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WD 2008/ 021216 PCT/ US2007/ 017762 METHODS AND

APPARATUS FOR A ROBOT WRI ST ASSEMBLY The present

wa@ppiiozeté on clains priority to U.S. Provi si opel/us2007/017762

Pat ent Application Serial No. 60/822,200, filed 5

August 11, 2006, which is hereby incorporated by

reference hereininits entirety. FIELD OF THE

I NVENTI ON The present invention relates to electronic

device 10 manufacturing robots, and, nore

specifically, to a wist assenbly for use with such

MarMETEODS | AYDr APFPRATRECIEGTOMNRGBDTt WRESTJ ASSEMBLY

el ectroni c device nanufacturing may 15 be exposed to

significant environnmental stresses (e.g., high

t enper athe gspesdnat applakhedion kd mpiend grmbocetgndboU. S.

l.i f.espan of the robots. Thus, what, i.s ne r .
ProVSH SR APRLEEAE GO RIEk AP pefd Gy Rangg0, Filed
Auguaid/1qr, 1ddEspavhOEh $eChereyt SN BIERY BF THEerence

INVENTION I n spne_aspects, the present invention
heredm, jiryeldt Sy Rk E8t¥ssenbl y i ncl udi ng a housi ng havi ng

a cap and a bottom at |east one pivot at |east

tiaIH¥ encl gsed in the housing 25 and adapted to be

ar
FIEFI%OW&F A MVERELPNar m and a belt coupled to the

pi vot anfk geePEeHtt niehation he IRitd Bbosiecatkealicndevice
The bottom of the housing is adapted to reflect heat

manufget U g ¥PRORE /| @RSy B9 HiSRRCHRCAhEY bebPi AgWriST

assciI®f AsPacis wiPR BLESSHan PR Prevbdes.a 30
nmet hod of extending a life of a wist assenbly which

includes attaching a reflective shield to a bottom of
BACKd®UMD St assenbly; constructing a housing of the

wist assenbly froma material having a | ow thernal

Condwnﬁqhqysrgsggiﬁg edegtronic device manufacturing may

be exposed to significant environmental stresses (e.g., high
temperatures) that may affect the performance and/or
lifespan of the robots. Thus, what is needed are methods
and apparatus to improve the performance and/or lifespan of

such robots.

SUMMARY OF THE INVENTION

In some aspects, the present invention provides a
wrist assembly including a housing having a cap and a bottom;
at least one pivot at least partially enclosed in the housing
and adapted to be coupled to a robot arm; and a belt coupled
to the pivot and adapted to rotate the pivot about a bearing.
The bottom of the housing is adapted to reflect heat away
from the at least one pivot and the bearing.

In other aspects, thé present invention provides a
method of extending a life of a wrist assembly which includes
attaching a reflective shield to a bottom of the wrist
assembly; constructing a housing of the wrist assembly from a

material having a low thermal conductivity relative to a
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WD 2008/ 021216 PCT/ US2007/ 017762 pivot of the wi st
assenbly; and formng at | east one heat choke in the
wheomsiozgie | n yet ot her aspects, the present i nRENUSINT/017762

provi des a robot for electronic device manufacturing

that 5 includes a wist assenbly that includes a

housi ng having a cap and a bottom at, |east one pivot

at |l east partially enclosed in the housing and

adapted to be coupled to a robot arm and a belt

coupled to the pivot and adapted to rotate the pivot
prOQb@ﬁtthebﬁaﬁﬁﬁgas$hahixn(ﬂndﬁfQ4ﬂ94ﬁn%¢nbe@§t19ne heat
chokédﬁﬁtﬁﬂetﬁo t heat away fromthe at |east one

i vot and e earing. Cther features and aspects of
the présewﬁthhhanlaﬁpewt$ bererprepert f ihvengppar ent

provgz{agl@ Lhe g%' ! %wfg%ledceé@a&fcd Slesctd r}aa&@f%gpgﬁﬁﬂeeeﬁs@

acconpanyi ng dr awm
inclﬁ&éﬁﬂhPWkENtOEsEHEHM&MNHﬂ&Sﬂﬂdlude$saah©0pisghbﬁuﬁhg a

W_0 exanpl Wist ass C ks (0]

cap $hiracheRleRiott gt onbmitof R hedsf ek LAl
enclaéedn@nZBhHIansmngadnntaﬁagm&@nm¢|Mevceu§ledfta a robot

wist assenbly w.th radi ati.on shleld Segur d, (2A
axm; phnd’ poRRIT] el 3d TS e il A IRRHES b2 Rbeate
the povbemabohenat beadiew .of B Hﬁtﬁmmnmfetmeihbua$sgnhby

ccordin one enbodi nents of, the res

adapfEHCKE! BREIRCE TPat AP SHed S chenbr AV PR BEVES nd
the pxampheg. bearing assenbly for use in sone enbodi nents

of the rese i nventio i a side

ot - me e dtaa ST R e adbegka o, the Starert
inveAgsenmbi.112 become more fully apparent from the following
detailed description, the appended claims and the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a top schematic view of an example robot
wrist assembly according to some embodiments of the present
invention.

