SPECI FI CATI ON METHOD OF DETECTI NG STOP OF TRANSPORT
APPARATUS (Technical Field) [00011 The present
invention relates to a nethod of detecting a stop of a
transport apparatus and relates, in particular, to a
nmet hod of detecting the stop of a transport apparatus
which is used in transporting a substrate to be
processed in the atnosphere or in a vacuum (Background
Art) [00021 In a step of manufacturing sem conductor
devi ces and fl at panel SPHIEPIGASIONhere i s used a
transport apparatus which transports substrates to be
processed such as silicon (Si) wafers, glass

substrates, and th j i be transported)
to various Kkinds o&%?@&ﬁ@kggg‘imﬁtbses such as for
filmdeposition RN [ p’;m%@ tion,

et chi ng, and thg@PFi(ZEtItAs ?ﬁ?gqﬁﬁ o tqsgnsport
apfacktigsl Flehldre is known an apparatus which is nade
up of a drive notor, and a transport armthat is

att{868EH to a front end of a rotary shaft of this

drive tor (patent document 1). (00031, This kind of
transgggtpr%i?&érléf’%lq% relates to @ pethqd,of defpghing g jetop of a
chapmber . which.is coupled to the above descri :
ot Rk S TE AR, it Pl BRERLL B Porgsting the
| St SPQS Bk PPN S LN AR Bichl is AisBA 1 *ddspoRing a substrate to
processi ng apparat'uses. A description I s made of an
exXxamrbbesssed whtlohatnsosbhéreadrda aavagutimansported into, and
out of, a load, | ock chanber. After having noved one
eriBagkgravadidthsport armto the outsi de of the | oad

Ig@b j:hanber, the substrate is received from or
h 88 over to, the transport armby using a transport

robotyof, i &LNELIMiY Wmidthdblo? ddviBs hBE fidt panel

displays, there is used a transport apparatus which transports substrates
to be processed such as silicon (Si) wafers, glass substrates, and the like
(articles to be transported) to various kinds of processing apparatuses such
as for film deposition by sputtering, ion implantation, etching, and the like.
As this kind of transport apparatus, there is known an apparatus which is
made up of a drive motor, and a transport arm that is attached to a front
end of a rotary shaft of this drive motor (patent document 1).
[0003])

This kind of transport apparatus is built, e.g., in a load lock chamber
which is coupled to the above-described processing apparatus, and in a
transfer chamber which is disposed among chambers of a plurality of
processing apparatuses. A description is made of an example in which
substrates are transported into, and out of a load lock chamber. After
having moved one end of the transport arm to the outside of the load lock
chamber, the substrate is received from, or handed over to, the transport

arm by using a transport robot of a known construction. At this time, the



coordi nates of the position in which the substrate is
recei ved, or handed over, are stored in a controller
of the transport robot as teaching data. Patent
Docunent 1: JP-A-2005-12033 [Di sclosure of the

I nvention] [Problens to be Solved by the Invention]
[0004) In case the substrate is transported as

descri bed above, it is required to carry out the
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the transport armby the transport robot at a hi gh
speedt, arecsthieghnpr @otsillenof the tosxkport wbotps teeehirfgalata.

t hroughput and ratio of utilization (or operation).
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' nFP%Jb?exﬁQEd:ﬁe Q&lv&ﬁ‘ﬁytthé%v%fntﬁh?pp' ng. In this case,

rive notor having a rotational position detection
rre{amoa}s]uch as an encoder, and the like or a stepping
motor which is operated in synchronization with pul sed
pover Iinggseather odistrate ms tltaawpor\md ke descrdzd almvegiiis aequired
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substrate |s recei ved by, or handed over to,

t Hogyper, tin rasxothebhsedmotortib epatatédtb mooothe tnamelsort talhere a
wi || frequently occur poor transport such as positional
devédetéraminegd rosgionudderaanspohdrmhbedonkes upgiablet imgehavior
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and stabilized (i.e., if a longer tinme can be secured

t pulsheé pdvwaere hat aelmbiarmgmotha’tandhm ibvean) redignge that the
Stolla%gll)grrg zf\:la}l[lml?;s mho(\)f\(levc?vt%ra Il)rgggt%;/gmed position, it cannot detect
unstable behavior, i.e., damped vibrations {swinging) in the direction of
rotation of the transport arm.

