WORKPIECE TRANSPORT METHOD AND WORKPIECE TRANSPORT APPARATUS
BACKGROUND OF THE INVENTION 10001] (I) Field of the Invention [0002] This invention
relates to a method and apparatus for transporting various types of workpieces, such as a
semiconductor wafer and a circuit board, in a non-contact manner. [0003] (2) Description of the
Related Art [0004] Such as apparatus for transporting a semiconductor wafer (hereinafter, simply
referred to as a "wafer") in a non-contact manner has been suggested and implemented as workpiece
transport apparatus. Specifically, the wafer is loaded and unloaded to and from a wafer cassette

through air float, the wafer cass®{@RaVR-ScRAINABERT WhdEH QB AMPtherein in a stack marmer at

a given pitch in a height direction. That is, an air float table is provided under the wafer cassette
having a notch cut out rearward %ﬁh@%ﬁ%@&%ﬁ%@&%é@w When a wafer is unloaded
from the wafer cassette, the air float table blows air against a rear face of the wafer exposed from the
wafer cassette for floating the wafer. Simultaneously, the wafer is moved forward to a position
immediately under a vacuum suctign plate that is in_a standhy. st ve the air float table. The
vacuum suction plate suction-hold?é%@%@@%ﬁ%‘%ﬁ% f receiving the wafer, whereby

the wafer is unloaded from fer cassette, [0005] When the wafer is loaded from the wafer
cassette, the wafeﬁ%éﬁiélti‘géﬁééges%ﬁf’m%ld by the vacuum suction plate is transported above
the air float table. [0002] This invention relates to a method and apparatus for transporting various
types of workpieces, such as a semiconductor wafer and a circuit board, in a non-contact
manner.

[0003] (2) Description of the Related Art

{0004] Such as apparatus for fransporting a semiconductor wafer (hereinafter,
simply referred to as a "wafer") in a non-contact manner has been suggested and
implemented as workpiece transport apparatus.  Specifically, the wafer is loaded and
unloaded to and from a wafer cassette through air float, the wafer cassette having
semiconductor wafers housed therein in a stack manner at a given pitch in a height
direction. That is, an air float table is provided under the wafer cassette having a notch
cut out rearward from a front face in a rectangular shape. 'When a wafer is unloaded
from the wafer cassette, the air float table blows air against a rear face of the wafer
exposed from the wafer cassette for floating the wafer. Simultancously, the wafer is
moved forward to a position immediately under a vacuum suction plate that isin a
standby state above the air float table. The vacuum suction plate suction-holds a surface
of the wafer in a position of receiving the wafer, whereby the wafer is unloaded from the
wafer cassette.

[0005] When the wafer is loaded from the wafer cassette, the wafer having the

surface suction-held by the vacuum suction plate is transported above the air float table.



At this time, the air float table blows air against a rear face of the wafer to float the wafer.
Simultaneously, the wafer is loaded into the wafer cassette while the vacuum suction plate releases
suction-holding of the wafer and retracts. See Japanese Patent Publication No. H04-25153. [0006]
In the foregoing exemplary apparatus, the wafer is floated and transported with use of the air float
table only within a portion of only several centimeters of an aperture in the cassette. Consequently, the
wafer is effectively unloaded and loaded from and into the wafer cassette in a non-contact manner.
However, where the wafer is transported over a long distance with use of the air float table, a problem
may arise tHsl s Srasefioinifigahtablo hlown it eanriiarsar fsapidbeafentp mridheoksige air float
table and being damaged. [0007] Here, providing guide walls on opposite sides of the air float
table along §lwﬁgsﬁqt§immmﬁsmﬁfmﬁbﬁf@mﬁ% Temtro forATHEMLAUGHAR table.
Another problem may arise, however, that the wafer moving above the air float table serpentines to
come into cBIRKRIGAFFFReiRRTRAlANS v ierrRigENS THAMRY e sIACARGIRSP SO HhE GRUSY
SUMMARY OF THE INVENTION [0008] This invention has been made regarding the state of the
art noted a%@eﬂgﬁ@ﬁyﬁrimary object is to provide a workpiece transport method and workpiece

2 cirout boara, m JNDGBHAE A HRARA S en Db R o oH e L AR BP & aporting
2 workplece Ine g fhe SR PLYR SR UABAS HOTRIRT AR SOmlng ASaNTspg! e

aperture in the cassette. Consequently, the wafer is effectively unloaded and loaded

from and into the wafer cassette in a non-contact manner. However, where the wafer is

transported over a long distance with use of the air float table, a problem may arise that

the wafer floating in a non-contact manner serpentines, thereby falling from the air float

table and being damaged.

[0007] Here, providing guide walls on opposite sides of the air float table along a
transportation direction may prevent the wafer from falling from the air float table.
Another problem may arise, however, that the wafer moving above the air float table

serpentines to come into collision with the guide walls, which leads to damages in an

outer edge of the wafer.

SUMMARY OF THE INVENTION
[0008] This invention has been made regarding the state of the art noted above,
and its primary object is to provide a workpiece transport method and workpiece
transport apparatus that allows accurate transport of a workpiece, such as a
semiconductor wafer and a circuit board, in a non-contact manner.
[0009] This invention discloses a method of transporting a workpiece including

the steps of transporting the workpiece and controlling a course of the workpiece. In the



step of transporting the worlcpiece, the workpiece is transported forward while floating by blowing air
vertically against a rear face of the workpiece from a first blow-off section provided in a middle portion
of a transport surface of a transport path having a large width than the workpiece. In the step of
controlling the course of the workpiece, the course of the workpiece is controlled while a flow rate of
gas is adjusted that is blown obliquely against the rear face of the workpiece toward a center axis of
the transport path from second blow-off sections provided on opposite sides of the transport surface of
the transport path in a width direction. [0010] According to this method of transporting the
workpiece, #FR R FaERRIsNS teerbarkpignsy thewarkpisss s dtanspertadifrr randspbitcheatieby
serpentines, the flow rate of gas that is blown from the second blow-off sections is gontrolled for
suppressiorP BB ﬁ’ﬁg‘ﬁ?gb’e?ﬁ%‘ﬁﬁb? e fsipidbe weskriser &om st RInels st be
transported accurately along a given transport course while being prevented from falling out of the

transport coRAVEdEdHd HEBIFRBHIRRALAS AR GRMTEace of B drirpRTRAl AR S S od, in the step
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may suitably be performed. . e foregoing method, a nozzle blows gas from rearward of
i I‘%ﬁh a witt arblh e
[

