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SPECNVEN HOLDI NG ROBOTI C ARM END EFFECTOR 15 FI ELD OF THE | NVENTI ON Thi s
invention is directed to a specinmen handling apparatus and nethod and) 20
“nore parti ¥AW3P? to an edge gripping seniconductor wafer rBpbEUSEIENd
effector that substantially reduces wafer backsi de damage and particul ate
~contam nation. BACKGROUND OF THE I NVENTION Integrated circuits are produced
fromwafers of sem conductor material. The 25 wafers are typically housed

iz a cassette having a plurality of closely spaced slots) i@h can
contain a wafer. The cassette is typically noved to a procmml m@m mmon
where the wafers are renoved fromthe cassette, placed in a predetermned
orientation by a prealigner or otherw se processed, and retur néd'%’o anot her
| ocati oy for further processing. 30 Various types of wafe i Vi ces
are known for transporting the wafers to and fromthe casymnﬁmmmmng
processi ng stations. Many enploy a robotic arm having a spat uj@&@lbaped end
that is inserted into the cassette to renove or insert a - Ut~ 2003
WO 001 33359 PCT/ US99/ 28737 2 wafer. The end of the robotic armis referred
to as an end effector that typically enploys a vacuumto rel easibly hold
the wafer to the end effector. The end effector typically enters the

cassettm t hrough the narrow gap between a pair of adjacent wafers and
engages the backside of a wafer to retrieve it fromthe cassette. The end

ef fector S must be t hisproTiviid HONBIRESROBOT! LR NI EpRERTEH 20y to fit

bet ween and not touch the osely spaced apart wafers in the cassette.
After the wafer has been processed) the robotic arminserts the wafer back
into the cassette. Unfortunately, transferring the wafer anong the
cassettg robot arm and processing stations, such as a prealigner, my
cause backsi de damage to the wafer 10 and contam nation of the other wafers
in the cassette because intentional engagenent as well as inadvertent
touching of the wafer may di sl odge particles that can fall and settle onto
the other wafers. Wafer backsi de damage can include scratches as well as

netallic and orga%L@GﬁWfﬁggN@ﬁO@e wafer material. Robotic arnms and
enp

preal i gners that 0y a vacuum7to grip the wafer can be designed to
m ni m ze 15 backsi Tiis Givengion andirgmed tocd specintat handlingugpuratae ahd metiiod amd, es
created with vacuum o .

20 more particularly, to an edge gripping semiconductor wafer robot arm end effector

that substantially reduces wafer backside damage and particulate contamination.

BACKGROUND OF THE INVENTION
Integrated circuits are produced from wafers of semiconductor material. The
25 wafers are typically housed in a cassette having a plurality of closely spaced slots,
each of which can contain a wafer. The cassette is typically moved to a processing
station where the wafers are removed from the cassette, placed in a predetermined
orientation by a prealigner or otherwise processed, and returned to another location
for further processing.
30 Various types of wafer handling devices are known for transporting the wafers
to and from the cassette and among processing stations. Many employ a robotic arm

having a spatula-shaped end that is inserted into the cassette to remove or insert a



pressure gripping or any other non-edge gripping nethod are suffici ent2 JUN 2003
coht ami nat e adj acent wafers housed in the cassette. Reducing such

contam nation is particularly inmportant to maintaining wafer processing
“yields. Morwowes33sthe wafer being transferred nay be scrat cheRCToUS9ans®Eded
on its backside, resulting in wafer 20 processi ng damage. \Wat i s needed,
therefore, is a specinen gripping end effeztor that can securely, quickly,
‘and accurately transfer sem conductor wafers while nininizing wafer
'sgratching and particle contam nation. 25 SUMVARY OF THE | NVENTI ON An

obj ect of thig.bnVept | i 3 , I Qv i i ng

devi ce t hat n“? anff:r% ?gés blg&pg{:iﬁwneljﬁbgtg‘ﬁ%%%arﬁd&{e%etgpdrsgd uﬁiiéltd %ﬁggﬂ%ﬁ?@%ﬂ%t e
particles. Amnmgleys objoaom tofretelhsibly olé the wafer so the qudafiedora HeNErRIITHEESOr
waf er handling device that can quickly and accurately transfer _

seni conduct ortyRis#lbr %mﬁrétta"eéﬁs%m’v&‘@’rghébe faewtgap behwcen apris of pdiseens syafgrs
station. - I P 7 el furtnh

obj ect of thiaéd#l{ é%? ?@enb%cgylﬁg%gra g‘gll e‘OaQ%i&gS?ﬁéﬁ‘dﬁ%;ﬁgSS&% ? eteﬁgte?%:gwrbe
retrofits to axistbkmkinf eighl, and Posiyiohabls withHigh acouR@&Nd fMfdedwsd smdohottthich
invention rapidly and cleanly transfer sem conductor wafers between a wafer
cassette and the p%@ﬂh%m%é apaiwaders uTthe easseis. eAftescthe veafemidsumben prodessest, one

proxi mal rest, pa nd _at. | east t i stal rest pads having pad and backstop
portions that@gﬁ%ﬁgilptarlgrmse %itbe%ﬂ lér‘nt%iﬂﬂ%?aﬁgﬁf?' annul ar excl usi on zone
that extends i nwargnforamtie RfifeRRY @k vRideaRbnd ME N&ELRE robBEash dand
effectors also include an active contact point that I's novabl e between a
retract ed wafproedssinglistagjopssuth ona prchlignere maynmest hakeide giaimapé ng tHeosafer on.
The actjve contact pQint is[ gog*?:vabl e to urge the wafer against the distal

rest pads so aALENRAUNAPIPAT F 5pks Bhihg cassefte beeayse injentignah epgagament
| usi , : : i .
e ovod el SR cEEheChatng of b onet it SRS LA SRR RN

is achi eved for en ectors w I ncl i

det ect retrageeld,onsathe chacvafers. | Watirngtiyideogamsze Andnelsiescledhepsd wepns of
the active contact point. 15 The end effectors are generally spatul a-shaped
and have a progtplligland eaganimeontammation pf mec\mfﬂremamwgoR@bo@mnnmm The

active contact point is |ocat he proxi mal _end i.ch allows the end
effector to B’éeﬁlgaﬁs_etb?t eﬁﬁ%ggﬁe‘g"éﬁ&’ ﬁ_ﬁpiﬁes q&Pn Pﬁggmgﬂﬁﬁéﬂlb‘li{n&%

havi ng 13oVi NghapRGRAEINSdER dnddartidy chR@lion.] EveReRy sittidies Bleal@l $ith vhdnin
cassette. The | ack of noving nechanisns further causes the end effector 20
to produce | ggessergrippingot any oththnon-edge grippdeg tethoddute sufficdntyo | ocat i ng
the active contact zBOi nt at t%%ﬁ%oxi mal, end of the end effector ensures

I d
that it is r&RBEEFHGADRCHYLAY P3eHH8 RY E4TSEHEe- nREACHEHAN CORTBHBIOM
|1 quids. A VRAHIEIRLLRRMTANAR WEARE a0 SRNESins/)icIBC! IMGre6Re! B wRRk !

between a retracted position, In whi c% t he ‘waf er oaded into the end

ef fector, andemg teattsfenrbeldn@f bp esiatched or abratiéd bn ith daciaider, resulting mpesafer A
first enbodi ment of the gi ston enpl oys vacuum pressure to nove the active
cont act?%oi ntPTRESHBEA2WREG-ene positions; a second embodi ment of the piston
enpl oys vacuum pr r etHedChrd b i ] i pring to
extend the acti vqugﬁtlgg%gdﬁgl’ ?ll{ aﬁ%hia?ﬁ%ﬁ*ﬁ%%ﬁ@@?ﬁ%ﬁ?%‘?%ﬂ@%?@ on adds

t he above- mentturelg( quiekly ahd acnsaely tarsfod abmidondactoeivafes adhilk msialRiza
speci nen | oadi ng/ gri ppi ng) and_ extended positions of the active contact

poi nt . - 2 wafer sgpggchipgand panisicontamipaaen. 28737 4 Al ternative enbodi ments
of the end effector include flat or inclined, narrow or arcuate rest pads
onto which the wafer is initially | oaded. The narrow and arcuate inclined

rest pasd enbodi mergIBVIMARYIOFTHENNSENTIONd gri ppi ng the wafer between the
An object of this invention is, therefore, to provide a specimen handling
device that minimizes specimen damage and the production of contaminate particles.
Another object of this invention is to provide a semiconductor wafer handling
device that can quickly and accurately transfer semiconductor wafers between a wafer

30 cassette and a wafer processing station.




active contact point and the distal rest pads. The arcuate rest pads"rZ)r\wN 2003
reddily 5 accommodate gripping and handling flatted wafers. The end

effectors further include fiber optic Iight transm ssion sensors for

‘accur at el ywoomiddssy t he waf er edge and bottom surface. Thr eePEGTrUSPZETIV e
enbodi nments include placing the wafer edge and bottom sensors at the

proxi mal end of the end effector; placing3he edge sensors at the proxinal

‘end and the bottom 10 sensors at the distal end of the end effector; and

plhaci ng a conbi ned edge and bottom sensor at the distal end of the end

effector. In all thpgmepbRel @ﬁﬂrssimemﬁmsimﬁfo%i&r@waf@ Haﬂgﬁﬁédgé\g}e that |

extensi on, elevation, and positioning data that support ne rapi dly

and accur at ecan pé agtrofy ta enizfing rebot and sysemsevi ng a wafer froma wafer
transport stage or. a Process chanber) and pl.acing . a wafer in and retrieving

a wafer 15 from afoRgt 3 eatkilentors) s jneptier sridly and desshetransien waf er
cassette. The ot WERE HeXSLon R URYANh-RAE i DTleEARE AtiohC IRl Ne

b |
end effector arﬁ% adj acen ers stac In a cas waf er resting

on a pr @gcesskeffectdvincladwhi leastoht eeoxingl edsepad ameauesst @wo [iStdlGefipadh davager .
Addi tional objects and advantages of this invention will be apparent from
the 20 fol | orkthandibackstopdparaenss thpk supRogang geipdhe safesrivishin marpmoulan exelgsion

whi ch proceed wth reference t he acc nyd _n r aw ngs..,BRI EF

DESCRI PTI ON &°rHHE! B M@gaﬁ fom, e Pecilifa) eps a6 Wafer; Tl e@ﬁtﬁf@f:%%t of
the end eff egisgrinQhdd i sctide doﬂﬁéeﬂfmiﬁmﬁhg%ovda%ét@éeﬂ B QratSPWh e ISP

waf er cassette to retrieve or replace a wafer. Fig. 2 is a side elevation

vi ew of the epositiefh ind apexehddd yafet-gnippingpositios. Efecactiva sentactepdint isshowi ng

the end effector jnserted between.an F?C,C:&i?tﬁ nt ir of three_closel]y spaced

apart W& er s MEYabisdo upgs fhg Waleragsingg t cg {Spéhat the wafey ig)gRippeh3 wo
001 33359 5 P | | | | [ | f
gﬁg'#ﬁggl %@% ?)? g}ﬁit?rhm% R IRDNOhE! %@.eﬁh@?fﬁgﬂoﬁ’ %Ie'c%ﬁgﬁhfew K a

flat rest pa I's 1nvention showi ng the rest pad~engagi ng an
excl usi on zorteat efafer etk eontaél ig acHievad fon eadkffegork withénotined a¢st pads.i Optiodl an
I nclined rest pad enbodi nent_ of this invention _show ng the inclined rest
pad engagi ngSeRsBEs daieqt apyrarcied, sefe spreimpndeading{grippag., ary egxtengledpogitions of
fragnentary eaﬂ:ti\(/%%}()\'nt%{:t;goi ortion of the end effector and wafer of Fig. 1,
enl arged to reveal “positional rel ationshi ps anong the wafer and a novabl e

cont actyspoi nt, waffge eng@effeprdeiSare ederaB} epartldGBaputichril Iamata poxmeN adthafis t he
first operably connected to a robot arm. The active contact point is located at the
proximal end, which allows the end effector to be lighter, stronger, and more slender
than end effectors having moving mechanisms that may not fit between adjacent
wafers in a cassette. The lack of moving mechanisms further causes the end effector
20 to produce less contamination within the cassette. Additionally, locating the active
contact point at the proximal end of the end effector ensures that it is remote from
harsh conditions such as heated environments and liquids.
A vacuum pressure-actuated piston moves the active contact point between a
retracted position, in which the wafer is Joaded into the end effector, and an extended
25 position in which the wafer is gripped. A first embodiment of ihe piston employs
vacuum pressure 0 move the active contact point between extreme positions; a
second embodiment of the piston employs vacuum pressure to retract the active
contact point and a spring to extend the active contact point; and a third embodiment

of the piston adds the above-mentioned optical sensors for detecting retracted, safe

30 specimen loading/gripping, and extended positions of the active contact point.



enbodi ment end effector of this invention. 10 Figs. 6A and 6B are =2 JUN 2003
respective side and front elevation views of one of the edge and el evati on
sensors of Fig. 5, further enlarged to reveal the positioning of fiber

optic Iightwgﬁgol(?gﬁgel ative to the wafer. Fig. 7 is a plan viepcpisssgesgond
enbodi nent of the end effector of this invention shown gripping a

sem conductor wafer and adjacent to a sem gonductor 15 wafer in a wafer
cassette to sense, retrieve, or replace a wafer. Fig. 8 is a sectional side
el’evation view of the end effector of Fig. 7 showing an active contact

pdint actuating meghani sm grippi ng a wafer bet ween adj acent .ones .of closely
spaced apart waf eré‘l'ﬁg"“?‘%gn\kg&nb&geoé\{%regﬁ eftlﬁc?ﬁ@%gfat@éég {ned, nFe 9
i's an enl argegr L3QaRLE:Dalld SM0Rhhieh fHeSWa¥er ¥ MHBAE 1b&RY i 20
Lhi o prear Dot bR Dati GitoGlnieh MieShaler 1 AHBAR 16REY, PR £ éﬁgg}%ﬁe
Fig. 10 is anirelidedesss patembediments asfistt inecenteding fahd @rippingf thEiveaferrbeatvesn thg
positional relationshi ES _an&r;g t he novabl e Cant act point, arcuate rest

f

pads, and waf 8ftVedgatashpeint andhithe shstaldpstdrads ol herpgcuate rstpadsBeremeadilend
effectorcof this I i . i 11 4 omview of the end effector
of Fig. 5} sho%%bﬂrﬁ%ﬁgét%l?%g?&;h??drl\éﬁc%}ﬁgﬁé or elevation sensors of the

second enbodi ment @ned efd Bffedtors fatthéhinglude \fibet 'b?ﬁc lifh@ranbthissSorfsdnsa@ent ar y
pl an view of a portion of a third enbodi nent of an end effector of this

i nvention, shaswuraelydecatingibe wakir £0goarthbpiors surface. hEhiggfalternagive - 2 J U N
2003 1VO 001 33359..PCTNS99128737. 6 Si.tion sensi active contact. poin
actuating mecH¥ ?%‘H}e“&rfaak‘ﬁ%? gggitﬂgﬁrakeés%ggaag'%o%:selﬁnrf at gmé’éaﬂiﬂg’gﬁ{’&

si de el evati opr \e@NdQrebioe; SIASing fficc&dgerseRRr hOheProXifl edd and @M Biitdne
position sensing active contact point actuating nmechanismfully extended 5

bet ween 18dj acssrisors| a3kd gisap end df thefead effastorhand placing alwentinedeetigerant toetiont er
cassette. Fig. 14 is,an,overall plan view of the end effector of Fig. 12
showi ng al t er FAPE! Q\bqlé:alsé"\riieﬁgioﬁéﬁea‘?@ %tjg?? rnglngfglsﬂ‘f?eoﬂgboqﬂnﬁgt.s’ the/SeB$Ys 158
are plan vie : : O 1415 ¢ | i

I three anguPshne thOFTim EERARE ARaBR], Bid RORinify dorT i STHEH RBGR T

an edge of a vafidly ahthowrakebdplacitg iarwafez en hnd retriaving ) waftt §om 1 eAfand 168
are respective side elevation and plan views of an exenplary two-arm
nul ti pl e | i nkrABIROLt $ag WA PIORETSIChADREN. AR RCiRgd Waferdpapd refrieving a wafer

15 from among a stack of closely spaced wafers stored in a wafer cassette. The methods

effectively prevent accidental contact between the end effector and adjacent wafers
stacked in a cassette or a wafer resting on a processing device while effecting clean,
secure gripping of the wafer.
Additional objects and advantages of this invention will be apparent from the
20 following detailed description of preferred embodiments thereof which proceed with

reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a plan view of a first embodiment of the end effector of this
25 invention shown inserted into a semiconductor wafer cassette to retrieve or replace a
wafer.
Fig. 2 is a side elevation view of the end effector of Fig. 1 without the wafer
cassette but showing the end effector inserted between an adjacent pair of three

closely spaced apart wafers as they would be stored in the cassette.



the present invention extends. Fig. 17 is a side elevation view in st ekJUN 2003
di agram form showi ng the [ink 15 conponents and the associ ated nechani cal

| i nkage of the robot armsystemof Figs. 16A and 16B. Fig. 18 is an

isometric viy@olsdzsst i ck di agram form showi ng the rotational nagTgsyorspRart ed

by the notor drive Iinks of the nechanical |inkage of the robot arm system

of Figs. 16A and 16B. 20 Fig. 19A is a di agram show ng the spati al

rel ationships and paranmeters that are used to derive control signals

prpvided by, and Fig. 19B is a block diagramof, the notor controller for

e o0, oL R, TR By o

spat ul a- shapethvenagdoefiicaang thelfsopad drigaging \w@rektapioh @oné bRASTAEE | Ng
sem conductor wafers, such as a wafer 12 (shown transparent to reveal

under | yi ng struct uFig)4 istap earged side glavatien viewsf et igclingd resicpadfenshodimento i s
adapted to recgj,ve. and.secur el old.wafer 12 and.transfer. .t to .apd from
cacbette 14 1 OF 1 WOBRGHGHing MGk R BRfeing FRvRhisky a peribhery ot

particul grly gQfepdapted for retrieving and replacing wafer 12 from anong

cl osely spaced wafers) - 2 JUN 2003 WO 001 33359 7 PCTNS99/ 28737 such as
waf ers 12, 12A, an®ig2Bis adragrhentary planwievwasf & payioniofthe ¢rel effertdrenhdiwafender

cassette 14. fers havi di aneters qf ] ess.than 150 nm are typi call
spaced apart &t8-d> 5.“[7]”63‘?#\%(@7 ‘T%E pPﬁ‘(:’ﬂB‘ﬁﬁF{aEHm@i‘@t%; the G‘@?‘?ﬁﬁ“&i aa‘i%i’@?lg

waf ers are typj | VS P I L& Si,ance;
and 500 rm wap SE bRy 3RRE PR dnd e Cdt i hebaliB MnsBls G Rk

pit ch di st ancembbdithetit Ead efitctdiOof thisoipeeminny attached to a robot arm 16 (a

portion of which is shown) that is programrably positionable in a well
known ndfner. I n g&igs SIA and@B are wepestive gide and fronjalesztiqnavisws pé one of the

hen 1inely petes BrabvAREsrs BF Rty oF Afer tRQuRRoTE el B b bt ey

18 of wafer 12,be,r@‘5mv1@gm@;ag{s redtive egnheagget.t e 14) and transfer wafer 12 to
a processing station (not shown) for processing. End effector 10 may then,

i f necessary, reinég.t7 e plan viEw af 8 second embedimaent pétheagd effector of Zhis and

wi thdraw from cassette 14. End effector, 10 is.operably coupled.to robot arm
16 at a proxi MYEPEQRSBRYVY, FPRIBE 3, SeEicandpgor wafeg ﬁiagﬁé‘”ﬁi‘? ABRBIOPANIPL, 10

recei vegswafl e ,fs iRGWABHcREEE EBens)dergidva r@é\lﬁi&ﬁvﬁa .22 and includes at

| east two and, preferably, four rest pads upon er 12 is initially
| oaded. Two di st al Rigs8 ispaststifdal side dloasivpe dieat of ihe eadjefifeetor of Hig. di sHoslingnd
22 of end effector 10; and at |east one, but preferably two proxi mal rest

pads 26 are | BRAFWENF CARRCE BOISF AXPANE WREhaas™ ESiRRIng 2 Wafer befyeemadipgept ones

al ternatively Pgosely spaced apart wafers as they would be stored in the wafer cassette.