[0005]

In case the vibrations of the transport arm are large, if the substrate 1s
recelved by, or handed over to, the transport robot based on the stored
coordinates, there will frequently occur poor transport such as positional
deviation of the substrate, and the like, resulting in a lowered ratio of
utilization. This kind of problem will be kept under control if the substrate
begins to be received from, or handed over to, the transport robot once the
behavior (vibrations) of the transport arm after its movement has been

sufficiently damped and stabilized (i.e., if a longer time can be secured to the

time of receiving or handing over). This solution cannot, however, iinprove



2 the throughput. [00061 On the other hand, it is
possi ble to neasure the vibrations of the transport
armw th a displacenment sensor, and the |ike to detect
that the vibrations have been danped to a
predeterm ned range, and it is then possible to start
the receiving and the handing over. This wll, however,
not only conplicate the control but also brings about
an increase in the nunber of parts and higher costs.
| theaidtbniglgut. accurate detection in the vacuumis
di{fic I[t. [0007] It is therefore a problemof this
in hon, in view of the above points, to provide a

nmet hod of, det,ect) ng, t.he stop,of a trans t ans, i
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parts. [Means for Solving the Problens] [00081 In
opabsible ao svhntethehecaibmgeapd dbé dremdinghogen nThist wolh hawever,
nmet hod of detecting a stop of a transport apparatus.
TR aplyaroamRiicass ihe icoBlol Jut plso, Brings gbouhag mcrease 1n the

transport arm one,end _of which i.5.munted on rotar.
HEPPRE P! PTG BHsr oot n 17 sy Eir it R B v
Ay £ RS UGk QN that an  induced el ectronotive force is
gener at ed en a force in a direction of rotation is
apobell to the rotary shaft. The nethod conpri ses:
detecting the induced electronotive force that is
generitiedhengéore @ miobleant obtisis dfivemition, i sirespof thesahovapemts,

the drjve notor. i driven.to rotate the rotary shaft . b
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improved without incurring an increase in the number of parts.
[ Means for Solving the Problems}
[0008)

In order to solve the above problems, this invention is method of
detecting a stop of a transport apparatus. The apparatus comprises' a
drive motor; and a transport arm one end of which is mounted on a rotary
shaft of the drive motor, the drive motor being of such a construction that an
induced electromotive force is generated when a force in a direction of
rotation is applied to the rotary shaft. The method comprises: detecting the
induced electromotive force that is generated due to vibrations of the
transport arm when the drive motor is driven to rotate the rotary shaft by a
predetermined angle of rotation and is then stopped in a state in which an
article to be transported is held at an opposite end of the transport arm: and

judging the transport arm to have stopped when the detected induced

electromotive has fallen below a predetermined value.



el ectronotive has fallen bel ow a predeterm ned val ue. 3
[0009] According to this invention, when the drive
notor is driven to rotate the rotary shaft by a
predeterm ned angle of rotation, thereby noving the
transport armto a predeterm ned position, the behavior
of the transport arm becones unstable due to an

inertia force at the time of stopping, i.e., danped

vi brations occur to the transport nmeans. At this tine,
thiepegM || be operated on the rotary shaft a force
which is repeated in the direction of rotation. As a

r esul Accoading riduthédireleatibn owben whe fdlrh(eemiomxgienhhahetdi rotate
for exanple, anong the coils of the notor.
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positional deviation and the |ike of the substrate does
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i fobhhg] drive notor as described above. Therefore, in
case
According to this invention, without using a separate part such as a

displacement sensor, and the like, the stabilization of the vibrations of the
transport arm after the operation can be quickly and surely detected even in
a vacuum by means of the electric changes of the drive motor itself that is
necessarily used to drive the transport arm. Accordingly, in case the article
to be transported is received by, or handed over to, the transport robot, the
throughput and the ratio of utilization can be improved, and that can be
done at a low cost.
[0011]

Further, in this invention, the vibrations after the operation of the
transport arm are monitored by means of the induced electromotive force
that is generated in the drive motor as described above. Therefore, in case
the amplitude of the damped vibrations or the time to the vibration

damping exceeds a predetermined value, a diagnosis can be made that the



the anplitude of the danped vibrations or the tinme to
the vibration danping exceeds a predeterm ned val ue, a
di agnosi s can be made that the 4 transport apparatus
itself has given rise to abnormalities due to
degradation of the drive notor itself or of the

