SPECIFICATION
Title of invention: Holding Equipment
Technical field
[0001]

The present invention pertains to holding equipmen
Background art
[0002]

In recent years, equipment for conveying a pl&e-imember such as a
semiconductor wafer or a glass substrate in a wotact 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 Betr®ylrinciple. The equipment
includes a cylindrical chamber that opens on theetside of the equipment, into which
fluid is supplied to generate a swirl flow. Theidflow generates a negative pressure
in the centre, 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€guently, the equipment
conveys the plate-like member in a non-contact raann
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 preévanwater mark from being
formed on a part of a plate-like member held bylmg equipment that discharges fluid
to form a swirl flow or a radial flow so that a radye pressure is generated between the
holding equipment and the member, the part fadmegcentre of the swirl flow or the
radial centre of the radial flow.

Meansfor Solving the Problems
[0005]

The present invention provides holding equipmaeort 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 fadlcesnember; a concave part formed at
the end face; one or more fluid passages that aligehfluid into the concave part to
form a swirl flow or a radial flow; and a liquid gply means for supplying a part of the
member with a liquid, the part facing the centrehaf swirl flow or the radial centre of
the radial flow.

[0006]

In the above holding equipment, the liquid suppigans may comprise a
discharge port that faces the part of the membmt, the liquid supply means may
discharge liquid onto the part of the member veadtscharge port.

[0007]
In the above holding equipment, liquid that isctsrged onto the part of the



member via the discharge port may be discharged the part of the member by
suction exerted by the negative pressure that edmetwween the holding equipment and
the member.

[0008]

In the above holding equipment, the one or manel fbassages may discharge
liquid into the concave part to form a swirl floand the liquid supply means may be a
projecting part formed on a wall surface of the miaody, the wall surface facing the
concave part.

[0009]

In the above holding equipment, the one or manel fbassages may discharge
liquid into the concave part to form a swirl flow @ radial flow, and the liquid supply
means may be attached to the end face, and maylitoid particles discharged by the
one or more fluid passages, in a position thatsfélee part of the member.

[0010]

In the above holding equipment, the fluid may lgas.
Effects of the Invention
[0011]

The present invention is able to prevent a watarknfrom being formed on a
part of a plate-like member held by holding equiptmiat discharges fluid to form a
swirl flow or a radial flow so that a negative pere is generated between the holding
equipment and the member, the part facing the eesftithe swirl flow or the radial
centre of the radial flow.

Brief Description of the Drawings
[0012]

Fig. 1 is a perspective view illustrating one epémof a swirl flow-forming
body 1.

Fig. 2 is a cross-sectional view of fig. 1 alonglA-A.

Fig. 3 is a cross-sectional view of fig. 1 alongIB-B.

Fig. 4 is a perspective view illustrating one eptemof a swirl flow-forming
body 3.

Fig. 5 is a cross-sectional view of fig. 4 alomgIC-C.

Fig. 6 is a cross-sectional view of fig. 4 alomgID-D.

Fig. 7 is a perspective view of conveyance equigre.

Fig. 8 is a perspective view illustrating one eptenof a swirl flow-forming
body 5.

Fig. 9 is a cross-sectional view of fig. 8 alomglE-E.

Fig. 10 is a cross-sectional view of fig. 8 aldimg F-F.

Fig. 11 is a plane view of a baffle plate 6.

Fig. 12 is a drawing explaining the effects offlegplate 6.

Fig. 13 is a perspective view illustrating onerapée of a radial flow-forming
body 7.

Fig. 14 is a bottom view of radial flow-forming dyp 7.

Fig. 15 is a cross-sectional view of fig. 13 alding G-G.

Fig. 16 is a plane view of a baffle plate 6A.

Fig. 17 is a drawing illustrating one example d&fe tconfiguration of



conveyance equipment 30.

Fig. 18 is a cross-sectional view of fig. 17 alding H-H.

Fig. 19 is a cross-sectional view of fig. 18 alding I-1.

Fig. 20 is a drawing illustrating one example d&fe tconfiguration of
conveyance equipment 50.

Fig. 21 is a cross-sectional view of fig. 20 alding J-J.
Description of Reference Numerals
[0013]
1... swirl flow-forming body, 3... swirl flow-forming &dy, 5... swirl flow-forming
body, 6... baffle plate, 7... radial flow-forming bod¥0... conveyance equipment,
11... main body, 12... concave part, 13... end face, Jdtting port, 15... slope, 16...
convex part, 17... discharge port, 18... introductiomnt,pl19... introduction path, 20...
annular passage, 21... communication passage, 22 plyspprt, 23... supply path,
30... conveyance equipment, 31... main body, 32... cangant, 33... end face, 34...
jetting port, 35... slope, 36... projecting part, 37..nnalar passage, 38...
communication passage, 39... supply port, 40... sugmgh, 50... conveyance
equipment, 51... main body, 52... concave part, 53...faod, 54... jetting ports, 55...
slope, 56... supply port, 57... annular passage, 58 mnuanication passage, 59...
supply path, 61... disk part, 62... rod-like member,.6annular member, 71... main
body, 72... annular concave part, 73... end face, 74posing surface, 75... slope,
76... discharge port, 77... nozzle hole, 78... introdurcgpath, 79... introduction port,
80... annular passage, 81... communication passage, 8%ply port, 201... base
body, 202... friction member, 203... hole, 204... suppbrt, 205... communication
passage, 206... annular passage, 301... base body, 80@gply port, 303... C-shaped
passage, 304... communication passage, 3011... hgdding3012... arm
Modesfor Implementing the Invention
[0014]

The mode for carrying out the present inventionexplained below with
reference to the drawings.
1. First embodiment