Fig. 9 is an enlarged isometric view of a distal arcuate rest pad embodiment of

20 this invention mounted on the distal end of the end effector of Fig. 7.

Fig. 10 is an end perspective view of the end effector of Fig. 7 showing
positional relationships among the movable contact point, arcuate rest pads, and
wafer edge and elevation sensors of the second embodiment end effector of this
invention.

25 Fig. 11 is a bottom view of the end effector of Fig. 7 showing fiber optic
routing channels for elevation sensors of the second embodiment end effector of this
invention.

Fig. 12 is a fragmentary plan view of a portion of a third embodiment of an

end effector of this invention, showing positional relationships among the wafer, a
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20 fornmed as a single arcuate rest pad having an angul ar extent great gr
than the length of a "flat," which is a crystal structure-indicating
feature conmmonly found on sem conductor wafers. A flat 27 is shown t%¥ way
‘of exanpl e W?f‘f’lﬁ%iti oned between proxinal rest pads 26. Of PEBEUSYRE ¥t er
12 may have a different orientation) so periphery 18 is al so shown

positi oned between proximal rest pads 26. 65 vafer 12 includes an excl usion
zone 30 (a portion of which is shown in dashed |ines). Sem conductor wafers
have an annul ar excl usion zone, or inactive portion) that extends inwardly
abBout 1 nm t opoaitinii sehsimpativencqneadt poan ycthBtimntheclmngt 2idthe préamaniesg waf er
12. Exclusion zone 30 is described as part of an industry standard wafer
edge profile Rafpl ate in SEM specification M 10298, pages 30 18 and 19. As

5005 W0 001 33350 8 BT b eFIRARLABE LR BV G 85k MBS poifion of ik 1y
zone 30. |t ighowihd tHeRisRidntsBAding UttiNecconBics bOInS aghatingemeRfishi Aifly Sferty

al |l ow edge contact only, a requirenment that is readily accommbdated by this
i nventich. THeetween adiaeenbelosplp spaced twafersas tieyawduldHe sivred amthe wafeneassetteest

pads 26 each 5 havg. an,angqul ar_extent. gr er than any.feature on wafer 12
to guarantee that 3?" lﬁgn Pgeraﬁipgﬂbﬁle%nﬁﬂ%f?#}Fﬁe%%c%/{é‘igohhlfgﬂgl@o. Rest
pads 24 and 2§ Rafdrasdfpiis YT {RgPRsRbhe! S, but a preferred materi al

i s pol yet her ether eet one (ﬁ)geeﬂ("), whi (%h%l s a sem -crystalline high

t enper at ur e t her nopigast34 andifiBart plandvitwys & & tobot aim ant enldnt teéfdct6ir g deim
The rest pad material may be chan dapt tq different 10 worKking

ed to : . \WOI.
envi r onment s, INYERIPNSHOWE 1Rjthyce 2a ﬁ&tdéﬁp CethBP$IHARS [9R sensingyradinl shigarees to
subst anjd al |y, i f Qi 24. This enbodi nent can
be advafn ageoauris+£%e cﬁ{}t\g %ﬁ’ggﬁﬂtﬁo rggﬁétggb&ez??&%gl?gggéd w th wafers having
| ess than about a Rip. n6A dhdt6Beire rédpsitile sidesdleaids add plaiCyisWe of apad
portion 32 and a backstop portion 34. In the flat enbodi ment, pad portion
32 is subst arftXesiplary twa-asay mulepledmnkaebotasg system foanwhidd tha erdefferior df ough
waf er 12, an:}abacksttoiﬁ g@rti On%’?g is inclined toward wafer 12 at a backstop
angl e 38 of © PLSEHOYY ’O&'eed(} "relative to a |line perpendicular to plane
36. Alternatively, Fpad7Roh idertidAtidRwidie id ki igttaAVdYm shomnpehetink2 up to
about 3 degrees relative to plane 36. Pad portion 32 has a | ength 40 that
i s a fulfcti orcomipanknts degthe assoeiriet uséchanieadinkage obte robot2@mpsysfeen abFigsabout
3 nun | ong. er %i@éypi cally has a substantially rounded peripheral edge
and contacts #n =24 only within exclusion zone 30. Wafer 12 is
gri pped by urging i, 18t ' ; . & Wek hon 32
and backst op portiig)%'%g.lQ%l?gsdfﬁgig%gﬂgﬁﬁ?%?fa{g%eﬁﬂgﬁ| rreﬁttﬂ%l?mgﬁésriagl rest
pads 24. Thi snetitwotnperted t35the amotbedddy Enksaafahe steghadicd] limkege ofbthe asbotugimvel y
be, used with wafers_havij r er than about a 200 nm di aneter. Distal
rest pads 24 YA€Muelegs m‘gl"gﬁl\gg pad portion 42 and a backstop portion 34.
In the 4clined e di i j “@%d [ | Biird [ YinfF oM
waf er 1‘2d1at a res';119 %aégg%?ed l%ﬁh%]]% gbo thgggéetéga?g%lga?désﬁgsiq\?fé p{ﬂgﬂ?ﬁé\ﬁeth%&
and backst op grensedn EFivesonrol sigrals poovided tyafagd Fig B Backistiodiagngh ©f 38 of
30 up to about 3 degrees. Inclined pad portion 42 has a length 40 that is a
function of the nptgw@@@grmmgrglyg@gm system of Figs. 16A and 16B.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
25 Figs. 1 and 2 show a first embodiment of a spatula-shaped end effector 10 of
this invention for transferring semiconductor wafers, such as a wafer 12 (shown
transparent to reveal underlying structures), to and from a wafer cassette 14. End
effector 10 is adapted to receive and securely hold wafer 12 and transfer it to and
from cassette 14 for processing. Fig. 2 shows that end effector 10 is particularly

30 adapted for retrieving and replacing wafer 12 from among closely spaced wafers,



9 PCT/ US99/ 28737 the depth of exclusion zone 30, but is preferably abdudUl 2003
mm | ong. As before, wafer 12 typically has a substantially rounded

peri pheral edge_and contacts rest. pads 24 only w thin exclusj 0.
Vafer 12 i ¥YP338d by urging it into the included angle forﬁggugﬁﬁﬁgén pad
portion 42 and backstop portion 34. In thg inclined 5 enbodi nent, there is
substantially no contact between rest pad’24 and a bottom surface 46 of
‘wafer 12. This rest pad enbodinent is also suitable for wafer edge contact
only. Both the flat and inclined enbodinents of distal rest pads 24 have a
hei ght 48 t haich ssibaferatlZal 24, pedtHbswhigh agvghowioas ey anghteysackedin wader

surface of wafer . Ref er.ri again,to Eiqg.,., proxinel rest ds 26
oo o ar el 3 WRGEE hednk Sheeads Do i honRy K TRl S aeBEBuE
necessarily f : Rardd a i i ; ngt h of
about tw ce ;{t%gitj'v%w e(ggt% ﬁﬁﬁlgpbl%?\d(ﬁ dé??gbtﬁ%? hﬁdgﬁgﬁ\?g&ét}eﬁgrgﬁﬁa{hﬁacti ve
contact poi ndpa&ddl dpaat atias6.36 amdd/daincigrmischrdistareed aD 300 men dvadérs act grpicallynd

bet ween_proxi mal rest pads 26. A/}iv 10,%}5: contact point 50 is novable
betweer’ a r etpAgRtk AT RfAet) F’é‘éé(?ﬁé Hl?gl PHYhdE@RGn i n dashed |ines) and an
extended waf er - gr ppLRg.BO$H id %&a@gmweam'rgm' FRER ¢a pettiby B VAR
point 50 is operafively connect'ed to a piston 52 for reciprocation between

the retract eshosmyl tiex iepebgtarmablyi posisionable &n & iwelitknomsotian®int  Inpeséal énd
reci procates within a bore 54 and is preferably vacuum pressure operated to
20 extend areffactarrideanterstwafer eassatigcd togrtaieve wateack? Rasittansd hetwessi wafeso i s

connected to,Jj st 2 i st ro t hat..ext.ends .t hrou an ajrtight
ceal 56, Bor I a7fls P Ereh RhineB e SRR Byl 8 A Rblnee
by pi sygn 52tolng;tp_3a pedphat 18NFPAEr BF) redve wakir URFrémaaieite 64, ahd trifsfehanber
60 is 1n pneunmatic conmuni cation with a vacuum pressure source (not shown)
t hrough a fiwsfer dRanagrossingstitior(uotishowahfoepro®sgngi Endreffacton id) may
conmuni cation with the vacyum re%shjée source Sgrog h a ec](k)ggd &ha&%ﬁl 66.
The vacuum pHE&sHiMECESSAY: FHPSTEGWAIGF {4 LPIR 1A LS CHGET NIt tre 3P AN AR e of
piston 52 toggxtand@acly ve contact point 50 to the wafer-gripping position
and acts through return chanber 62 against the back face of piston 52 to

retract active coBhdeffegor b0 iSOpeasbly covpled teerbbbyamniné6 pr agreximaberd 20randol .
The vacuum pressure 30 source i s routed tQ?\(;i rst and second channels 64 and

66 thrddigh rottends o acdistal end 22 EngjeRecion 1scoyes waty Bgtisenpeoximal eng

communi cati o, ]| Syl . rrad cation
Spool 5 are cALBRPGsht pha o R4 iRt d kG i pibAbl, A IEREONRERAT AL
MULTI PLE LI NghiReR¢dFeARMiMnictMi 168dedWTved distal @63 ipgde2k e lobste@ a6 i3 radfaceiit

this application. 5 Piston 52 further includes an annul ar groove 68 that is

in pneumat i ctog distalend 22 ofrendieffeciar J8nand adeass prgvbut Prefprablove pipximal 18t st
d d ch | 4 t } , i
50 and 1 ot ur HBG e 10wl o N BORERNTGEIR Dl SETBESS 3 By llalfoe "

travel obi m t forikd RS Gtstpi® Arcudieaeipal Baving QAU MRL EREhEg rieftet tHantth@ NshpBie6pNd
channels 64 and 66 is reduced at the travel |lIimts 10 of piston 52) thereby

provi di ng si griflats" whidhhie avaysialtashre-iidieating Heaturgomneon)y fewst omoi nt 50 s
fully extended .or retracted t ct .proper |oading o fer 12. After
wafel 13 o Pomcuusi G- ok FBLeDR SBWEEY i iimBle Bynposhont
actuated to ghygeyBldRimiPresblisdss oF doiped v 13 My nive Agiffesencont act.
point 50 is extended, It urges wafer 12 toward distal rest pads 24 until
waf er 12 is griepguésh, wotperiphdry 18xis lalssisbown@ositidedletween poximal mst paslsi2ét. 50
and distal rest pads 24. . Proxi mal rest pads are arranged. rel ati.ve to

di stal 2Pest pads YAML14 ingludss apgxelgsion gwﬁglpgrpgn Bfé‘?’gfﬁhﬁlsgoﬁarlﬁl lel to
end effector grd i i Y, hi,.e: hen t he
Fl'at embodi niedIRES SenAthdndior Safirt SRAEHF Rl S5ERKIOnlgie bEKERIN
However, whepoitida, thackitends mmacdly abait 1 surergdboyes mrd Grqan eetriphdry didcardi st al

rest pads 24 and 26 are arranged such that the points where wafer
completely surrounding wafer 12. Exclusion zone 30 is described as part of an

industry standard wafer edge profile template in SEMI specification M10298, pages

30 18 and 19. As a general rule, no part of end effector 10 may contact wafer 12




12 contacts pad portions 42 are substantially equidistant froma cer’l‘tZarJUf\bzm]3
of wafer 12 when active contact point 50 is extended and wafer 12 is

gri pped. For exanple, when wafer 12 is in the position shown,j i t he
pad porti OWQW:’%staI and proxi mal rest pads 24 and 26 cont 5}5?"5%%%7}712 at
poi nts tangent to periphery 18 such 25 th a line through the center of

each pad portion 42 intersects center 70 of wafer 12. The | ocation of

“active contact point 50 at proximal end 20 allows end effector 10 to be
I'hghter, stronger, and nore slender than end effectors having noving

méchani sns t fhayondeshe ingerfioungasy of @xclysion gene 3Qafleisantipipated Ahatafmtiire Brsions

cassette |4. }'gie I acﬁ, oé moVvi ng nechani sns. further causes.end effx?ctor 10
to 30 producé MEPEBIFE ?ﬁﬂ’ﬁ?’iaglﬂwvﬁ icﬁnt@gs%q;{?t%ri%.'reﬂifafmabﬁaqeﬁ@,yI ocating
active cont agicommodatdd’By tH9 eGP0l 33359 11 PCT/ US99/ 28737 poi nt SO at

proxi mal end 20 of end etfector 10 ensures that active contact point 50 is
renot e from har sh Tentistaneereetwerrhrest pads 4chdahe idistance bebveendestippds @6 .eadline

cl ose spaci ng of adj a(ient waf er s 1@ 12A, and 1ZBtre ires accurate

posi 1 o ng JAVEAR AR atexsFl gicats Gian ahY fesliiE rovatar 1440 SEAARIeS &haf WATED ¢ he
wafer 5 w t hgyt; ! Q?ilt'lﬂ i ,

respective tgg,lsglﬂgg@ gﬂ&/ roﬁ?ﬂ\&/ﬁuﬁ%%&)?e g&f ?;&g%éagﬁb@?d?@en%&g}’%\?\a edre %fdge

and el evat i ovagsieus matrialsatbups pyéfdaed amaorial ¢s pelyeherbthepoond Cpedl') dohith is
relative to end effector 10. (Wafer 12 is shown transparent to reveal
under | yi ng starsgar-gryssalling hipghdemperapgirg tharmoplasde tapufagiured by Ydctsexcintbie sensor

housi ngs 80 . 82, whi t ogeth formthree |ight transmssion
sensors, eac ?ﬂ%@ﬁﬂ&ggo?i b@}% ‘E%g‘?ﬁ’aé‘ @étﬁpgleﬂl)éggicS% CgQP [afla%%@qrgpt edge
Sensor sjear e imkm%ﬁ@nﬁénéspkd&%inﬁigrsteng)@ﬁhrﬁ@c@?qcampr housi ngs 80 and
82 each include alight source fiber 84 and a light receiver fiber 86 that

f or m bet ween t hemEigspahowsa shbgtandialipdlat embediment of distat mesppadgpder Thi8 of 15

wafer 12 can fit.. Fibers 84 and 86 furfher i.nclude nutually facjng Light
bat h openi ngSTIUIRE 623 PR ALVATASCORSY 1 Bifcicrs AL AXUSTYRLY Das findy Wik wafers

detecting t h?a?ﬁgqgﬁ(}ﬁ?ﬁﬁbﬂ?%%ﬂf diQFr‘an:i;eg.h %ih’taﬂfhs%ad’é’aﬂ?ﬁclﬁae ac':fiua]lagfogﬂél? hat

and 86 exten ough ferrules 92 to a ht source/receiver no
is mounted ord2andeanekieptpottimad4.oin die fnedntotlantm) pddpaeion 32tis substatially
connection to robot arm 16. Li ?ht source/recei ver nodule 20 94

conventlSonal Pgraliet xanimrgipars Plae 19 gRendineHsAvEsValer dér arbhacksioprRortian and
86 and, therafy, ‘fxg@?ﬁ\grﬁ wiier £2 at Egacﬁcgﬁ:vﬁ Ingiek' 5‘9019{1? P@Eﬁo&?%ﬁ’eg@esbet ween

| i ght path openi nggl course, posi ti ons ers 84 and

86 may be revelfitsio Ohite peéadiconr $¢pRaE 36 Amhmmyt,qﬁdgﬁ)rﬁ@{ Bpwsay thd I st
sensor housing 80 further includes a light source fiber 96 (shown in

phanton), andndivednwaydrypvaig hbup thabey 3idegrasg aelative iqypieng 3¢.eiRadmottiorer
98 (shown in ant ..o Fi s..96- and 9 r et them a.w de .openi ng
that sights ng‘r?é a&%ﬁ‘@%ﬁé& nga*e‘&g%‘o‘?foﬁ@83*‘5&%?@@%5@%?@%9 ‘6 and 98
furtheryg ncl pelerermtyabduy 3f el Belg! IWhfer RtYPiOABNBARGSsubPentiBf rduptiea @ narr ow
| 'ight transm ssion pathway 104 For detecti ng the presence or absence of
bot t om sur f ageripherabedgptangfcopteicts regopadri2@nty Sdthimexchsiaxzamed . hWadehl 38
ferrules 106 to Iéght sour.ce/ r&cei Ver. dl1I| 3 94.. Light source/ rggei yer
nmodul e 94 gripped by urging it into the inclided angle formed between pad portion 32 an
backstop portion 34.
Fig. 4 shows an inclined embodiment of distal rest pads 24. This embodiment
25 can be advantageously, but need not exclusively be, used with wafers having greater
than about a 200 mm diameter. Distal rest pads 24 include an inclined pad portion
42 and a backstop portion 34. In the inclined embodiment, inclined pad portion 42 is
inclined away from wafer 12 at a rest pad angle 44 of about 3 degrees relative to
plane 36, and backstop portion 36 is inclined toward wafer 12 at backstop angle 38 of

30 up to about 3 degrees. Inclined pad portion 42 has a length 40 that is a function of



- 2 J U ~~ 2003 WO 001 33359 PCT/ US99/ 28737 12 conventional |y detects —2 JUN 200
degrees of |ight transm ssion between fibers 96 and 98 and t hereby

accurately senses the positioning of bottom surface chord 100 between |ight
“path openi RES i85y O course, the relative positions of fibergTAGaEEf3n8

may be reversed. 5 Flat 27 may be detected by separating |ight path

openi ngs 102 from each other by distance ggeater than the I ength of flat

"27. Flat 27 is present if bottom surface chord 100 is sensed between |ight

p?th openi ngs 102, but periphery 18 is not sensed between one of the pairs

vater 12 b thiﬁ%q%h“?%x%Saﬂ%?ﬁvgﬁ@ﬁtﬂ“réﬁm%a%%ﬁd B o Te Asgbut) AER
reference to (g hésa%smﬁug%umalpéﬁ pR&Af édde Al dhntadt? fedt pagegd in

its retracte |t|on End effec 10 i's inserted in an X direction into
cassette 14 bmly/vemh)n éxaiusiorangriec30. wifagers12L 3 gripped 2, urgmgut irpe thepineiuged 8 i s

sensed between at a one pair of at h o g controller
(not shown) é’é‘gl?cfioé‘!‘%‘ﬁ%%“feﬁnrpﬁwfm&?"ria CPE%E éf? i’%lﬂlﬁfn@l’“erdobot arm
16 when $er | R oiméh! hefe I5@BsahGIf) hd o 1 fﬂeét 248 pbbgshor 10
IS retracted I rh I rectron by an anount sufTtici t to provi

cl earance betsweface wbemt& 2N dThisaestggd edetodirhent s al26 skodbid f(&rmﬁﬁed@ nmoved

in a Z direction until bottom surface chord 100 of wafer 12 is sensed. The
control |l er r&@stagsorifie Z el evati on of the bottom surface of wafer 12. The

76l evat | on bel ow 16ib e fieaR BT SRR O 0R el Jpls S4X8% p Beitf i °
rest pads 24 (n Bstamtall RaEhedBuelseslnbt @Reknd BByork e 461 bliFhdedt w8012,

accounts for: 1} a radial distance offset and an el evation di stance offset
of distH rest pad&efemngeagaun tﬂeFIgo I peoxzmel wapadsﬂwre simgilar wordastalrestgiads

pat hway 104) 34 except that é]achJ rest p 8326\%(:5 not necessarlly require a backstop portion and its
pad portion has a length of about twice that of length 40.

