[TITLE OF DOCUMENT] SPECIFICATION [TITLE OF THE INVENTION] WORKPIECE
CARRYING-IN-AND-OUT METHOD IN DOUBLE-END SURFACE GRINDING AND DOUBLE-END
SURFACE GRINDER [Technical Field] [0001] The present invention relates to a workpiece
carrying-in-and-out method in double-end surface grinding and a double-end surface grinder.
[Background Art] [0002] When grinding both side surfaces of a thin sheet-like workpiece such as a
silicon wafer by a horizontal double-end surface grinder, in a state in which a workpiece is held from the
both sides in a board thickness direction by static pressure by a pair of static pressure pads, the both
surfaces of the workpiece are ground to a predetermined thickness by a pair of grinding wheels while
rotating the workpiece by a carrier. [0003] This type of horizontal double-end surface grinder includes

A e e e
cup, the workpi§td T mOoanTed iINKYENT ION] WORKP IECE CARRY ING- IN-AND-OUT METHOD
IN DOUBLE-END SURFACE GRINDING AND DOUBLE-END SURFACE GRINDER
[Technical Field]
[0001]

The present invention relates to a workpiece
carrying-in-and-out method in double-end surface grinding and
a double-end surface grinder.

[Background Art]
[0002]

When grinding both side surfaces of a thin sheet-like
workpiece such as a silicon wafer by a horizontal double-end
surface grinder, in a state in which a workpiece is held from
the both sides in a board thickness direction by static pressure
by a pair of static pressure pads, the both surfaces of the
workpiece are ground to a predetermined thickness by a pair
of grinding wheels while rotating the workpiece by a carrier.
[0003]

This type of horizontal double-end surface grinder
includes a carrying-in-and-out means having a suction cup, and
at the time of carrying in and out a workpiece before and after
grinding, in a state in which one side surface of the workpiece

is sucked by the suction cup, the workpiece is mounted into



a carrier between static pressure pads, and the workpiece in the carrier is taken out (Patent Document 1).
[0004] That is, at the time of carrying in the workpiece, in a state in which one static pressure pad is at
an advanced holding position in the vicinity of the carrier, and the other static pressure pad withdraws up
to a withdrawn position, the carrying-in-and-out means sucking the workpiece is Inserted between the
other static pressure pad and the carrier, to fit the workpiece into the carrier. Then, when the workpiece is
fit in the carrier, the suction by the suction cup is released to return the carrying-in-and-out means, and
the other static pressure pad is advanced to the advanced holding position to hold the workpiece in the
carrier by static pressure, and the workpiece is ground with the pair of grinding wheels while rotating the
workpiece via the carrier. [0005] When carrying out the workpiece in the carrier, the

carrying-in-and-g%apgag; iﬁéﬁg&d Qgg{gggr}t §ﬁ%tn%sﬁ%' préﬁrgh%a%‘e X tpgc%arﬂ?r which have

been withdrawn up to the withdrawn position, and the ground workpiece in rrier is sucked by the
suction cup of thbeaceing-ér-ains-aukeaeanst TRatae iheusiectionup sucks onto the workpiece,
static pressure water is supplied from the one static pressure pad, to separate the workpiece from the
one static pres , and thereatfter, the workpiece which is sucked by the suction cup is taken out of

the carrier. That is, at the time of carrying in the workpiece, in
astate inwhichone static pressure pad is at an advanced holding
position in the vicinity of the carrier, and the other static
pressure pad withdraws up to a withdrawn position, the
carrying-in-and-out means sucking the workpiece i1s inserted
between the other static pressure pad and the carrier, to fit
the workpiece into the carrier. Then, when the workpiece is
fit in the carrier, the suction by the suction cup is released
to return the carrying-in-and-out means, and the other static
pressure pad is advanced to the advanced holding position to
hold the workpiece iIn the carrier by static pressure, and the
workpiece is ground with the pair of grinding wheels while
rotating the workpiece via the carrier.
[0005]

When carrying out the workpiece iIn the carrier, the
carrying-in-and-out means is inserted between the other static
pressure pad and the carrier which have been withdrawn up to
the withdrawn position, and the ground workpiece in the carrier
is sucked by the suction cup of the carrying-in-and-out means.

Then, when the suction cup sucks onto the workpiece, static



[Prior Art Document] [Patent Document] [0006] [Patent Document 1]
JapanesePublishedUnexaminedPatent Application No. 2006-332281 [SUMMARY OF THE INVENTION]
[Problem to be solved by the Invention] [0007] In such a conventional workpiece carrying-in-and-out
method, when attaching or removing a workpiece to and from a carrier by a carrying-in-and-out means, it
creates a state in which the workpiece in the carrier is not held by any means other. than the carrier.
Therefore, in a case where the workpiece is thin sheet-like such as a silicon wafer, the workpiece may be
inclined in the carrier and drop off from the carrier, which leads to the problem that the workpiece comes
into contact with static pressure pads or grinding wheels, to cause abrasion, or damage such as breaking,
cracking, or the like of the workpiece by impact of dropping.

pressure water is supplied from the one static pressure pad,
to separate the workpiece from the one static pressure pad,
and thereafter, the workpiece which is sucked by the suction
cup iIs taken out of the carrier.

[Prior Art Document]

[Patent Document]

[0006]

[Patent Document 1] Japanese Published Unexamined Patent
Application No. 2006-332281
[SUMMARY OF THE INVENTION]

[Problem to be solved by the Invention]
[0007]

In such a conventional workpiece carrying-in-and-out
method, when attaching or removing a workpiece to and from a
carrier by a carrying-in-and-out means, It creates a state iIn
which the workpiece in the carrier is not held by any means
other thanthecarrier. Therefore, inacasewhere theworkpiece
is thin sheet-like such as a silicon wafer, the workpiece may
be inclined in the carrier and drop off from the carrier, which
leads to the problem that the workpiece comes into contact with
static pressure pads or grinding wheels, to cause abrasion,
or damage such as breaking, cracking, or the like of theworkpiece

by impact of dropping.



[0008] In view of this conventional problem, the object of the present invention is to provide a
workpiece carrying-in-and-out method in double-end surface grinding and a double-end surface grinder
which are capable of preventing the workpiece in a carrier from dropping off at the time of carrying in and
out the workpiece, to prevent beforehand damage to the workpiece. [Means for Solving the Problem]
[0009] In accordance with an aspect of the present invention, in double-end surface grinding for
grinding both surfaces of the workpiece by a pair of grinding wheels while rotating a thin sheet-like
workpiece which is held by static pressure by a pair of static pressure pads, by a carrier, at the time of
sucking the workpiece by carrying-in-and-out means, to carry the workpiece into and out from the carrier
between the both static pressure pads, the workpiece in the carrier is sucked by one of the static pressure
pads at an adveié&ﬁ%zmding position. [0010] After the workpiece in the carrier is sandwiched by the
carrying-in-and-out means and the one static pressure pad, in that state, the workpiece may be delivered
between the In view of this conventional problem, the object of the

present invention is toprovide aworkpiece carrying-in-and-out
method in double-end surface grinding and a double-end surface
grinder which are capable of preventing the workpiece in a
carrier from dropping off at the time of carrying in and out
the workpiece, to prevent beforehand damage to the workpiece.
[Means for Solving the Problem]

[0009]

In accordance with an aspect of the present invention,
in double-end surface grinding for grinding both surfaces of
the workpiece by a pair of grinding wheels while rotating a
thin sheet-like workpiece which is held by static pressure by
a pair of static pressure pads, by a carrier, at the time of
sucking the workpiece by carrying-in-and-out means, to carry
the workpiece iInto and out from the carrier between the both
static pressure pads, the workpiece in the carrier is sucked
by one of the static pressure pads at an advanced holding
position.

[0010]

After the workpiece in the carrier is sandwiched by the

carrying-in-and-out means and the one static pressure pad, in

that state, the workpiece may be delivered between the



carrying-in-and-out means and the one static pressure pad. It is preferable that, after the workpiece which
is sucked by the carrying-in-and-out means is inserted into the carrier, to be sandwiched by the
carrying-in means and the one static pressure pad, the suction of the workpiece by the carrying-in means
is released at substantially the same time of suction of the workpiece by the one static pressure pad, or
around the time of the suction of the workpiece by the one static pressure pad. [0011 ] It is preferable
that, after the other static pressure pad is advanced to the advanced holding position, the suction of the
workpiece by the one static pressure pad is released, and a static pressure fluid is supplied to the
respective static pressure pads, to hold the workpiece by static pressure. After the holding of the
workpiece by static pressure by the both static pressure pads at the advancedholdingposition is released,
and the workpi ' carrer is:s 'gﬂé% afic pr. tatie pressure pad
may be withdrae\?vcﬁr#grﬂﬁ t%:i é['d\éa@ljcggl lﬁ) ingg;%ﬁ;gtrﬁé[ g@fzse]é gﬁﬁtel)z%?tgf@rﬁgb e ﬂsfat ahéptatic pressure
fluid is suppliedifsoprteeotiet statiatyyesbuee fad: toondtpd e thersitfads tensiedobiwelea the other static
pressure pad and the workpiece at substantially the same time of suction of the workpiece by the one

static pressure BT AU B GRELPEASUbE H S ERESH SRR B GRETA R stdift Bfessure pad. In
some cases, aftef{hG WP IBgeNLRe FAIt S HRREWHRD S A P fRerR Y R YIdso8 peeans and the