FIGS. 2A and 2B illustrate bottom schematic views
of a wrist assembly with a radiation shield secured (2A) and
removed (2B), respectively.

FIG. 3 is a close up bottom schematic view of an
example wrist assembly according to some embodiments of the
present invention.

FIG. 4 is an exploded schematic view of an example
bearing assembly for use in some embodiments of the present
invention.

FIG. 5 is a side cut-away schematic view of a

portion of a wrist assembly.
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WD 2008/ 021216 PCT/ US2007/017762 FIG 6 is a top

schematic view of a dual robot including two wi st
wa@sz®enbizies according to enbodi ments of the pPEFES1007/017762

i nvention. 5 DETAILED DESCRI PTI ON Semi conduct or wafer

processi ng robots nmay experience premature failure at

the robot wist assenbly. Failures may be caused by

buil d-up of particles, chem cal breakdown of

| ubri cants, overheating, and/or other causes. 10 The

present invention provides a robot wist assenbly

whi ch  Feduces iand! doel s¢haradese vaiéwustf ai Huee robot

. es, 1ncludi.n reducgi_ng r obot j st tenperature.
e SRAE LR, o AP H T S S At r BB oLReRES of
thetpresghtt eapenatiwne reduction, the elimnation of

probl em 15 noving parts, inproved bearing
performance, and/or inproved particle contai nment

DETADTED pedirRir@rm§ er, anong other things. In sone
enbodi ments, the inproved wist assenbly provides
super i 0P SRHENAUREP B RREE nRECFRES 1@ &hQde maws,

expéhﬁeﬁ@ét plrley 15 d %Pl/ﬁge an/ EBeOQ'blb'@tZ% Q: residé nl%l?iy

0 conductive and radi ated heat flowinto t e asse

Falwarﬁé mEdp PG IR $8dl/ oY ekl T uPng ft e tidatl ovcclmmlcal
breQEdEnﬁ o@S I Ve a fROL, e5@@Pﬁ@at?H?S?he éﬁ%? ﬂﬁggscauses

base mat er i aI e g., use osure,
Thebérﬁﬁﬁﬁﬁl&ﬂvenMﬂQﬂ1P%@Vadgﬁgﬁltpb@ﬁtMFHSﬂMﬁSS¢mbhnIWthh

redﬁ@@gughﬁw&ﬁ/%ﬂ%ﬂ&é%%é%ug%gggbgnfgng?g':ﬁﬁg ié%ludlng

assenbl i es e ther
redé@hHGCrPMQH/WﬁlsﬂLﬁﬁmMﬁyatw@alt|onalIy, t he

Cross- S%ﬁ% %@S&{teal eﬁ@f&ﬁcim !tl%ﬁr%%e 3) \gg:q'ge z?ior art

bl ade st may be S|gn|f|c ntly re
thr@h@hnaem@h@m@yrel&n¢um@asuretheed&amlmanldﬂcnflpmablem

noviff RS g0 18 s, BYGIBALABIA/OLS Py proved
parthcleaseutaﬂmmdnngﬁﬂdb®nsbesEctrensdbr t esm iochsr
th188¥ alig %@preas é*%eE{Q?’QHé g%p&g%égwﬁ¥ist assembly
provides superior cross-section and material selection; thus,
the heat flow is improved and/or optimized to restrict
conductive and radiated heat flow into the assembly while
improving and/or maximizing the heat flow out of the
assembly. For example, in some embodiments, the base
material, e.g., used for the enclosure, may be titanium,
which has a significantly.lower thermal conductivity than
aluminum in conventiocnal wrist assemblies (e.g., about 1/10
of the thermal conductivity of aluminum). Additionally, the
cross-sectional area of contact surface between the blade

and wrist may be significantly reduced by thermal chokes.
Both measures reduce heat flow into the assembly. Similarly,
by makipg pivots out of aluminum or the like, heat flow out
of the wrist is increased. The larger cross section of

these pivots may also increase heat flow out of the wrist.
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3 WO 2008/ 021216 PCT/ US2007/017762 A radi ation shield
may be added to the bottom surface of the assenbly to

