GRI NDI NG APPARATUS

BACKGROUND OF THE | NVENTI ON

Field of the Invention

The present invention relates to a grinding
apparatus for grinding a workpiece and a grinding m
for grinding a workpiece.

Description of the Related Art

Grinding apparatuses for grinding one surfa
semiconductor wafers are used in the process of
manufacturing semiconductor device chips. A grindi
apparatus includes a chuck table for holding the ot
surface of a semiconductor wafer that is opposite t
surface thereof that is to be ground. A rotary act
such as an electric motor for rotating the chuck ta
about its central axis, which is also referred to a
“rotational axis,” is disposed beneath a lower port
the chuck table. The rotary actuator has a rotatio
shaft coupled to the lower portion of the chuck tab
The chuck table has an upper surface as a projectin
conical surface that functions as a holding surface
attracting the semiconductor wafer under suction.

A grinding unit is disposed above the chuck

The grinding unit has a cylindrical spindle having

ethod

ce of

ng

her

he one
uator
ble

sa

ion of

nal

for

table.



lower end to which an upper surface of a disk-shape
mount is fixed. The disk-shaped mount has a lower

with an annular grinding wheel mounted thereon. Th

grinding wheel includes an annular base made of met

a plurality of grindstones disposed on a lower surf
the annular base. Each of the grindstones is in th
of a block. The grindstones have respective lower
surfaces that jointly define a grinding surface for
grinding the semiconductor wafer.

For grinding the one surface of a semicondu
wafer on the grinding apparatus, a protective tape
of resin is affixed to the other surface of the
semiconductor wafer. Then, the other surface of th
semiconductor wafer is held under suction on the ho
surface of the chuck table with the protective tape
interposed therebetween. At this time, the semicon
wafer is elastically deformed into a projecting con
shape matching the projecting conical shape of the
holding surface of the chuck table. The rotational
of the chuck table is tilted at a predetermined ang
with respect to the spindle such that the grinding
surface of the grindstones lies substantially paral
a local arcuate area of the one surface of the

semiconductor wafer. To grind the one surface of t
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semiconductor wafer, the grinding wheel is processi
downwardly toward the semiconductor wafer on the ch
table while the chuck table and the grinding wheel
being rotated in respective directions. When the g
surface is brought into contact with the local arcu

area of the one surface of the semiconductor wafer,
one surface of the semiconductor wafer is ground by
grindstones.

Semiconductor wafers that have been ground
different thickness variations depending on the typ
protective tapes used, the diameters of the semicon
wafers, etc. There is known a process in which dat
such thickness variations depending on the types of
protective tapes used, etc., are collected in advan
and, when a semiconductor wafer is to be ground, th
angle of the spindle with respect to the rotational
of the chuck table is automatically adjusted on the
of the collected data (see, for example, Japanese P
Laid-open No. 2009-90389). However, on an ordinary
grinding apparatus, the spindle is disposed substan
parallel to vertical directions and cannot be tilte
the vertical directions. Therefore, it has been cu
to tilt the rotational axis of the chuck table rath

than the spindle.
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A tilt adjustment unit for adjusting the ti
the rotational axis of the chuck table is disposed
beneath the chuck table. The tilt adjustment unit
includes a fixed support mechanism, a first movable
support mechanism, and a second movable support
mechanism, that support the chuck table at respecti
three points. When a semiconductor wafer is ground
grinding apparatus, of the one surface of the
semiconductor wafer, an arcuate local area to be gr
by the grinding surface is positioned above a regio
between the fixed support mechanism and the first m
support mechanism. Therefore, a relatively large |
applied to the fixed support mechanism and the firs
movable support mechanism by the grinding surface.
However, a load applied to the second movable suppo
mechanism is relatively small compared with the loa
applied to the fixed support mechanism and the firs

movable support mechanism.

SUMVARY OF THE | NVENTI ON

Consequently, while the semiconductor wafer
being ground by the grinding apparatus, the tilt of
chuck table tends to change, resulting in larger

thickness variations of the semiconductor wafer.
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The present invention has been made in view
above problems. It is an object of the present inv
to provide a grinding apparatus that prevents thick
variations of a semiconductor wafer that is ground
becoming worse even when a large grinding load is |
applied to a chuck table that is holding the
semiconductor wafer thereon.

In accordance with an aspect of the present
invention, there is provided a grinding apparatus f
grinding a workpiece, including a chuck table for h
the workpiece thereon, a plate-shaped table base
supporting the chuck table, a grinding unit for gri
the workpiece held on the chuck table with a grindi
wheel, the grinding unit having a spindle and the
grinding wheel mounted on an end of the spindle, a
detecting unit having load measuring devices, for
detecting a load applied from the grinding unit to
table base, a tilt adjustment unit supporting the t
base thereon, for adjusting a tilt of the table bas
storage for storing a correlative relation between
applied to the table base and changes in the tilt o
table base that are caused by the loads, and a cont
having a processor, for controlling the tilt adjust

unit on the basis of the load detected by the load
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detecting unit and the correlative relation, to adj ust
the tilt of the table base so that a change in the tilt
of the table base that corresponds to the detected load
Is cancelled out.

