WAFER CENTER FI NDI NG CROSS- REFERENCE TO RELATED APPLI CATI ONS

[ 0001] This application clains priority to the follow ng U S
applications: US. Prov. App. No. 60/779,684 filed on March 5, 2006;
US. Prov. App. No. 60/779,707 filed on March 5,2006; U. S. Prov. App.
No. 60/779,478 filed on March 5,2006; U S. Prov. App. No. 60/779, 463
filed on March 5, 2006; U. S. Prov. App. No. 60/779,609 filed on March
5, 2006; U. S. Prov. App. No. 60/784,832 filed on March 21, 2006; U.S.
Prov. App. No. 60/746, 163 fiWoAFER (BMNTERTFINDING. S. Prov. App. No.

60/ 807,189 filed on July 12, 2006; and U.S. Prov. App. No. 60/823, 454
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physi cal sensor's and processi ng algorlthns have been devi sed for

centering wafers in a sem conductor manufacturing process, there
remai ns aBﬂgg%%{ @onDhproved wafer center finding techniques that
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challenges of wafer handling is the need to locate wafers or wafer centers with sufficient
precision to permit accurate placement and processing within the process chambers. In
general, semiconductor manufacturing systems employ various beam-breaking sensor
arrangements to “stripc” passing wafers and detect the wafer edges. This data can be
used, in turn to locate a wafer center relative to a robotic handler so that subsequent
movement and placement can be more accurately controlled. Center finding is
sufficiently important to fabrication that this process is routinely calibrated and repeated
throughout the processing of each wafer.

[0003] While numerous physical sensors and processing aigorithms have been
devised for centering wafers in a semiconductor manufacturing process, there remains a
neced for improved wafer center finding techniques that reduce the number of sensors

required or improve the simplicity and/or accuracy of center finding calculations.

SUMMARY
[0004] A number of wafer center finding methods and systems are disclosed

herein that improve upon existing techniques used in semiconductor manufacturing,



herein that inprove upon existing techniques used in sem conductor
manuf acturing. [0005]In one aspect, a nmethod for finding a center of
a wafer in a device having an interior and a plurality of entrances,
the interior containing a robotic arm and the device including a
plurality of sensors, each one of the sensors adapted to detect a
presence of the wafer at a predetermned |ocation wthin the interior
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robotic arm, and the device including a plurality of sensors, each one of the sensors

adapted to detect a presence of the wafer at a predetermined location within the interior
of the device, includes: retrieving the wafer from outside the interior through a first one
of the plurality of entrances; retracting the wafer into the interior; rotating the robotic

arm; extending the wafer out of the interior through a second one of the plurality of



sensors may include light emtting diodes. The plurality of sensors
may include auto focusing photodi ode detectors. Determ ning a

| ocation may include applying a Kalman Filter to the position data
fromthe robotic arm The nethod may include updating the Kal nan
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[0013] I n another aspect, a device for handling a wafer disclosed
herein includes: an interior accessible through four entrances; and
ei ght sensors, each capable of detecting a presence of a wafer at a
predeterm ned |l ocation within the interior, the sensors arranged into
two square arrays centered about a center of the interior, sized such
that a first one of the square arrays is snmaller than a second one of
the square arrays and oriented so that a group of four of the sensors
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entrances. The plurality of sensors may include optical sensors. The plurality of sensors
may include at least one light emitting diode. The device may include a robotic arm
having a center axis within the interior, the robotic arm including an end effector for
handling wafers.

[0013] In another aspect, a device for handling a wafer disclosed hercin
includes: an interior accessible through four entrances; and eight sensors, each capable of
detecting a presence of a wafer at a predetermined location within the interior, the sensors
arranged into two square arrays centered about a center of the interior, sized such that a
first one of the square arrays is smaller than a second one of the square arrays and
oriented so that a group of four of the sensors at opposing vertices of the two square
arrays are collinear.

[0014]  The eight sensors may include optical sensors. The eight sensors may
include at least one light emitting diode. The device may include a robotic arm having a
center axis within the interior, the robotic arm including an end effector for handling
wafers.

[0015] In another aspect, a device disclosed herein may include a robotic arm

for handling a wafer, the robotic arm including one or more encoders that provide



plurality of sensors within an interior of a wafer handling device,
each one of the plurality of sensors capable of detecting a
transition between presence and absence of a wafer at a predeterm ned
| ocation within the interior; handling a wafer with a robotic arm
the robotic armincluding one or nore encoders that provide encoder
data identifying a position of one or nore conponents of the robotic
arm and applying the encoder data to an extended Kalman Filter to
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sensor to capture imge data fromthe interior of a robotic wafer
handl er; passing at |east a portion of a wafer by the contact inmage
sensor to acquire an inmage; and determ ning a center of the wafer
based upon the inage. Passing at |east a portion of the wafer by the
contact image sensor may include passing the wafer linearly through a
measur enent vol une of the contact inmage sensor. [0022]1n anot her
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i ncl ude aPlF@HBt GiCOBAFh HPEHICASHAS: capigtne o hemdirality Rk condisd iage pipors

i ncl udi ngnaR £84. 6fthe E%'tﬁ@@o‘iﬁr&% § & He Rl RraTh¥&I et né’a[é@ éhsbi AGRK
array ofg%har ge;coutpl gd devi ces or? the end éffept or c|tolosi tisor?léd ?%BC
capt ure eplgceddaindersacoarentaiaf ge integen de davichmap ingludt b gewod coft@®25] The
devi ce VA E ] I -] ] S
the |1 nearmaf SO yAReRhPLa e bt BHAEL MR RO RS sl KOS

t hat i ndugdsitivatd/cqdiovearlg. Thecdntazeanaga serayr andhiee steadcentaayiniape bander a

wi rel ess transceiver for exchangi ata wirelessly with the |inear
o r . THEROPT BTEes s BhI BT oba Batiers B euctn Srat R Pbbor | o
chanber . fibadé i pRAJIHAST s BRYoIRaPcohtddY infhpd ks Posifibddhe e bRk 6f
devices. The linear array may include a two di nensional array_ of

char ge- colip Pl&leol edanceyfrthe Heriarc The Asiesymahierlydea secerdipdr & t he
end effec : Ny _ f £ LR : t

vol ume of('toftﬂ Elnecglldﬁ)%iéagﬁnﬁaa ?ggfs%ﬁevéﬁ%ge:ﬁ%i&%\#ﬁaﬁg Fﬁﬂ@ﬁ?ﬁ%}ﬁ%{tl n? chuck
adapt ed tssn$ars are pheitignetldo nkgrenet 2 brntes ol thefiftenero Thapbirgldy af entriahess wafrer

wi thin the asurenent v f the |inear array..The deyice. may
Mol ude. angPECRIE SRRy Tot Py SCkbrahis R B B By e,

usi ng t hepreckgsor dadyde filifier denflgae:draydentift] dnddighmenit @ors 96 thoowdrtd. dtheed t o
determ ne a radi us of_ the er usi,ng the edge ta. The device may

i ncl ude aP"RFaSTAmay\Pedrther ﬁé@{gugﬁdﬁafﬂ%@%ﬁ?r@%@&?f %t ure edge data

froma nunber of | ocations on a surface of the end effector.



[ 0026] These and ot her systens, nethods, objects, features, and

advant ages of the present invention will be apparent to those skilled
in the art fromthe followi ng detail ed description of the preferred
enbodi ment and the draw ngs Al docunents mentioned herein are hereby
i ncorporated in their entirety by reference. BRI EF DESCRI PTI ON OF THE
FI GURES 100271The invention and the follow ng detailed
description of certain enbodi nents thereof may be understood by
reference to t[82tjol | dwanuthef agpectes mefho0 28) Eagudelpositiomsg a comtpetvinege of

P T R R

nodul e Wi b Boifiot bf 5 8afe b tHebondetinagd ﬁgbdrh@a@l@&ébﬁ Ofagef ard duea&-@rnmga
[0030] Fig. 3 illust rat es a generall zed process for wafer center

finding. 9691 thegyafor Gaped pop Scdmage. wBitiRe §idfseR DPTHRG Phige prage by ghe
using a KadfimRidddels8sor may include passing the wafer linearly through a measurement

volume of the contact image sensor,

[0022] In another aspect, a device disclosed herein includes  a robotic arm
within a robot chamber, the robotic arm including an end effector adapted to handle a
wafer; and a linear array of charge-coupled devices within the interior of the robot
chamber, the linear array positioned to acquire image data from a measurement volume in
one or more predetermined locations within the robot chamber.

[0023] The device may include an external illumination source that
illuminates the linear array. The device may include a wireless power coupling that
inductively powers the linear array. The device may include a wireless transceiver for
exchanging data wirelessly with the linear array. The wireless transceiver may be
positioned outside the robotic chamber. The data may include the image data. The linear
array may be a 1 by n array of charge-coupled devices. The linear array may include a
two dimensional array of charge-coupled devices. The device may include a plurality of
lincar arrays cach capturing image data at a different location within the interior. The
robotic arm may include a chuck on the end effector adapted to rotate the wafer within
the measurement volume of the linear array. The robotic arm may be adapted to lift the
wafer into the measurement volume of the linear array. The chuck may rotate between
one-hundred eighty degrees and three-hundred sixty degrees. The device may include 2
rotating chuck adapted to lift the wafer from the end effector into the measurement
volume of the linear array. The device may include a processor configured to determine
a center of the wafer using the image data. The device may include a processor
configured to determine a radius of the wafer using the image data. The device may
include a processor configured to identify an alignment notch on the wafer using the
image data.

[0024] In another aspect, a device disclosed herein may include a robotic arm

within a robot chamber, the robotic arm including an end effector adapted to handle a



[0032] Fig. 5 shows a device with a |inear inmge sensor. [0033]Fig. 6
shows a top view of a contact inmage sensor used for wafer center
finding with a linear wafer notion. [0034]Fig. 7 shows a top view of
a contact image sensor used for wafer center finding with a curving
waf er notion. [0035]Fig. 8 shows a top view of a contact inmage sensor
used for wafer center finding with a rotating wafer notion.

[0036] Fig. 9 shows a pair of linear CCD arrays used for wafer center
fi ndi ng wwaferaantdian@ear amaf ef chmge-@mplefl d0B7dskinghe 4@l effecias pasitiinagtee CCD

array usega;;h?rré e gef &ta ﬁoenqtaeutafgrircr:]s 1|ng %n%ete%d%ffector.

[0025] The device may include an external illumination source that
illuminates the linear array. The device may include a wireless power coupling that
inductively powers the linear array. The device may include a wireless transceiver for
exchanging data wirelessly with the linear array. The wireless transceiver may be
positioned outside the robotic chamber. The linear array may be a 1 by n array of charge-
coupled devices. The linear array may include a two dimensional array of charge-
coupled devices. The robotic arm may include a chuck on the end effector adapted to
rotate the wafer within the measurement volume of the linear array. The device may
include a rotating chuck adapted to lift the wafer from the end effector and rotate the
wafer within the measurement volume of the lingar array. The device may include a
processor configured to determine a center of the wafer using the edge data. The device
may include a processor configured to determine a radius of the wafer using the edge
data. The device may include a plurality of linear arrays positioned to capture edge data
from a number of locations on a surface of the end effector.

[0026] These and other systems, methods, objects, features, and advantages of
the present invention will be apparent to those skilled in the art from the following
detailed description of the preferred embodiment and the drawings. All documents

mentioned herein are hereby incorporated in their entirety by reference.

BRIEF DESCRIPTION OF THE FIGURES

[0027] The invention and the following detailed description of certain
embodiments thereof may be understood by reference to the following figures:

[0028] Fig. 1 shows a top view of a wafer handling module with eight sensors
for detecting the position of a wafer.

[0029] Fig. 2 shows a top view of a wafer handling module with four sensors
for detecting the position of a wafer.

[0030] Fig. 3 illustrates a generalized process for wafer center finding.

[0031] Fig. 4 illustrates a wafer center finding process using a Kalman Filter.

[0032] Fig. 5 shows a device with a linear image sensor.



rotating wafer notion. [0038]Fig. 11 shows four CCD arrays used for
waf er center finding with a conpound wafer notion. [0039]Fig. 12
shows CCD sensors on a robotic armend effector. [0040] Fig. 13 shows
a single CCD sensor on an end effector with a rotating chuck.

[0041] Fig. 14 shows a single CCD in a robotic handling nodul e.

DETAI LED DESCRI PTI ON [ 0042] The fol |l ow ng description focuses on
finding the center of substantially circular sem conductor substrates
wi t h al i gnment [0883]che§ig. blokwwser top iviewwll d cobctintge stneadisechit walirt abl e
adapt ati ons be de.to of. the techni ques descri bed bel ow for
fi ndi ng c@ﬂ?(’g&édiﬂg%ﬁhaelﬁncﬁﬁﬁymoé%n'such as ovals, half-circles,
squares, rectajob4s, ahd7sBowd fop viekt ofid dohtabiifdabesenbe udadifr slaged
that, while sem conductor fabrication is an inportant field for use
of the teEHHTdHERSHELS F5WRS HaFEMRORhat the center finding

techni ques di spyssied bl QuhdfAVLop vRAbBRBhiaEARIabE insordBEl fFRWaRE used
for exanple in a wde range of mnmachi ne vision and robotics

appl i cat i emwser fipdpaithrerotadingiwvaiggmetionas used herein is a short hand
for all substr fﬁbgﬁ angig. 9 shows a pair of linear CCD arrays used for wafer center finding

with a linear wafer motion.

[0037] Fig. 10 shows a single CCD array used for wafer center finding with a
rotating wafer motion.

[0038] Fig. 11 shows four CCD arrays used for wafer center finding with a
compound wafer motion.

[0039] Fig. 12 shows CCD sensors on a robotic arm end effector.

[0040] Fig. 13 shows a single CCD sensor on an end effector with a rotating
chuck.

[0041] Fig. 14 shows a single CCD in a robotic handling module.

DETAILED DESCRIPTION

[0042] The following description focuscs on finding the center of
substantially circular semiconductor substrates with alignment notches. However, it will
be understood that suitable adaptations may be made to many of the techniques described
below for finding centers of other geometries such as ovals, half-circles, squares,
rectangles, and so forth. It will further be understood that, while semiconductor
fabrication is an important field for use of the techniques described herein, that the center
finding techniques discussed below have broad applicability, and may be used for
cxample in a wide range of machine vision and robotics applications.

