PROCESSI NG APPARATUS

BACKGROUND OF THE | NVENTI ON

Field of the Invention

The present invention relates to a processi
apparatus.

Description of the Related Art

Generally, a grinding apparatus for grindin
workpieces operates by conveying a workpiece to a ¢
table, placing the workpiece on a holding surface t
and bringing the holding surface into fluid communi
with a suction source to hold the workpiece under s
on the holding surface. The workpiece held under s
on the holding surface is ground by grinding stones
conveying apparatus for conveying workpieces is dis
in JP 2007-294588A, for example.

The grinding apparatus are occasionally req
grind workpieces whose outer circumferential portio
warped upwardly. In such a case, when a warped wor
is to be held under suction on the holding surface,
is created between the holding surface and the lowe
surface of the workpiece, resulting in a leakage of
suction forces to be applied from the holding surfa

the workpiece. The leakage of the suction forces m
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difficult for the holding surface to hold the workp
under suction thereon.

JP 2015-098073A discloses as one solution a
conveying apparatus for conveying a workpiece to th
holding surface of a chuck table. The disclosed co
apparatus includes a suction holder for holding a ¢
region of the workpiece under suction and a presser
pressing an outer circumferential portion of the
workpiece. The presser presses the outer circumfer
portion of the workpiece against the holding surfac
thereby reducing the gap between the holding surfac
the lower surface of the outer circumferential port

the workpiece.

SUMVARY OF THE | NVENTI ON
However, in the case where the force with w

outer circumferential portion of the workpiece is w
is strong, the gap between the holding surface and
lower surface of the outer circumferential portion
workpiece may not be sufficiently reduced simply wh
outer circumferential portion of the workpiece is p
by the conveying apparatus, possibly resulting in a
leakage of suction forces to be applied from the ho

surface to the workpiece.
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One solution would be to increase the press
force with which the outer circumferential portion
workpiece is pressed. However, increasing the pres
force would require an actuator, i.e., an electric
for actuating the conveying apparatus, or the conve
apparatus itself, to be large in size, and hence wo
uneconomical.

It is therefore an object of the present in
to provide a processing apparatus which is capable
increasing the pressing force with which to press t
outer circumferential portion of a workpiece to be
processed, while preventing the processing apparatu
itself from increasing in size.

In accordance with an aspect of the present
invention, there is provided a processing apparatus
including a chuck table having a holding surface fo
holding a circular workpiece thereon, processing me
for processing the workpiece held on the holding su
temporary placing means for temporarily placing the
workpiece thereon, a conveying mechanism for convey
the workpiece temporarily placed on the temporary p

means to the chuck table, and a control unit. The

conveying mechanism includes a suction pad having a

suction surface for holding a central region of the
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workpiece under suction, a plate centrally supporti

suction pad and capable of lifting and lowering the
suction pad in directions perpendicular to the suct
surface, a first annular packing disposed on a lowe
surface of the plate around a center of the lower s
thereof, a second annular packing disposed around t
first annular packing on the lower surface of the p

in concentric relation to the first annular packing

arm having a support member supporting the plate, a
lifting and lowering means for lifting and lowering

arm in the directions perpendicular to the suction
surface of the suction pad. The control unit inclu

first control section that, while the suction pad i
holding under suction the workpiece temporarily pla

the temporary placing means, controls the lifting a
lowering means to lower the plate together with the
from above the holding surface to bring the workpie
into contact with the holding surface, to bring the

annular packing into contact with an upper surface

outer circumferential portion of the workpiece, and
bring the second annular packing into contact with

portion of the holding surface which extends radial

outwardly from the wafer, for thereby producing an

annular space as a hermetically sealed chamber join
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defined by the portion of the holding surface which
extends radially outwardly from the wafer, an outer
surface of the first annular packing, the lower sur

of the plate, and an inner wall surface of the seco
annular packing, a second control section that, whi

