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SPECI MEN 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 nmethod and, 20
nore partiY¥eP¥3’ to an edge gripping sem conductor wafer PEHYSI%IBHMZend
effector that substantially reduces wafer backsi de damage and particul ate
contam nati on. BACKGROUND OF THE | NVENTION Integrated circuits are produced
fromwafers of sem conductor 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 noved to awmmwmﬁﬂmWQHMFtation
where the wafers are renoved fromthe cassette, place erm ned
orientation by a prealigner or otherw se processed, and rebuwryned to anot her
| ocatiopn for further processing. 30 Various types of wafer handling devices
are known for transporting the wafers to and fromthe cassette and anong

processi ng stations. Many enploy a robotic arm havi shaped end
that is inserted into the cassette to renove or insgmﬂummm‘“mumuLJL,M; 2060
WO 00/ 33359 PCT/ US99/ 28737 2 t wafer. The end of the robotic armis
referred to as an end effector that typically enploys a V3&iumto

rel easibly hold the wafer to the end effector. The end effector typically
entersjdhe cassette through the narrow gap between a pair of adjacent

waf ers and engages the backside of a wafer to retrieve it fromthe
cassette. The end ef f%@mi ' oA ﬁlw =2 ble with

hi gh accuracy to fit bet me%NggLr?gﬁqggggqlﬁe C o§§®y32§§§e apart wafers
in the cassette. After the wafer has been processed, the robotic arm
inserts the wafer back into the cassette. Unfortunately, transferring the
waf er agong the cassette, robot arm and processing stations, such as a
preal i gner, may cause backsi de damage to the wafer 10 and contam nation of
the other wafers in the cassette because intentional engagenent as well as
i nadvertent touching of the wafer may di sl odge particles that can fall and
settle onto the other wafers. Wafer backsi de danage can i ncl ude scratches

as well as netal li:fEL q)lerlg?@mhvwléﬁq nation of the wafer materi al .

Robotic arnms and prealigners at enploy a vacuumto grip the wafer can be

desi gned to m ni nThg id%ertidaks ditectad eng speaimerphdridliag appdratat aad meivenarddhe few
particles created with vacuum pressure gripping or any other non-edge

gri ppi A9 net WOt parEcwlarly 1 dhedgeErinpgaserHeanduslar datastrobeirasmsendotfiestpdri n t he

i ntai i ng- G SbYsPiR. ERREECH AR SoLS ARt 64 B PRl er oo

may be scratched or abraded on its backside, resulting in wafer 20
processing damage. Wat is needed, therefore, is a specimen gripping end

effector that canBe&EGBOYNDAUF diHE INYENTIORur ately transfer seni conductor

wafers while mnipm zing wafer scratchi and particle contanm nati.an. .25
SUMMARY OF THE | o _CAH“H*BP‘_«'S&I"@FCB%YO@ Fvﬁ\?eé ot 8‘??‘5‘3_8’,“11‘@’@1’%“%8?‘%1; T
provi desa spgate¥eirch9pRhlly HotlRHiifQ dabiRite FAVihEh HAfraByest didelydipapaesiard t he
production of contanihate particles. Another object of this inventionis to
provi de a seeachofdulttiy camedmsaintzawaler.ndheleassette ishppicalphmquédtol a/ provdssing
accurately transfer se 'cv?ar}ductor waf ers bet ween a gﬁfe . 30 cgssetie and a

waf er procesSAHion Whate B waters age removep frosy Hie GAPSeHS, NSRFLRSHNISI37 3
(A Turther oabigfin 6§ a'ghédtighBl 6ot plolested inl Fe@rfi BlanbHRe iAo eV ce
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
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can be retrofit to existing robot armsystens. Robot arm end effector

this invention rapidly and cleanly transfer sem conductor wafers between a
waf er cassette and a processing station. The end 5 effectors include at

| east onewm 0xi3d® rest pad and at |east two distal rest palST/Ha¥283pad
and backstop portions that support and grip the wafer within an annul ar
excl usi on zone that extends inward from 2he peripheral edge of the wafer.
The end effectors also include an active contact point that is novable
between a retracted wafer-I|oading position and an extended wafer-gripping
posi tion. ThafactThseendUTtAE Fotdfic Afmiis rdfrre® YR #n bR &ff&Ror ta: WpfQllyagai nst
the distal rest pads so that the wafer is gripped only at its edge or

wi thin the employsioncyungo ratpasitdy doksfthe stagerstodhe enbefifeqjor. edhe ond hfectonf er
edge contact i.s,achieved for e effectors with inclined.rest, . pads. tical
sencors. det B EPIEEY Bt CoSerE Wrplleh Al b PP Rpb AR g ERTcHa

posi tions ofnd Bgyaded iné®acdast a Rafddtio rékPieVdIR RO (RS EREHQ! STRY EndSiERd | Y
spat ul a- shaped and have a proxinmal end that 1s operably connected to a
robot &rm st bcthineigidnamtpospiadnablei with bightaedumty tdft petaxeemahd aodiouchi ch
allows the end effector to be +i ht stron%&re,rfand re sl ender than end

r!
ef fectors hH Hesehosnants ARATh AT ‘Sﬁ&?ssﬁté'i/ hey Whist Havheendpraeessed.waf er s
n a cassel i roblife haf insdhs MRV AR BRANAN sERaldfEher causes he end
effector 20 to produce [ess contamnation within the cassette.
Addi tional |y, | otaiforognatdie, asisfereing oiret wefer pmiong tlad cdsbeteprobdtmedn, @end of t he
end effector ensures that it is renpte fromharsh conditions such as heated
envi r onment STAEAFING FHAHQNS, sychAARIFRISTSESHRL Calse Packsidg damags tavhe wafere
active,contac I e t. il inwhich the wafer is
oadedC nt o pheOylafELYF B AnbiNaR IOt Peald LGB Mednily

waf er is griapped.asAnddveatniashamhd®nthe @faféhRapdslcige QARIQShYOGHUM RS S Ur e
to nove the active contact point_ between extrene positions; a second
enmbodi ment  eétile hatopihe Her avaitrsy SWafge baskisisieddamige cam inclidesscratelies aaotdllas
contact point d a spring to extend e active cantact point; gnd a third
enbodi nent &E[Q?H%a‘bq gfggﬁlcg@&garql%no Q?II\}BQ ﬁri%ﬁgﬂﬁoﬁﬁg@éc 3§8’ﬁ§6‘35 for
detecting raidfeh&d that @hdidPa SR&UR P MALOEIPR 8%z RAd0 Shanded
positions o? tahg act i vehg)o%?%ct poi nt -r;p - 2J1~-r~ 26%3 V\?) 00/ 33359
PCT/ U389/ 28 Badksitic Alateugn and pertehdorditiment Evarf the Hew gadicddsf @estod withcvacdemf | at
or inclined, narrow or arcuate, rest €TF@ds onto \/\hihcaﬂt he%ga\fer isinitially
| oaded. The PRAFYEWGT RN SPCATY ANFTRANT i8R BripBineIRerhad BEFUTHAER! Wssi st in

centering a@Qn@@ﬁr&%Ma&e‘ﬂ?dﬁ@r?ho&%&%% éa@&n@?t%c}é]ﬁglﬁg%@i%or&%gﬁ}{aﬁéﬂqst he

di stal rest pa e"arcuate rest pads nore rea accomodat e gri ppi ng
and handl i ngafticalatigdmpattanisto nifiatading ohfer piroressifigyicdids. Muctavde, the tveaferopt i c

| ight transm ssion sensors for accurately locating the wafer edge and

bot t om sur f 68 taRstesred may Pasratebed oorhradadian jthbickside presuiting 1 veafefar er
edge and bo t the proximal end of the end effector; placing
the e ge sek’%gér%&g]a?[hégegr oxi mal end and the bottom 10 sensors at the

di stal end of thavesds aédded| therefered isd sgEchigerngipihg 8adl cffeger thadcapt t om
sensor at the distal end of the end effector. In all three enbodi nents) the
sensors proveagely opwicklyy aneéreqirplyiransies semiconducierowpfess whidemipintaing t hat
support net hods. of rﬁagi dlg a&dlacc r at etl(}/ pl acing a wafer on and retrieving
a wafer frolBRSFHrNIPE RS BAT I STRYE B ® pr ocess chanber, and pl acing a
wafer in and retrieving a wafer 15 from anong a stack of closely spaced

wafers stored in a wafer cassette. The nethods effectively prevent
acci dést al cont aSUMMARBYOFEIEAN VENEONr and adj acent wafers stacked in

St Lt ASRTENE R RA ED

i nvention wdak; faaly g } I ki of
preferred e%&éﬁ?%ﬁ?@ﬁ?ﬁ%ﬁ%{%&%%%ﬂ%%é ggé %uﬁﬁ@ﬂeﬁéﬂﬁéﬁ%%ﬂﬂ&

acconpanyi ng dr avhmgker @tdelof DESGRERTIMON tOprdtite DRAWdNGRudtogwatkerihandiigg an

view of a first enbodi ment of the end effector of this
device that can quickly and accurately transfer semiconductor wafers between a wafer

30 cassette and a wafer processing station.



1
25 invention shown inserted into a sem conductor wafer cassette tEZeJlﬂh'leZpQB
or replace a wafer. Fig. 2 is a side elevation view of the end effector of
Fig. 1 without the wafer cassette but showi ng the end effector inserted
bet ween awW3@8¥nt pair of three closely spaced apart waf fST/HE%2¥&Y woul d
be stored in the cassette. - 2J U~~ 2003 WO 00/33359 S PCT/ US99128737
Fig. 3 is an enlarged side elevation view of a flat rest pad enbodi nent of
this invention showi ng the rest pad engagi ng an excl usion zone of a wafer.
(Fig. 4 is an enlarged side elevation view of an inclined rest pad

enbodi ment of t hiasfurihéebbjearbfshigWh b es ionsrblvided weet hRadirg @Redendat

substantially a periphery of a 5 wafer. Fig. 5 is a fragnentary plan view
of a porti ogrnofe rateefie helexpingctobot ame sy#des. of Fig. 1, enlarged to reveal

ositional relatjopshi t he fer and a abl,e, cont act i nt, f
rpeglt :oads, and \ABPES‘% S%n%}&ﬂe%@ré\s)gm?%wvgxé %‘b?@@y a ﬂ@lef‘fq ys‘?aCI? gljinrren\tNaeﬁtrj
effector of setrﬁlhéndu@t(ﬁﬂ%f%-be{v%eﬁi aﬂ@afegéas@a@e SR 2pRockSINESHIYNE q*'hg%nand

front elevation views of one of the edge and el evati on sensors of Fig.
furthef enl efifepearstincindsyatdbast hee posdimialorestrppdafndfat beast opd distal irggt tpapgabidng
relative to the wafer. Fig. 7 is a plan view of a secgnd enbodi ment of the
nd ef f oct opachnd FieEsion pafians hbisSaRPrh e iR e Slch O ONA AR COR AR PR SoR

adj acent t Oz¢hoSRM CANMGhIraPolFhe peritheal ¥BEEDE ARSSEEE © THR A8 RHEctors
retrieve, or replace a wafer. Fig. i's a settional side elevation view of
the end ef f gled ariclade 4 grtivé colrawi puintathatais mosabledetaedn P estrictedobaket-loading

mechani sm gri ppi ng a waf er hetween adj acent, ones of closely spaced apart
waf ers as tPRYUQIHEIHAmLeXERdsAVRIeHEHRRING RPHHOR o ddBtacHVe FpRyacteoinf ian enl ar ged

i sometpi C V] | St al - j of .20 .1 hi.s_ [nvention
mountdl on' PRY e f afleCha e iEh AE TR AP SR IRR ey f BlBpdd 0 G
per specti veonyeiwigfedgd or emdiretht @ktikiodzofd. 9Thd efld @fedtOrsPAs icbhBf@led so

rel ationshi ps among the novabl e contact point, arcuate rest pads, and wafer
edge and el Baawiata edgp sontactds aﬂtfhé\’f@ef@bﬁﬁfp effessensveith inshedfasepads. Optiedhi s
invention. 25 Fi 11 is bottom view of..the.end effector. of Fig. 7

show ng 11 b&RsBistelett guifaehy e Akt el e e S ued potiing fE one
enmbodi ment  gRdcalE 86hRE Rint hi s invention.

15 The end effectors are generally spatula-shaped and have a proximal end that is

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 loaded into the end effector, and an extended
25 position in which the wafer is gripped. A first embodiment of the piston employs
vacuum pressure to 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.



Fig. 12 is a fragmentary plan view of a portion of a third enbodi n
end effector of this invention, show ng positional relationships gengﬁﬁcéqqg

wafer, a - 2 J~1: 200 WO 00l 33359 PCT/ US99128737 6 position sensing
active CORy@@bs@y Nt actuati ng nechani sm and the proxinmal rregvuads37Fig.
13 is a sectional side elevation view of the end effector portion of Fig.
12 show ng the position sensing active coptact point actuating nmechani sm
fully extended 5 between adjacent closely spaced wafers as they woul d be
_stored in the wafer cassette. Fig. 14 is an overall plan view of the end
effector of Fig. ] . i ppi sensin Qsitions.
Fige. 154 and 15g T ABERGRE S B traionBbit. ALSRITREE BP%Y ' T
i nvention shpwhciate tdit pRisangs waidhythel vapdrais eaitiaNe idddeds Thernas&ws hitDadcaste al
di stances to 10 an edge of a wafer (shown reduced in size for clarity).

Fi gs. 16A andclirgs rastepadesphodimenss asshé i Fenjering andgdppinaths, wales befwegn the

exenpl ary two-.ar ltipnle.l ink. robot armsystem fromwhich the gend

ef fect or of AHE g%’rélgggﬂouﬁh’\?gﬁb? %ﬁ&gﬁséﬁﬁés.' ﬁ(%?mﬁteirg“é)végf &orglrgﬁv ion view
in stick di agr@moah@gipMeehdibdlingRad&l Gafeenents and the associ ated
mechani cal |inkage of the robot armsystemof Figs. 16A and 16B. Fig. 18 is
an isonetric viewWhaersk ¢fédetars fgntaeminadugde Shenvepiiy lighe traosmissionaensoys fon
inparted by the notor drive |inks of the nechanical_linkage of the robot
arm syst em @Fc‘ﬁag@y_ Topang fig WalES edg6 3ad porpaRsyILacs” Iuge aleTORAYG ng t he
spatial rel ati LS ek r rj :

signal s pr O\E}iltnll ﬂ&ﬁﬂiﬁgné EP%BQ%EB@ ‘zaﬁgpg?%ﬁ‘ﬁdﬁg‘?‘éﬁq&ég FS %t\ége ﬁo%xﬁlgﬂ end
control | er fofrthé bed efitmor; glavimgy it edgoterdsbrssat thé Araxindalldid. arddhAboEEm

DESCRI PTI ON OF PREFERRED EMBODI MENTS 25 Figs., 1 and 2 show a first

enbodi Hent  oengors ghthg distalenderf thé end eiiecios and plasing i icampiigd pdge And sptom

transferrin 1 r S r ent to
reveal unde%!‘:él%r?gaqgwgﬁg{agé%%?{, &‘teo%}lg%g@ F[ro g'mlga% et e@gggﬁ%@qt&_&@éﬁg?ﬂ'

ef fector 10 providdapb&chrintext@tainy eleditors emdpaiskiontigtda@itar suphboanhethioas sf er

it to and fromcassette 14 for processing. Fig. 2 shows that end effector
10 i s parti capidly gndaccurrigly adadieg a mafer anandgreaneying plweademigomes wafer2 from

anong cl osel Y sBa(ie waf er s 2~~~ 2(901’3 VWO 001 33359 PCT/ .US99/ 28737
transport stage or 4 process chdmber, afid placing a wafer i and retrieving 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.



such as wafers 12) 12A, and 12B, which are shown as they m ght Qe Stgﬂkflﬂm
in water cassette 14. Wafers having dianeters of |ess than 150 aPJ
typically spaced apart at a 4.76 mm (3116 inch) pitch distance; 200 mm

di aneter wabee/3338% e typically spaced apart at a 6.35 nm (11 BCTAERY2838% ch

di stance; and 300 mmwafers are typically 5 spaced apart at a 10 nm (0. 394
inch) pitch distance. End effector 10 is dperably attached to a robot arm
16 (a portion of which is shown) that is programuably positionable in a
(well known manner. In general, end effector 10 enters wafer cassette 14 to
retrieve wafer 12¢iposiit hoegdrdeat eeeieviioangevl 3Aa 80 rds? Bad ERGo@ideRCHOMil0 s
then finely positioned by robot arm 16 and actuated 10 to grip a periphery
18 of waf er ingentioarsbowingathe rest pafl cpgaging s exausian zenedofta wakster wafer 12 to
a processing stati.on (.not shown) .for. processing. End effector 1 t hen,

i f necessary, rei §e‘r‘t’35\ﬁfe81|argvlg§ i ?%legaé'é’éle‘??%ogﬁ? 1Rq ‘I"E%&%S%Ré“i Wgﬁézr‘afr%ghd

