SPECI FI CATI ON ROBOT HAND FOR SUBSTRATE TRANSFER [ Techni cal Fi el d]

[ 0001] The present invention relates to a robot hand for substrate
transfer in which the robot hand is nmounted on a transfer robot for
transferring a substrate such as a sem conductor wafer, a glass wafer
and the like to support the substrate in a state of being nounted on
t he robot hand. [Background Art] [0002] Conventionally, as an
apparatus for perform ng various kinds of processing such as
filmform ng processing, etchi nGEECHECATEPHENd the |ike on a
substrate, there is known a processing apparatus (a_so-called cluster
t ool apparatus) whi ch QO%NQLE%Sg%BgﬁWE R FﬁRby arrangi ng
a | oad-l ock chanber B for the substrate and a plurality of processing
chanbers Cin a nmanner to enclose a centrally positioned transfer
chanmber A [TesinigaldFiepiised therein a transfer robot 1. The processing
apparatus is thus so arranged that a substrate S | oaded into the

| oad- | ock [BRGHber BTherprpeent: imshdionedelntest be a edpuchand for cubsiiaty
chanbers b ans qf the transfer robot 1. The transfer. robot IS
r ovi ded ViERHCEY 115, 2igk oiiendo ) BaEBpit MUBHEdapin > LERE (RDR: Teha
of the ro ; h ' t d ' U ki he
substrate bﬁgélll%él?l%% tgt %EH;S]P f%g {Er?gﬂp a% eg ﬁgg&%dh%@élogggemg%fa%[ %%gé%] ?srrllti

t he cour seheflilsuby eappary thhesubshsits ahen Sdte of dreiy gadunnels onfthe robot

hand.
[Background Art]
00021 Conventionally, as an apparatus for performing various kinds of

processing such as film-forming processing, etching processing and the like
on a substrate, there is known a processing apparatus (a so-called cluster
tool apparatus) which is constituted as shown in FIG. 1 by arranging a
load-lock chamber B for the substrate and a plurality of processing
chambers C in a manner to enclose a centrally positioned transfer chamber
A having disposed therein a transfer robot 1. The processing apparatus is
thus so arranged that a substrate S loaded into the load-lock chamber B can
be transferred to the respective processing chambers C by means of the
transfer robot 1. The transfer robot 1 is provided with a rotatable and
telescopic robot arm 2. On a front end of the robot arm 2 there is mounted
a robot hand 3 which supports the substrate S in a state of being placed on
the robot hand.

(0003} In the course of subjecting the substrate S to various kinds of
processing by means of the above-mentioned processing apparatus, there
are cases where the substrate S is warped upward into a convex shape or is
warped downwaxrd into a concave shape due to the difference in the direction
of stresses and in the intensity of stresses depending on the kind and

thickness of films that have been formed on the substrate. The warped



processi ng by neans of the above-nenti oned processi ng appar at us,
there are cases where the substrate S is warped upward into a convex
shape or is warped dowmward into a concave shape due to the
difference in the direction of stresses and in the intensity of
stresses depending on the kind and thickness of filns that have been
formed on the substrate. The warped substrate Sis |likely to becone
slidabl e because it does not cone into surface contact with the robot
hand. Thensulistrdth® spdedy 06 bemmhonliddble hecawdedt doss astelner attedutiace

i nprove the throughput, the substrate S wll give rise to a

posi ti onal CW&FFtaridnthsnreled hasor Thewe 1Bthe opers obmasion ehiie yobokids 5
bot hand_| Lgh. this. Ki di.sad ¢ i m ,
there 1o iusHctitesd MhBrdleheClnBLERRNE MaTRARE O 5T S RG°8

pads are apdsiibed dRidbonPPehe sebdtag@drespectively through spring
menbers. According to this arrangenent, even if the substrate gives

rise to wal0BoAh i nt o Comeatiosallporsave rebetpdiandach efhithethpadsingi lof
war p

be di spl d foll th i ng,. wh th d i nt
surface coNCALYARIABR thS Jiery shiginateds sl 1o "EMEVH PR ghapatent
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t hat when the substrate I"at , positio evi atron o

subst r at e mishéctivels tieughmpiRes@d mbeas. e ndcdoodin@antthls arrangement, even
JP- A- 2002- 353291 [ 0005] However, in the above-nenti oned arrangenent
descri bed ¥ the wabplanknm givgs aifeeit Warring ipte emvexracenssaysy shapensank of

ar e nunti, ol SR 00 ATRIRGHS, o080 IR W PLEEY, B iotal ng

r
about an increase in cost. u

when the rahedcen@idafiasigPiRe RbatatOP & hefesily &MBNrictBAE] rbsikfi@ice
substrate i s handed over during the vibration, the substrate will be

devi at ed iketpesnttherpadehaneftbe substrabe beceseneqeisiant toothedi whémithe he
vi bration t top.before substraecan.be{nde qver. ﬁis il
be an obstSHITEAC 5 ek m&%ﬁemm VAeK 0 ﬁ?eoa@ tRie ¥ [tudbe
addi tion, ggpﬁgg@seapbot hand is not held in a horizontal posture at
the time of "handing over, nonuniformload will be applied to the
plurality BdteapDiongment ds ullPrA@O0OR-353dPsadvant age in that the
substrate will, be deviated in a certain direction. [Disclosure of_ the
| nvent i 0n][0005] However, in the above-mentioned arrangement described in the
patent document 1, it becomes necessary to mount a large number of spring
members on the robot hand, thereby bringing about an increase in cost.
Further, the spring members are vibrated when the robot hand has come to
a stop after movement, and if the substrate is handed over during the
vibration, the substrate will be deviated in position. Therefore, it becomes
necessary to wait for the vibration to stop before the substrate can be
handed over. This will be an ohstacle to an attempt in improving the
throughput. In addition, if the robot hand is not held in a horizontal
posture at the time of handing over, nonuniform load will be applied to the
plurality of springs, resulting in a disadvantage in that the substrate will be
deviated in a certain direction.