one static pressure pad, the suction of the workpiece by the one static pressure pad released at
substantially th@admd&hienswt suetionfottie workpieeechpyhtrsaregngydutgnéanseanaraend the time of

the suction of the workpiece by the carryin t means, and g static pressure._fluid is.supplied from the
one static press'iﬁilep%sa%ﬁo %Epgpeﬁg‘fﬁgwgfﬁg}’ec %ﬁor‘ﬁa}% o'h'éngtaé)f p?é'gsﬂrgrba%. [ ] Further,
in accordance Widi K BERSBV ivENbAe, Jtaiuippeid perigas gidrdear hehddipea qarmier that rotates a
thin sheet-like workpiece, a pair of static pressure pads which hold the workpiece in the carrier by static

pressure, a paiCdt B EHE WIeserfifReyNaRKIRAGRIMNCEB PR STatkble O FRtH & PRAd by static
pressure by the, Hi‘i ressure pads, and is rotated by the carrier, and carrying-in-and-out means for
sucking the workpiece to carry the workpiece into and out from between the pair of static pressure pads,
one of the static pressune psdsrtekicals lsuatlantholeptier stickinotHeawxkpibcepingbsnasrier at a
plurality of places in a ) o )

pad is advanced to the advanced holding position, the suction

of the workpiece by the one static pressure pad is released,

and a static pressure fluid is supplied to the respective static

pressure pads, to hold the workpiece by static pressure. After

the holding of the workpiece by static pressure by the both

staticpressure pads at the advanced holdingpositionisreleased,

and the workpiece iIn the carrier i1s sucked by the one static

pressure pad, the other static pressure pad may be withdrawn

from the advanced holding position.

[0012]

It is preferable that a static pressure fluid is supplied
from the other static pressure pad, to release the surface

tension between the other static pressure pad and the workpiece



circumferential direction including a vicinity of an engaging protrusion that engages a notch section of the
workpiece. [Effect of the Invention] [0014] According to the present invention, there are advantages
that it is possible to prevent the workpiece in the carrier from dropping off at the time of carrying in and out
the workpiece , and to prevent beforehand damage to the workpiece. [BRIEF DESCRIPTION OF THE
DRAWINGS] [0015] Fig. 1 is a schematic cross sectional view of a horizontal double-end surface
grinder showing an embodiment of the present invention. Fig. 2 is a side view of the same.

at substantially the same time of suction of the workpiece by
the one static pressure pad, or around the time of the suction
of the workpiece by the one static pressure pad. In some cases,
after the workpiece in the carrier is sandwiched by the
carrying-in-and-out means and the one static pressure pad, the
suction of the workpiece by the one static pressure pad released
at substantially the same time of suction of the workpiece by
the carrying out means, or around the time of the suction of
the workpiece by the carrying out means, and a static pressure
fluid 1s supplied from the one static pressure pad, to separate
the workpiece from the one static pressure pad.
[0013]

Further, in accordance with the present invention, in
a double-end surface grinder including a carrier that rotates
a thin sheet-like workpiece, a pair of static pressure pads
which hold the workpiece iIn the carrier by static pressure,
a pair of grinding wheels that grind both surfaces of the
workpiece which is held by static pressure by the static pressure
pads, and is rotated by the carrier, and carrying-in-and-out
means for sucking the workpiece to carry the workpiece into
and out from between the pair of static pressure pads, one of
the static pressure pads includes suction holes for sucking

the workpiece in the carrier at a plurality of places iIn a



Fig. 3 is a front view of static pressure pads of the same. Fig. 4 is a cross sectional view of the static
pressure pads and a carrier of the same. Fig. 5 is a front sectional view of a carrying-in means of the
same. Fig. 6 is a side sectional view of the carrying-in means of the same. Fig. 7 is an explanatory
diagram of the operation of the same.

circumferential direction including a vicinity of an engaging
protrusion that engages a notch section of the workpiece.
[Effect of the Invention]

[0014]

According to the present invention, there are advantages
that it is possible to prevent the workpiece in the carrier
fromdroppingoffatthe timeofcarrying inandouttheworkpiece,
and to prevent beforehand damage to the workpiece.

[BRIEF DESCRIPTION OF THE DRAWINGS]
[0015]

Fig. 1 is a schematic cross sectional view of a horizontal
double-end surface grinder showing an embodiment of the present
invention.

Fig. 2 is a side view of the same.

Fig. 3 1s a front view of static pressure pads of the
same.

Fig. 4 is a cross sectional view of the static pressure
pads and a carrier of the same.

Fig. 5 is a front sectional view of a carrying-in means
of the same.

Fig. 6 is a side sectional view of the carrying-in means
of the same.

Fig. 7 is an explanatory diagram of the operation of the



Fig. 8 is an explanatory diagram of the operation of the same. Fig. 9 is an explanatory diagram of the
operation of the same.

same.

Fig. 8 is an explanatory diagram of the operation of the
same.

Fig. 9 1s an explanatory diagram of the operation of the
same.

Fig. 10 is an explanatory diagram of the operation of
the same.

Fig. 11 is an explanatory diagram of the operation of
the same.

Fig. 12 is an explanatory diagram of the operation of
the same.

Fig. 13 is an explanatory diagram of the operation of
the same.

Fig. 14 is an explanatory diagram of the operation of
the same.

Fig. 15 is an explanatory diagram of the operation of
the same.

Fig. 16 is an explanatory diagram of the operation of
the same.

Fig. 17 is an explanatory diagram of the operation of
the same.

Fig. 18 is an explanatory diagram of the operation of

the same.



the Fig. same. 10 is an explanatory the Fig. same.

Fig. 19 is an explanatory diagram of the operation of
the same.

[Best Mode for Carrying Out the Invention]
[0016]

Hereinafter, embodiments of the present invention are
described iIn detail based on the drawings. Figs. 1 and 2
illustrate a horizontal double-end surface grinder adopting
the present invention. This horizontal double-end surface
grinder includes, as shown in Fig. 1 and Fig. 2, a pair of right
and left static pressure pads 1 and 2 that are disposed on the
right and left sides so as to be opposed to each other, and
hold a thin sheet-like workpiece W such as a silicon wafer,
apairofrightand left grinding wheels 5 and 6 that are disposed
rotatably around the horizontal shaft center so as to correspond
to recessed portions 3 and 4 of the static pressure pads 1 and
2, and grind right and left both side surfaces of the workpiece
W held by the static pressure pads 1 and 2, a carrier 7 that
rotates around the center of the workpiece W held by the static
pressure pads 1 and 2, and carrying-in-and-out means 8 and 9
that carry the workpiece W into and out from the carrier 7 between
the static pressure pads 1 and 2.

[0017]

The static pressure pads 1 and 2 are movable horizontally



11 is an explanatory the Fig. same. 12 is

between an advanced holding position X1 grinding position in
the vicinity of the workpiece W and a withdrawn position X2
withdrawn from the workpiece W, and at the advanced holding
position X1, the static pressure pads 1 and 2 hold the workpiece
W by static pressure via a static pressure Tluid such as static
pressure water (hereinafter called static pressure water)
supplied toward holding surfaces 10 and 11 opposed to the
workpiece W. In the holding surfaces 10 and 11 of the static
pressure pads 1 and 2, as shown in Fig. 3, a plurality of pockets
12 and 13 to which the static pressure water is supplied, and
drain grooves 14 and 15 through which the static pressure water
fromthe respective pockets 12 and 13 isdischarged to the outside
are provided.

[0018]

As shown in Figs. 1 to 3, a plurality of, for example,
six suction holes 16 are provided i1in the circumferential
direction in the outer circumferential portion of the holding
surface 11 of the one static pressure pad 2 between the pair
of static pressure pads 1 and 2. The suction holes 16 are for
sucking the workpiece W, and for releasing the suction of the
workpiece W, and at least one of the suction holes 16 is disposed
in the vicinity of an engaging protrusion 18 that engages a

notch section 17 of the workpiece W when the carrier 7 stops

10



an explanatory the Fig. same. 13 is an explanatory

at a reference stopping position as will be described later.
[0019]

In addition, the number of the suction holes 16 may be
appropriately determined in consideration of a size and the
like of the workpiece W. Further, it is preferable that the
plurality of suctionholes 16 isdisposed at substantially equal
spaces in the circumferential direction. Meanwhile, there may
be some variations in spaces between the respective suction
holes 16 such that a plurality of (for example, two) suction
holes 16 may be disposed in the vicinity of the both sides of
the engaging protrusion 18, and the like.

[0020]

The respective pockets 12 and 13 are connected to a static
pressure water source 19 via a control valve or the like, and
the respective suction holes 16 are connected so as to be
switchable to an absorption source 21 such as a vacuum source,
and a discharge source 22 such as an air source via a control
valve circuit 32, apressure sensor 20 or the like. Thegrinding
wheels 5 and 6 have cup shapes, etc., and are provided on the
tip ends of horizontal grinding wheel shafts (not shown), and
move horizontally between advancing ends Y1 and withdrawing
ends Y2, so as to grind the workpiece W when advancing on the

advancing end Y1 side.

11



the Fig. same. 14 is an explanatory the Fig. same.

