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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 to a predetermined finishing 

thickness. 

Description of the Related Art 

        Device chips including devices such as integrated 

circuits (ICs) or large-scale-integration (LSI) circuits 

are indispensable components in various electronic 

appliances such as mobile phones or personal computers.  

Such device chips are manufactured by forming a number of 

devices in respective demarcated areas on the face side 

of a workpiece such as a wafer and then dividing the 

areas including the individual devices therein from each 

other. 

        Workpieces from which to fabricate device chips are 

often ground before they are divided in order to thin 

down the device chips to be manufactured or expose metal 

electrodes included as components of the devices on the 

device chips.  It has been customary to grind a workpiece 

by rotating a grinding wheel with an annular array of 

grindstones mounted thereon and bringing the grindstones 
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into abrasive contact with the workpiece that is held on 

a chuck table (see, for example, JP 2009-90389A). 

 

SUMMARY OF THE INVENTION 

        Workpieces to be ground include various materials.  

If a workpiece includes a wafer composed of silicon (Si), 

i.e., a silicon wafer, then a silicon oxide (SiO2) film 

may be disposed on a surface of the silicon wafer.  In 

some workpieces, metal electrodes included as components 

of devices to be incorporated on device chips are 

embedded in silicon wafers. 

        Difficulty in grinding materials varies with the 

kinds of materials to be ground.  For example, when 

grindstones grind a workpiece of silicon oxide, abrasive 

grains contained in the grindstones tend to come off or 

drop out.  Therefore, silicon oxide is harder to grind 

than silicon.  Further, since a metal used as electrodes 

is less hard than silicon, grinding metal electrodes is 

likely to generate a large amount of minute grinding 

debris or swarf.  As a result, the abrasive grains that 

are exposed on the lower surfaces of grindstones used to 

grind the metal electrodes are liable to be covered or 

loaded with the grinding swarf.  Consequently, metal 

electrodes are harder to grind than silicon. 
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        In view of the difficulties described above, 

workpieces are ground under different conditions 

depending on the kinds of materials to be ground.  For 

example, for grinding a layer containing a hard-to-grind 

material, a grinding wheel with a high grinding 

capability, i.e., a grinding wheel having an annular 

array of grindstones that contain large abrasive grains, 

is used or a rate at which a workpiece is ground, i.e., a 

speed at which the grinding wheel and the chuck table are 

moved toward each other, is lowered. 

        However, if a grinding wheel with a high grinding 

capability is used to grind a layer containing a hard-to-

grind material, then it is necessary to replace the 

existing grinding wheel with such a grinding wheel with a 

high grinding capability, or to use a grinding apparatus 

including two or more selectively actuatable grinding 

wheels that include a grinding wheel with a high grinding 

capability.  This approach tends to lower the productivity 

for device chips or increase a footprint of the grinding 

apparatus.  Similarly, lowering a rate at which a 

workpiece is ground for grinding a layer containing a 

hard-to-grind material is apt to result in a reduction in 

the productivity for device chips. 

        In view of the above problems, it is an object of 
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the present invention to provide a method of grinding a 

workpiece while preventing the productivity for device 

chips from being lowered and also preventing the 

footprint of a grinding apparatus used from being 

increased. 

        In accordance with an aspect of the present 

invention, there is provided a method of grinding a 

workpiece to a predetermined finishing thickness, the 

workpiece having a first layer including a first material 

and a second layer including a second material that is 

harder to grind than the first material and stacked on 

the first layer.  The method includes a first grinding 

step of grinding the first layer of the workpiece held on 

a chuck table with a plurality of grindstones included in 

a grinding wheel and arranged in an annular array while 

the grinding wheel is being rotated at a first rotational 

speed, and a second grinding step of grinding the second 

layer of the workpiece held on the chuck table with the 

plurality of grindstones while the grinding wheel is 

being rotated at a second rotational speed that is lower 

than the first rotational speed. 

        Preferably, the method further includes, between 

the first grinding step and the second grinding step, a 

spacing step of spacing the plurality of grindstones and 
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the workpiece from each other. 

        Preferably, the first material is silicon, the 

second material is silicon oxide, and the first grinding 

step is carried out after the second grinding step is 

carried out to remove the second layer. 

        Preferably, when the second layer including silicon 

oxide, e.g., a silicon oxide film, is ground in the 

second grinding step, the second grinding step comes to 

an end upon elapse of a predetermined time after the 

second layer starts to be ground while the grinding wheel 

and the chuck table are moved relatively to each other at 

a predetermined speed to bring the grinding wheel and the 

chuck table closer to each other. 

