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[0003] In this kind of apparatus, it is known that the state for the

transfex robot to wait for a substrate to finish processing operation (so-called

processing rate controlling) and the state for the transfer robot to wait for

the substrate to be traneferred out of the processing chamber (so-called
transfer rate controlling) have effects on the processing capacity

(throughput) of the processing apparatus, If the arrangement of the

Processing apparatus becomes complicated, the above-mentioned processing

rate controlling and the transfer rate controlling will occur at a plurelity of

places. When the gubstrate is continuously processed, the total sum of the

transfer time and the processing time, when due attention is paid to each of

the substrates, are said to be the maximum processing capacity of the

processing apparatus,
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[0004] In order to inprove the processing capacity of the processing apparatus,
like in the processing apparatus as shown in FIG 1, it is known to use a
transfer robot having two robot hands for supporting the substrates (see,
e.g., patent docunent 1). By using two robot hands, the transfer rate
controlling can be mnimzed. [0005]In this kind of processing apparatus, the
transfer robot perforns a single action in accordance with a single comand
s ons S HeBObER™ 108k GPIGTL thd oSl PEA ofcle fARGLemLDS! 121 T ha
is present in one processing chanber 1I's tran fe er processing
chanber, the tpmesfues likohothe psedsding pppémtuaaqﬂowmahlmﬁ a)fxt&ﬁ:kﬁams in

accor dance with the co nds such as " " "place" and the like,
Whenever eacht O&SEtWa%{P?TliB’ES’th V‘P%Ew? k%’?dﬂrfgbﬂpﬂ%m‘g Hhestbatratedmuni cat i on
used to be Medg, bel Rt dRulba 9 ¢y AR ndf¥inbl FadiRStnaotmRTat, Ther ef ore,

in the conventio of contr ol I ing a tran e nunber of
conmmuni cat i oncopétoliregncanie mivdméfedr r obot and t he host corrput er is large and

the transfer bec r the tine that is reqwredfor t he

communi cat i onltoogﬁer ef g?"@* %H@r‘gl\{%és%nﬁﬁmrém% ﬂ“"c HapsleheobohPFIRBUL i s

| ower ed Pri ument 1:

R 007, 291%%6’%%’?%%%?3%%@;%% o FRgH B daa Q%m&ﬁﬁfﬁgﬂfﬂo be Sol ved by

t he I nventi onjost computer. In other words, in case a substrate that is present in one

3 proceaging chamber is transferred to another processing chamber, the
transfer robot used to perform a plurality of actions in accordance with the
commands such as “pick,” “go to,” “place” and the like, Whenever each of
the actions of the tranafer robot is finished, communication used to be made
between the transfer robot and the host computer. Therefore, in the
conventional method of controlling a transfer robot, the number of
communication between the transfer robot and the host computer is large
and the transfer time becomes longer by the time that is required for the
communication. Therefore, there was a problem in that the throughput is
lowered.

{Prior Art Document]

[Patent Document]

(0006]  Patent Document 1: JP-A-2007-291530 (FIG. 8)

[Summary of the Invention]

[Problems to be Solved by the Invention]

100071 In view of the above-mentioned points, this invention has a
problem of providing a method of controlling a transfar robot in which the
communication time of a tranafer robot can be reduced and in which the
transfer time of the saubstrate can be shortened.

[Means for Solving the Problems]

[o008] In ordex to solve the above problems, this invention ia a method
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ﬁ0007]ln vi ew of the above-nentioned points, this invention has a probl em of
Froviding a nethod of controlling a transfer robot in which the conmunication

ime of a transfer robot can be reduced and in which the transfer tinme of the
Eubstrate can be shortened. [Means for Solving the Problens] Naos]In order to
sol ve the above problens, this invention is a method of controlling a
transfer robot which is turned and tel escopically noved on a sanme plane in a
state in whi chf @nSelsly Rtrantr BHoPWISASS etkrleA AnAitBREBIcallfbiive@dnk0 as a
to-be-processed substrate) is supported. by a robot hand so as to transfer the
Eubst rate anoeimepinghneistatedh whidce sehatpte trabdprocesdpd feseidafter a t ur ni ng

irection of ¢ transfer robot. The et . conpris er.f or m by a single
onmand a serfeggrrgﬁs @%%%?éq_lée B?Oc??'?ggls}ﬂgﬁgﬁ‘qgﬁsFng‘frt%{fgyaEf?h?gE‘B?Eg‘? 3%51‘ erring
the substrat etfr@B&BE thebubBRa R REGESA PhrSIE I BFockEbife BAMSrE HthhRA POsition in
anot her processing chanber. (00091According to this 1nvention, a series of

actions of thinaftumetgdirecsioptof ghe transfer yabobf Rheamethod comgrisdse substrate that
is present in_one processi.ng chamber, to .a predeterpj,ned sition . n anot her
br obessi ng chRTBEAILEEY 3ads FRRmABH asfriss B ShPens Y MG Eralieranhe it by a

si ngl e conmangimeldf@Feiafirfing 86e SEHERALE Prodbii indhe PFEEERLIRE cRaWhécld of he series of
actions of the transfer robot are controlled by a plurality of comrands, the

conmmuni cat i onPTedaterafingdpositioyiafanothesipsecegsing bbambeficed. As a result, the tine

of transferri es t . Qr ed. [ ab the transfer
robot has twomri}) 8%& h%ﬂ?%gﬁ%}gﬁg%@%akgﬁn Q%?E%é%@f%?ﬁé@ %@%Sﬁ?@g@{r om each ot her
in the turni ngbdt aetHe tde of trhigfeidantHeabsRbR that Heirese@fin Bes per f ormed by the
above. nentioned single conmand a swappi ng action in which, after taking out

t he substr at i jpm¢ ¥€ans of one o
h b ePipeeadii chamhep o 3 grefleberanippdpeyEomip eprthepToBsASIng f f
the two robot 4hamnds., j HPI?;‘ t hat was taken
out is handed over gggpﬁtf&%ﬁ]d:{}&obggtﬁg;@% ofrf(%‘gf)ﬁfntaﬂg?] S Oﬁgfn %eedet erm ned
position in té&enmand dlie:rpihesassomgagidanilan example in which the series of

actions of the transfer robot are controlled by a plurality of commands, the
communication time of the transfer robot can be reduced. As a result, the
time of transferring the substrate can be shortened.

