Specification
Title of the Invention: Holding Equipment, Holding System, Control Method, and
Conveyance Equipment
Technical Field
[0001]

The present invention relates to holding equipmaimolding system, a control
method, and conveyance equipment.
Background Art
[0002]

In recent years, equipment for conveying a plde-lmember such as a
semiconductor wafer or a glass substrate in a votact manner has been developed.
For example, in Patent Document 1, equipment ipgsed for conveying a plate-like
member in a non-contact manner, by applying Beliouyrinciple. The equipment
includes a cylindrical chamber that opens on thietside of the equipment, into which
fluid is supplied to generate a swirl flow. TheidwWow generates a negative pressure
in the center, which exerts suction on the pldte4hember. On the other hand, a fluid
flowing out of the cylindrical chamber causes aegivdistance to be maintained
between the equipment and the plate-like membeons€quently, the equipment
conveys the plate-like member in a non-contact reannin addition, in Patent
Document 1, use of liquid as fluid is proposed.

Prior Art Document
Patent Document
[0003]

Patent Document 1: JP 2005-51260 Al
Summary of the Invention
Problemsto be solved by the Invention
[0004]

It is an object of the present invention to enadigiipment for holding a
subject by discharging fluid to generate a negatrnessure between the equipment and
the subject, to use both gas and liquid as fluid.

Meansfor Solving the Problems
[0005]

The present invention provides holding equipmeort Holding a plate-like
member by discharging fluid to generate a negapixessure between the holding
equipment and the member, the holding equipmenpadsing: a columnar main body;
a flat end face formed at the main body, that falsesnember; a concave part formed at
the end face; a gas flow-forming means that forrgasaswirl flow in the concave part
or discharges gas into the concave part to forradék flow; and one or more liquid
passages that discharge liquid into the concavetpdorm a liquid swirl flow or a
liquid radial flow.

[0006]

In the above holding equipment, the gas flow-fergnmeans may comprise
one or more gas passages that discharge gas entmiitave part to form a gas swirl
flow or a gas radial flow.

[0007]



In the above holding equipment, the one or mayeidi passages may form the
liquid swirl flow or the liquid radial flow whilehe gas flow-forming means forms the
gas swirl flow or the gas radial flow.

[0008]

The present invention also provides a conveyagsteis: comprising: holding
equipment for holding a plate-like member by disgivy fluid to generate a negative
pressure between the holding equipment and the mentibe holding equipment
comprising: a columnar main body, a flat end famened at the main body, that faces
the member, a concave part formed at the end &acka fluid flow-forming means that
forms a fluid swirl flow in the concave part or cisrges fluid into the concave part to
form a radial flow; and a fluid switching means nented to the holding equipment,
that switches fluid to be supplied to the holdiggiipment between gas and liquid.
[0009]

The present invention also provides a control wettor controlling a holding
system, the holding system comprising: holding popgnt for holding a plate-like
member by discharging fluid to generate a negapixessure between the holding
equipment and the member, the holding equipmenpasmg: a columnar main body,
a flat end face formed at the main body, that fdlkesnember, a concave part formed at
the end face, and a fluid flow-forming means thatnfs a fluid swirl flow in the
concave part or discharges fluid into the concaat  form a radial flow; a fluid
switching means connected to the holding equipntbat,switches fluid to be supplied
to the holding equipment between gas and liquid; arontrol means connected to the
fluid switching means, that controls the fluid sshihg means, the method comprising:
controlling, by the control means, the fluid switthmeans to supply gas to the holding
equipment; and controlling, by the control meahs, fluid switching means to supply
liquid to the holding equipment.

[0010]

The present invention also provides conveyancepawnt comprising: first
holding equipment for holding a plate-like membgr discharging gas to generate a
negative pressure between the first holding equipiraed the member, the first holding
equipment comprising: a columnar first main bodylaa first end face formed at the
first main body, that faces the member, a firstoame part formed at the first end face,
and a fluid flow-forming means that forms a gasrkWow in the first concave part or
discharges gas into the first concave part to farmadial flow; and second holding
equipment for holding the member by dischargingitido generate a negative pressure
between the second holding equipment and the menfigesecond holding equipment
comprising: a columnar second main body, a flabsdend face formed at the second
main body, that faces the member, a second corpavéormed at the second end face,
and one or more liquid passages that dischargéligto the second concave part to
form a liquid swirl flow or a liquid radial flow.

[0011]

In the above conveyance equipment, the gas flomifgg means may
comprise one or more gas passages that dischasgetgahe first concave part to form
a gas swirl flow or a gas radial flow.

[0012]



In the above conveyance equipment, the one or tiquiel passages may form
the liquid swirl flow or the liquid radial flow whe the gas flow-forming means forms
the gas swirl flow or the gas radial flow.

Effects of the Invention
[0013]

The present invention enables equipment for hgldirsubject by discharging
fluid to generate a negative pressure betweengugment and the subject, to use both
gas and liquid as fluid.

Brief Description of the Drawings
[0008]

Fig. 1 is a perspective view of an example of kflaw-forming body 1.

Fig. 2 is a cross-sectional view of swirl flow4fieing body 1 along the line A-A
of Fig. 1.

Fig. 3 is a cross-sectional view of swirl flow4fieing body 1 along the line B-B
of Fig. 1.

