; e3e$v28) 6T r' A 3 WO 02/ 45137 PCT/ US02/ 01545 REDUCED EDGE CONTACT E/E?R\
HANDLI NG SYSTEM AND METHOD OF RETROFI TTI NG AND USI NG SAME This inventio 2
rel at es twWOtREsI8at er handling, and particularly to the tragafesozacds

hol di ng, of sem conductor water substrates during sem conductor

manuf acture, nore particularly, waters of dianmeters of 200 mlIlineters (nmm
and | arger Backsground of the Invention: 5 In the sem conductor industry,
many conpani es nmanufacture equi pment to process sem condmmum
particularly silicon wafers, for device production Sem c ,WL
processi ng equi pnent enpl oys aut omat ed and robotic wafer handlgsns fur
nmoving the wafer s through the processing equiprment and for 1800 ng t he
‘waters for processing Wafer handlers in the industry typically involve the

use of a vacuum chuck that includes a vaguumtype spatul ﬂlmmm ﬂWMMMeCt or
on a robotic arm which makes contact 10 with the backsi ter

Wth the nore versati |gEpiai ESE CONMAaT wWAFERHARDBLIM SYsTEM made by the
vacuum chuck in a cir culiNnm METEODEOF RREROEITENG ANDL UKINGSEAME One such wat er
handl ing systemis described in U S Patent No. 5,820, 329, hereby expressly
i ncorporated by rlefenemoe rdkessad the wSackhindiat.emd hanaliing the trgmtpi aa holding, whny
wat er pr OCG%&[. de@%?@&r@?&s: a% J1 Mtesemrc% V\ﬂ(ﬁ Inﬁg.lfgfuret rngre 91?% IQr(Fy §'h%§§tdgltnet£|pe

wat ers. I n sem conductor nmnufacture, en processing o evi ce side of
a water is EbIImehiweters(mm) aphlanesi de metal | ization layer is sonetimes applied

For same dewg, %sounahﬁhgﬁ,tvah.b h:zation Iayer is often gold. Back5| de
metal | i atlonvm ersf
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is used as is used to process devi ce sides o

ori ent at i on “pdsfor kaldinedbegvatss far secrsspe  Vpfer 'EEF'"’(E%'Péﬁt"&t‘%"dr‘}yptﬁi’"ya“"ﬁ%(? the yielofa
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reason) vacuwmetiudks ahawe beenhdevel o pedafeo Qe byoh tiler hﬂrall!legsy‘aftmlmgesalb@d nm
ring inside mOU stﬁ]{%m%gf"sz‘éfv& né?eb\f)@{p?el;sly |€t$)r|ﬁrare§§)'rjrlel:ercn& h@relm&ﬂ P8 erlindly R’QQ edge
of the water 1s reserved as an éexcl usi on zone in which the wafer cannot
be used for DREY TBWAAEF RPN MIchEs T8 AR PFTIYS o flhfe%ezewgievﬁ "les"“ﬁéeded to
provi de a surfacen a:hﬂ%n(fubaxtmzinﬁt A&EHO U@bn ﬁr@ceﬁkn@tbl‘ e aewoarsuum £RHEKs Ednpleel 4 abl y
hol d t 5]5)‘5 eveLtlca hori zontal and inv Ior| ntatlonsthat
are re | r ed*6¥ eé"ef’? Y108 FYSF 5 R\ O oRg fegieesyfie '26 RS OARERC | a6
nm cont act &ndadonetiluaandreodngdgeld ydes|t@neatpsocesbest b desywatem tlhranuﬂnelrl) aI ong

the edge of q&hﬁedwc%pend.ﬁwg%énltAgplﬁn.oﬁgaan . oé?é’ﬁrmﬁﬁleﬁ%é&)ﬁk ERYLhd Ry S OF
twel ve percent of the area of the wafer need 30 has been expressed in the

i ndustry f of*PrHRy BeRosued by reéesescseRe EY bt"l‘r@"%"c‘%'r‘@““&nﬁ“‘ﬂ“h%"’?R/ast“éreq‘h'ﬁ'ﬁd‘l'érs to
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18 square céntvrlcrmtlehlgk efrthfaWB@(Dmfﬂwalfé“lhe dePlypssusypdlip ehnha be prbectgsie puchicprtastl i n
the prior agfmdlRtRansll.ers operate and ate controlled in conjunctton wth
the operation and control of the machjnes of which thety are a part or with
whi ch they i nt er &Rt EEHIRRSHRI R BNEREN foyelpRg orpaP f & SridPre? © Bé‘rréf’éf"é‘ﬂe of
waf er handl efise edgetot nﬁdetpr mRY reld, 4 YOO ARAE thbédge dtitHeateaud ebset @t asad e fusiend Aone
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Unl ess vvafer andler changes are acconpani ed by rep'lnac% edesi gn of
» the machi nesr,ov'ﬂmtfeceem Bpéraaeushty catbferavaguam ghgk @rﬁe'@vwwww@?rm %W"Gén

occur horizontal and 1nverted orientations that ate required of a handler Typically, for a wafer of 200 mm 1n

bed

diameter, a 6 mm contact area on the waler engaged by elements of the water handler along the edge of the
wafer, amounts to an area of over 36 squaie centimeters or twelve peircent of the area of the wafer A need
30 has been expressed in the industiy for the contact areas between the walers und the waler handlers 10 be

reduced, preferably to not more than two mm around the edge of a 200 mm o1 300 mm wafer A two mm



These contact areas typically prevent use of the portion of the wafer
bounded by the contacted area for device manufacture, limting the

per - wat erWw@HEB7yi el d. As pattern geometries becone smal IrrT/8sKd/0isdenands
for higher per-wafer yield becane greater , the need for increased useful
area of the water beconmes greater Accordingly) there is a need fur a wafer
handl er and a wafer handling techni que tRat provides for a snaller cont act
area of exclusion zone whet a contact ﬁlth t he wat er IE
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‘the Invention: A prinma sent invention 1s to provide
for the enga‘g‘thgﬂbahwﬂfthrlbﬂ’slgfce'rpd’@f)' \a“hsvémhé*@hd%ttbrlzumméﬂd'Fwo%ab‘k%ﬁ‘dd’eﬁ and

processisng Vdkrhifon BRlcPRhndT L) it iRde, AL AEImpRtid Medcdewv@reelmf@l@ Rbpd dn6n @f er A
‘particul ar objective of the invention is to provide fo t he en‘g)fn%%ang%nt and

transfer of QUPHORETFRIGHALEY BTOCesH R B Ml PE’ebéb”ﬁ?ar&f‘f“i"ﬂgf PEE Nef & zone
of excl usi onegdimpenteddsizotpemipives,ymaét ob drerawafsetrwareandbnipsted opexiition canloarud y
where the zone of, re,

obj ective of the lé’?%s%ﬁ? lgmyﬁur&g}evmuw'tﬂmﬁﬂ\[}(} elhéz}mrlré\gIb q‘%%ed%ﬁlgywmg{dé{cﬂs for
the hol di ng ferfdvieremgifcgre, sfitpgthe pes- \*@ﬁa@cv'ﬁ%y'%pfaﬂmaéc-esﬂpmﬁufSchewgleamﬂ'e' and
transf apr | ngicmtletr)@@a& pgrl\\f 1fceflélcmlg:u$1|mz'ﬁ:§tt.l lP@JeEd IGIU*L%lleHuthfulm 1@ﬁﬁetxﬁlfe$be@$me200 mm
and 300 mm and that is capable among wafers of differing sizes. 25 Another
obj ective at®¥¥e invention is to provide a water holding and transferring
systemtheir pr OVAdiﬁGlng‘Ipfhcrﬁ:&dlﬂﬂﬂdwd@\ﬁbrﬂﬁnd&tdﬂdWElUﬁﬁd]m;i ©¢hnighahdoprokidess e
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processing nmac the that do not ot hervm