[Disclosure of the Invention]

[Problems to be Solved by the Invention]



[ Problens to be Solved by the Invention] [0006]1n view of the
above-nentioned points, this invention has a problemto provide a
robot hand for transferring a substrate in which the robot hand is
capabl e of stably supporting the substrate w thout using spring
menbers and the like even if the substrate gives rise to warping.

[ Means for Solving the Problens] [0007]1n order to solve the
above-ment i oned probl ems, according to a first enbodinent of this

i nventi on, [00Bék e | sIzprvumvdﬁdtlm mbbvd-rfeanbnkdr pantest thad éntestiaf dmsia

whi ch t he roggeﬁhand i s disposed on a substrate transfer robot to
support a REGBEER 4p rPwde %tlab%t brnd dph frameiasdeon SUREIRELB YHa th%
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the substrate i s sea rovi an upper SUI’ ace o

hand, and dgttnhd inkdtbezeahtinble Sikefeden iNfite ARG ikesleR fooriBshen a
peri phery thereof. A second seati ng surface which is inclined
s

downvar d t[Bleans far Selvieg tlt Protdemshstrate i s provided on an upper
surface p i away fromth ri pheral parti f. the subst

of the: rodBpbRna” dRmebR T sefve M me Blatof Bl inefiative
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downwar d |%l'lt% g éaﬁggﬁgna%g éfhggles S&EJ%%gTAccor%p ?1 to tF{letaf I;él?ot"‘ﬁéﬁ’&%r
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convex shape, the | ower - surface gerl heral edge of the substrate gets
seated on HBS fey pahotdeaipRgrise srhielatonm atsiateorf keing @lagsAerathectRhat of

the substral & COMRRl %19111%0\%% Ak ovr\i1 ‘:[v 1c§1he%)§\% ?astuékagg%eblg?lep i Iop F 81&363? of

the first 'seating sur ace ereby ST
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is warped downward into a concave shape, the peripheral edge of t he

subst r at e anshihe ifivsb seatingcurficehhah enstpwazd shep fitvengsk onph ereyipdiery he
(17t soatinn SurLace b 8.5hal 2,1, being, uperdly Lo ined oo o
S5 12 i, 08 S 2
however, ithecgseséphdral ubon adfetties substrate, of the robot hand such that the
lower surface of the substrate is seated on the second seating surface when
the substrate is warped downwazrd into a concave shape.
{0008} According to the first embodiment, in case the substrate is flat
or warped upward into a convex shape, the lower-surface peripheral edge of
the substrate gets seated on the first seating surface. And the outer
peripheral edge of the substrate comes into contact with the step along the
periphery of the first seating surface, whereby the substrate can be
prevented from positionally deviating. On the other hand, in case the
substrate is warped downward into a concave shape, the peripheral edge of
the substrate comes into contact with the step along the periphery of the
first seating surface in a state of being upwardly inclined. Therefore, there
1s a possibility that the peripheral edge of the substrate will get over the
step due to an inertia force at the time of stopping the movement of the

robot hand. In the first embodiment, however, in case the substrate is



war ped downward into a concave shape, the |l ower surface of the
substrate gets seated onto the second seating surface. As a result,
due to a frictional resistance of the second seating surface, the
positional deviation of the substrate can be suppressed. [0009]As
descri bed above, according to the first enbodi nent of this invention,
whi chever of the convex warping and concave war pi ng may happen to the
substrate, the substrate can be stably supported wthout giving rise
t 0 positi omatpededovatwand ihte addntavershape| ilkeldvwea abdwe- oferhiei adatate
prior art, there is no need of_ providi n% the robot hand with _springs
and the | %8S sepfgrerde dhe gpcond wabinecsiviazne. ndde rowediedombidige]
and al so the: t C impedi at ¢ ded . i . after, f he
st oppi ng 01%@%%&2%9%}?%%? %ﬁgﬁgo egﬁ%%a%?g%(%g@ %bégscl%\réﬁéll gﬁ?ﬁ%ﬁ’%t éFttﬁée

| Mpr ovemendubistraltd €ah Be @u@PRissed [ 00l 0] By the way, if the step al ong
t he peripher% of the first seating surface is fornmed vertically,
there is tlRB09bI | ovlisndestirsedyabevegeccirding tgHbel firsihembodistondt e Has
posi tional.l % dtevi at <=1§1d even salei ﬁht I le when the substrate is received
with the rEBER i FueRRYer oofe tig fopyes B pRet PEFRTOV YR ARSI

bstr at i b t far I t
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be seated into contact with the first seating surface.
hand, by fgirimgntisd teepstiipnalndanatine! | Iregdddieibnetinkibe 8ke hbowbinehtioasd
aligning effect, even.if the substrate is slightly deviated, the