bearings, and the simlar causes. Accordingly, the

nmet hod of detecting a stop of the transport apparatus
of this invention also functions as a nethod of
dedaeportg abperatabniyseid! has egiveh trive toarzbpormahfgEar diaisto
itself. [0012 In this invention, preferably, the |
di¢gredatiemof the adiivee pritow) itself oor. of {f@Obearings jandt thepgimilar
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NEmAMRIGRYT tBd traiSpak bbph@thoitbaft ransported, and the
like. Therefore, in case the above-described i nduced

el ExXX12dnoti ve force is detected, preferably only a
signal aof particular frequency is selectively

ext r abt BHs LMgasion oprejerahly, F}rﬁjﬁ{%%ll@lﬁ@dﬁ AGHERTINS o0l e
atﬂkggrtable to the above-described danped vibrations
ca § ely be neasured without being influenced by the
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of the drive notor. (Best ryi ng out

| ipeatidrhakéd0itld oAndehanidbionded the amditiehs@deaquiitdient
reference to FIG 1, in which reference nuneral 1 is a
t swhs porthe apfeding terqae odr thiendpive nsotoe b dai neadt lefigtht ¢ff the
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ARG AT A O ST Rk e
T&n(%fa%tﬁ?g%)?%ﬂﬁﬁ 1 gﬁ?g;ﬁtéégrgal?%fe SRME&EAF TBequeBBy is selectively
extracted. Thén, only the ’induced electromotive force attributable to the
above-described damped vibrations can surely be measured without being
influenced by the noises that are contained in the output from a driver of
the drive motor.

{Best Mode of Carrying out the Invention]

{0014]

A description will now be made with reference to FIG. 1, in which
reference numeral 1 is a transport apparatus according to an embodiment of
this invention. The transport apparatus is disposed, e.g., in a load lock
chamber 2 that is capable of forming therein a vacuum. The load lock
chamber 2 is connected to various processing apparatuses (not illustrated)
for, e.g., film deposition by sputtering, ion implantation, etching, and the
like, and is used for transporting a substrate to be processed {an article to be

transported) such as a glass substrate, a silicon (S1) wafer, and the like from

the atmosphere to the above-described apparatuses in a vacuum state.



like, and is used for transporting a substrate to be
processed (an article to be transported) such as a

gl ass substrate, a silicon (Si) wafer, and the |ike
from the atnosphere to the above-descri bed apparat uses
in a vacuum state. 5 [0015] The transport apparatus 1
is provided with a stepping notor (drive notor) 3 which
i s disposed on an outside of the |oad | ock chanber 2.
Thipoi1sieppi ng notor 3 is of a known construction such
as a two-phase uni polar permanent nmagnet (PM type,

and tFhe ltidospotti gpparstusatias L[p*omﬂeé it itaosteppimgyingéat (drive
with ybndln cojls and a rotor. r ot or
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straectedghereto ot zotay §,had't dwelmichys wvemicatytdiefosed, via vacuum
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SéiEﬁ&l%aﬁc?xﬁ anﬂo&a Idlw HafellSerl DC ft&fﬂﬁﬁl@tana tfhteOstp@dw;e
thereof as a finger portion 61. It is thus so arranged
tfeainindie ofubstods et maor hedsvppeghedtly, tha 1otaestofft 4 are
being small in area of contact of the transport arm6
vﬂioﬂiﬁtabhedlsl{m‘sby theewst of predpferminedigi@ivsi on, bet ween t he

@@&égg notor 3 and the notor driver 5, there is
irded a vibration nmeasuring circuit 7 for detecting
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provided with a voltage neasuring portion 71 for
measanspogtin g éhpetlesttdtas such as glass substrates and silicon wafers is
formed at a front end thereof as a finger portion 61. It is thus so arranged
that the substrate S can be supported in a state of being small in area of
contact of the transport arm 6 with the substrate S.

[0017]

In addition, between the stepping motor 3 and the motor driver 5,
there is provided a vibration measuring circuit 7 for detecting the vibrations
of the transport arm 6, the vibrations being attributable to the stopping of
rotation of the stepping motor 2. The vibration measuring circuit 7 is
provided with a voltage measuring portion 71 for measuring the potential
that is generated among the coils 31 (see FIG. 2).

(0018]
It is to be noted here that the DC output to each terminal of the coils

from the motor driver 5 to the stepping motor 3 may possibly contain



that is generated anong the coils 31 (see FIG 2).

