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MECHANI CALLY CLAMPI NG ROBOT WRI ST  BACKGROUND OF THE | NVENTI ON Fd@&hﬁo&%?Y'
the I nventi.on The present invention relates to a clanpi ng nmechanis

t hat ‘secures a workpi ece to a nechanical arm Mre particularly, the

present invention relates to a clanp that gently secures and centers a

sem conductor wafer to a robot blade when the robot arns are at | east
partially retracted for rotation within a transfer chanber. Bac BNINd of
the Rel ated Art Moder n seni conduct or processﬁﬁ?ﬁ%ﬁfﬁﬂk@ﬁ@. i

cluster tools that integrate a nunmber of process chanbers together 1n order
to performseveral sequential processing steps wthout renoving the

substrate fromthe Ri ' ' nt. These chanbers
may i ncl ude, for exgiﬁ?mﬁﬂgasﬂghgwﬁ sﬁ%??r(g?gv%geﬁondi tioning
chanbers, cool down chanbers, transfer~chanbers, chem cal vapor deposition
chanbers h SIC8.| vapor deposition chanbers, and etch chanbers. The

conbi BA E'EE er tool, as well as the operating

tondi tions and paraneters under which those chanbers are run, are sel ected
t o f dbieidcefithe Ipeentionc Structures using a specific process recipe and
process flow. Once the cluster toel has been set up with a desired

set of chahifopEesetdneantionrglatesctgua plemping srechusm rthﬁt@cu,@s taaVArkpiese de

by coneitafisaly: Miork ol o sy B el <31 PUEBG SeuhERd O °°

Pr OC eghitedd £Bsmicdiiuchr Welditto ra%b&%‘la&r\ﬁ'h&ﬁ@lb'%ﬂbﬁnﬂé ark at léﬁét‘-‘;ﬁi‘tia\nyliﬁtracted
programmed into a mcroprocessor controller that will direct, control and

droni t for ratatéonywithinadrangfeo thamhsn. substrate through the cluster tool. Once an
entire cassette of wafers has been successfully processed through the
cluster tool, the cassette may

Bac und of the Related

Modem semiconductor processing systems include cluster tools that integrate a number of
process chambers together in order to perform several sequential processing steps without removing
5 the substrate from the highly controlled processing environment. These chambers may include, 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 conditions and
parameters under which those chambers are run, are selected to fabricate specific structures using

0 a specific process recipe and process flow.

Once the cluster tool has been set up with a desired set of chambers and auxiliary equipment
for performing certain pfocess steps, the cluster tool will typically process a large number of
substrates by continuously passing them, one by one, through a series of chambers or process steps.
The process recipes and sequences will typically be programmed into a microprocessor controller

'5  that will direct, control and monitor the processing of each substrate through the cluster tool. Once
an entire cassette of wafers has been successfully processed through the cluster tool, the cassette may
be passed to yet another cluster tool or stand alone tool, such as a chemical mechanical polisher, for

further processing.
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be passed to yet another cluster tool or stand alone tool, such as a
"chem-cal nechanical polisher, for further processing.

-2- The amount of time required by each process and
handling step has a direct inpact on the throughput of substrates per unit
of time. Processes that require greater anounts of time to achi eve, t he
desired result may necessitate that nmultiple chanbngéngA;L%[é‘mgemﬁMr ated
in parallel. On the other hand, processes that are aoopletoedciTnoansianr t
amount of tinme may be allowed to sit idle for brief periods, depending upon
t he econom c consi derations of cost of ownership and cost of operation.
However , THe dnfount 6f SiRGEqulRRI i eath pAjteds ting handiRig tdp tudialdifedbimphet o0thesyst em
may be conplex, it is alnost always beneficial to performeach step as

qui ¢hdoyglput pHsubistrates pey unitof timee Poocessas that tequiggreater wnounssiof HRE (o pehievel | v

ff ' d | it | he |if f. th ' )
Cne T efFirel PRy Bekepaipte FBCmRPlE Graber g’ o shorsier dn NS DR HE"
i S GRS Afhni Bk S e 5Bk Nborrddit Sfime Rl el by BLAGR ALY ESUM

Waf er Processing System and Method,"” Tepnan et al., "i ssued on February 16,
5 199 riefitpieribds, siependihy upon che ecatoatic wpnsidéretianscef cost of owriErshins anhd tcpstt

t hroughput in a cluster tool can_,be |nproved by, increasing the speed of the
waf CPEFioa i HeWrEBo e dhe Forkdesisn ebhathintegaped sircwh ?9°%rﬂ’é?%§ﬁ‘é’qlﬁ

Fi o . . . h . : _ U s,
par a1l vl Berofiflibortdrh Sl e of oBARlY & psfolAg RbtimBle | 0.
oNn N¥¥éralldfirougRiif withourdetripemal péfecting gfqdﬁétamﬁlt_ybgpdrﬁngrm@r tietiferofitteg t 0
Figure 2, the magnetically coupled robot conprises a frog-leg type

conresuinmento Ongrexgmplaryébrication sysigmeisithe elnstertook spwinin Figruer L gisg ed in

provi.de baih radial.,and i Q f t obot . _hl L.Lhing a
Itixé %ﬁéa_teng% e Nana BBy Sﬂ@e“rﬂrﬁgﬁ’%@&@ﬁ’nQﬁ%ércggﬂcﬁ%&@géx%‘&‘_ 8 5 ned
| N Oyfe@bd P ordphfali e al. li5e8 bR FeBAArF 4,1 1998, Whibls isikedy ihédipdrated byaefidnes.
within the cluster tool to another, such as fromone chanber to an adjacent
chanber . The substrite thivaghpiidn ashustst teoldan be inprosed by inoneasingsthe spaed odfluint  of

time spent- handlin ch . . .
wafer handling robot gos?tlaoned in each transfer chamber. The robot of Figure 1 is shown in greater

detail in Figure 2 and is the subject of U.S. Patent No. 5,469,035 entitled “Two-axis Magnetically

Q)

5 Coupled Robot,” issued on Nov. 21, 1995, which is hereby incorporated by reference. Referringto .
Figure 2, the magnetically coupled robot comprises a frog-leg type connection or arms between the
magnetic clamps and the wafer blade to provide both radial and rotational movement of the robot
blade within a fixed plane. Radial and rotational movements can be coordinated or combined in
order to pickup, transfer and deliver substrates from one location within the cluster tool to another,

0 such as from one chamber to an adjacent chamber.

As the robot speed and acceleration increase, the amount of time spent handling each
substrate and delivering each substrate to its next destination is decreased. However, the desire for
speed must be balanced against the possibility of damaging the substrate or the films formed thereon.
If a robot moves the wafer blade too abruptly, or rotates the wafer blade too fast, then the wafer may

!5 slide off the blade, potentially damaging both the wafer and the chamber or robot.

The robot blade is typically made with a wafer bridge on the distal end of the wafer blade that
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substrate and delivering each substrate to its next destination is
“decreased: However, the desire for speed nmust be bal anced agai nst the
possi bility of danmging the substrate or the filns fornmed thereon. If a
robot noves the wafer blade too abruptly, or rotates the wafer blade too
fast, then the wafer may slide off the blade, potentially damaging both the
waf er and the chanber or robot. The robot bg)g[g%é'g%‘ X.@Laﬁﬁ;nofj de
with a wafer bridge on the distal end of the wafer v NO. AM-1459
extends upward to restrain the wafer from slipping over the end. However,
the wafer bridge does not extend around the sides of the blade and does
Ver ¥xiehdd hfwir@ t6 rRuamithé Marerdond sifppRip ver B iel. HwRNES, ke whfePbridgd diRst O
side) on the blade. Furthernore, the wafers are not always perfectl
posinpt extend arpind dhe sides of thd ddadeSnddiens weryditteato preventghe mafextfram alippipgeds

e G icE To §9ef dhoe o Frstisrndipc Bamaliar s npt Sp s ersFpposiioned

Ther,g,:i [ f i1Gtd 3 j

Lo et o BREEE Sudih Wvoilent & 11k Wlatt il sikihity BERHARE el il
i sli ppidge and cduse damhge to the wesf@ror chine the tvafemts siif avse thd bridge dndimrofiaf the | S
very snooth and has a | ow coefficient of friction with the wafer bl ade,

whi Olades typically nade of stainless steel or ceramic. Furthernore, a

2P eaet 1y hiinabenit dnfitht G ickiod Bk kg piBicth R ot UFa S o
of tietop@athce SHAE wake blddedo BdsaelSlippage bf thaQvdfer. [Howeéver, aké Béttd® Shrifacedf