[0021]

As shown inFig. 4, thecarrier 7 includes a thinsheet-like
carrier plate 24 in which a carrier hole 23 is formed iIn a
substantially concentric fashion in its inner circumference,
that 1s thinner than the workpiece W, and a carrier ring 25
and a presser ring 26 which hold the outer circumferential
portion of the carrier plate 24, and the carrier 7 is held
rotatably around the center of the workpiece W 1in the
circumferential direction by a plurality of support rollers
27. The workpiece W is able to be fitted into and detached
from the carrier hole 23, and the engaging protrusion 18 that
engages the notch section 17 of the workpiece W is provided
in the carrier hole 23.

[0022]

The carrier ring 25 i1s set In a substantially concentric
fashion with the carrier 7. A ring gear 28 is provided iIn a
concentric fashion to the inner circumference of the presser
ring 26, and a drive gear 29 is made to mesh with the ring gear
28 from the inner circumferential side. The drive gear 29 is
driven by a drive source, which is outside of the drawing, via
a drive shaft 31 inserted through a through hole 30 in the right
static pressure pad 2.

[0023]

12



15 is an explanatory the Fig. same. 16 is

As shown in Fig. 1, the carrying-in-and-out means 8 and
9 include a movable frame 33 which is provided movably in the
horizontal, back and forth direction, and a carrying-in means
8 and a carrying-out means 9 which are provided so as to be
separately movable up and down to the movable frame 33, and
suck the workpiece W by the suction cups 34 and 35 of the
carrying-in means 8 and the carrying-out means 9, to carry the
workpiece W into and out from the carrier 7 between the static
pressure pads 1 and 2.

[0024]

In addition, the carrying-in means 8 and the carrying-out
means 9 are configured to withdraw to withdrawn positions at
which there are no interruptions in operation of each other,
such that the carrying-outmeans 9 moves up at the time ofcarrying
intheworkpiece Wby the carrying-inmeans 8, and the carrying-in
means 8 moves up at the time of carrying out the workpiece W
by the carrying-out means 9.

[0025]

As shown in Figs. 5and 6, the carrying-in means 8 includes
a support frame 37 which is provided to the variable frame 33
so as to be movably up and down in the vertical direction, a
floating frame 40 which is provided to the support frame 37

so as to be floatable in the in-plane direction of the holding

13



an explanatory the Fig. same. 17 is an explanatory

surfaces 10 and 11 of the static pressure pads 1 and 2 via upper
and lower support means 38 and 39, the suction cups 34 which
are provided to one side surface on the lower portion side of
the floating frame 40, and a guide means 41 that guides the
floating frame 40 such that the workpiece W sucked by the suction
cups 34 substantially matches the carrier hole 23 of the carrier
7 when the floating frame 40 approaches the carrier 7 side.
[0026]

The support frame 37 isdisposed in thevertical direction,
and the sheet-like floating frame 40 is mounted to the one side
surface of the support frame 37 via the support means 38 so
as to be floatable up and down, and back and forth. With respect
to the floating frame 40, guide rollers 42 composing the guide
means 41 are supported rotatably via brackets 43 by inclined
spindles 44 on the front and back both sides in the middle of
the vertical direction. When the floating frame 40 approaches
the carrier 7 side, the guide rollers 42 come Into contact with
the outer circumference of the carrier ring 25, to be guided.
[0027]

The support means 38 has a pair of upper and lower support
portions 45 and 46 which are provided between the support frame
37 and the floating frame 40, and a biasing section 51 which

is provided between the support frame 37 and the floating frame

14



the Fig. same. 18 is an explanatory Fig. 19 is an explanatory diagram of the operation of the same.

40, and biases the floating frame 40 downward.
[0028]

The support portions 45 and 46 include opening portions
47 and 48 such as through holes or notch sections formed iIn
the floating frame 40, and receiving members 49 and 50 which
are inserted through the opening portions 47 and 48 to be fixed
to the support frame 37, and receive the floating frame 40.
With respect to the contact edges 47a and 48a on the upper sides
of the opening portions 47 and 48, the upper one thereof is
a circular arc in the back and forth direction, and the lower
one thereof is horizontal in the back and forth direction, and
a circular arc receiving surface 49a of the receiving member
49 is brought into contact with the circular arc contact edge
47a from the lower side. In addition, the horizontal contact
edge 48a is in proximity to the upper side of a circular arc
receiving surface 50a of the receiving member 50, and the both
come into contact with each other when the floating frame 40
floats at a maximum. The receiving members 49 and 50 have
latching parts 49b and 50b so that the floating frame 40 can
be attached to and detached from the upper side.
[0029]

The biasing section 51 has a body to be pressed 52 which

is provided horizontally in the back and forth direction to

15



[Best Mode for Carrying Out the Invention] [0016] Hereinafter, embodiments of the present invention
are described in detail based on the drawings. Figs. 1 and 2 lllustrate a horizontal double-end surface
grinder adopting the present invention. This horizontal double-end surface grinder includes, as shown in
Fig. 1 and Fig. 2, a pair of right and left static pressure pads 1 and 2 that are disposed on the right and left
sides so as to be opposed to each other, and hold a thin sheet-like workpiece W such as a silicon wafer,
a pair of right and left grinding wheels 5 and 6 that are disposed rotatably around the horizontal shaft
center so as to correspond to recessed portions 3 and 4 of the static pressure pads 1 and 2, and grind
right and left both side surfaces of the workpiece W held by the static pressure pads 1 and 2, a carrier 7
that rotates around the center of the workpiece W held by the static pressure pads 1 and 2, and

carrying-in-and- t |eCeW i r jer 7 between the
static pressure gg%sﬁk?gﬁg %’??3%197%3 i;ls{t%tﬁggevfsdpﬁgpggé ﬁag gggﬁg%g\géﬁghgﬁﬁ?ntaﬂy between
an advanced haldohgesdstionthe pactiagdbsiitn di tee vioomtywdfitble aver ke édel Wanara withdrawn

position X2 withdrawn from the workpiece W, and at the advanced holding_position XI, the static pressure

pads 1 and 2 h&¥ HEEWHRRREE WBJEtddc FRBSsGRIGid A Qa6 pFasduE 86 HRR S atic pressure
water (hereinafigf gallgg SREC PEBSSWS WalehrsuBplied Joward hglidipasuriresiq anghkl opposed to

the workpiece W. In the holding surfaces 10 and 11 of the static pressure pads 1 and 2, as shown in Fig.
3, a plurality of pbekexregs2iaglbirl iewhislldwn seatit, prodstine seataieiPsopplited] ahdlarae grooves 14

e o e LRSS PISL IO 1P dREPRAANE BAFSIR AR50 L o ds charged o
of the support portions 45 and 46. The central pressing body
53 1s iIn contact with a recessed portion 52a of the body to
be pressed 52, and the front and back pressing bodies 53 are
in contact so as to be slidable with the body to be pressed
52. Accordingly, the floating frame 40 after floating returns
with the upper side support part 45 serving as a fulcrum.
[0030]

The pressing bodies 53 and the springs 54 are provided
in a protruded part 55 on the side surface of the support frame
37. In addition, with respect to the support portions 45 and
46, the opening portions 47 and 48 and the receiving members
49 and 50 may be respectively provided to the support frame
37 and the floating frame 40. Further, as the biasing section
51, a tension spring may be adopted in place of a compression
spring.

[0031]

The suction cups 34 are for vacuum-sucking the workpiece

16



As shown in Figs. 1 to 3, a plurality of, for example, six suction holes 16 are provided in the
circumferential direction in the outer circumferential portion of the holding surface 11 of the one static
pressure pad 2 between the pair of static pressure pads 1 and 2. The suction holes 16 are for sucking the
workpiece W, and for releasing the suction of the workpiece W, and at least one of the suction holes 16 is
disposed in the vicinity of an engaging protrusion 18 that engages a notch section 17 of the workpiece W
when the carrier 7 stops at a reference stopping position as will be described later. [0019] In addition,
the number of the suction holes 16 may be appropriately determined in consideration of a size and the
like of the workpiece W. Further, it is preferable that the plurality of suction holes 16 is disposed at
substantially equal spaces in the circumferential direction. Meanwhile, there may be some variations in
spaces betweep, th ti ' ch % [ 0 le, t suction holes
16 may be diopuse B T e B S A R Bt . 0020)
The respective pppkets ildearfisibatantinddigd e sstatiapresstimwateriowoekifi eeea control valve
or the like, and the respective suction holes 16 are connected so as_ to be switchable to an absorption

source 21 suchas3IRUEHESHIRPEE: A RAGK pg S LeERDONG LRVRI IS 668 fa a control valve
circuit 32, apresgiiRy§¢ei8had YHER lilBe FE® # 1M MRS o /09 8, NANB L4P RbERssn etc., and are

provided on the tip ends of horizontal grinding wheel shafts (not shownj, and move horizontally between
advancing endstiié sndtaithdrapsrizie ratsdtesbidkes toayrivel ahe veprk pidoel Wdeltenmakthveghcing on the
advancing end Y1 side. [10021] .  As.shown inFig. 4, t&e ier 7 includes a thin sheet-like carrier plate
24 in which a AT HRE S R EARCHTnh BABSARIAIY SR i T RSP clleumference, that
is thinner than theosorkpiece W, and a carrier ring 25 and a presser ring 26 which hold the outer
circumferential portion of the carrier plate 24, and the carrier 7 is held rotatably around the center of the
workpiece W in the cirésmf&@#aial BirEddon by LPRIGRETIANHIBHrAIRAED P THIClWASiece W is able
to be fitted into df t ' e d ging. pretrusi that engages the
notch section 13%?%%?%%&?@{@? W&sﬁ%ﬁé%ﬁ fﬁ%écira}flrrlé:ur%%ﬁ]eg @3&&) % Hgll?ﬁée% ti:%

the lower end portion of the support frame 56. The suction

cup 35 is singularly provided so as to correspond to
substantially the center of the workpiece W. However, two or
more, that is a plurality of suction cups 35 may be provided.
[0033]

Next, the workpiece carrying-in-and-out method in the
horizontal double-end surface grinder 1is described.
Double-end surface grinding of the workpiece W is performed
as one cycle from a carrying-in process of carrying in the
workpiece W, via a grinding process of grinding the workpiece
W, toacarrying-out process of carrying out the groundworkpiece
W.

