| NCLI NATI ON ADJUSTI NG MECHANI SM

BACKGROUND OF THE | NVENTI ON

Field of the Invention

The present invention relates to an inclination
adj usting nmechanismfor adjusting an inclination of a
hol di ng surface of a chuck table.

Description of the Related Art

A grinding apparatus that grinds a workpi ece such
as a sem conductor wafer held by a holding surface of a
chuck table by a grindstone includes an inclination
adj usti ng nechani sm capabl e of adjusting parallelism of
the hol ding surface relative to a | ower surface of the
grindstone, as disclosed, for exanple, in Japanese Patent
Lai d- Open No. 2004-082291 or Japanese Patent Lai d- Qpen

No. 2008-238341.

SUMVARY OF THE | NVENTI ON
In the above-nentioned inclination adjusting
mechani sm a |ower surface of the chuck table is
supported at three points arranged at even intervals in
the circunferential direction. Therefore, when the
wor kpi ece held on the chuck table is ground by a

gri ndstone while pressing fromabove, a high load is



exerted on the inclination adjusting mechani sm whereby
the inclination adjusting nechani smshrinks, and there
arises a problemthat the inclination, in other words,
parallelism of the holding surface relative to the | ower
surface of the grindstone would be changed.

Accordingly, it is an object of the present
invention to provide an inclination adjusting nechani sm
by which a situation in which parallelismof a holding
surface relative to a |l ower surface of a grindstone would
be changed can be prevented, in the case where a
wor kpi ece hel d on the hol ding surface is ground while
exerting a high | oad thereon.

In accordance with an aspect of the present
i nvention, there is provided an inclination adjusting
mechani smthat is di sposed between a base of a processing
apparatus and a chuck table having a hol ding surface for
hol di ng a workpi ece and that adjusts an inclination of
the hol ding surface. The inclination adjusting nmechani sm
i ncl udes an annul ar upper ring plate that has an upper
surface for connecting the chuck table and a | ower
surface inclined relative to the upper surface, an
annul ar lower ring plate that has an upper surface
parallel to the | ower surface of the upper ring plate and

a lower surface parallel to the upper surface of the
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upper ring plate and facing an upper surface of the base,
an upper rotating nmechanismthat rotates the upper ring
plate with a first axis as a rotational axis, the first
axi s being perpendicular to the inclined | ower surface of
the upper ring plate and passing through a center of the
upper ring plate, a |ower rotating nechanismthat rotates
the lower ring plate with a second axis as a rotationa
axi s, the second axis being perpendicular to the | ower
surface of the lower ring plate and passing through the
center of the upper ring plate, a first bearing between
the | ower surface of the upper ring plate and the upper
surface of the lower ring plate, a second bearing between
the |l ower surface of the lower ring plate and the upper
surface of the base, and a connecting nmechani smt hat
connects the upper ring plate, the lower ring plate, and
the base. The upper ring plate, the lower ring plate, and
the base are connected by the connecting nechani sm after
the inclination of the holding surface is adjusted by
rotati ng one of or both the upper ring plate and the
| ower ring plate.

Preferably, the first bearing and the second
beari ng each include an air bearing, and the connecti ng
mechani sm causes a flow channel for formng the air

bearings to comunicate with a suction source.
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In addition, preferably, the connecting nmechani sm
i ncl udes an el ectromagnet capable of magnetically attach
the upper ring plate, the lower ring plate, and the base
to one anot her.

In the inclination adjusting nechani smaccording to
one aspect of the present invention, the upper ring
plate, the lower ring plate, and the base are connected
by the connecting nechanismafter the inclination of the
hol ding surface is adjusted by rotating one of or both
the upper ring plate and the lower ring plate. Therefore,
an area for supporting the chuck table is enlarged and
rigidity is also enhanced, as conpared to an existing
i nclination adjusting nechanismin which the chuck table
I's supported by three vertically novable columms or three
vertically novabl e bl ocks di sposed under the chuck table.
For this reason, for exanple, even when a step of
grinding a workpiece by a grindstone while exerting a
high load is conducted, a situation in which the
parallelismof the holding surface relative to the | ower
surface of the grindstone would be changed during
grinding is prevented, and it is possible to make uniform
accuracy of a thickness of the workpiece after grinding.

In the case where the first bearing and the second

beari ng each include an air bearing and a fl ow channe
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for formng the first bearing and the second bearing
which are air bearings is caused by a connecting
mechanismto comunicate with a suction source, the first
bearing and the second bearing which are air bearings can
easily be nade to di sappear after the inclination of the
hol di ng surface is adjusted by rotating one of or both
the upper ring plate and the lower ring plate, and,
further, the upper ring plate, the lower ring plate, and
the base can easily be connected by a suction force
generated by the suction source.

In the case where the connecting nechani smincl udes
an el ectromagnet capable of magnetically attach the upper
ring plate, the lower ring plate, and the base to one
anot her, the upper ring plate, the lower ring plate, and
the base can easily be connected (nmagnetically attached)
to one another by the connecting nechanismafter the
i nclination of the holding surface is adjusted by
rotating one of or both the upper ring plate and the
| ower ring plate.