[0043] The term “wafer” as used herein is a short hand for all substrates and
other materials that might be handled by a semiconductor fabrication system. It will be
understood that, while the following description is applicable to wafers, and refers
specifically to wafers in a number of illustrative embodiments, a variety of other objects

may be handled within a semiconductor facility including a production wafer, a test



other materials that m ght be handl ed by a sem conductor fabrication
system It will be understood that, while the foll ow ng description
is applicable to wafers, and refers specifically to wafers in a
nunber of illustrative enbodi nents, a variety of other objects may be
handl ed within a sem conductor facility including a production wafer,
a test wafer, a cleaning wafer, a calibration wafer, or the like, as
wel | as other substrates (such as for reticles, nagnetic heads, flat
panel s, andfct leecld¢ankg)wafemae balibratign swalfest mxaheﬁkd;aywdgamhermulsstmha[msh
such as s

i nt ended %‘]% of éclt’gf%rrga(r:ﬁtn%p‘tg}?%g% é%g@a%t f];;aa[nﬁZliet @ bﬂ Cpléf% s“bég s m%er6e| n

unl ess a dirdduskipits SRARL RfiatcSor @ddRinitlat $ubstRtey | ABSich ivoBtphREY &S enteddRAr
fromthe context, [0044] ﬁﬁ‘gléFl shows_a top_ view of a transfer robot

handl i ng tedialimathin the peppe @my Wefery a%%ébeﬁtqusyaﬁ%mtmr@g 120
may be ha&syrf%mylwoﬁdédqﬁ%&hemgé crémrm HAQ¥hiag @ center axis 160 while

sensors detect “the presence (or absence) of the wafer 120. In
general, the nif8ddle 1¥@. nalyoviseater alemﬁtfgtfmsﬁeambyt I@ndlmﬁramdulmtlertheor

170 with ien ve of a
waf er and%f)ﬁ@gﬂ@asué&h%aﬁ }éoruflgﬁ@%en ran égh% Ia/h‘)"trfﬁ%t Sgﬁmg rmdul e
110. Wi | kavarchod ‘telno:mails\lﬁﬁ) dzhﬂ@aﬂmeorsrd@tediehemresehche(dr al&mﬁbej bixhs hafee 120y
have any orret accommodat enent of wafers, the,.
general |y e e D B e o TR Chler St 20 ¥t tadius
mnim zi nﬁmakﬁﬁ@a%hﬂdﬂaﬁehﬁaﬂcﬂﬁumﬁvm 69@%1&} aﬁﬂathél}cﬂ;bﬂﬁﬂor@’vahb@s
nodul e 110 and ot her rel ated hardware 45] Al so i n general,

!

two or noPEraEesBeShawipdy ﬂrﬁéncrﬁuéﬁ/l l&eamf: %dﬁéloﬁ’é)‘d’e pﬂmeh'afpeawé%
si zed for,PARSAAGe Ray m@e Q@Par haPaR A6coirh iR HoRRe gr Farell, th

robotic armrequ red to etrieve the wafer 120 outsi de the
modul e 11@3neraﬂygeadalaﬂhamdmmedtzs@ mmﬁmha@mmwemmmmyelumlvylthm de

enough an l,on th an
end of f ooty iRy ep kR G SRRRERAE paRle OB B By BRI

t hrough the er{l)ﬂ@ﬂjce eltsbnmgeﬁeaarnd{vbmgmofd%mmmeEmMy phevidudttd tHezestiubey
having th bot ers str ht, t ent er .of ch try,
Wht ch advit SR e e aout o s oortne Y & orines o Jeightic
envi r onMegin reQEHdGe PAYS il retR{ €S walf® 190 BEisRAIL khe Hetdgd Pk 'lﬁlbéﬂéral the
circular as pr ovi ded by i ndustry standards. Such wafers may al so

i ncl ude a&ﬁzearr fiegpnentaneroveutd b%?nprﬂe@f‘e@w&@a@ talé)t:%&uebﬁarccemﬁ@ﬁ#eﬁt of

the waf ergnduiiRg a%n%%ﬁ?éﬂ‘&d ool HRnh gﬂcpgorﬂﬁnﬁﬁQMBthHathtd#ajgk S
notch may requi re additional processi ng- during wafer center ndl ng,

as descr i themhgh theganéranesrdudeg hindlihg| Bhis SIEbwey be optiroized ppelwying thy rabotvaf er
may have var f For 0 mMm
is a COI’]V@% | O!I;Ifgjt Stl‘? hétp'%gﬁur%%hgéﬁt feg i n@\?vh g@%%gﬁgeoalswg nS%rV%Q

sem cond U@ﬂlmbldWMrﬁawtthmrthmgvapnm bﬁir&r(fnﬂrenuvéﬂeﬁﬁﬁ)ndm&djr wiersar generally e.
Furt her, rtal substrat es e . er sh such_.as rectangul,ar
Eubst ot cobunaly SO R proidt b ot sBARRE bk S B e Be o
t he shapeafthest Rchdbr dﬁ@mﬂﬂgm&at(@archngameﬁoof@eswﬁa@quﬁ proRdsSihg

handl i ng may vary, one skilled inthe art would un erstand how
to adapt %nﬁeﬁéﬁreowew%g fayéhip petel Aoy scquire paditional, praecsae dpring

di nensi o J0 af our
ot ancoalct el ingE FEEROEH iRlerer (RRITREN. Gadeiloliord BckiE s

al so i nclwafer mayghdvieererncty o slizgpes a;fd/@mtzraerﬁesxemdh velglet3®0 non it #hr ee.

Furt her e rmd 11 i e t ed dul e Q_may
nave ot hePhpfioRa S BhrouBit e el Saddif B8-S IR S Bt Bl ™Y
as a rectﬁﬁﬁﬂﬁf&lrwaierﬁ egitlian nmoiny@&n Fatihdt, &stath NBHAHH rhlavdnﬁ}@éragm
octagon or. the | . rectan a ape ave tlp e entrances
on one siyeh a%ﬁffataflsﬂrﬁarrsﬁbiﬁraeﬁ ewBloy Ef%ﬁ?é %ﬁﬁgﬂnrlﬁcif et %rﬂ}'wqdaﬁeegéw teach
si de. Thuge kflap¥hhd siREoMUBHPORINRAENd Ritlis) WhlilRedFoSHARY BandRs ey JakD, and
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[ 0047] As depicted, the sensors may include eight sensors 131-138
arranged as two square arrays 141, 142 centered about the center axis
160 of the robot. The sensors are arranged to that four of the
sensors 131-134 forma first, inner array 142 while four of the
sensors 135-138 forma second, outer array 141. \Wile the | ayout of

t hese sensors is best understood with reference to Fig. 1, other
features of the layout are described as follows. The two concentric
squar e ar prgyskilledilin the4®t wowd ondesytandchosdombiatt compongaistsichess thogmmapess te
150 of sensors._framit.he i-nner array 142 and outer array 141. The
arrays 14?%&@?%&@9‘?1@?%@& rotationally oriented so that four such

sensor from op@036jng Viesid chet®diviient, hig: mvduls GLinhey mehdy fout ddirantés o8y ©
collinear, form linge that .intersects a center of fhe interior
170 or th&"E e heanaer DD he mogn S mivefpasin@ard PERTR 0T ot
strictly BAFASSALYh as thWdQr HRROtFUMBYr, RAUE a BRIaE: thbdIle PITRIs AXhisted,aR4l t he
robot nmay be ada&t ed for a variety of rotational novenents that would

not requi Pedels 13 mey heve afeer shapeefsugt as oemanliensed in alygier nrpRgesyeg), such i s

i _ _ : 3
Eir oo. hundh CiCangP P LR po el B Bl hofadO (ko T B AL

not ed t hatectahgiait shepawagyehave 2@iltiple sitrapndsemsoné eideemi tie) regila pohtgens way

170 from ong ,of the entrance i C e nerall,y.centered on ch
S e Do Rl bMFpETH AR SR YRLPu B o, SRR By ey REE RERRETBpREE
two sensot B Kaving dnleftrate &b eadhr side i 4 toramen pasidetmenagdefulfoe deralcehductor
outside a di ameter of th&ﬁwafer 120 on_eith(?r side. In %hi_s nanner
it can beMBHEHFWAS FRRY ONRT ThaPGTENGYL S SHItARYY adapted;fer W omiaPriediensensor s

for each gpfifpiieare Alenld6@®ifall WRhBARS Rode of HRIEGIoshRe Wafer 120 at all
times while tthe wafer 120 is within the interior 170, and at | east

one sensor wi | (004 Hnediadenigted dhesssnsoanipay brchudr sight sepenye it 38gfrapged
waf er 120&&VMQ21F5§%) Qrga srltﬁl?,r]'é@ rcex:llt&?:%l aI ) tzhesde%f Hig %E)t(if%\ll%ﬂ(g AGGe 1 hi s

configuration sures that ways possible to detect the
presence shsas wafierngadtttihat foneof tht smisas 13 Budhfarh atfivet, moehuinay 140 and

sensors 131-138 ower for exanpl after f.ai |l urg,
niir ho aVEI By SEife BNER T8 18k e BN et 146 BRI kb
arr ﬁngerremesel’mysobﬁs bmuh@brdodcbmﬂareﬁal?mdeeo E‘@vl,nghefr ifeaﬁ;reﬁﬁthhe e are
eigt,or nor.e entr.ance I n eneral, eacC en ance nay. have [ WO
sensor ondEgdrdes g@?’%iﬁ%m&’ ?qnf:@#ﬂ%%@@rarﬁagﬁ) siI& Hﬁ@ﬁelﬁeﬁl %fbfﬁ*@fekle a
waf er whegeriides fdien RERN S0BY RHsRirbmehyinhéH aPraly 192 hid QliérQral 1M Tihe
entrance and a second sensor is E85|t|oned I mredi at el y outside the

di anet er ¥rays Aél.u4E eve further sefetiona iy erderechioshatdaunsugnicnsas iroserrpesiag f r om
an inner ahfe QU +355@ur ag??ms;*iﬁﬁ e WifBar’ g?rghngQ&%gl{elﬂ% Ghdanee.

that is, an |m'reg1|%ateﬁy adj acent 'entrance on r si er eof

[ 0049] Whi ¢eateFbfjthe intehaqyild0 or the speen dxiscl 6Arof hegebatnThioflass emsipaist it 3t 138,
other criteria rr%éa bgtHSng ttoadlgt ernm nﬁ?sui tabl e ‘i nsgr . nu erg and
pl acement STEGREARYI S CERLEH 58 Lle MM JRY i dad s g X8t 81y O PRI e
at | east ifoeuﬁ/ar\i\psﬁj/ af@taﬁlb@alm]gbv%ﬂ_ems't}facwaﬁlarngﬂ?qmeé art 4@ Meefenﬁuﬁﬂtlng agy
move sequence where the wafer is retrieved froma_ station an ace
into anot MEFOE{ 4t iFvevaRyt 1§t By eBentaiF @EcheA! Fﬁygukf%%ir‘{bé)ﬁ‘"e%%d%éﬁ@tt he

center angholiae e TRKdrled Shddikty deot abfiomPsEmsRAN ISkl alsodRHoRBShat
between the at | east three points, |ess than one-hundred ei ght

degr ees beksidbawafey 12hfrsteniers rexiisdee mistige} T0Heora opeef the edricesadi us

(L 1 o BER i3 B POSTAUNA Eh S a0 85 PEH e Ll 9.
i nprove adetesthevaife, iddwghedbrsdotm talooter atrayolare pasiticabd thanhediaely

cal cul ate ci.rcle. Sen ant.age be positioned within the
SOt T R S R S e R
that can wgild miihdinagda f60@abab kyo kdnk@d &r chilEerBRAG) hScast ARPRhSrOSOr

n



positioning, but the back end of the wafer, toward the wist of the
robotic arm may be conpletely blocked fromthe sensor by the
end-effector. [0051] [0052] The sensors 131-138 generally operate to
detect the presence of a wafer at a predeterm ned position within the
interior 170. It will be understood that, as used herein, detecting a
presence includes detecting an absence as well as detecting a
transition between absence and presence of a wafer. A nunber of

t echnol ogidesctrifeywifer £ 4t alb iynee whllothe dvaferr] 20 e withiy pee interiolel ¢ sridoat

i ncluding,optical sensors such reflective techno I es e a.
gt souked opé SnsfPRTCER S Bk Pl Sl ASERER U I
pr esent oghebﬁaﬂmﬂﬂeamsm%ignﬂﬁda ﬂ%i@@h@@, wﬁse:rf oafigurbganalisdnseenthat it fsght
source and a sensor is broken en er .is present. In_gne

embodi mentlarhe0sslepderedhe ar%en&%ﬁa oyater Witk thedricrier ayendf faancgule
laser |ighio SRS 310138188 owliré PG, 66 ek aNRle drieih 4P FiRFHithGo a

phot odi ode detector (which facilitates alignnment during

i nst al | at Poer} datp congermingyeaigippsitiopood that while the sensors descri bed
above are one ef fLegt i | ' e.of a
waf er at pr ede@ggﬁi ne ‘T%géﬁr%ﬁ%%ﬁegfﬁ% Bés%%gfd%gh%rgg%&n&cl}lfeo}g#gl?%n%nge
simlar ljys?nmledghe,_d)rmome/ﬁ;iadcet_ls_h;éygml,beclﬁdgqan@dna)ohawaw?mnsor on each
sem conductor .envi ropnent s. IS y. inclu or. ex e, spn
e A LAY it
sensi ng eliiagyo bl f8een ¥z t tElYuibs

and the outer arrar 141, or egch pair of sensors 1g0 theﬁein? aﬁll
gener al | yhs&iaRs opicerriey [k Mehsppediginitatach saifghtines BymeRdnney 8t m
I'n one enpagi /BN maytA&hRLS With AHSipRborf R R ARe MYt i8nafinddhr) &ljdLnd Or M
|l arger or smalleéer arrays while maintaining the |'inear and di agonal

rel at i onstitiggcepnseihssdde ibsoe. In this manner, the nodule 110 may be
readi |l y adapt wat;ar: iffer .S . o,

operati on, thaﬂggﬂsorgﬁwgfﬁ%égkgfgagﬁ%?@iégﬁggkge?ﬁ%ﬁ?ﬂg§gﬁﬂg%é?F%n
of a cent atterd mbhbe wefldos d&@dinasitalge sensaluanbersnoié lphiceménte Hor axachples

(such as the Kalman Filter technique descri bed bel r. any ot her
Sul Ll o FRCHERSER R e BB BRI AL GP T St Sm G RS chni que.
Met hods  f @fcugifresdei ofithewadfer dupiag iahy @BvasduardidercahewhRnsdasievdddaan i n
greater detail. In general, the follow ng techni ques enpl oy, a

combi nat i HHAHN FAPLPS B FI0EIE ERUYY 4y 1P thRRHIPQIBE HSdD AitErioter s
for one OfcnPRLAd fa@RQ ey RSN 8difaih Hte m@sikgeje £ LGRS OANGhsPhree
position of robotic conmponents. Wile the follow ng description

f ocuses opriglergstharndedwodiaé eightytdggrepy bafivedn dpp threelpaies verd to Hefinetd ne,
as det ect . clo IS W JEe t I be
used expl ‘?egfe?%@ﬂéﬁmlg %ﬁchlgl%ts Tt?/;n %r?%b\%ﬁ%&r&%d;sﬁ%tgr%eég%ﬁ %Idg% gg’logl?i ons.
[ 0055] Fi gdefirghowdga Extm poirewmef advanmferushydectiniphoyedoiopeowe anlesfimmate
sensors

through direct calculation or to validate a calculate circle. Sensors may advantageously
be positioned within the swing radius of links of a robotic arm, along with a fiducial
marking that can reliably and repeatably trigger the sensors.