annular space is being produced as the hermetically

sealed chamber, opens a suction valve disposed in a

suction passageway that provides fluid communicatio
between the holding surface and a suction source, t
develop a negative pressure in the annular space fo
thereby allowing the atmospheric pressure to press
plate toward the holding surface, and to cause the

annular packing to press the outer circumferential
portion of the workpiece against the holding surfac
thereby allowing the holding surface to attract and

the workpiece under suction on the holding surface,

third control section that, after the workpiece has

held under suction on the holding surface, opens an
valve disposed in an air supply passageway that pro

fluid communication between the suction surface of
suction pad and an air supply source, to space the
workpiece away from the suction surface. The suppo
member has an on-off valve for closing the annular

as the hermetically sealed chamber when the plate i
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lowered together with the arm and for venting the a

space to the atmosphere when the arm is lifted whil
annular space is being produced as the hermetically
sealed chamber.

The processing apparatus according to the p
invention presses the outer circumferential portion
the workpiece against the holding surface under the
suction forces from the holding surface and the
atmospheric pressure. Therefore, the forces with w
press the outer circumferential portion of the wafe
against the holding surface are increased easily at
cost without involving an increase in the size and
of the grinding apparatus.

Furthermore, since the processing apparatus
according to the present invention uses the suction
forces from the holding surface and the atmospheric
pressure to press the outer circumferential portion
the workpiece against the holding surface, even if
holding surface has its gradient changed to match t
gradient of the grinding unit, the workpiece can be
pressed against the holding surface according to th
changed gradient thereof. Therefore, the holding s
can easily hold the workpiece under suction thereon

The above and other objects, features and
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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 an appended claim wit
reference to the attached drawings showing a prefer

embodiment of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG. 1 is a perspective view of a grinding
apparatus;

FIG. 2 is a cross-sectional view of a loadi
mechanism of the grinding apparatus;

FIG. 3 is a cross-sectional view illustrati
manner in which a wafer is held by a suction pad,;

FIG. 4 is a cross-sectional view illustrati
manner in which the wafer is placed on the holding
surface of a chuck table;

FIG. 5 is a cross-sectional view illustrati
manner in which the wafer is attracted to and held
holding surface;

FIG. 6 is a cross-sectional view illustrati
manner in which an arm is lifted after the wafer ha
attracted to and held on the holding surface;

FIG. 7 is a cross-sectional view illustrati
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manner in which a plate is spaced from the chuck ta
the lifted arm;

FIG. 8 is an enlarged fragmentary cross-sec
view of an on-off valve and nearby components;

FIG. 9 is a cross-sectional view of another
structure for opening and closing plate fluid chann
with on-off valves;

FIG. 10 is a cross-sectional view of the ot
structure for opening and closing the plate fluid
channels with the on-off valves; and

FIG. 11 is an enlarged fragmentary cross-se
view of one of the on-off valves illustrated in FIG

and nearby components.
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DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT

A grinding apparatus 1, illustrated in FIG.

according to a preferred embodiment of the present

invention represents a processing apparatus accordi

the present invention. The grinding apparatus 1 is
arranged to fully automatically perform a series of
operations including a loading step, a grinding ste
cleaning step, and an unloading step on a wafer W t
illustrated as an example of disk-shaped workpiece.

The wafer W illustrated in FIG. 1 is exempl
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a circular semiconductor wafer, for example. The w
has a face side Wa that faces downwardly in FIG. 1
holds a plurality of devices formed thereon that ar
protected by a protective tape T applied to the fac
Wa. The wafer W has a reverse side Wb facing upwar
that represents a processed surface on which the gr
step is to be performed.

The grinding apparatus 1 includes a first a
base 11 that is substantially rectangular in shape,
second apparatus base 12 that is substantially
rectangular in shape and is joined to a rear end (f
in a +Y direction) of the first apparatus base 11,
column 13 mounted on and extending upwardly from th
second apparatus base 12, and a housing 14 covering
first apparatus base 11 and the second apparatus ba

A first cassette stage 151 and a second cas
stage 152 are mounted on a front surface (facing in
direction) of the first apparatus base 11. A first
cassette 151a that accommodates wafers W to be proc
therein is placed on the first cassette stage 151.
second cassette 152a that accommodates processed wa
therein is placed on the second cassette stage 152.
of the first cassette 151a and the second cassette

has a plurality of shelves disposed therein for hol

afer W
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wafers W respectively thereon.

