2 5 MAY 2005 PCT/ US02/ 01545 -1 REDUCED EDGE CONTACT WAFER Ak NGosSYSTEM
AND METHOD OF RETROCFI TTI NG AND USI NG SAME This invention relates to the
waf er handling, and particularly to the transfer and hol

senmi conductor water substrates during seni conductor rranu?%&ﬁ??@l“?mre
particularly, wafers of dianeters of 200 mllineters (m) and |arger.
Background of the Invention: 5 In the sem conductor industry, many

~conpani es manuf acture equi pment to process sem conduct or

particularly silicon wafers, for device production. Sem B@“N “Wf er
processi ng equi pnent enploys automated and robotic wafe

nmovi ng the wafers through the processing equipnment and for HE'Gi |ng the
wafers for processing. Wafer handlers in the industry typically involve the
use of a vacuum chuck that includes a vacuumtype spatula or end effector
on a robotic arm which nmakes cont act ld wi th the backside of the wafer.
Wth the nore versati| geiiadid) BV cONINEWA MR RakDENORYSTENMS Made by the
vacuum chuck in a circuhkep MPTABDAF HETROFEMIRG AGD UsnG SeMEr . One such waf er
handling systemis described in US. Patent No. 5,820,329, hereby
expressly incor pofit @ekntp relaes e thnester e igrand Suradylatyatb ¢he thafetidnd ejdings of t ypi cal
in many waf ersenﬂ!oQ&x@&@at@rguMNunﬁ'g%enfl&)deut:tbﬁnaﬂﬁ&&%&&ir%u&iarl; Reresl@Vibmderssi des of
t he wafers. gog gﬂcon uct o | manuf acture, when processing of the device
side of a waPEFOfLinesHIPTLRd Er 15 nacksi de metal ization |ayer is

somnet i mes ap[ﬂamm.ﬂﬂwmew ces, the netallization layer is often gold.
Backsi desnetal | i za{me@erh.duﬂuhormls@m@ﬂ&mmfeaﬁanﬁfﬁ&Mqtspnfemrops)t:whermo@ﬁﬁs.ses_, is
Seri al M. OISR pfeon 4354 A06CPRSe. R Rt VR Ehe QB! O

i ncar por at ed ewoxse‘ft@?ﬂ@ﬁ@é dyetic pfer harlgrs s me King tepevafestthiqugl ‘tfa‘I"?CEfPrﬂg e91"1’1‘1“’!"‘ar
processi Nng eghd PNRAtng thd watttSOOhrat&ssihgS Wi Bhndl&s iR GRSy fyfiQllgiewive @e sk das  Of

wafers, but t c%ué{‘m& haﬂf ?u‘SJ!E@atc&um&%m{.ﬁ%ee&?éﬁgct @% r%oﬁcaa'rm Q&.q‘i lg&cs%g)macl

orientatjon o gﬁ& Eroc S evices at the
center of0 t heVit\df k*t“&”d'&?rﬂ" £t Wighhe Wﬁéefﬁﬂ&@lﬁﬂﬁic'i‘f’rfﬁ'é%‘ ‘tfﬂh t‘l" paferitade P heanst er
arm The devivaam thsdkad 4 Giculsienat thdrentss ttihea@tee Mnk Qucls witdh hahdiing &ysttm is ddstribaiut
suffering daq{?@@ mEr{?&o %Qio%zé ﬁ@e%?&pres\(@%uMmra@alﬂﬁ}éﬁmh@‘}{@elp%ﬁc‘ﬂ wgn%\ﬁﬁld%%d t 0

grip the wafer along a mmring Insid he waf er.
result, a 6 ripcp 'W“é‘f"'f‘t‘H’@“é*d‘é@‘cb‘f‘“f%&‘eﬁ\ﬁ‘feé‘f"g Pfs‘herdé‘gﬁﬁ‘ﬁ"éd“ba’sw“&ﬁ excl u5| on
zone 25 i n whi ch It dapicovddfcer maatmed wixe pres@sdngfod rhe derct side afmvatkaic tanplete, sThe 6 MM

ring of gxcl Ltsakmrdeéu.ﬂﬁ&%g.sts&ne%@yapdéa ﬁw%%ﬁéma @J&ﬁu&h@ﬁmﬁsﬁmgh to
enabl e a vacuum chuck to re %/Bhol e wafer in.the v

hori zontal arfd ﬁ%‘i‘“ﬂ‘%ﬂ'%ﬁ"‘eﬁ%"a‘f‘ HY “?‘ﬁ“é’t o HE REET S ‘B’“Bﬁ‘eﬁé{‘ ‘l‘. “H'H'I“%’ by
Typi cal |y, f ossiggedwaifcenendir USOBtenApilipptioneriatdio-89/2274 1 Bfilpdnnuerng. 4290, apthembyon t he
waf er engagedxmsjﬁh&m&&ye&‘fu&nmemf T®F buldik1ael n&s11izadicR Ghilbl PocRSRqifmeht e

waf er, anount s ntinmeters or, twelve. percent
of t he area d ]sed f'ﬁ'{s useq tc*process tﬁ\edcvnce axde\g 8f6 vﬁ\:?e%L%l{tgenwag )r( or;_egehon ﬁrc:lveﬁse? he elrslq] § ut!g try for

the contdfct @rientagonioba parially ptOWeﬁed/valfeewsﬂdamsettﬂqée\wafﬂéthe ceyiie eff the pafer tocoptact by
the vacuum chuck of the wafer transfer arm. The devices usually cannot be subjected to such contact
without suffering damage.
For this reason, vacuum chucks have been developed to griﬁ the wafer along a 6 mm ring inside
of the edge of the wafer. lAs a result, a 6 mm ring at the edge of the wafer is reserved as an exclusion zone '
25 in which the wafer cannot be used for device manufacture. The 6 mm ring of exclusion is needed to
- provide a surface area that is enough to ehuble a vacuum chuck to reliably hold the wafer in the vertical, -
horizontul and inverted orientations that are required of a handler. Typically, for a wafer of 200 mm.in
diameter, a 6 mm contact area on fhe wafer engaged by elements of the wafer handler along the edge of the
wafer, amounts to an area of over 36 square centimeters or twelve percent of the area of the wafer. A need
30 . has been expressed in the industry for the contact areas between the wafers and the wafer handlers to be

reduced, preferably to not more than two mm around the edge of a 200.mm or 300 mm wafer. A two mm
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reduced, preferably to not nore than two mm around the edge 2af yay 2 mm or
300 mnvvafer Atw nmm 2 5 MAY 2005 PCT/ US02/ 01545 -2 exclusion zone
contains an area of only about 12 square centineters on a 200 nm wafer and
18 square centineters on a 300 nmwafer. This need has not been tilled in
the prior art. Wafer handl ers operate and are controlled in conjunction
with the operation and control of the nachines of which ﬂd‘iﬁ)éoz’?(ﬁ& part or
wi th which they interact. Fundamental changes in the nature and

operation of wafer handlers, if nade, may be inconpatible with, and can
adversely affect, the oper ation and cont?ol of the sem conductor processing
machi nes. Unl ess  waf er ges are acconpani ed by rep|acenment or

er
redesi gn of tﬁ(""“ﬁoﬁéﬁqer‘i@?'"s f"l”rﬁed(?tto"@ﬂ YherRP g RArY %’ﬁ&“fﬂr‘l‘“‘%&ﬁé‘ﬂ“é’m
oper ati on cancegigsigrs on a 300 egevatcorThaeded bos edbeet fijod matlelpyorpt.event use of the

portion of the \_Naf\elterlﬂ%@g%per. hnd J?@coﬁ%ﬂéda@&ﬁgnc%n%h thEpeFi.ﬁ%'a comp&#fth@a ur €,

limting the ef- r»ﬁ{ ev ce yie F tt'ern geonetries beconme smaller
and 10 dermand¥MPSP" G HEY THEeT ‘\%\p"@r‘”wg’ yd'"‘ffé‘(’:o’f?éd“@‘F'é‘&f'é‘Pges‘PH’é"‘h‘é“e‘d‘df or
i ncr eased® us efperktionplavafechiindtelsaf mudd, ey bb meonmible wigy @dtae idversatyotiectihexgérytionshier e i s

a need fora wahes ofh?%@ﬂ:ku@)ﬁdu@t&cbr&es!ﬂ@gfrﬁ‘iﬁhlﬂaﬂmle'ss%fet' %E\E}'c%&skﬁ%ar&%l@éﬁ'@% for
a smaller contact area.ar exclusion zone where contact Wwth the wafer is

al | owed. Ther € 1°€" 4% d"ég'}?g‘@a"”ﬂw“ "@’l‘j‘ﬂﬂ“"i"?‘rﬁ'l“%s\%‘ﬁ?’m‘f‘E‘r‘ysﬁﬁfﬁﬁf“f‘?fﬁ‘“i°ﬂ°”5a way
t hat does not i npddeseepploareaapiaoreati wepl hedottinaof e auiet baydet B conhbedoper at i on

of the machi nﬁSdeWetnﬂndM&luFehmﬁM@kheBQ vdameﬁéé%ldhﬂpgktgﬁ g&&cth@@glﬁﬁﬂaﬂeﬁﬁﬁm' que
is used. (§U nvent | ectl ve of resent

i nvention is egyndsrq%r\? igEfépef giery 'ﬁld Bc“ﬁ“gc £G1H d&gff\é foipef @Ft“b‘lfe“%f‘ e ’é“éf CHFfduct or

waf er for bac&(@tede processing while makl ng mnimal contact with the device
side of the waf erAccoﬁhr&Byl’tﬁdrﬁw n@é’d thLvﬂchinHI@rana vluﬂﬁuhcm{ﬁaﬁ)hlﬁl@thht%rotu@esmOV' de

for "the engag

contacting t hesn;\%v[a}‘E ("é’r%pclgarﬁea 3 exc "m" 2(1‘"° ”ég?'celc?jlé“ftdv rr?"g{ 55 ﬁﬁwf%va’r “b"é'PF fﬂ‘?é‘?eﬁ’ 6f t he
waf er, and niSthdmpsaed pefer |hwd|"yz in by that doprenotzipppet Lmn thexepergtirigaeftwars amgystemer e t han
two mm wigle. odherhtioh bihi@machiteeGihiwiieh ©Eh oh drdvédReRIRE or hﬁ\ﬂﬁ@tdalﬁ:ﬂ;u& iSustdd provide a

nmet hod and ap#i%![nﬁl: !ﬁ;th]t: Rlverid lg hol ding and transfer of wafers that is

capabl e of holdin ferring wafers of differing sizes, particularly
of diameters of fO@'%"a’ﬁ‘d‘V%‘éd‘erﬁ’f?te“'dh‘tﬁ"‘Ph&t‘O pravide Ags Alls|easaginein rupeferaf 3 of
differing si zesicondbtorwdd foe backlap prodeising whife maliy mifiMa BéntaBwith She ldevicp 5igu\of Ble

wafer ol di ngy@nd oL ASL SHLLOSUSHERIKH AL rolOK] HE Spdch GERSL Y c€

si de conéogct for the backsi de processing npatible wth.
and can“be rsé‘l"F‘B'f"ic't"f afer viyle °‘13?“‘6‘€%’§‘“s‘1"|f?g'"f‘rﬁ’&"rﬂfﬁ‘é'ﬁs“tﬁf‘dl"tcﬁéthb?@r ‘U'F’Yafr"ie vt do
not ot her wi semnhaerepstigdinlycep@itie kant yf.excisiomi®ioemi@athin teainawidabj ect i ve of the
invention is tO prﬁg\lﬂthdleobjfe&l% dt ﬂ@prﬁsg& rnQJthn 15(?3 pr%@mﬂho%XﬁaﬁMa‘u@toﬁne h%?&lngt i ng

processi ng nac E;. W{ HP war e of he processi ng
fi
machi ne and Wln% HmT er vra ers 6I?m |h(dxpuble o alng and trdnsterrmg wafers of differing sizes, particularly of

diameters of 200 mm and 300 mm, and that is capable among wafers of differing sizes.
25 Another objective of the invention is to provide a water holding and transferring system that
provides for reduced device side contact for the backside processing of wafers that is compatible with. and
can be retrofitted to, processing machines of the prior art that do not otherwise have such capability. A
more particular objective of the invention is to provide for the retrofit of such a system to an existing
processing machine with minimal impact on the hardware of the processing machine and with little or no
30 impact on the operating software of the processing machine. |
According to the principles of the présem invention, a wafer handling system is provided having
a wafer transfer arm chuck, a centering station chuck and a load arm chuck which can hold and exchange
wafers between chucks, wafer cassettes und processing machine wafer holders while contacting a reduced
area on the surface of the wafer, and which is capable of contacting only an exclusion zone of preferably
35 not more than apprommately two mm in width adjacent the penphery of the wafer on the device side of the
wafer during backside processing.
Incertain embodiments, the water 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