[0010] Preferably, the transfer robot has two robot hands disposed at a
predetermined distance from each other in the turning direction of the
transfer robot. There can be performed by the above-mentioned single
command a swapping action in which, after taking out the substrate present
in the said one processing chamber by means of one of the two robot hands,
a substrate different from the subastrate that wae taken out is handed over
by the other of the two robot hands to a predetermined position in the said
ohe processing chaxmber,

[0011] In this invention, preferably, the transfer robot is controlled such
that the telescopic action and the turning action of the transfer robot are
locally eynthesized before and after & switching point at which the telescopic
action and the turning action of the transfer robot are switched to each other.

According to this arrangement, it becomes unnecessary to atop the transfer
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[0011]In this invention, preferably, the transfer robot is controlled such
that the tel escopic action and the turning action of the transfer robot are

| ocal |y synthesized before and after a switching point at which the tel escopic
action and the turning action of the transfer robot are switched to each
other. According to this arrangenent, it becones unnecessary to stop the
transfer robot at the switching point. Therefore, as conpared with the case

in which the telanat elie svilbdiing poiat.OPMRGefate, hbBorBpired WifldtHdQaRd in t he time can be
shortened for the transfer robot to get accel erated and decelerated. In

conbi nat i on wibich the transfaripbet ip gtopped abdhewitshingprant, therimefcanbrmuni cat i on by

the transfer t i sferri t he strate, can further be
short ened. [OBQ%F%nﬁdtfﬁf%hteitg&\;neefrt;%rgh{;ﬂérgfgf%%Cﬁgg?%egtaﬁgl%ﬁég’@ﬁﬁde iP absence of a
substrate on témbinetioh withntheirsdaiiondh ele AbbvengemicRAitRse f actions of the
transfer robot and, based on the results of the detection, operation is made
of parts di sp6¥BRUpicakion by she transfar sehgb th simg for tramgferving thnethetmatang t he
substrate pregank. i %@isﬂaﬁﬁlﬁ’ef‘c t he processing chanbers to said anot her
processi ng chanber. According to this arrangenent, even at the tine of

transferring {00a2kubsin ahie ibwationSpRleasbip! the brefRacobr tens FGESsi ng chanbers
to anot her pro&geassi ng chanper., the substrate can be transferred safely and
surely. [00137%sttateon tharobpphrndiscdetested during a perien of gstiont ofithe f ol | owi ng rmay
be included, j J i i Y} I tes the.processi ng chanber
froma t ransfjgraﬁ(s:fﬁ]é glrt aﬁé\’aﬁ\/ﬁ%‘?&;ﬂx?ﬁ%ﬁtﬂ%é\g@% rg{)cgtogi %Peai“té ?éﬂ‘?&a lift pin
whi ch is novedf pgrtadidpaodin wiemstr pabsige ahet ik vsbditedngeainbdisneen t he
transfer robot ,and a substrate stagi,e di sposed i.n the processing chanber; and a

shiel d whi ch PUPHREIGPTFERIESREhoRRATI™he Rrochising ehasalarnee exdapeiber | n case the
above- Ment i ONghosAARMINAMIAL! | AdoldinP 6 (84 SRdnfimaynsLAG & SO DY Cl 0sing

the isolation valve after having handed over strate to one of the
processi ng chémbelewing the substretesihayisgiretdre is vhe vf Gierbcsting cEahbe@ne
processing chabeh, St RSsitk Hhier, b L 2es Sl B o netBrel otely g "9S] [0024]
surely.
[0013] As the above-mentioned parts, at least one of the following may
be included, i.e.: an isolation valve which separates the processing chamber
from a transfor chamber in which the transfer robot is disposed; a lift pin
which is moved up and down when a substrate is handed over between the
transfer robot and a substrate stage disposed in the processing chamber;
and a shield which forms a protection wall in the processing chamber. In
case the above-mentioned swapping action is performed by a single
command, by closing the isolation valve after having handed over the
substrate to one of the processing chambers, the processing of the substrate
in the said one processing chamber can be started.
[Brief Deacription of the Drawings]
[0014]
FIGS. 1(A) and 1(B) are plan view and sectional view, respectively,

schematically showing a processing apparatus which is provided with a



FIGS. 1(A) and 1(B) are plan view and sectional view, respectively,
schematically showi ng a processing apparatus which is provided with a
transfer robot. FIGS, 2(A) through 2(3) are plan views showi ng a series of
actions to be performed by a single conmand according to this enbodi nent.

FIG 3 is a table show ng the actions of the transfer robot 1 shown in FIGS.
2(A) through 2(J) for each of the steps. FIG 4 is atimng chart when an
i sol ation val yﬁngﬁr%]&ged subject to the conpletion of a series of actions.
FIG 6 is atimng chart when the isolation valve is closed wi thout waiting
for the conpl eti oRIGH, 24Akthrowesh 2(0) aetilansiews showin@ a Gries ofladtighisng chart when
the isolation, val ve i(% cl os.eéewi t hout, waiting for the conpletion of a series

of actions. be pegfezme hyh singlecampmang 60N i ISP TBRESRPRE. whi ch the transfer
0L 1 b SHLP S Rsbli e b e dansa Ty oo oct o0 o
| nventi on] FIGS. 2(A) through 2(J) for each of the steps.

FIG. 4 is a timing chart when an isolation valve is cloged subject to the
completion of a series of actions,

FIG. 5 is a timing chart when the isolation valve is closed without
waiting for the completion of a series of actions.

FI1G. 6 ia a timing chart when the isolation valve is closed without
whaiting for the completion of a series of actions.