[0018] It is to be noted here that the DC output to
each terminal of the coils fromthe notor driver 5 to
the stepping notor 3 may possibly contain 6 various

hi gh-frequency noises on the circuit. On the other

hand, the frequency of the above-described vibrations
will be nade little or no change, and the vibrations
Wrtiole higeguendy hbRes @ndithd @ieul © @fWwheabidet lsdich the
as the rotation torque of the stepping notor 3 that is
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only the induced electronptive force attributable to

t Tikerefdre atherasis ofrovivedt 4 arapforinatimmpértiomn 7Pevhich performs
selectively read off. Then, the signal strength
obewtiete gransforpe of ttrhanmfe@wmtiu mtept;ak itore Bxnad fmenaihteda

e
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(@rmlsl davdp sellecwvbwelaeraff tm@n Ctifer Sk d]i soFbngel abtkaeme’agm the
obtai ned by: measuring wth an oscilloscope and the

| irkestbiraibe pbriien fRtientimittedaobthegroter driver Savivrige bhgput
coils of the_ste p| ng notor 3 when the transport arm 6
i Rortipnp3deesdFiE- @ predet er i ned frequency (e.g., 6 Hz);
r‘(g) i%] ecting the neasured wave formto Fourier
tr R rmto thereby obtain a signal strength at the
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3(b)) escription w erel na
npiteen ofhdd i cdei idagerittgl Sfodgntofl tand thé aﬁﬁi@@ht of swinging

(ppar atus 1 according to this invention. [00201 ;
amplitude of vibration), the correlation data being obtained by: measuring
with an oscilloscope and the like the electric potential to be generated
among the coils of the stepping motor 3 when the transport arm 6 is
vibrated at a predetermined frequency (e.g., 6 Hz); and subjecting the
measured wave form to Fourier transform to thereby obtain a signal
strength at the above-described predetermined frequency (see FIG. 3(b)). A
description will hereinafter be made of a method of detecting the stop of the
transport apparatus 1 according to this invention.
{0020}

In the atmospheric condition of the load lock chamber 2, a gate valve
(not illustrated) disposed on the load lock chamber 2 is left open, and the
stepping motor 3 1s driven to rotate by the control from the motor driver 5.

The finger portion 61 is thus moved to a predetermined position on the

outside of the load lock chamber 2. When the stepping motor 3 has stopped



In the atnospheric condition of the | oad | ock chanber

2, a gate valve (not illustrated) disposed on the | oad
| ock chanmber 2 is left open, and the stepping notor 3
is driven to rotate by the control fromthe notor

driver 5. The finger portion 61 is thus noved to a
predeterm ned position on the outside of the |load | ock
chanber 2. Wien the stepping notor 3 has stopped 7

r edtating Gindnthet frenépoatnapar & has tomehtdsa etwpe the tearspoy, arm 6
the transport arm6_ wll be subject to danped
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vibration neasuring circuit 7. 10021] Subsequently, .
t thereafastmeasused byt thel volkagsumessuring pertianand fod rthatvibrgtion
portion 72 is {%ransformsd by Fourier transformto a
STEASIIE FEAUt A at a preset particul ar frequency
(q.0@2116 Hz), and the signal strength is outputted to
the notor driver 5 through the output portion 73. Then,

when Sitsegh@itdy, thetdlengicholieswiemeasmledein thanrdnd®rmation
preset value, the notor driver 5 detects that the
vidstiati Thss afaneformedelse fouver trensfarandpaor sigaphsBehghheat a

been danped and stabijlize 0 a range in which.
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received from or handed over to, inger portion

6thabytheheibtstadrsp after r @bodmeft0022he trAng@se drfke 6 have been
substrate S has been changed to one having different
vitdmped ande stabeligednéy ofrangdriat whith wianspontadgidure such as
Tphoes{t?gn%rl %’evf.attioinsof%kgfs%%gtqlat?e S and the like does not oceur, and the
detected result is outputted to the controller of the transport robot.
Thereafter, the substrate S is received from, or handed over to, the finger
portion 61 by the transport robot.
(0022]

In case the substrate S has been changed to one having different
weight, the frequency of vibrations will change. Therefore, it is preferable
to make it possible to adequately set in the motor driver 5 the signal
strength and a threshold value of the signal strength that determines the
vibration stability.

[0023])

As described hereinabove, according to this embodiment, the stability

of vibrations of the transport arm 6 after movement both in the vacuum and



to make it possible to adequately set in the notor
driver 5 the signal strength and a threshold val ue of
the signal strength that determines the vibration
stability. [0023] As described herei nabove, according
to this enbodinent, the stability of vibrations of the
transport arm6 after novenent both in the vacuum and 8
in the atnosphere can be quickly and surely detected,
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[0025]

In this embodiment, a description has so far been made of an
arrangement in which Fourier transform portion is disposed in order to
surely measure only the induced electromotive force attributable to the
damped vibrations, without being influenced by the noises that are included
in the output from the motor driver 5. However, without being limited
thereto, an arrangement may alsoc be made such that only the induced
electromotive force of a particular frequency can be efficiently measured by
using a known means such as a bypass filter, low pass filter and the like.