Preferably, the tilt adjustment unit has a fixed
support mechanism and a plurality of movable suppor t

mechanisms, the correlative relation represents a

correlative relation between loads applied to the f ixed
support mechanism and the movable support mechanism s and
changes in the tilt of the table base that are caus ed by
respective contractions of the fixed support mechan ism
and the movable support mechanisms to which the loa ds are
applied, and the controller adjusts respective leng ths of

the movable support mechanisms on the basis of the

correlative relation, thereby adjusting the tilt of the
table base.
In accordance with another aspect of the pr esent

invention, there is provided a grinding method for

grinding a workpiece, including a first tilt adjust ing
step of adjusting a tilt of a table base that suppo rts a
chuck table, in order to make parallel to each othe ra
grinding surface defined by respective lower surfac es of
grindstones of a grinding wheel that are disposed o na
surface of a wheel base and arrayed along circumfer ential
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directions of the surface of the wheel base and a | ocal

area of a holding surface of the chuck table that

overlaps an area of contact between the grindstones and
the workpiece held on the chuck table; after the fi rst
tilt adjusting step, a first grinding step of grind ing
the workpiece with the grinding wheel and detecting a
load applied to the table base; after the first gri nding
step, a second tilt adjusting step of adjusting the tilt
of the table base in order to cancel out a change i n the

tilt of the table base that corresponds to the load

detected in the first grinding step, on the basis o f the
correlative relation between loads applied to the t able
base and changes in the tilt of the table base that are
caused by the loads and the load detected in the fi rst
grinding step; and after the second tilt adjusting step,
a second grinding step of grinding the workpiece to a

predetermined finished thickness.

Preferably, the correlative relation repres ents a
correlative relation between loads applied to a fix ed
support mechanism and a plurality of movable suppor t
mechanisms and changes in the tilt of the table bas e that

are caused by respective contractions of the fixed
support mechanism and the movable support mechanism sto

which the loads are applied, the fixed support mech anism



and the plurality of movable support mechanisms bei
configured to adjust the tilt of the table base, an
second tilt adjusting step includes a step of adjus
respective lengths of the movable support mechanism
the basis of the loads applied to the fixed support
mechanism and the movable support mechanisms and th
correlative relation.

Preferably, the grinding method further inc
after the second grinding step, a third grinding st
holding another workpiece different from the workpi
and grinding the other workpiece with the grinding
while the lengths of the movable support mechanisms
remain to have lengths adjusted in the second tilt
adjusting step.

Preferably, the third grinding step include
of detecting a load applied to the table base as we
grinding the other workpiece with the grinding whee
grinding method further including a third tilt adju
step of adjusting the tilt of the table base in ord
cancel out a change in the tilt of the table base t
corresponds to the load detected in the third grind
step, on the basis of the load detected in the thir
grinding step and the correlative relation.

The grinding apparatus according to the asp
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the present invention includes the storage for stor
the correlative relation between loads applied to t
table base and changes in the tilt of the table bas
grinding apparatus also includes the controller for
controlling the tilt adjustment unit on the basis o
load detected by the load detecting unit and the
correlative relation stored in the storage. The
controller adjusts the tilt of the table base in or
cancel out a change in the tilt of the table base t
corresponds to the detected load. Consequently, th
variations of the workpiece are prevented from beco
worse compared with a case in which the tilt of the
base is not adjusted.

The above and other objects, features and
advantages of the present invention and the manner
realizing them will become more apparent, and the
invention itself will best be understood from a stu

the following description and appended claims with

reference to the attached drawings showing some pre

embodiments of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG. 1 is a perspective view illustrating a

structural example of a grinding apparatus accordin
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preferred embodiment of the present invention;
FIG. 2 is a side elevational view, partly i
section, of a chuck table and other components of t
grinding apparatus;
FIG. 3A is a side elevational view, partly
section, of the chuck table and other components;
FIG. 3B is a plan view of the chuck table a
time a workpiece held on the chuck table is being g

FIG. 4 is a graph illustrating, by way of e

the corresponding relation between loads applied to

support mechanisms and contractions of the support

mechanisms;

FIG. 5 is a side elevational view, partly i
section, of the chuck table and other components;

FIG. 6A is a diagram illustrating a cross-s
profile of the reverse side of a workpiece ground u
grinding load of 30 N;

FIG. 6B is a diagram illustrating a cross-s
profile of the reverse side of a workpiece ground u
grinding load of 60 N;

FIG. 7 is a side elevational view, partly i
section, illustrating the manner in which a workpie
ground by the grinding apparatus;

FIG. 8 is a flowchart of a grinding method

10

N Cross

he

in cross

t the

round;

xample,

N Cross

ectional

nder a

ectional

nder a

N Cross

ceis



according to a first embodiment of the present inve ntion;

FIG. 9A is a side elevational view, partly in cross
section, illustrating the manner in which another
workpiece is ground by the grinding apparatus;

FIG. 9B is a side elevational view, partly in cross
section, illustrating the manner in which the tilt of a
table base is further adjusted; and

FIG. 10 is a flowchart of a grinding method
according to a second embodiment of the present

invention.

DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBODI MENTS

A grinding apparatus according to a preferr ed
embodiment of the present invention will be describ edin
detail below with reference to the accompanying dra wings.

