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*OF THE I NVENTION Field of the Invention The present invention relates to

an apparatus for transferring objects in integrated circuit production and
‘relates nore particularly to a nufti-blade) nmufti-plane

r for
transferring substrates through a process system while rj@mﬂwmmﬂwﬂll me in
whi ch a process chanber is idle. BackgTbUnd of the Rel at
advant ages of using robots in the production of integrated ci*tesi*ts to
transfer substrates throughout a processing systemare well established.
Current practice includes the use of robot arns to nove suqﬂwmmumm"ﬂlra
| oadi ng port into various process chanbers within a multipl
processi ng system The robot arns can they retrieve a substrat ecoboem a
particul ar processing chanber and shuttle the substrate into another
chanber for additional processing. Wien substrate processing is conplete,
the robot armreturns the substrate to the | oading port and anot her
substrate is noved into the system by the robot for processing. Typically)
several substrates are handl ed i%dﬂhﬁ E&ﬁf}% g4 i ng each process run, and
several substrates are passed throug % e sys?em during a single process
cycle. In nmultiple chanber process systens) it is desirable to increase the
substrate y concurrently processing substrates in
each of th%xégé%%gkﬁﬁﬁwg@ggtrate handl i ng sequence used in
mul ti pl e chanber process systens includes renoving a substrate froma
process cﬁ‘s%&eh itvorlng the substrate in a selected | ocation, and then
novi ng a roma storage location into the processing chanber
from whi ch t he The pfeserst ib@htici @latd3 3o ke ippuths foN tiansfeging tobjests die thtegraal direpitoves

use of the system and provides inmproved thro ut, . the ropot_aimigtself
ot Cgo. ¢ FIRHBHOL Fah REa oS BREMETK B oGS SR e PR g St HRER at os
Wi thin a ssabsates througd aprite while PédQEIRE thie RigheGh vliitAla. prodess dhehbBasEidieh e
efficiency of substrate handling, a robot armhaving the ability to handle
two substrata at the same tine may be provided. For exanple, one such robot
i ncl udes tpWRL&EBEAd FhheH diRdMiCh are | ocated at opposed cads of a support)

and the support about a pivot. One wafer may be stored oa one
arm whi | e t he Jhndvapiages pEusingrabetyinthaprodugionpfiptqgratedeiruilslodmasiormbyrateyhe
arnms are t ﬂ%tfogtt 408 a?et&Ju%%Mﬁﬂarb CliR¢nt Eﬁc@éc. edthe 6t amlCh
mechani sm doeS not™ allo he two arns to be preSent is the sane process

chanber attominye sehstrates frem arloadinipmest into vatibus\prdcess chhmbérsrmithinza multiple|chaabme nt

of a Mesh . preocess chanber .after. I fer.is.L )
because the seg%néo%éﬁns?ﬁ ‘é’%?’g.a. e%nf%@ ﬁ%S%p?acégﬁéyoﬁm?@%nggﬁf H%gg%ﬁgnd
armin a phsmberem shottleltimonibsteate intocanbther dhamiser farradditiomal piocedsingh &Hen sutistravaf er

was renoved. Likew se) .sinultaneous use of .th tns for ,placenent or
eoval o iR bl bl 6S it Sirelh i e TosiaRipohi3ha B SRR
thi s confiigtiofid i the §i8ihty the kibbt BOprotGsind  TyRitally Gbvidd SulitraRsire AndMdin

havi ng two, op oseg arms, each armarranged for rotation relative to the hub
whi | es ar c‘B‘éF@F‘}“ ARgFach Prpesserup; 394 severabmbstetig aFrdrassed thraveh the syStemAMINg 3 t he
free cads @igid fi6cedd ARle. and a drive is provided for rotating the arms in
opposite directions fromeach other to extend the blade radially fromthe

central hub, afymuitipleshambarprasiesssyntemns, itipdesirsbiato increase thasehstrats {ravahpuitt  he
bl ade abo e . 0, i a i62f (sEiehat
opposed ft%?n %egpﬁf%é% pai )prgél ?Je%%st&"o %%ﬁh?gﬂ(%%éc{‘e lg\fﬂseconcﬁl

bl ade. Oppwediing ssgentoused in mhkipkrcemben prgess dysteas incindes xemoning 4 $Wbstidte femar m
while retracting,the second ar Opposed tation,af the. arns_ .i.n

apposi t e &%ﬁﬁ%ﬁmgﬂéﬁ‘% eﬁ"@&?ﬁ’é‘&*@ﬁ“‘i@%ﬁ% *Fﬁ’f?mgr'ﬁﬁéﬁaw xbfsgéntgl&%tﬁ of
t he seconda stotige Sbdatibrd @il Qe proRéssiah cBimbich drodd Whichithé Ifiest sab®ratd wes tdntoved.
swings the blades is a ci_rcurar or_orbital path around the hub. The use of

two bl adesAltwuslthis sequerredmpmpeiuse ofSiesyatsn aqdprovides ympraved thrpyghpifethe rpbpt 3w - i ¢
si mul t aneogirifisiSlo b8 M gnfiah G ek aiad Bétioh i SmBlyRk QLRSS B AAARVithlSa Selected

processed wafer i's beinhg Wthdrawn fromthe same chanber. Rather, the
support nust still be rotated 180 to place the wafer on the second armin
a position for loading into the location tomwhich the first wafer was
renoved. In an attenpt to further increase throughput and decrease chanber
idle time associated with




-3 wafer transfer, another robot configuration includes two robot 03 APR 2002
assenblies having at |east coaxially upper and | ower robots which can
operate i ndependently to renove a first wafer toma processi ng chanber and
insert a fresh wafer into the same processing chanber w thout having to

rotate and retrieve the fresh wafer. ggg_such assenbly is disclosed in U S
Pat ent Application Serial No. 08/ 608,237, entitled "Miltiple |Independent
Robot Assenbly and Apparatus for Processing and Transferring Sem conductor
Wafers,"” filed February 28, 1996 and conmonly assigned to Applied
Materials, Inc. The upper robot operates independently of the | ower robot
to obtain inproved throughput and i ncreased wafer handling capacity of the
robot assenbly as conpared to the opposed, single plane, dual blade robots.
The upper robot is typically stacked above the | ower robot cad the two
robots may be nounted concentrically to allow fast wafer transfer. Either
robot caprdRssing dRMLAr.Si Nngl e bl ade robot or dual blade robot. However) in
order to achieve independent operation of the two robots, the assenblies
require at | edStinFERIF theediriency obsubsunbandling, a rabek argrhavingthe shilityd

of drive gjRdQfes ailtfe SRUMNEL L BE gnoiaga. B @:Qa?n'}lé’,"ioﬁmxﬂh ¢ KichodBY fVoRarrfeP HR&Y €d
I§ 5ua rob

to a conver]ti onal robot asse this ot configuration is
consi der atHish arplogated ayripprsedrendeofaspppast, awl thosuppert i ratatkdrmbputiapinot. Ang wafer

requires Lypl call ove an | ow. t he tr.ansfer ch e h

use of uﬁq)%b%as%g:a# oglv\%!rc a lgm?a@?cﬁﬁlﬁg%‘gg%ﬁgﬁtv ¢ ?‘%c{%% TGk °cr)1%ena IZhCLm%
S eg ue n]'E i akehMexax]lcmm&d a:ﬂfthaasrtjmd) oafes ey b b&tr:]dfd?‘s{) desired. sﬁchanwhmgaﬂ sbéstnot hitav eie
and a fresh wafer,into the processing chanber has great advantage. n
exarp! e, THOIHH aPe PrRST S Hir A areses Famhen 4 th P S5 dert A o e
during wWhingladfre lepREendih 8F a iresH SRRY £k Ogrs&m {HASIbEN TR @ prévaskell RAaferadRimoved,

assenbly is rotated to insert a second wafer into the chanber. Dual place
bl ades wheeanse the sypperd mystbastatated E8Q53e place the vfepranf the seaongd agmdr e position dor
armount of,_ 14 i ' rd j.Qn . ik

et hatotE ol e chbod BERIAOP e or3 ook AR IR Rikcntdh, AL 6
waf er outtheotfwotdnes frpideement e rénioal 6 Swifers Gomubrocdse or stodage pdsitiarhia abegossible

al so decregsed. a result, the throughput of the chanmber can be

si gni fi c3ATY YSiCAEREHERPand the period of tine in which particles present

outside the chaihRr 8¢ B8Rk Siratidd RchubS é:&]fi‘xﬁ;ﬁeﬁub i | SpobddCatts! ¥ach arm

decreased. However, there remains a need for a robot” which ~~an shuttle

subst r at @granrged dorgRtatiopradative ¢o the uld whiiarngdy fixedsinselatiomtocPnaianethen obiade is

mufti - pl ' can_be .act uat. i nj ey .of .Ors.
There is™a g%(?é;mnee%%argn% t?’BbaﬁJs't%&?a ‘?‘%‘%u’%gﬁ%% fagl U%&A%&Lél e ‘gi"ﬁgg%'%at
a chanberdirextionsifiom eachibiheg td exendithelade radinldy Fomf the centfali lube aid o thef same
second vnger.and &I so reduces the ampunt_ of tine that a sliit valve needs to

be opene (i3 CHEFHt & cueiaRewment pfAkeblzde ahqijt the bRy Hisfrghlpgsseond pair
: o ! . _ e
i nventi onfREAY ketesd 6?;:&9&’% g% %rg{ %atl.r{, AR HhLedds 138 w%?&§§m e &tﬁ}ﬁ?&?&@%&.

