TRANSFER APPARATUS

BACKGROUND CF THE | NVENTI ON

Field of the Invention

The present invention relates to a transfer
apparatus for transferring a plate-shaped workpiece such
as a sem conduct or wafer.

Description of the Related Art

In processing a wafer such as a sem conductor wafer,
the wafer is generally transferred in the condition where
the wafer is held under suction by a vacuum pad. In
transferring the wafer, there arises a problem that when
the vacuum pad cones into contact with a front side of
the wafer on which devices are forned, the devices nay be
damaged. To cope with this problem there has been
proposed a transfer apparatus including a Bernoulli
transfer pad capable of sucking the wafer in a noncontact
condition (see Japanese Patent Laid-Open No. 2004-119784,

for exanple).

SUMVARY OF THE | NVENTI ON
However, there is a case that the wafers to be
transferred have different weights according to the size

and thickness. In such a case, the Bernoulli transfer pad



in the transfer apparatus described in Japanese Patent
Lai d- Open No. 2004-119784 nust be replaced according to
the wafers having different weights, so as to suitably
change the suction force of the Bernoulli transfer pad

Accordingly, the transfer apparatus described in Japanese
Patent Laid-QOpen No. 2004-119784 has a problem that a
consi derable cost and tinme for changing the suction force
of the Bernoulli transfer pad are required.

It is therefore an object of the present invention
to provide a transfer apparatus which can suppress the
cost and time for changing the suction force of the
Bernoul I'i transfer pad.

In accordance with an aspect of +the present
invention, there is provided a transfer apparatus for
hol ding a plate-shaped workpiece under suction in a
noncontact condition and transferring the plate-shaped
wor kpi ece, the transfer apparatus including a base; a
Bernoulli transfer pad fixed to the base for spraying a
flurd toward the workpiece to produce a vacuum and a
noving unit for noving the base; the Bernoulli transfer
pad including a cylindrical pad body, the pad body having
a first holding surface to which a fluid spraying portion
opens and an annul ar pad nounting portion for nmounting an

annul ar pad, whereby when the annular pad is nounted on



the annular pad nmounting portion, the first holding
surface is increased in a radial direction of the pad
body to thereby increase a suction force for sucking the
wor kpi ece.

Preferably, the annular pad nounting portion is
formed by a cylindrical outer surface of the pad body;
and the Bernoulli transfer pad further includes an
annul ar pad nmounted to the pad body, the annular pad
having an inner dianeter equal to a dianeter of the pad
body and a second holding surface flush with the first
hol di ng surface on a radially outside of the pad body.

Preferably, the annular pad includes a plurality of
annul ar pads having different outer dianeters; a selected
one of the plurality of annular pads being nounted on the
cylindrical outer surface of the pad body.

The transfer apparatus of the present invention has
an effect that a cost and tinme for changing the suction
force of the Bernoulli transfer pad can be suppressed.

The above and other obj ect s, features and
advantages of the present invention and the nanner of
realizing them wll becone nore apparent, and the
invention itself wll best be understood from a study of
the following description and appended <clains wth

reference to the attached drawings showing a preferred



enbodi nent of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS

FI G 1 is a perspective view depicting a
configuration of a processing apparatus including a
transfer apparatus according to a preferred enbodi nent of
the present invention;

FI G 2 is a perspective view depicting a
configuration of the transfer apparatus according to this
preferred enbodi nent;

FIG 3 is a sectional view of an essential part of
the transfer apparatus depicted in FIG 2 in a condition
where a workpiece is held under suction in a noncontact
condition by the transfer apparatus;

FIG 4 is a sectional view of an annular pad
adapted to be nmounted to a pad body of a Bernoulli
transfer pad included in the transfer apparatus depicted
in FIG 2;

FIG 5 is a view simlar to FIG 4, depicting
anot her annular pad larger in an outer dianeter than the
annul ar pad depicted in FIG 4,

FIG 6 is another view simlar to FIG 4, depicting
still another annular pad larger in an outer dianeter

than the annul ar pad depicted in FIG 5;

4



FIG 7 is a sectional view depicting a condition
before nmounting the annul ar pad depicted in FIG 5 to the
pad body of the Bernoulli transfer pad;

FIG 8 is a sectional view depicting a condition
that the annular pad depicted in FIG 7 has been nounted
to the pad body; and

FIG 9 is a sectional view of an essential part of
the transfer apparatus depicted in FIG 2 in a condition
where the annular pad depicted in FIG 7 is nounted on
the pad body of the Bernoulli transfer pad and the
wor kpi ece is held under suction in a noncontact condition

by the transfer apparatus.