The above and ot her objects, features and
advant ages of the present invention and the manner of
realizing themw || becone nore apparent, and the
invention itself will best be understood froma study of

the foll ow ng description and appended clains with
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reference to the attached drawi ngs show ng sone preferred

enbodi nents of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG 1 is a sectional view depicting an exanpl e of
an inclination adjusting nechanismin a state in which a
hol ding surface is not inclined relative to a horizontal
pl ane;

FIG 2 is a perspective view depicting an exanpl e
of an upper ring plate and a | ower ring plate;

FIG 3 is a sectional view depicting an exanpl e of
the inclination adjusting nechanismin a state in which
the holding surface is inclined relative to a horizontal
pl ane;

FIG 4 is a sectional view depicting an inclination
adj usting nechanismincluding a first flow channel for
formng a first bearing which is an air bearing and a
second flow channel for form ng a second bearing which is
an air bearing; and

FIG 5 is a sectional view depicting a state in
whi ch the upper ring plate, the lower ring plate, and a
base are connected by nagnetic forces by a connecting

mechani sm



DETAI LED DESCRI PTON OF THE PREFERRED EMBODI MENTS

Preferred enbodi nents of the present invention wl|
be descri bed below referring to the attached drawi ngs. An
i nclination adjusting nmechanism 2 depicted in FIG 1 is
di sposed between a base 10 of a processing apparatus and
a chuck table 30 having a hol ding surface 3001 for
hol di ng a wor kpi ece such as a sem conductor wafer and can
adjust the inclination of the holding surface 3001.

The inclination adjusting nechanism 2 is di sposed
in, for exanple, a grinding apparatus for grinding a
wor kpi ece by a rotating grindstone to thin the workpiece
or a polishing apparatus for polishing a wafer by a
pol i shing pad including a nonwoven fabric to enhance die
strength of the wafer.

The processing apparatus in which to dispose the
I nclination adjusting nechanism 2 includes, for exanple,
rough grinding means and finish grinding neans (not
illustrated) and is configured such that the plurality of
the chuck tables 30 disposed at even intervals in the
circunferential direction on the base 10 which is a
rotating turntable, with the center of the base 10 as a
center of rotation, can be revolved, and the chuck table
30 can be positioned under the rough grinding nmeans or

the finish grindi ng neans.



The base 10 is formed with a circular openi ng 100,
and the base 10 includes an annul ar base plate 101
di sposed such as to surround the opening 100. In the
present enbodi nent, an upper surface 1011 of the base
plate 101 is an upper surface 1011 of the base 10. The
upper surface 1011 of the base 10 is parallel to a
hori zontal plane (X-axis and Y-axis plane).

The chuck table 30 includes a suction section 300
that includes a porous nenber or the |ike and that holds
under suction the workpiece, and a frane body 301 that
supports the suction section 300. The suction section 300
of the chuck table 30 comunicates with a table-side
suction source 59. A suction force generated by suction
by the tabl e-side suction source 59 is transmtted to the
hol di ng surface 3001 including an exposed surface of the
suction section 300 and an upper surface of the frame
body 301, whereby the chuck table 30 can hol d under
suction the workpi ece on the hol ding surface 3001.

The hol ding surface 3001 is, for exanple, a conica
surface that has the center of rotation of the chuck
table 30 as an apex and that is extrenely gentle to such
an extent that it cannot visually be confirnmed by naked
eye.

The chuck table 30 is detachably nounted to the
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upper surface of a disk-shaped table base 32 by fixing
bolts (not illustrated) or the |iKke.

The table base 32 is rotatably supported by a table
rotating nechanism (table rotating neans) 5 that rotates
the chuck table 30. In the present enbodi nent, the chuck
table 30 is connected to an upper surface 200 of an upper
ring plate 20 (described later) of the inclination
adj usting nmechanism 2 through the table rotating
mechani sm 5

The inclination adjusting nmechanism 2 depicted in
FIG 1 is depicted as being in a state in which the
hol di ng surface 3001 of the chuck table 30 is not
inclined relative to a horizontal plane (X-axis and Y-
axis plane) (in a state in which the holding surface 3001
is substantially parallel to the horizontal plane). The
i nclination adjusting nechanism 2 includes an annul ar
upper ring plate 20 that has an upper surface 200 for
connecting the chuck table 30 and a | ower surface 202
inclined relative to the upper surface 200, an annul ar
| ower ring plate 22 that has an upper surface 220
parallel to the |ower surface 202 of the upper ring plate
20 and a | ower surface 222 parallel to the upper surface
200 of the upper ring plate 20 and faci ng an upper

