SPECI FI CATI ON TEACHI NG METHOD FOR TRANSFER ROBOT [ Techni cal Fi el d]
[00011The present invention relates to an inexpensive teaching nethod
for a transfer robot, the nethod utilizing such a sensor for
detecting the position of a substrate as is disposed in an existing
processi ng apparatus. [Background Art] [00021As an apparatus for
perform ng various processing operations such as filmformng

processing, etching processing, gy | on a substrate, there is
known the follow ng processing & pﬂ(pﬁ@d{@cal | ed cluster tool
apparatus). In other T‘M@HINGSMWTD "Icﬁ.AﬁﬁFER' akgPck chanber B
and a plurality of processing chanbers for the Subsirate S are
di sposed in a manner to enclose a central transfer chanmber A in which

i s disposed a_transfer.robot 1. The substrate S that has been charged
into the | cderhmical Fildhber B is transferred to each of the processing

hanb C h ti i ng. chanb C t h
Cransrer roRVT (oD BIARAL FNaRIPRRoRRLR G FEBrBurater i mathbor
arm 11, ando@a GFanefrBBHS thOmethdd/ ﬁﬁﬁm‘hﬁ%uﬁﬂ?&%n?éﬂ%}hefd&iﬁﬁgﬁgner to
be capable of turning and telescopically nmoving (1.e., extended and

cont r act ed)posrtionid asarbstyateasis dispesefiinmn exixting prdeessimbappaatud 1,

there is C(tﬁggggtrggng&abot hand 12 which is

O [0002] As an apparatus for pexforming various processing operations
such as film-forming processing, etching processing, and the like on a
substrate, there is known the following procesaing apparatus (go-called
cluster tool apparatus), In other words, as shown in FIG. 1, a load lock
chamber B and a plurality of processing chambers C for the substrate S are
disposed in a manner to enclose a central transfer chamber A in which ig
disposed & transfer robot 1. The substrate S that has been charged into the
load lock chamber B is transferred to each of the processing chambers C or
among the respective processing chambers C by the transfer robot 1.

[0003] The transfer robot 1 is provided with a robot arm 11, and a drive

means for driving the robot arm 11 in a manner to be capable of turning and

O

telescopically moving (i.e., extended and contracted) on the same plans, At
a front end of the robot arm 11, there is connected a robot hand 12 which is
adapted to support the substrate S through a gear box G in a state in which
the substrate S is mounted in position thereon. The robot arm 11 and the
robot hand 12 constitute an operating part of the transfer robot.

[0004] In the above-mentioned transfer robot 1, it is necessary: to
appropriately hold by the robot hand 12 the substrate S that ig present in a
predetermined position; to transfer the substrate S to a target pogition (e.g.,
to a substrate stage Ca in each of the processing chambera C); and to hand

over the substrate S to an appropriate position. For that purpose, there is



adapted to support the substrate S through a gear box Gin a state in
whi ch the substrate S is nounted in position thereon. The robot arm
11 and the robot hand 12 constitute an operating part of the transfer
robot. [00041ln the above-nentioned transfer robot 1, it is
necessary: to appropriately hold by the robot hand 12 the substrate S
that is present in a predeterm ned position; to transfer the
substrate S to a_t et, position (e.g., to .a substrate stage Cs in
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deci ded i n advance by prograns, and teaching'is perforned to teach
t he progr aimndhwhenisgpesitaonhl idewiadionanf the sabstfate Sibas beyn foindhehe
transfer actions of e transf I s so arranged that the
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to the procesSing apparatus or acin he robot arm or robot
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at the position of handing over the substrate and the |iKke.
have been decided in advance by programs, and teaching is performed to

teach the programs the origin and the order {transfer action) of the transfer
actions of the transfer robot. It is so arranged that the taught transier
actions are reproduced so that the transfer robot can be operated.

C : Therefore, at the time of disposing the transfer robot to the processing
apparatus or of replacing the robot arm or robot hand for maintenance
purpose, teaching used to be performed manually at the position of handing
over the substrate and the like.

[0007] As the teaching method for the transfer robot, there are
generally known the following methods, i.e., a method (so-called direct
teaching) in which the robot arm or the robot hand is directly held to teach
the position of transferring the substrate and the like, and a method
(so-called remote teaching) in which the robot is manipulated by a teaching
box so that the pogition to serve as an origin of transfer action is

sequentially designated by operating the robot.