FIG. 1 illustrates in perspective view a structural

example of the grinding apparatus, denoted by 2. | n FIG.
1, some components of the grinding apparatus 2 are

illustrated as functional blocks. In FIG. 1, X-axi S, Y-
axis, and Z-axis directions represent directions

perpendicular to each other. The Z-axis directions are
also referred to as vertical directions, upward and

downward directions, or grinding-feed directions.

The grinding apparatus 2 includes a base 4 on which
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the components of the grinding apparatus 2 are moun

The base 4 has a rectangular opening 4a defined in
upper surface thereof and extending longitudinally

the X-axis directions. The opening 4a houses there

ball-screw-type X-axis moving mechanism 8. The X-a

moving mechanism 8 has an unillustrated pair of gui
rails extending along the X-axis directions and an
unillustrated ball screw disposed between the guide
and extending along the X-axis directions. An
unillustrated stepping motor is coupled to an end o
ball screw for rotating the ball screw about its ce
axis.

The ball screw is operatively threaded thro
unillustrated nut mounted on a lower surface of an
unillustrated X-axis movable table. When the stepp
motor is energized, it rotates the ball screw about
central axis, causing the nut to move the X-axis mo
table along the X-axis directions. A table cover 8
disposed on the X-axis movable table, and a chuck t
10 is mounted as a holding table on the table cover

Structural details of the chuck table 10 wi
described below with reference to FIG. 2. FIG. 2
illustrates in side elevation, partly in cross sect

of the chuck table 10 and other components of the
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grinding apparatus 2. The chuck table 10 has a dis
shaped frame 12 made of ceramic. The frame 12 has
shaped recess defined therein that is open upwardly
frame 12 has an unillustrated suction channel that
defined in the bottom of the recess and that has an
exposed on the bottom of the recess and another end
connected to an unillustrated suction source such a
ejector. A porous plate 14 is fixedly disposed in
recess. The porous plate 14 has a substantially fl
lower surface and a conical upper surface including
central area slightly protruding upwardly compared
an outer circumferential area thereof. When the su
source is actuated, it generates a negative pressur
acts through the suction channel and the porous pla
on the conical upper surface thereof that acts as a
holding surface 14a.

A cylindrical rotational shaft 16 has an up
portion coupled to a lower portion of the chuck tab
The rotational shaft 16 is provided by the output s
of an unillustrated rotary actuator such as a servo
When the rotary actuator is energized, it rotates t
rotational shaft 16 about its central axis, rotatin
chuck table 10 about the central axis of the rotati

shaft 16. The chuck table 10 is rotatably supporte
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annular bearing 18 that is disposed on a lower surf
the chuck table 10 around the rotational shaft 16.
annular support plate 20 is fixed to a lower surfac
the bearing 18 around the rotational shaft 16.

An annular plate-shaped table base 22 is di
beneath the support plate 20 around the rotational
16. A load detecting unit 24 is disposed between a
lower surface of the support plate 20 and a flat up
surface of the table base 22. The load detecting u
has three load measuring devices 24a that are
circumferentially spaced from each other on the upp
surface of the table base 22. The load measuring d
24a have respective upper surfaces held in contact
the lower surface of the support plate 20. Each of
load measuring devices 24a is a diaphragm-type load
for example, though it may be a column-type load ce
The load cell includes a sensor for converting a lo
into an electric signal. The load sensor includes
piezoelectric sensor having a piezoelectric device,
example, though it may include a strain gauge senso
electrostatic capacitance sensor, or the like.

The chuck table 10 is supported on the tabl
22 with the bearing 18, the support plate 20, and t

load detecting unit 24 interposed therebetween. Th
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when the holding surface 14a is pressed downwardly,
load, i.e., grinding load, applied to the table bas
through the holding surface 14a is measured by the
detecting unit 24. Three support mechanisms includ

fixed support mechanism 26a, a first movable suppor

mechanism 26b, and a second movable support mechani

that are spaced from each other in circumferential
directions of the table base 22 are disposed on a |
surface of the table base 22. Each of the support
mechanisms is positioned directly below one of the
measuring devices 24a. These three supporting mech
will hereinafter collectively be referred to as a *
adjustment unit 26” in the present description.

The table base 22 is supported at one locat
the fixed support mechanism 26a. The fixed support
mechanism 26a has a support post, i.e., fixed shaft
having a predetermined length. The support post ha
upper portion fixed to an upper support body fixed
lower surface of the table base 22 and a lower port
fixed to a support base. The table base 22 is also
supported at two other locations respectively by th
first movable support mechanism 26b and the second

movable support mechanism 26c. Each of the first m

support mechanism 26b and the second movable suppor
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mechanism 26¢ has a support post, i.e., movable sha
having an externally threaded distal upper end port

The externally threaded distal upper end po
of the support posts 28 are rotatably coupled to
respective upper support bodies 30 that are fixed t
lower surface of the table base 22. More specifica
the upper support bodies 30 are shaped as columnar
members made of metal such as rods having internall
threaded holes defined therein. The externally thr
distal upper end portions of the support posts 28 a
rotatably threaded in the internally threaded holes
the upper support bodies 30. The support posts 28
first movable support mechanism 26b and the second
movable support mechanism 26¢ have outer circumfere
surfaces fixed to respective ring-shaped bearings 3
having a predetermined diameter. The bearings 34 a
supported on respective stepped support plates 36.
the first movable support mechanism 26b and the sec
movable support mechanism 26¢ are supported by the
support plates 36.