[0034]

Fig. 7 shows a state before carrying in the workpiece

17



[0022] The carrier ring 25 is set in a substantially concentric fashion with the carrier 7. A ring gear 28
is provided in a concentric fashion to the inner circumference of the presser ring 26, and a drive gear 29 is
made to mesh with the ring gear 28 from the inner circumferential side. The drive gear 29 is driven by a
drive source, which is outside of the drawing, via a drive shaft 31 inserted through a through hole 30 in
the right static pressure pad 2. [0023] As shown in Fig. 1, the carrying-in-and-out means 8 and 9
Include a movable frame 33 which is provided movably in the horizontal, back and forth direction, and a
carrying-in means 8 and a carrying-out means 9 which are provided so as to be separately movable up
and down to the movable frame 33, and suck the workpiece W by the suction cups 34 and 35 of the
carrying-in means 8 and the carrying-out means 9, to carry the workpiece W into and out from the carrier

7 between the static pressure 1 A itiop,. the carrying-j 8 and the
carrying-out mjgt’nsgép grgﬁc%n'f/%%ﬁgd ?ﬁitﬁ%ﬁ\%ﬁgwﬁﬁmﬁﬁ %%Qﬁio%ﬁsgaﬁta wﬁ?’ch%%]ﬁe%gfg no
interruptions in spatatop éeswheothedt, Sy cdnthatt@a-dghyingaui mparsSunevesdup atrtne time of
carrying in the workpiece W by the cargg}g—in means 8, and the carréing-in means 8 moves up at the

time of carrying" GRHREHSKHRCAEY HetGHATG HRMES RS Bg 254t the withdrawn

position X2, and at the advanced holding position X1 in the
vicinity of the carrier 7.
[0035]

Then, at the time of carrying in the workpiece W to mount
it to the carrier 7 between the static pressure pads 1 and 2,
first, the workpiece W is sucked by the suction cups 34 of the
carrying-in means 8. Next, as shown in Fig. 8, the carrying-in
means 8 Is made to enter between the carrier 7 and the left
static pressure pad 1, to bring the workpiece W to be opposed
to the shaft center of the carrier hole 23 of the carrier 7.
Then, the carrying-in means 8 is moved toward the carrier 7,
to insert the workpiece W into the carrier hole 23 of the carrier
7 as shown in Fig. 9.
[0036]

At this time, as shown in Fig. 2, because the carrier
7 is positioned such that the engaging protrusion 18 thereof
is located at a predetermined position, and the workpiece W
is sucked so as to be located such that the notch section 17
corresponds to the engaging protrusion 18 of the carrier 7,

it Is possible to cause the notch section 17 of the workpiece
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As shown in Figs. Sand 6, the carrying-in means 8 includes a support frame 37 which is provided to the
variable frame 33 so as to be movably up and down in the vertical direction, a floating frame 40 which is
provided to the support frame 37 so as to be floatable in the in-plane direction of the holding surfaces 10
and 11 of the static pressure pads 1 and 2 via upper and lower support means 38 and 39, the suction
cups 34 which are provided to one side surface on the lower portion side of the floating frame 40, and a
guide means 41 that guides the floating frame 40 such that the workpiece W sucked by the suction cups
34 substantially matches the carrier hole 23 of the carrier 7 when the floating frame 40 approaches the
carrier 7 side. [0026] The support frame 37 is disposed in the vertical direction, and the sheet-like
floating frame 40 is mounted to the one side surface of the support frame 37 via the support means 38 so

as to be floatabje ¥ %?lgl agr%&/r%ﬁqg pggk%?g@ﬁ/@@\ﬁrﬁgﬁ tq@gﬁo&giggcfﬁrp?e@?guide rollers 42

composing the guide m 41 are suppo rackets 43 by inclined spindles 44 on the
front and back hgthsidéadn tie nuddieyahipeivenieahdirectimwalvihethbedtnatinerframe 40 approaches
the carrier 7 side, the guide rollers 42 come into contact with the outer circumference of the carrier ring
25, to be guidecl;.%%§ ] The support means 38 has a pair of upper and lower support portions 45 and

46 which are provided BiepyReEP tha JWPRArdhamesd ahd taediRatig-igie. 40y e Risging section 51

which is provided between the support frame 37 and the floating frame 40, and biases the floating frame
40 downward. [0828] theThargukgroh@betidd e dim vidrinetidespbeningpokions 4 Eimel 48 such as

through hol tch sections formed in the flogting frame 40, and receivi bers 49 and 50 which
are Incereoth S AR Ser DA 47 ShA b AV B AL S CALG A SFERTA receive the

floating frame 49, Whrepesi-is/iycantartatges 4 sanmnibdBraining vReeE sidereef the opening
portions 47 and 48, the upper one thereof is a circular arc in the back and forth direction, and the lower

one thereof is hb"r‘i@d?&aiﬁr@ﬁ@tbm CELLELE &ﬁe‘éﬁoﬂ]%\rfd eadiifaf 6P0PetBiGRGS A A 49a of the
recening memiey 43 bIAYGNIRI ARACLYIA N EFHEE 1 g pge A firadhe lower side. In

addition, the horizontal contact e a Is In proximity e upper side of a circular arcreceiving
surface 50a of the rbeeiginpoeemberHElefsrthe tb chhtingofiaigvithoeadhicetheid when the floating

frame 40 floats at a maximum. The receiving members 49 and 50 have latching parts 49b and 50b so that

the floating franf&'BRUALHeSRthkPiPEnd HRALERAE R thE WP de Frame 37 via

the support means 38 makes a floating motion following the
carrierring 25. Therefore, when the carrying-in means 8 moves
toward the carrier 7, it is possible to make the workpiece W
match the carrier hole 23, and insert the workpiece W into the
carrier hole 23.

[0038]

When the workpiece W enters the carrier hole 23, the
workpiece W is brought into contact with the holding surface
11 of the right static pressure pad 2 at the advanced holding
position X1, and the workpiece W in the carrier 7 is sandwiched
from the both sides between the right static pressure pad 2

and the carrying-in means 8 as shown in Fig. 9, and is thereafter
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[0029] The biasing section 51 has a body to be pressed 52 which is provided horizontally in the back
and forth direction to the upper end of the floating frame 40, a plurality of pressing bodies53 in the back
and forth direction, which are held downward by the support frame 37, and come into contact with the
upper side of the body to be pressed 52, and springs 54 that bias the press ing bodies 53 downward, and
those are provided at three places on the vertical line and on the front and back both sides of the support
portions 45 and 46. The central pressing body 53 is in contact with a recessed portion 52a of the body to
be pressed 52, and the front and back pressing bodies 53 are in contact so as to be slidable with the body
to be pressed 52. Accordingly, the floating frame 40 after floating returns with the upper side support part
45 serving as a fulcrum. [0030] The pressing bodies 53 and the springs 54 are provided in a protruded

t 55 on the sj { . t t portions 45
part 55 on the siglg spfage; ﬁ%s&ﬁféﬁgcr{ga%ﬁl isagipipa Wi?ﬁg?f@&ﬁjfgg@% portions

and 46, the opening portion nd the receiving member respectively
provided to the papp@yt franadseantdhedidaingckamad b d-sitiote chotheobdsinpgskdiing 51, a tension
spring may be adopted in place of a corg%es_sion spring. [0031] The suction cups 34 are for

vacuum-suckin§ thd 3kpiec8 W hRd FHEtEEI M eSEY % 83%idposdd af thr&QHIAEEEHN the upper
side of substanfialy,{he; ﬁ%”%" Posligpidhedvaikripse e 0 andhediont avgharkerah sides on the

lower side thereof. In addition to the numbers of the suction cups 34, a space between the suction cups
34, and the liketheyplive spyprepsiitsig iéfewhigttkin conyidetiwon kghtsiAatind theekigy bethe workpiece
W. [0032] pad 2 sucks the workpiece W.
[0039]

In the case where the notch section 17 of the workpiece
W runs on the engaging protrusion 18 of the carrier 7, because
one of the suction holes 16 disposed in the vicinity of the
notch section 17 among the plurality of suction holes 16 of
the right static pressure pad 2 absorbs the ambient air, it
is impossible tosuck theworkpiece Wby the right staticpressure
pad 2, and no suction signal of the pressure sensor 20 is output.
Therefore, after the carrier 7 i1s rotated at a slight angle
(predetermined angle) together with the workpiece W, the
workpiece W is again sucked by the right static pressure pad
2.
[0040]

