DESCRI PTI ON

AUTOMATI C HANDLI NG APPARATUS

TECHNI CAL FI ELD
[ 0001]

The present invention relates to an automatic
handl i ng apparatus which automatically carries a
wor kpi ece such as a silicon wafer.

BACKGROUND ART
[ 0002]

| n conventional exanples, when both upper and
| ower surfaces of a sheet-like workpi ece such as a
silicon wafer are flattened at the sane tine, a doubl e-
side machi ni ng apparatus such as a doubl e-side polishing
apparatus or a doubl e-side |apping apparatus is used
For exanple, in the double-side polishing apparatus, a
di scoid planetary gear called a carrier is arranged
bet ween upper and | ower turntables each having a
pol i shing pad made of urethane foam or non-woven fabric
attached thereto. The workpiece is inserted into and
held in a holding hole of this carrier, and the carrier
rotates or revolves by nmutually rotating a sun gear and
an internal gear which engage wwth the carrier. The
upper and | ower surfaces of workpiece are simultaneously
polished by the rotation, the revolution, the rotation
of the upper and | ower turntables, and sliding on the
wor kpi ece. Further, to efficiently perform poli shing,
polishing slurry is supplied froma plurality of holes
provided in the upper turntable during the doubl e-side
pol i shi ng.
[ 0003]



Furthernore, the upper turntable includes a
mechani sm whi ch noves up and down, the upper turntable
is set at an upper position, and then the carrier is set
on the lower turntable, or the workpiece is set in the
set carrier. As to the setting of the workpiece into
the carrier, there are a case where an operator nmanually
performs | oading into a workpiece hol ding hole of the
carrier and a case where an automatic handling apparatus
is used for loading. After the workpiece is |oaded in
t his manner, the upper turntable nmoves down, and the
wor kpi ece and the carrier are sandwi ched between the
upper and | ower turntables. Moreover, the workpiece is
polished by the rotation and the revolution of the
carrier which are realized by the rotation of the upper
and | ower turntables and the rotation of the interna
gear and the sun gear while supplying the polishing

slurry.

Cl TATION LI ST
PATENT LI TERATURE
[ 0004]
Pat ent Docunent 1: Japanese Unexam ned Pat ent
publi cation (Kokai) No. 2005-243996

SUMVARY OF | NVENTI ON
TECHNI CAL PROBLEM
[ 0005]

For exanple, in a machi ning process of a silicon
waf er, | oading or unloading of the silicon wafer into or
froma machining process apparatus has been generally
shifted from processing by an operator to automatic
processing using a robot or the |like, and a reduction in
| abor costs realized by this shift contributes to a



decrease in manufacturing costs of the silicon wafer.
[ 0006]

However, the doubl e-side polishing apparatus or a
doubl e-si de | appi ng apparatus having a mechani sm very
simlar to that of the former apparatus, a technical
difficulty level of automatic workpiece unloading is
relatively low, but automatic workpiece |oading requires
an advanced technol ogy. A reason for that will now be
described in detail hereinafter.

I n case of |oading or unloading a workpiece into
or fromthe workpi ece holding hole of the carrier in the
automati c handli ng apparatus, a wafer hand is noved to a
previously stored position by an articul ated robot, a
SCARA robot, a turning arm or any other actuator, and
t he workpiece is placed or grasped. This carrying
mechani sm can be generally controlled with a positional
accuracy of hundreds of mcrons or |ess, and can
sufficiently cope with an application to workpiece
| oadi ng and unl oadi ng operati ons.

[ 0007]

On the other hand, it is difficult to increase an
accuracy of a position of the workpiece hol di ng hol e of
the carrier at the tinme of placing or grasping the
wor kpi ece. The position of this workpiece hol ding hole
i's inaccurate because fixing a position and a direction
of the carrier placed on the |ower turntable is
difficult.

Meanwhi |l e, in a general double-side polishing
apparatus or doubl e-side | appi ng apparatus, one carrier
can hold one or nore workpieces, and it is often the
case that a plurality of carriers, e.g., five carriers
are provided in the apparatus at equal intervals, i.e.,

i nterval s of 72°.



[ 0008]

At the time of holding the workpieces in the
carriers, a target carrier in the plurality of carriers
is noved to a specific workpiece | oading position by
rotating the internal gear and the sun gear. The
wor kpiece is held into the carrier arranged at this
specific | oading position. After end of holding the
wor kpi ece in the carrier placed at this specific | oading
position, an immedi ately next carrier is noved to the
wor kpi ece | oadi ng position by rotating the internal gear
and the sun gear 72° in the sanme direction (this
operation is referred to as indexing of a carrier in
some situations). The workpieces are held in all the
five carriers by repeating the workpiece holding and the
i ndexing for five tines.