30.i npact on the operating software of the processing nachi ne? %905535 ng to
the principles of the present invention, a wafer handling sys g

provided having a wafer transfer armchuck a centering station chuck and a
'oad arm chuck which can hold and exchange wafers bet wPEA/USPAMURS waf er
cassettes and processi ng machi ne wafer holders while contacting a reduced
area on the surface of the wafer, and which is capable of contacting only
an exclusion zone of preferably 35 not hore than approximately two mmin

wi dt h adj acemurdtheonp@mirplvescysiaf zoteloe e edt the Waftritemed MisictacSid furfddes dnlte  waf er
during backsig Ft% &ﬁhm. er. | P BL {gﬁﬁc .oﬁJTRQQ,hz ggaionwa Ln‘é‘c{ bngaHEe‘és of the
transfer arm and arm ave edge rin ring segments
that are of Hitchideekd sdgariger than the diameter of the vvafer The bevel ed
edge rings 2 5 Nm\{ca@ﬁsnﬂaﬂm?érusaz»{d(&ﬂt&%chu& id pREvidédedn the BdnsfErAiny The eRBETIeON

exclusi g Zong: Qi E%w%glaﬁ.ﬁ% iR NRLRI G TESs an.ﬁe%aﬁg R Ghonffid dhe e | i on
station chuc R"“Pfﬁ&‘?seéﬂeé‘lgh‘tﬁé"rE\‘Wf‘%ﬁéfélth“‘\ﬂf'tdW“%‘lfd‘h‘“a’mb'edf@IWétHS@d@eﬂnﬂi’ FEpter | n
certain errbodtmﬁmcs;imaatme’nzboehfamrmomnchuck is provided on the transfer arm
The end effector an%en%fslmmlcchLoﬁe \ﬁl?e?rlxﬁgﬁs& ﬂt&lllcoﬁ"lm?uﬂontoq th@?/hr'er Mc? w.ggreat er

fl at ness, uses an I nter vacuum channe presence and
has ceram c EIETIEgHErlck ippgferablyot '&‘dj‘ﬂfé’f%@“!cﬂmaﬂ‘tﬂﬁ%ﬁwwhw @F%SCH‘F

di ffering di pemeicest he whfemrandpaaiéneys ielicssaadt @48 fiabricdfd@naitheandk BQs thawated he

S centering St §fdsafcRIeinERE hEGH aumtsexcesusakh R0fackh eyg%o@e's toqna“ﬁmo%ggqm of the

wafer and wafer centering. The chuck referab% p| ece
const ruct i on°Hpfrne&isgtordo V&ﬁﬁiﬂlﬁ)‘n Ftl:ﬁ%l‘t‘fr’i"é‘fc“’"c ‘b‘”‘geél‘?'gl?é" T"Hécep‘% “b'i‘dé‘éf @fn‘EEe° Bk the
waf er and opbtieetation sgrigos shomoposigmmse t he wafer flat orientation as the chuck

rotates the waf errylHigas @ﬁutl@gﬁ s(m(e r&&@ts Gtk ﬁ)rtﬁen:%télhg?s]ialr Qﬂ:h&b HGHs \J]?fﬁat fiecesses
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00Ks, mnmay ing of itPpaishraligh v alicr teit@rienfi@As.CES SuUCh rotary | atches,
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descri bed prior
mechanical wafer engaging chucks, particularly replacing the vacuum chucks on a transfer arm end effector,

a wafer centering or aligning station and a wafer load arm. In such a system, the transfer arm may be
30 operable to pick up and move horizontall y disposed wafers, transferring them to and from wifer cassettes,
the centering or aligning station and the load arm. Also, the chuck at the centering and aligning station may
be operable to receive a wafer from the transfer arm, to orient and align the wafcr.and to return the wafer
to a centered and oriented position on the transfer arm, also in a horizontal orientation. Additionally, the
load arm chucks may be operable to move a wafer between the transfer arm chuck and a wafer holder of
35 the wafer processing machine, or exchange one wafer with another, reorienting the wafers between a
horizontal orientation on the transfer arm and a vertical orientation in the wafer holder of the processing
machine. Wafers are held at least in part by gravity on the horizontally disposed, upwardly facing chucks

of the transfer arm and aligning station and are held in part by gravitybn the load arm chucks when they



art, which can be rotated over the edge of the wafer to Iatchzsm\/\ﬁ{g?r to
the | oad arm chuck. The gripper 25 elenents allow the |oad arnmito hold the
wafer in a vertical orientation or facing dowwardly and while being held
in or noved through some other or different orientations. In certain

enbodi nents of the invention, a vacuum chuck equi pped systemis retrofitted
with nechani cal wafer engagi ng chucks, particularly repl g@hﬂg(lz;oqﬁsvacuum
chucks on a transfer armend effector, a wafer centering or Ignin

station and a wafer load arm In such a system the transfer arm my be 30
operable to pick ti p and nove hori zont aT‘*Ty di sposed wafers, transferring
themto and fro cassettes, the centering or aligning station and
the | oad arm ? rbzm“i‘ [’f@'“i??‘?ﬁé’!i' upeirghyfaeing dyiing ey ObthrcvalersitQaRd from e Bid ey be
oper abl e t o r eedinpesiive waltredge irippenhtdhe when deifreredair ather drientoibisent and al i gn t he
wafer and to retur rinJenﬁewgcfdﬁrrentsgtﬁeﬁveﬁﬁmtllﬁ &%]é‘ﬂﬁ.&h&ﬁﬂhlﬁg y&%&.ééoﬁ’;ﬁhuﬂ@ the

transfer arm also in a horizontal orientation. arm
chucks: may be ‘BBLE SHYES of e yisyam chucksquinpechprionisigpaci 'I"?é° fhr“é'ﬁéll"‘@f“ Céﬂtﬁ]"if'ﬂﬂt?ﬂ and a
waf er hol der dfereBSwithe subsifngal hpdvacasaizan gndreitbit medificdlionex hih amge safverewaifher Wi t h
anot her , 1 €or iGN udbFerliRLif:S 1R LIERR o Bonsd W DU R nell bR Ak TrBfle ¢ N

er

transfer armand a vertical orientation in the wafer
processi ng nﬁ’@ﬂ?"ﬁ’ép"e‘\mﬁ‘cé¥'§'deéﬁ“§°ﬁ’é’1tedb%ff°“l°é’z§‘§‘t’"“‘f°ﬁ°"f5‘8.’F'9c‘hﬂbVC@?’@\H"PV'%W"{ he
hori zontal |y dbfopoyedum wpwenddigyisttacierrgraideidésacuod chtdieperatiansf er ar m and
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upwar dl y fo aC| i U4 ?Jerclg)"ﬁ?as mb'ﬁé‘f"@#’"rﬁ%mfeﬁ@ce\)(ﬁf“@“é‘"cﬁ%‘“é{’ﬁﬁ“"%/tf"(ﬂ?? F'Hé'"waé{?fb"f‘%r arm
and by positi \}‘éldW‘é?x'%gwcwngppévnehooks when bei ng noved in other
orientations. |In ceahénknad ﬁm&mtm%‘zﬁﬁt1r¢vé‘hﬂon|pﬂ)V|@é‘§EhEQimnntagé%?lnﬁgaﬁé‘tﬂluﬁfupf t he

waf er handl i nQre§ Xt%rw?im grﬁﬁ)rogp n;QIy %oHre{) rc%nh or tmm 8%‘2 o 9%‘2 oF E)e area of t}fw vgfana{ {egl%?nlél )[n chuck

equi pped, prior art nachl ne em-can FetT
thereto withodte @%%%W?“&IZOT}%&?‘GW@'%h%tb?g@é?h andaroxiding ovgverags chinfilagiersagn t o _
the contridl sod theBuimBer Of detidte produedd ipErQuare) eerieby TG he GRMICH Gy of thd X8MicaliR0oHSEd Tt O

sense the presgRGe Qi alielSio0 the chucks. Gipper operating pneunatic
cylinders are opeg(raperlt eSdﬁ\(\%I S '" neumati ¢ sol enoids that are controlled

by el ectri cal soft{?\fé?“éd‘i}’éib‘ﬁﬁ?ﬁ"tsd Yiefages o thepresent iyeptioppvilide Horerpadiaprdrast
vacuum chuck dpstratdllowng dmipddistiptidns of t he present invention may be
provided in thﬁ,elf&gm 40 ofthb Blawitled:t Kit- that includes 10 the three chuck
assenblies config ace vacuum chucks of the transfer arm

al i gni ng Station a lf Lig ”cPéféPeg‘l”"rﬂ R mdletneA Y T PHEkne dndRegee ARPRAs of hRSiohret hod
and appar at us aofo vhive thppresere inveniiansapglic:or. pr ovi des t he advant age of increasing

the useful area OfFlgalAV?@f\ gﬁaréad/peﬁpoglf\@&hém;oﬂ pbriibdf Flgﬂ%fugtﬁﬁr‘ ’moqgmef'ltg QRB8% to

96% of the areagsl q)t the wafer, reducing by two-th excl usion zone or
unusabl e area 8" ¥#e wafer, and providing, on average, sinilar increases 15
in the nunber of dé&igitéeg mlduw@é@'apye)rvimiﬂl@rmint herice oy wirtianpolsteri afi ghetchrepusel

producti vty gfocgsn@nﬁmm@qbgg;uggofﬂgakl ng processes and machinery. These
and ot her objecti Vﬁgoz%n aﬁ%“"F%r]?SB t he present invention will be nore

readi |y apparent rh(é E{é}f.lérlal tl\aélgla)fhimmt fodhs latch of Fig. 2.shown

in its latched position.
Fig. 3 is a cross-sectional view through a portion of the carrousel processing machine of the prior
art apparatus of Fig, 1 in relation to the water transfer arm of the apparatus of the prior art.
30 Fig. 3A is a perspective view of one embodiment of the vacuum chuck of the transfer arm of Fig.
3 used in the prior art for backside processing.
Fig. 4 is a perspective view of a wafer handling system according to one embodiment of the
present invention, which is compatible with the prior art apparatus illustrated in Figs. 1-3A.
Fig. 5 is a schematic top view of the end effector of the waler transter arm of the wafer handling
35 system of Fig. 4 aligned with the wafer chucks of the aligning station and the load arm. '
Fig. 5A is a sectional view along line 5A-5A of Fig. 5. '.
Fig. 5B is a sectional view along line 5B-5B of Fig. 5.
Fig. 5C is a sectional view along line SC-5C of Fig. 5.