conprises a first notor coup irst rotatable er

r ot at abl éOpposadirotatiomaf the arimsrintoat dicsetibn exyendethe first ams while cetracting the sepohd drmho a
second rqtatabl-e nb that {s_rotatable about an.axis of rotatidnal
Syrmet 1y OBPORTL FLgHER e it i 55 Gppo i diry SOp B 1 ErpeGren of BEHUR Sihtpd,
| inkage texteafioR bf tHeQRESHd e (SiHRUENER NS mBfiod SFthOhLR thdsdnt dikdcBBn Svings the

first and second rotatable nmenbers. In one enbodi nent, the coordinated
movenent Bdades b2 irerlanod arbitalteeh wowd the el uEheuseafswo bladas incenascschrogsbput,

Rot at i . ] . t.at.ab. nb i di ti
e oui o EEe il BVt SEG00F st oAl dR B dor 0F 4 BEaC ARy Bd B BricHls |
pr oVi d_es chahbéras opro_aésstdlﬁaﬁﬂe baing&ethaRen Iﬁehrtﬁéliai&rtbﬂhbérh ;Rathﬁﬂ &he mpﬁd‘@ mubbie
i nvention El so provides an apparatus for transferring ‘Q?g%lects bet ween

mul ti pl e SBHSFFetEad 13Q daplacs thegvaler anthasecondiarm dn @ pesitiop RS ieadngdatoghe locations t
pl ane; aéoqﬁg gh% iJJsoned on a second plane; and a drive
menber coup g)gﬂpgﬁ 0 E%ﬂ@g%?@?é\%ﬁa second arm assenblies to actuate each
arm assenbl y. ITaeatdnigito Anthesimeras throiRhpatRddtdrese erambec diatind akigciardatiten
of two or three coaxially aligned hubs connected to two notors.




The invention further provides a method.for transferring objects bBt3vRR 2002
“plurality of positions within an enclosure, conprising the steps of
providing a first object transfer assenbly having an object support
.occupying a first plane and positionable at nultiple positions about as
"axis of rotation; providing a second qugct transfer assenbly having as

obj ect support occupying a second plan€ and positionable at nmultiple
positions about the axis of rotation; coaxially positioning the first and

t he second object transfer assenblies about the axis of rotation; and
noving the first and second object transfer assenblies by rotating a
plurality of hubs Wth a drive, assenbly. 0 3 APB 2002 -5 The invention

al so includes an apparatus for transferring an object through an encl osure)
conprising: a first extendable arm assenbly conprising a first drive arm
novabl e about a central axis, a second drive arm novabl e about the central
axis, a pair of strut arns novably connected to the first and second drive
arnms, a §4RskARES, dnb@BSioBbt dnfigralon AERULYwE At G&keliBlitd Wity dt 125t dolkidily
arms; a second extendabl e arm assenbly conprising a third drive arm novabl e
about t hupreemd lawersebats whichsan pperete indepsadentlydo stmheveamt wake e pragessing s,

and o subdtihy o bR R U O e LRodsd ebef o thidg & i ST

and a dr remdevaesthe filasty waferplOmng suich dsembliyris tiseloskdsie dhS dPatariteApplishtiomSerial No.

Acsenbl | GRs0&RES, i [ foels Ben iitne RRC AR B i hrergerd 5 Frperins and
rot at i oNFansfedinkiSe@fdondRYtbrON afets, 0filell Satithary\28, 1996 lahd Bbrafm@nky 515N to Rippes

conpri Silr\]/g;t first and second drive arns coupled to a first blade by a pair
of st rut Materials, {ni. r Fhan@perogbetrpsratesdndeperdenty pf the lowerrobetiormbtain aaprayed o

second pgy tre QL JMRx i : qggg‘ Ul Y, I e
drive ar %@E‘ft%&a#} roéthdrgaﬁf%na aﬁgﬁqaﬁﬁg%frﬁﬁeno 1 'on o&t%gg@})%g‘?gatﬁgo@gé%d
bl ades. dihglepizheiduaithladetrobdts eTheopp@rroisdt hotypicilly statklad bbdve therjosvet rabot atdi theal
and |inear tion to the first and second bl ades. The present inventi.gn
al so pr obYYEDOY Ay ke maynt cm@élggogli}%tgﬁw W@Fmﬁﬁﬁ%{%ﬁ&q TREOCh
| east ong sipRLHdR ok APREA! biRRsUked to the load lock; a plurality of
process chanbers connected to at | east one transfer chanber, and a robot

conpri si ng: aHpwewr, inordsy torehigyeindependent aperation efi the sl robets thrgssemizies reguire

r ot at abl S second [ e
eyt RAPRY B BRay By e R MhuTR ha SRR, B SRR BltlvE e
verti cal kobos pRdegiwithintheRey plasé. NEbmpaeditd & canvkntivsabmbbasesrabllyethisoduall ratat ed

novenment of_the bl ades,on rotation of the first and second yotatahle .
menber s. SEgEmtiop degusideraklyrorp qomplex, FPTFRIP BT Vera Pul¢h g, BARLAIN,; 37d FERUAISS t he

above regideehate 05 abB A RIRP the Rdndht BehBerof the present invention are
attai ned can 'be underStood In eta?b], a nore particular description of the
i nvention) br Tke isg of uppea and losveablades havieg indepehdmit toyatios teenahlesequentinktransfer
enbodi nents_thereof. which are illustrated 0 PR.2002 .-6 in _t.he cndcd
dr awi ngs _oI‘? P m‘r‘?séguB%thocE“é 8; 3 PSR ):hapﬁg{ @ﬁﬁﬁ@ﬁ'@ﬂ% é‘gc’ BeRIPTT5EnE F%%&ef ate
only typh&akreaadoditilR ias aBfexidipls, dt?ﬁ&l?t&&sﬁ@dh@ﬁ&riﬂ&k%ﬁﬁﬁ@tﬂ&@kﬁb@obﬁne
considered Iimting of its scope, for the invention nmay

during which a wafer is removed from the chamber and the robot assembly is rotated to insert

)

a second wafer into the chamber. Dual plane blades which can perform a shuttle operation
significantly decrease the amount of time in which the chamber is not operational. In addition, the
time that the slit valve must remain open while'the robot transfers a first wafer out of the chamber
and inserts a second wafer into the chamber is also decreased. As a result, the throughput of the
chamber can be significantly increased and the period of time in which particles present outside the
chamber may enter into the chamber can be significantly decreased.

However, there remains a need for a robot which ¢an shuttle substrates through a process



admt to other equally effective enbodinents. Figure 1 is a substarf BaAPR ZeUUZ
‘top perspective view of one enbodi nent of the present invention showng th
robot arnms in a retracted position; Figure 2 is a substantially top
.perspective view show ng the | ower robot arm of enbodinment of Figure 1 in
an extended position; Figure 3 is a substantially top perspective view of
anot her enbodi nent of the present invention showing the robot arns is a
retracted position; Figure 4 is a substantially top perspective view of the
enbodi ment shown in Figure 3 show ng the upper robot armin an extended
position; Figure 5 is a substantially top perspective view of the

enbodi nent of Figures 3 and 4 showing the |lower robot armin as extended
position; Figure 6 is a schematic cross sectional view of a nagnetic

| i nkage whi ch magnetically couples rotation to three nagnetic retaining
rings in accordance wth the enbodinent as illustrated in Figures 3-5;
Figure 7 is a schematic cross sectional view of a magnetic assenbly which
magnet i ca| : O i i Jd ' -_'. Ldgnce
W Th tho e SRHRETolo PR b0 blnd WBoIH0S SHidh R R gPly RN by Ainighl 3648
schemat i ootarp. Thezevintlsa apreed desa sgtmitt dimt ireducetdthe poeouns o6 tidle dimk Giatyacbagbers a

t ' f t. Wi st ' ' h . TAILED T OF
THE PREFERER AT ERTe ehat b ik R T EFsR OFa derole A Ao g yiors B8
muf ti - bad@pudtef timephataglit vAbOheeds Seedpenedsdiniak thio seduendesf erri ng obj ects

bet ween process chanbers with increased throughput of objects. Irr one
aspect of the invention) a nechanical |inkage is provided to enable

nuf ti - pl goRoVaRet OflBHe SNVENTION

The present invention provides an apparatus for transferring objects. The apparatus

comprises a first motor coupled to a first rotatable member that is rotatable about an axis of
rotational symmetry; a second motor coupled to a second rotatable member that is rotatable about
an axis of rotational symmetry; a plurality of blades vertically spaced from one another; and a
linkage to enable coordinated movement of the blades on rotation of the first and second rotatable
members. In one embodiment, the coordinated movement of the blades includes simultaneous
extension and retraction. Rotation of the first and second rotatable members in the same direction
provides rotation of the blades and the rotation in the opposite direction provides extension of the
one blade and retraction of the other blade.