Fig. 1 is a perspective view illustrating one epémof a swirl flow-forming
body 1 as in a first embodiment of the presentntioa. Fig. 2 is a cross-sectional view
of fig. 1 along line A-A. Fig. 3 is a cross-sectwiew of fig. 1 along line B-B. Swirl
flow-forming body 1 is equipment for holding a @dike member W such as a
semiconductor wafer or a glass base body and comyethe member. Swirl
flow-forming body 1 holds said member by dischaggiftuid to generate negative
pressure between the equipment and plate-like meWbelere, a fluid is a gas such as
compressed air or a liquid such as pure water dyocated water, for example. The
material of swirl flow-forming body 1 is an alumimn alloy, for example. This swirl
flow-forming body 1 is one example of the “holdiegluipment” as in the present
invention.
[0015]

Swirl flow-forming body 1, as illustrated in fid--3, is provided with a main
body 11, a concave part 12, an end face 13, tviimgeports 14, a slope 15, a convex
part 16 and a discharge port 17. Main body 11 haslamn shape. End face 13 is



formed in a flat shape on one of the surfaces (Bpaty, the surface that faces
plate-like member W, which is an article to be ceyed) (hereafter referred to as
“bottom face”) of main body 11. Concave part 12 haolumn shape and is formed in
end face 13. Concave part 12 is formed on the sexseas main body 11.

[0016]

Two jetting ports 14 are formed on the inner-peei@l side surface of main
body 11 that faces concave part 12. The two jetpiogs 14 are arranged so as to
mutually oppose each other. Specifically, jettingrtp 14 are arranged in point
symmetry about the axial centre of the central akimain body 11 or concave part 12.
The fluid supplied to swirl flow-forming body 1 discharged into concave part 12 via
each of jetting ports 14. Slope 15 is formed ongpening end of concave part 12.
[0017]

Convex part 16 has a column shape, and is formeasso extend from the
bottom of concave part 12. Convex part 16 is formedhe same axis as main body 11
or concave part 12. The top face (specifically, sweface that opposes plate-like
member W, which is an article to be conveyed) ofivex part 16 is formed in a
recessed manner with respect to end face 13. Copaex16 forms a fluid flow path
between the outer-circumferential side surfaceeibfeand the inner-peripheral side
surface of main body 11, and fluid that is discledrgito concave part 12 forms a swirl
flow by flowing through this fluid flow path. Diseinge port 17 has a circular shape, and
is provided in the centre of the top face of conyaxt 16. This discharge port 17
communicates with an introduction path 19 describeldw, and discharges liquid such
as pure water or carbonated water.

[0018]

Swirl flow-forming body 1, as illustrated in fig8.and 3, is also provided with
an introduction port 18, an introduction path 19 annular passage 20, a
communication passage 21, a supply port 22 andstyply paths 23. Introduction port
18 has a circular shape, and is provided in théree the top face (that is, the surface
opposite the bottom face) of main body 11. Intrdduncport 18 is connected to a liquid
tank (not illustrated) via a tube, for example, digdid is supplied into main body 11
via this introduction port 18. Introduction path ik9rovided inside main body 11, and
extends in a straight line along the central axisain body 11. Introduction path 19
communicates with introduction port 18 at one emer¢of, and communicates with
discharge port 17 described above at the othetrerdof.

[0019]

Annular passage 20 has a cylindrical shape, afatrised inside main body 11
so as to surround concave part 12. Annular pas®age formed on the same axis as
concave part 12. Annular passage 20 supplies syggily 23 with fluid supplied from
communication passage 21. Communication passagde @bvided inside main body
11, and extends in a straight line parallel to temtral axis of main body 11.
Communication passage 21 communicates with anpalssage 20 at one end thereof,
and communicates with supply port 22 at the otmel thereof. Supply port 22 has a
circular shape, and is provided on the top facenafn body 11. Supply port 22 is
connected to fluid supply equipment (not illusttBteia a tube, for example, and fluid
Is supplied into main body 11 via this supply @22t



[0020]

Each of the two supply paths 23 discharges a fintid concave part 12 via
jetting ports 14 to form a swirl flow within concayart 12. Specifically, each of supply
paths 23 is formed so as to be approximately mrllend face 13 and to extend in a
direction tangential to the outer circumferencecohcave part 12, one end thereof
communicating with annular passage 20 and the @heércommunicating with jetting
ports 14. Supply paths 23 are one example of th&d“fpassage” in the present
invention.

[0021]

If swirl flow-forming body 1 is supplied with fldi via supply port 22 as
explained above, the fluid passes through commtiaic@passage 21, annular passage
20 and supply paths 23 before being discharged fetting ports 14 into concave part
12. The fluid discharged into concave part 12 foarswirl flow and is straightened in
concave part 12, and subsequently flows out froenapening of concave part 12. At
this time, if a plate-like member W is positionedposite end face 13, inflow of
external fluid (for example, air or water) to conegart 12 is restricted, and the density
of fluid molecules per unit volume in the centretloé swirl flow becomes reduced due
to centrifugal force and entrainment effect of thwirl flow, generating negative
pressure between swirl flow-forming body 1 and gléte member W. As a result,
plate-like member W is pushed by surrounding flamdi is drawn towards end face 13.
On the other hand, as the distance between endlfacaend plate-like member W
decreases, the amount of fluid that flows out afcawve part 12 becomes limited, the
speed of fluid discharged from jetting ports 1dkinbncave part 12 decreases, and the
pressure in the centre of the swirl flow increagesa result, plate-like member W does
not come into contact with end face 13, and a gidistance is maintained between
plate-like member W and end face 13.

[0022]

If plate-like member W is conveyed by swirl flowrining body 1 in a washed
and wet state, a swirl flow forms within concavetpg as described above, and thus
liquid adhered to plate-like member W scatters nnoater-circumferential direction
thereof due to the centrifugal force of said sviidw. As a result, in conveyance
equipment that uses a conventional swirl flow, ¢hemas a problem of the surface of
plate-like member W becoming dry, and so-calledewatarks (in other words, water
staining) forming on said surface. A water mark,ewhplate-like member W is a
semiconductor wafer, is composed of an oxide, fangle.

