SPECI FI CATI ON METHOD OF DETECTI NG STOP OF TRANSPORT APPARATUS

[ Technical Field) 100011 The present invention relates to a

nmet hod of detecting a stop of a transport apparatus and relates, in
particular, to a method 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 Artl [00021 In a
step of manufacturing sem conductor devices and flat panel displays,
there is used a transport apparatus which transports substrates to be
processed such as silicon (Si) wlRHRGCIFIGABEWsubstrates, and the |ike
(articles to be transported) to various kinds of processing

appar atuses such as for filmdeposition by sputtering, ion

i npl antation, etching, and thgE7kep DS TiNgd of transport
apparatus, there is known an apparatus which is made up of a drive

notor, and a transport ar MEPROF BRANSBEORFARRARATUSNt end of a
rotary shaft P{‘ecﬁﬂfc% ﬁg{d\ie not or (patent docunent 1). [00031
[0001]

The present invention relates to a method of detecting a stop of a
transport apparatus and relates, in particular, to a method of detecting the
stop of a transport apparatus which is used in transporting a substrate to
be processed in the atmosphere or in a vacuum.

[Background Art]
[0002]

In a step of manufacturing semiconductor devices and flat 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
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This kind of transport apparatus is built, e.g., in a |load |ock
chanber which is coupled to the above-descri bed-processi ng appar at us,
and in a transfer chanber which is di sposed anong chanbers of a
plurality of processing apparatuses. A description is made of an
exanpl e in which substrates are transported into, and out of, a |oad
| ock chanber. After having noved one end of the transport armto the
outside of the load | ock chanber, the substrate is received from or
handed over t eportditatés eihheogdsitionninbyhishithg sabsir-atesipaeteivedhot hafidel
known construction. At this time, the coordinates of the position in
whi ch the subﬂ’?ra?’@ stered d ajcouigoliesof thefaaepraitapbotasdeathonedatrn a

controller he t ans ching data. Patent Docunent
1. JP-A- 2005 I{‘ﬁ“@%f’%sure oﬁ)"? ;ezéfdaventl on) [Problens to be
Sol ved by the [Dmémghfeoa)th& D0@4dion) I n case the substrate is
transported as described above, it is required to carry out the

recei vi ng and Hm’vdhmgmdxﬁe?polmdmeéu'tBﬁmaie to and fromthe transport
arm by the trg@@m robot at a high speed and high precision in
order to inpr 4he throughput and ratio of utilization (or

operation). Howeypr,gd e%%@tﬁﬁgsqfdn‘é?oﬂﬁﬁ QL alstri3REBBbRd i 19@)&%& he

transport armto a predeterm ne osition, the transp ortf arm becones

unstabl e i n hebanyout dwexebmhigemdriarnﬁu% dver GEt}fatsubEIﬁatel to@ndffirom the
stopping. In this case, the drive notor having a rotational position
det ecti on rreath@walérﬁlasbﬁaﬁhfehée@i@ﬂt IOézﬁ’aaft ﬁéugh greegdrand Kgle ppRCHEP Y or

whi ch 1s Operg eqd ﬂns%vg%ont %gl%é%xgpt l Ste 1z %\lfed’n K opelftligil?l em

in that, whi 1%°5t “cah? recogni ze ran por Asived’t o a

predet er m nedqasves, i@ Basel the @aﬂ@%ot@iemséxawmhb@ DRR2MIsBbrt armSo.a
danped vi brati ons (svm nging) in the direction of rotation of the

transport ar mret’[e@@msmed posmlon, thees branbreory iabmabdcomes ofstabde ir Aabpoen
armare larg recei ved by nded oyer,to,

he. t
The o enshod fue g herinein S Fa'tBe GEs of SopRisas L MhinGre N ¢
frequently oGgithy H&Qﬁ%(tarr@fh"‘tﬁﬁﬁf p(?s‘i’tfd}l @é’iecﬁﬁﬁ%‘1£éaq{§a§ucﬂ%\é.'a%tdn96ﬂeﬁ’faﬂdhe

substrate, and the resulting in a lowered ratio of util I'zat i on.
Thi s ki nd of the dikeem widtbpieg kegbr wider icopdmtdd if syhehrsnibsifioratvdth

begins to be received from or handed over t t he transport robot
once the beh&WI%H YT ARY @n@}obé?mtwetle%taﬁ%fﬁ@r 8t &AM ecpamnze fhat ©

e S B e g g b,
Thi s sol uti onne@bkobehdv@pyer, , damfRAo¥Brations (swmgmg) in the direction of
rotation of the transport arm.
[0005)