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT

A preferred enbodinent of the present invention

will now be described in detail with reference to the
dr awi ngs. The present invention is not limted to this
preferred enbodi nent. Further, the conponents used in

this preferred enbodinent may include those that can be
easily assuned by persons skilled in the art or
substantially the sane el enents as those known in the art.
Further, configurations described below may be suitably
combi ned. Further, the configurations nmay be suitably

omtted, replaced, or changed w thout departing from the



scope of the present invention.

A transfer apparatus according to a preferred
enbodi nent of the present invention will now be described
wth reference to the drawings. FIG 1 is a perspective
view depicting a configuration of a processing apparatus
including the transfer apparatus according to this
preferred enbodinent. FIG 2 is a perspective view
depicting a configuration of the transfer apparatus
according to this preferred enbodinent. FIG 3 is a
sectional view of an essential part of the transfer
apparatus depicted in FIG 2 in a condition where a
wor kpi ece i s held under suction by the transfer apparatus
in a noncontact condition such that the upper surface of
the workpiece is not contact with the |ower surface of
the transfer apparatus.

In FIG 1, reference nuneral 100 denotes a
processing apparatus including a pair of transfer
apparatuses 1 according to this preferred enbodi nent. The
pair of transfer apparatuses 1 has the sanme configuration.
The processing apparatus 100 is a cutting apparatus for
cutting a pl ate-shaped wor kpi ece 200.

In this preferred enbodi ment, the workpiece 200 is
a di sk-shaped wafer such as a sem conductor wafer and an

optical device wafer. The wafer is fornmed of silicon,



sapphire, or gallium arsenide, for exanple, as a base
material. The workpiece 200 has a front side 201 on which
a plurality of crossing division lines 202 are fornmed to
define a plurality of rectangular separate regions where
a plurality of devices 203 are respectively forned.
Further, while the workpiece 200 in this preferred
enbodi nent is a wafer such as a sem conductor wafer and
an optical device wafer, the workpiece usable in the
present invention is not limted to a wafer.

The processing apparatus 100 depicted in FIG 1 is
an apparatus for cutting the workpiece 200 to divide it
into the individual devices 203 (device chips). As
depicted in FIG 1, the processing apparatus 100 includes
a chuck table 110 having a holding surface 111 for
hol ding the workpiece 200 wunder suction, a pair of
cutting units 120 as processing units for cutting the
wor kpi ece 200 held on the chuck table 110, and the pair
of transfer apparatuses 1 for transferring the workpiece
200.

The processing apparatus 100 depicted in FIG 1
further includes an X noving unit (not depicted) for
noving the chuck table 110 in the X direction depicted by
an arrow X in FIG 1, a pair of Y noving units 130 for

respectively noving the pair of cutting units 120 in the



Y direction depicted by an arrow Y in FIG 1, a pair of Z
nmoving units 140 for respectively noving the pair of
cutting units 120 in the Z direction depicted by an arrow
Zin FIG 1, and a control apparatus (not depicted) for
controlling the X noving unit, the pair of Y noving units
130, and the pair of Z noving units 140. The X direction
and the Y direction are perpendicular to each other in a
hori zontal pl ane. The Z direction is perpendicular to
this horizontal plane, that is, the Z direction is a
vertical direction perpendicular to both the X direction
and the Y direction. Thus, the X direction is a
hori zontal direction, and the Y direction is another
hori zontal direction perpendicular to this horizontal
di rection. As depicted in FIG 1, the processing
apparatus 100 is a two-spindle type dicing saw, or what
is called facing dual type cutting apparatus including
the two cutting units 120.