surface 1011 of the base 10, an upper rotating nechani sm
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(upper rotating neans) 24 that rotates the upper ring
plate 20 as a first axis (upper rotational axis) 2411 as
a rotational axis, the first axis being perpendicular to
the | ower surface 202 of the upper ring plate 20 inclined
and passing through the center of the upper ring plate
20, a lower rotating nechanism 26 that rotates the | ower
ring plate 22 with a second axis (lower rotational axis)
2611 as a rotational axis, the second axis being
perpendi cular to the | ower surface 222 of the |lower ring
plate 22 and passing through the center of the upper ring
plate 20, a first bearing 27 between the | ower surface
202 of the upper ring plate 20 and the upper surface 220
of the lower ring plate 22, a second bearing 28 between
the | ower surface 222 of the lower ring plate 22 and the
upper surface 1011 of the base 10, and a connecti ng
nmechani sm (connecti ng neans) 4 that connects the upper
ring plate 20, the lower ring plate 22, and the base 10.
As illustrated in FIG 1, in a state in which the
i nclination adjusting nechanism 2 does not incline the
hol di ng surface 3001 of the chuck table 30 relative to a
hori zontal plane, the upper surface 200 of the annul ar
upper ring plate 20, fornmed of a highly rigid netal or
the like, is, for exanple, parallel to a horizontal plane

(X-axis and Y-axis plane), and the | ower surface 202
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inclined at a predetermi ned angle relative to the upper
surface 200 in FIG 1 is inclined at the predeterm ned
angle relative to a horizontal plane.

A spindle 50 of the table rotating nechanismb5 is
inserted in and passed through an opening 209 forned in
the center of the upper ring plate 20.

As depicted in FIG 1, in a state in which the
i nclination adjusting nechanism 2 does not incline the
hol di ng surface 3001 of the chuck table 30 relative to a
hori zontal plane, the upper surface 220 of the annul ar
| ower ring plate 22, fornmed of a highly rigid netal or
the like, is, for exanple, parallel to the | ower surface
202 of the upper ring plate 20 and is inclined at a
predeterm ned angle relative to a horizontal plane. The
| ower surface 222 of the lower ring plate 22 is a
hori zontal surface parallel to the upper surface 200 of
the upper ring plate 20.

The spindle 50 of the table rotating nmechanismb5 is
inserted in and passed through an opening 229 forned in
the center of the lower ring plate 22. Note that the
second axis 2611 descri bed above al so passes through the
center of the lower ring plate 22.

As descri bed above, the upper ring plate 20 is an

inclined ring with the | ower surface 202 inclined, and
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its thickness is continuously reduced from an outer
periphery on a -X direction side toward an outer

peri phery on a +X direction side in FIG 1, with the
center as a reference. In addition, the lower ring plate
22 is an inclined ring with the upper surface 220
inclined, and its thickness is continuously increased
froman outer periphery on the -X direction side toward
an outer periphery on the +X direction side in FIG 1,
wth the center as a reference.

For exanple, a dianeter of the opening 229 of the
| ower ring plate 22 is snmaller than a dianeter of the
openi ng 209 of the upper ring plate 20. The upper surface
220 of the lower ring plate 22 is formed, in the
peri phery of the opening 229, wth an annul ar step
projecting one step upward as a deviation inhibiting
section 228. An outside surface of the deviation
i nhibiting section 228 is forned to be vertical to the
upper surface 220, so that it can make contact with an
i nside surface of the upper ring plate 20 when the upper
ring plate 20 and the |lower ring plate 22 are connected
by the connecting nechanism4. As a result, the upper
ring plate 20 and the lower ring plate 22 are inhibited
fromrelatively deviating fromeach other in a latera

direction (horizontal plane direction). Note that, when
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the upper ring plate 20 or the lower ring plate 22 is
rotated, air jetted out froman upper surface air jetting
passage 2201 depicted in FIG 1 and described | ater
enters between the inside surface of the upper ring plate
20 and an outside surface of the deviation inhibiting
section 228, whereby the inside surface of the upper ring
pl ate 20 and the outside surface of the deviation

i nhibiting section 228 are supported on a non-contact
basis and are inhibited fromdeviating in a |atera
direction. In addition, it is possible to prevent
ejection of refuse at the tinme of rotation and sei zure at
the time of rotation.

The | ower surface 222 of the lower ring plate 22 is
formed, in the periphery of the opening 229, with an
annul ar step projecting one step downward as a devi ati on
I nhibiting section 227. An outside surface of the
devi ation inhibiting section 227 is fornmed to be
per pendi cul ar to the | ower surface 222 of the | ower ring
plate 22; for exanple, when the lower ring plate 22 is
being rotated, air jetted out froma | ower surface air
jetting passage 2221 depicted in FIG 1 and descri bed
| ater enters between the outside surface of the deviation
inhibiting section 227 of the lower ring plate 22 and an

i nside surface of the base plate 101 of the base 10,
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wher eby the outside surface of the deviation inhibiting
section 227 of the lower ring plate 22 and the inside
surface of the base plate 101 are supported on a non-
contact basis and are inhibited fromdeviating in a
| ateral direction. In addition, when the lower ring plate
22 and the base 10 are connected by the connecting
mechani sm 4, the lower ring plate 22 can nmake cont act
with the inside surface of the base plate 101 of the base
10, whereby the lower ring plate 22 is inhibited from
deviating fromthe base 10 in a lateral direction.