wo edoBez216 adi ati on from any heating el enent wWeTiUs20a7/017762
chanber that enploys the assenbly. The shield nay
include a sinple | ow cost, sheet netal cover, 5 for
exanple. In sone enbodi nents, the shield may be
polished to a mirror finish (e.g., on one side only).
Al so, inverting the nounting of the bearings fromthe

bottom surface (the conventional position) to the top
surfac® gaddatiop ishipldnmreppleapfded tire i rtiem

sur£3BY¥ bedyse 535% Ly l@otféE§E§E E%Q‘I‘a&i@ﬂrﬁtf{ﬁ}no‘{nges

process cha ers as the wist assenb pas
heatgner etlﬁé@@theatt@du re e@hamhesoﬁbate@qumt@e thesembly.

The Eﬁ%th b3 131%&&9“&%%9%8 %hS‘cos e”&@{%&‘ﬁﬁet&‘f' EBver,

Si1 gni I'ncr eases ri cant
for estimpdesd ﬂmawdeWﬂmbgdLMentenpehat@haeﬂdnmaymbé 15
. a t e I
pOll%B%getg’{gi o%nqtgrﬂ%e gg?n%%n or vva oe r%md pé’tP{lS’& ‘e Also,

invecbmngnthaﬂmmuduindmpévene béaalbganﬂn@MEnHenmbungm

cr ed. hy_a | abyrinth designe nto t
Surfggge/%%hm?ﬁfbe%ﬁﬁ% s‘lL 5851 g%z;¥?|r£§ EOp surface (e.g.,
a tipdditimonaip ysap)heo Dpeine ngné.‘ﬂ)obalmemyt txead/\msttmdhéhe

bl.ade _seen _i_n,.pr.ior_wr assenb
erangEBEC B flld fn " Db o BRRETNORRE TR N S 8 £E, the
wrisﬁsaegbhpl@O@aygnzcBVQrtﬂhSQQEheﬁbo@dmmaes(ﬁ itesome

t t Th t bl
e R B8 o Mo 5P S8 oot (808, LoPBChAror AniFet oot

temparaﬁﬁgFDOhMﬂmnMéldhuﬁﬁ&@ﬁﬁlylﬂﬁ@géasEﬁeBuﬁxﬂ??ﬁtsllfe.
asse ve a, top cap 104 g., a housin
re 18 gl et i o RS R s HARR T SRS Gl TP LHoLL
moret @Ragapol®A JTahDEL DA ©F BRECakBemmak, .chokes 106,

Al so adj acent and/or coupled to the top cap 104 ma

30 a cHPTARGF MIR'RCuBENafd EhGr FemigopdicEan gia o2 fron

particle contamination in the event of a bearing failure may
be created by a labyrinth designed into the base/housing,
pivots, and preload rings. Additionally, the opening
between the wrist and the blade seen in prior wrist
assemblies may be sealed off.

FIG. 1 is a top schematic view of a robot wrist
assembly 100 according to some embodiments of the present
invention. The robot wrist assembly 100 may be coupled to a
robot (e.g., to one or more robot arms) (not shown) by pivots
102a-b. The robot wrist assembly 100 may have a top cap 104
(e.g., a housing or other enclosure). Adjacent and/or
coupled to the top cap 104 may be one or more thermal chokes
106. Also adjacent and/or coupled to the top cap 104 may be
a cut-away region 108 and a wrist closure 110.

In some embodiments, the pivots 102a-b may be
constructed of aluminum. The thermal conductivity of

aluminum pivots 102a-b may increase outflow of heat away from
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In some enbodi nents, the pivots 102a-b may be
constructed of alum num The thermal conductivity of
w@basiozzme pi vot s 102a-b may i ncrease outfl ow oPCTIES1007/017762
away from 4 WD 2008/021216 PCT/ US2007/017762 the
wist assenbly 100. OQther materials may be used (e.g.,
al um num al | oys, and/or other conductive materials).
The pivots 102a-b may have an i ncreased cross section
so as to transfer heat to the arnms (not shown) nore
qui ckly. For 5 exanple, in at |east one enbodi ment,
the wrkshi 3568™Pd¥a 18 O0may Othere mate i engerly deesysed (e.g.,

lumSeehi 90abyar ea NG eRS ' St pi vot
2 ydoublni@rfg t%{e hel é&ﬁ@o@% pnilvo?s vvh?le The