[ 0009]

As described above, although the position of each
carrier is stopped at a desired position by controlling
the internal gear and the sun gear, but these gears
usual |y have backl ashes, and uncertainty arises in a
stop position according to magni tudes of the backl ashes
Additionally, although the carriers are engaged wth the
sun gear and the internal gear and set in the apparatus,
it is general to provide cl earances between the carriers
and both the gears as shown in FIG 10, which is also a
factor that decrease an accuracy of the stop positions
of the carriers.

[ 0010]

I n the unl oading of the workpiece, for exanple,
when a silicon wafer is taken as an exanple, since a
waf er having a dianmeter of 200 mm or a dianmeter of 300
mmis the main stream nowadays, a reduction in

positional accuracy of the order of mllimeter due to



t he backlashes and the clearances between the carriers
and the gears when the wafer hand tries grasping the
wafer is sufficiently small for a workpiece size, and
hence it is often the case the decrease does not lead to
a probl em

However, as to the |oading of the workpiece, since
a dianeter of the workpiece holding hole in each carrier
is usually approximately 1 mm | arger than a di aneter of
t he workpi ece at nmost or it is designed to be smaller
than this, the workpi ece cannot be repeatedly accurately
| oaded into the workpiece hole unl ess unstabl eness of
the carrier positional accuracy is not elimnated.

[ 0011]

As regards such a problem for exanple, in Patent
Literature 1, an apparatus which optically neasures a
position of each carrier and a position of a workpiece
hol di ng hol e and | oads a workpiece into a position
corresponding to the measurenent result has been devi sed
However, introduction of an optical device, calculation
of a position of the workpiece holding hole fromimge
i nformation, and software needed for control over a
wor kpi ece | oadi ng position corresponding to the
cal cul ation require considerable costs.

[ 0012]

In view of the problem it is an object of the
present invention to provide an automatic handling
apparatus whi ch can i nexpensively and accurately | oad a
wor kpi ece into a workpi ece holding hole in a carrier.

SOLUTI ON TO PROBLEM
[ 0013]

To achi eve the object, according to the present
invention, there is provided an automatic handli ng



apparatus which carries a workpiece into a workpiece
hol ding hole of a carrier for holding the workpi ece or
carries the workpi ece out of the workpiece hol ding hole
of the carrier in a workpiece doubl e-side machining
apparatus having the carrier which engages with a sun
gear and an internal gear and performs a planetary gear
notion, conprising:

a suction head which sucks and hol ds the
wor kpi ece; an arm which is connected to the suction head
and noves the suction head; and a stage on which the
wor kpi ece to be carried to the workpi ece hol di ng hol e of
the carrier is mounted

wherein the suction head conprises a novabl e
section which is novable within a parallel plane to a
mai n body of the suction head,

t he nmovabl e section is configured to suck and hold
t he wor kpi ece, and conprises a plurality of positioning
pins stretched in a vertically |lower direction, and

at the tinme of | oading the workpiece held by the
movabl e section into the workpiece hol ding hole of the
carrier, the plurality of positioning pins are appressed
agai nst tooth bottons of a gear on an outer periphery of
the carrier and the novabl e section moves within the
paral l el plane, thereby the carrier is pushed agai nst
the sun gear side to fix a position and a direction of
the carrier, and the held workpiece is carried into the
carrier hol ding hole.
[ 0014]

In the automati ¢ handli ng apparatus according to
t he present invention, the carrier is pushed against the
sun gear side by the plurality of positioning pins, the
carrier is always fixed at a predeterm ned position and
in a predeterm ned direction, and then the workpiece is



| oaded into the workpiece hol ding hole, and hence the
wor kpi ece can be al ways | oaded at the fixed position of
t he wor kpi ece holding hole. Further, this automatic
handl i ng apparatus does not have a special conplicated
configuration, and does not require an expensive optica
device and others. Thus, the workpi ece can be
accurately loaded into the carrier holding hole w thout
i ntroduci ng an expensive device such as an optica
device or an image processing apparatus, and highly
accurate carriage of the workpiece can be realized at

| ow cost s.

