DESCRI PTI ON TI TLE OF | NVENTI ON TRAVELI NG VEHI CLE SYSTEM TECHNI CAL

FI ELD 5[ 0001] The present invention relates to a traveling vehicle
System particularly a traveling vehicle systemin which electric
power is fed to the traveling vehicle using a contactless power feed
arrangenment. 10 BACKGROUND ART [ 0002] There is a known technol ogy
for a conveying vehicle contrivedppe-g¥@vely along a path for carrying
articles in a cleanroom (e.g., in a sem conductor manufacturing

pl ant), > S ctionis 15 a problem An electric notor is
typicalI?Qﬁégdggéhgﬁﬁﬁﬁgﬁlsource for such a conveying vehicle.
Electric power is supplied to the notor by el ectromagnetic induction
fromtwo power feed cabl es TRAKHIdNG HEangLEhgygetdy of t he conveying
vehi cl e. [0003] 20Anet hod by which el ectromagnetic induction is

utilizedrheugorgucirgont act | ess power feeding will now be expl ai ned.
5 [0001]
The present invention relates to a traveling wehicle system,
particularly a traveling vehicle system in which electric powWer
;~> is fed to the traveling vehicle using a contactless power feed
arrangement.
10 BACKGROUND ART
[0002]
There is a known technology for a conveying vehicle contrived
to travel along a path for carrying articles in a cleanroom (e.g.,
in a semiconductor manufacturing plant), where dust production is

15 a problem. An electric motor is typically used as a drive source

. 1
R

for such a conveying vehicle. Electric power is supplied to the
motor by electromagnetic induction from two power feed cables
provided along the path of the conveying vehicle.
[0003]
20 Amethodbywhich electromagnetic induction isutilized to conduct
contactless power feeding will now be explained.
The two power feed cables are held in a power feed cable holder

of a power feed rail provided along the path. A core that is made

=



The two power feed cables are held in a power feed cable holder of a
power feed rail provided along the path. A core that is nade of
ferrite and has a generally E-shaped cross sectional shape is fixed
to an electric power receiving unit of the conveying vehicle. A coi
is wounded onto a mddle protruding piece of the core and the

protrudi fg Hi,8G8 ¢l §n§rﬂe§‘§lgae§eg@§:§@f? ﬁ—@n%ﬁﬁeggwaﬁeggg‘gﬁlﬁgaﬁl %%a eSHEN

that it does not contact the power feed c n requency

electric_current is passed through the power feed cables, a nagnetic
fieldist FRtBY ARG T He PREGRAS S IMld uatt §1dMa RENERYIDHWIERACHAL 0
the core, causing an electric current to be induced in the coil. In

this wayd alidctisi sopoied drstcsuppldetle Ifrdtmmitrhe ppeverof egtk eaklkesntio
the electric power receiving unit of the conveying vehicle in a

contact | @ss 4BARGH: AR he %g%&tfgnggggeo%wé% leﬁ%dgg%pws L affes

control devices (e.g., see Patent t conduct or

manuf acturing plant has vari ous apparatuses for 15 processes

suchasi n¥ydtt Fet Je&pee%.%ePOFnﬁa?F%?tiﬁb%c’epﬂﬁ,r éeefi rgblesc. e a
travel i ng vehicle noves sem conductor wafers between | oading ports of

t he pr ocessi-ngrapracgt asestr G TAFrENtLL SToAASHENE hk bl ERATRIRE 2Q{x00044
Patent Literature 1. Japanese Lai d-open Patent Publication No.

2002-234@%%&éﬂ%wﬁwﬁéééiiiéwﬁéﬁlhc§% égﬂgﬂgkgéLaﬁﬁ«gﬁEﬁkggnetic field acts

. cn the coil wound onto the core, causing an electric current to
be induced in the coil. 1In this way, electric power is supplied
10 from the power feed cables to the electric power receiving unit
of the conveying vehicle in a contactless manner and the electric
power is used by the motor and control devices (e.g., see Patent
Document 1) .
A semiconductor manufacturing plant has various apparatuses for
15 processes suchas inspection, exposure, impurity injection, etching,
etc., and a traveling vehicle moves semiconductor wafers between
loading ports of the processing apparatuses.
CITATION LIST
PATENT LITERATURE
20 [0004]
Patent Literature 1: Japanese Laid-open Patent Publication No.
2002-234366

SUMMARY OF INVENTION



[ 0005] As expl ai ned above, the power feed cables used to supply

el ectric power to the traveling vehicle systemin a contactless

manner generate 5 a magnetic field and a portion of the magnetic
field l eaks to the outside fromthe power feed rail. The inventor has
di scovered that there is a possibility that magnetic field | eakage
fromtherTponercAeexka=aigy Wi I | af fect processing equi pnent used in a
sem conduct or manufacturing plant where the traveling vehicle system
is used, [5@0@}"““ cularly inspection equi prent. For exanple, when a
sem conductor” wafer having a line gap of 45 nmis inspected with a

| aser in an el ectron beaminspection apparatus, a magnetic field from
t he power PEctFREDbINGS sopeei rbs rifweacfeedicpbdes iveridne Suppl iy el eotrithe
i nspection apparatus and causes an incorrect neasurenent 15 to occur.
In partigohé@r toahesetive0ndyGLan cUesyeReh h@S dHIOMASS shRMRLY cemakher
nodes, the problem of incorrect neasurenents becones nore of "a
concesn. _[ . ; he object, of t resent invention is taq
prov?{je %r[gagﬁ} act 5531%-03%‘:8%?0?:5%%tﬁg%rlﬁ%ﬁ?w afitd) dee¥tenthe
t hat can suppress a | eakage of the nmagnetic field froma power feed
cabl e. SHUTIENITOPRGBPERET FeOH rail. ATheritrwenltesshapuescbeecedybtem
according to one aspect of the present invention conprises an AC

power sotHi€rs id ROYESsiead 1§abhst M RWEIC FEEeRtT QN RILKYn H pByer
magnetic field reducing section. The power feed cabl€ is connected to

the, AC ) ti kup is, i ded
A Tt Wl T SRR e S S

power feed cable in a contactless fashion. The magnetic field
reduci ng"¥eEid T Hay Rlesk| vaarenthe dirdveldagavehorle Asvstmiudedused,
electric current flows in the coil antenna due to a magnetic field

generat eshibyi AL 2160t ringpeutient GuipAwhing in dde %{plfe?edwﬁggl g
A resonance relationship is established between the coil antenna and
t he capagito C hat -t he i nduced.electric rrent.,in the coil |
ant ennaalgésrﬁloc%ﬁéo qutragéfgf;e?ahv%lb%oasiltlgep%\%eoﬁli hPheS et pRigGted with
current flowng in the power feed cable. 15In this system the
capaci t 07 l@¢6e¥eln 8@ frhket ¥9re beadubesbastiricenapparatus, a magnetic field

from the power feed cables sometimes affects a positioning function

of the inspection apparatus and causes an incorrect measurement
15 te occur. In particular, as semiconductor design rules progress

toward smaller nodes, the problem of incorrect measurements becomes

more of a concern.

{00061

The object of the present invention is to provide a contactless

20 power feed type traveling vehicle system that can suppress a leakage

of the magnetic field from a power feed cable.

SOLUTION TO PROBLEM

{0007]



in the coil antenna out of phase with the current in the power feed
cable. That is, a magnetic field generated fromthe coil antenna is
‘out of phase with the magnetic field generated through the power feed
cable. As a result, the | eaked magnetic field fromthe power 20 feed
cabl e can be canceled out by the magnetic field having a reversed

phase. Her @, cofffge] e St BARS Y Nt st E@é%ﬁ:dﬁmﬁ’oﬂrc} I8 9t Lbe of the
nagnetlc field can be canceled out ‘such that the ef fect 1 nposed o

ot her arat uses i St é& this sten1 a power source or
a pi ckup corT %nHSP f%?]LﬁoFg’ﬁlPSSgaéh a°Eex % Prem 2iRraTet et cable,
antenna. [0008] In another aspect of the present invention, the coi
~and the & Rsacireeepiiennptckup aapdr & etagnasiondieddr e¢didions kieptand,
i nstead, a frequency close but not equal to a resonance frequency is

used. Th’!‘lﬁe pbﬂérp"&iﬁcﬁlglé he c%r@?écr’de% Eé”tm%“.ic ‘pBgHEQﬂ)dr@ herkgé)blower

antenna is not conpletely out of phase with current flomngin
t he wer feed cabl.e, By. usin tate that s off et fronfa perfect
Fiflp i

r eso%ncle S A é’lcguﬁajg?f&rf:’ | PhaEaY S HRE "SR ihEsa e goafrived

appropriate degree for canceling out the | eaked magnetic field can be
gener at edo f reaeithe edertahteppasr| 0009 gihéeheapawisrorfdes] prafler abhya
contrived to achieve such a resonance 15 relationship that the

magnet i cccfmei&mzef@é@i%rby the alget s.bffleﬁerz_f‘élfudﬁ%% ik Hdea %g&h

antenna cancels out the electric Current flowng in"the power fee
nethod for a contactless

cable. [001 netic field reducin
power fe%lat%fj“asﬁg?gfncgeéfffﬁf’ﬁg AREEARY dSra et Cof R i dgudmtin the
invention is a

coil antenna due to amagnetic field generated by an electric current

10 flowing in the power feed cable. A resonance relationship is
established between the coil antenna and the capacitor such that
the induced electric current in the coil antenna is out of phase
or in opposite phase with the electric current flowing in the power
feed cable.