The wor kpi ece 200 has a back side 204 opposite to
the front side 201. The back side 204 of the workpiece
200 is adapted to be held on the holding surface 111 of
the chuck table 110 under suction. The chuck table 110 is
a di sk-shaped nenber, and the holding surface 111 for
hol ding the workpiece 200 wunder suction is fornmed of

porous ceramc, for exanple. The chuck table 110 is



novable in the X direction by the X noving unit so as to
be noved between a processing area below each cutting
unit 120 and a standby area set apart from the processing
area in the X direction. In the processing area, the
wor kpi ece 200 held on the chuck table 110 is cut by each
cutting unit 120. In the standby area, the workpiece 200
to be cut is loaded to the chuck table 110, and the
wor kpi ece 200 cut is unloaded from the chuck table 110.
Further, the chuck table 110 is rotatable by a rotational
drive source (not depicted) so as to be rotated about a
vertical axis extending in the Z direction. The chuck
table 110 is connected to a vacuum source (not depicted),
so that a suction force produced by the vacuum source is
applied to the holding surface 111 of the chuck table 110
to thereby hold the workpiece 200 on the holding surface
111 under sucti on.

Each cutting unit 120 includes a spindle (not
depi cted) on which a cutting blade 121 is nounted to cut
the workpiece 200 held on the chuck table 110. The
spindle has a rotation axis extending in the Y direction.
Each cutting unit 120 is novable in the Y direction by
the corresponding Y noving unit 130, so that each cutting
bl ade 121 is novable in the Y direction relative to the

wor kpi ece 200 held on the chuck table 110. Each cutting



unit 120 is also novable in the Z direction by the
corresponding Z noving unit 140, so that each cutting
bl ade 121 is novable in the Z direction relative to the
wor kpi ece 200 held on the chuck table 110.

As depicted in FIG 1, the processing apparatus 100
has a box-shaped base housing 101, and the two cutting
units 120 are supported to a double colum type first
support frame 102 conposed of two colums 102a and 102b
provi ded on the upper surface of the base housing 101 and
a horizontal bar 102c connecting the upper ends of the
two colums 102a and 102b. One of the two cutting units
120 is supported through the corresponding Y noving unit
130 and the corresponding Z noving unit 140 to the colum
102a, and the other cutting unit 120 is supported through
the corresponding Y noving unit 130 and the correspondi ng
Z noving unit 140 to the colum 102b.

Each cutting unit 120 is adapted to be noved by the
corresponding noving unit 130 and the corresponding Z
nmoving unit 140 to thereby set the corresponding cutting
bl ade 121 at any position above the holding surface 111
of the chuck table 110, that 1is, at any horizontal
position and vertical position above the hol ding surface
111. Each cutting unit 120 includes a spindle housing 122

novable in the Y direction by the corresponding Y noving
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unit 130 and also novable in the Z direction by the
corresponding Z noving unit 140. Each spindle (not
depi cted) on which the corresponding cutting blade 121 is
mounted is rotatably supported to the corresponding
spi ndl e housing 122. A notor (not depicted) for rotating
each spindle is provided in each spindle housing 122.
Each cutting blade 121 is an annular cutting wheel forned
from abrasive and having a very small thickness.

The processing apparatus 100 further includes an
i maging unit 150 for imaging the workpiece 200 held on
the holding surface 111 of the chuck table 110. In this
preferred enbodinent, the imaging unit 150 is nounted on
one of the two cutting units 120 and adapted to be noved
together with the cutting unit 120. The imaging unit 150
i ncl udes a charge-coupl ed device (CCD) canera for imging
a target area of the workpiece 200 to be divided in the
condition where the workpiece 200 is held on the chuck
table 110. The CCD canmera functions to inage the
wor kpi ece 200 held on the chuck table 110 and thereby
obtain an image for use in performng alignnent between
the workpiece 200 and the cutting blade 121. This inage
obtai ned by the imaging unit 150 is output to the control
appar at us.

Each of the X noving unit, the Y noving units 130,
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and the Z nmoving units 140 includes a known ball screw
rotatable about its axis, a known pulse notor for
rotating the ball screw about its axis, and a pair of
known guide rails for supporting the chuck table 110 or
each cutting unit 120 so as to allow the novenent thereof
in the X direction, the Y direction, or the Z direction.