        Alternatively, the second grinding step preferably 

comes to an end when a thickness of the workpiece that is 

being measured reaches a predetermined thickness. 

        According to the present invention, the rotational 

speed of the grinding wheel for grinding the second layer 

including the second material that is harder to grind 

than the first material is lower than the rotational 

speed of the grinding wheel for grinding the first layer 

including the first material. 

        So long as the rotational speed of the grinding 

wheel for grinding the workpiece is low, strong 
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frictional forces act on each of the grindstones due to 

its abrasive contact with the workpiece, tending to 

scrape the grindstones.  In other words, the action of 

self-sharpening of each of the grindstones is 

accelerated.  The second layer can thus be ground without 

hitch. 

        As the second layer is ground in the manner 

described above, it is not necessary to use a grinding 

wheel with a high grinding capability or to lower a rate 

at which the workpiece is ground.  Consequently, it is 

possible to prevent the productivity for device chips 

manufactured by dividing the workpiece from being lowered 

and also to prevent the footprint of the grinding 

apparatus from increasing. 

        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 study of 

the following description and appended claims with 

reference to the attached drawings showing some preferred 

embodiment of the invention. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

        FIG. 1 is a perspective view schematically 
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illustrating a grinding apparatus by way of example; 

        FIG. 2A is a perspective view schematically 

illustrating by way of example a workpiece before it is 

ground; 

        FIG. 2B is a cross-sectional view schematically 

illustrating by way of example the workpiece before it is 

ground; 

        FIG. 3 is a side elevational view schematically 

illustrating some components of a grinding unit of the 

grinding apparatus; 

        FIG. 4 is a flowchart schematically illustrating a 

sequence of a method of grinding a workpiece to thin down 

the workpiece to a predetermined finishing thickness 

according to a preferred embodiment of the present 

invention; 

        FIG. 5 is a flowchart schematically illustrating a 

sequence of a specific example of a roughly grinding step 

of the method; 

        FIG. 6A is a side elevational view, partly in cross 

section, schematically illustrating the manner in which 

the roughly grinding step is carried out; 

        FIG. 6B is a side elevational view, partly in cross 

section, schematically illustrating the manner in which 

the roughly grinding step is carried out; and 
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        FIG. 6C is a side elevational view, partly in cross 

section, schematically illustrating the manner in which 

the roughly grinding step is carried out. 

 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

        A preferred embodiment of the present invention 

will be described below with reference to the 

accompanying drawings.  FIG. 1 schematically illustrates 

in perspective a grinding apparatus 2 according to the 

preferred embodiment.  In FIG. 1, the grinding apparatus 2 

is illustrated in reference to a three-dimensional 

coordinate system having X-, Y-, and Z-axes indicated 

respectively by the arrows X, Y, and Z.  X-axis 

directions, i.e., leftward and rightward directions, that 

extend horizontally parallel to the X-axis, and Y-axis 

directions, i.e., forward and rearward directions, that 

extend horizontally parallel to the Y-axis are 

perpendicular to each other on a horizontal plane.  Z-axis 

directions, i.e., upward and downward directions, that 

extend vertically parallel to the Z-axis are 

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

directions. 

        As illustrated in FIG. 1, the grinding apparatus 2 

includes a base 4 supporting thereon and housing therein 
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various components of the grinding apparatus 2.  The base 

4 has an opening 4a defined in an upper surface thereof 

at a front end portion of the base 4.  The grinding 

apparatus 2 has a delivery unit 6 disposed in the opening 

4a.  The delivery unit 6 has a suction pad for attracting 

under suction a workpiece 11 to be described below, for 

example. 

        There are two cassette set-up areas 8a and 8b on 

the front end portion of the base 4 on respective left 

and right sides obliquely forward of the delivery unit 6.  

Two cassettes 10a and 10b each capable of storing a 

plurality of workpieces are disposed respectively in the 

cassette set-up areas 8a and 8b. 

        The cassette 10a stores therein a plurality of 

workpieces to be ground, i.e., a plurality of workpieces 

before they are ground, by the grinding apparatus 2, for 

example.  The cassette 10b stores therein a plurality of 

ground workpieces, i.e., a plurality of workpieces after 

they have been ground, by the grinding apparatus 2, for 

example. 