posi t i onalPId R FRAYeiis noorgeseicrrovishae the rohidraridiviideeoypegs ppe the

portion ofy.qhe t e d.into coptact, with theg fiir
Ceati ng suliSica HRbEE: & B8RuRF: PAFRE bl % SOMRATHUShih PRA ISP Hhe an
inclinati aubstiA@s eainS ba pAGSdRAtely Ynaldall the p%mpb)ﬂéﬁlthedg@pgin e
substrate will get over the ste& at a stretch due to an inertia force
at the timeoufmentophilg robe havdnterely cohilrwing thahd.infl00tdhest an
sol uti on, %{%gﬁnd‘iﬁ%%d‘éo the first enbodinment of this invention, it is
pr ef er abl & "the upward step al ong the periphery of the

first seatf sur f | ; r gl t I .
stairs. Ac[gggoi ng @gﬁt%hygyg%@%g%n%n%?ﬂé&giﬁgf ﬁ)tﬂr?gy tﬁ???%@?ﬁﬁ%%ﬁ%
of the sulbsstfaatds f@magbvenuatlyaticrads thé dgbhwingalitadweamtagd,li.deshould
reduced by_the contact of .the substrate with_the next upper sta%e._ In
this manndPe $Whetyse itghessitionalle daviated cyep Slightly whangdecsuhstiatodsy

prevented ,LEQm &HEL 900t t}pa%d? &P 1g¥re%@u3ic Ace t}Jie%ipfh%E‘glep01'tion of the
substrate will be mounted on top of the step and, therefore, will not be
seated into contact with the first seating surface. On the other hand, by
forming the step in an inclined manner so as to obtain an aligning effect,
even if the substrate is slightly deviated, the positional deviation is
corrected, and the lower-surface peripheral portion of the substrate can be
seated into contact with the first seating surface. In this case, if the step is
simply provided with an inclination, there is a possibility that the
peripheral edge of the substrate will get over the step at a stretch due to an
inertia force at the time of stopping the movement of the robot hand.
[0011] As a solution, according to the first embodiment of this invention,
it is preferable to provide the upward step along the periphery of the first

seating surface with a plurality of stages in the shape of stairs. According



[0012]In the filmform ng processing to the substrate, there is a
case in which the filmis also forned by wapping around the

peri pheral edge of the substrate. In this case, the filmon the

peri pheral edge of the substrate will get scratched by the
above-nenti oned stair-shaped stage to thereby becone a source of dust
generation. As a solution, according to the first enbodi nent of this
i nvention, preferably, those portions of the stages which cone into

contact witohtihewpeideptanabved ¢ tled pehighstiisédzatd eesdintrme may get
rounded surfaces [0013]In addition, in order to solve the
above- mentqvSAEdlOPiesIs s thaé‘@@edmlgbe ee@u@ddahﬂleemmmfrﬁhecﬁubstﬁa@

i nvention, ttg e |s I’OVI de hand for substr.ate
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whi ch the P upbgt & sg%%eed bt ool 818 BB, Gfi, o g

support a ssiw@ﬁwt@tcgnl e affebalflyohrdRindéd REdA ehttingt Jskf'elr ﬂ{é%tégaﬂgi anfhe
robot hand has on an upper surface thereof an upwardly rai sed band

(or proj eanem&fo‘rcqa) which is elongated in a band shape al ong the
same circl % redﬁ %i‘i.‘ibégd dianeter, that_is snaller, than an

out si de d.@ﬂi ]er of*{the PERS Profsasiag tashe subtiraise Bhaye 18 RSP ed
band is f G r
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is warped upward into a convex shape, the | ower surface of the

subst r at e ge§rpeEatehed by ithe abovemendiongid: Hahirshapad wéaigestr tlanebxo heepme

di arretrlcall outerf ?”\ﬁg of th@ rai s d ban tCh the o cbher a{}ﬁ fx
case the sau et T A MR war 051 At S04 08N c45rRY ngéo e 1Sher
surface ofgprihiRlimidRsbf 868 iMdhti&® rfﬁeféi%ﬁh’ %H&%rp&ﬁﬂhgﬁf tH¥ 5 gbBGrhich
curved surface on the diametrically I nnér side of he upper surftace
of the raicoed dadontHremaetlotiee pahpbbhmierdgefoftthe submateeaﬁmﬁmmeandtm he

convex shape f war pi ng nay happen to the substrate, the substrate
can be st bR} %Eﬁ@gﬁﬁﬁ W t hout positional deviation of the

substrate. 692915153int Q&dl‘ﬂ%}ﬂ 111 1&1@? 60L& E“ch%f aﬁdJerﬁlLR{le}l&g problems,

proceSS|ng to the
according to a second embodiment of this invention, there is provided a

robot hand for substrate transfer in which the robot hand is disposed on a
substrate transfer robot to support a substrate in a state of being placed on
the robot hand. The robot hand has on an upper surface thereof an
upwardly raised band {or projected strip) which is elongated in a band shape
along the same circle of a predetermined diameter that is smaller than an
outside diameter of the substrate, and an upper surface of the raised band is
formed into a curved surface with a downward inclination toward both a
diametrically outer side and a diametrically inner side.