[0023]

By contrast, in swirl flow-forming body 1 as inetipresent embodiment, liquid
inside introduction path 19 is sucked and dischirfjem discharge port 17 due to
negative pressure that occurs between swirl floinfiog body 1 and plate-like member
W. The discharged liquid is supplied to the surféspecifically, the central part of the
surface) of plate-like member W that opposes digghgort 17. In other words, said
liquid is supplied to the surface part of plateslkember W, which part faces the centre
of the swirl flow. Said liquid is directly supplidom directly above the central part of
said surface via discharge port 17. Liquid suppteedhe central part of the surface of
plate-like member W spreads to the entire surfdgalaie-like member W due to the



centrifugal force of the swirl flow. As a resultrythg of the surface of plate-like
member W is prevented, thereby preventing wateksi@om forming.
[0024]

In swirl flow-forming body 1, the combination ofisgdharge port 17,
introduction port 18 and introduction path 1 is omeample of the “liquid supply
means” as in the present invention.

[0025]
2. Second embodiment

Fig. 4 is a perspective view illustrating one eptemof a swirl flow-forming
body 3 as in a second embodiment of the preseention. Fig. 5 is a cross-sectional
view of fig. 4 along line C-C. Fig. 6 is a crosssenal view of fig. 4 along line D-D.
Swirl flow-forming body 3 is equipment for holdiray plate-like member W such as a
semiconductor wafer or a glass base body and comyethe member. Swirl
flow-forming body 3 holds said member by dischaggliquid such as pure water or
carbonated water to generate negative pressuresbetine equipment and plate-like
member W. The material of swirl flow-forming bodys3aluminium alloy, for example.
This swirl flow-forming body 3 is one example ofetltholding equipment” in the
present invention.

[0026]

Swirl flow-forming body 3, as illustrated in figd.- 6, is provided with a main
body 31, a concave part 32, an end face 33, twimgeports 34, a slope 35 and two
projecting parts 36. Main body 31 has a column sh&mnd face 33 is formed in a flat
shape on one of the surfaces (specifically, the taposite plate-like member W, which
is an article to be conveyed) (hereafter refercedd “bottom face”) of main body 31.
Concave part 32 has a column shape, and is formedd face 33. Concave part 32 is
formed on the same axis as main body 31.

[0027]

The two jetting ports 34 are formed on the innerigheral side surface that
faces concave part 32, of main body 31. The twingeforts 34 are arranged so as to
mutually oppose each other. Specifically, the teibing ports 34 are arranged in point
symmetry about the axial centre of the central akisiain body 31 or concave part 32.
Liquid supplied to swirl flow-forming body 3 via el of jetting ports 34 is discharged
into concave part 32. Slope 35 is formed at thenmygeof concave part 32.

[0028]

Each the two projecting parts 36 has a triangaldinder shape, the cross
section of which is an approximate equilateralnigia, and is formed on the wall
surface of main body 31, which wall surface facascave part 32. Specifically, each of
the two projecting parts 36 is formed on the inperpheral side surface of main body
31 that faces concave part 32. Each of projectarts86 is arranged at the same depth
as jetting ports 34 within concave part 32. The fwojecting parts 36 are arranged in
point symmetry about the axial centre of the cérdxés of main body 31 or concave
part 32. The two projecting parts 36 and two jettports 34 are arranged at equal
intervals. Each of projecting parts 36 is arrangedhat one rectangular surface thereof
comes into contact with the wall surface of mainyp@81. At this time, the slope that
faces concave part 32 is arranged so as to facewhk direction of the swirl flow



formed within said concave part 32. Each of prajecparts 36 is one example of the
“liquid supply means” as in the present invention.
[0029]

Swirl flow-forming body 3, as illustrated in figS.and 6, is also provided with
an annular passage 37, a communication passage S2fply port 39 and two supply
paths 40. Annular passage 37 has a cylindricaleshad is formed inside main body 31
S0 as to surround concave part 32. Annular pas3age formed on the same axis as
concave part 32. Annular passage 37 supplies sygaphy40 with liquid supplied from
communication passage 38. Communication passade @®vided inside main body
31, and extends in a straight line parallel to temtral axis of main body 31.
Communication passage 38 communicates with anpalssage 37 at one end thereof,
and communicates with supply port 39 at the otmel thereof. Supply port 39 has a
circular shape, and is provided in the top facemain body 31. Supply port 39 is
connected to liquid supply equipment (not illustht via a tube, for example, and
liquid is supplied into main body 31 via this suppbrt 39.

[0030]

Each of the two supply paths 40 discharges liqnid concave part 32 via
jetting ports 34 to form a swirl flow within concayart 32. Specifically, each of supply
paths 40 is formed so as to extend approximaterpllphto end face 33 and in a
direction tangential to the outer circumferencecohcave part 32, one end thereof
communicating with annular passage 37 and the @heércommunicating with jetting
ports 34. Supply path 40 is one example of thadfhassage” in the present invention.
[0031]

When liquid is supplied to swirl flow-forming bodg described in the
foregoing via supply port 39, the liquid passestigh communication passage 38,
annular passage 37, and supply path 40 to be dgazh&nto concave part 32 via jetting
port 34. The liquid discharged into concave pd&tf8rms a swirl flow and is
straightened in the concave part, and subsequéatlg out from the opening of the
concave part. In that situation, if plate-like membV is positioned opposite end face
23, flow of outside fluid (for example, air or waténto concave part 32 is restricted.
In addition, since a centrifugal force of the sviliolw develops, and entrainment occurs,
fluid molecules per unit volume in the center oé thwirl flow become less dense;
namely, a negative pressure is generated betwe@h ffww-forming body 3 and
plate-like member W. As a result, plate-like memW@éis pushed toward end face 33
by surrounding fluid. On the other hand, as tlstagice between plate-like member W
and end face 33 decreases, an amount of liquidritpaut of concave part 32 decreases,
and the speed of a liquid discharged into concaae B2 through jetting port 34
decreases, and pressure in the centre of the $wwl increases. Accordingly,
plate-like member W does not come into contact witll face 33, and a given distance
Is maintained between the plate-like member anetitkface.