        FIG. 2A schematically illustrates in perspective a 

workpiece 11 before it is ground by way of example, and 

FIG. 2B schematically illustrates in cross section the 

workpiece 11 before it is ground by way of example.  As 
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illustrated in FIGS. 2A and 2B, the workpiece 11 includes 

a circular wafer, i.e., a first layer, 13 composed of 

silicon, i.e., a first material, on a face side 11a 

thereof. 

        The silicon wafer 13 has a plurality of areas 

demarcated by a grid of streets or projected dicing lines 

15 established thereon.  Devices 17 such ICs or LSI 

circuits are provided in the respective demarcated areas.  

A circular thin film, i.e., a second layer, 19 composed 

of silicon oxide, i.e., a second material, that is harder 

to grind than silicon is disposed on a reverse side 11b 

of the workpiece 11 in stacked relation to the silicon 

wafer 13. 

        The silicon oxide film 19 is deposited on the 

reverse side 11b in a process, e.g., a heating process, 

that is performed on the workpiece 11 at the time the 

devices 17 are constructed thereon.  The workpiece 11 may 

include metal electrodes composed of a material that is 

harder to grind than silicon and provided as components 

of the devices 17 in the silicon wafer 13. 

        A film-like tape for protecting the devices 17 may 

be affixed to the face side 11a of the workpiece 11.  The 

tape has a circular film-like base and an adhesive layer, 

i.e., a glue layer, disposed on the base, for example. 
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        The base of the tape includes a resin such as 

polyolefin, polyvinyl chloride, or polyethylene 

terephthalate, for example.  The adhesive layer of the 

tape includes an epoxy-based or acryl-based adhesive, for 

example.  Alternatively, the adhesive layer may include an 

ultraviolet-curable resin that can be cured upon exposure 

to ultraviolet rays. 

        The workpiece 11 is not limited to any particular 

materials, shapes, structures, sizes, etc.  For example, 

the workpiece 11 may include a wafer including any of 

other semiconductor materials or a substrate including a 

material such as ceramic, resin, or metal, for example.  

Similarly, the devices 17 are not limited to any 

particular types, numbers, shapes, structures, sizes, 

layouts, etc. 

        The cassette 10a illustrated in FIG. 1 stores 

therein a vertical array of workpieces 11 such that their 

reverse sides 11b with the silicon oxide films 19 

disposed thereon face upwardly.  The delivery unit 6 

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

of one of the workpieces 11 in the cassette 10a under 

suction with the suction pad, and delivers the workpiece 

11 held by the suction pad out of the cassette 10a. 

        The grinding apparatus 2 also includes a 
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positioning mechanism 12 disposed on the base 4 at a 

position on a left side obliquely rearward of the 

delivery unit 6, to which the workpiece 11 taken out of 

the cassette 10a can be delivered by the delivery unit 6.  

When the workpiece 11 removed from the cassette 10a is 

delivered by the delivery unit 6 to the positioning 

mechanism 12, the positioning mechanism 12 operates to 

grip and place the workpiece 11 in a predetermined 

position. 

        Behind the delivery unit 6 and on the right side of 

the positioning mechanism 12, there is disposed a 

delivery unit 14 for delivering the workpiece 11 that has 

been positioned by the positioning mechanism 12 from the 

positioning mechanism 12.  The delivery unit 14 has a 

suction pad for attracting under suction the upper 

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

for example. 

        When the workpiece 11 positioned by the positioning 

mechanism 12 is attracted under suction by the suction 

pad of the delivery unit 14 and hence held by the 

delivery unit 14, the delivery unit 14 operates to turn 

the suction pad to deliver the workpiece 11 rearwardly. 

        A disk-shaped turntable 16 is disposed behind the 

delivery unit 14.  The turntable 16 is coupled to a rotary 
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actuator, not illustrated, such as an electric motor for 

rotating the turntable 16 about a rotational axis 

extending generally parallel to the Z-axis. 

        The turntable 16 supports thereon a plurality of 

chuck tables 18 each capable of holding under suction the 

lower surface, i.e., the face side 11a, of a workpiece 

11.  In FIG. 1, three chuck tables 18 are illustrated as 

being arrayed at generally equal spaced intervals 

circumferentially on the turntable 16. 

        Each of the chuck tables 18 has a circular upper 

surface lying generally parallel to a horizontal plane, 

i.e., an XY plane, lying along the X-axis and the Y-axis, 

and holds a workpiece 11 on the upper surface.  The 

circular upper surface of each of the chuck tables 18 

acts as a holding surface for holding the workpiece 11 

thereon. 

