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METHOD OF GRINDING WORKPIECE 

 

BACKGROUND OF THE INVENTION 

Field of the Invention 

        The present invention relates to a method of 

grinding a workpiece on a grinding apparatus. 

Description of the Related Art 

        A process of manufacturing device chips mak es use 

of a wafer having devices formed individually in a 

plurality of areas demarcated on the wafer by a plu rality 

of intersecting streets, i.e., projected dicing lin es.  

The wafer is divided along the streets into device chips 

including the respective devices.  The device chips  thus 

produced are incorporated in various electronic 

appliances such as mobile phones and personal compu ters. 

        Recent years have seen demands for thinner device 

chips for use in smaller electronic appliances.  Be fore 

wafers are divided into individual device chips, it  is 

customary to grind the wafers on a grinding apparat us, 

thereby thinning down the wafers.  The grinding app aratus 

includes a chuck table having a holding surface for  

holding a workpiece, e.g., a wafer, and a grinding unit 

for grinding the workpiece.  The grinding unit has a 

grinding wheel including grindstones.  The grinding  unit 
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grinds the workpiece by bringing the grindstones in to 

abrasive contact with the workpiece while rotating the 

grinding wheel about its central axis. 

        For grinding a workpiece such as a wafer on  the 

grinding apparatus, the positional relation between  the 

chuck table and the grinding unit is adjusted such that 

the center of the workpiece held on the chuck table  

overlaps the path along which the grindstones move.   When 

the grinding wheel is lowered toward the holding su rface 

of the chuck table while the chuck table and the gr inding 

wheel are rotated about their respective central ax es, 

lower surfaces of the grindstones are brought into 

abrasive contact with an upper surface of the workp iece, 

thereby grinding the workpiece.  Such a grinding st ep as 

described above is referred to as in-feed grinding.  

        There is another grinding step for grinding  

workpieces that is referred to as creep feed grindi ng.  

According to the creep feed grinding, the positiona l 

relation between the chuck table and the grinding u nit is 

adjusted such that the grindstones are positioned o utside 

of the workpiece and the lower surfaces of the 

grindstones are positioned below the upper surface of the 

workpiece.  In the grinding step, in a state in whi ch the 

chuck table is not rotated while the grinding wheel  is 
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rotated, the chuck table is moved in a direction pa rallel 

to the holding surface, i.e., in a horizontal direc tion, 

bringing side surfaces and lower surfaces of the 

grindstones into abrasive contact with the upper su rface 

of the workpiece.  The workpiece is thus ground (se e JP 

2005-28550A). 

 

SUMMARY OF THE INVENTION 

        The grindstones included in the grinding wh eel are 

formed by securing abrasive grains made of diamond or the 

like together with a binder, i.e., a bonding materi al.  

The mechanism of the grindstones for grinding a wor kpiece 

is as follows:  The abrasive grains that partly pro trude 

from the binder collide with the workpiece, grindin g the 

workpiece.  When the grindstones continuously grind  

workpieces, the binder is worn, allowing the expose d 

abrasive grains to drop off and also allowing the 

embedded abrasive grains to be newly exposed out of  the 

binder.  The phenomenon is called self-dressing.  T he 

self-dressing of the grindstones maintains the grin ding 

capability of the grindstones. 

        According to the creep feed grinding, the 

grindstones collide inwardly with a side surface of  the 

workpiece to grind the workpiece.  Therefore, the 
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grindstones are more liable to be worn on their sid e 

surfaces but are less liable to be worn on the lowe r 

surfaces thereof.  As a consequence, the lower surf aces of 

the grindstones are not self-dressed as frequently as 

desired, resulting in a reduction in the grinding 

capability of the grindstones.  Further, the swarf or 

ground debris produced by the grinding step collect s on 

the lower surfaces of the grindstones, tending to m ake 

the abrasive grains insufficiently protrusive, i.e. , to 

load the grindstones. 

        When the condition of the grindstones becom es worse 

in the creep feed grinding step, the grinding appar atus 

is more likely to cause a processing failure.  Acco rding 

to one solution, a dressing step is carried out in the 

creep feed grinding step to hit the grindstones wit h a 

predetermined member, thereby causing the grindston es to 

wear intentionally.  However, since the dressing of  the 

grindstones interrupts the grinding step, the proce ssing 

efficiency, i.e., the grinding efficiency, of the 

grinding apparatus tends to be lowered. 

        The present invention has been made in view  of the 

above difficulties.  It is an object of the present  

invention to provide a method of grinding a workpie ce 

with grindstones in a manner to improve the conditi on of 
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grindstones while preventing the processing efficie ncy 

from being lowered. 