capability Aumméowéwﬁeth}h@m ts‘bl] \eb!t“idv@cm‘“ torpact jupppe b ¢ReTItRESsOft IO GYSH@s f or -
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m ni mal |rrpact an the hardware of the processing nmachine and with little or
no 30 |rrpact—“B!H3—E-‘H§L'!§-|§@%¥3—ng sof tware of the processing machi ne According
to the principl ess gimibhe)cpinesemt pieseuenicham,s @ prafde tor igrdkizmg asyshemof s

provi ded hayj r a t, and a
Poad arm chich tuelflae, botRghEpoRulR: KA R piRh B B OR: SR
cassettes antfepr dcragispigobipsieisi Thahewateattontp fodripgdeii the epyErmERt «Inﬁgm'afcr &btced

area omgt he sghtdnderr Affertilfe BRI@Ng .heamz. Wiz of eficl 6sR addAcent e p& PR P& it ReeON| Y
an excl usion zone of preferabl 35 n nor e thaEd“d‘g\,rOXI tely two mmin

wi dth adj acéft ™ ARTHEPTHHETS I HFnE fE™ 't"&P‘ "I YH TR de of t he wat er
during backsi de pyiociesshiangye ot the geedt avenuenbogrovead sethddhad Wa’frﬂus tohiedkigingit t he

transfer ar %oatpqsté.%ﬂguéf rﬂ%rt'&gc%(.%?lggf\éh%ldﬁ.q ARt rﬂ%teR ot &G x&élgpaﬁ.%&]g@r&'s

that are of a J I anet er i amet er he wafer vel ed
edge rings dRnerD2Y24q g agd nuswzrmsawefwar@e'fH%ft'f'«‘@nwzea nar r ow

excl usipgn zone omnhiig <@¢g&eafrh& @i 1€ o BB S Waldt m&mtna%mm.tn@ sgaumfua.ces on
t he chucks t hat j"'é ort

a
station chu®kR KR LuE 6"““5?'%@?'3&8”' J'ith“ s'ﬁecpf"lgce“l')wo el ‘%& lﬁe’(tj'qco"w i “I"h l('Eer tain
enbodi nment s cuardr remntited fid, @otesvingaiolotes pighgqamionxrdied dowt bthewig ialmsfue*r waarbmly The end

effector 5 i, e%m@Wi,'oBJe&vPbt‘%Gee.nCeWb%tl{ MGEvRP fdr the FGREEHRUAEFLET ofah BLAESS.
uses an internal vacuum channel to determ ne water presence and has ceram c

outriggers PHAESBEBCBE UEMABMY PRICAB 46 AR o thiatoessenegtc P e MU Avet er |
for exaopl e mg@dtie @psauad soB0hle BiMeikdessi@Omathiie.

According to the principles of the pré.senl invention, a water handhng system 1s provided having

a wafer transter arm chuck, a centering station chuck and a load arm chuck which can hold and exchange

waters between chucks, water cassettes and processing machine wafer holders while contacting a reduced

area on the surface of the water, and which 1s capable ot contacting only an exclusion zone of preferably

35 not more than approximately two mum in width adjacent the periphery of the wafer on the device side of the
water during backside processing.

Incertain embodiments, the wafer chucks of the transfer arm and load arm have beveled edge rings

or edge ring segments that are of a diameter larger than the diameter of the wafer. The beveled edge rings




The centering station chuck corrects water flat and crystal orientation of
the water and water centering. The chuck is preferably of nmultiple piece
const ructWomgatd7uses a vacuum channel to sense the 10 pr escmos2oisséhe

waf er and optical sensors to sense the water flat orientation as the chuck
rotates the wafer. The surface of the centering station chuck has recesses
such as cl earance grooves to allow the ddtriggers of the end effector to
chuck or i entEBIegh Bl 4PT U g AL bl AT Bad e Bt e
Sonme respectchucks tatls@port e vife Eenbreerqpnlgltsmathe@«rmeohyﬂklon chutheuywaybctmmdedt 15
interacts w\;mq&}ﬂqbg\;e@@gogrm(arm chuck but does not rotate to alter the
‘orientation of the wafer It uses a vacuum channel to deternine wafer
presence. The | oddcapierbdimspiap e elfggtoarhugdgarondse Retheangeriapp e ede ety s
that grisp t h&)fﬁd@@le@fecctchﬁnwa&rﬁﬁ .lanietergi. datel MEheBXBEsWUR InRMalZAREM chbRR] @ dé e

‘el ements are pneumahcg Y. g At t X Jt’ ectro- pneunn tic act ﬂftords tthat can
be responsi V& GEFNE YS! ?:‘f“t‘ ‘% PR ‘f’“d?eté’f'ﬁﬂ'a'fm aealers gigdfenpadiameier
vacuum cont rigl egangade, gvanaei¢ i @00 am undrfOChwcks of previ ous | oad arns. The
grippes el ements G ah1eubP A ALMENNE 1 dhfo R YAkEHod £ CIRPRRGP L he
notion of the robot transtfer armin relation to | oad arm or the
armin rel atFingol fl"h'é'“k/vaf"é‘ie”h'éiP‘d‘é’t‘“l’é?fl"eﬁf‘e’“sﬁﬂ%i@éwluffg“ asteral Cﬁ@‘.“""!"rfé“S@F‘F pper
el enent1 rrax).é@alcmmakvader 4 maﬂegenm@d@meme i.vmerl fla€heMiuoh h},ahmmmhebg{eiwp@er
hooks, may f % r ‘% E es such rot \%/hl at ches
simlar tot 6§"é°“r‘?é€vi % ‘{réi“ ‘r"c ‘éSf 8:’“"‘5 oA CBRIEEItAbS "Eﬂ‘é"gvers
descri bed prot e ead ¢ffectnhiy &hw&auily Iplcerotraioeda auverwithmen ecg@abixf wibdogy ohvelie @huck 0

| atch the \A@,t,@,{laugplepah\g (%p,ao%%srnoghuck The gripper 25 elenents allow the

| oad armto hold er 1n a vertical orientation or facing downwardly
and whil e being H’B)F h"“i HMEPUCkBVBE™E FFPRSEIHMYH MRhoteRERNZSHNRY) chpck pethg way that it

ori ent aki oNSateihdd G @Ithediahst @ TNOSLIBRL @eDior @ b meem& 'b.oam m(ﬁ\ dtaﬁuum qhurek.

equi pped systeml ﬁ flttedeIth mspanl al waf er % ﬂi

particul arl y*+&pI° Eé‘l‘e et Mo KL 63 %{"t'l*‘éﬁ'é‘f‘ﬂ BRAY BT gé'B'febr a
waf er cent erelemgntghat mn'mdﬂgt 8¢ \&tfe) ythiathek xelusafzere. TI@adpmrqlnniems sumbunatisyigt em
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di sposed waf 8rs. transferri ng emto and Trom wafer cassettes

centering orP#if @ﬁt’%@'"s‘i"a‘tOI'Sd‘ﬁWﬁﬁﬂlet’ﬁ\é‘“'} Hudks efirrRvisrslend afrppe ThhgieRer Slementsef
centerizog ankt |@h @ things §¢ @tumemmimymba, tﬁ@xﬁ(ﬁti&bbtﬁheh&)of ©HENEN @ rdMhelb e ldam t he

transfer arm hﬂgnt an tg tﬁl gr andtoreilé ghthe ter to a
cent er ed and ‘r”u‘ee‘f A BEFTPHR ™ HAEHRE L 1he praes e M G 8YPRET HET Y SHY al
ori ent at i on.be Adetrlitgpprahdoly ot indied dald revond oivne kisoksayay e othpretyizeb biew: tfam hnidme a

waf er bet weqp,tn&ct LAY SARLs, A m.sm&ek.vang.vaql\p@ﬂ‘eser RRLARE (B orir alsB el B ceT
processi ng nmachi ne, of exchan e one wafer h anot her, reorienting the

wafers bet waBrivheh Ry WQP’”H‘FF@H?'&P‘? T f”i 'ﬁ‘ht"PFé”“fet’ tofheri sl s ohiickn Bhe£noRSF ¢ i cal
ori ent @i on eiemedifi@lowdde @dad i@ 1d@51d BE whiBien prvaadas@ ieR@uoBEREIRECdowWRdr@ly Sndawh@e hel d
at least in part K hor.i zont a di sposed, upwardly facing
chucks of t kll)gm% hegﬁg’f)'gmwe by %d”mﬁ“ it (”d"ércf'[ Of'em%mand are held in part by
gravity on the | dackrtan mnbfhluwkts ot/\mgmvemh@y- vac\ ¢hugK eqi5ed Fyste 1PCTHIWSO XD 15. | 5

are hori Z0”tn@krlqMc»ﬁ’lv%&@:%@ﬁm@ﬂﬁksugpt%&lqiy)(epﬁ @fnk Ll cﬁlﬂkstoﬁ %ﬁf@%rn@nd dhgovat ers
to and fromthe transfer arm and by positive wafer ed pges hooks.