Inthisway, bydisposing thesuctionholesl6ataplurality
of places including the vicinity of the notch section 17 of

the workpiece W, it is possible to easily figure out whether

or not the notch section 17 of the workpiece W runs on the engaging
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As shown in Fig. 1, the carrying-out means 9 includes a vertical support frame 56, and a suction cup 35
mounted to the lower end portion of the support frame 56. The suction cup 35 is singularly provided so as
to correspond to substantially the center of the workpiece W. However, two or more, that is a plurality of
suction cups 35 may be provided. [0033] Next, the workpiece carrying-in-and-out method in the
horizontal double-end surface grinder is described. Double-end surface grinding of the workpiece W is
performed as one cycle from a carrying-in process of carrying in the workpiece W, via a grinding process
of grinding the workpiece W, to a carrying-out process of carrying out the ground workpiece W. [0034]
Fig. 7 shows a state before carrying in the workpiece W, and the right and left grinding wheels 5 and 6,
the left static pressure pad 1, and the right static pressure pad 2 are respectively located at the

withdrawing en%%gfgﬁg ilaﬁ V\ﬂ@dd?m%o%ggrﬁgr fapd at the advanced holding position X1 in the vicinity

of the carrier 7. hen, at the time of carrying in the workpiece W to mount it to the carrier 7
between the stgi@grEpsure pads 1 and 2, first, the workpiece W is sucked by the suction cups 34 of the
carrying-in means 8. Next, as shown in Fig. 8, the carrying-in means 8 is made to enter between the

carrier 7 and the left stY0EHERSIOEKRYESSE Bl O WSkRSicbetR #6e GHIARY to-thtshaft center of
the carrier hole 3 ol the SAFIEEJ e hhSRe RRCRIY ARSI Y PEITS 8<5 sRove dfonrr ¢ the-faprier 7, to insert

the workpiece W into the carrier hole 23 of the carrier 7 as shown in Fig. 9.

7 and the notch section 17 of the workpiece W. However, 1iIn
the case of a status in which the notch section 17 does not
engage with the engaging protrusion 18 by a mistake in suction
of the workpiece W by the carrying-in means 8, the automatic
cycle of a carrying-in work is stopped, and an operator 1is
informed of it.
[0042]

When the right static pressure pad 2 sucks the workpiece
W, the suction of the workpiece W by the suction cups 34 of
the carrying-in means 8 is released at substantially the same
time of suction, and the workpiece W is delivered from the
carrying-in means 8 to the right static pressure pad 2.
Accordingly, even iIT the carrying-in means 8 1s withdrawn from
the place between the static pressurepadsland 2, it ispossible
to hold the workpiece W in the carrier 7 by the right static
pressure pad 2 as shown in Fig. 10.
[0043]

In this way, after the workpiece W is sandwiched from

the both sides by the right static pressure pad 2 and the
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[0036] At this time, as shown in Fig. 2, because the carrier 7 is positioned such that the engaging
protrusion 18 thereof is located at a predetermined position, and the workpiece W is sucked so as to be
located such that the notch section 17 corresponds to the engaging protrusion 18 of the carrier 7, it is
possible to cause the notch section 17 of the workpiece W to engage with the engaging protrusion 18 of
the carrier 7 by moving the carrying-in means 8 toward the carrier 7. [0037] Further, even in the case
where the workpiece W does not match the carrier hole 23 due to variations in position in the vertical, and
back and forth directions of the carrying-in means 8, if the carrying-in means 8 is moved toward the
carrier 7, the pair of guide rollers 42 of the floating frame 40 come into contact with the outer
circumference of the carrier ring 25, to be guided. Therefore, the floating frame 40 which is supported so

as to be floatab#%gryézlaoﬁ gypﬁoﬁefé%@egz’,?_ ¥i‘?‘eth§u%%%3{t gpmS@%q%gél%tiw r:ERgon following the

carrier ring 25. re, when the carrying-in means 8 moves towa e carrier 7, it IS possible to make
the workpiece Waneaganthel canaeanisote i23 refleé dxsettditeswbsqziacd &Y Intaitikeszander ingde 23. [0038]
When the workpiece W enters the carrier_hole 23, the workpiece W is brought into contact with the

holding surface®f SHHE AGEEEIIHKRLGRS pYdDY atfife HEYARCSEFBIGNESSSHES Xi28nd the
workpiece W inZheGrigs dds raqdwiche G EieRoF-sifeenRe Mg iy Dot siafifspgessure pad 2

and the carrying-in means 8 as shown in Fig. 9, and is thereafter

to the right static pressure pad 2, and the suction is continued
by the right static pressure pad 2 after the delivery, thereby
it is possible to prevent the workpiece W from being inclined
in the carrier 7, the workpiece W from dropping off from the
carrier 7, and the like regardless of whether the workpiece
W is thin sheet-like.

[0044]

In addition, delivery of the workpiece W from the
carrying-in means 8 to the right static pressure pad 2 may be
carried out in a state in which the workpiece W is sandwiched
from the both sides by the right static pressure pad 2 and the
carrying-in means 8, and the suction of the workpiece W by the
carrying-in means 8 may be released after sucking the workpiece
W by the right static pressure pad 2. Further, reversely, the
suction of the workpiece W by the carrying-in means 8 may be
released, and the work W may be thereafter sucked by the right
static pressure pad 2.

[0045]

Next, after the left static pressure pad 1 is advanced
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absorbed by the suction holes 16 of the right static pressure pad 2, to cause the workpiece W to be
sucked onto the holding surface 11 of the static pressure pad 2. It is confirmed according to the presence
or absence of a suction signal from the pressure sensor 20 whether or not the right static pressure pad 2
sucks the workpiece W. [0039] In the case where the notch section 17 of the workpiece W runs on
the engaging protrusion 18 of the carrier 7, because one of the suction holes 16 disposed in the vicinity of
the notch section 17 among the plurality of suction holes 16 of the right static pressure pad 2 absorbs the
ambient air, it is impossible to suck the workpiece W by the right static pressure pad 2, and no suction
signal of the pressure sensor 20 is output. Therefore, after the carrier 7 is rotated at a slight angle
(predetermined angle) together with the workpiece W, the workpiece W is again sucked by the right static

pressure pad 2&9069 advgm%@méa% iﬁggg' ﬁgﬂctg)g %”Jrqﬁt FQ raﬁti/ OftPll ces including

the vicinity of the notch section rkpiece W, it'is possible to easily figure dut whether or not the
notch section 1guéthenvarkptdee W ripd eogh¢ dngagiagnigtrussratd ofjhessuner gaf0041] When
the workpiece W is mounted into the carrier 7, it is necessary to engage the engaging protrusion 18 of the

carrier 7 and thé fistch&ea8R%7 dtth&RSKbIdE: WeRaW=R et Y ERIE6F 6L which the notch
section 17 doegBei-aga9e; Withilg, 5 082dNE-BIPTHE B R 24 d8isiakend sUeira©f¢he workpiece W

by the carrying-in means 8, the automatic cycle of a carrying-in work is stopped, and an operator is
Informed of it. pressure pads 1 and 2, even if the suction of the workpiece

W by the right static pressure pad 2 is released, there is no
risk that the workpiece W may drop off from the carrier 7, and
the like. Thereafter, as shown iIn Fig. 12, static pressure
water is supplied to the both static pressure pads 1 and 2,
to hold the work W in the carrier 7 by static pressure. Then,
while the carrier 7 is driven by the drive gear 29, to rotate
theworkpiece Wheld by static pressure, the bothgrindingwheels
5 and 6 are advanced to grind the both sides of the workpiece
W as shown in Fig. 13.

[0046]

After the completion of grinding of the workpiece W, as
shown in Fig. 14, the both grinding wheels 5 and 6 are withdrawn
to the withdrawing ends Y2, to stop the rotation of the carrier
7. At this time, the carrier 7 is stopped at a home position
in order to facilitate the next insertion of the workpiece W.
Thereafter, when the supply of the static pressure water from
the both static pressure pads 1 and 2 is stopped, the workpiece

W is sucked by the right static pressure pad 2 at substantially
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[0042] When the right static pressure pad 2 sucks the workpiece W, the suction of the workpiece W
by the suction cups 34 of the carrying-in means 8 is released at substantially the same time of suction,
and the workpiece W is delivered from the carrying-in means 8 to the right static pressure pad 2.
Accordingly, even if the carrying-in means 8 Iswithdrawnfrom the place between the static pres sure pads
1 and 2, it is possible to hold the workpiece W in the carrier 7 by the right static pressure pad 2 as shown
in Fig. 10. [0043] In this way, after the workpiece W is sandwiched from the both sides by the right
static pressure pad 2 and the carrying-in means 8, the suction of the workpiece W by the carrying-in
means 8 is released at substantially the same time of sucking the workpiece W by the right static
pressure pad 2, the workpiece W is delivered from the carrying-in means 8 to the right static pressure pad