        In accordance with an aspect of the present  

invention, there is provided a method of grinding a  

workpiece on a grinding apparatus including a chuck  table 

that has a holding surface for holding the workpiec e 

thereon and that is rotatable about a rotational ax is 

extending along directions perpendicular to the hol ding 

surface, and a grinding unit with a grinding wheel 

mounted thereon, the grinding wheel including grind stones 

for grinding the workpiece.  The method includes a first 

preparing step of adjusting a positional relation b etween 

the chuck table and the grinding unit such that the  

grindstones are positioned outside of the workpiece  held 

on the chuck table and the grindstones have respect ive 

lower surfaces positioned a predetermined distance below 

an upper surface of the workpiece held on the chuck  

table, a first grinding step of, after the first 

preparing step is performed, relatively moving the chuck 

table and the grinding unit along directions parall el to 

the holding surface to grind the workpiece from one  end 

to the other end thereof with the grindstones while  the 

grinding wheel is rotated, a second preparing step of, 

after the first grinding step is performed, adjusti ng the 
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positional relation between the chuck table and the  

grinding unit such that the rotational axis of the chuck 

table and a path along which the grindstones move 

overlap, and a second grinding step of, after the s econd 

preparing step is performed, relatively moving the chuck 

table and the grinding unit along the directions 

perpendicular to the holding surface to grind the 

workpiece with the grindstones while the chuck tabl e and 

the grinding wheel are rotated. 

        Preferably, in the method of grinding a wor kpiece, 

the first preparing step, the first grinding step, the 

second preparing step, and the second grinding step  are 

each carried out twice or more times. 

        In the method of grinding a workpiece accor ding to 

the aspect of the present invention, after the firs t 

grinding step of relatively moving the chuck table and 

the grinding unit along the directions parallel to the 

holding surface has been carried out, the second gr inding 

step of relatively moving the chuck table and the 

grinding unit along the directions perpendicular to  the 

holding surface is carried out.  Therefore, wear on  the 

lower surfaces of the grindstones is promoted, impr oving 

the condition of the grindstones.  In the second gr inding 

step, the lower surfaces of the grindstones are dre ssed 
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at the same time that they grind the workpiece.  

Consequently, as the workpiece is continuously grou nd 

while the lower surfaces of the grindstones are dre ssed, 

the processing efficiency, i.e., the grinding effic iency, 

of the grinding apparatus is increased. 

        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 sectional side elevational view  of a 

grinding apparatus that carries out a method of gri nding 

a workpiece according to an embodiment of the prese nt 

invention; 

        FIG. 2 is a perspective view of a chuck tab le and a 

grinding unit of the grinding apparatus illustrated  in 

FIG. 1; 

        FIG. 3A is a side elevational view of the c huck 

table and the grinding unit in a first preparing st ep of 

the method; 
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        FIG. 3B is a side elevational view of the c huck 

table and the grinding unit in a first grinding ste p of 

the method; 

        FIG. 4A is a side elevational view of the c huck 

table and the grinding unit in a second preparing s tep of 

the method; and 

        FIG. 4B is a side elevational view of the c huck 

table and the grinding unit in a second grinding st ep of 

the method. 

 

DETAILED DESCRIPTON OF THE PREFERRED EMBODIMENT 

        A preferred embodiment of the present inven tion 

will be described hereinbelow with reference to the  

accompanying drawings.  First, a grinding apparatus  that 

carries out a method of grinding a workpiece accord ing to 

the present embodiment will be described below.  FI G. 1 

illustrates the grinding apparatus, which is genera lly 

denoted by 2, in sectional side elevation.  Note th at, in 

FIG. 1, X-axis directions (first processing feed 

directions, first horizontal directions, or forward  and 

rearward directions) and Y-axis directions (second 

horizontal directions or leftward and rightward 

directions) extend perpendicularly to each other.  In 

addition, Z-axis directions (second processing feed  
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directions, vertical directions, upward and downwar d 

directions, or heightwise directions) extend 

perpendicularly to the X-axis directions and the Y- axis 

directions. 

        The grinding apparatus 2 includes a base 4 

supporting or housing various components of the gri nding 

apparatus 2.  The base 4 has an opening 4a in the s hape of 

a rectangular parallelepiped defined in an upper su rface 

side thereof.  The opening 4a houses therein a chuc k table 

(holding table) 6 for holding thereon a workpiece 1 1, 

which is typically a wafer, to be processed, i.e., 

ground, by the grinding apparatus 2.  The chuck tab le 6 

has an upper surface lying flatwise generally paral lel to 

the X-axis directions and the Y-axis directions and  

acting as a holding surface 6a for holding the work piece 

11 thereon. 