However, this |ow coefficient of friction is typically relied upon when

det ersiliqonvafenis vepessaoath andhhaste lomecaeiicient of fiction with the wafitidads, which isher e
) ana PR Bnde el sl sfellRoriahte. Kheam » Bch poletifin LR eREF Rabe o,

el gbtal tREPInes dIB 8 HIRM i Rhsify EHRBETed HiPthe &R F6rcds {lﬁ{lfé& A8 rapid
sufficient force to prevent sl'ippage and wafer danage during raprd rotation

and rotation lof the/mbet tever when tihealblade itanithafillly refratthé positioni Hpwewet)alis dowwoul d
cau

%geﬂicien;c of friction is typically relied upon when determining the speed at which the robot rotates.
Therefore, there is still a need for a robot that can transfer wafers at increased speeds and
5 accelerations/decelerations. More particularly, there is a need for a wafer clamping mechanism for
a robot that can secure a wafer with sufficient force to prevent slippage and wafer damage duﬁﬂg
rapid rotation and radial movement. It would be desirable if the clamping mechanism would cause
minimal or no particle generation and wafer damage. It would be further desirable if the clamp
would automatically engage the wafer except during full extension of the wafer blade when the blade
0 is delivering or picking up a wafer.

Summary of the Invention
The present invention provides a clamp wrist for a pair of frog-leg type robot arms. The
" clamp wrist comprises a cam formed on the distal end of each robot arm, wherein each cam has a
5 gear that intermeshes with the other gear and a cog. A base plate is pivotally coupled to each cam.
A clamp finger, having a contact pad and a retraction lip, is urged against a workpiece by a biasing
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m nimal or no particle generation and wafer damage. It would be further
desirable if the clanp would automatically engage the wafer except during
full extension of the wafer blade when the blade is delivering or picking
up a wafer. Summary of the Invention The present invention
provides a clanp wist for a pair of frog-leg type robot arnms. The clanmp
wrist conprises a camforned on the distal end of e%ﬁ@mﬁQQBEmﬁﬁﬂhu%ﬁg in
each cam has a gear that internmeshes with the ot her gatdrNaNboEXETHE aMAsDaSE
plate is pivotally coupled to each cam A clanp finger, having a contact
pad and a retraction lip, is urged against a workpiece by a biasing

-4-  member, such a3R/EPAfg, cousled B5tha bas¥ plae. TaEUSY Sledch chitds aRAllypcritoned ke COQ
on each camis radially positioned to engage the retraction lip and pull

g he cermfse thelfgtagtmndipTandmuD:m cmt_ ﬁTgm:ewaM@gm ﬂng_woolqut 'E‘lzeawhm ﬂileagbﬁtanﬁl ven
egree extrensi on. ne re ction,.l |l na e,.a Sta CO e
ol anmp P B ST deERe e ehpston, THE Ferpton M ay be SfiRgebly soud 0 s Bme sty ng
the dgoihaemelip’ QAYe REVEIG¥aR0S the 3bg Y dhﬁn%ﬁg PRl IOt o exfinkidh ke d
fromthe workpiece. Aroller may be not her "aspect of the invention

pr ovi whichdhe tlampi finmgensobzmitahfrémrths workpictg. A mdibemay bea r obot wor kpi ece

handl i n nber at the distal .end of, a robot, arm_ The ¢l anpi ng nechani sm
nel udes giepgn%ameﬁg%frtg? gvertion providss aciamping rsehangsm o0 WP%@E}ai S

ur ged ' L e R %'Efeq& hash cupl Eﬁ;ﬁgﬁg | mal
end o@tgﬁgaﬂgpﬁ% ng rrlé er a%?‘ﬁ%hgﬂgn%dg?%gﬁ‘?‘ %é fv\ger p1 ec F%cre al ned
bet weitichides actlamp fingegdor sardadtingethaiworkpiebs.i ABe chitng fiegel Btdbed againdt thée
handl i ng menmber. A retractor pulls the clanp finger away fromthe workpiece
when wpg(ppﬁm diahjasingmembes ceuplediortween a proximal end of the handling member and the

0 clamp finger. The workpiece is retained between the clamp finger and a retaining bridge on the

distal end of the handling member. A retractor pulls the clamp finger away from the workpiece
when the handling member is extended.
In yet another aspect of the invention, a robot is provided including first and second members
coaxially rotatable about a first axis. The robot also includes first and second magnetic drives for
5 driving the first and second members disposed on a first side of a wall so as to be rotatable without
contact to the wall, wherein the first and second magnetic drives comprise first and second drive
portions disposed on a second side of the wall to rotate the first and second members.- First and
second arms are coupled to the first and second members respectively so that rotations of the first
and second members rotate the first and second arms respectively causing two independent motions
0 of the robot that include rotation of the robot about the axis of rotational symmetry and linear, radial
extension of a robot arm from the axis of rotational symmetry. First and second struts are then
coupled to the first and second arms respectively to form first and second arm assemblies. A base
plate is then coupled to the first and second arm assemblies, the base plate having a workpiece
handling member and a biasing member coupled to the base plate for urging a clamp finger having
25 a contact pad and a retraction lip against a workpiece. A cog radially extends from each cam to |
engage the retraction lip and pull the clamp finger away from the workpiece when the robot arms
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In yet another aspect of the invention, a robot is provided including first
and second nenbers coaxially rotatable about a first axis. The robot al so

i ncludes first and second nagnetic drives for driving the first and second
menbers di sposed on a first side of a wall so as to be rotatable wthout
contact to the wall, wherein the first and second nagnetic drlveiﬁéﬁﬁprlse
first and second dr|ve portions di sposed on a seco

rotate the first and second nmenbers. First and secgﬁgéggggﬁgﬁéggéunhed to
the first and second nenbers respectively so that rotations of the first
and second nenbers rotate the first and second arns respectively causing
tWo jeaele B @i deghde!l dfRiEensibn! Itgs ﬁ&b&iedttﬁﬁtthé Bathd/ BRoFpotA¢ h PAIrdf ihtefinéshb@t
about the axis of rotational symetry and |inear, radial extension of a

r obogeans enupting thenfirstiaridsseodnd mraassem iesd9 theewafpr blsde.st and second struts are
then coupled to the first and second arns respectively to formfirst and
second arm assenblies. A base plate is then coupled to the first and second
ar m geeneidristio Rifawimad € having a workpi ece handling nenber and a

bi asi'ng nenber couple 0 e base plate for urging a clanmp finger having a
cont act pSd timntheananatr incthicinthk apovegedited tfeatures) mﬂm’narges andl cd:jgpts cithepieyent
extends fromeach camt{o engage_ the retraction_ lip and, pull e clanmp

fi ngaveamanera&meﬁ eawb? m@éteom#t@lﬂ»@ memar%mw description of' lnvsstlom
r ﬁggr por’g% e Lalilal r O féé nesne fer ea? gos%géﬁﬁg%%mﬁwan%gﬁecongdar m

assefxhe é;ﬁeahfhvméser bl ade. Br| ef Description of the Draw ngs
So that the manner in which the above recited features, advantages and

obj ects oltis tebpnated; rhovwemmthat the aapendwdtdaameﬁ dbmtraje oukyd:ﬁplsabmbqrhnd@ts ail,

a rmr articular des 0 the ri zed above,
may B aneq’graéﬁ rl“ﬁé° g °éb LR e FOT AP IVER PRy o' j 1y
the 20BRRRSI8MherEQIMIPIBfective embodiments.