[ 0007] As the teaching nethod for the transfer robot, there are
generally known the followi ng nethods, i.e., a nethod (so-called
direct teaching) in which the robot armor the robot hand is directly
held to teach the position of transferring the substrate and the

| i ke, and a nethod (so-called renote teaching) in which the robot is
mani pul ated by a teaching box so that the position to serve as an
origin of fer gction js.sequentially designated by operating the
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[Prior Art Document)
[Patent Document]
[0008] Patent Document 1: JP-A-2007-27378

C: [Summary of the Invention]
[Problems to be Solved by the Invention]
[0010] In view of the above mentioned points, this invention has a
problem of providing an inexpensive teaching method for a transfer robot, in
which method the teaching can be made quickly at a high reliability.
[Means for Solving the Problemel]
[0011] In order to solve the above-mentioned problems, according to
this invention, there is provided a teaching method for a transfer robot, in
which teaching to the transfer robot is made of transfer actions of the
tranafer robot adapted to perform turning and telescopic actions on the

C same plane in a state of supporting a to-be-processed substrate which is
processed among a plurality of processing chambers. The method
comprises: detecting at least one index part provided in advance on an
operating part of the transfer robot, the detection being made, while
‘subjecting the transfer robot to transfer actions, by using at least one
detection means disposed so as fo detect the substrate at a time of
transferring the substrate among the processing chambera; andteaching,
from this detection position of the index part, a reference position which
gerves as an origin of at least one of the turning action and the telescopic
action.

foo12] According to this invention, the following arrangement has been



[ Problens to be Solved by the Invention] [oolo]In view of the
above-nentioned points, this invention has a probl em of providing an
| nexpensi ve teaching nethod for a transfer robot, in which nethod the
teachi ng can be made quickly at a high reliability. [Means for

Sol ving the Problens] [0011]1n order to solve the above-nenti oned
probl ens, according to this invention, there is provided a teaching
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t el escopi cexistingndetection means that is disposed in the processing apparatus,
teaching is made of the transfor action of the transfer robot while detecting
the operating part, Therefore, fluctuations in accuracy from one operator
to another operator hardly occur, whereby the work of teaching can be
performed simply and quickly. In addition, without bringing about an
increase in the number of constituent parts, the reduction in cost can be
attained. Further, gince the teaching of transfer action is performed by
using the detection means, teaching can still be performed under the

vacuum atmosphere of the vacuum chamber. Still furthermore, in case

initializing operation is performed at the time of starting up the transfer



[ 00131As described, according to this invention, by making use of the
exi sting detection neans that is disposed in the processing
apparatus, teaching is nade of the transfer action of the transfer
robot while detecting the operating part. Therefore, fluctuations in
accuracy fromone operator to another operator hardly occur, whereby
t he work of teaching can be perforned sinply and quickly. In

const | tuenfolsty the sipind8eStof e trafitor SHTERR aleb be uderdaf hudhmons s
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[0016]1f, e.g., a robot hand is replaced at the tine of mai nt enance,
more accurately identified and thus teaching of higher accuracy becomes
possible.

[0016] If, e.g., & xobot hand is replaced at the time of maintenance,
there is a case in which the robot hand is assembled in a state of being
inclined in the turning direction relative to the gear box. In such a state,
even if teaching is made of the refexence position of the transfer robot in the
above-mentioned method, there ie a possibility that the robot hand will give

rice to a positional deviation at a target position. As a solution, preferably,

prior to the teaching of the origin, at least two index parts are detected by

@,

the detection means, and e deviation in the direction of the telescopic action
or the turning action is corrected, at the time of having assembled the
operating part of the transfer robot, based on a predetermined comparison
value. The compariaon value can be prepared through computation of the
design dimensions of the transfer robot or the data at the time of previous
teaching.

[0017] In this invention, there may be employed an arrangement in
‘which the substrate is supported by the transfer robot and in which, in place
of the operating part or in addition to the operating part, the index part is

formed in the substrate.



there is a case in which the robot hand is assenbled in a state of
being inclined in the turning direction relative to the gear box. In
such a state, even if teaching is nade of the reference position of
the transfer robot in the above-nentioned nethod, there is a
possibility that the robot hand will give rise to a positional
deviation at a target position. As a solution, preferably, prior to

t he teachi of ~the. origi t least two index parts are detected by
t he det ectirtg e %‘?‘%‘,P%é’ﬁg’fghﬂg’?ﬁ'ﬁ in the direction of the

t el escopi c[@siigjon or the turning action is corrected, at the tine of
havi ng asse ]led the operating part of the transfer robot, based on a

predet ermi ned §0GRalledand () dre pldheicwoandsécivnal dleweslvainga prepar ed
t hrough conput ation of the design dinmensions of the transfer robot or
the data aPrewesingapparatpe prvovaded withohtnagsfer@ohot] I n this invention,

there may be e oyed ap arrangenent in i ch the substrate is
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is formed in the substrate. [Brief Description of the Draw ngs]
[ 00181 Fl GBIG13@) isaadehieimatio wlap|vdew to explaintlscehtlinglof witeanafer
s provided with a transfer_robot, FIG 2

e Dl an B0l s2R Al U P Bt an it b XN the degedpacansbem i olos
t '@ | NVenLL 9ay parts.
FIG. 4 is another schematic plan view to explain the teaching of a

transfer robot.
[Embodiments for Carrying Out the Inventionl
{0019] | Description will now be made of an embodiment in which this
invention is applied to a processing apparatus as shown in FIG. 1. In other
words, the transfer chamber A is provided with the transfer robot 1 having a
known construction, and is further provided with detection means 2 in the
neighborhood of the portions of connection to a load lock chamber B and to
each of the processing chambers C1 through C3.