[ 0015]

At this time, it is preferable for the stage to
comprise a nmechani sm configured to nount the workpiece
at a position where a center of the workpi ece held by
t he novabl e section coincides with a center of the
wor kpi ece hol ding hole of the carrier at the time of
fixing the positon and the direction of the carrier by
the plurality of positioning pins.

[ 0016]

As described above, when the mechani sm whi ch
enabl es the center of the workpiece held by the novable
section on the stage in advance to coincide with the
center of the workpiece holding hole is provided,
further highly accurate carriage of the workpiece can be
realized.

[0017]

Furthernore, at this tinme, the stage conprises a
plurality of positioning holes into which the plurality
of positioning pins are inserted when the novabl e
secti on sucks and hol ds the workpi ece nounted on the
stage, and a position of plurality of positioning holes
is adjusted so that the novable section is allowed to



hol d the workpi ece at a position where the center of the
wor kpi ece hel d by the novable section coincides with the
center of the workpiece holding hole at the tinme fixing
t he position and the direction of the carrier by the
plurality of positioning pins inserted into the
plurality of positioning holes.

[ 0018]

Since the suction head in the automati c handling
apparatus according to the present invention has the
positioning pins in the novabl e section thereof,
inserting such positioning pins into the positioning
hol es enabl es hol di ng the workpi ece at such a position
that the center of the workpi ece held by the novabl e
section can coincide with the center of the workpi ece
hol di ng hole by the sinpler configuration, and accurate
carriage of the workpiece can be further easily
per formed.

ADVANTAGEOUS EFFECTS OF | NVENTI ON
[ 0019]

According to the automatic handling apparatus of
t he present invention, an expensive optical device or
I mage processing apparatus is not necessarily required,
and the workpiece can be accurately | oaded into the
wor kpi ece hol di ng hol e.

BRI EF DESCRI PTI ON OF DRAW NGS
[ 0020]

FIG 1 is a schematic view show ng an exanpl e of
an automati c handling apparatus according to the present
invention in a double-side nmachi ni ng appar at us;

FIG 2 is a schematic view showi ng an exanple of a
mode of the automatic handling apparatus according to



t he present invention when positioning pins are
appressed against tooth bottonms of a carrier in the
doubl e- si de machi ni ng appar at us;

FIG 3 is a view for explaining an inclination of
the carrier in a 6 direction in the doubl e-side
machi ni ng appar at us;

FIG 4 is a schematic view show ng an exanple of a
mode of the automatic handling apparatus according to
t he present invention when a novabl e section of a
sucti on head noves and all positioning pins are
appressed against the tooth bottons of the carrier in
t he doubl e-si de nmachi ni ng apparat us;

FIG 5(a) and 5(b) are a top view and a side
el evati on showi ng an exanpl e of a configuration of an
arm and the suction head in the automati c handli ng
apparatus according to the present invention,
respectively;

FIG 6(a) is a side elevation showi ng an exanple
of a state where a second air cylinder of the suction
head is stretched in the automatic handling apparat us
according to the present invention, and FIG 6(b) is a
side el evation showi ng an exanple of a state where the
second air cylinder of the suction head is contracted in
t he automatic handling apparatus according to the
present invention;

FIG 7(a) is a top view show ng an exanple of a
state where the novable section of the suction head has
moved within a horizontal plane in the automatic
handl i ng apparatus according to the present invention,
and FIG 7(b) is a top view show ng an exanple of a
state where the novable section of the suction head is
not nmoving in the automati c handli ng apparatus accordi ng

to the present invention;



FIG 8 is a top view showi ng an exanple of a
configuration of a stage in the automati c handli ng
apparatus according to the present invention;

FIG 9 is a view for explaining a workpiece
unl oadi ng operation using the automati ¢ handl i ng
apparatus according to the present invention; and

FIG 10 is a view for expl aining clearances
bet ween both a sun gear and an internal gear and
carriers in a doubl e-si de machi ni ng apparat us.

DESCRI PTI ON OF EMBODI MENTS
[ 0021]

Al t hough an enbodi ment of the present invention
wi || now be described hereinafter, the present invention
is not restricted thereto.