[0014] According to the second embodiment, in case the substrate is
warped upward into a convex shape, the lower surface of the substrate
comes into linear contact with the curved surface on a diametrically outer
side of the raised band. On the other hand, in case the substrate is warped
downward into a concave shape, the lower surface of the substrate will come

into linear contact with the curved surface on the diametrically inner side of



substrate, there is a case where a filmmay be fornmed by w appi ng
around to the | ower-surface peripheral portion of the substrate. As a
result, when the | ower-surface peripheral portion of the substrate
gets seated on the raised band, there is a possibility that the film
at the | ower-surface peripheral portion of the substrate will be
scratched and peeled off. If there exists a peeled-off film between
the upper surface of the raised band and the substrate, this film

wi | | ser vethehepmurpoéeesf therslitedr hanherBimrefdre, Whicheivanof tdreceonsiird
extremely Fg?e Iomllzef[gg and the gosi%i onal deviation of the substrate
becones eadidr P £AR LONYT5ERADY BD IR LIS RARRSR L9 the prbgeaisndhe
enbodi nment fer t e m - fl] ter:1S1Set -

the substraiene oz oy SFeReCEbral Wb ATt PAEHED IR
portion tharbsaradtewer - surface peripheral portion of the substrate
where a fid@m is possibly formed by wapping around of the filmin a
fil mform9§LBl ocesBynihe #ayhdnsilies cowse. ofaAbborfdiming predessing to the
arrangenment he filmon the |ower-surface peripheral porti.on of the
SUbot Pat o e e b Rl e aTHeSh A Hha 255y BechPRGE B RREaniSE clpetd eq
String. Asidheewel-sulfiBe JRLYEIRNorABEbiEhs AUKARLATC ALN rBSIL, when

prevented. [00171ln addition, accordlng to the second enbodi nent, It
becones netteskaror-suefaabpeacphdraé poatisediband stibsii-hie porsksaftegpald the ng
the curved surface on_the di arretri,c}_gﬁlly outer sjde and the curve
surface orfdi$td Feafettbers By ai Resibibityethatothre dilmy ety thef lowes sypises
sur face of .8 . . +1AN u surfage 0

di anetri caﬁl‘yﬁ'l OelE,l? Ie?)%]g?%g%gnt tlgléﬁ%g%t\%eﬁ'\{gﬂ)r gé:lea%%}ledt %g&&& eéarlr%(% ralf%allify

i nner si deheeebxBach Helel-ofitfilih Bttt GEhdrYsifi@r sreieatBsDbah@N
of the upper_ surface of the raised band to thereby form a ridge
li ne. Onceantthike Ritbairafe, thiggdlnp iwill seavé cherparpeser off 2 melemmehdrekelthe t o

be fornmed gn,the. | ower, surfac f the substrate. t he,other h

CF Car amde iRy R By BokbRutt 6ol he onsilridineaeon A e
rai sed bangpstrat@hfRAndI¥Rid ol @kesyIdcace, there will be formed no
ridge line, thereby preventing the scratching on the | ower surface of
t he subst r[@0#6] [ 0018AFuat smntionn ithehes evomad esvhbelimemt, yiraferably tthe
above-nentioned raised.band is forned separately into a plurality. of

portions a1t8Agfermaned Epmetqmis sefgsuch that fidenerbaaternis eaded on 3he
and the u - 0. hai c [ Rolng - !
W th the aned ders e BRRTAIR 136 pENGL BERS - 108 BRlsRls ETp G
war ped or gogiohiof €hé eabstateMBeteONENmSH oa&iBlforkde EARsifFEhe blihd
thus be scratched. As a solution, if end surfaces of respective
rai sed bardi$hadBryf by addm-froing girpersdinguvof Hesubstiade andb@rdingoty this
formed by the end surfaces and the er syurface of each of the
ol Sed bafiaReee HF dBELE el W aRty SerRbers Bardohathiche
formed on dBgthenerstitlIRCEeAbd roﬁ%f%'l@@%éﬁtt&ing with the projected string.
As a result, the above-mentioned disadvantage can be prevented.
{00171 In addition, according to the second embodiment, it becomes
necessary to subject the raised band to the work of polishing the curved
surface on the diametrically outer side and the curved surface on the
diametrically inner side, respectively, of the upper surface of the raised band.
And the curved surface on the diametrically outer side and the curved

surface on the diametrically inner side meet each other at the diametrically

infermediate portion of the upper surface of the raised band to thereby form



[ Best Mbde for Carrying Qut the Invention] [00191A description wll
now be made of an enmbodinent in which this invention is applied to a
robot hand 3 to be connected to a robot arm2 of a transfer robot 1
as shown in FIG 1. In other words, the transfer robot 1 is disposed,
like in the above-nentioned prior art, in a transfer chanber A To a
front end of the robot arm2 there is attached, as shown in FIG 2, a
robot hand 3 according to a first enbodi nent through a gear box 2a.