End effector 10 further includes an active contact point 50 that is located at

proximal end 20 of end effector 10 and between proximal rest pads 26. Active
15 contact point 50 is movable between a retracted wafer-loading position (shown in
dashed lines) and an extended wafer-gripping position (shown in solid lines).

Active contact point 50 is operatively connected to a piston 52 for
reciprocation between the retracted and extended positions. In a first embodiment,
piston 52 reciprocates within a bore 54 and is preferably vacuum pressure operated to

20 extend and retract active contact point 50. Active contact point 50 is connected to
piston 52 by a piston rod 56 that extends through an airtight seal 58. Bore 54 forms a
vacuum chamber in end effector 10 that is divided by piston 52 into a drive chamber
60 and a return chamber 62. Drive chamber 60 is in pneumatic communication with
a vacuum pressure source (not shown) through a first channel 64, and return chamber

25 62 is in pneumatic communication with the vacuum pressure source through a second
channel 66. The vacuum pressure acts through drive chamber 60 against the front
face of piston 52 to extend active contact point 50 to the wafer-gripping position and
acts through return chamber 62 against the back face of piston 52 to retract active
contact point 50 as controlled by the programmable control. The vacuum pressure

30 source is routed to first and second channels 64 and 66 through rotary vacuum



PCT/ US99/ 28737 13 2) the radial distance end effector 10 was retracted

after sensing periphery 18. The controller noves end effector 10 in thq N ZUbS
direction into cassette 14 and elevates in the Z direction to contact wafer

-12 on | andiyhge 89 24 and 26. 5 Active contact point 50 is agcyaisdrim@7urge
wafer 12 into the included angle between pad and backstop portions 32 and

34 of distal rest pads 24) thereby grippingywafer 12. End effector 10

Wi thdraws wafer 12 in the -X direction fromcassette 14. Figs. 7 and 8 show
a,second enbodi nent of a spatul a-shaped end effector 110 10 of this

[ ti f t ferri ' duct f h f 12 (sh
L1 anapar ent (S PRUBEROTHIRETS PG00 10t Lo CEoned AT YRR EEPIRSee to 14

(not shown i nsrﬁda%éarxicﬁ%ibeﬁnﬂ e 86t No. 511, s13EFIcONTIRURNGSEYS ect or 10
but is further adapted to sense the bottom surface of a wafer stored in

waf er casset t ROFATWBhEUM UL TIPLEJLINK ROBOT HARMaMISETH ANISMg wiicls soassignbdit
end effector 110 is partic Jarlﬁ adapted for 15 retrieving and repl aci ng

waf er 12 fr oo REsIBReS | ISAPRRCAIOBpar t wafers, such as wafers 12, 12A )
and 12B 3 which ar ﬁé}pngﬁ,ﬁﬂw Molsli ASe g8l f; te 14.
End effe%:t or 110 igl oper a yeatlta% egl taghg’lg gt ar %81‘5‘.“\"?#?88%@?% , end

ef fector 110 senmeasichtien ithtaovens (idtahewny invgiften rad@ 5befRirse and k€dond Chaniets
cassette 14 20 to retrieve wafer 12 from between wafers 12A and 12B. End

ef fector 110 $4aph6A arg RINEClSd 49 t fesprstVEly. davbehamber 68 andaensn ghamben 62 at i p

i ph 18 of wafer 1 f 14, and f
Pt er 19 to aldspiisibpce sPEMRRAR Aol o8 Auné ARFIRRE bEwsihy SHphiRRSEr o,
110 may then) viduuhfpRssné ¥n fifiahs Sédond@hinels?6d MAP6E Seahied at4he h%b&qglﬁits

wafer 12, and withdraw from cassette 14. 25 End effector 110 is operably
coupl ed10o r obbpistmri2] ahexebypravidingraignalado tie0vasnumesontmotier thet activiestoatacend
122. End effector ) 10.receives wafer 12 be en proxinmal end 120 and di st al
end 122 and p?%‘l“é?ébq @*lﬁﬁeﬁ‘ﬁlﬁeé oéfetFaé:ééttote\%&am,ge‘rﬁflg{inﬁr‘gf“@f%&r, f our
arcuate rest pads ugon WiR:Clh Wabfledldtd end it 10/ AAGEE il 5t 2
arcuate rest pads 124 are | ocated eat) orn adj acent ’tao ) d&g%%}%gﬁdﬁlgz of
end effector &fudtddio moste ataf¢reBsintmite grippdd poséicar. aAk yctiveocqitarx ipoiit S8risuat e
rest pads 126 are located - 2 JUN 2003 WO 00l 33359 PCT/ US99/ 28737 14 .
toward proxi neftendgd, iurgepvates 12 apwass Gistahiest pads 24 wntil saferykyis gripped withing
may havecan a e : - WA [ own, by way of
exanpl e?%nl Y, &gccll)llgsﬁet;? ge’r%ﬂté?\%\g[g‘% (%)Pgag?ﬁ%%l ?‘226‘?83@ r%;@.aagﬁcour se, wafer
12 may have a diff @i@tlinabfdsepidstd6odte fabfpédlatbawmdistdl ré6tqiads 84 ls6Thataslahse
124 and 126, whether separated as shown) or joined into a single rest pad,
nave an angul 3¢ oéwtadert12gks @aefsrabihparaBelytofead effeeton A0 wdtearsripped o Thisr ant ee

that wafer 12 _is suffici ] . t [ not d..on

Wi ehi el wattsAng et SERY aBhLRAhen BE e boAeRE oPhrolfhar AR 2ot
nmay be nade Opadsard MuS26TRiahpIayal. HoWeldre whes iy inelnd®émbddmensiskafioydd)
Fig. 9 shows the enbodi nent of distal arcuate rest pads 124 that is

sui t abl @0f or proximalk andfdistal eegt pads 24fdndt26eate wafapged subhghatl the pointst whersswafends
124 include anp,inclined,pad. portion 1.3 ngd a hacks ortion.134.
Referring al sb”C8URFY .Pag,,%oﬂf'fp i"%éﬂe B‘étﬁf%@?ﬂ}' 83“@3?;“? g‘%!“ﬁﬁ FFW&’W@\R@)}" aferoth
vwafer 12 at rgknBedvedihit ?ﬂin@BO@PQk{En&d%Grv@ﬂ’ér Iﬂsa%ﬂiﬁ/p%dF Foleximppd. and
backstop portion 136 Is inclined toward wafer 12 15 at backstop angle 38 of
up to about 3witenmeder. 12 isdhithepositiah stown inrFig32, thapad poetngtsioftidaldmk is a
function of the depth of exclusign zone 39, Eut is gref erably about_ 3 nm
long. As bef oPEXIfak kst aaﬁstxifhﬂneaaq SPniact wales Jgat PRIEn FAnGeRtI0 RIERNGY 1 ochal
edge anggcont I vil fer Yy rce
only w ?Is”n n eg.%l& as]?%ﬁ%(gg t@%%en?%%géﬁl} B@/p‘\tﬂ?‘%ﬁégﬁ% Sg?fag{geg%égbneeﬁf)gﬂbe

rounded. Wafer 12 ZJheilscagohppeackiveycomtagt pgint 50 anproxihal éndc2Qualkovsodrgl effécrsmed

bet ween inclined pad gorti on 132 and backstop portion 134. .
10 to be lighter, stronger, and more slender than end effectors having moving

mechanisms that may not fit between adjacent wafers 12, 12A, and 12B in
cassette 14. The lack of moving mechanisms further causes end effector 10 to

30 produce less contamination within cassette 14. Additionally, locating active contact



Di stal arcuate rest pads 124 have a height 148 that substantially r eachelIN 2003
but does not extend beyond the top surface of wafer 12. Referring again to

Fig. 7) proxinmal arcuate rest pads 126 are simlar to distal 25 arcuate

‘rest pads Lgd @sspet that each rest pad 126 does not necessalpdryydogdsishe a
backstop portion and its pad portion has a |length of about tw ce that of

| ength 140. End effector 110 further includgs an active contact point 150

that is |located at proximl end 120 of end effector 110 and between

prioxi mal arcuate rest pads 126. Active contact point 150 is novabl e between

aretracted waf er-J-oadin Lthan.(not .30 shown) and the extended. _ .
waf er - gri ppi né’obrg |Ot%c?ﬁ°’g3§\?\§p& bapf%mgmgﬁogyeﬁuﬁﬁt\gaéﬁgvﬁéq?‘%@l%? 15
Referring agair@mpf frb@h habsh GorAfsc SuRORaRINnvionARNR Ghil (Rufnt act poi nt
actuating nechanism 151 is shown enployed with end effector 110. Active
contact point 150 iEheoglescaspacink\of adracent tverders d2a 1pAs txh 1218 2eduires accurate

reci procation between retracted d ext ended itions. In this enbodi nent)
pi ston 152 red1ositionmess 6pd; {eﬁtoéalbdF’@“?rfﬁﬁe'é‘ng?%d RYYEYEp grip theWafRys 155 to
extend active @g}n@ o y a vacuum pressure to retract active
cont act ;C)Sz)i nt Vg : Xé:l{cﬁgf@r%:dﬁdﬁ?gtcfaggﬁnt | 50 is connected to piston 152 by a

pi ston rod 156 t hatFigxt5reds, 4ndr6Righovanespeotive aop,adidd, iagh froie dlewk>T. 2 Baste 154
includes an end cap 159 that fornms one wall of a vacuum chanber 160) the
other wall of eFhodimens ofNalen sdge andelevBlomsensens tha provide acenratavafer 1260 i s

in 10 pneunati Ny ' p.t SUrLe. Spurc not shown
through a vac lPS’I%ﬁggg@t ?agtéézﬁﬂfgg egﬁ%f%%ggg)um%{n e Sﬁ%‘éﬂl Qaﬁant.ltggezleal
presses agai NsindtAPink 3GActesd Thereddss 4@ YRR MST AntCsee Ot &nsoPRiikinasHd)
to the wafer-gripping position) whereas the vacuum pressure acts through

vacuum cHanberandéi2, aduéogethprfdravdiresf light $tansmissi2n tsensovs; reacivhavihg adjber ng
force and retract acti}/e contact point 150 to the 15 wafer-rel easing
position. In tAPECSEUGHACE N OP ent, active contact point 150 is urged

agai nst wafer 12 wif, %vaic&réage %g%ﬁﬁ'm&ﬁﬂl{)ﬁmeﬂg%l Agﬁgﬁm n@i&?%&%@Qe&%?

IS supported between recesse In piston | end cap e vacuum
pressur e sour dmusings 80tnd 82 eacnimeivdeahitght sburte fibeh8bagha lighere¢eivar fiben 86
conmruni cation seals or spgg}ls in roﬁ&t 20 arm 16. Actuating nechani sm 151

further incl udBd IgrmdRtweepdhem agimallrershapedstpeninecdh mimwhichtperipBeryt Hoebher e
to allowdree erg?%n fif Flﬁ%%sﬁéh i s¥alrHep iﬁéﬁ?depﬂﬁﬁxkﬂg ngr&pﬁgr&;%ag nhot in

pneurrati C conmmuni cation wt € vacuum pressure sourc

mechani sm | 5| dpenifgs! 60 tivi Corntna triaggtoby' light tnsmisgiongatiavaly #0r aétesﬁﬂgri mé[)ﬂi:Mc@nd
cap 159 and vacuum f eedt hrough 162 and g an annul ar novi ng seal 172
surroundi ng piostabsenes 2f pexipheny) 18 fpuafersba| Eiberv84 and &Gjextend Hwowgle Errules 92

pi ston 152 absorh. cont a et hal 1y ountered b iston 152 at
Pt on 192 <b3a1HoRhBelSURR e Ll SR DL EhE Bl R R Bel
110, active ceffeaol 10GeRt itd AfladyScotfle@bnUa rebt ta®mMIBY €L At SdurdedrdcBiver itddule
gripped position. As active contact point 150 is - JUN 2003 WO 001 33359
PCT/ US9 873 P41®nventionally detects degrees of light transmission between fibers 84 and 86 and,
thereby, accurately senses the positioning of periphery 18 between light path openings
90. Of course, the relative positions of fibers 84 and 86 may be reversed.
One elevation sensor is implemented as follows. First sensor housing 80
further includes a light source fiber 96 (shown in phantom), and second sensor
25 housing 82 includes a light receiver fiber 98 (shown in phantom). Fibers 96 and 98
form between them a wide opening that sights along a bottom surface chord 100 of
wafer 12. Fibers 96 and 98 further include mutually facing light path openings 102
that form a narrow light transmission pathway 104 for detecting the presence or

absence of bottom surface chord 100 of wafer 12. Fibers 96 and 98 extend through

30 ferrules 106 to light source/receiver module 94. Light source/receiver module 94



extended by spring 155 ) it urges wafer 12 toward distal arcuate res M@%na
124 until wafer 12 is gripped by wafer edge contact (and perforce with

excl usion zone 30) by active contact point 150 and distal arcuate rest pads
124. Activewop@oisgasd poi nt 150 includes an inwardly inclined faegupsyisyam

| 76 that urges wafer 12 toward proxinmal 5 arcuate rest pads 126, thereby
firmy gripping the peripheral edge of wafg 12. Proximl arcuate rest pads
"126 are arranged relative to distal arcuate rest pads 124 so that the plane
off wafer 12 is preferably parallel to end effector 110 when gripped. In a

nner simla ff.ecto i I ipt 1S0
10 at proxi m@ﬁg‘%@&?}%&}?é{eég&%ﬁe %%)Sé#f P fg”(}:lt ggﬁsiwgﬁ?rggﬁ%pﬁtebg egs?,@é gﬁé 8&%@? and
nore sl ender iegdbyeiecuratdlp sémes thegoshpnimyvoMetoRchafice Bhotd 200 BRoweBATight t
bet ween adj acent wafers 12) 12A, and 12B in cassette 14. The |ack of noving

nmechani sms  bepatBepenings pPdx iQfeoutsadthei relagive pazigonyeh filbers Qoand S8emdy &Ef ect or
110 to produce Iesa contam nation within cassette 14. Moreover, unlike end
ef fector 10) et % s 15 act uat ed by two vacuumlines, end effector 100
requi ressonly one ¥@gouhiy Bedéeéed 6y _lééﬁdrﬁ’tﬁhlg @rmcp@m 8Benifgd1 0 fr8ff Qich Weher
could be fitted with actuating nmechani sm 151. The cl ose spaci ng of adjacent
waf ers 12, 12By distahcd gBatercthan the lengthodiflet pbsiRat@Ti is predene ifbottbfresitrface 110

t t tt .and iti | ) ip th i t hout taquchi
adj acent var ofaerdA00 s GensBd Betise Sk HAR SRERPFOAT e RETpBY e, noadensed
bottom vi ews Bétﬂeﬁ%ﬁ@eﬁpﬁ:@a |dgg@1% Pgm;qﬁég]@oggg'e and el evati on sensors

that provide accurate warer on dta relative to end effector

1 10. The wafer edga@hspnscedareaewhivhead dffecfor n9tacedsdesswafend 2sgnsiatowipusi ngs
180 and 182, each having a fiber optic_source/receiver pair_form ng a light
transm 48i on diamesar, pycheascP0mos iihdescrihed below with referense ie &igsi 2, Bokdednin
di stal end 12% of end effector 110. Two wafer edge sensors are inplenented
as fol |l ows. FIPSt and second sensor housings 180 and 182 each include |ight
source fiber 84 angctivglbnth@GRIIMETD fsipheied 8 its dérdciedepskigbd.ect or 10, that
form between thema snall U shaped opening 88 into ich periphery 18 of
wafer 12 can fit. Eadisffeotos 10fis nsegedin amy dis:clinn linideapsetta dr hetgeery, foi ng

i ght path openi ngs that r arrgw light transm ssion pathway for .
detoct ng < SR gt binobaou ety PR e e HASH eoEaes o
absence 1gf pej;i Rﬁ‘ﬁ%{t]}{ iRés ymfer 12. The two wafer edge sensors are
separ at ed fror%?eac gg’ﬁgrésby a distance 183 greater than the length of flat
27 so that a fl att edcomfodler ¢mot shewnpassoctiewd witnrabot yrmrié retortih éhe exaensidrer
edge sensors detects periphery 18 of fer 12. O, course, wafer 12 nust be
appr opri at el y°bFRohfER lﬁn‘Bge”cé?’spg‘nyel ¥ %eé}s%'et’%lf’trmgl ayy sepsedrili. o evat i on
sensor i s i npl enentgad Bpcfip109¥Perrddild #ank B didebSn FTRRUMBRAL sutfic nd
second sensor housﬁlgs 1&%8 ana 1tr:8r2a ([Po lnot incFSderllsgﬁt sourcsémfll %§§t€6

| i ght recei veprdvidreclef@nceRadtiveen wafer l12sanditho edgeadetectdisght source f ber 96

is routed through a first channel 184 fornmed in the bottom surface of end
ef fect 020110 and 1 opahaim 6 pemarehing &difrston yatihbestom gurfags ¢hord 40Q of|

ti ne 188 prox| r‘I’El 0. . di | end 122 of end effector 110. In |ike manner,
| i ght receiver |rb1te2rlsg ﬁslteg' routed through a second channel 186 forned in

the bottom surface Tot coffoRér RE6rak tHelB eddvaiion! BNt Jeeefacerowdred 12nd 120
and a second distal tine 190 proximal to distal end 122 of end effector

110. Distal tines g capgolioucomputss the X dispaectequpyad to seachgntoLagsette 11d1at B5

that f l.i ef. [ f tai.n t ' ' t h
as vaf or pr eaf) reen TIRE e G bitelke Ko N R RO A RO b9
pat h opeRri ngs a4@26 andr Widerkanripd 1pB distal tines 188 and 190. Fibers 96 and

98 form between them a wi de opening that sights along a bottom surface
chord 200 of, for &harphtrolievadisy actewnts for:Mut ual |y facing tight path

openi ngs 192 and 194 forma narrow |light transm ssi.on pat hway. 202 f.or
detecting the presence &S]adaé]@[]é’é‘a&?e 8&?%‘&&8?89%(&80’& ﬂgsr‘?fm?@gfs%tfozfvéﬂ‘élr refba,
In end effector 110, Ii WS PHRY ?4 :

portion of distal end 13;2&&% Eg?&%ﬁgﬂ@?@?{:com a@%%ﬁ%%?lg?ﬁmgyhﬁm’
further providing an obsnducti on sensing capability. As before, |ight

source/recei ver nodul e 94 25 conventionally detects degrees of |ight
transm ssi on between fibers 96 and 98 and,




t hereby, accurately senses the positioning of bottom surface chord 20(2 JUN 2003
between |ight path openings 192 and 194. O course, the relative positions

of fibers 96 and 98 may be reversed. - 2 JUP~ 2003 WO 00l 33359
-PCTNS991287®0 ob333sd The procedure by which end effector 110 sIZeS092877
predeterm ned wafer from anong cl osely spaced apart wafers in a cassette)

I's described belowwth reference to Figs. 13, 8, and 10. Active contact

‘point 150 is placed in its retracted position. 5 End effector 110 is noved

in an X direction toward cassette 14 until tines 188 and 190 are adj acent

to, but not touching, a pradigdifdiRareidngRikObr @OXW‘Q@E&E%%%#{%Q%?@&@“E 14.