‘Brief Description of the Drawings: 20 Fig.1is a perspectiv?eéii ?dag
illustrating a water handling and processing apparatus of t W art to

which the present invention is applicable. Fig. 1A is an enl arged
per spective diagramof a portion of Fig.1 illustrating REVEAMMMMSof chuck

assenblies. Fig. 2 is a partially broken away view illustrating u prior art
waf er hol der of the carrousel 25 processing machine of the apparatus of
Fig. 1. Fig. 2Ais a detailed illustration of a prior art alternative

enbodi ment to therig, abﬁ‘shsﬁfnnﬁiv‘walang$hm5[)dfFﬂg.iStS | at ched position Fig. 3is
a cross-sectional V%EISJSC ematu.gohvnew %{Idtrlg ,_.g. 1Ilu+rﬂ%ﬁtcﬁ9 ?Q@é&oﬂ%ﬂ&%ﬁﬁaﬁdm’?g
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used in the pri ore ac i's a perspective view
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sectional view alGadA lskaess-SAioBpvicofsinflirg Fil7 illusFatgg tha Bd pra chuckgsippefsginping vi ew
al ong | hpe 5BwaB of Fig. 5. Fig. 5Cis a secti onal Vi ew aI ong line 5C SC
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partial Bop WHPEWNSON0 psrissgmingsierdly '"Hféfé‘Pf’a'anlﬂni ahich heepreepatauvatotﬁhemév{t ?he F| g. S
Fig. 7is a wpe&ss1eceﬁd|udalaehh:mt@wuﬁhran@| typemandrwzfeqfroct?sug,maehmeltd)m.ntryaet| ng the
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Cross-sectil onaﬁ rm CKUCK
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20  andupwardly disposed throughout as well as machines in which the wafers are moved through or processed -
in other orientutions. However, the described embodiment is particularly suited for machines of the type
of apparatus 100 as described hercirt. particularly by retrofitting thereto.
The apparatus 100 includes an enclosure 102, illustrated in phantom, having a clean atmosphere
contained therein in which is situated the processing machine 10. The enclosure [02 has contained therein
25 provisién for supporting two wafer cassettes 103, 104, each of which contains a rack 105 configured to
support a vertical stack of horizontully oriented wafers 35 in parallel spaced relationship for processing in
the machine 10. The cassettes 103, 104 are equipped with elevator mechanisms 106 to move the cassettes
103,104 vertically to bring each of the wafer positions of the rack selectively into a transfer plane so that
a wafer 35 therein cun be unloaded or loaded into-the selected position of the cassette. '
30 . The enclosure 102 also has a wafer transfer mechanism 110 therein having a wafer transfer arm
112 that is rotatable about a vertical pivot axis 115 and is extendable in the transfer plane 119. Atthe free
end of the transfer arm 112 is a gripper or end effector 114 adapted to pick up and deposit wafers 35 from
and into the cassettes 103, 104 and from and onto a centering chuck 116 of a wafer cehtering or aligning
station 118 and a load arm chuck 59 at the end of a loading arm 60. The cassettes 103,104, the centering
35 chuck 116 and the load arm chuck 59 are positioned or positionable along a circular arc 117 about the pivot
' axis 115 of the transfer arm 112. The load arm chuck 59 rotates on the longitudinal axis 121 of the load
arm 60 to rotate a wafer 35 held thereby between a horizontal orientation needed to transfer wafers between

it and the transfer arm 112 and a vertical orientation needed to transfer wafers to and from a wafer holder



Detai |l ed Description: The environnent of the present inventi og SAAY?‘ 2005
sem conduct or wafer handling and processing. 15 apparatus 10

diagrammatically illustrated in Fig. 1, which is representative of the
prior art. The apparatus 100 includes a high throughput carrousel-type
vertical wafer processing machine 10 of the types illustrated and

described in U S. Patent Nos. 4,915,564 or 5,516, 732, boticeudatesis Y
i ncorporated by reference herein. The invention is also applicable to
ot her types of wafer processing nachines, such as typical cluster tool
type machi nes, for exanple, and other nmalhi nes in which wafers renain
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for processing in Atlwétrqfﬁawmgr?em%hofmh@e@eﬂé%beP@égnsﬂmsprosﬂmraiﬁemlequopfs'ed Wwith
el evat or mechaith@d&uallPbgdily FRéeieds BRing as Saieketo thd Addx B 20/ Kithih 6:2h deyhebed bri ng
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nmechani sm 110stitomriedl fasliid yibte) 2 iSanikk|@ ndéx £ Sedifth athdlition, 32721 Adleast dhe sf@e aiteab| €

about a verti Qtﬂ#onsmt \{Qt‘or e, Qm:l‘én ﬂr‘ a Iba%lo%‘a%%%q&lé@wﬂ Jﬂ w5£r§35tngcalﬂ§rtc9 @togn#dane

119. At the free end o trans arm 1 tor
114 adapt ed t B™pYERoTfFe aﬂ?jChH‘ébﬁb’él e famasning seupng ’r5dﬁ1‘“°ﬁﬁ‘fd'"¥ %PO“"tbFfé’f@BFgﬁfettes
103, 104 asd f remecardtiantuh @ smenta@tigngehyakiodsl6 of a wafer centering or

aligning station %%mm@tqmamhm owhm&amsllﬁeé%.&trwg Qﬁ%ﬁmambu@ th 11'}9 arm

60. The cassettes, 103, centeri n%
chuck 59 are P&&P f"i’“&‘f‘éﬂ E’Fb"b’b%'lht‘T“(‘}H%T"é‘ areglifgtstuched i fhedpldeg pedy i’l‘*?d %l‘Bfi’ut t he
pi vot axi s 1ligdingthe bdigbyasapisireequaliyamghb@y spakkideaf pantks 36 MhechmplngSdhas otimeres on

me I gngl t;Jdl a.a«heteaxmg&uymsl[thm “Lr@.essltmgm b@-Elmp@cp A @atdr 9% Rhéld .ﬁamf:.ﬁrr 3gerdeel d
ere y (0] Z0Nn a ori atl on nee et ween
S S R AT A A pr s g i‘&éﬂé‘\é\slaf@"’fsr‘gnsf or
waf ers t o andclfimoime 32 and fvaer 3hahioke p s ofBhrgi¥th 206 533, PE DS imzm@ﬂ.ﬁmﬁilsse@blggﬁ( Fi g.

2) in the |OadllthferaSSdatejqﬂmnMrﬂfervﬁlhﬁodﬁ@fh@éperﬂﬁg@@esg ng nachi ne 10. The arm
60 further pivots

_ b axi ans d from
the wafer hol der thc(?“%f'bf”fembll'eb adl "5%(” &Ya ‘L""mbei‘2f°°"}fﬁ"m"°"s eﬁw % fed 'Hdggzges
mai n vacuum crapiriatly mquntedipihesaact agoungithe hiqlderpesty A, deﬂﬁaoﬁ!hewe@Wa?Féd‘dﬁinﬁUﬁa

]gancl osed 2|bet WeRdh rtny\@mefue madhb% iCHig. 8 R klipsed qlr&.xadzqtona&dwomnaofpb.wt ghftiy of ,
or exanpl e w|1|

around a cent? athf]rg} uazbﬂu? Tted ina beurT§am\7\l:))(twh ﬂnt Vﬁ&ﬁ%tﬂgb 1}?‘{ { o* |ﬂe ho[dérg%l fSO
rotary novenefit theappastireendsfiths S'@@ 70 fragn the ¢lip r3é>mneahaftmaeiw cpingpted tOZG"ﬁ%WP g4 i ve
ci rcul ar openivhigfhashbait 47Rd1eS 79 thersiiibadh hiyked apenings at the rearward facing surface of the disc 74. The
: holes 75 are spaced on opposite sides of the shaft 70, at the same disfance therefrom, to receive the pins
30 62 of an actuator 61 (Fig. 3) on a load urm 60 so that rotation of fhe actuator rotates the disc 74, the
shaft 70 and the clip 33 about the axis of the shaft 70. The rotation of the disc 74 on the shaft 70 is limited
to 90" of rotational movement. In the loading of the holder 30 having the latch assemblies 65, the wafer 35
is pressed against the clamp ring 32 to move it away from the holder body 31 so that the latch clips 33 cin
be rotated between latched (phantom lines) and unlatched (solid lines) positions without the clips 33
35 abrading the surface of the wafer 33.
An alternative latch assembly 654 is illustrated in Flgs; 2A", which are described in U.S. Patent
Application Serial No. 09/183,503, expressly incorporated by reference herein. The latch assemblies 65a,

as with latch assemblies 65 described above, clamp the edge of the wafer 35 against the clamp ring 32



spaced to sinultaneously align with each of the processing st ak NS yﬁ§ 18.
As illustrated in Fig. 2, in each of the openings 21, a seal rlng 2
provided, resiliently supported on three equally angulge?msﬁﬂﬁ;gd | eaf
springs 28 connected to the index plate 20. Wthin each seal 10
rings 27 a wafer holder 30 is provided, rigidly supported on a set of three
ceram c insulator pins 29 to the seal ¥ing 27. The wafer holders 30 are
each equi pped to carry a water 35 through each of the processing stations
14-18 as t hearpinditheoperingPSin tha waltraoldise clapelinedy Bach lghassenibinGpa i bapsreu Pivaly or 72' .
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E: ra].?TpS ??‘ﬁgd ngr%cs ?dwé n:ﬂ ac]? ;’ll-’{Vf i Q{lﬁ d\‘atmu% {)IH pé?‘dv? ﬁglcs%l mg! Hg%&ellgﬁglfggggwr3l has a
agai nst the pdpoltsys @SCS'@E’ inspnngctiprenith thetal alssym%lmﬁjlﬂwq Y ‘S‘p‘é?é@l‘j"yls%’aﬁd f'eBr i ngs

36. The cl anme mbiighg st PBS0 BdRive R plndd)laﬁY&hAQBr nfebHag)it dnys vhB@Sarth,Addescabedaf er 35
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springs 186 pm@@@emoﬁph emfpthrplhg x&?d'aw'fqnm@r '%B“de?é’éﬁkf@‘ﬁ' 186.-set of three
latch clips 33, omg & a@asdkedbnal NEverobat bdprassrgbhinge 165rodshat l@diekspaced
at equal angql ar dntervals around the opening 21. The latch assenblies 65°

may be of anya"(g?ll nunber of configurations. Those illustrated in Fig. 2

are pivotal |y noufedddieds station L4siprhides 2ar¥abieup-HaPeh spwe s+ oily s sopatedifipregr e of
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which is rotata y supporte in a bearing (not shown) that extends-through
the body 31 &A@ %ol der 30. At the opposite end of the shaft 70 fromthe
clip 33, the shaf tthesumniagirebiserg@ndrgatdedted e laadain @obeates divgwlatg the waferfis,.ch has a

pai r of hol eg.75; f i PP 10ko bz tHa Y
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rotates the %I@rCSS Fhe vabi: chu@lh@fl ks cohfbc@d6la Jel@&:v&)l dp&db@d@mwﬂm&thﬂugﬂﬁ(h&uﬂf the
shaft 70. Tns m”on o6 the disc 74 on the shaft 70 is limted to 90" of
rotational %SRS ™ e | oading of the hol der 30 having the Iatch
assenbl i es 65, th¥Wheatoesssir@8he backsident ededh. mgas wiste bickrisle mtellipgtion jshgpedriedo nove
St oaway frompilaiefdql Aettind@tim &l @ sﬁchﬁ’stgolti Bfind \aaffeﬁhlcﬁlhférpﬁnvgr?bdﬁrﬂlﬂhuclbw r ot at ed

bet ween Jat c hF4.. | Ig ha?re] hgg!thr%??tag the crl\{ Cﬁ, snge %¥ncehc%9ac( I%cgve the chufks§)dél§(a§%f% QI’]S

w t hout 2tshe C ace o
al ternative Fhatvt*ﬁ ma%ﬁeé}‘ﬂﬂe‘}/m%‘&"‘idﬁ““&elol %gwwlaw&e emlcqsw@%wceﬁmtomf'%wla?e
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| noor porat ed Dol @ LELENAE BT %Leerc.ul.ﬂfmﬁe%ss%gmﬁc%ﬁy%@aa.l.ae;e% s e Wek 1 1 a1 CH

assenbl i es 65 descri bed against the
cl anp r i ng 32m2r05nd|\wg\pelm otij@]-y/mo@/tbigggaﬂ ex}zlusmn arc-shaped vacuum chucks 59b, as
30 illustrated in Fig. 3A, contact only the exclusion area at the edge the wafer 35. The paddle or wafer

engaging end of the chucks preferably extends around a mujor part of the circumference of a 6 mm ring

around the perimeter of the wafer.
Insertion of the wafer 35 into the holder 30 is carried out with the latch clips 33 rotated out of the
path of the wafer 35. Rotation of the latch clips 33 into and out of position behind the' wafer 35 is
35 accomplishad by three latch actuators 61 carried by the transfer or load arm 60, alsoas illustrated in Fig. 3.
The latch actuators 61 each include a puir of actuator pins 62 on the shaft of a pneumatically actuatable
rotary cylinder 63, which, when the pins 62 are in engagement with a corresponding one of three latching

mechanisms 65 on the holder 30, rotate 90" in one direction to simultaricously move the three clips 33 into



around the opening 39 in the wafer holding clanp ring 32. E@gg@gc
assenbly 65a is, however, pivotally nounted to the cl arrp2 r at her

than to the holder body 31. The latch assenbly 65a is so nounted at a
nounting post 130 fixed to the clanp ring 32. The |l atch assenbly 65a
includes a non-netallic latch body 131 pivotally nounted on the post 130
t hrough a tungsten carbide ball bearing (not shown), and pE/ésoboizsed