Fig. 4 is a diagram showing a circuit configurataf conveyance system 100
including swirl flow-forming body 1.

Fig. 5 is a perspective view of an example of kflaw-forming body 5.

Fig. 6 is a cross-sectional view of swirl flow4fieing body 5 along the line C-C
of Fig. 5.

Fig. 7 is a cross-sectional view of swirl flow4fieing body 5 along the line
D-D of Fig. 5.

Fig. 8 is a diagram showing a circuit configurataf conveyance system 200
including swirl flow-forming body 5.

Fig. 9 is a diagram showing an example of a coméiion of conveyance
equipment 10.

Fig. 10 is a diagram showing an example of a gométion of conveyance
equipment 20.

Fig. 11 is a perspective view of an example ofaldtbw-forming body 6.

Fig. 12 is a bottom view of radial flow-forming iy 6.

Fig. 13 is a cross-sectional view of radial flowrhing body 6 along the line
E-E of Fig. 11.

Fig. 14 is a bottom view of an example of swiovitforming body 1A.

Fig. 15 is a cross-sectional view of swirl flowsicing body 1A along the line
F-F of Fig. 14.

Description of Reference Numerals

[0015]

1 --- Swirl flow-forming body, 3 --- Liquid suppgbpymp, 4 --- Gas supply pump, 5 ---
Swirl flow-forming body, 6 --- Radial flow-formingody, 7 --- Microcomputer, 10 ---
Conveyance equipment, 11 --- Main body, 12 --- &enpart, 13 --- End face, 14 ---
Jetting port, 15 --- Slope, 16 --- Introductiont,pbr --- Introduction passage, 18 ---
Projecting part, 20 --- Conveyance equipment,-3ain body, 52 --- Concave part, 53
-~ End face, 54 --- Jetting port, 55 --- Slope, Dupply port, 57 --- Annular passage, 58
.-~ Communication passage, 59 --- Supply passage; 6ain body, 62 --- Annular
concave part, 63 --- End face, 64 --- Opposed@ace; Slope, 66 --- Nozzle hole, 67 ---



Introduction port, 68 --- Introduction passage, 69 Annular passage, 70
Communication passage, 100 --- Conveyance sys@dm;-1Base body, 102 --- Friction
member, 103 --- Hole part, 200 --- Conveyancensys26l1 --- Base body, 2011 ---
Holding part, 2012 --- Arm part

Modesfor Implementing the Invention

[0016]

Embodiments of the present invention will be disd below with reference
to the drawings.

1. First Embodiment

Fig. 1 is a perspective view of an example of kWow-forming body 1
according to a first embodiment of the present mo®. Fig. 2 is a cross-sectional
view of swirl flow-forming body 1 along the line A-of Fig. 1. Fig. 3 is a
cross-sectional view of swirl flow-forming body loag the line B-B of Fig. 1. Swirl
flow-forming body 1 is equipment for holding andheeying plate-like member W such
as a semiconductor wafer or a glass substrate. rl Sawv-forming body 1 holds
plate-like member W by discharging fluid to generatnegative pressure between the
swirl flow-forming body and the plate-like memberThe fluid herein refers to gas
such as compressed air, or liquid such as purerwatecarbonated water. Swirl
flow-forming body 1 is made of, for example, anmaloum alloy.  Swirl flow-forming
body 1 is an example of “holding equipment” accogdio the present invention.

[0017]

Swirl flow-forming body 1 includes main body llgncave part 12, end face
13, four jetting ports 14a, 14b, 14c, and 14d, sloge 15, four introduction ports 16a,
16b, 16c, and 16d, and four introduction passages 17b, 17c, and 17d, as shown in
Figs. 1 to 3. Four jetting ports 14a, 14b, 14d a4d will hereinafter collectively be
referred to as “jetting port 14.” Four introductiports 16a, 16b, 16c, and 16d will
hereinafter collectively be referred to as “introdan port 16.” Four introduction
passages 17a, 17b, 17c, and 17d will hereinaftéectively be referred to as
“introduction passage 17.”

[0018]

Main body 11 has a column shape. At a face ohrbady 11, flat end face
13 is formed. The face of main body 11 is, speaily, a face opposite to plate-like
member W being conveyed. The face of main bodwilllhereinafter be referred to
as “bottom face.” Concave part 12 has a columpehahich is provided at end face
13. Concave part 12 is formed so that the conpavteand main body 11 are coaxial.
[0019]

Four jetting ports 14 have a circular shape, whach formed at the inner
periphery of main body 11, which faces concave fidrt Four jetting ports 14 are
arranged at the central part in an axial directibthe inner periphery at equal intervals.
Jetting ports 14a and 14c are arranged so that #neyopposed to each other.
Specifically, jetting ports 14a and 14c are arranhge that they are symmetric with
respect to the central axis of main body 11 or asagart 12. Jetting ports 14b and
14d are arranged so that they are opposed to ¢laeh o Specifically, jetting ports 14b
and 14d are arranged so that they are symmetricredipect to the central axis of main
body 11 or concave part 12. Fluid supplied to kfhaw-forming body 1 is discharged



into concave part 12 via jetting ports 14. Liqisddischarged from jetting ports 14a
and 14c, gas is discharged from jetting ports Iathlaid.
[0020]

Slope 15 is formed at the opening edge of conpavel2. Four introduction
ports 16 have a circular shape, which are formedeabuter periphery of main body 11.
Among four introduction ports 16, introduction mori6a and 16¢ are connected to
liquid supply pump 3 (described later) via, for exde, a tube so that the introduction
ports supply liquid into main body 11. Introductiports 16b and 16d are connected
to gas supply pump 4 (described later) via, fomepia, a tube so that the introduction
ports supply gas into main body 11.