[0050] Sensor arrangements may also be adapted to specific end effectors.
For example, fork-type end effectors support a wafer around the side edges, but not the
front. For conventional wafer sizes, this leaves a 250 mm wide area in the middle of a
fork; however, none of the side edge may be used for detection. For a paddle-type end

effector, a center 150 mm, straddling a center line of linear extension is open for sensor
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for detecting the position of a wafer. In this enbodi nent, the system
200 may enpl oy only one sensor 202 for each entrance. The sensors 202
may be any of the sensors described above. In this case, the sensors
202 are preferably positioned near each entrance and inside the

di aneter of a wafer 204 so that at |east one edge detection can be
obtai ned as the wafer passes any one of the entrances. As depicted,
the wafer handling nodule 210 is generally square, and includes four
ent r ances postiaging) hvii thgbakend efitho ma&@ﬂow&sldhe wtigcf tHeeplatictanm, may be

[ 0056] Fig. 3.l trates ener pCESS for wafer center

findi ng. %B@??bﬁﬁﬁﬁﬁéﬁaFﬁhgﬂwﬁﬁivf@ %ﬁ%h as any of the robotic
arnms descri bedjpaspve, nay engage in a nunber of operations to
transfer a wafer, such a y.of the wafers described above, fron1one

location in a 988lcond b"éﬁ%‘ﬁ"fﬁé%ﬂ HoeFiay OpraiE sy doteds therpseseage of a
l'ocation. wiRt gt d ﬁl@&éﬂ&ﬁﬁmﬂ p@k&ﬂ@ﬁvnﬁﬁl (RPRlRot P15 1t NAl bidierstRh e \sNg a
wafer froma first |ocation as shown in step 302, retracting a

robot i ¢ apsedibatetn, detatithglacpresgde ingudns yletggtingra absriae eswelbascdetdsting above,
as shown t r

entrance trghsfc L?ll%e{%Q% gﬁ%éges ng%nés?ﬁces? 9%15‘%6gk Imnib%}l\%ftg%ﬁtg ﬁ% t e
ar m t hr ougiitablyiespdoyed forakis el detection 1mﬂmbn§-ﬁ;ﬂ;cala§anisom sach mgreﬁema‘éer

i The, f d ond
0.2 £SO 0.2 sl B R o Pt BB

i ncl udi ngpRidaesr FeaRbrbakikpa@eHmelogics wha sk d ReHSHetvrieh aeighOloutdeARS h bérRer
stations, praocess nodul es of any kind, and/or other nodul es for

suppl enments&roksp ydies & s fe iiressat. @P@ﬁﬁ pBodimetty bF sefporsdé AriAl AgPlodRd so
forth. Ash%ﬂ-ﬁ:hﬁtrtlﬁg dloRe bt Bser fight §8h1%e W1QQ%§d1P93%dQ&N£r8 R @ﬁt@ %cu51n

indefinitely as fers are noved I n and out of the ftaci

process edpltwodr@del dstestop (witiels Bactaten adignment duiing insiellatrodgr Bmkbée t h at

whil e not, exphdy c{ ﬁ tﬁi%hﬁ@ﬂle%%ﬁs%rs d%tsi}?b{g:d ShERSITY R e@ﬁF&\%r TRAoR Yort he
syst em during perations uch as opening or closing 1solation
val ves f odetemihg ﬂmqmen@ df Iamrdfmaepnedetemunedflacatmng otliet funging tmehmoid)@es or

for access tp various resourc he det f various robotic
hondi s e Bt Pt DY S b SR e bR er rtteaRed ot SR b ot f o
arms or h@ﬂfd’ohﬂﬂﬁlti UTIES b Snolil, 1€ oxeiiplld Bbnar,a8q ity wihthclédt@nREMRRS S

depicted in FI% . This_includes varjous conbi nati ons of extensions,
ret ract i offothes distanss af Rogition sgnsingdechgylgey-c arm z-axis notion by the
robotic arm gggsANY PhIBERRYAIRNR il hrrd) B4Y ald8hdSREM Y 18ROy ed
in wafer handli nig [0058] While the robotic aimis being control Ted in
a waf er heasbibaingt sspearal Jlothergis, welbganietsdlyl bi detexreiped B0the siapebafecrs
provi de

directl yd%%ﬁﬁﬁ%ggﬁ%%%g%gﬁgggl oorcllgg‘l(:}itﬁfé? h%ﬁld’nggﬁehg? b%?‘lﬁjgﬁ bl § | on)
of drive ﬁhﬁrhaafgttr&rEllnatﬁer(armyq\@]hﬂecrpmnmtmmhe)fmdahend dlbgﬁnlabre}smnm‘;hilﬁsl S

dat |.ved f ' [ d i. h
in ot op’ S0 SARLERE Al RagEaRs BRufE LIFRHERT SatRRh il B e

such as adiyfefit ifte. sensors descri bed above, that detect the presence,
absence, or transition between presence and absence of wafers at
pr edet er m ned 084 i Meﬂﬁfﬁmﬂﬁmﬁlﬁ@ thess889re 1 gkl @ employgd (o degggmine a

under st Oolgcattf&ﬂtof b 'Eéhtﬁ-'?if %ﬂeC»@alfc[d@foausang cu%Hf?aP mo8as) lﬁgaﬂm&dc‘?sctgi?ch' a9 tifd

variety of forns incl ng presence of an optlca i gnal ,” absence of
an optic aKalmag weter t@hmmmﬂdacwed évnlow,tqr@a}' otéiﬁrgmthble mtfanbtwﬁé,rrymi gnal

encodi ng i rtl\xor%f heurlgtlcagp otﬁer techm Cp/leﬁ’loggl ?or %etng%m Eﬁ']ér 08 &nd c%t gyed

to sense aebsente pl’é ence, ?ranm trons as S ri %{l ﬁer el n.
[ 00591As sbeaym deseribédinp gsaﬁ)ar d"eiae. angodet, thitefodowing tédheiggensgilogat a may

be applied to calc ition t for fersch as alignnent,
bt oPP b rioainaAn oLt FpPine faasals |0 -b18 i dhis s PR fkent of Sor
cal cul at i ggoiHa881cRABAt ki cAda dbﬁ&\ér&hgwp@lﬁﬂon Wiob&i@mpBxdtd. oWhily
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data (obtained as transitions in step 330) is used to determne a
wafer center to a transport path that facilitates noving the wafer
fromits detected position to its destination position. The sensor
position, robot position, and destination |ocation positions (such as
within a process chanber or |load |ock) are defined in a world

coordi nate systemthat facilitates determning the relative position
of these and other elenents within a wafer processing systemthat

i ncl udes thedolmfieg disaripiiomigcusobot scnsoradd becoddidatani mill be andcostomt that

system may. adv a usly be established with reference tq the.sensor
o T ome ol kAR By iR SRl VAR el Sl P R0 B wtel kP B iche oy
posi ti onsifslicRiciadRFerdaher Mdifk ddl@lmBhd.d coordi nate system using

sensor data to detect, for exanple, aspects of the robot end effector

and recordi ng W8Aur r Eige 25havreiop Mis ¢ Hevadprchisndhing matide wBh{qus SIsprsmay
thus map ﬁi?(a%?ﬁngvtﬁé Stidn YW drd. ¢ UNRIRRer® And {RfenPS0l RS,

énﬁ&l
noves, the world coordinate position of the robot “is known.” T e&;
cont r ol | epnlyaye singgr 292 [fgr adeh entraners sThelsensarsr 208 nerydiediny af s sefsowst her

el enents (suc dest i.nati g wi t hi,p, t he fer pr.ecessin stemto
create a SOPTEREBBrE RATE g o0 Bt gy pBHES TSR sP Censt ng
system Asgedtadnddnsidd the dixatetepofa tvafen 204\8d thattah EEast@nt ddgeatztdiitiatm be
system may, al sp, or ipstead, be do manual Iy, w.th cal | brated
Fixture, O] b B veltE DFARAT GBS DLBF CREIFToCh® RPieRS hopper handing

f or egoi NYmouI RO isGRAerBlYy SaNreOindSN AR Fo1@ Rhitancad)dadhthaMnzlon® Sensor 202
under st ood that many techniques are known in the art for associated

robotic pwqiat@d@ewtiqh- a world coordinate systemand may be useful ly
enpl oyed with m@pfﬁdsysﬁgﬁ iARREHEL Pg&e&%&f Oﬂ%oce%@for%?eggérﬁer ffaide @

sensor - based coordinate systemis e possib approactt,
simlar center[MPHdi nin genemet, agolptivaym beclpey dnyofide rositisgrmndescribed
end- ef f ect,0r - hased r. coor di . 006, fter the otic
ar'm has oagre IR SelE P AR ORGP N el b o P
waf er i1 s wafiesh deskribed abgfe, fomehée bchtiondh atsehesidietr mhiufouriag pgeastal | y

depicted in Fig. 3. nunber of technjiques. may be. suitahl e enpl gyed
o det or R ieaion, QR POHIGEMETET GEANET RBVES I HE SCTHONS # HERF TU8: h
over a nugrhft [oehticheR SRdwn fi'las‘{dé)"ﬂ),’zpﬂ’eﬁﬁ’&ﬁ@ aFbBYRd alR &8b b AbduleeVE & an§YEeh
techni ques are described in detail below by way of illustration and

not of | iFmednishdescabriaibvre. asshommie siepdObapiedrs hamphotarm fayfarg
vaf er, thg nRg h&ralse@{oqh@%em@qg oRAl iﬂEteﬁ@@@} cmdmgtr%mdtﬁqnh%ou%ho

simul taneous circle equations. These equations may be converted t
mat ri x f othmeahdncg as shoval inetepP98.ad plasingrasenferay 2lyecond datation prsbowdé a

| east square j h ri e i hed.for anpl e.in.
oot S BYER RO bR iy R OB « AR e
Press, | nacludfg0jher tdbetiehdrdiees, dendtlerks, taffeind tednsition staidaspmobeadse thobiyles
reference.. This sol ytiogn m'gi]giiq?s t he squared erro beltween a
circle's PV fidetndigi pthen oduled éHPPé%@%EBf%Fsé?S%‘F Af EAS &0l ut i on,
the cent efetd16@), k@AnABCardad ifsish. CANIDRt&Hah T8, 31 Bk prédiedd B8y be repeated

mat hematical |y, the general equation for a circle may be expressed

as: |x- xindgfingigly-aspvajers prgaaedin il avhgf the facdity pid praecsepday: various
process modules. It will be understood that, while not explicitly depicted, other steps
may be performed by the system during these operations, such as opening or closing
isolation valves for entrances to the interior, or waiting within the interior for access to
various resources. The details of various robotic handling operations are well known in
the art, and any such robotic arms or handling functions may be suitably employed with

the process depicted in Fig. 3. This includes various combinations of extensions,
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x2 +), +Dx+Ey+F =0 [0065] where DeE -2y,, Fc2. yc2 r2 [0066] G ven n
points fromthe circunference of this circle, a matrix of n equations
may be formed 11 X2Y21 Xiyil x"y"1

retractions, and rotations of the robotic arm, z-axis motion by the robotic arm, and any
other operations that might be usefully employed in wafer handling.

[0058] While the robotic arm is being controlled in a wafer handling
operation as described in steps 302, encoders provide data concerning the position of the
robotic arm, either directly or by detecting positions (including rotational orientation) of
drive elements that control operation of the robotic arm. This data may be received for
processing as depicted in step 320. As shown in step 330, sensor data may be received
from one or more sensors, such as any of the sensors described above, that detect the
presence, absence, or transition between presence and absence of wafers at predetermined
locations within the robotic handler. It will be understood that the physical data for such
sensing may come in a variety of forms including presence of an optical signal, absence
of an optical signal, strength of an optical signal, or a binary signal encoding any of the
above. All such signals may uscfully be employed to sense absence, presence, and
transitions as described herein.

[0059] As shown in step 330, the encoder data and the sensor data may be
applied to calculate position data for a wafer such as alignment, wafer center, and so
forth. Details of various algorithms for calculating wafer position are now provided.
While not explicitly shown, it will be understood that the controller or other device that
calculatcs wafer position may apply this data in any of a varicty of ways to control further
movement of the robotic arm. In particular, this data may be used for accurate placement
of the wafer at a destination location. The data may also be stored, and used as an initial
estimate of wafer position when the same wafer is retrieved for an additional movement.

[0060] In the four-entrance, four-sensor embodiment of Fig. 2, wafer edge
data (obtained as transitions in step 330) is used to determine a wafer center to a transport
path that facilitates moving the wafer from its detected position to its destination position.
The sensor position, robot position, and destination location positions (such as within a
process chamber or load lock) are defined in a world coordinate system that facilitates
determining the relative position of these and other elements within a wafer processing
system that includes the wafer handling robotic module. The world coordinate system

may advantageously be established with reference to the sensor positions.
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as:

22 - Xi +2/ 4y 22 -FYi 22y "

[0061] Through training, a controller may associate robot positions or encoder
data with the world coordinate system using sensor data to detect, for example, aspects of
the robot end effector and recording concurrent values from the encoders. The controlier
may thus map encoder values to world coordinates so that as the robot moves, the world
coordinate position of the robot is known. The controller may similarly determines the
world coordinates of other elements (such as destinations) within the wafer processing
system to create a world coordinate map of the elements of the wafer processing system.
Association of robot positions with the world coordinate system may also, or instead, be
done manually, with a calibrated fixture, or with an instrumented tool carried by the
robot. The foregoing is provided by way of example only, and it will be understood that
many techniques are known in the art for associated robotic positions with a world
coordinate system and may be usefully employed with the systems described herein. For
example, while a sensor-based world coordinate system is one possible approach, similar
center finding functions may be performed using an end-effector-based world coordinate
system.