[0032]

If plate-like member W is conveyed by swirl flowrining body 3 in a washed
and wet state, a swirl flow forms within concavet®? as described above, and thus
liquid adhered to plate-like member W scattershe tuter-circumferential direction
due to the centrifugal force of said swirl flow. Asesult, in conveyance equipment that



uses a conventional circulation flow, there wasr@blgm of the surface of plate-like
member becoming dry, and so-called water marksofirer words, water staining)
forming on said surface. This is the same as tlpdaaation in the description of the
first embodiment above.

[0033]

By contrast, in swirl flow-forming body 3 in thegsent embodiment, since
projecting part 36 is formed on the inner periphside surface of main body 31 that
faces concave part 32, liquid discharged fromrgttports 34 and that collides with
projecting part 36 scatters within concave part B2e scattered liquid adheres to the
surface of plate-like member W that opposes sworkfforming body 3. For example,
if the scattered liquid adheres to the central pathe surface of plate-like member W
(in other words, the surface part of plate-like rbemwhich part faces the centre of the
swirl flow), said liquid spreads to the entire sud of plate-like member W due to the
centrifugal force of the swirl flow. As a resultrythg of the surface of plate-like
member W is prevented, thereby preventing wateksi@aom forming.

[0034]
3. Third embodiment

Fig. 7 is a perspective view of conveyance equigmk) as in a third
embodiment of the present invention. Conveyancepewmnt 10 is equipment for
holding a plate-like member W such as a semicomdweafer or a glass base body and
conveying the member. Conveyance equipment 10 g&senegative pressure between
the equipment and plate-like member W by dischgrdiquid such as pure water or
carbonated water to hold said member. The matefiebnveyance equipment 10 is an
aluminium alloy, for example. Conveyance equipm#dt as illustrated in fig. 7, is
provided with a swirl flow-forming body 5 and a Bbafplate 6. This conveyance
equipment 10 is one example of the “holding equipthie the present invention.

[0035]

Fig. 8 is a perspective view illustrating one epémof swirl flow-forming
body 5. Fig. 9 is a cross-sectional view of fig.abng line E-E. Fig. 10 is a
cross-sectional view of fig. 8 along line F-F. SwWiow-forming body 5 is equipment
that exerts suction on plate-like member W. Svwawiforming body 5, as illustrated in
figs. 8 - 10, is provided with a main body 51, acave part 52, an end face 53, two
jetting ports 54 and a slope 55. Main body 51 halamn shape. End face 53 is
formed in a flat shape on one of the surfaces {Bpa&ty, the surface that faces
plate-like member W, which is an article to be ceyad) of main body 51. Concave
part 52 has a column shape, and is formed in es@l38. Concave part 52 is formed on
the same axis as main body 51.

[0036]

The two jetting ports 54 are formed on the innenigheral side surface of main
body 51 that faces concave part 52. The two jettogs 54 are arranged in mutual
opposition to each other. Specifically, the twdipgt ports 54 are arranged in point
symmetry about the axial centre of the central akisiain body 51 or concave part 52.
Liquid supplied to swirl flow-forming body 5 via el of jetting ports 54 is discharged
into concave part 52. Slope 55 is formed at thenimgeof concave part 52.

[0037]



Swirl flow-forming body 5, as illustrated in fig®. and 10, is also provided
with a supply port 56, an annular passage 57, aragmtation passage 58 and two
supply paths 59. Supply port 56 has a circular shapd is provided in the centre of the
top face (that is, the surface opposite the bofimre) of main body 51. Supply port 56
Is connected to liquid supply equipment (not ilkatd) via a tube, for example, and
liquid is supplied into main body 51 via this supplort 56. Annular passage 57 has a
cylindrical shape and is formed inside main bodys6las to surround concave part 52.
Annular passage 57 is formed on the same axisrasage part 52. Annular passage 57
supplies supply path 59 with liquid supplied fronenmomunication passage 58.
Communication passage 58 is provided inside mady I&d, and extends in a straight
line in a radial direction of the bottom face op face of main body 51.

[0038]

Communication passage 58 communicates with anmadasage 57 at both
ends thereof. Communication passage 58 supplieslaanpassage 57 with liquid
supplied into main body 51 via supply port 56. Eaxdhthe two supply paths 59
discharges liquid into concave part 52 via jettpayts 54 to form a swirl flow within
concave part 52. Specifically, each of supply pdBsis formed so as to extend
approximately parallel to end surface 53 and iniractlon tangential to the outer
circumference of concave part 52, one end ther@wincunicating with annular passage
57 and the other end thereof communicating witlinjgtports 54. Supply path 59 is one
example of the “fluid passage” in the present irien
[0039]

Fig. 11 is a plane view of baffle plate 6. Baffiate 6 is a member for
prohibiting plate-like member W on which suctioreiserted due to swirl flow-forming
body 5 from entering concave part 52. Baffle plateas illustrated in fig. 11, has a
circular shape, and is attached to swirl flow-farghbody 5 so as to be concentric with
end face 53. Baffle plate 6 is attached to swoWfforming body 5 by screwing, for
example. Baffle plate 6, as illustrated in fig. Elprovided with a disk part 61 having a
circular opening, two rod-like members 62a, 62lréhéter collectively referred to as
“rod-like member 62”) that extend across the opgrohdisk part 61, and two annular
members 63a, 63b (hereafter collectively referredas “annular member 63”) that
extend between rod-like members 62a, 62b. Thidebafhte 6 is one example of the
“liquid supply means” in the present invention.