For exanple, an outside surface of the upper ring
plate 20 is formed wth a driven gear 244 (see FIG 2),
and the driven gear 244 is neshed with an active spur
gear 241 constituting the upper rotating nechani sm 24
depicted in FIG 1. The active spur gear 241 is attached
to a shaft of an upper ring plate driving notor 243. Note
that, in the exanple depicted in FIG 2, the driven gear
244 is formed in an arcuate shape in the circunferentia
direction at a part of the outside surface of the upper
ring plate 20, but the driven gear 244 may be forned over
t he whol e circunference of the outside surface of the
upper ring plate 20.

The upper ring plate driving notor 243 is, for

exanpl e, di sposed on the base plate 101. Note that the
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out si de surface of the active spur gear 241 is desirably
formed to be arcuate in a side view, such as to be able
to cope with inclination of the outside surface of the
upper ring plate 20 which varies according to the
inclination of a first axis 2411 varied by rotation of
the lower ring plate 22. Note that the driven gear 244
depicted in FIG 2 nmay be forned over the whole
circunference of the outside surface of the upper ring
pl ate 20, and the active spur gear 241 and the driven
gear 244 may be connected by an endl ess belt.

An outside surface of the lower ring plate 22 is
formed with a driven gear 264 (see FIG 2), and the
driven gear 264 is neshed with an active spur gear 261
constituting the lower rotating nechanism 26 depicted in
FIG 1. The active spur gear 261 is attached to a shaft
of a lower ring plate driving notor 263. Note that the
driven gear 264 is formed in an arcuate shape in the
circunferential direction at a part of the outside
surface of the lower ring plate 22 in the exanple
depicted in FIG 2, but the driven gear 264 nmay be forned
over the whole circunference of the outside surface of
the lower ring plate 22.

Note that the driven gear 264 forned over the whole

circunference of the outside surface of the [ower ring

15



plate 22 and the active spur gear 261 may be connected by
an endl ess belt.

The lower ring plate driving notor 263 depicted in
FIG 1 is, for exanple, fixed on the base plate 101. Note
that the lower ring plate driving notor 263 may be, for
exanple, fixed to a top plate 106 of a waterproof cover
107 which will be described |ater.

For exanple, a cylindrical side plate 105 is
erected in a region on an outer circunference side on the
base 10 depicted in FIG 1, and the top plate 106 extends
froman upper end of the side plate 105 toward a radi al -
directionally inner side. The top plate 106 and the side
pl ate 105 constitute the waterproof cover 107. Wen
processing water supplied to processing neans including a
gri ndi ng wheel or the Iike of a processing apparatus
flows down fromon the chuck table 30 at the tinme of
grindi ng, the waterproof cover 107 protects the upper
ring plate driving notor 243 and the |l ower ring plate
driving notor 263 fromthe processing water and protects
a notor 51 of the table rotating nmechanism5 fromthe
processi ng wat er.

As illustrated in FIG 1, the table rotating
mechanism b5 is, for exanple, disposed in the manner of

bei ng accommopdated in a substantially cylindrical space
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formed by the opening 209 in the center of the upper ring
pl ate 20, the opening 229 in the center of the lower ring
plate 22, the opening in the center of the base plate
101, and the opening 100 in the center of the base 10.

The table rotating nechanism5 includes, for
exanpl e, the spindle 50 extending in the vertica
direction in the abovenentioned substantially cylindrica
space. The spindle 50 is supported by the upper ring
plate 20 and can be rotated by the notor 51 with a
spindle axis 5000 (in FIG 1, the sane axis as the second
axis 2611) as a rotational axis. The substantially
cylindrical space is fornmed in such a size as to permt
the spindle 50, extending in the Z-axis direction such as
to be orthogonal to a horizontal plane in FIG 1, to
incline as depicted in FIG 3. A lower surface of the
tabl e base 32 is connected to an upper end of the spindle
50.

The nmotor 51 is, for exanple, a direct drive notor
(DD notor), which, due to the absence of a speed reducing
mechani sm is excellent in speed and response (high speed
and high response) and is suitable for a reduction in
size of the whole part of the table rotating nechani sm5.
Note that the notor 51 is not Iimted to the DD notor.

As illustrated in FIG 1, a suction channel 590
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communi cating with the suction section 300 is forned over
the range of a bottom surface of a recess in the frame
body 301 to a |lower portion side of the spindle 50 of the
tabl e rotating nechanism5. The suction channel 590
conmuni cates with the tabl e-side suction source 59 such
as an ejector nechani smor a vacuum generation unit
through a table-side rotary joint 591 di sposed on the

| ower portion side of the spindle 50. The table-side
rotary joint 591 transmits a suction force generated by
the tabl e-side suction source 59 to the rotating spindle
50 side without om ssion.

The table rotating nechanism5 includes a bearing
mechani sm 58 that rotatably supports the spindle 50, and
a support plate 57 that supports the bearing nmechani sm
58. While the bearing nmechanism58 is a thrust bal
beari ng mechanismin the exanple depicted in FIG 1, the
bearing mechani sm 58 nay be a roller bearing nechani sm or
an air bearing mechani sm

The bearing nechani sm 58 includes, for exanple, an
outer ring (not illustrated), an inner ring having an
i nsertion hole in and through which the spindle 50 is
i nserted and passed, a rolling body holder, rolling
bodi es 582 such as balls. In the exanple illustrated, two

beari ng mechani sns 58 are provided at upper and | ower
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positions on the upper portion side of the spindle 50,
but this is not limtative.