15 In this system, the capacitor serves to make the induced current
in the coil antenna out of phase with the current in the power feed
cable. That is, a magnetic field generated from the coil antenna
is out of phase with the magnetic field generated through the power
feed cable. As a result, the leaked magnetic field from the power

20 feedcable canbe canceledout by the magnetic field having a reversed
phase. Here, “cancel out” means that at least a portion of the

magnetic field can be canceled out such that the effect imposed

on other apparatuses is reduced.



magnetic field reducing nethod for a contactless power feed system
havi ng an AC power source, a power feed cable connected to the AC
power source, and a power reception pickup that is provided on a
traveling vehicle and contrived to receive electric power through the
power feed cable in a contactless fashion. The nethod includes the

followi ng miepsafs Py a€imgdaddRS0881E8e Ul § WilckupCidi RY @o&eiat;uire%
antenna and a capacitor to a vicinity of the power feed cable; "and

exchangi aci.tors in_order tg adjust _a_resonance rel ationship
with reé%%é%ggﬁaFﬁeac8F 1) eﬂhégghc lﬁhgptﬁnﬁﬁgnetic field generated
by an induced electric current flowng in the coil antenna cancels

out a melgH¥i8lc field generated by an electric current flowing in the
power feed cable. 10Wth thisnethod, the resonance

rel ati onshipbghyees: tApLanas tok BREsthe LOMNEAMENRRLRBiIRCang the
adj usted by exchanging the capacitor. Mre particularly, a magnetic

field that is.out_ of ase to_an appropriate degree can be generated
by e% chanding ttoﬁearé%Bglgi s p§5%§§%t sfpéﬁn&?er‘glq%é?@ﬁi’ﬁé’ea%‘? atBSERaE-
is offset froma perfect 15 resonance state. [0011] The adj usti ng

of the reefsraneecyetlagobuhi pot onadt bp afremdnastienfragpirase ie ofedhe
i nduced current in the coil antenna and a magnetic field H generated

at the coids,afhepiashyot heel SGad CHREEOEE YNG40 4 BRef @l 10M PYnna

rel ati onshi ps: | npedance Z of a circuit consisting of the col
ant enna .and %he cgpacitor = %L - 1/mﬁ%E% duced vol# ge, Vc  gener at ed
acrpss. i TOBACHRAS TS LY T BRBPGES TR EACCORTERE 1L GBS ARSdS ROTeF |
antenna = Vc/ zZ;
feed cable. Byusinga state that is offset from a perfect resonance
10 state, amagnetic field that is out of phase to an appropriate degree
for canceling out the leaked magnetic field can be generated from
the coil antenna.
[0009]

The capacitor is preferably contrived to achieve such a resonance

.15 relationship that the magnetic field generated by the electric

current induced in the coil antenna cancels out the electric current
flowing in the power feed cable.
[0010]
A magnetic field reducing method for a contactless power feed
20 system according to another aspect of the present invention is a
magnetic field reducing method for a contactless power feed system
having an AC power source, a power feed cable connected to the AC

power source, and a power reception pickup that is provided on a



Magnetic field H generated at the coil antenna by the induced current

= 1/(4nr) ¢¥aldid2g %29 Bha %nw@vba%@gcgy{ré%qtectﬂ%&wéﬁltﬂougg

where L is an inductance of the coil antenna, Cis a capacitance of
the capacitor, N is_the_nunber of w ndings of the coil antenna, dQ dt
is a rdthe BPwéﬁaﬁ‘@%i Sﬁbéenaa%ﬁe?‘i’%tﬁ:‘i&e-‘?ﬁ fewdicsi-| ARedmidiod ipglydes
di stance fromthe coil antenna to a magnetic flux that is to be

reducedhel fbs1awh agadewd olfthel £0ihg @niégaﬁan@@d:i&dxﬁ@i@@lﬁaﬁhﬁtaaa@@1
of the coil antenna. 10Wth this nethod, the values of the coi

antenna and t he acitor. can be cal cul at ed n advance. AGEQUS
R FECT & A S VENIT T GO S Y THCIRL PR (e DONEt) 6 Sritme =na

according to the present invention, 15 the nagnetlc field generated
by a pmm:rhafreﬁd@a:la@acdamrlseinaﬁm:f et adtjueitd wegmgneld eeflbelidnship
havi ng an opposite phase generated by a coil antenna. BRI EF

DESCRI P \ %QS:PQ(% Vg'%ﬁ L:Qaq:&?’alntze(a)ljfﬂgg %h]tﬂast gmsél%rr]l% IElé’i& el ]:er ned

over headltt raveri ng

by an induced electric current flowing in the coil antenna cancels
out a magnetic field generated by an electric current flowing in
the power feed cable.

10 Withthismethod, the resonancerelationshipbetweenthe capacitor
and the coil antenna can be adjusted by exchanging the capacitor.
More particularly, a magnetic field that is out of phase to an
appropriate degree can be generated by exchanging the capacitor
so as to achieve a resonance state that is offset from a perfect

15 resonance state.

[0011]

The adjusting of the resonance relationship is a step of adjusting
a phase 6 of the induced current in the coil antenna and a magnetic
field H generated at the coil antenna by the induced current using

20 the following relationships:

Impedance Z of a circuit consisting of the coil antenna and the
capacitor = oL - 1/0C;
Induced voltage Vo generated across coil antenna = -N x dé/dt

Induced current I generated in coil antenna = Ve/Z;



systeminside a cl eanroom Figure 2 is a partial side view of an
overhead traveling vehicle systemand an overhead traveling vehicle.
Figure 3 is a vertical cross sectional view of an inside of a rail.
Figure 4 is a partial side view of an overhead traveling vehicle
system and an overhead traveling vehicle. 5Figure 5 is a vertical

cross sect mgpaktYiew Ofd & BewBLateedwnive c01lFbﬂHé§n§ eﬁt% exRnl,edgd

vi ew showi ng the vari ous parts of the power fe unit. Figure 7 1s a
parti al ers ctl e vie Ai | -1/2 Flgure 8 is a sinple sketch
showi ng ﬁél{‘lpg\l{va éﬁéi 0 betMieen the rail, a processi ng

appar at us, and a noi se cancel i ng CI rcuit. Figure 9 |s a side view of
an ant ennaPhasached tthe raducedFicgurentO=i soan ¢RYL valwrdreci rcuit of
a contactl ess power feed section and a noise canceling circuit. 15

DESCRIPTlCwslQPéﬂTﬁidﬂ%@&@c&ENISt$QQééH1 ant%ﬁnﬁ”b@di§“ﬂ“cé¥acﬁQEn0e of

present invention will now be explained with réference to

dravmn S. . N .
9 thé capakztor, N is the number of windings of the coil antenna,

d®/dt is a rate of change of a magnetic flux in the coil antenna,
r is a distance from the coil antenna to a magnetic flux that is
. to be reduced, J is a length of the coil antenna, and R is a DC
LA
resistance of the coil antenna.
10 With thismethod, the values of the coil antenna and the capacitor
can be calculated in advance.
ADVANTAGEQUS EFFECTS OF THE INVENTION
[0012]
Witha traveling vehicle systemaccordingtothe present invention,
15 the magnetic field generated by a power feed cable can be cancelled
out with a magnetic field having an opposite phase generated by
a coil antenna.
BRIEF DESCRIPTION OF DRAWINGS
(0013}
20 Figure 1 is a schematic view of an overhead traveling vehicle
system inside a cleanroon.
Figure 2 is a partial side view of an overhead traveling vehicle

system and an overhead traveling vehicle.



20(1) Overhead Traveling Vehicle System Figure 1 is a schematic
view of a contactless power feed type overhead traveling vehicle
system 1 that uses a power feed cable. The overhead traveling vehicle
system1l is installed in a sem conductor plant or other cleanroom
envi ronment and serves to transport a FOUP (front opening unified
pod) that wilkhrbesexplainad;l-atetrodhesoverdigad ticaveki ng mehig e+ 2
system 1l conprises chiefly a rail 3 and an overhead traveling vehicle
5 contri]\_(gdlto travel 5 along the rail 3. [0016] The inside of the
sem condUtt o plant will now be explained. The sem conductor plant
has a plurality of bays (processes) , and an inter-bay route 51 is
provi ded t &igoagettlsremetd ibdysideo vopw ahenheverikadihranet tadpaphriolte
53 is also provided within each bay. Each of the routes 51 and 53
conpri sesy@tdmidnd.ad Q¥bthead ArPhell hd toeHafc1Rr 0cessing apparat uses
55 and 55, e.g. , sem conductor processing apparatuses, are arranged
al ong t he intra-bay routes. 53. Additionally, a |oading port 57 is
provi%ded nJng Y88¢ lgfa}lf‘rﬁgng%%é:sr?lsﬁgs%%Facf‘%ﬁluéé?§§ %r?d"‘%%. gel‘?%unlt'
| oadi ng ports 57 are provided directly under the intra-bay routes 53.
Thus, the &u6rheafl 1% avelsxpdoderi view Sshavarel $hel vagithe paids fante
transports FOUPs between | oading ports 57. 20[0018] (2) Rail As
shown i npdwetir@sed dnhe .rail 3 is suspended froma ceiling 9 with a
plurality of colums 7. The rail 3 conprises chiefly a

Figure 7 is a partial perspective view of a rail.