The processing apparatus 100 further includes a
cassette elevator 160 for nounting a cassette 161 and
nmoving it in the Z direction, a cleaning apparatus 180
for cleaning the workpiece 200 after cutting, and a
handling unit 170 for taking the workpi ece 200 out of the
cassette 161 before cutting and storing the workpiece 200
into the cassette 161 after cutting. The cassette 161 can
store a plurality of workpieces 200 before and after
cutting. The cleaning apparatus 180 includes a chuck
table 181 having a holding surface 182 for holding the
wor kpi ece 200 thereon wunder suction after cutting, in
whi ch the workpiece 200 held on the chuck table 181 is
cl eaned after cutting.

The control apparatus functions to control each
conponent nentioned above and perform a cutting operation
to the workpiece 200 in the processing apparatus 100. The
control apparatus includes a conputer system For exanple,

the control apparatus includes a conputing apparatus
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having a mcroprocessor such as central processing unit
(CPU), a storage apparatus having a nenory such as read
only menory (ROM and random access nenory (RAM, and an
I nput/output interface apparatus. The conputi ng apparatus
functions to perform conputing according to a conputer
program stored in the storage apparatus and output a
contr ol si gnal through the input/output interface
apparatus to each conponent of the processing apparatus
100, thereby controlling the processing apparatus 100.
Al t hough not depicted, the control apparatus is also
connected to display nmeans such as a liquid crystal
di splay for displaying an operational condition, an inmage,
etc. and input neans to be used by an operator in
recording information on cutting operation. Exanpl es of
the input neans include a touch panel provided on the
di spl ay neans and a keyboard.

Wiile the processing apparatus 100 is a cutting
apparatus in this preferred enbodinent, the processing
apparatus in the present invention is not limted to a
cutting apparatus, and may be a cleaning apparatus, a
| aser processing apparatus, or a grinding apparatus, for
exanpl e. Wiile the cutting unit 120 is depicted as a
processing wunit in this preferred enbodi nent, t he

processing unit in the present invention is not limted
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to the cutting unit 120, and nmay be a cleaning unit, a
| aser beam applying unit, or a grinding unit, for exanple.

As depicted in FIG 1, one of the two transfer
apparatuses 1 functions to |load the workpiece 200 to the
hol di ng surface 111 of the chuck table 110 or unload the
wor kpi ece 200 from the holding surface 111. The ot her
transfer apparatus 1 functions to |oad the workpiece 200
to the holding surface 182 of the chuck table 181 or
unl oad the workpiece 200 from the holding surface 182.
More specifically, one of the two transfer apparatuses 1
in this preferred enbodinent is a first transfer
apparatus 1-1 for transferring the workpiece 200 between
the handling unit 170 and the chuck table 110, and the
other transfer apparatus 1 is a second transfer apparatus
1-2 for transferring the workpiece 200 between the chuck
table 110 and the chuck table 181 of the «cleaning
apparatus 180. That is, the first transfer apparatus 1-1
functions to transfer the workpi ece 200 from the handling
unit 170 to the chuck table 110 before cutting. The
second transfer apparatus 1-2 functions to transfer the
wor kpi ece 200 from the chuck table 110 to the chuck table
181 of the cleaning apparatus 180 after cutting. The
first transfer apparatus 1-1 also functions to transfer

the workpiece 200 from the chuck table 181 of the
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cl eaning apparatus 180 to the handling unit 170 after
cl eani ng.

As depicted in FIG 3, each of the first and second
transfer apparatuses 1-1 and 1-2 includes a Bernoulli
transfer pad 8 having a |ower surface 81 to be opposed to
the front side 201 of the workpiece 200. That is, each of
the first and second transfer apparatuses 1-1 and 1-2 is
so configured as to spray air 300 as a fluid along the
| ower surface 81 of the Bernoulli transfer pad 8 and
thereby produce a vacuum at a central portion of the
| ower surface 81, thereby holding the workpiece 200 under
sucti on. Further, a repulsive force is produced by the
air 300 flow ng between the workpiece 200 and the | ower
surface 81, thereby preventing the contact between the
wor kpi ece 200 and the lower surface 81, so that the
wor kpi ece 200 can be held and transferred in a noncontact
condi tion.