. transpoit pa . . .
the workpiece'l the ransportation direction to float the workpiece that is held on a holding table, and

forward force is ap@i?fbf%%ﬁ%%ﬁ%&%&k%ﬁ%ﬂ%ﬂ&ﬂ;&%@B%R@&Hﬁfé%eewﬂ&tfﬁssport path. In

the transportation step, the trans Is Inclined obliquely downward relative to the transport

course to applyomNaILIRLGRJ0d M HaHkBIGE e a5 ASSRRTIAHRP fam WRlisRRrARd e transport
surface of the transport path is returned to its horizontal attitude to stop transportation of the
workpiece. FHehsRIIRHAHAR ASTIFHEREIR the second blow-off sections is controlled for
suppression of serpentine movement of the workpiece. Consequently, the workpiece
may be transported accurately along a given transport course while being prevented from
falling out of the transport course and from collision with the guide walls.
[0011] In the foregoing method, in the step of controlling the course, detectors of
a non-contact type that are spaced away at a given clearance in the width direction of the
wotrkpiece detect an end of the workpiece. The second blow-off section on one side
where the end of the workpiece has been detected blows a more flow rate of gas than that
on the other side for controlling the course of the workpiece. Such configuration is
preferable.
[0012] According to this method, the second blow-off section on one side where

the end of the workpiece has been detected blows a more flow rate of gas against the rear

face of the workpiece than that on the other side. Consequently, the workpiece tending



[0014] According to this method, gas is blown against the workpiece from rearward thereof Thus, the
workpiece floats with negative pressure. The floating workpiece may be transported toward the
transport path. The workpiece reaching above the transport surface is transported while forward force
is applied thereto along the transport path that is inclined obliquely downward, and stops through
returning of the transport path to its horizontal attitude. Consequently, the worlcpiece may be
transported in a non-contact state from transportation to stop thereof. ~ [0015] In addition, in the
foregoing method, support pins push upward and support the rear face of the workpiece held on the
holding tabltofdevaatsiingaeTsezredBISUCHLOBESIREDIRE Fetimad Sk hohamnaatirghisearward
thereof Such configuration is preferable.  [0016] According to this method, the worlcpiece may be
transported AgRsainalniieciosrepiagm anpains my sty bedstiRESiding table. [0017] The
second blow-off sections may blow gas obliguely relative to a traveling direction of the workpiece

toward the center A% 3F IRdhedressoipgansthod;gnogrie blgi g 1A TRAEYRIA A% to move the
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center axis O?W% transporlt pa eﬁong e?wo‘r:l?plece w irection. workpiece transport section

ransports the wotkplege (piRU, 1081 116 e AONS 116 ARSI SUIRGGPL I L ansRgs Path

having a given clearance in the workpieée wi tion and a larger size't worlcpiece. The

gas supply %ﬁﬁﬂf&@y&ﬁﬁ% W@EQ%%JE%%@J&M?H SERLADARGLDE SeGRALIMYRRAGEoNS

provided in the transport surface. The wor ce carrying mechanism carries the worlcpiece towards
the workpiege Hansport section. The detectors detect an end of the workpiece transported by the
workpiece transport section. The controller controls a course of the workpiece through making a more

flow rate of gas frofgf SecRRdiRiay Bl 3e5lien, 3a0GRING Yhers the Heirsiesdpiaats the end of

the workpiece as compared to that from the second blow-off section on the other side.  [0020]

According teethig fanfisrstionibe fipnaierbemiiowitiasespniphionreff SERtitRAMENe side
where the detector detects the end of the workpiece is more
workpiece may be transported toward the transport path. The workpiece reaching above
the transport surface is transported while forward force is applied thereto along the
transport path that is inclined obliquely downward, and stops through returning of the
transport path to its horizontal attitude. Consequently, the workpiece may be
transported in a non-contact state from transportation to stop thereof.

[0015] In addition, in the foregoing method, support pins push upward and
support the rear face of the workpiece held on the holding table for allowing the nozzle to
blow gas against the rear face of the workpiece from rearward thereof. Such
configuration is preferable.

{0016] According to this method, the workpiece may be transported above the

transport path while reliably floating from the holding table.



than that from the second blow-off section on the other side. Consequently, the worlcpiece tending to
deviate from the workpiece transport course may be returned back to a center of the transport path.
Accordingly, the foregoing method may suitably be performed. [0021] In the foregoing
configuration, the workpiece transport mechanism may be composed of a holding table for holding the
workpiece and a nozzle for blowing gas from rearward of the worlcpiece held on the holding table.
[0022] According to this configuration, the workpiece may be transported toward the workpiece
transport section while floating due to pressure difference between the rear face of the workpiece and
a holding surface dPtH@héhsisgcansidlontodi sepliontanaydieowanps RIMidUebAT¢sENG PR of the
workpiece. [0023] Moreover, the foregoing configuration may include two or more support pins for
supporting tRevRlingsiEeetionadghesuerkpisirivard tee et enasisritbe fommedath. [0024] Itis
easier to float the workpiece with this configuration as compared to floating of the worlcpiece held on
the holding table, A9 GerTsirs s srerhod;dreprdoame R G BiRasRicE faRERKH Rt ke,

[0025] Moreqver, the foregoin _conf(i%uration includes ,swingif?g secti%n provided with at least the

worlcpiece l‘??&?é’bﬂt%?_ il ?/g?ﬂ_&%ﬁm? _ & 8}?‘@% tion allows swinging about a
The drive mecharn U I DR SR ROt N ARSI COTRAERC BB Erive mechaniam as
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swinging th%u"fa’f‘»f;‘? %il%(ﬁeat%r} &:rct:esga%i%éj e rgniﬂn%,cﬁgtréjc cr)]r%,eand a controller. The

workpiece transport section has a transport surface of a transport path including a first

blow-off section and second blow-off sections, the first blow-off section blowing gas

vertically from a center portion thereof to a rear face of the workpiece along a

transportation direction of the workpiece, the second blow-off sections blowing gas

obliquely toward a center axis of the transport path along a workpiece width direction.