Figure 1 is a schematic view of a cluster tool having a robot for wafer handling.

F fgure 2 is a schematic view of the robot arm assembly of Figure 1 illustrating the retracted
and extended positions.

Figure 3 is a perspective view of the wrist assembly of the present invention shown clamping
a wafer on the blade.

Figure 4 is a bottom perspective view of the wrist assembly with the bottom cover plate
removed.

Figures 5-7 are bottom views of the wrist assembly with the bottom cover plate removed

9 showing how the clamp mechanism releases the wafer near full extension,

Figures 8 and 9 are top and cross-sectional views of a wafer blade having a plurality of wafer
support members.
Figures 10A is a magnified partial cross-sectional view of the wafer blade and a wafer
" support member as indicated in Figure 9.
Figures 10B and 10C are partial cross-sectional views of alternative wafer support members
that may be used instead of, or in combination with, the wafer support member of Figure 10A.

e 6 .
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It is to be noted, however, that the appended drawings illustrate only
typi cal enbodinents of this invention and are therefor not to be considered
limting of its scope, for the invention may admit to other equally

ef fective enbodi nents. Figure 1 is a schematic view of a cluster

tool having a robot for wafer handling. Figure 2 is a scheqati.c view
of the robot arm assenbly of Figure 1 illustrati nggkiressvlilaciMsionnols

ext ended positions. Figure 3 is a perspecti vATIOREEY ROCKETING. AM-i439t

assenbly of the present invention shown clanping a wafer on the bl ade.
Figure 4 is a bottom perspective view of the wist assenbly with the bottom
cover pl digresshipandd?2 are top and BiagsHsentional ¥iewssoflaovafarhladechaying a sloped packet
assembly with the.bottom cover plate renmoved showi ng how the clanp

macﬁg% gﬁ’ﬂ"f’@?@%@’é@"t he wafer near full extension. Figures 8 and 9

are top = ' oV LLWS . f: ' [ of
et er *SudiawEs 19 nd 18 ok Patial biifsdlioft) YT of e Uil A Mo Bt it or

cr ossafardsladecand!sloped pocitet i indicatedh inlRigde 12nd a waf er support nenber as
indicated in Figure 9. Figures 10B and 10C are parti al

5 cross-sectional views of alternative wafer support members that may be used
Fi oA Dedptiby AV AR AT EitdbbRE 177 VP of T wator bl ade
g ctional views of a wafer ade
havi ng a THe@p&entinvdatibn gerdtdily roides 4 fobbiat'éah @fansfer wafers at ifor@édspedds and
14 are partial cross-sectional views of the distal and proxinmate ends of a
waf and becglomationg/detelnratipng.obfose particulady.che present invegtipr provides a robot wrist for
mechanically clamping a workpiece to a workpiece handling member of an extendable robot arm.
0 The wafer clamp selectively applies sufficient force to prevent wafer slippage and wafer damage
during rapid rotation and radial movement of the blade while allowing transfer of the wafer to be
accomplished. The wafer clamp also serves to center the wafer on the blade. In one embodiment,
the clamp' uses two independent clamp fingers to position and hold the wafer with minimal particle
generation and wafer damage. The clamp is designed so that wafers are normally clamped except
5 during full extension of the wafer blade when the blade is delivering or picking up a wafer.
The clamp of the present invention is useful in cooperation with robots in integrated circuit
fabrication processes. In particular, the clamp can be incorporated into a wafer handling robot of
a cluster tool to allow more rapid transfer of wafers from one location to another. An exemplary
“frog-leg” type robot (as shown in Figure 2) comprises two concentric rings magnetically coupled
0 to computer-controlled drive motors for rotating the rings about a common axis. Each ring has a first
strut rigidly extending therefrom. The ends farthest from the rings are provided with pivoting joints
for coupling with second struts. The ends of the second struts, farthest from the first struts, i.e. the
distal ends, are pivotally coupled to a common rigid member, such as a robot blade.
The wrist clamp of the present invention is positioned at the distal end of the robot arm(s),
25 as defined above, and includes a pair of independent clamp fingers that are biased to engage, center
and secure a wafer by contacting only the perimeter edge of the wafer. A wafer is released from the

7
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_Detailed Description of a Preferred Enbodi nent The present

i nvention generally provides a robot that can transfer wafers at increased
speeds and accel erati ons/decel erations. Mre particularly, the present

i nvention provides a robot wist for nechanically clanping a workpiece to
a wor kpi ece handling nenber of an extendable robot arm The wafer_clanp
selectively applies sufficient force to prevent MBEQ&EQMARQ@ggwﬂé%Hﬁ%fGF
damage during rapid rotation and radial novenent ohTioReEvipoakks NoiNM-1859
allow ng transfer of the wafer to be acconplished. The wafer clanp al so
serves tQ center the wafer on the blade. In one enbodi nent, the clanp uses
t wo Clampe fagare anlycwherptheirabetram haspeen ektendaig hpledethnined tatialwWistinozigi mal

B AR PG e B nci o e i e e Segent W Prtfpablyuiiased whon
h : b : P f th
pr 2éﬂl?diq}$v‘znt i o)t]yﬁddggseﬁlaezaﬁdg%bgr at ?eg?]ﬁ%rﬁmf %%%tsimll E??’&%%%faaﬁgats ©

ci r ontams atithe distal ends pf thedrrpdlsg-like apa sirits vbtate, in bpfositeMFRcicHR. Thid ratAoROr at ed
into.a ﬁ/afer handl i ng rohot of a cluster tool to allow nore rapid transfer

S of REfasRSanalaws A cog Grending thersframde regage adipondbgslamp fingeragd fargibly sepractr obot

o . _ U SRS
{o° BT bnlitsHoialf) of TN pO8RaR. 1R < PORERA ek le HERPRAE 8 Sl o tioBmon
axi sngdgament witly tieecogato ipréveht frictidh betuites kbe 18X hRIGHgNHatl ORI dnefite J48c18610S

farthest fromthe rings are provided with pivoting joints for coupling with
secdyienshe rabot arm is refagiedsfthe eagssliscngageshe clamp finget sléswing thenfingee t6 fetwh

str .4 £ he. di stal,.ends e pivotally coupled.to co nrjigd
o 18 e eltefied daSisn kP4 SRERer The olbinp Prfiads cbormatin meshapisal pRepingiot
) | NV EHRtvATer With RSt EQ8RInale b edbfit nn:g; k! ned

above, and includes a pai re o? iend%ptgd#dgr}ge § any e%l{e%g@%g&i%%fg%r“gﬁ%}?%ged to
engwgéer ismieased iradjustable by eepositioning yheckimb Pub ich@npofihger s6 €hap @ik BRE#ed gge of
t he _waf er . Ad/vafec{ i s regegsedfrom,the -7-

the cog at the desired degree of robot arm extension.

Réferring now to Figure 1, a schematic diagram of an exemplary integrated cluster tool 10
is shown. Substrates are introduced into and withdrawn from the cluster tool 10 through a cassette

5 loadlock 12. A robot 14 having a blade 17 is located within the cluster tool 10 to transfer the
substrates from one process chamber to another, for example cassette loadlock 12, degas wafer
orientation chamber 20, preclean chamber 24, PVD TiN chamber 22 and cooldown chamber 26. The
robot blade 17 is illustrated in the retracted position for rotating freely within the chamber 18.