As described above, at the tine of |oading a
wor kpi ece into a workpi ece holding hole of a carrier in
a doubl e-si de machi ni ng apparatus such as a doubl e-si de
pol i shi ng apparatus or a doubl e-si de | appi ng appar at us,
a position or a direction of the carrier is not fixed
due to clearances between both a sun gear and an
internal gear and the carrier, and hence there is a
probl em that the workpi ece cannot be accurately | oaded.
Further, although an apparatus which optically measures
a position of the carrier and a position of the
wor kpi ece hol di ng hol e and | oads the workpiece into a
position corresponding to the neasurement results has
been devised, there is a problemthat an optical device
and others require a large ampunt of introduction costs.
[ 0022]

Thus, the present inventors have repeatedly
conducted i ntensive studies to solve the probl ens.
Consequently, they have arrived at that the automatic

10



handl i ng apparatus which can fix a position and a
direction of the carrier with the use of positioning
pins at the time of |oading the workpiece can hi ghly
accurately carry the workpiece at | ow costs with a
sinpl e configuration, thereby bringing the present
invention to conpl etion.

[ 0023]

The automatic handling apparatus according to the
present invention will now be described hereinafter with
reference to the draw ngs

As shown in FIG 1, an autonmatic handling
apparatus 1 according to the present invention carries a
wor kpi ece Winto a workpiece holding hole 24 of a
carrier 23 or carries the sane out of the workpiece
hol ding hole 24 in a doubl e-si de machi ni ng apparatus 20
(FIG 1 shows a doubl e-side polishing apparatus) having
t he wor kpi ece holding carriers 23 which engage with a
sun gear 21 and an internal gear 22 to performa
pl anetary gear notion on a |lower turntable 25.

This automati c handling apparatus 1 includes a
sucti on head 2 which sucks and hol ds the workpiece W an
arm3 which is connected to the suction head 2 and noves
t he suction head 2, and a stage 4 on which the workpiece
Wcarried to the workpi ece hol ding hole 24 of each
carrier 23 in the doubl e-side machi ni ng apparatus 20 is
mounted. It is to be noted that the machi ned workpi ece
W unl oaded from the wor kpi ece hol di ng hole 24 can be
mounted on the stage 4. Furthernore, although FIG 1
shows the doubl e-si de machi ni ng apparatus 20 in which
t he number of the carriers is five, the nunber of the
carriers is not restricted to five as a matter of course
[ 0024]

I n such an automati c handling apparatus 1, the

11



wor kpi ece Wnounted on the workpiece 4 is basically
sucked and held by the suction head 2. WMoreover, the
suction head 2 is noved to the upper side of the carrier
23 by the arm 3 so that the workpi ece Wis placed above
t he wor kpi ece holding hole 24, then the suction and the
hol di ng performed by the suction head 2 are cancel ed

and the workpiece Wis |oaded into the workpi ece hol di ng
hol e 24.

[ 0025]

Here, as shown in FIG 5(a) and (b), the suction
head 2 of the automatic handling apparatus 1 according
to the present invention has a novabl e section 5 which
can nove within a parallel plane to a main body 8 of the
suction head, and the novable section 5 can suck and
hol d the workpi ece Wand has a plurality of positioning
pins 6 which are stretched in a vertically |ower
di rection.

Additionally, as shown in FIG 2, before this
suction head 2 | oads the workpiece Winto the workpiece
hol ding hole 24, the plurality of positioning pins 6 are
inserted into spaces surrounded with the carrier 23, the
internal gear 22, and the | ower turntable 25. Further,
at the tinme of | oading the workpiece Winto the
wor kpi ece hol ding hole 24, the plurality of positioning
pins 6 can push the carrier 23 against the sun gear 21
side. This operation of pushing the carrier 23 against
t he sun gear 21 side can substantially elimnate a gap
bet ween the sun gear 21 and the carrier 23 (nanely, a
position of the carrier in an x direction in FIG 2 (a
central direction of the |ower turntable 25) is
det er m ned) .

[ 0026]
However, when the carrier 23 is sinply pushed in

12



the x direction shown in FIG 2, a direction of the
carrier 23 is not determned in a range of a clearance
on the internal gear 22 side as shown in FIG 3. That
is, a positionin a 6 direction (an outer peripheral
direction of the |lower turntable 25) shown in FIG 3
cannot be determ ned

On the other hand, in the automatic handling
apparatus according to the present invention, as shown
in FIG 4, when the carrier 23 is pushed agai nst the sun
gear 21 side by the suction head 2, the novabl e section
5 moves within the parallel plane to the main body of
t he suction head 2, and the novabl e section 5 of the
suction head 2 can nove to be inclined at 06 in
correspondence with a direction 6 of the carrier 23 so
that all the positioning pins 6 are appressed agai nst
t he same positions on the carrier 23, or specifically
all the positioning pins 6 are appressed agai nst tooth
bottonms of the carrier 23
[ 0027]