[0021]

Four introduction passages 17 are formed subathniti parallel with end face
13. Four introduction passages 17 are also forseethat they extend in a direction
tangential to the outer circumference of concave d2. Each of introduction
passages 17 connects jetting port 14 to introdagimt 16. Specifically, introduction
passage 17a connects jetting port 14a to introolugtort 16a, introduction passage 17b
connects jetting port 14b to introduction port 16troduction passage 17c connects
jetting port 14c to introduction port 16¢, and aduction passage 17d connects jetting
port 14d to introduction port 16d.

[0022]

Introduction passages 17a and 17c extend in phnaith each other, and
discharge liquid into concave part 12 to form arbWlow therein. Introduction
passages 17b and 17d extend in parallel with e#odr,oand form a gas swirl flow.
Specifically, introduction passages 17b and 17dhdigge gas into concave part 12 to
form a gas swirl flow. Introduction passages 1i@d &7c are an example of a “liquid
passage” according to the present invention. dhicttdon passages 17b and 17d are an
example of a “gas flow-forming means” and a “gassage” according to the present
invention.

[0023]

When fluid is supplied to swirl flow-forming bodlydescribed in the foregoing,
via introduction port 16, the fluid passes througitroduction passage 17 to be
discharged into concave part 12 via jetting port 1%he fluid discharged into concave
part 12 forms a swirl flow and is straightenedhe toncave part, and thereafter flows
out from the opening of the concave part. In Siatation, if plate-like member W is
positioned opposite end face 13, flow of outsidedfl(for example, air or water) into
concave part 12 is restricted. In addition, siaceentrifugal force of the swirl flow
develops, and entrainment occurs, fluid molecukssymit volume in the center of the
swirl flow become less dense; namely, a negatiesqure is generated. As a result,
plate-like member W is pushed toward end face 18usyounding fluid. On the other
hand, as plate-like member W comes close to erel ¥8c an amount of liquid flowing
out of concave part 12 decreases, and a velocigyflofid discharged into concave part
12 through jetting port 14 decreases, so that aspre in the center of the swirl flow
increases. Accordingly, plate-like member W doeiscome into contact with end face
13, and a given distance is maintained betweepltte-like member and the end face.
[0024]



Fig. 4 is a diagram showing a circuit configuratmf conveyance system 100
including swirl flow-forming body 1. As shown ingd- 4, introduction ports 16a and
16¢c of swirl flow-forming body 1 are connected fiquid supply pump 3 by, for
example, a tube through solenoid valve 2a. Orother hand, introduction ports 16b
and 16d are connected to gas supply pump 4 bexample, a tube through solenoid
valve 2b. Solenoid valves 2a and 2b are connectedicrocomputer 7. Solenoid
valve 2a allows or blocks passage of liquid sumplieom liquid supply pump 3,
according to an on/off control signal output froncracomputer 7.  On the other hand,
solenoid valve 2b allows or blocks passage of ggplged from gas supply pump 4,
according to an on/off control signal output froncracomputer 7. Microcomputer 7
outputs an on/off control signal to solenoid valvea and 2b according to a
predetermined program.

[0025]

In conveyance system 100, if microcomputer 7 astpim on control signal to
solenoid valve 2a, and outputs an off control dignasolenoid valve 2b, liquid is
supplied to only introduction ports 16a and 16b.s a&result, a liquid swirl flow is
formed in concave part 12 of swirl flow-forming hod. On the other hand, if
microcomputer 7 outputs an off control signal téesoid valve 2a, and outputs an on
control signal to solenoid valve 2b, gas is supgpt@ only introduction ports 16b and
16d. As a result, a gas swirl flow is formed imcave part 12 of swirl flow-forming
body 1. In essence, conveyance system 100 acgotdithe present embodiment is
able to use liquid and gas selectively. For examgbnveyance system 100 may use
liquid when swirl flow-forming body 1 conveys pldike member W in a liquid, and
may use gas when swirl flow-forming body 1 convplae-like member W in gas.
[0026]

It is to be noted that if microcomputer 7 outpatson control signal to both
solenoid valves 2a and 2b, liquid is supplied tooiduction ports 16a and 16b, and gas
is supplied to introduction ports 16b and 16d. aA®sult, a swirl flow of mixed fluid
consisting of liquid and gas is formed in concaaet @2 of swirl flow-forming body 1.
In that situation, introduction passages 17b and fbrm a liquid swirl flow while
introduction passages 17a and 17c form a gas ol
[0027]

2. Second Embodiment

Fig. 5 is a perspective view of an example of kWow-forming body 5
according to a second embodiment of the preseeniion. Fig. 6 is a cross-sectional
view of swirl flow-forming body 5 along the line C-of Fig. 5. Fig. 7 is a
cross-sectional view of swirl flow-forming body foag the line D-D of Fig. 5.  Swirl
flow-forming body 5 is equipment for holding andheeying plate-like member W such
as a semiconductor wafer or a glass substrate. rl 8awv-forming body 5 holds
plate-like member W by discharging fluid to generatnegative pressure between the
swirl flow-forming body and the plate-like memberThe fluid herein refers to gas
such as compressed air, or liquid such as purerwatecarbonated water. Swirl
flow-forming body 5 is made of, for example, anmaloum alloy.  Swirl flow-forming
body 5 is an example of “holding equipment” accogdio the present invention.