FIG. 7 is a plan view to explain a case in which the transfer robot 1 is
controlled so that the telescopic action and the turning action of a robot
hand 12 are locally synthesized. '

[Emboediments for Carrying Qut the Invention]

[0015) A description will now be made of an embodiment in which this
invention is applied to the processing apparatus as shown in FIG. 1. In the
transfer chamber T of the processing apparatus, there is disposed the
transfer robot 1 having a known construction. Also disposed in the transfer
chamber T are detection means 2 which perform detecting actions of a
substrate S in the neighborhood of connecting points between the the
transfer chamber T and each of load lock chambers A, B and the processing
chambers C through F. The transfer chamber T and the load lock
chambers A, B and each of the processing chambers C through F are
partitioned or isolated by respective gate valves (isolation valves) 3. The
isolation valves 3 are to prevent the gas and the pressure inside each of the
processing chambers C through F from leaking into the transfer chamber T.
[0016] The load lock chambers A, B and each of the processing

chambers C through F are each provided with a substrate stage Cs which

(=}
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[ 0015] A description will now be made of an enbodi nment in which this invention
is applied to the processing apparatus as shown in FIG 1. In the transfer
chanber T of the processing apparatus, there is disposed the transfer robot 1
havi ng a known construction. Al so disposed in the transfer chanber T are
detection neans 2 which performdetecting actions of a substrate S in the

nei ghbor hood of connecting points between the the transfer chanber T and each

of load |ock ngmmﬁcéim% @@Ahoindh seﬁﬁie@ab&hmr Eeehbbfreugh F. The
transfer chanmber T and the |oad | ock chanmbers A, B and each of the processing

chambers C t hproagssing chaghsas Cithrongbd” @mrbﬂdﬁémrbyemmd’vlﬁhe gate val ves

| at | ti | 3 nt.th d th
bt oasar e i ne; SSEeRe I aabel BRSSP vty o PhE SRt PN ok g 1t o
the transfer ﬁmmqnn&im{&%%m@iohw@hhﬁe}spﬁt@@ﬂ&ﬁpﬁvexﬁsm@l each of the

processi ng chanbers C throu%@ F are each provided with a substrate stage Cs
whi ch performcﬁe@bmodgcta shesttinggdbeued tothe well sutfseasaf $hes. Each of the

(not 111 Ut r abRa-ie S rE the bhasBag st B saithe b FEE BRE et a T has the
function of aan@ehelsdihndlMERidQRefl FatedtibiNeliLY BotSedchof figAct i on
byproducts fromgetting adhered to the wall surfaces of the processing

chanber, or tProceasing ¢hamhsrs Grtbmhll?@t@ Hee @onsfer ¢hambesTas i addisies. t he | i ght

and el ectromagﬂ? g fr i ng chanbers C
through: F into #ﬁ e%qgo\ég 3? (C:l‘ne %ﬁ&gmlsn adkgﬁtfg}ggg‘?te\;gfgpgoﬁggsggsors and drive
mechani sms Whaggnrefiashich db €hd ianfEPeRs6 I NHhe AP pREiGH Mo atib CNtiRSadlA8ol r ansf er
robot 1, the detection neans 2, the isolation valve 3, and the |ike are

connected to ¥elNeStandihelikerars connectaddppdions campnten Aithel pesformdhent i r e
processi ng appak ﬂ:#]}ifthe[e%ﬁz I&Sss?ﬂ%h rﬁ{xﬁd type of transfer robot 1. which is

represented by a og legt IS provided with a plurality of robot

arms 11 as opk0ar] ng ﬂ‘aetamcmflmédnppmﬂrﬁbfa&oﬁoﬂ Vehinkdasegresetitéd/ By each of the

robot arns 11 in manner o be cagabl e_of turni rlg extending and contracting
50

(thel escopi cal fflo e g zo ah’d reapded withra piysalify of sobek armpp Liae ) As
FIG, t t 10
shown in ; gem%gglftg‘_l%eds@g{og%%ﬂgﬁm;gnmaﬁg% d:%@ﬂes% o8 rpbt the notors

are coaxi al | y I Spo afts 10a ave connected thereto the
robot arm ha hmsalhhrmmanmertmbamaab]emlftmnir@rexmndnwnhddmtmatmgy shafts 10c,
10d have conn&ctedth etot b|na 1ler to forma |link

]
mechani sm At \teigEcopicaHy maygeb R@%%a {o) 0%11“!%11’@&1 Q“B‘there are di sposed

robot hands 1fpggfl2b m%a@&ﬁw@k qhta%ymﬁefcg 1641e 08U i 6d 6 sachdea manner to
be nounted thereon. r obot ands 2a, 12b are di sposed so as to have

a distance f rthelmemhs Iy hmrcomaﬂbldlamami nd‘hﬂlrow sbafts Bja, d0bdame el y control ling
TR IR RITREE TSR IR 1 ()
this robot haggy a&amtéﬂ%aﬁbqbc, halthete BorliRERRBR eIt ARCRBLCamRG1LAPAD] e of

manner to form a link mechanism. At the front endas of these robot arms

11a, 11b there are disposed robot hands 12a, 12h respectively which support

the substrate S in a manner to be mounted thereon.

[0019] The robot hands 12a, 12b are disposed so as to have a distance

from each other in the turning direction. By adequately controlling the

rotating angles and the rotating directions of the rotary shafta 10a, 10b, the

robot hand 12a becomes telescopic and capable of turning. Independent of

this robot hand 12a, the robot hand 12b becomes telescopic and capable of
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turning by appropriately controlling the rotation angles and the directions of
rotation of the rotary shafts 10c, 10d. Further, the robot hands 12a, 12b are
noveabl e up and down by the control of notors (not illustrated). [0020]In
this enbodi nent, by neans of the transfer robot 1, the substrate S charged
into, e.g., the load |lock chanber Ais transferred to the processi ng chanber
C, and the substrate S subjected to processing in the processing chanber Cis

transferred t I L:(3| and.the substrate.,S subjected to
processing i nﬁ}th@%p%a&x@?ﬁ%ﬂ%@ﬁ%ﬁ{ i gr@%g nraggfég ﬁga%t"%d’fﬁczl"f‘%ad | ock
chanber A Siefirbtution, of therdalysshadisa 06 mdar Basthen the fdmot headk 1nchoghanber B is
returned to the | oad ] ock chanber B after having been sequentially subjected

to processi ng@iermevsablsrucandian bntherontol efotoreinot dhwstwited). chamber F,
tivel 1] As j d . g., tical
Cenbor havi g Ot At s BEbERLAR MRARE o DO BReRE FugF T e 8 ¢ her

sensor, and téubstriakeS chargad witsLak., siesad lelicha@benA EiPasadsRe@i@dd the like. In
this enbodi nent, a, derfilgri ption w |l be made of an_exanple in which a
transl ucent |BROEsesRgreambarFeandthysubsirate? swhiegtad topropassinednghphot o det ect or

22 are used aﬁ.oggggin%[%gg@%ﬁﬁ &§m§9fer%'dmh€$%g¥s%iﬁﬁla E}}S 9% rggx ﬁﬁl so be used as

the optical sensor. escription w NOW na T hod of

control |ing tdubstratenS belrjectod 6d piocesbhes inahb piReafing HeawME Rl thegt hod of the

transfer robot 1 agcor di ng i‘}?‘kt gi s.invention |ies in that _a aeries of actions
laag gk s

of the transfEFREHAe they Prf!‘be’bﬁ‘r' aSigniteghe theotnbairate® charged i me of
transferring RetRIbidoel PRAARL! B ik BRfhelt0 BRORLA Sk NATREL, BYe, P edet erm ned
position (e.g., a substrate stage Cs% i'n anot her processing chanber.