C; [0020] As the detection means 2, there are used an optical sensor such,
e.g., as a laser sensox, an LED fiber sensor and the like, and a visual sensor
guch a8 a CCD camera, all having a known construction. A description will
be made of the following example. In this embodiment, the detection
sensoy 2 is disposed: such that light is projected vertically toward the
transfer robot 1 which is driven so as to be capable of turning and
telescopically moveable on the same plane (horizontal plane); and also such
that the detection sensor 2 is positioned on the line L1 that connects the
center of rotation of a motor (to be described hereinafter) of the transfer
robot 1 and the center Ca of the substrate stage Cs in the load lock chamber

B and in each of the processing chambera C1 through C3. The detection



PIG 3(a) is a schematic plan view to explain the teaching of a

transfer robot and FIG 3(b) is a plan view to explain the detection
of through holes as index parts. FIG 4 is another schematic plan

view to explain the teaching of a transfer robot. [Enbodinments for

Carrying Qut the Invention] [00191Description will now be made of an

enbodi nent in which this invention is applied to a processing
appar at us as sh wn in %F% .. ln Otthcfe rds, transfer chanber
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transfer robot 1

t el escopi cmlokgrsnevdsdsed coontdxetrally vpithr@chmthez atdabkagh afiéhe rataty
al so such that the detection sensor 2 is positioned on the |ine kﬁ
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pr ocessi ng1g hrrduehsa Ebatt Hd:@GQhAGé’orngetcﬂﬁhﬁﬁhdﬁgeu&‘ﬂﬁsﬁy apprepeitély

driven so as to bé capabl e of turning and
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transl ucent type of detection sensor 2 made up of a projector 21 and

a phot o- detadtralling 2he Angltof votationl ansktiwodirectingr of matatibe of $be ratary
reflection }tuYfP ?0&, 10b of each of the motors, the robot arm 11 becomes telescopically
moveable and/or capable of turning. The robot arm 11 and the robot hand
12 constitute the operating parts of this invention.
(0022] The robot arm 11 and the robot hand 12 axe formed of a material
having heat vesistivity such as a plate material 0f Alz04, SiOg, SiC and the
like since there are cases where the substrate S is heated to a high
temperature in the processing chamber C. The robot hand 12 has a pair of
C- finger portions 14 which are bifurcated and elongated forward from a base
end portion 13 that is connected to the robot arm 11. At the base end
portion 13 and at front end portions of both the finger portions 14, there are
provided seating surfaces 15 on which the peripherally outer portion of the
bottom surface of the substrate S can be seated after alignment at three
positions. The substrate S can thus be supported in such a manner that
the bottom surface other than the peripherally outer portion of the substrate
S is kept lifted off out of contact with the robot hand 12.
[0028] After having supported the substrate S by the robot hand 12, the
robot arm 11 is telescopically moved or turned so that the substrate S

charged into the load lock chamber B is transferred to any one of the



[0021]Wth reference to FIG 2, the transfer robot 1 has two notors
as driving nmeans (not illustrated), and control neans (not

I 1lustrated) which controls the operation of the notors. Arotary
shaft 10a, 10b of each of the notors is disposed concentrically with
each other, and each of the rotary shafts 10a, 10b has connected
thereto a robot arm1l1 so as to forma |link nmechanism At a front end
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| once again to hand over the substrate S (to become the next target position)
to the substrate stage Ca in the second processing chamber C2, and returns
C; to the standby position.

[0025] In oxder to teach the above-mentioned transfer actions, teaching
of the transfer robot 1 is performed when the transfer robot 1 is assembled
to the processing apparatus, or when the robot arm 11 or the robot hand 12
is removed or replaced for the purpose of maintenance. Then, the transfer
actions 1 are stored in the control means (not illustrated) which control the
operations of the transfer robot 1. It may be so arranged that the control
means also performs an overall (or central) control of the operations of the
detection means 2 and the operations of the constituent parts such as gate

valves and the like that are disposed in the processing apparatuas.

[0026] In case the substrate S is sequentially transferred among each of



[ 0024] A description will now be made of an exanple in which the
substrate S is transferred by the transfer robot 1 fromthe first
processi ng chanber C to the second processi ng chanber 02. Froma
standby position (a predeterm ned position capable of turning) in
whi ch the robot arm 11 is contracted and in which the front ends of
the finger portions 14 are directed toward the first processing
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like that Hhectefiching ofithe, transisy, mhot o wyerrspes oned, waghout; he
Substrale e SAUAN ValY L ABakELhCly APDeFALH O dE&?ngo?xC | ng

chanbers oug usi ng t ) pro eSSI g appara per

pr edet er m he@imfosrebs mgleopes abharate tédeRingdemechateof tl@'ﬁeﬁiﬂsfe&r‘l%bﬁf 1
actions are rei)r oduced in accordance with the transfer actions as

stored in ipg tosbistemebadimest.er robot 1 is operated. At this tine,
t he robot dt rob t ha 12 give rise to porti

whi ch resp@jrcotré?tel ya@?eogg%ﬁ?é“ Bé’cF S%Ube\gsl tq’o’ﬁlsﬁ?a ILO?]?B”T%B’(%’M ﬁb
portions) pfedeRGthifkd (MBIt 8F thOHaRE MR gort{oﬂoii JOT%@%%@ hanfl 141 S
enmbodi ment’, the robot ‘hand 12 has fornmed therein in advance at | east