The workpiece transport section transports the workpiece through floating thereof above

the transport surface of the transport path having a given clearance in the workpiece

width direction and a larger size than the workpiece. The gas supply unit supplies gas

towards the first blow-off section and the second blow-off sections provided in the

transport surface. The workpiece carrying mechanism carries the workpiece towards the

workpiece transport section. The detectors detect an end of the workpiece transported

by the workpiece transport section. The controller controls a course of the workpiece

through making a more flow rate of gas from the second blow-off section on one side

where the detector detects the end of the workpiece as compared to that from the second

blow-off section on the other side.

[0020] According to this configuration, the flow rate of gas from the second

blow-off section on one side where the detector detects the end of the workpiece is more



with reaching of the workpiece in the given position. Such configuration may be adopted. [0026]
According to this configuration, the workpiece may be processed in a non-contact manner during
transportation of the workpiece to the given position. [0027] It is to be understood that both the
foregoing general description and the following detailed description are exemplary and explanatory
and are intended to provide further explanation of the invention as claimed. BRIEF DESCRIPTION OF
THE DRAWINGS [0028] The accompanying drawings, which are included to provide a further
understanding of the invention and are incorporated in and constitute a part of this specification,
illustrate entbewilitonithesasond tbow-nfd tegjianenhmotherdide riptionssgnsatly: ke lain the
principles of the invention [0029] Figure 1 is a plan view of workpiece transportation apparatus. [0030]
Figure 2 is FROHFEICBARSIY mﬁmﬁéﬁmm.wﬁwaﬁerm; Bstanatory

operation view of a holding table. [003%1]1 Figure 4 is a sectignal view of a transport,?ath.
to a center of the transport path. "Accordingly, the foregoing method may suitably be

performed.

[0021] In the foregoing configuration, the workpiece transport mechanism may be
composed of a holding table for holding the workpiece and a nozzle for blowing gas from
rearward of the workpiece held on the holding table.

[0022] According to this configuration, the workpiece may be transported toward
the workpiece transport section while floating due to pressure difference between the rear
face of the workpiece and a holding surface of the holding table that is generated from
gas blown from rearward of the workpiece.

[0023] Moreover, the foregoing configuration may include two or more support
pins for supporting the workpiece through pushing upward the rear face of the workpiece.

[0024] It is easier to float the workpiece with this configuration as compared to
floating of the workpiece held on the holding table, allowing transportation of the
workpiece to the workpiece transport section.

[0025] Moreover, the foregoing configuration includes a swinging section
provided with at least the workpiece transport section, and a drive mechanism. The
swinging section allows swinging about a front end thereof as a supporting point that is
on a starting position side of transporting the workpiece. The drive mechanism drives
the swinging section. The controller also controls the drive mechanism as to transport
the workpiece through swinging the workpiece transport section downward in
transporting the workpiece while the workpiece floats, and as to stop the workpiece in a

given position through swinging the workpiece transport section upward in accordance



[0033] Figure 5 is a plan view of the holding table. [0034] Figures 6 to 9 are views each showing
operations of the exemplary apparatus. [0035] Figure 10 is a plan view of apparatus according to
one modification. [0036] Figure 11 is a sectional view of a transport path in the apparatus according to
the modification. DESCRIPTION OF THE PREFERRED EMBODIMENTS [0037] One
embodiment of this invention is now to be described below with reference to the drawings. [0038]
Here, in this exemplary apparatus, a semiconductor wafer (hereinafter, appropriately referred to as a
"wafer") will be described as one example of a workpiece to be transported. For instance, back
reinforcemetiitistgeshong efiths terkritse inethedovenaestitanadfusheonfigujatiommappert substrate,
such as a stainless steel or a glass substrate, in the same shape as the wafer. Alternatively, back
grinding is f€EBi®Aed to the rear face of the wafer with a surface-protective adhesive tape joined
thereto. Thereafter, the support substrate and the double-faced adhesive tape, or the surface
protective adhesivé0lE Asertingdontbin srrfigpiionothe ¥ orkpiscsTAY RRREPTEsIBdREd. Here, the

worlcpiece is not limited in particular in type and shape. For instance, varjous substrates, such as a

circuit boar&%‘h‘&%@ﬁé@%ﬁﬁf&%ﬁ%ﬁ?&%@&ﬂé’é g? ¥ W&Hiﬁ%ﬁ%&?@@%ﬁ@%of may be
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Next, each omponert Wil be Jepe et i 8t imen.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The accompanying drawings, which are included to provide a further
understanding of the invention and are incorporated in and constitute a part of this
specification, illustrate embodiments of the invention, and together with the description
serve to explain the principles of the invention.

[0029] Figure 1 is a plan view of workpiece transportation apparatus.

[0030] Figure 2 is a front view of the workpiece transportation apparatus.

[0031] Figure 3 is an explanatory operation view of a holding table.

[0032] Figure 4 is a sectional view of a transport path.

[6033] Figure 5 is a plan view of the holding table.

[0034] Figures 6 to 9 are views each showing operations of the exemplary
apparatus.

[0035] Figure 10 is a plan view of apparatus according to one modification.

[0036] Figure 11 is a sectional view of a transport path in the apparatus according

to the modification.



[0041] The holding table 1 is a metal chuck table. The chuck table is in communication with an
external vacuum device via a channel. That is, the chuck table suction-holds a wafer W placed on the
holding table 1. The holding table 1 is provided with a suction pad 6 and two or more support pins 7.
Here, the holding table 1 is not limited to metal, but may be formed of a ceramic porous material.
[0042] The suction pad 6 is placed at a center portion of the holding table 1, and its top surface
movable upward and downward is formed as a vacuum suction surface. [0043] The support pins 7 are
spaced at regular intervals on a given circumference of the holding table 1. Specifically, the support
pins 7 are movable upward aRESERHVEN O BIHS BREFSRBER SMRBOIMIMENED e 1 via cylinders
8. Moreover, a tip of the support pin 7 is formed of an insulator, or js covered with an insulator.