The invention also provides an apparatus for transferring objects between multiple positions,
comprising: 2 first arm assembly positioned on a first plane; a second arm assembly positioned on
a second plane; and a drive member coupled to both the first and second arm assemblies to actuate
each arm assembly. The first and second arm assemblies are actuated by rotation of two or three
coaxially aligned hubs connected to two motors.

The invention further provides a method for transferring objects between a plurality of
positions within an enclosure, comprising the steps of: providing a first object transfer assembly
having an object support occupying a first plane and positionable at multiple positions about an axis
of rotation; providing a second object transfer assembly having an object support occupying a second
plane and positionable at multiple positions about the axis of rotation; coaxially positioning the first
and the second object transfer assemblies about the axis of rotation; and moving the first and second

object transfer assemblies by rotating a plurality of hubs with 2 drive assembly.



0 ~3 APR 2002 cooperate in a substrate shuttle operation to FEHDVﬁ]%naPR 2002
‘substrate froma process chanber and i medi ately introduce a fresh

substrate into the chanber, thereby decreasing the chanber idle tine
.associated with substrate transfer which typically requires rotation of the
robot assenbly. The nechanical |inkage preferably couple rotary output from
only two notors to rotational and transtational notion of nultiple transfer

bl ades | ocated on different planes within the process system Preferably,
magneti c coupling of two notors provides two degrees of freedomto the
assenbly, thereby providing a sinplified robot assenbly requiring fewer
novi ng parts and | ess cunbersone equi pnent. |In another aspect of the
invention) a method for performng a substrate shuttle operation is

provi ded which can be acconplished with a robot having only two degrees of
freedom. i Referring to Figure 1, a substantially top perspective view of

a mufti-arm fti-plate robot |inkage is showp.  Dual robot arns) upper arm
10 and | ower WX?Rm&r oSiAG\HACS 3R 2pP 468 Eﬂ“‘%&%‘?& ?‘b?PJF‘éé}b"ﬁ?“?b?‘z FQ??‘%H%n

W thin acdnigHisiges fisdd 3RRAAabH arhPDissénibI§REPAsINE a BAR dAle AAEMBVIBIe d6but 4 dedtA O @
sel ected chanber. Upper and |ower magnetic retaining rings 14, 16 drive the
robot | i #ih@écsond drysararmembieshout the sentrad ais,1apairafisEutamms maYppy connscied de

35, 37 i ; it _ ¢
2037 R e kel PSS AR SRBL B bl gt
i s pref ex sdebyd ecemiableiash adseniiy uohpmisimge third deive pint npyvatiie about shecbestraliaaisgdai n

detail iza Uni.ted Stat Patent No..K 5,227,.70 entitled " Two- AXi .
Magnet | cRT FEHATROYBIFAoU (e cTRE B 3 B OTESt S FoVaRly SRERSIeR dp Hsyphird

i ncor por gHdeBurk drivieSarr@s) lahd 8 kithsidte R EEHIAR piveRiNS RUpId tPhE Paik bPfinfhrhdiand
robot arnms 10) 12 is provided by the rotation of the nmagnetic retaining
rings 143driw agsembiy ¢oupledito thediastand sngeftd extegdabie amessambiliasytogirovide mtafiopgapdn
of act uag oQrs . i vacuum envi jronnment across a thin wall
of the trangapé!?ﬁgﬁogg géjhfeoagﬁhagger?{é%%%'ti c retaining rings 14, 16. Rotati~a of
t he magneti c Tiediaventiog furthg<indlddeshtrobdt linksgexa impait fotationalanddindiragotidretoradbot
assenbly in that directiop within the, tr nsfgr ch& er. Rotation %L$§E§
magnet i clPEI%T MRiPIARGHROsieRPIAAoqmRLisE; #1308 ARPoR% fRYRASMS AewPlrd 1P AETT: SHiGE
arms 10 gf 5 dr SSRE S hitd ard Wit Sl dnBOcRblell & £dck ol de!t sBRGAPhI 6f strut
retaining rings. Rotation of the nagnetic retaining rings“in the opposite
di r ect i osrmsy ted fisst 2hé sedohd drive lhobs eeupted1to the drdve armstto dmnpa rahtigniab amd) hindar

in thi. is k in.th t. Th ts of .this.i ti,
whi oh defRRHon £ B ARG geFett PBdss - THE Fobal Bt RACT Sonaising § Fird b R Pis o g
i n det ai fotfiRh@Mind lindardnIR 14 WP firsfandRRENdIblddgs.agai n to Figure 1, three

cantil evered arns 18, 20, 22 extend fromtwo nmagnetic retaining rings 14,
16 to suppor t Tha prgsent inyentien alsg proyides 3gnultichamber processysiea GomPrigipgroload

subst r at u f : ' arm
T8 oxt ones SOPkf pfit feter therible oI B UhaPol, ¢ Brslty o Bt Loy MRt e
an upwar cinpectzd toratlleast aedransfet tiambks anth a céboScqmprising: & fizstsnatoseupled tie 2 Fipst
above the c qcentric magnetic retainin .(inas 4, 16. TE nsverse(gtr t 32
is pivot Eﬂ‘?‘g" & ST it isratitable abaut AR 4¥iss 2)sEoRod QP coupled; top $rgPRd B0 to
strut 26 | - 3 ; mxﬁg&@%rﬁéﬁll

strut 32ngg$g?§¥Eggﬁgﬁgygﬁgggﬁga%g%%ggﬁﬁﬁﬁgﬁgﬁggeS 7, 29 aﬁ%ﬁﬁgégﬁg?ngbly
m ni m zeenothidnangdis/liskags to Sfabie woplindtet movementipithe hlades dnyrotation of theSirstand
fromthe_axi f rotation of the concentric nmagnetic retaining rings 14,

16. The &ﬁﬂgfngﬁﬂ%fﬂﬁng¥“pivots 23, 25) while using struts 24, 26 having
equal length, allow substantially equal extension of eadh of the struts 24,
26 connected thereto on rotation of the nagnetic retaining rings 14, 16.

Howe~r er BRIEF DESGRIBTION 6F THEIDRAMINGS confi gurations may exi st where
ext ensi on of ruts are Rno t o o ] . di fEgrent
angul ar di spl §€§‘ﬁ§&r}f ?%?“ﬂﬂghbﬁ%é‘%e%b%%g%éﬁn? aﬁgéé?&vé%g% %‘@Z‘%g& girﬂgﬁefﬁr'smt
ext ends i@dhtidd e aftSifedogy intdetstdod inidewily 4 morelphrtivnthridescription 66dhk invbntions ed
between cantilevered arm 18 and transverse strut 32, inwardly of the end
portion Pocflysummarized sbovpimay ba hagl by Siprrrag tthe gmBodimgnts thereeé whish are ilustratede
of cantilevered arm?20 at a pivot Wiich is | ocated an equal distance from
the axis of rotation of the nagnetic retaining rings as the pivots 23, 25.
Struts 28 and 30 are thereby |ocated in coplanar relationship with one
another. Cantilevered arm 22 extends radially from magnetic retaining ring
14 opposite cantilevered arns 18, 32 and includes an upwardly extendi ng end
portion 31 on which an inwardly extending strut mounting portion 33 is
supported. Strut 24 is pivotally connected at one end to tl~e | ower surface
of the nmounting portion 33 and at the other end to wist 27 such that strut