one i ndex ﬂmre 18 formeatharthrough hale ri@swhitl ik @irchlarangsian iview anidi which
Wil e detecting,.this index part by_the detgction nmeans

teachi ng ohad Rdliemehar lareerodan the diameter ﬂletla%febwfoé’rth%gﬁmcmﬁm

0, o, U SRL R DA HORER R LB R PR |

robot 1 acgedsds ekrdughtthecefttl@H dfthk substrate S and the center of rotation Cr
of the rotary shafts 10a, 10b of the motors when the substrate S is
appropriately supported by the robot hand 12 (see FIG. 2).
[0029] The through hole 16 may be fabricated at the time of
manufacturing the robot hand 12 based on detailed specification about the
position of the detection means 2 in the processing apparatus, design
dimensions of the transfer vobot 1, and the region of movements of the
operating parts. Regarding the diameter and the shape of the through hole
16, without being limited to the above example, anything will do as long as

"such quantity of light can be obtained as will be sufficient for the photo



(0028] The index part may be forned, e.g., in the following way. In a
predeterm ned position of the base end portion 13 of the robot hand
12, there is fornmed a through hole 16 which is circular in plan view
and which has a dianeter |arger than the dianmeter of the |aser beam
of the detection nmeans 2, so that the through hole 16 is | ocated on
the center line L2 that passes through the center Sa of the substrate

S and the genter of rotation Cr of the rotary shafts 10a, .10b. of .t he
nmot or s V\heﬁietﬁﬁ@r ko ‘?tégé' @CP’é’ed}ﬂhtdg?‘Paﬁ‘@ﬁ%@dﬁﬁm@ﬁhy WEDeYy iRy
hand 12 (sge Fl | o, y ' at
the 11 me. ofesenaratiopi e B Hefeskh Wit B SmbRolE) n Yo Bl bRl
speci fi cat gipnligheUhay e BePobddAn0h pradetdemeadd PositRANWithihNa tiafge
processing apparatus, design dinensions of the transfer robot 1, and

t he regi oneqfivalenthethesarsh of lhhe abeveamentioped through daledi dg addgion, in
di anmeter and the shape of the throu hol e, 16, wi thout being limted
ot he. aboPFes) ST sgRgEns IS Hp asachesbip the Sial saReRtL: ¢y of
| i ght can t ai nad ] S e f -dﬁf]ﬁtr
22 to stab yaraje)cei vg fil gﬁ%ﬁ t*olrno%%]tlhig&?i%}Jht%%%eojggcatrngr%x%?mega?t er,fl fgn

case a ref{ragbieprobytoRavihg e rainiti lundri2provided ikl thd abaverandationed
reflect the |ight nay be_disposed in a predeterm ned position within

" a range eqindex part i uspd ter parfermt the ipashingeoft fromefert aetinngh ohdhe.

I ddition,, in.c of i sual semnsor, a,nma be attached .to
LoV sual PaBiE S frsfy i o BrorRag iR B, Gotheateebtd BERRESR o
in which asKdabef €8, " PRES, thawiigth &f thekelesbibid adutorPiepleifidd Weldtiviet8
above-nmentioned index part is used to performthe teaching of
transfer athd pnwesding vhambost@ht dnStHis amse, feomi thet standby gwisitiprc keaber

d to th i hanber C2.. Fi , 1h [ Qi f the
el escop: oF 1ok 1o 11k seanefararpbpet dn wich the frond: ot 85 bt Boderpsbong
In thi . fa i1 | 1 :
ranst or 1 obdt CHECHeBAHE RBO Bidde Bl RBEMEE L (e roBle 46 1) s
directed texrhded ¥ FotaghepilRcesainghaftanity, b, sé ke toobedrchrfor lhei s

extended by rotati %t he rotary shafts 10a, 10b so as to search for
t he posit i besitianimmdnch the thrpeghyholeolbeis detectediby Blaq defepijon means 2.

detection ey 2 LORIALG SFAOning 86 SEeIdhna, Lok aldlgd m
from the projector 21 will not be shielded by the robot hand 12, the signal of
the detection means 2 i1s in a state of being switched ON. When the robot

C arm 11 is further extended go that the light from the pxojector 21 is shielded
by the base end portion 13 of the robot hand 12, the signal of the detection
means 2 will be in a atate of being switched OFF. In this state the rotary
shafts 10a, 10b are rotated to perform turning and/or extending and
contracting of the robot hand 12, thereby finding out the position in which
the signal of the detection means 2 becomes the state of being switched ON
(gee FIG. 3(a)).