[0062]  After the robotic arm has been suitably trained, sensor data may be
acquired while a wafer is handled through a retract/rotate/extend motion, as gencrally
depicted in Fig. 3. A number of techniques may be suitable employed to determine wafer
position where a wafer moves in a non-lincar path over a number of sensors having
predetermined location. Several such techniques are described in detail below by way of
iHlustration and not of limitation.

[0063] To estimate the center and radius of a wafer, the world coordinate edge
point data may be applied to simultaneous circle equations. These equations may be
converted to matrix form and a so-called pseudo inverse may be used to provide a least
squares solution to the matrix, as described for example in Linear Algebra and its
Applications by Gilbert Strang (Academic Press, Inc. 1980), the entire content of which
is incorporated by reference. This solution minimizes the squared error between a
circle’s perimeter and the detected edge points. From this solution, the center location
and radius can be calculated, Stated mathematically, the general equation for a circle

may be expressed as:

(x —xc)2+(y —yc)2 =2
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Ax = b [0067]If there are three points, then the A matrix i s square,
and the solution my be expressed by inverting the A matrix as
follows: x = [0068] Where nore than three points are avail able, the
pseudo i nverse may be enployed to provide the | east squares sol ution
to the problemas noted above. This may be states as: x = (ATA)| ATI)
[0069] This solution mnimzes the squared error between the circle's
perineter and all the points. Fromthe solution for the vector, X,
the center | ocHWbéin amdiichstdyrimtrefdrmaldicdss:nay be cal cul ated for a
circular wafer fromD, E,_ and E. [0070] For notch detection, the

di stance of ea6h+dbﬁég¥§éy pdi P from the

[0065] where

D=-2x., E=-2y, F=x}+y>-r"

[0066] Given # points from the circumference of this circle, a matrix of n

equations may be formed as:

% on 1 Xt 4]
SR IR R
B F e
x vy U X, + 7,
Ax=D

[0067] If there are three points, then the A matrix is square, and the solution
may be expressed by inverting the A matrix as follows:

x=A"D

[0068] Where more than three points are available, the pseudo inverse may be
employed to provide the Ieast squares solution to the problem as noted above. This may
be states as:

=(ATA)"ATD

[06069] This solution minimizes the squared error between the circle’s
perimeter and all the points. From the solution for the vector, X, the center location and
estimated radius may be calculated for a circular wafer from D, E, and F.

[0070] For notch detection, the distance of each detected point from the
calculated center may be determined, and any point not conforming to the desired
circularity (using any suitable metric) may be removed, after which the center and radius
may be recalculated. An alignment notch can thus be detected in these calculations by
identifying detected edge points that are off the calculated circle by more than some
predetermined threshold or tolerance. For purposes of center finding, these points may

be removed. General information about wafer geometry may also be employed to detect
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cal cul ated center may be determ ned, and any point not conformng to
the desired circularity (using any suitable netric) nmay be renoved,
after which the center and radius nay be recal cul ated. An alignnent
notch can thus be detected in these calculations by identifying
detected edge points that are off the calculated circle by nore than
sone predeterm ned threshold or tol erance. For purposes of center
finding, these points may be renoved. General information about wafer
geonetry (o catlsde ﬁmnemhsbwadcaﬂamlzrﬂiengqabints tbamde lékeftj* amdecidtedwith robotic

b t | | at t hat t ed
ohot o ot bormBec H MR P PHEr T b tmRte e mBR ARG RS Wbl ray

di scrim naﬁcﬁneme& YIRS o AP L dt@BcifPSRedc@ (WhRh @i@ﬂﬂ&tﬁﬁe% EiCalfvnalegnce
(which are ljkely due . to an alignnent notch) and anonaljies that are

far from P?Féh)e%@ﬁéé?fé%iwé theg asfiariEame B cspeciad gircumierenge.4p ithnh Hie ratpiienthent
of the wawﬂoﬁhwaﬂmmﬁm%&%wﬂea ﬁﬁge%er%l suciHftridisgioh &ﬂas}c’bfe' On

may be based on the relative magnitude of "the variation, as wel
t he gener b#sedugn therrclptiet megnitadd @ﬁfhemrlanom,@h wiel ag Hurgamrelmommthbyaran

unexpecte of r I y
cause an gl Xpecte 0% 1|cs)rC gasrg%:rgzeg gg‘n&f%gfﬁpﬁ%Egﬁhgﬁ%%&%oﬁous
events duminngoum\gemmaﬁty cagsecin mxp’ea’(éd@i‘esdlcspf acefeent, |inear

di spl acenent, the | e or composjte notion of a waf.er relative
to an end effe b#&qﬁétw&e‘gﬁﬁ dﬁﬁﬁ%ﬂ’ﬁf’@am?’o?m}h%ﬁrﬁ@a echni ques
known to &@ﬁa@bfme‘ﬁf (i idyspRlsérhdnt,i of othREsidiple or[cORpEi nbHTROF 2 Yafer
functions related to wafer detection may be usefully perfornmed. For

exanpl e, Febive jemesndeEisetgrivay brdwsdirdang 2eequater deraisingigchaiipesdinewnde a

robotic asﬁgofq)@&lhg.g,:gilg seRser locations, calibrate beam w dths for
optical sensors, calculate a wafer center position relative to an end

effector, senskBOTAf erApmeré)emfe“umtlom retptedeto wafiadleteottan e usddlzr mi ne
when s Otpe‘ffc!r%@? s Q'R aRbiE, 1F gﬁ[en{)%eufﬁg&?ﬁ?ergm EcEBY g@%ts%c%”r ate

pl acement in proce I'i nki ng
nodul es wobbiitaran, tathrate sdns@riodasiond, c&lybraté\baum&hhsfbr olﬁicalmnbow, ocessi ng
exanpl es are.provided belo 73 Usi ng t above te hni ques

vel | as. afiett %P’Vag‘*ﬁi‘:‘?né%flpé’m&‘8‘£ﬁegl ot sh' e e et et pL

handl er apddaensddosiiynd)detoRdraivich J6 ARkaIobIsat: Med: oF blodieal aan. | n
one enbodi nent, the systemmay track sensor data during a retract

(step 304131'0&&43 crresetr%te p@f@ﬂer@eéyvaf%a PEsgisimegdiess lopdlaekss apdathed) at i ons
upon i nit lnﬁ&l‘l@ﬂO@tﬁCﬁﬁlﬁH%'f%cﬁtﬁnq@mﬁg@_& mirbek BF R:1 8GRI RBRS exadf L%r

the rotation processor may cal cul &t e i nstantaneous radius a
angl e of arh gronéded belownt er (using, for exanple, the |east square f|t

descri bed aboy %)73]andU§1 %g]%la%f %&{ﬁ%odggﬁ)ﬁétag%y tﬁéf‘%ﬂl{a%?e pe¥1ter

transformation 10 a sw
ef f ect or, fimbaigHeehniqres talmbétnd&mﬁdler‘l’ didsemsts mat @dopeaakddis dammubewafwrpar ed

to an expect ed val ue anonal i es det ect nd renmpv An
orror vonpaios )t bt S ROt Frebeeman i B TR op
subs equensoa? eﬁtsﬁ,&até (sﬁa?S_’;lOB] , AREbanthwaRPtdned chlBule@dns@Gén MitREBR6E | Ve
trajectory tor the Thus 1.n one asBect a robot handl er may

gat her sefdvwionsdster P Hythis crbediment, aher thetostion, aprgcessdnayaelulas er
posi tion wbhenDat REfk A8 A & ROFhFeP BRR ud FordUihig, BO 1860k fit

described above), and calculate sensor positions, such as by transformation to a suitable
global coordinate system (e.g., end effector, module, or the like). This estimated radius
may be compared to an expected value, with any anomalies detected and removed. An
error vector may then be derived from these measurements for subsequent sensor

transitions and applied to correct prospective trajectory for the wafer. Thus in one aspect
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[ 0074] O her techniques may be enployed for center finding
cal cul ations. In one enbodi nent, a Kalnman Filter nay be enpl oyed
using real tine.encoder updates (for exanple, at 2 kHz, every 0.5

mlliseconds, every 50 milliseconds, or any other suitable frequency
or time increnents), along with tine data for each sensor transition
event. [0075] Fig. 4 depicts a wafer center finding nethod

enploying a Kalman Filter. In general, calculating a wafer position,
as shown emolsk bEndB3Maymypthoesepearfdetaiedngs ratigctaanKabtatenandi datcelatet ater
apply encodseletri d&ﬁ@e ta%e%%t %mignealv\&foerd Bocfiiti on qnd{{ or predict sensor
transiti oS Fowever, casca variation fo TheS JeRers nmet hod depi ct ed
in Fig. 3, the[0ps4nt eOilidr redhnigpeskadyrrenipdslet! forayneefivfitasfehlations. In
peri odi Calgl!l%é Mor e specifically, nsor_ data.may be received at each

S
sensor t r SHSFERUE A Kelnen fdiss H&ﬁ? pRPlgyed waing tealing engpder ygdatesy(for

appropri abgumpd) at 8RAL ¥y sdoOkR! 8RRy S miIRcSRIS® any Bfher suitable
illustrated in step 330. "Based upon this data, an error may be

cal cul at efrepEngeeriimhingsepsatsh long anditinatata forpachgensohgansgivacven. and

t he neasured t iti i i I Thi or
data may then @g?grrpl g[}ég d?@“ﬁ%ﬁ”ﬁ‘?‘g%t&ﬁ%‘e%‘é’? %ﬂétﬁﬁq %%905{%@ b?r{[??féén
accur at e, Ftebsleqenertl, ed¢ulatbugiaovefer msitidepis shaveh inrstept 380 nk2(be pEtforsneidn
general encode ata.ds enplagyed to ovide wafer .center data far
dontrol origngklmisbie P Rogk Eikoug BiH EmiSt Shef PG PRI rirdlptve
enpl oyed tadserpehatidions) dIeNES s 4 4ithtiog to e gdnerdl afetiRdaeplrd id Fig. 3, the
equat i ons of ag gxten ed Kalman Filter. [0076] By way of exanple, for
a waf er | Geaeelndpe)fgimpe medeldrayssipdateh pyriedicsdy. Mok oeeilie vntfnedt an

esti mat edd;ehRg bt YecBREd ACEEHN &ndrit@Rsitidh thak indil&sMES ofthOinsRlo8GhEt 2
sensor triggering at tinme to, and the systemmay identify the actual

transiti o @prapripiens identity pred/@rlecsder opibs sensern s Wpsitateddd step 38haBasef ne,
t, (or opti ]| thgrd| ed
bs: T 007 B dha, ek (EG 1B oBER-TBUAET B B SBPuBLI B DEPRS
descri bedlokationemd tel recdsured\uphsitenh tDne, ksddpidesd inrstepiddA. BhisArbhdata Gey b

Erg/l T Pr es&lg%??él o) And %dagt gb{?g{]a ofrh%iﬁe gmgr nmul az%;tmi1 on d scr i %gth%ﬁio%,l b
y be br g9 Py LpiaveloaE AT G o TPYS deeuna, Byeclye
W(t), .. - (3(dep)etddQR 8P 426l BhutastHerNenodsmmel is chlslybkto(prbeke Wfer vk; K
=12, 2:/t=:l§1’ce:l>I aot’a ]Fozrlt:ozltrol of the robotic arm, while actual detected transitions may be
employced to update the center-finding model, for example, the equations of an extended
Kalman Filter.
[0076] By way of example, for a wafer located at a particuiar position (X,,Y,)
and traveling at an estimated velocity and acceleration, V, a. the model might predict a
sensor triggering at time t., and the system may identify the actual transition at a time t;.
The encoder positions measured at that time, t; (or optionally, the time stamp) may
generate an error expressed as:
t t
S=t, —t or )

5 e

x
Y

5 L
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[0079]with state estimate propagation: "i(t)= 0" 1(40 [0080]and error
covariance propagation: = F(i(t),t)P(t)+ PQFT (5404+ QQ [0081l]}As a
significant advantage, this generalized technique permts use of

i ndi vi dual sensor events increnentally, rather than requiring sone
nunber of points (such as thee) to identify a circular wafer. It wll
be understood that, while a particular order of steps is inplied by
Fig. 4, that the depicted operations are repetitively perforned
during operati H78f a Thehekicododdfamai Alictegnatioandhay hausadas dasctibaldoar

order or timng.o t shoul.d be inferred. el it will be

cener a1 y RO A udi iR RE B bREFHECeL R ERS 195, Bhorovi eg

cont i nuousdaptdtion HEthe foinfBationdedceibéd ANGHIb inap Be bRy dtitkd hod §stepdfRddel:

updates would o Sy g@cju)rgiﬁéerm'ttentlé as a wafer is noved by the

robot. It shoukl)af&&)pk whdemd)sol(® Q) while an extended Kal nan

Filter is one ul techni que for _converting encoder data into wafer
[Og" o bRER Beifonl Bl mpel o "

center inform et IS i near nodeling techni ques may

simlarly be aapl:irg@x(;k[)pi%kg] Thelmet hods m&mgw st ens descri bed above
are generally applicable to wafer center finding using detection of a
waf er at di scr @0@9]poi mith.stake estimatlpsepapassi bl e to enpl oy a nunber of

| i near sensors. chA? |i near array of charge coupl ed devices or a
contact image &% "Bxfr)sé) capture wafer data in |linear segnents. A

nunber of devi @§§O]errpl o&/i n(? I ianle]a}r sensors are descri bed below. In
t hese techni ques, ‘cenf®t “FT FATHG "HeR/°YEARYal Iy be acconpli shed

t hrough di rect P?Wéﬂﬁkﬁgﬂf)ﬁﬂ@ﬁ@(ﬂﬁ)tr%dﬁt her than inferences drawn

froma nunber of "di screte 'sensor events as with the techni ques
descri bed abovi@081] As pGBE]chntgpdvintgieoivis genetelied eécohinighe perhiite eserof

rage e R R el R I A Lo R 00 YL S or s 05 O
as three) to identify a circular wafer. It will be understood that, while a particular order
of steps is implied by Fig. 4, that the depicted operations are repetitively performed
during operation of a robotic wafer handler, and that no particular order or timing of steps
should be inferred. Nonetheless, it will be generally true in some implementations that
encoder data is provided continuously in real time, while transitions that initiate model
updates would only occur intermittently as a wafer is moved by the robot. It should also
be understood that, while an extended Kalman Filter is one useful technique for
converting encoder data into wafer center information, other filters or lincar modeling
techniques may similarly be applied.