[ 0023] Wt h r disimnbentseq R @Ry vt topromssing hi tlenpitdsbingaakdcrrade of an
exanple in %chdi{lseries.of act.i o of the ,transfer robot 1 are perforned by
a single co ARd kbe prpsessing.chsmber p%‘?SBF?t}Vﬁ.&'-fa substrate S2 present in the
processing claoPfr C Afud dERmShIAMCS tRA3IALL QBeOb & N optical sensor

having a known construction such as a laser sensor, an LED fiber sensor,
and the like, or a visual sensor such as a CCD camera and the like. In this
embodiment, a description will be made of an example in which a
translucent laser sensor made up of a laser projector 21 and a photo detector
22 are used as the detection sensor 2, An opague projector may also be
used as the optical sensor.

fooz22] A description will now be made of a method of controlling the
transfer robot 1. The feature of the control method of the transfer robot 1
according to this invention lies in that a series of actions of the transfer
robot are performed by a single command at the time of transferring a
substrate present in one processing chamber to a predetermined position
(e.g., a substrate stage Cs) in another processing chamber.

[0028] With reference to FIGS. 2 and 8, a description will now be made
of an example in which a series of actions of the transfor robot 1 are _
petformed by a single command at the time of transferring a substrate S2

present in the processing chamber C to a predetermined position of the
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proceSS| ng chanber E© FIG 3 is a table in which the actions of the transfer
robot 1 shown in FIGS. 2(A) through 2(3) are summarized for each of the st eps.
[0024) Here, the substrate Si shown in FIG 2 was transferred to the processing
chanber C earlier than the substrate 82 and, after having been subjected to

t he processr ng in. the processing chanber C, was transferred to the processr ng
chanber “Ef~The substrate 82 is the substrate that was transferred to the-
processing Chﬁﬂi@?gf n t and ub got ed to the
processing in the B%o%%gg}?gg}ecﬁlé% Jbecta%g?@ ‘mltc ésctmnso Elaf e that has

not been procedstt shevn (AFIGS.[Xaptacessed) Et&mimmhﬁ)emﬂeidlﬂ’}ftw going to be
transferred to the processing chanber C after the substrate 82 has been taken

out of the pr%ﬁ%si ng chanber C. In other words, processing is performed in

Lhe process! nBoRrbetiele e LIRLORARH o wh B FRY DS L pSeuretd8 iBHI°P| L2 S 02

and the substrate 83 and, ereafter e processing i Y thereon in

t he processi ngrocmmgerhaﬁtbeB}E dalperhgn the dovunyae SZQ&tdpﬁtﬁﬂfhv&{gwnl | lustrated
on the left si the center of rotation Cr_of the notor in FIG 2 shows the

of
downwar d v eFtDRtete to & PEIFRETIRR Hbhermantessing chambemBswas trapsfetred to
respectively h t whi ch the
robot hand 12%1&3%%%:%% tﬂ%]?hgygeu%lgjtsﬁalt%esééme shgst?at% tﬂhﬁvués]trat ed), a
single comranttahdﬂrhéngehe pmcdaemg&hambeﬂCfsmbmqmbﬁt takb sabatpate®1, 4 to the
transfer robot é 91;(3 q%ti; r robot, 1 tg%‘tﬂhas recel ved the command
"exchange' opttaragsiye REP§SHIAE in rogeidinechambepCas t o support by the
robot hand L2Suuias a3 £ e A ndade (LA phiEdsbBgaEOCESSI Ng [ the

processi ng chanber C. Then, the robot racted to take the
substrate S2 totte- mbcetshexipﬂmms@lamg thhamtmmg}o(tmttemdérred?ﬂdmal—bre it is to be

ted that th t f t | d th
ggnSentl gnal @8&%?’1&%nchﬁo ﬁt m%eﬂm %&,E cen faken out of the 'n the

processing chamber C. In other words, processing is performed in the

processing chamber C in the order of the substrate S1, the substrate S2, and
the substrate 83 and, thereafter, the processing is performed thereort in the
processing chamber E. By the way, a downward or upward arrow
illustrated on the left side of the center of rotation Cr of the motor in FIG. 2
shows the downward movement or the upward movement of the transfer
robot 1, respectively.

(0025] First, as shown in FIG. 2(A), in a state in which the robot hand
12b is extended to the substrate stage Cs (not illustrated), a single command
“exchange” is transmitted from the host conﬁputer 4 to the transfer robot 1.
The transfer robot 1 that has received the command “exchange” operates to
move upward the robot hand 12b so as to support by the robot hand 12b the
subltrate 52 that has finished the processing in the processing chamber C.
Then, the robot hand 12b is contracted to take the subatrate S2 out of the
pr_pcesemg chamber C (step 1).

[0%)26] Hers, it is to be noted that the action for the command “pick”

t}fat was employed in the conventional control has already been completed
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by the above-nentioned step 1, but that a series of actions of the transfer
robot 1 corresponding to the above-nentioned command "exchange" have not been
conpl eted yet. Therefore, at this point of tine, the transfer robot 1 will not
generate an action conpletion signal. (0027]1t nay be so arranged that the
above-nenti oned command "exchange" is transmtted fromthe host conputer 4 to
the transfer robot 1 in a state in which the front end of the robot hand 12b

is directed tgpahélabdve-MMEmSaishS CRATBRE (Ge?lid oPJ;c’%fbgia 3f theAdrac: ed state.