[0032] When the through hole 16 has been detected as a result of the
signal of the detection means 2 having been switched ON, the robot arm 11

is moved for scanning in the X-axis direction and in the Y-axis direction,

respectivaly (see FIG. 3(b)). At this time, the signal of the detection means

10



fromthe projector 21 will not be shielded by the robot hand 12, the
signal of the detection neans 2 is in a state of being sw tched ON
When the robot arm 11 is further extended so that the light fromthe
projector 21 is shielded by the base end portion 13 of the robot hand
12, the signal of the detection neans 2 will be in a state of being
switched OFF. In this state the rotary shafts 10a, 10b are rotated to

perform tugni ng .and/,o Xt L ng ,and comtracti of .the rgbot d
o | Cher ehg 19 SaRedON o SR & dfe Hhgrracied e Svitshihe Biteot, 16
det ecti on bed { {eied eq)F!
3(a)). [00@%%8%0@%&%%3% t&%@e& 1§B]ﬁa§6 %geesri\&%%t ect ((asgélaﬁsﬁg %)ésﬁﬁlit

of the sigaak the deneerdeiogdinacss sfethrsthzobgly holy bedmve bistn identfied bie
robot arm 11 is noved for scanning in the X-axis direction and ip the

Y-axi s di rthe desactioremeans 2y thecenterclipe b2 caphp)seengo bppesitionad opitae

' | of Lh ti 2 i i t ched OFF h
SO of LHF ARG RS, TORIR, ok e lthuShiof el AR
hol'e 16 ar gy jrlendd fHoBDIGRE oS arth thel nfaSCa bltheCibutiiate SRigds TatAS
of the through hol'e 16 have been. identified by the detecti on neans

2, the centlerlohiddeck chaaaberi®ané each of the yrossssingbdndrers B4 thirenagh C3.

(see FIG 1) that conpects the center of rotation ¢ of the rotar
shafts 10al. geabqﬁrh&%l%ﬁ%ﬁgu% g afigae @ﬁ?‘gﬁt%ﬁ ’gllat’t"ﬁé"s”fi}ﬁﬁ?"&?%mé

st@ges Cs | ad Kk %EQ'? : SS.

ch ers Cw%lh?%ugﬁ 037 8ﬁlhic:a}ﬁ‘tr}o ot” ﬁgﬁ%ﬁ%ﬁgg’ﬂ ﬁuﬁés E‘é%?%%n%%ﬂg the
~accur at el ygdrik dnes refurhic tetiRcstasdng poditigher This. positivn isitaaght @ithe
the robot arm 11 is contracted along the sane line to returnit to

t he st andbgorgeali mieans eFra irgoraferene inpsitiongthatt ssryesete batanoprigenfs as

e R % b pre et ;
Pel eseopi ovumne gr toiesconit Arele. o Thel PRty OF tAIrBIC atiom et FBE 8vPet, m
11 and theafxﬁbﬁt%miﬂga roi:g%md 2 ey RAkd Bk e R PR MBCOmARGLRY. | V-

4
[0033] Fromthe distance between the center of rotation Cr of the
notors 10a[o0B3b andFrow tenid@staiize bbtwéem shbsentrecofstaigtonsCr roftthe
processi ng chanmber C_, corr&ut ation is _made of the | ength of, ext eﬁx%i on
o

of the robdtoteremles, 1dhaapdaitei ARPtes Gace! ske (awbeyrats tiage oy 1o
receiving BRskoDARM Ay od ISniRRtiAR'E u noft i %&iﬁgﬁ b kfteR Ao

Accor di ng bove-ment’oned arrangefren eac

transfer reRoolot @hdti1NGnldotdabRing’ RCARIL N ﬂh@?ﬁﬂ%ﬁﬁozﬁfoﬂ sockivihg hed.
Accordingly, it becones possible to receive and hand over the

substrate Bandingnevelrridun substratd Stomthe subafeatestage Bsst Aceorfling e Bie

TSt YRR R R e

to the stapgby, fiQsdihk¥Ramber C1 is finished, Accordingly, it becomes possible to
receive and hand over the substrate S to and from the substrate stage Ce in
a state in which the center Sa of the substrate S is coincident with the
center Ca of the substrate stage Cs.
[0034] After having returned the robot arm 11 to the standby position,
the robot arm 11 is turned from the position in which the front end of the
finger portion 14 is directed to the processing chamber C1 to the position in
which the front end of the finger portion 14 is directed to the second
processing chamber C2 {see FIG. 4). Then, in the procedures similar to

those as described above, the second position which serves as the origin of
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the robot arm 11 is turned fromthe position in which the front end
of the finger portion 14 is directed to the processing chanmber O to
the position in which the front end of the finger portion 14 is
directed to the second processing chanber C2 (see FIG 4). Then, in
the procedures simlar to those as descri bed above, the second
position which serves as the origin of operation of the transfer

robot 1 is _specified. repeat i ng .t he .ahove- nept §{ on procedur e

t eachi ng i gp%&glémofogt Eﬁe rg‘%@%ﬁcg"@(‘isi]‘t i’8n§p3\%{{% sef¥e TEREAIHRE ‘the
origins fo ay ' ik LV et ' : Kk
chanber B anerGREBapAE, FELESEON, ReRAking I3 AL df e Bl 0g PRSI
[ 0036] Accomdiigly séxwet dxe tind origingelot itansidgarbetksowpit ,actipnsraklatye usethef

the existipg detection neans 2 di sposed in the processing apparatus,
t eachi ng i Yagdaek ehamper Bandalkel the presessigg chambersRdthro - 1.