Wi t hdraw fr g Saeintidn sowEHRAhe ihde@rest Pad SnRRBTARMYAQMBR) LHerihetPBOL arm
16 at a proxinmal end 20 and I5 extends to a distal end 22. "End effector 10
recei vés wafwaferl2 bet ween proxi nal end 20 and distal end 22 and includes at

| east two and, preferably, four rest pads .upon.whi wafer_ 12 is initially
| oaded. Two di staﬁg 1g, adt aﬁgﬁggleggflr&,pzaq BEX L4 p&f‘,‘mb?{: jeéééﬁfiec@b?“%W§feéI°%end
22 of end efg;gcio ed 30devab] 1538800 RarididhinP % ' rest
pads 26 are}flﬁ'cgiéergb%gwar a pr oti malnaegﬂa%o. lﬁpstﬁlfgﬁé?igs%oa%a g@%%&r}%?le

al t er nat i velgpnter goint,owafer rezs padss iand lvafaredgated elesatigastnbery iof theafirsangul ar
extent greater than the length of a "flat,"” which is a crystal

struct ur e- i rimkodimpry endaffeer of S APXENtBiNd on seni conduct or wafers. A fl at
27 is own, by way_o DOSI T | n XiJral rest pads
26. O‘fdgour se, wa P ﬁég?lrgy%%%\?ggé{%atl]?% é?ée%&]f;g?tgeﬁ%a ‘T%Bn‘})%“g%oﬁ:r‘g“i‘ﬁg?y 18
i's al so showigpasad kicvagsh baisvredt FiE03] fthef OBhrgRads réd@al B2 pbéitiBhinkdf

i ncl udes an exclusion zone 30 (a portion of which is shown in dashed

| i nes). Semifdsnopee dighipaths selpaxectodhe &Il ar excl usi on zone) or inactive

ion, th nds i d| ; 1 .ah f i ph 18
Bnd compl et el y subBodram e ol tecpnd FpbRuifestor e K HRELERT 1B oY par
of an i ndustjhyerfiioandana %ﬁé@@&ﬁi&ﬁ@&é@ﬁf@ﬁﬁl@ﬁcﬁadeﬂt fFMertiBSdctat i on

ML0298, pages 30 18 and a general rule, no part of end effector 10
may cobf act wafbein d Jvafer cafsette-ta sABO3ranie 30 o8 g3bEed WaEL.US99/ 28737 beyond

t he i nner boundary. of .excl usiop ., onf 30. It i%dﬁnticfi@at ed ftal"hat future
versions of the s%‘@cﬁf‘?éé??‘&ﬂ?aﬂﬁéegqvﬁwré&’ﬁg ¢ sRq eldegior obFige 4 SRPW SNt
that is readj i HHPtdﬁtE B SednaNEmt driddine. CTATeTot] est
pads 24 andddt %ugig’&eance lgt?a\/\clle?%arﬁ F’ené% hp%a‘tlcs %gﬁg}agcﬁ%g%ﬁ?\?e an agr%%ﬁ[:éheéxtent
gr eat er t hamfariysefyestaced apart wafezs ad they ovagplidbastoes inhthe waddremassefiei s gri pped
only within exclusjon zone 30. Rest pads 24 _and 26 nmay be nade of various
materials, but a %agegéﬁﬂe&nwﬁ%féirisamc{%g YoV péaisiaaighdietoshead o E%kwptaﬁich
IS a sean -cryst. i J H’?ﬁ‘:{ i tured by

Vi ct reg(mi n ttﬁg l%lr,]ﬁtgﬁ ﬁ?%g?j%% gltsweg?& ggglg%rrg# g?f%:%t?r %glgbggchanged to
adapt to differenFiglQ0voukiend perspedstivensew of thewnl effecion ofiiRjh 7 shiopdngt ur e

applications. Fig. 3 shows a substantially flat enbodi nent of distal rest
pads 24. ThiRoséiamahraletinnshins apong dhamosgds Gantct noint. Axdde eyt pads|andi vel y

be) used wt fers Lng. | e b . i . BPistal rest
pads 24 i nol A SOESaE e P 8 3sdrh 3P uR oo PR Sy TileElor oI ) ¢
enbodi ment, peengy.tion 32 is substantially IS parallel to an imagi nary

pl ane 36 extendi ng through wafer 12) and backstop Ilg)orti on
25 ig. 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



36 is.nclined toward wafer 12 at a backstop angle 38 of up to ab tJlg‘ gu[ﬁ
degrees relative to a line perpendicular to plane 36. Alternativ'e;z;, a
portion 32 may_be inclined anay fromwafer 12 up to about 3

relative t%oﬂ?{%ﬁ’és’%. Pad portion 32 has a |l ength 40 that ig%gg‘ﬁségjg%’%n of
t he depth of exclusion zone 30, but is 20 preferably about 3 mm|ong. Wafer
12 typically has a substantially rounded 6peri pheral edge and contacts rest
pads 24 only within exclusion zone 30. Wafer 12 is gripped by urging it
~into the included angle forned between pad portion 32 and backstop portion
34. Fig. 4 PhAvURD sensingcadiive govatioRiineasuagng gneshanismesnd gadyoginal Tést s

enbodi nent 25,can be advant ageously, but need not exclusively be) used with

waf er s havi Rﬁdsgreater t han about a 200 nmdianeter. Distal rest pads 24

include an incli m‘g PR DREGORN sitié MVAtion RRGKST AR eR@ete@Br Blrtidn ot g, 12
inclined enmbodi ment, inclined pad portion 42 is inclined away fromwafer 12
at a rest padowinglthe pdsipdn sgpsing Blive geried podtaicivatng mephamsm J6lly axtended

backstgp pogti on 38@%5 icﬂdi ned toward waf er 12u11§é baceéis,t OR angl e 38 of 30
up to 3bout PSMFERARBECI GRFINPA R 2155t 15 BRY XPUhEe SloTedngithe XaTIertasserie: a
function of ‘5 = I ot th of
excl usi on zone_3g:,1g'gt{lsi%%émgglvﬁggh@ %%H?%gé%ﬁ%smb%gg@? waf er 12
typi cal | y hahemagubaftaptipging wnd cemsiteripgsétionsher al edge and contacts rest

pads 24 only within exclusion zone 30, Wafer 12 is grjpped by urging it
into the incl udedigndfé 306 dtaisRlaR EisWs &b 27obes wm & ahen Iof PBisrti on

34. In the i I i i i . . ct. hetween
A R R L g e e e
is al 90 sui halklige P8 wabkirashatig eeduoed BrdizeofortlarB9s.h the flat and inclined
enbodi ments of distal rest Pads 24 have a height 48 that substantially
reaches but does Figh 16 &Mdl tiegisgsnastive sige slavruereanst plam viaws1of an1 0
Referring again to Fig. 1, oxi el rest pads 26. are .si.mlar tq.distal rest
pads. 24 oxcentpr: udas wBl R [ pGT R S5t Sufie lpertng tregiof of
backst op pokfd BRsadnvenBoRagkeR® .11 0n has a length of about twice that of

| ength 40. End effector 10 further includes an active contact point 50 that
is located at pr&ig.nkl isensid@ elevitiamdewfif sttlodiagtem fumbsgtondeg ther bnk mal r est

ds 26. Active 15 t _point. 50 is.npyabl tracted.
vt or 3B ol FRPRBRRS T QSRS A BRCHBIFH [ EASF Sl HipoL B AU of Fis.

waf er-gri ppiigd fRSigd.on (shown in solid lines). Active contact point 50 is
operatively connected to a piston 52 for reciprocation between the
retracted and extRgdHlisposisomenis. vitw ia sficl dibgrnb fotimnshotvingibetromtibaal

reci procates within a ‘ggre 54 and, is pre]{‘ﬁfrabl y vacuum pressure operated to

20 extend afPHoBiIMpaKed by itheemoktitdipie 1gus of tisomeohanicobliplage A6 theBAbet 281 i s
connected t LSt Qs igton rod 56 that extends through an airtight
seal 58. Bo?%aéi(gg?ég]gMVggﬁﬂﬁébhanber in end effector 10 that is divided
by pi 20on 52 int Fig DA vea diagrdesh&Oingnhk spatial telanionbldpbend patamiedry that hanber
60 is in pneumatic conmmuni cation with a vacuun1gressune source (not shown)
through a f RFeYsedradgeve cantrelfienals provided dxpand Fi. dIBiis ajblogkndingam ef.
conmmuni cat i i C | Uy cond channel 66.
The vacuun1%&%@%ﬁ?é%gﬁPgaﬂﬁfgﬁgﬁﬁﬁf?éﬁS@ﬁ%ﬁ%@#*%b1§§%§ﬁ§¥§§he front face of
pi ston 52 to extend active contact point 50 to the wafer-gripping position
and acts through return chanber 62C§8ainst t he back face of piston 52 to

retract active cdiWERSILEDIESGRIREION Ay BREEERRFELD EMBOB le control.
The vaguum pressyce, 30, spurce, L5, LoUtedLen ¢ Ly A 388 1 SHaNGPY5 o and

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,



-.2 JU-J 2003 WO 00133359 PCT/US99/28737 10 | communi cation spool s_gzl m%n?,
arm 16. Preferred rotary vacuum conmuni cati on spools are described | .
Pat. No. 3 for CONTI NUCUSLY ROTATABLE MULTI PLE LI Nk RRGE M
VECHANI SM§’0\7\@I;38]{|519i s assigned to the assignee of this appli ?ati on./ngPi ston

52 further includes an annul ar groove 68;that is in pneumatic communication
with a vent (not shown) in piston rod 56. First and second channels 64 and
66 are connected to, respectively, drive chanber 60 and return chanber 62

at locations that are gpened to grogve 68 at the travel limts of piston
52. Ther ef oU&D a%/éi’é‘&iﬁlgr gg‘gu‘r“&i }%’f"i’ok}‘gtﬂ a Og’éééﬁﬁeycﬂ‘é?fm&es“@l@‘gﬁﬂw@@ri s
reduced at f, navel kbt Sind Qiatletdil 8t Qs 8dn 158 el j s to
t he vacuumctcdg%t“%(%laf er it ﬁg%] act |Ql\?e eg’gnt actspof]r%t g%ﬂ%ewtﬁqﬁﬂe@?%%d%% or
retracted ta aef.7€aim @ddpdnch)qdadh distante vEdOemmldamaict evafevafae typeally | oaded
onto end effector 10) active contact point SOis actuated to nove wafer 12

into its griPAsFdRrR3Fsdta &> mie (HAtinche paeh disganceang 3Uhmprs walers agapically ur ges
waf er d2 to i I ; il 1 r 12 is gripped within 15
excl us%on z%%geéazzgiag‘;&gc{(?%n @%a@?h)#(}lidgtd'%ﬁ%hd di stal rest pads 24.

Proxi mal rest papsd effleaasiel @israpaadly deiched wea tabodaghab (agoitigeswikhg® t hat
pl ane 36 of wafer 12 is preferably parallel to end effector 10 when

gri pped. Thihowa) thahdeprogranmabip pasiignablhines well knewntnanrer adn geraali, eadt  of

i mal dj st.a| t pads 24 26 i | oyed. .. Ho when th
el ned onitara o €S fosabe 38 o FipieRn FABR AL GRS idRET bEvestide et "ana 26
are arrangefh £ugd 1 dBatEJdEfRAIrN0Ss MRAfhe\Rh&iticked B9YoB6L SmP 2 aRPLEhRRE 42

are substantially equidistant froma cent'er 70 of wafer 12 when active
cont at® poi totgriyla peripheredfed veaafet Mafemoviwater ¢ ifpmme dasseive 14 xamipicansfashen

wafer 12 is ip the positiaon shoawn in Fig. 1, the pad portions di stal and
roxi mai - r oW 440 BTOIIDE SRR (et DR 1ok ptokes iR n SR SRR AD B
periphery 1éﬁe§,w%e2e‘§s4rpafeiﬁse}ﬂ Wl [ #90adsBR FENERAOHaRRAD, RAFwRREFAPN 42
intersects center 70 of wafer 12. The |ocation of active contact point 50

at proxi mal fremccagéettalldows end effector 10 to be lighter, stronger, and nore
sl ender than end_effectors having noving nechani sng_that may not fit

bet ween adj acent Epgelgaton b0 1s19pgrably,go forrobalsargt {@ 2y projimal epd2Qandypyi ng
Ny | DY
i P oo sl S AYEERICEE, Fnd Bl 10rdByDuBfd da¥ery BatFpEGRNATERAT o

VO 001 3335924 indGiktaleh® 22 843 Tnoheien bt RAstavopnexpreddraind falf? redt padslupd ect or
10 ensures that active contact point ~0 is renote from harsh conditions

such as heawbighavafer bh ieifitinllydepdefl qdivers distph £est P2 padperiedat, Qajadiesent
wafers 12, 12 n B I C, i 1i.oni e ffe r.10 to
enter casselt @isiaj egxﬁ poct;;e?l? :é\l;%?@r g‘?’i alg{dta?h }a\%ﬁ?%er sbggbl\%q?r%ém J&% rg %fn%l%“

adj acent Wagz_ﬁrs% dre 06catddl tofArd proslint eB Q0. IBis@Bedst p&dst PPma$ iafternadinelyfoeont
views of a Tirst enbodi nent of wafer edge and el evati on sensors that

provi 88 accformee apafsingld 2rcpaigirest ead haviogaa apgylar ¢xientigreatpyithan e leagtnef.
(Wafer 12 is,gshown.transparent to reveal .underlying structures.) The
sensors are?h %e&’hﬁ%‘_‘ﬁiaﬁéz’ﬁ@rﬁ&“&‘&s}{g“ LRE %nﬁ%ﬁgﬁﬁﬁ%ﬂ%&% %{‘nd 82, which
toget her fogdmhibbfRRrdr! vidtbrs! TR PR HOwhHSBS W@,of%ﬁsﬂpm?gp@siﬁd&ar opt i
source/recelver pair. Two wafer edge sensors are inplenented as foll ows.

Fi rst and sbeoren peoxdmel tresisadeds. S0 comdsed vaadl maye handea differeiit source

fiber 84 and a light recejver, fi b}%r ﬁG t hat, for r'%bet ween them a sgal I
U-shaped op8@HFMAHHB SPREEIPRFIYCH is@lse shewy pogitigped between proximal rest pads 26.

25 Wafer 12 includes an exclusion zone 30 (a portion of which is shown in
dashed lines). Semiconductor wafers have an annular exclusion zone, or inactive
portion, that extends inwardly about 1 mm to about 5 mm from periphery 18 and
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



15 wafer 12 can fit. Fibers 84 and 86 further include nutually fgoinﬂ‘ﬂimﬁﬂ
path openings 90 that forma narrow light transm ssion pathway for
detectin sence or absence of periphery 18 of wafer j 84
and 86 eg?%ﬂﬁagﬁgough ferrules 92 to a |ight source/receivg%%#§§hﬁgﬁg4 t hat
is nounted on a convenient |ocation of epd effector 10 near its rotary
connection to robot arm 16. Light source/receiver nodule 20 94
conventional ly detects degrees of |ight transm ssion between fibers 84 and
86 and, thereby, accurately senses the positioning of periphery 18 between

li ght path Bpehdihsingr beyndasy, pEexclysion saneail. vK ipariaipased thet futhreeyessigns and
86 b . i i s follows. First
censor housthBeaBesieRfortm ) B8 a8 BaRic by, WRCETRORER 8 1 Bl 7 1S

phantom , apctoataidtedENad inkbndwiisi ng 82 includes a light receiver fiber
98 (shown in phantom) . Fibers 96 and 98 form between them a w de openi ng
that sights al ondha disancebesiaendest pans 24 and theodisigpgechbetween msppads Zeeashd 98

further | de nutual |y facing |igh h ' 02 that f
[ gnt - or ansierbiaiinehis/? B sh i DR B MDA B e Belieor
bot t om sur f 8¢5 ghgped P wathiyes Qlisidwzorel 8" ReflHadge A8d 98 tueiychd Haguigh 30

ferrules 106 to light source/receiver nmodule 94. Light source/receiver
modul e 94  variGusimigerials2D@3 p@ietedd3BaBHalPCPolYSAErabyXEioh? (pmelEntwhockalsl y

detects degrees,of |ight transm ssion between fibers 96 and 98 and thereb
accurately §éﬁ‘§€§r5{sﬁé§'§o§‘g{‘ LIRPSIR R E‘GH‘E“E%%“:?JP?"&@%C%‘W rbdn‘%ﬁﬁfebé’ﬂ\%’en | i g%t
pat h openi ngs,; 3 0 i b i and 98
may be reve?@é%&zgngoe{g ' g@‘é%si}tﬂég[ﬁe%@tngﬁ t%;a{satg%%got ?‘%’SI ?Olb(gﬁigr%gt h

openi ngs 10 drkiameasirbnmeitersubl adiils hwhaempereaire appiivationdre | ength of fl at
27. Flat 27 is present if bottomsurface chord 100 is sensed between |ight

p?tlh oEeni ngﬁ 10Fig ptishqyes 3 phsraptipldy flat siphodimanteqf daplgeshpaghddof Thibe pairs
i ght j i f .. 10
LT R T

wafer 12 of 3m3 e SCri oww th

reference t@a¥ing3ess 2harbabodfa 280 dnfBiarditd. VBistdlttaadp Qi Hicl&d® 4 padpagRM i N
its retracted position. End effector 10 is inserted in an X direction into

cassette 143Bandadnrkstop pestipipide, Ingdie dlasembodiment, JBd Rertion 3D is subsantialg i s
sensed _bet ween | east one ir.of 15 .11 qght t.h in 90. A caontroller
(not gﬁown) pﬁ’?gg]tcfoa‘lrbﬂanaﬁy 5235‘&3%65){#“%1‘%%8506& swqfﬁ'g?gﬁ“gﬁ?fzgﬁo%fmpb%ot arm
16 when perh@h@iﬁéliﬁ@d Eoinq'i@w&) 12 ﬂ@ﬁdeﬁﬂoﬁ@ﬁ%ﬁmd ioaébouﬁﬂdegxfewctor 10
is retracted in the -X direction by an anount sufficient to provide

cl ear ance betlagentovaline pdrpendiculaht pldore3de tdcrmtively2 pakpbuionad2map bes noved

[ Z di ti til bott f hord 100 of . waf 12 i d. Th
cont o | or - FEFAEYEdEoR SoBRT 2, B APoEInG SEBEPD TN Qe 36, B PaBIOnTh

controller a9rpyLasndthaonstiishairGion s tuhd &tk Of ERAGHON BER TRIRRYS € 14 at a

20 preferably about 3 mm long. Wafer 12 typically has a substantially rounded
peripheral edge and contacts rest pads 24 only within exclusion zone 30. Wafer 12 is
gripped by urging it into the included angle formed between pad portion 32 and
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