[0082] The methods and systems described above are generally applicable to
wafer center finding using detection of a wafer at discrete points. It is also possible to
employ a number of linear sensors such a linear array of charge coupled devices or a
contact image sensor to capture wafer data in linear segments. A number of devices
employing linear sensors are described below. In these techniques, center finding may
generally be accomplished through direct analysis of image data, rather than inferences
drawn from a number of discrete sensor events as with the techniques described above.

[0083] Fig. 5 shows a device with a linear image sensor for capturing image

data from passing wafers. The device 500 may include a top surface 502, a bottom
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surface, 504, an interior 506, a linear inmage sensor 508, a |ight
source 510, and a wafer 512. [0084] The device 500 may be, for
exanpl e, any device used in a sem conductor fabrication process such
as a load |l ock, buffer, aligner, robotic handler, or the like. In one
enbodi nent, the device 500 is a robotic handler including a robotic
arm (not shown) with an end effector for handling a wafer. [0085] The
top surface 502 and bottom surface 504 may partially enclose the
interior S@6ceAMhougterinodOtde phear edage senaar 508, bdighirdercs bdbdind hataferhe
devi ce 509 sray al so have sides which may, for exanple, include a
nunber of entrances for passage of wafers, as well as slot valves or
ot her isol at | o[tmu]c hamhs t®vides00irsa] 18 fdﬂ@x&di[ﬂe iafy devied use@@ of t he
devi ce 500. ene t he shape and si ze of e various surfaces of
f{:g{lcqt loclétbuhh

the devi céensw Fler Wﬁ@rqcaﬁtsudhme'e aksnspaobptichgpdler, or

surfaces gRoukkdiPsneRMLBL IR, 1R RvRE 306 150 roBRUSTTRMEr ﬁl@l‘hdl\ﬂ@fa@&%tﬁ(ﬁnﬁhat
i mage sensors can be pl aced 't hereon to capture i mage data fromwafers

novi ng thf@uéﬂ“ﬂﬁéﬂﬁhrﬁpéﬂdé’ffe%@ﬂ@éw awafer.i near i mage sensor 508
| h
may be placed e tTHQtO?#[lIfﬁ&%&%Qﬁd 93“‘1%“&5%2‘3' g(%gmgy?ﬁerﬁ@ﬁ%ﬁlog | &

or on the bott n1 urface evi ce
i mage senswericds086. ndithdugh actdepicaei itiwil de usdensard. thatttlnmdnvmedl)ahiay also

avai |l abl e, cont ensor gener |1y i.ncl udes i near art ay. of
e ecs or TGOS kbl dRES, BT aR i SR anbei o s fri e S e
focusi ng hewsll atbtaalvieght ot idotiob htchmikedy fasisbleiie the anditd 566 on@isi de
the linear sensqgr array. Wile conventjonal contact inmage sensors

enpl oy r e8EVig W8N In gengrab|theshappand size of the veripus supfaess @f Ssetricant gt
source, WahtShportRY, HoQeSeH itmsyoﬂer@%uff%es %ﬁ'diltl@ﬁe hdriI(H Rl Mahd\r only a

single color source, such as red eneral’, a contact inage
sensor i smgreREy forpwagere sethet @wgmswom @arabs émeé dherean th antergimegs. dafan

ot her enbg QEH&§”“RF§ LoD heH gnsor 508 includes a |inear
array of charge coup J 8 I ces " or conplenentary netal oxide

sem conduct or [O&HOS" Th@hnaac mhags sawsor $08 mdyebd plaved on #rertay surfage 562 of
1-by-n arpay, t.ha nc ude sors (such 128.sensors, or,.a

ot hor s PAEPECR B PEE f ahrn g Cahare e S TEPisymignat,
array, orthanyemtifefe shidck 308 Mapbe a doirrn &hmns@[‘ Awomeler@415i aidble

array. In general, CCDs or devi ces may | aced further from an
obj ect be?%acr W@saer&ﬂbgeam@?@ hygeea tiggar A Lﬁe&awrstqﬁ‘aw BEPABHt O S

devi ces. m\fﬁweméé? %Wthraﬁ%bér@tcé‘ﬁﬂyu&hg Rak afxd BEHIdburkd S0t LR of @EDgoOOd
i mage capture quali On the other hand, C S devices are readily

avai | abl eflanked dhoegﬁgdeﬁbe liness sefiseigribie Velilgreonentional pynsecs inage sensors
d
sem con U&B@B%r & vg‘{ién aP¥ g@ﬁ% feRN, Mﬁ@%ﬁ&a\gﬁg%{gﬁ[ﬁ%& g&ﬁcé Wafér

capt ure, e’'greater accuracy arrays Ie
both tec hbmdwgblgsmmed felmenabﬁedmg)nsmgenlyvhtsimgtemeloe wi.ock, seit &5 rcﬂaTsEIDi bed

herein wifh sui abI d atlons for  so a ica |on . h offers
vant agel ket Shia AR ol ifica SIS PRImERq O Qg BT iyl
these varinadtha@rmbaditheaBShE liba ihalc®ahsoh SVEMEN desaSlineat fehyalfaegei t her

of these technal ogi es Qr, ot her opti cal technologles may be usefully
enpl oyed supled dewresi (YGRS seropplensn iy metahaids ssnpconduglRCNRSIn. The

l'inear i ”@Igf%alss%ﬁ's%% 8inBASR frda?'b@ aQtpyh %ﬁ%aﬂﬁ&ﬁws%%ﬁ'stors%ﬁdﬁ% in
whi ch i mage data nay be capture I n geéneral’, | i near | mage sensor

508 may hbifsscaserspesmtdthas switabia musphen forspinning spmator tlépendsfeona 3-byanber

o other. By S s ATRLE o ol thion SRS R RGBT a1 SRR CLTRC S

waf er 5 12c>rr®MOISeiepmssmeiy bd]pl@atgffurtﬂiee ﬁdwamﬂ;ﬁiﬂ&mgnmgbd mebpropide breasr
be u derstood j

i ndi cat ed bl rrom15 é%ﬂi ) éhat whllel | i near
path is off bfg’st GTept ef”l‘f"FS REFVSF | %rﬁ@ul@tﬂﬂ iHopa) RIS ﬁ%&ﬁlﬂse
applied br godcpihﬁge Gaphaddhaity. ﬁﬁﬁheﬁt?ﬂ@é?%@ I @eWts afe BNy ERYabldina
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[0088] Fig. 6 shows a top view of a contact inage sensor used for
wafer center finding with a linear wafer notion. Wthin a device,

whi ch may be any of the devices 500 described above, a wafer 602
havi ng an al i gnnent notch 604 may be passed in a |linear notion
(denoted by an arrow 606) by a single CI'S 608 positioned nornmal to
the direction of notion 606. In enbodinments, the CI'S 608 may incl ude
a single nodule having a length of 310 mllineters, and may be

posi t i onetkngths esceding drtdiante df oyplidab scddvordectbowplesy prdeide uh inewpdngive

detection,.include .notch/gJ i %?lgent .({iet ection, as. t he fer,is noved
into and BUFPHICIHITRES FREEAPE BB ICHECATAF AR OFIHF £agPY! BFYaf er
det ect i on wWHiR\Woflegchnobgh hRGhitatle R AOKARhcinbbAignenRideicrHORndrbarvith
whi ch alignnent and di nensions may be directly obtained by inage

anal ysi s. Syigble adppfatiqns derrsomg anplivetions, cach pierrd wntreaeich meyinks ity
full waf e[?éféﬁmamff haih Q64! SR Oﬁﬂ%S@\%ﬁhﬁblﬁQ% ddsORRM bRIW, H&)ég\gﬁg% Sa

or the |i Thus throughput for the transter device nay proce
speed t hatoted abdvaicithat of Hieye foghnobiigtesi @ ofired optidabieclmoingligsainay be usefullyt her

enbodi nents,; on uch .Cl'S 608 b l.aced at,.each of several
ont r ances CHpIgyeEas gt mage seisort SU8 ¥ inat (IS peg nfeinl - The gkt infaee
handl er. fensortiPReash Seld@B vivayoraheagureaént ivoRireda whivd ipagd ddtomedbé o

intersect a_ce tIer of f}g devi.ce. Usi nggl CI?? 608 of aggroxi mat el y
450 il | i FRANUPS, Ingensraly fhe lisras ippage s5asqs Q ey ey %’topﬁrafl myasurepeent
degree anghigmt eha?tibpch@6n LA LMcARNNEINAIRE 8R6lchNibhe degRidRcRhcytdTe
device to permt capture of all |inear wafer novenents through the
devi ce. WAR3ES, lepies opethenmpepeassocigd wish theapnsar andisq folif er di mensi onal
data for all nt I i i hel

provi de suffic 2ﬁﬁeda? g&?%ﬁéy% %?Fggﬁa;ébe@qﬁoh%? ﬁg)ﬂ? @?é/gq]dyﬂ%ég“ss‘?ﬁagl
nmovenent , agindicatddiby komadw fibd: citremt be wedgrsbdghad wihded libgargathdbond ¢
handl er tgQ ure.a scan of the entire wafer, surf.ace. 0891Fiqg. 7
chows 5 t S SORIRFIR GRS ol Mol S nCiP By 2P e iRy
findi ng wrotexampldf thi ngfarafagmanetin @ ourvidetpaihnyith dewatioaal mdvealninelia be

any of the_ devices 500 descri hed aboye, a wafer 702 i ng..an

al i gnment "6 CRRFOBNRIP HESGPRLRYS Pﬁ@%ﬁ‘@?ﬂgﬂ%@ﬁ%ﬁfﬂf{e&%ﬁM%_aworan
arrow 7063urdiab Paths aAS WOb&futthst dif8sscd BEIBwahE JAGS MR al0RY ildRagYE t abl e
for positioni nqq at a variety of locations wthin a robotic handler

wher e t herotagshatiout iy axise dpPBllae 4ppregtatedihat avhijeshe fata pbigined frp@ such scans
under st ood, .t hat 0. WiTeB , WO [ : ed
o compeng e B R e L B R bR a0

[ 00901Fi gdat8(sytiogssrotatiomd oxitraeiiont radiusonte. i dltat theageuird nwage dasedudt be

waf er center ..fi.ndi i th rotati-ng wafer notiqn. Within a devi.ce,
whi oy BB R et ool B8 A% oo B o b0, ey 88,
havi ng anomti tgroradtlyrinkphct Bdnmapy dbe rot at ed about an axis
substantial ly %ﬁ er eg. opn a CI'S 808, as indicated by an row.810. In
this device, ad'P¥Hoti Eign&aRAven RRYCHALR FaRAS IReecSBR P TonKAfcR
rotating gdnus KindihP Svith@RHchOwirandb®dn. RMhiRASietic WHidEmMbEiny& R 2he
underneath and centered on the CI'S 808, and then optionally lift the
waf er 802d9vies 509 deseribedrabryant tafar 603 heving @ dsmERimorabrG94 aray e pagsed

i mage acquli - . (V=00 ‘ %ﬁlﬂg }%

ei ghty defgragieﬁsehr?g?no-r%or@%wcggyo tan a %gfr%?@%%tchgﬁgggﬁ% t g%vva é?o 802
i ncl udi ngtht decionghmetion 6@h. ch e8BddiniEnts, 1Bk SIS 6& may inskide e singleguoduild hi n

t he devicg, .such ntral axis .of an interior of the devi ce,
2 center e R pERIATHER il s lioptatoss pn Gussorty 0 mES s of
some ot hedevicebiovide Tl wafes Héte@ionVintlnddmdtElgali@mieaedetctiibg, a8 ficangeaent
advant ageously obtains a f_(gelélgqescan with a half-turn of the rotating

chuck, whe¥rdialp a8f opi offthe drvigedhronsh tha entemge K TntYPF elietsr detesiivnng
time. As aee{hSin &R RLASRopy UIShARIBIRTRIM WhRR aREAMEH Sndditdthbionarl er
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[0092] Fig. 10 shows a single CCD array used for wafer center finding

with a rotating wafer notion. In this enbodinent, a single |inear CCD

array 1002 may be positioned on a lid or other suitable interior

surface of a device such as a robotic handl er or any of the other

devi ces 500 descri bed above. After a wafer 1004 is suitably

posi ti oned under the array 1002, the wafer 1004 may undergo a ful

rotation as indicated by arrow 1006 so as to capture all edge data

for the wafagbe H3OAlyi obedinedi hygnmgfeaqalymst iAs 1 sipnifivantaddivenagenthisoiaa ferdoO 8.

Thi s enbodi or ex r.obotic handler with

2 i o o BHHERS & Aader e SR Y AR PR acos B o i e

thi s enbodik&emfustheugiphtior i tﬁhéf@ﬂﬂa@fc@fnﬂr? 3Rbobed Aatdhesd Bit it BAREd onl

t hr ee- hundr ed SIXt! degrees to ensure full capture of edge dat a. rn
?

ot her enb8UFhsHE an %f copttrainte dp oficr W@OW%@H@%W@@E@%&Q@&CP@

d f
el rotatt ool B0ua e LR SIS it ol SRR A ithoR,

center fi sid'gln@ﬁﬁﬂ&nay@qumcbaddie@osmmdm mt@.seodjepcmred thegdegizei ce

oo n, 20 1 I Kimg h N SR B i R s 300 R A o e

waf er pat hﬁyl-ﬁilveaiegma raegle sadiBfoantrtahddg aid MtdregctihPa tdfmetr oflttRaldsiseth above
with reference to i

fer 1104 aver.se .interior of
the devi ceewmgmae ﬁ%ﬂlﬁmﬁw FrHReveRtsals ﬂfﬂﬁg@ﬁ 4yt @H}éﬁ @tf-raﬁaﬂ%emem
notions. iy abecafRiRosll Wik dimehSo@ ik fkhmdRieRE tHr8idhakd @é’hce ltmg(

suff|C|entIy toward the center to ensure detection of an alignnen
not ch 1108evathelpswrayidensuffipiont dya forevaderpsnigelindieg fos anorossihle meifeaent,