Ther ef or e, tuat j onss.l.n .ac rﬂc?é h Ly take, pl.ace.fyrom rator
to operat pﬁdaﬁd ité%@ﬁ%ﬁést%p@gs! Srﬁ%ﬂg I%}ngﬁ%nﬁ&t’céfﬁn%glﬁ 0‘#9%] .
the teachi pf tROHBHIMN detddtil AnbARd 2 WishbQA in RREFrobGeill PpaRAGE | N
t he nunber of constituent parts, an attenpt can be nmade to reduce the

cost. [0036ddchigitki miade of thatransfee actianhohtheofrangfer wokoisk.erTherefoon s
Is perforngd by using the detectjon.negns 2, there are cases in which
t eachi ng F?uﬁ'&%}%ﬁéniwwﬁw&iﬁh@kﬁrﬁ%% FgoRefatasdooreratop sttt 3
t . are u V. ra. SR Js e
2P0 whet Romes AU % SRR o fLkiyJeBRECine Cenl i Tilasion, THHE
when initi ablditiong withdwintwrriigy a0 inddasd id tie atmbet bf corptivhiedtparts,

transfer robot 1, the soundness of the transfer robot 1 can al so be
j udged. [o8BFEttempicandimpadadmredicedhpeertessi ng apparatus, an

arrangenen been,made,.f.hat | oad _J ock ghanb nd_the transfer
chanbers Cim?%jough 6’3 %‘f‘i}{“‘ali’nsﬁ&céd‘%ﬁﬂ&ﬂ&%g g |tﬁ%at59n§tgr o‘écé}gé‘gsm
around thepbHBRREE by%ﬁf%jﬂ{e ditectitel BLRAED, THerd Ardéasls ROWHILH R alRing
performthe teaching of the transfer robot 1 relative to the other

| oad | ock thpassihle n aach ofthetpraceskiorg chaantizes €1Ghrohglo (§HtheB atrawrdbron

t he design val ues thergof by using the_,¢oordinates at the posjtiqn
whi ch servé‘%c‘asmt%@%?f'@ien prehezmore, i fudemenije ’Jla&ha? tﬁé‘@mﬁé‘iﬂ ed

teaching i¢g V. I (o) t.ne. T
chanbers CFh (?%rpoﬁgﬁsgéflgggwggggﬁeb%ge agg{\?g.gﬁxlg%or [ nlgﬁf’%)ﬁ%ﬁéégﬁon 8
arrangenenperfoiaed eittihe @hrtifeupufabghelnifer 1ébatal) the SRadabsdof the

qui ckly to the advantage of sinplification of the teaching work.
Furt her, wheamsfer robat 1 can also be judged.

C [0037] In the above'mentioned processing apparatus, an arrangement
has been made that load lock chamber B and the transfer chambers C1
through C38 are disposed while deviating by 90 degrees arcund the transfer
chamber A. Therefore, it is also possible to perform the teaching of the
transfer robot 1 relative to the other load lock chamber B and the transfer
chambera C1 through C3 based on the design values thereof by using the
coordinates at the position which serves as the origin of the transfer robot 1
that hae received teaching in any one of the load lock chamber B and the
tranefer chambers C1 through C3, as described above. According to this
arrangement, the center of the through hole 16 can be searchad quieckly to

the advantage of simplification of the teaching work. Further, when
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teaching is perfornmed by assenbling the transfer robot 1 to another
apparatus having simlar construction, the teaching of the transfer
robot 1 may alternatively be perfornmed by using the above-nenti oned
coordinates. [0038] In the above-nentioned enbodi nent, a description
was nmade of an exanple in which a detection neans is attached to an
ordi nary processing apparatus. However, wthout being limted

th to, t hi t hod,of this,,i ti b lied if, th
bosi tion ofSACHIE NGReTRTImed 37, ARaRinE dhs' BRANGE FOPLDohciond Bt T he
osition o i . i - i ] he

Poachi ng oRePEAthS BividiCoifiilal Chh ARG, the THAIEE of tHe RIS BAG: 1

substrat e mdysaléatrpativeélyhdperfdimedrianeding tholpdveimantotdibioordinafdsace
of the robot arm 11 and the robot hand 12, or in_additjon thereto,

through hol®88kmy Ha ther shayermentioned, ambodiment »desraintioaswaamaste of
formed on th i pher al .partion.of.the substrat t her eby  rmk

t hem ser ve®Bs SRR SAr PO g pratinn eATo it AHPRRCd s WleLL; RIS
was made o r&asﬁﬁggagsamuw HoRBfer! MrANEH: hl%liﬁ% 16miesa Tedler®d, i ghet he

base end portion hd 1n which this through hole 16 was detected to
per f or m t etadehimg ofethddof tham fiventiantdanrte. agpliedsf the pesitionof théaidexhe
i ndex part may, be forned in_ a pléjralit . of pieces., In off)her Wordél, in
case the rBBUt isapppzopriately ghapged deppRaiagam flw pogition: olomoppiing sthe

t positign i t .09 i C : r 4ss
det-€cti on ﬁg%eﬁgmé ’?‘rséggg'Fl r%e?’ ﬁl\ ﬁe&%ﬁ%ﬁéﬂgé@x& Q‘ggc?éﬁoé)c?g ?ﬁe t esfed:n
val ues andabfignd, iikama¥ Hehbo RERGREA | that AR udbtiate Sl sappdried bivhghe
finger portion 14 which crosses the detection neans 2 has forned

therein a tfanefaraobetad apddhat, in place ofithevrolohmamghl aed she robet hendil2dex
t) 17 which is.l i i t th he, | , i t f