. (e.g., b ) )
pivokgi g@%ﬁngn@aa’bééf’etﬁ@ damrgsisast GHeR%)seFhioneso as to
PaLEI ar | et Y : 0SS
transec%igﬁgof t%gteg%out 3/ 8(‘ yIfg 4(8'?r§)alt %ngig%)?]ﬁfég For
examp] pensN oAt AepShe cnsegmbodinen tsarfhorpivees ndfLgeb may

have eﬂ?ogﬁgfggéedt E?otsgp S%I%Q:i %41 MY, apebfgi]ééfé'gg%qgﬁa height
titani um or ot her simlar naterials. Yy uSI ng
of thé¢tphvahd Wetlb-a diygeicibdadmd ycHeoveridgherofil the pivots
. LYty t | umi nym_the t cap..104 assi st
Whlligﬁnggﬁ%éb!é}égi %gglel)%cgg%’l Ve eeﬁlxioﬁgn"% cgtrh])t‘o ?ﬁ one
partiewbandembofiimket, wthet passanbinaylthveHentcreys bgection of

e i,cied, fur via thermal, .chokes 106 . g.,
abou%r%{%ct%}‘gn? fr%%%%ﬁgg 063'% S5 TR SHTh 'ﬁ%’ée@%r\}@edto
preveninheat baow el 20 Eassad wonshiséd iyt §pr the top cap
erw s Q.from a blade (not shown) to the wist .
104 rgégeir;r%} §g}fﬁgrwtege(ftfgit}% P8cPT aPEeT SPAT ATy matfrials.
By ugingatndyanéginonwli@8 anay gnifidaze 10om@edr betaeaalt he
bl ade. and th Wri st asse
0

not. sho qgly. In sone
cond e EoT kB35 ALCERRBatRe P (P 1o v 2ROKEE in
prevdiifi agdekbesstiveanay tr @giagms A8 Rt He dtiifs 28dEHNLBCEhe
wrislfa brg%xveeg ft)he bl ade and the wist assenbly by
ST SH39 ov8P prior wrist assenblies. The thermal
chokesHe406maRy bbe re@rstirdiEE Wit B§ 8 , t 8¥EHaBSchokes
}I tanium an . .
106 (e.g., projections from the top cap 104), which may serve
to prevent heat from being passed conductively (or otherwise)
from a blade (not shown) to the wrist assembly 100 by
reducing contact area. Similarly, the cut-away region 108
may minimize contact between the blade (not shown) and the
wrist assembly. In some embodiments, the combination of the
thermal chokes 106 and the cut-away region 108 may reduce
contact area between the blade and the wrist assembly by
about 90% over prior wrist assemblies. The thermal chokes
106 may be constructed of a metal, such as titanium, an
insulating material, such as ceramic, or any other suitable
material.
Wrist closure 110 may be formed as part of top cap
104, or may be a separate piece. In some embodiments, the
wrist closure 110 may be constructed of titanium. The wrist

closure 104 may reduce and/or eliminate contact between the
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insul ating material, such as ceram c, or any other
suitable material. 30 Wist closure 110 may be forned
wa@sgoopae1®©f top cap 104, or may be a separ at ePEi/E8®07/017762

In some enbodi nents, the wist closure 110 may be

constructed of titanium The wist closure 104 may

reduce and/or elimnate contact between the 5 WO

2008/ 021216 PCT/ US2007/ 017762 bl ade (not shown) and

the internal area (shown in FI Gc? 2 and 3) oI Lhet

wri st _assenbly 100. This may reduce or prevent hea
bladg' LAGF aPRARR! oADF SPent AFAITAY GF 47 offRUuNN aFFRE- 2 and

3) ofnshdewkhetWalssendasealo) 160G O fd\SS e Abb&NGr 2Brevent
illustrate bottom schematic views "of the wi st ]
heat jLeansf§r18894Prh Paevaditabiast isHies £am aeeumebating

insidd a€ke aRFiseMa%adnpi§SARELI vel y. The radiation shield
J-nSl(il%LZ ?ra %)e nounted fo the wist assenbly 100 with

fast enEf§51143 @84y 2B ddrlaved:raist thot tem otdleenstitabliews
of tHasheNef sdssdhe1¥401hadiathon ?Z'hde_Llaq:i]o]lf wef]%queﬁecured
) along with other portions of the wis asse l'y™10
in Plage t3pd caprevaddesesbset inedws  Witeh weabipecton osll&ld 112

nay e A98tBLCERoL B 100 WOSCIES) OF ALYy I
(€.9ye| TS h Pedpset orooEh6r 3uilmblke faadicate ) shiThe
ot T DL, SIEEbELRLIEONST 1y ML LSS portions
Of theniyti sienessemhéyr AdPatindn topi elagp 112 ms??omﬁ }]fa@ele
e e EeaTsr T nERe B e Ty 160 S PH by,
assemihey r@ at i Dnishietdraallazemyinaf bectddsadiaidonheat
razer®ENALm WE! oRsgElly, 10y o)y (I

e e e o St B cover
such g{l%gssg%hegi L%Jf%%eﬁfns%ﬁeﬁg%@e §iBWi6r MR&erial. In some
embodiments, the radiation shield 112 may be polished to a
mirror finish on a side facing away from the internal area of
the wrist assembly 100. 1In this way, the radiation shield
112 may reflect radiation heat away from the wrist assembly
100. Similarly, the radiation shield 112 may be coated
and/or plated (e.g., gold plated) to produce a reflective
finish. Other materials and/or finishes may be used.