A second robot 28 is located in transfer chamber 30 to transfer substrates between various

0 chambers, such as the cooldown chamber 26, preclean chamber 24, CVD Al chamber 84 and 2 PVD
AlCu processing chamber 88. The specific configuration of the chambers in Figure 1 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 29 is

~ provided to control the fabricating process sequence, conditions within the cluster tool and operation

5 of the robots 14,28.
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clanp fingers only when the robot arm has been extended to a predeterm ned

radi al distance as required to allow the wafer to be renoved fromthe

bl ade. The clanp fingers are preferably biased toward the wafer by a
spring, such as a parallelogramspring. As the robot armis extended,
pivots or cans at the distal ends of the frog leg-1like armstruts,rotate I n

opposite directions. This rotation of each cam al | QMfress EA0NE Kl 16b: 1005
therefromto engage a lip on the clanp finger and f QToRSEYDOCEETNCAM {458
finger fromits normally extended position. It is preferred that the lip
include a roller for facing engagenent with the cog to prevent friction
bet ween t Newl referringtodognre Dad schemitit \jew of theangpaetidatll esuplih esbot b4 of Bignte ar m

is retracted, .t he cogs disengage_ the ¢l a finger allowing the finger to

¢ ot uF 1§ SAWPHR beth bR adre Rstndsd pastions ke, @%pt fneludes a.ﬁ%tﬁ%bé Lmgidly,

auto ' ' hng, fo8 1 \WA C ) t he
ol olpichf R At BRI ocofl ot 83 righht) el eyl SACHALAR Mgy 00
i's agfrusy tirdetiay 83 Bmaciddby Heivol et toisfud8l altEbyEa pivet 85 fewalep bladat8d. 1A i s

engaged by the cog at the desired degree of robot arm extension.
Ref e §teaiRv is attachedibyea pivobB&tolsantl2 and by agivat 88 to wafeeklads B&r The shuetirait ed

clustgr to | s sho r s are introduced into d w r from
Che e tbeRl- B3k S aacth e 8 Bind Frokdpe tRbs Srmstion B “alfriderh

bl adg, thdgret clafpaigd@owi thin the cluster tool 10 to transfer the substrates
from one process chamber to another, for exanpl e cassette | oadl ock 12,

degas waf ¥henmagnet clanps @86 eota20in the sarhe dineatioa Wit the 4ameewipuladveldatyber 22
and cool 4o chamber 26. The rohot blade 17 is_i)Jlustrated ipn.the retracted
oo TR0 Fooh 4 S0 Fftes Axciut B4 i i $P0HS torechiam Bh thessams velootty VRAGRES b ot
28 | | %mr : : t rious
chan%lg#l g&ﬁg,gghfogastét ﬂgiégfﬁ own cﬁgﬁr.g[g% Q%é %&?fggaggﬁﬁikﬂ%ﬁ ﬂgﬁl %%%IX?

¢ hanfpgdtioBdf assdmiblyPM)bél iaktestt theredslimkar eldlirveidnt ofeafaitdade’ B6 teapbsiton at i on
of the chanbers in Figure 1 is merely illustrative and conprises an

i nt eBlustrated py deshed ielgneniss8 iend%apabl e of both CVD and PVD processes in a
single clyste ol . In.a. preferred C t.he inventjon
i Cropr oc Butier 35T SRirpd R RIahe 86 o fiForald il b ratfoliod B ocess
i 2 q gg@a&en@eartﬁfohgg ASwafkrl thinsfel BBt 50 US4 G411 99 Jf 23RSMBAEIPhitRmsRE sidhen Wake!t S

" into or out of the chamber 32. This robot provides the advantage of being free of particulate

generation via a rotary vacuum seal. The mode in which both motors rotate in the same direction

at the same speed can be used to rotate the robot from a position suitable for wafer exchange with

one of the adjacent chambers 12,20,22,24,26 (see Figure 1) to a position suitable for wafer exchange

with another of these chambers. The mode in which both motors rotate with the same speed in

opposite directions is then used to extend the wafer blade into one of these chambers and then extract

it from that chamber. Some other combination of motor rotation can be used to extend or retract
the wafer blade as the robot is being rotated about axis x.

To keep wafer blade 86 directed radially away from the rotation axes x, an interlocking

- mechanism is used between the pivots or cams 85,89 to assure an equal and opposite angular rotation

of each pivot. The interlocking mechanism may take on many designs, including intermeshed gears

or straps pulled around the pivots in a figure-8 pattern or the equivalent. One preferred interlocking
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Now referring to Figure 2, a schematic view of the magnetically coupled

‘robot 14 of Figure 1 is shown in both the retracted and extended

positions. The robot includes a first strut 81 rigidly attached to a
first magnet clanp 80 and a second strut 82 rigidly attached to a second
magnet cl anp 80'. Athird strut 83 is attached by a pivot 84 il 1 Ut
81 and by a pivot 85 to a wafer blade 86. A f OpphELs BiafLb. 3%5,575“ tached
by a pivot 88 to strut 82 and by a pivot 89 to waf exrbhat@o8&ET NG Iad1-1459
structure of struts 81-83, 87 and pivots 84, 85, 88, 89 forma "frog

| eg" type connection of wafer blade 86 to magnet clanps 80, 80'.

Whe mevhgnisth isd paipsf if@nfiédhed géard $2 and I3 formeion tHe pivotsi85undi8d}Thde geasare

angul ar_vel ocity then robot 14 al so rotates about axis x in this sane

dir éeqseb'ﬁnwh@%tqm@%mav@m geperatipreby thesmesars. To elimingie pRy bgbveendhesee in

o o gt bl s Wl pledf AV sBIRE 04 by BY Mltelen £Rp1E0 it 3 ol e
Of \ibefo Dpeifesen the o@h@c%mt R that thé SrinpteRiailigheydReethedeam® idarsdh' -

A wafer 35 is shown being | oaded on wafer blade 86 to
i | | wppesitealitentionstuntl hah@ontaCQWcanthese gdars iepragiucest! t hr ough a waf er

transfer Iot 0. |n 91 of a.chanber_.32 to transfer a wa

into or tg 3 ;FoPEISRACEVE ¥icwt of,{hg Wrist as§ 1&&9@9?35%135‘?3‘%& ng
fregy, SBES I I t@ﬂ%@

whi Ch@gg?ﬁfs%%gfaﬁxg%néaeﬁl n tsraléeﬂ@g?rtéug??e% ﬂﬁgX@QBﬂ%@%%gg%\gﬂgyéee can be

us edrdm theohatsing defined bytthé toprooxepplatet 105’randlhdtmhi evepplavai @y ofwribtallfetowi t h
one of the adjacent chanbers 12‘%(% 22,24, 26 (see Figure éﬂgfﬁ;? a position
sui teRB8e theperizpaterof thewal 4TS asteidhsscursty betwesn the, de in

whi | 0S4 dlrectlons S
theﬁﬂﬁ?@%@?ﬁ&’%@{ ﬁf‘?céé"faéPl %‘%@:ﬂ% ?gﬁongsh@%kz(ss%? n% rs and then

extract Now lréfefrmgrtbtﬂigireabam:n p‘éfﬂﬁectﬁieh@éw o thei widdtiagdendbly 100 &5 sho@nat i on
can be used to extend or retract the wafer blade as the robot is being

r ot awighithe boitem gaves plate removed. In addition R@tbp stendard wrishenmpments of Eigueesr laandal | y

fromt ti X€es a cki hanls
Dot e Pk 10 ishies e SAED Siies Tob M0 eritag Phygn iR Blats WO e o
r ot aﬁrigéﬂ 102, 10@%:&%6 Blel 'td’&ﬁrmﬁ; Do, 1 flfs&tEd Rére %ﬁmlawnh <o Bids HRNY
desi gns, i ncl udi ng 1 nt er mes gears or straps pulled around the pivots
i n didgeryoutvad pond pasitionemgagieg ﬁlquvafa'l edge. Llp)manﬂ:em‘ H|4;1d6 areddgustabiyk coupled
-9 to the side of the fingers 102,104 adjacent the pivots 85,89, respectively. It is preferred that the lip

members each have a roller 115,117 facing the cog to prevent friction between the cog and lip that
could generate particles.

The pivots 85,89 are equipped with cogs 118,120 fixably attached to pivots 85,89,
respectively, so that the cogs move with rotation of the struts 83,87. During extension of the robot
14, the struts 83,87 come closer together. A corresponding rotation is imparted on the pivots 85,89
and cogs 118,120. At some point as the robot extends, the rotation of the cogs 118,120 is sufficient
to engage the lips 114,116 and retract the clamp fingers 102,104 away from the wafer 35.