Do et et B Adis Wkt LT Bk N NS bARE In PBEPHEE ord

reference pogiHek Qﬁh;gﬁe AGEd J}Pﬁleaﬁam rht SRRl ofithe BRHSAr G {o%h er

sai d anot her 1 ndex 'part 17 Is detect ede or  not when the robot arm 11

i s rotat ed mdKeOhem/berre tabéndeddmirtiand 12 has been renoved for
mali ntenanczoor has_ been rels)l aced, the robot hand 12 will sonet]nes
be devi at edP®®las thn phisj sabadimgnt, & deptripiaamias made of an pEifeplerin

eviaer SV ‘ . T cl= ] |
nccornd Wb RN RLCTE YA PR TR e, oo SRR 0 o i,
the i ncli ngHigw tkiRRhBOAOhS18 ABOFadAetetha fo pRRfor Bl teachin@nef thaRrdxfer

taught, whereby a high-accuracy teaching becones possible. On the
ot her handactiben tlhés tokd netaditbat Bfe index pettomayihadosreed in & plyrabityeof

t he.coordi nate val ue,at whi.ch the t.hro hol.e .17 as id anothe
o por t PReESHor WL QHET WCSS U cate PP TARGE eORgR CHEIREP HARRREDY, s
a conpar at i I f &ﬂg&l j %h@n I € dp@ds 1 O
t he teachi h\ést%%eﬁgg%@dfﬁ?e at gagtt%h\/\% 1(;: o%ar? %getﬁﬁgo%g h‘fg)lr ers 817
are det ect ¢He A¢tédtidndmicant i2o@eadtils 4. i fn ehthianembe, bhséd ohths design
possible to correct the_ inclination of the robot hand 12 by .conpari ng

this coordivalites gad Jhealike ©ofidhe RFeerssing appaxadus,| o 194t ofhhe finger

h bot. h , 2 | id i t h ; o fi I.:
Chor are bEption 2SR brosBl Mo Efodtdi B Re baR form AOMHer A K0 !
be el ongat gd sbeh R pthn {1, emgpy@fdla {lehofRer adek Parpd wiidhiptdrgbhin

finger portions are respective detected by the detection neans 2,
t o t her eby dismecterythnimetlzebuser beamedismeten oftthe rdetestitn, mehes 2 h&heobot

o e 4 LR R cBRt R e bto D S B BT
the siona ghehBfy ACheMh! ANdBRRthe did lanBthe WhERFAx{ 19T Goboctal 61

and will t € SW er a lapse o pr edet er m ned

time. \Wen dolbevHemni@rrobot dxrn@n1 idrdthedd.| i es on the rear side of the
turning direction subsequently crosses the detection neans 2, the
[0040] When the robot band 12 has been removed for maintenance or
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part. [0042]1In the above-nentioned enbodi nent a description has been
made of an exanple in which the robot arm 11 is tel escopically
noveabl e and/or is capable of turning by appropriately controlling
the rotation angle and rotation direction of those rotary shafts 10a,
10b of the nmotors which are disposed in a coaxial relationship with
each other. This invention can however be applicable to other

articul at efiak $80R Sopthbed Y60 rodtdiEd 13 will SplaBhRles HAMLVEARARE ATRY B

horizontally in a rection perpendi cu rection o

t el escopi cimtisedenfroml tHee caited hiagd, L1.eacliimgeviry h@oflide ¥ the
formng two index parts at an equal distance fromeach other on both
si des of t BBOYS mensioned darangementhif taachinghie: pexformeed bytdpecidpngetheof

oLt o0 b B P BT B 00 SSha s b S gk

processi ng ¢tk aphEs Rgo SGhhdibh® Ny Of: e ral s
and Char act er s] [(%E%Ctiflﬁo%hg{]bgrsﬁ?&l rbﬁ%ﬂﬁﬁjﬁ‘éﬁdﬂf‘%‘?ﬁ%‘?‘élﬁr@ougﬂﬁ 1oge

(i ndex par bpcomes possible. On the other hand, when the inclination of the robot
hand 12 is corrected, the coordinate value at which the through hole 17 as
sald another index part is detected, is stored in the control means in

6 advance as a comparative value. After completion of the maintenance and
prior to the teaching, the coordinate data at which both the through holes 17
are detected by the detection means 2 is obtained. If is thus possible to
correct the inclination of the rcbot hand 12 by comparing this coordinate
value and the compariason value,

[0041] Further, in case the robot hand 12 is provided with a pair of
finger portions 14 that are bifurcated into a fork from the base end portion
13 so as to be elongated forward, the robot arm 11 may be turned, and both
the finger portions are respectively detected by the detection means 2, to
thereby apecify the center line L2, In other words, when the robot arm 11