when bei ng AOEHCTE Bt &R F‘é‘h‘f’d’fq b%g"" 194 e 1P SR ¢ é¥ﬂ96‘d\hFré VP HIH&e

i nvent Bon t hgeroterd mcmrpnﬁcrrmivsmﬁmdm tih@spwad enrerhanﬂidung:tﬁmst KMr@k  .teofvpatd. bl e
with the co Ne, ) K..equ r.art chi t hat
the system ggn "Z‘"?%"" "tnﬁf\{'g%g%q}]gpq%'(')mw&t ‘f%qckd 'éétcg?{ T fmdﬂg"r \ﬁlgtr?(é)%ghénces
and W t hout batrdizble tredeyna paertiigm tfwmsrem"ms@i)vwam akgfo llteh‘efcnuré It i onatem

chuck cont r @}, dhB8Sand6Renktd BibPorIRNAR - e, REAS R Borf ON@ltlﬁ\Jns AQdludnRIB, RbUCKS.
G i ppes operating pneumatic cylinders are OFer ated by el ectro-pneunatic

sol enoi ds t KAf 2 gy RUEHAM G PPer-lf BYovar dRIFt Rer g RO PYR AR AN RTHbRAY of

si gnal 85t hatheweree pprasmgdeahihor waltitgemne vulekwitpebibdri iechekimg ol wigsnt tetwetn  he
pl’ esent | nv%@l ZIORH UHQ»Y.mp ()nnlch l}sqic?% ﬂd’ib!:‘?nctu%ﬁnmta(?non ti(e%a‘t ?L()léer tllie %Qétsl jid

i ncludes 10 t three c asse Ies configured mrepl ace vacuum chuicks
of the tranW@Y"eaWHf“a!elhﬂﬁi“r‘@S‘g’tP&t‘ bsosiavanen theweizoare by Q'iPPseé%P‘é‘ﬂlh@“mC@E‘éSQ ng
machi nes Thet welkdasrel a8 shdAPRHz 3hibs akd de HeldGn RIF@S @RTityI0d MR Mall B%h RERVIIER thed hE
advant age of increasing the useful area of a water by approximtely tout
percent, or from881ln to 96% of the area of the water) reducing by
two-thirds the exclusion zone or unusable area of the wafer, and providing
cm average, simlar increases



15 in the nunber of devices produced per water, thereby inproving the
producdvity of the sem conductor making ~ and machines y. These and ot her
obj ect i ve¥0aRd51ddvant ages of the present invention will beonuseweasi |y
apparent fromthe follow ng detail ed description Brief Description of the
Drawings: 20 Fig. | is a perspective di agram illustrating a water handling
and processing apparatus of rite prior t to which the present i nvention

is applicable. Fi en erspectjve rtion of
Fo o | T ettt sentng B e B aRET bt e o g Rog o R bl
broken away avd @apoiinleuafer @lizé n@pa hiki. ohereteing wafed in difet denawhs.t he carousel 25
processi ng nachi r]?ceﬂtmértb%dlﬁ\glg tﬁlg H§en9£n lﬂ: n ;I\ ﬂhgwﬂgA Adﬁlhq.lys%%‘F @%ﬁhlﬁ?mblg

'|Ilustrat|ng of a prices art ternative e I ment
shown mit PMahéiseenpbst the b‘ﬁ"“"F‘ihtj“‘ equippgd. 1 'erlags'c*s'@éhﬁ'n'ahe Ve MFW@WC&

Eorti in 50f ttrlkmmcamromumlﬁmm RESRR dHQwEE]f’eﬁthﬂﬂquiﬁq?dnhﬁmWrb &He Bftfol &W(ﬁf&é@? s of
"HI'g Inre tion to the water transter (0] the a ar at us t he rior
T D 30 Fg. miten Vahulm AR MR GTlnd SRS st e s AL P [N B Gt SRR huok
of the transfaeamngpmlmﬁlcFyhgclersBreumubmbmelechepmmnmscaehbnd:fmmmbamkalcdiuepmoczessi ng

i noy 2 PREAREEL LS el B MBS 5 ARILLO, YR EIRACOT di g Lo one

enbodi nent o resent I nVenti I's conp atible with the pr stir
art apparatus i | [Erbpguagneser ihﬁP'FHCQ}S"VC'Eme'ﬁcgf""‘;‘le‘i'Bthaf%h@ﬂﬁw'b‘a‘lth“ﬁ wpluder ew

tit thaoend yrfifrechk aisérﬁbh&hentME@{) 1dpla@dVaBlum@R¥ksQt thl BehsioRdrBlalBaRalif1nd 5
syst em of Flr'hg 4 ali ned wth t wat er chucks of the aligning station and

the | oad ar M B! OBAN ROKSSWE B H'ﬁ%ll view along line 5A-SA tit Fig. 5. Fig.
5B is a secti onalThhewdaidapgralus nighepBscpBnehtiokpigyidds thEidyantgeofiingreasigaietiicoal

vi ew al ong ldle 5\%‘ 55; a?{) l@ﬁhﬂélg%hlﬁé{f%éggérb%%}z 9?__’; oﬁh%ﬁea%Pthk &at@ ﬁ‘ﬁ&ét gnal

mew al ong |i ne is a schenmat op
vi ew, sim| &yo- Mlbmegxdls“m Fan pfgnysall¢ ‘ngl%ﬁewe‘ﬁdanéw)eemrm e‘f‘ff"@he‘"\ﬂﬂt'@f‘e"be‘

transfes arm hOfmbbr ddi1cWefr@iicedPerdbhicd] thefdb Alprotere EDRAIIRR of e strl&nliRad arm
chuck Fig. SF is a di %ﬁ‘&‘f"?@atl c sectional nmew afong i ne 5F-SF of Fig. 5E.