[0026]

In addition, in this embodiment, a description has been made of an

arrangement in which, as the vibration measuring circuit, the induced

electromotive force to be generated among the coils can be directly measured



thereto, an arrangenent may al so be nmade such that only
the induced electronotive force of a particular
frequency can be efficiently measured by using a known
means such as a bypass filter, |low pass filter and the
like. [0026] In addition, in this enbodinment, a
description has been made of an arrangenent in which,
as the vibration nmeasuring circuit, the induced

el ectronotive force to be generated anong the coils can
bby dibeevdltagenmmasmsg @riigntHe Withagte beegs Umilteg thereto, a
portion 71. Wt hout be(i'ong Iimte%ﬁt hereto, a circuit.
nBYCHE ppvhalsg leatiganseh hEkatne thearPertdak e, bk dipposipg 2
di, Lhg. a. resistor in serigs wih {he output from
RSB BPieeulih tpEbrioe BB PR ¥tk SP%ene Br awi nga)
(OPBridf BdderiptiohDfahPPLaRBf:] ve view to explain an
arrangenent "of a transport apparatus in a |oad |ock
chbig2s}; FIG 2 is a diagramto explain an arrangenment

of vibration detection circuit which is used in

carr yFHg bug atierspechvemiavote exmalnFncargngpmest of @i tagpspart
to explain tyedﬂa‘;q)gl}d vi brations of the transport arm
aRBPEPELS By §j08dJ0 aim t 0 explain the change in the
si gnafyst t ' Vi.breat:i (9 1= W
or oder St ned pPERRTRIRbEM A MR SAhpARR defetion
NetrBLialvhiaind Jebdhpehgyilg odtQ8R8hvdntid@ngiort apparat us

3 stepping notor (drive notor) 4 rotary shaft 6

t ransPhEt 3&)ms7 avidiargrainorio detpdaini oe clamepad vSratioss raft the
(article to be transparted)

transport arm, and FIG. 3(b) 1s a diagram to explain the change in the
signal strength accompanied by damped vibrations in a predetermined
frequency.

[Description of Reference Numerals and Characters]

[0028]

1 transport apparatus

stepping motor {(drive motor)
rotary shaft
transport arm

vibration detection circuit

n -3 D A W

substrate (article to be transported)
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10 WHAT IS CLAIMED IS: 1. A nmethod of detecting a stop
of a transport apparatus, the apparatus conprising: a
drive notor; a transport armone end of which is
nounted on a rotary shaft of the drive notor, the
drive notor being of such a construction that an

i nduced electronotive force is generated when a force
in a direction of rotation is applied to the rotary
shaft, the nmethod conprising: detecting the induced

el ectronotive force that is generated due to

vi brations of the transport arm when the drive notor is

AT 00 1210 LR PP T
0 BB B B, LEETTAOLARR 2 UFhIs B A, posre

tERMtRQhE: armto have stopped when the detected induced
el ectronbtive has fallen bel ow a predeterm ned val ue.

2. Thedreé hodowwf detecting a stop of a transport
apparatus according to claim1, wherein the drive

not ora trangpent ppi pre eod of which Fhmonetedoeh afrothay edeftnef the

LA S R AN
Lﬁﬁgcé?oﬁléﬁtgﬂ xog'lc? 6$ ?‘gﬁfl.?rgt(gdg tw\e/i‘{%gg%ﬁf&%iiiﬂd&%ﬁ%ction of rotation is
applied to the rotary shaft, the method comprising:

detecting the induced electromotive force that is generated due to
vibrations of the transport arm when the drive motor is driven to rotate the
rotary shaft by a predetermined angle of rotation and is then stopped in a
state in which an article to be transported is held at an opposite end of the
transport arm, and

judging the transport arm to have stopped when the detected induced

electromotive has fallen below a predetermined value.

2. The method of detecting a stop of a transport apparatus according to

claim 1, wherein the drive motor is a stepping motor.
3. The method of detecting a stop of a transport apparatus according to

claim 1 or claim 2, wherein only a signal of particular frequency is

selectively extracted when the induced electromotive force is detected.
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