End effector 110 is then’'scanned in a Z direction such t
transm ssi on pat hway 202peripherysdtts t he bottom surface chord 200 of any

wafer in cassette 14 and, 10 addition %I ,e&e_t ects any obstruction
proj ecting from caskié ¢qnirpyes E\%?Soe‘lgrfg qr 19 they Xdiregrion dpiqrgassetie 1 4 anst

shown) 1ecor ds. dafesdn ey HideBlisn B cdnbifee BRI Gtfahg hall 28a 8! ¢ s and

obstructi ons ect bot arm 16 I's nove ion calculated to

access a Predet er m Agiveldonwet point SO ishacamtstipfoarrgd FAfervitd into BleSificlpaey hskileg
clearance for end effector 110 between_adjacent wafers. The follow ng
opti onal oper drehween pagyanddagkstopportigns B4 anéd At of distal T nady 2hethepabygrinming
noved in an X difreg:%i on toward cassette 14 until tines 188 and 190 are
adj acent to, bW ¢hot touching, wafer 20 12A. In this position, |ight

transm ssion pat hwagnP&fectbior) With@raddivagant2 frotnb oK tarachibh FRfe c480&114£00 of
wafer 12A; robot arm 16 is optionally noved in a Z direction until bottom

surface chord 200 dofigsaf and 8 2how 9 seeorsleeimbadumentarftar spatuda-shgped @ndleffector 110
verifieshé he pre %nsed S% el evation.of 25 the bottom %k_l_rface of

wafer 1280 anchiBsgiveRian 1§ NeG g AR TS, SUgh of Paler|1gn(Sbavn

B e LS R € (SR AR LB SRR RIRET, Bl shown

adj acent waf eria thistvidw)peEngbffecrorl B0 is sarilarad end effeator 40 bue iSfurthee adwpiet to

edge sensor. sense the bottom surface of a wafer stored in wafer cassette 14 without protruding
into the cassette. Fig. 8 shows that end effector 110 is particularly adapted for

15 retrieving and replacing wafer 12 from among closely spaced apart wafers, such as
wafers 12, 12A, and 12B, which are shown as they might be stacked in wafer cassette
14.

End effector 110 is operably attached to robot arm 16. In general, end
effector 110 senses the bottomn surface of wafer 12 before entering wafer cassette 14

20 to retrieve wafer 12 from between wafers 12A and 12B. End effector 110 is then
finely positioned by robot arm 16 and actuated to grip periphery 18 of wafer 12,
remove wafer 12 from cassette 14, and transfer wafer 12 to a processing station (not
shown) for processing. End effector 110 may then, if necessary, reinsert wafer 12
into cassette 14, release wafer 12, and withdraw from cassette 14.

25 End effector 110 is operably coupled to robot arm 16 at a proximal end 120
and extends to a distal end 122. End effector 110 receives wafer 12 between
proximal end 120 and distal end 122 and preferable includes at least two and, more
preferably, four arcuate rest pads upon which wafer 12 is initially loaded. Two distal
arcuate rest pads 124 are located at, or adjacent to, distal end 122 of end effector

30 110; and at least one, but preferably two proximal arcuate rest pads 126 are located
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effector 10 in the Z direction calculated to contact wafer 12A on | andi ng

pads 124 and 126. Active contact point 150 is actuated to urge wafer 12A

‘into the ingbuwdssssangl e bet ween pad and backstop portions 132camdsde/28%7 of

di stal arcuate rest pads 124 5 thereby gripping wafer 12A. {In Fig. 7, the
gripped wafer is shown as wafer 12). End efiffector 110 withdraws wafer |2A
inthe -X direction fromcassette 14. End effector 110 conbines a very thin
Z-direction profile and accurate wafer position sensing to enable clean,

rapi d, and segyi i HRYAHRNEn® 1208 Distal AREpoxARAGRELAPRLL %Néﬁflgﬁsanhnlﬁ ma
1gs. 12, 13, 0]

cassette. 10 , and 14 show a third enbodi neht a preferr)(lad
f or k- shaped ehaveedrf angudar eXldht gieatdri than faeliX,i volmch as stiowan diyewayi ofdexample only,
sem conductor wafers, such as wafer 12 (showy transparent to reveal

under | yi ng st Positippedshetween B‘i‘?&f"fl?lo‘ﬁﬁtv%?ﬁéruga&fe‘iquésellﬂ’a(‘ﬁolt2 BALRAVE A t hese

views). End emffe%ﬁror?ematiioﬁ £l .tflﬁrshBQ end effectors 10 and 110 but further
i ncl udes a posi{ion sensing active contact poi nt actuating nechani sm 212,

15 and dgl et es t he Aregate vésk pedyl1 BOge] 826 villetivitsepara®ans @héwn, Rt jodkad iftda
effector 210 enploys distal end sensors 214 to acconplish various wafer

sensi ng measusaglentest padi, $A¥E appARZWHaMedens graaterathan apy feamratoadvafemil2 40y to

the el evation sensor ner.at i li-ght transnm.ssi,0 t 202 ag shown in
Hgs. 7 and 1euamnie o ATERLL B e Ohe LR Shsthe? Haltg S Aol opBCur « eq
for retrievi ng,ipigeXQudiGPrée 38 MaleSrestpadk DAY e p2GE1 M4 SRAESE t
waf ers, such as? \}vafergllz, 12A, and 12B, which are eéhg)wn as ?ﬁgy mmg ?;ebe
st acked i n wahede o yadousemaiwrials, put th¢ peforrsd emadedifiepeek. 210 operably

coupled to robot arm 16 at a proxi mal end 216 and extending to forked
distal dfds 218 andi®:29shq¥ythgemhodypens |of distal arcuate st B@dsllg“ﬂh%tv\)ééﬁmble

proxi mal end %&16 s%r\gltlt ﬂE%&popﬁﬁﬁﬂ{ed%&gfy is%'i‘%&x%@: é&%a@ 194 ?x%cﬁé@eb {!ﬁp’ on

i ncludes at | €ast two an nore prefera our arcuat'e rest
whi ch waf er 12ndimed pad pattion 13eairich bavksioptpattic C3At Refegtihg BRO td Flgi 4,
| ocated at, or adjacent to, each of forked distal ends 218 and 220; and at

| east one, buingiined erdppiionisZpis dRglingd ayiy deare walen 1pxdsstiad anele $oeobrtayt
ot o, 06 78 g3 UDA 6. i BB PR AR R ST
g?:tT ,WB‘; g 91;5r2 g>7< |3 gﬁba&mp@hglerméf BReSabot63 degrees. JhdNind@@ad YO B336K 2Rngth
140 that is a function of the depth of exclusion zone 30, but is preferably about 3 mm
long. As before, wafer 12 typically has a substantially rounded peripheral edge and
contacts arcuate rest pads 124 by wafer edge contact (and perforce only within
exclusion zone 30). Of course, the peripheral edge need not be rounded. Wafer 12
20 is gripped by urging it into the included angle formed between inclined pad portion
132 and backstop portion 134.
Distal arcuate rest pads 124 have a height 148 that substantially reaches but
does not extend beyond the top surface of wafer 12,
Referring again to Fig. 7, proximal arcuate rest pads 126 are similar to distal
25 arcuate rest pads 124 except that each rest pad 126 does not necessarily require a
backstop portion and its pad portion has a length of about twice that of length 140.
End effector 110 further includes an active contact point 150 that is located at
proximal end 120 of end effector 110 and between proximal arcuate rest pads 126.

Active contact point 150 is movable between a retracted wafer-loading position (not

30 shown) and the extended wafer-gripping position shown.



Referring to Figs. 12 and 13, position sensing active contact point =2 JUN 2003
actuati ng nechanism 212 is a third enbodi nent of the active contact point
actuating nechanism As in the second enbodi nent, active contact point 222

i's operati Vglypomesygect ed to piston 152 for reciprocation betvenydoghbinr
retracted, tully extended, and 5 internedi ate positions. Piston 152 noves

within bore 154 and is urged by a spring (Hisg. 8) to extend active contact
poi nt 222 and by a vacuum pressure to retract active contact point 222.
Acyive contact point 222 is connected to piston 152 by piston rod 156 that

ext ends through anmylear. airtighte.seal . re 154 i pcludes en ap. 159
that forns one wal %5?”@%%%@%%3%%%“? ﬁxgggﬁeg °ﬁéﬁ‘ ) W?ac?ﬁp&g}

novably 10 f ora®dtify nitcBiridn 152 is st emploasd @ithepl effeciof 100 WRfvE €ontact
comuni cation with the vacuum pressure sour celdgnot shown) through vacuum

f eedt hr ough 16RinA§0\isoperaiivelx sannectegao ampiston dpR digr yeeipsectiondaiween retrectédice
f piston 152 t t { tact, point 222 t fer-qrippi d

Ful Py *ext ended s8tenaghedsiligbr dadRistiniintin fiboufrdeabratabugh =Rt um

chanber 160 aqainsh i§ Ofelidta Yiridd £5°0 éx%dté&ti@éc%tﬁ)g@nlgb%nﬁ@y' Iachffce

and retract active contact "point 222 to wafer-releasi fully retracted
posi tions. Actpressuregormrerhctricive 2dadt poimdi50i nedtivd esntaenpoidBbB50 18 consaceat toc
conmmuni cation with the atnosphere_to allow free novenent of piston 152
within the poisiomles byGrRISPRI0H 56 that sxendsthruehammnnpies pirtightseahl 3he

£ e S AR e TR B MR 5

by an annul ar omke¢iwigl 68&hich 12 nexwab19UBehedbP pBioaN SRS 2Vaddikh Kearktee 1601i$in and
second enbodi nents, actuating nmechani sm 212 further includes a position

i ndi catilfy shameumatic eamaypisatieon Withst WsumPressuressouesedinatshown thypugh a

t hrough an annul ar seal, 2 Ly end cap 159. A pair of .optigcal interrupter
swi Lohes 228 oo Seinrofieh P2 6% s SBRury BomrireDRid Sty Lt PresssR agintihe
behi nd end cagadbs pisteh 156Dab exeap et bl pbdt RSGid ehemﬁér-gﬁﬂ,siﬁggbaao&,haft
224, it interrupts ‘a pair of |light beans 234 and 236 in respective optical

i nterrupter swhertassh@ 28&uandpzSure @pis ithrahigh meaunughastbes W60 apaiastah8 favachf 230

sense positions of tive contact 30 point 222 corresponding to retracted
pos i bn regi aasion 1 S51Q.0WTBr A wERedOrGnd TErSt SR ORGP PR TS 21

, I PCTI 4S99I 28734 f8kid pRitdnan extended position region. (Figs. 12 and 13
show actLil ve cont arcte po?}%tp 222ni n a fully extended position.) The retracted

posi tion regi on endunkssdcoad embbéimeh?, dcsiveoontaetipoprad Sarid vrgedspnsrtiwafeen2
position indicating shaft 224 interrupts both gf dight beanms 234 and 236. S
The safe gri ppV'Hy? &RFee SeteHRIned gPish by Sarmgahéﬁe Pring. {13 & LIgRPHed bewEsR 222

recesses 166 in piston 152 and end cap 159. The vacuum pressure source is routed to
vacuum channel 164 through rotary vacuum communication seals or spools in robot
20 arm 16.

Actuating mechanism 151 further includes a vent 168 in pneumatic
communication with the atmosphere to allow free movement of piston 152 within the
portion of bore 154 not in pneumatic communication with the vacuum pressure
source. Actuating mechanism 151 is made "vacuum tight" by O-ring seals 170

25 surrounding end cap 159 and vacuum feedthrough 162 and by an annular moving seal
172 surrounding piston 152. O-ring bumper seals 174 fitted to the faces of piston
152 absorb contact shocks potentially encountered by piston 152 at the extreme ends
of its travel.

After wafer 12 is loaded onto end effector 110, active contact point 150 is -

30 actuated to move wafer 12 into its gripped position. As active contact point 150 is
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positions within which wafer |oading, gripping, or unloading operation tcan
be safely carried out and is sensed when position indicating shaft 224
interrupts |ight beam 236 but not |ight beam 234. Moreover) when active
cont act poi wo @&33ss extended and cones to rest in the safe grappPsIIR8T37
operation region, proper wafer gripping is verified. 10 The extended
position region is a range of active contact6 point 222 positions within
‘which wafer 12 is not gripped and is sensed when position indicating shaft
224 interrupts neither of light beans 234 and 236. Optical interrupter

swi tches 728 ?éger&l%gtbsfgﬁri‘é%lgﬁeﬁtdrg&a&a Fmﬁﬂtciiis‘?ﬂ. a}ﬁ;}x}a?%}&lggads 124 until

above-referen con he controller coacts w e cuum pressure

15 source act ughfend2ds gtipped bR wateriadigs eomact [{ambsparfarce agtiirné e hidien 86mUR0) tf
vacuum pressure and, ther Qb{g control the positions of active contact
poi nt 222. OF asiyesontaghpoiphbobankdisabaicyate rest Hady bi4. aprévaeanta mointcsd may

b | oyed to. positior - i _ Conal
oxamp e, act i vECBt af Sl o5 AEC pgsioR 176 fr uhdbs I8P B R fifproxima
oper ati onsr egi fdussGedt paas €26, 1Bereby |fﬁﬂﬂ$e§rig[521h9 iR perphtRe e Sl@afefliber

wafer 12 is |oaded) active contact point 2 I's actuated to nove wafer |2
into its gripped po¥radimal arogateeest pads bift aretarjanged relBiyeitg distal emoleadd rést pads

urges wafer 12 i ncli.ne ad. portigns 132 qaf di st arcyate rest pads 124
ittt water 11765 pEcplabE R et A it risaity phtsDsin e -Gt GH PR e
safe gripping &ﬁ@;@pi ng region to ensure that wafer 12 25 is properly

gri pped. Wafer I's released by retracting active contact point 222 to the
retracted position [eginmmnessisdlas exet/effersorti0othe lodativat dfragtisd abntalPgoint 150
interrupting both of |ight beans 234 and 236. Wen wafer 12 is rel eased, it
slips baé® on atRIoxived eydd2Bstipws sad fngC‘BT 1H} torbg liglyter, sirengess angy mpse slender

t her eby providj f i Gl : r - .
PCT/ USbo) 2873718 eggte&%giﬁ?%%@ge ﬁ’?qgr%ﬁ"%cé’éﬁé?% E“;% ?)'%8 ?ﬂ&ﬁ g’g{"?%ﬁs%ascg%
Z-axi s el evat i @afer®Ve, apAl, sek 1IBntasedtecidd Ehid ek of mdlfhg MedhaniktsSthtdwberits

top view of the third enbodi ment of end effector 210 in which the wafer
edge sensors oproximaledridedistal ends dugther causesiead sffpeten 1 FQ Hopeducaess al 5 end

214 of end eff.ector.210 in forked.distal .ends.218 and
550 bi stal enpieamingn ik pasfiec) 4 Moy b Itk g Aty i 2"
fiber isjsouteghifit@ughwd vabinimk lieBanAalefféeBr (6 RRires ot OAchimae fopr Med

in the bottom surface” of end effector 210 and runni ng béetween proximal end
.216 and f or kedactiatical. ©fidowsd. endreffector 10monkirbe fittdd with acwe@ng mechariam 1i54.

ted th h d ch | 240..(sh 10§ hant i ne; f di
e Bt o oo oo She St 30Sta St OHh LA SRk KR 16
and forked di Sfa@ém&ﬂg%%?gnd EEdis01 ﬁ)taitergda@%n,elﬁ a?@qsoaaoe@rﬁimh@e\melgspaced

apart across a gap 2 that forns a relief region for certai'n'types o

processi ng equiitheat toushiog adcemfveafersr eal i gners. The Light fibers terninate
'stal ofd 215 andFisho Hiew DOraoN BehrBie JeernlneH Htigraiens of 3 second
embodiment of wafer edge and elevation sensors that provide accurate wafer 12
positioning data relative to end effector 110. The wafer edge sensors are housed in
first and second sensor housings 180 and 182, each having a fiber optic
source/receiver pair forming a light transmission sensor in each housing. The
25 elevation sensor is housed in distal end 122 of end effector 110.
Two wafer edge sensors are implemented as follows. First and second sensor
housings 180 and 182 each include light source fiber 84 and light receiver fiber 86,
as in end effector 10, that form between them a small U-shaped opening 88 into
which periphery 18 of wafer 12 can fit. As before, fibers 84 and 86 include mutually

30 facing light path openings that form a narrow light transmission pathway for detecting



openi ng that sights along the peripheral edge or the bottom surface cheRdJUN 200
of a wafer. The nmutually facing |ight path openings forma narrow |light
transm ssi on pathway 244 for detecting the presence or absence of the

peri phery o%@%&ggg surface chord of a wafer. Light transm sspefupgsiIsnsy

244 extends beyond the portion of forked distal 20 ends 218 and 220 t hat

woul d first contact a wafer, thereby furthegyproviding an obstruction

sensing capability. As before, light sourcelreceiver nodule 94

conventional |y detects degrees of light transm ssion between the fibers

d, thereby, bj hat i i i ssi h
592 End of | ectibIeEatenp AR Ec e €0f lec 3T nd SRLPAT el vlfert R
peripheral 25 gdge@DfloRr edcRR R byROdis@nRC 8y Sred®PHaRGné ®rRA] 501D M724d BHFa

waf er-rel ated operations including: determ ni ng waf er absernce or presence
in a cassett e, flfttaixwafer ozmbé detectad tthen oaksend ef thptwo mudéroetgersemorhdetects

hi ckness) cenPEHONESY ABAY SHch L o EOBSTBEHT | hEUshPLFPRIRGT A HOBSE 1
rotationals axi 8, . .andi¥ef adde tg@d effector centroid location. 30 Wafer
sensi ng operati'ons are described below with reference to light transm ssion
- 2 JU'd 2003 WO 00ITh8 2Evaffti $ddSO0is AMpRmentcd-gs fotbteayUiliké thé fieso@nbbtimndm)

210, but they can also be acconplished with li%cgt transm ssi on pat hvvag}/ 202
of end eff ect ofirst2pd segapd sensos howsngh1§0and 182 deynpyiaciyde dightysosres Bbar 96maf er

12 (shown in phantant. is ' Y, . e r Q, fer:. |
(shown in soli Egﬁll T5& 1)veri gg%%sgﬁ]ol\%thl&ﬁﬁg?@\a@%gﬁé@ géﬁsﬁoﬁécep%%é?tg ?’6?1 r&'@ﬁ%
waf er 12B (showohgh R'fiétichidnel 184 fermediin the BBE&H sGHAFeCofSRdSdegioP A30tan@n-
Sensi ng wafer 12B protrusion froma cassette (not shown) entails stepping

(scanni ndP r obosnmngrbateeep praxamalosnd 129 andea firsadistal dine d 88 ippoximali tadistahgndnd
effector 210 i he X-axis directign at the .start .of each_scan until

protrudi ng waf 325) Ogﬁﬁqle §°tﬁbi@f&}ﬁi%??’§erdgg IIEEd YRt 5698r165‘_6‘fte€m’ﬁf’§§é?ens
typically enpl eéfc%ﬂd%hMu 84 SR THShA NS SHTRe: of ARY el?freetb'iqqib@ﬁd‘f@ﬁgﬁﬁé are

noved back into their proper positions) such as the position shown by Wwafer
12A. When al |l betwees pasdmiahench&2Q ampl o geeong dssitalitme s 90proximeal tsdimal ded é22rofies
the Z-axis wafer |gcations 'bn t he cral\gget(ﬁﬁ Robot ?rm 16 X- and Z-axis

is andPg

movenents are BREFERADN §1Q-nDastyltpes ATBieTy Spaced pRart porgsya gap 191
‘ n s A e i L ndicati .
et o1 1587 et O 1o Al ISk ER i BV CRN S SRS SORET AR, 1y

nmovi ng end ef f pedafipnedd0 downward in the Z-axis direction until a top

surface chord of wafer 12B interrupts |ight transm ssion pathway 244. End
ef fector 210 conti nddkeraBQiang Sdsomiarte inyAutpally fgmgtl@ahgﬁﬁwpwng@éQ%ml%4
is restored. 2Q Thi.s._p@lnt,. t: 5 SASI t r.g. of
wafer 126 - End EPRacPared S aeERER 180, S gyl 2 B I A T 818

bet ween the poiypéin® that Sighis' 10kg &BoRd stfa¢eOEvrd 200 of, for eRimplephaferI2iAon

pat hway. This Z-axis position represents the approximate m dpoint of wafer
12B t hi clRfess. Mutially fagingt ightipad eneningy 193 jasd plgén’wnoh,na@ﬂw lagltt ¢ranemissIPO | s

t ted i t he X- axj i t til light t i i 25 t 4
o actored | AaeaD oG PhATEE b Bes At Rl PeSn e RS &)
Vafer 12A is showg 10n .t i endefédibrono, WA 8RehisfidepitRvay 202 kfiedds béiRnadse

detection point represented by wafer 1Z2A and because the radius of wafer
12A i's known, tpheticnooftdisthl end Hdthpowduld dirseenntate mafersiQo chexetyufumibieh proiding
arm 16 can determne the X—axisl%ﬁ).radi al gi Stf ce to ? cent er ‘i@ §§6 of
waf er 12A and A" @BHNEIOR SPDSIRG SARFPUIYN AF BelfG: PEY SOBTGSIGoTYY PP Atce -
2 JU~a 2 WO D f
v er 128 and SR AT e e et SO b T A b e

pl aci ng and r ettlidretwi, ragcuvafety serisesotire phsitioning eif hettomcarfaee thverd 280 desveendighnt
necessarily parallel to end effectar. 210 and di st ances between adj acent
wafers in the @awwgééﬁga@dtlgémof WU ther selative Positigns lmﬁggﬁeﬁfﬁ&%
controll abl e s%gi %érké?f angle 248, which is the tilt angle about the X-axis
of end effector 210 felative to a Y-axis. Vafers stacked hori zontally in a
cassette ordinarily have their major surface planes at a zerodegree tilt
angl e that should be matched by supination angle 248 of end effector 210.
However, to reduce wafer surface contam nation, wafers are often stored
vertically in



