METHODS AND APPARATUS FOR A ROBOT WRI ST ASSEMBLY The
present application clainms prior+tty to U. S. Provisional Patent

Appl i cat i owoees/ak21blo. 60/ 822, 200, filed 5 August 11, 2PO0Bysobm/ahree s
hereby incorporated by reference herein in its entirety. FIELD OF THE
| NVENTI ON The present invention relates to electronic
devi ce 10 manufacturing robots, and, nore specifically, to a wi st
assenbly for use with such manufacturing robots. BACKGROUND Robot s
used in el ectronic device manufacturing nay 15 be exposed to

significant environnental stresses (e.g. hi gh tﬁggeratures t hat may
affect the per MBRHRRScANRIABPARAETSpERR A Fﬂgopo S§T RRFEMBYNat i s

needed are nethods and apparatus to i nprove the perfornmance and/ or
| i fespan of such robots. 20 SUMVARY OF THE | NVENTI ON In
some aspects, the THeSRRRSPRy cRPPLECHE LR dRk2 HMSw PEtoaEsenbPyU-S-

i ncl udi NS NOUSHATD Pawée BpSBPc@blor HOEiHM NGl keast2 pPeopi ¥olecat
| east partially en I n, the, housin 5 and ada coupl ed

cl osed in, , 2 t to b
to a’r of¥t9%¥ 1jand2%g§el‘t’h%%p+%dh?’6‘elg¥|e“b??/’6?oﬁ?£e‘ggﬁ$tE%E‘?Be? Eat e
the pivoie2dputi@ Dearémgirdbe, bottom of the housing is adapted to
reflect heat away fromthe at | east one pivot and the bearing. In
ot her aspects, the present invention provides a 30 nethod of
ext endi ngxELY | 6B TiE axswESTI@NSsenbl y which includes attaching a

flective-shield bot t f_the, wist ly; tructing,
housing of Che wriLte REGHERY TPBHEL ML BT IAToRauP 1oL et CUM Ao R oo

condoct iwanhyfaetativg toebats, and, more specifically, to a wrist

assembly for use with such manufacturing robots.

BACKGROUND
Robots used in electronic device manufacturing may
15 Dbe 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.
20
SUMMARY OF THE INVENTION
In some aspects, the present invgntion provides a
wrist assembly including a housing having a cap and a bottom;
at least one pivot at least partially enclosed in the housing
25 ' 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
30 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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pi vot of the wist assenbly; and form ng at | east one heat choke in
the housing. In yet other aspects, the present invention provides a
robot for woewesmilé devi ce manufacturing that 5 includeGr/aS2wiigr762
assenbly that includes a housing having a cap and a bottom at' | east
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 10 adapted to reflect heat away fromthe at | east one

i vot t he bearing._, o f eat d t f th
br esent. Bt o R F155c G SABL 1 6P Ry TERAPanEC1 TORFEent o Fohi ng.

det ai | ed&hdgscriinptthen hddsdngppended cl ai ns and t he 15 acconpanyi ng
drawi ngs. BRI EF CRIQTIQ%EFF THE QRAMVN%? resent inventi FIG 1is
a top schematic vid¥§it SFFaf5PE oot fr PEES585e BV 5¢88r di ng to
sone enpadivieniss 20frddve [Fieeselkec2@ontvedevbne manufacturingFRss: 2A
and 2B i.llustrate bot.taom_sc ti¢c.views of i .WMth a
i St GRednist & SR AR, ErEhoy B ey =, BbaBEfsvEr Y

FI G 3 icsapa anldose huyr thot;t en dehetabne pieswntohtahe@5teranpialiyi st
assenbl o ' S odi t e Lpventjio

B R U che HBARI0 A ASptha' B8 BEPEEIbLLE E0 s Bonot
for useamm:sarst enfheditenupled tiee theepémpti aAvenefdonted@0FpGoBate a

side cutmyay RGNeRRIIC & W 9he? POLL! BBLOEndcWr AL ASSEMRSYis
10 adapted to reflect heat away from the at least one pivot and
the bearing.
Other features and aspects of the present
invention will become more fully apparent from the following
detailed description, the appended claims and the

15 accompanying drawings.