The exact point at which the cog engages the lip and begins to release the wafer is adjusted
by positioning and securing the lips 114,116 at a point along the length of the finger 102,104. This

adjustment can be made so that the wafer is released at any desired degree of radial extension. For
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mechanismis a pair of intermeshed gears 92 and 93 formed on the pivots 85
"and 89. These gears are | oosely neshed to mninize particul ate generation
by these gears. To elimnate play between these two gears because of this

| oose mesh, a weak spring 94 may be extended between a point 95 on one gear
to a point 96 on the other gear such that the spring tension Iigt}tjl_

rotates these two gears in opposite directions unt EJ@Rggsg,mLh@%ggﬁ“ t ween
t hese gears is produced. Now referring to Fi §TNORNEY,DOSKETMNOSAMRIBE0I Ve
view of the wist assenbly 100 of the present invention is shown clanping a
wafer 35 on the blade 86. Clanp fingers 102,104 are shown extended fromthe
housikangplécthi tipandy\bet ddfustedmecmrdiag tpthatfelldWing steps. [Ritst, alie fastendr usédtocotple of

St e 15 8 AP Rgeris paraed Gocona ST ABOTaRed OBy thePoL Blad NGrorRor cos
|- P EREET? . eosiansd !
Fo. S aaitorP el g 106 (o Fighh 30 SR o 4 Pl Snescmppes Pl o

Wi t ledgdef the tatemandviampp thtveafere Mhvddthe biada kixtdn@ed tothé RiRti ldastative 4t Which!
mponents of Figures 1 and 2, the wist 100 includes two clanmp fingers

co
3 102 ihigAlesixedeofon theywaley tmbe relrasedp The Vipris fheatpushaioup against thepogantdGeeurely ar e
cou rinas 110, 112, illustrated here as parall el ogram springs, to
Bofibhetifo R0 bt

bi as € S rd to a position engagi ng the wafer edge. Lip nenbers
114,116 awh #&ckeipRtiv 6 AbRd, thoclhhf iRbdSs Mrmballf i the 8Bfped PosidQfscAtliacent
the pivots 85, 89, respectiveliég’. It ig p%ef%rred ?hat t he Ieig rlrenbsers each
hav enly radial extensich of thve Hlads bayond thismajnttwillrausedhe whfer tot beorelebsetiwdhn bidsingc og
and lip that coul.d gen te particles. The pivots 85,89 are equipped
wi t P lﬁafg,?efédyi%%eaag@%nﬁam Ibtlbmﬁy #i5p be4ny 8Pe of SETRE ©lashF yembsTt hat
t he pragRaEksict dibbodh g el anfdh 805 er ! €
r obot 14&,1 t he cs’truts0 ) cegicrrg%g S?é{e' :Péget %%.m%%wgﬁ%%ﬁ%é&@%ﬂon
| s iarase plew inpivofally poupiedstodhe Efinsand proddesld Stable Sorlfhg Sarficep Ahetbassplatee
robot extends, the rotation of the cogs 118,120 is sufficient to engage the
| i pdnayde grven aalbr&onm%ﬁhamév%walhprefqrg@ébgnq@gq@mmswmwn ter 35.
Thetﬁéﬁ%'g | beRl whi ch the cog engages the lip and begins to rel ease the
waf er I's usted by positioning and securing the lips 114,116 at a point
al ong t heNdvwe efeftingf totHigurks SO boktOR, viGids off the blafdl 8654 stCARerRBly Wille 10 t hat
the wafer is released at ang/ desired degree of radial extension. For

bottom cover plate 105 (see Figure 3) removed are shown at increasing radially extended positions.

The sequence of Figures 5-7 are useful to illustrate how the clamp mechanism releases the wafer
near full extension. Figure 5 shows the wrist 100 of Figure 4 in a fully retracted position as when
the assembly is rotated. Note that the clamp fingers 102,104 are engaged against the perimeter of
wafer 35 and that the springs 110,112 are slightly flexed to apply a predetermined force to the
fingers in the direction of the wafer. The engagement of the two clamp fingers 102,104 not only
clamps the wafer, but centers the wafer on the blade 86. Because the wafer will always be centered,
there are fewer handling errors and there is no need to used sophisticated center finding equipment,
although it could still be used. Also note that when the wrist 100 is fully retracted, the proximal
~ distance between the cogs 118,120 and the lips 114,116 is at a maximum.

Figure 6 shows the blade 86 and wrist assembly 100 half way between the fully retracted and

fully extended position. Consequently, the pivots 85,89 have been rotated so that cogs 118,120 are

11
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exanple, the lip my be adjusted according to the follow ng steps. First,
“the fastener used to couple the lip to the clanp finger is |oosened.
Second, a wafer is positioned on the robot blade with one edge agai nst the
retaining bridge 106 (See Figure 3), such that the clanp finger engages the
opposite edge of the wafer and clanps the wafer. Third, the bl adgsfgny
extended to the radial distance at which it is desgxmassshamn Nolemonemeeust o be
rel eased. The lip is then pushed up agai nst the cogAHBNEYDOGRENY. AMi4¥ened
to the clanp finger. Wth the clanp wist so adjusted, the clanp
finger is normally in the clanped position so that only radial extension of
t he appreachitethe higs 1 b4, 316 dlowewer, the clamp dingérs 102,1@4 have v yehesa settrcteriand

bi asi ng nmenber is preferably a ? ral |l el ogram spring, but nay al so be any

t y pEoBfnuEpieRgAgeAnd secure Fekafer %neumat i c device, electromagnetic device or
the like.g: fagili aSi W [eS

pi vot al | f l%%ﬁpﬁghtsé%ggﬁgganggﬁgﬁ%%ﬁ %ggﬁg&glt ab e&{\ﬁlﬁﬁ?ﬁ g&ﬁﬁiﬁ%he

bas kvl Beukldasedgjuseshoptidyf tisomllg Bxtemdedposition. Thi wafet is rpleased roatsiontifneedn o
| arger than necessary to accommodate the biasin

nenber .
1 ef aotetionyof the pivgts &s8%asthe eapstldfaleP engresithe ks Yidaldd avd P&Hdhwliaglﬁ"}b&gs?@nm y

W t bottam cover .pl at e S5.(see H

e 02D v 3P B et s Aol ieeat, D obestor iR Uiy B A et
us efddbe tHat AlldviHe viirér tH BWITHRE fohbfHe bide b insiier Apandas; shdifaswhé R piesst d ul |
extenSion. Figure 5 shows the wist 100 of Figure 4 in a fuIIY retracted
posiprocessiag chimbet (oot slsovenyb |1y is alsa mstwaive thoote thatthetshengy bifhl ¥2 agaoy

102, 104 ar.e engaged agai nst th% perimeter of wafer 35 and that the springs
110, furthergdigplaged {8an ip ef %"&%&“‘Fﬁ é’ﬁgly a predeternmined force to the fingers
in the dig.echl f 1 -CE,Q% t t Tt 65
)102, 104 n%?&}g?}?;anglgaérrr%g()pt gec&\/\%ﬁﬁgrg,&l ut ggg?g%g&?%ym\;\gfsﬂ on the bl ade 86.
Bec ayer supporeaiepibers 140. heaferisapprnmembers lbarecaupéed toywrintegradlyi fogned r or s

and there 1s no need to used sophisticated center finding equj pnent
al t Houthe wafer blarle) 86 and haypa yeaker confasting syréaceH4e thatetands %mﬂgﬁ 2 i‘b@cf{egt fully

154, Gy uB IR e P bARERERHAE RS bR inddfuobt SpBRE of B P
ass eyPlymiRskiRg Lot waSt e esp Sifact Whd ¥f thetwaTaiialeBe] Thuthis ynamxies ttkewlafer

position. Consequently, the pivots 85,89 have been rotated so that cogs
7 118, sipPoramembers 140 reduce the degree to which the bottom surface of the wafer 35 is contacted an

rubbed, thereby reducing the likelihood or degree of particle generation or wafer damage. While it
is generally preferred to minimize particle generation or wafer damage, the importance of this .
objective may be heightened in applications where the bottom surface of the wafer is coated, such
as with gold.