The support posts 28 have respective lower
coupled to respective stepping motors 32 that rotat
support posts 28 about their central axes. When th

stepping motors 32 are energized, they rotate the s
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posts 28 in one direction about their central axes,
lifting the upper support bodies 30. When the step
motors 32 are reversed, they rotate the support pos
in the other direction about their central axes, lo
the upper support bodies 30. The upper support bod
are thus lifted or lowered to adjust the tilt of th
table base 22, i.e., the chuck table 10. The lengt
the Z-axis directions of the fixed support mechanis
the first movable support mechanism 26b, and the se
movable support mechanism 26¢ may be reduced or
contracted under a load applied downwardly to the t
base 22. For example, the distance between the sup
post and the upper support body of the fixed suppor
mechanism 26a may be reduced and the distances betw
the support posts 28 and the upper support bodies 3
the first movable support mechanism 26b and the sec
movable support mechanism 26¢ may be reduced, so th
support mechanisms 26a, 26b, and 26¢ may be elastic
contracted.

Referring back to FIG. 1, other components
grinding apparatus 2 will be described below. The
4a is covered with a pair of bellows-shaped dust-pr
drip-proof covers 40 disposed respectively on both

of the table cover 8a in the X-axis directions. Th
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proof, drip-proof covers 40 are extensible and
contractible in the X-axis directions as the X-axis
movable table moves in the X-axis directions. An
operating panel 42 for entering grinding conditions
etc., is disposed on the upper surface of the base
one end thereof in the X-axis directions. A suppor
structure 6 in the shape of a rectangular parallele
projects upwardly from the base 4 at the other end
thereof in the X-axis directions.

The support structure 6 supports a Z-axis m
mechanism 44 on a front surface thereof that faces
operating panel 42. The Z-axis moving mechanism 44
includes a pair of Z-axis guide rails 46 extending
the Z-axis directions and a Z-axis movable plate 48
slidably mounted on the Z-axis guide rails 46 for s
movement along the Z-axis directions. An unillustr
nut is mounted on a rear surface of the Z-axis mova
plate 48 that faces the support structure 6.

The nut is operatively threaded over a Z-ax
screw 50 disposed between the Z-axis guide rails 46
extending along the Z-axis directions. The Z-axis
screw 50 is rotatable about its central axis. A Z-
stepping motor 52 is coupled to an end of the Z-axi

screw 50 in the Z-axis directions. When the Z-axis
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stepping motor 52 is energized, it rotates the Z-ax
ball screw 50 about its central axis, causing the n
move the Z-axis movable plate 48 in the Z-axis dire
along the Z-axis guide rails 46. A support block 5
mounted on a front surface of the Z-axis movable pl
that faces the operating panel 42.

The support block 54 supports a grinding un
thereon. The grinding unit 56 has a hollow cylindr
spindle housing 58 fixed to the support block 54.
cylindrical spindle 60 extending along the Z-axis
directions has a portion rotatably housed in the sp
housing 58 and projects below the spindle housing 5
spindle 60 has an upper end to which there is coupl
servomotor 62 for rotating the spindle 60 about its
central axis. The spindle 60 has a lower end expos
the spindle housing 58 and fixed to an upper surfac
disk-shaped wheel mount 64 made of a metal material
as stainless steel.

The wheel mount 64 has a lower surface on w
annular grinding wheel 66 that is of substantially
same diameter as the wheel mount 64 is mounted. As
illustrated in FIG. 2, the grinding wheel 66 has an
annular wheel base 68 made of a metal material such

stainless steel and a plurality of grindstones 70
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disposed on a lower surface of the wheel base 68 an
spaced from each other in circumferential direction
thereof. The grindstones 70 have lower surfaces ly
the substantially same vertical positions as each o

in the Z-axis directions and jointly defining a gri
surface 70a for grinding a workpiece 11 (see FIGS.
3B).

The workpiece 11 that is held under suction
holding surface 14a is ground by the grinding wheel
As illustrated in FIG. 1, the workpiece 11 is a
semiconductor wafer, for example, that is made main
silicon carbide (SiC) and that has a diameter of
approximately 150 mm. Devices such as integrated c
(ICs) are disposed on a face side 11a of the workpi
11. The workpiece 11 may be made of any material o
than silicon carbide, e.g., gallium arsenide (GaAs)
gallium nitride (GaN), silicone (Si), sapphire, and
on.

An unillustrated protective tape for protec
devices is affixed to the face side 11a of the work
11. For grinding a reverse side 11b of the workpie
the face side 11a thereof is held under suction on
holding surface 14a of the chuck table 10. Since t

holding surface 14a is of the upwardly projecting ¢

20

ing at
ther
nding

3A and

on the

66.

ly of

ircuits
ece

ther

SO

ting the
piece
ce 11,
the
he

onical



shape, the workpiece 11 held under suction on the h
surface 14a is elastically deformed into a projecti
conical shape matching the projecting conical shape
the holding surface 14a. When the reverse side 11b
workpiece 11 on the holding surface 14a is ground b
grinding unit 56, the rotational shaft 16 is tilted
that the grinding surface 70a and a local area 14b
holding surface 14a that faces the grinding surface
lie parallel to each other. FIG. 3A illustrates in
elevation, partly in cross section, the chuck table
and other components, illustrating the manner in wh
the workpiece 11 on the holding surface 14a is grou
the grindstones 70 while the grinding surface 70a a
local area 14b of the holding surface 14a lie
substantially parallel to each other. FIG. 3B illu
in plan the chuck table 10 at the time the workpiec
is being ground.