Figure 8 is a simple sketch showing a positional relationship
10 between the rail, a processing apparatus, and a noise canceling
circuit.
Figure 9 is a side view of an antenna attached to a rail.
Figure 10 is an equivalent circuit of a contactless power feed
section and a noise canceling circuit.
15 DESCRIPTICNS OF THE EMBODIMENTS
[0014]
An embodiment of the present invention will now be explained with
reference to the drawings.
{0015]
20 (1) Overhead Traveling Vehicle System
Flgure 1 is a schematic view of a contactless power feed type
overhead traveling vehicle system 1 that uses a power feed cable.

The overhead traveling vehicle system 1 is installed in a



traveling rail 11 and an electric power supply rail 13 provided on a
bottom portion of the traveling rail 11. [0019] (a) Traveling rai
B5The traveling rail 11 is nmade of, for exanple, alum num As shown
in Figure 3, the traveling rail 11 is shaped like an inverted Uin a
cross sectional view and has an upper face section ha and two side
face sec bl d i ravelin
surfacesgéln%?ol S fordr%egﬁ%# gIv]\f Pﬁ\g{gél %%egﬁ%id}gggl%ﬁ%ns%ﬁ% ‘%1(8 g rgreeé’o%
traveling surface Ild is forned on an inside surface of an uppe

porti on OFRERA ot HOHE SHernt qeenseg vindddedmed)ahat wiilrlee ﬁ?‘ﬁ&éﬂhﬁ@
surface lie is formed on an undersi de surface of the upper face
section Yeted.0020¢ dif(dhead ecavéTimppwehisUppdystiad . dhepel 6 EhEerfly
power supply rail 13 conprises chlefly a palr of pomer feed cabl e

hol der s d=1 rovi b rtlo of .t he
travellﬁéﬁﬁgp]31%n&§?¥aﬁ%% B Q%Qvé ca | e ﬁo H@?gthtaﬁveiS

is a pa|r of power feed cables 17 and 17 each 20 conprising a litz
Wi r e lmadt B0 FhCoFpét wire or ot her conducti ve

[0016]
The inside of the semiconductor plant will now be explained. The

semiconductor plant has a plurality of bays (processes), and an

3
R

inter-bay route 51 is provided to connect remote bays to one another.
10  An intra-bay route 53 is also provided within each bay. Each of
the routes 51 and 53 comprises a rail 3.
[0017]
A plurality of processing apparatuses 55 and 55, e.g.,
semiconductor processing apparatuses, are arranged along the
15 intra-bay routes 53. Additionally, a loading port 57 is provided
near each of the processing apparatuses 55 and 55. The loading ports
57 are provided directly under the intra-bay routes 53. Thus, the
overhead traveling vehicle 5 travels along the rail 3 and transports
FOUPs between loading ports 57.
20 [oole]
(2) Rail
As shown in Figure 2, the rail 3 is suspended from a ceiling 9

with a plurality of columns 7. The rail 3 comprises chiefly a



wire covered with an insulating material . An electric power supply
device (not shown) is provided at one end of the power feed cables 17
and serves to supply a high-frequency electric current to the pair
of power feed cables 17 and 17. [0021] (3) Overhead Traveling Vehicle
The overhead traveling vehicle 5 conprises chiefly a traveling 5
section ; I G 1p r regelvi I.0 a1 and. ist .
driving g%é??gﬁﬁ g%%%hgjt%ggef?ngf%%%gg%ﬁﬁ%%xiEuéééghg%%gﬁ?gﬁFﬁﬁﬁgﬁd
inside the traveling rail 11 for traveling along the rail 3. The

el ect ri cPofePore®iRAGTY We i GRe28 7 e vt dh-arranged i nsi de
the electric power supply rail 13 for receiving electric power from
10 the pabpief power feed cables 17 and 17. The hoist driving section
25 is a nmechani sm arranged bel ow the el ectric power supply rail 13
for hol di ng ang hoiLst{n9,.a; fOUP 4 up and down. [0022] (a) Traveling
section 15T%e traveling section 21 is arranged inside the traveling
rail 11 and has a pair of first guide wheels 18 and 18, a pair of
secormd gui de* SRS Y Tl 19 15408t Tori 3P el umigiutindAg shewer
22. The two first guide wheels 18 and 18 are arranged on both sides
of a | onen Pbyt¥®rB,ofcheherbraleht ngasecll A 2haped Iokatabl ynverted U
supported

in a cross sectional view and has an upper face section 1lla and

S two side face sections 1llb. A pair of inwardly extending first

E—

traveling surfaces llc is formed below the side face sections 11b.
10 A second traveling surface 11d is formed on an inside surface of
an upper portion of each of the side face sections 11b, and a third
traveling surface lle is formed on an underside surface of the upper
face section 1la.
f0020]
15 (b) Electric power supply rail
The electric power supply rail 13 comprises chiefly a pair of
power feed cable holders 15 and 15 provided on both sides of a lower
portion of the traveling rail 11. Arranged on the power feed cable
holders 15 and 15 is a pair of power feed cables 17 and 17, each
20 comprising a litz wire made of a copper wire or other conductive
wire covered with an insulatingmaterial. Ban electric power supply
device (not shown) is provided at one end of the power feed cables

17 and serves to supply a high-frequency electric current to the

10



20 on an axle extending in a left-and-right direction, with respect
to the traveling direction of the vehicle. The first guide wheels 18
-and 18 are arranged on the first traveling surfaces 1l1c of the
traveling rail 11. [0023] The second gui de wheels 19 and 19 are
arranged on both sides of an upper portion of the traveling section
21 and rQy; I p xl.eextending in a vertica
directi5%ﬁ31%&eﬁggggngééﬁﬁﬁgﬂvﬁggﬁsagdlg%énd 19 use the second
traveliqgwéurfaces lid of the traveling rail 11 as guide surfaces and
pr event léosition of the vehicle fromdrifting in a transverse
direction (left-and-right direction with respect to an advancenent

di rection) {3] OB2Aheb@TMeavedyvey dehiidg wheel 20 is arranged in an
approxi mate center of the traveling section 21 and is pressed agai nst
the third j - r | i, r ai i .
spring or %%%gﬁkﬁggggrgggﬁggﬁgfv%&ék?gé%éﬁmﬁFﬁggﬁdﬁakgéﬁ’%%EP%Q%%%W%n
with_the mptor 22. As a result, the overhead traveling vehicle 5
travel s SRCEAE™ K 130 rd§CtEiq govsE (B?EEY%%Qrﬁ%?ﬁiﬂﬁe%3neééﬁv?n@915t
section The electric power receiving section 23 has a pair of pickup
uni ts 2drfieingdeaitiion® el eThe ceapoleng keanishelgal 4 mefhpove at eethed
cables 20 17 and 17. More specifically, the two pickup units 27 and

27 are jnside the traveling rail 11 for traveling along the rail 3. The

electric power receiving section 23 is a mechanism arranged inside

N

the electric power supply rail 13 for receiving electric power from
10 the pair of power feed cables 17 and 17. The hoist driving section
25 is a mechanism arranged below the electric power supply rail
13 for holding and hoisting a FOUP 4 up and down.
[0022]
(2) Traveling section
15 The traveling section 21 is arranged inside the traveling rail
11 and has a pair of first guide wheels 18 and 18, a pair of second
guide wheels 19 and 19, a travel driving wheel 20, and a motor 22.
The two first guide wheels 18 and 18 are arranged on both sides
of a lowerportionof the traveling section 21 and rotatably supported

20 on an axle extending in a left-and-right direction, with respect

to the traveling direction of the vehicle. The first guide wheels

18 and 18 are arranged on the first traveling surfaces llc of the

traveling rail 11,

11



arranged transversely adjacent to each other inside the electric
power supply rail 13. Each of the pickup units 27 has a generally

E- shaped cross sectional shape and conprises a core 29 nade of
ferrite and a pickup coil 31 wound onto the core 29. The core 29 has
two protruding sections 2 9a and a m ddl e protrudi ng section 29b
arranged pf, et ween. The pickup coil 31 is wound onto the mddle
protrudi ng section 29b. 5[ 0026] The two power feed cables 17 and
17 held in_a power feed cable holder 15 are arranged between the

ni ddl e prottPFdFRGORR RIS vBBehhd d AR b3S peet pyEARTR rUdPRGh stkdqoRS
29a. \Wen a high-frequency current is passed through the pair of

power f eed uwpplelrgsorldcandft 1he thva lingreaidid ohi 2l dni s oerapatetpabireébd
acts on the pickup coil 31 and generates an induced current in the

pi ckup cgj I I . i . .S 'S | rom.th i.r
of pomerg?ég 3§5$§§Ef§n§ﬁ§uagé§gi§ %@%ﬁ%ﬁﬁﬁéQJni?Rg?eggnéggéﬁ gﬁﬁgggs
manner such that the travel notor 22 is driven and electric power is

suppld ed* P ARDNtT §Fe1ENYSAIIY CYRESHANT DT TRSRS 1ldeafcels dsavrling

17 of the electric power supply rail 13 and the electric power

recei vi ngasectl as 23idd shihefaeesr bedddavavel thg madiitlon bf comnstvichute ca
contactl ess power feed section 33. [0027] 20(c) Hoist driving section

chi of Ty SR OHang L ek Sty R0 PERY, QRSB k3 “AHEERD.