agai nst the clanp ring 32 by a conical spring (not shown) that surrounds
the nounting post 130. The l|atch bodies 131 each have a pair of actuator
pin receiving holes or slots 175 there| n8hat are.sinilar to the holes 75
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waf er, the ngage the water
35 from the daPEEfrROL indetijtasingluing a bqdy iyehe foum pf uerpnsterarmelite 203 hich inBefx; i ces
on the wafer Rusits203@ teasad l@ekrabster Pin @M2eind a didsrageggerfarnt 2051 df tipézbiddlcross-seclivg,

devices, it ig lﬁ‘@fﬁﬁé\%ﬁB%e aQﬁJr?rﬁMa!e%s b‘}ﬁl\(. ,__Qﬁ}(?duvé ansley\l} ?&ﬁ‘& %Q\qm)ﬁlr:hc Bl@@’&oﬁ' cted
area of the vva? to avoi di acenent devices in an
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hi storical |y beenmane axfagofifttrit size§ Tihenros 205 hre cenaficsind hare upstandiog sogbort figg 206

perimeter of Eﬂaﬁomftﬁéexu&smnlr&lﬁz Ak Bfer 9 beﬁéﬁdnk&@rle@ﬂythea{aﬁéfézl?ﬂ@@d'rhé%ﬁ&édm chucks
59b, as 30 |IIustrasF§

a xclusion area at the
odoe the. vat erttas Rt 8 agF She, BRI AR or e ndiac oo ol ofRe
preferably exthemefe 3&num<dusanmq2©7f Imypediately idjacénetheshquislersdementsid @208 fre espéetivem r i ng

around t b8 penidieiyed cm‘umﬁenﬁmwa;pﬁed seénﬂ:ﬁ@ﬁh' IR oei be.tva@d Mafif lip FRcH ilkGdidele
hol der 30 is carri

of the ual or SEOVHEFPIBRY e PR AT e o e AR B D e Mon
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by the transf @p, arfudcOsnGvitd BNiBO guidd Waters &fo thd shaufder sadnffls dom, 268.9. 3.
The segments 217, 218 of the beveled circular lip and the pin head surfaces 219 serves to cause
30 a wafer being supported thereon to immediately center on the end effector 201 without coming to rest with
the edge of the wafer beyond the lip. The inside diameter of the bevel surroundé an annular surface of the
shoulder segments 207, 208 of less than two mm in width, on which the exclusion zone 202 of the wafer
35 résts. This inside diameter of the bevel equals the nominal diameter of a standard wafer, typically 200
mmor 300 mm, plus the maximum tolerance in the radial direction of about 0.008 inches, or about 0.2 mm.
35 50 that the largest wafer will rest inside of the bcvcled circular lip. The outriggers 205 are secured 10 the
plate 202 in part by washer nuts 21[. The conical side surfaces of thé‘ heuads 219 of the nuts 21 1 extend the
bevel of segments 217, 218 above the upper surfuces of the plate 203 to assist in guiding a wafer 35 onto

the circular area surrounded by the segments 217, 218 of the beveled lip when the wafers 35 are picked up



~transfer armc

‘The latch actuators 61 each include a pair of actuator pings6gaprishe shaft
of a pneumatically actuatable rotary cylinder 63, which, when the pi ns 62
are in engagenent with a correspondi ng one of three | at chin mechani snms 65
on the holder 30, rotate 90' in one direction to sinult&6&E33¥Y54fove t he
three clips 33 into 2 5 MAY 2005 PCT/ US02/ 01545 -8 a | atching position
behind the wafer 35, and 90" in the oppgesite direction to nove the clips 33
to a release position in the hol der beyond the rimof the wafer 35.
Accor di ng t Ofrgnitheassgesa 63, 0f4. THaeevis @she tHuckirisaubove iheddppo surfitk efftheliaunic disragre and
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4. The syste t I uding a
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arm 212, V\hIhEWSSﬁ‘fS’éFOétl@sfm rgmoph gnd fElassBEnt efthe Vst r ansfer arm 112 descri bed
above. The syst enndBragl B @ig 3) b abet@gers 205 a8 Mt @ihénkichedh tiG Mo gtddvesat | 22bhie theafl er
aligning sta o 8 Gent&kidg 10
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a | oad ar m 288ped jidy U wdesmeaed “Pf‘ﬁd‘t‘ﬁffégeﬁ‘&ﬁ??ér“"‘tﬁ\‘ is pefpicireulin g ressivhrefedescr i bed
above. The enehn B dneatas20]thi allit e Sotanafieavafes e Oidteit@isr $0a @asing altiator weht act a
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an excl usion zoné two mm of dge the device de of the
waf er 35. TheMuke!erThassiey ing2el 'D'H&%Pe"‘t'%'e"sf"ﬁ? QS"e"‘ Tfe'@'i"h“\?f“’ﬂ‘ym é‘ﬂd"t"ﬁé"“@‘n'ﬂfo ef f ect or
201, which nooes wiibthd soppomtivgsurtfdas o ceucl onB5n thoexelisthn hreambeaifer buctisdetct es 103,

104, to and fpimildey G@M&r@édn{ﬂgnbﬁ e the ?elt@m@ﬁneéhﬁ‘;ﬁsm A3 buldRbA Gn %%ﬁo@nﬂnenll8 and

to andf%omthelo oad arm

il lustrdte tHRE™ é'ﬁa‘%éf ?3?8%Bu‘“eﬁ‘fj‘f”?gﬁ“‘ﬂ’éﬁ‘%ﬁ ui ”‘&és‘ffhcér"ﬂ%ff“ﬁ‘d""é“’g&wﬁ%”‘f he form
of a transf ewafar Miglcateanz2@Bn opiibal ehrots en theicsagdngisluck 2 6 menakpwaBldtermiye thhiwafeend  of
t he transfer@hiorl2, and a pai r of outrigger arns 205, of trapezoi dal

cross-section, rigidly att d to the tr ate 203, by fitting
into dove-tail keb\%ﬁ?'@x Hgen a‘ﬁﬁ? '°\dﬁf"‘t°%“§ksg¥ CEE”Z shic U“W{gﬁ ?‘H@Vyére hel d
by | ocki ng werstver26@g3she@ihio reahethomrwzquéfr@ the & effgctor 29&1] Theclubis @59 trke thhe :

keyways 2b0  giae QRIKD € sivvech @ity @buufll cﬁlfcemrm Figl iﬁESThe-Ell@ zar has .u?.op'éta@rng ceramc

and have upstandln area 202
of et er - 3iPDien ARGy AR T facaiecF MR Aot 2 Fh® P50 and

the tips 206thhuafe 3% dhnlipdbss reekd, amsr thertr@@fgemqhwéw,wn@fmzawmmcw deyeritgthoul der
t her eon conf w@u, B thsdrdhabthR@delside doM@t MEEdE bnly3Bth tk extcllion @066 IhltSd neihorAgEIwe 02.
| mredi at el y gmvﬁ&ent t he shoul der segnents 207,208 are respective 25
angul ar| circunferentiall s aced segnents 217, 218 of a beveled

circul ard| | p whi cf spediingtigs § 7 %y nd S inapaced Wisrviearoustias it 203 Pt yaf er 35
bei ng car ri egripbars dr eppér fisgas REY; foaarxmpﬂzlﬁx to Tolaén nabtbes, e pivadlie mboned brecrod zsangent to

the I'ip segmppts sg%,é\,/egp,cgam%@o £O0R #of}?&q‘gd Sl u@iﬁ%@ ?r{]e%r.%JA@E7ofe9crh

extension of th unction wt e vvafers
onto the sho[iﬂ“t']@P"§§’§j‘r‘f’é?ﬂ“§°‘Q‘U’?"Ph?%dgeTﬂ‘éwﬁ,‘géﬁé"ﬁ%%m%ﬁmeffé““ﬁf"‘t"ﬁé"“bevel ed
circul ar | i plegend7lttheis pennollaé BychnstmafonZ? oihiled os B¢ M@turrh chuckeddS avhich operates in

30 response to the vacuum commands provided through the line 69 to control the vacuum to operate the
vacuum chucks 59, 59a of the prior art system, but which chucks have been removed and replaced with the
mechanical load arm chucks 259. The actuator 272 may be an electrically or pneumatically controlled
pneumatic cylinder, an electrical-mechanical solenoid or some other device for moving the grippers 270

. between the released and gripping positions of Figs. 7 and 7A. Further, as best seen in Fig. 8, vacuum

35 ports 295 are also provided in thé chuck body 261 to connect to a series of holes (not shown) in the lip 265

to provide for the sensing of a'properly seated wafer 35 in the chuck 259. -
The actuator 272 has a body 282 fixed to the body 261 of the load arm chuck 259 and a moveable

,element 283 that reciprocates in a direction perpendicular to the body 261 between a retracted position



30.a wafer being supported thereon to i medi ately center on2BhgAer2005
effector 201 without coming to rest with the edge of the wafer beyond the
lip. The inside diameter of the bevel surrounds an annular surface of the
shoul der segnents 207, 208 of less than two mmin width, on which the

excl usion zone 202 of the wafer 35 rests. This inside di anet er of the
bevel equals the nom nal dianeter of a standard wafer, tgragsbdoss00 nm or
300 mm plus the maxinumtol erance in the radial direction of about 0.008

i nches, or about 0.2 mm 35 so'that the Iargest wafer will rest inside of

t he bevel ed circular lip. The outri ggersl 205 are secured to the plate 202
in part by h untace f 19 of
‘the nuts 21?6(2‘{%?2%13%’%1?3 t?Tel%sdyZ-E f gﬁgphgﬁ%mﬁ 29’(%1 hzl r§ éas %osn&q{nﬁrédt]ﬁggeﬁdeg
surfaces of tRe&Eiqy(EE &A2e frog thesady 3¢! if w’f"cg {3 &fipRgys 220 mméwrwmmowwnt !ﬁ@d
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the wafers 35 Y 2305 PCT/.US02/ 1942039
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of the cHuck 45 dtayreambwing gp adjsuhlegiicrey R85 E“IB’I‘H%&F'”PhW&%b%@‘VGFS%°Wér and
preferably abﬁ)dxthhrdhﬁlﬁnﬂm&hls-ﬁbtﬁe@ﬁglsﬁlr@ﬁBStWh&hbe&ﬂ&clcﬂﬁtenwnﬂ)it@éfcah&#ts&mb 45' |
plus or m nus nc;l'pr m&genéét the a&pa?ﬁbpﬁﬁq Tlggfrln;ﬁiggth{nglonsfeto Fxmu th amountoﬁ rce M% ar Ound

the support sur face y three
or nore poi ntREexeEyby i gepPerY Laspinshie bfﬂ@'de °f5‘°a’ﬁf6’ %rwv@wabrhwaem# ﬂqsmt Wes. The
out ri ggers 200 26  ths tHuéki269. €Mt depscrbd288 istpvid@AE MaidtisRem veafilly udmest@meked i n

the cassg)t t esea&%ﬁer&@é]e\fep{ﬂ rllﬁ)rms ‘\q,nk %gxté’nﬁgj, ﬁ?q‘&m%huﬂf rehggml u%%?o{,e(lﬁsm

illustrated in he out ri into
grooves 221, 2"2“2’?%?‘%?#&%\1?*#&?9@‘ "ﬂt ﬁém@'é?ﬂ"émdHg*méﬁlmﬂeﬂrza_@lattheteﬁ@f&*ent ering
station 118. dffee Toeintremhaadpnoirhodids2ii6e Ies28Bsyhdniohites the Sktion shaneigpeloty 216a and

a segment ed UpSt afi.@hé&%r %%ﬁpﬂén’q R, a%elem&%mm Beﬁxseﬁq‘p‘#agh the Wafd! tottlQ I&l@g%{ ve a

waf er 35 10 f gl}ﬂ p , fector 201, can rotate the wafer
‘on the end efT°&EPBI™e ?Eﬁ“"f’%“lﬁ'rsi"’ﬁ@geé? “P'I"’éi‘f""'&r’”"h‘ﬁfh&ﬁd“?fa“’sd‘T‘PP'@“‘%‘X““H}"IP’t%e waf er
35 to0 a P edevtelewiire dndoingogmatagd by refeccore rabeyp oo b gped. O Titese taa tals@ Bed op@ratet] e

centering chyiekuih opeTJ?e@ a&ﬂgﬁs 6'I brmgmgcg%umyntlgedcb@ééel ed, as with the
transfer arm chucli:bl ontact with the su portl ng

surfaces of the chuceﬁamé’gt%}g gﬁ '"f‘ﬁ'é‘eséx gieﬂgivﬁﬂ"bﬁ‘f@%{“ P qtprdoadamespuck it e he
absence of reveysisypgorithe eferdh prethrercsriggatpidats thatiictulte o thred pired®tl enditwrgolivB&ofani sm

and function.Tnt l&adahﬁch&dmmmﬂiﬁ@ﬁ\boa&erﬁhﬂm‘ltecilh@foﬁﬂj&ﬁﬂé’u}e@ﬂr tge?sappatt( of36Emm
centering, st at ane of the

wafer. Al the' cm w"po“?a" Qgelp ‘Q? %r%‘%ee 2 %ﬁmp“ e‘ﬁi’br’%gu’kltef%'éveléé’ﬁ‘fagﬂsr\"é‘hﬁ ick 216
(not shown) d%ﬂ@hmﬂmplvqtl@mmﬂwk 30Qr¥llhénﬂ¢a9nneﬁch origtjted & nzi thie fitedisin 30 erdabllerm Fi gs.