        The opening 4a also houses therein a moving  

mechanism (moving unit) 8 that is operatively coupl ed to 

the chuck table 6 to move the chuck table 6 along t he X-

axis directions.  Specifically, the moving mechanis m 8 

includes a ball screw 10 that extends along the X-a xis 

directions and that is threaded through a nut (not 

illustrated) fixed to the chuck table 6, and a step ping 

motor 12 for rotating the ball screw 10 about its c entral 



10 

axis is connected to an end of the ball screw 10.  When 

the stepping motor 12 is energized, it rotates the ball 

screw 10 about its central axis, causing the nut to  move 

the chuck table 6 along one or the other of the X-a xis 

directions. 

        A rotary actuator (not illustrated) such as  an 

electric motor is coupled to the chuck table 6 to r otate 

the chuck table 6 about its central axis, i.e., a 

rotational axis generally parallel to the Z-axis 

directions, generally perpendicular to the holding 

surface 6a of the chuck table 6.  The rotational ax is of 

the chuck table 6 thus extends along directions 

perpendicular to the holding surface 6a. 

        A support structure (column) 14 in the shap e of a 

rectangular parallelepiped is disposed on, i.e., er ected 

from, a portion of the base 4 behind the chuck tabl e 6 

and the moving mechanism 8 (on a right side of the base 4 

in FIG. 1) providing that a left side of the base 4  in 

FIG. 1 is assumed to be a front side of the grindin g 

apparatus 2.  A moving mechanism (moving unit) 16 i s 

mounted on a surface, i.e., a front side, of the su pport 

structure 14.  When the moving mechanism 16 is in 

operation, it relatively moves the chuck table 6 an d a 

grinding unit 28, which is to be described later, o n the 
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support structure 14 selectively toward and away fr om 

each other along directions, i.e., the Z-axis direc tions, 

perpendicular to the holding surface 6a of the chuc k 

table 6. 

        Specifically, the moving mechanism 16 inclu des a 

pair of guide rails 18, one of which is illustrated  in 

FIG. 1, fixedly mounted on the surface of the suppo rt 

structure 14.  The guide rails 18 are spaced from e ach 

other in the Y-axis directions and extend verticall y 

along the Z-axis directions.  A flat movable plate 20 is 

slidably mounted on the guide rails 18 for sliding 

movement along the guide rails 18.  A nut 22 is fix ed to a 

reverse side, i.e., a rear surface, of the movable plate 

20 and is operatively threaded over a ball screw 24  that 

is disposed between the guide rails 18 and that ext ends 

along the Z-axis directions.  A stepping motor 26 f or 

rotating the ball screw 24 about its central axis i s 

coupled to the upper end of the ball screw 24.  Whe n the 

stepping motor 26 is energized, it rotates the ball  screw 

24 about its central axis, causing the nut 22 to mo ve the 

movable plate 20 along the guide rails 18 in one or  the 

other of the Z-axis directions, i.e., to lift or lo wer 

the movable plate 20 along the guide rails 18. 

        The grinding unit 28 that grinds the workpi ece 11 
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on the chuck table 6 is mounted on a face side, i.e ., a 

front surface, of the movable plate 20.  The grindi ng unit 

28 includes a hollow cylindrical support member 30 fixed 

to the face side of the movable plate 20.  The supp ort 

member 30 houses a cylindrical housing 32 therein.  The 

housing 32 has a lower surface supported on the bot tom of 

the support member 30 through a damper 34 of rubber  or 

the like interposed therebetween. 

        A cylindrical spindle 36 extending along th e Z-axis 

directions is rotatably housed in the housing 32.  The 

spindle 36 has a distal end, i.e., a lower end, tha t is 

exposed out of the housing 32 and that protrudes 

downwardly from the support member 30 through an op ening 

defined in the bottom of the support member 30.  Th e 

spindle 36 has a proximal end, i.e., an upper end, to 

which there is coupled a rotary actuator (not 

illustrated) such as an electric motor for rotating  the 

spindle 36 about its central axis.  A disk-shaped m ount 38 

made of metal or the like is fixed to the distal en d of 

the spindle 36.  The mount 38 has a lower surface t o which 

an annular grinding wheel 40 for grinding the workp iece 

11 on the chuck table 6 is fixed by fastening membe rs 

such as bolts, for example. 

        The grinding wheel 40 includes an annular b ase 42 
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that is made of metal such as aluminum or stainless  steel 

and that has generally the same outside diameter as  the 

diameter of the mount 38.  The base 42 has an upper  

surface fixed to the lower surface of the mount 38 and a 

lower surface to which a plurality of grindstones 4 4 are 

secured.  The grindstones 44 that are each shaped a s a 

rectangular parallelepiped, for example, are spaced  at 

generally equal angular intervals and arranged in a n 

annular array along the circumferential directions of the 

base 42.  Each of the grindstones 44 is made of abr asive 

grains of diamond or cubic boron nitride (cBN) boun d by a 

binder (bonding material) such as metal bond, resin  bond, 

or vitrified bond.  However, the grindstones 44 are  not 

limited to any material, shape, structure, size, an d so 

on, and may be provided in any number. 