[0028]



Swirl flow-forming body 5 includes main body 5lgncave part 52, end face
53, two jetting ports 54, and slope 55, as showRigs. 5 to 7. Main body 51 has a
column shape. At a face of main body 51, flat éawk 53 is formed. The face of
main body 51 is, specifically, a face opposite katgzlike member W being conveyed.
The face of main body 51 will hereinafter be reddrto as “bottom face.” Concave
part 52 has a column shape, which is provided dtfape 53. Concave part 52 is
formed so that the concave part and main body &t@axial.

[0029]

Two jetting ports 54 are formed at the inner peeiy of main body 51, which
faces concave part 52. Two jetting ports 54 arangied at the central part in an axial
direction of the inner periphery. Two jetting &4 are arranged so that they are
opposed to each other. Specifically, jetting pdids are arranged so that they are
symmetric with respect to the central axis of mamay 51 or concave part 52. Fluid
supplied to swirl flow-forming body 5 is dischargedo concave part 52 via jetting
ports 54. Slope 55 is formed at the opening edgemcave part 52.

[0030]

Swirl flow-forming body 5 also includes supply p&6, annular passage 57,
communication passage 58, and two supply pass&@yes Shown in Figs. 6 and 7.
Supply port 56 has a circular shape, which is mlediat the center of an upper face
(namely, a face opposite to the bottom face) ofnmi@dy 51. Supply port 56 is
connected to liquid supply pump 3 and gas suppmpd via, for example, tubes so
that the supply port supplies fluid into main bo8ly. Annular passage 57 has a
cylindrical shape, which is formed inside main bdaly so that the annular passage
surrounds concave part 52. Annular passage 5tnsefd so that the annular passage
and concave part 52 are coaxial. Annular passd@gsupplies fluid supplied from
communication passage 58, to supply passage 59mnfDaication passage 58 is
provided inside main body 51, and extends lineiarly radial direction of the bottom or
upper face of the main body.

[0031]

Both ends of communication passage 58 communvaditeannular passage 57.
Communication passage 58 supplies fluid supplieanmain body 51 via supply port 56,
to annular passage 57. Two supply passages Sfraned substantially in parallel
with end face 53. Two supply passages 59 arefalseed so that they extend in a
direction tangential to the outer circumference cohcave part 52. Two supply
passages 59 extend in parallel with each other.e &l of each of supply passages 59
communicates with annular passage 57, and the etitrcommunicates with jetting
port 54. Supply passages 59 form a fluid swirlvflon concave part 52. Supply
passages 59 are an example of a “fluid flow-formimgans” according to the present
invention.

[0032]

When fluid is supplied to swirl flow-forming bodydescribed in the foregoing,
via supply port 56, the fluid passes through comication passage 58, annular passage
57, and supply passage 59 to be discharged intcagenpart 52 via jetting port 54.
The fluid discharged into concave part 52 formsvaldlow and is straightened in the
concave part, and thereafter flows out from thenope of the concave part. In that



situation, if plate-like member W is positioned opjie end face 53, flow of outside
fluid (for example, air or water) into concave pa2tis restricted. In addition, since a
centrifugal force of the swirl flow develops, anastr@inment occurs, fluid molecules per
unit volume in the center of the swirl flow becorness dense; namely, a negative
pressure is generated between swirl flow-formingybd and plate-like member W.
As a result, plate-like member W is pushed toward face 53 by surrounding fluid.
On the other hand, as plate-like member W comesedo end face 53, an amount of
fluid flowing out of concave part 52 decreases, anetlocity of a fluid discharged into
concave part 52 through jetting port 54 decreasbsyeby a pressure in the center of
the swirl flow increases. Accordingly, plate-likeember W does not come into
contact with end face 53, and a given distance amtained between the plate-like
member and the end face.

[0033]

Fig. 8 is a diagram showing a circuit configuratmf conveyance system 200
including swirl flow-forming body 5. Conveyancessgm 200 is an example of a
“holding system” according to the present inventios shown in Fig. 8, supply port
56 of swirl flow-forming body 5 is connected todid supply pump 3 by, for example, a
tube through solenoid valve 2a, and is connecteghsosupply pump 4 by, for example,
a tube through solenoid valve 2b. Solenoid val2aesand 2b are connected to
microcomputer 7.

[0034]

Solenoid valve 2a allows or blocks passage ofidiggupplied from liquid
supply pump 3, according to an on/off control slgmatput from microcomputer 7.
On the other hand, solenoid valve 2b allows or kdquassage of gas supplied from gas
supply pump 4, according to an on/off control slgoatput from microcomputer 7.
Solenoid valves 2a and 2b have a function of switghiluid to be supplied to swirl
flow-forming body 5 between gas and liquid. Soldngalves 2a and 2b are an
example of a *“fluid switching means” according tdet present invention.
Microcomputer 7 outputs an on/off control signal folenoid valves 2a and 2b
according to a predetermined program. Microcompitss an example of a “control
means” according to the present invention.