5, the load ammmbthakSoRhaG waepmyéaayﬁoaamfﬁhuuszko.&'ca{cﬁn@{:au&péﬂwck?ﬁéchutlémo ng
grooves 262, 2‘1?"%"‘528'(“%5{2““ E ng,l \{%1 & Qne[hé)utg?r‘lh gé)‘mm da} toend (;ffect or

201. The chud face " of devT & % 't engagt ™My Yacuum
chuck 59b of heysiye303x whichis msmflehxz n 94 and appingfroncayedr wg:hedségwﬁqfr'tw“ﬂiefﬁt ially
circul ar2d i p BHhe asuateddyd the husiRBYLso@ o Wk &,hnd’t ﬁﬂ‘ieﬁ'u&ﬁmﬁ%&édﬂesdf fewAQNS TEound

the edge of c}ut?:ﬁ 36Hasfc§rcféur§d su;l;kt'l'ﬁ\ Cektpms%:r arm (. uclcgoer\é?dﬁﬁcctor %Oan c]:c ver tpe »Ya%er ?Srle er arm

chuck and centerln? Ins
devi ce side ctifP%E f00;byadyiigias tnyajer chetitise Pwees@e N thmrc ipstryssd nor e
than two positions, and against the fixed pin 301. The rollers 302 are located opposite: the centerline 303 of the

chuck 300 from the fixed pin 301, with the rollers being spaced at an ungle 304 of preferably at least 160
30 apart, but Jess than 180° apart. Anangle of less than 160" is acceptable depending on the design of the end
effector 201.

When the chuck 300 is upw.\rdly facing, the fixed pin 301 has a horizontal surface 31 | to support
the edge of the wafer 35 by contacting the wafer 35 only wnthm the 2 mm excluslon zone as shown, for
example, in Fig, SF. The pin 301 has an overhanging inclined and nearly vertical surface 312 which faces

35 radially inwardly toward the center of the water 35. The rollers 302 may be mounted on pivotal levers 302a
S0 s to swing, in response to the motion of the actuators 61, betweeri retracted positions away from the
edge of the wafer 35 to latching positions against the edge of the wafer 35, as illustrated .in Fig. 5E.

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



mm.wi de. 25 As illustrated in Figs. 6, 7, 7A, and 8, at space g 2qgals
around the lip 265 is a plurality of grippers or gripper fingers for
example two to four in nunber, each pivotally nounted OE,@H&gggégl that is
supported in bearings to the .body 261 of the load armc G The
grippers 270 each have a notch 273 thereinto capture the peripheral edge
of the wafer 35. The grippers 270 eachhave an operating |ever 271 that is
controlled by an actuator 272 nounted on the | oad arm chuck 259, . which
oper at es i n & foreEiPp aEEecoh®! thirecunachuoimsiothaxass dSthectoaere23e for the wippphfingkre | i ne 69
to control t gm\{l?eqéHMmgxgs a%pﬁge@jlbgv l?ﬁa 1o RGN SIS surRR3 18 ko 1Bﬁe prior

art system ut whi ch chucks have been renoved and r

nechani cal | @&P*&FM"E’I‘%‘I&@ iry they latchrpgaposgition, 4t wych e vafgp3p | g@d‘é‘ﬁ“"eff%‘cper?"?:al ly or
pneumat i cal | ffe@@201r alhé @tcavepioevaits o the ydilerndBrand ecombiesitinclingd burfage S hand c al
sol enoi gﬁ or ?o?fsﬁt llgarplgerlﬂ fjtﬁwc ﬁ)@d B 9§01 Lo Vtherlgtel: ﬂ%n 018 %h%\&%b@so %ZtQhe “Qﬁtiwgﬁrﬁc t he

rel eased and grlpplng ositions o . _Further 2s best seen in
Fig. 8, vaculdmessaggre "mmaréowg&'v3}%&/?%&'% rind ‘H@S*%m@w"dobw“z
connect to ahcgierdoes of holes (not shown) in the lip 265 to provide for t he

sensing of a'pro PRE lo¥d avfy %&%&0@&% tl';é%on Pea ptw%eﬁ Bﬂéﬁgw%é to tﬂ?\@afe@-grﬁ)ééﬁtng r 272

has a body 282 fixed to the dy of the Ioad armc

noveabl e ~ el BiffAt A?'SS"“FW&P“F'B’Z??’ BPdd"éﬁ”ééi““l"r?"'&e'a? Vit ‘f‘?)'ﬂ“ng?Qﬁé'ﬁHP‘E?fﬂ"ér to the
body 2610 bet mesine, e grivharac taeltks pRSE the Gafer Mhle (AN eRROler PETHRIBOLF @2HpBthe 10 (Fi g.

7) proximate, Qerﬂ%’a&l@ @e&uehc@ .sVMtUtherkh@a Qrdr BOE the 1081k AW RenitHd 142l Bl chicR| eased
position and an exte 6l in

whi ch the gr W‘Hﬁ@?"%’“’?ﬂﬁ “"é{?'éo"feﬁ 'hf‘ ﬂ%‘ieﬁs'g’ %B?ﬁcﬂéﬂdﬁﬁgﬁy"ﬁ‘ ﬁm@eé‘a& ?Sj?f %he end of
t he noveabl eWsh evoelvtks 288e lofd atnh) the st arrathesks @2i7tRe iresenagf a wrhieran the waen hold2gy, - whi ch
extends par ajk Bldioct R, hbr@ |slaﬂ§i){t o besMRafBINE S eMbbtl Fhul ¥R the RN trhed 8 load NE

oper at i | ever e n havi ng
an adj usgabl %rméoéattcsi%g) tg\l;vmég%c Q\h%lpga%oam?%mﬂ%és it muixﬁw wuterhglgerm%w lof_xlcgs{c:ﬁ eye 287
t her et hr oughchiugk thabdepnisitsiths wifes bl ladladsfsthengypilapigyto xg@ve thwxwfq' fopbie¥¥ ed in

t ensi on bet V‘ﬁﬁQnJJﬂﬁ:t&@Jfor&ﬁtﬁtﬁWl@&@ndrﬂfgldh@ldl.@fé@tvﬂcr%ﬂ%e@&erhﬁﬂc Atk ad of bar

284. The spring §t1qnct|ons to.limt the anobunt of force that can be
exerted by tRAe GiTpPEr 270 against the backside of the wafer 35 in clanping
the wafer 35 agal wslte the g ve dejepptpB I exfeorpiiqrying Higwires 35 dprth Tysigus swbodigentirftio g6 i s
provi dedoso fnbetionf inivifl bk dpPardnt © @dscRBilIdBN thaLhrt Wat adHitldBd M dl modiiRatiodsOnag &€ Inadeper at i ng
| ever 271 als 289. Lherefrom which are pivotally

j oi ned toget H&romg?pm%%dom%erpn ﬁﬁ?i&g‘ﬁ g&\%’ th a fork 290 in the end of one
pivoting and sliding on a bearing 291 in the end of the other. The

i nterconnection of the ends of the lIinks 289 synchronizes the notion of the
grippers 270. In lieu of the grippers 270, other elenents can be used to

| atch the wafer to the load arm Rotatable | atches having rollers or
fingers, for exanple, such us those described in connection with the prior
15 art described and incorporated by reference above, can be used. These
can al so be operated by .pneumatically operated actuators 61 or by
mechani cal or other devices. For exanple, Fig. BE illustrates an
alternative enbodi nent 300 to the |oad arm chuck 259, that



enpl oys support of the water 35 on three edge supports that ingluggy 3ggki xed
pin 301 and two rollers- 302. The |oad arm chuck 300 of this enbodinent is
illustrated in a formconfigured for the support of 300 mm 20 wafers

wi t hout an edge flat 235 of the enbodi mrent shown in Fig. S. Aternatively,
a wafer 35 wwth a flat or notch may be placed on the chuck 300 with the
flat or notch oriented to mss the fixed pin 301 and rollers 302. The
chuck 300 may be enployed as a |l oad arm chuck or a centering station chuck.
The chuck 300 provides contact with three or nore points on the edge of
the wafer 35, and includes, for exanple, a housing 307 to which is nounted
a fixed pin 301 and a pair of concave or notched rollers 302. The rollers
25 302 are nmounted to the housing 307 so as to | atch agai nst and retract
fromthe edge of the wafer 35. The cH&tk 300 is configured such that the
transfer armchuck or end effector 201 can deliver the wafer 35 to the
chuck 300 by aly nci ng the wafer edgew se between the two rollers 302, when
they are inr ted positions, and against the fixed pin 301. The
rollers 302 are | ocated opposite the centerline 303 of the chuck 300 from
the fixed pin 301, with the rollers being spaced at an angle 304 of
preferably at |east 160" 30 apart, but |ess than 180" apart. An angle of

| ess than 160" is acceptabl e depending on the design of the end effector

201. \en the1.chu@(se’iﬁ@oﬂcﬁcl@p%feﬁhh'n{l]ig{jiggbgeemg%ﬁ}g{qig%&ﬁ? Irg 3%[19yhas a

hort zontal surface_ 311 to, sgé) ort t ofcont act | ng
the water 35 GHISHORNG A semicrrdustopvatex (35)kstweenacessete skavhanibefin exanpl e, in
Fig. SF. The piwafeBplocBssindmatify 8AP&IKEEe bRELIR WAl IEaL LY, veLtical -
surface 312 V\(?i ch fa}c-es ggm?adi al Fg%kﬁgv\% @%ésfb‘gv\gﬁ%gpﬁﬁe W@ﬁré%)of t he wat er
35. The rol | 1% 3§5VI5% FWIAGRINPRR:Side threast aldiametas; 5 g@AGally siculs tO SWi ng,

in response tesgetsad amtexcosios akﬁ?zﬂgbh’%%e?igﬁ%rfa@@ta}gﬁﬁ%t'fheet r%‘%ﬁted positions

away fromthe,,.: . of .1 he er 35 tog I'ng posttions fst the edge
of the wafer q’&’g geg'cﬁﬁ' Sﬁqﬂ% the hendiing system mustdedintited,ehg systém rol | ers 302
can be pi vot edmprising spwafee suppodt Siefaceq207a008 S2d5 a; he si gnal
that 2 5 MAYQ&%@%’##&Q@/P&S45 -11 &ﬁas_fornerd[y%rf_ggﬁa?@g%%%ﬁol t he
vacuum chuck, as i N the  taserunnpiping, EUQB@PSOU§F)§ diagneteras least pper fi ngers
270 in the erdgdifthe dianteter obthe dvalid ¢38) andlan instld RifetdNRs B4R 15400t h concave

surfaces 3154 he. waf er 35 when in the [atching
positions, at ?m?]éit%r??tt*]%ﬁ’\?\/fgggagg%vgf ?)ée'ﬁfnglgé@"%‘gy frrdihe BY¥PROAcsurfged ect or 201.