FIG. 3 is a close up bottom schematic view of the
wrist assembly 100 according to some embodiments of the
present invention. Pivots 102a-b may be' secured to the
inside of top cap 104 around bearings 116a-b. Pivots 102a-b
may be actuated by drive belts 118a-b. Drive belts 118a-b
may be secured to the pivots 102a-b by tensioners 120a-b.

Securing the pivots 102a-b to top cap 104 may
reduce heat transfer from radiation of process chamber
heaters (not shown) as the wrist assembly 100 passes over

these heat sources in operation (e.g., because the
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25 wrist assenbly 100 according to sonme enbodi nents of
the present invention. Pivots 102a-b may be-secured
wa o008k21216 nsi de of top cap 104 around beari ngspdW/6s2007/017762

Pivots 102a-b may be actuated by drive belts 118a-b.
Drive belts 118a-b may be secured to the pivots
102a-b by tensioners 120a-b. 30 Securing the pivots
102a-b to top cap 104 nmay reduce heat transfer from
radi ati on of process chanber heaters (not shown) as
the wist assenbly 100 passes over these heat sources

beatingplpivoba eeegspammamkyyuﬂuIMhlmyZKHHﬂéﬁﬁalﬁrom the

: /HLS%O 7 bear i i vots are
Shlégfp%-m a I‘glﬁioﬁielir %gfz‘fay %215;] épfsr BHhIS - shield 112
whi ch fﬂbeéneheemﬁmctymﬂwnﬁé aBBverﬁﬁséii?@ddﬁéaEBQes is
d featur 0 .CO rently decrease
ro T o e s B e PR ity O haRt vifat may snter
the a&s:ambl :;lséemljly f(eo@.t, he mad cand/ale arsulst rat Sup&Prate
I ncrease the anmount of heat that may

en tcP sk?bJpaa(?% o%{’] of "EREARA &he @mgunt; of er%biblt-a‘%\rrn%y

dlssﬁme @utofraﬁét heiwk Sle.gasendd ks MBId | 2EHE) .  Thus,
wri st assenbly where Q represents
Qo q’r WibSFl BSSgMPd Yo i Se ipichd d@ rSHe ridtd e Qinetoothe

ileausw:mb seRbky B0QepilisehtiBn g S ar to
A bear i ngs lli%Ga b, f%r eSsesl n some enbodi nents of the

present F +Aveht FénanB%ﬂlﬁ@edam%ﬁl%Ofm ofichedeing
ass@ﬁlﬁlﬁfS@@I ewleahi RE§ BA2aiR41 18BN 4 %aces %d%a ;‘E)or

onpri se inner races 504a-b and outer
use v&H} PR RPALEpRERr ofaths B8 sgnd/ dnviesdriorbal |Bearing

).y 1306 iy ePROBLABNGS onbNRE! -3¢ $2045; 3%6’2 oy er
229 raceys 506a-b may be cons??uct edmc()3 st al% ggss ee
Bearjgngs 0 %ﬁ-l%uIﬁwa@omﬁt:éseartnn@rh@a@sa@@@-m et outer

racé§‘Sﬂéhiﬁuuﬁgcﬁtﬁ§%aﬁg %EEE@ES 19y P& Jssed aid/pr [load

Simlarly, spacer construc
ballst #1fl-ess steel 440C or a sini I ar material .

In some embodiments, inner races 504a-b and outer
races 506a-b may be constructed of stainless steel 440C or a
similar material. Other grade stainless steels and/or other
materials may be used. Similarly, spacer balls 508 may be
constructed of stainless steel 440C or a similar material.
Other grade stainless steels and/or other materials may be
used. Load balls 510 may be constructed of ceramic or other
appropriate materials. In some embodiments, at least one or
more of the load balls 510 may be replaced with a ball made
of an electrically conductive material (e.qg., sfainless
steel) that maintains electrical contact between the
bearings’ 502a-b inner races 504a-b and outer races 506a-b.
The conductive replacement ball may be slightly smaller than
the non—conductive (e.g., ceramic) load balls 510 so as to be
non-load bearing (or to bear less weight than the non-
conductive load balls 510) while still maintaining contact