BRIEF DESCRIPTICN OF THE DRAWINGS

FIG. 1 is a top schematic view of an example robot

wrist assembly according to some embodiments of the present
20 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 cleose up bottom schematic view of an

25 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.

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

portion of a wrist assembly.



WD 2008/ 021216PCT/ US2007/ 017762 FIG 6 is a top schematic view of a
dual robot including two wist assenbltes according to enbodi nents of
t he presenwoOizawsaniiion. 5 DETAI LED DESCRI PTI ON Sem condueCTUS208m087762
processi ng robots nay experience premature failure at the robot wri st
assenbly. Failures may be caused by build-up of particles, chem cal
breakdown of | ubricants, overheating, and/or other causes. 10 The
present invention provides a robot wist assenbly which reduces
and/or elimnates various failure nodes, including reducing robot
wist tenperature. The present invention inproves upon the prior art
t hrough t enper at ur h@&dctisoR e sehemriac gaeof ofr sbfeal 180hovi ng

parts, i nANRE ke ¥Rk %%'E@Hﬁﬁie@nQé@BrBﬂH%QﬁSde@B&iﬁéﬁts of
contai nment and/or heat transfer, anong other things. [n sone
enbodi merth® PErRESNpLHVERLAPRst assenbly provi des superi or
cross-section and material selection; thus, the heat flowis inproved
and/ o% optimzed to restrict 20 conductive and radi ated heat flow

h

into the "ESSEHHR BRAGRIEIS™bvi ng and/ or maxi ni zi ng the heat flow out
of the assenbly. FafersHlfutd vl @Mﬁﬂiﬁi,xdﬂ@c@%@y mat eri al

e.g., used for, the enclosure, may be titanium ich has a

si gni fi cATRSFYSRGE RIRRARIC < ittt svialy thsaFobot wrist assembly.

Failures may be caused by build-up of particles, chemical
breakdown of lubricants, overheating, and/or other causes.

10 The present invention provides a robot wrist assembly which
reduces and/or eliminates various failure modes, including
reducing robot wrist temperature.

The present invention improves upon the prior art

through temperature reduction, the elimination of problem

15 moving parts, improved bearing performance, and/or improved
particle containment and/or heat transfer, among other
things. In some embodiments, the improved wrist assembly
provides superior cross~section and material selection; thus,
the heat flow is improved and/or optimized to restrict

20 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

25 aluminum in conventional wrist assemblies (e.qg., 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,

30 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.



25 alum numin conventional wist assenblies (e.g., about 1/10 of the
thermal conductivity of alumnum. Additionally, the cross-sectional
area of cowbDawges/gméace between the bl ade and wri st mayP@GEUS2007/017762
significantly reduced by thermal chokes. Both measures reduce heat
flowinto the assenbly. Simlarly, 30 by nmaking pivots out of

alum numor the like, heat flow out of the wist is increased. The

| arger cross section of these pivots may al so increase heat flow out
of the wist. V\D 2008/ 021216PCT/ US20071017762

radi ati on shield dded t.o the bottom.s e sserrbl y
to reflect radiati o 51 T HER % OF (t‘-:br?en CPd\[/ﬁ QG 9; H’a ‘?mt hat
enpl oys stdﬁamemalwme ‘Emsesﬂ:]e,& d:cmageﬁmmdmcaas:mmi éz}cmvsm)_,st sheet

met al coqver Jn so nt s the eI d

pol i she etatlélg eﬂ'reg‘re il Eiw 6& onedtrg-‘\e:d c?rﬁofﬁs aﬁ%‘?}éﬂ’hg

t he rrourrliumgﬁmfelidqmaqeamailgmef rmmm&:eléadtdmmcsaﬂfaﬂeee(ﬁ hmtal cover,

convgnt |f% al 205! | td | on)I L“Di t"ﬁﬁ #‘{ﬁce ( % t& L ym top cap)
e

of the &ncl Saur nay reduc rans e From T adiAti on of
pr ocessp@ia:ﬂmd Heatermsiaeot htimksit (@sgembby paesesdevenlyblese rdao,

sources.; moqdéq?n%}rﬂ tgp {t?e“ﬂé gﬁ\%bn B ¢ CtBoQB:[%n‘{‘ wri st

terrperat ure | ch si 'y increases
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embodiments, the result 1s a 50% reduction in wrist

temperature, which significantly increases lubricant life.