[0035]

In conveyance system 200, if microcomputer 7 ctstign on control signal to
solenoid valve 2a, and outputs an off control dignasolenoid valve 2b, liquid is
supplied to supply port 56 of swirl flow-forming @y 5. As a result, a liquid swirl
flow is formed in concave part 52 of swirl flow-famg body 5. On the other hand, if
microcomputer 7 outputs an off control signal téesoid valve 2a, and outputs an on
control signal to solenoid valve 2b, gas is sumplie supply port 56 of swirl
flow-forming body 5. As a result, a gas swirl flass formed in concave part 52 of
swirl flow-forming body 5. In essence, conveyargystem 200 according to the
present embodiment is able to use liquid and dastsesly. For example, conveyance
system 200 may use liquid when swirl flow-formingdly 5 conveys plate-like member
W in a liquid, and may use gas when swirl flow-famg body 5 conveys plate-like
member W in gas.

[0036]



3. Modifications

The above embodiments may be modified as deschbkxlv. Two or more
of the following modifications may be combined waach other.
[0037]

3-1. Modification 1

A plurality of swirl flow-forming bodies 1 accomtj to the first embodiment
may be fixed to a plate-like frame depending onza sf plate-like member W to be
conveyed. Fig. 9 is a diagram showing an exampke aonfiguration of conveyance
equipment 10 according to the present modificatioBpecifically, Fig. 9(a) is a bottom
view of conveyance equipment 10, and Fig. 9(b) isidge view of conveyance
equipment 10. Conveyance equipment 10 includeg lagly 101, twelve swirl
flow-forming bodies 1, twelve friction members 1G&d six hole parts 103, as shown
in Fig. 9.

[0038]

Base body 101 has a disk shape. Base body 1hade of, for example, an
aluminum alloy. Twelve swirl flow-forming bodies dre provided at a face of base
body 101, which face, specifically, a face oppogsdeplate-like member W being
conveyed. The face of base body 101 will hereamdie referred to as “bottom face.”
Twelve swirl flow-forming bodies 1 are arranged tte bottom face on the
circumference of a circle. Twelve swirl flow-forng bodies 1 are arranged at equal
intervals along the outer circumference of baseylddd.

[0039]

Each of twelve friction members 102 has a coluhmpsg, which is provided at
the bottom face of base body 101. Twelve friciimeambers 102 are arranged at the
bottom face at equal intervals on the circumferentehe circle, on which swirl
flow-forming bodies 1 are arranged. Each of fantimembers 102 is arranged
between two swirl flow-forming bodies 1. Each o€tion members 102 is a member
for generating a friction force between the friatimember and a surface of plate-like
member W being conveyed, by coming into contach whte surface of the plate-like
member, which friction force prevents the platelinember from moving. Each of
friction members 102 is made of, for example, arilue-contained rubber. Six hole
parts 103 are through-holes having an elongatedeshéth rounded ends, which are
provided at base body 101. Six hole parts 103m@nged at base body 101 at equal
intervals on the circumference of a circle. Theelei on whose circumference hole
parts 103 are arranged and the circle on whosemierence swirl flow-forming bodies
1 are arranged are concentric. Hole parts 103aemnged nearer the center of a
surface of base body 101 in relation to swirl fltmmning bodies 1.

[0040]

When the present modification is employed, eacéwofl flow-forming bodies
1 fixed to conveyance equipment 10 may be connetcteahly one of liquid supply
pump 3 and gas supply pump 4. Swirl flow-formingdies 1 connected to liquid
supply pump 3 and swirl flow-forming bodies 1 cocieel to gas supply pump 4 may be
alternately arranged in conveyance equipment 1@r example, when conveyance
equipment 10 conveys plate-like member W in a tgonly swirl flow-forming bodies
1 connected to liquid supply pump 3 may be suppkéd liquid, and when conveyance



equipment 10 conveys plate-like member W in ga$y swirl flow-forming bodies 1
connected to gas supply pump 4 may be suppliedgaish
[0041]

In the present modification, swirl flow-forming dies 1 connected to liquid
supply pump 3 are an example of “second holdingpegent” according to the present
invention. Introduction passages 17a and 17c geaviat the swirl flow-forming
bodies are an example of a “liquid passage” acogrth the present invention. On the
other hand, swirl flow-forming bodies 1 connectedjas supply pump 4 are an example
of “first holding equipment” according to the prasévention. Introduction passages
17b and 17d provided at the swirl flow-forming begliare an example of a “gas
flow-forming means” according to the present inveamt
[0042]

It is to be noted that in conveyance equipmentstx| flow-forming bodies 1
connected to liquid supply pump 3 may be supplieth wiquid, while swirl
flow-forming bodies 1 connected to gas supply puhare supplied with gas. In that
situation, swirl flow-forming bodies 1 (specificgllintroduction passages 17a and 17c¢)
connected to liquid supply pump 3 form a liquid sviliow, while swirl flow-forming
bodies 1 (specifically, introduction passages 1id &7d) connected to gas supply
pump 4 form a gas swirl flow.

[0043]

It is also to be noted that conveyance equipm@mhay be provided with swirl
flow-forming bodies 5 according to the second enmbeat, instead of swirl
flow-forming bodies 1.