In case the vibrations of the transport arm are large, if the substrate is
received 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 2 longer time can be secured to the

time of receiving or handing over). This solution cannot, however, imnprove
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t he t hroughput. [0006] On the other hand, it is possible to
measure the vibrations of the transport armw th a“displ acenent
sensor, and the like to detect that the vibrations have been danped
to a predetermned range, and it is then possible to start the
receiving and the handing over. This will, however, not only
conplicate the control but also brings about an increase in the
nunber of parts and hi gher costs. In addition, accurate detection in
the vacuumis difficult. [0007] It is therefore a problemof this
i nvention, i thytlewugliputhe above points, to provide a method of
detecting the @60%3 of a transport neans, in which the stop of the
transport mealln ter operation can be quickly and easily detected
and in which t heghhpoughalt,38d it RepdRild tPimdishid B4R RRakAR Hethe

i mproved without incurring an |ncregse in the nunber of parts. [Means
for Solving timspmorenwjth[ HAGPlacement $emsay, dad the 1%el tualetdee thitothe
problens, this invention_ is nethod of detecting a stop of, a transport
appar at us. THETAPRMRS Seves beesampes - toga predederzpbed rapgr 3% HalisHent

o 31 end Shol 3 NTAEE R Bty Bl I L e o

t he drive_rm ei'ng of 'such™a _hat an i nau
el ect ronot i vaof ghEecdngplgattetiat eshtidl et anldObfiged Absutdis efdrb4a i@f the

rotation is applied to the rotary shaft. The nethod conpri ses:
det ecting t houmbduoégariseudr bigbelt vastd. ods eddizm, ascugateedeiedbndnetheo
vi brations of the trcg-ﬂs% rt armwhen the drive notor is driven to
rotate the r8EEYW EHEMC gty a predeternined angle of rotation and is
then stopped [ghog]state in which an article to be transported is held
at an opposite end of the transport arm and judgi ng the transport
armto have stoppedd thdrefors herddemaif ehisiinchutiod, @l et rodnid ahaye lpamts,
fallen bel ow a predeterm ned val ye. 0009 , ,
to pr%v?de a melr;plog o? detect%ng the[ stop 01] a transport means, in which the
stop of the transport means after operation can be quickly and easily
detected and in which the throughput and the ratio of utilization can be
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 1s 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.



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 beconmes unstable due to an inertia force at the tinme of
stopping, i.e., danped vibrations occur to the transport arm At this
time, ther g/gjgﬂél be operated on the rotary shaft a force which is
repeated ih thée direction of rotation. As a result, an induced

el ect rom)ti ve Accaeing tgehsriatventiof,owhex ahgpldeiveamoty ishdrivai ks rothte he
not or . asuring this induced e ectrormtlve force, if the peasured
i nduced eI et FRIMDt ?hﬁeﬁ Yy 8 drpeisrased angle ol et 1n, ﬁh@@éwmvn@jthe

val ue that va egte S
of the tr iRt b I EPRRsichn AR RS B rBel Ehy It R
intoar a”ﬁ@nlb’écmhies Rurfst16 m%ttof 2 lindreiaSfeede astie AaR bf 9ftdhing, ie.,
deviation and the |Iike of the substrate does not occur. [0010

Accor di ng dompéd yihratiens coeyr t@ theowanspsitng a ﬁelpnarﬁetttéiqoame sherl veidl a

dislacerretse 0 e sta Ilzatl

i brat | oneboPPEREsd parBpspErushifia betce m@v@bé% s B teigegtion 9

and surel y,fdet&et od %V?cfkip'lt” £h MAGULHY l%Xe f’gfl% & egéneie&ﬁ&h?&ges
use rfve t he

of the drlve notor itse that 1s necessarl to d

transport exampleccamdnggthe doilscafetliehenatot. d?.}e neakeing athépdntleckd s
recei ved by, or handed over  to, the transport robot, the throughput
and the raf ie6t1@1fﬂ°u1tVPIﬂot‘éﬁtnl@r?h%aﬁeﬂﬁél“?wmd clagigomptive R BEBARS at