39, a hoi st body 41, and a hoist table 43. [0028]
H} with respect to an advancement direction).
;

[0024]

10 The travel driving wheel 20 is arranged in an approximate center
of the travelingsection 21 and is pressed against the third traveling
surface lle of the traveling rail 11 with a spring or other pressing
means. The travel driving wheel 20 is driven with the motor 22.
As a result, the overhead traveling wvehicle 5 travels along the

15 rail 3.

[0025]

(b) Electric power receiving section

The electric power receiving section 23 has a pair of pickup units
27 for obtaining electric power from the pair of power feed cables

20 17 and 17. More specifically, the two pickup units 27 and 27 are
arranged transversely adjacent to each other inside the electric
power supply rail 13. Bach of the pickup units 27 has a generally

E-shaped cross sectional shape and comprises a core 29made of ferrite

12



“The main body frane 35 is a nenber fixed to a bottomportion of the
el ectric power receiving section 23. A frontward frane 45 and a
-rearward franme 47 are provided respectively on front and rear 5 sides
of the main body frame 35. [0029] The |l ateral feeding section 37
feeds the O drive 39, the hoist body 41, and the hoist table 43 in,

f | e,. a.si ' d FOUP
From & SHHG 0l FEVE (ot Mol 30" Ao i AeObR 5 51 ABectothe S Are 5o

The O drive 39 turns the hoist body 41 within a horizontal plane to
make it REiding seeinghe 2 % FodR L ddi enpi gt futh ngesest ool Sk howaiaed
provi ded inside the hoist body 41 to raise and |ower the hoist table

43. The ©wbstiBgnEans S0OPED $851 0K sQXAR] Bntd e BL4S1 OLr W Pdingy
druns and a belt 59 15 arranged around the wi nding druns. The hoi st

table 43 i .att%%%ed to an end portion of the belt 59. Figure 4

depicts T state 0 which the belt 59 has been reeled out fromthe

drunms such that the hoist table 43 is |lowered along with a FOUP 4.
[003¢] 20M#¥EIFOUP 4 houses a plurality of semi conductor wafers inside
and has a renovable lid provided on a front face thereof. A flange 49

i s provi dedhentah depeer fReat ¢ & 1t7henBOUP eiandnt ae%éw@m%e@%gme
hel d by the hoist table 43. [0031] (4) Power Feed Cabl e Hol der

expl ai nel Hng F BT B! ot PR o S e So b B B 4P G HPme? e
power feed cable holders 15 and 15 are generally the sanme, the
slfyctur@ubth@mgﬁggq§ﬁmﬂ9rqﬁ;q@ﬁmgﬁ¢@ﬂﬁons29a. When a high-frequency
current is passed through the pair of power feed cables 17 and 17,
10 a magnetic field is generated which acts on the pickup coil 31 and
generates an induced current in the pickup coil 31. 1In this way,
electric power is supplied from the pair of power feed cables 17
and 17 to the pickup unit 27 in a contactless manner such that the
travel motor 22 is driven and electric power is supplied to controel
15 devices. The pair of power feed cables 17 and 17 of the electric
power supply rail 13 and the electric power receiving section 23
of the overhead traveling vehicle 5 constitute a contactless power
feed section 33.
(00271
20 {c) Heoist driving section
AsshowninFigure2, thehoistdrivingsection (hoist) 25 comprises

chiefly a main body frame 35, a lateral feeding section 37, a 8

drive 39, a hoist body 41, and a hoist table 43.

13



10032] The power feed cabl e holder 15 conprises an outside hol der
61, a plate nenber 62, and a plurality of inside holders 63. The
outside 10 holder 61 and the plate nenber 62 have prescribed
correspondi ng | engths, and the inside holders 63 are provided with
respect to the assenbled pair conprising the outside holder 61 and

t he pIatE @£¥P 62. [0033] 15The outside holder 61 is forned as a
one piec egral unit nade of a resin and has a nmain face section
65 and a pair of side face sections 67 and 68 that extend |aterally
from edge PBEtTFdHS Ryt AeamaidP figce wwddwAi85d The bathohawetsent pBn
65 extends perpendicularly to the plane of the paper in Figures 5 and

6 and 20tiextardsrVergdit k¥ceivenglResis8Ci3 ONa FRenSILQ £ER6Re 45 and
sections 67 and 68 also extend in the direction perpendlcular to the

pl ane of _t ng i de the na n, face section nd in
ri ght ward orlzoﬁ{ %lréZt?%% ot r&&ascng??%n *e 3 HE hear

face section 65. The side face sectlon 67 has a first portion 67a on
a near - bak¥eside ed "aiseboAd porme ol 67b that extends fromthe first
portion 67a. The second portion 67b is thinner than the first portion
67a and h@sz e hi gh degree of flexibility. A bent section 67c that is

5 bent inward into a hook-like shape is formed on a tip end of the

d T de f first [ 68
on a nehr - BaSe 1A L B LG SR L3 T Toh%Bh Tl St ERGRS1 1O PRRSE

first portion 68a. The second portion 68b has a high degree of
fl e?l bi 192e9¥ € dmpandeieha Boihk thbdstdDbrt ifon ©8mpIR bestdersyisohirtots8o
that is bent inward into a hook-li ke shape is formed on a tip end of

the secoswt paid i9Rne88r h0PSYR 4 tRNFRBLNE 586L1I9R: A (ronf %BBﬁH
on the side face section 67 of the outside holder and engages with an

engagi n ‘éqpt on |I1f %F ur éS 3% L ne? on, a, hot t ur f ac OL
traveling rai c[l]f i éétghlfet Frict % e Potter s gg‘dg?ﬁﬁlﬁ; QlSt
fixed to the traveling rail 11.
body 41 within a horizontal plane to make it easier to transfer
a FOUP 4. A hoisting means (not shown) is provided inside the hoist
body 41 to raise and lower the hoist table 43. The hoisting means

comprises, for example, four sets of winding drums and a belt 59

15 arranged around the winding drums. The hoist table 43 is attached

“) to an end portion of the belt 53. Figure 4 depicts a state in which
the belt 55 has been reeled out from the drums such that the hoist
table 43 is lowered along with a FQUP 4.

{0030]
20 The FOUP 4 houses a plurality of semiconductor wafers inside and

has a removable lid provided on a front face thereof. A flange 49
is provided on an upper portion of the FOUP 4 and the flange 49

is held by the hoist table 43.
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[0035] The plate menber 62 is a plate made of thin copper sheet netal
20 and conprises chiefly a main face section 69 and a pair of side
face sections 71 and 73 that extend laterally from edge portions of
the main face section 69. The thickness of the plate nmenber 62 is,
for exanple, 0.3 nmand the thickness is preferably in a range from
0. 2 torfp3zf Mm The nmain face section 69 extends perpendicularly
to the pfane of the paper in Figures 5 and 6 and extends vertically
in a cross section. The side face sections 71 and 73 also extend in
the directi‘dn perpEntiredl @P4% HHESEl ane of the paper along side 5
the main face section 69 and in a rightward horizontal direction from
t he edge p@hti shsuotutdecfraitie facers€etdonabfe Hhbdptatis mETheho®2be
has a same shape as an inside surface of the outside holder 61 and is
held in : k-t i nsj de C f i d | der
1. Thus: “Tre el nAFhaer il VY O THE AT T skRiePist 1 PeefRer
cl ose contact with the inside surface of the main face section 65 of
the out sHR Bevrdefeed cagilf Ratfsrs tireas do praecsxanaldy e ofanehethe
pl ate menber 62 is in close contact with the inside surface of the

si de facetsectusn &7 coflyt beeowi 51 dee holgderingli,. and the side face
section 73 of the plate nenber 62 is in close contact wwth 15 the
inside s 5??§F of the side face section 68 of the outside holder 61.
Once installed, tip ends of the side face sections 71 and 73 of the
plate nmenber 62 are respectively arranged inside the bent sections
67¢yand 68¢Re[ BOEHY fﬂ?égéﬁbéﬁ hlgmdpdecmpr Hee s ag3onEside haddey &1,
one- pi ece integral nmenber made of resin. As shown in Figure 7, the

i nsi de habderts rEhber 62, and a plurality of inside holders 63. The outside

10 holder 61 and the plate member 62 have prescribed corresponding
lengths, and the inside holders 63 are provided with respect to
the assembled pair comprising the outside holder 61 and the plate
member 62.