1104. 004 dﬁ‘dﬂ:on&{%né@%ﬁts%a%g% (53\[(%&&%(?; By arotot ﬁl%ﬁ&ﬁ%rsto%ﬂs&eé 9 'fﬁlear m

end effector. A robotic arm may I nc
nunber of entirplvefet 2fcand an end effector 1204. The end effector 1204

may i nclude a er arrays. 1 osi tione

el e Lo i delibBy ¢ Ble 7 SRS GRAP e haPER s S8 m ifep e

t hereon. d&ster fintign mlthaammﬁ@waﬁt- agedon.t Withinc:oddvicgwhith gy }bh agesf thhe
waf er 120 cl.ose. proxi m.t t.he |i near CCD arra s 1207,

whi ch pro Va%%@@ HYGrOPYR g&a&eﬁeﬁ ﬁwﬂg #4lteREent qofghs/0 6@§%Ydﬂﬁ‘ pasned
not requi & iing mdKbs (dRhott@bRhr APV 708 akRBs P¥ind1PEISNER. effiect or 1204.
It wll be apparent fromFig. 12, however, that this configuration

may al so fIEEement ity ieispijablnfon PosiiinEte at doREety P locatigny Wb obpti
orientati %ﬁle?tthRQhé’%i)gtF a;]rgloc@nploys rotatib) ARRIS hgtw%l?bc%rﬂ%?@to@d ﬁag[hc

perspective view of sin CCD'sensor ofi an fector wt
rotating whulthg inage datsvoatrbiypiicatiynie, pracessed gd eothpensse fEAD ramrlagariBOP

may be no n fector 1304 at a position to obtain edge
data fro &E qjtﬁgggﬂ aﬁétantially centered on the end effector

1304. The c nd [6f19(l=.}ct OFigh®iyhoadsaop mievioda cantattiighge mj;cﬁ ukctfat wafgr chuck
i in,order, to ain c Iete

to rotate the er 1306 i.n a full cir ob

edge dat LCHPISHIER W)\éfaefpfaﬂ%@after FOF i ﬁ)&ﬁ@& N i6R R O PRY

notch, i fdaies S0OQRBTRIPYHRSE wafer 882 BIVIRY afl@ithfBSt nla&%%omyw?@@fea

use of the CCD arra¥
about an axis substantially centered on a CIS 808, as indicated by an arrow 810. In this
device, a robotic handler may include z-axis control and a rotating chuck. The robotic
handler may position the wafer 802 underneath and centered on the CIS 808, and then
optionally lift the wafer 802 into closer proximity to the CIS 808 for more accurate image
acquisition. The wafer may then be rotated one hundred and eighty degrees (or more) to
obtain a complete image of the wafer 802 including the alignment notch 804, The CIS

808 may be centered within the device, such as at a central axis of an interior of the

23



1302. For exanple, an external |ight source may be positioned wthin
the device to illumnate the CCD array 1302 while the end effector
1304 is in certain positions. As another exanple, a power source nay
be provided that is inductively coupled to the CCD array 1302 so that
the CCD array 1302 is wirelessly powered within the vacuum
environment. As anot her exanple, a radio frequency or other wreless
transcei ver may be enployed to receive inmage data wirelessly fromthe
CCD. | n sdeticapcetterssisodnfrpbpiicarm arsgle the davscednasiester posef soomupliarngs

and the |i . siti,oned awa .om_the arra such as a
ot ey ax s TmE BB VRRER BURY TRl So et Al P i fR 681
t o corr espandiithg: Wlf-ehesfhsisdtiagshudkDO@Rich mag sindiifs Hewgn ¢f thd ¢t@akleakdCD
sensor in roboti.c handlin ﬂnd le. In this enbodi nent, a single
inoar CCBOHFS SEPNNIDGHME §S ﬁ?ﬁ} 4 24 Rfage JHiS PrgRacISBL faR o vdde ol eyater

emtters gaM rBRrdBdRF Qe Bz Wit 8 i@ impedel bgfthea[eﬁgﬁu bffe $4S BOBAS Thus
robotic handler or any of the other devices 500 descri bed above. In
oper at i on2 sigalesyyesipayareride l £dgmdetqstion far grvagetyaf ehapauad siggs-t hat t he

end et ector 1000} v FIF DsTAOL A e R b APRP BT o il
ef f ect or ®4tD4 limayr wdfenmetiony wvbieh anry be drployaupfar exangsle atregli cnrirerd thy an
o g L AL OIS HES 00
provi de aasfe902aind aRecoatling andy 904 ¢RICDEhRY be providedladrosn dottion of a
obati onaliber ph B pBh et ot hsrary 196ty mit b et RgS G i pg it
notch, if @Ry the%ﬂtsldé%d%? goﬁ'tén dtBi9ce DShd Hbv}i&é%uﬁm%qaqjoﬁ&fbtha?ale}:ﬁlg}rc%&% a

devi ce 1420 such as a source, wreless power coupling, or
wi rel ess eppfiae frmagssies; foerachupfon passogitioesictic antranr Simelatintaaradditionadr

wher e PPLARS] Bhr RS IHLSHLA Rhnd B RdlBoL P AANBACE pOnRLAL! On

of the wafer center ng ‘systens descri erein.

be under sidld thihednfiguwhitibe advastagedusigicmpidys shtesindabadiyaloHCEDis mdilichdze
sensors within a devige such as .a | oad.l.ock, robot.ic handl.er [
Sranet o e Bl b Hafif o Bittle e BR PR G AR R el Bt Eted s

that the éhewend @ehiohdudgnmay obdecdaproged at other |ocations within a
fabrication sy Far | e, . any_of the abave techni ques may_ be
sui tably adapt@h&ﬂ]or ﬁ@eﬁﬁ_@w B S SBLR Al D SBPEREA P AR RaiDLRIBE MR
above t echypithig S&UFMYOtRE. HihisAisd AR el DlincSEChIndy TBESHEEHE N
station within anot her device, such as a robotic hand?'er or transfer

station. Pasitionethompbidar abersyitableinterionsufasprent deicstsuehasraipbatéclrndler
waf er whi h&, o?ﬁ%%%%heﬁ)ﬂé{]i&rs%o QLR dRHEL. m&%%%&érogﬁ%&it yPY
provi ding a Space for the nmeaslrenent station that does not- obstruct
ot her entp@rimacdundex the apay h@02 therwafird 0046 ey usddrgonal fidlrrptation hwyindicated

perform nmeas nts at.a l,pcatio i.splage the z-axis.fro

bther rongy ML LGRS I o b Qb 8 MAGEfoR nptifind i PcSingd o
met hods dirsaligament dotdhei 008 MiRYis e@bbdimkhtzas, et cRanplepdntplop ofdbvas Bandiny
some conbi pati on of these sui tablq%ef or monitoring or controlling a

sem condu?tBE-aEMAVERERHAnA § rotatn shuek aydepaified pARR- HlosEEEs Iy pe

cmbodiment the rotating chuck preferably rotates at least three-hundred sixty degrees to
ensure full capture of edge data. In other embodiments, two collinear arrays may be
employed at opposing edges of the wafer 1004 in order to obtain a full edge scan with a
half rotation.

[0093] Fig. 11 shows four CCD arrays used for wafer center finding with a

compound wafer motion. As depicted, a device such as any of the devices 500 described

24



realized in one or nore mcroprocessors, mcrocontrollers, enbedded
m crocontrol l ers, progranmabl e digital signal processors or other
programmabl e device(s), along with internal and/or external nenory.
The process(es) may al so, or instead, be enbodied in an application
specific integrated circuit, a programrable gate array, programuable
array logic, or any other device or conbination of devices that may
be configured to process electronic signals. It wll further be

appr eci at elsbve nady ipelodeefos €E]D amays HO2 neanged adtvascatlimep) irgersaxiag lihasbloe

co 1 CaL b YkBS, 3L HELY S B0 A0 bLRURRR. TSN 8 Gl

hi gh- | eveto ME. 1. oMwlagarall 0pmag fraveend ihtaicrudde devizs hisd: Agatiatiepase
programm ng. | anguages and technol og'ia)es) that may_be cor‘rPi | ed or
i nt er pr et B§ludes $3ighd AndyriEving moHanss b oS grakaditaent, the wigker | 1 Qdgmay be

het er 0genglise QLAY BRardthe E’ern%%%‘ééid?,ﬁl%dfe%@&?éﬁ%{alli@ﬁrﬁgﬁth@&h Y §Par OF

conbi nations of different hardware and software. such variations
ar e i nt ensteek padntidaring dictchinbineh gosion pEthe fvafenild04i scl osur e.

001001 Wiile t pnvent | n.d i ' ' jth
certain pref er@g%}”enbg} ?r%s’\ S, a&‘?ﬁ?‘é‘ﬁe%&?%@%‘ifgﬁgg&g’g‘& h%g%ﬁrl&st ood by
t hose of effettoraryrobtid drm 1200 lie veafér handlingrreayancodpasantetr b€lisisi202 and

CLAI M5 What i | ai i.S: A d for finding a gente f a
Saror s o e DA s end i L ey Bepids P o Pe iR B s
t he i nt er 12 gerifibadd) Fdt@xan 510 Rolde @it falr cdgtotdionslend wafel OB WAEiAEnaA
plurality of sensors, _each one of the sensors adaﬁt ed to detect a

presence GEreepAsmfigtifigant adyspiaae this perdieyration plepesringuvelst R2OSHR Vet er i or

of the deyj ; L ; : b eV -G o1 E om
outsi de' ¢ e e By 1o RACERTED IR0 tigh BRI i IRy
ent r anceskFurther, this desigradaes not reqrareveay eraxisror eotatiomal motéon yrthaptl déscwet i ng

¢ . Y . I :
o oo A P00 MRl i el 1 BB, OB AFAG by Up3inec
i nterior idaittfygh abgmemonolciofie neihy tdtetigpkhlerntatiynodf thawafentXg. and

detecting an ahsence pf, {he valer Wil L1, ffisl. Q85 Sl NgaRbi @11
effector with a rotating chuck. In this embodiment, a single linear CCD array 1302 may
be mounted on an end effector 1304 at a position to obtain edge data from a wafer 1306
substantially centered on the end effector 1304. The end effector may also include a
single axis rotating chuck to rotate the wafer 1306 in a full circle in order to obtain
complete edge data from the wafer 1306, including detection of an alignment notch, if
any.

[0096] A number of external devices 1320 may support use of the CCD array
1302. For example, an external light source may be positioned within the device to
illuminate the CCD array 1302 while the end effector 1304 is in certain positions. As
another example, a power source may be provided that is inductively coupled to the CCD
array 1302 so that the CCD array 1302 is wirelessly powered within the vacuum
environment. As another example, a radio frequency or other wireless transceiver may

be employed to receive image data wirelessly from the CCD. In such wireless

configurations, transceivers, power couplings and the like may be positioned away from



determining a |location of a center of the wafer relative to the
robotic armusing sensor data fromthe plurality of sensors and
position data fromthe robotic arm 2. The nethod of claim1l wherein
the plurality of sensors include optical sensors. 3. The method of
claim2 wherein the plurality of sensors include light emtting

di odes. 4. The nethod of claim2 wherein the plurality of sensors

I ncl ude auto focusing photodi odc detectors. 5. The nethod of claim1l
wher ei n détedr@D la'rral:g sach @aat coterians|af desobpiplaym g semd<atherd ocaFibh that ist 0

the positi Qata rom.t he. HObOtIC arm 6. The nethod of claim5
further 8ﬁﬁF %Fﬂ&mﬂﬂﬁgﬁﬁﬁﬁffﬁéyﬁﬂP%an Filter based upon the sensor

data. 7. The paofiod @ig ¢k ghdWsla 318 €CD seh@r Wed @botichaadhsd mbdiiel ny
circular. 8. The nethod of claim1l wherein the wafer includes an

al i gnent thiperappdiment, arviugledingss G0t areayAlf? andgerasiosiafaddisht SRUEdcs oy of
sensors i pekidRitels Ala%%tmaﬂ@ed%taﬁ%teﬂomn 5ﬂacaa€fée 9&2%% b bShdfic Ihhlﬂ:ﬁér

emtting diode such that a light path fromthe light emtting d e
to the |i g oldhe elberagrevicacfQidiescribed pbaist &n epenaspnposindiediactor 140i4nnatyl"|e

01 ol OB I L LA S D B Bl SToor

em tting (epaete fiohethe erd ¢ffetord404)fwithf antddge wiafve thealCIa aprayp a:leeuze I‘Iﬂﬂe Redl

ocati on, ef‘f tcgjﬁt&lSE En%? tl'E)e¥1 ptrct]v?dedeg{[ ZE_"&[IS motion as indicated by an arrow 1410 to lower
the wafer 1406 onto the chuck 1408. The chuck 1408 may then rotate the wafer 1406 in
a complete revolution to provide a scan of the entire wafer perimeter. In addition to
capturing position data for the wafer 1406, this approach captures rotational orientation
of the wafer 1406 by detecting an alignment notch, if any, on the wafer 1406. As in the
embodiment of Fig. 13, a device 1420 such as a light source, wireless power coupling, or
wireless data transceiver may be positioned within the interior, or where appropriate, on
the exterior of the module to enhance operation of the wafer center finding systems
described herein.

[0098] It will be understood that, while the embodiments described above
include sensors within a device such as a load lock, robotic handler, or transfer station (or
in certain embodiments, on an end effector), that the above techniques may be deployed
at other locations within a fabrication system. For example, any of the above techniques
may be suitably adapted for use as an aligner. Similarly, a number of the above
techniques may be suitably adapted for use as a measurement station within another
device, such as a robotic handler or transfer station. In such embodiments, the
measurement station may scan a wafer while a robot performs other wafer movements,
such as by providing a space for the measurement station that does not obstruct other
entrance or exit paths from the robotic handler, or by performing measurements at a
location displaced on the z-axis from other robotic activities.

[0099] It will be appreciated that the methods disclosed herein may be

realized in hardware, software, any some combination of these suitable for monitoring or

controlling a semiconductor manufacturing robotics system. Each process may be
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11. The method of claim 1l wherein retracting includes retracting in a
|l inear notion. 12. The nethod of claim 1 wherein extending includes
extending in a linear notion. 13. The nethod of claim1l wherein
rotating includes rotating about a center axis of the robotic arm

14. A nethod for finding a center of a wafer in a device having an
interior and a plurality of entrances, the interior containing a
robotic arm and the device including a plurality of sensors, each
one of t hecaienikiopae adaptcadictoprodedsos marqgoesdites cabeddoé miabeontratiers,

predetermnedlo t|o within the interior of t evi t he t hod
P onpr 1 o1 ngroemsots 4R St otrssons Maher et i oras)s o v i
t hrough ani‘térhaﬂhn@/ﬁ?ey&ém&lhﬁelﬂéryr Thé boc@b(eSthdya&s 65 inktedd, 86 inBedit@
wafer into the interiqr; rotating the robotic arm ext endi ng

t he waf er %enphé%ﬂqnw@eqlﬁ@ BiqeEHted HICghDTaLeBeshle SBIvarEy, RIpFapImaple) aray
of entran . OF an othéii AEHEL blr&nﬁ)%tlgﬁ EPER%Rs bt ﬁl%ﬁl)é'@:fnﬁ I%H t@process

predeterm ned | ocation of at |east one sensor ng t e re act1 ng,
rotating, elamneo@grwéh rigwﬂt fuctherthe appmvua@d tigpt B@n@@&as}im)abe zldred as
determnin relative to the
robotic abfh “st‘%’rr%‘ ‘E“ﬁof’% ée):"r%‘%gfe%{f?gt ‘“%né“%%%"#ﬂ Piogtapipiné ﬁaﬂgﬁ%gte%“hr%b%ti c

arm an object oriented programming language such as C++, or any other high-level or low-

level programming language (including database programming languages and
technologies) that may be compiled or interpreted to run on one of the above devices, as
well as heterogeneous combinations of processors, processor architectures, or
combinations of different hardware and software. All such variations are intended to fall
within the scope of this disclosure.