It is estimated that lowering the temperature alone will
15 more than double the life of the assembly.

Further protection of the semiconductor wafer from
particle contamination in the event of a bearing failure may
be created by a labyrinth designed into the base/housing,
pivots, and prelocad rings. Additionally, the opening

20 Dbetween 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

25 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/oz
coupled to the top cap 104 may be one or more thexrmal chokes
106. BAlso adjacent and/or coupled to the top cap 104 may be

30 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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20 between the wist and the blade seen in prior wist assenblies may
be seal ed off. FIG 1 is a top sehematic view of a robot
wri st assewnl pogi2fziaccordi ng to sone enbodi nents of thepgu/es®ntol7762
i nvention. The robot wist assenbly 100 may be coupled to a 25 robot
(e.g., to one or nore robot arms) (not shown) by pivots 102a-b. The
robot wist assenbly 100 may have a top cap 104 (e.g., a housing or
ot her encl osure). Adjacent and/or coupled to the top cap 104 nay be
one or nore thermal chokes 106. Al so adjacent and/or coupled to 528
sure :

top cap,104 may be 30 cut-away region 108, and a wjst cl
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titanium wth a shoRidd cankl ¥rl QWEe-hACEYR! fBBANGLAVE! Yehlaop cap
alum num_the top cap 104 may assist in 15 preventing excessiVve he
t r ansf er-Ofo M@e Dee FNBFECERS BE Wlitaningsempofhegosimilar materials.

By using titanium, with a significantly lower thermal
conductivity than aluminum, the top cap 104 may assist in

15 preventing excessive heat transfer to the remainder of the
wrist assembly 100.

Heat may be restricted further via thermal chokes

106 (e.g., projections from the top cap 104), which may serve
to prevent heat from being passed conductively (or otherwise)

20 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 1oé and the cut-away region 108 may reduce

25 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.

30 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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Heat may be restricted further via thermal chokes 106 (e.g.,
projections fromthe top cap 104), which may serve to prevent heat
from bei ngwpesesdtinenductively (or otherw se) 20 from apti/esheoqmnois2
shown) to the wist assenbly 100 by reducing contact area. Simlarly,
the cut-away region 108 may m ninmze contact between the blade (not
shown) and the wist assenbly. In sone enbodi ments, the conbination
of the thermal chokes 106 and the cut-away region 108 may reduce 25
contact area between the blade and the wist assenbly by about 90%

[ i,St .a i es, e thermal .chokes 106 may be _
const §ubtesty Bl ShERY Bhe TBE, LPERTRAL AR nLTRAYR nip EkEF 1 and
such as 3derdnitbe @miamyaaﬁhmblsunﬂableThnsemé%Ire&%ﬁ%lé&tg&éﬁéﬁ@\1%0
b P 4, or. a_separa jece. In
cone enbod merr ootk i/ e pfaReAR ba Bl TT Yy cFadn R TR LR A
titani udRSERE RWhieswrilsgsaseenbdynafOreduce and/ or elininate contact

h WO 2 2121 W] gge not shown) and
Che | nternal area (ohows i Pl G5 32a6bea0d BopLatlociRatie o0,
Thi s ma§¥r E8GcETdptprevenbliedfOt whnkf ar radibbiopr eiviesild b2 i sd@mred
from aceunmghatenanngkasvke %éﬁécgﬁﬁg! y f@g-rg)ﬂa%%g%gp%%ﬁ]az

illustrate bottom schematic views wri'st ‘asse .
radi at i BAYsREelM@uetedsbeutbs VAL pE aeesemelly bW edi thr aipaoiriarsd \i14The

radi ati @a.ghi, ekerd%2, my108, "BYNLEdet Osli e & %a@%%?éﬁ%! Y. 109 with
Fastenersalitsls €nseld T15 may 1t O ing e ek aeren et o) The
of the wrist assembly 100 and top cap 104 described above
with respect te FIG. 1, the internal area of the wrist
assembly 100. This internal area will be described in
further detail below with respect to FIG. 3.