[0044] A nozzle 9 083 EnHEs B8 Bt 108 Hrisg AN IBNSHOR RS ieserPe el Bikie 9 blows air

between the holding table 1 and the wafer W pushed upward from the holding table land held by the
support pin Jeference to the drawings.

[0038] Here, in this exemplary apparatus, a semiconductor wafer (hereinafter,
appropriately referred to as a "wafer") will be described as one example of a workpiece to
be transported.  For instance, back reinforcement is performed to the wafer via a
double-faced adhesive tape with a support substrate, such as a stainless steel or a glass
substrate, in the same shape as the wafer.  Alternatively, back grinding is performed to
the rear face of the wafer with a surface-protective adhesive tape joined thereto.
Thereafter, the support substrate and the double-faced adhesive tape, or the surface
protective adhesive tape is removed from the surface of the wafer.  Such wafer is
adopted. Here, the workpiece is not limited in particular in type and shape. For
instance, various substrates, such as a circuit board and a glass substrate, may be adopted
as a workpiece. The shape thereof may be circular or rectangular.

[0039] Figure 1 is a plan view showing workpiece fransportation apparatus
according to this invention. Figure 2 is a front view thereof.

[0040] As shown in Figures 1 and 2, the workpiece transportation apparatus
includes a holding table 1, a transport path 2, a cooling stage 3, a transportation stage 4
that are positioned on a swinging movable board 5 via a support frame. Next, each
component will be described in detail.

[0041] The holding table 1 is a metal chuck table. The chuck table is in
communication with an external vacuum device via a channel. That is, the chuck table

suction-holds a wafer W placed on the holding table 1. The holding table 1 is provided



[0045] Now referring again to Figure 1. Two transport paths 2 are provided each having a plate-like
shape with a width larger than the wafer W to be transported. Specifically, one transport path 2 is
connected to the cooling stage 3 and the holding table 1. The other transport path 2 is connected to
the holding table 1 and the transportation stage 4. The transport path 2 has a transport surface
including a first blow-off section 10 and second blow-off sections 11. The first blow-off section 10 is
shown in Figure 1 by alternate long and short dash lines at a center portion of the transport path 2
along a transportation direction. The second blow-off sections 11 are shown in Figure 1 by alternate
long and shoritliaskeiesnrid 6998 SKe SHBWTS &mﬁn&p@ﬁ-pam@,éb%@émmﬁqﬂé&m blow-off
section 10.  [0046] As shown in Figure 4, the first blow-off section 10 includes two or more holes 12
formed vertiéamiethiomaalnbut srspbrdpaned of n ey POrars WM together by a channel 14
formed in a rear face of the transport path 2. The channel 14 where the haoles 12 are brought together
into one is provided#H Thesturtighetd ¢ awlarsd #he sraerpysHencthsdalding teblsmniidication
with a pump 18. [0047] The_second blow-off section 11 has two or more holes 13 formed through
the transportHiih SR TRAYARN ARV AE SR RETEBTT TAREEE B FXAAPP APEREBTGEEE wafer W.

The holes 13 are i@@lﬁr ht to%%ther by a changél 16 at ver¥ second blow-off section 11 on a rear
face side on opposite &Hd RS A PEAPYLGE RN HBITEA & B Holes 13 are brought

together into.one is provided with g.se agpetic valye 17. The secon magnetic alves 17 are in

communicaﬁgﬁ"\m?ﬁpﬁﬂlgepﬁ]be%@.l mg&%%ﬂ\lg% ?8@%#\{5’ g&%fﬁlfgeﬁ?lé’ﬁ%dg FEAPZ* o detectors

each consisting of,a light projectox 19 and a.light receiver, 20.are.positigned on site, ends of the
‘%ard anggﬂg’& "Lar{ioﬁqnfﬁ%?ﬁﬁ?% surtace 0%1%% %Onﬁall j#sﬁﬁo?rtvé acr?%%%flsoeﬁ'side of the

transport pa‘fﬁ in a Wi irection. The Tight projéctor
transport path 2, the light regeiver 20 on nsport terminati Sition. s ghig.gach detector is
spaced awyggf’%"gﬁ,gﬁ‘%éﬁ%%%‘?%?ﬁgﬁ}ﬁ%ﬁﬁgg?&? of t g‘%f%%é&o% p%)gjgle rg ro}n an outer
periphery e% a@ag wafer W that is transported along the center of the transport path 2. [0049]
Moreover, guide walls 22 are each provided on opposite ends of the transport path 2 for preventing

the wafer W from qgpiind, 4035159t oA JBe it wRlherain£Rvead WAL aR et Fots,

the nozzle 9 blows air between the holding table 1 and the wafer W pushed upward from

the holding table 1and held by the support pins 7.

[0045] Now referring again to Figure 1. Two transport paths 2 are provided
each having a plate-like shape with a width larger than the wafer W to be transported.
Specifically, one transport path 2 is connected to the cooling stage 3 and the holding table
1. The other transport path 2 is connected to the holding table 1 and the transportation
stage 4. The transport path 2 has a transport surface including a first blow-off section 10
and second blow-off sections 11. The first blow-off section 10 is shown in Figure 1 by
alternate long and short dash lines at a center portion of the transport path 2 along a
transportation direction. The second blow-off sections 11 are shown in Figure 1 by
alternate long and short dash lines on opposite sides of the transport path 2 as to sandwich
the first blow-off section 10.