[0033]

15 The outside holder 61 is formed as a one piece integral unit made

b

of a resin and has a main face section 65 and a pair of side face
sections 67 and 68 that extend laterally from edge portions of the
main face section 65. The main face section 65 extends
perpendicularly to the plane of the paper in Figures 5 and 6 and
20 extends vertically in a cross section. The side face sections 67
and 68 alsc extend in the direction perpendicular to the plane of
the paper along side the main face section 65 and in a rightward

horizontal direction from the edge portions of themain face section

15



are arranged at prescribed intervals in the assenbled unit of the
out side hol der 61 and the plate nenber 62. The inside holders 63 are
arranged at a pitch of, for exanple, 250 to 300 mm Each of the

i nsi de dw) dehe $816 M S8t BoRB NnHEACE FS86k 987 5on thR: Bﬂ%hefa%eﬂase
cabl e hol ding sections 77 and 79 provided such that they extend

| at 1y fromtwo internediate ions on the main face section 5
o P4t G P an g U TR 17T e o3 S R EBg) FEOT SiHs St PoRLion

edge portions of the main face section 75. An outside surface of the

i nsi de dwal derhe3sbasnganeraldry st7iveisateimhape as the fnsstestiacera
of the outside holder 61. Thus, the inside holders 63 fit into the

out 1 deohger S olNSeli £ ST 0G S, hage FoELLons 10 B and,
of the bent sections 67c and 68c of the outside hol der
5 Dbent inward into a hook-like shape is formed on a tip end of the
second portion 67b. The side face section 68 has a first portion
68a on a near-base side and a second portion 68b that extends from
the first portion €8a. The second portion 68b has a high degree
of flexibility compared to the first portion 68a. A bent section
10 68c that is bent inward into a hook-like shape is formed on a tip
end of the second portion 68b.
[0034]
An engaging section 67d is formed on the side face section 67
of the outside holder and engages with anengaging section11f (Figure
15 3) formed on a bottom surface of the traveling rail 11. With this
structure, the power feed rail 13 is fixed to the traveling rail
11.
[0035]
The plate member 62 is a plate made of thin copper sheet metal
20 and comprises chiefly a main face section 69 and a pair of side
face sections 71 and 73 that extend laterally from edge portions

of the main face section 69. The thickness of the plate member 62

is, for example, 0.3 mm and the thickness is preferably in a range

16



61. Once installed, the inside holders 63 are in a state of slight

el astic deformation and are secured in place in the outside hol der 61
by their own elastic forces. The inside holders 63 not only secure 15
t hensel ves in the outside holder 61 but also secure the plate nmenber
62 in the outside holder 61 because the plate nmenber 62 is sandw ched
bet ween th ut si | der,,61 and.t he_inside_holders 63. [0037].As
ohown 1t Trbr 2 B B no S et E £ eI AR R sy G AELy
tip ends of the power feed cable holding sections 77 and 79 and

arr angedc&8s Phanreleft Hee repgact k Vd gopaces apet hwaond! ekeepiotvegdinglly
sections 29a and the protruding section 29b of the core 29. [0038]
Since a pl W aldoby odctnsi deThel sieds B3cacecaisangad ahn 23 d1ReEgednd
manner, a large portion of the nmain face section 69 of the plate
menber 62 remains exposed. Consequently, it-.is difficult for. the |,
'noide hat GoPe i s se T ULt hy YT BLERS § bt dePE =1 LB oide
5[ 0039] As is clear in Figure 5 the distance LI fromone of the
power® f gt @pine§ac? @t 1o t&8 BRd 1 o erl oditde rfialcer Sewttiadn diteofivhe
pl ate nenber 62 is equal to the distance L2 fromthe other of the
pover feethicahbesighhand chk é0thBhaGhosere skdeidnee . sefld latSmedBekn
the figure, LI and L2 are the shortest distances between said parts.
The magnetic fields enanating fr.om.the power fe cables, 17.a 17 do
nor T oadi PRt I e TRure db SO Ao alPFECE Sk ShbeRberLds Nl ter ol
non-nagnetic. As a result, processing apparatuses are less likely to
be“}adver%fé?i v Salt¢ et tadcyseagnéact Witdl ghe dakedge. swbface 6 the outside
specifically, since the plate nenber 62 is nade of copper (which has
a hi gh cesmdiest iedi.t Yrhus | tthieasadn Stdangeekfisat 6 9fof @HUChH NG AB@ABNIC 62
flux | eakage. Al so, providing the plate nmenber 62 inproves a power
feeqbng eff.iciency because

gfticiency be e . ne%ic circut of %Qe care_29 forns a
cl osed |'Cop wheEn ef SarFT e 6%&e & ?é%eﬁfrﬁégﬁél% ISt bAsg REEFLon
65 of the outside heolder 61. Similarly, the side face section 71
of the plate member 62 is in close contact with the inside surface
of the side face section 67 of the outside holder 61, and the side
face section 73 of the plate member 62 is in close contact with
__15 the inside surface of the side face section 68 of the outside holder
1. Once installed, tip ends of the side face sections 71 and 73
of the plate member 62 are respectively arranged inside the bent

sections 67c¢ and 68c.

{0036]

20 Each of the inside holders 63 is formed as a one-plece integral
member made of resin. As shown in Figure 7, the inside holders 63

are arranged at prescribed intervals in the assembled unit of the

outside holder 61 and the plate member 62. The inside holders 63

17



20 i nduction. [0040] Since the distances LI and L2 between the
respective power feed cables 17 and 17 and the closer of the two side
face sections 71 and 73 of the plate nenber 62, respectively, are
equal , a bal ance can be maintai ned between the nagnetic fields
generated by the two power feed cables 17 and 17. As a result, the

effect ohrsUPPFASANG AV 86n & 003 QRaRLIE! APl AkYses caysed hy
magneti c ?ield | eakage 5 ?s strengthenedé 0041] The Ieng@ﬂ Lgﬁby

whi ch the _side fac ction 71 of ,the plate nber 62 extends from
the i niPecd %tk FERTEE° &0 FREDSARES A WHE FaRgtirdtA By Tahi Bre oRyer
side face section 73 extends fromthe main face 10 section 69, and
the two Seee chide fyplatiingnse Jlicred7 73neX1 2 pdotrddedciuch posi thep dxhiahd
tip end portions thereof cover the power feed cables 17. Here, "the

si de faC@aﬁ@ﬁéiDﬁ%rE%1ﬁﬂgﬁﬁgﬁ§ﬁ@&iaEQQQQQEQBHEQﬁgtﬁégkﬁ§x%zc@@%c%&gn

means that the tip ends o e side face section

5 75, and two side face sections 81 and 83 extending laterally from
edge portions of the main face section 75. An outside surface of
the inside holder 63 has generally the same shape as the inside

{“3 surface of the outside holder 61. Thus, the inside holders 63 fit
into the outside holder 61. The tip ends of the side face sections
10 81 and 83 touch against or are in close proximity to the bent tip
end faces of the bent sections 67c¢ and 68c of the outside holder
61. Once installed, the inside holders 63 are in a state of slight
elastic deformation and are secured in place in the outside holder
61 by their ownelastic forces. The insideholders 63 notonly secure
15 themselves in the cutside holder 61 but also secure the plate member
62 in the outside holder 61 because the plate member 62 is sandwiched
between the outside holder 61 and the inside holders 63.
[0037]
As shown in Figure 3, the two power feed cables 17 are held by
20 the tip ends of the power feed cable holding sections 77 and 79
andarrangeddeep inside the respective spaces betweenthe protruding
sections 29a and the protruding section 29b of the core 29.

[0038]

18



71 and 73 extend farther toward the outside in a lateral direction 15
than the laterally outernost portions of the power feed cables 17 and
17. Since the lengths by which the two side face sections 67 and 68

extend fromthe, gRiPal 266 ¥EhE08e @l%ﬁe%st be a%@@rré’n?@é %Ca@dﬁg eh}%ed
mai nt ai ned between the nagnetic fields generated by t

feed cables 17 and 17. As a result, the effect of suppre55|n
advers@ﬁéFFEbt§-&ﬁIBFhEPr§BB§r8§u§%§ Btk etr ey FREHET EF o8 hﬁeﬁk&@é

i s strengthened. Also, since the tip ends of the side face sections

71 and mEnsdr therphati 8snefbese82 odmiddntSyech iRosEtdoNs: et AdieYhe
cover the power feed cables 17 and 17, the magnetic fields emanating

T B Lo S0 g oot a2 S
t he outside
5 [0039]

Ags is clear in Figure 5, the distance L1 from one of the power
feed cables 17 and 17 to the closer side face section 71 of the
plate member 62 is equal to the distance L2 from the other of the
power feed cables 17 and 17 to the closer gide face section 73.