Wth this mechanism since all the positioning
pins 6 are al ways appressed agai nst the same positions
on the carrier 23 and the positioning pins 6 are fixed
to the novable section 5, a relationship in position and
direction between the novable section 5 which sucks the
wor kpi ece and the carrier 23 can always remain the sane.
[ 0028]

According to the automatic handling apparatus of
t he present invention including such a suction head 2,
even if a stop position accuracy of the carrier is
insufficient, a relationship in position and direction
bet ween the novabl e section 5 which sucks the workpiece
and the carrier 23 is always the sane, and hence the
wor kpi ece can be accurately | oaded. Further, this

13



automati ¢ handl i ng apparatus does not require
measurenent of a position of the workpiece hol ding hole
usi ng an expensive optical device or the |ike. Thus,

t he wor kpi ece can be accurately loaded into the carrier
hol di ng hol e wi thout introducing the optical device or
the like, and highly accurate |oading of the workpiece
can be realized at |ow costs.

[ 0029]

An exanple of configurations of the suction head
and the armin the automati c handli ng apparat us
according to the present invention will now be
specifically described hereinafter.

As shown in FIG 5(a) and (b), the suction head 2
is disposed to the turnable arm 3, and a
stretching/contracting function using a first air
cylinder 7 is added to this arm3. The workpiece Wis
unl oaded fromthe workpi ece holding hole 24 in a state
where the arm3 is contracted, and the workpiece Wis
| oaded in a state where the arm 3 i s stretched.

[ 0030]

As shown in FIG 5(a) and (b), the suction head 2
has a two-|ayer structure including an upper portion (a
mai n body 8 of the suction head) fixed to the arm 3 and
a lower portion (the novable section 5) connected to the
mai n body 8 of the suction head through a slide bearing
9, and the novable section 5 can nove within the
parallel plane to the main body 8 In this case, a
secti on which actually sucks and holds the workpiece W
is the novabl e section 5, a suction pad 10 is attached
to a |lower surface of the novable section 5, and the
wor kpi ece Wis vacuum sucked and held by this suction
pad 10. Further, this novable section 5 has a plate

fixed to the novabl e section 5, and the plurality of

14



positioning pins stretched in the vertically | ower
direction are disposed to this plate. It is to be noted
that FIG 5 shows an exanpl e where the nunmber of the
positioning pins 6 is two, but the number of the
positioning pins 6 may be three or nore as a matter of
course.

[ 0031]

Since the nmovabl e section 5 having a novabl e range
wi thin the horizontal plane to the main body 8 of the
sucti on head and the plate having the positioning pins 6
di sposed thereto are integrally configured, when the
movabl e section 5 nmoves to the main body 8, the
positioning pins 6 can nove in corporation therewth.

Furthernore, a second air cylinder 11 that noves
t he novabl e section 5 and the positioning pins 6, which
are integrally configured, in a novable range of the
slide bearing 9 toward a base direction of the arm3 is
arranged on the nmain body 8 of the suction head.

Mor eover, on a distal end side of the suction head 2,

t he main body 8 of the suction head 2 and the novable
section 5 are connected through springs 12 which are in
a stretched state (a state where the springs 12 have
contracting force toward the distal end direction of the
arm 3) so that the novable section 5 can be corrected
and held in the distal end direction of the arm3 within
t he nmovabl e region of the novable section 5. In a state
where the second air cylinder 11 is stretched, since the
movabl e section 5 comes into contact with the distal end
of the second air cylinder 11 and pulled in the distal
end direction of the arm3 by the springs 12, the
movabl e section 5 is fixed to the main body 8 of the
suction head. Furthernore, in a state where the second
air cylinder 11 is not stretched, i.e., a state where

15



t he novabl e section 5 is not fixed by the second air
cylinder 11, the novable section 5 can nmove within the
range of the slide bearing 9.

[ 0032]

Here, an armusing an articul ated robot may be
adopted in place of the turnable arm3. 1In this case, a
stretching/contracting function of the arm3, i.e., a
first air cylinder 7 may be elim nated. Moreover, the
second air cylinder 11 which pushes out the novabl e
section 5 toward the base side of the arm may be
substituted by a cylinder having a nmechani smusing a
mot or or a magnet. Alternatively, it is possible to
adopt a nmechani smusing a conpliance unit which can nove
t he novabl e section 5 toward the base side at the tine
of fixing the novable section 5.