[ 00201Si nca ridgsrbn¢.s @nemsesilindiifcidge Bobss fatedSstimtchest ae likeln to

hi gh tenperat.ure jn a.processing ch er C, this robot hand_.3 has
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and are elongated forward from a base end portion 4 that is
connect ed PXVEREDgEhe spipickiag o hedowar surfachekidieandisipore.i on 4 and at

a front en tion,of,each. of the.finger. portions there is..

o ov ded adPL: ' oBithes B Pt sttt inoitie Tug pPEkEnichtioned
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ci r cunf er etieeedge thdef forstedskrtthageslishnies Gnd tier eppsr borfaee of each

downward step 7. It is ordinarily so arranged that the | ower surface
of the subgatl?% %a%ci BARET RIA IR IRONERGY ‘ﬁﬁgr"glﬁ Iowet sWiagesolitagsugsirats
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the first seating surfa there s forned an upwa

Accor di ng the thbstraer anetmit be aiceichbd.an Aisngrdol@id®r feehd saRLicas d
on the substrate S at the tine of stopping the novement of the robot
hand 3, theespegtipshegiged dagds grethumedbste andirgdeamfecesntlee cogleate be
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will be an obtuse angle, whereby scratches are hardly formed on the lower
surface of the substrate.

[Best Mode for Carrying Out the Invention]

[0019] A description will now be made of an embodiment in which this
invention is applied to a robot hand 3 to be connected to a robot arm 2 of a
transfer robot 1 as shown in FIG. 1. In other words, the transfer robot 11is
disposed, like in the above-mentioned prior art, in a transfer chamber A.
To a front end of the robot arm 2 there is attached, as shown in FIG. 2, a
robot hand 3 according to a first embodiment through a gear box 2a.

[0020] Since there is a case in which a substrate S is heated to a high
temperature in a processing chamber C, this robot hand 3 has heat resisting
properties and, in addition, is formed of a material having a high coefficient
of friction such as a plate material, e.g., of AlsOs, SiOs, SiC and the like.
Further, the robot hand 3 is provided with a pair of finger portions 5 which
are bifurcated at, and ave elongated forward from, a base end portion 4 that

is connected to the gear box 2a.



[ 00231By the way, in case the step 8 on the periphery of the first
seating surface 6 is fornmed vertically, at the time of receiving the
substrate S by the robot hand 3, the | ower-surface peripheral portion
of the substrate Swill overlap with (sit on top of) the step 8 if
the substrate S is positionally deviated even slightly. This wll
result in a failure for the substrate S to get seated on the first
seating surface 6. Therefore, it is desired to provide the step 8

wi th an i nB102iht i onAk the hase and glortjoh rgahdimttd font @endgrareion dffeach of
positional deyiation of the substrate S can be obtained. In this
case, if tH# éflgﬁbl' BOTONS; Yl pobTdde it shserineg pHEBrOF, o1t W@ s
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st oppi ng tdiecurnikesrtib] phsitibs thHRLS (RRAFR:. DS DS hdirRR ciitchenfBiaRe8
is provided with a plurality of stages 8a, 8b, 8c in the formof
stairs. Acebthi figst seating sanfogaddnihere isviormpd a iovwperarghsien| 7.e ddeisof

th bstrate S. t t I t 8a, th ill b
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ef fectivel prevented from getting over the ste due to its
inertia fol0022] [ 002dithee on thepsdphdyy cfUint fisdteseSting irficed tharepiad
into an up%(vardly convex_shape, the substrate S can be prevented bé
the step SIOFRGHPLLRYRIhaIDS.deVicarding to shisasarsdaeniaBic il apinaytn,
in case t . S S d.i down v .concave. sh
Shonn by o {iarmeae fpd ik e BuREace TS 8 P BB St BGE B ipEE &°

substrat e ghewdbot hame 3,nhe FefiRehl ¥iddot IR StiRPrate H cdihes REbHI dAREAN
of the first seating surface in an upwardly inclined state. As a

resul t, wheithtthe step & whenebBtheswpdratedtican ba preygntspdman pobisionally a
ossibility that the peripheral .edge, of the substrate S will get over
Fhe st ep g?d%&P%l'%ﬁéR’?ﬁggp?é{g}F%ﬁPglda@ the time of stopping tﬁe

movenment ofpgbp 1 obgy d:‘ﬁ%n%ag,- inf QQ@@%EQ%@%% &n &glnf %{aﬁigﬂgﬁf 0P UhbasifstOf

the i nner edge portion at the branched posSition I"'nger
porti ons Sseabing swrfaceal i¢ faimquovdrteallpfat the tinleodf teasichigd: e shibgtsate
away from eri pheral portion of the substrate S, .there is

h

or ovi ded &8 9cBRAObERIARG S ihe e s hReenp i krswh nartanny of tha swerate

toward t heS %\ﬁﬂto%r]t?% vgﬁﬁ (éﬂ%%t {0 toq)nﬁie %%écg 1(%‘ tﬂg stu% Erh!bes a&r} 'i)%g f@n mr
gin t shape R o) trate
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I n case warpin e concav S Ooccurre he *subs

S, the | owiyvisted aes Sighthe SHIUS Wil fc81Md b BAusEFTHLEhOBubiBatesHRd
seating surface 9. As a result, the frictional resistance due to the

second seagdtrigatas smbhe firsupmtomsesrfadeeb pofheiefinel itdevieabiedrioqirovide
eri‘ggzj{ ?r;[sﬁtt%e :[;tgng?jwpi%h da%s ?IE(!IPn% ioflllegoe Itﬂgtbggeéligax%%gr ulnrc]: Oltl %otc%%récltrt%e
positional deviation of the substrate S can be obtained. In this case, if the
step 8 is simply provided with an inclination, there is a possibility that the
peripheral edge of the substrate S will get over the step 8 at a stretch due to
the inertia force at the time of stopping the movement of the robot hand 3.
As a solution, the step 8 is provided with a plurality of stages 8a, 8b, 8¢ in
the form of stairs. According to this arrangement, even if the peripheral
edge of the substrate S has got over the lower stage 8a, the momentum will

be decreased by the contact of the substrate with the next upper stage 8b.