For exanple, plural bolt passing hol es (not
illustrated) in and through which fixing bolts 577 are
i nserted and passed are forned in a region on the outer
circunference side of the support plate 57 having a
substantially circular plate shape in plan view, at even
intervals in the circunferential direction and such as to
penetrate the support plate 57 in the thickness
direction. The bolt passing holes and femal e screw hol es
2001 (see FIG 2) forned in the upper surface 200 of the
upper ring plate 20 are overl apped with each other, and
the fixing bolts 577 are passed through the bolt passing
hol es and screw engaged with the femal e screw hol es 2001,
wher eby the support plate 57 is fixed to the upper
surface 200 of the upper ring plate 20.

In the present enbodi ment, the first bearing 27
bet ween the | ower surface 202 of the upper ring plate 20
and the upper surface 220 of the lower ring plate 22 and
the second bearing 28 between the | ower surface 222 of
the lower ring plate 22 and the upper surface 1011 of the
base 10, depicted in FIG 1, include air bearings. The
connecting mechanism4 is configured to cause a fl ow

channel 40 for formng the first bearing 27 and the
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second bearing 28 which are air bearings to comunicate
Wi th the suction source 49 depicted in FIG 1.

Her ei nafter, the connecting nechanism4 will be a
connecting nmechanism4 in the first enbodi nent.

For exanple, as depicted in FIG 1, the upper
surface 220 of the lower ring plate 22 is forned with an
upper surface air jetting passage 2201 for jetting air A
toward the upper side, at even intervals in the
circunferential direction. In addition, the |ower surface
222 of the lower ring plate 22 is formed with | ower
surface air jetting passages 2221 for jetting air A
toward the |ower side, at even intervals in the
circunferential direction. The upper surface air jetting
passage 2201 and the | ower surface air jetting passage
2221, for exanple, join each other in the inside of the
| ower ring plate 22, are opened at a plurality of
positions of the inside surface of the lower ring plate
22, and comrunicate with a resin tube 423 being flexible
so as not to hinder rotation of the |lower ring plate 22,
through a hose nipple, a joint, a rotary joint 421 and
the Iike.

Note that, while the openings of the upper surface
air jetting passage 2201 and the | ower surface air

jetting passage 2221 at the inside surface of the |ower
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ring plate 22 are depicted only at one part in FIG 2,
the openings are opening at a plurality of parts instead
of only one part, and one end side of the resin tube 423
communi cates with each of the openings through the rotary
joint 421 and the I|ike.

The other end side of the resin tube 423 is
branched through a three-way pipe (not illustrated) and
communi cates with one end of a suction pipe 490 and one
end of an air supply pipe 480 depicted in FIG 1

The other end side of the suction pipe 490 is
connected to the suction source 49 such as a vacuum
generation unit or an ejector nechanism For exanple, a
suction on-off valve 491 such as a sol enoi d val ve capabl e
of controlling (opening and closing) the conmunication
and interruption of comuni cation between the flow
channel 40 and the suction source 49 is disposed in the
suction pipe 490.

The other end side of the air supply pipe 480 is
connected to the air source 48 including a conpressor or
the |ike. For exanple, an air supply on-off valve 481
such as a sol enoid val ve capable of controlling (opening
and closing) the comruni cation and interruption of
communi cati on between the flow channel 40 and the air

source 48 is disposed in the air supply pipe 480.
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In the present enbodi ment, the upper surface air
jetting passage 2201, the lower surface air jetting
passage 2221, the rotary joint 421 and the like, the
resin tube 423, and the air supply pipe 480 descri bed
above formthe flow channel 40 for realizing the first
bearing 27 and the second bearing 28 which are air
beari ngs.

An operation in the case of adjusting the
i nclination of the holding surface 3001 of the chuck
table 30 by use of the inclination adjusting mechanism 2
depicted in FIG 1 to obtain a state in which a workpiece
can be held under suction and be processed, and the |ike,
w || be described bel ow.

For exanple, the workpiece (not illustrated) is
pl aced on the hol ding surface 3001, and a suction force
generated by the tabl e-side suction source 59 is
transmtted to the hol ding surface 3001, whereby a state
in which the workpiece is held under suction by the
hol di ng surface 3001 of the chuck table 30 is realized.

For exanple, first, as illustrated in FIG 1, the
first bearing 27 which is an air bearing is forned
bet ween the | ower surface 202 of the upper ring plate 20
and the upper surface 220 of the Iower ring plate 22, and

the second bearing 28 which is an air bearing is forned
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bet ween the | ower surface 222 of the lower ring plate 22
and the upper surface 1011 of the base 10. In other
words, the air supply on-off valve 481 is put into an
open state, and conpressed air sent out by the air source
48 is jetted toward the | ower surface 202 of the upper
ring plate 20 and the upper surface 1011 of the base
plate 101 of the base 10 by passing through the air
supply pipe 480, the resin tube 423, the upper surface
air jetting passage 2201, and the | ower surface air
jetting passage 2221.