The concave $dieFetdhe gutsidefdianmater of the nsnud 2ing o a8 of BREDEAGRLNC! | ned
surface 312 #ngleds, fAarH . of the fixed pin 301 trap the
waf er 35 on the chﬂtf}gkﬂegggt’e;}%g ? ﬁ%‘gﬁgﬁégééf'%tlhesgg@a??x%é?’a??'o?'&@é’?ﬁto a
vertical ori WRREMYiYAA%T (298u#REaRES)ant 4o preyentroontattcstwatn the Guppcst erred to

and from a wafifdice &OlSEIchabk ahBeinkO r uck proyides for the correct
pl acenent of the waf gén,' nto- t he waf @?fegré& s-sﬁnﬁ’%l Chere (#2er being so

posi ti oned | ﬁq%ager@s thatie exclydonirea R02)striot moketthan agpibamisteR’ t he
Carer hol dor- 3 i ncait s 22 MRe R AT i bR ollin oo s qence 1
used to remVery Qf\;'?ee?”a%'éé;ﬁtﬂ% Moghiaa dwe Milieeirashin thatitheabger BUCk

provided in at least a plurality of angularly spaced sections (217, 218); in that

the system includes a transfer arm chuck (201) for moving the: wafer (35)

betwegn the cassette and a load arm chuck (259) in a horizontal backside-up

orientation, and a load arm chuck (259) for moving the .\a\.ra‘fer bétween t.l%e

transfer arm chuck (201) and a wafer holder in a vertical plaﬁe in the

chamber; in that the bevel on the transfer arm chuck (201) includes surfaces

(219) extending above the beve! at least two spaced apart points; and in that

the segments of the wafer support surfaces of the transfer arm and load am

chucks (201, 259) lie in different portions of the same annular ring and the

AMENDED SHEET



w t.hdraws fromthe wafer holder, the processing nmachi ne can ig%ﬁﬁmihﬂmpext
waf er holder into the |oadlock. Wth two chucks on the | oad ar he 1 oad
arm checks for the presence of a wafer in the wafer holder at the |oadl ock
and, if one is present, renoves the wafer with an enpty chuck on the | oad
arm Then, the load 15 armrotates 180" to bring a new wafer into position
and loads it into the wafer holder in the |oadlock. The chuck that
deposits the wafer into the loadlock is then available to receive the next
wafer fromthe transfer armend effector before rotating 180" to transfer
the processed wafer on the other chuck of the load arm onto the end
effector. Wiile the above description and acconpanyi ng drawi ngs set forth
vari ous enbodi nents of the 20 inventl®n, it will be apparent to those
skilled in the art that additions and nodifications my be made. w thout

departing frorangblariprspacddoseRs endiV. | 25 MAY 2005 -12 Clains 1. A
seni conduct or vv%t rpﬁgndl in grg;s{%‘% %Edgoc?%éargg\fe&suﬁ'ﬂq%"%é GeRl he
transporting UM EEMeRN A Mhertarae apmsyr fingt whemtha shaskeeiobe, o8} AeChanber in

a waf er procesfigreg méédh%tﬁé?h%ﬁS%?f’?ég’gﬁﬁ?mg@p’mer ein the wafer (35)

has a device surface on one side thereo ,ee'&thg@r-\eral l'y circular
edge and an e>écl usion area (202) on the device surface adjacent the edge to
whi ch devi ce- & de CEnBYRE™ B{Claige 1 MéREsin thy wejertsapparsstabe 2o Ragds t he

system conpr ithe inansfenv@frechusk ROt 08, .265) |ying in a plane
and forned o{ S nts of . n, anﬁual‘ g?ﬁzﬁaﬁﬁﬁp [éﬁ%)lzrﬁdg%alﬁwgffﬁys?a&@gdﬁg%ter at
ne Sl o cowik Inplules a bed

| east as larg8 &) cqrdglred fat mounting beanali anet er -

| ess than t heendiobaredbet wafer traRikRIACH 1 ARk tﬁé.}asgkﬁpié‘\,gwor%ﬁe‘é";{ g,!,% from the
Mg

support surfa adj acent e outside dianetet 0 . on each
of the segrren?fsathet g%qrg%ﬁs, OH‘}L? BRRMAr T thereonsandi atnleastttwogaride(2obp edge of a
waf er onto t hextesdipg therefeon, baceatR@065) Hif: Rreyent contact
bet ween the s r f of t g,c)huckgéﬁ%ﬁ%ﬁg&@aﬁagwgggxegﬁ{gnq n
%O%gn‘?e%g%afctﬁ
excl usi on ar eg:@ : 9 QB A0PHISRAng fEhergmm thenbevek of thei teemstsregim( 202) i s
not nore t hanchuskrextendingelpwardiyWromi the iotRideCiami e.lnside_ radius of the
annul ar ring gyn%bss%ﬁ%l ,to t he _.radius ofe t?}’ﬁét\%:%{rhglsé@%o 8t e than two
mllinmetres; Yn tha L 16581 e of dhe saciionsf @aphofthe bedys (203) aidiemdsi ty of
angul ar |y spa@felftesamns (205),(@hsteby? 1) setBoridbdior vHP? %ﬁii@skggllwu%es a
transfer arm(r;ﬁép%ié &g%%gégrq]gow ggﬁyt he_vvafier (35 e er e-cassette
and a | oad arrm chuc ThSYPRIE LY Sty With Shedanster apn coudkeort thei on, and a
| oad ar m chuckd(f5Dyrafigfer ammva rsgnﬁd@ﬁd%r&ﬁaf&e(%ﬁﬁﬁ‘éwyws dbvi@nsf gl ar m chuck
(201) and a vgliy daalilran Wik ' SlofiBlonPhrenSab) thicor mak
. slon"area (202) thereof making surface

contact with the sections of the Support surface on the body and ends of the

arms and with the bevel outside of the diameter of the wafer adjacent each o

sections of the support surface (207, 208). -

3. The system of Claim 1 wherein the wafer support surface (207, 208) of

the transfer arm chuck (201) lies in a horizontal plane and is upwardly facing,
the bevel extends upwardly and outwardly from the outside diameter of the
support surface (207, 208) and the transfer arm chuck is configured to pick up
and support by gravity a semiconductor wafer having its device surface facing
downwardly with the exclusion arez (202) thereof making surface contact with
the sections of the support surface and with the bevel outside of the diameter
of the wafer adjacent each of sections of the Support surface so as to restrict

contact of the device surface of the wafer by the support surface to the
exclusion area (202) of the wafer.
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chanber, in that the bevel on the transfer arm chuck (201) igﬁl}ag&esmg, _
surfaces (219) extendi ng above the bevel at |east two space art points,
and in that the segnents of the wafer support surfaces of the transfer arm
and |l oad arm chucks (201, 259) lie in different portions of the sane

annul ar ring and the AMENDED SHEET 2 5 MAY 2005 -13 angul arly spaced
sections (217, 218) of the bevels thereof |ie adjacent the outside

di aneter of the same annul ar ring when the chucks (201, 259) are aligned
wi th each other for the transfer of a wafer (35) between them 2. The .
systemof Claiml wherein the wafer support surface (207, 208) of the
transfer armchuck lies in a horizontal plane and is upwardly facing, and
the transfer armchuck includes a body (203) configured for nmounting on the
end of a robot wafer transfer arm of the machine, the, body having at-I|east
one of the segnents of the annular ring thereon and at |east two arns
(205) extendli ng therefrom each arm (2_0521 havi ng a renote end havi ng at

| east one of*t he TE@FYERMs 0bClaime3 avisrein the itragsfeh @me oshuck Hecliegel of t he
transfer ar myaehusKodst ' toy djaneter of the .
support surf?ﬁe éé%? %g’fﬁ%’nugt ggg@%%@%??%'z?ggg%ﬁt% ®each of the
body (203) arRloRkRadY the extlesion arga (2083 f thehwafebgo Bbdo edtivatecmaatdror waf er

handl i ng systigéadnee deEbARheh dofndti&dthatBioand support by gravity with the
transfer armchuck on the end of a transfer arma sem conductor wafer (35)

having its devicersurface facing downvwardly with the exclusion area (202)
t her eof maki ﬁ% suﬁ%@@se@o?ﬁ QWt,p'%F?‘ﬂ“Q E@‘@é&?”%r@mﬁﬂs'@%é“sﬂﬁp@m surface on
the body and statibe chiick (2¢6) tRwing aawdersupport £18fabe 22B) Pl Hi Q%,a?g ahpe di aneter
of the wafer 'eaa‘:?'a;%%ﬁa‘ih Pf se{:ati.oqr,l\ﬁqof t he s(ﬁ)&)ort surtace (207, 208).
3. The system of o &1 HALFLIRUERENGRIVI0 A piiie diameteratdeqsioy, 208) of
]'Ehe transfﬁr lagmasHlﬂxk'ar(léléﬂx)ftﬁeimexiahdaghmidmmgiﬁbtiﬁds@m'rﬁm%étés ugwa(rjdl y
acing, the S y and outwardly fromthe outside dianmeter
of the supp(;%%\“s?%nrﬁéce ?2?5%%% and the transfer armchuck is configured
to pick up and s ort by gravity a sem conductor wafer having its device
surface facify dOWhaEm of &M‘T‘ﬁ reindbp @ligning siatinn qhadei216hbasaf naki ng

f t : . i . ith th
surface cont arbel\dkigiding BMIRE UL dithetbhSF (RS ERBLE sHEk egfczﬁ) g{éﬂeo‘ﬁ‘ €

bevel outside o{ the diapeter of the wafer adjacent i Sections of
the support SuPtigest aplurally ptangulatly sraced seqtipas andypositineeddienguitle teair f ace of t he

wafer by the eflgppba wafenbheaRe ssppbAurface and to prevent contact between the
support surface of the chuck and the wafer except in the exclusion area.

7. The system of Claim 5 wherein the wafer support surface (223) of the
aligning station chuck (216) lies in a horizontal plane and is upwardly facing
and the aligning station chuck (216) is configured for mounting on a wafer
aligner of the machine and has at least one recess (222) thereon located.
between two sections of the supporting surface (232) thereof to allow the
transfer arm chuck (201) to extend between a wafer and the aligning station
chuck to place a wafer on or pick up a wafer from the aligning station chuck,
whereby the wafer aligning chuck (216) s operable to support by gravity for
alignment and for pick up by the transfer arm chuck (201) a semiconductor
wafer (35) having its device surface facing downwardly with the exclusion

area thereof making surface contact with the sections of the support surface
on the wafer aligning chuck.

8. The system of Claim 7 wherein the aligning station chuck (216) has a
bevel extending from the outside diameter of the support surface thereof in at
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exclusion area (202) of the wafer, AMENDED SHEET 2 5 MAY ZOOQS-ﬁﬂfﬁm)The
systemof Claim3 wherein the transfer arm chuck i ncl udes vaCuun1poPts
positioned on the support surface (207, 208) so as to be blocked by the
exclusion area (202) of the wafer so as to activate a wafer presence

det ect or when connected thereto. 5. The system of any preceding claim
further conprising an aligning station chuck (216) having a wafer support
surface (223) lying in a plane and fornmed of segnents, of an annular ring
havi ng an outside dianeter at |east as l|arge as the dianeter of the wafer
and an inside radius at least two' mllinetres |ess than the radius of the
wafer. 6. The systemof Claim5 wherein the aligning station chuck (216)
has a bevel extending fromthe outside diameter of the support surface
(223) thereof in at least a plurality of angularly spaced sections and

posi tioned toleagtih GRirdliReof A ort surface and to
prevent cont act‘ betg éﬂgefﬁaﬁ hegagﬂ}g%)%%{e WE%@P ’é%éﬂdg?‘ssﬂﬁé‘g@ﬁﬁ%@%ﬁa &dgR waf er
except in t he bRcVAST SHtostheasupportTsusfacy and rio qire@nhiconfacih\betmein thee waf er

ort rfae 25tHa i g0 i huck (216) lies in a -
?\gPonnt S:J pl ﬁ%dognd i géﬁg\ﬁgﬁﬂﬁéy“ @c@%ﬁ?ﬁnggﬁg' @Fieﬁi('i'f'ﬂﬁ'k 8fed ARt chuck
(216) is conf 8! pitheraligring station chuskeéxtendirgl imweedly diond fhe 6m&HE: ne and has

at | east one A& I . n two, sectjons of the
supporting suF f@ace (0 g%%)%hf &%Fgél%%%? 89@?}3@%%%52&;%5}@?g}thg,sgpt&%@f( (201) to
extend bet weeHeasyppraingasiifach cofathegalianipg sstationoohuckhweisreby peawgier Waf er on
or pick up a f L gl tl K ere t he waf er