While the grinding wheel 66 and the chuck t
are being rotated about their respective central ax
a predetermined direction, e.g., counterclockwise a
viewed in plan, the grinding wheel 66 is grinding-f
i.e., is moved downwardly, toward the workpiece 11
holding surface 14a. Then, of the reverse side 11b

workpiece 11, a local arcuate area that is position
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the local area 14b of the holding surface 14a, i.e. , a

local arcuate area of the reverse side 11b that ove rlaps
the local area 14b of the holding surface 14a, is b rought
into contact with the grinding surface 70a and ther eby
ground. In FIG. 3B, an area 13 of contact between the
grinding surface 70a and the reverse side 11b of th e
workpiece 11, i.e., a ground area, is indicated by the

arcuate thick broken line. Furthermore, the load
measuring devices 24a are indicated by broken-line

circles in FIG. 3B.

As illustrated in plan in FIG. 3B, the area 13 of
contact is positioned directly above a region betwe en the
fixed support mechanism 26a and the first movable s upport
mechanism 26b. Thus, when the grinding wheel 66 pr esses
the workpiece 11 on the chuck table 10, it applies a
larger load to the fixed support mechanism 26a and the
first movable support mechanism 26b as compared to the
second movable support mechanism 26c¢. FIG. 4 is a graph

illustrating, by way of example, the corresponding

relation between loads applied to the support mecha nisms
26a, 26b, and 26¢ and contractions of the support

mechanisms 26a, 26b, and 26c¢. In FIG. 4, the

corresponding relation is illustrated as the same f or the

different support mechanisms 26a, 26b, and 26c¢, for the

22



sake of convenience. However, the corresponding re lation

may be different for the different support mechanis ms
26a, 26b, and 26¢. The corresponding relation may be
acquired by grinding on the grinding apparatus 2 a wafer
for test processing with no devices formed thereon, for
example.

When the grinding wheel 66 is grinding-fed into
contact with the workpiece 11 on the chuck table 10 , the
workpiece 11 is pressed and ground by the grinding wheel
66. Since the area 13 of contact is positioned dir ectly
above the region between the fixed support mechanis m 26a
and the first movable support mechanism 26b, as des cribed
above, the load, indicated by A 1 in FIG. 4, applied to the
fixed support mechanism 26a and the first movable s upport
mechanism 26b is larger than the load, indicated by Azin
FIG. 4, applied to the second movable support mecha nism
26¢. Consequently, the contraction, indicated by B 11N
FIG. 4, of the fixed support mechanism 26a and the first

movable support mechanism 26b is larger than the

contraction, indicated by B 2 in FIG. 4, of the second

movable support mechanism 26c¢. The table base 22 i s thus
tilted from its state that is the state immediately

before the workpiece 11 is ground by the grinding w heel

66. Accordingly, the tilt of the table base 22 cha nges

23



due to the contractions of the support mechanisms 2
26b, and 26c.

For example, when the workpiece 11 is press
ground by the grinding wheel 66, it is assumed that
fixed support mechanism 26a and the first movable s
mechanism 26b are contracted 2 um in a downward
direction, i.e., one of the Z-axis directions, by t

loads applied thereto and that the second movable s

mechanism 26c¢ is contracted 1 um in the same Z-axis

direction by the load applied thereto. In this cas
table base 22 changes to a first tilted state from
state that is the state immediately before the work
11 is ground. On the other hand, if the fixed supp
mechanism 26a is contracted 1 pum in the Z-axis dire
by the load applied thereto and the first movable s
mechanism 26b is contracted 2 um in the Z-axis dire
by the load applied thereto, then the table base 22
changes to a second tilted state from its state tha
the state immediately before the workpiece 11 is gr
In this manner, the tilt of the table base 22 chang
differently due to the contractions of the support
mechanisms 26a, 26b, and 26c¢.

In order to examine changes in the tilt of

table base 22 that occur while the workpiece 11 is
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ground, the loads imposed on the support mechanisms
26Db, and 26¢ are measured by the load measuring dev
24a. Information regarding the measured loads is s
from the load measuring devices 24a to a control de
72 (see FIGS. 1 and 3A). The control device 72 is
configured as a computer that includes, for example
processing unit such as a processor, typically a ce

processing unit (CPU), a main storage unit such as

dynamic random access memory (DRAM), a static rando

access memory (SRAM), or a read only memory (ROM),

auxiliary storage unit such as a flash memory, a ha
disk drive, or a solid state drive.