2 Low oSt oL 81 then FHMISLcb b BLIIVEAT 0Ty the MUBLaL | gna gty e

t he operation of ranspo arm

i nduced el ggbeRADhaY ¢hd ViG@tibAgtof ﬁlegﬁﬂ@sra@hed in élhe a‘i*feh %ﬁomtgoha\aﬁ
descri bed above. Therefore, in case the arrp i tude of the danpéed

vi br at i onsbean daeped and tsta&lhaedxlmoatnange dlamhmlg trepsped faidure such as a
pr edet er mi ned..val u agnQsi that the transport
appar at us P‘E%}BP’Palrfgé’l%i ?‘F%Pﬁ?elslf W&ngqr?t(a 3@19@096”1degr adati on
of the dI‘IVR) or itself or of the bearings, and the simlar causes.
Accordi ngly,

h d f th
Soparatue o tAeeoRidieRe this EhEBk I fiEhe Rislle b GrnbRC SR v 5
t he abnor ”&'sginajcéﬁleﬁf s&}i&g) r! Eﬁ@%ﬂé’ ikea@lﬁ’@éﬁ.tbﬂ?za'tlbﬁ%f thd 9ftadions of ke

this inventi prefera r|ve notor is a stepping notor.

[ 0013] trhfispost ten I@ftenmh@d hmt@ntda@t bd feicktyeaudrayelpidetdutal kverdirf
danped vi brations nmakes little or no change provided the conditions
are equi vah eacugmchy aseanseofr theaeleeisict dhagges of thmérwcum@tcrmts@&f that e
used, length of the transport arm weight of the.article to

t r anspor t eBcCesRT Il Hiser; Rl IIWQ?%FBP%PO AtE A d6 RN Gb g SRS K piidle
oo o B bE k¥ B Stk o8 oL Fihady S B) tie Wlpdty TSR e

particul ar frequenty 1s se 've hen the 1 hduced
el ect ronot {} %@uél‘ﬁflﬁeaxﬁi thd l?!iﬁélbﬁeuﬁﬁzéthﬁl BROVR- HBpFdVdedndamaedan be

vi brations can surely be neasured w thout being infl uenced by the
noi ses t hatloes et ctowabsted in the output froma driver of the drive
mot or .

(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



[ Best Mbde of Carrying out the Invention] [0014] A description
will now be made with reference to FIG 1, in which reference nuneral
1l is a transport apparatus according to an enbodi nent of this
invention. The transport apparatus is disposed, e.g., in a load | ock
chanber 2 that is capable of form ng therein a vacuum The |oad | ock

1T ustrat eynia - abgarans | HNelEoBel B0, i, oPPIIERBfFR due to
ol ant at | Qs aBhG 0 1RNG L Danbld s el O HREHeBfad TARPRAY Lirndaed

substrate to be processed (an article to be transporté as a

gl ass substaes, fccdidingdy) (R )mwber of adwledtiiey 1d keop refmthdetransport
at nosphere to the above-descri bed apparatuses I n a vacuum st ate.

[ 00151 appehatusr ahdhisr invappanaalss fincdopy @si aledethiothof detetimignthe
motor (drive rr_ot#r% 3 Which is di s}g)o.sed.on AN out side of the |oad

| ock chanb@bnarmapities ofdhe frapspast appajats itselfa known construction such
as a tvvo-phgﬁﬁ ni pol ar permanent nagnet (PM type, and the |ike

whi ch is made &E of a stator provided with winding coils and a rotor.

The rotor (not 1hlthidshi@tiesh, @i%ré?{ﬂ?,”tﬁ%tcﬁﬂ/etlﬁﬁfoﬁ’t@a%te;r):gﬁﬁ%}ho‘-i@@ft 4
which is vertically disposed, via vacuum sealing, through a wall

surface of {0@E3]Joad | ock chanber 2. In this configuration, by causing
the electric current to sequentially flow by pulse signals froma

not or driver S5lthist iRt potekherandhat di framieney palc thigekingr af rftanapesk
the coils, ‘fbpe.rotor an

. tl th t haft 4
ocasobly MR SlakBs T O 90 e e ia D b iRist i, Siivalegs,
d of th . i.S. i d swi
end of theqgal 3t nSNatdich kol W B8 dNENndi ANBROEdaIEdn of the

positioned 1 nside the e transporf arme6 to

used in traasgerti Ng t henswRidlitad®shes Hehclato B sinsphisdd, adirb thendike.
silicon wafers is forned at a front end thereof as a finger portion