10 a cassette, which because the cassette storage slots are w der tﬁ%J[UNEZU%
waf er 't hi ckness) allows the wafers assune an indefinite tilt angle. Tilt

angl e can be indefinite even after a cassette of wafers is returned to a

hori zontal @gi@RiRsi on. Therefore, the foll ow ng procedure i spdoUs®weBIt O

det erm ne whet her supination angle 248 equals the wafer tilt angle. In this
procedure the wafers are in a horizontal ongentation by way 15 of exanple
only. Supination angle 248 of end effector 210 is set to about zero

'dggrees. Robot arm 16 noves end effector 210 in the X-axis direction such
that |ight transm ssi o t 1 obot
arm 16 noves end ef g%?%‘%%gg%\ﬁ%a% gkﬁdé@o%&?dg ?f@cggﬁégg%&%%ﬁ%nz‘%&}fmi | e
di thering its feoaphmohg CdselfGpaceddipattntaferssint cissat®, ihdaskribabbabwwaiier 128
is conputed. The m ninum thickness indicates that end effector 210 and the
waf er are in trbferengerto Higsurh Pl a#el®nd, therefore, supination angle 248
substantially equal,s_ the tjlt an f f.er .12 5, Robpt arm systens can
be equi pped with t\fﬁf"é’ﬁ(‘fogkf%%?l}}gg;oofs prlr%& i’BIlé rgtirPéect ggségﬁl'gs. 16A and 16B
for dual sarm robot )endldifectCN0l g woveg $ kh dedirehidraohard assamt 1 hhdtiRs 188
supi nati on angle can be extended to such nmultiple end effector systens by
usi ng a si ngl enddbenrasdjacenetiertemaet tonchiagea pradected positiony foraany Wafdi d2msi on
of fsets anong them 30 - 2 JUN 2003 WD 00l 33359 PCT/ US99/ 28737 25
Referring to ER#8§UE 16A and 15B, 1ight transnission pathway 244 is al so

enpl oyed to align rﬂﬁoéffeﬁdp 1]1?2i§‘.rﬁ?ene§agm?€cdfiﬁcatﬁrdil%mof{"bﬁéﬁ &Fﬁé@?% §sts'on

i ndefinite position of warler in a cassette or on a prealignher (nel Ker
shown) . Al i gnRatiwady202cihiceseet, thadostimvsnriace Ehqd 200R)f anfpavafercint cksete240dnd,
wafer 12, active contact point 5 222 (shown as a target} on end effector
210) andl® shodditiopalliy deteEsoanyt ohsgyetion prajecsing feorg £assee (1 feward ensteffesiai ng
al i gnnment preflzlroabl y entails enploying a cylindrical coordinate systemin
whi ch an r-axis extends radially from shoul der axis 260, a O axis extends
angul arly about shoge0@intrdXes (1 Showmtredords Ad B c@elaBiBHS of i Hotbiny sufachs of
shoul der axis 260. 10 Perform ng alignnment operations entails finding a

m ni mum r adi alanglivetfens aad obsthdiwngdetectedoul der axi s 260 of robot arm 16 and

L oot 1oy o BERRIEY sheR o Flb hih Pyl Ao itesd
maxi mum £xt en%ﬁﬁr, @h&%@@%fe& B9l - wHIRIMEEProviang BRAraR%E Fordbfd 3fadidrilgbt
transm ssion pathway 244 for tangentially sensing periphery 18. 15

Ext ensi on di stmeen adizxwent wafers.eadabl e and control | able by the system

controlling robot arm 16. Fig. éqSﬁéLshows robot arm_16 anpd end effector 210

—1 g :
positioned at firstlhni@llowangopt PRETALONS B2 BT BEFIRBRGY| ons represent ed
respectively by solid a i : gnl% t4: Q0 i by
novi ng robot arm 16 to ?%é(p?t?%% grgg;ﬁl?%rbg&%ggh%l spl g%degp%ggi%lfggﬁgg?&g%d
angle 0, from a |i nassxeadding tines 188 andvb®® areceijdoent @5buanet telichihglewafaxi s
260. Robot arm 16 is extended in the r-axis direction and scanned in the

z-axi s d#Qection sud-t kathis pgtition, light tragsmisHop pakay 22sshenld becpdiecephtcer
12. Robot arm 16 isnfgtla S r%cé %ﬁfzddﬂ' f&?ehi&ls direction to detect wafer
T gHrpasg ghoTe 200t Wi

25 peripheral edge rea xtensi on distance rEx,.,. Robot arm

16 is noved to the secongbangrh a6 liyopticnalipensiedasn iatZ direetionuntd b@emOsrfacom
a line extendi ng between wafer center 252 and shoul der axis 260. Robot arm
16 is extended in tdherd 208 p§ waferd@A tsrsensed: scanned in the z-axis direction

such that light transm sgian hway. 2 can.sense wafer 12. r .

001 33330 PCTT Uso0! 28737 6 SRpBSctimfiondty EAMERE Bre Al ed A Riopof
directiopsto detectupbRemPREBA6T Mafc@dad; hgdand read a second extension

di stance rE~,..n. The above-descri bed rotation and edge detection steps are

repeaEed until the maxi nobotiamn dhdeoptionadly anoveddn abet ducentiophio prenide alearancs0

and periphery 18. This ign osition.is shown in Fig. 15B.

Alternatively ) af t’gf eaﬁifiﬁjﬁ%gf if@ Bﬁ%‘f%ﬂ aalag‘?’ﬁﬁ%ag?sar e known, the aligned
End effector 110 is inserted in an X direction into cassette 14 between

adjacent wafers until periphery 18 is sensed between at least one wafer edge sensor.



posi tion can be converged upon by cal cul ation and stored for future u§@ QW 2003
the controller. For exanple, for displacenent angles 0, corresponding

extensi on di stances rEXT are known and, therefore, the particular

di spl acemeniypgdzgss0 at which 10 extension distance r~; T equapctikdy/Rasy be

cal cul ated using the I aw of cosines. O course, the aligned position can be

set manually and the position stored for futgure use by the controller. Fig.

15B shows robot arm 16 and end effector 210 in the aligned position. From

this position, the robot armcontroller perfornms the foll ow ng novenent 15

operations to retrigve T r 1les out, operation o]
nove centroid 262 o eecﬁ%ﬁ % lé’(]:i}%(\)/‘rzs g‘f"o&g‘%‘@q %ethlg %‘é’ffﬁ%‘? 9 chHg?e eCHEFaﬁB

bet ween shoul dgdfeX) & o4 G8ndERE p¥&f £24 SRN1XKY. 252 until centroid 262 overlays
waf er center 252. The required r-axis nove distance is referred to as the

of fset distance, whhaiveicontagt poind 20 issasniatdd Gvitrge 2GRN 2A wto thedingivded engle
bet i ght .t i i th 244 d di | t ds 124 |

or edet er mi ned RAFEEIRAD 298PBEYGR VLIRS LARERT ik df diA prRG e e afor 210.
Li kew se,5 vwaf §ferbiy Qaﬁpagmaqﬂﬁi@mmﬁﬁ%dv?mt lp;%gg%a@ggrsﬁé%%s wdt& pIf set

distance is the sumoif distance 264 and di aneter ) Assume t hat the
control |l er has preEmleffactaralievtithdramsevaferol2 A mml thef-Xedirantiod ¥fomcasene dd. t o

t he above-described_scanni ng and sensing operations.to | gcate and repl ace
protrudi ng wafers, d%& GHMel \?v)aq(gﬁ’b‘f’%spa GL| tg’é’tai’(%ﬁegtﬂﬁﬁ &@%leza%(i‘@“r%%&taﬁins

and periphery 18..1-2ax] [ ] I | ve
o a post 1 on Prianakhing Ry Seat Rl P ik Emobeshlp WP 968h- Gy 5P dBes
27 PCTNS99I 2843 4rinderefih aadagdettd10 i s noved to a z-axis |ocation that clears
the bottom surface of the selected wafer 12 and the top surface of an

adj acent1Oaf er. EndFies.f¥otlds apd d4ishovyptairdiembogimenstof @ipsefgried fork-shaped erdi s

direction. End_gffe r 0.1 +aX. istance th causes_ proxi.gal
Fest pads 126 lepier 10 pf s iy alBY S5 Burkietfing SR RRi ol Rikey BT B RaB 2
Active cont actsaintragspardnr @ revb4) underigfig staicBed) OromnderrvaedfeP@dssaery 18
into the included angl es of distal rest pads 124, thereby edge gripping

waf er 12. End (ebf shomarin2heserviews)e vided effgeeor 21D igisirhilar townd efactornl@ Ard 11Gixi s

Ot o0 5SS R08 R PR TS  FaBEp 12

robot aryss and qnfli«eds RE bRS:8mal end edge and elevation sensors. Rather, end effector 210
employs distal end sensors 214 to accomplish various wafer sensing measurements.
Distal end sensors 214 are implemented similarly to the elevation sensor generating
light transmission pathway 202 as shown in Figs. 7 and 10.
Fig. 13 shows that end effector 210 is particularly suited for retrieving and
20 replacing wafer 12 from among closely spaced apart wafers, su.ch as wafers 12, 12A,
and 12B, which are shown as they might be stacked in wafer cassette 14.
Fig. 14 shows end effector 210 operably coupled to robot arm 16 at a
proximal end 216 and extending to forked distal ends 218 and 220. End effector 210
receives wafer 12 between proximal end 216 and forked distal ends 218 and 220 and
25 preferably includes at least two and, more preferably, four arcuate rest pads upon
which wafer 12 is initially loaded. A-distal arcuate rest pad 124 is located at, or
adjacent 1o, each of forked distal ends 218 and 220; and at least one, but preferably
two proximal arcuate rest pads 126 are located toward proximal end 216. End
effector 210 also includes an active contact point 222 that is located at proximal end

30 216 of end effector 210 and between proximal arcuate rest pads 126.



If multiple end effectors 210 are enployed, the foregoing procedure cah JHN 2003
repeated together with determ ning any Z-axis distance or elevation

di fferences between them Referring to Fig. 5, it should be noted that the
U-shaped edgg @akseti ng sensors in housing 80 and 82 are usefpdri)99928737
determ ning certain paraneters of a 15 Hatless 300 mm wafer. For instance,
the edge detecting sensors can be enployed 4 determ ne the
center-to-center distance between the shoul der axis of a robot armand a
wafer center while the wafer is in the cassette or the end effector is

posi ti oned beneat hégr}e wafter . 4f17c,o%rﬁ3[e, th Z-axi s _dinmension of U shaped
openi ngs 88 (Fig. erychiEsRiigs 2 dti- iPoStOREnsing Arthis) Cmach BOIRE AGIPaY
again {0 Fi gS mehAniafih 15R)a thirdfmbiouaneitiof Shoseriv oMY gl ARYyileso be used
in conbination wth the supination capability of end effector to

det er mi ne whetrheshamismenAs én theXgRomek embuiiimbhiec atidve &idact poan AP iy opdragvedyl

with center 252 of fer. 12B d shoul dey gxis 260 of robot arm 16.
| deal | y, cent F@Pﬂe%%vhatq I%'“@Bd)?? pr WQH{OQ%’@“@FW@“ Hly getgaqtesh dullygxiepdegh @nd

252" of wel or | 19CTRACIRSRER TR0 1D peFey SARAr bR 10 sl Prlh N

features creat(Fig 8)itglekiend aosve Ssritavn ppiat D22Yin@ B¢ anBy LAY essareC@l retth@tRtdve
position of centroid 262 to be offset fromthe supination axis of rotation.
Det er mi ni ng WeRket PeiahE2di dclipe corfagpointi22dris comnesicd dppiston 452 by pistoryrady

Chrough a 90 i ek exigs MioBE T BhRP Gk 203 s5E #tisk 334 Sl P sah 5],
the alignment pREHAKS @RS wall of vAcwkid cB&AREer\Y800 He3SBOOWAIEDF WRRY R8iabi8 | f

the centroid is offset, the calculated alignments will be in a mnor “i mage
rel ati onkhi p doroghby ipistors 1 5% s Vetuurh ehamparntli is in aréusnasic qomtratnicationTaith
correct locatipn for centroid 262 .,is determ nedq by averagjng the.twg

ol cul at ed_ al iGn et Dl 5odee s hryh MuRisr i deatbroishdfy and
i11ustrative Qfchiif cRbhmk 184 ©HRisprink Pest VAR dsPhe AEY { bfth &Rfeh@ns
and changes ma;?c‘%e made thereto bsg P% séc' ski fesd{hfenf thdép%,l?tt()ﬁ?%%ttb\% <
enbody the priastvetesaafpditte22noevifeogrigpidg had Fully dxmiet pesisiphs,i whereds theope

t hereof. For exanple, skilled workers will understand that the pistons may
be actuated by’28W4BDEeISHIFACkuthEQUEo\AcR YR chambpr 10 against Hieafaps af Pisipnal 52 to

pul si ng | enqj (] | - AS f . b, S ed. iC
signal s %y bgdvgﬁ%ﬁgey@ S? )(‘)Yﬁ% %&Sgegg?\gé t%ﬁ?@(‘)& y e°g’é%’?’€?%%f°n§g%¥ ??‘ﬁaesl%ge fibd
pi stons. The guBY efgadi®@y p&ditiensbe pneumatically operated and nonitored, such
as in applications where the end effectors are subnerged in a liquid. The

end effectors may béctuaiingmeehanismihfusther degludps vanicLoim prspmtic shaped t o

15 avoi d ob | sych L b, .The end eff b
moved by devi comraymetta i bR RS o i e85 Rnel ERRR Lot e
posi tioners hayRéVef BoreMFdendl &9 pR&mAe donfRElamLoNBIBPHR vachitg pBfure

effectors are usable for handling various types of speci nmens other than
semi condct or seafcer sAcwaiitg mecha@bdmi2 Ebisapadeainaceum dightfaloyt Odiiink sdalet70 and

conput er menory dis¢s, all of ich may be.stored j.n 20 carriers other than
Che’ above. descbruiopkeddcagdss T Vel FEak B 1z oA tin i Mojihes
fromlight-emgii M2 di-Rdedimndsehqde. | asers, but may al so enpl oy
i ncandescent) infrared, and other radiation sources. The rest pad incl uded
angl es are pref er abUnlike thediranagidesscomigmbdidimentsy aqwpdtimg meghanisal 2tefurther
enbodi nents i iich th cj. men re |d to.the end effectors . b
! > r}nc uhes a poseitigxg) ?ndlicrzra%ng sﬁaft 2&? attached to piston 15% and exten%ingyaxial]y
25 through an annular seal 226 in end cap 159. A pair of optical interrupter switches
228 and 230 are mounted to a circuit board 232 positioned just behind end cap 159
such that, depending on the position of indicating shaft 224, it interrupts a pair of
light beams 234 and 236 in respective optical interrupter switches 228 and 230.
Optical interrupter switches 228 and 230 sense positions of active contact

30 point 222 corresponding to a retracted position region, a safe gripping operation



25 gravitation force, in which instances the included angles may be obtuuddN 2003
angles less than 180 degrees. Figs. 16A and 16B and Figs. 17 and 18 show a
type of nultiple link robot armsystem 308 to which end effector 210 is
nount abl e. \(Eb%/ssajsgA and 19B present in conjunction with pertdheitoorgrzr

mat hemat i cal "expresSsi ons characterizing robot arm 30 di spl acenent an

exanpl e of positioning robot arm nmechanis 08 to denonstrate the - 2 JUN
2003 WO 00/ 33359 29 PCTI US99/ 28737 mani pul ati on of the |inear and angul ar
di’spl acenent val ues necessary to conpute .the paraneters associated with the
vari ous wafer sensi n% neasur e(riﬂant.s descri bed abgve. il S. Patent No. .

5, 765, 444 proV5Qe andAn eXendgd gesitipp pegioh, SYigh i arhi3 shew pehvesrptes dPRti on
of this type b,k t . 5 yigs. 16A and 16B are respective side
el evati on andagT %Q%lﬁéﬁ%ﬁd’% E?{\A%l-oglf)m multiple link robot arm system 308
nmounted on and t hr Ahghemacteppoditicrerdgion érsutespha wdfec e &f n@ Gipppdand iabl e
309. Wth reference to Figs. 16A and 16B, two simlar but independentl
control | abl e SenseéWHeRposiBIon indieHingehAt 7124 iBteBupls hote oB light mams%ﬁaarabﬁﬁ.
nount ed at opposite.end f torso.link.311, which.]s. ounted t.o top
10 surfade of a ba @eﬁgffsﬁ}pda?%gigp%&}or} rc??}ﬁnl %r? TapgT Pt %\C%B'gﬁtopﬁlf:t By g%o axi s
313. Because YoAd @ithin WRich WESERadhg eRGPpiRE, MR uni mﬁ% i :

310L and 310Rtpﬁgvg§{:orrespondi ng conpoﬁe%?‘gp ﬁ%entil}dised ?/ﬁelrrgié%?{]gll% sately

ref erence numeamied dublahdvestnbsd when pestpiarcindicating slidft 224 intérraptsl light beam 236
Accordingly) the fallow n iLsqussion i§ directed to the nstruction and
operation of &Hf Wtﬁéﬂﬁﬁg‘eﬁﬁﬁgﬁegﬁﬁﬁogﬁ’ :ﬁ}ﬁﬁ aGye ?%m%‘i‘rPPP&Fﬁg 1§ sxtgpdad andh) e
to robot arm ' : . ; ' '

arm S19R mount ooy D Py a2 i (PIRIIILER, pbl: SARE difind h BRRN,
posi tion@d on the rTighextdnded pesitomfegian Ba tanpk oBidtiviearontaat pdinoD22 positions

shoul der axis 316R Cylindrical spacer 315R provides roomfor the notors
and certain ot'fiyin Wakst 42 4 notogrinped and dtansst When posidoRIndicating| shaf 224

descri bed bel qw. . g@%{e&gﬁfﬁ&ﬁgﬁﬁf‘%?%‘?&% end 318R to which a proxi nal

end 320R of a'fore rotati on about an el bow axi s

324R, and forear m RiBahiterpupkérsiviitchen22 S2R2300aretih @lectriddl e¥nfiinicitidn IGER
of end effector or hand 210R is nounted for rotation about a wist axis

332R Hand 210R abpveqafepnsed sentralier dilhefongplieramarswitihthg vacuird piesveur e
out | et 6R that preferably 2 | i vacuum pressure suppljed to robot
arm mecﬁ ni Sms%&rﬁgagqlagﬁxg P'ﬁ*o&slggg &uﬁ%fé@ﬁfﬁﬁ?%ﬁﬁ“@% tﬁganfoﬁnt%pmcgpgx hol d
sem conduct or ppakefe ahd, tiRréyTeafitoldhS KosiBbnsadRIive dohad! RIfPER! NN chieé,
shown) in place on hand 210R As wi || be described in detail |ater, each of
upper ar m 314Rpribus ethenfaamgRf cangoliebleimptivqRidreescmpy bt employedrio ipesitios active

rotation about its restp%(iti ve shoul der axis 316R, el bow axis 324R, and 30
wrist axis 338Rptact point222.5 jyN 2003 W O 001 33359 30 PCT/ US991 28737 Fig. 17

e S0k, “or RS sepl ke maiincal b B1patl gl o

20 g.ripping operation region and a wafer 12 is loaded into end effector 210. After wafer
12 1s loaded, activc; contact point 222 is actuated to move wafer 12 into its gripped
position. As active contact point 150 is extended, it urges wafer 12 up inclined pad
portions 132 of distal arcuate rest pads 124 until wafer 12 is gripped. Active contact
point 222 must be sensed in the safe gripping operating region to ensure that wafer 12

25 is properly gripped.