The control device 72 has its functions rea
operating the processing unit, etc., according to
software stored in the auxiliary storage unit, for
example. Part of the auxiliary storage unit functi
a storage 74 for storing the corresponding relation
between loads detected by the load measuring device
and contractions of the support mechanisms 26a, 26b
26c¢, i.e., the correlative relation between detecte
loads and changes in the tilt of the table base 22.
corresponding relation between the detected loads a
contractions of the support mechanisms 26a, 26b, an

is stored in the form of an equation, a table, or t
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like in the storage 74. The storage 74 may alterna
be provided as a storage medium whose stored inform
can be read by an unillustrated reader of the contr
device 72. The storage medium may be a compact dis
a digital versatile disc (DVD), a universal serial
(USB) memory, a magnetoresistive memory, or the lik
The control device 72 has a controller 76 f
controlling the operative mechanisms, etc., of the
grinding apparatus 2. The controller 76 controls
operation of the X-axis moving mechanism 8, the suc
source and the rotary actuator for the chuck table
the tilt adjustment unit 26, the Z-axis moving mech
44, the servomotor 62, and so on. After having rec
measurement signals from the load measuring devices
the controller 76 accesses the storage 74 at a
predetermined timing. Then, the controller 76 read
contractions corresponding to the measured loads or
calculates contractions from the corresponding rela
between loads and contractions that is stored in th
storage 74. Thereafter, the controller 76 controls

operation of the stepping motors 32 of the first mo

support mechanism 26b and the second movable suppor

mechanism 26c¢ of the tilt adjustment unit 26 in ord

make the grinding surface 70a and the local area 14
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the holding surface 14a parallel to each other.

A grinding method for grinding the workpiec
the grinding apparatus 2 will be described below wi
reference to FIGS. 3A and 5 through 8. FIG. 8is a
flowchart of a grinding method according to a first
embodiment of the present invention. In the grindi
method according to the first embodiment, while the
holding surface 14a is holding the face side 11a of
workpiece 11 thereon, the controller 76 controls th
adjustment unit 26 to make the grinding surface 70a
the local area 14b of the holding surface 14a paral
each other (first tilt adjusting step S10).

After the first tilt adjusting step S10, th
controller 76 controls the Z-axis moving mechanism
processing-feed the grinding unit 56 downwardly, i.
along one of the Z-axis directions, to grind the re
side 11b of the workpiece 11 with the grinding whee
while the table base 22 is being tilted as illustra
FIG. 3A (first grinding step S20). For example, th
controller 76 rotates the spindle 60 about its cent
axis at 4000 rpm and the rotational shaft 16 about
central axis at 300 rpm, and processing-feeds the
grinding unit 56 in the Z-axis direction at a proce

feed speed of 0.2 um/s. In the first grinding step
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the grinding wheel 66 grinds the reverse side 11b o
workpiece 11, and the load detecting unit 24 detect
loads applied to the table base 22. As the grindin
on, the load current of the servomotor 62 remains
unchanged, but the load applied from the grinding u
to the chuck table 10 may increase.
In this case, the grindstones 70 are slippi

the reverse side 11b of the workpiece 11, and thoug
rotational speed of the spindle 60 does not change,
load on the area 13 of contact increases. When the
on the area 13 of contact increases, a larger load

applied to the fixed support mechanism 26a and the

movable support mechanism 26b as compared to the se

movable support mechanism 26c¢. Because of the appl

larger load, the contraction of the fixed support

mechanism 26a and the first movable support mechani

becomes larger than the contraction of the second m
support mechanism 26c¢, causing the tilt of the tabl
22 to change so that the grinding surface 70a and t
upper surface of the table base 22 are parallel to
other, for example, as illustrated in FIG. 5. FIG.
illustrates in side elevation, partly in cross sect

of the chuck table 10 and other components, illustr

the manner in which the grinding surface 70a and th
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upper surface of the table base 22 lie substantiall
parallel to each other.

If the reverse side 11b of the workpiece 11
continuously ground while the grinding surface 70a
the upper surface of the table base 22 lie substant
parallel to each other, the thickness of the centra
region of the workpiece 11 is reduced too much beca
the projecting conical shape of the holding surface
An experimental example in which the thickness of t
central portion of the workpiece 11 is reduced will
described below. FIG. 6A illustrates a cross-secti
profile of the reverse side 11b of the workpiece 11
ground under a grinding load of 30 N, and FIG. 6B
illustrates a cross-sectional profile of the revers
11b of the workpiece 11 ground under a grinding loa
60 N. The grinding loads in FIGS. 6A and 6B repres
loads applied to the chuck table 10.

In FIGS. 6A and 6B, the horizontal axis ind
radial positions on the workpiece 11 in a cross-sec
plane across the workpiece 11 through the center th
and the vertical axis the height (um) of the revers
11b as measured by a thickness measuring gauge of t
grinding apparatus 2. The zero point on the vertic

is positioned at a predetermined height from the ho

29

and

ially

use of
14a.
he

be

onal

e side
d of

ent

icates
tional
ereof
e side
he
al axis

lding



surface 14a. As illustrated in FIG. 6A, under the
grinding load of 30 N, the central region of the
workpiece 11 is higher than the outer circumferenti
region thereof. According to the cross-sectional p
illustrated in FIG. 6A, the difference between high
and lowest points on the reverse side 11b was 0.94
On the other hand, as illustrated in FIG. 6
the grinding load of 60 N, the local area 14b of th
holding surface 14a directly below the area 13 of ¢
sinks, making the central region of the workpiece 1
lower than the height illustrated in FIG. 6A. Acco
to the cross-sectional profile illustrated in FIG.
the difference between highest and lowest points on
reverse side 11b was 0.64 um. The thickness of the
central region of the workpiece 11 is thus reduced
load on the holding surface 14a increases. The red
in the thickness of the central region of the workp
11 is considered to be caused by the upper surface
table base 22 lying substantially parallel to the
grinding surface 70a as illustrated in FIG. 5.
According to the present embodiment, in ord
prevent the thickness of the central region of the
workpiece 11 from being locally reduced, the first