[0040]

When baffle plate 6 is attached to swirl flow-fong body 5, one end of disk
part 61 comes into contact with end face 53 of Isfhkv-forming body 5. Rod-like
members 62a and 62b extend so as to cross eaaghabttiee centre of the opening of
disk part 61. Rod-like members 62a and 62b becaxtended across the opening of
concave part 52 when baffle plate 6 is attachesivid flow-forming body 5. Rod-like
members 62a and 62b extend so as to form a crasmul#d members 63a and 63b
extend in a concentric manner about the interseciogod-like members 62a and 62b.
[0041]

A gap is provided between the innermost annulambes 63a and the
intersection of rod-like members 62a and 62b. Thatnnular member 63a is provided
so as not to cover the centre of the opening ot@em part 52 when baffle plate 6 is



attached to swirl flow-forming body 5. Consequendynular member 62a does not
obstruct inflow of fluid that is sucked into coneapart 5 for a reason described below.
[0042]

If swirl flow-forming body 5 is supplied with liqd via supply port 56 as
explained above, the liquid passes through commatinit passage 58, annular passage
57 and supply path 59 before being discharged feiting ports 54 into concave part
52. The liquid discharged into concave part 52 ®oarswirl flow and is straightened in
concave part 52, and subsequently flows out froenapening of concave part 52. At
this time, if a plate-like member W is positionedposite end face 53, inflow of
external fluid (for example, air or water) to conegart 52 is restricted, and the density
of fluid molecules per unit volume in the centretbé swirl flow is reduced due to
centrifugal force of the swirl flow and entrainmegitect, generating negative pressure
between swirl flow-forming body 5 and plate-like miger W. As a result, plate-like
member W is pushed by surrounding fluid and is draswards end face 53. On the
other hand, as the distance between end face 5platedliike member W decreases, the
amount of fluid that flows out of concave part = limited, the speed of fluid
discharged from jetting ports 54 into concave pardecreases, and the pressure in the
centre of the swirl flow increases. As a resulat@llike member W does not come into
contact with end face 53, and a given distanceamtained between plate-like member
W and end face 53.

[0043]

However, if plate-like member W is a member to abhit is difficult to apply
suction, plate-like member W and baffle plate 6 sbmes come into contact with each
other. Here, a material to which it is difficult &pply suction is a material that is soft,
permeable and heavy. When conveying a material hchwit is difficult to apply
suction, there is no option but to increase théisugower of swirl flow-forming body
5, and as a result, plate-like member W and baftiée 6 sometimes come into contact
with each other. However, due to the presence fiieljaate 6, plate-like member W is
not sucked into concave part 52. Therefore, pi&teinember W is prevented from
coming into contact with the opening edge of coecaart 52, whereby damage to
plate-like member W is prevented.

[0044]

If plate-like member W is conveyed by swirl flowring body 5 in a washed
and wet state, a swirl flow is formed within conegvart 52 as described above, and
thus liquid adhered to plate-like member W scatiteien outer-circumferential direction
thereof due to the centrifugal force of said sliolw. As a result, with conveyance
equipment that applies a conventional swirl flolae surface of plate-like member W
becomes dry, forming so-called water marks on saifiace, which was problematic.
This is described in the explanation of the firstb@diment.

[0045]

By contrast, in conveyance equipment 10 in thesgmre embodiment, since
baffle plate 6 is attached to swirl flow-forming dyo 5, scattering in the
outer-circumferential direction of liquid adhereal filate-like member W is hindered.
Fig. 12 is a drawing explaining the effects of lmfblate 6. As illustrated in fig. 12,
scattering of particles WD of liquid adhered to tplake member W in the

10



outer-circumferential direction is hindered dueatmular member 63 of baffle plate 6.
In other words, particles WD of the liquid are h@hda position opposing plate-like
member W by annular member 63 of baffle plate 68.éxample, particles WD of liquid

adhered to the central part of the surface of gilseemember W (in other words, the
surface part of plate-like member W, which parefathe central part of the swirl flow)
are held in said position by annular member 63adflé plate 6. As a result, drying of
the surface of plate-like member W is preventedrehy preventing formation of water
marks.

[0046]

4. Modified example

The embodiments described above may be modifiddliasvs. Two or more
of the modified examples below may be combined with another.
[0047]

4-1. Modified example 1

Concerning swirl flow-forming body 1 as in thestirembodiment described
above, a swirl flow is formed, but the “liquid suppneans” as in the present invention
may be provided in a radial flow-forming body tHatms a radial flow. Fig. 13 is a
perspective view illustrating one example of a aadiow-forming body 7 as in the
present modified example. As illustrated in fig., ¥&dial flow-forming body 7 is
provided with a main body 71, an annular concave {2 an end face 73, an opposing
surface 74, a slope 75 and a discharge port 7 Bladly 71 has a column shape. End
face 73 is formed in a flat manner on one of thdéases (specifically, the surface that
faces plate-like member W, which is an article éocbnveyed) (hereafter referred to as
“bottom face”) of main body 71. Annular concavetpa2 is formed in end face 73.
Annular concave part 72 is formed concentricallyhvihe outer circumference of main
body 71. Opposing surface 74 is formed in a flahnea on the bottom surface of main
body 71. Opposing surface 74 is a surface surralbgieannular concave part 72, and
opposes plate-like member W, which is an articleeaconveyed. Opposing surface 74
is formed in a recessed manner with respect tofacel 73 on the bottom surface of
main body 71. Slope 75 is formed at the openingaphular concave part 72
(specifically, the outer-circumferential edge tlufje Discharge port 76 has a circular
shape, and is provided in the centre of opposinmtase 74. This discharge port 76
communicates with an introduction path 78 describeldw, and discharges liquid such
as pure water or carbonated water.