As a result, the first bearing 27 is formed as an
air bearing between the | ower surface 202 of the upper
ring plate 20 and the upper surface 220 of the lower ring
plate 22, and the second bearing 28 is forned as an air
beari ng between the | ower surface 222 of the |ower ring
plate 22 and the upper surface 1011 of the base 10. 1In
ot her words, the upper ring plate 20 is supported on a
non-contact and fl oated basis by the first bearing 27 and
can be rotated, and the lower ring plate 22 is supported
on a non-contact and fl oated basis by the second bearing
28 and can be rotat ed.

The air having formed the first bearing 27 and the
second bearing 28 passes successively to the outside of

the lower ring plate 22 and the openi ng 229 si de.
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Next, one of or both (at |east either one of) the
upper ring plate 20 and the lower ring plate 22 are
rotated. Wile, for exanple, only the upper ring plate 20
is rotated in the present enbodinent, only the lower ring
plate 22 nay be rotated, or both the upper ring plate 20
and the lower ring plate 22 may be rotat ed.

Note that, with the lower ring plate 22 rotated,
the inclining direction of the first axis 2411 relative
to the upper surface of the lower ring plate 22 is
varied. The inclination of the |ower surface 202 of the
upper ring plate 20 is also varied according to the
inclination of the first axis 2411.

A rotational driving force generated by the upper
ring plate driving notor 243 depicted in FIG 1 is
transmtted to the active spur gear 241 and the driven
gear 244 (see FIG 2), whereby the support plate 57 of
the table rotating nechanism5 is rotated together with
the upper ring plate 20. Therefore, at each position in
the circunferential direction of the lower ring plate 22,
the thickness of the opposite upper ring plate 20
gradual |y vari es.

After the upper ring plate 20 is rotated by a
predet erm ned angl e such that the hol ding surface 3001

can be inclined by a predeterm ned angle relative to a
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hori zontal plane, the rotation of the upper ring plate 20
I's stopped.

Further, as depicted in FIG 3, the air supply on-
of f valve 481 is cl osed, whereby communi cation of the
fl ow channel 40 with the air source 48 is interrupted,
and the first bearing 27 and the second bearing 28
depicted in FIG 1 which are air bearings disappear. As a
result, the lower surface 222 of the lower ring plate 22
Is seated on the upper surface 1011 of the base 10.
Further, the | ower surface 202 of the upper ring plate 20
is seated on the upper surface 220 of the |lower ring
plate 22 such as to be flush with the upper surface 220.
Then, the spindle 50 connected to the upper ring plate 20
t hrough the support plate 57 and the bearing nmechani sm 58
of the table rotating mechanism5 is brought froma state
of being orthogonal to the horizontal plane depicted in
FIG 1 (a state of extending in parallel to the Z-axis
direction) to a state of being inclined at a
predeterm ned angle relative to the horizontal plane. In
addition, the angle of the holding surface 3001 of the
chuck table 30 connected to the upper end of the spindle
50 through the table base 32 is also brought froma state
of being parallel to the horizontal plane depicted in

FIG 1 to a state of being inclined by a desired angle as
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depicted in FIG 3.

Further, as illustrated in FIG 3, the suction on-
of f valve 491 is opened, a suction force generated by the
suction source 49 is transmtted to the upper surface 220
and the | ower surface 222 of the lower ring plate 22
t hrough the suction pipe 490, the resin tube 423, the
upper surface air jetting passage 2201, and the | ower
surface air jetting passage 2221, the upper ring plate 20
and the lower ring plate 22 are suction fixed by the
suction force, and the |lower ring plate 22 and t he base
10 are suction fixed. In other words, a state in which
the upper ring plate 20, the lower ring plate 22, and the
base 10 are connected by the connecting nechanism4 is
obt ai ned.

In the present enbodi ment, |ateral deviation of the
upper ring plate 20 and the lower ring plate 22 is
prevented by the deviation inhibiting section 228
depicted in FIG 3, and lateral deviation of the | ower
ring plate 22 and the base 10 is prevented by the
devi ation inhibiting section 227.

In the case where the workpiece is held by the
chuck table 30 of which the inclination of the hol ding
surface 3001 has been adjusted to a desired angle and the

wor kpi ece is ground by processing neans (not
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illustrated), as illustrated in FIG 3, the notor 51
rotates the spindle 50 rotatably supported by the bearing
mechani sm 58, whereby the chuck table 30 connected to the
spindle 50 is al so rotat ed.