grinding step S20 is followed by adjustment of the
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of the table base 22 based on the loads detected in

first grinding step S20 (second tilt adjusting step

In the second tilt adjusting step S30, the controll

calculates or reads contractions of the support

mechanisms 26a, 26b, and 26c¢ that correspond to the

detected in the first grinding step S20, using the

corresponding relation stored in the storage 74.
Thereatfter, the controller 76 controls the

motors 32 to relatively adjust the lengths of the s

mechanisms 26a, 26b, and 26¢ so that the change in

tilt of the table base 22 is cancelled out. In thi

manner, the tilt of the table base 22 is adjusted t

restore the tilt of the table base 22 to the one at

time of the first tilt adjusting step S10. For exa

in a case where the fixed support mechanism 26a and

first movable support mechanism 26b are contracted

in the downward Z-axis direction by the loads appli

thereto and the second movable support mechanism 26

contracted 1 um in the downward Z-axis direction by
load applied thereto, the controller 76 energizes t
stepping motor 32 of the second movable support mec
26c¢ to contract the second movable support mechanis
further in the downward Z-axis direction by 1 pum.

Further, for example, in a case where the f
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support mechanism 26a is contracted 1 um in the dow
Z-axis direction by the load applied thereto and th
first movable support mechanism 26b is contracted 2
the downward Z-axis direction by the load applied
thereto, the controller 76 extends the first movabl
support mechanism 26b by 1 um in the upward Z-axis
direction and contracts the second movable support
mechanism 26¢ by 1 um in the downward Z-axis direct
In the second tilt adjusting step S30, the lengths
first movable support mechanism 26b and the second
movable support mechanism 26¢ may be adjusted in th
axis directions while the workpiece 11 is being gro
or the workpiece 11 is not being ground, or the gri
wheel 66 is being spaced from the workpiece 11.
After the second tilt adjusting step S30, t
reverse side 11b of the workpiece 11 is ground unde
same conditions as those in the first grinding step
to thereby grind the workpiece 11 to a predetermine
finished thickness (second grinding step S40). FIG
illustrates the manner in which the workpiece 11 is
ground by the grinding apparatus 2 after the tilt o
table base 22 has been adjusted. When the workpiec
ground to the predetermined finished thickness, the

material of the workpiece 11 has been removed by a
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thickness of 10 um, for example, from the reverse s
11b thereof as compared to the state in which it is
unground.

According to the present embodiment, the ti
the table base 22 is adjusted in order to cancel ou
change in the tilt thereof in the second tilt adjus
step S30 depending on the loads detected in the fir
grinding step S20. Thickness variations of the wor
11 are thus prevented from becoming worse compared
case in which the tilt of the table base 22 is not
adjusted in the second tilt adjusting step S30. Th
correlative relation between loads detected by the
detecting unit 24 and changes in the tilt of the ta
base 22 is not limited to the corresponding relatio
between the loads applied to the support mechanisms
26Db, and 26¢ and the contractions of the support
mechanisms 26a, 26b, and 26c¢. Rather, the correlat
relation may represent the corresponding relation b
the loads applied to the support mechanisms 26a, 26
26¢ and three-dimensional tilts of the upper surfac
the table base 22, for example. The three-dimensio
tilts of the upper surface of the table base 22 may
determined by an unillustrated displacement sensor

built-in camera that automatically detects the tilt
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the table base 22 by using an image, a laser displa
meter, a contact-type displacement sensor, or the |
for example.

A grinding method according to a second emb
of the present invention will be described below wi
reference to FIGS. 9A, 9B, and 10. According to th
second embodiment, another workpiece 11 that is dif
from a previously ground workpiece 11 is ground in
same manner as the ground workpiece 11, by using th
of the table base 22 that has been adjusted in the
tilt adjusting step S30. According to the second
embodiment, specifically, the first tilt adjusting
S10 through the second grinding step S40 are perfor
the ground workpiece 11 in the manner described abo
according to the first embodiment. Then, after the
grinding step S40, the ground workpiece 11 is unloa
from the chuck table 10.

While the lengths of the movable support me
26b and 26¢ remain to have the lengths adjusted in
second tilt adjusting step S30, the face side 11a o
other workpiece 11 is held under suction on the hol
surface 14a of the chuck table 10. Then, the grind
wheel 66 is grinding-fed into contact with the work

11, and grinds the reverse side 11b of the workpiec
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(third grinding step S50). FIG. 9A illustrates the
in which the other workpiece 11 is ground by the gr
apparatus 2.

According to the second embodiment, since t

lengths of the movable support mechanisms 26b and 2

that have been adjusted in the second tilt adjustin
S30 are used as they are, it is easy or unnecessary
the tilt adjustment unit 26 to adjust the tilt of t
table base 22 in the third grinding step S50. Int
third grinding step S50, the grinding wheel 66 grin
other workpiece 11, and the load detecting unit 24
detects the load applied to the table base 22. If
tilt of the table base 22 has changed from the tilt
adjusted in the second tilt adjusting step S30, the
tilt of the table base 22 is adjusted (third tilt
adjusting step S60).