As depicted in FIGS. 1 and 2, each of the first and
second transfer apparatuses 1-1 and 1-2 includes a
holding unit 2 for holding the workpiece 200 under
suction in a noncontact condition and a noving unit 3 for
noving the holding unit 2. The noving unit 3 includes a
support arm 4 for supporting the holding unit 2, a Y

nmoving nechanism 5 for noving the support arm 4 (i.e.
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the holding unit 2) in the Y direction, and a Z noving
mechanism 6 for noving the holding unit 2 in the Z
direction. One end of the support arm 4 is connected to
the Y noving mechanism 5, and the other end of the
support arm4 is connected to the Z noving nmechanism6. A
doubl e colum type second support franme 103 is provided
on the front side of the first support frame 102 near the
standby area in the X direction. The second support frane
103 is conposed of two colums 104 and 105 provided on
the upper surface of the base housing 101 and a
hori zontal bar 106 connecting the upper ends of the two
colums 104 and 105. The two Y noving nechanisns 5 for
respectively noving the two support arnms 4 are provided
on the horizontal bar 106 of the second support franme 103.
Each Y noving nechanism 5 is conposed of a known ball
screw rotatable about its axis, a known pulse notor for
rotating the ball screw about its axis, and a known guide
rail for supporting the correspondi ng support arm 4 so as
to allow the novenent of the support arm 4 in the Y
direction. Each Z noving mechanism 6 is configured by a
known air cylinder having a rod novable in the Z
di rection.

As depicted in FIGS. 2 and 3, each holding unit 2

I ncludes a disk-shaped base 7, three Bernoulli transfer
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pads 8 nmounted on the base 7, and three edge support
menbers 9 fixed to the base 7. The base 7 is nounted at
its central portion to the lower end of the rod of the Z
nmovi ng nechanism 6 of the corresponding noving unit 3.
Accordingly, the base 7 is novable in the Y direction and
the Z direction by the corresponding noving unit 3. Each
Bernoulli transfer pad 8 is fixed to the |lower surface of
t he base 7.

Each Bernoulli transfer pad 8 is fixed to the base
7 and so configured as to spray air 300 to the workpiece
200 and thereby produce a vacuum at the center of the
| ower surface 81 as a first holding surface. In this
preferred enbodi nent, the three Bernoulli transfer pads 8
are fixed to the base 7 and arranged at equal intervals
in the circunferential direction of the base 7. Each
Bernoulli transfer pad 8 includes a cylindrical pad body
82, a fluid spraying portion 83 for spraying the air 300
as a fluid fromthe central portion of the |ower surface
81 of the pad body 82 along the |ower surface 81, and a
comuni cation pipe 84 having a |lower end connected to the
upper surface of the pad body 82 so as to conmunicate
with the fluid spraying portion 83. The pad body 82 of
each Bernoulli transfer pad 8 is formed of netal (e.g.,

stainless steel) or synthetic resin.
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The pad body 82 has the |ower surface 81 to which
the fluid spraying portion 83 opens. The |ower surface 81
is a flat surface extending in a horizontal direction.
The communication pipe 84 is a cylindrical pi pe
projecting from the center of the upper surface of the
pad body 82. As depicted in FIG 2, the upper end of each
comruni cation pipe 84 is connected through an on-off
valve 85 to a pressurized air source 86 as a fluid source.
The communi cation pipe 84 in each Bernoulli transfer pad
8 is inserted through a through hole 71 formed in the
base 7 as depicted in FIG 3 in such a manner that the
upper surface of the pad body 82 cones into contact with
the lower surface of the base 7. In this condition, a
plurality of bolts 72 are inserted though the base 7 and
screwed into the pad body 82, thereby fixing the pad body
82 to the base 7.

Accordingly, in the operation of each Bernoulli
transfer pad 8, the air 300 is supplied from the
pressurized air source 86 through each communi cation pipe
84 to each fluid spraying portion 83 and then sprayed
from each fluid spraying portion 83 along the |ower
surface 81 of each pad body 82. As a result, a vacuumis
produced at the central portion of the |ower surface 81

of each pad body 82, thereby holding the workpiece 200
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under suction. At this tinme, the workpiece 200 approaches
the lower surface 81 of each pad body 82 due to the
vacuum produced. However, the air 300 fl ow ng between the
| ower surface 81 of each pad body 82 and the workpiece
200 applies a repulsive force to the workpiece 200. As a
result, the contact between the workpiece 200 and the
| ower surface 81 of each pad body 82 can be prevented,
and the workpiece 200 can be held under suction in a
noncont act condition as depicted in FIG 3.