The first cassette 15la has an opening (not
illustrated) defined in a rear wall thereof and fac
the +Y direction. The second cassette 152a also ha
opening (not illustrated) defined in a rear wall th
and facing in the +Y direction. A robot 155 is dis
on the first apparatus base 11 behind the opening i
first cassette 151a in the +Y direction. The robot
operates to load a processed wafer W into the secon
cassette 152a through its opening. The robot 155 a
operates to unload a wafer W to be processed from t
first cassette 151a through its opening and places
unloaded wafer W on a temporary placing table 153a.

The temporary placing table 153a, which rep
an example of temporary placing means, is disposed
position adjacent to the robot 155. The temporary
table 153a is combined with positioning means 153b.
positioning means 153b positions, i.e., centers, a
W placed on the temporary placing table 153a in a
predetermined position using positioning pins that
movable radially inwardly and outwardly.

A loading mechanism 31 is mounted on the fi
apparatus base 11 at a position adjacent to the tem

placing table 153a. The loading mechanism 31 repre
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an example of a conveying mechanism. The loading

mechanism 31 holds the wafer W temporarily placed o n the
temporary placing table 153a under suction, conveys the
wafer W to a chuck table 30, and places the wafer W on a

holding surface 300 of the chuck table 30.

The chuck table 30 has the holding surface 300 for
attracting the wafer W under suction. The holding surface
300 is held in fluid communication with a suction s ource

(not illustrated) and holds the wafer W through the

protective tape T under suction forces applied from the
suction source. The chuck table 30 is rotatable ab out a
central axis extending in Z-axis directions through the
center of the holding surface 300 while the wafer W is

being held on the holding surface 300.
The chuck table 30 is surrounded by a cover 39

disposed therearound. A bellows cover 39a that is

extensible and contractible in Y-axis directions, i €.,
the +Y direction and the —Y direction, is coupled t o the
cover 39. The cover 39 and the bellows cover 39a a re
disposed above Y-axis moving means (not illustrated )
housed in the second apparatus base 12. The chuck table
30 is reciprocably movable in the Y-axis directions by

the Y-axis moving means.

The column 13 is erected on the second appa ratus

11



base 12 behind the chuck table 30 in the +Y directi on.

The column 13 supports on a front surface thereof a

grinding unit 7 for grinding the wafer W on the chu ck
table 30 and a grind feeding mechanism 2 for moving the

grinding unit 7 in the Z-axis directions as grind f eeding

directions.

The grind feeding mechanism 2 includes a pa ir of Z-
axis guide rails 21 parallel to the Z-axis directio ns, a
Z-axis moving table 23 slidable on and along the Z- axis
guide rails 21, a Z-axis ball screw 20 extending pa rallel
to the Z-axis guide rails 21, a Z-axis servomotor 2 2, and
a holder 24 mounted on a front surface, i.e., a fac e side,
of the Z-axis moving table 23. The holder 24 holds the

grinding unit 7 thereon.

The Z-axis moving table 23 is slidably moun ted on
the Z-axis guide rails 21. A nut (not illustrated) IS
fixed to a rear surface, i.e., a reverse side, of t he Z-

axis moving table 23. The Z-axis ball screw 20 is
threaded through the nut. The Z-axis servomotor 22 IS
coupled to an end of the Z-axis ball screw 20.

The grind feeding mechanism 2 operates as f ollows.
When the Z-axis servomotor 22 is energized, it rota tes
the Z-axis ball screw 20 about its own central axis

causing the Z-axis moving table 23 to move in one o f the

12



Z-axis directions, i.e., a +Z direction or a —Z dir ection,

along the Z-axis guide rails 21. The holder 24 mou nted on
the Z-axis moving table 23 and hence the grinding u nit 7
held on the holder 24 are moved in unison with the Z-axis

moving table 23 in the same Z-axis direction.