In this manner, the peripheral edge of the substrate S can be effectively



even in case the substrate S may give rise to warping of any of the
convex shape and concave shape, the substrate S can be stably
supported by the robot hand 3 in a manner not to positionally
deviate. As a result, the noving speed of the substrate transfer
robot 1 can be accelerated to inprove the throughput. In addition,
unli ke the above-nentioned conventional art, there is no need of
provi ding the robot hand with spring nenbers and the |ike. Therefore,
an att enptpreaented fnerdegetiong edercthe $tep Sodte tols ideetia forcki ke t he

ahen st opdU2at  or Hes, HyCHEVGE SBURBE © Folet Heverisiaptons B aHYy
spring ne t dgpp st t n_. di |y
be transfergrES rﬁgergx %ln%%ftenptg HP%H%Q u?b?ﬂcearn P%p?)g%}l%%g% ﬁogs ttﬁgo%ﬂgﬁggt h%ﬁ

t her ef or e gigitimddly f&HaRhENas desdriiedl aledko diHRMver ! idce56 abedGubehiakdg
surface 9 is fornmed integrally with the robot hand 3. It is, however,
al so possihit %apedrinta hedeeroarlly concate shapace shopy byilkar Imaginery he

bot h .3 i al  whi. h | fficd f fricti
Cooh ao r it BRG"BrBla PRASTRE 38 o HRE sRBREACE SehsRina ek ofthst
those portyRAThEefstEAE R She F)Qﬁpﬁé@g@fsth%%rsgge%@g% VRIS 69 Bni PPard

contact with the peripheral edge of the subs e S, may be forne
i nt o roundediset &tedes 8d.a Aendt,dwhgn tthet hubst dndng ésrenerated athe High m

is formed in the filmformng processing, hy wapping around the
per i pher alSP&EGetisre iha RAsHDE T @aé,tiﬁﬁ%ermh%b?‘lg&%@fgt&@r%%%P SeHYé

f th b L fr ti d
scratchingt (B0 OV PrerSroronte R R up AB IR o Yo Bt e
descri pt i aAowirhéntnefwhbeobaieaaf 3a robot hand 30 according to a second

enbodi ment. of this invention. The robot hand 30 which is nounted on a
front end [8025he r dherefaranon anrmpgh sarfisarofibe igaer edgoportibn ah thee
sanme manngr._as in the ab -pentioned first .enbadinent, .of mat er | al
navi ng. nearpaaCetsifon PEYEs FRdet BRGonap et D hahaor e af Higipoet
coef fi ci enfarf 3 fWhidH i0fway ARl ORObe ISR Al oPHOY bR diblthale BIFENY
portion 31 which is connected to a gear box 2a, and a pair of finger
portions 32pvid2dwhisetvralr eediiigisoethesd of whinlt he dbaseaedly molinedrtodhrdo

as to be elongated forward. [002910n an upper surface of the robot
hand 30, tHer&ter ﬁfot\h‘i‘dégb%ﬁaﬁﬁpéar AAGpordingetp BAEIAVBNEPBERbJ IR 1525H)

33 which i X i | Lol '
or cdot or TR 8 Se e PfeVF aHaRO RS TRNR AR IbELAE S et

t he subst rsaificS.oflthel SutlshtiSe S valll BN @egkcdnat thé &esolib béatigs Sutfbe 92
seated on the raised band 33 coaxially with the circle C. The raised

band 33 | fAprovesuld thepaichiven) resistansk uded ite yhefsepond isoatingrsurfase 9
suppresses the positional deviation of the substrate S.

[0026] As described hereinabove, according to the first embodiment,
even in case the substrate S may give rise to warping of any of the convex
shape and concave shape, the substrate S can be stably supported by the
robot hand 3 in a manner not to positionally deviate. As a result, the
moving speed of the substrate transfer robot 1 can be accelerated to improve
the throughput. In addition, unlike the above-mentioned conventional art,
there is no need of providing the robot hand with spring members and the
like. Therefore, an attempt can be made to reduce the cost. Further,

unlike the above-mentioned prior art, there is no need for the robot hand 3,



circle C, i.e., separately in three portions at the base end portion
31, and at a pair of finger portions 32, 32. In this enbodinent, the
rai sed band 33 is forned integrally with the robot hand 30.