        The turntable 16 is rotatable clockwise about the 

rotational axis as viewed in plan, for example, for 

positioning each of the chuck tables 18 successively in a 

delivery position A, a first grinding position, i.e., a 

roughly grinding position, B, a second grinding position, 

i.e., a finishing grinding position, C, and then back in 

the delivery position A.  A workpiece 11 delivered from 

the positioning mechanism 12 by the delivery unit 14 is 
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loaded onto the chuck table 18 positioned in the delivery 

position A. 

        The holding surface of each of the chuck tables 18 

is fluidly connected to a suction source, not 

illustrated, such as an ejector through a fluid channel, 

not illustrated, defined in the chuck table 18, or a 

valve, not illustrated.  When the suction source is 

actuated and the valve is opened while the workpiece 11 

is being placed on the chuck table 18, the lower surface, 

i.e., the face side 11a, of the workpiece 11 is attracted 

under suction to the chuck table 18.  The workpiece 11 is 

now held on the holding surface of the chuck table 18. 

        Each of the chuck tables 18 is coupled to a rotary 

actuator, not illustrated, such as an electric motor for 

rotating the chuck table 18 about a rotational axis 

extending generally parallel to the Z-axis.  The rotary 

actuators coupled to the respective chuck tables 18 

rotate the chuck tables 18 for grinding the workpieces 11 

on the chuck tables 18 with a plurality of grindstones 48 

(see FIG. 3) of each of two grinding wheels 44a and 44b 

to be described later. 

        Thickness measuring instruments 20a and 20b for 

measuring the thicknesses of the workpieces 11 on the 

chuck tables 18 are disposed respectively near the first 
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grinding position B and the second grinding position C.  

The thickness measuring instruments 20a and 20b measure 

changes over time in the thicknesses of the workpieces 11 

on the chuck tables 18 when the workpieces 11 are ground. 

        Specifically, each of the thickness measuring 

instruments 20a and 20b has a pair of height gages.  One 

of the height gages has a measuring element for 

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

of the workpiece 11 that is exposed without being covered 

by one of the grinding wheels 44a and 44b when the 

workpiece 11 is ground.  The other of the height gages has 

a measuring element for contacting the holding surface of 

the chuck table 18 that is exposed without being covered 

by the workpiece 11 and one of the grinding wheels 44a 

and 44b when the workpiece 11 is ground. 

        Therefore, when the workpiece 11 on each of the 

chuck tables 18 in the first grinding position B and the 

second grinding position C is ground, the height of the 

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

workpiece 11 and the height of the holding surface of the 

chuck table 18 are measured by the respective height 

gages.  Each of the thickness measuring instruments 20a 

and 20b measures the difference between these measured 

heights as the thickness of the workpiece 11. 
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        The grinding apparatus 2 further includes a 

columnar support structure 22a disposed on a rear end 

portion of the base 4 behind the first grinding position 

B and a columnar support structure 22b disposed on a rear 

end portion of the base 4 behind the second grinding 

position C.  Moving mechanisms 24a and 24b for vertically 

moving, i.e., lifting and lowering, respective movable 

plates 28a and 28b along the Z-axis are mounted on 

respective front surfaces, i.e., face sides, of the 

support structures 22a and 22b. 

        Each of the moving mechanisms 24a and 24b has a 

pair of vertical guide rails 26 extending along the Z-

axis and spaced apart from each other.  The movable plates 

28a and 28b are vertically slidably mounted on the guide 

rails 26 of the moving mechanisms 24a and 24b.  A vertical 

screw shaft 30 extending along the Z-axis is disposed 

between the guide rails 26 of each of the moving 

mechanisms 24a and 24b. 

        An electric motor 32 for rotating the screw shaft 

30 about its vertical axis is coupled to an upper end of 

the screw shaft 30.  The screw shaft 30 has an externally 

threaded outer circumferential surface threaded through a 

nut, not illustrated, that contains a number of balls 

that circulate upon rotation of the screw shaft 30.  The 
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screw shaft 30, the nut, and the balls jointly include a 

ball screw. 

        The nut is fixed to a rear surface, i.e., a reverse 

side, of each of the movable plates 28a and 28b.  When the 

electric motor 32 is energized, it rotates the screw 

shaft 30 about its vertical axis, causing the nut to 

move, i.e., lift and lower, each of the movable plates 

28a and 28b along the Z-axis. 