61. It is Theasiews, amr #asedhehabovtdrdesutbetlr indncsdcalechomsupsodowe in a
state of b ingtg%rrall area of contact. of the transport .ar i

t he 3ubatr ¢te a[me%ir@bly only 3 gigae{ | Gnpamictipe FeAnencst dppie Gtil\gfmﬁ[y?)r
and the g%tﬁ-é’%ee@recpg%%ph}e gL qnﬁ?ce%r 8ré'cﬁ-‘8ﬂho%v‘é' P&'@E'ﬁ{hﬁ[ﬁﬂﬁlgfo?%ée

circuit 7 vibrations o € transport arm

vi brati onsahefdigestibetibidiAPeE viltatibRs ThARRIEY B nidisaid OWiglout MRing
stepping notor 2. The vibration neasuring cifcuit 7 is provided with

a vol t age i#hmuceddyptire hoised thdtoareneagainedgntthe qupenfioal at thaver ef
generated anong the coils 31 (see FIG 2).
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 (Si) wafer, and the like from

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

5
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[ 00181 It is to be noted here that the DC output to each
termnal of the coils fromthe notor driver 5 to the stepping notor 3
may possibly contain various high-frequency noises on the circuit.
On the other hand, the frequency of the above-described vibrations
will be made little or no change, and the vibrations will be danped,
if the conditions are equivalent such as the rotation torque of the
stepping notor 3 that is used, the length of the transport arm2, the
wei ght of the[gumijtrate S, and the like (see FIG 3(a)). Therefore,
there is provided a transformation portion 72 which perfornms Fourier
transform of theThedsansportprpperatiall isopravidedeth ststepmnh netor (drive
predeterm ned frequency .(e.9., .6 Hz). Jt,i hys so .aryanged, that
only the ind&lf@ﬁ‘s @g{cﬁd%ﬁ%%df"é‘r outside; %J‘&%E‘Paé‘s]%k fham rg?r'a[)ﬁﬁns
of the trans : . ' : . , : Signal
strength obt g%ﬁgﬁ ﬁb@ﬁ gsa{}régﬁls lgéﬁng%?n\oé’gﬁ%g%?gﬁp% di t?&?&ag%tl& tﬁ le@la?o
the notor dripganarfentimagitee (BM) pype, pavdt thenlikBwhicheishh&le A .of [0h%r

In this case, the notor driver 5 has stored in adva(gce_correlﬁti on
dat a bet weenPravddedewitly winsing seils ped antaten  Zhe rots apbilustisted \hasgi ng

reacur ng wi PRER-AabPIok & a8l SR EhRR %Al BRp PR

be generat ed @Ry thivighoh ! §a@fsuifiee Sirepi MEARCR! chAmMEME.t NB1 this
transport arm6 is vibrated at a predeterm ned frequency (e.g., 6

Hz); and subjedigunatiotdymeasingdhe wioetrid onmeittotoFRegnérsiallyrove bp mmlseo

t her eby obtain signal strength at. the a e-descyri be redet er m ned
frequency (sé@ng’]isérg'g(%)rﬁlqt"% e Pi hALHBER %q‘?lltmﬁé‘%lﬁn%ﬂd? Etfe BEPRAtE of
a met hod of G&Lﬁﬁmgrlbg ggg%oﬁé, QBe ;}Bto& h%dt, Eﬁf&%gﬁ%&u;@ﬂ?@& afs_ssﬂafaqcarﬁd' ng

to this invention. n the atnos ri'c condition of the

| oad | ock chasthmbl2drivengat thevalibved péedetermihedssteps.ed) di sposed on the
| oad | ock cha{%gr 2 is left open, and the stepping notor 3 is driven
to rotate by 6Lontrol fromthe motor driver 5. The finger portion