[0044]
3-2. Modification 2

Conveyance equipment 10 according to modificationay have another shape.
Fig. 10 is a diagram showing an example of a caonéigion of conveyance equipment
20 according to the present modification. Speallyc Fig. 10(a) is a bottom view of
conveyance equipment 20, and Fig. 10(b) is a siel of conveyance equipment 20.
Conveyance equipment 20 includes base body 201svienh flow-forming bodies 1,
and twelve friction members 102A, as shown in EQ.

[0045]

Base body 201 is a plate-like member in the shafpa two-pronged fork,
which includes rectangular holding part 2011 and tawm parts 2012 that extend
forkedly from the holding part. Base body 201 iada of, for example, an aluminum
alloy. Ten swirl flow-forming bodies 1 are provdiat a face of two arm parts 2012
constituting base body 201. The face of arm 201 is, specifically, a face opposite
to plate-like member W being conveyed. The facarai parts 2012 will hereinafter
be referred to as “bottom face.” Ten swirl flowdang bodies 1 are arranged at two
arm parts 2012 on the circumference of a circleve Bwirl flow-forming bodies 1 are
arranged at each of arm parts 2012 at equal irigerva
[0046]

Each of twelve friction members 102A, which arevded at the bottom face
of two arm parts 2012, is a plate-like member. Nedriction members 102A are
arranged at the bottom face on the circumferencehef circle, on which swirl

10



flow-forming bodies 1 are arranged. Friction memsb&02A are arranged at each of
arm parts 2012 so that two friction members 102Adsach one swirl flow-forming
body 1. Each of friction members 102A generatégcaon force between the friction
member and a surface of plate-like member W beamyeyed, by coming into contact
with the surface of the plate-like member, whiciation force prevents the plate-like
member from moving. Each of friction members 102Amade of, for example, a
fluorine-contained rubber.

[0047]

3-3. Modification 3

In the second embodiment, swirl flow-forming bdelyhat forms a swirl flow
may be replaced with a radial flow-forming bodyttfams a radial flow. Fig. 11 is a
perspective view of an example of radial flow-fongibody 6 according to the present
modification. Radial flow-forming body 6 is equiemt for holding plate-like member
W by discharging fluid to generate a negative presgetween the radial flow-forming
body and the plate-like member.

[0048]

Radial flow-forming body 6 includes main body @hnular concave part 62,
end face 63, opposed face 64, and slope 65, amsimokig. 11. Main body 61 has a
column shape. At a face of main body 61, flat éawk 63 is formed. The face of
main body 61 is, specifically, a face opposite laglike member W being conveyed.
The face of main body 61 will hereinafter be reddrto as “bottom face.” Annular
concave part 62 is formed at end face 63 so tlaatimular concave part and the outer
circumference of main body 61 are concentric. & bottom face of main body 61,
flat opposed face 64 is formed. Opposed face @face opposite plate-like member
W being conveyed, which face is surrounded by amcabncave part 62. Opposed
face 64 is formed at the bottom face of main bot® that it is hollow relative to end
face 63. Slope 65 is formed at the opening edpgec(Bcally, at the outer opening
edge) of annular concave part 62.

[0049]

Fig. 12 is a bottom view of radial flow-forming ¢ 6. Fig. 13 is a
cross-sectional view of radial flow-forming bodyatng the line E-E of Fig. 11. As
shown in Figs. 12 and 13, radial flow-forming baglyurther includes six nozzle holes
66, introduction port 67, introduction passage G&nular passage 69, and
communication passage 70. Introduction port 67 &asircular shape, which is
provided at the center of an upper face (namefgca opposite to the bottom face) of
main body 61. Introduction port 67 is connectedidqoid supply pump 3 and gas
supply pump 4, which are shown in Fig. 4, via, &otample, tubes. Introduction
passage 68 is provided inside main body 61, whitbnels linearly along the central
axis of main body 61. One end of introduction pgss 68 communicates with
introduction port 67, and the other end commungatgh communication passage 70.
Introduction passage 68 supplies liquid supplied main body 61 via introduction port
67, to communication passage 70.

[0050]

Communication passage 70 is provided inside mainty 61, which extends

linearly in a radial direction of annular passage 6The central part in an axial
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direction of communication passage 70 communicat#ls introduction passage 68,

and both ends communicate with annular passage @@mmunication passage 70
supplies fluid supplied from introduction passa@e t® annular passage 69. Annular
passage 69 has a cylindrical shape, which is peovidside main body 61. Annular

passage 69 is formed so that the annular passafjenam body 61 are coaxial.

Annular passage 69 supplies fluid supplied from momication passage 70, to nozzle
holes 66.

[0051]

Nozzle holes 66 are formed substantially in parallith end face 63 or
opposed face 64. Nozzle holes 66 are also forroethat they extend linearly in a
radial direction of the bottom or upper face of maody 61. One end of nozzle hole
66 communicates with annular passage 69, and ther @nd communicates with
annular concave part 62. Six nozzle holes 66 amadd on the same plane so that
adjacent nozzle holes 66 form an angle of substiind5 degrees. Each of six nozzle
holes 66 discharges fluid such as gas into anmmolacave part 62 to form a radial flow
therein. Nozzle holes 66 are an example of adfflow-forming means” according to
the present invention.