) Although a wafer could be supported on as few as three wafer support members 140, it is
preffered that the wafer blade 86 include at least four wafer support members 140. It is also
generally preferred that the wafer support members 140 be spread out as great a distance as is
practical in order to provide stability to the wafer 35 received thereon, even though additional

- - stability will be provided when the wafer is clamped. When the clamp fingers 102, 104 engage the

5 wafer, the wafer is secured between the fingers and the blade bridge 106. If the wafer was originally
positioned on the robot blade 86 with a small gap between the wafer edge and the blade bridgé 106,

12
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approaching the lips 114, 116. However, the clanp fingers 102,104 have not
“yet been retracted and continue to engage and secure the wafer 35.

Figure 7 then shows the blade 86 and wist assenbly 100 extended to a point
where the clanp will be released, just short of the fully extended
position. The wafer is released on continued rotation of the pivgelgedd, 89
as the cogs 118, 120 engage the lips 114,116 and pulekerkssean rangMobioTogeuss

102, 104 away fromthe wafer edge. Note the gaps 128ATHBNEROGEEANOIHENY anp
fingers and the wafer edge that allow the wafer to be lifted fromthe bl ade
by anot her apparatus, such as the |lift pins of a processing chanber (not
showhgn thletemgsgahem of tfmtoiamp ifmgers d 02,0104 wiikpush the wpfer ngisl tnmvmgm% theow

further di d than th 5 9

top b&?ef{f‘lflﬂ 6 i g i o tmep: B waleRinisi iy ept SR Bie ¢ 1 ©
fq

ot s e o e e S ot acs g

sur frﬁ@:ﬁbé:é 2 40h dHoweesteg,Nidike phasuppartsnérhbers of tomicatiomal dlades whichheontapp theur f ace
142 of the wafer blade 86 to prevent the bottom surface of, the waf.er. 35

5 f r orwaleko YRy adange suxfacq area, tﬂllﬁaS“PBﬁft smemhessohithe PrsentipvendpR redycs gEmaRmizZe, | ;i ¢

sur;}gﬁget e ﬁgmﬁﬁ?t B%gct}ogrr:@ acférgg%%gg&g%b %ﬁ ?f eﬁﬁ(gr?hredum ng tﬁ pottom

|| e gmkl A Sencfdeibh CCoffeqiidtitly] &xleeu;gﬁ&emahba@opme pesset iseatioe would ot hiave i S

gener referred to minimze particle generation or wafer damage, the
| Nposeen nsﬁ‘ub:inth tonyventignal; monelareging eotiot blpdeWhich |r¢1yappﬁ1pt¢m todsesp W?e‘f’%fe{ he

o e blade gt wapsrn of e pad” b6 Stppert edBemn af oEffs prssentimveptiol A0 T
y! S pﬁ& El%{i gpqnht@tpngi] Qe B Ltdn, BhAEmeP® é&ﬁ&é‘ﬂfctl@ﬁ ah&ﬂﬁﬁxaé@w the@bR6mSIMReT t

so genérally pre erred that the wafer support nenbers
140 h@feﬁ Pt e @limprifig gdftﬁmtofahdpmsm ireveation thaphalds theavaferrin plateontthe blade/i de
stability to the vvaf er 35 received thereon, even though additional

st abduringymoysmens of iedladeed when the wafer is cl arrped V\hen the cl anp

fingers 1 f lany ngers
and the b%@g%@ ggé%&g&bgﬁ k@éymbae%rgfgdgmgérﬁor gl ﬁéﬂj&ﬁg SI t n'ﬂebghgﬁlezt?le
A ggoselé& 26t Wat Hoed ndfi@driode @p&iaq;w&e@eﬁmnmﬁe rewﬂé@e gamlatb ipertisleadionbr i dge

5 contact with the wafer, and does not damage the wafer surface. Materials preferred for use as

support members include alumina, blue saphire, zirconia, silicon nitride and silicon carbide. The
support member may also be made from a machined metal component having a ceramic coating
thereon.
Figures 10A is a magnified partial cross-sectional view of the wafer blade 86 and a wafer
0 support member 140 as indicated in Figure 9. The support member in Figure 10A is shown as a ball
bearing than can rotate within bearing surfaces 146. Because the bearings are free to rotate or roll,
the degree of friction between the member 140 and the wafer 35 may be further reduced or
eliminated.
Figures 10B and 10C are partial cross-sectional views of alternative wafer support members
5 150, 152 that may be used instead of, or in combination with, the wafer support member 140 of
Figure 10A. The support member 150 of Figure 10B comprises a post that is rigidly received within
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-12- then the engagenent of the clanp fingers 102, 104 will push
‘the wafer until it noves against the blade bridge 106. It is during this
novenment of the wafer relative to the robot blade 86 that the bottom
surface of the wafer encounters frictional forces with the top surface 142
of the support nenbers 140. However, unlike the support nmenbers of
conventional bl ades which contact the waf er over am&ﬁ%gﬁAéHBfE&%ﬁﬁfﬁﬁ t he
support nenbers of the present invention reduce or AfroeNEY BECKE gisee of
contact and friction therebetween and, thereby, reduces or elimnates wafer
darmage or particle generation. Cbnsequently, t he support nmenbers of the
pr eg@ole ih HetlideBs aidal semitephefioal dubie® 1S4 xvRich formstthe ©fRUMFATel 1@ ahat contacts
non-cl anpi ng robot bl ades which rely on friction to keep the wafer on the
bl aﬁ@ \@Tgn 35y Thesupport membehS2iaf Kigwre 10 issauhafior spheserthet is rigidly s¢curedewith esent

11 Eapis 4% B1ad0 e 5 o e dOg Rt AT aos by Havelt g ufifls LSRR o,
of Hh@eBEEESH ofm&aegzgmntﬂ‘igaireb@dm81dﬁ1%nmber mhdlﬂehebqaxmnﬁmxasl tfédi%e&'ur i ng

novenent of the b l'e the support nmenbers 140 may be nmade
; froaloaayrne&oenbmat;omtbpmvxd;@mppeﬁlfqrtﬂewafaBISe to select a material that does

Cont act  BHEHRES HemRdars o860 S sSiBo0a a1 BRBRAMISE "EUnE S PeNORrT ol
glrreggaﬁn“},g eﬁﬁmﬁ?{}?gg@%hd&ﬁ%ﬁn #@dﬁeo%&) e sup%]g#fsaﬁ%er may al so

be masfzrtnansappmmewfeﬁwﬂbng:memmaﬁtpeﬁmetea@dge éfthamatercoat i ng t her eon.
Figures 10A is a nified partial cross-sectional view of the wafer blade
86 and aFigwes 1l are ¢roa_sacsrcagnal mazfébp dlntamgtﬁnél moxmr?ée enfdsdr t

) RSB B g R SRR A KRR 1 SPO e AR SPa Rl BE BB |
degbe Slaffed bf slepédat vﬁﬁ‘éﬁ%@le& heis @S?éf&?éd thaGheapcer1 6m 62 f&ﬁl ﬁﬁéhg@@afthb[tt her

reduced or elim nated gures 10B and 10C are parti al
cr ossbmem abatt § iandebart 3:{1 dmthtb tlwahmzontqbptam ofeth blasle 1850 The5R0sthat

may b d i nstea C th e S t . menber
Lo PeReraE el soneuoppratial el o e hpeed Bl lornping f Srige 166 APEAES ISP oot
t hatgbSof thd Wi 75¢ CleVéxdct¥nkldl oF the surface 166, typically specified to be between about

5 7 and about 10 degrees, is effected by the size of the exclustion zone, which typically is between

about 3 and about 6 millimeters. By providing such preferred angles, the degree of friction between

the wafer edge and the surfaces 160, 162 is low and the horizontal force applied to the wafer 35 by

the clamp finger 104 can easily push the wafer edges in the direction of arrows 164 until the wafer

rests against the blade bridge 106. It should also be recognized the the slanted surfaces 160 and/or

) 162 may be used in combination with the other types of support members disclosed herein. For

example it is possible to combine the slanted surface 160 near the blade bridge 106 with a pair of
buttons 150 near the clamp fingers 102, 104.