al i ISni ng Ehucﬁwngf%gmle*snso%rrﬁﬁ gq%‘%gg%'%oéﬁ%%“& Ggﬁg‘g(/‘r”?‘\gp%‘? lgl¥E’:;1'I"?"&hrrent and
for pick up by PRANISPRE Station ghuck ieutside(ofGhe Hiamesernifcha duatsrogdjaceaf er  ( 35)

having Its dewashefssétons oftiLdupPon @ yetrdpsM th the exclusion area
t hereof nmaki ng surface contact wth the sections of the support surface on

the wafer alignin ghugle(. o?' Theecé&,stem of C.aim?7 wherein the aligning
station chuck™(218]€5¥EeR of gay i PFIMWperein the iped an eiutk (69wt er of the
support  surf acmfigired dof momtiah ohMFWNEFP tRRSET arf? oMAE e 2 has at

least one recess (263) thereon located between two -sections of the

supporting surface thereof, the recess being configured such that, when the

wafer support surface (265) of the load arm chuck (259) is in a horizontal

plane and is upwardly facing, the transfer arm chuck (201) can be extended

between a wafer (35) supported on the upwardly facing supporting surface

(285) of the load armm chuck (259) and the load arm chuck to place a wafer on

or pick up a wafer from the load arm chuck, wherein the bevel of the load am

c_huck extending upwardly from the outside diameter' of the support surface

(265) of the load arm chuck, and wherein the load am chuck includes a set of

moveable locking elements (270) operable, when engaged, to move against

the backside of the wafer opposite the exclusion area (202) thereof to clamp

the wafer against the support surface of the load am chuck and, when

disengaged, to release the wafer, whereby the load arm chuck (265) is

operable, when the locking elements are disengaged, to support by gravity for

pick up by the transfer arm chucks (201) a semiconductor wafer (35) having

its device surface facing downwardly with the exclusion area thereof making

surface contact with the sections of the support surface on the load arm chuck
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| east a plurality of angularly spaced sections and positioned és @ﬁj%@ t he
edge of a wafer onto the support surface and to prevent contac t $88n
the support surface of the chuck and the wafer except in the exclusion
area, and the bevel of the aligning station chuck extending upwardly, from
the outside dianmeter of the support surface of the aligning station chuck
on the sections of the supporting surface of the aligning station chuck,
whereby the wafer aligning chuck is operable to support the sem conductor
wafer with the bevel of the aligning station chuck outside of the dianeter
of the wafer adjacent each of sections of the support surface thereof. 9.
The system of any preceding claimwherein the | oad armchuck (259) is
configured for nmounting on a wafer transfer arm of the machi ne and has at

| east one recess (263) thereon | ocated between two sections of the _
supporting surface thereof, the reces$being configured such that, when the

waf er support andréitatRe betePtheRbf buigdd o a;g,ﬁqb@pbﬁﬁeu @%@?%%sﬁnt g?{%behor i zont al

pl ane and is upwardly facing, the transter arm ext ended
bet ween a waf € s?%@?g/%fﬁ'ﬁﬁ)%wp%s‘ﬂf?@ﬂ@f&@bmr dly facing supporting surface

(265) of the load armchuck (259) and the | oad arm chuck.to place a wafer
on or pick uplla waf ewthbdoot triskidgoad vadfen %BM{HK% %ﬁfaﬁjsﬂ c%?ﬁ’olé)eéffel of the
utside diameter of th

| oad arm chu i U rdly fr the o le d e support
surface (2 65)0%(')?? &#ﬁ"@d% %@%@%ﬂ(ggﬂﬂ“ ® 8jdgviee aide, sakrckside.chuck
![ ncl udes a seta dlﬂmetawﬂmh_eraupci?cmtageagee?geaanmcﬁl?gﬁﬁ% “@Fﬁbﬁ‘meecilevl’&%e” engaged,;
0 nove agai nst C Q er. gpposite the exclusion area
(202). ther eofSs Hc{eoé%%gﬁa% é@ﬁggv\/gfeér&ga\gﬁ?fg‘?f #ﬁgt Befp SbAn arprefiraatelyof t he | oad
arm ¢ hl(,lg 25?nq,hv0\mmmekﬁsswidgayjadentttbe Ieé?;@aﬁﬁch]tir@ai@ﬁfsqias étgeés@%et hg | oad arm
chuc i qcking, el ement s, are di sengaged, to
support by gr<'§A\’/a|fé't?ELPa % %ﬁb%ﬁt@ﬁ%ﬁbh‘g@ﬁ ﬁevﬁr{’]%hgtﬁé? 0'25%28‘746'%@‘3?%@) a .
sem conduct or Wair&ra yafs piagassing machive d$1)i teeing arlbaicstationoditnga damwar dl y with
t he excl usi on paf ' t w.th th ctions of the
suppor t surfaced@% tﬁﬁgt'ﬁ%kg%ﬁn c J@Eﬁé‘@éﬁﬁggﬁﬁ%EW#ﬂ&%S -16- and
with the bevel thedpahstatinm andya hesizontsb orntation et a transféreposttibey ammtlp acent each
of sections 0f’°ﬁ°hﬁam%t(1%rf&aﬁﬁww%ﬂaﬁtallylgnenédW&%ggq@{id@ki ng a wafer
u

handl i ng appar at us ca%%bl e of transporti né; a semcon er (35)
whi ch has a d&epeaWy Cagsqstgcqgrmyg er cassetle station and centering station

and the transfer position of the load arm, the method comprising attaching at
least two wafer chucks (201, 259) at least one to each of the robot transfer
arm (112) and the load arm (60), each chuck having a wafer support surface
(207, 208, 265) lying in a plane and formed of segments of an annular ring
having an outside diameter at least as large as the diameter of the wafer and
an inside radius equal to the radius of the wafer less not more than two
millimetres, a bevel extending from the outside diameter of the support
surface in at least a plurality of angularly spaced sections and positioned to
guide the edge of a wafer (35) onto the support surface (207, 208, 265) and to
prevent contact between the support surface of the chuck and the wafer
except in the exclusion area (202).

11. The method of Claim 10 wherein at least one of the robot transfer arm
(112) and the load am (60) has a vacuum chuck thereon, and wherein at
least one of the wafer chucks being attached has vacuum ports (295) in the
segments of the annular ring thereof, and the attaching of the wafer chucks
includes attaching at least one chuck by disconnecting a vacuum control line
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a dianeter and generally circular edge, by contacting the wafer WMWGZDUS
device side at only an exclusion area (202) thereof of not nore than
approximately two mllinmetres w de adjacent the edge, which apparatus has
at .least one wafer cassette station for holding a vertical stack of

hori zontal ly di sposed wafers, a wafer processing nmachi-ne (11) having a

| oad station with a wafer holding thereat, a |load arm (60) for noving

waf ers between the wafer holder at the |oad station and a horizontal
orientation at a transfer position, and a robot transfer arm (112) for
nmovi ng horizontally oriented wafers individually anong-a wafer cassette at
the wafer cassette station and centering station and the transfer position
of the load arm the nethod conpri si n& attaching at |east two wafer chucks
(201, 259) at least one to each of the robot transfer arm (112) and the

| oad ar m ( 60) ,frapmohe oﬁthelwaimaurhmgueksvaﬁefeccsmpq:tmmth@uadtﬂﬁﬁconirZ\DI?ne 308, 265)
lying in a pl ments of an annular ring having an

out si de di anefs%fd &{}glgggém § as the dianmeter of, the wafer and an

i nside radius equal to the radl us of the wafer less not nore than two
mllinetres, d2evéhednetbodiofiClaimond tfwtheo comipdsingliuaingt the retorrieeteduppor t

To gu de. t e ‘Soamh oL Y aBlerIP Pelole §RARF PredBfice BSedty "55s. ' 965)
and to pr event contact between the support surface of the chuck and the
waf er except 1 t hbe BEghadsof @Ry ape gt Claans 10 to112 whereineatienst one of them 10

wherein at | e%‘ﬁot@r’éﬂsﬁf afn’i‘ﬁnd BE@E h§§§fv§éu Eﬂucﬁ He?éon ?l‘?c! hrh&rel ogd arm (60)

has a vacuum chuck thereon, ereln wafer chucks

bei ng att ache@%?"%&fzﬁ'@rﬁ’iﬁ%ﬂ@‘"{%@gj 359) h#ﬁe’atcb'@gﬁlﬂlW®f&)6‘27ﬂhﬂaemnul ar ring

t hereof, and t&enhcdibh@aliarer Hshhe\¥a g at | east
one chuck by di sc,{i‘{‘]:@gc;%tl ng a éga:/acugm ggﬁ?ﬁyﬁgznghﬁ%ﬁﬁg%r@&fm% MAY 2005

-17- from one 3YpC atbgudt lasatpae Hlqthe cwefan shusksg(20Ae 258) dnaldesnt rol | i ne
to said port Higebnisetitig WaoRtrolGiRe! frkm ohd-of ﬂéﬂ/aﬁ'@ﬁrﬁ‘éﬂ:&g aft ?éc{?gﬁgcglggr t her

conpri sing usi eg the reconnected vacuumcontrol line int ratus to
operate a waf &€ YAcuERRApirging &9 gaid latching elenands @8@)- of any one of O ains 10

to 12 wherein at | east one of the robot transfer armand | oad arm has a
vacuum chuck tiHer eBing metitbdvdfangione af Cldimas0 N2 wabreihMeusieams [Boyks (201,

259) has |at Crﬂ 89 \?Acﬁﬂe néh?:clg %1 (r)gont Qr(?crl wﬁerem at least one of the wafer chucks
has latching elements (270) thereon for holding a wafer against the segments
of the annular ring thereof, and the attaching of the at least one of tﬁe wafer
chucks (201, 259) includes disconnecting a vacuum control, line from the
vacuum chuck of the load am and reconnecting the vacuum control fine to
said latching elements (270).

156.  The method of any one of Claims 10 to 12 wherein the load arm has a
vacuum chuck thereon, and wherein at least two of the wafer chucks (201,
259) have latching elements (270) thereon for holding a wafer against the
segments of the annular ring thereof, and the attaching of a. wafer chuck-to
the load arm includes replacing each vacuum chuck on the load arm with one
of the at least two wafer chucks, disconnecting a vacuum control line from
each of the vacuum chucks of the load arm and reconnecting the respective
vacuum control line to the latching elements of a respective one of the at least
two wafer chucks.
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for. holding a wafer against the segnents of the annular ring t § ,?md

the attaching of the at | east one of the wafer chucks (201, 259) ‘i ncludes
di sconnecting a control line fromone of the vacuum chucks and reconnecting
the vacuum control line to said |atching elenents (270). 14. The net hod of

any one of Clainms 10 to 12 wherein the load arm (60) has a vacuum chuck

t hereon, and wherein at |east one of the wafer chucks has | atching

el enents (270) thereon for holding a wafer agai nst the segnents of the
annul ar ring thereof, and-the attaching of the at |east one of the wafer
chucks (201, 259) includes disconnecting a vacuumcontrol. line from the
vacuum chuck of the | oad arm and reconnecting. the vacuumcontrol line to
said latching elenments (270). 15. The rethod of any one of Clains 10 to 12
wherein the load armhas a vacuum chtick thereon, and wherein at |east two
of the wafer chucks (201, 259) have latching elements (270) thereon for

hol di ng a waf ejg, agfy : e, aAnnul.ar, ring thereof, and the
attaching of a waf Z?élﬁﬁhh%é%{%apé Ee F?;aé'ﬁ; A@%?%Fﬂﬁ'@@?@?gﬁ?%ﬂs‘émh vacuum
chuck on the I"Ga@naligning end eantering stativrefonteotientiny atwatervdced tindiskths .

di sconnecti ng =Y T n | fer of .t he yacuum chucks of the
| oad arm and r@%ﬁ%@'ﬁ'ﬁ%‘ %’E}cgﬁq?%g@gtf?@ea c@&%@ﬁ%@ﬁwg‘?&’l&i%@“‘% t he

| at chi ng el eméfitian & wafer ehysls €216y baingea ofafariseppdrt isfass lyingwa argtkgs chucks.