The grinding unit 7 represents an example o f
processing means. The grinding unit 7 includes a s pindle
housing 71 fixed to the holder 24, a spindle 70 rot atably
held by the spindle housing 71, an electric motor 7 2 for
rotating the spindle 70, a wheel mount 73 mounted o n the
lower end of the spindle 70, and a grinding wheel 7 4

supported on the wheel mount 73.

The spindle housing 71 that is fixed to the holder
24 extends in the Z-axis directions. The spindle 7 0
extends in the Z-axis directions perpendicularly to the

holding surface 300 of the chuck table 30, and is

rotatably supported in the spindle housing 71.

The electric motor 72 is coupled to the upp er end
of the spindle 70. The electric motor 72 rotates t he
spindle 70 about its own central axis that extends in the
Z-axis directions. The wheel mount 73 is of a disk shape
fixed to the lower end, i.e., the distal end, of th e
spindle 70. The wheel mount 73 supports the grindi ng

wheel 74 on its lower surface.
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The grinding wheel 74 is of substantially t
diameter as the wheel mount 73. The grinding wheel
includes an annular wheel base, or an annular base,
made of a metal material such as stainless steel or
like. An annular array of grinding stones 741 are
to a lower surface of the wheel base 740 fully alon
outer circumferential portion thereof. The grindin
stones 741 grind the reverse side Wb of the wafer W
on the chuck table 30.

A thickness measuring unit 38 is disposed i
position adjacent to the chuck table 30. The thick
measuring unit 38 measures the thickness of the waf
on the chuck table 30 in contact therewith while th
wafer W is being ground by the grinding unit 7.

After the wafer W has been ground by the gr
unit 7, the wafer W is unloaded from the chuck tabl

by an unloading mechanism 36. Specifically, the un

mechanism 36 holds under suction the wafer W placed

the chuck table 30, unloads the wafer W from the ch
table 30, and conveys the wafer W to a spinner tabl
of a single-wafer spinner cleaning unit 26.

The spinner cleaning unit 26 includes, in a
to the spinner table 27 for holding the wafer W the

various nozzles (not illustrated) for ejecting clea
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water and drying air toward the spinner table 27.

In the spinner cleaning unit 26, the spinne
27 that is holding the wafer W is lowered into the
apparatus base 11. In the first apparatus base 11,
cleaning water is ejected toward the reverse side W
the wafer W, and the wafer W is cleaned while in ro
Thereafter, drying air is ejected toward the wafer
drying the wafer W. After the wafer W has been cle
the spinner cleaning unit 26, the spinner table 27
lifted and the wafer W is loaded from the spinner t
27 into the second cassette 152a by the robot 155.

A touch panel 40 is mounted on a side surfa
the housing 14 that faces in the —Y direction. The
panel 40 displays various items of information
representing the processing status of the grinding
apparatus 1 and processing conditions regarding the
processing of the wafer W by the grinding apparatus
The touch panel 40 is also used to enter various it
information representing processing conditions or t
like. Therefore, the touch panel 40 functions as i
means for entering information and also as output m
for displaying entered information and the processi
status.

The grinding apparatus 1 also includes, wit
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housing 14, a control unit 3 for controlling the

components of the grinding apparatus 1. The contro | unit

3 controls the components of the grinding apparatus 1 to
process the wafer W as desired by the operator of t he
grinding apparatus 1. The control unit 3 also cont rols

the loading mechanism 31 to convey wafers W to the

holding surface 300 of the chuck table 30.

Next, the loading mechanism 31 that represe nts
features of the grinding apparatus 1 according to t he
present embodiment will be described below. As
illustrated in FIG. 2, the loading mechanism 31 inc ludes
a suction pad 81 having a suction surface 82, a pla te 83
centrally supporting the suction pad 81, a pluralit y of
support members 84 supporting the plate 83, an arm 85
having the support members 84, and lifting and lowe ring

means 86 for lifting and lowering the arm 85.