15 The radiation shield 112 may be a sheet metal cover,
such as a steel plate, or other similar material. 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. In this way, the radiation shield

20 112 may reflect radiation heat away from the wrist assembly
100. similarly, the radiation shieid 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

25 wrist assembly 100 according to some embodinments 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 1l18a-b
may be secured to the pivots 102a-b by tensioners 120a-b.

30 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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10 radi ation shield 112 may encl os-e, along with other portions of the
wrist assenbly 100 and top cap 104 described above-w th respect to
FIG 1, theoizesarzmab area of the wist assenbly 100. ThrGI/USHEVNZI62

area will be described in further detail below with respect to FIG
3. 15The radiation shield 112 may be a sheet netal cover, such as a
steel plate, or other simlar material. In sone enbodi nents, the

radi ation shield 112 may be polished to a mrror finish on a side
facing away fromthe internal area of the wist assenmbly 100. In this
way, the radiatiaon shield 20 112_ma¥ refl ect radiation heat away from
the wisPSRLIBABYPLIYOBS 8FRi FRAFHalinéthannatl viisnklated 190 meshde

coated ag#iendphabednfiendsacasl gnbl gbed) sb@-peofuce a reflective

finish. Qher materjals and/or finishes may be used, FIG 3 is a
cl ose up bottom scﬁé‘ﬁaﬂe& PGSt ofhEhesahpyet dasseRpey fontwrenris ng

to sone esbedngeBieneliyt REcREESENENE NYEHIAO o RlaPL Stﬂé’@e}ﬁ% ’%M-_er
be- secur to the inside of top cap 104 around bearings 116a-D.
Pi vot 1%%5- Briy BESSEPLYt 48- By dFFoR B tRladspnd/ oy ja suiitumte

118a-b may hRespruaes badt Macpey9EStHO2anduby densdonans,120a; b.
30Securi ny a-b to, top cap 104 may reduce heat transfer

t he pivots 1Q2
from radi g?ﬁ’jﬁag? BPEcggstEﬁaﬁ’ﬁéf‘thé“at%rs ROt et ascnsle wilibsts,
assenbl yQiQ0fpasseleonel sthaseehbay SOUNMEES 1drLPI AP ™,( 9 the

because Rggst assembly where Q represents heat flow.

i0 FIG. 4 is an exploded schematic view of bearing
assembly 500, which may be similar to bearings 1l6a-b, for
use in some embodiments of the present invention. Bearing
assembly 500 may include a ohe or more bearings 502a-b.
Bearings 502a-b may comprise inner races 504a-b and outer

15 races 506a-b which may hold spacer balls 508 and/or load
balls 510.

In some embodiments, inner races 504a-b and outer

races 506a-b may be constructed of stainless steel 440C or a
sirmilar material. Other grade stainless steels and/or other

20 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

25 more of the load balls 510 may be replaced with a ball made
of an electrically conductive material (e.g., 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