[0046] As shown in Figure 4, the first blow-off section 10 includes two or more

holes 12 formed vertically through the transport path 2. The holes 12 are brought



[0050] The cooling stage 3 is a metal chuck table. The cooling stage includes a temperature sensor.
Moreover, the cooling stage includes inside thereof a Peltier device 24 for cooling the wafer W on the
stage, as shown by chain dashes in Figure 5. Moreover, as shown in Figures 1 and 2, a nozzle 27 is
provided in a support frame erected on a side face of the transport path 2 in front of the cooling stage
3. [0051] The nozzle 27 has a front end directed obliquely downward to blow air toward a back end
of the wafer W on the cooling stage 3. [0052] The transportation stage 4 is a metal chuck table.
The chuck table is in communication with an external vacuum device via a channel. That is, the chuck
table is configatbardy wchasnehlHdiermes irfaicay festas e Hapeped rrdthe rgrebgangltidh stage 4.
Moreover, the transportation stage 4 is provided with support pins 28 similarly to the holding table 1.
Here, the travisse theieestddave kyowshfingsthe intanbisnrjdss mithadist agrshtvpSkous
material. éOOSB] The support pins 28 are spaced away at given intervals on a given circumference
of the transpertaliéis Sratmagnes ¥elyedr iR curEniaien ¥ b & 28 Mnward from the holding

surface of the trans&gtation stage 4 via cylinders 29. Moreover, a tip end of the sup c%t pin 28 is
formed of an insuld09A 7, Tae serpadiRintk-8H festigidrl has He0rmele }r?fgte?ﬁm i d5is

swingingly supported via a suppqrt shaft 31 ip a strut 30 pravided on a lower. side, of the holding table
1. The swinﬂ?ﬁ&?ﬁ%@a%b%r‘bggqg )(,{J‘b‘%ﬂg&\ﬂ?ﬁﬂﬁfﬁ%&%ﬁﬁ%ﬁ%ﬁc’é‘%ﬁ}’ee.h%g‘ & PAnsportation

s & it e WResRnAR s dup et e e e R empered
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channel 16 where the holes 13 are brought together into one is provided with a second

magnetic valve 17. The second magnetic valves 17 are in communication with the

pump 18.

[0048] Now referring again to Figures 1 and 2. Two detectors each consisting of
a light projector 19 and a light receiver 20 are positioned on opposite ends of the
transport path 2 in a width direction. The light projector 19 is on a transport start
position side of the transport path 2, the light receiver 20 on a transport termination
position side. That is, each detector is spaced away by a given clearance in the width
direction of the transport path 2 from an outer periphery end of the wafer W that is
transported along the center of the transport path 2.

[0049] Moreover, guide walls 22 are each provided on opposite ends of the
transport path 2 for preventing the wafer W from dropping. The surface of the guide
wall 22 is covered with an elastic body.

[0050] The cooling stage 3 is a metal chuck table. The cooling stage includes a
temperature sensor. Moreover, the cooling stage includes inside thereof a Peltier device

24 for cooling the wafer W on the stage, as shown by chain dashes in Figure 5.
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[0055] Description will be given next of basic operation for transporting the wafer W from the holding
table 1 to the transportation stage 4 with use of the apparatus in the foregoing exemplary embodiment.
[0056] Firstly, the wafer W having the rear face suction-held by a U-shaped tip arm of a transport
robot, not shown, is transported onto the holding table 1. [0057] The wafer W on the holding table
1 is once received on the suction pad 6 projecting from the holding table 1. Thereafter, the wafer W is
placed on the upper surface of the holding table 1 in a given attitude and position as the suction pad 6
moves downward. [0058] Then, the support pins 7 moves upward and project from the holding
table 1 to phdpreeaancseshamupndigyremt irdrolrrz il 1s Boied na RIgRee framfe cam 32
rotates forward under this state. Accordingly, the holding table 1 is inclined obliquely downward in the
transport difseesA Rsashdiiacs of dus dransperheatidigifignhel tinseabing stagfidys downward in the

transport direction. Simultaneously, the wafer W floats from the support pins 7 while the nozzle 9
blows air from read%rdlabbemazre wahes W%ﬂ%@%@dﬁ%@ﬂ%ﬁ%@ T

Consequently, the wafer W floats above the hqlding table 1, and moves toward the transport path 2

through fordFdHbacack end b gionsali Wi thf % $138°7-a uniform flow rate of gas is blown
from the holes 12 3.qf the first and second blow-off sections 10 ang. 11, respectively, provided on
the surface of the m%oﬁﬁﬁ??%%?@rgﬁﬂiésﬁéﬁgﬁiﬁ%‘bcg%k%'th lﬁeaﬁg'b%?rf% ?H%/E)’illvard the

T g s R R S I BB RIAG “Sl A ralesgreon
is configured as to suction-hold the wafer W that is transported from the transportation
stage 4. Moreover, the transportation stage 4 is provided with support pins 28 similarly
to the holding table 1. Here, the transportation stage 4 is not limited to metal, but may
be formed of a ceramic porous material.

[0053] The support pins 28 arc spaced away at given intervals on a given
circumference of the transportation stage 4. The support pins 28 are movable
upward/downward from the holding surface of the transportation stage 4 via cylinders 29.
Moreover, a tip end of the support pin 28 is formed of an insulator, or is covered with an
insulator.

[0054] The swinging movable board 5 is swingingly supported via a support shaft
31 in a strut 30 provided on a lower side of the holding table 1. The swinging movable
board 5 is supported via a lifting cam 32 on a lower side of the transportaﬁon stage 4.
Specifically, the lifting cam 32 is driven backward and forward by a motor 33 connected
thereto. Accordingly, the swinging movable board 5 is inclined obliquely downward at

minute angles in the traveling direction of the wafer W while pivoting about the support

shaft 31.
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on the cooling stage 3. Then, the wafer W is placed on the cooling stage 3. Here, timing of returning
the swinging movable board 5 horizontally is determined, for example, in accordance with the result
that a sensor, not shown, detects passing of the wafer W through a given position or for a given time
of period. [0061] A temperature sensor monitors temperatures of the wafer W while the wafer W is
cooled on the cooling stage 3 for a given time of period. Upon reaching a given temperature of the
wafer W, the cam 32 rotates forward to swing the swinging movable board 5 downward, and the
nozzle 27 blows gas from rearward against the wafer W. Here, the wafer W floats due to a Bernoulli
effect generated fréP@3FEBascsiptiva witd do stvraare e easingraurtiieior imamssting iage 3 and the

rear face of the wafer W. In addition, forward force is applied to the wafer W. Accordingly, the wafer W
is transportetagnie mﬁéb@h@éaggm%néqmwm%ﬂve%ﬁﬁpwb% of tReRPEAETS Blown.