[0048]

Fig. 14 is a bottom view of radial flow-forming ¢ 7. Fig. 15 is a
cross-sectional view of fig. 13 along line G-G. ilastrated in figs. 14 and 15, radial
flow-forming body 7 is further provided with six nzle holes 77, an introduction path
78, an introduction port 79, an annular passagea&®mmunication passage 81 and a
supply port 82. Introduction port 79 has a circlaape, and is provided in the centre of
the top face (that is, the surface opposite thohoface) of main body 71. Introduction
port 79 is connected to a liquid tank (not illutgd via a tube, for example, and liquid
is supplied into main body 71 via this introductipart 79. Introduction path 78 is
provided inside main body 71, and extends in agtitdine along the central axis of
main body 71. Introduction path 78 communicate$ witroduction port 79 at one end
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thereof, and communicates with the discharge poriéscribed above at the other end
thereof.
[0049]

Annular passage 80 has a cylindrical shape, afuinsed inside main body 71.
Annular passage 80 is formed on the same axis &slmdy 71. Annular passage 80
supplies fluid provided from communication passa@& to nozzle holes 77.
Communication passage 81 is provided inside mady d,, and extends in a straight
line parallel to the central shaft of main body 7@ommunication passage 81
communicates with annular passage 80 at one endofheand communicates with
supply port 82 at the other end thereof. Supplyt 8@r has a circular shape, and is
provided at the top face of main body 71. Supplst B2 is connected to fluid supply
equipment (not illustrated) via a tube, for examplad fluid is supplied into main body
71 via this supply port 82.

[0050]

Each of the six nozzle holes 77 discharges liguiol annular concave part 72
and forms a radial flow. Specifically, each of thezzle holes 77 is formed so as to be
approximately parallel to end face 73 or opposindage 74 and to extend in a straight
line in the radial direction of the bottom face top face of main body 71, one end
thereof communicating with annular passage 80 hadther end communicating with
concave part 72. The six nozzle holes 77 are agcwog the same plane so that lines
extending radially from the center of radial floarining body 7 through adjacent
nozzle holes 77 form an approximately 45 degredeawgh one another. Each of the
nozzle holes 77 is one example of the “fluid passagthe present invention.

[0051]

If radial flow-forming body 7, as explained above,supplied with fluid via
supply port 82, the fluid passes through commuitngbtassage 81 and annular passage
80 before being discharged into annular concave fiafrom nozzle holes 77. Fluid
discharged into annular concave part 72 flows duhe opening of annular concave
part 72. At this time, if a plate-like member Wpissitioned opposite opposing surface
74, inflow of external fluid (for example, air orater) to the space between opposing
surface 74 and plate-like member W is limited, #mel density of fluid molecules per
unit volume in this space becomes reduced duettaiement effect of the radial flow,
generating negative pressure. As a result, pliée-linember W is pushed by
surrounding fluid and is drawn towards end faced®.the other hand, as the distance
between end face 73 and plate-like member W degse#ise amount of fluid that flows
out of annular concave part 72 becomes limited,sfweed of fluid discharged from
nozzle holes 77 into concave part 72 decreaseshanatessure in said space increases.
As a result, plate-like member W does not come aawotact with end face 73, and a
given distance is maintained between plate-like eV and end face 73.

[0052]

If plate-like member W is conveyed by radial fldarming body 7 in a washed
and wet state, a radial flow is formed by nozzléekdr7, and thus liquid adhered to
plate-like member W scatters in the outer-circueriéal direction thereof due to this
radial flow. As a result, with conveyance equipmtrat applies a conventional radial
flow, there is a problem in which the surface datptlike member W becomes dry, and
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a so-called water mark forms on said surface.
[0053]

By contrast, with radial flow-forming body 7 indlpresent modified example,
liquid inside introduction path 78 is dischargednfr discharge port 76 by suction
exerted by the negative pressure that occurs batwakal flow-forming body 7 and
plate-like member W. This discharged liquid is diggpto the surface (specifically, the
central part of the surface) of plate-like membeith&t opposes discharge port 76. In
other words, said liquid is supplied to the parthed surface of plate-like member W,
which part faces the radial centre of the rad@alflHere, the radial centre is the centre
of a circle on the periphery of which the six nezkbles 77 are arranged, for example.
Said liquid is directly supplied from directly abmthe central part of said surface via
discharge port 76. Liquid supplied to the centeat pf the surface of plate-like member
W is drawn towards the member by the radial flow apreads to the entire surface of
plate-like member W. As a result, drying of thefsoe of plate-like member W is
prevented, thereby preventing the formation of watarks.

[0054]

In radial flow-forming body 7, the combination afischarge port 76,
introduction port 79 and introduction path 78 iseoexample of the “liquid supply
means” in the present invention.

[0055]

The configuration of radial flow-forming body Mm(particular, the number of
nozzle holes 77 and configuration of the fluid flpath inside main body 71) is not
limited to the example indicated in the present iined example. Said configuration
may be determined in accordance with the size,eshad material of plate-like member
W that is conveyed by radial flow-forming body 7.

[0056]
4-2. Modified example 2

The shape of baffle plate 6 is not limited to she@pe in the example indicated
in the third embodiment described above. For examas illustrated in fig. 16, it is
possible to adopt a configuration in which the portof rod-like members 62a and 62b
in the region inside annular member 63a arrangedheninnermost side has been
removed, compared to baffle plate 6 in the thirdediment described above. A baffle
plate 6A having this shape, as illustrated in 1i§, has a disk part 61, rod-like members
62c, 62d, 62e and 62f, and annular members 6383ind
[0057]

Rod-like members 62c, 62d, 62e and 62f are theedangth, each extending
from the edge of the opening of disk part 61 towdite centre of the opening thereof.
Each of rod-like members 62c, 62d, 62e and 62freld@erpendicularly with respect to
adjacent rod-like members. Annular member 23a isanged so that the
outer-circumferential edge thereof comes into atntath the tip of each of the rod-like
members 22c, 22d, 22e and 22f. Annular member @3arianged so that the
outer-circumferential edge thereof comes into atintath the tip of each of the rod-like
members 62c, 62d, 62e and 62f. Annular member &8nds between each of the
rod-like members 62c, 62d, 62e and 62f so as wheentric with annular member 63a.
Baffle plate 6 may have a lattice shape.
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[0058]
4-3. Modified example 3

Depending on the size of plate-like member W, arghity of swirl
flow-forming bodies 1, as in the first embodimersdribed above, may be attached to a
plate-like frame. Fig. 17 is a drawing illustratioge example of the configuration of
conveyance equipment 30 as in the present modfiadhple. Specifically, fig. 17(a) is
a bottom view of conveyance equipment 30, andlffgb) is a side view of conveyance
equipment 30. Conveyance equipment 30, as illestrat fig. 17, is provided with a
base body 201, twelve swirl flow-forming bodiestdglve friction members 202 and
six holes 203.