Each edge support nenber 9 is fixed to the base 7
and functions to conme into contact with the outer edge of
the workpiece 200, thereby restricting the horizontal
novenent of the workpiece 200. In this preferred
enbodi nent, the three edge support nenbers 9 are arranged
at equal intervals in the circunferential direction of
the base 7 as depicted in FIG 2 (one of the three edge
support nenbers 9 being not depicted). Each edge support
menber 9 is interposed between any adjacent ones of the
three Bernoulli transfer pads 8 arranged at equal
intervals in the circunferential direction of the base 7.
Further, each edge support nenber 9 is located radially
outsi de of each Bernoulli transfer pad 8 in the radia
direction of the base 7. A bolt 73 is inserted through

the base 7 from the upper side thereof and screwed into
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each edge support nenber 9, thereby fixing each edge
support nenber 9 to the base 7 on the | ower side thereof.
Each edge support nenber 9 has a l|ower surface 91
inclined gradually upward toward the center of the base 7.
The inclined | ower surface 91 of each edge support nenber
9 functions to conme into contact with the outer edge of
the workpiece 200, thereby preventing the horizontal
novenent of the workpiece 200 held by each Bernoulli
transfer pad 8 under suction in a noncontact condition.

In this preferred enbodi nent, various annular pads
10-1, 10-2, and 10-3 having different outer dianmeters as
depicted in FIGS. 4, 5 and 6 are selectively nounted to
the pad body 82 of each Bernoulli transfer pad 8. FIG 4
is a sectional view of the annular pad 10-1 adapted to be
nounted to the pad body 82 of each Bernoulli transfer pad
8. FIG 5 is a sectional view of the annular pad 10-2
adapted to be nounted to the pad body 82 of each
Bernoulli transfer pad 8. FIG 6 is a sectional view of
the annular pad 10-3 adapted to be nounted to the pad
body 82 of each Bernoulli transfer pad 8. FIG 7 is a
sectional view depicting a condition before nounting the
annular pad 10-2 to the pad body 82 of each Bernoulli
transfer pad 8. FIG 8 is a sectional view depicting a

condition that the annular pad 10-2 has been nounted to
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the pad body 82 of each Bernoulli transfer pad 8. FIG 9
Is a sectional view of an essential part of each transfer
apparatus 1 in the condition where the workpiece 200 is
hel d under suction in a noncontact condition by each
Bernoulli transfer pad 8 wth the annular pad 10-2
nounted to the pad body 82 as depicted in FIG 8.

The pad body 82 of each Bernoulli transfer pad 8
has an annular pad nounting portion 87 for selectively
nmounting the annular pads 10-1, 10-2, and 10-3 depicted
in FIGS. 4, 5, and 6. 1In this preferred enbodi nent, the
annular pad nounting portion 87 is fornmed by a
cylindrical outer surface of the pad body 82.

Each of the annular pads 10-1, 10-2, and 10-3 has
an inner dianmeter equal to the outer dianeter of the pad
body 82. The annular pads 10-1, 10-2, and 10-3 have
different outer dianmeters. As depicted in FIGS. 7 and 8,
the annular pad 10-2 has an inside circular opening 12,
and the pad body 82 is inserted into the inside circular
openi ng 12 of the annular pad 10-2. Although not depicted
in FIGS. 7 and 8, each of the other annular pads 10-1 and
10-3 has the sanme inside circular opening 12 for
insertion of the pad body 82. Thus, a selected one of the
annul ar pads 10-1, 10-2, and 10-3 is mounted to the pad

body 82 of each Bernoulli transfer pad 8. Each of the
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annul ar pads 10-1, 10-2, and 10-3 is forned of netal
(e.g., stainless steel) or synthetic resin. After
nounting a selected one of the annular pads 10-1, 10-2

and 10-3 to the pad body 82, the selected annul ar pad 10-
1, 10-2, or 10-3 is fixed to the pad body 82 by any
nmet hod. For exanple, a plurality of screws may be used to
fix the selected annular pad 10-1, 10-2, or 10-3 to the
pad body 82.