        The grinding wheel 40 is rotatable about it s 

central axis that is generally perpendicular to the  

holding surface 6a of the chuck table 6, i.e., a 

rotational axis generally parallel to the Z-axis 

directions, by the power transmitted from the rotar y 

actuator coupled to the proximal end of the spindle  36 

through the spindle 36 and the mount 38.  The rotat ional 

axis of the grinding wheel 40 thus extends along 

directions perpendicular to the holding surface 6a.   When 
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the rotating grindstones 44 of the grinding wheel 4 0 are 

brought into abrasive contact with the upper surfac e of 

the workpiece 11 held on the chuck table 6, the 

grindstones 44 scrape off a layer from the upper su rface 

of the workpiece 11.  In this manner, the workpiece  11 is 

ground and thinned down. 

        The various components (chuck table 6, movi ng 

mechanism 8, moving mechanism 16, grinding unit 28,  etc.) 

of the grinding apparatus 2 are electrically connec ted to 

a control unit (controller or control device) 46 th at 

controls the grinding apparatus 2.  The control uni t 46 

generates control signals for controlling operation  of 

the components of the grinding apparatus 2, to cont rol 

operation of the grinding apparatus 2.  For example , the 

control unit 46 is a computer and includes a proces sing 

section for performing processing operations requir ed to 

operate the grinding apparatus 2 and a storage sect ion 

for storing various pieces of information (data, 

programs, etc.) used to operate the grinding appara tus 2.  

The processing section includes a processor such as  a 

central processing unit (CPU).  The storage section  

includes various memories functioning as a main sto rage 

device, an auxiliary storage device, etc. 

        The workpiece 11 is ground by the grinding unit 28 
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while being held on the chuck table 6.  FIG. 2 illu strates 

the chuck table 6 and the grinding unit 28 in 

perspective.  The chuck table 6 includes a cylindri cal 

frame (main body) 48 made of metal such as stainles s 

steel (SUS) or made of glass, ceramic, resin, or th e 

like.  The frame 48 has a cylindrical recess 48b de fined 

centrally in an upper surface 48a of the frame 48.  The 

recess 48b houses a disk-shaped holder 50 fitted th erein 

that is made of a porous material such as porous ce ramic.  

The holder 50 contains pores (fluid passages) there in 

that extend from upper to lower surfaces of the hol der 

50.  The upper surface, which is denoted by 50a, of  the 

holder 50 acts as a suction surface for attracting,  under 

suction forces, the workpiece 11 that is held on th e 

chuck table 6.  The depth of the recess 48b and the  

thickness of the holder 50 are generally the same a s each 

other.  The upper surface 48a of the frame 48 lies 

substantially flush with the upper surface 50a of t he 

holder 50.  Further, the upper surface 48a of the f rame 48 

and the upper surface 50a of the holder 50 jointly make 

up the holding surface 6a of the chuck table 6.  Th e 

holding surface 6a is held in fluid communication w ith a 

suction source (not illustrated) such as an ejector  via 

the pores in the holder 50, a fluid channel (not 
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illustrated) defined in the frame 48, a valve (not 

illustrated), and so on. 

        For grinding and thinning down the workpiec e 11 on 

the grinding apparatus 2, the workpiece 11 is place d on 

the holding surface 6a of the chuck table 6.  The 

workpiece 11 is, for example, a disk-shaped wafer m ade of 

a semiconductor material such as silicon and includ es a 

face side (first surface) 11a and the reverse side 

(second surface) 11b that lie generally parallel to  each 

other.  The workpiece 11 has a plurality of rectang ular 

areas demarcated on the face side 11a by a grid of 

intersecting streets (projected dicing lines).  Dev ices 

(not illustrated) such as integrated circuits (ICs) , 

large-scale-integration (LSI) circuits, light-emitt ing 

diodes (LEDs), or micro-electro-mechanical systems (MEMS) 

devices are formed individually in the demarcated a reas 

of the face side 11a of the workpiece 11. 

        The reverse side 11b of the workpiece 11 is  ground 

by the grinding unit 28 of the grinding apparatus 2 , 

thereby thinning down the workpiece 11.  The thinne d 

workpiece 11 is then divided along the streets into  a 

plurality of device chips including the respective 

devices.  Therefore, the device chips are of a thin ned 

profile.  Note that the workpiece 11 is not limited  to any 
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kind, material, size, shape, structure, and so on.  The 

workpiece 11 may be a disk-shaped wafer (board) mad e of a 

semiconductor material other than silicon, such as GaAs, 

InP, GaN, or Sic, or made of glass, ceramic, resin,  

metal, or the like, for example.  Alternatively, th e 

workpiece 11 may be a package board such as a chip- size-

package (CSP) board or a quad-flat-non-leaded-packa ge 

(QFN) board. 