[0028] Next, in order to place the to-be-processed substrate Into the
processi ng chaehsérd carestvadinthtotthh ahevebBanfisned momethnddsxctmgs’ haveFl G 2(B) ,

such that the front end,of .t he bot. hand.12a .to support thereon the substrate
S3 points to Pﬂtegﬁ?flﬁeglé)&%ﬁ%y%‘na 8’?6%‘53’(%%@]53 pont qfﬁ‘@ggéi‘f’ granstex rabbwn in FI G
2(C), the robotwillant gddedatehdt adtHnTHRPR o Ggifle Substrate S3 is extended to

the substrate stai:;e of the processing chanber C, and the robot hand 12a is
| ower ed (st epl®RTT As 3t mes beso athegsdiimtithe eb8® mentimedtcesinpmd he substrat e

stage Cs in the procgssing c r Subsequent |y, as shown in FIG 2(D),
the robot hand xfg%nqeslsct(’iﬁg%gﬁ’ggg?%%é?ah%té-m{"gﬁi"gﬁ%éh? tﬁ”ﬁ"a’gm@?"ttlo t ake out

the substrat ejS stab@in WBEhithe 6SREEnPEHORETSHR %A 1288 H?Q&Sﬁﬁd@d%ﬂé‘”ber E, the
2(E), the fro

robot hand 12a is turned so that, as shown in FI G nt end of the

robot hand 12Broceging chamber Simpbelet inga téreradbbstad.e points to the processing
chanber E (st . [ QR30]. Subsequent | s, shown in FI 2(F)., the robot hand
12a is ext endggm@o thg&scgﬂgtoyg?goEpaéﬁgh@ﬁbefp’f"ﬁ%asﬁ ng’éait?légdwé’ &r E (step
6). Then, as phowsiigchabiBer 2( e rdbbEhimPPia R8s bifowi i Pt SRy hat the
substrate Si is supported by the robot hand 12a, and then the robot hand 12a

i s contract ed®§e8t8pt the fronterdmt fhe rabot hind 324 tnywperitthetehs thubstrate Si is
taken out of L{RuREOES ﬁﬁi’:‘l@@toctﬁl%rg%ggesghg chamber C (step 2). Thereafter, aa

shown in FIG. 2(C), the robot hand 12a that is supporting the substrate S3
is extended to the substrate stage Cs of the processing chamber C, and the
robot hand 12a is lowered (step 3). As a result, the substrate 88 is
mounted on the substrate stage Cs in the processing chamber C.

- Subsequently, as shown in FIG. 2(D), the robot hand 12a is contracted (step
4.
[0029] Then, in order to take out the substrate S1 that has finished
processing in the processing chamber E, the robot hand 12a is turned so
thét, a8 shown in FIG, 2(E), the front end of the robot hand 12a that is not
supporting the substrate points to the processing chamber E (step 5).
{0030} Subsequently, as shown in FIG. 2(F), the robot hand 12a is
extended to the substrate stage Cs of the processing chamber E (step 6),
Then, as shown in FIG. 2(G), the robot hand 12a is lifted so that the
substrate S1 is supported by the robot hand 12a, and then the robot hand
12a is contracted (step 7). According to this arrangement, the substrate S1
is taken out of the processing chamber E.

(00311 Thereafter, in order to place the substrate S2 into the processing
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[0031] Thereafter, in order to place the substrate S2 into the processing
chanber E, as shown in FIG 2(H), the robot hand 12b is turned so that the
Eront end of the robot hand 12b that is supporting the substrate 32 points to
he processing chanber E (step 8). [0032] Here, the action of the conmand "go
to" that is used in the conventional control has already been finished in the
above-nentioned step 8, but the series of actions of the transfer robot 1
correspondi ng - TQN y . een finished
Vet Ther ef or anétrhet MMy R EUGNAED SATHRAR neRaBRe Funb PUEHTHECT" e
action conpl efioohersd gfithb rytat hahQ(08BfHdtdn sugsrahgvie dubstHats S260intd tae r obot hand
12b is extended to the SlI-Ian rage( stg e Cs in the processing chanber E (step
9). Ther eaf t eF1® RISCSABRFhAmbeY & (stop ? the robot hand 12b is |owered (step

10), Accor di nengsg) th! #1688 (RBABIRDLE thb BomAldAAHEALS (fide ihlseq fiegfpl aced on the

substrate stage Cs in the processing cham a resu conpl eti on of
step 10, the sarviertion] cantroldis alfeatihbedn Ainished i theatbote-mentieagbatdpng to t he

above- nenti on col nd "exchange" will pe finished. Therefore, the transfer
robot 1 will 8&{&@?39%% QX@FPB‘?‘F @5%1"@%‘?@?1’%‘1%&#“&?@“9%@&#& ated action
conpl etion si gh@ls-thenttiRRSFnbdd bhhaREe Rk oP ﬁﬁiaﬁed f034) In this manner,
according to this enbodinent, a series of actions by the transfer robot 1 at
the time of tThesfeerthagradséraobuitl attthis82agdlis it goneseant theractine pr ocessi ng
chanber C to the .substrat tage Cs in the processing chanber E can be

per f or med by &"%P%ﬁ?%“@&ﬂﬁéﬁid of "exchange." Wien the series of actions of the

transfer robofoodsFor r ehpRNY IMdwhan HIGS 200 THERD .t RXEDINIR oxiiedREeN conpl et ed,
the action conpletion signal is transmtted fromthe transfer robot 1 to the

host conput er the subkigatef sage Cain dermraseseingichhimbbeEdetsp 9).n Teredftarhese series of

actions are perfor | ural.it co nd t he..nunber . of comuni cati ons
bet ween the t 0&&%(?;?6@»%%33%1}%1%@ °3F$B‘?£%’ep4f@angg°é’r¢’é’éﬁeed, and the
L ime of comugliis atra@ge Ot iVER s UbREatd SPGAIEbe PRIEA o tRNSLHshR OBk CQMPUt er 4 can
e

in the processing chamber E. As a result of completion of step 10, the
series of actions of the tranefer robot 1 corresponding to the
above-mentioned command “exchange” will be finished. Therefore, the
transfer robot 1 will generate an action completion signal and the generated
action completion signal is transmitted to the host computer 4.