Al ternatively, the raised band 33 nay be fornmed of rubber and the

i ke into a body separate fromthe robot hand 30, and the raised band
33 may then be nmounted on the upper surface of the robot hand 30.
Considering the heat resisting properties, however, it is desirable

t o i nt egr awhynfsoopped aker havity movedotvd went fdti thentibratin s aff sedsimang
33 on the robqt hand, 30, [00%018y the way, in the filmformn
processi ngMSAhene teubettainpeds hdead. abke cubsaithey san mmatiatelyopbped

h | = " i i f.th '
resul't of Passria o o FFBE R iR b BRI THeR iR can

Ther ef or e, thahebrd be maler - surface peripheral portion of the substrate
Sis seated on the raised band 33, there is a possibility that the
film Sa onl008& | owdn- ther fivet e mpleadiplat.aihepacondseating verfeab Stisdbemsdi s
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around of the filmSa in the filmformng process. According to this
ar r angeneniilm tisefoamed mo thes Silmrfiming tpabcasiong ibymwSappimet Aeound the

I - f j I ti f th bst S i h d
boer ed_of oagpinal PAEE 36 tBebSRat . e et hBateonaiP e g0 gn CagBe
can thus t ed. 191%:5% Her ol i i . er
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curved surlpaegl 33a Withclefirentacd ifIES. dorinwaet 7, ondestriptiver will now be
dianetrically oyter  side and toward the dianetrically inner side,
respect i vePgde abe apkRinancGh 30 Brecrdmeitgentaend qmbedisent pethispaveniian.
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formed on the robot hand 30, i becomes necessary to finish-grind
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side, the f a Q e dia rpcal Iy ouyter..si nd the
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The raised band 33 is provided separately in a plurality of portions on the
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substrate S is easily scratched. As a solution, in this enbodi nent,
the curved surface 33a is arranged to be ground such that a slight
flat surface 33b remains at a dianetrically internedi ate portion of

t he upper surface of the raised band 33. According to this
arrangenment, there will be formed no ridge |line, thereby preventing
the substrate fromgetting scratched. [00341lln addition, according to
this enbodiment, the end surface of the raised bands 33 provided by
separ at i neeirdief, ilgt sephatehisn dhvge portivenhagthe hase endaprtiass 31, pybal
portions 32, 32..are respectiyely formed into..inclined surfaces,33c
Be Shown | hPRRCE B8 FBBEs ¥ ot TR AP ea e BRohATES
an | MRgi Nafoymbll ey Gtk thd AbofAdRa 50, DAIALTRI By Ll RAh-SH Bace
and the upper surface of each of the raised bands 33 wll cone Into
poi nt contmey bwi folmtedeofl vkeber surdf Heeliké itive ashillyt sephieats, frohethebrobot

giving rise to_the possihiljty of scratching the | ower surface of the
Subst rat e nd Bevnd the ¥a1§%%é%| S3uptnélenype aaeinis opHde MpPSE qUHARRIS

ond surfach SRaobREAREde” ChRRatiE vl e B PN sRE e CRE Rk AP

end surface an er  surfacé o w

form an obkukeiabl € iSRctAId HiRe HRNes thid baeRdombOEnMEStHAt & i S
hardly scratched. The inclined surfaces 33c may alternatively be

formed i ntlsldd ed therdkmdwand 33511 n t he second enbodi ment the robot
hand 30 i provjded with.th ep,.8 according.to the first

enbodi mentlO0RPhever? [ &9 it 1t ATLEYRAE A Lg o (108 TR S
robot handp30, e[rgréa%taﬁ Defigrd B 6OA QF tdliee DtAWHI Hwd 0036l k! &1-iﬂhéx%é a

schematic plan view show ng a substrate processing apparatus provi
w th a tragnstien afdhetsubstrate S as a result of wrapping around of the film Sa as

shown in FIG. 6. Therefore, when the lower-surface peripheral portion of
the substrate S is seated on the raised band 33, there is a possibility that
the film Sa on the lower-surface peripheral portion of the substrate S is
scratched and peeled off. When the peeled film is present between the
upper surface of the raised band 33 and the substrate S, this film will serve
the purpose of a roller, so that the friction force will be extremely lowered,
whereby positional deviation of the substrate S easily takes place.

[0031] As a solution, in this embodiment, the diameter of the
above-mentioned circle C is set such that the lower-surface portion of the
substrate S which is diametrically inner side than the lower-surface
peripheral portion of the substrate S is seated on the raised band 33, the
peripheral portion being defined as the portion which is likely to be formed
with a film by winding around of the film Sa in the film-forming process.
According to this arrangement, there is no possibility that the film Sa on the
lower-surface peripheral portion of the substrate S is scratched and peeled
off by the raised band 33. The above-mentioned disadvantage can thus be
prevented.

{0032] Further, in this embodiment, the upper surface of the raised
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FIG 2 is a plan view showi ng a robot hand according to the first
enbodi nent of this invention; FIG 3 is an enlarged sectional view
taken along the linein FIG 2; FIG 4 is an enlarged sectional view
of an essential part of a nodified exanple of robot hand according
to the first enbodinment of this invention; FIG 5 is a plan view
showi ng a robot hand according to the second enbodi nent of this

I nventi on; FIG 6 is an enlarged sectional view taken along the
line IV-1Vin FIG 5; and FIG 7 is an enlarged sectional view
taken al ong t bend Bpas WrndMd, b8 shbvm D FIG D8 Satd RleuprdAhuiRed 88LAG&H is

Nuneral s and Characters] ) _ X

inclined downward toward the diametrically outer side and toward the
diametrically inner side, respectively. According to this arrangement, in
case the substrate S is warped upward into a convex shape as shown by a
solid line in FIG. 6, the lower surface of the substrate S will come into liner
contact with the curved surface 33a on the diametrically outer side on the
upper suvface of the raised band 33. On the other hand, in case the
substrate S is warped downward into a concave shape as shown by an
imaginary line in FIG. 6 , the Jower swface of the substrate S will come
into linear contact with the curved surface 83a on the diametrically inner
side on the upper surface of the raised band 83. It means that, whichever
warping of concave shape and convex shape may occur with the substrate S,
the substrate S can be stably supported so as not to be positionally deviated.
It is to be noted that the flat substrate S may also be deflected downward
into a concave shape due {o its own weight and therefore that the lower
surface of the substrate S will come into linear contact with the curved
swrface 33a on the diametrically inner side of the upper surface of the raised
band 38. The substrate S will thus be stably supported.