[ 0033]

The wor kpi ece | oadi ng operation will now be
descri bed.
[ 0034]

As described above, in such a doubl e-side
machi ni ng apparatus 20 as shown in FIG 1, the carrier
23 is first set in a standby node at a wor kpi ece | oadi ng
positon by controlling stop positions of the sun gear 21
and the internal gear 22. Then, the arm 3 is turned to
al l ow t he wor kpi ece Wsucked by the suction head 2 to
approach the upper side of this carrier 23.

Subsequently, as shown in FIG 6(a), the second air
cylinder 11 is stretched, the novabl e section 5 is fixed,
and then the novable section 5 hol ding the workpiece W
is lowered to a position at which the workpiece Wis
slightly high froma surface of the carrier 23. At this
time, the plurality of positioning pins 6 are di sposed

at positions where they do not cone into contact with
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all of the lower turntable 25, the carrier 23, and the
internal gear 22 in FIG 1, and inserted into gaps

bet ween them respecti vely.

[ 0035]

Then, as shown in FIG 6(b), the novable section 5
and the positioning pins 6 are released froma state
where they are being pushed toward the base of the arm 3
by contracting the second air cylinder 11 and pulled by
the springs 12 to relatively nmove in an armdistal end
direction, i.e., the sun gear 21 direction in FIG 1,
and the gaps between the positions pins 6 and the
carrier 23 are decreased or these menber start to cone
into contact with each other. When the positioning pins
6 and the carrier 23 start to cone into contact with
each other, the carrier 23 is pushed toward the sun gear
21 side by the positioning pins 6, and a cl earance
bet ween the carrier 23 and the sun gear 21 side is
reduced or becones zero.

[ 0036]

Furthernore, pulling is further perfornmed by force
of the springs 12, and the novable section 5 and the
positioning pins 6 nmove froma state showm in FIG 7(b)
while inclining toward the sun gear side as shown in FIG
7(a). Here, since the main body 8 of the suction head
and the novable section 5 are connected to each ot her
t hrough the slide bearing 9, even if the carrier 23 is
pl aced at a position having an inclination in the 6
direction, the novable section 5 nmoves while inclining
so that the plurality of positioning pins 6 are
appressed against the tooth bottonms of the outer
peripheral gear of the carrier 23. At this tinme, the
carrier 23 is pushed toward the sun gear 21 side by the
further contracting force of the springs 12, and the
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cl earance between the carrier 23 and the sun gear 21
becomes zero. That is, the position and the direction
of the carrier 23 are fixed by the sun gear 21 and the
plurality of positioning pins 6.

[ 0037]

In this state, the arm 3 and the suction head 2
are noved down until the workpiece Wis placed in the
wor kpi ece hol ding hole 24, and the suction and the
hol ding are rel eased, thereby accurately | oading the
wor kpi ece Winto the workpi ece hol ding hole 24. Then,

t he suction head 2 which has rel eased the suction and

t he hol ding of the workpiece slightly noves up, then
stretches the second air cylinder 11, noves the novable
section 5 toward the base of the arm 3, rel eases the
contact state of the positioning pins 6 and the carrier
23, produces a clearance, then further noves up, and
nmoves to the stage 4 to suck and hold a subsequent
wor kpi ece to be carried. The doubl e-side machining
apparatus 20 perforns 72° indexing to the carrier 23 to
prepare for | oading of the next workpiece. The
wor kpi eces can be | oaded into all the five carriers by
repeati ng these operations for five tines.

[ 0038]

A configuration of the stage 4 and a wor kpi ece
sucki ng operation on the stage will now be described

The stage 4 in the automati ¢ handl i ng appar at us
according to the present invention nay have a nmechani sm
whi ch can mount the wor kpi ece Wto be sucked and carried
into the workpi ece holding hole 24 of the carrier by the
suction head 2 at a position where the center of the
wor kpi ece Wheld by the novable section 5 coincides with
t he center of the workpiece holding hole 24 at the tine
of the plurality of positioning pins 6 fixing the

18



position and the direction of the carrier 23
[ 0039]

Specifically, it is preferable for the stage 4 to
comprise a plurality of positioning holes into which the
plurality of positioning pins 6 are inserted when the
movabl e section 5 sucks and holds the workpiece W
mounted on the stage 4, and a position of plurality of
positioning holes is adjusted so that the novabl e
section 5is allowed to hold the workpiece Wat a
position where the center of the workpiece Wheld by the
movabl e section 5 coincides with the center of the
wor kpi ece hol ding hole 24 at the tinme fixing the
position and the direction of the carrier 23 by the
plurality of positioning pins 6 inserted into the
plurality of positioning holes.