10 In the figure, L1 and L2 are the shortest distances between said
parts. The magnetic fields emanating from the power feed cables
17 and 17 do not readily leak to the cutside because the plate member
62 is non-magnetic. As a result, processing apparatuses are less
likely to be adversely affected by magnetic field leakage. More

15 specifically, since the plate member 62 is made of copper (which
has a high conductivity), it has a strong effect of reducing magnetic
flux leakage. Also, providing the plate member 62 improves a power
feeding efficiency because a magnetic circuit of the core 29 forms
a closed loop when electric power is fed by meansg of electromagnetic

20 induction.
[0040]

Since the distances L1 and L2 between the respective power feed

cables 17 and 17 and the closer of the two side face sections 71
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5 hol der 61 where the two power feed cables 17 and 17 are arranged,
i.e. on the inside of the outside holder 61, dust fromthe plate
menber 62 is not likely to escape to the outside even if another

obj ect =@l 7zdes egaigisdtd hen®éar Beadrispyet itg1yehisd agyst em ba1hsca
result, an overhead traveling vehicle systemaccording to this 10
enbodi nent . of the present inventjion is not |likely to cause_a problem
When | s PRSRILE FAHART GRS CPBORnetic figids SPRETRAGRdY adere
63 function both to hold the plate nmenber 62 and to hold the pair of
pover freeckicibbdsalylend7lahd the nuaberedblof wtenpopest ookuppeessing
system can be reduced. [0044] Assenbly and di sassenbly of the power

62 1's PRCady et e st i L e bl et Rnfn Sy AT e Reoe

done , the secondportion 20 67b of the side face section 67 and the
secbnd igortingnBdlensid.t he side face section 68 of the outside hol der
61 are flexed outward and the tip ends of the plate nenber 62 are
fitted jgpuiide the bent sections 67c and 68c. In this state, the plate
menber 62 is |oosely secured in the outside holder 61. Next, the
inside holders 63 are fitted inside the outside holder 61, i.e.,

i nsi de t help|langtiehb &y pichrkihe sitpifacessepeler Jami Fhefokate pewerr
feed cabl e hol der 15. Disassenbly is acconplished by reversing the
steps of2 axgemBkyfrom the main face section 69 is the same as the length

L4 by which the side face section 73 extends from the main face
10 section 69, and the two side face sections 71 and 73 extend to such
a position that tip end portions thereof cover the power feed cables
17. Here, “the side face sections 71 and 73 cover the power feed
cables 17 and 17" means that the tip ends of the side face sections
71 and 73 extend farther toward the outside in a lateral direction
15 than the laterally outermost portions of the power feed cables 17
and 17. Since the lengths by which the two side face sections 67
and 68 extend from the main face section 69 are the same, a balance
can be maintained between the magnetic fields generated by the two
power feed cables 17 and 17. As a result, the effect of suppressing
20 adverseeffectsonotherapparatusescausedbymagnetic field leakage
is strengthened. Also, since the tip ends of the side face sections
71 and 73 of the plate member 62 extend to such positions that they

cover the power feed cables 17 and 17, the magnetic fields emanating

20



5 descri bed above. Since there are a plurality of inside holders
63, the work of assenbling and di sassenbling the hol der can be
acconplished nore easily. Mre specifically, since the inside hol ders

63 are & e e ddierwdsidedlden Bhnand 1 @R plat ecserber 163k to
they can be 10 installed w thout having to be positioned precisely

W th rqﬁgect tow%he out side hol der 61 and the plate nenber 62.

Reroval 6t THe 1481 de hol ders 63 can al so be acconpl i shed nore easily
because the smal |l er nenbers can be renoved one at a tine. [0045]

15(5) NdiskzlCanceling Circuit As shown in Figures 8 to 10, a noise
canceling circuit 85 is installed in the rail 3. The noi se canceling

pover { cofTarT -1 PLtoadT S0 Shaun SR oPet 8210 C (e IG5 outBide

canceling circuit 85 is a resonance circuit conprising a coil antenna
87 &and hw &1t whege. thHactvoinowan daed 8Rbdenpl ¥ sesd d plameakirrpnged,
el ongated wi ndings that extend parallel to a | engthw se direction of

the raiqd 3. i aFigu i | i.S
1.83: S tIROWARFLEULRS o8t &0de Inoller 6o | &ﬁ%@%ﬁ}hfSPlate

arranged on an outside portion of the power feed ¢

i.e., in a position outward_of the power feed cables 17 but close to

t he poiEF¥Eeddif 891 1kpPAYFEgURPESaRBE aF Bhe (R Tislg exvifferdtaagptisr
fixed to the power feed cable holder 5 15 through anmounti ngmenber 93.

The capagjddy A 1SelekesghAnkeV ehseot-BenphaSErHFe iRy AdUCad GYidtaRt 1.
flowwng in the coil antenna 87 with respect to the phase of the

curre ntAsT gOrV\é St ’n atnhgv 191\1A§ar.d fterea%e(\lai?tlgexsreéz o lL 05%457tlem according to this

10 embodiment of the present invention is not likely to cause a problem
when it is used in a cleanroom.
[0043]

Since the inside holders 63 function both to hold the plate member

62 and to hold the pair of power feed cables 17 and 17, the number
15 of components of the system can be reduced.
[0044]

Assembly and disassembly of the power feed cable holder 15 will
now be explained. First, the plate member 62 isg fitted into the
insideof theoutsideholder61i. Whenthisisdone, the secondportion

20 67b of the side face section 67 and the second portion 68b of the
side face section 68 of the outside holder 61 are flexed outward
and the tip ends of the plate member 62 are fitted inside the bent

gections 67c and 68c. In this state, the plate member 62 is loosely

21



10It is acceptable to provide the coil antenna 87 throughout the
entire rail 3 or only in locations corresponding to processing
‘apparatuses 55 for which it is necessary. Providing the coil antenna
"in locations corresponding to processing apparatuses 55 for which it
IS necessary"” neans arranging the coil antenna such that the 15

| engt h ofedi@eCohlcranbasBadt malddr@ge!l i nEd I 6t 10k 16RF hESPONI% 3t 9 -at
| east 70% of the length of the processing apparatus in the traveling

directiaon...[0048] . a _high-frequency. el.ectric current i.s supplied
o the Baar 2o Fhdd BeoPas 1o FROREare AC D ner KO 618 B R EFRS
Figure 10, a magnetic field is generated around the power feed cables
17. Thi 4raghReif canpdlegesaiibegsaenbly exft the Howeimbiere dabhethrd derckbip
coil 31 wound onto the core 29. In short, electric power is

transf eryieGdsemd1yCoBt aekbRssi SBEMESy fOA4AN 1 ng M%%nﬂﬁﬁb§1okh§ssembly
magnetic field emanating fromthe power feed cables 17 induces an

el ectric,curr.ent, in the coil antenna 87 of the noise 5 canceling
circ%it(ﬁggﬁﬁ%%dhggPKEUced current causes a magnetic field to enanate
fromthe coil antenna 87. Wth this noise canceling circuit 85, the

i nt eract i ohldfe tHexsagaei Ropl8vabitl tdfe ipsibeaht bdens 873 calisegotkeof
i nduced current flowing in the coil antenna 87 to be out of phase

Wi th t he:seenbaihgl oW digs 49y drdba 1ReVehe fiaeihetabhasnhd O ddomp1 1 shed_more
Consequently, themagnetic fiel demanating fronthe coil antenna 87 is

t. of ith th tic field ting f th f eed
cabl os TRoE oot BPRRAREchEbv e Fi Eof B e P HARE Gb AR SPALLex

magnetic field emanating fromthe power feed cables 17. Here, "cancel
out" medhsnt Kae autsedsthaldpir tlomngf thhephaghetenddy 612d thegenendbed
by the electric current flowwng in the power feed cables 17 is

cangel ed.reutal 188 Aifesut thadiRe ﬁe%@tﬂcﬁsiftii%h@deﬁﬁééié@%fﬁi% tBEpect
power feed cables 17 has | ess of an adverse effect on theprocessing
apparat%%}%ﬁe(gﬁé%iég1HOQ%%%c EQQK?Q%%rSEggg&mkﬁggpkz. Removal of the

inside holders 63 can also be accomplished more easily because the

smaller members can be removed one at a time.

[0045]
15 (5) Noise Canceling Circuit
.
As shown in Figures 8 to 10, a noise canceling circuii 85 is
installed in the raii 3. The noise canceling circuit 85 functions
to reduce a magnetic field emanating from the power feed rail 13.
[0046]
20 As shown in Figure 10, thenoise cancelingcircuit 85 is a resonance

circuit comprising a coil antenna 87 and a capacitor 89. The coil
antenna 87 comprises a plurality of elongated windings that extend

parallel toalengthwisedirectionof therail 3. As shown in Figures

22



20l n this enbodi nent, although nagnetic field | eakage to the outside
of the power feed rail 13 is reduced due to the plate nenber 62, as
expl ai ned previously, adverse effects of the magnetic field | eakage

are redueed eyethéurdsheraleaauset he arganyea dheld ganarat edrthynt Be
i nduced current flowng in the coil antenna 87 is out of phase with

t he | d ic.fiel . thus, .t L t th
magnet .4 PEPAS [O08.072E Ao tg0i T Gnt aihd BIShatoR IV &F ohe
wi ndi ngs, the magnetic field | eakage reduction is effective even if

t he i nguoed Leed enblekaw gt choske ccohd pantefeeBiabesnal | . IAFdgures
since a |l engthwi se direction of the coil antenna 87 is parallel to

the po d b 7 I : i i C e, hedu
allong & e sEeE SPEh CeE 0 T AT bt PV EgoEsed Y Rltass
i nduced current is generated in the coil antenna 87 using the power

f eel calf eBrovghs BOPBRENI SIS, 9Bt I The6BPRCEESTHY seovpEdparevarse

separate power source or a separate pickup coil. 15[0053] The coi

antenna i/ fndd ki GRAGHRICSD AR lwAnkeikeEhe! 889A8ERenna 87
rel ati onship and, instead, a frequency in a range close to the

resonance frequency is used. Thus, the phase of the electric
with respect’ to the phase of the current flowing in the power feed

cables 17.
[0047]

10 It is acceptable to provide the coil antenna 87 throughout the
entire rail 3 or only in locations corresponding to processing
apparatuses 55 forwhich it isnecessary. Providingthe coil antenna
“in locations corresponding to processing apparatuses 55 for which
it is necessary” means arranging the coil antenna such that the

15 length of the coil antenna in a traveling direction corresponds
to at least 70% of the length of the processing apparatus in the
traveling direction.