Z el evation below the bottom surface of wafer 12 so distal and pr_02<ijmk 2““3
rest pads 24 25 and 26 clear wafers 12 and 12B. The controller also
accounts for: 1) a radial distance offset and an el evati on di stance offset
of distal wesdzpeds 24 relative to the Z el evation of |ightptrassmsss on
pat hway 104, and - 2 J ~ N 2003 WO 001 33359 PCT/ US99/ 28737 13 2) the
radi al distance end effector 10 was retragted after sensing periphery 18.
The controller noves end effector 10 in the X direction into cassette 14
and elevates in the Z direction to contact wafer 12 on | andi ng pads 24 and

26. 5 Active.c j i J f 12 iknto.the

i ncl uded angﬁ]eeg%té?\?vggga{ﬁgén gér;]’%é %Odg[ﬁ“ts[? %%&g%%@?%%g'?%éo 24 ‘!3‘? Baﬁogg,a\yafyrest
pads 24, thapeabyically R 1 gubstineinllyl 2ourkded pefiprhicddgd AniicbhdE@West paldeps 12 in
the -X direction fromcassette 14. Figs. 7 and 8 show a second enbodi nent

of a spat ul @nbhwpbih exeinsedrt zaneai0. 1Waferol 20 griped by weging dninfothe tinglnddder r i ng

sem conduct Qr ers.. such as.wafer ho trans en 0.reveal

under |l yi ng @g%w%%??t%egng%%.pﬂtgl%%éqr&fbagggg%ﬁ@w%?% niﬂ t_th§H’6 !n this
view) . £nd effRaiiént! derd & smbshh@iliytid eittacebbRbRTest Paddlt Jnd aftdtdoher
adapted to sense the bottom surface of a wafer stored in wafer cassette 14

wi t hout pr otsnrfacendp phwaferH@. cBlsis e¢st pad Einfpod Breph wilsa Hratablenidr efafercddge 110 i s
particularly adapted for 15 retrieving and replacing wafer 12 from anong
cl osely spa&@ﬁtaﬁ‘g Y- wafers, such as wafers 12, 12A, and 12B ) which are

shown as they ni h%ﬂﬁ@ﬂﬂ%cﬁd@d%ﬁlﬁfdhﬁ@lﬁ%? a@caHes{ 5&& &4 B%taoﬁei%ﬂioﬂ S

operably attached to robot arm 16. In general, end effector 0 sefises the
bot t om sur f ak& sabstuafadly ri2cheebor doasnioeektegd befond theassedurtacd 4f Afdra . etri eve
wafer 12 from between wafers 12A and 12B . End effector 110 is then finely
posi tibhed by rodtafersing ag8ILipakige d uBkaximaloreghads g propsigniar 1@ distal wegt @rds1 2,
renove wafer,,1 C . f e esshn
Stati on (notshsepyTEAREFEl Bad de JRBERLY RIRisEliRLGhe £ Rl RRpRAR

necessary, rfateetidn MafLlengh dfiboucassettiaeof lngthelease wafer 12) and
w thdraw from cassette 14. 25 End effector 110 is operably coupled to robot
arm 16 at a pr oxibad efégegor1 Hbfuamher inetudes gn@gtive ennsach poispd01hat is Kedtedfat ect or

110 receives _wafer 1 NeRLLOXE Al .20 _and di st al 22 and
pref erabl e iI{ﬁg’flaEi,.gmﬁ?B?’E?@?éffg%%%@?"@?@%ﬁf%%ﬁﬁt ?aoqﬁej&gr‘%ﬁté‘fee r est
pads uppn V‘*Uoﬁﬂcl"?cﬁiﬁf 50-% mdvabk bé@leby alreastac wie-1sidiiposdtic@h6whest pads
124 are located at, or adjacent to, distal end 122 of end effector 30 110;
and at | eastdasimal lingg) angd af extgnded waler-gripringwiosition shoawnr imstoligdites)126 ar e
| ocated - 2 J U P- 2003 WO .00;5033359 PCT/ US99/ 28537 14
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



toward proxi mal end |20. Distal and proximal arcuate rest pads 12-42anH|]Nl£&“3
may have an angul ar extent greater than flat 27, which is shown, by way of
exanpl e only, positioned between proxinmal rest pads 126. O course ) wafer
12 may hawe eo/xdsfof erent orientation fromthat shown. 5 Arcue€BUSE%I87§ads
124 and 126, whether separated as shown, or joined into a single rest pad)
have an angul ar extent greater than any fi®ature on wafer 12 to guarantee
~that wafer 12 is sufficiently gripped, whether flatted or not, and only
“within exclusion zone 30. Like rest pads 24 and 26, rest pads 124 and 126
may be nmade ik rij abyt14 Nere (=1 BRI . 10
. 5 Shove B B 1 Ik I Sy

sui t abl e f orsposk ane tiksctibad iretl. SrPainNoab17dd, Maffer CONDNEYBOUSIGUat e rest pads

124 include an_inclin ortion | n kst Q ortion 134.
Referring alRQTad @bghﬁi%@éhéﬁ%g§%ﬁﬁ g‘#}g‘ﬂ?‘?ﬁgﬂ%ﬁl { VRIS ia@esignsdom
wafer 12 at .about 3 degrees relative to plane 36) and
backst op portg)ﬁ@gna%%e?sw:ﬂﬁg??%fe%nt&gmrd wafer 12 15 at backstop angle 38 of
up to about 3 degpiems.52l facthenidiudesapaniulangrdde 6&shad id BngHcombd0 that is a
function of the depth of exclusion zone 30, but is preferably about 3 mm

Long. As befeomamunigation with ywspic@or shoyey) in Paiprstadnd - aFirgt ansiusegend phannglser al

onl'y wi t hi n CEEICEE B Bhfisdhlo. RRed e MR ub BT PR Bl s Bt “be
rounded. VAfigeatiohs 2RatiaSe Bpdredes ¢RIV I68i 48 @hd iravelligniishst isieh e orRpetose,f or med
bet ween inclined pad portion 13% and backstop portion 134. Distal arcuate

rest pads 12vpchamepresshies ghlirst 8! seisand shanoelafrti and| 66 is aadived abthte woes linuts
ext end, beyond. the tqp surface of wafer 12. Referrin aipn to.Fig. 7,

pr oxi n‘h& ar ¢ aﬁlgof‘ég’t thereRy ar%%g}gemng,ﬁ fosthe vacujm £9 r(ggeréﬂ?,‘@ﬁflée g%‘é‘f‘“pads
124 except t SkieRddh d2RudeRa hefr 3bddide ' a backstop
portion and él?gt %gfj\sr%ggt i g:n has a[I engttheo?&gggﬁ% ?E\i/\cnmé%afﬂ)é?rgfz | engt h 140.
End effector 1 | Sfteumafeerlliisidadde snarerdatffecmrdOnactte qpmiact pdind SOhat i s

| ocated at proximal end 12? of0 .end effector |10 and between proxi nEI,
arcuate rest? eomoversafel d 2B L BrIRRSA ROSHIOR- 4S5 #IVVAIPBIARERQIBEAD &5

it eror s ppy abidedR L ARpEL 19Tl i SUHEE 2RiL RS20 IEfRped witin 1
Ref errisig agaictusion Zong.308hy active comdcepdindiOnemt disthl 3t padsidde cont act poi nt

actuating nmechanism 1S1 is shown enployed with end effector 110. Active
contact point 1SoProxippliest pads 20 s arargcddelagive thistad pest gads 3t so that plane

piston 12 1R PP ARENZE pFARRRS AR ERESaAAR | VRS eriblid 21T 0 155 1o

extend acti varapehrat ispeadily dchRvedviy the AACmBOdInEsSIRokitnal @hd Aktalaesti ve
contact point 150. Active contact point 1S0 is connected to piston 1S2 by a

pi ston rod 1S8Ist24aandeldé isreaepleyedo dowererawhen e iaglinedgmbosimentisgmpited, 154
i ncl ud an end.c 9 that fo wal | of a m chanper, 160Q, .t he
ot her 001 1 oA il R R 08 o U 70 plre e R B RAER ne® Yath
in 10 pneunai} gomectiBad paftiods 4WMatdisitbshAGMUNERTIGISQHT fofOMEGiRer( TIPS SAfRMID

t hrough a vacuum f eedt hrough 162 and a vacuum channel 164. Spring 1 S5
presses agai wben adtivef @mneacopoipt 8@ trexiSried and swaderdl 2aistgripped.odioacxampplent 150

to the wafer-grippi.ng position, . whereas .t vacuum pressure _acts t hrough
vacuum chanbien BB AR emsidIe G Mg dien T 149 PP POVENE Ot oG
force and refrac | Yfas 2AnAY6 doRtARE wiiS 150t bBfuslEnie 85 pEAPIRAS 1 18%ych

posi tion. Inﬁ{cﬁghg%%genﬁdﬁg%bodi rrent?laac‘tv%{\?e C(?'iirtlzpactt pg ntt 1§Oﬁ+s grge ¢

agai ns5waf ethaf 2 linetthroagh tiieceznce tof eacinpd sotioh W2 intesspcts regntdSH oBwrafergl 2L SS

i s supported between recesses Z66 in Ei ston 1S2 and end cap 159. The vacuum

pressure source i 3 NFARRAIAN b ALAEAAMAChBAREPD 26RroxHRA g 20atliarss apdcaftrstor
communi cat i o $&8L fioRler SRAMeSr aAd AL 1600 ATk 184 e tbll%tl'lagﬁl ’FﬁSOi% I sm 1S
further inclUudés a vent’ 1680 pneunmati ¢ conmuni catron wt &he a nospher e
to all ow fremeapmasiOthadmapindt Anbéthéenvhdjbtant Wagerpa] 1A, oid b2B ¢n 1S4 not in

pneumati c communi cation with the vacuum pressure source. Actuating
nmechani sm 1Sgassetterddie Thedackoh meyag meshanisms fthse spuses pud ofectern 1@ thdi ng end

currounfing BRASRGEZOhE RN SitiEPARls 27, J00H Fpul bbhedRe thfe

pi ston 1S2 absorb contact shocks potentially encountered by piston 1S2 at
the extrene ends of its travel. After wafer 12 is | oaded onto end effector
110, active contact point 1SO is 30 actuated to nove wafer 12 into its
gripped position. As active contact point 1 SO is - 2 JUN 2003 WO

001 33359 PCTNS99/ 28737 16 extended by spring 15S, it urges wafer 12 toward
distal arcuate rest pads |24 until wafer 12 is gripped by wafer edge

o Y o o o - o o, 1™~




20 Figs. 7, 10, and 11 show respective top, end, and bottom vi ews of) éU'\‘\ 2““3

second enbodi nent of wafer edge and el evati on sensors that provide accurate

waf er 12 positioning data relative to end effector 110. The wafer edge

sensors angolposssesl in first and second sensor housings 180 potu$s@2878@Ach

having a fiber optic sourcelreceiver pair formng a |light transm ssion

sensor in each housing. The 25 el evation gensor is housed in distal end |22

of end effector 110. Two wafer edge sensors are inplenmented as foll ows.

1 First and second sensor housings 180 and 182 each include |ight source
fiber 84 and_lj ver ., fi i d .

bet ween t hent gfng?glaf s@é‘ﬁglpeeg %%éfnié%ef to:r gto ?h%ﬁr{%%tﬁ%é?tﬁﬁ%@fﬁc?%%h %\[/)va e

12 can fit. Asmbefformehafshlzenditidds ant Sheand lendieommuniahnd/1igdidé.aci ng | i ght

path openings that forma narrow |ight transm ssion pathway for detecting

- 2 J U N 2003 wWoTdeicksgspacing ptadip¢esdwafesy 37, 13 adelddhreguises agredee of

i ph waf . f
Gach ot nor  byCuitngiar e sA6%al 00, B RIRR SOIRIGH RS AP UAVERR ot .

fl attedswaf eryigRit RRckAE a6fatchtwndersonl y one of the two wafer edge sensors
detects periphery 18 of wafer 12. O course) wafer 12 nust be appropriately

oriented in 5 casdégs &, 64, apd §B: show rfebpectipg topTisidee hied) fronbviewe 0 arfirss

i npl enented as fg] | ows Ug%i ge th(f first enbodinent, .%i rst and secgnd
sensor housi AELOIHEF™: AR WRES €d8e ART CleXtARFENIqry FRat DENidGaqcuERLE WaEeT 12t -
recei ver fibep a8 i Rabhakikive ibad ekasi fENtwald-ght; i '
rout ed througF])Slgg?lin s%‘ cﬁzfnlngl 184 forrre{jmi wahégb(;% ?Wﬁﬁ??%gné?ééﬁ%al
ef f ect or 110uadetlyifig sumetireg.) b€ heveasoprapx howdedendirg2@d aacbral dens@t halisgizal80

tine 188 proxinmal to. distal gfg)? 1%2 ?'f end effector 110. In |i ke manner,
light ricei vapd S2penhichdopehsrdoradhtes lighyansmaistiom senspisn sath haying & fibey i n

the bottom sucf: gctor 110 and running between proximal end 120
and a second%éltlgg(gfrg%/f%gg’fgggp'roxi mal to distal end |22 of end effector

110. Distal tines Tha8wafd eli@OsarsersvirelGhplespardds dpldavis. aBirosshdasegamd déhtorl 5
that forns a relief region for certain types of processing equipnment, such

as waf er predohgngs 80 and-RhHerch ingludpg lizdt squres fibereB4 andnalighy regeiverciibry 86 ght

pat h openi ng 2 and i istal 1 : 190.., Fi 96 and
53 1 or m bet v ToRaReurHT 4t AR el e bhRE S iR PACy BNy U &
chord 280 of wdfer 1 2xanm. eFibeaf &r adklgy futtheMicuadel puthaley R@idd WKt fagd h
openings 192 and 194 forma narrow |ight transm ssion pathway 202 for

det ecti ng t heppringefe has foraba aamewdight sransmissign pahevay Hor detegmgothe\pagsencel 2A,

| d effector 110) Light t i S hvwey, 202, ext beyopd th
por 1 on'of - dioCeRFETEh 8T RERPHRA TSI LT i SF PEB LR e SrofafERER 2
further provigaNgnaSoRBstdcdRtet abdaRS Mak §3RARIEd biYa cOvedein®l®atibh @Pknd

source/receiver nodule 94 25 conventionally detects degrees of |ight
t ransm ssi on effecioedq neabits 1T comde@B®nandobat kemeldy , Ligbt souaceteceiven sexiuiche

D5 LD, s Rk oRlY haees Saeid AP S B LS B g9 o
et 2203 000 S PRI TS O
wafers in a ©&@ssef teursé, theledativebpditivak ofifibers84r afieftemay bt oevergd. 7, 8, and
10. 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



Active, contact point 150 is placed in its retracted position. S End’2 JUN 2003
effector 110 is noved in an X direction toward cassette 14 until tines 188
and 190 are adjacent to) but not touching, a predicted position for any

wafer 12 iwodass¥pte 14. End effector 110 is then scanned i rPGI/BSYI2880t i on
such that light transm ssion pathway 202 intersects the bottom surface

chord 200 of any wafer in cassette 14 and]210 additionally) detects any
obstruction projecting fromcassette 14 toward end effector 110. The
controller (not shown) records the Z elevations of the bottom surfaces of

any wafers a%&ﬁﬁ&da%?tde%&s k&8 7 dighRaBRIm ik bbrveenHERI04 8nd 9 and
el evation calculated to access a preﬁeterm ned 15 wafer, such as wafer 12A,

whi |l e al so ptlewhyi augumt@yasamcetfkcposewmngfdfdmmm mfhcbeimﬂbm(hmt&eemﬂlght
waf ers. The follow n i oper,ations may .be orned: End effector
0y bo optheRangs T e dtuiR: tedrezs Porioe Bt Gora Jbdnd SErmay bt |
tines 188 ang.,l9Q4are adjacent to, but not touching, wafer 20 12A. In this

position, light transm ssion pathway 202 shoul d be adjacent to bottom

surfaceSchord 200Faift 2Rahar b&ﬂé&acted)bptsemrmmrﬂgﬁhglﬁ pam ope‘rﬁhisylozoﬁreﬁh dabh dthér
direction until bottom surface chord of waf 2A is sensed; the
control | er opY {détance W%‘Fﬁ qlﬁ%éhetlﬁ’é:t}f&roé\ﬂab%l V 1§é’r7§éd>riseél d\pettoBhsusfaces t he

i oot on 1 o i OE Birskd B eRCRln TpPhibds 67, 265 pBPhark (EN Shuighea”*

waf ers. End Bétﬁ;@@ﬁ@ﬁe bﬁ&ldﬁamsrwerghe athfbpdhiings dor ection into cassette 14
bet ween adj acent wafers until periphery 18 Is sensed between at |east one

waf er edge sensor The proczdegnbyabgh\andedfee®s39 agcespesTyvefss 9224 aFKnowe
controll.er ves  end or 10 i,n t. ciion cal culate o0_cont act
R Ry A I R e e R S R S e Y O S W

actuated to gpge wafer 12A into the included angl e between pad and backstop
portions 132 and 134 of distal arcuate rest pads 124, 5 thereby gripping

waf er 12A. (I n Fi dctive confacigpaippidisvpddoed in és séroaatedaposiidérer 12) .
End effector 10 is inserted in an X direction into cassette 14 between, for
example, wafers 12 and 12B, until periphery 18 is sensed between at least one pair of
15 light path openings 90.
A controller (not shown) associated with robot arm 16 records the extension
of robot arm 16 when periphery 18 is sensed, ignoring any sensed flat.
End effector 10 is retracted in the -X direction by an arﬁount sufficient to
provide clearance between wafer 12 and the edge detectors.
20 Robot arm 16 is moved in a Z direction until bottom surface chord 100 of
wafer 12 is sensed.
The controller records the Z elevation of the bottom surface of wafer 12.
The controller computes the X distance required to reach into cassette 14 at a
Z elevation below the bottom surface of wafer 12 so distal and proximal rest pads 24
25 and 26 clear wafers 12 and 12B.
The controller also accounts for:
1) a radial distance offset and an elevation distance offset of distal rest
pads 24 relative to the Z elevation of light transmission pathway 104,