2, and the suctigp is i b ' tic pr. ggxgl r th very. ely it is possible to
prevent the worﬁg#ecstceé)@(}ﬂn%ﬁrﬁ%éfgﬁﬁgi%ﬁ?n%ﬁ%ﬁﬁg , é%kpigggmﬁrﬁiﬁﬁp%%ng off from the
carrier 7, and theellde, régaidlessndfiwhetheiytiuhevpikgicea-@/ se tisiarskeetdike OO 44 not In addition,
delivery of the workpiece W from_the carrying-in means 8 to the right static pressure pad 2 may be carried

out in a state inWEhISRUSHRELEPRERIUTRRD S K hEBotSilRAZRANE righ?SBtic pressure pad
2 and the carryifig-ipneans8,ARgtdng sprliead §1 wortiisre MY i CAIGIRI 4T MmGans 8 may be

released after sucking the workpiece W by the right static pressure pad 2. Further, reversely, the suction

of the workpiecp Wssutree padyigFmiheats Sucky beeaelsadgul errl thd wotkVgenay tecthereafter

sucked by the r\%]rtgﬁt(ia% r%s?grq Plggl%/' [9(9%54 broken. Therefore, the automatic
cycle driving i1s stopped, and an operator is informed of it.
[0047]

After suction of the workpiece W by the right static
pressure pad 2, before withdrawing the left static pressure
pad 1 to the withdrawn position X2, static pressure water is
supplied from the left static pressure pad 1 as shown iIn Fig.
15, to remove the surface tension between the left static
pressure pad 1 and the workpiece W. That is, because a gap
between the workpiece W and the left static pressure pad 1 is
approximately 0.1 mm in reality, even when the right static
pressure pad 2 sucks the workpiece W, the surface tension between
the workpiece Wand the left static pressure pad 1 isnot removed.
[0048]

Then, first, static pressure water is supplied from the
leftstaticpressurepadl, to remove the surface tension between

the leftstaticpressure pad 1land theworkpiece W, and thereafter,

the left static pressure pad 1 is withdrawn to the withdrawn
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Next, after the left static pressure pad 1 is advanced to the advanced holding position X1 as shown in
Fig. 11, the suction of the workpiece W by the right static pressure pad 2 is released. At this time,
because the workpiece W in the carrier 7 is sandwiched from the both sides by the both static pressure
pads 1 and 2, even if the suction of the workpiece by the right static pressure pad 2 is released, there is
no risk that the workpiece W may drop off from the carrier 7, and the like. Thereafter, as shown in Fig. 12,
static pressure water is supplied to the both static pressure pads 1 and 2, to hold the work W in the carrier
7 by static pressure. Then, while the carrier 7 is driven by the drive gear 29, to rotate the workpiece W
held by static pressure , the both grinding wheels 5 and 6 are advanced to grind the both sides of the
workpiece as shown in Fig. 13. [0046] After the completion of grinding of the workpiece W, as shown

in Fig. 14, the br%g 'pg%wh%%?@d;}jfsq Setg%gg%%g% Otmmg}cg@vgm@}q?%%ttpcstop the rotation

of the carrier 7.'At tEI[SI time, the carrier ome position In order to itate the next
insertion of the pucrkpiece Yad Heneaftere Wharhtheasupplysdftiensté@onpriebsupa evasa inogn the both static
pressure pads 1 and 2 is stopped, the workpiece is sucked by the right static pressure pad 2 at
substantially the breakage of the workpiece W by the surfacCe tension between

the both at the time of withdrawing the left static pressure

pad 1.

[0049]

After the left static pressure pad 1 is withdrawn to the
withdrawn position X2, the carrying-out means 9 is made to enter
between the carrier 7 and the left static pressure pad 1 as
shown in Fig. 16. Then, as shown in Fig. 17, the carrying-out
means 9 is moved toward the carrier 7, to sandwich the workpiece
W in the carrier 7 from the both sides by the carrying-out means
9 and the right static pressure pad 2.

[0050]

Next, as shown in Fig. 18, the workpiece W in the carrier
7 i1s sucked by the suction cup 35 of the carrying-out means
9. At the same time of suction or after suction of the workpiece
W by the suction cup 35, the suction holes 16 of the right static
pressure pad 2 are switched from the absorption source 21 to
the discharge source 22, to discharge air from the suction holes
16, so as to break a vacuum between the right static pressure

pad 2 and the workpiece W. Further, at the same time of the

vacuum break or after the vacuum break, static pressure water
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the same time of the stop or after the stop. At this time as well, it is confirmed by the pressure sensor 20
whether or not the right static pressure pad 2 sucks the workpiece W. Then, in the case where a mistake
in suction that the right static pressure pad 2 fails to suck the workpiece W is caused, the workpiece W is
likely to be broken. Therefore, the automatic cycle driving is stopped, and an operator is Informed of it.
[0047] After suction of the workpiece W by the right static pressure pad 2, before withdrawing the left
static pressure pad 1 to the withdrawn position X2, static pressure water is supplied from the left static
pressure pad 1 as shown in Fig. 15, to remove the surface tension between the left static pressure pad 1
and the workpiece W. That is, because a gap between the workpiece W and the left static pressure pad 1
is approximately 0.1 mm in reality, even when the right static pressure pad 2 sucks the workpiece W, the

¢ : : ] f stati i d. [0048
e e PR Y S AR SR 4, e

left Static pres Sure pa to remove the surface
tens ion betweerhtheviefikptaticeras Soom ptidel angHbesrarkipiea¥ésane thergatter , the left static
pressure pad 1 is withdrawn to the withdrawn pos ition X2 . Thereby, it is pos s ible to withdraw the left
static pressure 5%511&) the withdrawn position X2 while preventing the breakage of the workpiece W by

the surface tension befyegn 1q-bpth 4 thgdiReief wilhdraying e dgif siatligRriRseWepRd 1. [0049]

After the left static pressure pad 1 is withdrawn to the withdrawn position X2, the carrying-out means 9 is
made to enter Bedseehtindreamigo Takd tud [tfitesgatiniprbgoukppadd Va§ shrotineic &g 1E83. Then, as

shown in Fig. 17, the carrying-out means 9 is moved toward.the cayrier 7, to sapdwich the workpiece W in
the carrier 7 fron th %o?ﬁyéﬁé'soﬁy tﬁ'%a%rg/ﬁ%l%ﬂg?né)ansaé%n%ﬁeﬁiﬁh?gl%‘ﬁ ypr% s&peepad 2.

static pressure water from the right static pressure pad 2 are

terminated at an appropriate point of time after the workpiece

W is separated.

[0052]

In this way, in a state in which the workpiece W is
sandwiched from the both sides by the right static pressure
pads 1 and 2 and the carrying-out means 9, first, the workpiece
W is sucked by the suction cups 34 of the carrying-out means
9, and thereafter, the suction by the right static pressure
pads is released, to deliver the workpiece W from the right
static pressure pad 2 to the carrying-out means 9, thereby It
is possible to prevent the workpiece W from dropping off from
the carrier 7.

[0053]

Further, after the suction of the workpiece W by the right

static pressure pad 2 is released, air is discharged from the

suction holes 16 to break vacuum contact. However, this vacuum
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[0050] Next, as shown in Fig. 18, the workpiece Win the carrier 7 is sucked by the suction cup 35 of
the carrying-out means 9. At the same time of suction or after suction of the workpiece W by the suction
cup 35, the suction holes 16 of the right static pressure pad 2 are switched from the absorption source 21
to the discharge source 22, to discharge air from the suction holes 16, so as to break a vacuum between
the right static pressure pad 2 and the workpiece W. Further, at the same time of the vacuum break or
after the vacuum break, static pressure water Is supplied from the right static pressure pad 2, to separate
the workpiece W from the right static pressure pad 2. [0051] Thereafter, as shown in Fig. 19, the
carrying-out means 9 is withdrawn to take out the ground workpiece W from the carrier 7. In addition, the
discharge of air and the supply of the static pressure water from the right static pressure pad 2 are

terminated at agp@&op{'@t%g\?w é)é ti Ef:t]%wﬁ'tkpé%%%e%syt ratﬁﬂ't, g%%g'l‘ e /N this way, in a

state in which the workpiece W Is sandwich om the both s e rig c pressure pads 1 and

2 and the carryigpooiineans 19, 0rst, tbeOwdmpiece W israckes byyhiersakiomcapadduwt the
carrying-out means 9, and thereafter, the suction by the right static pressure pads is released, to deliver

the workpiece \WrdQMRE RYSSSURE pralsd® PAF2IRIR NG IOHL AR ENRBEAANt is possible to
prevent the workpigeq M fropyFoppine 21t S Edhecartpi d1{P%e3s on the workpiece

Wby a rapid vacuum break at the time of releasing vacuum contact,
to oscillate the workpiece W, and the like, and it is possible
to prevent breakage of the workpiece W.

[0054]

Moreover, by merely breaking a vacuum, the workpiece W
is sucked as is by the right static pressure pad 2 due to the
surface tension of the water between the right static pressure
pad 2 and the workpiece W. However, it is possible toeliminate
the effect of the surface tension by supplying static pressure
water from the right static pressure pad 2, and it is possible
to prevent breakage of the workpiece W when the workpiece W
is sucked by the carrying-out means 9.

[0055]

Thereafter, the workpiece W sucked by the carrying-out
means 9 Is extracted out from the carrier hole 23 of the carrier
7, to be carried out from the place between the static pressure
pads 1 and 2 to the outside.