[0048]
When a high-frequency electric current is supplied to the power

20 feedcables 17 from an AC power source 91 shown in Figure 10, a magnetic
field is generated around the power feed cables 17. This magnetic
field causes a current to be induced in the pickup coil 31 wound onto

the core 29. In short, electric power is transferred in a

23



current induced in the coil antenna 87 is not conpletely out of 20
phase with respect to the electric current flowng in the power feed
cables 17. By establishing a state that is offset froma perfect
resonance state, the coil antenna 87 can be nade to emanate a
magnetic field that is out of phase to an appropriate degree for

cancel i ng,,: it ithe %ggggg‘nagnetic field. [0054] The work required
to acconplish nagnetic field reduction involves the follow ng steps:

5A step in which a coil antenna 87 is prepared; and A step in

whi ch a Ggﬁgﬂitor 89 is prepared by adjusting a resonance
relationship with respect to the coil antenna 87 such that a magnetic
fi el d geneMatedhibye anhendyaedielfeet Hiematuiiagtt dohMdgowdy £863 68bles
antenna 87 cancels out a nagnetic field generated by an electric 10

current {4 QWiun@ekd 29 RQUEL é‘jé%épnﬁ%e&el%oﬁﬁogz?@nnat gﬁvég tg%ijﬁ%sée

met hod, the resonance relation et ween the capaci

coil _antenna 87 can be,ad%usted by exchanging the capacitor 89. In
par t Pcul ERCe Megret T Pepaditha 1pduekd CBFrpRaSeUgSannagnetic field

to emanate from the coil antenna 87. With this noise canceling

circuit 85, the interaction of the capacitor 89 and the coil antenna

i:> 87 causes the induced current flowing in the coil antenna 87 to

be out of phase with the current flowing in the power feed cables

10 17. Consequently, themagneticfieldemanatingfromthecoil antenna

87 is out of phase with the magnetic field emanating from the power

feed cables 17. The out-of-phase magnetic field acts to cancel out

the magnetic field emanating from the power feed cables 17. Here,

“cancel out” means that at least a portion of the magnetic field

15 generated by the electric current flowing in the power feed cables

17 is canceled out. As a result, the magnetic field emanating from

thepower feedcables 17 has lessof anadverse effect ontheprocessing
apparatus 55 {e.g. an inspection apparatus}.

{0050}

20 Inthis embodiment, althoughmagnetic field leakage to the outside

of the power feed rail 13 is reduced due to the plate member 62,

as explained previously, adverse effects of the magnetic field

leakage are reduced even furtherbecause themagnetic field generated
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15 appropriate degree can be generated by exchangi ng the capacitor 89
so as to achieve a resonance state that is offset froma perfect
Tesonance state. [0056] Mre specifically, adjusting the resonance
relationship is a step 20 in which a phase 0 of the induced current
in the coil antenna 87 and a nagnetic field H generated at the coi
antenna B¢ fye e AREad eHEr eby A1 0UR! &l yshige e d-P1 oW R0,
rel ati onshi ps: i npedance z=oF a eV clit conS|s§|ng o1 the Coil
antenna 87 and the capacitor 89 =- 1/nC, induced voltage Vc
gener at edR3%? JES A 5PP ARt Epthdagretiont ke gd/qnd, ithiseeBeETRT aift cRncel
generated in coil antenna 87 = Vc/Z;, magnetic field H generated at
t he coi |l cantemna chkeay rbb@eric Enguged current = 1/ (4nr) x [LT ( J2 +
r2r112 j phase 0 of the induced 5 current = cos-1 (R'Z), where L is
t he indu?éggff of the coil antenna 87, Cis the capacitance of the
capaci tor ,” Nis the nunber of w ndings of the coil antenna 87,
de/dt is a rate of change of the magnetic flux in the coil antenna
87, ris tReNgRFhaEmey fokertret dHRE ant eimel B7of yindimghethe mpongetic
that is to be reduced, J is the

field leakage reduction is effective even if the induced current

flowing in the coil antenna 87 is small. Also, since a lengthwise

™ direction of the coil antenna 87 is parallel to the power feed cables

{

17, the leaked magnetic field can be reduced along a wide span of
10 the power feed cables 17.
[0052]

Since an induced current is generated in the coil antenna 87 using
the power feed cables 17 as a power source, it is not necessary
te prepare a separate power source o0r a separate pickup coil.

‘,15 10053]

The ccil antenna 87 and the capacitor 89 are not in a perfect
resonance relationship and, instead, a frequency in a range close
to the resonance frequency is used. Thus, the phase of the electric
current induced in the coil antenna 87 is not completely out of

20 phase with respect to the electric current flowing in the power
feedcables17. Byestablishingastate that isoffset fromaperfect
resonance state, the coil antenna 87 can be made to emanate amagnetic

field that is out of phase to an appropriate degree for canceling
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10 length of the coil antenna 87, and Ris the DC resistance of the
coil antenna 87. Wth this structure, the characteristic variables
of the coil antenna 87 and the value of the capacitor 89 can be

cal cul ated in advance. 15[0057] (6) O her Enbodi nents An enbodi ment
of the present invention has been expl ained heretofore, but the
inventi ofy,d .ot daidldt edgh@cibes £rpdi ment . Various changes can be
made w t hout departing fromthe scope of 20 the invention. [0058)
AIthoughghgﬂ@he previ ously expl ai ned enbodi nent the plate nenber

conpri se

ingle plate formed to have three faces, it is acceptable

to make the plate nenber out of three separate plates attached

t oget her. [DO5QrkAtddpugdl imatbenpl esh naghyt Bxplalaeddeabbdh iarbli-be
traveling 5 vehicle systemis an overhead traveling vehicle system
the presgd #dMenfii@ns¢adpsal so be applied to other vehicle traveling
systens having a vehicle that travels along a path, such as a vehicle
thatfgravehs on the floqr. [0Q

10

15

20

step 1n which a cc:lt_alolantenna 87 is prepared; and

A step inwhich a capacitor 89 is prepared by adjusting a resonance
relationship with respect to the coil antenna 87 such that a magnetic
field generated by an induced electric current flowing in the coil
antenna 87 cancels out a magnetic field generated by an electric
current flowing in the power feed cables 17.

[0055]

Withthismethod, theresonancerelationshipbetweenthe capacitor
82 and the coil antenna 87 can be adjusted by exchanging the capacitor
89. In particular, a magnetic field that is out of phase to an
appropriate degree can be generated by exchanging the capacitor
89 so as to achieve a rescnance state that is offset from a perfect
resonance state.

[0056]

More specifically, adjusting the resonance relationship is a step
in which a phase © of the induced current in the coil antenna 87
and amagnetic fieldH generated at the coil antenna 87 by the induced
current are adjusted using the following relationships: impedance

Z of a circulit consisting of the coil antenna 87 and the capacitor
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10Al t hough in the previously explained enbodi nent the traveling
vehicle system s used ma cl eanroonof a sem conduct or manuf acturi ng
‘plant, a system according to the present invention can al so be used
in other types of plant. [0061] 15Although in the previously

expl ai ned enbodi rent a pl ate nmenber nade of copper is used in the

power feggl £ah) e b%@ermau%dpesﬁ@%eIwwe%t@anaé{@s Q%ﬂpahltsfingo

a povver feed cabl e hol der that does not use a plate nenb I n such
case, si bl hat t he anobunt of _magnetic field Ieaka e from
the powe Eﬁfee caﬁiszd%ol i *‘Q%E\,ﬁl}qr%’g Faﬁ%@er%‘?dtﬁé Witk %ﬁﬁé‘éem
magnetic field emanating fromthe coil antenna will also be |arger.
ConsequentVgy,z it hegaduer seiafd écyenbrahed | gakded maghetnicedrzelal ty the
processi ng equi pnent can be reduced in a manner simlar to the

previ ous] Yy &t @upednt &BOQLARNt: [J(3% + r?)"Y2]; phase 6 of the induced

'1(R/Z), where L is the inductance of the ceil antenna

5 current = cos
87, C is the capacitance of the capacitor 8%, N is the number of
windings of the coil antenna 87, d&/dt is a rate of change of the

{W} magnetic flux in the coil antenna 87, r is the distance from the

coil antenna 87 to a magnetic flux that is to be reduced, J is the

10 length of the coil antenna 87, and R is the DC resistance of the
coil antenna 87.

With this structure, the characteristic variables of the coil
antenna 87 and the value of the capacitor 8% can be calculated in
advance.