30 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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WO 2008/ 021216PCT/ US20071017762 beari ngs/ pivots are
spacially/thermally isolated fromthe shield 112 which faces the heat
sources). w02008/021216 The net effect of the above descrrtRUSHEANTICRS
is to concurrently decrease the anobunt of heat that may enter 5 the
wist assenbly (e.g., fromthe blade and/or a substrate on the bl ade)
and increase the amobunt of heat that may dissipate out of the wi st
(e.g., to the robot arns). Thus, Qout fromthe wist assenbly is nuch
| arger than Qn to the wist assenbly where Q represents heat flow.
10FIG 4 _is an ﬁ]égl F(‘g)ded gqherrati c view of bearing assenbly 500,
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conductive repl gg%%ﬁ?o%a%@ha%n%é&sﬁlg%f%hlsn@ 1 e?'[nt a:g'r? e of 2
non- cond]B%?F%’ég(@bl?r%er‘a@_f@)S | ozt ed ey 316 selas tw b iren-thead
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510) while still maintaining contact ween eari1ngs -b
i nner r aRBEL504%S bE YA dd bpersed\(r P08l 021 206 REE PE2BOHIRE B2 would

15 have to travel through the difficult labyrinth 604 path to
exit the wrist assembly 100.

Turning to FIG. 6, a top schematic view of a dual
robot 600 including two wrist assemblies 602 is depicted.
Each of the wrist assemblies 602 are coupied to robot arms

20 604 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

25 including Selective Compliant Articulated Robot Arms (SCARA)
and other types of robots.

While the foregoing is directed to embodiments of
the present invention, othexr and further embodiments of the
invention may be devised without departing from the basic

30 scope thereof, and the scope thereof is determined by the
claims that follow.



races 506a-b. This contact prevents static electricity from buil ding
up in the wist assenbly 100 by allowing a path for the

di scharge/ di ssipation of static electricity. FIG 5 is a side
cut-away schematic view of a 5 portion of the wist assenbly 100.
Specifically, FIG 5 illustrates one side of the wist assenbly 100
whi ch includes bearings 502a-b and an exenplary path that a particle
woul d have to travel to exit the wist assenbly 100. In the exanple
of FIG 5, Wpaktiz|adaimed {®avi ng the bearings 502a-b 10 nust travel
through a | abyrinth 604 designed into the top cap 104 and/or pivot
102, anong other things. In the event of a bearing failure, wafers
handl ed by 1lthe & obutstt esaminely tdeeprobotg:w i st assenbly 100 is
attached are pr ot eoctseg f g‘r,q‘?articgl esncf(%zbgitﬁge_rsed therefrom as the
particles 602 would 15%haVE YD & Fa0ei™ fr 895K The difficult |abyrinth
604 path to exi4t tlhasw bs¢ @oweanblylddd piutnahly temcEb&ed 6in ahkop
schematic yiew of a dual_ . robot 600 including two wist assenblies
o051 deBPEPHE et ARt PR GP 8L URS D BTl od t o
robot arns 20 68%endcaupl edlecHtheapipitedntoagaiiad dosubsitattte Note
that the exanple wist assenblies described and depicted in the

pr esent apﬁ’ll?r}@étthﬂ?ta?eb?%?mq'rog-Ieg" type robots. However, the

principles and featihesnef bdh@mPbeSernd Hotkenyi oh Jmythe eppidradcto
the wist assenblies of any type of robot 25 including Selective

Conpl i ant APRF ciaat dORoblat ¥ FeapSCRAPLIZAE Mhdhet Ppasing- robot s.
Wiile the foregoing is directed to enbodi nents of the present
i nvention, other and further enhodi nents of the invention may be
devi sed wi Ehoutheleiyasti AgSeROIY CheChaldt d SbeEePpdhenbpreding afd t he
scope t her egf i 5, ARUEELF 528 b e flalMBithatsd@ldiows MMt des
claimed is: 1. A wist assenbly conpri sing:

heat flow into the wrist assembly.

3. 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.

4. 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.

5. The wrist assembly of claim 1 wherein the housing
further includes a radiation shield adapted to prevent heat

from entering the wrist assembly.