        A grinding unit 34a for roughly grinding the 

workpiece 11 on the chuck table 18 in the roughly 

grinding position B is fixedly mounted on a front 

surface, i.e., a face side, of the movable plate 28a.  On 

the other hand, a grinding unit 34b for finishing 

grinding the workpiece 11 on the chuck table 18 in the 

finishing grinding position C is fixedly mounted on a 

front surface, i.e., a face side, of the movable plate 

28b. 

        When the movable plate 28a is lifted, the grinding 

unit 34a is also lifted.  When the movable plate 28b is 

lifted, the grinding unit 34b is also lifted.  Each of the 

grinding units 34a and 34b has a hollow cylindrical 

housing 36 whose longitudinal axis extends along the Z-

axis. 

        The housing 36 supports on an upper end thereof an 
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electric motor 38 that is coupled to a proximal end, 

i.e., an upper end, of a spindle 40 (see FIG. 3) 

rotatably housed in the housing 36.  The spindle 40 

extends along the Z-axis and has a distal end portion, 

i.e., a lower end portion, protruding downwardly from and 

exposed out of a lower end of the housing 36. 

        FIG. 3 schematically illustrates in side elevation 

the components of each of the grinding units 34a and 34b 

that are exposed out of the housing 36.  As illustrated in 

FIG. 3, the lower end portion of the spindle 40 that is 

exposed out of the housing 36 has a distal end to which a 

disk-shaped mount 42 composed of metal or the like is 

fixed. 

        The grinding wheel 44a for roughly grinding the 

workpiece 11 is mounted on a lower surface of the mount 

42 of the grinding unit 34a, and the grinding wheel 44b 

for finishing grinding the workpiece 11 is mounted on a 

lower surface of the mount 42 of the grinding unit 34b.  

Each of the grinding wheels 44a and 44b is rotatable 

about a vertical axis generally parallel to the Z-axis by 

the power transmitted from the electric motor 38a through 

the spindle 40 and the mount 42. 

        Each of the grinding wheels 44a and 44b includes an 

annular wheel base 46 having an outside diameter that is 
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generally equal to the diameter of the mount 42.  The 

wheel base 46 is composed of a metal material such as 

aluminum or stainless steel, for example.  Each of the 

grinding wheels 44a and 44b also includes the grindstones 

48, mentioned earlier, fixed to a lower surface of the 

wheel base 46. 

        Each of the grindstones 48 is shaped as a 

rectangular parallelepiped, for example.  The grindstones 

48 are arranged in an annular array at generally equal 

spaced intervals circumferentially around the wheel base 

46.  Each of the grindstones 48 includes abrasive grains 

of diamond, cubic boron nitride (cBN), or the like that 

are bound together by a binder such as a metal bond, a 

resin bond, or a vitrified bond. 

        The grindstones 48 of the grinding wheel 44a 

include grindstones suitable for roughly grinding 

operation, whereas the grindstones 48 of the grinding 

wheel 44b include grindstones suitable for finishing 

grinding operation.  Therefore, the abrasive grains of the 

grindstones 48 of the grinding wheel 44b have an average 

grain size that is smaller than the average grain of the 

abrasive grains of the grindstones 48 of the grinding 

wheel 44a, for example. 

        Each of the grinding units 34a and 34b has a 



20 

grinding fluid supply passage, not illustrated, defined 

therein for supplying a grinding fluid such as pure 

water.  Instead of or in addition to the grinding fluid 

supply passage, a nozzle for supplying a grinding fluid 

may be provided in the vicinity of each of the grinding 

units 34a and 34b. 

        When the workpieces 11 are ground by the 

grindstones 48 of the grinding wheels 44a and 44b, the 

grinding fluid is supplied to interfaces, i.e., 

processing points, where the workpieces 11 and the 

grindstones 48 are held in abrasive contact with each 

other.  The supplied grinding fluid is effective to cool 

the workpieces 11 and the grindstones 48 and wash away 

debris or swarf generated from the workpieces 11 and the 

grindstones 48 when the workpieces 11 are ground by the 

grindstones 48. 

        The components of the grinding unit 34a and the 

chuck table 18 positioned in the first grinding position 

B are arranged such that the grindstones 48 of the 

grinding unit 34a follow a track across the center of the 

holding surface of the chuck table 18 when the grinding 

wheel 44a is rotated about its vertical axis. 

        Similarly, the components of the grinding unit 34b 

and the chuck table 18 positioned in the second grinding 
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position C are arranged such that the grindstones 48 of 

the grinding unit 34b follow a track across the center of 

the holding surface of the chuck table 18 when the 

grinding wheel 44b is rotated about its vertical axis. 