15 [0057]

(6) Other Embodiments

An embodiment of the present invention has been explained
heretofore, but the invention is not limited to the embodiment.
Various changes can be made without departing from the scope of

20 the invention.
{0058]

Blthough in the previously explained embodiment the plate member

comprises a single plate formed to have three faces, it is acceptable
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[0062]  Although in the previously explained enbodi ment the coi
antenna is arranged as close as possible to the power feed cables, it
is 5 also acceptable for the coil antenna to be arranged hi gher or

| ower than the power feed cables or farther away fromthe power feed
cables in a lateral direction. [0063] Al t hough in the

previ ous ynegoepltaien@d aerbadinnent ot heo £ ot hremtmmrarat® pdagesagheached
the power feed rail, it is also acceptable for the coil antenna to be
attachqﬁéﬁg:%ﬂg_traveling rail. [0064] Al t hough in the previously
expl ai ned enbodi ment the coil antenna is attached to one side of the
rail, it is also acceptable if the 15 coil antenna is attached only
to theiﬁﬁﬁﬁgite side of the rail or if coil antennas are attached to
both sides of the rail. [0065] It is acceptable for the two
power feedlenblgs i the prevides) pretydtdi nponencbdederalbiite sbgelsner
on only one of the power feed 20 cable hol ders. | NDUSTRI AL

APPLS C’%%}%ﬂﬁ}gé%@&{ 1TNe, BLESEDLy ikRUGBE i AY Wi e ARAldred:NE gekyehe

systens
invention can also be applied to other vehicle traveling systems

having a vehicle that travels along a path, such as a vehilcle that

R travels on the floor.

L

{0060]

10 Although in the previously explained embodiment the traveling
vehiclesystemisusedinacleanroomofasemiconductormanufacturing
plant, a system according to the present invention can also be used
in other types of plant.

[0061]

i5 Although in the previcusiy explained embodiment a plate nember

e

made of copper is used in the power feed cable holdex, the present
invention can also be applied to a power feed cable holder that
does not use a plate member. In such a case, it is possible that
the amount of magnetic field leakage from the power feed cable holder
20 will be large, but the out-of-phase magnetic field emanating from
the coil antenna will also be larger. Consequently, the adverse
effect of the leaked magnetic field on the processing esquipment

can be reduced in a manner similar to the previously explained
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a traveling vehicle that travels along a path. REFERENCE SI GNS LI ST

[ 0067]

1 overhead traveling vehicle system53 rail 4 FOUP 5 overhead

traveling vehicle 11 traveling rail 13 power feed rail 1015 power
feed cabl e holder 17 power feed cable 21 traveling section (conveying
vehi cl e body) 23 electric power receiving section 27 pickup unit 1529
core 31 phskapnsot]! 33 contactl ess power feed section

10

15

k ;
R

20

[0062]

Although in the previously explained embodiment the coil antenna
is arranged as close as possible to the power feed cables, it is
also acceptable for the coil antenna to be arranged higher or lower
than the power feed cables or farther away from the power feed cables
in a'lateral direction.

[0063]

Although in the previously explained embodiment the coil antenna
is attached to the power feed rail, it is also acceptable for the
coil antenna to be attached to the traveling rail.

[0064]

Although in the previously explained embodiment the coil antenna
is attached to one side of the rail, it is also acceptable if the
coil antenna is attached only to the opposite side of the rail or
if coil antennas are attached to both sides of the rail.

[0065]

It is acceptable for the two power feed cables to be provided
on both power feed cable holders or on only one of the power feed
cable holders.

INDUSTRIAL APPLICABILITY
[0066]

The present invention can be applied widely to systems having
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61 outside holder 62 plate nenber 2063 inside holder 65 main face
section 67, 68side face section 69 main face section 71, 73side face
section 75 main face section 77, 79power feed cabl e hol ding section
81, 83side face section 585 noise canceling circuit 87 coil antenna

89 capacitor

a traveling vehicle that travels along a path.

REFERENCE SIGNS LIST

[0067]

.
e

i3
10 15
17
21
23
27
'15 29
31
33
61
62
20 63
65
67,

69

overhead traveling vehicle system
rail

FOUP

overhead traveling vehicle
traveling rail

power feed rail

power feed cable holder

power feed cable

traveling section (conveying vehicle body)
electric power recelving section
pickup unit

core

pickup coil

contactless power feed section
outside holder

plate member

inside holder

main face section

68 side face section

main face section
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CLAI M5 1. A contactless power feed system conprising: an AC
power source; a power feed cable connected to the AC power source; 5
a power reception pickup that is provided on a traveling vehicle and
contrived to receive electric power through the power feed cable in a
contactl ess fashion; and a magnetic field reducing circuit having
a coil antenpa7and aicapd@ettose€cOivrected to the coil antenna, the
coil antenna being 10 contrived to carry an electric current induced
therein by-a nagnetd.c f%gk igllgnerated due to an electric current
flowi ng in the power feddca e, a resonance relationship is
establ i shed _between the coil antenna and the capacitor such that the
i nduced el édtri’€ cuPPEgt facdheakld |Ihdfti@engecsiont of phase with the
el ectric current flowng 15 in the power feed cable. 2. The
contacrl esgipoeer feedesystemaceyding to claim1l, wherein the
capacitor is adjusted to achieve the resonance relationship in which
a nagpeticggiqhgjgfané%ggnﬁ%ggpeu{@duced el ectric current 20 in the
coi |l antenna cancel s out "a fragnetic field generated by the electric
current flowng in the power feed cable. 3. A magnetic field reducing
net hod for 83 coHtlaéfitessapower feed system having an AC power
source, a power feed cable connected to the AC power source, and a
power recepei adagdcikep that is provided on a traveling vehicle and
contrived to receive electric power through the power feed cable in a
contactl ess fashion, the nethod includes :

L
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5placing a resonance circuit including a coil antenna and a capacitor
to a vicinity of the power feed cable; and exchangi ng capacitors
in order to adjust a resonance relationship with respect to the coi
antenna such that a magnetic field generated by an i nduced electric
current in the coil antenna cancels out a 10 nagnetic field generated
by an electric current flowng in theapauwer feed cable. 4. The
magnetic field reducing nethod for a contactl ess power feed system
accordi ng Hp céain13 w%$rein t he adjusting of the 15 resonance

rel ationshi'p i & SORTHEP & st Age ﬁ%%@%“e‘%ﬁm34%§lpﬁduced current
in the coil antenna and a magnetic field H generated at the coi

ant enna by arhél pduerdsewreent using the followi ng rel ationships

i npedance Z of a circuit consisting of the coil antenna and the 20

capaci tor = Woweri Bdugecbil tagmoVe aeRer ahedhackass, the.call antenna
|

= -N x dt/dt; induced current | generated in t antenna = Vc/ Z;
t he qunetic field H g?nerate at_the coil antenna by the_induced

curreht = BYPPUST FECRPEIPI PLETP) th3 015, Providisshaie Bravel Hed iveddeda

current = cos-1 (R 2); where L is an inductance of the coi

ant enna, 2! confréapd tiot wawsl vof e 1 det clapaevénrichriMugh thiepsuwmbesedicable

wi ndi ngs of the coil antenna, dOdt is a rate of change of a magnetic

flux in ihe;s cQidtARIQRARAFashion; and

) a magnetic field reducing circuit having a coil antenna and a
capacitor connected to the ceil antenna, the coil antenna being

10 contrived to carry an electric current induced therein by a magnetic
field generated due to an electric current flowing in the power
feed cable, a resonance relationship is established between the
coil antenna and the capacitor such that the induced electric current

in the coil antenna is out of phase with the electric current flowing

15 in the power feed cable.

2. Thecontactlesspower feed systemaccordingtoclaiml, wherein
the capacitor is adjusted to achieve the resonance relationship
in which a magnetic field generated by the induced electric current

20 in the coil antenna cancels out a magnetic field generated by the

electric current flowing in the power feed cable.

3. Amagnetic field reducingmethod for a contactless power feed
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5r

is a distance fromthe coil antenna to a magnetic flux that is to

be reduced, J is a length of the coil antenna, and Ris a DC
resi stance of the coil antenna.

10

15

20

system having an AC power source, a power feed cable connected to
the AC power source, and a power reception pickup that is provided
onatravelingvehicleandcontrivedtoreceiveelectricpower through
the power feed cable in a contactless fashion, the method includes:
placing a resonance circuit including a coil antenna and a
capacitor to a vicinity of the power feed cable; and
exchanging capacitors inorder toadjust a resonance relationship
with respect to the coil antenna such that a magnetic field generated
by an induced electric current in the coil antenna cancels out a
magnetic field generated by an electric current flowing in the power

feed cable.

4. The magnetic field reducing method for a contactless power
feed system according to claim 3, wherein the adjusting of the
resonance relationship is a step of adjusting a phase 8 of the induced
current in the coil antenna and a magnetic field H generated at
the coil antenna by the induced current using the following
relationships:

impedance Z of a circuilt consisting of the coil antenna and the
capacitor = oL - 1/0C;

induced voltage Ve generated across the coil antenna = -N x d@/dt;

induced current I generated in the coil antemnna = V¢/Z;

the magnetic field H generated at the coil antenna by the induced

current = I/{47mr) x [J(J? + r?)?;
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Ry

the phase © of the induced current = cos™' (R/Z);

where L is an inductance of the coil antenna, C is a capacitance
of the capacitor, N is the number of windings of the coil antenna,
dd/dt is a rate of change of a magnetic flux in the coil antenna,
r is a distance from the coil antenna to a magnetic flux that is
to be reduced, J is a length of the coil antenna, and R is a DC

resistance of the coil antenna.
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