between the bearings’ 502a-b inner races 504a-b and outer
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O her grade stainless steels and/or other materials
may be wused. Load balls 510 may be constructed of
w@enantiei®r other appropriate materials. | n sPO®EUS2007/017762

enbodi nents, at |east one or 25 nore of the |oad balls

510 may be replaced with a ball made of an

el ectrically conductive material (e.g., stainless

steel) that nmintains electrical contact between the

beari ngs' 502a-b inner races 504a-b and outer races

506a-b. The conductive replacenent ball may be
racesighbrybsmalhés chatall thevortcoiducid veléetgicity from

s SELAT 6L \GeReLls $10.50,85,1 0 U LSS5, 058 108,

the b@i$sh5i@93/dﬁnsbepattuloh e 1t Ul el aicd i et ween
t he bearl races 504a b and outer 7 WO

&;gg 502a- b .i hner
2008/ 02 PCTPU&2 53 R0 6 AR R SREL . VIRNsOE a
portiom act phevenﬁstsbabe&bmyﬂnau(ntspgdimmcgnu di pgzups

Wi st assenbly 0 allomn a path for the
lll%g% %arge?ﬁ?sgﬁ ﬁtPantéﬁ §Fy 5%i%Q0 whrishsingludes
bearmirsysles 024~ BV\ﬁMdsaheﬁﬁfeh@l\élx@Wpﬁft}ﬁ tréﬁoqer 3R oE1 L NGou1 g
wr,i st_ asse 100, eC|f|caI , FIG 5 illustrates

have, 1 sFERv %?bk%eeﬁﬁFsF §s§€&ﬁﬂyaﬁ@§mﬂﬁkﬁi9%clUB@sthe
exaniyelas | fSFHO2ash padrasiexemphankRatly that @eé&f’lﬁﬁ%' £02a-b

ve to travel to exit the wist assenb

muqu%ﬁﬁyefeQEﬁﬁF% hop #PéyantbaﬁPﬂMQ§§Mﬂn?de%nﬁmgthﬂetOP cap

104 kasd/agspbb3e- D02) AMshgt bawne! I a
Sp' nto theptop cap_ 104 gﬁdﬁgl%hpl vﬁé?%é né‘belf,i@ ot 2

beaxfii EAiiHEe, Yatere BosRiest by theariaRy'r 4id e the

robdMﬁWXﬁsﬁﬁﬁﬁﬁéﬂbpy ibe 1abgthenwhi ght %}oggg¥édv¥£8t
assenb 100 is attached are protected rom parttd?
§%¥%S%hﬁ@%%$%@r5hﬁﬁ§fﬁﬁ@ p&rth@l@@nﬁxbL&nH6025would

havéﬁﬁﬁfﬂﬁhééiﬂ%ﬂréﬁﬁﬂugﬂetB?f@n%FﬁEu %b&%ﬂrm'“éq Rﬁ%ﬁ to

ath to exit the wist asse ng
eXlthQ§tWﬁ}%&ﬁﬁﬁﬁ&inwléQpef a dual robot 600 i ncl udi ng

two MW“FGrﬁ@ﬁ&”P&'?fGQO%,lg qu'%%%%matic view of a dual
robot 600 including two wrist assemblies 602 is depicted.
Each of the wrist assemblies 602 are coupied to robot arms
604 and a blade 606 adapted to carry a substrate. Note that
the example wrist assemblies described and depicted in the
present application are for “frog-leg” type robots. However,
the principles and features of the present invention may be
applied to the wrist assemblies of any type of robot
including Selective Compliant Articulated Robot Arms (SCARA)
and other types of robots.

While the foregoing is directed to embodiments of
the present invention, other and further embodiments of the
invention may be devised without departing from the basic
scope thereof, and the scope thereof is determined by the
claims that follow.
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Each of the wist assenblies 602 are coupled to robot
arns 20 604 and a bl ade 606 adapted to carry a
wGaaserie. Note that the exanple wist assenddT/8S52007/017762
descri bed and depicted in the present application are
for "frog-leg" type robots. However, the principles
and features of the present invention may be applied
to the wist assenblies of any type of robot 25
i ncluding Selective Conpliant Articul ated Robot Arns
SCARA) and other types of robots. Wile the

Whatf psegdrapeds iditrected to enbodi nents of the present
i nvention, other and further enbodi nents of the
i nvention may be devi sed without departing fromthe