61 i s thus nove p t I, si.tLan: out si.de.of the

| oad | ock chanbgghg.eﬂe\h%fﬁ%%hgoliégly e%%lférigr %D}%%Plc%gh‘ggﬁs glﬁz’é’g‘ﬁ t?%{:f at% i ng
and the tranpgtidnedriitide NAs 10a@MBelt dhagabel @P, ThoErankF s ROHI6 &1 Beedd | |
be subject to danped vibrations in the direction of rotation due to
the inertia fopaesnertingtha substratessuelpps glgss pebstrsites andlicon walsesised
force in the.directiagn of rqtation w.| be appl.lLed. to the rotar

shatt 4. An IREGEH “aruerbeievEss B hogenbrrop s 1idS icntbirssy « ne
change W th {Ha1BhelubdigatdBBR! bE s?iawftédhﬁatal%@%§%? bte{i]‘lrgaéi'ﬂapl D grea0i! s,

and the electric potential thereof is neasured by the voltage

measuri ng potdnitant of theofrandpertvarior Gwithnthesabstratad. circuit 7.
[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
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[ 0021] Subsequently, the electric potential nmeasured in the
transformation portion 72 is transfornmed by Fourier transformto a
signal strength at a preset particular frequency (e.g., 6 Hz), and
the signal strength is outputted to the notor driver 5 through the
out put portion 73. Then, when the signal strength becones snall er
than the preset value, the notor driver 5 detects that the vibrations
after novenent of the transport arm 6 have been danped and stabilized

to a range i FaWbis high-ABgRacy daddsuse thelGhrcal. P@a thondterdkamdt ihen of
the substrate S and the |ike does not occur, and the detected result
i s out putt ed fregueny of tha alsvedeseibed wibratientsydl be medolittleThaocdpngs,,

the substrate iLs_rheceived..fro or, handed qQver to, the,finge

por t1 on 61 byarbe pPERGRS ¥ b fimBo 5B Sondilins el adilfutnBEh s o s
has been chapgegthQo®0Gq0a%F B SichhiBE@dtovBitahE is GE, tHELRUBIICH B
vibrations will change. Therefore, it is preferable to make it

possi bl e to acegpatearm 3 ahe weighief it orbstiate 8y and theelilss GraFIStH@hgt h
and a threshgl d val ue of .the sigpal strength that deferm nes the
vibration st %P}'%fqrﬁ-. 5196@2%]131'0@9% AR P BOR ooy Bl hoRes ‘Fng
to this enboel e Stapidit Y1 I f o . o] arm
6 after mve%ﬁ?%&aﬁgﬁh tﬁgd\]/%c&{u%a%{l?ﬁdp&?ﬁh?ﬂzo %t ﬁlgggh%{lg@gné g

qui ckly and srydeterndsddefib@ebneii(d. BoBtHAST s Shpas@b @ apgadt thas ualy @e
di spl acenent sensors and the |ike, the detection being nade by the
el ectric chatitfusedrlectiemgtive iferge mbridutadle kathe yibgeldenssefrthe irapseert n

constituting_the, transport. paratus . Therefore n,the substrate
S5 recei vearhy EIHERATTELIE’ Tion. VR TRl SrePRBoptdfr i e
throughput apdnkRemhféh PofonUid Is ARSI ©aRe Mo thMBFGMSSIvRALtha cuOWRT
cost. [0024] Further, according to this enbodi nent, since the

vi brati ons opoitive rlseesilét.t2).arm 6 after novement are bei ng nonitored,
in case the ﬁgﬂ}'iude of danped vibrations and the tinme to the

vi bration da a exceeds predeterm ned val ues, diagnosis can be nade

that abnormal i t yr{{FcAAR! GR! mblPYRLE 5 BaS st%?%f’{r{édiia?ngee&dgfelﬁ(grp@étﬁg

notor 3 and the |1 ke due to deterioration an

st eppi ng not betwent sl fhebovetdédeeibbdapitangsal Aedorkd nghyuntt b svwehpimg of
detecting the stop, of the transport apparatus 1 as described

her ei nabove @éfﬁ’lﬁéd%ﬁf Yibbatepna caérekaﬁ@nr@rtﬁéepn@foiémfl%wrrge%srwng

abnormal ity @fut Qe otsEiﬁgsScBBE LardPBR Akyind ddcest fpotential 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 is 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
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[ 00251 - In this enbodi nent, a description has so far been nade of
an arrangenent in which Fourier transformportion is disposed in -
order to surely neasure only the induced el ectronotive force
attributable to the danped vibrations, w thout being influenced by
the noises that are included in the output fromthe notor driver 5.
However, wi thout being limted thereto, an arrangenent may al so be
made such that only the induced el ectronotive force of a particular
frequency canotaeingfdnidcihernidnsportantt echadcomsitoG stopCtipwWiran®arnsasuéh as