        A delivery unit 50 for unloading a workpiece 11 

from the chuck table 18 positioned in the delivery 

position A is disposed in a position adjacent to the 

delivery unit 14 along the X-axis.  The delivery unit 50 

has a suction pad for attracting under suction the upper 

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

for example. 

        When the suction pad of the delivery unit 50 

attracts a workpiece 11 under suction from the chuck 

table 18 in the delivery position A, the delivery unit 50 

operates to turn the suction pad to move the workpiece 11 

forwardly away from the chuck table 18. 

        The grinding apparatus 2 also includes a cleaning 

unit 52 disposed on the base 4 at a position on a right 

side obliquely forward of the delivery unit 50, to which 

the workpiece 11 taken from the chuck table 18 in the 

delivery position A can be delivered by the delivery unit 

50.  When the ground workpiece 11 removed from the chuck 

table 18 in the delivery position A is delivered by the 

delivery unit 50 to the cleaning unit 52, the cleaning 
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unit 52 operates to clean the workpiece 11. 

        FIG. 4 is a flowchart schematically illustrating a 

sequence of a method of grinding a workpiece 11 on the 

grinding apparatus 2 to thin down the workpiece 11 to a 

predetermined finishing thickness according to the 

preferred embodiment of the present invention.  According 

to the method, first, a workpiece 11 whose reverse side 

11b faces upwardly is held on the chuck table 18 

positioned in the delivery position A (holding step S1). 

        Then, the turntable 16 is rotated to position the 

chuck table 18 in the first grinding position B (first 

rotating step S2).  Next, while the grinding wheel 44a for 

roughly grinding operation is being rotated about its 

vertical axis, the workpiece 11 held on the chuck table 

18 is ground by the grindstones 48 of the grinding wheels 

44a (roughly grinding step S3). 

        FIG. 5 is a flowchart schematically illustrating a 

sequence of a specific example of roughly grinding step 

S3.  FIGS. 6A, 6B, and 6C schematically illustrate the 

manner in which roughly grinding step S3 is carried out. 

        In roughly grinding step S3, first, while the 

grinding wheel 44a for roughly grinding operation is 

being rotated about its vertical axis at a low speed, the 

silicon oxide film 19 of the workpiece 11 held on the 
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chuck table 18 is ground by the grindstones 48 of the 

grinding wheel 44a (first grinding step S31). 

        Specifically, the electric motor 38 of the grinding 

unit 34a is energized to rotate the spindle 40 and the 

mount 42 and hence the grinding wheel 44a at a rotational 

speed, i.e., a second rotational speed, ranging from 700 

rpm or more to less than 1500 rpm.  In addition, the 

rotary actuator coupled to the chuck table 18 is 

energized to rotate the chuck table 18 at a rotational 

speed ranging from 100 or more to less than 300 rpm. 

        While both the grinding wheel 44a and the chuck 

table 18 are being rotated, the moving mechanism 24a 

lowers the movable plate 28a and the grinding unit 34a at 

a predetermined speed in order to bring the grinding 

wheel 44a and the chuck table 18 closer to each other. 

        The grindstones 48 are now brought into abrasive 

contact with the silicon oxide film 19 of the workpiece 

11, grinding the silicon oxide film 19 (see FIG. 6A).  

First grinding step S31 is continued until the silicon 

oxide film 19 is removed. 

        For example, first grinding step S31 comes to an 

end upon elapse of a predetermined time after the silicon 

oxide film 19 started being ground, or specifically upon 

elapse of a time equal to or longer than a time 
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calculated by dividing the thickness of the silicon oxide 

film 19 by the speed at which the grinding unit 34a is 

lowered. 

        Alternatively, first grinding step S31 may come to 

an end when the thickness of the workpiece 11 that is 

being measured by the thickness measuring instrument 20a 

has reached a predetermined thickness, or specifically, 

when the measured thickness of the workpiece 11 has 

reached a thickness equal to or smaller than a thickness 

calculated by subtracting the thickness of the silicon 

oxide film 19 from the original thickness of the 

workpiece 11. 

        Then, the grindstones 48 and the workpiece 11 are 

spaced apart from each other (spacing step S32).  

Specifically, while both the grinding wheel 44a and the 

chuck table 18 are being rotated, the moving mechanism 

24a lifts the movable plate 28a and the grinding unit 34a 

in order to space the grindstones 48 and the workpiece 11 

away from each other (see FIG. 6B). 