Wafer 12 is released by retracting active contact point 222 to the retracted

position region as sensed by position indicating shaft 224 interrupting both of light
beams 234 and 236. When wafer 12 is released, it slips back on inclined pad

portions 132 of distal arcuate rest pads 124, thereby providing sufficient clearance



positioned by first and second concentric notors 350R and 352R t hat” %pl%t?ﬁﬂﬁ‘
in response to commands provided by a notor controller 354 (Figs. 19A and
19B). 5 First notor 350R rotates forearm 322R about el bow axis 324R) and
second not Wo?@%ﬁsi otates upper arm 31 4R about shoul der axi s pZ&AooPiae
specifically Irst notor 350R rotates a forearm spindl e 356R that extends
t hrough an aperture in upper arm 314R and Q?rn’i nates in an upper arm pul |l ey
- 358R A post 360R extends upwardly at distal end 318R of upper arm 314R
t:;jwough 10 the center of a bearing 362R that is nounted to a bottom surface
64R of forearm 322R at .|ts proxi mal end OR. Post,, 360R al so extends
through an apVeFeWe rflg,agg&%@%p%@ntléﬁ Ph&raE £-aX1s qleyation meys 3ndy
366R An endl Sgcts upper arm pul l ey 358R and the outer
surface of belge?[?erfga?é%?%ﬁ%?c?ot ate forearm 322R about el bow axis 324R in
response to rotatiBig. a# showst toptview 8H50R thitd eSdbodimbntof end 3ff2ftor attes an

upper armspindle 380R that is nounted to a boftom surface 382R of _upper
arm 314R to rwhighahe yatsr egg?rﬁ%‘?ﬁﬁ fFadiefioginns géranéﬂilé haye ReencrsmQlcdatleigtal

operatiop of {] i nj i : t he
rochani oui 11 i EUsGR21F R R SBRLGE 210 ARh AR B aRATEHACH E i 230
shoul der axi spgtfiRndAeioss 2 B4R implanered pnioiidwg. t Aligho odrbe fibenisaiouell a 20
bearing 386R that is mounted to a bottom surface 388R of hand 210R An

endl ess bel t B@oRhcofirsechanneb? 3% (shopnl in@hagiosRlings) fermeduinghe boitdmcuriaee of

b i 386R t t at 210R about shoul d i 316R,i . t
Dhe Loar o vt et SO A P en B spR 2R and dohel iSRS A On
l'i nkage coupl i \gkdRRRkerah lmgﬁﬁfe%eﬁeﬂﬁi)&rﬁ%meazﬂ@gﬁa@c&m naatidoegﬂ&we

i nk and a passive drive link. The active drive |Iink includes belt 368R

connect it@g upjrephaatom liped) Ifesm&bBRhabdttomesusiace of snd ¢éfficon? 1 hamt fumpiBH2R and
causes forearm 322R to.rotate. response to r i an of first tar !
The passive dPFipgeR PFH?“’?’%‘C?W‘B@I é’%ﬁfﬁs%gﬁ?fgéﬁ'ngmf@p ) %@gﬁég @3%%5
and the outer £ i 6, gaﬂgz I out
wist axis 335‘%“%&@%3%%#2@ {H o&g%é?do%% t onﬁ]g?ﬁfrglrs ggl?frk%%tgg’&a%cr)&te I'tg'{ngtg axi s
324R  Rot at i 06f pfocbssing sqhiPmannsuehae vafer prealgrb 200a WO 00/ 33359

PCT/ US99/ 28737 31 caused by a conplex interaction _anong the active and
passive drive |imaThadighhEbersterminte & mysidly faeing Jightpath qpeBingH §rotisjown)
rotation.of secand.notor : i t { [ .- Orso
i nk sp?ﬁdl e H‘eaﬂﬁ?"ﬁ%%d égﬁntegéb ?g% ég%g?g'o%rhéﬁir ésc@kgﬁ? %‘(‘)’F%ﬁ)@ﬁ?@%&ﬁ 1,

to which robobpafifg fHAE bights YorklOR peSiphsthPédye! of the BBdthadrfade BRIra dfiagafer.
supports a bearing assenbly 398 around whi ch spindle 394 rotates. Mtor 392

i s capabl e of Theomueajlyefacingdighhnathopepings form ametrowdight teansmissiongehwm

her ef i i i th hanism 310 hand, 210R
along an'i rrogth B SIRARE SRR A oF ABSneR PR AN S b om SihfEes et &1
Motor control Legar4 (fghOfansh$ibsian gath@By 239k EeRldS bERINA the reé¥0foskedRiik@l 10

two preferred operational states to enable robot arm nmechani sm 310R to
per f or m20wo pendsc2 [Badndrd0i that weelddisieenntathe Wafes ttheroby furthes quevidengcimanges

e ey b BB G s R o
i 316R Fi y i i t i
axi s 1 'Sgw\geﬁulrnzﬁngrdﬁfwﬁig‘?té}ggﬁ@}\; HanshR¥oR Beiwiten t#?? fiBBrs! a2, thereby,

sequences. ence t and 18, in the rst operational
state, notor eanks ey ejedShat antssptf light tranemissiodFaRway 2dd.nt ai n t he

position of forearm spindl e 3S6R and second notor 3S2R to-rotate upper arm
spi ndl e 380R. The HH4-Sfi5EiRf 240 eﬂwqusr‘ﬁ‘a]nﬂldoﬁen%@éﬁlﬁé‘? RRIAY oyt W‘?gcrd’gg‘ipp?réh

of uppepsarm gww@a{%g A8 botbfn J%E@%éﬁiha% lpé?i%‘?ﬁl B RiR- R1AA8PR DY

second fTDt or rotates upper arm about
operations including: determining wafer absence or presence in a cassette, Z-axis
location in the cassette, protrusion from the cassette, tilt angle in the cassette,
determining wafer rotational center, thickness, center-to-center distance between the
wafer and a robot arm rotational axis, and verifying end effector centroid location.

30 Wafer sensing operations are described below with reference to light transmission



20 shoul der axis 316R) thereby causing rotation of forearm 322R about 2eUB8w2003
axi s 324R and counter-rotation of hand 210R about wist axis 332R Because
the ratio of the dianmeters of upper armpull ey 3S8R and the outer surface

of bearingyi$dfRsaée 4:2 and the ratio of the diameters of fopepiRdHbLY

366R and the outer surface of bearing 386R is 1:2, the rotation of upper
arm314R in a direction specified by PZ shegwn in 2S Fig. 18 will cause hand
210R to nove along a straight |line path 400. (The dianeters of forearm

pul | ey 366R and the outer surface of bearing 386R are one-half of the

di aneters of es i el e, of ring 362R. and er arm
Ul oy asar PUER] ol 8o erktBr 280 ey ARG S pO Rl RO b Tient o
210R ) Wheney@hsHiR&6h pathag DOR Jt@nate®®ciop 11ne cl ockwi se direction specified

by P2, 30 hand 210R extends (i.e.) increases radial distance from shoul der
axi s 16R) al ong p&ig 14 showsjhree aORVOVGEIrI8EE®NS2 Watt US4Ho@8VBY7 400.

VWhenever upper arm 314R rotateg.in the_cou r- cL.ockwi direct,| .
specified by p&g}toxﬁgms Y@ﬁff%%eaé’cytfé’d(ﬁ%feéﬁf r}égc?"@ge‘?x égf"éﬂ‘ ‘Elisgl_l“gﬁeﬁs)f‘f' om
shoul ders axi %RMB) a Y9 dRa sEnsAi0posiidd, 1288 WREESPIE (olwn ifRAENA i s
robot arm mechanism 310 in"a mrror 1mage configuration of ‘that shown in

Fig. 18 woul dn extaferdcchandl sersingaudsition. 5 r esponse to upper arm 314 rotation in

di rections opposite to thgse described. Fi g 16B shows that when robot arm
mechani sm 310R i s SER§iBg 3@ otrpsion froswa cassgite (AQfFhawplkenials HepPingear .
In the secon i t , 0lJ): eh; . first r
350R to ot alSRaPEhiOTrT 1 b anchln B ZRMiCHrscteR SRS Tob b8 iR

second ot or 210 i RRX taXisr dife2tion uppRrstAt of &4ehreieusSORpioinidig WafeeCéuchis
specified by PZ. In the special case in which notors 350R and 352R are

synchr olfi zed waderr ABnisedetagtadn PreinEobat ame systtmbHiy pidadly smmpdoyadodediested

di spl acement?30 é}and 210R is,onl g tan(ﬁul ar kéf di Zrﬁl accg bout . shoul der a>§i S
316R This | S"UFUTLERY - (ALY PRI WaITs BB YRR 'RIOSHEL SFeRSH PERIUONS24R
caused by th%uapisa«thb%@smnfshmﬁ byRiaEr BRORARsh A1 vak@t atd ek pb?td 330R 15
about wist axis 332R caused by rotation of second notor 352R and the

oper ati on of pbhiconpsgsasiina schn desermings b Zsaxis aaddr locdtmms tim ther aadsette. Robogt
rotation about el b)gw a 'zs 324R and wri st §Xi§ 332 Thug, .hand ,210R i s
fixed radial Mg b‘?fr 1aXL) BRYCTRCh sy e e FRPly Uk & Aing desolution Jgferr path as

only upper arm 31484.qfsat ﬁ%ﬁﬁmgasnmwagggzxmﬁe Bi, B icaeg%hﬁg&' gn of

ki nemat1 c constraints to achieve a desi travel path for nd 210,

mot or cont r olpkesen@Seéf waller dPB) etdeefféctart2 189nwin decare dafart1@Bstop XAR battdm352R t 0
nove robot arm mechani sm 310R al ong_non-radi al, strajight |ine paths, as wll
be further déydrsesdy meyBgendriteerar2 Hhdawnyarg in the Lnaxis dgedionitil @doBper at e

robot arm ne LS j.I ; . ?gdz 2 r pl ed
by either rot(:g a ?&ﬁg&ﬂgﬁ%ﬁﬁg}@ %e!trh%% lgwa%%gl? uﬁ%ﬁ%’é‘%‘rﬁ’?"%ﬁ? r%?aﬁlgg?ﬁteﬁtgy

ot her one. FQn0eysatifles moveipdownwaniagiit fighMrakaRsdam pwapodatietestored. t hat
forearm 322R rot ates about el bow axis 324R Such notion woul d cause hand

210R t 2Wescrhibicpainsiappasents seRsing phovom shrfaeechord of yaferaldBs Bnd rifaeter 2h@

full i f h i shed fixj.
bosi t5on o ShiEh aseg 1A Zngt ol milal BeBRERTR bIMEerdtiepnblibl abB0 o
- 2 ~U~ 2a03 restetiOR 0B BSMArdehiddROpABway. FRisNaRls positionGepREentdthecont rol s

t he operation of torso notor 392 and therefore the rotation of torso |ink
311 in a di r eppiogimatpanidpointiobyafes 12BdbiskprsentWhilo maithaningdhist4-ekisl st at es
of motors 35%‘3@%&?, g’:?dz §'fector 210 is retracted in the X-axis direction until light transmission
25 pathway 244 is restored, indicating that periphery 18 of the wafer has been detected.
Wafer 12A is shown in this position.
When end effector 210 is at the edge detection point represented by wafer 12A
and because the radius of wafer 12A is known, the controller and position encoders
associated with robot arm 16 can determine the X-axis or radial distance to a center

30 246 of wafer 12A and a downward Z-axis distance required to provide clearance



The angul ar positions of notors 350R and 352R are tracked by separ ate?g‘jryN 2003
5 scal'e encoders (not shown). Each of the encoders typically includes an
annul ar diffraction grating scale and a |ight source/detector subassenbly
“(not shown)wo%eskssgl ass scal e encoders are known to skill ed FEIRUSE28Te
angul ar position of notor 392 is tracked by a glass scale the encoder of a
type simlar to the encoders for notors 35BR and 352R 10 Fig. 19A is a
"diagram that specifies a | ocal coordinate axis frane whose axes are defi ned
by the orientation of a sem conductor wafer cassette 168r and its |ocation
relative to shQukdeedoudmdfiPice Ok Whrsref20l SR end rddiat 213€)9'°Kn$\931§f @! ow ng
description sets forth the mathematical expressions fromwhich are derived
t he command sc¢lgarahee mmebtrseanyewhé}&ﬂausesnd oetnevmg evaderts foom clessmbdte Hegguse

waf er 170 al ong a vector 15 per ndlc ar t of cassette 168.
(ki 1160 per SHRSAIF TS IBY BrsPSeblY FErallel iend e TRGion SR PR 4iStaniy BSReBRs can

be used for d r above-stated drive ratio on
which this ex'!(l;{j ﬁ%é?%fegg?elgj e\l e&é cﬁ??g‘t\,\kﬁg paranmeters are pertinent to the

derivati®n of the Bad leffeftot QWGhrtl&fr iheindes 21dbntrd0ablS sapina@dreanile 298 OWhith3R
CE = angle of notor 350R r = di stance between shoul der axis 316R and el bow

axi s 324R andtmltﬂtmaw\r@ex Bipehendaftecy A1018kptixe i a \&im Waferps -3 =

angl e between_u Loarm nd 210R E =

= et enr oA ngRisphAp T sl SRe7 BuE i Rt Gt Arero

measur ed fronaég?@@hﬁ%omm shbffd beombidBed3By § hmo 1@148@@@ élf?&tor 210.

positioned on ° - JUP!I' 2003 WO 001 33359 PCT/ US99128737 34 hand 210R).

Appl i cation oHolwleeen savresfuce geiferonirfaco eordamination f whiersvira @ften staed wem;:aﬂymn R
(r2 +r2

b, equaﬁ)‘i)on (3)335;5?‘6?/;‘&%‘&%?5%&“5%?[334‘36&%CTP(’){agf %Ots)?re“g’bderégamh&svﬁfebﬂ“ﬁ%
The quantiti egQeding J&%@sélﬁﬁé &% Siferinfe an%g}% n‘?itltoe{n[%?éq@net?e mﬁgﬁm@@& n

angl es may be expressed as o s = osn + 0GsR, "0~ = oE oo~R e angle ~i
may be expressfed acassette of(wafeRR is returied tbadmuizentat otxélﬁamns'ﬂ‘het@fomnuﬁf t he
mechani cal i nkages of robot, 10 arm mechani sm 310R This equation rel ates

the angle ~3 fall omw]a@yeﬂwetlﬁéollﬂw@rt%ﬁ@r@sne vrhethen supgipbionangle 268equalsdhe
cassette 168 gl, %‘?gﬂtaansgtlé aj, Pt HO?-E ?tﬂ%(\{v%i}gias %‘e%ﬂl _alrh?%ﬁktal ?&%{?y i X' S

equal s Xo, which'is a con e quanti

expressesl as af éxanglé enlyof the | engt hs of the X-axis corrponents 15 of |ts
links: X(t) =r cos OL + r cos 02 + p cos Op~ (2) in which OL = angle of
upper arm 314R 02 Supipgtien #gle féaf m@mtwULlsﬁtEIanqb@umeerngrez&oR

Because upper arm 31 and rearm R .ar engt h

tracks the angle B‘f’% bé SREMGR %ecﬁcgr %108111 ‘hﬁ%g@“’?f“ﬁ’ ci‘a{f‘%}ﬂfothl ne,
the follow ngtrSifs@xﬂn@ﬁ&lﬁﬁkﬁ\dﬁ?'m interseéts a ik ?0PWal8p 108133359 35 Ul - ~S ~2 =
~1 +~- a = 01 + (a2/3). PCT/US99/28737 Thus, to conpute Xo, one

substitutes t he f oRebot at;n 16l amves erd effentor10 Q anchdeiom ﬂmbasquhtqcnnn (2)

Fox Xt %O and {1 lh[]c: ﬁlthermg its supination angle 248 until a minimum thickness of wafer 12B is
computed.

The minimum thickness indicates that end effector 210 and the wafer are in
the same datum plane and, therefore, supination angle 248 substantially equals the tilt
angle of wafer 12B.

25 Robot arm systems can be equipped with two end effectors or multiple arms
(see Figs. 16A and 16B for dual arm robot). The technique described above for a
controllable supination angle can be extended to such multiple end effector systems
by using a single wafer as a reference to determine the X, Y, and Z dimension offsets

among them.
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X~ =r(cos OL + cos 02} + p cos Op X~ =71 (cos OL + cos(O1 + n - 35)3 JLJN)ZU[B
cos(0O1 +2-2) XD=r(cos O- - cos(O1- Vii)) - psin(O~- ~). 25
(3) Equation (3) expresses the constraint that sets out the relationship
‘bet ween t hepang3500S and OE of notors 352R and 350R oper at i neCt0SHIREEs7
equal angul ar di stances to achi eve straight |ine novenent of hand 210R
Skill ed persons can inplenent constraint emsation (3) by neans of a 10
‘'servonechani smcontroller in any one of a number of ways. For exanple, to
aghi eve high speed operation to inplenment a given wafer nove profile, one
can conpute frome ' o £ N . t in a

| ook-up table for ﬂggf%{rﬁgr@g%§%?%g}%p?%%’o%hﬁ;{%b#gﬁs%ﬁ 82}32{}'\9/\2&%{}3%& ai l
the indexing qimpl6yddtoadipardbacemii 6 ind el efdcesr 2T0weitD RS ion®vaadindefinite
determ ning fromequation (3) the corresponding OE 15 val ues, thereby
configuring t mestioppfavafae il ok caseimher o2 Prealigneisneithes| shown).e Adigneeshisp.