and



End effector 110 withdraws wafer 12A in the -X direction from casserté JUN 2003
End effector 110 conbines a very thin Z-direction profile and accurate
waf er position sensing to enable clean, rapid, and secure novenent of very
cl osely spuo®t33part wafers in a cassette. 10 Figs. 12, 13, PERAIS2H28BDOW a
third enbodi mrent of a preferred fork-shaped end effector 210 of this
invention for transferring sem conductor Wafers, such as wafer 12 (shown
transparent to reveal underlying structures), to and fromwafer cassette 14
 (not shown in these views). End effector 210 is simlar to end effectors 10
and 110 but further inc)uetetadal @Rsdrict @Ad SEB&LNY0 Aak irMeactei R tse RAAH!
actuating nechanism 212, 15 and del etes the proxi mal end edge and el evation
sensors. Rather, end efPeEpb&ly 1810 enpl oys distal end sensors 214 to

l'ish i f i t.s.. O | .end 14
ol enent ed o1 i | Pty opwoRanard AR HEEEATR vk g d §RoSHS 1Aeme oe on
pat hway 202 grvaieeWithe'? Gire&ion/toaddtatPwaler 42 chIaddiAWDadd® athgl ef fector 210

is particularly suited for retrieving and 20 replacing wafer 12 from anong
cl osel y Sspaced apaxativesbriast panicH) wsicwafedrie ut@s wazA)l2ant the Bchvdedengde e

shown as they m ght he acked in waf C efte 14. Fig. 14 shows end

ef fector 2l O%S‘b@gﬁlﬂa aB@&fﬁ&@@ﬁQPWBﬁ%ﬁ aﬁlﬁié é‘t“a Test Bﬁ‘?sn%‘}v the1aby E5iPRHE
extendi ng togferked distal ends 218 and 220. End effector 210 receives

waf er 12 between proxi mal end 216 and forked distal ends 218 and 220 and 25
preferably incl ud@&ndadffeceadO witudraws wafiari® innkd eX direytiof from @ksdirtel.r est
pads upon which wafer 12 is initially |oaded. A-distal arcuate rest pad 124

is located at, or Fag dcan8 sRpw a seqpndrembsdiacnt of arspptulnshaped endptfectonllGing

at | easty one : . I DEox] r | ocat ed
Fovar d 10 oxi RLAHE HeBIEt R drkiefl ShOBhaRiGAlres Biin BRI ED (@b Caet
poi nt 222 t hafaniparémaearedanbnderiyigndiucands)3th ailkirom wardr efskaet nf (bl Qhawd
bet ween proxi mal arcuate rest pads 126. - 2 JUN 2Q03 w0 001 33359 20

PCT/ US99/ 287 3vtiieviemi dépd ¢ffeciaysl 1019 simitar 16 engh ofeatpio HO behisifahercadapisd to
contact point _actuatin hanism 212 is a. third enbodi pent of the . active
contact poi n?er&&tﬁ%ﬁ?tﬁ(gngg@ﬁ%néi waég SioﬁccleeW%%f&%%aetg%‘ggﬁ’ ‘r\tt?rogblfi}‘\ge .
contact poi NinddKe basQRET Bigl Reshyws anead effedtor PiGisrdSAardPaddpesd frocat i on
between fully retracted, fully extended, and S internedi at'e positions.

Pi st an 10S2 noeteisvingtanid replaciog ¥@beral?dfrpm amapgc-ioselyasmoed appr( Wafprs.8uchas

contact poi niv598 1302 Ry BN 47w b ofop 06 L BHERCH e i e cpli

piston rod 1$g that extends through annular airtight seal 1S8. Bore 14
includes end cap 1S9 that forns one wall of vacuum chanmber 160, the ot her
wal | of which is rhndadffegtard 10ds npetably aviashedrio T80t avacLainic eetedy edd0 is in

pneumati c co nicatjon with the vacyum pressur ource (not shown) through
vacuum f eedt ggfg@f@ﬁli SensR% e RIS %’I‘igﬁ‘iﬁ@FWf A %‘Forﬁﬁ“i“?ﬁ@‘gp‘f’%@%é%ss%‘@%%st

the Tacg of pj ?%}ggv%%fetrﬁz%ﬁxﬁ%@t\@ééhiv}/affﬁ%%%%{d f%ﬁ.”hnﬁ%?fe&&‘f%?{ fh%gihppi ng

and fully exten ositions, whereas € vacuum pressure acts throu

vacuum chanbéinelGibsitimied by robet dracks afid girsdtahtolgrfi péipHeby 08 of aaifer 11e
spring force and retract active contact point 222 to wafer-rel easing and
ful ly retractfeBoypwafer dddromenssate b, srdctiansfes Watarnl? o @ Regeessing sfadan (rat

168 in pneu ggﬁém&{l)ﬁf’or?ﬂﬂﬁééﬁﬁﬁé %W defcholq lémstﬂgl'ﬁ "if n&%s?grlr ,Oygirfséﬁewﬁg}/ ¢aent

of piston 1
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



portion of bore 1 S4 not in pneumatic conmunication with the vacuum JUN 2003
pressure 20 source. Actuating mechanism 212 is made "vacuumti ght” bzy

Oring seals 170 surrounding end cap 1S9 and vacuum f eedt hrough 162, and by
an annul awo@valagy seal 172 surroundi ng piston 1S2. Unli ke theTASI%EIZ7HNd
second enbodi nents, actuating nmechani sm 212 further includes a position

i ndicating shaft 224 attached to piston 1B2 and extending axially 2S

t hrough an annul ar seal 226 in end cap 1S9. A pair of optical interrupter
switches 228 and 230 are nounted to a circuit board 23Z positioned just

behi nd end capalSProxiall dridat20. dPRENGNAroimahercResirkirgadPi2d Ret §88 hiag shaft
224, it interrupts a pair of light beans 234 and 236 in respective optical

i nterrupt er lANetaoraagulap exignogzaer testflas A7, whicly Isupown, by loé exaBgleamdly,230
sense positions, of .active contact 30 poj 2 corresponding to a retracted
oo L1 onr eqrionsd SEMET BB fobdrd 1oh OF SoSh RaB00S W kor 3550 21

PCT/ US99I1 287 g et LPAPna @t fidth Bt | position region. (Figs. 12 and 13
show active contact point 222 in a fully extended position.) The retracted

posi ti of regi on eAsanresresthpadsvi@deand1126] whaiber gepappedaasidwns os ¢oined iniban
position indicating shaft 224 interrupts both of Ii%ht beans 234 and 236. 5
The safe gri§pelagedped abavein GG, exeng greaieq dhagy anycleatee epwaketl206i nt 222
posi tions wthi j h { {-RRk N i ion can
e st ol'y corabOlal yAR12 i SRRichHuySilonBnelE: MR ASE AREHAN) 0]

interrupts |ywahin d@ARICAF NGO, Noike It padP2REND 36, r¥DPRBVIOH anW108 1A6] by €
contact point 222 is extended and conmes to rest in the safe gripping

oper ati on remadmof parbpis maieriale, bitithp pregerred meatarial ésdpeeBk0 The ext ended

it f acti. int 222
Phrch Bt er 19 sPitad SRR e BRMNEERRARE! aRhBstanb 12 It dSritabielnar
224 i nt err upfes REWiENatRl driviittaub® daFers 3 HidRtarddfie réRphaR] 24 MERIdE 4R €F

swi t ches 228 and 230 are in el ectri cal communi cation wit h the
above-r ef er eimcBoedcpatt pastibel 32 Ehe admakstop pertionolet sReferringt dieo toalbigurh pressur e

15 source aciuati i st.on 2 to.pulse o ressure requl ate the a nt of

vacuum press@FE“eéﬂg%doﬁq{é‘P%lié )s %HB?%?W?%éOBbgﬁf rc}ﬁsat{) t%‘i F’i‘/%eé%rﬂ@é‘g?“t

oi nt 222. Iyl f tiral; : i ma
Do Bl oyed 1 GBS FelathRlih Mincolding bREKRorDborfR' 158 i ARIiBe BIMAYE vafiroRS MY

exanpl @ actatviexcksiop angle 38iaftup2d2bost Irdvgrded. olrichiaed pddep@fiogr1BPiang length
operation region and a wafer 12 is |oaded into end effector 210. After

wafer 12 is [Yhthadis aiicien ebmeAmpipe] Hrelusson 1ancath fut BPreisrabby abaemmi 2
urges vafor P38 R RPHE ISP YR RACh0bo BRI, RpicupphentBic iy, 15,
until wafer dehthcs gfcupeeest pAds 194 bgandfacédgp@ontac?@nd Pebrdendendeth i n t he
safe gripping operating region to ensure that wafer 12 25 is properly
gri pped. 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.



Wafer 12 is released by retracting active contact point 222 to the} JUN 2003
retracted position region as sensed by position indicating shaft 224
interrupting both of |ight beanms 234 and 236. Wien wafer 12 is rel eased, it
sl i ps backwemwoissmebi ned pad portions 132 of distal arcuate regtrysagssil4,

t hereby providing sufficient clearance - 2 JUPd 2003 WO 00l 33359

PCT/ US99/ 28737 22 between wafer 12 and bad¢kstop portion 134 for a safe
Z-axis elevation nove and retrieval of end effector 210. Fig. 14 shows a
top view of the third enbodi nent of end effector 210 in which the wafer
edge sensors of epdr&fiheabingo Hy ath dktind'@axsoiRh: sePY&e Bhataloim end
sensors 214 of end effector 210 are housed in forked distal ends 218 and
220. Distal eadattenseclsaniXiz st & shopheamgploed wsh eod effecor AO.i glstives cantae
fiber is routed through a.first channel 238 &g?gﬁn i.n phantomlines) forned
in the bott oRPHlLPASTORATARYEY EIRNEEIEE O & POSIOM TERgrasatiar SRWSEB X5 tHAStedend
216 and fork ] s 2181 Ly L : |k . L £ IS
Fout ed ¢ hr oughd SKEhda FR. n iy b BT RistoR 1sp AReipleRRR Wit 4 B8 T

t he bot 5om sukf age iPiirged byef fpeinp Ar552b @xend activetdigadh pbine e 50 phO By MARlacend 216
and forked distal end 220. Forked distal ends 218 and 220 are mﬁdely spaced
apart acro0ss PECSGRS Q4T AEtYeogamach PRt il 8. AsEive somtast RodRtt 10rs £opnestedfto

processi ng equi ug i r li.ght £ bers dermnate
it et by PRGNESA by Abilof Fod B ina PLERISIRE By o Ml BipabhAERPLRR

di stal ends 28 aoulidiRies BHend chens9 tak Rt Meanall BNy fculinfenaiRpilBg, tbat
sights along the peripheral edge or the bottom surface chord of a wafer.

The nut ual | y ofteciwadl ofi which pamevaye fomasd Bopisioa 13ar rvaeuimgtitambendéQrissiai on
pat hway 244 for detecti ng t he%{)r%ﬁence or absence of the ern'; herztt or
bot t om Qur f aPBEURAYIGCPRIENIRAYU} Wi Fg‘iﬁ‘?%%fﬁ%ﬁ%’i‘?ﬁ%?%&%ﬁg’gfv OB&R Bnds
beyond the pQﬁEdmg&ﬁtt{ggﬁ%‘rﬁ%ﬂirﬂﬁba@lﬂnﬁ&%n@(ll%@n@br?r?gol55}"1§1Ies§é’,§"dlgﬂn§ct'tﬁ§t
contact a wafer, thereby Turther providing an obstruction sensing

capabi lity. Ascebaffpisten 152 ginextsndiacblercansict pointrbilitosthe 4vademgmpping peditign,

detects degrees of |ight transm ssion between the fibers and, thereby
senses any oByNEEIas th, BRCUMFY BiEPUBE 245 gHeugh &%m@u%ﬁ%ﬁ%&yn@m. faEﬁGf
stfector 210 Bl 52 (HbpBimE i RS ket rbRack ALY AtiacBOAK 1861 e al
25 edge and/ & op and boftom chord®sensing to performvarious

waf er - rigl at edvadgrereidasimgpositionudi ng: determ ni ng waf er absence or presence

in a cassette, Z-axis location in the cassette, protrusion fromthe
cassette, tilt andnéhg pecopd ephedigienp actxe PRGN P ds UrgsdazrBabyafeeter )

t hi ckness, c e - i rm
rotational a&?’g}f££%r§e§g@?[ﬁ§qe§§8%%ﬁ}gfﬁw cgﬁt%rl%?g dse [SOS?EE ?@%‘W@%E?Agf er
sensi ng oper gtéeass 1@6EnGescr I PEanderdwdpM I The escnaepressure ghuircd isadarrdssi on
- 2 J U~1 2003 WO 001 33359 PCT/ US99/ 28737 23 pat hway 244 of end effector
210, but t heyaguum ghanebd6hthrongh Tosae VagiYA COMgMNIGatian seals or spPdaItHRA 202
of end gffector 0. Fig. 14 shows three alternative wafer positions. Wfer
12 (sh ina;BWa ‘on) is shown gripped by end effector 210, wafer 12A
(shown in solid |ig&gdtideSmecHaliRM1 3§ NfuRhdpiRIudesld&efETSE MOpasiaticon) and

waf er 12B (shown in phanton) is shown in a wafer chord sensing position.
Sensi ng waf ercofimBipcasionugitio thef atmasphereatosaiomefrea orovemenirgf . fistonil bd withihieng
(scanni ng) robot, ar{rgkolG ng and down in the Z-axis dihr ction and noving end
ef fector 210 RAFHPHA! Rorg, k¢ gt i, ppeumatic copppuiication vyith thy Macuum presspse) 5
protrudi ng vWabGree SAGHadfy hectiRisal 1928 m&@'%&@dﬁ@iﬁhﬂﬂ}po-ﬂi@_ﬁalsafm syst ens
typically enployed a dedicated protrusion sensor. Any protruding wafers are
moved b2k i nuerouhéing epd cpprl5Pasd vaoms) fegdthioush Y62eanddyi an amuddraneviby seahf er

12A. Wien all_wafers are i.n their proper positions,.a final scan_determ nes
the Z-axis wak@rSUrgRRdingpistpp 1p ecgé@ g&‘f"@?‘ ?ﬁ'ﬁ‘i}‘o{%am‘ﬁdl@t e fage}) oFpisians
novenent s ar e; pr gf. j [ : l qug,e- t.er i

transm ssi on lp%t%\%g{/ J%ac:t ghfcrl]c% gp?&%’?@ﬁ%ﬁh}o{ﬁgﬁ:atl n ‘Ségtlégtagéhépér)g%ec%ndgf
waf er 12B, engFiefdgeior 210 can | ocate wafer 12B top and bottom surfaces by
novi ng end effector 210 downward in the Z-axis directjon until a top,
surface chord of wAfier wafes 1I2ns dpadee eato srgrfffectondd @i adiveicopREMBRIPt Dhis Eng
ef fectog,210 Lnye j . i i ght .S : y 244
s restaled. Soum] EelEaRE SR St dositol a4 ARRE ToRBLORRCHNE;

waf er 12B. End effector 210 is then noved to a Z-axis position m dway

bet ween the points of interruption and restoration of |light transm ssion
pathway. This Z-axis position represents the approximate m dpoint of wafer
12B thi ckness. Wiile maintaining this Z-axis position, end effector 210 is
retracted in the X-axis direction until light transm ssion 25 pathway 244
is restored, indicating that periphery 18 of the wafer has been detected.