[0052]

When fluid is supplied to radial flow-forming bod§ described in the
foregoing, via introduction port 67, the fluid passthrough introduction passage 68,
communication passage 70, and annular passage ®@ tischarged into annular
concave part 62 via nozzle hole 66. The fluid lsBsged into annular concave part 62
flows out of the opening of the annular concave.pain that situation, if plate-like
member W is positioned opposite opposed face 64 @f outside fluid (for example,
air or water) into the space between the opposed &nd the plate-like member is
restricted. In addition, since entrainment ocaus to radial flow, fluid molecules per
unit volume in the space become less dense; namelggative pressure is generated.
As a result, plate-like member W is pushed toward face 63 by surrounding fluid.
On the other hand, as plate-like member W comesedo end face 63, an amount of
fluid flowing out of annular concave part 62 deses and a velocity of a fluid
discharged into through nozzle hole 66 decreaségrelby a pressure in the space
increases. Accordingly, plate-like member W doeiscome into contact with end face
63, and a given distance is maintained betweepl#dte-like member and the end face.
[0053]

It is to be noted that the configuration (espdgidhe number of nozzle holes
66 and the configuration of the liquid passagesain body 61) of radial flow-forming
body 6 is not limited to the example shown in thespnt modification. The
configuration may be determined based on the sizape, and material of plate-like
member W to be conveyed by radial flow-forming bé&dy
[0054]

It is also to be noted that conveyance equipmeractording to modification 1
may be provided with radial flow-forming bodies i@stead of swirl flow-forming
bodies 1. Each of radial flow-forming bodies 6efixto conveyance equipment 10
may be connected to one of liquid supply pump 3 gas supply pump 4. Radial
flow-forming bodies 6 connected to liquid supplyngu 3 and radial flow-forming
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bodies 6 connected to gas supply pump 4 may bmattdy arranged in conveyance
equipment 10. In the present modification, rafl@h-forming bodies 6 connected to
liquid supply pump 3 are an example of “second imgicequipment” according to the
present invention. Nozzle holes 66 provided atréal flow-forming bodies are an
example of a “liquid passage” according to the @nésnvention. On the other hand,
radial flow-forming bodies 6 connected to gas sygpimp 4 are an example of “first
holding equipment” according to the present invamti Nozzle holes 66 provided at
the radial flow-forming bodies are an example dfgas flow-forming means” and a
“gas passage” according to the present invention.

[0055]

It is also to be noted that nozzle holes 66 ofalaitow-forming body 6 may
discharge different fluids, as in the case of idirction passages 17 provided at swirl
flow-forming body 1 according to the first embodmbe In the modification, nozzle
holes 66 that discharge gas into annular concavegz2ato form a gas radial flow
therein are an example of a “gas flow-forming méaascording to the present
invention. On the other hand, nozzle holes 66 thatharge liquid into annular
concave part 62 to form a liquid radial flow therare an example of a “liquid passage”
according to the present invention.

[0056]
3-4. Modification 4

Swirl flow-forming body 1 according to the firstmédodiment may have
another shape. Fig. 14 is a bottom view of an g@tamf swirl flow-forming body 1A
according to the present modification. Fig. 15aiscross-sectional view of swirl
flow-forming body 1A along the line F-F of Fig. 14As shown in Figs. 14 and 15,
swirl flow-forming body 1A further includes projeat part 18 as compared to swirl
flow-forming body 1. Projecting part 18 has a eofushape, which is formed so that
the projecting part extends from the bottom of ewecpart 12. Projecting part 18 is
also formed so that the projecting part and maidybdl (or concave part 12) are
coaxial. The upper face (specifically, a face apigoto plate-like member W being
conveyed) of projecting part 18 is formed so thatupper face is hollow relative to end
face 13. Between the outer periphery of projecpag 18 and the inner periphery of
main body 11, a fluid passage is formed, in whlaidfdischarged into concave part 12
flows and forms a swirl flow.

[0057]

It is to be noted that the upper face of projecmart 18 and end face 13 may
be on the same plane. The upper face of projegtary 18 may have a chamfered
edge.

[0058]

A projecting part similar to projecting part 18 ynae provided at the bottom of
concave part 52 of swirl flow-forming body 5 accoglito the second embodiment.
[0059]

3-5. Modification 5

Swirl flow-forming body 1 according to the firstndbodiment may be provided
with a known electric fan (see, for example, JP 12038948 Al), instead of
introduction passages 17b and 17d. Specificallytl sSlow-forming body 1 may be
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provided with inlets formed at main body 11, anfdraprovided inside concave part 12,
that rotates to take gas into the concave parthé@anlets, and generate a swirl flow in
the concave part. The fan is an example of a figasforming means” according to

the present invention. The fan may be caused tetereelectrically or not to rotate

while introduction passage 17a and 17c dischaggediinto concave part 12 to form a
liquid swirl flow therein.

[0060]

A similar electric fan may be provided at swidwil-forming body 5 according
to the second embodiment. Specifically, swirl fllamming body 5 may be provided
with inlets formed at main body 51, and a fan pded inside concave part 52, that
rotates to take gas into the concave part viartets, and generate a swirl flow in the
concave part. The fan is an example of a “gas-flaiming means” according to the
present invention. To form a liquid swirl flow igoncave part 52 of swirl
flow-forming body 5 including the electric fan, mbicomputer 7 of conveyance system
200 may output an on control signal to solenoideda, and to form a gas swirl flow
in the concave part, the microcomputer 7 may oudpubn control signal to the electric
fan. The electric fan may be caused to rotateeniliquid swirl flow is formed in
concave part 52.