Each of the annul ar pads 10-1, 10-2, and 10-3 has a
| oner surface 11 as a second holding surface. The | ower
surface 11 is also a flat surface. Wien the selected
annul ar pad 10-1, 10-2, or 10-3 is nmounted to the pad
body 82 of each Bernoulli transfer pad 8, the |[|ower
surface 11 becones parallel to a horizontal direction.
That is, when the selected annular pad 10-1, 10-2, or 10-
3 is mounted to the pad body 82 of each Bernoulli
transfer pad 8, the lower surface 11 of the selected
annul ar pad 10-1, 10-2, or 10-3 becones flush with the
| oner surface 81 of the pad body 82 as depicted in FIGS.
8 and 9. Accordingly, the lower surface 81 (the first
hol ding surface) of the pad body 82 can be radially
extended by the lower surface 11 (the second holding
surface) of the selected annular pad 10-1, 10-2, or 10-3.

As a result, an increased vacuum can be produced by the
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air 300 flowing between the sum of the |lower surface 81
and the |lower surface 11 and the workpiece 200, so that a
suction force for sucking the workpiece 200 toward the
pad body 82 can be increased.

The annul ar pads 10-1, 10-2, and 10-3 depicted in
FIGS. 4, 5, and 6 are nerely illustrative and any other
annul ar pads may be used in the present invention. I n
this preferred enbodinent, any one of the annular pads
10-1, 10-2, and 10-3 is selected according to the weight
of the workpiece 200. Further, none of the annul ar pads
10-1, 10-2, and 10-3 may be used in sone case.

As described above, the pad body 82 of each
Bernoulli transfer pad 8 has the annular pad nounting
portion 87 fornmed by the cylindrical outer surface of the
pad body 82. That is, by suitably selecting any one of
the annular pads 10-1, 10-2, and 10-3 and then nounting
the selected annular pad 10-1, 10-2, or 10-3 to the
annul ar pad nounting portion 87 of the pad body 82, the
suction force of each Bernoulli transfer pad 8 can be
easily inproved or changed. As a result, the suction
force for holding the workpiece 200 by wusing each
Bernoul li transfer pad 8 can be adjusted according to the
weight of the workpiece 200 as an object to be

transferred, so that a cost and tinme for changing the
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suction force of each Bernoulli transfer pad 8 can be
suppressed.

The present invention is not limted to the details
of the above described preferred enbodi nent. The scope of
the invention is defined by the appended clains and all
changes and nodifications as fall within the equival ence
of the scope of the clains are therefore to be enbraced

by the invention.
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WHAT IS CLAIMED IS:

1. A transfer apparatus for holding a plate-shaped
workpiece under suction 1in a noncontact condition and
transferring said plate-shaped workpiece, said transfer
apparatus comprising:

a base;

a Bernoulli transfer pad fixed to said base for
spraying a fluid toward said workpiece to produce a vacuum;

a moving unit for moving said base; and

an annular pad;

said Bernoulli transfer pad including a cylindrical
pad body, said pad body having a first holding surface to
which a fluid spraying portion opens and an annular pad
mounting portion for mounting said annular pad,

said annular pad mounting portion is formed by a
cylindrical outer surface of said pad body,

said annular pad 1is selected from a plurality of
annular pads having different outer diameters and 1is
mounted on the cylindrical outer surface of said pad body,

said annular pad having a second holding surface and
being mounted to said annular pad mounting portion and
having an inner diameter equal to a diameter of said pad

body,

25



wherein when said annular pad is mounted on said
annular pad mounting portion, said second holding surface
of said annular pad is flush with said first holding surface
of said pad body, and

said first holding surface of said pad body is
radially extended by said second holding surface of said
annular pad to thereby increase a suction force for sucking
said workpiece.

2. The transfer apparatus according to claim 1,
further comprising at least one edge support member fixed
to said base and configured to contact an outer edge of the

workpiece.
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