[0056]

In this way, provided that the workpiece W is sucked by
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Further, after the suction of the workpiece W by the right static pressure pad 2 is released, air is
discharged from the suction holes 16 to break vacuum contact. However, this vacuum break is carried out
at lower pressure of, for example, approximately 0.1 to 0.2 MPa. In this way, by breaking a vacuum at
lower pressure, it is possible to eliminate a phenomenon such that a great deal of force rapidly acts on the
workpiece W by a rapid vacuum break at the time of releas ing vacuum contact , to oscillate the
workpiece W, and the like, and it is possible to prevent breakage of the workpiece W. [0054]

Moreover, by merely breaking a vacuum, the workpiece W is sucked as is by the right static pressure pad
2 due to the surface tension of the water between the right static pressure pad 2 and the workpiece W.
However, it is possible to eliminate the effect of the surface tension by supplying static pressure water

from the right stati rjfﬁ.tlr lEﬁf’i , it.is possibls to. preye E?ﬁkﬁg f iece W when the
workpiece W istgt%l?e' y tﬁe carrgyi g-oé@n%ﬁw%%s[odgﬁ\é Bbg ereaftegé) téggv%r %?g%% W sucked by
the carrying-outvoelgnsetés @xtFactedoelhigoimithik oadiel hate e cakthieesalTiesind tadoeiogrried out from

the place between the static pres_suregads 1 and_2 to the outside. [0056] In this way, provided that the
workpiece W is'é?JE‘ReﬁorSSFaCt with the grinding wheels 5 and 6, and the Tike,

and prevent the workpiece W from dropping off from the carrier
7, which makes 1t possible to prevent the damage to the workpiece
W, the grinding wheels 5 and 6, and the 1like in
carrying-in-and-out.

[0057]

Further, it is recommended that the suction holes 16 are
formed in the right static pressure pad 2, and the suction holes
16 are connected to the absorption source 21 and the discharge
source 22 via a control valve or the like. Therefore, there
are advantages that it is possible to easily and inexpensively
achieve the invention without introducing new equipment, and
it is possible to prevent the double-end surface grinder itself
from growing in size.

[0058]

Moreover, inastate inwhich the workpiece W is sandwiched
by the both static pressure pads 1 and 2 at the advanced holding
positions X1, when the workpiece W is sucked by the right static
pressure pad 2, and the left static pressure pad 1 is withdrawn,
static pressure water is supplied from the static pressure pad

1, and further, when the carrying-out means 9 sucking the
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the right static pressure pad 2, it is possible to prevent the workpiece W from being inclined in the carrier
7 and coming into contact with the grinding wheels 5 and 6, and the like, and prevent the workpiece W
from dropping off from the carrier 7, which makes it possible to prevent the damage to the workpiece W,
the grinding wheels 5 and 6, and the like in carrying-in-and-out. [0057] Further, it is recommended
that the suction holes 16 are formed in the right static pressure pad 2, and the suction holes 16 are
connected to the absorption source 21 and the discharge source 22 via a control valve or the like.
Therefore, there are advantages that it is possible to easily and inexpensively achieve the invention
without introducing new equipment, and it is possible to prevent the double-end surface grinder itself from
growing in size. [0058] Moreover, in a state in which the workpiece W is sandwiched by the both static

pressure pads i‘zvé‘P%o%aér‘]E tr‘\?ﬂf&%@ﬁﬁﬂ&]"ﬂﬂ%ﬁ@% ﬁatﬁ’sﬁab@ﬁﬁewgm‘%wf pHgked by the right

static pressure pad static pressure pad 1 1S wi n, static pressure water is supplied
from the static preghtre patlit, pnddactherpadhen thé icaimyingeaui opars Sauckingaheawmeorkpiece W is
withdrawn after releasing the suction by the right static pressure pad 2, air and static_pressure water are

supplied from tR'AGAE St praddif 19, L6 P RSEHES Ut 2mobifY Sihdrhvd $he static
pressure pad 1ﬁé@gtm@%w?nﬁ&wgwﬂwsngeaﬁe JAeags e Peyvarkpigee W due to the

surface tension of water, which makes it possible to shorten a cycle time of grinding.
the carrying-out means 9 while preventing the damage to the

workpiece W due to the surface tension of water, which makes
it possible to shorten a cycle time of grinding.
[0059]

The embodiments of the present iInvention have been
described indetail above, however, the present inventionshould
not be limited to these embodiments, and can be variously
modified within the scope not departing from the spirit of the
present invention. For example, the embodiments illustrate
a horizontal double-end surface grinder, however, the present
invention is also applicable to a vertical double-end surface
grinder. Further, the workpiece W may be another one other
than a silicon wafer or the like.

[0060]

Further, in the embodiments, there is shown the case where
the suction holes 16 are provided in the right static pressure
pad 2 of the pair of static pressure pads 1 and 2, to suck the
workpiece Wonto the right static pressure pad 2 side. However,

the suction holes 16 may be provided in the left static pressure
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[0059] The embodiments of the present invention have been des cribed in detail above, however, the
present invention should not be limited to these embodiments, and can be variously modified within the
scope not departing from the spirit of the present invention. For example, the embodiments lllustrate a
horizontal double-end surface grinder, however, the present invention is also applicable to a vertical
double-end surface grinder. Further, the workpiece W may be another one other than a silicon wafer or
the like. [0060] Further, in the embodiments, there is shown the case where the suction holes 16 are
provided in the right static pressure pad 2 of the pair of static pressure pads 1 and 2, to suck the
workpiece W onto the right static pressure pad 2 side. However, the suction holes 16 may be provided in
the left static pressure pad 1, to suck the workpiece W onto the left static pressure pad 1 side. [0061]

After the workp cg WV sy kggﬁtﬂg CW&[‘( -ié\ rg%r&q%s' eri%q:pt&lgle}- r ipé s q,ge sandwiched
by the carrying-iﬁw meéns% and the n%ht staq?cI p(r:essure padgp,]set}he suction o It eﬁwoipélece W by the

carrying-in meapad mayible released at substantially the same time of suction of the workpiece W by the
right static pressure pad 2, or the suction of the workpiece W by the carrying-in means 8 may be released

around the tim suction of the workpiece W by the right static pressure pad 2.
After the workpiece W sucked by the carrying-in means

8 1s iInserted into the carrier 7, to be sandwiched by the
carrying-in means 8 and the right static pressure pad 2, the
suction of the workpiece W by the carrying-in means 8 may be
released at substantially the same time of suction of the
workpiece W by the right static pressure pad 2, or the suction
of the workpiece W by the carrying-in means 8 may be released
around the time of the suction of the workpiece W by the right
static pressure pad 2.

[0062]

Further, in the case where static pressure water is
supplied from the left static pressure pad 1, to release the
surface tension between the left static pressure pad 1 and the
workpiece W, the static pressure water may be supplied from
the left static pressure pad 1 at substantially the same time
of suction of the workpiece W by the right static pressure pad
2, or static pressure water may be supplied from the left static
pressure pad 1 around the time of the suction of the workpiece
W by the right static pressure pad 2.

[0063]
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[0062] Further, in the case where static pressure water is supplied from the left static pressure pad 1,
to release the surface tension between the left static pressure pad 1 and the workpiece W, the static
pressure water may be supplied from the left static pressure pad 1 at substantially the same time of
suction of the workpiece W by the right static pressure pad 2, or static pressure water may be supplied
from the left static pressure pad 1 around the time of the suction of the workpiece W by the right static
pressure pad 2. [0063] After the workpiece W in the carrier 7 is sandwiched by the carrying-out
means 9 and the right static pressure pad 2, the suction of the workpiece W by the right static pressure
pad 2 may be released at substantially the same time of suction of the workpiece W by the carrying-out
means 9, or the suction of the workpiece W by the right static pressure pad 2 may be released around the

time of the suction of t ‘ s ing-out , i t b
Ime of fhe suction o ﬂ%%qui’h%cﬁlwrl?g&%&fé@é 45?&1‘?%“?‘?'@%9 AdSAlicRRSeyyAter may be

supplied from the right static pressure e case where static pressure water is

supplied to the tigbt statio/pragsond pachAatthentimehef caglytng tat ilee prexkpiace phdaaisual static
pressure water supply system for static pres sure holdingmaybe utilized, to supply the static pressure

water via a suppRAaYE HaR AT REHOSHRLERE WatBY nTiPE bR EAId R BNGHRY SBipply system
different from t%ﬁt@ti%@%@}rgwg@é@g{p%ﬁgmﬂ ﬁgﬂgﬁg%eﬂig{gigg. Suhgsqthe carrying-in

means 8 and the carrying-out means 9 may be separately provided, or the both may be combined as one
means. [0065] of the workpiece W by the carrying-out means 9, or the suction

of the workpiece W by the right static pressure pad 2 may be

released around the time of the suction of the workpiece W by

the carrying-out means 9, and static pressure water may be

supplied from the right static pressure pad 2.

[0064]

In the case where static pressure water is supplied to
the right static pressure pad 2 at the time of carrying out
the workpiece W, a usual static pressure water supply system
for static pressure holdingmay be utilized, tosupply the static
pressure water via a supply valve thereof, or static pressure
water may be supplied from another supply system different from
the static pressure water supply system for static pressure
holding. Further, the carrying-inmeans 8 and the carrying-out
means 9 may be separately provided, or the both may be combined
as one means.