[0033] By the way, when the raised band 33 ig integrally formed on the
robot hand 30, it becomes necessary to finish-grind, from the diametrically
outer side and from the diametrically inner side, the curved surface 33a on
the diametrically outer side and the curved surface 33a on the diametrically
inner side, respectively, of the upper surface of the raised band 33. At this
time, there is a possibility that a flat swwface will remain at a diametrically
intermediate portion on the upper surface of the raised band 33 or that a
ridge line will be formed as a result of crossing of the diametrically outer
cuaved surface 33a and the diametrically inner curved surface 33a at a
diametrically intermediate portion on the upper surface of the raised band

33. Once this kind of ridge line is formed, the lower surface of the
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(00371 Ssubstrate Sa film3, 30 robot hand 6 first seating surface
step 8a, 8b, Sc stage 8drounded surface 9second seating surface

substrate S is easily scratched. As a solution, in this embodiment, the
curved surface 33a is arranged to be ground such that a slight flat surface
33b remains at a diametrically intermediate portion of the upper surface of
the raised band 33. According to this arrangement, there will be formed no
ridge line, thereby preventing the substrate from getting scratched.
[0034] In addition, according to this embodiment, the end surface of the
raised bands 33 provided by separating them into the base end portion 31,
and a pair of finger portions 32, 32, are respectively formed into inclined
surfaces 33c as shown in FIG. 7. In case the robot hand 30 is warped as
shown by an imaginary line in FIG. 7, the edge to be formed by the end
surface and the upper surface of each of the raised bands 33 will come into
point contact with the lower surface of the substrate 3, thereby giving rise to
the possibility of scratching the lower surface of the substrate S. However,
if the end surface of each of the raised bands 33 is formed in inclined surface
33c, the angle to be formed by the end swrface and the upper surface of each
of the raised bands 33 will form an obtuse angle, so that the lower surface of
the substrate S is hardly scratched. The inclined surfaces 33c may
alternatively be formed into curved surfaces.
[0035] In the second embodiment the robot hand 30 is not provided
with the step 8 according to the first embodiment. However, this kind of
step may also be formed in the robot hand 30.
{Brief Description of the Drawings]
[0036] FIG. 1 is a schematic plan view showing a substrate processing
apparatus provided with a transfer robot;

FIG. 2 is a plan view showing a robot hand according to the first
embodiment of this invention;

FIG. 3 is an enlarged sectional view taken along the line III-III in FIG.
2;

FIG. 4 is an enlarged sectional view of an essential part of a modified
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33rai sed band 33acurved surface 33bflat surface 33cinclined surface

VHAT |S CLAIMED |I'S: 1. A robot hand for substrate transfer in which

the robot hand is disposed on a substrate transfer

robot to support

substrate in a state of being placed on the robot hand, the robot
a first seating surface on which a

hand conpri si ng:

| ower - surface peripheral

portion of the substrate is seated, the

a

first seating surface being provided on an upper surface of the robot
hand and having an upward step formed on a periphery thereof;
example of robot hand according to the fivst embodiment of this invention,

TIG. 5 is a plan view showing a robot hand according tc the second

embodiment of this invention;

FIG. 6 1s an enlarged sectional view taken along the line IV-IVin FIG.

5; and

FIG. 7 is an enlarged sectional view taken along the line VI-VI in

FIG. 5.

[Description of Reference Numerals and Characters]

{00871
S

Sa

substrate
film

3, 30 robot hand

6 first seating suxface

8

step

8a, 8b, 8¢ stage

8d

8
33
33a
33b
33¢

rounded surface
second seating surface
raised band

curved surface

flat surface

inclined surface
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a second seating surface which is inclined dowmward toward a center
of the substrate, the second seating surface being provided on an
upper surface portion, away fromthe peripheral portion of the
substrate, of the robot hand such that the | ower surface of the

subst r at efHAT gEal afvieD jshe second seating surface when the substrate
I's warped downward into a concave shape, wherein the step is
provided with a plurality of stair-shaped stages, and wherein those
portions of the stages which cone into contact with a peripheral edge

of the spbstrate A iadfol bttt t-AURAT wHtH #8S%bot hand is disposed on a

substrate transfer robot to support a substrate in a state of being placed on the robot
hand, the robot hand comprising:

a first seating surface on which a lower-surface peripheral portion of the
substrate is seated, the first seating surface being provided on an upper surface of
the robot hand and having an upward step formed on a periphery thereof:

a second seating surface which is inclined downward toward a center of the
substrate, the second seating surface being provided on an upper surface portion,
away from the peripheral por’tion\of the substrate, of the robot hand such that the
lower surface of the substrate is seated on the second seating surface when the
substrate is warped downward into a concave shape,

wherein the step is provided with a plurality of stair-shaped stages, and

wherein those portions of the stages which come into contact with a

peripheral edge of the substrate are formed into rounded surfaces.
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