5 Fig. SC i SN"giragra "§&ctional mew along line SGSGtit Fig. SE
Fig. 6 is a pat| dhest oy oewbieduvéshel igranppen! depekannenudiivwll telverd reedy gpaenchur | .

of Fig. 5 FiQmal t+ll%w o GLOSS éﬁ;ﬁﬂdnonal view ,dung line 7-7 of Fig. b
illustratin the um c gripper ma release position. Fig. 7Ais a
cross-secti mi g. 7 illustrating the |oad arm chuck
gri ppeps gri ppi ngiglis Rperlate drgm st Sin@iwa@nhaAdIgg thdprscdshiAd apfdr ANoBBE/Iopnal
"llustrating in more detail the lgad armchuck grippers
Kig. 1A 1s an enla ged perspective diagram of a portton of Fig. 1 1llustrating movements ot chuck
assemblies.
Fig. 2 1s a partially broken away view illustrating a prior art water holder of the cariousel
25 processing machine of the apparatus of Fig. 1
Fig. 2A 1s a detailed illustration ot a prior st alternative embodiment to the latch of Fig. 2 shown
m its latched position.
Fig. 315 a cross-sectional view thiough a poitton of the carrousel processing machine ot the prior
art apparatus of Fig. 1 in relation to the water tianster arm of the apparatus of the prior art
30 Fig. 3A 15 a perspective view of one embodiment of the vacuum chuck of the transter arm of Fig.
3 used in the prior art for backside processing
Fig. 4 15 a perspective view of a wafer handling system according to one embodiment of the
present invention, which 1s compatible with the pnior art apparatus 1llustiated n Figs. 1-3A
Fig. 515 a schematie top view of the end etfector ot the water transter arm of the water handling
35 system of Fig. 4 ahgned with the wafer chucks of the aligning station and the load arm.
Fig. SA s a sectional view along line 5A-5A of Fig. 5.
Fig. 5B 1s a sectional view along line SB-5B of Fig. 5
Fig. 5C 15 a sectional view along line 53C-5C ot Fig. 5.



of Fig. 7A. Detailed Description: The environnment of the present invention
is a sem conductor water handling and processing 15 apparatus 100 as

dr agr ammeWldAHP187i | |l ustrated in Fig. 1, which is representmti/vsneisishe
prior art. The apparatus 100 includes a high throughput car ravel-type
vertical water processing machine 10 of the types illustrated and descri bed
in US Patent Nos. 4,915, 5G4 of 5, 51G 7327 both expressly incorporated by
ref erence herein. i nvention |s I ble to other types tit water
processing machi rfé%gﬁsu’cﬁc“ﬁ's‘ ‘fﬁ)bf?:"él ﬁq)uglfgf"l'qg type nachines, for
exanple. :rod othégSmamkuhm@cwmvnMthar\r\af-gs,sllwmmmedmdeﬂezmntfaabwyterznﬂns&nd
upwar dl y di mhich the wafers are
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WO 02/-ul37 _ t? _ PCT/US02/015.15 Accordingly, what is clainmed is. 1. A
sem conduct or wafer handling system particularly capable of transporting a
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the edge of the wafer 35 by contacting the water 35 only within the 2 mm exclusion zone as shown, for

example, in Fig. 5F The pin 301 has an overhanging inchned and nearly vertical surface 312 which faces

35 racdially inwardly toward the center of the water 35. The rollers 302 may be mounted on pivotal levers 302a

0 as to swing, in response to the mouion ot the actuators 61, between retracted positions away from the

edge of the wafer 35 to laiching postions against the edge of the wafer 35, as illustrated n Fig. SE

Alternattvely, the rollers 302 can be pivoted in response to other actuators that respond to the signal that



5. The systemof claim 1l further conprising 10 an aligning station chuck
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handl i ng apﬂzﬂfeﬁﬁrb@ssﬁ@-ﬁ@@ln@t(ﬁ)ﬁm&elis&ﬂSlﬁlanhhHquﬂ.lcS&ﬁla&&ﬂdth@ﬂ@fce%ﬁ&ﬁtlhezﬁfev\hl ch
"has a device s iameter and generally circul ar edge) by

contacting t’ﬁlé "/\Eeteé?]"qb% "teﬁg'e'ﬁ% 'Ig‘&séfs"as'? @&"PaY"onl y an excl usi on area thereat

of not note than appfoxmmhtel y two millinmeters wi de adjacent the edge,

whi ch apparat us hasiaomh ladofBREk ON€ Waf er cassette station for holding a
vertical stack of horizontally disposed wafers, a water processing nmachine
having a | oad st &AMtk ®dwaf er hol der thereat, 30 a loud armfor novi ng
waf er s 1pet ween t hgchwaihefrankrel ldﬁrlllﬁﬁnntsthﬁm lﬁxaldulsltratuua@ had a hori zont al
orientation at a trans fer 50 |tt| F bot ;ransfe{ rmt hvn”

hori zontal Iy orient %H‘ ¥PRY" LU G PP H‘déf PV"% QR WAL é’t't'"é it ""f"n

waf er cassett eowstdatlianeteranehstoeitgessitirgustiabpl thaw: acm@dtammsldermfeewuhposlp‘m te;m  of

the 10ad arm blidERtill0f FRIRIR) Bhe iR 3k aChi Ng al | east two vat er
chucks, at |east one to each robot transfer armand the |oad arm

each churk. havi r‘i’g’hOf‘hV@"EfZ/“ZISTB"IO“d aghugegdpvys02/ 015.t5 a waf er support

surfacaslying in a pb@ﬂextaﬂdbﬁﬁﬁm@du@ﬁecﬁﬁ‘ng:ﬂ?e&ttl& soﬁpoaeurafmmhtaéqstraipmgmh@vi ng
an outsi de di anet e[ at | east a(f ‘?ﬁl’] :TE aret e h te n

i nsi de di amet ef"8WRPACRETPES p°t°"vx%‘ PEYe "’t°8$°s° f e‘é%"’f“ﬁéﬁ‘%"l‘ié" ol %%ﬁ-é'% e‘r’ of

t he waf er, andpevelreueict @xteemndd yugpofisghnd dhéhe cutisind ée dinfanatepr in0fe etchelosuppor t
surface in at least a plurality of angularly spaced sections and positioned
to guide the edge of a water unto the supper t stir tare and to prevent
contact betweeh tThesyseppiotamiphyerace tit the chuck and the wafer except in

the excl usion are@»Jaﬂer subp&t JIRIB OtkhOkanGd Al bl WH &Y Bionzaital pleRShd @ABwAdly t he
r obot %Bansfer rm and the |l oad arm has a vacuum chuck thereon, and

wher ei at {88 one tit the water chucks being attached has vacuum ports
in the segnments afeutiner amvtearmcli@sring thereof, and the attaching of the

wat er chucks i ncl Ud?tﬁyd%oﬁy%}%'&g moln;lm«l (ﬁl%%tcncp(nq &)&%K‘:l p%atgll 1%99““:%&“ ADine
vacuum control line fromone of the vacuum chucks and reconnect | ng the

vacuum cont r ol bory fiing ¢f legtiope P dtesemets W de gkt '@ tReraeknd 12, The net hod of
claim 11 further commadS¥oi@ns extending theretiom, each arm having a remote end having at least one of

25 the segments of the annular ring thereon;
thc bevel of the tansfer arm chuck extending upwardly from the outside diameter of the
support surface on at least one of the sections of cach of the body and ends of the arms;
whereby the semiconductor water handling system 1s operable to pick up and support by gravity
with a transter atm chuck on the end ot & tanster wum a semiconductor wafer having s device surface
30 facing downwardly with the exclusion area thereot making surface contact with the sections of the support
surface on the body and ends ot the amms and with the bevel outside of the diameter of the water adjacent

each of sections of the support surface

3. The system of claim 1 wherein
the water support suiface of the transter aim chuck lies 1n a horizontal plane and 1s upwardly
35 tacing,

the bevel extends upwardly and outwardly from the outside diameter of the support surface; and



15 using the reconnected vacuumcontrol line mthe apparatus to operate a
wat er presence detector. 13. The nethod of claim 10 wherein <u | east one of
t he robotW@i02/4H1df er arm and | oad arm has a vacuum chuck t RETADHI2/0EHS
wherein. at |east one of the wafer chucks has |la elenents thereon for

hol di ng a wat er agai nst the segnments ti t13 the annular ring theiecit, and 20
the attaching of the at Ieast one of the "wafer chucks includes