In the inclination adjusting nechanism 2, after one
of or both the upper ring plate 20 and the | ower ring
plate 22 are rotated to adjust the inclination of the
hol di ng surface 3001, the upper ring plate 20, the | ower
ring plate 22, and the base 10 are connected by the
connecti ng mechani sm 4, whereby an area for supporting
the chuck table 30 is enlarged and rigidity is enhanced,
as conpared to an existing inclination adjusting
mechani smin which a chuck table is supported by three
vertically novabl e col ums di sposed under the chuck table
or three vertically novable bl ocks and the inclination of
the hol ding surface can be adjusted. Therefore, for
exanpl e, even when the workpi ece held by the chuck table
30 is ground by processing neans including a grindstone
or the |ike under a high load, a situation in which
paral l elismof the holding surface 3001 relative to the
| oner surface of the grindstone would be changed duri ng
grinding is prevented, and it is possible to make uniform
the accuracy of the thickness of the workpiece after

gri ndi ng.
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In addition, the first bearing 27 and the second
bearing 28 include air bearings as depicted in FIG 1
and the flow channel 40 for formng the first bearing 27
and the second bearing 28 which are air bearings is
caused by the connecting nechanism4 to communi cate with
t he suction source 49; therefore, after one of or both
the upper ring plate 20 and the lower ring plate 22 are
rotated to adjust the inclination of the holding surface
3001 of the chuck table 30, the first bearing 27 and the
second bearing 28 which are air bearings can easily be
made to di sappear as depicted in FIG 3, and, further
the upper ring plate 20, the lower ring plate 22, and the
base 10 can easily be connected by the suction force
generated by the suction source 49.

It is natural that the inclination adjusting
mechani sm 2 according to the present invention is not
limted to the abovenenti oned enbodi nent, and the
invention can be carried out with various nodes within
the scope of the technical thought thereof. In addition,
the configurations of the base 10 and the chuck table 30
of the processing apparatus depicted in the attached
drawi ngs, and the |like are not Iimted to the
illustrated, and appropriate nodifications are possible

wi thin such ranges that the effect of the present
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i nventi on can be produced.

For exanple, in the connecting nechanism4 of the
first enbodiment, the flow channel for form ng the first
bearing 27 and the second bearing 28 which are air
bearings nmay be forned as a second fl ow channel 401 and a
first flow channel 402 depicted in FIG 4, in place of
the flow channel 40 illustrated in FIGS. 1 and 3. Note
that the inclination adjusting nmechanism2 in FIG 4 is
depicted in a state before the hol ding surface 3001 of
the chuck table 30 is inclined relative to a horizontal
pl ane.

For exanple, in an exanple illustrated in FIG 4,
the second fl ow channel 401 is a flow channel for form ng
the second bearing 28 which is an air bearing and
i ncludes the air supply pipe 480, the resin tube 423, the
joint 424, and a second air jetting passage 425 fornmed in
the base plate 101 and opening on the upper surface 1011.
Conmpressed air Ais jetted fromthe opening of the second
air jetting passage 425 at the upper surface 1011 to the
| ower surface 222 of the lower ring plate 22, to formthe
second bearing 28 that supports the lower ring plate 22
in a floating manner between the | ower surface of the
| ower ring plate 22 and the upper surface 1011 of the

base 10.
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The first flow channel 402 depicted in FIG 4 is a
fl ow channel for formng the first bearing 27 which is an
air bearing and is configured as described bel ow.

For exanple, one end of a first air supply pipe 483
depicted in FIG 4 comunicates with the air source 48,
and a first air supply on-off valve 484 is disposed on
the first air supply pipe 483. The other end side of the
first air supply pipe 483 conmuni cates, for exanple, with
a lower end side (one end side) of an in-spindle supply
passage 500 formed in the spindle 50 through the table-
side rotary joint 591.

For exanple, the in-spindle supply passage 500 is
branched into a plurality of passages at an upper portion
of the spindle 50 toward radial-directionally outer sides
of the spindle 50, and the other end sides of the in-
spi ndl e supply passages 500 branched into a plurality of
passages pass through the support plate 57 and the upper
ring plate 20 and are opening as first air jetting ports
5001 in the |l ower surface 202 of the upper ring plate 20.
Conmpressed air Ais jetted fromthe first air jetting
ports 5001 to the upper surface 220 of the |ower ring
plate 22, to formthe first bearing 27 that supports the
upper ring plate 20 in a floating manner.

Note that the first flow channel 402 may be
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connected, for exanple, with the first air supply pipe
483 including a resin tube or the like directly through a
rotary joint or the |ike, w thout passing through the
inside of the spindle 50 or the |like, such that
conpressed air A can be jetted fromthe first air jetting
ports 5001 in the | ower surface 202 of the upper ring

pl ate 20.

For exanple, a first air suction pipe 494
comuni cates with a downstream side of the first air
supply pipe 483 relative to the first air supply on-off
val ve 484 through a three-way pipe (not illustrated) or
the like, and the first air suction pipe 494 comuni cates
Wi th the suction source 49. A first air on-off valve 495
I's disposed in the first air suction pipe 494.