        For example, the workpiece 11 is placed on the 

chuck table 6 such that the face side 11a faces the  

holding surface 6a and the reverse side 11b is expo sed 

upwardly.  When suction forces (negative pressure) from 

the suction source is applied to the holding surfac e 6a, 

the workpiece 11 is held under suction on the chuck  table 

6.  Note that the face side 11a of the workpiece 11  may be 

covered with a protective sheet made of resin or th e like 

for protecting the face side 11a, specifically the 

devices thereon, of the workpiece 11.  In a case wh ere the 

face side 11a is covered with a protective sheet, t he 

workpiece 11 is held on the holding surface 6a of t he 

chuck table 6 with the protective sheet interposed 

therebetween. 

        The workpiece 11 held on the chuck table 6 is 

ground and thinned by the grindstones 44 of the gri nding 
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wheel 40.  A grinding fluid supply passage (not 

illustrated) for supplying a fluid such as pure wat er, 

which is also referred to as a grinding fluid, is 

disposed in or near the grinding unit 28.  For grin ding 

the workpiece 11 with the grindstones 44 in a grind ing 

step performed by the grinding apparatus 2, the gri nding 

fluid supply passage supplies the grinding fluid to  the 

workpiece 11 and the grindstones 44.  The supplied 

grinding fluid cools the workpiece 11 and the grind stones 

44 and washes away the swarf or ground debris produ ced by 

the grinding step. 

        According to the present embodiment, the gr inding 

apparatus 2 grinds the workpiece 11 in a creep feed  

grinding step in which the chuck table 6 and the gr inding 

wheel 40 are relatively moved along directions para llel 

to the holding surface 6a to grind the workpiece 11 , and 

in an in-feed grinding step in which the chuck tabl e 6 

and the grinding wheel 40 are relatively moved alon g 

directions perpendicular to the holding surface 6a to 

grind the workpiece 11.  A specific example of the method 

of grinding a workpiece according to the present 

embodiment on the grinding apparatus 2 that operate s in 

the creep feed grinding step and the in-feed grindi ng 

step will be described hereinbelow. 
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        First, the positional relation between the chuck 

table 6 and the grinding unit 28 is adjusted (first  

preparing step).  FIG. 3A illustrates, in side elev ation, 

the chuck table 6 and the grinding unit 28 in the f irst 

preparing step.  In the first preparing step, the 

positional relation between the chuck table 6 and t he 

grinding unit 28 is adjusted such that the grindsto nes 44 

are positioned outside of the workpiece 11 held on the 

chuck table 6 and the lower surfaces of the grindst ones 

44 are positioned a predetermined distance below th e 

upper surface, i.e., the reverse side 11b, of the 

workpiece 11 on the chuck table 6.  Specifically, t he 

position of the chuck table 6 along the X-axis dire ctions 

is controlled by the moving mechanism 8 (see FIG. 1 ) to 

position the workpiece 11 forwardly of the grinding  wheel 

40, i.e., on the left side of the grinding wheel 40  in 

FIG. 3A, without overlapping the grinding wheel 40.   

Further, the position of the grinding unit 28 along  the 

Z-axis directions is controlled by the moving mecha nism 

16 (see FIG. 1) to position the lower surfaces of t he 

grindstones 44 below the reverse side 11b of the 

workpiece 11.  The difference ∆H between the vertical 

position, i.e., the position along the Z-axis direc tions, 

of the reverse side 11b of the workpiece 11 and the  
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vertical position, i.e., the position along the Z-a xis 

directions, of the lower surfaces of the grindstone s 44 

at this time represents a target value for the amou nt to 

be ground off the workpiece 11 in a next first grin ding 

step, i.e., the difference between the thickness of  the 

workpiece 11 before being ground and the thickness of the 

workpiece 11 after being ground. 

        Next, while the grinding wheel 40 is rotate d about 

its central axis, the chuck table 6 and the grindin g unit 

28 are relatively moved along a direction parallel to the 

holding surface 6a to cause the grindstones 44 to g rind 

the workpiece 11 diametrically from one end to the other 

end of the workpiece 11 (first grinding step).  FIG . 3B 

illustrates, in side elevation, the chuck table 6 a nd the 

grinding unit 28 in the first grinding step. 

        In the first grinding step, the grinding un it 28 

grinds the workpiece 11 in the creep feed grinding step.  