?LZCSQQEEH anf‘r gﬁ%’?,ﬁpsﬁ% atrm cﬁ‘ﬁckt.{ c%m.o‘?..eﬁ tool‘;.cktew%gl% ﬁ %OWQ{%H‘J klsse%. S&Q@ﬂgf;: “mg
1(1 wher ei nhevrg 1t deyete ar fmehamu &low;musllxmﬂe Heekl%-hlemehpreoamdmmweq qeniadt Witk ast
one of the WRk&hodk UK SRR rth@UAIU MGhe BERITRRIIS o R E00r Jf Bt whied .dufieh edchwpf er
-agai nst the segnents of the annular r rng thei eof; and 25 the attachi ng of

the at | easteBHe OGhe UPROMTAFET SOCHIRCRE' ‘H&‘I‘&Ja*ége ‘Hi”‘é“c%ﬁfféc?f e By S SEpRPTt
cont r ol 51 r newfaccamht belwacaeimt ebuetle of the | oad arm and reconnecting the
vacuum control line to card latching elenents. 15. The nethod of claim 10
wherein the | oud arm has a vacuum chuck therec>n, and wherem- at |east two
of the wafer chudkssystew ef dlaat & whanggn ¢ enretertagn ¢hadriadudes=or hol di ng a waf er

agai nst the Segm‘é%&nQthJpKLQloﬁ‘éa%th@EupM.nQsL.#R@é&QE 0 bé‘B\chk@ch)IlﬁkE‘exé&JcﬁQ&lcr&g of a
wat er chuck to the load armincludes replacing each vacuum chuck on the

| oad arm wi th>BiRe BtheprBr sgps Pague ¢ e Rgrare defitieden grechiieePi ng a vacuum
control line from each of the vacuum chucks uF the | oad arm and
reconnecting t;1e S qx‘?élrvﬁuvf‘ﬁ.ﬂ erp&o)ngnr“pl Irne to the latching el enents of
a respective one o? e W' Wef er chucks. WO 02/5137 - 1G

PCT/ USOQ/ 015-t ~ aGabg ffh@lwert%mﬂ h@ﬁn 1@ wafersudrQ: tgnBeedying 10 nglarg pideaedis ses s has
an al i gni ng ,aRdn&EPLAIHa NG SRt bONNRT (IEQN GRHNIhe Waleot iR @.?e?ﬁkdtah%ﬁ@t ma
hori zontal pl ane, and the method furt her conpri ses attaching to the

al i gni ng st 4vPgs “athwaf'ew CHBEKIRVEH IR SUBPYYY- surface lying tn a

pl ane and formed of aegnents of an annull r| ng haV| ng an uutwle di aneter at
latealsfaagts lt\?\:)grﬁ P%sgg%rgéf% dler‘ns5§wt{e};t]:|ar.1r%hctlﬁ nmd smtmn (..hl#_C apiﬂlel extendenﬂ(?xlf%q}?c%)ﬁtr déM : E:)g
tit claim 1611wmgme|hnstmh€t mmfcethc-cﬂuoklemudmhleﬂottao tﬂ'ihlessatngmmg agitptiiaeed has a
bevel extengj g fk 04R bGP bR Eﬂ@wﬁbo@t@ﬁ L8 anffo FrlEn SHRRAclweSHhd @Ffordsth.RL

| east a plurality of angularly spaced secUuns ,cnd pusUU>ned to ~, nde the
edge c>f a Waﬂ“"e‘rh“‘ibﬁ‘t‘%‘h?h‘éef§&ﬁ%d)‘? e EPYREELand to prevent contact between

t he support su dace of the chuck and the w ifei except cn the excl usion
area. 10 18. TJﬂe 10 wherein the load a mof the apparatus is
operable to nove m the horizontal orientation at the transfer
pusnon and a dtftfemehtsum)netntua:tqun alghing fromeivelrieho h darzomd! plpaind s arivasdiat i on.
19. 1" he negpgd.pf clam 18 wherein the |oad station of the apparatus has a
verUCal | y di sposed water holder thereat) and the |oad armis operable to
nmove wal ers bet wHEANEIRE SHOP £Tugia CPBFUEST A IOHNBE °F heiiabader of Be ABIHE ArIES t he

| oad stati om landnarehny ihdemnticthtedibenesai Bloweuaiis orlrhesﬁplpansg‘@ﬂ lcﬁ)ﬂﬁﬁbﬂ‘lu alRG. ch
\fl\?.{)renr at ngzteinfft:l abm g]udk lO erir}l)]d Ltt[ eQnawqel an lhﬁllwl}m" statlonzcﬁ)ucl%pk¥ azeo\%gerglc up t hI n
appr oxi mat ehy'!t:v\/(o)rrrﬂlwl-sm@r@%lﬁukt he edge t her eof by upwardly facing wafer

suppor Ung sur f acgge &y 1 WARE BB HEK 1 BberdiciORBortbl ordNS k@ hnAmPh MachrpRR  UNY

t he vvaf er on said surfaces)
25 by the transfer arm chuck & semiconductor water having its device surface fucing downwaidly with the

H:yslem nt J i m lrlnr

exclusion area thereof making surtace contact with the sections ot the support surface on the water aligning

chuck.

8. The system of claim 7 whereimn
the aligning station chuck has a bevel extending trom the outside diameter of the support surface
30 thereof 1n at least a plurality of angularly spaced sections and positioned to guide the edge of a water onto
the support surface and to prevent contact between the support surtace of the chuch and the wafer except

in the exclusion area; and



20 mmy the renoved wafer nth the water a anste~ armtu) and placing the
water tin, upwardly facing wafer supporting surfaces of a wafer chuck of a
| oad ar mWP BH§BFI ng t he downwardly facing side t the wat erCTMisoiomssshe
approximately two mllineters of the edge thereof by upwardly facing water
suppoi ring sin faces of the wafer chuck of the load a mwater; and

| atching the water to the wafer suppnrtr'n'~4'surfaces of the water chuck of
the | oad arm and 25 tranpsfer i th atched wafer .to a wafer hold m a
| oad otation of arcrsh 20E HhenaHrafocs PERE B 08 R A 0F byt Fher
conpri scng rsewbn pchenghadpimctudayhitchen thvatcgons stiippenporting syrigaofiiize kgungflatgn

| east one of,the wafer chucks wh a bevel extending fiom around said
"support surfaces to ‘%;Ji de the edghe of a water duvvnvvardldy onto sai d support
surfaces while pregebtthapie aemas ehugfer spseple o-suppart beysmcopdugtprvafes wih tg bexdd g
chuck asd t hehwafmhg @xGEEHucMRERE Bt dQhdndRr @R Warkh ARt ddcH oMBectidnk BITRL s@FpSrt Of
‘the water edge hV§D.02/-t5137 1 7_22. The nethod of claim20 wherein the
movi ng rncl dHESS Bl US02/ 015~5 first moving the rempved wafer with the
water tranfer armto) and placing the water an, a water chuck of a water
al i gner by engagifgLd& fownvaidly facing side of the wafer within the two
mllinmeters at the €dge thereof by upwar dly tac~m- water sopportrng
surfaces of the wBflend 2an ghghaycontraaigd fopMpuaEPecRa Wigh tpstas arg f e rRehingagddys at

al ][gner) aEdea?t%ﬁﬁ‘é&ksﬁ%r&oh%ca\f@fbfarwe&n(@w& Reuowalt e sSpPERRY st 18 therestf af:_es OL the
waf er uck of the robot transfer arm .and then novi t he realigned water
wth ¢ et or it POyt Rt PEfe S Ren wt b P SR o
an, upwar dl y Hoaginpgplwafied 1sapppdy ticmg. isuiranttacen cofck aanvigtegendeth iakeenfa vatek oad
arm 2_3' Th%uﬂ’ﬁﬁrrléaggth&fpng]d@*ItMngQJp}M?tﬁ\n‘.QJIﬂce%h‘l% lu\oaaﬂﬁz %Ekjana lngloe%furrﬁghﬁcklt@pfli%ped
waf er includes rotating the water 10 with the Ioacl1 armto a vertica

anent aoon ardvter Avirerk trgramEonge drd pg cudierti cal |y di sp<ned wat er hol der
in alo.td stati qr talel a (R LRSS RGN BRGBIO WAy tRNSBNbUERIR AUGEST of WRtsEport
handl i qg system nar lt,i cul ar _Iky capabl e of transporting a sem conductor water
havi ng '2 dev"C& SMF{RLE™MiN " Ohe side thereat, a diameter, a generally

circul ar edge anasdnt oveiblsdoching dengats opes iblaevhdesngaeed, sundvacming he hatksidrolf @e t han

appr oxi mat elv«)ﬂfer mom lhle E)!IEES‘J ;§eum\cqgl @‘i’hf'ﬁﬁ ﬁ\guu&lh&alﬁgggsu I)Jn]t sﬁrta]cgo e 164d ahm

processi ng machine tot processing while making surtacecontact wth the
devi ce surf &bt g visedisgaeased- Briflsss the Vild: excl usi on area thereof, the system
conprising. a tramnst®lthedbdNabnehal s @arabikivgbi RPloSlleicAbnChtiGiiheaged, @36hpak M