6. The wrist assembly of claim 1 wherein the at least ocne
pivot is constructed of a material selected to dissipate

heat out of the wrist assembly.
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a housing having a cap and a bottom at | east one pivot at

| 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 about a bearing, wherein the bottom of the
housing is adapted to reflect heat away fromthe at |east one pivot
and the bearing. 2. The wist assenbly of claiml wherein the
housing is constructed of one or nore materials selected to restrict
heat flow i’nt oThevnisitsasaemeiblof. c1@im Thdunkher assenbhy of claim |
wherein th - t Si ' t f rial having a
| ower ther ?‘rﬁ?g‘g%ﬁ%‘ué{aﬁe?% %ﬂgcnfag &gg‘g}fc{l;él% gg% rf}?)er %t%hgl% "l east one
pivot. 4. The wist assenbly of claim| wherein the housing includes
at least one feature .adapted t.Q nmi.ninm ze.contact area,between the
wist assefbly X Brabes UMY (6 Rotil 4 SUBSTIEAE® PESTARE i st
assenbl y ofinclades honkevatductihe houdingl fisuahlest i clsitdesea radi ati on
shiel d adapted to prevent heat fromenptering the wist assenbly. 6.
The wri-st &88 ﬂ%ﬁ%#%ogag af i %ﬁLéPeFﬁquﬁ%nagl?%&E&CQ}n€°5?9Qﬁ1W%§Y
construct edhebugh eebeakisgl ected to dissipate heat out of the wist
assenbly. 9 7. The wrist assenbly of claim1 further including a

| abyrinth adapted to trap particles fromthe bearing. 8. The wi st

assenbly of,claimathosheretprdhia near i fg igtchugdessihanrseppgyictive | oad
balls and at | east one conductive ball adapted to maintain electrical

conduct i vi Cf"PRtOUGH the bearing. 9. A nethod of extending a life of
a wrist assenbl ¥ COMILGSLNGerlectivedth AGR RE & B&IHBCLEVERShIAlY to a
bottom of the wrist asSenbly;
assembly;
constructing a housing of the wrist assembly from a
material having a low thermal conductivity relative to a
pivot of the wrist assembly; and

forming at least one heat choke in the housing.

10. A robot for electronic device manufacturing comprising:
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,

wherein the bottom of the housing is adapted to
reflect heat away from the at least one pivot and the

bearing.

11. The robot of claim 10 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.
10



constructing a housing of the wist assenbly froma material having a
| ow t hermal conductivity relative to a pivot of the wist assenbly;
and formng at |east one heat choke in the housing. 10. A robot for

el ectroni c device manufacturing conprising: a wist assenbly

i ncluding: a housing having a cap and a bottom at | east
one pivot at least partially enclosed in the housing and adapted to
be coupled to a robot arm and a belt coupled to the

pi vot and adapted to rotate the pivot about a bearing,

wherein t he,bot h i I Shadant t lec Eﬁﬁ; y
fromthe a?zfeé§%¥gﬁ%o%i§Epggﬁgpgﬁe§%earphggel%isq% egé% ot:%?%glaim
10 wher ei nlehet cape deathee hoisgited ts mildmicenstntscttedrod etvweeer i al

having a | r thermal _conductj vi han terial used far the at
| east one %ﬁgo‘f‘?lsec ff.se‘?ﬁgy raorbdota %#% al ® 1g§vﬁ1°elragfan5{lﬁ%tﬂagt§s'i ng
i ncludes at | east one feature adapted to mnimze contact area

bet ween the_wi st assenbl nd a. hl ade used. to hol.d a.supstrate. 13.
e T abot 37"t THamphohhet e na HotaiTy EhE RAHAin; IPELACoRE heat
choke adaptiedst mrietdae EosHACGIHabetdeah deltcyr tsitaassBableemnrdet he

bl ade. 14. The robot of claim 12 wherein the housing includes at

| east one WGESRVEPPRAYi 3P ddigpPédd®o reduce contact between the
wrist assenbly and the blade. 15. The robot of claim 10 wherein the

at | east one pivot is constructed of a material selected to dissipate
heat out Oﬂ4theTWﬁiQ9p°55§§Hﬁﬂ§}m 12 wherein the housing includes at

least one cut away portion adapted to reduce contact between

the wrist assempbly and the blade.
15. The robot of claim 10 wherein the at least one pivot is

constructed of a material selected to dissipate heat out of

the wrist assembly.
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