The loading mechanism 31 also includes, on a lower
surface 83a of the plate 83, a first annular packin g 87
disposed around the center of the lower surface 83a and a

second annular packing 88 disposed around the first

annular packing 87 on the lower surface 83a of the plate
83 in concentric relation to the first annular pack ing 87.
The suction surface 82 of the suction pad 81 is use dto
hold a central region of the wafer W under suction. The

16



suction pad 81 is disposed on the lower end of a ve
shaft 80.

The shaft 80 extends through a central regi
the plate 83 vertically in directions perpendicular
the suction surface 82 of the suction pad 81. The
83 supports the suction pad 81 through the shaft 80
that the suction pad 81 can be lifted and lowered i
directions perpendicular to the suction surface 82
suction pad 81. The shaft 80 also extends through
85 vertically in directions perpendicular to the su
surface 82 above the plate 83.

The shaft 80 has an upper end extending upw
through the arm 85 and joined to an upper end plate
that is larger in diameter than the shaft 80. The
end plate 93 prevents the shaft 80 from dropping do
from the arm 85.

A fixing plate 94 that is larger in diamete
the shaft 80 is mounted on a substantially central
of the shaft 80. The fixing plate 94 is fitted ove
shaft 80 at a position between a lower surface 85a
arm 85 and an upper surface 83b of the plate 83. A
helical spring 95 is disposed around the shaft 98 s
to act between an upper surface of the fixing plate

and the lower surface 85a of the arm 85. The helic
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spring 95 is resiliently expansible and compressibl
the directions along which the shaft 80 extends, i.
the directions perpendicular to the suction surface
the suction pad 81.

The shaft 80 has a through passageway 80a d
axially therethrough that interconnects the upper e
the shaft 80 and the suction pad 81. The through
passageway 80a is capable of fluid communication wi
either one of an air supply source 91 and a suction
source 92 via an opening 93a in the upper end plate
and either one of an air valve 191 and a suction va
192 in a fluid communication passageway 193. The f
communication passageway 193 represents an example
air supply passage.

The first annular packing 87 and the second
packing 88 disposed concentrically with the first a
packing 87, both referred to above, are disposed on
lower surface 83a of the plate 83 that supports the
80. Plate fluid communication passageways 96 are d
in the plate 83. The plate fluid communication
passageways 96 provide fluid communication between
of the lower surface 83a of the plate 83 that lie b
the first annular packing 87 and the second annular

packing 88 and the upper surface 83b of the plate 8
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The plate 83 has lower surface openings 96a
in the areas of the lower surface 83a thereof betwe
first annular packing 87 and the second annular pac
88. The lower surface openings 96a represent openi
the plate fluid communication passageways 96 that a
open at the lower surface 83a. The plate 83 also h
upper surface openings 96b defined in the upper sur
83b thereof. The upper surface openings 96b repres
openings of the plate fluid communication passagewa
that are open at the upper surface 83b.

The support members 84 that support the pla
are disposed on the lower surface 85a of the arm 85
support members 84 have lower ends on which there a
mounted on-off valves 97 that are larger in diamete
the support members 84. The on-off valves 97 are
vertically movably housed in respective spaces 96¢
defined as enlarged portions of the plate fluid
communication passageways 96 in the plate 83.

The on-off valves 97 that are vertically mo
a predetermined range defined by the spaces 96c¢ are
retained in the plate 83 against dislodgement from
spaces 96c¢, i.e.,, the plate fluid communication

passageways 96. The on-off valves 97 allow the sup

members 84 to support the plate 83.
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When the on-off valves 97 are moved downwar

respect to the plate 83, the on-off valves 97 abut

against the lower ends of the spaces 96c¢, closing o

blocking the plate fluid communication passageways

the other hand, when the on-off valves 97 are moved

upwardly with respect to the plate 83, the on-off v
97 abut against the upper ends of the spaces 96c¢, o
the plate fluid communication passageways 96.