Specifically, the spindle 36 is rotated to rotate t he 

grinding wheel 40 about the rotational axis general ly 

perpendicular to the holding surface 6a of the chuc k 

table 6.  For example, the grinding wheel 40 is rot ated at 

a rotational speed in the range of 1000 to 3000 rpm .  

While the grinding wheel 40 is thus rotated, the ch uck 

table 6 is moved by the moving mechanism 8 (see FIG . 1) 
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toward the grinding wheel 40 in one of the X-axis 

directions as indicated by an arrow in FIG. 3B with out 

being rotated (first processing feed).  The chuck t able 6 

and the grinding wheel 40 are now brought closely t o each 

other along a direction parallel to the holding sur face 

6a of the chuck table 6.  The chuck table 6 is move d at a 

speed, i.e., a processing feed speed, in the range of 1 

to 20 mm/second, for example. 

        When the chuck table 6 is thus moved until one end 

of the workpiece 11 (the front end of the workpiece  11 in 

its moving direction, i.e., the right end thereof i n FIG. 

3B) reaches the path along which the grindstones 44  move, 

the grindstones 44 scrape a layer off the reverse s ide 

11b of the workpiece 11 at the end of the workpiece  11.  

The chuck table 6 is continuously moved in the same  X-

axis direction indicated by the arrow in FIG. 3B un til 

the other end of the workpiece 11 (the rear end of the 

workpiece 11 in its moving direction, i.e., the lef t end 

thereof in FIG. 3B) reaches a position underlying t he 

path along which the grindstones 44 move.  As a res ult, 

the reverse side 11b of the workpiece 11 is ground 

diametrically from the one end to the other end the reof, 

so that the workpiece 11 is thinned down in its ent irety. 

        In the above creep feed grinding step, as t he 
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grindstones 44 collide inwardly with the side surfa ce of 

the workpiece 11 to grind the workpiece 11, the 

grindstones 44 are more liable to be worn on their side 

surfaces but are less liable to be worn on the lowe r 

surfaces thereof.  In other words, during the grind ing 

step, the position of the lower surfaces of the 

grindstones 44 does not tend to vary in the Z-axis 

directions.  As a result, any error of the amount o f 

material ground off the workpiece 11 is relatively small.  

Further, an arcuate flaw, which is also referred to  as a 

ground mark or a saw mark, formed along the path al ong 

which the grindstones 44 move remains on the revers e side 

11b of the workpiece 11 that has been ground.  In t he 

creep feed grinding step, since the workpiece 11 is  

ground while the chuck table 6 is not rotating, a 

plurality of generally parallel ground marks are fo rmed 

on the reverse side 11b of the workpiece 11 that ha s been 

ground.  As the ground marks are thus aligned in 

orientation, the anisotropy of the mechanical stren gth of 

the ground workpiece 11 can be controlled. 

        However, inasmuch as the grindstones 44 are  less 

liable to be worn on the lower surfaces thereof in the 

creep feed grinding step, the lower surfaces of the  

grindstones 44 are not likely to be self-dressed.  
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Moreover, as the swarf or ground debris produced by  the 

grinding step collects on the lower surfaces of the  

grindstones 44, the abrasive grains of the grindsto nes 44 

are likely to be insufficiently protrusive, i.e., t he 

swarf or ground debris are likely to load the grind stones 

44.  Consequently, when only the creep feed grindin g step 

is performed over a long period of time, the grindi ng 

capability of the grindstones 44 may be lowered.  

According to the present embodiment, in view of the  above 

difficulties, the workpiece 11 is ground in the in- feed 

grinding step after it has been ground in the creep  feed 

grinding step.  When the workpiece 11 is ground in the in-

feed grinding step, wear on the lower surfaces of t he 

grindstones 44 is promoted, keeping the grindstones  44 in 

a good condition. 

        After the first grinding step has been carr ied out, 

the positional relation between the chuck table 6 a nd the 

grinding unit 28 is adjusted (second preparing step ).  

FIG. 4A illustrates, in side elevation, the chuck t able 6 

and the grinding unit 28 in the second preparing st ep.  In 

the second preparing step, the positional relation 

between the chuck table 6 and the grinding unit 28 is 

adjusted such that the rotational axis of the chuck  table 

6 and the path along which the grindstones 44 move 
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overlap.  Note that the path along which the grinds tones 

44 move refers to an annular route, i.e., a travel route 

or rotational route, along which each of the grinds tones 

44 passes when the grinding wheel 40 is rotated.  