[0061]
3-6. Modification 6

The configuration of base body 101 of conveyarqrgémnent 10 is not limited
to the example shown in modification 1. The numBlape, and position of friction
members 102 and hole parts 103, which are provéddzhse body 101 of conveyance
equipment 10, are not limited to the example shmwmodification 1. The parameters
may be determined based on the size, shape, ardiahaf plate-like member W to be
conveyed by conveyance equipment 10. Friction neemb02 or hole parts 103 may
be omitted from base body 101 of conveyance equiph@ In a case where friction
members 102 are omitted from base body 101 of g@mnee equipment 10, the base
body may be provided with a known centering guske( for example, JP 2005-51260
Al) for positioning plate-like member W. Similarlghe configuration of base body
201 of conveyance equipment 20 is not limited soghample shown in modification 2.
[0062]

3-7. Modification 7

The number, configuration, and position of swilbw-forming bodies 1
provided at base body 101 of conveyance equipm@mird not limited to the example
shown in modification 1. The parameters may berdahed based on the size, shape,
and material of plate-like member W to be convehgdconveyance equipment 10.
For example, the number of swirl flow-forming baglie may be smaller or greater than
12. Two or more lines of swirl flow-forming bodiésmay be arranged along the outer
circumference of base body 101. Similarly, the hamconfiguration, and position of
swirl flow-forming bodies 5 provided at base bodi 2f conveyance equipment 20 are
not limited to the example shown in modification 2.

[0063]
3-8. Modification 8
Main body 11 of swirl flow-forming body 1 accordjrio the first embodiment
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may have a rectangular column shape or an ellgaicmn shape, instead of a circular
column shape. The number of introduction passagpsovided at swirl flow-forming
bodies 1 may be smaller or greater than four. &lbp may be omitted from main
body 11 of swirl flow-forming body 1. In other was, the edge of end face 13 may
not be chamfered. The modifications may be appbesivirl flow-forming body 5.
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Claims

1. Holding equipment for holding a plate-like memly discharging fluid to
generate a negative pressure between the holdingpregnt and the member, the
holding equipment comprising:

a columnar main body;

a flat end face formed at the main body, that§abe member;

a concave part formed at the end face;

a gas flow-forming means that forms a gas swawfin the concave part or
discharges gas into the concave part to form arfdv; and

one or more liquid passages that discharge liqualthe concave part to form
a liquid swirl flow or a liquid radial flow.

2. The holding equipment according to Claim 1, wirerthe gas flow-forming
means comprises one or more gas passages thaardisamas into the concave part to
form a gas swirl flow or a gas radial flow.

3. The holding equipment according to Claim 1 omBerein the one or more
liquid passages form the liquid swirl flow or thigdid radial flow while the gas
flow-forming means forms the gas swirl flow or tipes radial flow.

4. A conveyance system comprising:
holding equipment for holding a plate-like memliyr discharging fluid to
generate a negative pressure between the holdingpregnt and the member, the
holding equipment comprising:
a columnar main body,
a flat end face formed at the main body, tha¢$abe member,
a concave part formed at the end face, and
a fluid flow-forming means that forms a fluid sivilow in the
concave part or discharges fluid into the concare tp form a radial flow; and
a fluid switching means connected to the holdiggigment, that switches
fluid to be supplied to the holding equipment besgwegas and liquid.

5. A control method for controlling a holding syste the holding system
comprising:
holding equipment for holding a plate-like memiigr discharging fluid to
generate a negative pressure between the holdingpregnt and the member, the
holding equipment comprising:
a columnar main body,
a flat end face formed at the main body, tha¢$abe member,
a concave part formed at the end face, and
a fluid flow-forming means that forms a fluid sifilow in the concave part or
discharges fluid into the concave part to formdiataflow;
a fluid switching means connected to the holdiggigment, that switches
fluid to be supplied to the holding equipment beswegas and liquid; and
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a control means connected to the fluid switchireans, that controls the fluid
switching means, the method comprising:

controlling, by the control means, the fluid swittg means to supply gas to
the holding equipment; and

controlling, by the control means, the fluid switty means to supply liquid to
the holding equipment.

6. Conveyance equipment comprising:
first holding equipment for holding a plate-likeember by discharging gas to
generate a negative pressure between the firstnigotjuipment and the member, the
first holding equipment comprising:
a columnar first main body,
a flat first end face formed at the first main pothat faces the
member,
a first concave part formed at the first end facel
a fluid flow-forming means that forms a gas swidw in the first
concave part or discharges gas into the first compart to form a radial flow;
and
second holding equipment for holding the memberdisgharging liquid to
generate a negative pressure between the secodiuhdh@quipment and the member,
the second holding equipment comprising:
a columnar second main body,
a flat second end face formed at the second nwdy, lthat faces the
member,
a second concave part formed at the second eaddad
one or more liquid passages that discharge ligoid the second
concave part to form a liquid swirl flow or a liguiadial flow.

7. The conveyance equipment according to Claim 6erain the gas
flow-forming means comprises one or more gas pass#tat discharge gas into the
first concave part to form a gas swirl flow or & gadial flow.

8. The conveyance equipment according to Claim B @rherein the one or more

liquid passages form the liquid swirl flow or thigdid radial flow while the gas
flow-forming means forms the gas swirl flow or s radial flow.
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