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

5 thereof. The scope of the invention is determined by the claims which follow.
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- 13 - a hole in‘the blade 86 and a seni-spherical button 154

“which forns thﬂ’ﬂm that contacts the wafer 35. The support
menber 152 of m EE‘ all or sphere that is rigidly secured with a

WY

N W N

hole in the bl ade 86 so e top surface 142 extends slightly above the
top surface 144 of the blade 86. Each of the designs in Figures g3 10B,
and 10C, and their equivalents, nmay be used al one gxressmMAQDRGEMBiTONRUE O
provi de support for the wafer 35. Fi gur es JATTQRYEY DOCKEF NO. AiASHNd
cross-sectional views of a wafer blade having a sl oped pocket that supports
the wafer. The sl oped pocket conprises a pair of opposing, inwardly

s| aM¥hatds Claimedds: 160, 162 that support the wafer 35 along the bottom
perimeter edge of the wafer. Figures 13 and 14 are parti al
cross-sectional views of the distal end and proxi mate ends of a wafer bl ade
andjysl op [ | j 2 t ces
1001 100 elbtap §eist BT a it CRRRA sl chAlPlEng? (o) il Mo bl ba e

t hefm'meﬂmethe dsl emﬁﬂlefauf Jwhareiaregtiecdne had a tdpand sgdae portion thitanterbeshesl about
30 de es wth th zontal plane of the blade 86. The nost preferred
ang ?"PQ“’QHB’S t*“?'}'I"*‘E’qual to the bevel ed angle forning a surface 166

al ong th |5 ﬁg]%?t, .he exact angle of the surface 166,
typi cal | )sg%%%?lggﬁ}, p@@?@feenaag an?_ 7 and about 10 degrees, is effected
by the s(ga odmp fngerhabingta cofitacopid andha reftadtiopilippl | y i s bet ween about 3 and
about 6 mllinmeters. By providing such preferred angles, the degree of

fiction @tmb@ﬁmgrmembﬁreqouel;géo SAid base plate f@rcl@gumd ¢lemp) finges\esaingt 2 he

horj z Iledtot waf er. cIa 04 can,easily
SRS RSE e ool Fart T ey oot S/chBhin he RO A oo
aga mtthé BRmp ﬁ%@r%:agg@mﬁ%e workpibiUvHerf feOroB8t MdeORatR ackilée dédige sFant ed
sur aces 160 and/ or 2 may be used in conbination with the other types of
supgdtensiomnber s di scl osed herein. For exanple it is possible to conbine the
sl anted surface 160 near the blade bridge 106 with a pair of buttons 150
near the clanp fingers 102, 104. While the foregoing is directed to

Lhegh o SHE ST el AR PEES Sk S il o0 LT

basi ¢ scope thereof. The scope of the invention is determ ned by the clains

whi ch foll ow,
3. The clamp wrist of claim 1, wherein said biasing member is a box spring.

4, The clamp wrist of claim 1, wherein the retraction lip is adjustably coupled to the clamp
finger, wherein the lip may be moved relative to the cog for changing the robot arm degree of
extension at which the clamp finger is retracted from the workpiece.

5. The clamp wrist of claim 1, wherein the retraction lip includes a roller, and wherein the cog

engages the roller.
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-14- V\hat ls Aained-Is: . 1. . A clamp wist for a pair of robot arns,
a) a pair of struts each having a camforned on the

di st al end theu mmﬂljt" Em cam has a cog and a gear portion
that internesh portion of the ot her cam

(b) a base plate p| vot al”l y colipl ed to each cam (c) a cl Ry nger
havi ng a contact pad and a retraction |ip; E&ﬁk)ssmpkmmsmxgm

coupled to said base plate for urging said clanp fiAMTRRNEYRASKEINO. 4M-1459

wor kpi ece, wherein the cog on each said camis radially positioned to
engage the retraction lip and pull the clanmp finger away fromthe workpiece
wheth t heArdamping\mndlmisacfor aeuy'ring A vabekpiexe toh veorkpiecs lwmdling thember Jouplad anp

wist, of.c erelns b|a5|n nper is_ a,sprin The
cI aﬁeﬁhwiﬁsgah %P Vﬁﬁt frmvahs diingmemperfaving s watkpiec gecsg%&regm 4.
‘ﬂi‘ ‘c‘ﬁs?zl ’éh&the% wmplfhv retract lon lip is adjustabl y

|

coup nger ererntmé lip may be noved relative to the

cog for (aman@mmﬁmgwfdsmmacﬁngrﬂd@gdrkpleeé extensi on at whi ch the cl anp
finger is retracted fromthe workpiece | anp, wrist of claiml,

V\,herei n (ha mgmnmcquwﬁwwﬁ@@r@ummépfﬂ@mnm@mw% Bsglasmyages

h f K t
wor B 6 urging e clan® sineBF Rl BRSVBRREL 4B, 7" on"or " Tobot arm ¢ he
hand! | ng(c?&?él&bbbé&iﬂl&t@tﬂ%ﬁ&aﬁﬁ%ﬁﬁﬁﬁigﬂl@&a@%@&w fRorh BleAbdtkpigedre mber

at the distal end thereof, conprising (a) clanp finger for
corwhen thagandlingwenberds extended.  (b) a bi asi ng rrenber coupl ed between the
handl i ng nenber and the clanp finger to urge the clanp finger against the
wor kpi ece; and ... (c) aretractor mounted on the robot armto

COMUNI CohEclbinbihgl AScHAhRFPof 14184, W PSin the biasing member is a spring.

-

8. The clamping mechanism of claim 6, wherein the workpiece is a wafer and the handling

member is a wafer blade.

9. The clamping mechanism of claim 6, wherein the retractor is engaged by relative angular

rotation between the robot arm and the handling member.

10. A robot arm assembly, comprising:
(a) a pair of frog-leg type robot arms, each arm having a distal end with a cam formed
thereon, wherein each cam has a cog and a gear that intermeshes with the other gear;
(b) a base plate pivotally coupled to each cam;
(c) a clamp finger having a contact pad and a retraction lip;
(d) a biasing member coupled to the base plate for urging the clamp finger against a
- workpiece, wherein each cog is radially positioned on the cam to engage the retraction lip and pull

the clamp finger away from the workpiece when the robot arms reach a given degree of extension.
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- 15 - t he handl i ng nenber is extended. 7. The cl anpi ng nmechani sm of
“claim6, wherein_ t nber IS a spring. 8. The cl anpi ng
mechani sm of cl %\gﬁm m “ e workpiece is a wafer and the handling
menber is a vvaf * The cl anpi ng nmechani sm of claim6, wherein
the retractor is engaged by reI ative angular rotation between thg rabot arm
and t he handl i ng nenber. 10. A robot arm assendxbakss GALTS. | Eﬁdsn@uous
(a) a pair of frog-leg type robot arns, each arm haaTTORYEVDRUIKET NG A9 Wi t h a
cam formed thereon, wherein each cam has a cog and a gear that interneshes
wi th the other gear; (b) a base plate pivotally coupled to each cam
l (c)lla clhm)rdbiongm agsembhohavingapac of ﬁagi-leg@paamm foa ttansportingya workpiece, (d) a

bi asjn er upled to .the base | at e iing the cl er
. aga‘f’h F (i'@é deﬂﬂe?“&‘ﬂ pivgt lé{d‘PBP q 1) 3 SPIIMANLRASE B Q‘ﬂgénq':amto

en t t t I kpi ece
’ Sﬁgﬁe“"ﬁ%‘%ﬁ ER8 o bt B %%f‘é%*nﬂnfgg'?z@sé‘?ﬁie&@%ﬁesﬂ?@ thg el B
} ar neomgymisig:y having a pair of frog-leg type arns for transporting a

wor kpi ece, wherein each armhas a distal end form ng a cam pivotally
coupl ed @2asl a@&rﬁwbaglégmoap@cmdanMdetraqﬁmdr@m each cam has a gear that

clamp 11 (e S Snbir R md B ST HEble R lpnd diber agpipge o ®

bi aﬁbﬂ@dae«rrber coupl ed to the base pI ate for urging the cl anp finger
agai nst t he workpi ece; (c) a cog radially extending fromeach camto
engage t(arcog aﬂwcﬂtm@naﬁdnmbhcam&cnmthemcummanémﬂ theelamp kpi ece

wh egngte? %Wrai’) o &le WOI' Ei%gehw nbOCt] %gns rea a g(\;eg r&%gree of extension.

i

[*2Y

N W~

1 12. The apparatus of claim 11, wherein the retraction lip includes a roller.
1 13. The épparatus of claim 11, wherein the biasing member is a spring.