[00100] While the invention has been described in connection with certain
preferred embodiments, other embodiments may be understood by those of ordinary skill

in the art and are encompassed herein.
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15. The method of claim 14 wherein the plurality of sensors include
optical sensors. 16. The nethod of claim 15 wherein the plurality of
sensors include light emtting diodes. 17. The nethod of claim 15
wherein the plurality of sensors include auto focusing photodi ode
detectors. 18. The nethod of claim 14 wherein determning a | ocation
i ncl udes applying a Kalman Filter to the position data fromthe
robotic arm 19. The nethod of claim 18 further conprising updating
t he Kal ma@LBIMSer based upon the sensor data. 20. The nethod of
claim14 wherein the wafer is substantially circular. 21. The nethod
of claim 14 wherein the wafer includes an alignnment notch.

What is claimed is:

L. A method for finding a center of a wafer in a device having an interior and a
plurality of entrances, the interior containing a robotic arm, and the device including a
plurality of sensors, each one of the sensors adapted to detect a presence of the wafer at a
predetermined location within the interior of the device, the method comprising;:

retrieving the wafer from outside the interior through a first one of the plurality of
entrances,;

retracting the wafer into the interior and detecting a presence of the wafer with a
first one of the plurality of sensors;

rotating the robotic arm;

extending the wafer out of the interior through a second one of the plurality of
entrances and detecting an absence of the wafer with the first one of the plurality of
sensors; and

determining a location of a center of the wafer relative to the robotic arm using

sensor data from the plurality of sensors and position data from the robotic arm.

2. The method of claim 1 wherein the plurality of sensors include optical sensors.
3. The method of claim 2 wherein the plurality of sensors include light emitting
diodes.

4. The method of claim 2 wherein the plurality of sensors include auto focusing

photodiode detectors.

5. The method of claim 1 wherein determining a location includes applying a

Kalman Filter to the position data from the robotic arm.
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22. The nethod of claim 14 wherein the plurality of sensors include
at | east one detector positioned opposite a light emtting di ode such
that a light path fromthe light emtting diode to the |Iight detector
i ncludes a predeterm ned position within the interior. 23. The

met hod of claim 14 wherein the plurality of sensors include at |east
one detector positioned such that light froma light emtting diode,
when reflected off of the wafer at a predeterm ned | ocation, is

det ect ed by t h€hamtthod of cIainQ’ﬁfurfﬁhtecqmmrﬂaing upflatmp dhenK dithanffdtee based upon
retractin inclu s retracting in a linear notion. 25. The nethod of
cl ai m 14 WiEFECh a3?& endi ng i ncludes extending in a linear notion.

26. The nethod of claim 14 wherein rotating includes rotating about a
center aX| s of _the robotic arm 27. The nethod of cl a| m 14 wherein
det ect i ng’t he Phresethedobflimkbwhgiriaiths Waleuigsubsiratialdt ¢iirgles fir st
transition from absence to presence of the wafer at one of the
plurality of sensors and detecting a second transition from presence
to absenc8 of Themethede! caimt heherpia thf walaeinpludessnialignéntseishor s,
wherein a path of the wafer fromthe first transition to the second
transition is non-linear. 28. The nethod of claim 27 wherein the

pat h i ncl @des Hite thethsd obrlaiar icwhasiulthd pigraﬁtg,mﬁsmsbmtimﬂﬁdmxt tfasttdne waf er.

29 A deviSe Sotuand) dndia e oL COTPRLR! N6k udlh hil Sk HorfGETRRL D1

emitting diode to the light detector includes a predetermined position within the interior.

10.  The method of claim 1 wherein the plurality of sensors include at least one
detector positioned such that light from a light emitting diode, when reflected off of the

wafer at a predetermined location, is detected by the detector.
11.  The method of claim 1 wherein retracting includes retracting in a linear motion.
12, The method of claim 1 wherein extending includes extending in a linear motion.

13.  The method of claim 1 wherein rotating includes rotating about a center axis of

the robotic arm.

14. A method for finding a center of a wafer in a device having an interior and a
plurality of entrances, the interior containing a robotic arm, and the device including a
plurality of sensors, each one of the sensors adapted to detect a presence of the wafer ata
predetermined location within the interior of the device, the method comprising:
retrieving the wafer from outside the interior through a first one of the plurality of
entrances,
retracting the wafer into the interior;

rotating the robotic arm;
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a plurality of sensors consisting of two sensors for each one of the
plurality of entrances, each sensor capable of detecting a presence
of a wafer at a predeterm ned |location within the interior, wherein
the plurality of sensors are arranged so that at |east two of the
plurality of sensors detect the wafer for any position of the wafer
entirely within the interior. 30. The device of claim?29 wherein the
plurality of entrances includes four entrances. entrances. 32. The
devi ce of cl ai emt@Rlimghthe enfer biteofMetintation thromizh e ntavad orsofithepluchdisy @i ght
entrances. . 33. The device of claim?29 wherein the plurality of
sensors i ACFH§E: optical sensors. 34. The device of claim33 wherein
the plurality aﬁte@i@leﬁedeﬂ@a df e Rifel R aprederrtbminkd Meat@shl dftat REstdhode.
35. The device of claim?29 further conprjsing a robotic arm having a
center axPEsQlUHNg theairachingTpigHng, apbextensiing, icsbinprayadingisaneprstae
effector for handldiffe Wdcsfich of a3BnteforlRY kafer FedivBANEE k312 MR LG he
conprising: an interior accessible through a plurality of entrances;
and the spiisar ddta and pefsition dete fncihasobotic agnof two sensors for each
one of the plurality of entrances, each sensor capable of detecting a
presence of a wafer at a predetermned |ocation within the interior,
wherein the pl Diieahéthyd of clsenkiorisren ehegrivraliiged sagors adude obtitad kenpadsr  of
sensors detect a wafer entering linearly through each one of the
plurality of entrances and a second pair of sensors are positioned
substanti gl y Thewmethéd 6f JaiguisSititeeik R pRaylityloMsdisaichlde Bight dngitci@f er
entering linearly through each one of the plurality of entrances, and
wher ei n” edi€ASone” of the plurality of entrances shares one of the
first pair of sensors and the second pair of sensors with each

nei ghboring one of the plurality of entrances.
17.  The method of claim 15 wherein the plurality of sensors include auto focusing

photodiode detectors.

18. The method of claim 14 wherein determining a location includes applying a

Kalman Filter to the position data from the robotic arm.

19.  The method of claim 18 further cornprising updating the Kalman Filter bascd

upon the sensor data.

20.  The method of claim 14 wherein the wafer is substantially circular.

21.  The method of claim 14 wherein the wafer includes an alignment notch.

22.  The method of claim 14 wherein the plurality of sensors include at least one

detector positioned opposite a light emitting diode such that a light path from the light

emitting diode to the light detector includes a predetermined position within the interior.
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37. The device of claim36 wherein the plurality of entrances

i ncludes four entrances. 38. The device of claim 36 wherein the
plurality of entrances includes seven entrances. entrances. 40. The
device of claim36 wherein the plurality of sensors include optical
sensors. 41. The device of claim40 wherein the plurality of sensors
include at least one light emtting diode. 42. The device of claim
36 further conprising a robotic armhaving a center axis wthin the

i nterior, 28he Thimtthod af etainnbd wikreig tieeplemattyeff sasbrrindale ahbaglonag

waf ers. 3. A deyice for h |i.n .waf er_.conpr,i si.ng: .an interior
Accessi bl EpHPotEgHoRSL BT hiddth Sy e dhfs e refiPied SRR
capabl e olystlehechrcfderthiidasQa68 iOctdctaitptyethe étedodr edet er m ned

|l ocation within the interior, the sensors arranged into two square

arrays centered about a center of the interior, sized such that a

first oneof thk SGMEE 6f QLEPYSwheiR ?&l‘alcf?ﬁlﬁpﬁlgl?ﬂ?sgﬁt?&giﬁg tﬂhaoﬁ‘x?ea%mﬁ&%

square arrays and oriented so that a gro e sensors at
opposi ng vertices of the two square arrays are collinear. 44. The

device of x¢l al i A3 MOPLLU ! 1w R AR bxRENRE R 1OCLEN GG b FRlar BRARE! S-

26.  The method of claim 14 wherein rotating includes rotating about a center axis of

the robotic arm.

27.  The method of claim 14 wherein detecting the presence of the wafer includes
detecting a first transition from absence to presence of the wafer at one of the plurality of
sensors and detecting a second transition from presence to absence of the wafer at the one
of the plurality of sensors, wherein a path of the wafer from the first transition to the

second transition is non-linear.

28.  The method of claim 27 wherein the path includes at least on arc resulting from a

rotation of the wafer.

29. A device for handling a wafer comprising;

an interior accessible through a plurality of entrances; and

a plurality of sensors consisting of two sensors for each one of the plurality of
entrances, each sensor capable of detecting a presence of a wafer at a predetermined
location within the interior, wherein the plurality of sensors are arranged so that at least
two of the plurality of sensors detect the wafer for any position of the wafer entirely

within the interior.

30.  The device of claim 29 wherein the plurality of entrances includes four entrances.
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45. The device of claim44 wherein the eight sensors include at |east
one light emtting diode. 46. The device of claim43 further
conprising a robotic armhaving a center axis within the interior,
the robotic armincluding an end effector for handling wafers. 47. A
devi ce conpri si ng: a robotic armfor handling a wafer, the
robotic armincluding one or nore encoders that provi de encoder data
identifying a position of one or nore conponents of the robotic arm

and 3ia piTbedssmrofabhiip 26 cvikemirathp plraity efdnenned inchidensevei [ ter to
t he encoder data to estimate a position of the wafer. 48. The device
of clai m #Ffrein the position includes a wafer center. 49. The

device of claim47 wherein the position includes a wafer radius. 50.
The deV|ce of claim 47 wherein the g05|t|on is determned with

ref erence3#o ahhedryicsrof sleim 29 gheicdhe plylittofgnfrances mclufggeightyi ce of
claim 47 whereid the position is determned with reference to a
center axis of the robotic arm 52. The device of claim47 wherein

t he processor recal cul ates the position each tinme new encoder data is

recei ved. 33.  The device of claim 29 wherein the plurality of sensors include optical sensors.

34.  The device of claim 33 wherein the plurality of sensors include at least one light

emitting diode.

35.  The device of claim 29 further comprising a robotic arm having a center axis

within the interior, the robotic arm including an end effector for handling wafers.

36. A device for handling a wafer comprising:

an interior accessible through a plurality of entrances; and

a plurality of sensors consisting of two sensors for each one of the plurality of
entrances, each sensor capable of detecting a presence of a wafer at a predetermined
location within the interior, wherein the plurality of sensors are arranged so that a first
pair of sensors detect a wafer entering linearly through each one of the plurality of
entrances and a second pair of sensors are positioned substantially immediately outside
the maximum diameter of the wafer entering linearly through each one of the plurality of
entrances, and wherein each one of the plurality of entrances shares one of the first pair
of sensors and the second pair of sensors with each neighboring one of the plurality of

entrances.
37.  The device of claim 36 wherein the plurality of entrances includes four entrances.

38.  The device of claim 36 wherein the plurality of entrances includes seven

entrances.
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53. The devi
substanti al |

ce of claimb52 wherein new encoder data i s recei ved at
y 2 kHz. 54. The device of claim47 wherein the

processor is adapted to update one or nore equations of the Kal man
Filter using transition data fromone or nore sensors that detect the

presence of

a wafer at one or nore predeterm ned |locations within a

robotic wafer handler. 55. A nethod conprising: di sposing a

plurality of
each one 89%.

sensors within an interior of a wafer handling device,
t h€hpliavicalaf thain 86 sdosor the plapdin) ef axfracket ectudageight

transition between presence and absence of a wafer at a predeterm ned

| ocation WHE

HFH-the interior; handling a wafer with a robotic

arm the robotic arn1|nclud|ng one or nore encoders that provide
encoder data identify 803|t|on of one or nore conponents of the

robotic affh

ahbe devick of claa{t) @V’lhﬁﬁmcth"éP’@F?é‘&bl%frsewsam?lad"a@f@ﬁltsé%@é%

Kal man Filter to provide an estlnated position of the wafer. 56. The

met hod of cl

aim55 further conprising detecting a transition

at one of 4i.he Phadeidetof clofm 4@mhoreintthe plmmhhd@f sansozcincladie gdesist ¢nsrighf
t he waf er; mﬂgﬁ &ga |ng an error between the actual position and the
estlnated position; and updating one or nore variables for the

ext ended Kal
42.

man Fllter based upon the error.

The device of claim 36 further comprising a robotic arm having a center axis

within the interior, the robotic arm including an end effector for handling wafers.

43.

A device for handling a wafer comprising:
an interior accessible through four entrances; and

eight sensors, each capable of detecting a presence of a wafer at a predetermined

location within the interior, the sensors arranged into two square arrays centered about a

center of the interior, sized such that a first one of the square arrays is smaller than a

second one of the square arrays and oriented so that a group of four of the sensors at

opposing vertices of the two square arrays are collinear.

44,

45.

The device of claim 43 wherein the eight sensors include optical sensors.

The device of claim 44 wherein the eight sensors include at least one light

emitting diode.

46.

The device of claim 43 further comprising a robotic arm having a center axis

within the interior, the robotic arm including an end effector for handling wafers.

47.

A device comprising:

a robotic arm for handling a wafer, the robotic arm including one or more

encoders that provide encoder data identifying a position of one or more components of

the robotic arm; and
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57. The nethod of claim56 wherein applying the encoder data includes
calculating a wafer position every 0.5 m|liseconds. 58. The nethod
of claimb55 wherein the estimated position of the wafer includes a
center of the wafer. 59. The nethod of claim55 wherein the
estimated position of the wafer includes a radius of the wafer. 60.
A devi ce conpri sing: an interior chanber having a plurality of
entrances shaped and sized for passage of at |east one wafer; a
contact inage spisasoradspted @epglyta extadedKalake Filst tohthe eddoder datagoi or ;
a robot within the interior jncluding an end effector for handling
t he waf er SHIHE 3 BB S ¥Rff'ed to nove the wafer within a
measur enment vol ume of the contact inmage sensor thereby obtaining an
i mage of at least a portion of the wafer; and a processor configured
t o procesé8t heThargyice o alage fé st the pesificaringpdes jgevafgricspter. 61. The
device of claim®60 wherein the robot noves the wafer |inearly through
t he measurenent volune of the contact inmge sensor. 62. The device
of clai m &34 whEhkedenice o€ clomn # Awhenicmefe pesgmmancludes avadatretiunor mal to a
path of the wafer.