1. DbAswri3® s@mwsﬂﬂhemmmmrtﬂithe scope thereof i's

determ.n .ne A
80@?@5&%%6%&%#@8 %Eg‘sa%aé %Hf 'S cI ai rred is: 1.
AaWr [Leasaswdalmmrpert siemst godpusahyyhauchgsedcdp the
ott.o 5 at least one pivot_at le st artially
nous§1G) BodgarfBied Yo f i Sie B 2t eBShereBaprEd ¢ o
aar pbat aompland tbo behd wowpt edhd cadldptpiveb abtate the
to. rotate the pivot about a bearing, wherein

, da
plvo?h§888 t BmPER T shousing i s adapted to reflect 10
heatraway theo mdﬂrﬁmtof efsd 106es Phy Ol saadapliedbear irkElect
The wri st asse of claim1 wherein the houysin

2.
heatlgwa¥oﬁ§PFU5F§U%ﬁz Do R Rt e? G SR §ePEEFé89to

restrict heat flowinto the wi st assenbly 15 3. The

i st assenbl claim2 mhereln at , | east portion
Bhey HélﬁguaSﬁéfq%slyccﬂi%ﬁmr%dl ShEFe LR Ghe obphes is

consﬂ&h&te&s&ﬁﬁﬁhk(ﬁr(ﬂdﬂénﬂaﬂﬁﬁiﬁig $¢bee68pa0t ot REs2Rict

housing is constructed of a material having a | ower
heat; R&PHa nto the wrist assembly.

3. The wrist assembly of claim 2 wherein at least a portion

of the housing is constructed of titanium.

4. The wrist assembly of claim 1 wherein the cap of the
housing is constructed of a material having a lower thermal

conductivity than a material used for the at least one pivot.

5. The wrist assembly of claim 4 wherein the cap is
constructed of titanium and the at least one pivot is

constructed from aluminum.

€. The wrist assembly of claim 1 wherein the housing
includes at least one feature adapted to minimize contact
area between the wrist assembly and a blade used to hold a

substrate.
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conductivity than a material used for the at |east one
pivot. 5. The wist assenbly-of claim4 wherein the
w@apsiosi2ziconst ructed of titaniumand the at | eBST/USNET/017762

pivot is 25 constructed fromalum num 6. The wi st
assenbly of claim1l wherein the housing includes at
| east one feature adapted to m nim ze contact area
bet ween the wist assenbly and a bl ade used to hold a
30 substrate. 9 WD 2008/ 021216 PCT/ US2007/017762 7.
The wrist assenbly of claim6 wherein the housing

7. Thackudes aisslexisity grfe tlepim chokleesaihpt EBSt BOPEdHGe

incluéggt %g:t 1RRERER yﬂ"g#ﬁéc)fé@é& Jyaapd thaubkadentact

The w1 st asse aim6 wherein the housing
betwekencltheewréts tl easterdvey cand avkg pbadeen adapted to
reduce contact between the wist assenbly and the

bl ade. 9. The wist assenbly of claim1 wherein the
8. Theusimigtf wstswmbllof nclates6 awhadeani shes hicgisdng

. dapt ed .t o prevent o! ri Wy S$led

inc o530 oyl R P ek BhpFUbET SRR, t dhsee

contatlte battWemasttionevr s vosssesmbbpsandctbe bflaglevat eri al
selected to dissipate heat 15 out of the wi st

assenbly. 11. The wist assenbly of claim 10 wherein
9. Thie wati dteasisaely ppFotlasmconshevetied tbe dopmsimgniwpgcher

. 12. The w. st, assenbl y . of .cl ai rein.t t t
inclugs DRALAS FouThee e P FRE Eap ot PR RSue s o
enteriiy WHetwiaisserddyemblglaim 1 further including a
| abyrinth adapted to trap particles fromthe bearing.
25 14. The wist assenbly of claim 1l wherein the

10. hBear g st ned sl@s] wosr cendint ivehkead nballes send eatst one

I n n ' |1 [ in .
pivoteﬁ'\gsiiqqoncsgqug%;%g%:lﬁxgtgt;aater?giptsgq;c%e@altrg %:Lnssn.pate heat
out of the wrist assembly.

11. The wrist assembly of claim 10 wherein the at least one

pivot is constructed of aluminum.

12. The wrist assembly of claim 1 wherein the at least one

pivot is mounted to the cap of the housing.

13. The wrist assembly of claim 1 further including a

labyrinth adapted to trap particles from the bearing.

14. The wrist assembly of claim 1 wherein the bearing
includes non-conductive load balls and at least one
conductive ball adapted to maintain electrical conductivity

through the bearing.