Chockcs nen A0sSAETgkt b AL BESY Sy 0 bR A R S
W t hin not mpeverdvan the eaglusmi didapheteeinsikog sutfive catigievith fhe sehienyyethe suppdriyertace

transfer ar g gRYUGK.HANLAInAwREYEbevEXieRBEIRRe bf BIAIRG: SURSIHE HhRRRL& or O
t he support surtace in at |east a plurality of 25 an~;ularly spaced

sections and* PSPPI B UPAR t he edge of a water onto the supper t wi
fare and to prevent contact between the support surface of the chuck and
the water excelq)t. A! nrlletl:[oggt n?a%ﬁllg 9%5'}1.@ |§gah’ppa?'art]g capable of transpoiting a semiconductor wafer,
25 which has a device side, a backside, a diumeter and generally circular edge, by contacting the water on the
device side atonly an exclusion arca thereot of not mote than approximately two nullimeters wide adjacent
the edge, which apparatus has:
at least one wafer cassette station tor holding a vertical stack of horizontally disposed wafers,
a water processing machtne having a load station with a wafer holder theical.
30 a load arm tor moving wafers berween the water holder at the load station and a horizontal
otientatton at a transfer position, and
a robot transfer arm for moving honzontally orniented waters individually among a wafer cassette
at the wafer cassette station and centeiing station and the transter posihon of the load arm,
the method comprising.

35 attaching at least two wafer chucks, at least one to each of the robot transfer arm and the load arm,

each chuchk having:



the I oad armchuck O (he ~Ilglllng statu~n chuck having an inclined
surtace adjacent the edge of the wafer at said at | east three paints. WO
02/ -t5137Wo @®&spB. A nethod of handling .i senuconduct o~ vedwesezmusgnsnt g:
PCT/ US02/ 015~5 liftno a water, device side down, froma wafer cassette with
upwardly surfaces of a hanster arm chuck engagi ng the device side of the
water within 2 nullineters of the edge t her eot ; pl aci ng the water deV| ce

de d lu.td f t hat
W Ehin 2 1 et or & "o THER B T BATE S ASBHL PR T B G arm

chuck; h anspupttsidy didvetcvaker s hyge txohedamtdrogbgafanndn irgidt dirmepnwitver kasnwb he
devi ce side of {he [ B 8Smdid) oAnSim fi§chaon ot her than down 26. The
‘method of claim 25et%//\€|1eret]|ln tﬁ'emt[rgnst er arm has a bevel extendi ng tromthe
out si de di amet er 102 ofvelexsidyisdrom thepridedamaier gt thd wpptt sy tagt W pgpastayplyyflity of

angul arlsy spacggus@ChiceScdRhnPRSIBREM life & ada)m RateEHERQlppai WAL &nA0t O
‘the support surface and to Et event con et ween the Sup port surface of

the chuck and P'RE GRS dRYERPE ‘”ﬂ??oéﬂr?“'é&%‘l"ﬁ’fl%‘ﬁ" ey vafer ”Zher?i‘ T*I°A¥Eers of
the edge of the water. .Afn. A
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FG GG7HH 13. The method of claim 10 wheiein at least one of the robot tiansfer arm and load arm has a vacuum
| z1 | #KgKK- LM Myl MaNNSERX vqkf a\ V\]ca] ca] ca] cal ca] ca] ca] ca] ca] ca]ca]ca]ca
] ca] ca] ca]ca] ca] cajca ca E]Z ca] cal % (]éca ca] ca! OPPQQ QSBSST
uTXTTTTTeULVWW) Vi [Cﬁ\‘ SRR ‘é““r“%/f 8’3‘] AT S e LU caU] c

a] ca] ca] ca] cajeay mar]ecla:]uclah}],gme]@a]nmaU] ca] ca] ca] ca]j ca] cal caU] cal ca] ca] ca! F\ a\

\/1]1D_og | bb

] c}a} ca] gaU] 2Zica]?'%§ g'a]%gll %Q eobf rrg\g&h u]: Ei Qee cg?]ceg?ln Q?%:;]i](:ga

ca] ca] ca! wkief theryrgw ﬁ?"ﬂf?coﬂﬂ§{'ﬂ&‘b% REHPEOUMPKIne 4 ‘W W}"ZG]SW"&?\ W]ca]ca]calc

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] cal] ca] ca] caU] ca] ca] ca] ca]ca]c

al BI\/P/@

AUl ca) cal cal cafedr b Eapedf b R BT B i AP AR AT T o T
;uzupj e ZU] cal] cal leai @abf uha]xma]ma]craq\ca]mae]mt]a dejeo@joc ajidiad caifoabod wa] cal c

a] cal ca] ca] cg,]ng Ueal.eakl gal ks czﬂdca] ca! "i HZHe>wj =f zupkfa\ W] ca] ca] ca] ca] ca

] ca] ca] ca] ca]ca] ca] ca)fca cal cal caj ca] cal ca](ca] cal] ca] ca] caU] ca] ca] cal] ca] ca

] cal ca]Zéa] cal f/' theauaching of theat least one of the water chucks includes disconnecting a vacuum control line

. 4Cuv48Muy{ vigel) M Gadkeahenldaal malemhealcrlveals ahtalisab aaliaslgataalcal cal

ca] ca] ca] calU] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca! y2hG\j gl ~E

Os{vgkf [V]]ca] cal] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] caU

] ca] ca] ca] ca] ck} d&d nahdal daind voadiciad loal B Hsp[viangh EracRNkéren\njl Weagica] cal] ca]

- ]cgaU]] gg}lﬂcg?]:gfgacal Rl wabaal Gal cabcadsalicateral calaaksalaal cakbaal&akd cal ca

Df i nCd " bf stErEgB e e teeeal ed] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] cal] ca

. Lf?gzg?bca] gag] C&]eQ&Muﬁg’i]tG&]\i@l&h&&]&l&]l&ﬁbﬂn&&dhﬁl&lﬂ:;ﬂﬂ]r@&]&adcfu&CIchli'chEn the lo: .d] |

XSni c a calcalca cal calc

a] ca] caU] ca] AN hon«%o(ft% ?e]a n Cf}lf 11 nej na.ll }(ﬂCl'_LNLRJIfﬁ[iltlo?llnL?ﬂ)lll VdC].I

?| 9} xsni d_Zbjck]ot it bad ca]lcfa]b@al]ecta]; da]ecta]ttcfa]l@atld] jooag! bag tga]ed:@@maflgaf]nca] €a] caj

ca] ca] ca] caws(;eal%],&alma el e aligalcrl ca” #3y @ " ?S

109%&' ()-,10%& ()- @ 109&' ()-!L910%&k ()-s! 10%&' ()-!#S&L0%&' ()- @x| dES

109%& () - y#10%& ()-@10% ()--#10%&' ()-S910%& ()-S10%&' ()-1k> aB&@

109%& ()- @& 109& ()-!5y $#10%s& ()-,,#10%&' ()-@10%& ()-S@ 10%& ()- O

A?@ 10%R' () -!'fO#109%& ()-,f/10%k ()-@ @OY% ()-@ 109& ()-'y)#10%& ()-- | @

xmbhC&10% & () -



10 10 10@: 109% ()-f9#10%& ()-, 96 10%& ()-- @ 10%& ()- OAdEMbCy 10% & ()-S
109% & ()-y: 10% & ()-y