        Next, while the grinding wheel 44a for roughly 

grinding operation is being rotated at a high speed, the 

silicon wafer 13 of the workpiece 11 held on the chuck 

table 18 is ground by the grindstones 48 (second grinding 

step S33). 
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        Specifically, the electric motor 38 is energized to 

rotate the spindle 40 and the mount 42 and hence the 

grinding wheel 44a at a rotational speed, i.e., a first 

rotational speed, ranging from 1500 rpm or more to more 

than 6000 rpm. 

        Then, while both the grinding wheel 44a and the 

chuck table 18 are being rotated, the moving mechanism 

24a lowers the movable plate 28a and the grinding unit 

34a at a predetermined speed, e.g., a speed equal to the 

speed at which the movable plate 28a and the grinding 

unit 34a were lowered in first grinding step S31, in 

order to bring the grinding wheel 44a and the chuck table 

18 closer to each other. 

        The grindstones 48 are now brought into abrasive 

contact with the silicon wafer 13 of the workpiece 11, 

grinding the silicon wafer 13 (see FIG. 6C).  Second 

grinding step S33 may come to an end upon elapse of a 

predetermined time after the silicon wafer 13 started 

being ground or when the thickness of the workpiece 11 

has reached a predetermined thickness. 

        Then, the electric motor 38 and the rotary actuator 

coupled to the chuck table 18 are de-energized to stop 

rotating both the grinding wheel 44a and the chuck table 

18.  Moreover, the moving mechanism 24a lifts the movable 
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plate 28a and the grinding unit 34a in order to space the 

grindstones 48 and the workpiece 11 away from each other. 

        Then, the turntable 16 is rotated to position the 

chuck table 18 in the second grinding position C (second 

rotating step S4).  Next, while the grinding wheel 44b for 

finishing grinding operation is being rotated about its 

vertical axis, the workpiece 11 held on the chuck table 

18 is ground by the grindstones 48 (finishing grinding 

step S5). 

        Specifically, the electric motor 38 is energized to 

rotate the spindle 40 and the mount 42 and hence the 

grinding wheel 44b at a predetermined rotational speed.  

In addition, the rotary actuator coupled to the chuck 

table 18 is energized to rotate the chuck table 18 at a 

predetermined rotational speed. 

        While both the grinding wheel 44b and the chuck 

table 18 are being rotated, the moving mechanism 24b 

lowers the movable plate 28b and the grinding unit 34b at 

a predetermined speed in order to bring the grinding 

wheel 44b and the chuck table 18 closer to each other. 

        The grindstones 48 are now brought into abrasive 

contact with the silicon wafer 13 of the workpiece 11, 

grinding the silicon wafer 13.  Finishing grinding step S5 

is continued until the thickness of the workpiece 11 that 
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is being measured by the thickness measuring instrument 

20b has reached a predetermined thickness.  The method of 

grinding a workpiece illustrated in FIG. 4 is now 

completed. 

        In roughly grinding step S3 described above, the 

rotational speed of the grinding wheel 44a for grinding 

the thin film, i.e., the silicon oxide film, 19 composed 

of silicon oxide that is harder to grind than silicon is 

lower than the rotational speed of the grinding wheel 44a 

for grinding the wafer, i.e., the silicon wafer, 13 

composed of silicon. 

        So long as the rotational speed of the grinding 

wheel 44a for grinding the workpiece 11 is low, strong 

frictional forces act on each of the grindstones 48 due 

to its abrasive contact with the workpiece 11, tending to 

scrape the grindstones 48.  In other words, the action of 

self-sharpening of each of the grindstones 48 is 

accelerated.  The silicon oxide film 19 can thus be ground 

without hitch. 

        As the silicon oxide film 19 is ground in the 

manner described above, it is not necessary to use a 

grinding wheel with a high grinding capability or to 

lower a rate at which the workpiece 11 is ground, i.e., 

the speed at which the grinding wheel 44a is lowered.  
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Consequently, it is possible to prevent the productivity 

for device chips manufactured by dividing the workpiece 

11 from being lowered and also to prevent a footprint of 

the grinding apparatus 2 from increasing. 

        The method of grinding a workpiece as described 

above is in accordance with an aspect of the present 

invention, and the present invention is not limited to 

the above method of grinding a workpiece.  The method of 

grinding a workpiece according to the present invention 

may be carried out in order to expose metal electrodes 

composed of a material that is harder to grind than 

silicon and provided as components of the devices 17, on 

the reverse side 11b of the workpiece 11. 