[0034] In this manner, according to this embodiment, a series of actions

e

by the transfer robot 1 at the time of transferring the substrate S2 that ia
present in the processing chamber C to the substrate stage Cs in the
processing chamber E can be performed by a single command of “exchange.”
When the series of actions of the transfer robot 1 coxresponding to thia
command “exchange” have been completed, the action completion signal is
transmitted from the transfer robot 1 to the host computer 4. Therefore, as
compazred with the case in which these series of actions are pexformed by a
plurality of commands, the number of communications between the transfer
robot 1 and the host computer 4 can be reduced, and the time of

communication between the transfer robot 1 and the host computer 4 can be

10
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| argely reduced. The throughput of the processing apparatus can thus be

i mproved. 100351The above-nentioned series of actions include the swapping
ction in the processing chanber C, i.e., the action of placing the

0- bedprocessed substrate S3 into the processi ng chanber C by neans of anot her
robot hand after having taken the substrate S2 by the robot hand 12b out of

t he processing chanber C. It is not always necessary to place the substrate S3
i nto the procésgelygedivadbeThCrhronglgtitef thwoprdesssing sperfanstagtidacdeseri es of
actions by the transfer robot 1 at the tine of transferring the substrate 82
that is pr eseHPWor‘fe‘i'he processing chanber Cto the substrate stage Cs in the

processi ng chagiael £ ThiGanaRPMEntiBAld Q0RO oPRARGE Sndtdlh B WRbBINEA! | 28d.

[ 00361As descri bed above, etween the transter er T and each
of the processitiap withaipescssddng bincanpdr & ief, théectiorodfadsingtleppar at us i s

partitioned b he respective isglation valves 3. Therefore, at _the tinme of
ext endi ng and¥‘l:'ﬁ?i?’?°§ﬁ€lsie§§“f?%§at?%gdf& @50%9%93%2‘5?? ’ré{‘l’%aéﬁpf)n val ves 3
must be openegnoiQer fdhet Hﬁﬁtﬁﬁft@ﬁl@&iné{&lﬁ% tiéﬁgisxe rﬁgg,%g%&% dihah@Pot hands

12a, 12b, the isolation valves 3 nust particular, even if a
t 0- be- pr ocesséeb substthepocessing dngdleried It mhwt hheayprecesaing Whanbers C

through F, th rocessipg.qn this tobeprocessed substrate cannot be started
unl ess the is@fégﬁ%(?ﬁa%ﬁ%g&%ﬂ?espwwgﬁc 3F’]%I' n?’PH eEB‘fW%%onal processi ng
appar at us, WhgReYekine 3kdladMeslof 8c@bs 13NRe WarshB bRA 2thBR i b Loe perforned by a
single ¢ommand is finished, the action conpletion signal used to be

transnitted ffonsferming thesbetrateoBthatds presemivstthe prgratsing clormberdC bost  conput er
used to generagte the action.conpletion signal. The ,host conputer,that has
recei ved or ggheesr@gﬁ‘a?e[%geag 'gﬁ’ec%ﬁﬁs@’lnigg amber, Itlﬁ&i’BE‘?? 08t esence or
absence of a stihss é4ilk BBtdrh@ize@bot hand by nmeans of the detection neans.
Based on the detection result, after having confirmed that the transfer has

been per f or metP03fbr maPeylesarthediabova the hordar between dhe rapefer Fhrmaber T

and each of the processing chambers C through F of the processing
apparatus is partitioned by the respective isolation valves 3. Therefore, at
the time of extending and contracting the robot hands 12a, 12b, the isolation
valves 3 must be opened. On the other hand, after having contracted the
robot hands 12a, 12b, the isolation valves 3 must be closed. In particular,
even if a to-be-processed substrate is transferred into the processing

) chambers C through F, the processing on this to'be proceased suiaatrate
cannot be started unless the isolation valve 3 ia closed.
[0037] In the conventional processing apparatus, whenever each of the
actions of the robot hand to be performed by a single command ig finished,
the action completion signal used to be transmitted from the transfer robot
to the host computer, or the host computer used to generate the action
cornpletion signal. The host computer that has received or generated the
action completion signal detects the presence or absence of a substrate on
the robot hand by means of the detection means. Based on the detection

result, after having confirmed that the transfer has been performed

11
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[0038] On the other hand, in this enbodiment, a series of actions of the
transfer robot 1 are perfornmed by a single command and, until the series of
actions are finished, the action conpletion signal will not be generat ed.
Therefore, when an isolation valve 3 is going to be closed in the sanme manner
as in. the conventional nethod, the presence or absence of the substrate S on
the robot hand 12a, 12b cannot be detected until the series of actions have
been conpl et edormmally, thecisdhtioe valvh @sédol latdesadyval ve 3 cannot be closed. As a

result, as shpwn jn FIL.G .4, the tine fromthe insertion, into the processing
chanber C thr &%ﬂj F, w%@th%%ﬂN»Wrmwlﬁbﬁﬁrsﬁ?@ of qesioppef heosi ng of the

i sol ati on val i i - i i SS)u.. Lesulting in
t he possibili %ién%f# F%Hv%grl %bﬁoﬁeﬁym %)ll;}g{?gcﬁ%ﬂ%*m?%e& ' 'ngyél%sﬁfﬁs 3§par at us.

[ 0039] As a sohaticnemre finishbd,she abreh comiletion sigasl widlamvt b gansrabged that the
presence or ence of the supstrate S on the robot hand 12a, 12b can be
detected by t hReTgErectheanisy IOEV&&ei&fQQPH@@@PF@e@)m%ﬁ% of the transfer

robot 1. For giafml & in¥ERoldif bR % akh OReBTdA: B aifsfficd AORL Nand 123, 120

is finished, e presence or absence o ubstrate e robot hand 12a,
12b can be detwetmdle Slon tHetratiok hantdfa,t12b canhetbehdnehtdPantilltht setiasoff | ni shed t he
| to show that the transfer

contraction action, there will b ner at ed sl gha
robot 1 is in2%l00fkpge E?Fmetﬁﬁéggr@seéﬁf%» 18%@@%@’1]6’9 Sieneistrate S can
be detected based. ORstbhesgHRahewh iem@n&,qﬂ@&m?%frbﬁecth i Ritid? igd the like,

i.e" a signal to show that the 1solation valve I procéssing chanber C
t hrough F i s the mossseing chimber @ghmughdbbithe Ehibs-pyemeescdtsablsautn®io i s