50.  The device of claim 47 wherein the position is determined with reference to an

end effector of the robotic arm.

S1.  The device of claim 47 wherein the position is determined with reference to a

center axis of the robotic arm,

52.  The device of claim 47 wherein the processor recalculates the position each time

new encoder data is received.

53.  The device of claim 52 wherein new encoder data is received at substantially 2

kHz.

54.  The device of claim 47 wherein the processor is adapted to update one or more
equations of the Kalman Filter using transition data from one or more sensors that detect
the presence of a wafer at one or more predetermined locations within a robotic wafer

handler.

55. A method comprising:

disposing a plurality of sensors within an interior of a wafer handling device, cach
one of the plurality of sensors capable of detecting a transition between presence and
absence of a wafer at a predetermined location within the interior;

handling a wafer with a robotic arm, the robotic arm including one or more
encoders that provide encoder data identifying a position of one or more components of

the robotic arm; and
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63. The device of claim®61 wherein the contact inmage sensor is
oriented at a forty-five degree angle to a path of the wafer. 64.
The device of claim60 wherein the robot noves the wafer in a curved
pat h t hrough the nmeasurenent volunme of the contact inmage sensor. 65.
The device of claim®60 wherein the robot noves the wafer in a

di sconti nuous path through the neasurenent volune of the contact

i mge sensor. 66. The device of claim®60 wherein the robot rotates

t he waf er w t hippliletheeasideedaenio av@ki¢agedHalinbe Fiteniogebdvidampstisatdor .
67. The devi.ce aof cla;n166 wherein the robot is adapted to lift the
waf er intHP¥?ﬂ94£§§§ﬁ?éﬁent vol une of the contact image sensor. 68.
The device of claim®66 wherein the robot includes a rotating chuck on
an end effector adapted to rotate the wafer. 69. The device of claim
68 wher ei #0-t heTheongthpthef dxocié fughycesphgngieen one- hundred ei ghty

degrees and th : : S : | I: 6
f u?t her conpri i@%&ﬂggggrt?%tl (?{ngg{ to%:{%ﬁiﬁtgé g@ga&t%g te %S-BPFE% I& Si{lﬁg gnwg%%éﬁ lp?érlgejnl’?
t he end ebftbeweferi nt o t he measurenent volune of the contact inmage
sensor. 71. The device of claim g0 erein. the . contact inmge sensor
o2t [ east 300THRRE Fumrireomy 5% XRE fsthon a5 g i Bt 4
the contact i ng@etigefer mbas vaidbke @irihexcared Rglntmdiikabhexl wpbn tHae

waf er .
CIor.

57.  The method of claim 56 wherein applying the encoder data includes calculating a

wafer position every 0.5 milliseconds.

58.  The method of claim 55 wherein the estimated position of the wafer includes a

center of the wafer.

59.  The method of claim 55 wherein the estimated position of the wafer includes a

radius of the wafer.

60. A device comprising:

an interior chamber having a plurality of entrances shaped and sized for passage
of at least one wafer;

a contact image sensor positioned to scan a wafer within the interior;

a robot within the interior including an end effector for handling the wafer, the
robot configured to move the wafer within a measurement volume of the contact image
sensor thereby obtaining an image of at Jeast a portion of the wafer; and

a processor configured to process the image and determine a center of the wafer.

61.  The device of claim 60 wherein the robot moves the wafer linearly through the

measurement volume of the contact image sensor.
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73. The device of claim60 wherein the contact inmage sensor is
positioned at one of the plurality of entrances to the interior. 74.
The device of claim73 further conprising a plurality of contact

i mge sensors, each one of the plurality of contact inage sensors

pl ace at one of the plurality of entrances to the interior. 75. The
device of claim®60 wherein the contact inmage sensor is placed to
intersect a center of the interior. 76. The device of claim&60
further cépri Shadeviceséchaim 6t ohtot the oaget feapscensonierientad hdrenat@nt act
i mage sensop ?gg the second contact inage sensor are positioned

col I'i near PY1 018 W&He devi ce of claim 76 wherein the contact image
sensor and the second contact inage sensor are positioned at one of
the plurality of entrances to the interior, 78. The device of claim

77 furt heP3.conphs davirg o4 clginyp hvhespinghe priftacs irgesenspt o ted atadfettyifivage
sensors pggg'}gg&%ﬁqog?a&%@%qugfpf the plurality of entrances to the
9. e i

interior. vice of claim76 further conprising a second
pair of collinear contact inage sensors, wherein the second pair of
col l i near .contact,im ensors _ar ositioned to intersect center
of the infkri orte dqyfFeoh a0 heRlping kol mBGSThe etk F e NG 801 () of
ent r anc esthriighuliiesedsotetneanichane eithe céhtact haredewbr.e of cl ai m 60
wherein the plurality of entrances includes eight entrances. 82.
The device of claim60 wherein the processor is further configured to

identify gn al TRHURRE oPETLEN6ORIhERR thefdBbt moves the wafer in a discontinuous path

through the measurement volume of the contact image sensor.

66. The device of claim 60 wherein the robot rotates the wafer within the

measurement volume of the contact image sensor.

67.  The device of claim 66 wherein the robot is adapted to lift the wafer into the

measurement volume of the contact image sensor.

68.  The device of claim 66 wherein the robot includes a rotating chuck on an end

effector adapted to rotate the wafer.

69.  The device of claim 68 wherein the rotating chuck rotates between one-hundred

eighty degrees and three-hundred sixty degrees.

70.  The device of claim 66 further comprising a rotating chuck adapted to lift the

wafcr from the end effector into the measurement volume of the contact image sensor.

71.  The device of claim 60 wherein the contact image sensor is at least 300 mm in

length.
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83. The device of claim®60 wherein the processor is further
configured to determne a radius of the wafer. 84. A nethod

conpri si ng: positioning a contact imge sensor to capture imge
data fromthe interior of a robotic wafer handler; passi ng at

| east a portion of a wafer by the contact inmage sensor to acquire an
i mge; and determining a center of the wafer based upon the inmage

85. The nethod of claim84 wherein passing at |east a portion of the
waf er by he cOd dwiceioffalgon 6@ ndcrein the tandes imegs semsgr hdse loaftleexceedigpa | y
t hrough a neaggr @pnt volune of the contact inmge sensor. 86. A
device co g a robotic armw thin a robot chanber, the
robotic armincluding an end effector adapted to handle a wafer; and
a linear array_of charge- pou&led devices within the interior of the

robot chadber , TR €eviGepé giaim P mhetsidhe pontachingage 8005 i @ositiensd abereLf r om

a neasureﬂﬁqmnmgygpgﬁhﬂmgqgﬂgmﬂgg&e predeterm ned | ocations wthin
t he robot chanber. . The device of claim86 further conprising an

ext er nal |Ilun1nat|on source that illumnates the |inear array. 88.
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each one of the plurality of contact image sensors place at one of the plurality of

entrances to the interior.

75.  The device of claim 60 wherein the contact image sensor is placed to intersect a

center of the interior.

76.  The device of claim 60 further comprising a second contact image sensor,
wherein the contact image sensor and the second contact image sensor arc positioned

collinearly.

77.  The device of claim 76 wherein the contact image sensor and the second contact

image scnsor are positioned at one of the plurality of entrances to the interior.

78.  The device of claim 77 further comprising a plurality of pairs of collinear contact

image sensors positioned at each one of the plurality of entrances to the interior.

79.  The device of claim 76 further comprising a second pair of collinear contact
image sensors, wherein the second pair of collinear contact image sensors are positioned

to intersect a center of the interior.

80.  The device of claim 60 wherein the plurality of entrances includes four entrances.
81.  The device of claim 60 wherein the plurality of entrances includes eight
entrances.
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89. The device of claim86 further conprising a wireless transceiver
for exchanging data wirelessly with the linear array. 90. The device
of claim89 wherein the wireless transceiver is positioned outside
the robotic chanber. 91. The device of claim89 wherein the data
includes the image data. 92. The device of claim86 wherein the
linear array is a 1 by n array of charge-coupl ed devices. 93. The
device of claim86 wherein the |inear array includes a two

di mrensi onal array of charge-coupl ed devices. 94 The device of claim

86 further,co i sin | ur | i near a s each ca Iurln
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devi ce of agdndidit RcVREME WAfdrhe robotic arm i ncl udes a chuck on the

end effector adapted to rotate the wafer within the neasurenent
volume of the linear array. 96. The device of claim95 wherein the

robotic agin i ST@M&%E% Eé %vge#a& m@@gaes Q{I%ﬁg@sr r B Pl exﬁuck

of the linear array. evi ce

r ot at es bEﬂmeeﬁﬂ@weﬁhundred ei ghty degrees and three-hundred sixty
degrees. 98. The device of claim@86 further conprising a rotating
chuck adapted to lift the wafer fromthe end effector into the
measur enedd. voAumsthaafcoirpéisingnear array.

positioning a contact image sensor to capture image data from the interior of a
robotic wafer handler;

passing at least a portion of a wafer by the contact image sensor to acquire an
image; and

determining a center of the wafer based upon the image.

85.  The method of claim 84 wherein passing at least a portion of the wafer by the
contact image sensor includes passing the wafer linearly through a measurement volume

of the contact image sensor.

86. A dcvice comprising:

a robotic arm within a robot chamber, the robotic arm including an end effector
adapted to handle a wafer; and

a linear array of charge-coupled devices within the interior of the robot chamber,
the linear array positioned to acquire image data from a measurement volume in one or

more predetermined locations within the robot chamber.

87.  The device of claim 86 further comprising an external illumination source that

illuminates the linear array.

88.  The device of claim 86 further comprising a wireless power coupling that

inductively powers the linear array.
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99. The device of claim86 further conprising a processor configured
to determine a center of the wafer using the inmage data. 100. The
device of claim86 further conprising a processor configured to
determ ne a radius of the wafer using the imge data. 101. The
device of claim86 further conprising a processor configured to
identify an alignment notch on the wafer using the inmage data. 102.
A devi ce conpri si ng: a robotic armw thin a robot chanber, the
roboti c aBt i n€heidiiving adplain 86 &frther campristha wigeless tlansediver for vrchergingand

a linear 3&%%%£RL?§Q%£Q§5E&%p%§1 devi ces on the end effector
e data

positione 0 capture edg froma wafer resting on the end
effector. 103. The device of claim 102 further conprising an

external Jlunmpation source.that.illumpates the Linear arra 104.
The toa cB0of DR darieh o3 2Hiny B bieihg PAEIES st S oni SRS g
t hat i ndugdhoMetbanpeyers the linear array. 105. The device of claim

102 further conprising a wirel ess transceiver for exchangi ng data
wirelessly with the linear array. 106. The device of claim 105
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92.  The device of claim 86 wherein the linear array is a 1 by n array of charge-

coupled devices.

93.  The device of claim 86 wherein the linear array includes a two dimensional array

of charge-coupled devices.

94.  The device of claim 86 further comprising a plurality of linear arrays each

capturing image data at a different location within the interior.

95. The device of claim 86 wherein the robotic arm includes a chuck on the end

cffector adapted to rotate the wafer within the measurement volume of the lincar array.

96.  The device of claim 95 wherein the robotic arm is adapted to lift the wafer into

the measurement volume of the linear array.

97.  The device of claim 95 wherein the chuck rotates between one-hundred eighty
degrees and three-hundred sixty degrees.

08.  The device of claim 86 further comprising a rotating chuck adapted to lift the

wafer from the end effector into the measurement volume of the linear array.

99.  The device of claim 86 further comprising a processor configured to determine a

center of the wafer using the image data.
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107. The device of claim 102 wherein the linear array is a 1 by n
array of charge-coupl ed devices. 108. The device of claim 102
wherein the linear array includes a two di nensional array of
char ge- coupl ed devi ces. 109. The device of claim 102 wherein the
robotic armincludes a chuck on the end effector adapted to rotate
the wafer within the neasurenent volune of the linear array. 110.
The device of claim 102 further conprising a rotating chuck adapted
tolift the wafer fromthe end effector and rotate the wafer within

the measuyggre ”‘rhé’ ﬁ’év%eof%fanh 98 FrHIP i O;s"}gﬁn%ua pr%gc%sjor 83{%}& b %gtcﬁnm.% jaim

102 further conp processor ¢ mne cen
of the maﬁﬂnmmﬁﬂngmﬁhem&@gbedm@adamllz The device of claim 102
further conprising a processor configured to determ ne a radius of
the wafer using the edge data. 113. The device of claim 102 further

conpri singorR P @videYof ofaith BH QathePEdnR BRI rbdeOdde doﬁﬂigui?e@ﬂb Weﬁtlﬁrdﬁe
data froma nunber of |ocations on a surface of the end effector.
alignment notch on the wafer using the image data.

102. A device comprising:

a robotic arm within a robot chamber, the robotic arm including an end effector

adapted to handie a wafer; and
a linear array of charge-coupled devices on the end effector positioned to capture

edge data from a wafer resting on the end effector.

103.  The device of claim 102 further comprising an external illumination source that

illuminates the linear array.

104. The device of claim 102 further comprising a wireless power coupling that

inductively powers the }linear array.

105.  The device of claim 102 further comprising a wireless transceiver for exchanging

data wirelessly with the linear array.

106. The device of claim 105 wherein the wireless transceiver is positioned outside the

robotic chamber.

107. The device of claim 102 wherein the linear array is a 1 by n array of charge-

coupled devices.

108. The device of claim 102 wherein the linear array includes a two dimensional array

of charge-coupled devices.
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109, The device of claim 102 wherein the robotic arm includes a chuck on the end

effector adapted to rotate the wafer within the measurement volume of the lincar array.

110. The device of claim 102 further comprising a rotating chuck adapted to lift the

wafer from the end effector and rotate the wafer within the measurement volume of the

linear array.

111. The device of claim 102 further comprising a processor configured to determine a

center of the wafer using the edge data.

112.  The device of claim 102 further comprising a processor configured to determine a

radius of the wafer using the edge data.

113.  The device of claim 102 further comprising a plurality of linear arrays positioned

to capture edge data from a number of locations on a surface of the end effector.
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