AVENDED SHEET 24 S04 m‘ef{fg k%n %ﬁ?@ﬁ?‘h@ﬂg‘ﬂﬁé 8@%@0 ﬁ 153% ?t(gjf aims 10 to 14

wherein the apparatus als S an @n for
reorienting a8t s largeas thet diemeten ofithe wafehend aonitside didraeter, withisl ot he net hod

further comprienaimhmfishBgiebOnbfhedtdnbilrapmeilat on a wafer chuck (216)

having a wafer support surface lying in a plane and fornmed of segnents of

an annul ar ri havi n n, ouf.si d ianeter at |east as large as the

di amet er of tﬁg wa 'E"ﬂﬁtﬁﬂd 8“]#'?'%16 6o fhervatenghuek (3 18)attachagde theno .

mllinetres | algningatatiomdadisneied exiehdibd ron ity outdide didMetdEbh@gh of C aim 16
i gni station has a bevel

wherein the c k_(.216), attached to the aligning st

ext endi ng fr\gl?hﬂﬁ%t gu P de Eﬁi lﬁﬁ%taerppuéﬂ'% RE angularlyosraced, seelicas and at | east a
plurality of anﬁﬁdmdltqgwﬂaﬂemdgeota%mﬁr Wﬂﬁtheﬁé@@b@%w}ﬁde bf)tfhgléh&'& t he edgehof
a wafer onto r f.ace . the chuc and the wafer except in the
excl usi on ar e%mm@%& egccespl”n tﬁg exclusion area.

18. The method of any one of Claims 10 to 17 wherein the load arm (60) of
the apparatus is operable to move wafers between the horizontal orientation

at the transfer position and a different orientation of the wafer holder at the
load station.

19.  The method of any one of Claims 10 to 18 wherein the load station of
the apparatus has a vertically disposed wafer holder thereat, and the load arm
is operable to move wafers betwesn the vertical orientation of the wafer
holder at the load station and a horizontal orientation at the transfer position.

20. A wafer transfer method comprising removing a horizontally disposed
wafer(35) from a cassette (103, 104) by engaging the downwardly facing side
of the wafer within approximately two millimetres of the edge thereof by
upwardly facing wafer supporting surfaces of a wafer chuck (201) of a robot
. transfer arm (112) and supporting the wafer on said surfadés. moving the
removed wafer with the wafer transfer arm (112) to, and placing the wafer on,
upwardly facing wafer supporting surfaces (207, 208) of a wafer chuck (259)
of a load arm (60) by engaging the downwardly facing side of the wafer within
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18.. The nethod of any one of Clains 10 to 17 wherein the |oad ag® pePyef
the apparatus is operable to nove wafers between the horizontal orientation
at the transfer position and a different orientation of the wafer hol der at
the load station. 19. The nethod of any one of Clains 10 to 18 wherein the
| oad station of. the apparatus has a vertically disposed wafer hol der
thereat, and the load arm is operable to nove wafers between the verti cal
orientation of the wafer holder at the |oad station and a hori zontal
orientation at the transfer position. 20. A wafer transfer mnethod
conprising renoving a horizontally disposed wafer (35) froma cassette
(103, 104) by engaging the downwardly facing side of the wafer within
approximately two mllinetres of the,edge thereof by wupwardly facing wafer
supporting surfaces of a wafer chuck™(201) of - a robot transfer arm (112)
and suppor ti ng hE@PREXISEtYY: twairdlimetreacd the rgs tigprédieby UPREMARSrpREEr Wi th

t he wafer transt&r & ; | aci t r on, upwardly facing
waf er supporting sur Tpgggléé(%?g%é%@e&a% %?’%%@%&ﬁ‘e( I98d yarmgpafar,| oad arm
(60) by engagi r'igstw@g&emﬁtdmmg wafarisupptintesusfacasef thsivarer bhibdis o fVENDED

SHEET 2 5 NAY 288bwitH 8- ' |y, t mlljinmetres of the édge

t hereof by upwar @Wﬂlj—i&e&ﬂe‘eﬁp @g)ﬂsﬁgﬁ%@ﬁ? ﬁé\Q§H‘?R°§csé‘éfta5‘Fs {30¢, 2RMde chuck
(259) of the | §44% Benedear el a wafes downwardly amoitsaiat suppokth@uiBES WrsLPPOT i Ng
surfaces of thereVehtly 66Hisds i jth.a beyel, extendin rom ar ound
sai d support sgh aces 207, sze t%a'ggige)%og f%cg%lﬁgsﬁ'id CIURKS éﬂgdb%mwar dly
onto sai d supp¥@er $yperi mitbinthe ppprogimetentwongillieinba ot theatafBedtigaakfy support

ol oot o of ety 6 e o b8 Sl o B S ot o W ot ek oarer
supporting sur figderd ym ©ALaRgiransfeasingthe (@30 wafer td Mwalep ABldarimMa(6H and

transferring tSetiopéfdaecalingh a4 wafer holder in a load station of a
processi ng machi ne. 21. Then q%@@gbf Claim 20 wherein the noving |Includes

first noving t I rmv§ﬁi%£/afer,vmth the wafer transfer arm(112) to, and
pl aci ng the wafer di®™m Platom g8 whepedn She gnovingliadledesafirsionevingtheengagi ng

the downwar dl yrefroved grafes with tigg w&f@?tr&&%fféiranwyﬂ-l) th, GhE afra?fég?gel {Y%’{e?%lé-ejva?fer the

gfjiggnte?,er reg];l Ib% méﬁe\éx%ﬂély &%{13& aﬂ%q\/‘\!gg S:Fggiﬂgy g;g;@ihn%gt;erdomwdr.dl)efa(tmgi ng the
wafer to the veideof themtert wittin He MWCARINStres of the edge thereof by upwardly

facing wafer supporting surfaces of the wafer aligner, realigning the wafer with

the wafer aligner, and returning the wafer to the wafer supporting surfaces of

the wafer chuck of the robot transfer arms and_then moving the realigned

wafer with the wafer chuck (201) of the wafer transfer arm (112) to, and.

placing the wafer_ on, upwardly facing wafer supporting surfaces of a. wafer
chuck (259) of a load arm (60).

22.  The method of either Claim 20 or Claim 21 wherein the transferring of
the latched wafer includes rotating the wafer with the load arm (60) to a
vertical orientation and transferring .the wafer to a vertically. disposed wafer
holder in a load station of a processing machine.

2.3. A transfer arm chuck (201) for use in a semiconductor wafer handling
system of any preceding claim particularly capable of transporting a
semiconductor wafgr, for backside processing, out of and into a cassette,
between the cassette and a load am chuck, and onto and from a load arm .
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t he wafer chuck of the robot transfer arns and, then noving the f?@b&gﬂﬁ?
wafer with the wafer chuck (201) of the wafer transfer arm (112) , and

pl acing the wafer on, upwardly facing wafer supporting surfaces of a wafer
chuck (259) of a load arm (60). 22. The method of either Claim20 or Claim
21 wherein the transferring of the latched wafer includes rotating the
wafer with the load arm (60) to a vertical orientation and transferring
the wafer to a vertically disposed wafer holder in a |oad station of a
processi ng machine. 23. A transfer armchuck (201) for use in a

sem conductor wafer handling systemof any preceding claimparticularly
capabl e of transporting a sem conductor wafer, for backside processing,

out of and into a cassette, between the cassette and a | oad arm chuck, and
onto and froma | oad arm AVMENDED SHEE};2 5 MAY 2005 -20 chuck in a

hori zontal backside-up orientation, the transfer armchuck conprising a

body (203), a I .of_ ceram ¢ outrigger arnpg (205), fixed to and extending
fromthe body,&gﬁ{ d'bm%ﬁ‘&f'fpr& ti_’aﬁ’ sug\%ﬁ%ror%l ol tztggutﬁ“ééé ?rﬂbﬁ,ﬁ”%S) | yi ng
in aI pl ane anmmriﬂbgiambdﬁ(mBuaaibdﬂoj cofamiy %Ut@%agamhr(mmﬁam drig of an
annul ar ring, seqne 207 ein n. the_bo 20 ne segnent
(208) bei ng On&geingwggrpm%%go t%rf ﬂa@&éﬁﬁpgw&fﬁmﬁé@?ﬁ%&nﬁ%g havi ng an
out si de di anetlying at alplmetand Jodmedgef aaplutaltly ofiadmsaktcthreef segmentsadt 4o be '
transported 1 NS ' t he, radi.us ,of the wafer |ess not
nore than t\/\o%gnu'?ﬁ"ﬁwdgt% bggd@%ﬁ%@g\g@b °§3P%E%‘1Vn@%m&“8ﬁ?9‘f"ﬁaﬁn t he
support surfad@0g)2eihg onzeeh of theaautriggesanmsh2es), tha gohwarl ingseeingchnsect i ons
adj acent the ' | ] ' h of the at |east
t hree segrrentgd‘!{t gfog%'ﬁé,tg‘{%ieegéteﬁg%rgggﬁt@hwgé%%ﬁi%g’?fegﬂ’nqeelatﬁ?ﬂsﬁmqﬁ’g surfaces
1 (219) ext endi rafdandnsida ladivpeqed! taatheqadiug efthe waieo lesp adtadorapbart.tweoi nts, t he
bevel being pasiika Q. | . 0, t he support
surface (207, C@g[&beﬁg’n?% bseggls%ger??ilﬂgIq%g/&r?(ggir?rlng?g@@g’h?%ﬁ"?gcge(?%en t he
support surf ac¥8bin at leestdhrae rnaulatlyshecedesketions edjagent g ot aiiemmtera (202) not
more than apprée@inglal ri bdhl d ' | h of the
wafer. 24. A load ar macﬁ':ijcj(,:\ﬁn 2%9?%%‘6'3%%%?% %@gﬁgﬁﬁbﬁgﬁ%&r handl i ng
system of any 9riBe &anshy asndnaidingceupasasi (€18)axiendion pbaye dheobevet aatpor ti ng a
seni conduct or 1t filo dpaseiRPArtPoRR! ihedRia bbig BbsRASER duiRNAL Bigerssm chuck and
' a wafer (35) onto the support surface (207, 208) and to substantially restrict

contact between the support surface of the chuck and the wafer to an

exclusion area (202) not more than approximately two millimetres wide

adjacent the edge of the wafer,

24. A load arm chuck (259) for use in a semiconductor wafer handiing
system of any preceding claim and particularly capable of transporting a
semiconductor wafer between a horizontally disposed transfer arm chuck-and
a vertically disposed wafes holder in the chamber for backside processing, the
load arm chuck comprising a body (261), a wafer support surface (265) lying
iri_a plane and formed of a plurality of segments of an annular ring, the
annular ring fiaving an outside diameter at least as large as the diameterof a
wafer (35) 1o be transported and an inside radius equal to the radius of the
wafer less not more than two millimetres, a bevel extending outwardly from
the support surface (265) in the angularly spaced sections adjacent the
outside diameter of the annular ring on the segments thereof, the bevel-being
positioned to guide the edge of a wafer onto the suppart surface and to
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a vertically disposed wafer holder in the chanber for backsidedfég@gs @gg,
the |oad arm chuck conprising a body (261), a wafer support s @ 5)
lying in a plane and forned of a plurality of segments of an annular ring,
the annular ring having an outside dianeter at'least as |large as the
dianeter of a wafer (35) to be transported and an inside radius equal to
the radius of the wafer less not nore than two mllinetres, a bevel
extending outwardly from the support surface (265) in the angularly spaced
sections adjacent the outside dianeter of the annular ring on the segments
t hereof, the bevel being positioned to guide the edge of a wafer onto the
support surface and to AMENDED SHEEIQ__S MAY 2005 -21 substantially
restrict contact between the support “surface of the chuck and the wafer to

.an excl 'onaﬁﬁ nqt nor han approximately two mllinetre i de
adj ac)ént utS Ihe ed%e@6+%%ﬁ)ée%&599tagﬁ???‘"%?ﬂﬁﬁggwpé;t F?fﬁ?éﬂgf the zbyck aa':zddhe- bZt w\c,amen
two angul arly syafeeth areexclusion arda (202, hst\iidre trﬁﬁ%b?@&iﬁha@ l\@ﬁl@@h@ﬁ ly grip

T

the edge of a V‘@fd‘é%d?é’c%ﬂp Eﬁeegdgoeno ° wale ,Oarntd, %grgosgg eg'rippers (270), each

between two angularly spaced sections of the bevel, operable to selectively
grip the edge of a wafer supported on the support surface.
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