\AZ C A PN AN ) Y Y T SNA PN o,



-, 2 s~~ 2003 WD 00l 33359 PCT/US99/ 28737 24 between the bottom surfac@ N 2003
waf er 12A and end effector 210. Knowi ng the clearance is necessary when
pl acing and retrieving wafers fromthe cassette because the wafers are not
necessari lwopanaisbel to end effector 210 and di stances bet wPER/ERIPASBML
wafers in the cassette can be tight. 5 End effector 210 further includes a
control | abl e supination angle 248, which il§ the tilt angle about the X-axis
of end effector 210 relative to a Y-axis. Wafers stacked horizontally in a
~cassette ordinarily have their major surface planes at a zerodegree tilt
angl e that shoulde®By ¥PFANEYS O upkeRiiddr Phoaed 8istf 8rcahreqast ik 90k Qinti2 10.
However) to reduce wafer surface contam nation, wafers are often stored
vertically i wdfer ¥ cogspneddy wifer hdgeesatase (and petfassevithinsikouaipa zinot36) bye
wi der than the wafer thi ckﬁggs ﬁl({‘om(s t he waf erdg gésums. an i ndefi ni tg tilt
angle. Tilt &GHVeCCHACROMNABANH BY2IATBHIGEPEPALY 1e4s SHVE CoptaghPeing 154
returned to 1 I Q. ] | oW, eis
Fol loned to dar e B R o BT e 2o pRSAR |
angl e. In thisscypoesdpads 126e theaéter Srmalyesripping the perdpirtrall edge iofwaded 2. by way

15 of exanple only. Supination angle 248 of end effector 210 is set to
about zero degr eestTORBBYAIHALR HEL P L0 QR Ein8sd ety tp distal preustegesispads

di i : ) P ) 4 of
ot or 198, rold et 4@ ek ARARLSE) BhePRAYardel b IRECREAE 1805GhT OF
direction 20 giyipeg. dithering its supination angle 248 until a m ni num

thi ckness of wafer 12B is conputed. The m nimumthi ckness indicates that
end effector 210 almck maansiesimtargoeendefiepier d8nibe degatinn of aetévesgnntact ipeinefldPe,

supi natj.on angl e 248.su ntiall ual tillt angle of fer 12B..25
Robot - aln'sy dengaiish e Ted Tt FR e of 4% diehicl Sr el 41 Bops Sohgete
(see Figs. 16GRapBAd &ffBthAMadinal meviig mRRRinismsTiha: ia¢ Mbi AtBerdessk hiifagshabove
for a controllable supination angle can be extended to such multiple end

ef fect or systwafersi2,udirngnd 12Briglcasseti¢ ¢4. ddhedackedlgneyiog mashamisms bewveeentis X,
Y, and Z di nension offsets a t hem 30 2 ~~ ~ 200 001 33359
PCTN899128737Pr?§1I‘?a1I1‘2§f1éir‘srt‘?ﬁrféﬂ? it Biep€aus A ieciose) 10 Hod“r‘if’g‘{‘%\é\gﬁ mi ssi on
pathway 244 i$8l5Ra6 Wﬁﬁﬁa&&t@'1!49%6]%%?%hﬂkel@ncﬁgﬁe&&dl(ﬁf\fzﬁi%% 210

with the sonewhat 1 ndefinite position of wafer 12 in a cassette or on a
preaiigher (neniduat by hesveicuuAl liggsrend effectarcHilenequliresasnly lnasuvacuunklige G5B,
when center 252 of wafer 12, acgtive cg&t ac 5 222 (shown as, a target)

t pajnt 5

- on end ef f ectasuasipg. YOLeRUrsE, SRS GFfgeter pgulé@e%’gi}edrvggbgcu&quglrge%{}aglsg} oL

co-linear. Determ i ' g r Nty gy | i indri cal
coordi nate system ?h@gﬁ%h&g[ﬁﬁf;@ﬁaﬁ@ﬁzﬁl Sl%l’ altgjlqé?wgﬁrﬂragﬁéds}%g%cg?rﬂé;xi s
260) a 0-axi sp@xticiigls opagliéféactor Hidootenseheadseter 14 and p@itdvelp peipahe waférs
extends coaxially with shoul der axis 260. 10 Perform ng alignment
oper ati ons enVHNPW tougtdnsadiacert Wafaitn r adi al di stance rM N bet ween shoul der
axis 2 of robot 6 t{he DO} Nt rd . ras'\qgg 12
(waf er i's shomﬁggdﬁttla@'rh?lﬁ 121 i Szhéhg%glzﬁtcg?ﬂ(@ £ ﬁé’saq@eﬂsog@ :ﬁﬁ'ﬁe%vg)o? I ér‘:r‘clf S
the sane as dahBsdlin@hi&f wafeR¥dgBdndeaiéalioh @enstisstharsrevidbatoratewesater 3houl der
axi s 260 and |ight transm ssion pathway 244 for tangentially sensing
peri phery 18.pdsHighingdatagelatvetognsegffactor 110. Jihe waferiedgesensous senoused abl e

by the system.controlli robot arm 16 Fi 15A .shows bot arm 16 and end
ef fect or 210%6%???‘6?@(?3%?“%0(?‘8?5‘33%9@6% 2aﬁjbcl]j‘ll}frvfr§g adf-lg?)rl WEd positions

represent ed r&spegtddRley phY raflihg aapt: dasaaskidd f8sor ihacRhbeAENtrneper ati on
begi ns by novi ng robot a|Pm 16 to the first angularly 20 displaced position

at an alfl e Oelevatom senbarrie hewsedrididingal lpad id2 of wad effeatent ). 2~2 and shoul der
axis 260. Robot armp 16 is extended in the r-axjs directiqn and scanned in
The 2 axi s direct| QHCHERT EAER eRTGIRER TR ShioURBAue s 489 Sep ddrasT

wafer 12. RObH%%s?ﬁﬁP ¢ Al 198ch %crhg;ﬁ:tl t sSurtd Bbdr 84 %H&E&éi@& fiskrdgt ect

waf er 25 perip ge 18 and read a Tirst extension stance rexT,.
Robot arm 16 asimendeetfactort e tisee dorml bevngenh diehya ginslp (hsleghed opérning88ahtoan
angle OZ froma_line extending between wafer center 252 and shoul der axis
260. Robot ar Rhigh payinhiere héietiWater lRecap fidx iAs Referectibern 84mdioainpude mpHyy

R T N e




Robot arm 16 is then retracted in the r-axis direction to detect waferJUN 2003
peri pheral edge 18 and read a second extension distance rEa.~z. The
above-descri bed rotation and edge detection steps are repeated until the

maxi mum di s¢@ops3ss det ermi ned between shoul der axis 260 andpEeusPary 18.
This 5 aligned position is shown in Fig. 15B. Alternatively, after any two
extensi on di stances are known) the alignediposition can be converged upon

by cal cul ation and stored for future use by the controller. For exanple,

i for displacenent angles 0, correspondi ng extension di stances rFxT are known

and, therefor j i ' I t L i
st ance 1 EerE raRnRaby HEha o Phas IR wa0 12, (Rt dbeKh SR 200

course, the ajdpgraesll frosi dachotieanyaedisencene8ugakehyr dad thhRnposeftfian 7ssoaheda
for future use by the controller. Fig. 15B shows robot arm 16 and end

ef fector 210 flafadhwaigr cehBY dpiseipd masn opbopRe ¢fi the Ha wafesredge isenspebértedds m
controller perfor

i n e tions to retrieve wafer
12. The contr B?rllpglrﬁ% gg (ralf g&;sz&ég 31[\%' o%g?gﬁ?d n sgff I(J; ﬁnog@g{ ?:l(:e%lﬁprr 8?%“%2) rbef]?eed nd
effector 5210 glsedig 14® dewmgiflaepy. | i ne ext endi ng bet ween shoul der axis 260
and wafer center 252 until centroid 262 overlays wafer center 252. The

required r-axi s no¥ée glesadgiceenser isdmplemsatadasdellems binfike thadfiest ambedimemit.ch
is calculated_.as follows: 20 _An r.-axis, disiance bet n..ljght transmng.ssion
pat hyiay 244 al AP eao ast-op Mu gl g LS p ol ndRE ign e M P
establ i shed when BRI OSNIR ARG iRTthis ChiiodRdlhe, Lt OBLRE fidRbE s ddudlps a
predet ermi ned @i aneter 266. Therefore, the offset distance is the sum of

di stance 264 sdmdugh afiedt ehaBted 184 formed umeha batton erfacerdfrent leffectond 1pasdi ousl y

caused mopvenent of end effector, 210 accqrding to.the_above-described
scanni ngY%nd EHREENBEtHAET BIOXIR et“é ]12§@§ é é‘ﬁgd'ﬁ@bpﬁﬁég%ﬂ’m’?l%‘ Rflisak ends,

det erm ne waf g5, Bpgmft@ﬁec@al M BUEfAR T AR rt;%ggérif%? 9'5“19{&%& HDS&% %ﬁ

r-axis locations, determne wafer tilt angl@g) to nmove 10 a posi
aligned with gecontl ehired! W86 formba.in the-bAtodtburfated3 eWd effeflOr 3BB M uhriing
PCT/ US99/ 28737 End effector 210 is noved to a z-axis location that clears
t he bottom suPgtseen proximal end B0 2y awecand distal gige (1R@ presgmal jor gisial exd b of

S S Lo R 51 e el oo U AR AR LB, foe
rest pads 126that forms a relief region for certain types of processing equipment, such as wafer
prealigners.

Fibers 96 and 98 terminate in mutually facing light path openings 192 and 194
formed in distal tines 188 and 190. Fibers 96 and 98 form between them a wide
opening that sights along a bottom surface chord 200 of, for example, wafer 12A.

20 Mutually facing light path openings 192 and 194 form a narrow light transmission
pathway 202 for detecting the presence or absence of bottom surface chord 200 of
wafer 12A. In end effector 110, light transmission pathway 202 extends beyond the
portion of distal end 122 that would first contact wafer 12, thereby further providing
an obstruction sensing capability. As before, light source/receiver module 94

25 conventionally detects degrees of light transmission between fibers 96 and 98 and,
thereby, accurately senses the positioning of bottom surface chord 200 between light

path openings 192 and 194. Of course, the relative positions of fibers 96 and 98 may

be reversed.



5.(Fig. 14) and distal rest pads 124 to contact wafer 12. Active co.nQagUN 2003
point 222 (Fig. 14) is activated to nove wafer periphery 18 into the

i ncl uded angl es of distal rest pads 124, thereby edge gripping wafer 12.
End effectwo @afBspetri eves wafer 12 with a novenent in the rPGIH(US99/28737
direction. This above-described di stance and alignnent determ nations are
acconpl i shed 10 without any of the teachid§ fixtures required by prior
robot arnms and end effectors. If nultiple end effectors 210 are enpl oyed,

t he foregoing procedure can be repeated together with determ ning any

Z-axi s di stance omrhgleyadufibdivhi@raacatchetiveaiciRem pRRERILIG b&efi 9. 5)
it should be noted that the U shaped edge detecting sensors in housing 80
and 82 are udwhukmpng clostlyspreed igadevafaisnnpgnassaticetsdestribedibeléwavittess 300
nm waf er. For {énstanc?o tZe edr%e cget ecting sensors can be enployed to

det er i ne t h&SEERERI Fi8Scénfed™ it ance between the shoul der axis of a
robot armand a vafgke ¢8Rt pod 150 ishgactdfiflts irSirhdied Pasig@ssette or the end
effector is positioned beneath the wafer. O course, the Z-axis di nension
of U shdped openi ipd eBfec(oEild0 iSAovpd s emXsdiseqponanwael capaki Houmpilahlese 8820
Referring again to Figs. 15A and 15B, |ight transm ssion_pathway 244 may

al so be used 20 120 At #HaGeshiW A neHeUShiBE rPTedirtechBasition foF asy veieEr &2 inct or
210 to deterr&&gt gther a centroid 262 of end effector 210 is axially
aligned with center 252 of wafer 12B and shoul der axis 260 of robot arm 16.
| deal |y, centroi d Fd2fiestoe ddBiiathenischnreldn aehderectidn suchrthangdht wahehissiod
lies on an imaginary |ine extending 25 between shoul der axis 260 and center
252 of wafer mgl.wa uvstersegtgrihe hettQrpisuefa¢othord 208 o any water incessettold and,

e e P A e e

Det erm ni ng whet her centroid 262 is offset or coincident entails carrying
out the above-referenced alignnent operations, rotating end effector 210
t hrough a 30 supi ddeicontralell @opa®Wipirgcords theof eleyatideyolctbs battomr swpfaats ofy
the alignnment operations . 2 .~~.~a 2003 WD 00l 33359 PCT/ US99/ 28737 28
If the centrd™ Waéeréﬁpgé’??tr?%“ﬁg?tgﬁtf’gt ed alignnents will be in a nirror

i mage relationshi Rgb3; ARRQEIiE ovbd &S a of eﬁ:Mioslt&idmt&gfb #oebss PhreitlefhifA-

The correct location for centroid 262 is determ ned by averagi ng the two
cal cul ated alwafemsutisas Whier dBAy avhilesitsoi fredidéngholdananeg foramd effectelryi 10
illustrative of the principles of 5 the invention. Various nodifications
and changes mR&Ve58 AHAGENY WaFE 0 by those skilled in the art that will
enbody the princi i Wae¥ icthiy.the spirit and scope
t hereof . For exang}%?fogé}vf@&jt%gﬂ&regﬂﬁﬁn%)ﬁ%éeg)gsi‘tfgﬁﬁ that the pistons may
be actuated by alter natEndeefferverr] 19anay bs opsomilyaapvddoin axE dideetiomyoveard

pul si ng sol enoi d that sl ows e pistons as wafer 12 is secured. Electric

10 th
signal s may be enpREgEe 1A} tiges KohiG FF 20RECHJS; PRORGtigueking, yeafer
i st The pi st ; | idd; t d; h
B 2 cati ond iviobft B, AL ARLY pRRSLS AE MO TRUARER o b 0C

end effectors may te@ofrosutde ehordt 708r ofi wefef MZApde a cutout or be shaped to
15 avoid obstacles, such as a E%.eal igner hub. The end effectors may b
nmoved by devi ces ot her mohaharibbdis eptipnally mayed dn X Ardirggtionsurdih obpmesuriace

positioners have Lﬁ‘@ff@?gﬁgﬁa&?ﬁg egrsg%%fg;r eedom Moreover) the end

effectors are usa _ types of specinmens other than
sen conductor wafers, sgRomsollrBptiballyyVerFRRahs previU¥PASdnsal 2keddvaBidn orand

conput er menory discs, all O?OIV\:hI ch may be stored in
25 the bottom surface of wafer 12A; and
robot arm 16 is optionally moved in a -Z direction to provide clearance
for end effector 110 between adjacent wafers.
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.



20 carriers other than the above-described cassettes. The sensors -2 Jyn 2003
preferably enploy | aser beans fromlight-emtting di odes and di ode | asers,
but may al so enpl oy i ncandescent, infrared, and other radiation sources.
The rest pad doneisyded angl es are preferably acute angles, butctbs®r8737

i nvention may include enbodi nents in which the specinens are held to the
end effectors by 25 gravitation force, inighich instances the included
angl es may be obtuse angles less than 180 degrees. Figs. 16A and 16B and
Figs. 17 and 18 show a type of multiple Iink robot armsystem 308 to which
end effector 210 igRHALALY Rovds dhd-efbedr 30dn IRBZRIRZEH c%l@ulﬁ@ﬁltyggﬁt'a&n
with pertinent mathematical expressions characterizing robot arm

di spl acenent wafferelanph éamingopeistli2drandd26obot ar m nmechani sm 308 to
denonstrate the - 2 JUN 2003 WO 00/ 33359 29 PCTI US99/ 28737 mani pul ati on
of the linear andAShy&Icartagh RPEXEpetugisdjedrppvates ded nl heiptinded apgle

paraneters a i ) A q escri bed
bove. U s PoRRR Rl sl boktip AEb B s e B A R A IR T2 T
const r ugt i onttwrebyopeppihg wafaf124hi gntBige7 ofhe rg@lpped arafery sheamm adSwhfeg32).16A
and 16B are respective side elevation and plan views of a two-arm nultiple

link robot arm sy$indraifeotr dd0vithdraws water tiRAougihe a3 dirsetion from eassefie 1op

f f W i .
s tar but i ndopeSIRElT JIf Eombed e BE 7 ol e e R et kit
310L and 310BoskiBn k&isigotdl ehaBRWMAd rafid ORRIoRCLR Mok oﬁvérgrcsgsew Sacéd 1,

which is nounted to the top 10 surface of a base housing 312 for Trotation
about a cent apart wafereis e casseic.313. Because they are nirror images of each

Cdont | 10 by "1 qeTET AP 18t Bk b ST PN SPPORIORBA! By qiHEey SSpaDepgLend
suffices "L" oaehor Rio of AGE AvEhHEH Yor &a*a@fem&éf %ﬁgnﬂcﬁg%ﬁaﬁnsﬁ& ;gg "E’%{é{é sl to

the construction and operation of only robot arm nechani sm 310R bu
simlarly 15 (gpwn waisparenoto wedl vadeniymeg lsemnésnesy,110land Rodno twadermoassette ddi sm
310R conprises an upper, arm 314R nouni ed tQqQ.t.he top surface of

cylindri cal §‘b%fé§‘9‘_”§15ﬁ,’659\ﬂi‘ed’ﬁ)i g‘%&&ﬁ?"&ﬁgﬂ DA 19 F F&?Féﬂ'a @n‘t‘i‘do’flot orso
ik 311 Tor iPhatPindhiRills goshtaeihe Bive PR bl biiiidAnCSRARR! 22 5R
provides roomfor the notors and certarn other cofiponents &f robot arm
mechaniism 20 agd @Reted 3hanptdxithel aeisaipe had eleebiion serddpgee rRahon 8dd Bffbasr 21@i st al
end 318R to which a proximal end 320R of a forearm 322R is nounted for
rotation aboGMmpieyselifahenghiessess 24 1o Aerormlish vaTigoo rales senping BEAUIFRRPIS26R

t o which i mal . i ,
otation abodti i ERS 8L fPRaEh Sy (f BEHARAG, s BPYRPRIALC
334R wi th a flight taiNmsission pathial 202 336D What Fise7emalloy 25 applies vacuum

pressure supplied to robot arm nechani sm 310R at an inlet 338 to vacuum
channel 164 to sediigel3d shysathaesndeeffrstart2d0 indreiculeply sited fgraetriepingandy

th i tabl i h i n..pl h 210R. As will b
Gencr i B | nraRSE R BomCHRYR oibop HahEEn SRR R 243 420 Tang
210R i s capahhg 198, 4HidH AHeQHEWhH QL AidyanigAP B ktakkéd nesaeEtdsy@ieshpul der axi s

316R el bow axis 324R and 30 wist axis 332R - 2 JIJt~ 2003 r WO
001 33359 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 to, 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.