transmtted tQ the.host.conpyter 4. Alternativyely, this_signal my be
gener at ed by f(tiﬁ‘?é’??? °§&Bﬁﬁ%f%f°nﬂﬁt'eoﬁﬂ%el’ﬁ@“ﬁ%z't‘;'/'ct&ﬁ%‘f”é]rbe?l“?‘ﬁé?ﬂs as received
or generated {d3iRing gk Bﬂﬁ@ﬁﬁﬁoﬂmeﬁﬁ@ﬁﬁﬂﬁ%mugﬂpﬁﬁmﬁegEgJe_BﬁnEUbSt rate S on

the robot hand 12a, 12b by the detection neans 2 W thout waiting for the
conpl eti on ofannsgatusseri es of actions of the transfer robot 1 and, based on

the result of ectiqQn, closes.the isolatiop.valve 9 between,the processing
chanber C thrQUEIF | A8 SHTBR: in 5 BB inegt &t RakPosdeh RPSHBRERTh ana ¢ he
transfer chanfgiprdsenkdBddlebacsfdhs GubstrdthiSSortfHeFOBR NG, 12828 &8l | on val ve 3
can be closed without waiting for the conpletion of the series of actions of

the transfer Gesenbed by ththdetestemamennsc? duning thy segics afadsionstofitheettansfer i er i nsi de
t he processi I 0 E.ln whi ch f.he - he; pr.oc d substrate S
nx%bg’p?.ggfor gﬁélg(iﬁj %%F thé cctuﬁr%%wna alcho?_, Ptﬁmg,ob

has been transpor y, as'’s no tinme |oss

from the timeldtisfnichedt iR prosddee pr DeRacesk thuhabitadte Sor reGldBsdRGd Nt o the
processi ng chanber, C through F to the_ tinme of closing the isolation valve 3,

wher eby the tireoddhpin bedefepted; nay éapald, when the robot hand 12a, 12b has
)

finished the contraction action, there will be generated a signal to show that
the transfer robot 1 is in a state in which the presence or absence of the
substrate S can be detected based on the signal of an encoder of the motor
10 and the like, i.e,, a signal to show that the isolation valve 8 in the
processing chamber C through F is in a state of being closable, This
generated signal is transmitted to the host computer 4. Alternatively, this
signal may be generated by the host computer 4.

(0040] The host computer 4 that has received or generated this signal
detects the presence or absence of the substrate S on the robot hand 12a,

12b by the detection means 2 without waiting for the completion of the

12



,,,,,,,,,,,,,,,,,, = B R /a0 e o sn aEe| ;s - T Y Y5 ¥

[0042] By elimnating the tinme loss fromthe time of charging the substrate S
to the time of closing the isolation valve 3, the tine thus saved may be
allocated to the processing tine. As a result, as shown in FIG 6, the
processing having a | ong processing time in the processing chanber C through F
can be perforned without |owering the throughput. [0048]1n this enbodi nent, at
the time of handing over the substrate S between the robot hand 12a, 12b and
the substrat e seii@0ef eChiondofithe tinefRee $SHA HAZHRRA of thD I faetd.REn F OPOt hand
12a, 12b is lifted or lowered. It nmay alternatively be so arrangexé' that a lift
pi n di sposed ipsesidodemaomyalvef hglwees the prdcessink camlend} SotougloB44] The parts

such as the i [ e lift. pi t he ield d.the |ike
appropri at el y%g'!loﬁ)%@gt efgﬁl ? ﬁgtepér gg%é%ﬁnhtég%%%‘gfm@h%‘i‘% fr gham rt[!: sposed in
the transfer feahge ofceéddngstabis Btongdmehbale TRYatidMFaFO8 BaPBe ObSt acl es to

t he transferrlégg of ,the substrate S. Conventionally, the action of these parts
that are di sp&$afl Vithpplewitingdorthe samplajion of the seaiebof petidrefitis at a timing in

the parts i n VSRR Sholdif' AR5 Ehoibg 05R be ool 3 Rariinge i ch t ho
action conpl epresssigtiaimbes C gadesiaFefto Wik sl Reskoaheresuasees di ng to this

enbodi nent, there will be generated no action c_onl‘gl etion signal until the
series of act P8hReqrdyanspesiedc ofpreenuentlyrpe skavor in Fithd, sheyeds netitieoned part s

may be operat i i k0 ) _closi t isqdation valve 8, by the
time of ,conpl g)?? gﬂr?hg@ettahelé gg‘rvlmec? tgl? t(g% %"ﬁ%‘%sggggg%?tﬁ§ ’tstfh?ﬁe\é W0 angenent ,
the parts thathemycdseingtrbbmbee€ theovgheF to desies 66 dsind tHdigolaubst rate S can

surely be operated. [0045 shown by a_solid line L in FIG 7, the transfer
robot 1 may b‘églb'ﬁﬁtWEP’IGEH]té‘?SJ@H“FM“tP%békWWP@m and contraction actions as

wel | as the t{yabng agl b+ nt hesi zed in the
nei ghbor hood E(g tﬂe s%&te%%?lﬂétdﬁ%?}]e{%gg%sgm%ﬁ%t%gé))t?lgﬁjéﬁénﬁénd contraction
as wel | as theulstrahé fdo st tioe of tlobing tho olatihandlvk23, ahe tisw thaBegvddor changed

over). As a result, .the ;ioap:&g of. the transfer robot 1 at the sw tching
poi nt P becon®&Y barlecated fq the processing tipe-wiAst ragultcarehawn whFkh 6 he transf er

robot 1 makesti frbeRsidlk HadBieioht i | BineR - 1 can
shorten the ti mepi.f orslargcel erg?tl\lioo%ga‘?]bgsﬁg%gfneerlgttlhgﬁf&tg%reﬁ?%%anéﬁ%r eni ng the
time for trantiengh Bgan beperformehwishohielotering ks throtighiput. does not nake a stop

at the switchy poi n . th resence, or, absence, of the substrate S on the
robot hand 12f09%§]i ng h‘nghg8’?“138@%9%'%@8@90#%2"%5%%#& syhyFete 3 can be
det ect ed. between the robot hand 12a, 12b and the substrate stage Cs in the

processing chamber C through F, the robot hand 12a, 12b is lifted or lowered.
It may alternatively be so arranged that a lift pin disposed in the substrate
atage Cs is lifted or lowered.