[ 0040]

An exanmple of the configuration of such a stage
wi |l now be described with reference to FIG 8.

As shown in FIG 8, a centering nmechanismfor
wor kpi eces is provided to the stage on whi ch each
wor kpi ece to be carried into the workpiece hol ding hole
24 is provided, and a position of the workpiece W
manual |y or automatically placed on this mechani sm can
al ways remain the sane. |In the stage 4 shown in FIG 8,
t he wor kpi ece placed on a plurality of workpi ece support
sections 13 is pushed in one direction by a pusher 14
constituted of, e.g., an air cylinder, and the workpi ece
Wis fixed by the pusher 14 and the workpi ece support
sections 13 on the other side which hold the workpiece,
t hereby al ways obtaining the same position of the
wor kpi ece W
[ 0041]

Furthernore, in this stage 4, a plurality of
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positioning holes 15 into which the plurality of
positioning pins 6 of the suction head 2 are inserted
are provided. Each of these positioning holes 15 has a
| arger dianeter than that of each positioning pin 6 so
t hat each positioning pin 6 can be inserted when the
sucti on head 2 noves down irrespective of a
stretching/contracting position of the second air
cylinder 11 shown in FIGS. 6(a) and (b). Moreover, the
positioning holes 15 are set at positions where the
plurality of positioning pins 6 come into contact with
inner walls of the plurality of positioning holes 15
when the second air cylinder 11 is contracted and the
movabl e section 5 is pulled in the distal end direction
of the arm 3 by the springs 12.

[ 0042]

Additionally, in a case where the novabl e section
5 sucks the workpiece Win this state, the positions of
t he positioning holes 15 are adjusted so that the center
of the workpi ece Wcoincides with the center of the
wor kpi ece hol di ng hol e 24 when the positioning pins 6
come into contact with the carrier 23 in the workpiece
| oadi ng operation.

The suction head 2 which has turned noves down
onto this stage 4 in a state where the second air
cylinder 11 is stretched. The downward novenent is
st opped when a suction surface of the suction head 2
reaches a position slightly above the surface of the
wor kpi ece W and the second air cylinder 11 is
contracted. The novable section 5 released fromthe
second air cylinder 11 is pulled in the distal end
direction of the arm3 by the force of the springs 12,
and the plurality of positioning pins 6 perfectly cones
into contact with the inner walls of the positioning
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hol es 15. Further, the workpiece Wis sucked, held, and
moved up, and then it is turned to the workpi ece | oadi ng
position. The workpiece Wis |loaded into the workpiece
hol di ng hole 24 of the carrier 23 by the above-nmentioned
wor kpi ece | oadi ng operation.

[ 0043]

As described above, according to the automatic
handl i ng apparatus including the stage having the
positioning hol es corresponding to the positioning pins
of the suction head, the sinple configuration of the
st age enabl es hol ding the workpi ece at the position
where the center of the workpiece held by the novable
section coincides with the center of the workpiece
hol di ng hol e, and the workpiece can be nore easily and
accurately | oaded.

[ 0044]

A description will now be given as to an unl oadi ng
operation of unloading and carrying the workpi ece Wheld
in the workpi ece holding hole 24 of the carrier 23 after
end of machining using the doubl e-side machining
appar atus 20

First, the carrier 23 holding the workpiece Wis
set in the standby node at the workpi ece | oadi ng
position |ike the | oading operation. Then the suction
head 2 is introduced to the upper side of this workpiece
Wby turning the arm3. At this tinme, the first air
cylinder 7 can be set in the contracted state.

Here, when the first air cylinder 7 is in the
contracted state, the suction head 2 is placed on the
internal gear 22 side as conpared with the |oading
operation, but it is still placed above the workpi ece W
In this state, since the novable section 5 of the
suction head 2 is just being pulled by the springs 12,
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t he second air cylinder 11 is stretched, and the novable
section 5 is fixed. At this time, as shown in FIG 9,

t he positioning pins 6 used in the |oading operation are
pl aced outside the internal gear 22.