109% & () -WOIRESEE () - &F10% & () -t @BnbCf 109% & () - ! y#10% ( @d)uso@olong & () - f
10% & ()-f 10% & ()-F #109% & () - MEENDC@LO% & () - SL0% & () - &y 10% & () - f
109% & ()-f° 10% & ()- @O% & ()-% | aBnbCS 10%1&() S, &

109% & () - @10%{&() FF#1006 & ()-! #10% (&()-,

10% & 3szdE A & [ 10% & Sl 0% S+ 10% SL*
109 & () y( #1096 & DRI S 4 opres %ffo)x Vdenie 9 1omisbt o s
10% & ()-S3 r&(ﬁ&’(l&U(l)valsaal.ﬂ.Qp/ﬁe& 1(1h 4 hdg@yntdd QY {n}l -th‘('n{eﬂa&%ﬁrt e} eabPer@s () - &L0%&' (

Voo () y. t0v (1 P e s e b e Woird

1098 ()-@ 10‘9ch yf xegmemgt&&dm@yr(r#tm ag ))utgpe#um%u (e)nsl l#gtgty&e(d)amger of the
109%& () 5#10%iree rd @R Wi didrmee® @i t (el BRGR1ned QIS thahrive/ dibORIRS the-waker

109 ()-S- 109& ()-, +109%& ()-SL* 10%& ()-(U) ' *++++++uV7&F10%&' () - &10%& () -
10 10 10!"f 6#10%& () -S3 10%&' ()--S2 109%&' ()-++],,-}--dEUV7&FF #10%&' ()-f
109 () - @ 10%&11.)Fhe &ﬂ:mﬁ/&)t(c) atrh 16 wheiein the wafer chuck attached to the 1I|0nm0 station has a bevel

109%& () -3"L10%&. () /dE Ff 109& 10 () S
Too ()1 TOVBR Tl A SRRy St bal By bl o

109%& () -, 109@&uQns>- IZGWQQW%MUW@F@TGW0(")’-‘h°$!m}%&‘(r)-‘b@#l@mvcmwf‘m#locy&
()-@ between the sup o1t surtace of the chuck and the water except 1n the exclusion wea.

109 () - SFO10%& () - b333Wn4415dEUV7&F@ Y10%&! 0)" & 10%: () - @10%& () - *10%&
()-f(109%& ()-,"' 109& () - 1555666A7dEUV7&FS6910%&' ()-y5109%& () - @

4109 (1p- 210%RAK. ) Ehe M@V 10 EHettbAKE( ).mAVmawﬂmz?s?)b@&m&m&e@)mefwe(&e(.) 10

18%1810 ( )]‘Og 18%}&:%(13 /@ g%ﬂs‘% .gl %W%%{)}) sl?BSELS?dg %lq p(%ntalmn ofgfhc(\)/ate@fcgd/ GE‘at((l)e load

dEbC&@.O%& (yue® 109" () - @O%&' ()-f 109%& () - @10%& ()-@10%& ()-";.; D
; r<?==aBbC&S 10%&' ()-S 10%& () - l>9#10%3e& ()--,10% ()-Ss
109& ()-S10%& ;% =>| >>&’>77dEbC&f)#10%& {7‘
10%& () - @10%AY ) TMetboe’ (ymaf wherie oy shironed Bopiryusseavansidimegon s
109&' () - @1 hdKAédbe(eht; arfd/th’éldﬂﬁ/&m(éop@lﬂlé)&ﬁno(va wifées belv@¥fihé yert@ Mouentation of the water

100 (%1 G0Acea () eidran R e i it Sl G ()¢ 100 () -5

109&' ()-y&L10%& ()-y 10%&' ()- Y L10%& () } GG7HH | z| #KdE~_@

10%& () - @FL0%E )x §urd QUM %ml’ﬁlﬂQ%ﬁpl(s @Oo%& ()-f 10%& () #KgKK- LLM MIE~_@
" #1098 () S 109& ()-fY 109%& ()-f

1098 () -, 10%& () 1098 Y 'Z?WE\MM'EJT@WS%%ﬁﬂ@g&rﬁ)ﬂ&fewm«a(djy_tgmg side
109%& () - @Lbﬁ%&w(fé: w%ﬂ.ﬂ)%&xn(n)nel@#vo millimeters of the edge thereot by upwardly facing wafer supporting

109& PP % )% S.
10 () S+ 1000 ereheniih bR bpbdie na B (MR ) Y 10
10@ 169& ()- @ TOVRE (hy rerpead APV iiED Gfter 1@osiy {rin-té, mem r@tbwﬁqempwdly
10%& () - y&T{Eng/& 11@()511%03&@0/&#‘6)35 @thaablgd arm by eno aging the downwardly facing side
109% () - @ 10% 0% ( 510%& | #109&' (3}

109&’ () - Y7Z %f E)ﬁcnag %& &Gwaﬁyt Mb%@rt Of (‘Si:flo thereof by upwardly facing wafer
109%& () - @OWpé)mg{h(ﬁk@sdf)he&fﬂ#lldﬁ%&o(tyeIE\CHl\lhﬂv]\t]quddEb(y/ #109&' () - SL*

igg g-%)o/é( ?;LO(')/&S ‘%tcf%d}éﬂeo()/ﬁ%r fhc@vg%(lo gpo( ny \ﬁégc%%f w&?chquwm]ﬂgd 10

109K ()‘25 bbl‘JE'B Xﬁ‘éﬂE‘W@@ wyfer !polcmfe( yQ Uo)/&n(i )rauono 1p|0cessmg machine.
109%&' ()-1"" 109&' ()- 9GLOY&' () - &10%& () - chdKffngdEVK@

10@0% () -y 107814 R A& 20 Yorih Y dine
restricting contact by the wafer supporting sut fuces of at least one of the watfer chucks with a bevel
extending fiom around sad support surfaces to guide the edge of a water downwardly onto said support
surfaces while preventing contact between said support surfaces ot sard chuck and the water except within

30 the approximately two milhmeters of the water edge



-#10%&' () -y 10%&' ()-KgghhQG j wkdEVK@ 10f # 10%&' ()-- "#10%& ()-f
109%& () -9#109%&' ()-f 109%& ()-fs 109 ()-wkkl " mmPenaBVK@
, - 109K ()WDEMOPAE' () - S+ 109& ()-Ss* 109& ()-!'y' #109%& () - - fTE&RA/US02/01545
10%&' ()->nnQ4qrr rrruj _@®10%& ()- 10 10 10S9 109& ()--!"y6#10%e& ()-, SF1
109 ()-y/#109%' ()-rr-rs{ttKuaB] _@ 10%& () S 10%&' ()-'yY , #10%& ()--y
109%& ()-VY"'L10%& () - &F10%&' () - Ku$vvvw) xxabBj- @ 10%& () - 9#10%&! ()-fs
109%& ()--f 109%& ()-f 109& ()-1#109& () - xXyi {dEj _ @) #109&' () - SH#
1098 ()-y "#109& T}*’f methody i spsm A0 ey T O g ey ' n% '&3{ " ()-sy{}z}, "?4@ 10@
109&' ()- ' 59 1096 ne&st pvihg thkthOXEw( fp1-witbbht wliOO@nyter iyl & Lo c(nk 1thSSVifer on, a water
109%& () -