[0044] The parts such as the isolation valve 8, the lift pin, the shisld
and the like appropriately disposed in the processing chamber C through F
are digposed in the transfer passage of the substrate 8. They may

therefore be obstacles to the transferring of the substrate S.

Conventionally, the action of these parts that are disposed in the transfer
passage used to be performed at a timing in which each of the actions of the
transfer robot is finished. In other words, the parts in the transfer passage

used to be acted at a timing in which the action completion signal is

13
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[ Description of Reference Nunerals and Characters] [00461 1 transfer robot 12
robot hand 3 detection neans S substrate C, D. E, F processing chanber P
swi t ching (changeover) point WHAT IS CLAIMED | S:

generated, As described above, according to this embodiment, there will be
generated no action completion signal until the series of actions have been
completed. Therefore, the above-mentioned parts may be operated, like in
the timing of closing the isolation valve 38, by the time of completion of the
geries of actions. According to this arrangement, the parts that may be
obstacles to the transferring of the substrate S can surely be operated.
[0045] As shown by a solid line L in FIG. 7, the transfer robot 1 may be
controlled such that the extension and contraction actions as well as the
turning action of the robot hand 12 are lecally synthesized in the
neighborhood of the switching point P at which the extension and
contraction as well as the turning action of the robot hand 12 are switched
(or changed over). As a result, the stopping of the transfer robot 1 at the
switching point P becomes unnecessary. As compared with the case in
which the transfer robot 1 makes a stop at the switching point P, the
transfer robot 1 can shorten the time for acceleration and deceleration,
thereby shortening the time for transferring. Even in case the transfer
robot 1 does not make a stop at the switching point P, the presence or
absence of the substrate S on the robot hand 12 during the series of actions
of the transfer robot 1 can be detected.
[Description of Reference Numerals and Characters]
[0046]

1 transfer robot

12  robot hand

3  detection means

S substrate

C,D,E, I processing chamber

P ewitching (changeover) point

14



1, A method of controlling a transfer robot which is turned and tel escopically
noved on a sane plane in a state in which a to-be-processed substrate is
1§upported by a robot hand so as to transfer the substrate anong a plurality of
processi ng chanbers disposed in a turning direction of the transfer robot,
conprising performng by a single coomand a series of actions of the transfer
robot at a tinme of transferring the substrate present in one processing
chanber to a WHASSCLABIEDGS] ti on i n anot her processing chanber. 2. The
met hod of controlling a transfer robot according to claim1, wherein the
transfer robot has. tg@qtbwbofmatrdﬂinﬂim%ﬁdrJa:ﬂ:oawb'rohdetmmﬁilaﬁd di stance from
each other in_ the turnin irection,of the transfer robpt, and wher ei n,
after taking Kelescopise B’é’?? ?’éaﬁ?%é’#ﬁm’llﬂat%%tes‘ai‘ﬂ"ﬁthét?)'g%'@é%cﬁ?%ﬂ chanber by
means of one @ibdthe ivuppaRell bhatdBet iR 8 tandlel kS SardatOBbRg Substrate
that was taken out is handed over by the other of the two Fobot hands to a

pr edet er m nedepdatalitoef prcessiaechamberselipposed irsi. tupndtmdibertiontofiehabove- nent i oned
swappi ng acti Q{Angﬁi n(gqogerfor med by the single command. S. The net hod of
controlling a'tr £ Tobot according to claiml1l or 2, wherein the tel escopic
action and the tuwmgtgsiﬂ%peﬁ&nﬁhgtb% éi]&%_@&f)rﬁﬁahgll%rﬁé 6f afodb bRy nt hesi zed
before and after a swi tching point at ich the telescopic action and the
turni ng act i ofragpfer pebog paas$ines of taerferaing thuisnbiteate preseat in atcher . 4. The

t hod of [ f bot. .di t f clai 1
hr ough 3, _wnerars iRt red aiinl Bood @5 ene. 1 obot hand

i s detected dchdmigera series of actions of the transfer robot and, based on
results of the detection, operation is made of parts disposed in a transfer
passage that lies in transferring the substrate present in said one of the
processi ng chanbess i . [ anber.. .5.. The net hod of
controlling a tr :én'sf'}:-:-lg3 Irﬁgthgtd%ggé:ﬁﬁdg%]ﬁ%ggga%(%regg‘ﬂﬁ(ﬂ,ac%g}n&tﬁ c{a,;lzén 1parts i ncl ude

at |east one whemin ilsolrahéferrobat kes whi eiboskpalaligmaédIe: PpRERESIgGecchanber from

a transfer ch%,(g er in which the transfer robot is disposed, a lift pin which
is moved up amdtedSeuFoRnearhothen itha terning dixpetion of vhe treasirpaobotad: r ansf er

robot and a S“bSt»‘:ﬁér%in?ta?t%?faﬂiiﬁ%i?xt%ﬁ@leis%ch'iISte%Q&%%%&Ei%é’aﬁ'&o er, and a shield

which forns a protection wa
processing chamber by means of one of the two robot hands, a substrate

=

different from the substrate that was taken out is handed over by the other
of the two robot hands to a predetermined position in the said one

processing chamber, the above-mentioned swapping action being performed

EN—

by the single command.

3. The method of controlling a transfer robot according to claim 1 or 2,
whaerein the telescopic action and the turning action of the transfer robot are
locally synthesized before and after a switching point at which the telescopic
action and the turning action of the tranefer robot are switched to each

other,

4. The method of controlling a transfer robot according to any one of

claims 1 through 3, wherein the presence or absence of a substrate on the

15



processi ng chanber.

robot hand is detected during a series of actions of the transfer robot and,
based on resulta of the detection, operation is made of parts disposed in a
transfer passage that lies in transferring the substrate present in said one

of the processing chambers to said another processing chamber.

5. The method of controlling a transfer robot according to claim 4,
wherein the parts include at least one of an isolation valve which separates
the processing chamber from a transfer chamhbey in which the transfer robot
15 disposed, a lift pin which is moved up and down when a substrate is
handed over between the transfer robot and a substrate stage disposed in
the processing chamber, and a shield which forms a protection wall in the

processing chamber.
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