[0062] The swinging movable table 5 returns to its horizontal attitude through backward rotation of the

cam 32 befdhe fRecgning sxeraRlanesbrtiBtnsport stage 4. Then, the wafer W is placed on the

transport stage 4. Here, timing of returning the swinging mgvable hoard 5_horizontally is determined,

for example, in acciROl damsfy, the waken hagving: Jﬁaﬁgﬁ%%wﬂ? gfjgtgyp%lys'ﬁ%ﬁfﬁtﬂg wafer W

through a given pgosition or for a given time of, period. [OOG%I’ZF afer W on the transport stage 4
B 5 e

is pushed uBTHR R AHERSFBANAR RN IS HAFROTEd PR MEIARS the rear face
ORI 1 IR G0 T AR e O Y
above. The Isy}g}lc!%{n?f ﬁg%xtli?ﬂei%(}i)d%eg Egl?l%alt.e d {lﬁéxeégﬁgr?rthe wafer W is placed on the upper
surface of the holding table 1 in a given attitude and position as the suction pad 6 moves
downward.

[0058] Then, the support pins 7 moves upward and project from the holding table
I to push the wafer W upward from the holding table 1, as shown in Figure 3. The cam
32 rotates forward under this state. Accordingly, the holding table 1 is inclined
obliquely downward in the transport direction, as shown in Figure 6, as the swinging
movable table 5 swings downward in the transport direction. Simultancously, the wafer
W floats from the support pins 7 while the nozzle 9 blows air from rearward against the
wafer W, and then the support pins 7 move downward. Consequently, the wafer W
floats above the holding table 1, and moves toward the transport path 2 through forward
force.

[0059] As shown in Figures 4 and 7, a uniform flow rate of gas is blown from the
holes 12 and 13 of the first and second blow-off sections 10 and 11, respectively,
provided on the surface of the transport path 2. The wafer W is transported above the
transport path toward the cooling stage 3.

[0060] As shown in Figure 8, the swinging movable table 5 returns to its

horizontal attitude through backward rotation of the cam 32 before the wafer W reaches
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[0065] Next, description will be given of controlling transportation of the wafer W above the transport
path 2.  [0066] The wafer W may deviate outwardly from a regular course on the transport path 2
due to deformation or deviation in weight balance of the wafer W, etc., during transportation of the
wafer W from the holding table 1 or the cooling stage 3 over the transport path 2. Here, as shown in
Figure 9, light beams 35 from one projector 19 is intercepted, and signals from the light receiver 20 is
turned off. A controller 37 controls the degree of opening of the second magnetic valve 17 in the
channel 16 in communication with the holes 13 of the second blow-off section 11 in an off state such
that the secondhsieoplinesiagi? 1 Thrwtha Yrdee Nois placedogdbecanling fiagesiowtf&ection 10.
[0067] The time for blowing increased gas is set as appropriate in accordance with type, shape, and
weight of thBrwaﬁpWW@@MW@%EH%%%V@@%%r%%éﬁaﬂaﬂ?r}n‘é)@anes
appropriately through reproducibility testing or a simulation. Moreover, a condition where the wafer W
returns to a FFURIFdB R tance RafdROrBRt R IIIRHRS B dripEamTRER e [0068]

The second blow-off section 11 blows an increased, flow rate %f as éﬁbliquely toward the center of the
transport pa‘ﬁ?@ﬁﬁ‘{ﬁ]érwﬁ%lat%‘(@iﬂﬁsm% TS &GRS H%"p? iod. The center of the wafer W

s a5 shown by BN, A IASSEHEE PRGN TEHEI 0 A TRER B SIS o LDUE S 4 long
the transport path 2 under this state. .. [0069] A¢cording tq.the faregoing exemplary apparatus, the
detector det‘gg%rt e]\ﬁlg?gﬁ %oéf[ ncé' ?}(1)11 %?1&&%13%%8 %&3%“&%8\,8 8 'raﬁé %’Ftrﬁ%‘%ﬁ“gé the stages
3 and 4 when the wafer W deviates fr. regul r r th. 2. trol is made of
the flow rat&or ﬁa{% fom the g\ggbengabpm%gé{nma%%?# 3%9%%@%1%%%8% F(ie%o?vgfs{lg%;'&onsequently,

the waler WO HEUSINER A IB U SRS 118 RLIRL RIS RISRPLL R el e

words, the wafer W may be transportéd accurately to each stage w ver the transport path

2 in a non-cgpta i IS} i ' I ite S of the transport
path 2 [0070 Th%%\%ﬁ%eigvr?ﬂ r%pa?/vg%%%n %@J}féﬁ?ﬁ:‘%}%&%%&é&{gﬁ ‘égsl%b%%g% G %%%ﬁé'he first blow-off

section 10 Qiiﬁ@éﬂé@%@i%&f‘&f@ﬁlﬂ@!@%?@f@&%f@ﬁé’éb%l%@@%%é@%ﬁﬁ’ﬂa@%ﬁpﬁa%@ﬂﬂ%ﬁ@‘ sides along

an axis of the transport path 2 as shown in Figure 10 by alternate long and short dash lines. In this

embodiment, SAQWR in i giRibs, HHRoHe RAEIF0s Rt Eblaneotlseation ihand thevuerportions

of the second blow-off section 11 each include the first and second magnetic valves 15 and 17,

respectivelygp[ouigdaddnQng %@Hﬂﬁ&ﬂﬁi@%ﬂ%@h thsledigati aBevEI e digehbiaoehRedor

controlling the flow rate and blowing times of gas from the blow-off sections. This configuration may
realize morgacRWRIGEorrection of the course of the wafer W.

[0062] The swinging movable table 5 returns to its horizontal attitude through
backward rotation of the cam 32 before the wafer W reaches on the transport stage 4.
Then, the wafer W is placed on the transport stage 4. Here, timing of returning the
swinging movable board 5 horizontally is determined, for example, in accordance with
the result that a sensor, not shown, detects passing of the wafer W through a given
position or for a given time of period.