C is turned, the finger portion 14 that lies on the front side of the turning
direction crosses the detection means 2. At this time the signal of the
detection means 2 will be switched from OFF to ON and will then be
switched to OFF after a lapse of a predetermined time. When the finger
portion 14 that lies on the rear side of the turning direction subsequently
crosses the detection means 2, the signal of the detection means 2 will be
ewitched again from OFF to ON and Awill then be switched to OFF after a
lapse of a predetermined time. Based on the switching of these signals, the
center line L2 of the robot hand 12 can be specified. According to the above
arrangement, teaching can be made of transfer action by specifying the

refersnce position. In this case, the finger portion 14 constitutes the index
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2det ection nmeans 2a, 2b detection position Ssubstrate A load | ock
chanber Btransfer chanber Cprocessing chanber Cssubstrate stage WHAT
| S CLAI MED | S:

part.
[0042] In the above-mentioned embodiment a description has been
made of an example in which the robot axm 11 is telescopically moveable
and/or is capable of turning by appropriately controlling the rotation angle
and rotation direction of those rotary shafts 10a, 10b of the motors which
are disposed in a coaxial relationship with each other. This invention can
however be applicable to other articulated robots. In such a case, if the
robot hand can be moved horizontally in a direction perpendicular to the
O direction of telescopic movement of the robot hand, teaching may be made
by forming two index parts at an equal distance from each other on both
sides of the line orthogonal to the line that connects the center of rotation of
the driving source to be disposed in the transfer chamber A and the center
Ca of the substrate stage Cs in each of the processing chambers C1 through
Ca.
[Description of Reference Numerals and Characters]
[0043]
11  robot arm
12 robot hand
| 16,17 through hole (index part)
C 2 detection means
2a,2b  detection position
S substrate
A load lock chamber
B  transfer chamber
C  processing chambey

Cs  substrate stage
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1. Ateaching nethod for a transfer robot, in which teaching to the
transfer robot is made of transfer actions of the transfer robot
adapted to performturning and tel escopic actions on a sanme plane in
a state of supporting a to-be-processed substrate which is processed
anong a plurality of processing chanbers, the nmethod conpri sing:
detecting at |east one index part provided, in advance on an

operating t .er robot, the detection being nade, while
subj ect i ng%ﬁ@qﬂfsa{a};gwg it to transfer actions, by using at |east

one detection HRanSeAURREIRANSE (% LiAnefRk Folo twhtthXehling 2 (e ! M@

of transferring the substrate anong the processing chanbersS; and

t eachi ng, tramfdrhiobotdistreadd efitransies baivmiof the tiandfor vobsti adaptedicer ence

posi tion which serves as an origin of at |east gne of the turning
acti on andPerfermdneaiagsnd tglespenic actionson grameddang inye siatn of

according t laim 1, wherein, .in,case the,detection, neans i s _an.

opt 1 cal | SeRUBRoraing B BirRa e SRRRRE PHTcRIR pFFireS0Y FRRRE pgfuiiey
per pendi culppprdelediRe cPABBEDs, Eﬁ]@mbﬂﬂﬂ%oﬂ?ﬂﬁsih?: constituted by at |east
one through hole formed Iin the operating part. 3. The teaching
met hod accor di defetting lahileas® onetiadex parthpravidedsireadvanizetoni an apexmtiped

to be nmoved for,scanni ng around_t he through, hol e. 4. The teaching
met hod acc & ﬂ%‘s‘h"otwgeén'é’%% thedatection Eﬁwgw@?: Whilecgubjectingothe; o

thESLeachi Bghiber! MBob'thYrlinest AcARRL by uslhllf ¥ 1080! e UbreHRLR FhésheY

det ecti on neans, a deviatron I Iréction o
t el escopi ¢ dispobes®as td@etett theEhbatiait® At b 316 of eeirdthrrial thh @ubstiRieof
havi ng assenbl ed_the operating part of the transfer robot, based on a
pr edet er ni AEEPNEIHE Procegping chambgraipnd t eachi ng met hod according to

f claj 1t .4, in th trate i ted b
o 2t or kiR B s e OROR) Bkl B HBS BhPe e B IR G
addi ti on t @okigRinWPRIcA!dePEbaPY hn okfin bPUE TediBlohe!of the Pk hetiBf and

substrate.
the telescopic action.

2, The teaching method according to claim 1, wherein, in case the
detection means i3 an optical sensor disposed so as to project light in a
direction perpendicular to the plane, the index part is constituted by at least
C one through hole formed in the operating part.

3. The teaching method according to claim 2, wherein the transfer

robot 18 arranged to be moved for scanning around the through hole.

4. The teaching method according to any one of claims 1 through 3,
wherein, prior to the teaching of the origin, at least two index parts are
detected by the detection means, and a deviation in the direction of the
telescopic action ox the turning action is corrected, at the time of having
assembled the operating part of the transfer robot, based on a

predetermined comparison value,

16



6. The teaching method according to any one of claims 1 through 4,
wherein the substrate is supported by the transfer robot and wherein, in
place of the operating part or in addition to the operating part, the index

part is formed in the substrate.
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