) o, . o, ~ o T




I'n the position shown in Figure 1, the two nagnetic rings 14, 16 (e} ARR 2002
“rotated in tl~e sane direction to provide rotation to the robot assenbly
around the axis of rotation within the ~raasfer chanmber. In this position)
. the robot assenbly is suffciently conpact to enable rotation of the
assenbly necessary to service various cganbers | ocated on a process system
Referring to Figure 2, a substantially top perspective view show ng
extension of the lower arm 12 is provided. In Figures 2-5, the blades 35,
37 are not shown in order to nore clearly illustrate the robot arns 10, 12.
In the configuration shown in Figure 2, the lower arm 12 is extended by
rotating nagnetic ring 16 in a clockw se direction (as shown by arrow A
and magnetic rig 14 in a countercl ockw se direction (as shown by arrow B).
Thi s opposed notion noves the Ends of i cantilevered arns 20 and 32 fiom a
position 180 degrees opposed to a position approaching 90 degrees, thereby
extending struts 28 and 30 into an extended position Cantilevered arns 18
and 22 ar, im.lar d toma 180 opposed position to a position nore
nearly aﬁ%?‘%&f%%n%&éﬁ%hi nd the magnetic retaining rings 14, 16 rel ative
to the extensilostobe taed)hoaeverlRat the apgendedudrawings illustrste wnlytypiell embodismeats
short dist.gnce opposite the ist 29 to jposition over the netic..

et ai ni g EIGAYHEOR AR g SAFPIOEE Sak 5L CBFIORTeY LR ST Ok B PERSE
det er m negmithe otteNEfuallp effectiveRedbelimaaldl t he positioning of each armcan be
adjusted to achieve simlar results with nore or less rotation of the

magnet i ¢ r et aifiguFRy! isiafylstantially op PPEPEEVE Xicw afioae Fahedimenteithe Presrat lyentionon
of the m%gg,g%' dSb&d 234 i i : rsed thereby noving cantil evered
arnms 20, 32 ggl?( i nt oﬂgg%@%f&%&?g?gd&%si tion. Simlarly, to extend upper
arm 10, nmagneffigirs 2isai substaptially ¢ppipérspective vizwestiowingahalowat mbetl ammlofiembodiment
direction ?nd rrﬁ net%? L g 16 is rotated in a clockw se direction. The
opposed PEEIRTE bR 3 W&@ﬂ P'€°%i ngs 14) 16 noves the ends of the

cantil evered, Figa® 348 aaﬁﬂségﬁMyowPapeké@cmw%fraﬁ%u eibddinentPofMBE Present
proxi mal relationship, thereby extending struts 24 and 26 and wist 27 0
3 APR 200pventipmshoping e relpt arras inaretrmtssposition 10 i s then retracted when

magnetic ring V, i i i : | d [Cop Ll 4ES
in a counter C|ﬁoé'{%s‘§%d%@§%ﬁ§%%?&ﬁ%§sp%{v§%#ﬁgf?E’e" c[ a! I’l%l Hetvsgg’eevgq%%@n%ﬂgé,
22 into ahoSingcixpgperoposirin inran elfehd¢d posigionp Figure 7, a cross sectional
view of a robgt drive systemis shown. A Magnetic coupling assenbly_ is
confi gur ed to%‘%’t’%ﬁse‘s ﬁa%ﬁ%é@%ﬂ}ye'?aimfsﬁgmr"f’ ?hﬁ“l%n%ﬂfﬂgma?%i:éﬁr%? rnd & s
A, ther eRyoRing \hddbRer ALY intFin RIS BdstiopCt Uat e the two bl ades 35) 37
within the systenm) both rotationally and linearly. Additionally, the
magnet i ¢ couplFiguge &sis ansshematiceroskesectionah viewned a magoetisnlinkage whirhrmagneti¢ally
retainingri,ngs, 14 5 Wi th mininpal contacting nmovi. arts.w-t hi n.the
acuum enerISP P it Haladhd aRina RS AR RafFe TR R Bl bt
robot fedhPiggesacy provided by fixing first and second stepper or servo
notors in a hqusi ng | ocat ed above or bl ow the transfer chanber) preferably

bel ow) and codjgY¥red it REchamatigteress seqtionshifieyy of & magneticcassembly whichamagnstically
| ocat ed | ' . 1 i .
The-t hi n SAEe otpeBh «8 B BRpARRIbabbgbides il ackfldndd it 8 ofERb Ainchf TR Gheaid

chanber 5RFigurss lsamdi2ed connection to seal the interior of the transfer

chanmber from the epvironnent outside_of the chanbers, || ~agnetjc i
retaining ringssusd Isjgschematic,topaew Sﬁafrﬁﬁm["&é“&ﬁmgg% r 58)

adj acent 10 angn3Ld 54 RHIAEY bPE rdtdt Rri¥t@aling thterthekhddSgeat¥Dt O oOuUt put 52
drives shaft 62 and 1 ntéerneshed gears 70 t0 provide rotation to the first
magnetic ring assenbly 72 that is magnetically coupled to a first nagnetic

retainin @alok Yo ut.n 4_dei ft 76 and
i nter ms%éﬁéﬁiégéwwmpkg g’% ~ magnetic ring
assenbly 82 t g piclertBip/ealibE friedally PLUVIdRE a bftltbfade, ARELFILHECEOb6 dsSrdh 1P btul

ding 16. Rotation of the notor rotor causes rotation of the nmagnet Ting
assenbl i dor gansf@ringiabjchts foatyyrenipeeqess chambens avithhiacreased throyghpwt of objectaigineonec
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tran~l ational notion to the blades. The cantil evered arns descri bed above
are connected to selected magnetic retaining rings as described to convert
magnetically coupled rotational output of the notors into rotational and
transl ational notion of the substrate support blades) preferably within a
'vacuum envi ronment . 0 ~ APR 2002 -11 To couple each nagnet ring assenbly
to its respective nmagnetic retaining ring. each magnet ring assenbly 72, 82
and magnetic retaining ring 14) 16 preferably include an equal plurality of
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The robot assenmbly is shown in Figure 3 in the retracted position(r3atBR 2302
‘rota~tio~ within the transfer chanber or extension of one of the robot arns
10, 12. Cantilevered arns 18) 20) 22 and 38 extend ra,dially fromthe
.retaining rings 14,16 and 34 to actuate robot arnms 10, 12 in a rotational

or linear notion. Cantilevered arm 18 extends radially fromretaining ring
16 and includes an upwardly extending end portion ? 1 on which as inwardly
extending strut nounting portion 73 is supported Strut 26 is pivotally
connected at one end to the |lower surface of the nounting portion 73 and to
the wist 27 at its opposite end. Cantil evered arm 22 extends radially from
magnetic retaining ring 14 and includes as upwardly extending end portion

91 fromwhich a strut mountiag portion 83 is supported and extends
inwardly. Strut24 is pivotally connected at one end to the | ower surface of
strut nounting portion 83 and at its other end to wist 27, Both inwardly
ext endi ng nounting portions 83, 73 include pivots 75, 77 on the | ower
surfaces thereof respectively, ~o locate struts 24, 26 in the sanme pl ane.
Cant i | evebegkrate ih AGubstiatd skuttladpaition tbrafd VSR ubSrateramd ppcess fjathber and

opposite arni, 22 and angles upwardly to provide a struCno nti%su face 79
at the ergmedigtebpintrodyes 3dresh sybisiratemtesthe chaggher, thereby degnrasiug e chambegidje timey,
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end to wjst 29. Extension ~ ower robot arm. 12 is provide rotation o
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retai ni NQqfhiphidntl 4n aAURER acESofthd ivRBbh a'ridtRdd Thr Kerfolriiolg a bibsad st Spfitone
robot arns 0,12, respectively as shown in Figure 4. Robot arm 10 is

act uat ed iprovisied whigh cah be @cconmplished withys robet havthgoaly twoodsgress obfreidoat i ons,

whi | e robot argn.12 | ctuated.,on tatation of. retaining.tings 14 d 34.in
opposi te di reé{qf%'ﬂ'gg. %F@?'gf it 33os .aﬂg?oc?cﬁ?ﬁpwglﬂebvn&iaﬁgﬁ’éﬂg’eméfbpg%ﬁ rfé‘)ti s
ext ended linkag®isadhodm. Adudl @bwdtrurmE, UppBQark] Rakd 064Name 19 4ré Ghdvor i B Qetracted
retaining ring 22 in a countercl ockw se direction which noves arns_18,.