The arm 85 that is combined with the suppor
members 84 with the on-off valves 97 mounted thereo
move the plate 83 in horizontal directions, i.e.,
directions parallel to the suction surface 82 of th
suction pad 81. In addition, the arm 85 is vertica
movable with the plate 83 by the lifting and loweri

means 86. In other words, the lifting and lowering

86 is capable of moving the arm 85 with the plate 8

vertically in the directions perpendicular to the s
surface 82 of the suction pad 81.

As described above, the loading mechanism 3
constructed holds under suction the wafer W tempora
placed on the temporary placing table 153a and plac

wafer W onto the holding surface 300 of the chuck t

30. Such operation of the loading mechanism 31 is

controlled by the control unit 3 that has a first c
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section 51, a second control section 52, and a thir
control section 53 illustrated in FIG. 1.

Operation of the loading mechanism 31 under
control of the control unit 3 wil be described
hereinbelow. According to the present embodiment,
illustrated in FIG. 2, the wafer W is curved such t
the reverse side Wb thereof is recessed, with an ou
circumferential portion thereof being warped upward

As illustrated in FIG. 2, the control unit
controls the arm 85 and the lifting and lowering me
of the loading mechanism 31 to place the plate 83 a
the temporary placing table 153a. Then, the contro
3 controls the lifting and lowering means 86 to low
plate 83 until the suction surface 82 of the suctio
81 on the lower end of the shaft 80 supported by th
plate 83 abuts against the central region of the wa

Furthermore, the control unit 3 closes the
valve 191 and opens the suction valve 192, bringing
suction surface 82 of the suction pad 81 into fluid
communication with the suction source 92. As illus
in FIG. 3, the wafer W is now held under suction by
suction pad 81 of the loading mechanism 31 and spac
from the temporary placing table 153a.

Then, the first control section 51 of the ¢
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unit 3 controls the arm 85 and the lifting and lowe
means 86 to place the plate 83 above the holding su
300 of the chuck table 30. The first control secti
controls the lifting and lowering means 86 to lower
arm 85 together with the plate 83 from above the ho
surface 300. In this manner, the first control sec
brings a central region of the wafer W into contact
the holding surface 300, as illustrated in FIG. 4.

Moreover, the first control section 51 cont
lifting and lowering means 86 to lower and press th
plate 83 together with the arm 85 toward the holdin

surface 300. Now, as illustrated in FIG. 5, the he

spring 95 disposed between the upper surface of the

fixing plate 94 and the lower surface 85a of the ar
is compressed. The first annular packing 87 on the
surface 83a of the plate 83 contacts the upper surf
the upwardly warped outer circumferential portion o
wafer W, and the second annular packing 88 contacts
portion 300a of the holding surface 300 which exten
radially outwardly from the wafer W.

In this manner, as illustrated in FIG. 5, t
control section 51 produces an annular space S join
defined by the portion 300a of the holding surface

which extends radially outwardly from the wafer W,
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outer wall surface of the first annular packing 87, the
lower surface 83a of the plate 83, and an inner wal I
surface of the second annular packing 88.

At this time, the on-off valves 97 on the d istal
ends of the support members 84 on the arms 85 abut
against the lower ends of the spaces 96c¢ of the pla te
fluid communication passageways 96 in the plate 83,
thereby closing or blocking the plate fluid communi cation
passageways 96. The annular space S now becomes a
hermetically sealed chamber.

The on-off valves 97 are thus arranged to p roduce
the annular space S as the hermetically sealed cham ber
when the plate 83 is lowered with the arm 85. As
illustrated in FIG. 5, the holding surface 300 is
connected to a suction source 301 via a suction

passageway 303 and a suction valve 302.