If the tilt of the table base 22 has not ch
from the tilt adjusted in second tilt adjusting ste
then the third tilt adjusting step S60 may be dispe
with. In the third tilt adjusting step S60, the
correlative relation between the loads and the chan
the tilt of the table base 22 is also used. The
controller 76 operates the tilt adjustment unit 26

order to cancel out the change in the tilt of the t
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base 22 that corresponds to the load detected in th
third grinding step S50, on the basis of the correl
relation and the load detected in the third grindin
S50, thereby adjusting the tilt of the table base 2
this fashion, thickness variations of the workpiece
are prevented from becoming worse.

FIG. 9B illustrates the manner in which the
the table base 22 is further adjusted after the thi
grinding step S50. After the third tilt adjusting
S60, the other workpiece 11 is ground to the same
finished thickness as the previously ground workpie
FIG. 10 is a flowchart of the grinding method accor
to the second embodiment. According to the second
embodiment, thickness variations of the workpiece 1
prevented from becoming worse compared with a case
which the tilt of the table base 22 is not adjusted
the third tilt adjusting step S60.

The structural details of the grinding appa
and the grinding methods described above may be cha
or modified without departing from the scope of the
present invention. For example, the number of the
measuring devices 24a is not necessarily limited to
three, and may be four or more.

The present invention is not limited to the
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of the above described preferred embodiments. The
of the invention is defined by the appended claims
all changes and modifications as fall within the
equivalence of the scope of the claims are therefor

be embraced by the invention.
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WHAT IS CLAIMED | S

1. A grinding apparatus for grinding a wor
comprising:

a chuck table for holding the workpiece the

a plate-shaped table base supporting the ch
table;

a grinding unit for grinding the workpiece
the chuck table with a grinding wheel, the grinding
having a spindle and the grinding wheel mounted on
of the spindle;

a load detecting unit having load measuring
devices, for detecting a load applied from the grin
unit to the table base;

a tilt adjustment unit supporting the table
thereon, for adjusting a tilt of the table base;

a storage for storing a correlative relatio
between loads applied to the table base and changes
the tilt of the table base that are caused by the |
and

a controller having a processor, for contro
the tilt adjustment unit on a basis of the load det
by the load detecting unit and the correlative rela
to adjust the tilt of the table base so that a chan

the tilt of the table base that corresponds to the
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detected load is cancelled out.

2. The grinding apparatus according to cla
wherein the tilt adjustment unit has a fixed suppor
mechanism and a plurality of movable support mechan

the correlative relation represents a corre
relation between loads applied to the fixed support
mechanism and the movable support mechanisms and ch
in the tilt of the table base that are caused by
respective contractions of the fixed support mechan
and the movable support mechanisms to which the loa
applied, and

the controller adjusts respective lengths o
movable support mechanisms on a basis of the correl
relation, thereby adjusting the tilt of the table b

3. A grinding method for grinding a workpi
comprising:

a first tilt adjusting step of adjusting a
a table base that supports a chuck table, in order
make parallel to each other a grinding surface defi
respective lower surfaces of grindstones of a grind
wheel that are disposed on a surface of a wheel bas
arrayed along circumferential directions of the sur
of the wheel base and a local area of a holding sur

of the chuck table that overlaps an area of contact
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between the grindstones and the workpiece held on t
chuck table;
after the first tilt adjusting step, a firs
grinding step of grinding the workpiece with the gr
wheel and detecting a load applied to the table bas
after the first grinding step, a second til
adjusting step of adjusting a tilt of the table bas
order to cancel out a change in the tilt of the tab
base that corresponds to the load detected in the f
grinding step, on a basis of the correlative relati
between loads applied to the table base and changes
the tilt of the table base that are caused by the |
and the load detected in the first grinding step; a
after the second tilt adjusting step, a sec
grinding step of grinding the workpiece to a
predetermined finished thickness.
4. The grinding method according to claim
wherein the correlative relation represents a corre

relation between loads applied to a fixed support

mechanism and a plurality of movable support mechan

and changes in the tilt of the table base that are

by respective contractions of the fixed support mec

and the movable support mechanisms to which the loa

applied, the fixed support mechanism and the plural

40

he

inding

ein

irst

on

oads

nd

ond

lative

isms
caused
hanism
ds are

ity of



movable support mechanisms being configured to adju

tilt of the table base, and
the second tilt adjusting step includes a s
adjusting respective lengths of the movable support

mechanisms on a basis of the loads applied to the f

support mechanism and the movable support mechanism

the correlative relation.

5. The grinding method according to claim
further comprising:

after the second grinding step, a third gri
step of holding another workpiece different from th
workpiece and grinding the other workpiece with the
grinding wheel while the lengths of the movable sup
mechanisms remain to have lengths adjusted in the s
tilt adjusting step.

6. The grinding method according to claim
wherein the third grinding step includes a step of
detecting a load applied to the table base as well
grinding the other workpiece with the grinding whee

the grinding method further includes a thir
adjusting step of adjusting the tilt of the table b
order to cancel out a change in the tilt of the tab
base that corresponds to the load detected in the t

grinding step, on a basis of the load detected in t
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third grinding step and the correlative relation.
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