1 14. A robot, comprising:

™

(a) first and second members coaxially rotatable about a first axis;

(b) a first magnetic drive for driving the first member disposed on a first side of a wall so

= W

as to be rotatable without contact to the wall, wherein the first magnetic drive comprises a first drive

wn

portion disposed on a second side of the wall to rotate the first member;
(c) a second magnetic drive for driving the second member disposed on the first side of a
wall so as to be rotatable without contact to the wall, wherein the second magnetic drive comprises
a second drive portion disposed on the second side of the wall to rotate the second member;
(d) a first arm and a second arm coupled to the first and second members respectively so that
- rotations of the first and second members rotate the first and second arms respectively causing two

independent motions of the robot that include rotation of the robot about the axis of rotational

N o= O W0 N Oy

symmetry and linear, radial extension of a robot arm from the axis of rotational symmetry;
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~12. The apparatus of -¢lai-m 11, wherein the retraction lip includes a

-~

—

Y

roll'er. = 13. The apparatus of claim 11, wherein the biasing nenber is a
spring. 1iulwﬂt|&iﬁun l)nrulllfm ng: (a) first and second nenbers
coaxially rot i rst axis; (b) a first magnetic drive
for driving the first menber disposed on a first side of a wall pgfngS to be
rotatable w thout contact to the wall, wherein thexdresssMal s1pronasi ve
conprises a first drive portion disposed on a secoATFOBNEY, TNRAMIAT| t o
rotate the first menber; (c) a second magnetic drive for driving the

second -nmenber di sposed on the first side of a wall so _as to_be rotatable

wi t hout (ofirshand sesondtrufgequpledite the; firstand seeond armswegpestively tr fops frghmpdi ses a
seco rive i.on di sposed on the second side of the wall to rotate the
selom d%‘#bag?e?n%}es’ (d) a first armand a second armcoupled to the first

and secqpda BRE}R4LE cOBIBEES the Frdt ah@ sEddRll afRadehidhigs;0f the first and second
menbers rotate the first and second arns respectively causing two

i ndependght wotkpienshandlingmembamtonnbeted tothe bake plaeat i on of the robot about

the axis,of rotational .symmetry and linear,. radial extension of a robot arm
fromthéhbiFléthfaé‘}%fg’l“f‘B%QF" ,ag;c,laretrachon?lga first and second struts

coupl ed Y0, WaRidd fe ? i ?”nﬁ},&s second
arm asse(r?b?itﬂé%;dg et ??‘ﬁg‘?@gsf@é g?%e[@%é?@%ttg%g t%%ﬁ%ﬁd tg t%geﬁ??rast and
secanotlpiacenandsenbl i es, wherein first and second cans are pivotally coupl ed
to the base plate and are coupled to the first and second struts for

rotati prﬁ)i achg/wémlmx@aﬂi;s_rﬁqmpﬁph@ m%thedctraqﬁenﬂip&a@fl wﬂﬁh%%le@nd e
(hiftiget o from s roRnlRle IR R koI B R G bt © Pase RISt

bi asi ng nenber coupled to the base plate for urging the clanp finger
agai nst a workpi ece; and (j) a cog radially extending fromeach cam
t 0 engadd. Therabet efxlaimold, ffirthen comprising a pair of intgrmieshaglegearssmgagedheiween

wor kpjece en the robot.arns reach a gi ven degree of extension.
tﬁéo hrs(t: anry\@econ arm assemblies. 9 9

16. The robot of claim 14, further comprising straps engaged between the cams to assure

equal and opposite rotation.

17. The robot of claim 14, wherein rotations of the first and second arms in a same direction
are converted into one of the two independent motions and rotations of the first and second arms in

opposite directions are converted into another of the two independent motions.
18. The robot of claim 14, wherein the biasing member is a spring.

19. The robot of claim 14, wherein the retraction lip is adjustably coupled to the clamp
- finger, wherein the lip may be moved relative to the cog for changing the robot arm degree of

extension at which the clamp finger is retracted from the workpiece.

et Has Been Replaced
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15. The robot_of. .claim-14, further conprising a pair of internmeshed gears

straps engaged between the cans to assure

~-engaged between the fi rm ﬁi‘d second arm assenbl i es. 16. The robot of

glqﬁw ;ﬁd ogﬂmﬁ “!“ l\ The robot of claim 14, wherein

rotations of thé first and second arns in a sanme direction are cegmarted
i nto one of the two i ndependent notions and rot at i exraessMalLlNe. EMpNISDII@GR
second arns in opposite directions are converted i AGORNFEPAGETYP- AMHEt wo
i ndependent noti ons. 18. The robot of claim 14, wherein the biasing
menber is a spring. 19. The robot of claim 14, wherein the retraction

lip is a@PuThekibpt oflgiheti, wherdin the wonkpiece iser wafishand:the handling pember iba noved

relative to the cog for changing the robot arm degree of extension at which

t he Wafex tnger is retracted fromthe workpiece. 20. The robot of
claim 14, wherein the workpiece is a wafer and the handling nenber is a
waf er bl ade. 21. A nethod for transferring a workpiece using a

. wor kpi ece1hangkthod f&lm&eﬁmgmoﬁbﬁtahsi@wwafer haridlihg blade om therdistg] end of

conprising the steps of: é pl acing a workpi ece on the workpiece
haneflmb@asn&@éms;comwgeﬁheé@pm ot arn (b) retracti ng the robot

" ﬁ;rr?dl [ ng éﬁﬁb%@%g& éé(%l amu%?@?mlﬁgt%l%&eyéﬁo ?gﬁ:n% Ween Epirgggt arm

-

-

AN

[\

O

and the \(g"kplr@@mﬂﬁglﬂgﬁmgtﬁhﬁde by novi ng a retractor nount ed on the robot
armto release a biased clanp finger; (d) extendi ng the robot
arm and(c) mechanically clamping the workplece to the wafer handling blade upon a given
amount of relative motion between the robot arm and the wafer handling blade;
(d) extending the robot arm; and

(e) unclamping the workpiece.

22. The method of claim 21, wherein the step of mechanically clamping the workpiece
further includes the step of centering the workpiece of the wafer handling blade.

23. The method of claim 21, further comprising the steps of:
® rotating the robot while the workpiece is clamped.

24. The method of claim 21, further comprising the steps of:
® increasing the speed of the robot while the workpiece is clamped.

25. The method of claim 21, wherein the step of retracting the blade causes rotation of the

robot arm relative to the wafer handling blade.
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(e) uncl anpi ng the -workpiece. by noving the retractor nounted on the robot

: contact with the bi ased clanp.finger to pull the clanp
f| nger away JM ” M”m The net hod of claim 21, wherein the
step of nech t he vvor kpi ece further includes the step of
centering the workpiece 5f fhe wor kpi ece handl i ng bI ade 23.  pak@r Met hod
of claim2l1l, further conprising the steps of: ¥ 90 avasregptiobe r obot
whi | e the workpiece is clanped. "-"0 Y BEKET QAN hod of
claim 21, wherein the step of mechani cal l'y clanmping the workpiece further

i ncl udes_t he step of biasi n? a cl angg menber agai nst the edge of, the
wor kpi ec?d. The method of claim 21, wherein the step of mechanically clamping the workpiece

further includes the step of biasing a clamping member against the edge of the workpiece.
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