22
into cl ofesitipaready &5 sotation Witin 8 fansdersharber onF eggnsing ofiong of e grman 40, 12tiRtg: s
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the opposite direction, so that ist 29 is nmoved to.a position.over.th
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arns 18, 2215itpnto a 180rﬁ% osed ﬁp%lsit]ﬁgn? éﬁegéﬁgby r(altragti ng struts_24, 26

and wri stStatgs Pagent dor 5,347,708, Fititlade To)o-AxisMagnetically CouplediRobotT, disued emiwy 13,

magneti c Y] i 14 in cl ockw i tio i C alng
ing a8 11908 WG et e A5 iR 5 bRt oA T Ach S il
into an exinendetk Bambvitanbptienetatb bf G wagattcyeaing Segsvi4, 36 wichas sthieved
cantil evee~reed arns 20, 38 are noved in closer relationship to on

anot her . theoughmagpetic coupling of eotarg metign of getuatorsiecated auisidepf e VaRYYm), e t
opposi te di j + i1 i . i {40

PP " ASsF SR w08 b idibdh Bhe B toustdifi HRENRE 16, Kool oBhe
14, 38 i smagnetic sstainingfringstldf 1 ®in the sirhé dirsttiormititerthe ootiot assemblyrin dbaf idine¢tion
osition er oth. wri sts~and/ or hl.ades are .in. aljgnpent w th one anaot her
Phe. wr | oroBh fhetihlieianb e Hethina st dinagntic r Sine shos mpparsin Seiony FRAG” )

moved.  OVée of B2 réBy 22 19 Jrgbr'a' Afhg'oh B dBdetion/df foRitiHn WRMhE nfaghttRSbiami rings.
shuttl e operation described belo iv can be 0" 3 APR 2002 "-13 :

acconpl i ionRifcthe magnaticiretginingtrings in theoppesitedinsetionl extends the afliee rabot arm 10 or
magneti cal) y, coupl i one or mare.. nmotors ,52) 54 .from.a cylipdri.cal nog
chanber ?62 i ‘?ﬁ?%gg‘mt %&P&Pt %‘H‘asdﬁ_g}f‘s B304, &WQ&%WWe (’%ﬁeﬁg of ghis inveRtiol
cyl i ndri cahichaégakt fdiA MR whidhls hitéady RAGOE in BOir wilPbOdScived iR detdll BeRinef er abl y
el ectric notors, but any notor may be used such as pneumatic notors,
gas-powered notors or any other actuator that can provide rotational
movenent. A thin sidewall 60 defines the radial extent of notor chanber 56
and top wall 61 defines the vertical extent of notor chanber 56 to.enable a
pressure difference to exi st between the chanbers 56 and 58. In this

enbodi ment, chanber 56 is a robot transfer chanber that is used to.transfer
substrates to and froma set of reaction chanbers disposed |
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0 ~3 Af~R 2002 - 14 thereof. Rotation of the nagnets 84 magneticall3y APR 2002
couples rotation of the notor 54 to magnetic retaining ring 14. The

| i nkages descri bed above can be used to advantage to performa substrate

. shuttl e operation, thereby reducing dead tine and increasing throughput. To
achi eve this advantage, the robot assenply can be rotated to position the
arns 10) 12 in alignnent with a sel ected chanber. A fresh substrate is

| ocated on either the | ower or upper blade 35, 37. The vacant blade is then
inserted into the selected chanber and a substrate which has been processed
in the chanber is |ocated on the blade for renoval fromthe chanber. The
processed substrate is renoved tomthe chanfer. The robot arm on which the
fresh substrate is positioned is then extended into the chanber to ~osition
the fresh substrate over the support nenber to be | ocated thereon for
processi ng. Once the substrate shuttle operation has been perfor med, the
processed substrate can be noved to another |ocation within the process
system and anot her substrate can be retrieved for transport through the
system Now r &¥e&Ting ggain to¥igureel . ghregcantijfupgsd pEns: fy 204 22 ¢xnd4r9m bravassist em
110 i ncl ygiafinfrif0RL us%gd(} BR-strbrsA09%, 28 14hd0fo, WhBLsR7ES8 Bd AMhY BRhE Aibskae be
incorporated into a trans chanbdr 118 of a cluster tool to all ow nore
rapi d tr adppast bladesvi; 87 g0 forth fobotrarmad Ol &;a@zin@itpvmdanotlﬂeemenﬂbuéiﬁly\gom the
sem cond essing sys 0 ne e ¢l ust | s t hat i
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a3t
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each substrat h I r_ .00l L : . Of; rs
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chem ca chani po|isher, for further processing. Referring.agai,nh to
Fi gure 8){6215?& 1 GoUP LA 2 P ek to ke uppe Fvﬁw%gﬁfcgm{“ﬁ%%&&%d‘@%‘fo
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tool | 10 through a cassette loadl ock 112. A robot 114 pr esent
i nvent i o2 SnutgRand Afiase thotehgdo@tediin coplamt wintinnship with loee statarer t ool 110

f b f : h for. |
casset e | oadl SERLTEE) 5 20 G AEHD SRFL PG o arakBas 11 2rochr sBIEAREY ©
chanber Ilgths 1BV22 dad\nehidedal uphwatdigredtetidiff et \foribaB D6t whith.an Iiwartlyeitentdingde

35 is illustrated in the retracted position for rotating ~eely within the

chanber 19tut moyating goftion3s i seprosted.o Stutcds is pivorallysorpectsiativae endtp g lower
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-16 CLAIIviS W claim 1. An apparatus for transfezring objects) 03 APR 2002
“conprising: a first notor coupled to a first rotatable nenber that is
rot at abl e about as axis of rotational symretry; a second notor coupled to a
. second rotatable nenber that is rotatable about as axis of rotational
symmetry; a plurality of blades verticg ly spaced fromone another) and a

| i nkage to enabl e coordi nat ed noveneat “of the bl ades on rotation of the
first and second rotatable nmenbers. 2. The apparatus of claim1, wherein

t he coordi nated novenent of the bl ades includes sinultaneous extension and
retraction. 3. The apparatus of claimlt, wherein rotation of the first and
second ntatable nenbe#s in the sane direction provides rotation of the

bl ades. 4. The apparatus of claiml, wherein rotation of the first 'and
second rotatabl e nmenbe$s in the opposite direction provides extension of

t he one bl ade aad retraction of the other blade. 5. The apparatus of claim
I, wherein the rotatable nenbers have a commobn axis. 6. The apparatus of
claim1l wherein the bl ades are extended and retracted oa rotation of the

rotatable nmenbers in opposite directions. 0.. ~ APR 2002 -17
the struts 24, 26 extend. The toothed gears of upper struts 24, 26, as well as lower struts 28, 30 (not

shown), are intermeshed to provide equal and controlled movement of the blades 35, 37 wﬁ.ich are
connected to the wrists 27, 29. In this manner the blade always extends radially without w:bbbling
or becoming cocked sideways. Other methods of providing equal and controlled movement of the
blades may also be employed within the scope of the present invention.

In the position shown in Figure 1, the two magnetic rings 14, 16 may be rotated in the same
direction to provide rotation to the robot assembly around the axis of rotation within the transfer
chamber. In this position, the robot assembly is sufficiently compact to enable rotatiox# of the
assembly necessary to service various chambers located on a process system. |

Referring to Figure 2, a substantially top perspective view showing extension of the lower
arm 12 is provided. In Figures 2-5, the blades 35, 37 are not shown in order to more clearly illustrate
the robot arms 10, 12. In the configuration shown in Figure 2, the lower arm 12 is extended by
rotating magnetic ring 16 in a clockwise direction (as shown by arrow A) and magnetic ritig 14in
a counterclockwise direction (as shown by arrow B). This opposed motion moves the i:nds of
cantilevered arms 20 and 32 from a position 180 degrees opposed to a position approacixing 90
degrees, thereby extending struts 28 and 30 into an extended position. Cantilevered arms 18 and 22
are similarly moved from a 180° opposed position to a position more nearly approaching 90° behind
the magnetic retaining rings 14, 16 relative to the extension of robot arm 12. In this posiﬁon the
wrist 27 moves a short distance opposite the wrist 29 to position over the magnetic retaining i g 14.
The relative amount of motion of each cantilevered arm determines the length of extension and the
positioning of each arm can be adjusted to achieve similar results with more or less rotation of the
magnetic retaining rings 14, 16. To retract the lower arm 12, the rotation of the magnetic retaining
rings is reversed thereby moving cantilevered arms 20, 32 back into a 180° opposed positi:on.