T hi i spl : 2 .axji s 316R
Control ter anathiyed AREBSATE Hie o sHWECR 335 B R 42 Bt Bl o,
t hrough the deﬁizf@ﬂo@ggghggrgg%w@a%ma@rQflo,h@m shdtRet axiseRpbItrBBotdf s 16d

destination. The  _ 03 WO 001 33359 36 PCTNS99/28737 |inear
ext ensi on of haedli33dihedne Petesminihgalignmientiprefetablysentailseemsloy ingedcypimdsioals

wilt appreciate that conpli.cated concurrent .linge nd angul ar di spl acenent
move profiles PTHANE SYLBR 1P B‘érﬁé@(ﬁ’f{ﬂn%ﬁg‘éa%y@‘bmoﬁpgﬁﬁf ays ggﬁt?ol | er
354 to operat r -di té . .

di spl acegent s%-ﬁgsogxzﬂag%m ngy %ﬁé‘gcsgﬁlélgg\g el!i'b%(%gag]g[ﬁ t%aa§%gé)%§)ns(if tcP%)H%lcliy gv 5th

that the cent eghodld2r akis@66t ored wafer 170 is coincident to Yo. The parallel

arrangenent of the openings of cassettes 168 and 168 denpnstrates that the
above exp?essi ons cBHIHEINg aHZRBEIL OPETALIORS GRipiky Bnding A dpinirum fadial distangpt
positioned a radi ] f @h&qj i t nani s
310 is not rest @‘Jttggél?%ﬁdrhg@ré% gpr? aceﬁﬁ&%ﬁiigﬁggtﬁ%m%@a%%r%@&%% f8
conbi nati on of oiflivglernoqsvalértidi i shéwn reiuebd ifiige tolFifySthis ddsemptidn) edrHM RCk
di agram showi ng the primary conponents of controller 3S4. Wth reference to
Fig. 19B, contthelsaime agdatermulingie axipyn XeRFIan Manca T thetiveent shovlderxis
sequence instructio for robot arm ne nism310R,. A ni.cropr.acessQr 476
Fecei ves. fom At Tetarar g on oMy R ol Rodra iy MRk BRHRRFE IS anc
interprejs themdaidetfimceer Wistehesdabitearld dontroRibls 8¢ PREl sy 8bhteslfhg SéBH: e
is required or whether notion"of notor 392 is required to position torso
link 311. A sysatrebb.cl ock 478 controls the operation of mcroprocessor 476.
A |l ook-up table (LUIL) 4 tores correspondi ng val u for. OS (notor 3S2R)
and CE (motor 3~OR)Fio lg 5 ireppL AR : ang et eFWé%iBtHOBWOB‘Fé 't“hérsf PRkt
oper at i onal Stﬁk&@@lﬁﬂfy aﬁpﬁw&md& sre;&[@%fea%ﬁzeea‘iv@ Sb?%li%n@i Qashed

acconpl i sh the angu not 1 on of the second operationa ate. Because the
rotation of tdime. |Thekalihinentoparakégrebeiimt byomoving rodtiasns1@fo thh dirsodngulagtym
mechani sns nounted to it, the overall_ coordination of the angul ar
di spl aceA@nt diispiagesrPasgon i an apalsaéxnﬁgmna& Iing %?%Mtvgewagﬁstcsv@r 3zbandng
352R is carri e%oﬁﬁlteria is g nove sequence instructions, not in LUT 180. This
results in 2S 'higher speed and nore accurate straight |line notion because

mul tiple axis servoRskdtaminsts fsektendedin tieraxss dirudtiohn aid scamud acthees-axis s do

not affect the straight
direction such that light transmission pathway 244 can sense wafer 12.
Robot arm 16 is then retracted in the r-axis direction to detect wafer
25 peripheral edge 18 and read a first extension distance ryyr,.
Robot arm 16 is moved to the second angularly displaced position at an angle
©, from a line extending between wafer center 252 and shoulder axis 260.

Robot arm 16 is extended in the r-axis direction and scanned in the z-axis

direction such that light transmission pathway 244 can sense wafer 12.




line path of hand 210R M croprocessor 476 provides OS and CE positi orz JUN 2003
signals to a servonechani smanplifier 482, which delivers OS and OE comand
signals to notors 352R and 350R, 30 respectlvely . M croprocessor 476 al so
provi des pogplgoBsrssi gnal s to servonechanism - 2 J U N 2003 pAp/0§o383R9 37
PCT/ US99/ 28737 anplifier 476 to deliver a conmand signal to torso notor

392. Servonechani sm anplifier 482 receivespgdromthe three glass scale

encoders signals indicative of the angular positions of the respective

rrb)t ors 350R) 352R, and 392. M croprocessor 476 aI so provides control

i gnal s 1o a vacuuoy i SO0 [EtcRatiH: KOLENGRNAER, RedSpagm val ve

{not shown) to provi m a vacuum source tiate
anount  of VaCHW@H&ﬂ%ﬁgEQShﬁd%ﬁd£§ec33§ekt@n§i6§ﬂi%’fb‘im@e§' t he need to hold a
wafer on or release a wafer fromhand 210R. It w | ewfurther obvious to
those having ski | | Tiha abpee-daseribaskrotationyandiedge dstentign epmardgepenteentlethe | s
of the above-described enbodi nts ng this t'1 nt| OnZQJOn tho dqﬂ r |ng
from the undeFIRHRAYPSPTHEF F}?S R ?tweﬁé ?feaxbsf & 1§ on
shoul d, ther eggé&dﬁngﬁt,gegqu, Pl 5By the follow ng clai rrs - 2 JUN
2003" WO 001 33359 38 WE CLAI M PCT/°U899128737 1. A specinen peripheral

edge- gri ppi ng devi @dterimivelys aﬁdamwadvof&):nempmrthhmncesaupknmgntl!healllgaemanl sm
d grippi [ by it h 5 a_body h

="br oxi el " enBoSgk S Bp UL EtEEARBOBIPY SRR A O TBEke M6t REHER 1ot o

di st al d of d

| stal end o céﬁ?(%lp:?h*o?@%rﬂﬁieh ’ rggsp??cggl%ﬁ{ dR ©O§| OnBBﬂﬁl@:h%Qt&x@ﬁ% th the

peri pheral edge o ecl ckst dp pot

pad portion aalsm@éyQQTia@ngioemf:mﬂ tHekgTpie) ¢hd patipeiai pidplacdémetan 13!13‘ Otdd&vhich
speci men; 10 a proxinmal rest pad coupled to the proximal end of the body

for supprti ngxentopdisiasee fak caurd Ewnican fbe calsulaterbysingiie lawmfmsmqs 64d
t t t { o t
2nd an ext endbaShebe ARRROTOSBORGER de el BANBID A ER BTG sREEL P ABRe pig

speci nen) thebywtmr@;@ﬁl tion providing sufficient clearance far placenent
of the 15 specinen on the body and the extended speci nen-gri pping position
urgi ng the peri phelFég ls&i?gshouvfs rDh@ Bpeks amhelimf(ﬁeCﬁMeZliOriolthdeHgmdgp®itimr. med
IpP o§<|h rerafjl Z;Sl gg:,q»erﬁf; S posmon, t-l;e robot rmgcrolnprghgxgper?vrlm%ethg ]}olfolwailng] mlox!err]nevl\){" ch the
15 operations to retrieve wafer 12.
The controller carries out operations to move centroid 262 of end effector 210
along the imaginary line extending between shoulder axis 260 and wafer center 252
until centroid 262 overlays wafer center 252. The required r-axis move distance is
referred to as the offset distance, which is calculated as follows:
20 An r-axis distance between light transmission pathway 244 and distal rest pads
124 is a predetermined distance 264 established when manufacturing end effector
210.
Likewise, wafer 12 has a predetermined diameter 266.
Therefore, the offset distance is the sum of distance 264 and diameter 266.
25 Assume that the controller has previously caused movement of end effector
210 according to the above-described scanning and sensing operations to locate and
replace protruding wafers, determine wafer top and bottom surface z-axis locations

and periphery 18 r-axis locations, determine wafer tilt angle, and to move to a

position aligned with a selected wafer 12.



contact point is formed as part of the proximal rest pad. 3. The =2 JUN 2003
edge-gri ppi ng device of claim1 in which the active contact point is 20
operably connected to a fluidic pressure-actuated piston nounted for

reci procat \z\@ooMsgdy N a bore associated with the proxi mal endpetrustuzshzdy.

4. The edge-gripping device of claim1 in which the distal rest pad is of a
shape that conforns to a segnent of the pe2iphery of the specinmen. 5. The
edge-gri pping device of claiml in which the distal rest pad is a 25 first
distal rest pad and further conprising a second distal rest pad that is
spaced apart from b cfrtiist 260 ¥ AbydPd'a Paths 16earibh el AROMRRARMH difiee Of
claim1 in which the body defines a generally planar specinen support
surface to whoftthe tsblectdd siafdr 12aid hadop surddcead aag adpoehtiwafehi ch t he di st al
rest pad includes a rest pad portion inclined relative to the 30 generally
pl anar speci men suppéetfedor ?&&!5 meVest e iodfsetdipiangs iBhe sagistdirectin®. speci nen
- 2 JU~ 2003 WO 04l S 7.39;: vahl e contac i nt
in the extended spggggeﬁgaaf%%#n%%%gg%aéﬁ ddsrt‘)énec%%ﬁ%%lﬁgé%gi%ﬁémq r%s&é,g SOP%E he
speci mensi nt OfFiQ.eM)f‘iﬁ)Htﬂiﬁdl REB0pALs 124 «J BEnteEtogarey 1PPi ng device of claim6 in
whi ch the included angle forned between the inclined rest pad portion and

t he backstop porti dntivesconsass poini?28 (Fign 14Bis artizated e mpve pyafegpetiphiere 19 f
claim1l1, further canprisjing.an active confagt Rpoint actuating nechapi sm
Chat 'T's’ oper alt M PRUAFLERE oEGaERstoRt 32 ety e Hivpiikbet: 11

bet ween the retracggg ofoa6k TR0 réilRsnGafen 2 %)iﬁxei‘ﬁﬁ%%rﬁ&ﬁghr{ﬁé‘%kiﬁﬂﬁﬂ%&io .
positions, the actuating nechani smincluding a biasing device that appl} i es
a 10 biasi ng f or ceThis abrveddscribed distince and aligrmhem dertmimtivhe arxdceatiplished
speci nmen-gri pping position and a fluidic pressure-controlled device that

sel ecti¥@l'y ovéhewany qfithe fragking ixtyet equied &y PAIK robRt axmsiapd ead gifgetorspoi nt
to the retrac Cl I e . = Akl hpi i of
ol ai m 8) f urt Ha B treeR e 208 aRrahblopgh, i rokE e BFdlb i bedplalft o
the active cofgagier pathrdetantiniapantd-was disemse ot sleestickdiffetdhcas Bétwee®them.
spaced-apart reference position indicating devices, each reference position

i ndi cating devi ce Refertieg inhfig e inghpaldehe nosed thakthgddishepedozigadetastingit t o

i ndi cat full t t.ed i - | i i ti. d full t ended
bosi £ on of + Hebersan GRS B0ARA S2Te LN R cBRER AL AR Batatheidks St 4he
edge- gr i ppi NGfskes 360 im GhaEern Eor fhsiehéeS ihd bfredietdctibhg s@&orPeth Blempobsfifs an

inclined rest pad portion to provide a ranp surface for the specinen as the
.nmovabl e cont ade¢temming the ¢entdreiosenen disthned between ther shopldey apisgifta rohbouargreand he

i ph | d f th i i.nt.o.t i | ud | d in whi
Phel ded angl € Waerce8er SHAlR Bagrare i it e DR RBE M 18 koS dor bebdpag
portion and tBgeRdcihe bRferP0Ot b&ltse, aRE ZE i BigfenSRARE 'lﬁ-kﬁ‘%ﬂ)eﬁrb[pgﬁi:ngYQS ¢pfat act

poi nt actuating nechanismthat is operatively 25 connected ne active
cont act poi nt 6Appresews atpoketabspacingeroiemact ed speci men | oadi ng and

ext endedq speci men-grippi ng positjions,,th tyati ng nechani smingl uding a
bi asi ngggevi ce t ha%egg‘gﬁ‘g 19 Qs ia"\f@ﬁc@%& ggé&‘l‘%ﬁ&“ﬁ\%“ B W@lé%égmaé'ct
oint to the i = OF 1OP| fula ek

P casur o- cont Fal oy gy Sa I FAIALE PR BRatib ey Srchiicfetor 21910 e 16

retract the adéternginewhethet apentrdidi262tdfend @ffeetor 2t0 évaxdpidye ahigned| vonldl cerger
position, thereby to provide a il-safe chanismto hold - 2.J U.N 2003

fa )
40 the speci nér BEWAEEA2Brndsheplder pxdg 200 ofirehol 2t d 65 ddeally . C6AEAM:268dP nt i n
t he event of f. [ e r; - .
dovi e 1 ThERE i cEnE 853 Yok bit? ahi Hhbf aR AR, APLKEMIGE
active gent acbetpetmthdadddtaixis b0 @Erh@ntes 2L fitwafe 1PpeHavevel, inanfiagingd to
the active contact 5 point to nove it between the retracted
speci men- | oadfaieyanged aad thmipsatiensefifeatures crespng dighosansmisson pabway 244 mayg

hani sm i ncludi i asing. devi flui di - | ]
Govi o the oPISE AR aEb AR ¥t SPuBROR Pl iy BB R sTREeROA B 8 ac.
poi nt to accopgihiig) PeRriniSX whedier Cerititid 262 isVsfePbf sihcidehiéntdily dabing

ext ended specinmen-gripping position and retracting the active contact point
t o t he retracbeidthe above-referenced alignment operations, rotating end effector 210 through a

30 supination angle 248 (Fig. 14) of 180 degrees and repeating the alignment operations.



10 speci nmen-1oading position, and the fluidic pressure-controlled dev2 olIN 2003
sel ect'ivel y overcoming the biasing force to acconplish the other one of
extending the active contact point to the extended speci nen-gri pping

position argohpebizeeti ng the active contact point to the retr actratk9s/28737
speci nen- 1 oadi ng position not acconplished by the biasing device. 15

speci men having a perimeter) conprising: pr28viding an end effector having a
"body operatively connected to a |i source and a light receiver, the |ight
sgurce and |ight receiver having spaced-a respective source |ight path and

receiver 'ig.h&fHﬁt&neeﬁ&g&@ﬁe@%m&lmmngﬁrham vifeEid 4 MiARagaEes al ong a

| i ght transm Ssion pat ..nparting relative notion between tHRe specim
and the be dy rélatiomshiyeoh bppodite sides\oftiyesipinasipaaajs gfastdtioani Tig, correct location
coordination with inparting of relative notion, the specinen to intersect
the light trader eensenidh 6% i friermingdiby Ruerasnsthy BYQ cajeulpted aligamentss peam
and establishing i { - ' ' L.ah :
| ocation of the pe Pllﬂr?e@g)pg ?}p §ct?wteeggeg? H&Eﬁﬁéﬁgiew%ﬁlyoﬁfggg%%\% élfltgggﬁgglg }165 eo.f
13. The met hogh®fnveh@bin Variots wodificatibes anieahsdtome¥ bé elade it ey @bsé ncl u
s noving the body and the speci nen toward each other along a travel path 30
AVENDED SHikitled ArThecare thayywill embodythg principles- 08 thezinventias: anddfald within the an
end effector to.determne.the_.position of a specinmen having a perineter,
conpri si ng: prSBWtcﬁ“ﬁgfc%e WSEF%+ f ect or having a body operatively connected

to a light source ang &ampW)iskilRERINRErs WilturddbSRindSAM e P slth8)be h&asEy €'
havi ng spaced-apart respective source light path and rec h

iver li‘ght pat
openi ngs bet wdgralwehnative poiwieg lsourices rsuph op dgn txmsnpit obyga pulsimghdolénoid drat slowan
pat hway t he source |ight th and receiver |ight path openings heing

di nensi otfed sdh¢ REtonsiE qu\ﬁfl Fesgrpred- e‘F%HS\ﬁ)rgng'é ysh%\ﬁ’@?lqyﬁ‘bg} fifiyg and
relative noti e s .'tﬁEeﬁ‘i Qﬁ{ﬂ o]
converge in sgﬁ%@?&\éﬁgpﬁlgﬁ?’% ?ﬁi n cgg)?gi Egtglp%g%r{n%' %lﬁg%lgrlr%ar |t%ugf

rel ative noti Qperdibtampaonivered] suchrdseina@plicatibes hglet the ead effe@sisare pat hway
and thereby interrupt the_| i,‘?ht beam of known beam shape; and establishing
in response tsubmergediiaarliPid.on of the |ight beam of known beam 15 shape a
| ocation of the perj\ete t Cj e i 1 patial refere .
13. The method of ¢ léﬁ ?ﬁdi??elfcﬁor\?\k% airﬁl?et -ogf %bn%raétﬁ%r%geo?&rugfs Zatcﬁ‘)&/@?%tblggﬁﬁpeﬁ%
i ncl udes; s1ovi ngofdSbRARMS, Sitth dshepeRREhETRINb! ORI chdedfeotont ARy byl Mdeedby r avel
path while changing a relative position of the Iight beam of known beam
shape and t he depies other ithanarobpy arens, sUch aaNsY éables and ather pasiioskrsphavha twadr

upon the intersectjon of .the 20 light beam of own beam shape, ceasing the
el at i ve. noverfBiie SRR T SBRITnMOReY Pl P BT s drt DYy REPaROTE ory 1o
establ i shi ng ava?ﬁ)ilb RIHRE of SRt Qhert thén R&hicBRLRIorOafeRe s8fPS NED displdf-

The nethod of claim™3, 1n which the specinen has first and second opposed
maj or surf acepanelsacanpatt diskettese pad avinpnted imsamy disasicall of whichimayhke #tbred in

changing, of a relative position of .the |light beam of known beam shape and
t he spe&oman iCﬁ‘rréeraiqﬂéerftm%ﬁ’t’ragﬂﬁig?sscé‘b’?%gﬁsﬁ@‘eﬁr avel path includes

inparting relative zﬁﬁv I hgea RN preT o) t he
speci men in an undu atlg\érilqg‘s%aﬁtrtgfgir'n gt ge‘%n spghﬁg hﬁI:agi(,:\/g%llmons tsé’par&g{?se dby a
spati al di st ardiedd fasérs] utgnspales etipioy inbendesoehgdefraied amt etheSfhdifiionTdoarces.

met hod of claim 12 in which the positioning in _coordination with the

i nparting of rel ati ke Fast pashinclidsd apglss psHIstemplyaciia Rngles,; bitk shif dnventipn e
body with the ' ' : [ 16.
The met hod of BRGHSES ribddinEs sealciine sFistmaRAURE Beld e cREBIRABATY
acconpl izhed byravidtionl fopsiin wWhivhnigsahcdshibe molide@aggled thag pRAbIRS anglepiensi mal
35 di stance~bet ween each other. 17. A specinen position sensing end

ef fector, conphagil3Qdeg®ENDED SHEET ( ARTI CLE 19)

Figs. 16A and 16B and Figs. 17 and 18 show a type of multiple link robot

arm system 308 to which end effector 210 is mountable. Figs. 19A and 19B present
in conjunction with pertinent mathematical expressions characterizing robot arm

30 displacement an example of positioning robot arm mechanism 308 to demonstrate the
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nmore degrees of freedom and a |light source operatively connected to the

body and including a source light path opening and a |ight receiver

including ayhHeeRsker |ight path opening, the source 5 and regeirvgooksit

pat h openi ngs bel ng spaced apart and di nensioned to form between them a

i ght transm ssion pathway al ong which a |ipght beam of known beam shape
propagates fromthe light source to the light receiver, the Iight

tyansm ssi on pathway being of sufficient length to detect an interruption

of the light beam gf..kn i nen positiaon I, N
proximty to t’ﬂ@l&uq%mg’o y 52@%& %@?ﬁﬁg&g?}?ﬁ?g‘?ﬁ%&n‘?ﬁ_ K i%?%sﬁ%é’ tP(ﬂf:logfp:aveeh]teo a
spati al ref er ¢agfnetd8 asddecateWithithe ¢4rasusobafet Sindink médumiients ddderibribove,

i ncludes proximal and distal ends, and the source and receiver |ight path

openi ngs are [ds$i Pasnbdiot §, Toadaronides haletailpd gessxiption pf the edmetrpetmon and  end
so that the |ight .traréls]qri sio(i}.dpsthw i§ interrupted by a defining point
of a speci men WGFHOPQ U EE !p?te TPy The end effector of claim 17
in which ghe body 'mgé.umammqpém@ ik $1dRlc1&AfSn aaalglamﬁe@paf&%waaﬁn,

receiver light path openings are positioned to face each other In proximty
to the distal muldpkdinkhetbot i bysigmh 308 anamitsisomandtirbwvgiyan aperwteeir thettepl by

a specinmen supported by a carrier p '.E_lio ed in proxinty to the body as

t he mechani smSEH@eef 3 ﬁ‘é’P&F‘s‘f’élF @ﬁdO@Ft tIRETHGE O ?ﬁ&f-tl & adGBrdyorsgmilar but
h 2 f ' T [ t bod

approach 20 gl ehAsiuy Shpilifle 8 ShkaasaarRlmeligh ik 100 MAGBR Be_Dody

i ncl udes proxinma S ends, an e source an ecelrver Bat h
openi ngs bei ngofeMdly nvaattdiad oppesite @ad$ odh ierko lifk 310X whichYis hiduhied Bripx sl
end so that the |ight transnissiongpathmay is interrupted by first and
second oPbosedusfaed ate basedwnsing 3 2dpeEotaton 2hqup 8 rcepallyy tarspRixisat k3. eBecamse A

! ec! . Dot o e _
ol di ng. mecharnEhrEaBrLGH aes ool Bhekr it R pEBBUA: 3% dnf VB e o
a speci men i n gkagoriing Enpakiis idaHifRA By libsththl fdtlea ARAEAIS RbYed by the

connected to the body and including a source |light path opening and alight
recei ver incl udspegtiee swfGie¢svds” anidgR". pAcbordpgdy,rthe fellvisg discessimdis dixeeteddo

| i ght path opepi ngs bei.ng spaced.apart and bei ng dinmensi dta form

bet ween t hem é{’l‘FF P‘é‘ﬂ%’?ﬁpgg%tho'g%{?méﬁo t g‘Rﬁ?t@H‘sH‘ f@?ntt}éé}ﬂ“&?ﬂ)knom
beam sha pr l : ypce to the light receiver, the
light 5 ransn?gg?%ﬁébga{d%%ﬁ/&ggeﬁga%?ﬁgu ?‘i cient length to detect an
interruption of theRéoboghtmbeahmaitmiGiORNcdmErises happperaaraedll 4R mauntedco nentop
positioned in proximty to {he AVENDED SHEET ( ARTI CLE 19%3 - 2 JUG 2003 43
body and wi t hisiriacypeasyindricabepageisd B aviigh ix positiqnsd ondparighi-hand endedice.
22. The end ef t f I.m: It h$kRJ d for
oper abl e COUp|[II)§§ lgi;k @ﬁeﬁtg{)ﬁ@lﬁag‘;ﬂ#3b§§t8ﬁlg§l(r)r1£5g§13§§%' \%l@ﬁﬂ?ﬁ%’bgﬁeﬁiﬂ?ﬁcl udes

proxi mal and direvidks esuas forahe whiters anb eepaipdther cogipdnests po sobot arrdnevhanism t o
the 5 coupler, the source and_receiver |ight path openings being positioned

Lo face hch GrQRs a5 willbederribpd bsiate Unpaxarmsn 1 4R das a diswitend RASR tgryhich a

t ransnussi on pat h IS Al I def i nj i ng. ' .
suppor od by BTRANRY ghd pafh B il MR P BukloPhuch SRERIP RS
effector of clyum, 34d ifGreddh SD2R s & @aitalaind BRI VWECH 2 Pr&HGMAPSROBIER bped
stop position of the specinen when it is held in place by the carrier. 24.