30 1 PCT1US99/ 28737 Fig. 17 shows the Link conponents and associate@ jyn 2003
mechani cal |inkage of robot arm nmechanism 310R V~ith reference to Fig. 17,
robot arm mechani sm 310R i s positioned by first and second concentric

not or s 350Roa0d333b2R t hat operate in response to commands prravinckdd 27 a
notor controller 354 (Figs. 19A and 19B). 5 First notor 350R rotates
forearm 322R about el bow axis 324R, and segond notor 32R rotates upper arm
- 314R about shoul der axis 316R Mre specifically, first notor 350R rotates
a forearm spindl e 356R that extends through an aperture in upper arm 314R
and termnates in ul | R ends, upwardly at
distal end 318R o u%lgg’%e[gr]ﬁégllg%ng ﬁ%bégf%ﬁfﬁé%rﬁsﬁaecﬁ? grc Ogé&ap Qﬁ’é‘aar(:?und "862R
that i s nounp@gdhimisa 210t ik @hisd efboinddd Bf efe dctive asina pdhtalcndatifig Pr oxi nal
end 320R Post 360R al so _extends through an aperture in forearm 322R and

t er mi nat es | meghtmsmar i Puthesgcadambodimeniq peltvs qoatact pHSR LD israpstalivebper

armpul l ey 358R a t he t surfac f rin 62R to ratate forear
322R about oRBRLIE © HeRik 15 elesBi&atbn RIS Gracfer Bt furtledonid 1o
Second ot or i&@%&di%?cﬁﬁioﬁﬂ PRRST 150 fose Weth sHBORs4 Bad id &f@@wta%rfng a
bottom surface 382R of upper arm 314R to rotate upper arm 3I4R about

shoul der axi $F@18Rto Eviend activeexdntasepeint 322 akd by r yacuma pssssuredo metrant aci3&0R

and 352R i n conjunction . wth.the nmechani .l'i nkage,descri bed bel ow causes
ond 220R 1o CPBEEh RPIEIA. BRBYA G PPt 223 COUBHE! BN SSERG 5

through the Clg%lgt exterids %Qoﬁgagmraﬁéghw@an 158, %Wﬁ?ﬁix{cﬂxﬁf Qg&%gﬁgﬁ@”face

388R of hand An endl es elt 390R connects forearm pulle to the

out er sur f acehaffoheaonayaB®fRatumm chamter HAHAJ tH2I@Rrabadlibf hivhl i etovaklys 316R

in response to the coor diln%t_eﬁgr ot atj onal lggt,i ons of notors 350R and 352R
i

The medi®ani cdPropsd R\, CUTH Ehamier, 199 ARITLPREVIBEE SPFMIIBGALIOR With an 25
e . | : ! ! s U an
Dol 3668 cone MuBR ptsRRe Shife id: Khoutiithrod AR (Eedbinoliy 168%m ") U000

362R and causgsudm@chatiiel 382RThe sprih@peesbad dpaRROMS FadeTiétoh i16D t@Exikhd St
mot or 350R. The passive drive link includes belt 390R connecting forearm
pul | ey 366R &gtva eentagitpeintddLte dalerternpang agl Belyrxianded positienharireasahe t o

rotate about wrist axis 33 in response,t 0, 0ot at i forearm R
bout el bow Serwis s R nidh e RART oA BRI Al Ofhe Boed SESTERIGE, o
00/ 33353 PCTISR84@8the épRng Eds 8hd Ritrad: &Rl ®XrabMbRAEEL) @NwAeRRdedshey At | ve
and passive drive lima and the rotation of upper arm 314R in response to
rotation of dudyreiraatedposdBIR. A third or torso notor 392 rotates a torso

link spindle 394 that i.s nounted ottom surface of torso.link 311, to
whi ch robot arm %ﬁﬁ‘%@@ﬂ‘%&%ﬁﬁ&ﬁﬁllvl eoGht 08, INANRMALS | ng support s

a bearing assefhniSafbrakil i dibsihefPid iRy #34 i EAEASof Mﬁgfg%ﬁﬁﬂgﬁ the

capabl e of 360 degree continuous rotation about central axis
t her ef or e carportion obbgmer i o imphdunatio aomEmumica D avitls the320&m ppessutzand 210R

Vot o7 oBht r o1 Bice’ AACHAAE megRnisiyE Kbl VEHT HEbiy & QIORE SFHF BBDR |

surrounding end cap 159 and vacuum feedthrough 162, and by an annular moving
seal 172 surrounding piston 152.

Unlike the first and second embodiments, actuating mechanism 212 further
includes a position indicating shaft 224 attached to piston 152 and extending axially

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



10 two .preferred operational states to enable robot arm nmechani sm3 03\;}1020“3
performtwo principal notion sequences. The first notion sequence changes
the extension or radial position of hand 210R) and the second notion
sequence GhaglesHmsh he angul ar position of hand 210R rel ati vepkgusbad-ger

axis 316R Fig. 18 is a useful diagramfor show ng the two notion

sequences. 15 Wth reference to Figs. 17 ¢and 18, in the first operational
,state, motor controller 354 causes first notor 350R to maintain the

posi tion of forearm spindl e 356R and second notor 352R to rotate upper arm

spi ndl e 380R_ The ngn-rotation of first .0r ,350 iLhtains the position
of Upper ar s AP JBr ke Prdlioh [alinn bt Jeop B espidtie soSubRoep!
second not or 2353 fAlRéREndeBRREBAN 314R about 20 shoul der axis 316R,

t hereby causing rotation of forearm 322R about el bow axis 324R and
counter-rotation dhe rematt pRitadoegionrdnsereagiac WBEIR 2 Bewagsppedand &ti o of

the di anmeters of  upper ar.m pul.l ey 358 nd the outer surface o eari

5698 are- 4. 25eIes MRER pARHON SHieatibe dhan2rbi gt SBLo TN PEEyS 338RAARAT he
outer sgrface of (o hSerds; it Qt-@ldeO ; : Rin a
directi gn speci fi @agéﬁ%@%@mrniégegi{bg.lg 13%%%?%2&%2&%%3{%8%@1 0 nove
al ong a strapgditions wizhimawtick 8 fer(1ditingli grippirey, ©r afldadirgasprrpionl cay eGGRIAN
the outer surface of bearing 386R are one-half of the dianmeters o

f,
respect i vel yc3ried@upaniess Satadawberoposion ndigatipiRaline? 4 ifsarupsy hglg hepmy239s8R
to strean]ng.f % ifnf B2al 934 SNBSS, &' Whdh SHIVE bkl BB HEDEL %‘3}5@55 afjenever

upper arm 31 rotates 1nfhe ¢ W se direction speci hand
210R ext endscérnes torest in the eife agippingasheadtioflirsgianCerope OWafeh @uipPRis 8 )esifitdR)
along path _ 2 3~~; 2003 WD 001 33359 32 | PCT/US99/ 28737 400. Whenever
upper 3Pm 314R r oflfheextanded pesidQUFRREIN I8|20@REA Qleacdive centaspaipedd X pasitiany Pz,
hand 210R retr.acts.(i.e, creases radial distance from shaul der i
316R) “al ong. SAEH wtsn Sater 25 FERERReE dhT s ShEHORAG eiTit WRlaE f 224
mechani sm 31(},@}“&5%{tﬁ&roﬁlwgeg@gﬂjjgmmj@n of that shown in Fig. 18
woul d extend and retract in 5 response to uPper arm 314 rotation in
di rections opposi tQptical inkessPteresdicheeld AidE3018B is kisgiricaheemmbiaitariob vtithar m
mechani sm 31QR i.s ext gnded, axes, 31 316R .. 324R, an 32R are col linear.
T the secondeirErtBRreS eRtElchy e SoBhes P JHIE TaeRES PrSterrnt or
350R t gsr ot atg, £.on &AL MMS Pisidd! 18238 HRisk Br A& stk rBSthR NS REShA FLHuB, and
second notor 10 352R to rotate upper armspindle 380R in the direction
speci fi ed by pR&surerantihéhesghyc cantraabe positiowsi affactine corga@ POt 23d. IBLEOwAsE
synchroni zed tqQ rotate_in the sa g?:recti&n by thg sang anmount . of )
di spl acenent YaHAEHOHGHFRIMS O HPW% BPHYE HreSs| Rk ge SHBIRYed HRHRPHEPD 4G4
316R This ig,59 %ﬁm the rotation of forearm 322R about el bow axis 324R
caused by the fotation of first motor 350R and the rotation of hand 330R 15
about wrist axis 332Ropatssiedallerampleatiitive whtasepoind22disanodE2R thadafehe
operation of the passive drive link offset each other to rodﬁce&n
-2

§ 0 ne
rotati @9 abogfiPRingRperation regior 28A @ Wafesi2 dpradegante engdgfiectar A 3158 wg%er

tixod radial Ly o : . _
oty upper - arbiS Rt Ee SRR RAAR AT HAEHG IR CR AT, *
ki nematic comgtitishNtAs dctivaebh@depaintdisd is ettchdealy ¢l urgas Wafepr1226) imaligedp4d,

motor controller 354 can operate first and second notors 350R and 352R to
nove robot amertitnshiali afrdigalomenate gt pasds-124dingl weferai2ghripped  Peeting Conigcty | |

be further descrijed below. Ski.ll.ed persons will .appreciate th { ate
Fobot ar m e R SH GRS Pt in i RER T ShesruRE RGBS bl gl 8B 587 G
by eithgr ratahidp@ri§Pripped. them or 25 groundi ng one while rotating the

ot her one. For exanple, robot arm nechani sm 310R can be operated such that

f or ear m 322R r ot atWafesd3us reledsedvby xeisacing RetiGuedntant ppint 280 w theckgiraeteiand
210R to describe a sinple spiral path between sh er. axis 316 d.t he
FULL ext et RSB0 THEBEARS SRRCH Y FOREPR ST LR B hars redunins PR g et

position of shoukdan 34486 WhaPeaRki1n]s FIERED, 30 Ahd BrckRMEniRfeRd 322R

portions 132 of distal arcuate rest pads 124, thereby providing sufficient clearance
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operation of torso notor 392 and therefore the rotation of torso |i

in a direction specified by P3 independently of the operational states of

not ors 35Qf) afshishb2R. The angul ar positions of notors 350R pou/ 3587z e
tracked by separate glass 5 scale encoders (not shown). Each of the

encoders typically includes an annul ar diZX¥raction grating scale and a

| i ght sourcel det ector subassenbly (not shown). Such gl ass scal e encoders

are known to skilled persons. The angul ar position of notor 392 is tracked

by a gl ass Stggﬂv%ﬁ gsfe?risq erbaazsuga ggran%mf&aa sﬁfgét&ﬁs% OcthJVQran ot ors

350R and 352 I'g. 19Ais a mthat specifies coordi nate
axi s frame wepseabseendefectmiiloed by the orientation of a semiconductor
waf er cassette 168r and its location relative to shoulder axis 316R Wth
reference to Fig. FiEOA% shaws pdpp Bifvnef Wedbird prmbedimeat of erf effeciors210 in

e herat | cal w88 pfBaht QB! TLAA il Y6 dnd Mo SR 2hnah S pisu

control | er 3% to refrieve from casse

vector 45 pesReasssndl2al of end kfe@peDiMgrediouses fetorleedldistal éxﬁié|21|8€ﬂ1dpﬂ050ns
wi |l appreciate that simlar mathematical expressions can be used for
di fferent drDistalreadisessory D aisdmabrmaniest 2 odowsi \/’ellgh& sauresnfibeyi 16 moutpd s

| b ed. t he d t
of "t he- parh_ Grottis B shetingh 455 pBObaN ahFhSn ites? B el 3B md BorlorRetithded o
of notor 3508,d effeclhrSi 1N RBANE DRvedAYrRimal ¥hé o%ﬁ& @&Qe@hﬁwe%a'm%m

and di st ance etvveen el bow axi s " 324R and wist axis 332R 25 (3 = angle
bet ween uppeln BkemaaddR, ahighf mceiaenfiB@2Rrouted (lmoggiha sécdndrmtaid) R48 (shodm =

TR oo Gein Bhaniors LBRe farmebmdae Bnb e ieres O sngfitdciard A wPeied on -
-2 JU-d 2003, U000 33530 %Ténqsl%ﬁﬂe% 1§Zl%§2d‘ap&k%%%@tal e%ﬁ?bh@%& 9@% gfz

the | aw of cosi nes prOV| des the follow ng expressions

+r1r2 - 2r2 caem, ‘Di)de(yls)paeedpapart gar@sra gab 242c1rha@orm55 rEhef region for cexqalatlyp.w (1)
provides that R = p and x = o, }/x 0os = 0sR, of = oErt. The quantities
oSR and oErsOfEiﬂcmcm‘?@n% r?ét“ﬁferaPF@Plé%nerthe mot or angl es may be

b £S5 35 O 13gPhnaR e o TR, B0 e B
mechaniisal | fokRaas fofied aibedl enfs 218mARLIANTHOfBEARorM Betwatuatinowidzl at es
the angle ~i to changes in the notor angl es.
opening that sights along the peripheral edge or the bottom surface chord of a wafer.
The mutually facing light path openings form a narrow light transmission pathway
244 for detecting the presence or absence of the periphery or bottom surface chord of
a wafer. Light transmission pathway 244 extends beyond the portion of forked distal
20 ends 218 and 220 that would first contact a wafer, thereby further providing an
obstruction sensing capability. As before, light source/receiver module 94
conventionally detects degrees of light transmission between the fibers and, thereby,
senses any objects that interrupt light transmission pathway 244.
End effector 210 employs distal end sensors 214 to carry out wafer peripheral
25 edge and/or top and bottom chord sensing to perform various wafer-related
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



Te rettieve wafer 170r from cassette 168 along a straight |ine path,zt?ﬁ\\q 2003
di spl acement along the X-axis equals X~,) which is a constant. Thus)éx¢¥y &
X~,. The quantity X(t) can be expressed as a function of the |engths of the
X-axis coweomnessss 15 of its Links: X(t) =r cos O- + r cos Hd/dseprens Op~

(2) in which OL = angle of upper arm 314R 02 = angle of forearm 322R 20 O~

= angl e of hand 210R Because upper armZl4R and forearm 322R are of the
sanme Length (r), Ol tracks the angle OS of notor 352R, and hand 210R noves
in a straight line) the foll ow ng expressions hol d: -- 2 ,J;,~;~ 2003 WO

00/ 33359 35pddlway 284 Femi Eector210, Bur ey coh aﬁo(biza;i‘legxﬁﬁgérhlé%?i%{% ,h?t7 Thus, to

conpute Xo, one 'substitutes the foregoing identit and OP

i nt o equat i panspi3sibwpatyvay 28D df Endefectot~1.r (cos' OL + cos 02) + p cos Op X~
=r (cos OL + cog(O 1 + ~r - \ﬁi%) + p cos(O1 +2 - 2 X~ =r(cos Ol -
cos(O ~ - ~3)) -Fp-ditshpys fhree plisrnauive whicFRRHIPRh Wafereldistgwadnt he
constrai nt } I t S of
not or s 352%%%&@2%%@%& %&?ﬁ% 8%, g“rlrgggé}gg%gﬁ %ﬂﬂ%@qgﬂ%aﬁ’c%)gﬁ tlg{lg)c giEeve

strai ght |i gpwmenwafer efighsonding Rtiokkind wafepdCBoBkowREh pRak@AERIshown
constraint equation (S?;é by neans of a 10 servonechani smcontroller in any
one of a nulbkiafer chalkssentige PesiEAP! e, to achi eve high speed operation to

i npl t i i . f ] 3
command si gnal *var e kafiP RO ARG AR IR M AR AR bRk 6 )
The preconppicaidifg) PbeCATS16vap afld abivaiih e B-ak RABMdcion ahd SR vikk arcorskice

with the wafer nove profile and determ ning fromequation (3) the
cor r espondi A0 TEhe5X-wsis Wersctiathalribb gtacor{fdagusdanguthe pibspdiag evafer, soéh &5 and

CE in mast er- sl.ave rel at.i qnshi To achi eve angul ar di spl acenent, of hand
SToR dhout Sl AB S deffey) B! Bt eSS dy et Shplh e a iR g s0an

to rotate i i ir ' o t € ntReh 'Halk j nt of
hand 330% t SRRBIGTARRSSY, L6 bRRNEONIRr e nitRR LRk S0 b P bAGRAR!

00l 33359 36suchRETheJBOEIAB IRV bneaferd2tden®ihen adlf wiferschr8 30 Bediopopaot change

during this mgve. Skilled persons wli appreciate that conplicated
concurrent PP*H%%RS’éﬁH‘aAFFg‘HI%FCTW%%%QF?%{)W%%{}ZO%PBF% 1%@CGFSSﬁ%dR@§@R coul d
be acconpli A # 1 t At O s 350R and
352R t hr ougﬁ‘t}ﬁ?? er%ﬁ%&%ﬁﬁg\%r@?’gp rg?tﬁiérr?tggl. ’“Fé)gﬁ‘pg“%agﬁé’gg‘t’g‘{es second

waf er 16assette 188tepdight iramsadssien phhway Dét eintepruptet? indicatingt detetedraf er 170

'S presence of wafer 12B, end effector 210 can locate wafer 12B top and bottom
surfaces by moving end effector 210 downward in the Z-axis direction until a top
surface chord of wafer 12B interrupts light transmission pathway 244. End effector
210 continues moving downward until light transmission pathway 244 is restored.