        In such an application, first, the reverse side 11b 

of the workpiece 11 is ground by the grindstones 48 to a 

depth near the metal electrodes while the grinding wheel 

44a is being rotated at a high speed in roughly grinding 

step S3.  Then, while the grinding wheel 44a is being 

rotated at a low speed, the reverse side 11b of the 

workpiece 11 is further ground by the grindstones 48 

until part of the layer including the metal electrodes is 

ground. 

        In roughly grinding step S3, it is possible to 

grind the layer including metal electrodes that are 
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harder to grind than silicon, as described above.  

Moreover, it is possible to prevent the productivity for 

device chips manufactured by dividing the workpiece 11 

from being lowered and also to prevent the footprint of 

the grinding apparatus 2 from increasing. 

        In the method of grinding a workpiece according to 

the present invention, finishing grinding step S5 may be 

omitted.  In other words, in the method of grinding a 

workpiece according to the present invention, the 

workpiece 11 may be ground to a predetermined finishing 

thickness in second grinding step S3. 

        Further, in the method of grinding a workpiece 

according to the present invention, spacing step S32 may 

be omitted.  In other words, in the method of grinding a 

workpiece according to the present invention, the 

rotational speed of the grinding wheel 44a may be changed 

while the grindstones 48 and the workpiece 11 are being 

held in abrasive contact with each other. 

        Moreover, in the method of grinding a workpiece 

according to the present invention, the workpiece 11 may 

be ground while the chuck table 18 that holds the 

workpiece 11 is being lifted.  In other words, the 

grinding apparatus 2 may include a structure capable of 

moving the grinding wheels 44a and 44b and the chuck 
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tables 18 relatively to each other, and there is no 

limitation on such a structure. 

        The structure, method, etc. according to the above 

embodiment may be changed or modified appropriately 

without departing from the scope of the present 

invention. 

        The present invention is not limited to the details 

of the above described preferred embodiment.  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 therefore to be embraced 

by the invention. 
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WHAT IS CLAIMED IS: 

        1.  A method of grinding a workpiece to a 

predetermined finishing thickness, the workpiece having a 

first layer including a first material and a second layer 

including a second material that is harder to grind than 

the first material and stacked on the first layer, the 

method comprising: 

        a first grinding step of grinding the first layer 

of the workpiece held on a chuck table with a plurality 

of grindstones included in a grinding wheel and arranged 

in an annular array while the grinding wheel is being 

rotated at a first rotational speed; and 

        a second grinding step of grinding the second layer 

of the workpiece held on the chuck table with the 

plurality of grindstones while the grinding wheel is 

being rotated at a second rotational speed that is lower 

than the first rotational speed. 

        2.  The method of grinding a workpiece according to 

claim 1, further comprising: 

        between the first grinding step and the second 

grinding step, a spacing step of spacing the plurality of 

grindstones and the workpiece from each other. 

        3.  The method of grinding a workpiece according to 

claim 1, wherein 
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        the first material is silicon, 

        the second material is silicon oxide, and 

        the first grinding step is carried out after the 

second grinding step has been carried out to remove the 

second layer. 

        4.  The method of grinding a workpiece according to 

claim 3, wherein the second grinding step comes to an end 

upon elapse of a predetermined time after the second 

layer starts to be ground while the grinding wheel and 

the chuck table are moved relatively to each other at a 

predetermined speed to bring the grinding wheel and the 

chuck table closer to each other. 

        5.  The method of grinding a workpiece according to 

claim 3, wherein the second grinding step comes to an end 

when a thickness of the workpiece that is being measured 

reaches a predetermined thickness. 

        6.  The method of grinding a workpiece according to 

claim 2, wherein 

        the first material is silicon, 

        the second material is silicon oxide, and 

        the first grinding step is carried out after the 

second grinding step is carried out to remove the second 

layer. 

        7.  The method of grinding a workpiece according to 
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claim 6, wherein the second grinding step comes to an end 

upon elapse of a predetermined time after the second 

layer starts to be ground while the grinding wheel and 

the chuck table are moved relatively to each other at a 

predetermined speed to bring the grinding wheel and the 

chuck table closer to each other. 

        8.  The method of grinding a workpiece according to 

claim 6, wherein the second grinding step comes to an end 

when a thickness of the workpiece that is being measured 

reaches a predetermined thickness. 

  