The end ef f ecteffectsfr aslhandi22@R i§ mounied fenrgiation ahyuha duispreis 338BptHand 30R is
oper abl e coupling of the b rahot .armand in i the bo i.ncl udes
proxi mal and cﬁqé‘ﬂ’ﬁedé‘ﬁb% dlsgaﬁ%aﬁgéﬁRt\wgl ﬁlf@if{n %Fsuéﬁauﬁﬂsl 3;’8& Lp?to[_f{g Hérer to
the 15 coyipl erypofibeyAQURLredce SipHed 86 rétod 3fm RadcRaMBANY108S: RaTiAR: 338 1o

positioned to face each other inproximty to the distal end so that the
| i ght transni sscoummhhimey64 o secnesly hpldestnbigonausioe svafienl 2s amompacddisl, or
carrier positioped in

roxi.nury to.the bo as the ot .ar auses . he,
Gretar eng of ShE BUADESARTAR (RySEOHEN M Beon b 20K AL TR GSBribetfin
detail later, each of upper arm 314R, forearm 322R, and hand 210R is capable of

continuous rotation about its respective shoulder axis 316R, elbow axis 324R, and

30 wrist axis 332R.
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each other. 20 25. The end effector of claim21 further conprising a

coupl er adapted for operable coupling of the body to a robot armand in

whi ch the body includes proximl and distal ends ) of which the proximal
‘end is posi{jphedaearer to the coupler, the source and recei yefpishdighzpat h
openi ngs bei ng p05|t| oned to face each ot her in proximty to the proxinal
end so that the light transm ssion pathway 3¢ 25 interrupted by first and
second opposed surface areas of a specimen supported by a carrier before
the specimen is held by the body. AVENDED SHEET (ARTICLE 19)
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313 and therefore can, in cooperation with robot arm mechanism 310R, move hand
210R along an irregular path to any location within the reach of hand 210R.
Motor controller 54 (Figs. 19A and 19B) controls motors 350R and 352R in

10 two preferred operational states to enable robot arm mechanism 310R to perform two
principal motion sequences. The first motion sequence changes the extension or
radial position of hand 210R, and the second motion sequence changes the angular
position of hand 210R relative to shoulder axis 316R. Fig. 18 is a useful diagram for
showing the two motion sequences.

15 With reference to Figs. 17 and 18, in the first operational state, motor
controller 354 causes first motor 350R to maintain the position of forearm spindle
356R and second motor 352R to rotate upper arm spindle 380R. The non-rotation of
first motor 350R maintains the position of upper arm pulley 38R, and the rotation of
upper arm spindle 380R by second motor 352R rotates upper arm 314R about

20 shoulder axis 316R, thereby causing rotation of forearm 322R about elbow axis 324R
and counter-rotation of hand 210R about wrist axis 332R. Because the ratio of the
diameters of upper arm pulley 358R and the outer surface of bearing 362R are 4.2
and the ratio of the diameters of forearm pulley 366R and the outer surface of bearing
386R is 1:2, the rotation of upper arm 314R in a direction specified by P, shown in

25 Fig. 18 will cause hand 210R to move along a straight line path 400. (The diameters
of forearm pulley 366R and the outer surface of bearing 386R are one-half of the
diameters of, respectively, the outer surface of bearing 362R and upper arm pulley
358R to streamline the sizes and shapes of forearm 322R and hand 210R.)

Whenever upper arm 314R rotates in the clockwise direction specified by P,,

30 hand 210R extends (i.e., increases radial distance from shoulder axis 16R) along path
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10%& () - &mlO%& () Ixﬁthe]sgc@nd(ape‘?‘é’rm%?fa&) inotor controller 352R causes first motor 350R

to rotate forearm spindle 356R in the direction specified by P, and second motor

10 352R 1o rotate upper arm spindle 380R in the direction specified by P,. In the special
case in which motors 350R and 352R are synchronized to rotate in the same direction
by the same amount of displacement, hand 210R is only angularly displaced about
shoulder axis 316R. This is so because the rotation of forearm 322R about elbow
axis 324R caused by the rotation of first motor 350R and the rotation of hand 330R

15 about wrist axis 332R caused by rotation of second motor 352R and the operation of
the passive drive link offset each other to produce no net rotation about elbow axis
324R and wrist axis 332R. Thus, hand 210R is fixed radially at a point along path
400 and describes a circular path as only upper arm 314R rotates about shoulder axis
316R. By application of kinematic constraints to achieve a desired travel path for

20 hand 210, motor controller 354 can operate first and second motors 350R and 352R
to move robot arm mechanism 310R along non-radial straight line paths, as will be
further described below.

Skilled persons will appreciate that to operate robot arm mechanism 310R,

first and second motors 350R and 352R are coupled by either rotating both of them or

25 grounding one while rotating the other one. For example, robot arm mechanism
310R can be operated such that forearm 322R rotates about elbow axis 324R. Such
motion would cause hand 210R to describe a simple spiral path between shoulder axis
316R and the full extension of hand 210R. This motion is accomplished by fixing the

position of shoulder 314R and operating motor 350R to move forearm 322R.
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0% () -5 10(y%e§p)en§1culﬁ% (t)g/ € gpcmng of cassette 168,. (Skilled persons will appreciate that
similar mathematical expressions can be used for different drive ratios from the
above-stated drive ratio on which this example is based.)
The following parameters are pertinent to the derivation of the path of travel
of hand 210:
20 ®; = angle of motor 352R
©; = angle of motor 350R
r = distance between shoulder axis 316R and elbow
axis 324R and distance between elbow axis 324R
and wrist axis 332R
25 B = angle between upper arm 314R and forearm 322R
p = length of hand 210R
E = 2r = extension of robot arm
. = reach of robot arm (i.e., its radius

measured from shoulder axis 316R to the

30 center 172, of wafer 170, positioned on
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reference motor angles. The motor angles may be expressed as

O©g= 05 + 8Og, Op= Op + AOp . The angle P may be expressed as

B = 2(A®g - 8O ) because of the construction of the mechanical linkages of robot

10 arm mechanism 310R. This equation relates the angle B to changes in the motor
angles.

To retrieve wafer 170, from cassette 168, along a straight line path, the
displacement along the X-axis equals X,, which is a constant. Thus, X(t) = X,. The
quantity X(t) can be expressed as a function of the lengths of the X-axis components

15 of its links:
X(t) = rcos O + rcos Oy + pcos Op (2)
in which

©, = angle of upper arm 314R

®, = angle of forearm 322R

20 ®_ = angle of hand 210R.
Because upper arm 314R and forearm 322R are of the same length (1), ©, tracks the
angle ©g of motor 352R, and hand 210R moves in a straight line, the following

expressions hold:
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Thus, to compute X, one substitutes the foregoing identities for @,, ©,, and @, into

equation (2) for X(t) and finds:

X, = r(cos ©; + cos ©y) + p cos Op (3)

Xy = r(cos ©) + cos(©,y + 7w - f)) + p cos(©®, + '—;- - -g—)

X, = r(cos ©; - cos(®, - B)) - p sin(©, - %).

Equation (3) expresses the constraint that sets out the relationship between the angles
O and ©; of motors 352R and 350R operating to move equal angular distances to
achieve straight line movement of hand 210R.
Skilled persons can implement constraint equation (3) by means of a
10 servomechanism controller in any one of a number of ways. For example, to achieve
high speed operation to implement a given wafer move profile, one can compute from
equation (3) command signal values and store them in a look-up table for real-time
use. The precomputation process would entail the indexing of ®¢ in accordance with
the wafer move profile and determining from equation (3) the corresponding ©,
15 values, thereby configuring the displacement of ® and ©;, in a master-slave
relationship.
To achieve apgular displacement of hand 210R about shoulder axis 316R,
controller 354 causes motors 350R and 352R to rotate in the same direction through

the desired angular displacement of hand 330R to reach the desired destination. The
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of hand 330R could be accomplished by programming controller 354 to operate
motors 350R and 352R through different angular displacements. Fig. 6A shows a
S second wafer cassette 168, positioned so that the center 172, of a stored wafer 170, is
coincident to Y,. The parallel arrangement of the openings of cassettes 168, and 168,
demonstrates that the above expressions can be used to retrieve wafers stored in
cassettes not positioned a radial distance from shoulder axis 316. Robot arm
mechanism 310 is not restricted to radial placement but can accommodate any
10 combination of distances within its reach.

Fig. 19B is a simplified block diagram showing the primary components of
controller 354. With reference to Fig. 19B, controller 354 includes a program
memory 474 that stores move sequence instructions for robot arm mechanism 310R.
A microprocessor 476 receives from program memory 474 the move sequence

15 instructions and interprets them to determine whether the first or second operational
state is required or whether motion of motor 392 is required to position torso link
311. A system clock 478 controls the operation of microprocessor 476. A look-up
table (LUT) 480 stores corresponding values for ©4 (motor 352R) and © (motor
350R) to accomplish the straight line motion of the first operational state and the

20 angular displacements of ©g and ®; to accomplish the angular motion of the second
operational state. Because the rotation of torso link 311 is independent of the motions
of the robot arm mechanisms mounted to it, the overall coordination of the angular
displacement of motor 392 with the angular displacements of motors 350R and 352R
is carried out in the move sequence instructions, not in LUT 180. This results in

25 higher speed and more accurate straight line motion because multiple axis
servomechanism following errors and drive accuracy errors do not affect the straight
line path of hand 210R.

Microprocessor 476 provides ® and © position signals to a servomechanism
amplifier 482, which delivers ©4 and ®; command signals to motors 352R and 350R,

30 respectively. Microprocessor 476 also provides position signals to servomechanism
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shown) an appropriate amount of vacuum pressure to outlet 336 in response to the

need to hold a wafer on or release a wafer from hand 210R.
It will be further obvious to those having skill in the art that many changes
may be made to the details of the above-described embodiments of this invention
10 without departing from the underlying principles thereof. The scope of the present

invention should, therefore, be determined only by the following claims.
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11" 10%& () - | fv!: @thﬁ’e‘%aﬁ)port%’n an mc]uded angle for gripping the peripheral edge of the
specimen;
10 a proximal rest pad coupled to the proximal end of the body for supporting the
peripheral edge of the specimen; and
a proximal end active contact point movable between a retracted specimen-
loading position and an extended specimen-gripping position established by the size of
the specimen, the loading position providing sufficient clearance for placement of the
15 specimen on the body and the extended specimen-gripping position urging the
peripheral edge of the specimen into the included angle formed in the distal rest pad.
2. The edge-gripping device of claim 1 in which the proximal end active
contact point is formed as part of the proximal rest pad.
3. The edge-gripping device of claim 1 in which the active contact point is
20 operably connected to a fluidic pressure-actuated piston mounted for reciprocation
within a bore associated with the proximal end of the body.
4. The edge-gripping device of claim 1 in which the distal rest pad is of a
shape that conforms to a segment of the periphery of the specimen.
5. The edge-gripping device of claim 1 in which the distal rest pad is a
25 first distal rest pad and further comprising a second distal rest pad that is spaced apart
from the first distal rest pad.
6. The edge-gripping device of claim 1 in which the body defines a
generally planar specimen support surface to which the distal rest pad is attached, and
in which the distal rest pad includes a rest pad portion inclined relative to the

30 generally planar specimen support surface to provide a ramp surface for the specimen
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10' 0&s3! 10% o0& () -8." 109 hesedge-giipingdevic ¢f)claimm Ailn@her comprising an active
contact point actuating mechanism that is operatively connected to the active contact
point to move it between the retracted specimen-loading and extended specimen-
gripping positions, the actuating mechanism including a biasing device that applies a
10 biasing force to extend the active contact point to the extended specimen-gripping
position and a fluidic pressure-controlled device that selectively overcomes the biasing
force to retract the active contact point to the retracted specimen-loading position.
9. The edge-gripping device of claim 8, further comprising a position
indicator operatively connected to the active contact point and operatively associated
15 with a pair of spaced-apart reference position indicating devices, each reference
position indicating device monitoring the movement of the active contact point to
indicate a fully retracted specimen-loading position and a fully extended position of
the active contact point with no specimen gripped.
10.  The edge-gripping device of claim 1 in which the distal rest pad
20 includes an inclined rest pad portion to provide a ramp surface for the specimen as the
movable contact point in the extended specimen-gripping position urges the peripheral
edge of the specimen into the included angle, and in which an included angle of less
than 180° is formed between the inclined rest pad portion and the backstop portion,
and further comprising an active contact point actuating mechanism that is operatively
25 connected to the active contact point to move it between the retracted specimen-
loading and extended specimen-gripping positions, the actuating mechanism including
a biasing device that applies a biasing force to extend the active contact point to the
extended specimen-gripping position and a fluidic pressure-controlled device that
selectively overcomes the biasing force to retract the active contact point to the

30 retracted specimen-loading position, thereby to provide a fail-safe mechanism to hold
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gripping positions, the actuating mechanism including a biasing device and a fluidic
pressure-controlled device, the biasing device applying a biasing force to the active
contact point to accomplish one of extending the active contact point to the extended
specimen-gripping position and retracting the active contact point to the retracted
10 specimen-loading position, and the fluidic pressure-controlled device selectively
overcoming the biasing force to accomplish the other one of extending the active
contact point to the extended specimen-gripping position and retracting the active
contact point to the retracted specimen-loading position not accomplished by the
biasing device.
15 — od-ofusins-an-end-effectorto-determine the position-of 2
specimen having a perimeter, comprising:
providing an end effector having a body operatively connected to a light’source
and a light receiver, the light source and light receiver having spaced-apaft respective
source light path and receiver light path openings between which a1ight beam
20 propagates along a light transmission pathway;
.mparting relative motion between the specimgzand the bc dy to cause them to
converge in space;
positioning, in coordination with th€ imparting of relative motion, the
specimen to intersect the light transafission pathway and thereby interrupt the light
25 beam; and
establishing in response to the interruption of the light beam a location of the
perimeter of the spécimen relative to a spatial reference.
13. ~ The method of claim 12 in which the imparting of relative motion

includes moving the body and the specimen toward each other along a travel path
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AMENDED SHEET (ARTICLE 19)
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positioning, in coordination with the imparting of relative motion, the
specimen to intersect the light transmission pathway and thereby interrupt the light
beam of known beani shape; and

establishing in response to the interruption of the light beam of known beam

15 shape a location of the perimeter of the specimen relative to a spatial reference.

13.  The method of claim 12 in which the imparting of relative motion
includes moving the body and the specimen toward each other along a travel path
while changing a relative position of the light beam of known beam shape and the
specimen in a direction transverse to the travel path and, upon the intersection of the

20  light beam of known beam shape, ceasing the relative movement of the body and
specimen toward each other preparatory to establishing a defining location of the
perimeter of the specimen. .

14.  The method of claim 13, in which the specimen has first and second
opposed major surfaces separated by a separation distance and in which the

25  changing of a relative position of the light beam of known beam shape and the
specimen in a direction transverse to the travel path includes imparting relative
movement to the light beam of known beam shape and the specimen in an
undulating pattern between spatial locations separated by a spatial distance that is
greater than the surface distance.

30 15.  The method of claim 12 in which the positioning in coordination with
the imparting of relative motion is accomplished by manual alignment of the body
with the specimen to interrupt the light beam of known beam shape.

16.  The method of claim 12 in which the imparting of relative motion is
accomplished by manual positioning of the body and the specimen in proximal

35 distance between each other.

17. A specimen position sensing end effector, comprising:
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beam shape propagates from the light source to the light receiver, the light
transmission pathway being of sufficient length to detect an interruption of the light
beam of known beam shape caused by a specimen positioned in proximity to the

10 body and within a predetermined distance relative to a spatial reference.

18.  The end effector of claim 17 in which the body includes proximal and
distal ends, and the source and receiver light path openings are positioned to face
each other in proximity to the proximal end so that the light transmission pathway is
interrupted by a defining point of a specimen supported by a carrier.

15 19.  The end effector of claim 17 in which the body includes proximal and
distal ends, and the source and receiver light path openings are positioned to face
each other in proximity to the distal end so that the light transmission pathway is
interrupted by a specimen supported by a carrier positioned in proximity to the body
as the mechanism causes the distal end of the body and the specimen to approach

20  each other.

20.  The end effector of claim 17 in which the body includes proximal and
distal ends, and the source and receiver light path openings being positioned to face
each other in proximity to the proximal end so that the light transmission pathway is
interrupted by first and second opposed surface areas of a specimen supported by a

25  carrier.

21. A specimen position sensing robotic end effector, comprising:

a body;

a holding mechanism operatively associated with the body to enable holding
of a specimen in place by the body; and

30 a light source operatively connected to the body and including a source light

path opening and a light receiver including a receiver light path opening, the source
and receiver light path openings being spaced apart and being dimensioned to form
between them a light transmission pathway along which a light beam of known
beam shape propagates from the light source to the light receiver, the light
transmission pathway being of sufficient length to detect an interruption of the light
beam of known beam shape caused by a specimen positioned in proximity to the

(93]
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10  corresponds to a stop position of the specimen when it is held in place by the

;.

carrier.

24.  The end effector of claim 21, further comprising a coupler adapted
for operable coupling of the body to a robot arm and in which the body includes
proximal and distal ends, of which the proximal end is positioned nearer to the

15 coupler, the source and receiver light path openings being positioned to face each
other in proximity to the distal end so that the light transmission pathway is
interrupted by a specimen supported by a carrier positioned in proximity to the body
as the robot arm causes the distal end of the body and the specimen to approach
each other.

20 25.  The end effector of claim 21 further comprising a coupler adapted for
operable coupling of the body to a robot arm and in which the body includes
proximal and distal ends, of which the proximal end is positioned nearer to the
coupler, the source and receiver light path openings being positioned to face each
other in proximity to the proximal end so that the light transmission pathway is

25  interrupted by first and second opposed surface areas of a specimen supported by a
carrier before the specimen is held by the body.
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