20 This point represents sensing a bottom surface chord of wafer 12B. End effector 210
is then moved to a Z-axis position midway between the points of interruption and
restoration of light transmission pathway. This Z-axis position represents the
approximate midpoint of wafer 12B thickness. While maintaining this Z-axis
position, end effector 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



coincident to Yo. The parallel arrangenent of the openings of cassetZe\ﬂmgigua
and 168 denonstrates that the above expressions can be used to retrieve
wafers stored in cassettes not positioned a radial distance from shoul der
axi s 316. womoB3¥pm mechani sm 310 is not restricted to radi RCTHREBBAt but
can accomodat e any 10 conbi nation of distances within its reach. Fig. 19B
is a sinplified block di agram showi ng t he2dri mary conponents of controller
354. Wth reference to Fig. 19B, controller 354 includes a program nenory
474 that stores nove sequence instructions for robot arm nechanism 310R A
M Cr opr oces siggtwddibthe e gionesurfdce f Wabgr 1A amhend/cfebbdbridle. RyevEgayence 15
instructions and interprets themto determ ne whether the first or second
oper ati onal dearaece i§ neeepsnyedhey plagiag ped rqpeYiog wiferadion tgomssesterbgqaisced t o

position torso link 311. A system cl 47 tr t he. operation of

mi cr opr ocessoF VAR 3¢ P810Q9°§%5af1§b]’%m€?illjﬁ)emiggggl%?@ a%cg$§@55§%twsewal ues
for G5 (not 0fq;R24RWaf?é ifthe(dAettE can BRYigh® acconplish the straight line
notion of the first operational state and the 20 angul ar di spl acenents of

OS and £E t o accohpd iefflactoh@l@igntheaninciades arcopfrotinpe segioattbropmla4dmahichtiat e.
Because the rotation of torsq Link 311 Is i pendent of the npptions of the
robot arm medRaHf age ﬁ%?}ﬁtté?j%fﬂ“? pfe %Wé%ﬁlmg%? i hr e ggaf{cﬁse angul ar
di spl acement oty 397y h bleatRhe BRGM-AY rdlSBlASR r R and
352R i s car r?tgé eggltoﬁzg th}e' rmvg Sse‘(aquencer ?nst rugti oﬁg?gﬁggei%%ﬁf%gQThi S
results in 28egregtirrangleabst shodldnter maeberdibyatwpisdtioni agte 248nef et éffeetdreXiduse

mul tiple axis servomechani smfoll owng errors and drive accuracy errors do
not affect tHEWEY§Iaitg)ReduCe Feaferqupfass coptppination Waflees a5p 0feR ssed Xomicallyin des

dol tvel b LihsEie YRR RRcA R, MG EATRERAD SO TPl Thas e syt Blbicess,

respecti vel yallddcihepraeasoimd 6 imdefiait® tinvingRs PiSdnzleddanSiedindéfinitedeven
servonmechanism - 2 JUN 2003 WO 001 33359 37 PCT/ U S99/ 28737 anplifier 476
to deliver aaligrmeassetts ¢fnunfersoistrefuersdripadiorgontal greniatings hhh¢refaranthei fi er

482 receives_ f,romthe three ncoder.s. signal.s i ndi ive of. the
angul ar posi fql[g%n%prqcrqgurr%ég 8‘2&5‘?@&%&5&@%\ggﬂ,ﬁerﬁgﬁah%anglﬁ;% equals the

M croprocess@hfed i #lo3© Pi &Mé fRREABNOWaRrONR!if aldrBoNALHHERNFOY By wa
controller 5 484, which causes a vacuum val ve (not shown) to provide froma

vacuumi§our cef é¢xampleloln) an appropri ate anpbunt of vacuum pressure to
outlet 336 in response.to tt’le ?ge? tcsb)%l?ol d fiwwafer on or release a wafer
from hand 210R | PURPRHOHANG!E 2FH OF oy TEUY 10 PGSR Ahus %ogggqe!es.i n the art
that many changes pigy: fién T8&Sove? ehd 8rEl&42d 1Bindthe th8xid RR¥G LSRRI RAdight
enbodi nents of this invention 10 wthout departing fromthe underlying

princi pl es t hranswifsiof pethsay t4dhterdeets praweh of wafeeiBon shoul d, therefore)

be determned only by the_ follown | ai - 11 Pd 2003, WO 00l 33359
38 L WE CLAIM PC%PBS@@‘F‘?%Q@?OV?.? end §f§g§?ﬁw %a?%ﬂ%%vn@@ -25iSi HRCHE devi ce

LDt 2R AR BRI M PERAMA RO
and an opposeomgitetial end;
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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a.distal rest pad attached to the distal end of the body and having_gg%ﬂw 2003
portion for supporting the peripheral edge of the specinen and a bacKstop
portion that forns with the pad portion an included angle for gripping the
peri pher al wedgeswb the speci nen; 10 a proximal rest pad coupcedsep287ne
proxi mal end of the body for supporting the peripheral edge of the

speci nen; and a proxi mal end active conta@b point novabl e between a
retracted speci nen | oadi ng position and an extended speci nen-gri ppi ng
position established by the size of the specinen, the | oading position
providing suffici eQkerfingab ¥&e 15Arandl BELTRAL risnlifior! PatBiREF AR £ t he body
and the extended speci nen-gripping position urging the peripheral edge of

t he speci nenemplayet e alige ol drraigl andfemd refidcion 21 havidhi the abmewhat ipdefini@. The
edge-gripping device of claiml in which the. proxinmal end actjve contact
pornt i s 1 or REEIISR Of AETCY I ACasHele G § REAigfed (noser SR> whlg A KPR iy

devi ce of ¢l alibed, s WHOEH id PR 30H! WheRQRABE IS PO Dhtet §22ReiRR AR Y poin;
connected to a fluidic pressure-actuated piston nounted Tor reciprocation
wi thin & bore22agsiowipdsedtangdthon hed pffectom2l0, end achonlder fdsP60 4f roboe arm 16
edge-gripping device of claiml.in which the distal rest pad is of a shape
t hat conf or mére ! godisgrenPelsrminipg Hignmene pleferpbly katadls smplexing & cyhmdrical

dae. arioni . i . . : . c first
Gistal oot AR sivfuf VElch A L laehd Cralfl o SROBA AR 11
spaced apart ¢f-pgifekiadé hfgilartl otk sh@fderpai 260, atde 2age edich@PiagiAdBVvie Of

claim1 in which the body defines a generally planar specinen support
surface to weh@Hderraxigip6®.al rest pad is attached, and in which the distal

rest p i ncl udes est d portion_incline lative to the.30.9enerally
pl anar Speci men s 65%’??“%33@%%@?"{ SP%Fté?Hsaeémég EuPPReRs Bq'dl%ﬁésqgrbc&i men
- 2 JU-f 2003 VVRB0Le33sdRRIdRET 5380 02 80t adf @SantiNRe BRYARHBirE 8NbAGShRPIIBL i N
t he extended Speci nmen-gri ppi hg position urges the peripheral edge of the
speci men i nt ontwafer h2 (wated 1dngslowivredeasl imdhage-1g ciapidy nigis dlesdriptionf. Thisiim 6 i n

whi ch the included angle f.ormed between the inclined rest pad rtion and
the backst op RS FRICTRISUE RIS BXteRsion fIStantk bexy PR RS N o

claim1l1, furbhgr. bSO ' j : ' ani sm
That 15" oper a0 0Ly L B e s e
bet weenid he Bxemidredismpasirpgrart ocadablg aad donxoliabielly Hresyseangmigpplinggrobot
positions, the actuating nechani smincluding a biasing device that applies
a 10 biasing ¥Prlle to extend the active contact point to the extended

speci men-gri ppi ng Shk} idi - : ' t hat
sel ectively over cofﬁg'sﬁ hcem%\?gg?b%’éfdkdc{)rlgeaqltd%lhrggﬁrégtg{ ‘2?2@5%%%1?«:@69?5%{5%& poi nt
to the retragkeshdsdigaianBndibpsladtd osivioas tépresen@d rdspectiraye by solipamd dabhed ce of
claim8) further conprising a position indicator operatjvel X connected to
the active cdivesc{Ths@lignmepORsFRIoR hegHIs\PYI8QWBE 0ha a1m 1 torbe fipdiapgplarly

spaced-gpart refer L DOSL UL on i gl [ ] , ijion
i ndi catTng dé{ﬁp&%:eﬁgﬁ?{t@ﬁ?ahéh? ﬁ‘é‘k %vfg(?r}ehr?p gngge ‘?%’ ngﬁ%cqeﬁsg&cgg{egcﬁﬂ%o%%ﬂt%

i ndi cate a fuhbyideeixiaesed speci men-1oadi ng position and a fully extended
position of the active contact point with no specinen gripped. 10. The
edge- gri ppi ng deviRebatfarm 1§ imextendedamni the riakis difestieon apdesganpediinabe izri¥iudes an
i nclined rest,.pad portion i rovide. ar rface for the.specinmen as the
movabl e cont aFdféCBsﬁﬁ'fC‘} ﬁ’af h@’tﬁgﬁnéwgé@nspﬁg&'p -A'gcrapﬁﬁ?ﬁ?gwgggﬁj on urges the
peripheral edge ofpifif a$ReW WRAed RirActkdn tRGLUGCHr&Hdh o daRRet Wifephi Ch an

i ncluded angle of less than 180 is forned between the inclined rest pad

portion2iand tpeeiphemak stigplPend read a finstextemsi¢redisaneepicigi Ng an active cont act

point actuating neﬁgl?oqla%rrrrx] Itg] gtmcl)vsed(% %ﬁeagclc\o/r?cl Xngularly 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.



25 connected to the active contact point to nove it between the retrac edzuna
speci nen | oadi ng and extended speci nen-gri pping positions, the act nd |~bg
mechani sm i ncl udi ng a biasing device that applies a biasing force to extend
t he acti vewoonsssst point to the extended speci men-grippi ng pegvv$wnssnd a
fluidic pressure-controlled device that selectively overcones the biasing
force to retract the active contact point2&o the 30 retracted

speci nen-| oadi ng position, thereby to provide a fail-safe nechanismto hold
r WO 001 33359 PCTI US99/ 28737 40 the speci nen between the distal rest pad
and the active cORbB&taroifs théh feh@icRY 8N kheOf-akie Hsrebfiorf lokiddevgepre to the
fluidic pressure-controlled device. 11. The edge-gripping device of claim
1, further cearphicsaliegsahs apd repd acsmmst@xtgmndmﬂmmgmg mechani sm t hat |s
operatively conne he ag nt to nove it

retracted speci rreﬁhgggélv% S%fr\lﬁ: ¥agqu§21§5 §§%% aﬁ@ﬁmﬁ} ' HE TBB%ait"?(FBW\getﬁ? he

act uating Meghmh it/ § memhecﬁﬁéme@%ﬁ@er%% 260 4ndl SHefphery 18, This
pressure-control |l ed device) the biasing device applying a |a3|ng force to

t he actbve caligradtpopitiontis sfmwicm(ﬁgl i8B. one of extending the active contact
point to the extegﬁed S, n@aa%@lg,p position and retracting the active
contact point to éc? LR SETSPSION UStangss 2FosnewRrthe ahignedhe
fluidic pressus I ng force
o acoonpl | ROy LT St Lol (paf op GrRalalibT ot SRALPRT et e BYRR: 0% 1
ext ended specommiiegr iHopexgmpesior idisplaamentedngiest ® ngortdsponding \eatepsivhact poi nt

to the retracted specinen-|oadi ng position not acconplished by the biasing
device. 15 1915‘dAC¢FeﬁFmﬁe(¥POW§|aﬁ6 tredorg. drerragtignlag displacesnent raglen@ apadiich on

of a spgcinme i C r oy n ef fect or
havi ngqg bodgmg'gs lls%g ngE&g% '%?:%"é‘d%gg%% lgg%fe%s‘%ﬁ’#%d@egﬁ‘g 05 ?ﬁ’ﬁf cei ver,
the Iight sophiee &H@Iahbx@htpom@ﬂlcnﬁrbehavaaﬂga&ﬂdh@pamoxﬁ SRPETL FdrVRnFOUsLe
| ight path and receiver |ight path openings between which a |ight beam 20

propagat es aby#i eontiofht- transmi ssi on pat hvvay, inparting relative notion

bet ween the speci d.the y.to anv

positioning, in cﬁ% 011%% aReh faﬁ’cgﬁf%‘éc?‘}‘f@ r}ﬁeﬁ[%f lﬁe‘PéS‘? 8&‘?& ?C%H‘O“t he
speci men to meﬁrtﬁ%bs,hb@ the gmottaExﬁrb%m@ﬁéroﬁbrﬂﬁrhﬁWﬁyf&%xﬁ@%&%&npte”Upt
the light 25 beam and establishing in response to the interruption of the

| i ght B&am aoparetavnsan rofrievhiavafeerizoet er of the specinen relative to a
spatial reference

rel ati ve notion i H"@%éa%fgqﬁﬁgg%&%?%lgga%la&@n‘ézmhge %‘%‘é@?%@% Plf)ﬁng‘f S%flé‘ggh W her
| | | |
2nd the specrionh kil e ERRRGNDHeR R AONNE: BASED 4 St Brlncdt 0757

41 L transveusd dentrolie26Y aweelaypaferzanter Dfhn Thiaequitedrs&ds mmveafisthe iki ght

beam ceasing the relative noyenent of the body and speci nmen toward each
ot her pr eparé%%??df%ase@Fé’ﬁqu%ﬂﬁ@“a“@é?h ‘ﬁlcﬁ@“iaé%daﬁ OHOWS: t he perimeter of

Lhe snagi men. Li. allEaAPLRAAcObeflcEh ReltradshivhheBubty SRPCLIRR A bs'
and second 5 opposSed nmj or surraces ara ea b fation di'stance and
in which thelzctl&mgpfrgeafmmeﬂ aﬁsaztncwémsmbmmdoﬁhernhﬁaduf@:hﬁnbgeam afféctbhe
specinmen in a direction transverse to the travel path includes inparting
rel ative novéh@nt to the |i ght beam and the specinen in an undul ating

pattern between s ial S, S8 rat ed y | distance that is
greater than the E‘da‘%'?‘%fg %ﬁ%grt %\%E %% qIETmIRGR dﬁﬁ?%gaﬁé claim12 in which
the positioning i ImpeRFs @i ARtIREE &l\lstahcé fiehé BRArdfididae 268 anki di8mBeRt RES. | S

acconpl i shed by manual alignnment of the body with the specinen to interrupt
the |'i @it beam 1@\ssithe thaetheozpngboliet basmrmousiymuscﬁ morenienp af eid gffedtor

| at t b I ft d t h
Cpoci mon i n ARG 2FSAIRAE0 S TRE SRR SrPruan el PR pperaiiog B fohaft ind "°
pOSi tion Sengiijg eﬂ@tr’ﬁﬁxfng%ﬂém G8ERAS Wik Bp l&ﬁ@%oh&&' ﬂﬁa@&z&xi@ﬁ@ﬁﬁrﬁm

that is capabl’e of two or nore degrees of freedom and 't ght source
operativel y andperipiatytl8 rtaxés looghjorandetemaine ovafier it anglc,cmd toglove @ pat h
opening and a |ight receiver incluydi recei ver |ight path opening, the
source and r@@@F‘QBral‘gP%jn‘fmbétsﬁ]eSﬁgﬁYaE% 165oei ng spaced apart to form between
thema light transm ssion pathway al ong which a |ight beam propagates from
the light source to the light receiver, the light transm ssion pat hway
being of sufficient length to detect an interruption of the |light beam
caused by a specinen positioned in proximty to the 25 body and within a
predeterm ned di stance relative to a spatial reference.
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18. The end effector of claim 17 in which the body includes proxinal aﬁg 2303
di stal ends, and the source and receiver |ight path openings are p(')'gt i\
to face each other in proximty to the proximl end so that the |ight
transm ssmwanoquatismay i s interrupted by a defining point of BCTpSeyI8E3IT
supported by a carrier. - 2J U"~ 2003 WO 001 33359 42 PCT/ US99128737 19.
The end effector of claim17 in which the2body includes proxinmal and di stal
ends, and the source and receiver |ight path openings are positioned to
face each other in proximty to the distal end so that the |ight

transm ssi on pat hpay effectbNR &6 SURbEA Y 2aiRe6dalBA SHRRALE 8 Komh GRfAck er
positioned in proximty to the body 5 as the nmechani sm causes the distal
end of the bofithe aeldctetavadgrel mtlmozapmf@acﬁf appefjacetievafe20. The end

ffect f cl 1 b d d distal d
andthe sour ce. ant™ EHERYEA Y GOV ofE Gt FRois Bisten: 1o f ace
each other in proghdeféctbP2id Mbd Maxﬁ"tﬁsé&etthﬂtcah's”& lﬁx‘oﬁﬁﬁal%ﬁ ??6 on

pathway is 10 interrupted by first and second opposed face areas o
speci mefi supiigt B4 any dastalarest ]mds 124 1o dotpatovatenl1posi ti on sensing robotic
end effector, conprising: a hol.di ng mechani sm operatively

associated with tASHKOESNIR PQH%S&IIZ%?F}@I dfng astivasd £0 Ve walar P‘H‘Rﬂeb)bég by the
body; and a Ht@p{? HAUAELa ) @ﬁaalgﬁ g]etsﬁgmq%ea,e} éag %%:WQ&P%”"' ng a

source |ight openln ecerver ne recelver

pat h opening) t heEﬁ@uffeaoarado raﬂevesemafén thtvithad Moogaentigshd elakig dirsist
apart to form between thema | |8ht transm ssi on pat hway al ong which a |ight
beam propagat es f TBinabREc-ApgsHibed distanee apd ahignment (deigrminasions gy accomplishieght

tr ansrﬂl S| Onwgtgé&vﬁ&uégghé'%agﬂln§ "fotdrgi ﬁé&pbflggig (?nlé%(}og&t %{? aarl;xlﬂ ant Efrﬁgfﬁgt I on

of the I'i ght a Speci e body

and wi t hi n aiph@eiglecdnd d‘fﬁﬂtdﬂs S.ﬂ@lﬁﬁeeerﬁlﬂb?éd \(Re f&e@mﬁ@@i‘é@ﬁuf@éaﬂr&%ﬁeat@@
The end effector of claim?21, further conprising a coupler adapted for

oper abl e coufsigeihgr Mthtdﬁ?éﬁrﬁbml}lg @agy &- #@bdtSt@ﬁﬁpankﬁVatﬂpmﬁuff?henChebm&yn theot.udes
proxi mal 25 and di,s

to the coupler, h&IP eLiing E‘gﬁ%g I"\é\@ e‘itiﬁhﬁ?qtgfi]ﬁé g}%hUbsg '%‘ggofﬂ& eﬁgng)d nearer

posi tioned t&n@&%@n%ﬁﬂn@@b%ﬁd'm RE QXA fo¥ deRrinliBnP EPiAPar SR drhhat the
light transm ssion pathway is interrupted by a defining point of a specinen

suppor igd byflatlasa 300 enxm yeffor. eFothmswapes; ithe edgesdenesitidg synsone cirobly employed B J~~
2003 V0 00l 3§§e5r%n1ne the center-to-center distance between the shoulder axis of a robot arm and

a wafer center while the wafer is in the cassette or the end effector is positioned

beneath the wafer. Of course, the Z-axis dimension of U-shaped openings 88 (Fig.

6A) presents a potential spacing problem.