With the annular space S acting as the herm etically
sealed chamber, the second control section 52 opens the
suction valve 302 to bring the holding surface 300 into
fluid communication with the suction source 301. A S
described above, the portion 300a of the holding su rface
300 which extends radially outwardly from the wafer W
partly defines the annular space S. Therefore, whe n the
holding surface 300 is brought into fluid communica tion

23



with the suction source 301, suction forces applied
the suction source 301 to the holding surface 300 a
the annular space S, developing a negative pressure
the annular space S acting as the hermetically seal
chamber.

As a result, the plate 83 is pressed toward
holding surface 300 under the atmospheric pressure.
Consequently, the upwardly warped outer circumferen
portion of the wafer W is pressed against the holdi
surface 300 by the first annular packing 87 on the
83. The wafer W is now attracted and held in its e
under suction on the holding surface 300.

After the wafer W has been held under sucti
the holding surface 300, the control unit 3 control
lifting and lowering means 86 to lift the arm 85 as
illustrated in FIG. 6. The on-off valves 97 on the
ends of the support members 84 on the arms 85 are m
upwardly and abut against the upper ends of the spa
96¢ of the plate fluid communication passageways 96
the plate 83, thereby opening the plate fluid
communication passageways 96. The hermetically sea
chamber is now broken, venting the annular space S
atmosphere. The on-off valves 97 are thus arranged

vent the annular space S to the atmosphere when the
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85 is lifted while the annular space S is acting as
hermetically sealed chamber.

When the on-off valves 97 are moved upwardl|
spaces 96c¢, the plate fluid communication passagewa
are opened by a structure including plate connectio
passageways 97a as illustrated in FIGS. 5 and 6, an
8 which illustrates the on-off valve 97 and its nea
components at an enlarged scale. The plate connect
passageways 97a provide fluid communication between
spaces 96c¢ and the upper surface 83b of the plate 8
the on-off valves 97 are unseated off the lower sur
of the spaces 96c¢. Alternatively, as illustrated i
9 and 10, and FIG. 11 which illustrates the on-off
97 and its nearby components at an enlarged scale,
the on-off valves 97 are unseated off the lower sur
of the spaces 96¢ and seated on the upper surfaces
spaces 96c¢, the plate fluid communication passagewa
are opened by a structure including valve connectio
passageways 97b defined in the respective on-off va
97. The valve connection passageways 97b provide f
communication between the upper and lower surfaces
on-off valves 97. The valve connection passageways
are closed when the on-off valves 97 are seated on

lower surfaces of the spaces 96¢.
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Thereafter, the control unit 3 controls the
and lowering means 86 to further lift the arm 85.
illustrated in FIG. 7, the helical spring 95 dispos
between the upper surface of the fixing plate 94 an
lower surface 85a of the arm 85 is now expanded.

The first annular packing 87 on the lower s
83a of the plate 83 is spaced upwardly from the upp
surface of the outer circumferential portion of the
W, and the second annular packing 88 is spaced upwa
from the holding surface 300.

Thereafter, the third control section 53 of
control unit 3 closes the suction valve 192 and ope
air valve 191 in the fluid communication passageway
The suction surface 82 of the suction pad 81 is bro
into fluid communication with the air supply source

and is supplied with air from the air supply source

As a consequence, the wafer W is released from the

suction surface 82.
In the grinding apparatus 1, as described a
the first control section 51 produces the annular s
to act as the hermetically sealed chamber jointly d
by the portion 300a of the holding surface 300 whic
extends radially outwardly from the wafer W, the ou

wall surface of the first annular packing 87, the |
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surface 83a of the plate 83, and the inner wall sur face
of the second annular packing 88. Furthermore, the second
control section 52 develops a negative pressure in the

annular space S due to the suction forces from the

holding surface 300, allowing the atmospheric press ure to
press the plate 83 toward the holding surface 300 t o]
cause the first annular packing 87 to press the out er

circumferential surface of the wafer W against the
holding surface 300. Consequently, even though the wafer
W is curved or warped in its outer circumferential
portion, the wafer W can appropriately be held unde r

suction on the holding surface 300.