Similarly, to extend upper arm 10, magnetic retaining ring 14 is rotated in a countcrclt%ckwise
direction and magnetic ring 16 is rotated in a clockwise direction. The opposed motion of the
magnetic rings 14, 16 moves the ends of the cantilevered arms 18 and 22 from a 180° o!pposed

position into a more proximal relationship, thereby extending struts 24 and 26 and wrist 27



7. The apparatus of claim1 wherein the |inkage conprises a first BH3mAPR 2002
.assenbly and second a second arm assenbly) each arm assenbly coupled to the
first and second notors. 8. The apparatus of claim7 wherein each arm
-assenbly is magnetically coupled to the first and second notors. 9. The
apparatus of claim7 wherein each arnlﬁgqenbly conprises a first and second
strut pivotally connected to a bl ade. The apparatus of claim9 wherein
a first strut is driven by a first ntatable nmenber and a second strut is
driven by a second rotatable nmenber. 11. The apparatus of claim 1l wherein
the |inkage conprises: a first drive nmenber extending froma first

rot atabl e nmenber, the first drive nmenber supporting a transverse strut
having first and second pivots |ocated on either side of the axis of
rotation; and a second and third drive nmenber extending $om the second

nt at abl e nenber, each of the second and third drive nmenbers having ‘third
and fourth pivots |ocated thereon. 12. The apparatus of claim 11l wherein
the transverse strut is pivotally coupled at the divots to a strut of each
ar m assenbinectad thseoo ﬁ@bemdrrt ho isokhch retracted wher &ame&icmngdt‘tahbyescio @mﬂms

t he ot her ANATN m_ass 13._. The . a r at us,. of cI
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t he f:crstmtﬂéwf;ﬂbk-m%%mal@f&ﬁ?ﬁd%ﬁﬂon is 14. An apparatus ;or
transferring Lects tween mul ti ep03|t onpri sin a |rst arm
assenbly posi &mte%*%mf 13qTOF St B’}°“é°é"’e‘?9§ Wgélgégﬁl"y)”p

on a SecehhlRgABRmu s &&m@uéalty?ozme &ggugieﬁ% fifksCac 6 FWoult *a%eﬁ&ﬂ aiusqaud

second arm assenbl ies to aCtuate each arm 3/
thereby providing a drive mechanism to actuate the two blades 35, 37 within the system, both

rotationally and linearly. Additionally, the magnetic coupling assembly provides rotational
movement of the magnetic retaining rings 14, 16 with minimal contacting moving parts withm the
vacuum enclosure to minimize particle generation. In this embodiment, the robot fcatjnes are
provided by fixing first and second stepper or servo motors in a housing located above or below the
transfer chamber, preferably below, and coupling the output of the motors to magnetic ring
assemblies located inwardly of and adjacent to a thin wall 60 of a motor chamber 56. The thin wall
60 is connected to the upper or lower wall of the transfer chamber 58 at a sealed connection to seal
the interior of the transfer chamber from the environment outside of the chambers. hri(agnetic
retaining rings 14, 16 are located on the vacuum side of chamber 58, adjacent to and smrtlmnding
the thin wall 60.
A first motor output 52 drives shaft 62 and intermeshed gears 70 to provide rotation to the
first magnetic ring assembly 72 that is magnetically coupled to a first magnetic retaining ring 14.
A second motor output 54 drives shaft 76 and intermeshed gears 80 to provide rotation to thé second
_ magnetic ring assembly 82 that is magnetically coupled to a second magnetic retaining nng 16.
Rotation of the motor rotor causes rotation of the magnet ring assemblies 72, 82 which magnetically
couple the rotary output to magnetic retaining rings 14, 16, thereby rotating the base of each
cantilevered arm around the perimeter of the thin wall 60 to impart rotational and t:ranslational
motion to the blades. The cantilevered arms described above are connected to selected tﬁagnetxc
retaining rings as described to convert magnetically coupled rotational output of the motors into
rotational and translational motion of the substrate support blades, preferably within a vacuum

environment.



15. The apparatus of claim 14 wherein the first and second arm asB@iAPRe2002
~"are actuated by rotation of two coaxially aligned hubs. 16. The apparat us
of claim 14 wherein the first and second arm assenblies are act~i ated by
rotation of three coaxially aligned hubs. 17. The apparatus of claim16
"wherein the three coaxially aligned hugi are actuated by two notors. 18.
The apparatus of claim 14 wherein the drive nenber includes two notors. 19.
The apparatus of claim 18 wherein each one of the two notors is
magnetically coupled to the first armassenbly and the other of the two
notors is magnetically coupled to the sec~ad arm assenbly. 20. The
apparatus of claim 16 wherein the three coaxially aligned hubs include a
top, mddle and bottom hub, and wherein the top and bottom hub are‘'actuated
by the sane notor. 21. The apparatus of claim 20 wherein the top and bottom
hub are always rotated in the sanme direction. 0 3 APR 2002 -19 22. A
nmet hod for transferring objects between a plurality of positions within an
encl osure, corfgrcpupla gi'-ﬂt%mamb@@ whembly foritprrapiestiye anagnetint retaljingoning, Fashdnagnet
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coax! a | R0LT s A pgenet DB poret BisRet el oo Chir S rr e b,
about t hendwardthe adjzcdnt Blagnéiélwhich it is coupled. The magnets which are coupled are flipped,

magnetically, so that north pole to south pole coupling occurs at each pair of pole pieces located on

cither side of the thin walled section. While magnetic coupling is preferred, direct coupling of the
motors to the retaining rings may also be employed. .
Referring to Figure 3, another dual plane robot assembly of the present invention is i:mvided
with three magnetic retaining rings which enable the wrists 27, 29 (as well as blades 35, 37 which
are not shown) to be more closely spaced to one another by eliminating transverse strut 32 of Figures
1 and 2. In this embodiment, an additional magnetic retaining ring 34 provides actuation of strut 28,
a function which in the embodiment of Figure 1 is provided by pivot 25 on transverse strut 32.
The robot assembly is shown in Figure 3 in the retracted position ready for rotation within
the transfer chamber or extension of one of the robot arms 10, 12. Cantilevered arms 18, 20;, 22 and
38 extend radially from the retaining rings 14, 16 and 34 to actuate robot arms 10, 12 in a rdtational
or linear motion. Cantilevered arm 18 extends radially from retaining ring 16 and includes an
upwardly extending end portion 71 on which an inwardly extending strut mounting portion 73 is
supported. Strut 26 is pivotally connected at one end to the lower surface of the mounting portion
73 and to the wrist 27 at its opposite end. Cantilevered arm 22 extends radially from magnetic
retaining ring 14 and includes an upwardly extending end portion 91 from which a strut m:ov.mting
portion 83 is supported and extends inwardly. Strut 24 is pivotally connected at one end to the lower
surface of strut mounting portion 83 and at its other end to wrist 27. Both inwardly extending
mounting portions 83, 73 include pivots 75, 77 on the lower surfaces thereof, respectively, to locate
struts 24, 26 in the same plane.
Cantilevered arm 20 extends radially from magnetic retaining ring 14 opposite amt 22 and
angles upwardly to provide a strut mounting surface 79 at the end thereof. Support strut 30 of lower



d) noving the first and second object transfer assenblies by rot@tgngpﬁ.ﬂmz
‘pluralityiof hubs with a drive assenbly. 23. The nethod of claim22 wherern
the step of noving the first and second object transfer assenblies
conprises driving first and second assenblies with first and second notors.
24. An apparatus for transferring an object through an encl osure,
conprising: a first extendable arm asserfbly conprising: a first drive arm
novabl e about a central axis; a second drive arm novabl e about the central
axis; a pair of strut arnms novably connected to the first and second drive
arnms; ; a substrate transfer blade pivotally coupled to the pair of strut
arns; a second extendable arm assenbly conprising: a third drive arm
novabl e about the central axis; a fourth drive arm novabl e about the
central axis; a pair of strut arns novably connected to the third and
fourth drive arns; end a substrate transfer blade pivotally coupled to the
pair of strut arns; and a drive assenbly coupled to the first and second
ext endablrebcaann 3 seitdtilcohnectedpat ane etid to the afointtivg surfek 79rfragh 20iand af itshashéron

to the armassenblies. .. O APR 2002 - 2Q. 25.. The apparat us of. cl,aim 24
wherei n A% t?imééaséaé‘ﬂiﬂvﬁrcg&ﬁﬁgss%‘wwgﬁﬁ%' Spom "?Gg&ﬂfé%%ﬂg ég BPORFai m
25 wher eicantiié@rdd¥emP0ta8d tnchides E?cﬂﬁﬁiohﬁtﬂi#sﬁrf&@lsm ke i9 cablitlak ivith istritt rburlinigV e
hubs whi ch support the drive arns. 27. The apparatus of claim 26 further