[0063] The wafer W on the transport stage 4 is pushed upward and supported via
the support pins 28. The wafer W having the rear face suction-held by a transport robot,
not shown, is transported from the transport stage 4 similarly to carrying onto the holding

table 1.
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[0072] The second blow-off section 11 in the foregoing exemplary apparatus may have the holes 13
that are formed as to pass through the transport surface inclined obliquely toward the center thereof.
That is, in the case where sufficient forward force is applied to the wafer W through blowing gas from
the nozzle 9 and inclination of the swinging movable table 5, this configuration may realize
transportation of the wafer W to each stage. [0073] In the foregoing exemplary embodiment, an
actuator such as a cylinder moves the lower side of the holding table 1 upward to swing the swinging
movable table 5 downward in the transportation direction. Such configuration may be adopted.

[0074] In the foregt¥84xERupiaipupp afAneraienis rampletshas merhprsd 8N suppsipHer.
Specifically, the wafer W may float with the nozzle 9 through pressure difference generated between
the holding SRFfaHELIIRbSSRNAR A BRIl rear face of the wafer W, which is similar to the cooling
stage 3. [0075] In the foregping exemplary apparatys, the detector is not limited to an, optical
sensor consisting (ﬂ??ﬁéllialﬁi‘br‘%t%%?‘% gr%%ﬁ@ﬁ'ﬁﬂﬂ’%%f%’ﬂ% Eﬂr‘f‘?ﬂ%’{}ag@%ﬂﬁgﬂﬁ %?Eﬁmera.
[0076] It wil %@g‘%a ent to those s iﬂed in the art that various modifications and variations can be

made in the S BRBROTHRA departing from the spirit or scope of the invention. Thus, it is

intended that the p tinvention cover the modifications and variations of this inyention provided
they come within tr@@l %ﬁﬁ%rapplgﬁaeg%? iy O s seon%ﬁe%ansﬁo?c

s and their equivatents.” Claims
path 2 due to deformation or deviation in weight balance of the wafer W, etc., during
transportation of the wafer W from the holding table 1 or the cooling stage 3 over the
transport path 2. Here, as shown in Figure 9, light beams 35 from one projector 19 is
intercepted, and signals from the light receiver 20 is turned off. A controller 37 controls
the degree of opening of the second magnetic valve 17 in the channel 16 in
communication with the holes 13 of the second blow-off section 11 in an off state such
that the second blow-off section 11 blows a more flow rate of gas than the first blow-off
section 10.

[0067] The time for blowing increased gas is set as appropriate in accordance
with type, shape, and weight of the wafer W. That is, setting of a relationship between a
flow rate and time varies appropriately through reproducibility testing or a simulation.
Moreover, a condition where the wafer W returns to a regular course at the center of the
transport path 2 is determined in advance.

[0068] The second blow-off section 11 blows an increased flow rate of gas
obliquely toward the center of the transport path 2 in the wafer traveling direction for a
given time of period. The center of the wafer W deviating from a central axis of the
transport path 2 returns to the center of the transport path 2, which is as shown by
two-point chain dashes. The wafer W is then transported to the stages 3 and 4 along the

transport path 2 under this state.
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1. A method of transporting a workpiece, comprising: blowing gas with a nozzle from rearward of
the workpiece in the transportation direction to float the workpiece that is held on a holding table, and
applying forward force to move the workpiece above the transport surface of the transport path;
swinging and inclining the transport surface obliquely downward relative to the transport course to
apply forward force to the workpiece for transportation of the workpiece, and transporting the
workpiece while floating by blowing air vertically against a rear face of the workpiece from a first
blow-off section provided in a middle portion of a transport surface of a transport path having a large

width than the workif1é8k Accordingisithe faresnins sramelay pnecaum e deterirrdetentyis adjusted
that is blown obliguely against the rear face of the workpiece toward a center axis of the transport path
from secondvBff et Ao deldme sl dirbeitr b FrmsrrLhrybE {0 thicstagiethe 3 port path

in a width direction; and swinging. and returning the transport surface of the transport path to its
horizontal atigadhe %l Pade bR segdan et e PhE FAasRgH Bf“tﬁila%s ﬂﬁ‘bowgé workpiece

that ave paBRE A AT P AR B A LS Bl o L A Uand o the
vorlotece e FSana o SN haTR e le e epd g Lupecs i peon
workplece. T pert pak? RS BRI G S YRKPISE PR SRR HR BB s MY to cach
stage while floating over the transport path 2 in a non-contact manner without collision
with the guide walls 22 on opposite sides of the fransport path 2.
[0070] This invention may be embodied as the following aspects.
[0071] The first blow-off section 10 of the foregoing exemplary apparatus may be
divided into two portions on both sides along an axis of the transport path 2 as shown in
Figure 10 by alternate long and short dash lines. In this embodiment shown in Figure 11,
the two portions of the first blow-off section 10 and the two portions of the second
blow-off section 11 each include the first and second magnetic valves 15 and 17,
respectively, provided in one channel into which the holes 12 and 13 are brought together
for controlling the flow rate and blowing times of gas from the blow-off sections. This
configuration may realize more accurate correction of the course of the wafer W.
j0072] The second blow-off section 11 in the foregoing exemplary apparatus may
have the holes 13 that are formed as to pass through the transport surface inclined
obliquely toward the center thereof. That is, in the case where sufficient forward force
is applied to the wafer W through blowing gas from the nozzle 9 and inclination of the

swinging movable table 5, this configuration may realize transportation of the wafer W to

cach stage.
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support pins push upward and support the rear face of the workpiece held on the holding table for
allowing the nozzle to blow gas against the rear face of the workpiece from rearward thereof. 4. The
method of transporting the workpiece according to claim 1, wherein the second blow-off sections blow
gas obliquely relative to a traveling direction of the workpiece toward the center axis of the transport
path. 5. Workpiece transport apparatus for transporting a workpiece, comprising: a workpiece
transport section having a transport surface of a transport path, including a first blow-off section and
second blow-off sections, for transporting the workpiece through floating thereof above the transport