20 Referring again to Figs. 15A and 15B, light transmission pathway 244 may
also be used in combination with the supination capability of end effector 210 to
determine whether a centroid 262 of end effector 210 is axially aligned with center
252 of wafer 12B and shoulder axis 260 of robot arm 16. Ideally, centroid 262 is
coaxial with the center of a gripped wafer and lies on an imaginary line extending

25 between shoulder axis 260 and center 252 of wafer 12. However, manufacturing
tolerances and the locations of features creating light transmission pathway 244 may
cause a calculated position of centroid 262 to be offset from the supination axis of
rotation. Determining whether centroid 262 is offset or coincident entails carrying

out the above-referenced alignment operations, rotating end effector 210 through a

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



43 PCT/ U S99/ 28737 23. The end effector of claim 22 in which the spdtjey 2003
reference corresponds to a stop position of the specinmen when it is held in
place by the carrier. 24. The end effector of claim21, further conprising
a coupl erW@JIWEB¥EY f or operabl e coupling of the body to a roBet/USIHa8aiid in
whi ch the body includes proximal 5 and distal ends, of which the proxinal
end is positioned nearer to the coupler, 2he source and receiver |ight path
openi ngs being positioned to face each other in proximty to the distal end

. so that the light transm ssion pathway is interrupted by a specinen

supported byIfaheesrtiodd ipoffict, thaedlculatday dignfichis Wil b dadroasndgdee robot arm
causes the distal end of the body and the specinen to approach each other.
10 25. The erﬁéat@mlymoaronppm&q gifles ofithe sHPIRAOC BT E0tlien  Eheipdreect dekatioad

for operable f. t.h bo rma which the body
i ncl udes pr ot r%g trm %‘gba%rrg %X bty V%V\"}m1 &Fﬁ ﬁ?gufaﬁ%cfalé‘-r?ﬂ 8- hosi ti oned
nearer to the couwh@aboxteb&séﬁbedcanadsuinfeﬁ@%a/ﬁferély @Mst@abaopﬂﬁgjrnﬁ HIREHNT
p03|t|oned to face each other in proximty to the proximal so that the

| i ght t¥ ansnths snmmupat HWrjous snadifiestion aad changes miay rostmadedtherembyl thygspos ed

surface area eci rted b ar r.before t S nis
hel d by the 536 ““ 9“A‘?‘E‘ ﬁﬁg&%ﬁ ‘iy% E’%K’ﬁ!"% .9:(].‘ ."}AVFRS}‘?'A?“‘Q@] ‘R ﬁl‘&ﬁ

A LA LA ATRIA a @éc@@%—“ﬁé@fp\ A3. A@ An. A A. . Ay. AHr. A3L. A. A Ah

& A. A{ 3. Ah. 3e A@e. AYL, / 0236" czk&>9; =Ji 2

Q| wr mhb] X] ca] c" abpréxdmpia] si@ﬂeﬂa]&'od]ew}vda]m@a]rsrar]ct&]acﬂnmmbas] siagbeatbnateda) ca
] ca] ca] ca] ca] ca ca}1 cal ca cTa cTag al c"al "$NPR_|

| wr mtheY] ] ¢ A1 AR P ‘Eraf]o Ceafic ]aéaf FEFREPEaPy A1 M]IE&P%IQ‘]‘Q}Q]t%]SEé’]Sca] ca

]?V?)lﬂ z ﬂ ?I@%@‘S@@ﬁggl %%f&&gﬁcmc Sv%ﬁalsb]n%’ Cg]e(x:n 0cya ca 6‘5 a]lca] caj

ca] ca] ca] ca] mahized ma]pba]tmaingadfqa& pisler] CRlegaijtond hagldlsd 1] sneatdhticaiyc
a] ca] ca] ca] cal " *(5((((/) 29 é‘Fg*Y**H\/Hr }++
1., wmﬁrawd/ané wRQRiored, suel) ahjrca)nbistars ddjesa fheagndagitesiosnpiea] cal cal ca]
$ajc$ 1//$12111112%3s334
fZLgJ&]Sfg%g;%k&alncﬂla,?ﬁw c$a] c$a] ca] ca] ca] ca] ca] ca] ca z s
;5 s bwemhe”Y] ] cahe ahé aife@basahey bl ¢adked af eakowise adctalecatwalica] keadippéd al cal

|

(?/2{ ga]g]gaE]?a@ca] An Ca!BCB‘{aBBEgDGDP] oobe cma] l%gleg%hggfmﬁﬁfwmdnaﬂ by ajoved bH] ca] ca] ¢
) caf ool B e e prare e y
a] ca] ca] ca] c3] AT IRTRLT O AHM LR RE &7 YArtiss anq bR RPUHRTSER BTYS ™A} SsMvvM

'N more demof freedom. Moreover, the end effectors are usable for handling
OQQCRSUV\X/\Y/\Y/\Y/\W Xux{ vql gb] X] ca] ca] ca] ca] ca] ca] ca] c*aU] c"alc"aU] c"a]c"
a] ca] ca] ca] cedremisazpesadicspieinicns ajhea vm) seaiicmpbuetpr wabad caich ap LAJI2 dispda¥XX1YYY3
Q777> [\ ;
11 96 An* - gl comgact e kRO AP eRp R dicss A REAHish Bay batpLimy

"a] c"apgal c {r?:]s&aitﬁ@x] &@],qﬁg olve es@ltedl Gadefiad cal ca] ca] ca] ca] ca] cal c[c_ccc>
dedd8eseeef fgRggggggghhl hhi[ieiii}xsnid_Z]]]ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] c" a] ca] cdhe a¢nsaf<pletahbly]aragilon jase] tahsdf en|liphi- em]tcmg] dijdeshod] ca! i N
KkLIPITT? st & \ kf a\

L] 6" a] ca] ca) CATE HRCE) Cuf Pay Alcarlon (levaests irbebsd i &éﬁ&f%%a‘] ca

{1 213} wr mhonv T cap Saesipad inclyded ansfes aee prefeably; acuje angles, buy i inwention )

] ca] ca] ca] cahpgliaahes elldbsdmie@tsalhaalheﬁhcead einehs ZNARId 1o aelendrfftcitrd bgal ca] c

a] ca] cagca] ca] ca) ca] ca] ca] ca] ca] ca] ca] ca], ca] %] ca ca] ca cal ca] ca] ca[] ca] cajc
. a] ca] @3] ca] erdvitatiqn feypa.-B Aylnoh wrstAngesyihejincladad angles may e obtuse angles less

a] cal ca] ca] c al] %ca ¢a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal calca]ca]calc

aJca] ca] c"a] @L‘]" agp })v2{'yj Al xsnid_Z] U ca]ca] ca]ca]c"a]ca] ca]ca]ca]ca]l

c?]Ag g]KcZ: a]( ca] ;:a] ca]rqd q@hCﬂidCﬁdB:ax]d:Blo@a]mah@ 2} GROwW al§pd 6phafiptaliRk6bot

a XSsni

a] ca] caj] cg] cajmaysa 8croa»}'lval] G ééf]l@@] ¢H] saheuntahdd c Zigsa]l04] and] 104 prepeny] ca)

ca] ca] ca] ca] ca] ca!

i El Qucr x{val §b ]:95]1]18 ]Ocla‘%”(%f’ﬁ%]ngﬁ athematical expressipnsSharacierizing wheL 218 a) ca] ca

Lfﬂalcca%gl c" aligspRidbfmerd £n Sdanihe 81 padifiading ket Gah GRdchhnism 3034 NeWoRbEd Xl

a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]c

ajcaJcalc"al]c"a]c"al >R<4"x2/ ?] OD} xsni d_Z]]] ca] ca] ca] ca] ca] ca] ca] c"a] ca]ca]

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]cal D*VU'k

_b #&5ZJ| wnhc”Y]]]ca]ca] ca]calcalca]calcalcaljc aUc a]Jc

a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! ZQ FHIUWT

hw_1yql&{vql gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]



1L QB$L0%KS& () -1 1S10%& ()-! @ 10%b& () - Z! Qr" &$10%bé&' () - s$10%& () - zswmng

bXb& ()- ~rPl @L$109& ()-!' 10%b& ()-:!' 10%b& ()-: &10%& ()- 10bH 4onp

10bb! &3$10%b& () - $$<} [ 9r P/

| $109R2020&)d porddbsFIA0%=& () - ! F<FYA0%Db& ()-s! 10%& () - @ L$LOMEIYI8TI@

L$10% & ()- < KLzX9. /

10] . $10% & ()-!9. $10%SbSh& () -! 4. SLOVNN+ED () - ! 4Y" $109[ N[ & () -

C10Y"$10%bJIb& ()- $10%& ()-LMN |tgH 10].$1S9! 10%& ()- @' 10%& ()-!. @
(109 <"<& ()-& D (10%<& ()-&UF10%& ()-3 10] 10]t G3dEH

10] SF10%<&' () S LOUF & (e Us &b di & drhent QY& (s Y& () EH
10} ; %8100/&&'( %rsa?ﬁhg%ﬁjc%%é (ge( ?{“‘%9 é‘ﬁ?‘ géglgg-j@l_s/?fl&c&ﬁer&%(ﬁ&s ﬁéeega%lg) %&Qte 3hd
$10%<&' () - S, MradReds a9socisdOnitethe)vabious dafdr sensing measurements described above.

10], 1t $109%<&. () -¥0109%<& ()-fY. 109%& ()-y*10%<& () - 109%<& () -S 109%& () -
1 ]5! tiulyll XH&%; %@f@t@_{@oﬁ&é,ﬁy P@@é‘@(j déltalled descr(u))tno c|>\%$ the constr(u)ction and O

10<f 8@ 0% & : - ARV Vi e 09x<& -1rrrro9t"denbC
10] , 10%' () - @’“%‘%ﬁﬁl@ fyg?f%?}’&ﬁif)a%ﬁg@i} (3‘- ST ()-
109&' () 5" " 7###SUSFRH CoAUNEAEBIA e {pee DI ¢levaidddatd(plan views of a two-arm,

S310%&' ()- @109%& ()-!," $10%& ()- gU$$$! %pWBRJIENDC 10] @" &10% () - @

109&' () - f 109@au{ty yRbqt)arm1ysizny 30§ mougted pn @xrdligugh gEgpesture in the top

¢
%8!, /:&S’( ;3 51.02/ %5 %v%f(a%%o?{%i{%eﬁ%réjtéﬁl%%%/%&&’%’Stéh?%%é% §02 gﬂ‘g?‘if’é’/ﬁ‘a@ -lgé, two similar but
10%& () - @1" iifiBerdently E6HE0](abieyshi&nK Yobo) dom Iecharlisrhs3 1611 fADIGR e ! 8@
rotatably mounted at opposite ends of a torso link 311, which is mounted to the top
10 surface of a base housing 312 for rotation about a central or torso axis 313. Because
they are mirror images of each other, robot arm mechanisms 310L and 310R have
corresponding components identified by identical reference numerals followed by the
respective suffices "L" and "R". Accordingly, the following discussion is directed to
the construction and operation of only robot arm mechanism 310R but is similarly
15 applicable to robot arm mechanism 310L.

Robot arm mechanism 310R comprises an upper arm 314R mounted to the top
surface of a cylindrical spacer 315R, which is positioned on the right-hand end of
torso link 311 for rotation about a shoulder axis 316R. Cylindrical spacer 315R
provides room for the motors and certain other components of robot arm mechanism

20 310R, as will be described below. Upper arm 314R has a distal end 318R to which a
proximal end 320R of a forearm 322R is mounted for rotation about an elbow axis
324R, and forearm 322R has a distal end 326R to which a proximal end 328R of end
effector or hand 210R is mounted for rotation about a wrist axis 332R. Hand 210R is
equipped at its distal end 334R with a fluid pressure outlet 336R that preferably

25 applies vacuum pressure supplied to robot arm mechanism 310R at an inlet 338 to
vacuum channel 164 to securely hold semiconductor wafer 12, a compact disk, or
other suitable specimen (not shown) in place on hand 210R. As will be described in
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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response to commands provided by a motor controller 354 (Figs. 19A and 19B).
5 First motor 350R rotates forearm 322R about elbow axis 324R, and second motor
352R rotates upper arm 314R about shoulder axis 316R.

More specifically, first motor 350R rotates a forearm spindle 356R that
extends through an aperture in upper arm 314R and terminates in an upper arm pulley
358R. A post 360R extends upwardly at distal end 318R of upper arm 314R through

10 the center of a bearing 362R that is mounted to a bottom surface 364R of forearm
322R at its proximal end 320R. Post 360R also extends through an aperture in
forearm 322R and terminates in a forearm pulley 366R. An endless belt 368R
connects upper arm pulley 358R and the outer surface of bearing 362R to rotate
forearm 322R about elbow axis 324R in response to rotation of first motor 350R.

15 Second motor 352R rotates an upper arm spindle 380R that is mounted to a
bottom surface 382R of upper arm 314R to rotate upper arm 314R about shoulder
axis 316R. Coordinated operation of first and second motors 350R and 352R in
conjunction with the mechanical linkage described below causes hand 210R to rotate
about shoulder axis 316R. A post 384R extends upwardly through the center of a

20 bearing 386R that is mounted to a bottom surface 388R of hand 210R. An endless
belt 390R connects forearm pulley 366R to the outer surface of bearing 386R to
rotate hand 210R about shoulder axis 316R in response to the coordinated rotational
motions of motors 350R and 352R.

The mechanical linkage coupling upper arm 314R and forearm 322R forms an

25 active drive link and a passive drive link. The active drive link includes belt 368R
connecting upper arm pulley 358R and the outer surface of bearing 362R and causes
forearm 322R to rotate in response to rotation of first motor 350R. The passive drive
link includes belt 390R connecting forearm pulley 366R and the outer surface of
bearing 386R and causes hand 210R to rotate about wrist axis 332R in response to

30 rotation of forearm 322R about elbow axis 324R. Rotation of hand 210R can also be
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caused by a complex interaction among the active and passive drive links and the

-
PO

rotation of upper arm 314R in response to rotation of second motor 352R.

A third or torso motor 392 rotates a torso link spindle 394 that is mounted to a
bottom surface of torso link 311, to which robot arm mechanism 310R is rotatably

b} mounted. A main ring supports a bearing assembly 398 around which spindie 394

rotates. Motor 392 is capable of 360 degree continuous rotation about central axis
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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by the same amount of dlsplacement 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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10 Fig. 19A is a diagram that specifies a local coordinate axis frame whose axes
are defined by the orientation of a semiconductor wafer cassette 168, and its location
relative to shoulder axis 316R. With reference to Fig. 19A, the following description
sets forth the mathematical expressions from which are derived the command signals
controller 354 uses to retrieve from cassette 168, a wafer 170, along a vector

15 perpendicular to the opening 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 Qg = 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

R, = 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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5 For B = 0, equation (1) provides that R, = p and
z=0, y=0, Og=0g, Op=0g. The quantities ©5, and ©z, represent

reference motor angles. The motor angles may be expressed as

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

B = 2(A0g - LOf ) because of the construction of the mechanical linkages of robot

10 arm mechanism 310R. This equation relates the angle [ 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 @ + 1 cos Oy + pcos Op ()
in which

©, = angle of upper arm 314R

S
I

angle of forearm 322R

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

expressions hold:
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0 = o, + (ZL),

Thus, to compute X, one substitutes the foregoing identities for ©,, ©,, and 0, into

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

Xy = r{cos ©, + cos Oy) + p cos Op 3)

X, = r(cos ©; + cos(®; + 7 - B)) + p cos(©, + g - é)

Xy = r(cos ©) -~ cos(®@, - B)) - p sin(©, - g)

Equation (3) expresses the constraint that sets out the relationship between the angles
O and O 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 O and O in a master-slave
relationship.
To achieve angular 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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5 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 ®¢ (motor 352R) and ® (motor
350R) to accomplish the straight line motion of the first operational state and the

20 angular displacements of ®g and O 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 Og and @ position signals to a servomechanism
amplifier 482, which delivers O¢ and ®; command signals to motors 352R and 350R,

30 respectively. Microprocessor 476 also provides position signals to servomechanism
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Mlcroprocessor 476 also provides control signals to a vacuum valve controller
5 484, which causes a vacuum valve {not shown) to provide from a vacuum source (not
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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coupling to a mechanism and gripping a specimen by its peripheral edge, comprising:
5 a body having a proximal end and an opposed distal end;

a distal rest pad attached to the distal end of the body and having a pad portion
for supporting the peripheral edge of the specimen and a backstop portion that forms
with the pad portion an included 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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peripheral edge of the specimen into the included angle.

7. The edge-gripping device of claim 6 in which the included angle
formed between the inclined rest pad portion and the backstop portion is less than

5 180°.

8. The edge-gripping device of claim 1, further 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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5 point to move it between the retracted specimen-loading and extended specimen-
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 12. A method of using an end effector to determine the position of a
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-apart respective
source light path and receiver light path openings between which a light beam
20 propagates along a light transmission pathway;
imparting relative motion between the specimen and the body to cause them to
converge in space;
positioning, in coordination with the imparting of relative motion, the
specimen to intersect the light transmission 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 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

30 while changing a relative position of the light beam and the specimen in a direction
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15 distance between each other.
17. A specimen position sensing end effector, comprising:
a body including a mechanism that is capable of two or more degrees of
freedom; and
a light source operatively connected to the body and including a source light
20 path opening and a light receiver including a receiver light path opening, the source
and receiver light path openings being spaced apart to form between them a light
transmission pathway along which a light beam 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 caused by a specimen positioned in proximity to the
25 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.
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each other in proximity to the proximal end so that the light transmission pathway is
10 interrupted by first and second opposed surface areas of a specimen supported by a
carrier.
21. A specimen position sensing robotic end effector, comprising:
a body;
a holding mechanism operatively associated with the body to enable holding of
15 a specimen in place by the body; and
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 to form between them a light
transmission pathway along which a light beam propagates from the light source to the
20 light receiver, the light transmission pathway being of sufficient length to detect an
interruption of the light beam caused by a specimen positioned iﬁ proximity to the
body and within a predetermined distance relative to a spatial reference.
22.  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
25 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 interrupted by
a defining point of a specimen supported by a carrier before the specimen is held by

the body.
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5 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 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.

10 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 interrupted by

15 first and second opposed surface areas of a specimen supported by a carrier before the

specimen is held by the body.