15. A method of extending a life of a wrist assembly

comprising:

10
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t hrough the bearing. 30 15. A nethod of extending a
life of a wist assenbly conprising: 10 WO
wQe®8NIR1R16 PCT/ US2007/ 017762 attachi ng a r ePCEUS1008017762

shield to a bottomof the wist assenbly;

constructing a housing of the wist assenbly froma

material having a | ow thermal conductivity relative to

a b5 pivot of the wist assenbly; and form ng at | east

one heat choke in the housing. 16. A robot for _

el ectroni c device manufacturing conprising: a wist

BEeABNINPnel §8ifAgctiven shoumlichg hawvibryt tom apf ahleawrist
asse@iyom at |east one pivot at |east partially enclosed

in " the housing and adapted to be coupled to a robot

aFPRSBAYUChEiBEl 8 bousiag f tihe pinist anesedaby efiron a

t [ ' L i 0. L he

e e B oha fods: g e adan i LR i eg
pivot rofm the wriptasssemblpirvemndand the bearing. 17. The

r . ai rein,t ousi i s .constructed
Foehify ELohEunt MR Behe Mo D AS R AE
flowinto 20 the wist assenbly. 18. The robot of

' rehn | east, a.portion of the housing.is
16, AN BB PhonER B el Rt crar s Tne:
wheveiatt hesemplef inkd uadusi:ng is constructed of a
mat eri gl . havi | ower thermal conductivity than a
nat er | %I hagégpl%o?‘atvﬁélgata N (}Cwea 3??/%*(9“‘20. The
robot af tkasm bdAewpdmeitn athd et imaronsiIycéedloked in

' ' [ [ tructed
the é%héiﬁ@”éHﬁ“QHQpEQS %E %a%%u% %dNQQHaIf%égguzrm; and
rom “al um num
a belt coupled to the pivot and adapted to rotate
the pivot about a bearing,
wherein the bottom of the housing is adapted to

reflect heat away from the at least one pivot and the bearing.

17. The robot of claim 16 wherein the housing is constructed
of one or more materials selected to restrict heat flow into

the wrist assembly.

18. The robot of claim 17 wherein at least a portion of the

housing is constructed of titanium.

19. The robot of claim 16 wherein the cap of the housing is
constructed of a material having a lower thermal conductivity

than a material used for the at least one pivot.
20. The robot of claim 19 wherein the cap is constructed of

titanium and the at least one pivot is constructed from

aluminum.

11
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11 WD 2008/ 021216 PCT/ US2007/017762 21. The robot of
claim 16 wherein the housing includes at |east one
wo easier1@dapted to mnimze contact area bet weE€nUS100E017762

wist assenbly and a bl ade used to hold a substrate. 5
22. The robot of claim21 wherein the housing includes
at | east one heat choke adapted to reduce contact
between the wist assenbly and the blade. 23. The
robot of claim 21 wherein the housing includes at 10
| east one cut away portion adapted to reduce contact

21. b&heeepbothefivdlstimsiseigreain tie hbading2dncThees at

0 f i_m ey ej . housi h
leas?ng%dgg""?"r 8di°% |p\gér%‘{sﬁlr&el‘{éﬂgjdgh éedgg%égéévg%faahggfcween
the frdnt a5senmbdry rond ke Wradd assé@nbd yho28. aThebstlrateaf

claim 16 wherein the at | east one pivot is
constructed of a material selected to dissipate heat

22. OUheofrobblte off icdtaims SEIbblye r&n 26he Theusbhat iatloadaismat
5 wherein the at least one pivot is constryucted of
Least ghenhA L Fofe SARASD Ce BITrGh GRBFEFE PREvEEn the

wriskeaskefb@ ypiavel tife md®unted to the cap of the
housi ng. 28. The robot of claim 16 further including a

| abyrinth adapted to trap particles fromthe bearing.

23. 30nhd9%robbe I ALlifm ¢l nivhdbe iMetieé nhblisihgainddudes at
i ncl udes non- conductive |load balls and at | east one

LeastoRBfic Cie WY PR AP T nt Qi FeErERt FPRERCT between
the GeRdUChiswep Okl 1h@aring. 12

24. The robot of claim 16 wherein the housing further
includes a radiation shield adapted to prevent heat from

entering the wrist assembly.

25. The robot of claim 16 wherein the at least one pivot is
constructed of a material selected to dissipate heat out of

the wrist assembly.

26. The robot of claim 25 wherein the at least one pivot is

constructed of aluminum.

27. The robot of claim 16 wherein the at least one pivot is

mounted to the cap of the housing.

28. The robot of claim 16 further including a labyrinth

adapted to trap particles from the bearing.

29. The robot of claim 16 wherein the bearing includes non-
conductive load balls and at least one conductive ball
adapted to maintain electrical conductivity through the

bearing.
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