Specifically, the moving mechanism 16 (see FIG. 1) lifts 

the grinding unit 28 to space the grindstones 44 aw ay 

from the workpiece 11 on the chuck table 6.  Then, the 

position of the chuck table 6 along the X-axis dire ctions 

is controlled by the moving mechanism 8 (see FIG. 1 ) such 

that the rotational axis of the chuck table 6 overl aps 

the path along which the grindstones 44 move.  For 

example, the position of the chuck table 6 is adjus ted 

such that the center of the holding surface 6a and the 

center of the workpiece 11 overlap one of the grind stones 

44 that is disposed on the front end of the grindin g 

wheel 40, i.e., the left end thereof in FIG. 4A. 

        Then, while the chuck table 6 and the grind ing unit 

28 are rotated, the chuck table 6 and the grinding unit 

28 are relatively moved toward each other along 

directions perpendicular to the holding surface 6a,  i.e., 

the Z-axis directions, causing the grindstones 44 t o 

grind the workpiece 11 (second grinding step).  FIG . 4B 

illustrates, in side elevation, the chuck table 6 a nd the 

grinding unit 28 in the second grinding step. 
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        In the second grinding step, the workpiece 11 is 

ground in the in-feed grinding step.  Specifically,  while 

the chuck table 6 and the grinding wheel 40 are rot ated, 

the grinding unit 28 is lowered by the moving mecha nism 

16 (see FIG. 1) in one of the Z-axis directions as 

indicated by an arrow in FIG. 4B (second processing  

feed).  The chuck table 6 and the grinding wheel 40  are 

now brought closely to each other along a direction  

perpendicular to the holding surface 6a of the chuc k 

table 6.  When the lower surfaces of the grindstone s 44 

are brought into abrasive contact with the upper su rface, 

i.e., the reverse side 11b, of the workpiece 11, th e 

grindstones 44 scrape a layer off the reverse side 11b of 

the workpiece 11, thereby thinning down the workpie ce 11.  

The workpiece 11 is continuously ground until the 

workpiece 11 is thinned down to a predetermined 

thickness. 

        In the second grinding step, the lower surf aces of 

the grindstones 44 that are held in abrasive contac t with 

the workpiece 11 are worn and self-dressed, prevent ing 

themselves from being loaded with the swarf.  There fore, 

the lower surfaces of the grindstones 44 are dresse d at 

the same time that the workpiece 11 is ground.  As a 

consequence, the condition of the grindstones 44 is  
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improved, and the grinding capability of the grinds tones 

44 is recovered. 

        Processing conditions for the workpiece 11 in the 

second grinding step are established to allow the l ower 

surfaces of the grindstones 44 to be dressed 

appropriately.  For example, the amount of material  to be 

ground off the workpiece 11 is set to a value in th e 

range of 10 to 100 µm, preferably of 20 to 40 µm.  The 

rotational speed of the chuck table 6 is set to a v alue 

in the range of 100 to 300 rpm.  The speed of desce nt of 

the grinding unit 28, i.e., the processing feed spe ed, is 

set to a value in the range of 0.2 to 1 µm/second.  In the 

second grinding step, the rotational speed of the 

grinding wheel 40 should preferably be lower than t hat 

used when workpieces are ground in an ordinary in-f eed 

grinding step mainly for the purpose of thinning do wn the 

workpieces.  Wear on the lower surfaces of the grin dstones 

44 is thus promoted, and the condition of the grind stones 

44 is improved in a short period of time.  Specific ally, 

the rotational speed of the grinding wheel 40 shoul d 

preferably be in the range of 2000 to 3000 rpm, for  

example. 

        Thereafter, a third preparing step whose de tails 

are the same as those of the first preparing step ( see 
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FIG. 3A) and a third grinding step whose details ar e the 

same as those of the first grinding step (see FIG. 3B) 

are successively carried out, thus resuming the cre ep 

feed grinding step.  In the third grinding step, th e 

workpiece 11 is ground by the grindstones 44 whose 

condition has been improved in the second grinding step.  

The quality of the processed workpiece 11 is thus 

increased, and processing failures are prevented fr om 

being caused.  The grinding of the workpiece 11 is 

completed when the workpiece 11 is thinned down unt il the 

thickness of the workpiece 11 reaches a predetermin ed 

target value, i.e., a finished thickness. 

        The grinding apparatus 2 grinds the workpie ce 11 as 

described above when the control unit 46 (see FIG. 1) 

controls operation of the components of the grindin g 

apparatus 2.  Specifically, the storage section of the 

control unit 46 stores programs descriptive of a se ries 

of operations of the components of the grinding app aratus 

2 that are required to carry out the first preparin g 

step, the first grinding step, the second preparing  step, 

the second grinding step, the third preparing step,  and 

the third grinding step.  For grinding the workpiec e 11, 

the processing section of the control unit 46 reads  the 

programs from the storage section and output contro l 
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signals to the components of the grinding apparatus  2 

according to the programs.  Operation of the grindi ng 

apparatus 2 is now controlled to automatically carr y out 

the method of grinding a workpiece according to the  

present embodiment. 