surface of the tranépf8blarhedoregeingrsarlary sabadime o grivalotisnrrct 68868 a larger

size than the workpiece, the first blow-off section blowing gas vertically from a center portion thereof to
a rear face Btaies Wisrkgezsidronithetaldipsriaisd e ﬁ%%ﬁ?&ﬁm@&%ﬁa%@biw%w-off
sections blowing gas obliquely toward a center axis of the transport path along a workpiece width

direction; > 99 HAYEYIBIPE SFRASP YA AT FERow SHAL SRR BRI BRYSREAAPLSY the second

blow-off sections provided in the transport surface; a workpiece carrying mechanism for carrying
the workpiece toweﬂ?ﬂg%é“\/%‘ﬂfBY@@%“i’l%ﬁ’éf)‘?}H?@cWamS’ &E‘? 5%/@8%583%15?55@0“& the

workpiece t@%gggﬁrﬁ?g P.y tgge\(l:\i%rclgﬂgctﬁé ?%Qfé%(w ?n%(g}lﬁgéit with the nozzle 9 through pressure

difference generated between the holding surface of the holding table and the rear face of
the wafer W, which is similar to the cooling stage 3.

[0075] In the foregoing exemplary apparatus, the detector is not limited to an
optical sensor consisting of the light projector 19 and the light receiver 20, but may be an
optical camera.

[0076] It will be apparent to those skilled in the art that various modifications and
variations can be made in the present invention without departing from the spirit or scope
of the invention. Thus, it is intended that the present invention cover the modifications
and variations of this invention provided they come within the scope of the appended

claims and their equivalents.
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a swinging section provided with at least the workpiece transport section that allows swinging about a
front end thereof as a supporting point that is on a starting position side of transporting the workpiece;
and a drive mechanism for driving the swinging section, and a controller for controlling a course of
the workpiece through making a more flow rate of gas from the second blow-off section on one side
where the detector detects the end of the workpiee@d82ompared to that from the second blow-off
section on the other side, and controlling the drive mechanism as to transport the workpiece through

swingingithe wopkpiRes SBsPRIhSB6HEIM 8 QWRMaSh H dr dasRprikie she workpiece while the workpiece
floats, and as to stop the workpiece in a given position thrgggh swinging the workpiece transport
section upward M%Wé@%&ﬁ%@%%é%@%ﬁ&ﬁ%é%ﬁw i gRdNessdMdRe 6. The workpiece

transpory ARRGIBIUSAGE AL 19:CI3! Mozt WHE'S Bl k piedDeNYRPIRAR BANSABIHTRCHAIS R i

composed of a holding table for holding the workpiece and a nozzle for blowing gas from rearward of
the workpiadeing danwvehes Holingotane e7thehe evbiNsiec e heaiesirttapparstitissactarding thoeclaim 6,
wherein E?&r‘@ﬁ?{r@ ge%?ll,e includes two or more support pins for supporting the workpiece through
pushing upward the rear face of the workpiece.

swinging and inclining the transport surface obliquely downward relative to

the transport course to apply forward force to the workpiece for transportation of the
workpiece, and transporting the workpiece while floating by blowing air vertically
against a rear face of the workpiece from a first blow-off section provided in a middle
portion of a transport surface of a transport path having a large width than the
workpiece;

controlling a course of the workpiece while a flow rate of gas is adjusted that
1s blown obliquely against the rear face of the workpiece toward a center axis of the
transport path from second blow-off sections provided on opposite sides of the
transport surface of the transport path in a width direction; and

swinging and returning the transport surface of the transport path to its

horizontal attitude to stop transportation of the workpiece.

2. The method of transporting the workpiece according to claim 1, wherein

in the step of controlling the course, detectors of a non-contact type that are
spaced away at a given clearance in the width direction of the workpiece detect an
end of the workpiece, and the second blow-off section on one side where the end of
the workpiece has been detected blows a more flow rate of gas than that on the other

side for controlling the course of the workpiece.

3. The method of transporting the workpiece according to claim 1, wherein
support pins push upward and support the rear face of the workpiece held on
the holding table for allowing the nozzle to blow gas against the rear face of the

workpiece from rearward thereof.
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4. The method of transporting the workpiece according to claim 1, wherein
the second blow-off sections blow gas obliquely relative to a traveling

direction of the workpiece toward the center axis of the transport path.

5. Workpiece transport apparatus for transporting a workpiece, comprising:

a workpiece transport section having a transport surface of a transport path,
including a first blow-off section and second blow-off sections, for transporting the
workpiece through floating thereof above the transport surface of the transport path
having a given clearance in the workpiece width direction and a larger size than the
workpiece, the first blow-off section blowing gas vertically from a center portion
thereof to a rear face of the workpiece along a transportation direction of the
workpiece, the second blow-off sections blowing gas obliquely toward a center axis of
the transport path along a workpiece width direction;

a gas supply unit for supplying gas towards the first blow-off section and the
second blow-off sections provided in the transport surface;

a workpiece carrying mechanism for carrying the workpiece towards the
workpiece transport section;

detectors for detecting an end of the workpiece transported by the workpiece
transport section;

a swinging section provided with at least the workpiece transport section
that allows swinging about a front end thereof as a supporting point that is on a
starting position side of transporting the workpiece; and

a drive mechanism for driving the swinging section, and

a controller for controlling a course of the workpiece through making a more
flow rate of gas from the second blow-off section on one side where the detector
detects the end of the workpiece as compared to that from the second blow-off section
on the other side, and controlling the drive mechanism as to transport the workpiece
through swinging the workpiece transport section downward in transporting the
workpiece while the workpiece floats, and as to stop the workpiece in a given
position through swinging the workpiece transport section upward in accordance

with reaching of the workpiece in the given position.
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6. The workpiece transport apparatus according to claim 5, wherein
the workpiece transport mechanism is composed of a holding table for
holding the workpiece and a nozzle for blowing gas from rearward of the workpiece

held on the holding table.

7. The workpiece transport apparatus according to claim 6, wherein
the holding table includes two or more support pins for supporting the

workpiece through pushing upward the rear face of the workpiece.
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