a high pass fiJter, low pass filter and the |ike. [0026] In addition,
in this embodiifentsublechbosdamprd vidrafionsiadhe dixgeriar ofarotationadusettethe in
force to be SuTurdben MhbRER e Forneso e i Brrtr i ren Sl 8 oy
the vol tage gBacddd 8O rRQLbA ORI Be APbLADYS theirbtir | dHaked. t A8Tial feda
circuit may also be arranged to neasure the potential, e.g., b
di sposi ng a elesirsmotivé forsemilshwd bh getreratedt lputhef clomee Wétlnmrmr(l%ﬂ*mver.
[Brief Descr inpgginggc (Huxt teatDIr}gsvsmclasn%ﬁJough the coils, and the electric potential
thereof is measured by the voltage measuring portion 71 of the vibration
measuring circuit 7.
[0021]
Subsequently, the electric potential measured in the transformation
portion 72 is transformed by Fourier transform to a signal strength at a
preset particular frequency (e.g., 6 Hz), and the signal strength is outputted
to the motor driver 5 through the output portion 73. Then, when the signal
strength becomes smaller than the preset value, the motor driver 5 detects
that the vibrations after movement of the transport arm 6 have been
damped and stabilized to a range in which transport failure such as
positional deviation of the substrate S and the like does not occur, 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 differént
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
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FIG 1 is a perspective viewto explain an arrangenent of

a transport apparatus in a |oad | ock chanber; FIG 2is a
diagramto explain an arrangenent of vibration detection circuit
which is used in carrying out this invention; and FIG 3(a) is a

diagramto exgl ain the danped vibrations of the transport arm and
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used in constituting the transport apparatus 1. Therefore, when the
substrate S is received by, or handed over to, the transport robot, the
throughput and the ratio of utilization can be improved at a lower cost.
[0024]

Further, according to this embodiment, since the vibrations of the
transport arm 6 after movement are being monitored, in case the amplitude
of damped vibrations and the time to the vibration damping exceeds
predetermined values, diagnosis can be made that abnormality {mechanical
trouble) has occurred to the stepping motor 3 and the like due to
deterioration and the like of the stepping motor 3 itself and the bearings.
Accordingly, the method of detecting the stop of the transport apparatus 1 as
described hereinabove can be utilized also as the method of detecting the
abnormality of the transport apparatus 1 itself.

[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 aftributable 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 also be made such that only the induced
electromotive force of a particular frequency can be efficiently measured by
using a known means such asa  high pass 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 fo be generated among the coils can be directly measured
9
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7 vibration detection circuit S substrate (article to be transported)
WHAT IS CLAIMED 1S: 1. A method of detecting a stop of a transport
appar atus, 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 induced

el ectronotive force is generated when a force in a direction of
rotation is applied to the rotary shaft, the nethod conpri sing:
detecting the induced el ectronotive force that is generated due to

vi brations ofbyxt He veltagspweaswivg nhdiont e dVitheutnbeing limitert ithemto @
rotate the ratary shaf a predeterm ned,angle of rotatipn and is

t hen st opped C’Iuﬁué ng?yaf‘%‘oit%ﬁ %&}ﬁ’?ggﬂ A g‘etlg’tﬂbt“{l’r S Sgrﬁggsﬁng %hel d
at an opposi t,gsiefd iiPdertdIQitl BRSRRpEL B thdRdior drivetdgi ng t he _
transport armto have stopped when the detected induced el ectronotive
has fallen bellBrefDgsceigeibeoftheddravahged. Z. The nethod of detecting a

stop of a traz Q7rt apparatus according to claim1l1l, wherein the drive
notor is a st g‘&ﬂg not or .

FIG. 1 is a perspective view to explain an arrangement of a transport
apparatus in a load lock chamber;
FIG. 2 is a diagram to explain an arrangement of vibration detection
circuit which is used in carrying out this invention: and
FIG. 3(a) is a diagram to explain the damped vibrations of the
transport arm, and FIG. 3(b) is 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

U2 =3 & = o

substrate (article to be transported)

10
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3. The method of detecting a stop of a transport apparatus according
toclaiml1 or claim2, wherein only a signal of particular frequency
Is selectively extracted when the induced electronotive force is

det ect ed.

WHAT IS CLAIMED IS:
1. A method of detecting a stop of a transport apparatus, the apparatus
comprising:

a drive motor,

a transport arm one end of which is mounted on a rotary shaft of the
drive motor, the drive motor being of such & construction that an induced
electromotive force is generated when a force in a direction 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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