[0059]

Base body 201 has a disk shape. The material s& tepdy 201 is an
aluminium alloy, for example. The twelve swirl flel@arming bodies 1 are provided on
one of the surfaces (specifically, the surface tipgtoses plate-like member W, which is
an article to be conveyed) (Hereafter referredsdhbmttom face”) of base body 201.
The twelve swirl flow-forming bodies 1 are arrangedthe circumference of the same
circle on said bottom face. The twelve swirl floarihing bodies 1 are arranged at equal
intervals along the outer circumference of baseytafd.

[0060]

Each of the twelve friction members 202 has armolishape, and is provided
on the bottom face of base body 201. The twelatidn members 202 are arranged at
equal intervals on the circumference of the samaecias the circle on which swirl
flow-forming bodies 1 are arranged, on said botfage. One friction member 202 is
arranged between two swirl flow-forming bodies ack of the friction members 202 is
a member that comes into contact with the surfdgeabe-like member W, which is an
article to be conveyed, and prevents any movememiate-like member W due to
friction that occurs between the member and saithse. The material of each of the
friction members 202 is fluororubber, for examplbe six holes 203 are through holes
having an elongated shape with rounded ends prdvidbase body 201. The six holes
203 are arranged at equal intervals on the circtenée of the same circle in base body
201. The circle on the circumference of which h@e8 are arranged is concentric with
the circle on the circumference of which swirl fld@rming bodies 1 are arranged.
Holes 203 are arranged nearer to the centre ofulface of base body 201 than swirl
flow-forming bodies 1.

[0061]

Fig. 18 is a cross-sectional view of fig. 17 alolime H-H. Fig. 19 is a
cross-sectional view of fig. 18 along line I-I. Asistrated in figs. 18 and 19, base body
201 is provided with supply port 204, three comnoation passages 205 and an annular
passage 206. Supply port 204 has a circular shaghésgorovided in the centre of the
top face (that is, the surface opposite the botiace) of base body 201. Supply port
204 is connected to fluid supply equipment (natsitated) via a tube, and fluid is
supplied into base body 201 via this supply poré.20he three communication
passages 205 are provided inside base body 201exadd in a straight line in the
radial direction of the bottom face or top face lohse body 201. The three
communication passages 205 are arranged on the gdeme so that adjacent
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communication passages 205 form an approximatelgieg®ee angle with each other.
Each of communication passages 205 communicatésanitular passage 206 at both
ends thereof. Each of communication passages 283iss annular passage 206 with
fluid that is supplied into base body 201 via sygmbrt 204. Annular passage 206 is
provided inside base body 201, and is arrangedhemcitcumference of the same circle
as the circle on which swirl flow-forming bodiesafle arranged. Annular passage 206
supplies each of swirl flow-forming bodies 1 witlifl supplied from communication
passage 205.

[0062]

In conveyance equipment 30, swirl flow-forming o@, conveyance
equipment 10 or radial flow-forming body 7 may bgaehed in place of swirl
flow-forming body 1.

[0063]
4-4. Modified example 4

In modified example 1 described above, the shagerveyance equipment 30
may be modified. Fig. 20 is a drawing illustratioge example of the configuration of
conveyance equipment 50 as in the present modfiachple. Specifically, fig. 20(a) is
a bottom view of conveyance equipment 50, and2igb) is a side view of conveyance
equipment 50. Conveyance equipment 50, as illestrat fig. 20, is provided with a
base body 301, ten swirl flow-forming bodies 1, andlve friction members 202A.
[0064]

Base body 301 is a plate-like member in the slod@etwo-pronged fork, and
consists of a rectangular holding part 3011 and &awas 3012 that branch out from
holding part 3011. The material of base body 30anisaluminium alloy, for example.
The ten swirl flow-forming bodies 1 are provided @me of the surfaces (specifically,
the surface that opposes plate-like member W, wigchn article to be conveyed)
(hereafter referred to as “bottom face”) of the tavans 3012 that constitute base body
301. The ten swirl flow-forming bodies 1 are praaddon the same circumference on
the two arms 3012. Five swirl flow-forming bodiesu®e arranged at equal intervals per
arm 3012.

[0065]

The twelve friction members 202A are plate-likennbbers, and are provided on
the bottom faces of the two arms 3012. The twealetidn members 202A are arranged
on the circumference of the same circle as thdeciom which swirl flow-forming
bodies 1 are arranged, on said bottom faces. Onaat 3012, arrangement is made so
that two friction members 202A sandwich one swolvforming body 1. Each of the
friction members 202A comes into contact with tlheface of plate-like member W,
which is an article to be conveyed, and preventsament of plate-like member W
using friction that occurs between the member and surface. The material of each of
the friction members 202A is fluororubber, for exde
[0066]

Fig. 21 is a cross-sectional view of fig. 20 aldmg J-J. As illustrated in fig.
21, base body 301 is provided with a supply pof,30 C-shaped passage 303 and a
communication passage 304. Supply port 302 hascalai shape, and is provided at
the top face (that is, the surface opposite theobotace) of holding part 3011. Supply
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port 302 is connected to fluid supply equipment (fostrated) via a tube, and fluid is
supplied into base body 301 via this supply po2.3Dommunication passage 304 is
provided inside holding part 3011, and extends straight line long the longitudinal
direction of holding part 3011. Communication pgesd04 communicates with supply
port 302 at one end thereof, and communicates @4ihaped passage 303 at the other
end thereof. C-shaped passage 303 is providedeiristting part 3011 and the two
arms 3012. C-shaped passage 303 is arranged oimdbmference of the same circle as
the circle on which swirl flow-forming bodies 1 aagranged. C-shaped passage 303
supplies liquid supplied from communication passé@# to each of swirl flow-forming
bodies 1.