[0065]
In the embodiment, the configuration in which the suction

cups 34 are included so as to be floatable via the floating
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In the embodiment, the configuration in which the suction cups 34 are included so as to be floatable via
the floating frame 40 in the carrying-in means 8, and the suction cups 34 are guided such that the carrier
7 and the workpiece W match each other via the guide means 41 at the time of mounting the workpiece
W is adopted. However, provided that the positional accuracy of the workpiece W sucked by the
carrying-in means 8 is Improved with respect to the carrier 7 stopping at the reference stopping position
by improving the stiffness of the carrying-in means 8, improving the accuracy of the driving motor of the
carrying-in means 8, and the like, it is possible to omit the floating frame 40 and the like on the carrying-in
means 8 side. [Description of Reference Numerals] [0066] Workpiece 1, 2 Static pressure pad 5, 6
Grinding wheel

frame 40 in the carrying-in means 8, and the suction cups 34
are guided such that the carrier 7 and the workpiece W match
each other via the guide means 41 at the time of mounting the
workpiece W is adopted. However, provided that the positional
accuracy of the workpiece W sucked by the carrying-in means
8 1s improved with respect to the carrier 7 stopping at the
reference stopping position by improving the stiffness of the
carrying-inmeans 8, improving the accuracy of the driving motor
of the carrying-in means 8, and the like, 1t is possible to
omit the floating frame 40 and the like on the carrying-in means
8 side.

[Description of Reference Numerals]

[0066]

w Workpiece

1, 2 Static pressure pad

5, 6 Grinding wheel

7 Carrier
8 Carrying-in means
9 Carrying-out means

16 Suction hole
17 Notch section
18 Engaging protrusion

37 Support frame
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7Carrier 8Carrying-in means 9Carrying-out means 16Suction hole 17Notch section 18Engaging
protrusion 37Support frame

40 Floating frame

41 Guide means

42 Guide roller

X1 Advanced holding position

X2 Withdrawn position
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40Floating frame 41Guide means 42Guide roller X1Advanced holding position X2Withdrawn position
[TITLE OF DOCUMENT] WHAT IS CLAIMED IS: [Claim 1]

[TITLE OF DOCUMENT] WHAT IS CLAIMED 1S:
[Claim 1]

A workpiece carrying-in-and-out method in double-end
surface grinding for grinding both surfaces of the workpiece
by a pair of grinding wheels while rotating a thin sheet-like
workpiece which i1s held by static pressure by a pair of static
pressure pads, by a carrier, the workpiece carrying-in-and-out
method wherein, at the time of sucking the workpiece by
carrying-in-and-out means, to carry the workpiece into and out
from the carrier between the both static pressure pads, the
workpiece iIn the carrier is sucked by one of the static pressure
pads at an advanced holding position.

[Claim 2]

The workpiece carrying-in-and-out method in double-end
surface grinding according to Claim 1, wherein after the
workpiece in the carrier iIs sandwiched by the
carrying-in-and-out means and the one static pressure pad, In
that state, the workpiece 1is delivered between the
carrying-in-and-out means and the one static pressure pad.
[Claim 3]

The workpiece carrying-in-and-out method in double-end
surface grinding according to Claim 1, wherein, after the

workpiece sucked by the carrying-in-and-out means is inserted
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A workpiece carrying-in-and-out method in double-end surface grinding for grinding both surfaces of the
workpiece by a pair of grinding wheels while rotating a thin sheet-like workpiece which is held by static
pressure by a pair of static pressure pads, by a carrier, the workpiece carrying-in-and-out method
wherein, at the time of sucking the workpiece by carrying-in-and-out means, to carry the workpiece into
and out from the carrier between the both static pressure pads, the workpiece in the carrier is sucked by
one of the static pressure pads at an advanced holding position. [Claim 2] The workpiece
carrying-in-and-out method in double-end surface grinding according to Claim 1, wherein after the
workpiece in the carrier is sandwiched by the carrying-in-and-out means and the one static pressure pad,
in that state, the workpiece is delivered between the carrying-in-and-out means and the one static

pressure pad. [Clai e Workpi rryving=in-angd- ja douhle-end surface grinding
according to Cliﬁ?,%ﬁefﬁ?ﬁ:?gggr’ t@eﬁgr%%éégg%ﬁi%ncﬁ g;/%hg?agrﬁ%gl -lﬂd-%qt%grr?gjgns is Inserted
into the carrier, nedessandvithed dtyehe tatiing reasdreutpadganthadshbe vimnstatic phessure pad, the

suction of the workpiece by the carrying-in-and-out means is released at substantially the same time of

suction of the WSKKREEGSy Y FHES(GBE Y8 AN broAtbuRBans ke 5PdGaRTHofthe workpiece by
the one static pPRRsUra e IHA ¢ lsane TERY U FRLRR] FBAET9ERANIr % Bt ey iplouble-end

surface grinding according to Claim 3, wherein, after the other static pres sure pad is advanced to the
advgnced holdingg)@tﬁkﬂi,qhysmmm ml@r@@mdyulhe snostafcgretiore pﬁdﬁb.e’eleased, gnd a
;trit;(; L[J)rree.s[scgjlgeir r&l%%lsisggghgg t(t)htge ()rggpg%%\/tei (s:.ta&g:e%rg&rseurg apda_ds, to hold the workpiece by static
[Claim 4]
The workpiece carrying-in-and-out method in double-end
surface grinding according to Claim 3, wherein, after the other
staticpressure pad isadvanced to the advanced holding position,
the suction of the workpiece by the one static pressure pad
is released, and a static pressure fluid is supplied to the
respective static pressure pads, to hold the workpiece by static
pressure.
[Claim 5]
The workpiece carrying-in-and-out method in double-end
surface grinding according to any of Claims 1 to 4, wherein,
after the holding of the workpiece by static pressure by the
both static pressure pads at the advanced holding position is
released, and the workpiece in the carrier is sucked by the
one static pressure pad, the other static pressure pad is

withdrawn from the advanced holding position.

[Claim 6]
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The workpiece carrying-in-and-out method in double-end surface grinding according to any of Claims 1 to
4, wherein, after the holding of the workpiece by static pressure by the both static pressure pads at the
advanced holding position is released, and the workpiece in the carrier is sucked by the one static
pressure pad, the other static pressure pad is withdrawn from the advanced holding position. [Claim 6]
The workpiece carrying-in-and-out method in double-end surface grinding according to Claim 4, wherein a
static pressure fluid is supplied from the other static pressure pad, to release the surface tension between
the other static pressure pad and the workpiece at substantially the same time of suction of the workpiece
by the one static pressure pad, or around the time of suction of the workpiece by the one static pressure
pad. [Claim 7] The workpiece carrying-in-and-out method in double-end surface grinding according to

Claim 6, wherein, afterthe Wﬁ@%‘é‘i‘n éa? fer if,ngaa[}%y\_/i Ned RS CAdRg R &ng;gut means and

the one static pressure pad, uction of the workpiece by the one static pressure pad Is released at
substantially thegafizetig e nidiateicob Hud mptiptei bythelmeedtaticsatbunereadotearound the time
of suction of the workpiece by the carrying-in-and-out method, and a static pressure fluid is supplied from

the one static pik d VA8 LR ERATHED G AR R 8 Frd A QR BRE WIS RASe LQUFE B5@SFCIaim 8] A
double-end surfgce gliPFELECRANEIBY: BRIUEh AL IR SR Fhestiks VR HRIaCEhd

the workpiece at substantially the same time of suction of the
workpiece by the one static pressure pad, or around the time
of suction of the workpiece by the one static pressure pad.
[Claim 7]

The workpiece carrying-in-and-out method in double-end
surface grinding according to Claim 6, wherein, after the
workpiece in the carrier is sandwiched by the
carrying-in-and-out means and the one static pressure pad, the
suction of the workpiece by the one static pressure pad is
released at substantially the same time of suction of the
workpiece by the one static pressure pad, or around the time
of suction of the workpiece by the carrying-in-and-out method,
and a static pressure Tluid i1s supplied from the one static
pressure pad, to separate the workpiece from the one static
pressure pad.

[Claim 8]
A double-end surface grinder comprising:
a carrier that rotates a thin sheet-like workpiece;

a pair of static pressure pads which hold the workpiece
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a pair of static pressure pads which hold the workpiece in the carrier by static pressure; a pair of
grinding wheels that grind both surfaces of the workpiece which is held by static pressure by the static
pressure pads, and is rotated by the carrier; and carrying-in-and-out means for sucking the workpiece
to carry the workpiece into and out from between the pair of static pressure pads, the double-end surface
grinder wherein one of the static pressure pads includes suction holes for sucking the workpiece in
the carrier at a plurality of places in a circumferential direction including a vicinity of an engaging
protrusion that engages a notch section of the workpiece.

in the carrier by static pressure;

a pair of grinding wheels that grind both surfaces of
the workpiece which 1s held by static pressure by the static
pressure pads, and is rotated by the carrier; and

carrying-in-and-out means for sucking the workpiece to
carry the workpiece into and out from between the pair of static
pressure pads, the double-end surface grinder wherein

one of the static pressure pads includes suction holes
for sucking the workpiece in the carrier ataplurality of places
in a circumferential direction including a vicinity of an
engaging protrusion that engages a notch section of the

workpiece.
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