conpr i si WyrfacseSn caatiletersd aan g Senpor s, 28 flower robatarmdids Pivgtallysorgecicle
tWo 1Dt 018 ot Qent REHR ln?oqﬁéng surface 81 of arm 38 and at its other end to wrist 29. Extension ¢f lower
robot arm 12 is provided by rotation of magnetic retaining rings 14 and 34 in opposed directions.
In operation, retaining ring 14 cooperates with both retaining rings 16 and 34 to drive robot
arms 10,12, respectively as shown in Figure 4. Robot arm 10 is actuated on rotation of retaining
rings 16 and 14 in opposite directions, while robot arm 12 is actuated on rotation of reta.iniﬁg rings
14 and 34 in opposite directions. |
Referring to the configuration in Figure 4, arm 10 is extended on rotation of retaining ring
18 a clockwise direction and retaining ring 22 in a counterclockwise direction which moves arms
18, 22 into closer relationship with one another thereby driving co-planar struts 24, 26 into an
extended position along with wrist 27. Wrist 27 is preferably pivotally connected on t.hq ends of
struts 24, 26 at pivots 101, 103. As arm 10 is extended, struts 28, 30 of robot arm 12 are n?;oved in
the opposite direction so that wrist 29 is moved to a position over the magnetic retainingring 34.
To retract the wrist 27, the direction of rotation of the magnetic retaining rings 14, 16 is reversed to
move the arms 18, 22 into a 180° opposed position, thereby retracting struts 24, 26 and wrist 27.
Referring to Figure 5, arm 12 is extended on rotation of magnetic retaining ring 14 in a
clockwise direction and magnetic retaining ring 38 in a counterclockwise direction to drive d;o-planar
struts 28, 30 into an extended position along with pivotally coupled wrist 29 as the cantilevered arms
20, 38 are moved in closer relationship to one another. As the wrist 29 is extended, wrist 27 is
moved slightly in the opposite direction to position the wrist 27 over the magnetic retaining ring 34.
To retract the arm 12, the rotation of magnetic retaining rings 14, 38 is reversed. If rotaﬁén in this
direction continues through the position where both wrists'and/or blades are in alignment ;with one
another, the wrist 27 will then be extended and the wrist 27 and blade 35 will be moved over the

magnetic retaining ring 34. In this way, a substrate shuttle operation described below can be



28. The apparatus of claim27 further conprising three drive hubs §'§ APR 2002
"magnetically couple rotational notion of the two notors to the bl ades. 29.
A robot |inkage to inpart rotational and |inear notion to at |east two
nmufti-pl ane transfer blades, conprising: a) first and second drive 'arns
coupled to a first blade by a pair of strut arns; b) third and fourth drive
arns coupled to a second bl ade by a secend pair of strut arns; c) first and
second drive hubs coupled to the drive arnms to inpart rotational aid Iinear
notion to the first and second bl ades. 30. The apparatus of claim 29
fiuther conprising a third hub to inpart rotational arid |inear notion to
the first and second bl ades. 31. The apparatus of claim 30 wherein two hubs
are coupl ed together. 32. A mufti-chanber process system conprising: a) at
| east one transfer chanber, c) a plurality of process chanbers connected to
at | east one transfer chanber; and d) a robot conpri sing: 0 3 APR 2002
-21 i) a first notor coupled to a first rotatable nenber that is rotatable
abeut as %59®plished. 3 second notor coupl ed to~a second rotatabl e nenber that

is rotat~ble ghail s ffhsRtbsSa rgh%iefxc ﬁo@l&§@dzﬁl¥¥org{a§mc§ﬁ§ cﬁ.lg?g%&c%r%. \juSt%#'s| y
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rot ati on 8% Proyileotatiqnal mavemensn g thigsidewpl €0 the radial exfent of motor chamber 56

and top wall 61 defines the vertical extent of motor chamber 56 to enable a pressure difference to
exist between the chambers 56 and 58. In this embodiment, chamber 56 is a robot transfer chamber
that is used to transfer substrates to and from a set of reaction chambers disposed circumfe;rentially
around the transfer chamber. Transfer of a substrate into or out of a selected chamber is é:chieved
by linear, radial extension of a robot arm into and out of the selected chamber.

Motor 52 is coupled to an output shaft 62 to provide power to the robot. Output shaft 62 is
coupled to two concentric output shafts 64, 66 by first and second belt or gear drives 68, 70.
Concentric output shafts 64, 66 are each attached to a magnet clamp 72 that holds a plqlnlity of
magnets 74, each of which is closely spaced from sidewall 60. '

Motor 54 is similarly coupled to an output shaft 76 which is coupled to concenu'ic;shaﬁ 78
by belt or gear drive 80. Concentric shaft 78 is attached to a magnet clamp 82 that holds a plurality
of magnets 84, each of which is closely spaced from sidewall 60. While belt or gear drives are
preferred to transfer motion of the actuators to the concentric shafts 64, 66, 78, other type gear or
motion assemblies may be used. :

Magnetic retaining rings 14, 16, and 34 are located on the transfer chamber side of isidewail
60 and retain a plurality of magnets 86 within the ﬁlane of the magnets 74, 84 disposed in the motor
chamber 56. A set of bearings enable the magnet retaining rings 14, 16 and 34 to rotate about the
motor housing on an axis A. Magnetic retaining rings 16, 34 are both coupled to the motor 52 so
that they rotate in the same direction. Rotation of shaft 62 rotates shafts 64, 66 and ma,fgnets 74
disposed at the ends thereof. Rotation of magnets 74 magnetically couples rotation of mqitor 52to
magnetic retaining rings 16, 34. Similarly, rotation of shaft rotates magnets 84 disposed on the ends



opposite direction provides extension of the one blade and retractiPrpARK 2002
“the other blade. 36. The system of claim 32, wherein the rotatabl e nenbers
have a common axis. 37. The system of claim 32, wherein the blades are

. extended and retracted on rotation of the rotatable nenbers in opposite

directions. ' 38. The systemof claim %é wherein the |inkage conprises a
first armassenbly and second a second - “arm assenbly) each arm assenbly
coupled to the, ~rst and second notors. ' 39. The system of clai m 38,

wherein each armassenbly is magnetically coupled to the first and second
not ors. 0 ~ 3 APR 2002 -22 40. The system of claim 38, wherein each arm
assenbly conprises a first and second strut pivotally connected to a bl ade.
41. The system of claim40, wherein a first strut is driven by a first
rotatable menbCr and a second strut is drives by a second rotatable nmenber.
42. The system of claim 32, wherein the |linkage conprises: a first drive
menber extending toma first rotatable nenber) the first drive nenber

supporti a transverse strut haying fjrst and secaond pivots | ocated on
i t her s HifEeass Rofption,at dhmagnats, B4 pagncpcaly BW?%HG“PH? phitgmoer 3 fympsmctic
ext endi ngetdif@BrtnB@4second rot at abl e nenber, each of the second and third
drive nenbers having a pivot |ocated thereon. 43. The system of claim42,
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into the selected chamber and a substrate which has been processed in the chamber is located on the

32)

blade for removal from the chamber. The processed substrate is removed from the chamber. The
robot arm on which the fresh substrate is positioned is then extended into the chamber to position
the fresh substrate over the support member to be located thereon for processing. Once the siubstratc
shuttle operation has been performed, the processed substrate can be moved to another location
within the process system and another substrate can be retrieved for transport through the system.

Now referring to Figure 8, a schematic top view of a process system 110 including a robot
is shown. A robot 114 of the present invention can be incorporated into a transfer chamber 118 of
a cluster tool to allow more rapid transfer of wafers 116 from one location to another.

Modern semiconductor processing systems include cluster tools that integrate a2 number of
process chambers together in order to perform several sequential processing steps without removing
the substrate from the highly controlled processing environment. These chambers may inciude, for
example, degas chambers, substrate pre-conditioning chambers, cooldown chambers, | transfer
chambers, chemical vapor deposition chambers, physical vapor deposition chambers, and etch

- chambers. The combination of chambers in a cluster tool, as well as the operating conditjons and
parameters under which those chambers are run, are selected to fabricate specific structures using
a specific process recipe and process flow.

Once the cluster tool has been set up with a desired set of chambers and auxiliary eciuipment
for performing certain process steps, the cluster tool will typically process a large number of
substrates by continuously passing them, one by one, through the same series of chambers or process

steps. The process recipes and sequences will typically be programmed into a microprocessor



a first magnetic coupling that magnetically couples a first nmotor {Ja3 APR 2002

- first rotatable nenber, a second nmagnetic coupling that magnetically

coupl es a second notor to a second rbtatable nenber, a plurality of bl ades

. vertically spaced fromone another) and a |linkage to enabl e coordi hat ed

" novenent of the blades on rotation of f e first sad second rotatable
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is shown. Substrates 116 are introduced into and withdrawn from the cluster tool 110 through a

cassette loadlock 112. A robot 114 of the present invention having an upper blade 35 ig located

within the cluster tool 110 to transfer the substrates from one process chamber to another, for

example cassette loadlock 112, a degas wafer orientation chamber 120, preclean chamber 124, PVD

TiN chamber 122 and cooldown chamber 126. The robot blade 35 is illustrated in the retracted

position for rotating freely within the chamber 18.

A second robot 130 is located in transfer chamber 134 to transfer substrates bctwecqi various
chambers, such as the cooldown chamber 126, PVD Ti chamber 128, PVD TiN chamber 13fO, CvD
Al chamber 132, and a PVD AlCu processing chamber 134, The specific configuration of the
chambers in Figure 8 is merely illustrative and comprises an integrated processing system:capable
of both CVD and PVD processes in a single cluster tool. In a preferred aspect of the invention, a
microprocessor controller is provided to control the fabricating process sequence, conditions within
the cluster tool and operation of the robots. _ ’
While the foregoing is directed to the preferred embodiment of the present invention, other

and further embodiments of the invention may be devised without departing from the basic scope

thereof. The scope of the invention is determined by the claims which follow.