[ 0045]

Then, the suction head 2 noves down to a position
at which the suction pad 10 cones into contact with the
wor kpi ece W and sucks and hol ds the wor kpi ece W Since
t he positioning pins 6 are placed outside the internal
gear 22, the suction head 2 can nove down w t hout com ng
into contact with the internal gear 22 or the carrier 23
Subsequently, the suction head 2 which is sucking the
wor kpi ece nmoves up, turns to automatic handling
apparatus side, puts the workpiece Won the stage 4, and
then rel eases the workpiece. At this time, as shown in
FIG 9, since the armoperates in the contracted state,
when the arm 3 nmoves down in order to put the workpiece
Won the stage 4, the positioning pins 6 can be noved
down to the outer side of the positioning holes 15 of
t he stage 4. Subsequently, the arm 3 and the suction
head 2 are noved up to performindexing of the carrier
23, and noved to the unl oading position of a subsequent
wor kpi ece W Unl oadi ng of all the workpieces Wis
finished by repeating these operations for five tines.

EXAMPLE
[ 0046]

Al t hough the present invention will now be nore
specifically described hereinafter with reference to an
exanple of the present invention, the present invention
is not restricted thereto.

[0047]
(Exampl e 1)
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Carrying a silicon wafer into the workpiece
hol di ng hole of the carrier in the doubl e-side polishing
apparatus 20 and carrying out the silicon wafer fromthe
wor kpi ece hol ding hol e after doubl e-si de polishing were
repeatedly performed in accordance with the above-
menti oned | oadi ng operation and unl oadi ng operation of
t he wor kpi ece by using such an automatic handling
apparatus 1 according to the present invention as shown
in FIG 1, and a total of 3000 silicon wafers each
having a diameter of 300 nmm were carried in and out.

At this time, the stage having the positioning
hol es was used, the positioning holes being adjusted so
t hat the novabl e section of the suction head can hold
t he wor kpi ece at a position where the center of the
silicon wafer held by the novable section coincides with
t he center of the workpiece holding hole.

[ 0048]

Consequently, each of all the 3000 silicon wafers
could be correctly |l oaded into the workpiece hol di ng
hol e of the carrier, and the nunmber of error which has
occurred in unl oadi ng of each silicon wafer after the
doubl e- si de polishing was zero.

As described above, it was confirmed that the
automati ¢ handli ng apparatus of the present invention
enabl es accurately carrying in or out the workpiece at
| ow costs without using an expensive device.

[ 0049]

It is to be noted that the present invention is
not restricted to the foregoing enbodi nent. The
foregoi ng enbodi ment is an illustrative exanple, and any
exanpl e whi ch has substantially the sanme configuration
and exerts the sanme functions and effects as those of
t he technical concept described in clains of the present
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invention is included in the technical scope of the

present invention.
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CLAI MS

1. An automati c handl i ng apparatus which carries a
wor kpi ece into a workpi ece holding hole of a carrier for
hol di ng the workpi ece or carries the workpi ece out of
t he wor kpi ece holding hole of the carrier in a workpiece
doubl e- si de machi ni ng appar atus having the carrier which
engages with a sun gear and an internal gear and
performs a planetary gear notion, conprising

a suction head which sucks and hol ds t he
wor kpi ece; an arm which is connected to the suction head
and noves the suction head; and a stage on which the
wor kpi ece to be carried to the workpi ece hol di ng hol e of
the carrier is mounted

wherein the suction head conprises a novabl e
section which is novable within a parallel plane to a
mai n body of the suction head,

t he nmovabl e section is configured to suck and hold
t he wor kpi ece, and conprises a plurality of positioning
pins stretched in a vertically |lower direction, and

at the tinme of | oading the workpiece held by the
movabl e section into the workpiece hol ding hole of the
carrier, the plurality of positioning pins are appressed
agai nst tooth bottons of a gear on an outer periphery of
the carrier and the novabl e section moves within the
paral l el plane, thereby the carrier is pushed agai nst
the sun gear side to fix a position and a direction of
the carrier, and the held workpiece is carried into the
carrier hol ding hole.

2. The automatic handling apparatus according to

claim1,

wherein the stage conpri ses a nechani sm confi gured
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to nmount the workpiece at a position where a center of

t he wor kpi ece held by the novabl e section coincides with
a center of the workpiece holding hole of the carrier at
the time of fixing the positon and the direction of the
carrier by the plurality of positioning pins.

3. The automatic handling apparatus according to
claim 2,
wherein the stage conprises a plurality of positioning
holes into which the plurality of positioning pins are
i nserted when the novabl e section sucks and holds the
wor kpi ece mount ed on the stage, and

a position of plurality of positioning holes is
adj usted so that the novable section is allowed to hold
t he wor kpi ece at a position where the center of the
wor kpi ece hel d by the novable section coincides with the
center of the workpiece holding hole at the tinme fixing
t he position and the direction of the carrier by the
plurality of positioning pins inserted into the
plurality of positioning holes.
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