        With the method of grinding a workpiece acc ording 

to the present embodiment, as described above, afte r the 

first grinding step, i.e., the creep feed grinding step, 

has been carried out to relatively move the chuck t able 6 

and the grinding unit 28 along the directions paral lel to 

the holding surface 6a, the second grinding step, i .e., 

the in-feed grinding step, is carried out to relati vely 

move the chuck table 6 and the grinding unit 28 alo ng the 

directions perpendicular to the holding surface 6a.   

Therefore, wear on the lower surfaces of the grinds tones 

44 is promoted, improving the condition of the 

grindstones 44.  Further, in the second grinding st ep, 

i.e., the in-feed grinding step, the lower surfaces  of 

the grindstones 44 are dressed at the same time tha t they 

grind the workpiece 11.  Consequently, as the workp iece 11 

is continuously ground while the lower surfaces of the 

grindstones 44 are dressed, the processing efficien cy, 

i.e., the grinding efficiency, of the grinding appa ratus 

2 is increased. 
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        Note that, in the method of grinding a work piece 

according to the present embodiment, the number of times 

that the creep feed grinding step, i.e., the first 

preparing step and the first grinding step, is carr ied 

out, and the number of times that the in-feed grind ing 

step, i.e., the second preparing step and the secon d 

grinding step, is carried out, may be set to approp riate 

values depending on the material of the workpiece 1 1, the 

amount of material to be ground off the workpiece 1 1, and 

other factors.  Specifically, the first preparing s tep, 

the first grinding step, the second preparing step,  and 

the second grinding step may each be carried out tw ice or 

more times.  For example, after the creep feed grin ding 

step, i.e., the first preparing step and the first 

grinding step, has been carried out once or twice, the 

in-feed grinding step, i.e., the second preparing s tep 

and the second grinding step, is carried out once, 

improving the condition of the grindstones 44.  

Thereafter, the creep feed grinding step and the in -feed 

grinding step are successively repeated to thin dow n the 

workpiece 11 in a similar manner.  In this way, the  

grindstones 44 can thin down the workpiece 11 to a 

desired thickness while the grindstones 44 are main tained 

in a good condition.  However, the last grinding st ep to 
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be performed on the workpiece 11 should preferably be the 

creep feed grinding step (third grinding step).  Th e 

workpiece 11 thus ground has thickness variations 

reduced, and the anisotropy of the mechanical stren gth of 

the ground workpiece 11 is controlled. 

        The structural details, steps, and other fe atures 

according to the above embodiment may be changed or  

modified appropriately without departing from the s cope 

of the present invention. 

        The present invention is not limited to the details  

of the above described preferred embodiment.  The s cope of 

the invention is defined by the appended claims and  all 

changes and modifications as fall within the equiva lence 

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

by the invention. 
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WHAT IS CLAIMED IS: 

        1.  A method of grinding a workpiece on a g rinding 

apparatus, 

        the grinding apparatus including 

                a chuck table that has a holding su rface for 

holding the workpiece thereon and that is rotatable  about 

a rotational axis extending along directions 

perpendicular to the holding surface, and 

                a grinding unit with a grinding whe el 

mounted thereon, the grinding wheel including grind stones 

for grinding the workpiece, 

        the method comprising: 

        a first preparing step of adjusting a posit ional 

relation between the chuck table and the grinding u nit 

such that the grindstones are positioned outside of  the 

workpiece held on the chuck table and the grindston es 

have respective lower surfaces positioned a predete rmined 

distance below an upper surface of the workpiece he ld on 

the chuck table; 

        a first grinding step of, after the first p reparing 

step is performed, relatively moving the chuck tabl e and 

the grinding unit along directions parallel to the 

holding surface to grind the workpiece from one end  to 

another end of the workpiece with the grindstones w hile 
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the grinding wheel is rotated; 

        a second preparing step of, after the first  

grinding step is performed, adjusting the positiona l 

relation between the chuck table and the grinding u nit 

such that the rotational axis of the chuck table an d a 

path along which the grindstones move overlap; and 

        a second grinding step of, after the second  

preparing step is performed, relatively moving the chuck 

table and the grinding unit along the directions 

perpendicular to the holding surface to grind the 

workpiece with the grindstones while the chuck tabl e and 

the grinding wheel are rotated. 

        2.  The method of grinding a workpiece acco rding to 

claim 1, wherein the first preparing step, the firs t 

grinding step, the second preparing step, and the s econd 

grinding step are each carried out twice or more ti mes. 

  


