuration, m ethod, 

and the like of the above-described embodiment can be 

practiced with changes or alterations as needed to such 

an extent as not departing from the scope of the ob ject 

of the present invention.  For example, the grindin g feed 

of the grinding unit 34a was performed in the groov e 
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removal step S20 in the grinding method of the abov e-

described embodiment.  However, such grinding feed may be 

omitted insofar as the groove 11c can be removed. 

        The present invention is not limited to the details  

of the above described preferred embodiment.  The s cope of 

the invention is defined by the appended claims and  all 

changes and modifications as fall within the equiva lence 

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

by the invention. 
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WHAT IS CLAIMED IS: 

        1.  A workpiece grinding method for grindin g a 

workpiece with use of a grinding machine including a 

chuck table that holds the workpiece and a grinding  unit 

that has a spindle and a grinding wheel disposed on  the 

spindle, the grinding wheel having a plurality of 

grinding stones arranged in an annular pattern, and  that 

grinds the workpiece held on the chuck table with t he 

grinding wheel kept rotating about the spindle, 

comprising: 

        a groove formation step of grinding the wor kpiece 

by performing grinding feed of the grinding unit wh ile 

rotating the spindle without rotation of the chuck table 

on which the workpiece is held, so that an arcuate groove 

is formed with a depth not reaching a finish thickn ess of 

the workpiece on a side of a back surface of the 

workpiece; 

        a groove removal step of, after the groove 

formation step, starting rotation of the chuck tabl e with 

the spindle kept rotating, so that the groove is gr ound 

at side walls thereof and is removed from the workp iece; 

and 

        a full surface grinding step of, after the groove 

removal step, performing grinding feed of the grind ing 
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unit while rotating the spindle and the chuck table , so 

that the workpiece is ground in an entirety thereof  on 

the side of the back surface until the workpiece ha s the 

finish thickness. 

        2.  The workpiece grinding method according  to 

claim 1, wherein, in the groove removal step, the c huck 

table is rotated while grinding feed of the grindin g unit 

is performed. 

  