In the inclination adjusting nechanism 2
illustrated in FIG 4, in the case where the upper ring
plate 20, the lower ring plate 22, and the base 10 are
connected by the connecting nmechanism 4 after one of or
both the upper ring plate 20 and the |lower ring plate 22
are rotated to adjust the inclination of the hol ding
surface 3001 of the chuck table 30, the suction force
generated by the suction source 49 is transmtted to the
| ower surface 202 of the upper ring plate 20 through the

first air suction pipe 494, that part of the first air
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supply pipe 483 which is on the downstream side rel ative
to the first air supply on-off valve 484, and the in-
spi ndl e supply passage 500, and the suction force
generated by the suction source 49 is transmtted to the
upper surface 1011 of the base 10 through the suction
pi pe 490, the resin tube 423, and the second air jetting
passage 425.
The connecting nmechanism 4 of the inclination
adj usting nechanism2 is not limted to, for exanple, the
configuration depicted in FIG 3. The inclination
adj usting nmechanism 2 may include, for exanple, a
connecting mechani sm (connecting nmeans) 41 illustrated in
FIG 5. Hereinafter, the connecting nechanism4l will be
the connecting nechanism 4l in the second enbodi nent.
Wil e the connecting nmechanism4 in the first
enbodi nent depicted in FIG 3 has a configuration in
whi ch the fl ow channel 40 comuni cates with the suction
source 49 and the upper ring plate 20, the |lower ring
plate 22, and the base 10 are connected by the suction
source generated by the suction source 49, the connecting
mechani sm 41 in the second enbodi nent includes an
el ectronmagnet 45 capabl e of magnetically attaching the
upper ring plate 20, the lower ring plate 22, and the

base 10 to one anot her.
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For exanple, the lower ring plate 22 includes a
material which is highly rigid and is attracted by a
magnetic force (for exanple, a netal such as iron
cobalt, and nickel or a ceramc such as ferrite).

The el ectromagnet 45 has a configuration in which,
for exanple, a coil is wound around a soft iron core, and
the plural electromagnets 45 are di sposed on the | ower
surface 202 side in the inside of the upper ring plate 20
at even intervals in the circunferential direction. In
addition, a plurality of the electromgnets 45 are
di sposed on the upper surface 1011 side in the inside of
the base plate 101 of the base 10 at even intervals in
the circunferential direction. Note that the
el ectronmagnet 45 may be fornmed, for exanple, in an
annul ar shape in the upper ring plate 20 (the base plate
101 of the base 10) such as to extend al ong the
ci rcunference of the upper ring plate 20 (the base plate
101).

An el ectric power supply source 46 is connected to
the coil of each el ectromagnet 45.

In the inclination adjusting mechanism 2 depicted
in FIG 5, after an adjustnment for inclining the hol ding
surface 3001 of the chuck table 30 relative to a

hori zontal plane is conducted, electric power is supplied
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fromthe electric power supply source 46 to each

el ectromagnet 45 of the connecti ng nechani sm 41, whereby
each el ectromagnet 45 generates a magnetic force. Then,
the upper ring plate 20 is magnetically attached to the

| ower ring plate 22, and the lower ring plate 22 is
magnetically attached to the base 10. In other words, the
upper ring plate 20, the lower ring plate 22, and the
base 10 can easily be put into a connected state by the
connecti ng nmechani sm 41.

The present invention is not Iimted to the details
of the above described preferred enbodi nents. The scope
of the invention is defined by the appended cl ains and
all changes and nodifications as fall within the
equi val ence of the scope of the clains are therefore to

be enbraced by the invention.
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VWHAT IS CLAIMED | S:

1. An inclination adjusting nechanismthat is
di sposed between a base of a processing apparatus and a
chuck table having a holding surface for holding a
wor kpi ece and that adjusts an inclination of the hol ding
surface, the inclination adjusting mechani sm conpri sing:

an annul ar upper ring plate that has an upper
surface for connecting the chuck table and a | ower
surface inclined relative to the upper surface;

an annul ar | ower ring plate that has an upper
surface parallel to the |ower surface of the upper ring
plate and a | ower surface parallel to the upper surface
of the upper ring plate and facing an upper surface of
t he base;

an upper rotating nechanismthat rotates the upper
ring plate with a first axis as a rotational axis, the
first axis being perpendicular to the inclined | ower
surface of the upper ring plate and passing through a
center of the upper ring plate;

a lower rotating nmechanismthat rotates the | ower
ring plate with a second axis as a rotational axis, the
second axi s being perpendicular to the | ower surface of
the lower ring plate and passing through the center of

t he upper ring plate;
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a first bearing between the | ower surface of the
upper ring plate and the upper surface of the |lower ring
pl at e;

a second bearing between the | ower surface of the
| ower ring plate and the upper surface of the base; and

a connecting nmechani smthat connects the upper ring
plate, the lower ring plate, and the base,

wherein the upper ring plate, the lower ring plate,
and the base are connected by the connecting nechani sm
after the inclination of the holding surface is adjusted
by rotating one of or both the upper ring plate and the
| ower ring plate.

2. The inclination adjusting nmechani sm accordi ng
to claim1,

wherein the first bearing and the second bearing
each include an air bearing, and

t he connecti ng nechani sm causes a fl ow channel for
formng the air bearings to conmunicate with a suction
sour ce.

3. The inclination adjusting nmechani sm accordi ng
to claim1,

wherei n the connecting nmechani smincludes an
el ectromagnet capabl e of magnetically attach the upper

ring plate, the lower ring plate, and the base to one
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anot her.
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