[0067]

In conveyance equipment 50, swirl flow-forming o@, conveyance
equipment 10 or radial flow-forming body 7 may beaehed in place of swirl
flow-forming body 1.

[0068]
4-5. Modified example 5

The configuration of base body 201 of conveyangeimnent 30 described
above (in particular, the configuration of the diiow path within base body 201) is
not limited to the example indicated in modifiedagyle 3 described above. The
number, shape and arrangement of friction memb@2sad holes 203 provided on the
base body of conveyance equipment 30 are not intt¢hose in the example indicated
in modified example 3 described above. These elesmemy be determined in
accordance with the size, shape and material défike member W conveyed by
conveyance equipment 30. Friction members 202 aesh203 are not necessarily
provided on base body 201 of conveyance equipmentf 3riction members 202 are
not provided on base body 201 of conveyance equip®@, a well-known centering
guide (for example, refer to published unexaminemteqt application number
2005-51260) may be arranged on base body 201 éondiee the position of plate-like
member W. Similarly, the configuration of base b@M1L of conveyance equipment 50
described above (in particular, the configuratiérihe fluid flow path within substrate
301) is not limited to the example indicated in rified example 4 described above.
[0069]

4-6. Modified example 6

The number, configuration and arrangement of sWaslv-forming bodies 1
provided on base body 201 of conveyance equipn@deScribed above are not limited
to those in the example indicated in modified ex@mP described above. These
elements may be determined in accordance with ibe, shape and material of
plate-like member W conveyed by conveyance equiprd@nFor example, the number
of swirl flow-forming bodies 1 may be less than orore than twelve. Swirl
flow-forming bodies 1 may be arranged along thepatrcumference of base body 201
in two or more rows. The rotational direction oetswirl flows formed by swirl
flow-forming bodies 1 may differ from one anoth&he fluid (liquid or gas) discharged
may be changed for each swirl flow-forming body Similarly, the number,
configuration and arrangement of swirl flow-formibgdies 1 arranged on base body
301 of conveyance equipment 50 described abovenardimited to those in the
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example indicated in modified example 4 descrildzuva.
[0070]
4-7. Modified example 7

The shape of main body 11 of swirl flow-formingdyol is not limited to a
cylinder, and may be a square pillar shape or ltieal pillar shape. Concerning the
configuration of the fluid flow path formed insideain body 11 of swirl flow-forming
body 1, supply port 22 and supply path 23 may beeoted directly by one passage
without providing annular passage 20 and commuioicgiassage 21. Slope 15 is not
necessarily provided (that is, the end part of 'oe 13 is not necessarily chamfered).
The number of supply paths 23 provided in swirnfiforming body 1 is not limited to
two, and may be one or more than two. If the nunatbeupply paths 23 is two or more,
the fluid (liquid or gas) discharged may be chanfmdeach supply path 23. The
modifications described above may be adopted iml $iv-forming body 3 and swirl
flow-forming body 5.
[0071]
4-8. Modified example 8

The shape of convex part 16 of swirl flow-formibgdy 1 is not limited to the
shape in the example indicated in the first embedindescribed above. For example,
the top face of convex part 16 may be formed onstmme plane as end face 13. A
discharge port 17 may be provided in the centréhef bottom of concave part 32
without providing convex part 16. The number, shapd arrangement of introduction
paths 19 are not limited to those in the examptiicated in the first embodiment
described above. Introduction part 18 may be caedet a liquid supply pump (not
illustrated) in place of the liquid tank via a tulber example, and the liquid inside the
introduction paths 19 may be pushed out into coagart 12 by the pump.
[0072]
4-9. Modified example 9

The number, shape and arrangement of projecting B& are not limited to
those in the example indicated in the second emtenti described above. For example,
the number of projecting parts 36 may be one orentlwain two. The shape of projecting
parts 36 may be another shape such as a cylindewn@, a pyramid, a rectangular
parallelepiped, or a sphere. Projecting parts 3§ b provided on the bottom of
concave part 32.
[0073]
4-10. Modified example 10

Baffle plate 6 of conveyance equipment 10 maythteched to end face 13 of
swirl flow-forming body 1, end face 33 of swirl fileforming body 3 or end face 73 of
radial flow-forming body 7. A convex part may beopided on the bottom face of
concave part 52 of swirl flow-forming body 5 of e@yance equipment 10 similarly to
swirl flow-forming body 1. Swirl flow-forming body of conveyance equipment 10
may be replaced with a non-contact chuck (for examefer to published unexamined
patent application number 2011-138948) providedh witvell-known electric fan.
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Claims

1. Holding equipment for holding a plate-like memity discharging fluid to
generate a negative pressure between the holdiogpregnt 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;

one or more fluid passages that discharge fluidl the concave part to form a
swirl flow or a radial flow; and

a liquid supply means for supplying a part of thember with a liquid, the part
facing the centre of the swirl flow or the radiahtre of the radial flow.

2. The holding equipment according to Claim 1, \eirer

the liquid supply means comprises a discharge thatt faces the part of the
member; and

the liquid supply means discharges liquid ontoghd of the member via the
discharge port.

3. The holding equipment according to Claim 2, welrefiquid that is discharged
onto the part of the member via the discharge odischarged onto the part of the
member by suction exerted by the negative preshiateoccurs between the holding
equipment and the member.

4. The holding equipment according to Claim 1, \eirer

the one or more fluid passages discharge liqumltime concave part to form a
swirl flow; and

the liquid supply means is a projecting part fodnoe a wall surface of the
main body, the wall surface facing the concave.part

5. The holding equipment according to Claim 1, veirer

the one or more fluid passages discharge liqumtime concave part to form a
swirl flow or a radial flow; and

the liquid supply means is attached to the end,faod holds liquid particles
discharged by the one or more fluid passages, position that faces the part of the
member.

6. The holding equipment according to Claim 1, weirethe fluid is a gas.
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