Moreover, the grinding apparatus 1 presses the
outer circumferential portion of the wafer W agains t the
holding surface 300 under the suction forces from t he

holding surface 300 and the atmospheric pressure.

Accordingly, the forces with which to press the out er
circumferential portion of the wafer W against the

holding surface 300 are increased easily at a low ¢ ost
without involving an increase in the size and weigh t of

the grinding apparatus 1.

In addition, since the grinding apparatus 1 uses
the suction forces from the holding surface 300 and the
atmospheric pressure to press the outer circumferen tial
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portion of the wafer W against the holding surface

even if the holding surface 300 has its gradient ch

to match the gradient of the grinding unit 7, the w

can be pressed against the holding surface 300 acco

to the changed gradient thereof. Therefore, the ho

surface 300 can easily hold the wafer W under sucti

thereon.

According to the present embodiment, the gr

apparatus 1

processing apparatus incorporating the loading mech

is

illustrated as an

example of

31. However, the loading mechanism 31 may be incor

in any of various other processing apparatuses, suc

polishing apparatus, insofar as they are of the typ

which a workpiece is attracted and held under sucti

the holding surface of a chuck table thereof.

The present invention is not limited to the

of the above described preferred embodiment. The s

the invention is defined by the appended claim and

changes and modifications as fall within the equiva

of the scope of the claim are therefore to be embra

the invention.
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WHAT | S CLAIMED | S:

1. A processing apparatus comprising:

a chuck table having a holding surface for
a circular workpiece thereon;

processing means for processing the workpie
on the holding surface;

temporary placing means for temporarily pla
workpiece thereon;

a conveying mechanism for conveying the wor
temporarily placed on the temporary placing means t
chuck table; and

a control unit, wherein

the conveying mechanism includes:

a suction pad having a suction surf
holding a central region of the workpiece under suc

a plate centrally supporting the su
and capable of lifting and lowering the suction pad
directions perpendicular to the suction surface,

a first annular packing disposed on
surface of the plate around a center of the lower s
thereof,

a second annular packing disposed a
first annular packing on the lower surface of the p

in concentric relation to the first annular packing
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an arm having a support member supp orting
the plate, and

lifting and lowering means for lift ing and
lowering the arm in the directions perpendicular to the
suction surface of the suction pad,

the control unit includes:

a first control section that, while the
suction pad is holding under suction the workpiece
temporarily placed on the temporary placing means,
controls the lifting and lowering means to lower th e

plate together with the arm from above the holding

surface to bring the workpiece into contact with th e
holding surface, to bring the first annular packing into
contact with an upper surface of an outer circumfer ential
portion of the workpiece, and to bring the second a nnular

packing into contact with a portion of the holding

surface which extends radially outwardly from the w afer,
for thereby producing an annular space as a hermeti cally
sealed chamber jointly defined by the portion of th e
holding surface which extends radially outwardly fr om the
wafer, an outer wall surface of the first annular p acking,
the lower surface of the plate, and an inner wall s urface

of the second annular packing,

a second control section that, whil e the
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annular space is being produced as the hermetically

sealed chamber, opens a suction valve disposed in a

suction passageway that provides fluid communicatio n
between the holding surface and a suction source, t o]
develop a negative pressure in the annular space fo r
thereby allowing the atmospheric pressure to press the
plate toward the holding surface, and to cause the first

annular packing to press the outer circumferential

portion of the workpiece against the holding surfac e for
thereby allowing the holding surface to attract and hold
the workpiece under suction on the holding surface, and

a third control section that, after the
workpiece has been held under suction on the holdin g
surface, opens an air valve disposed in an air supp ly
passageway that provides fluid communication betwee n the
suction surface of the suction pad and an air suppl y
source, to space the workpiece away from the suctio n

surface, and

the support member has an on-off valve for closing
the annular space as the hermetically sealed chambe r when
the plate is lowered together with the arm and for
venting the annular space to the atmosphere when th e arm
is lifted while the annular space is being produced as

the hermetically sealed chamber.
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