O Tl b o s Rl sl T s MR R - 0

, #109&' () - - raBNE Eepihéredt BY W‘#ﬂ@@@‘"é)‘”@Wl"l‘@@@“'@’)@e%ﬁ’" the O a[idnerGRahgning the wafer
10%& ()5, 10%& tt(e)wn@BJrQr/@& ahd e BRIV fer 1o the water su porting surfaces of the wafer chuck of the
"10! 2109%&' () - %110%& -y- #109& (’)-ly #1 O/A/W/\& 5 10%' () - A
109& () - >z| dPeEr ‘"ifﬁfl‘"‘ld"dl‘@enlo@ 109& () - 10%& () --y6#10%&' () - @55
109 () - @3 10%& (n)o*vlanBYN@ned.@Méerth thEQHber &ll(k)ofﬂfe whddaffister) ariyt to, AROAERING Jre y

10928 () - P 100/<z& aBYNCY 10928 () - - f
10928 8-|#1 “§ B}%z”&“e?%”"%‘li'b@ *e‘““W“'%E%@“(i%'f’“é’*#low&(%) @

109Z&' () - sSlocVz& ()-f 109%&& ()-S 109&Z& ()-L#L0%Z& ()-;rst ubAf 10!
#109%& () - F" &103/&1(h):m3190/§%télklm]29%‘eé)t'he tlpléell%f the latched wafer includes 1otating the water

10Zf #109Z& () - | yZ8bAI <#109%& () - #1004J&' () - #L10%m&' (
#10%rcri® () -1 fdged pyn t@{ﬂ%&ﬂwﬂw ‘2‘4’7H‘A"°'Wo the BYE: “(avc"yd’bvf@@mww helde:
#109%&' () - Kyin #bPEE&0H Jf + pretib Q%S Achine
#10% s & () - HWX9bA! F6109%& () - Y3109&' ()-!y #109& ()-!y #10%& ()-!<y
#1098 ()-! y #10%&' ()-"i bCl 10%& ()-10%& ()- 10 10

10: 1098 () - f S9MOURSefrycoBIORRN:(tar -hivilieeGysten f00¢8ay caSible0Raspor@ig a s¢r@ogidycjor S
109 () -, 10%@5‘re(bnv;ﬁo 9;69’%‘&8&1)1(,6%"?”@‘56 @lcot a diameter, a uenerally circular edge and an exclusion

109%& () -f#109& ( 0&’ gm 0& ( 310%&/% ) - e>WdEbC! f #109&’ () -
g10%& () - fF#i“(‘)%hE)‘e"@i‘G me m@pn@@ ‘cvy"]"hmﬁwde e ghe eqge, 1p 2
109&' ()15, ( watfer processing machine to ploceqsmnwhllem'll\mﬂsurtucecont'lctwnththedcvncesurtuwutthcwater
10%&' ()-S #10{’/«8%” &s]ioecyﬁ% rg%(( ?10%& -f/' dEbC! @#10%&' ()- S510%&' () - 310%&
(O)-/ 10%& ()'@" 9 216 §Y TR 100! () 109& () - &10%& ()- 10 10
10, s910%&' () -, 8 m@f&re(r)m@hctsbc'flot)/& ()-f10% ()-3 , #10%&' () - S109%& () - f
109 () - SI0%. () -y 4fdibel Jo@,mﬁ ()-f 10%& ()-f

10%& () - #10%& ()-f, S10U& 0% ()-8dEbC!, ! 109&' ()-S 109%& ()-fF

109& () -, 10%& () *‘I\/Il“é%ﬂ"(*‘)" @I‘ %& ()-MIn?bCl Sl . 10%& ()-! & +#10% } & () - - L* F10%
& ()-S200%&' () - S,edch ot the transfer arm, aligning station and load arm chucks having’

109%& () -! &yf ##10%<x& - 2NdEDCl 62100 S5 1094 3109 § 09 )-311
0% ()-/g10% ()- G{{nf t)b&pigb?&'l cr&i%h/é( t(n eep()ilas\il&\)nn tlm ghgr?tw r%ﬁtl:lrn /Qgﬁog

10@ 109&' () - fsg#me/ﬁtf(e)wa@vloty& () ql ~EdEbC! F F109%& () - Y10%& () -

109& () - F1O09%&' () -ukQs &fe(r)nm\GhLJeQ%’/ﬁhn() E

0dEbC! @0%: () - 10%&' ( %& )-yz109& () - yF109%& ()2 L0%& () - svdERC]

"10%& () Y10%&' () - ygg:rej%e )no mmotﬂjldqc& r?f)thefsupp ft surtace in at'l qslapumltyo

1098 ( )252dEb Cl mmw&) €3k sect DRAUBA fopinBleBbQABEE 160 edye, B LD G he SHBOVAR 1§k andydt 1 0VR!

dEb 0
IR R RO IO TR I ———
109& ()-y6#10%&4()-[dELC F @ 10%& ()-y 109%& ()-S

the load arm chuck or the ahigning station chuck having an inclined surtace adjacent the edge of

the water at saud at least three points.



10%& ()-y& 109%& ()-Z10%& ()-Y"L10%& () - Df CdEbC! f°

109%&' ()-#10%&' ()-f@10%& ()-f 109k ()-fy 10%& ()- F10%&' () - CbdEbC! S$
109%& () - -\p2O%®7() - "109%& ()- F109%& ()-f PCT/US02/01545
109%& () - Y10%&' ()-stdEbCIfl.10%& ()-,-10%& ()-S+10%& ()-@* 109& ()- (
10%&' () -y' #10%&' () -f8nopgdYNC! 10 10 10f6F10%& ()- @5 10%& ()- @3
109%' () -, 2109%& () 3110%& ()- q- +dEYNCI B

109%& () - 8910(V %}.O(V? £1I) 10%& 10%& ‘36 &10%&' () - mmdEYNC!
@109 () - yyl09& ¢ re@hHut "Tb*f}& CY- V' #IOYRE) -y 109& ()-;1)aBYNC! @
109 () -! 9#10(%RR&|t(1r)g-a wiaf, devu.c slde down. fiom a wafer cassette with upwadly surfaces ot a ttansfer arm

10%& ()"Ylo%ﬁék(e) nMé‘wa‘de(n):e }(d%%@ﬁ(@\ﬁ éé. “).IPZQQEYN%@“ QU thobeot; L0Y& () - @LO% (

) -$109& () -

10SF1109%&' () - / 10%'"@'15&#'?'1%6 (ﬂ)wywmm%&u‘t ymh%bbfmme JuripRRs LR g water
10% & ()% f1%&v(ra.m}ﬁe@rm%&dgémel&v 6 & ()-10% & ()-10% & ()- m ?dEYNC

L, ml0% & ()-yfs10% & S10% & ()-S10% & ()-yF 10% & ()-S10% & () - | dEYNC!
ML0% & () - yfle%"&P'é‘%‘h‘S‘I‘ﬁﬁﬂ%h %’

i Gk ()2 1096 & () - #10% & () - Nor nal *

"Headi ng 13]c" " Heaghbmgg B3y:aer id, ideadiongh ﬂBﬂl@ldlléM@dlnmg ddddecide Sftieadienfcss 3]

" Headi ng 63],¢; 2adj L6, Headi ng 83]c" "Heading 93] c"A "Default
Par agr aph Font HCHE e %i’épl—?(\ 27<COR\wWk}fy@ 9%a!&(+-/2b315A779";
=?<C E} GKKi I\/DSTpW(F\ _chgvvk>nr Kuxy{[ >B; f CBqEpCq) 9 6Ti mes New

RO manAri al Cour p&rridewhén rRQQh 25 @ her MR ARG WAL 4 bevel extending trom the outside diameter
$°/& )*+,-./10123456789: N dee of
<=>7 GNECDEF A SR T‘LJW\R‘?? aliy Rf angylarly Spagii PR PRATIRGE LG RRY 97 o edse

a wafer onto the support surface and to prevent contact between the support surface of the chuck und the

water except 1n an exclusion area of within 2 millimeters of the edge of the water.