[ \ ] ~AN@ 10(( 10(( 10((! "10% (& ()-! "10% (& ()- "10%& ()-!' 03 APR 2002
- 1"10% (& ()-z 1"10%& ()-z] j n h~"?N@
10( (" $109% () -1's, 8$10%ag’ ()-!'s, &S10% () -, &S10%& () - 10%& ()-0"" 109%& () -~
S )uV4 1 9L#10%& () - 9L#109%& () - 109%& () & 109& ()- 10kk 10kk

10kk! " $10%ka&! ()-)5}0as4 & FLO0% ()-F 10 10
10! " S2#109& () - S2#109& ()-! LF"#10%& | i;L "#109&' ()-° tE'"a?aS4
&1 f$10% f & ()-

CLAIMS

We claim:
1. An apparatus for transferring objects, comprising:
a first motor coupled to a first rotatable member that is rotatable about an axis of ratational
symmetry;
a second motor coupled to a second rotatable member that is rotatable about an axis of
rotational symmetry;
a plurality of blades vertically spaced from one another; and
a linkage to enable coordinated movement of the blades on rotation of the first andj second

rotatable members.

2. The apparatus of claim 1, wherein the coordinated movement of the blades includes

simultaneous extension and retraction.

3. The apparatus of claim 1, wherein rotation of the first and second rotatable membets in the

same direction provides rotation of the blades.

4. The apparatus of claim 1, wherein rotation of the first and second rotatable membql's in the
opposite direction provides extension of the one blade and retraction of the other blade.

5. The apparatus of claim 1, wherein the rotatable members have a common axis.

6. The apparatus of claim 1 wherein the blades are extended and retracted on rotation of the

rotatable members in opposite directions.
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7. The apparatus of claim 1 wherein the linkage comprises a first arm assembly and second a

second arm assembly, each arm assembly coupled to the first and second motors.

8. The apparatus of claim 7 wherein each arm assembly is magnetically coupled to

second motors.

the first and

9. The apparatus of claim 7 wherein each arm assembly comprises a first and second strut

pivotally connected to a blade.

10.  The apparatus of claim 9 wherein a first strut is driven by a first rotatable member and a

second strut is driven by a second rotatable member.

11.  The apparatus of claim 1 wherein the linkage comprises:

a first drive member extending from a first rotatable member, the first drive E:‘.1:1embex:
supporting a transverse strut having first and second pivots located on either side of the axis of

rotation; and

a second and third drive member extending from the second rotatable member, each of the

second and third drive members having third and fourth pivots located thereon.

12.  The apparatus of claim 11 wherein the transverse strut is pivotally coupled at the f:ivots to

a strut of each arm assembly and second and third drive members are pivotally coupled to the other

strut of an arm assembly.

13.  The apparatus of claim 1 wherein the second rotatable member is rotatable about t.he same

axis of rotation as the first rotatable member.
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14.  An apparatus for transferring objects between multiple positions, comprising:

a) a first arm assembly positioned on a first plane;
b) a second arm assembly positioned on a second plane; and
c) a drive member coupled to each of the first and second arm assemblies to mttiate each

arm assembly.

15.  The apparatus of claim 14 wherein the first and second arm assemblies are actuated by
rotation of two coaxially aligned hubs.

16.  The apparatus of claim 14 wherein the first and second arm assemblies are achfiated by
rotation of three coaxially aligned hubs.

17.  The apparatus of claim 16 wherein the three coaxially aligned hubs are actuated by two

motors.
18.  The apparatus of claim 14 wherein the drive member includes two motors.

19.  The apparatus of claim 18 wherein each one of the two motors is magnetically coupled to the
first arm assembly and the other of the two motors is magnetically coupled to the second arm
_ assembly. '

20.  The apparatus of claim 16 wherein the three coaxially aligned hubs include a top, middle and

bottom hub, and wherein the top and bottom hub are actuated by the same motor.

21.  The apparatus of claim 20 wherein the top and bottom hub are always rotated in q:he same

direction.
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22. A method for transferring objects between a plurality of positions within an enclosure,
comprising the steps of:

a) providing a first object transfer assembly having an object support occupyin:g a first
plane and positionable at multiple positions about an axis of rotation; t

b) providing a second object transfer assembly having an object support occupying a
second plane and positionable at multiple positions about the axis of rotation;

c) coa:;ially positioning the first and the second object transfer assemblies about the axis
of rotation; and

d) moving the first and second object transfer assemblies by rotating a plurality|of hubs
with a drive assembly.

23.  The method of claim 22 wherein the step of moving the first and second object transfer

assemblies comprises driving first and second assemblies with first and second motors.

24.  An apparatus for transferring an object through an enclosure, comprising:

a first extendable arm assembly comprising:
a first drive arm movable about a central axis;
a second drive arm movable about the central axis;
a pair of strut arms movably connected to the first and second drive arms; .
a substrate transfer blade pivotally coupled to the pair of strut arms;

a second extendable arm assembly comprising:
a third drive arm movable about the central axis;
a fourth drive arm movable about the central axis;
a pair of strut arms movably connected to the third and fourth drive arms; and
a substrate transfer blade pivotally coupled to the pair of strut arms; and |

a drive assembly coupled to the first and second extendable arm assemblies to provide

rotational and translational motion to the arm assemblies.
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25.  The apparatus of claim 24 wherein the drive assembly comprises two motors.

26.  The apparatus of claim 25 wherein the two motors are magnetically coupled to a plurality
of drive hubs which support the drive arms. l

27.  The apparatus of claim 26 further comprising two drive hubs to magnetically couple
rotational motion of the two motors to the blades.

28.  The apparatus of claim 27 further comprising three drive hubs to magnetically couple

rotational motion of the two motors to the blades.

29. A robot linkage to impart rotational and linear motion to at least two multi-plane transfer
blades, comprising:
a) first and second drive arms coupled to a first blade by a pair of strut arms; :
b) third and fourth drive arms coupled to a second blade by a second pair of striit arms;
c) first and second drive hubs coupled to the drive arms to impart rotational and linear

motion to the first and second blades.

30.  The apparatus of claim 29 further comprising a third hub to impart rotational arid linear
motion to the first and second blades.

31.  The apparatus of claim 30 wherein two hubs are coupled together.

32. A multi-chamber process system, comprising:
a) at least one transfer chamber;
c) a plurality of process chambers connected to at least one transfer chamber; and

d) a robot comprising:
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) a first motor coupled to a first rotatable member that is rotatable about an axis;
ii) a second motor coupled to 2 second rotatable member that is rotatable about
an axis;

iif) a plurality of object supports vertically spaced from one another, and a
linkage to enable coordinated movement of the blades on rotation of the first

and second rotatable members.

33.  The system of claim 32, wherein the coordinated movement of the blades includes

simultaneous extension and retraction.

34.  The system of claim 32, wherein rotation of the first and second rotatable members in the
same direction provides rotation of the blades.

35.  The system of claim 32, wherein rotation of the first and second rotatable members in the

opposite direction provides extension of the one blade and retraction of the other blade.
36.  The system of claim 32, wherein the rotatable members have a common axis.

37.  The system of claim 32, wherein the blades are extended and retracted on rotation of the

rotatable members in opposite directions.

38.  The system of claim 32, wherein the linkage comprises a first arm assembly and second a

second arm assembly, each arm assembly coupled to the, first and second motors.

39.  The system of claim 38, wherein each arm assembly is magnetically coupled to the first and

second motors.
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41.  The system of claim 40, wherein a first strut is driven by a first rotatable member and a

second strut is driven by a second rotatable member.

42.  The system of claim 32, wherein the linkage comprises:

a first drive member extending from a first rotatable member, the first drive member
supporting a transverse strut having first and second pivots located on either side of the axis of
rotation;

a second and third drive member extending from the second rotatable member, each of the

second and third drive members having a pivot located thereon.

43.  The system of claim 42, wherein the transverse strut is pivotally coupled at the pivots to a
strut of each arm assembly and second and third drive members are pivotally coupled to tHe other

strut of an arm assembly.

44,  The system of claim 32, wherein the second rotatable member is rotatable about the same

axis of rotation as the first rotatable member.

45.  An apparatus for transferring objects, comprising:
a first magnetic coupling that magnetically couples a first motor to a first rotatable member;
a second magnetic coupling that magnetically couples a second motor to a second rotatable
member;
a plurality of blades vertically spaced from one another; and
a linkage to enable coordinated movement of the blades on rotation of the first and second

rotatable members.



