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DYNAM C ALI GNVENT OF WAFERS USI NG COVPENSATI ON VALUES
OBTAI NED THROUGH A SERI ES OF WAFER MOVEMENTS BY

WO DMENTRRE: Scott Wong, Jeffrey Lin, Andrew D. PGHUSIY9I/041730
11, Jack Chen, Benjamn W I\@ori ng, Chung Ho Huang
BACKGROUND 1. Field of the I'nvention [0001] The
present invention relates to transferring wafers anong

TRRRASEC, AT RIEERP O W SIS ERISE s aTION
the VALVES OBTRIRED THRGUCEP A SERTES OF WAFER

In the manufacture of MO:VSEMIENTSJIeW ces, process
chanbers are interfaced to permt transfer of wafers

or substrates, for exanphehatwgen the interfaced
chanmbers. Such transfer is via transfer nodul es that

h f Le '
That o ScliFband sy B WS BIBAHAMIEIRATRE, POT (S

I nt er f aGedjaati@ MOEVISorinig, &Uh&ﬁgHoreraﬂges are generally
used in conjunction with a variety of wafer processing
nmodul es (PM, whi ch nmaygi\gl¢REURgT conduct or et ching
systens, material deposTtrom systens, and flat panel

di splay etching systens. [0003] A vacuum transfer

1. FitRPst Be INVORtiomRY be physically | ocated between one or
nore clean room storage facilities where wafers are

[000'1?1or efhe a;S}Qse'ﬁP' Iﬂv@ht‘?onwalfe%esp rtQC%ﬁﬁéfEHl&D ds%fgl% Vg‘ﬁﬁfn% modules of
the wafers are actually processed, et ched
semhamhlctt&rmectdssmgl egepientadd hvee @amlcullaﬂyttbl kalcnwmem;ately each wafer,

. en a e s requi.red r essi n a robot arm
with e Syrar i bt FESH L IHNG TRy e el oyed o
retrieve a selected wafer from storage and pl ace the
2. Dggariptionof the;Related AR | tipl e processi ng nodul es.
0%0004]]6 Sensors at each of the facets of each station
[0002dve Ipebp mpsaihctue joh cpaieoadedier daviensapipeets chambers are interfaced to
rng ?I%S{FEPSf {VQFel Br ?L?D% gattoir ggam{)_'%v‘@é’t%reen 'ﬂpee Q'f%c?@fambers Such
pl'aci ng wat ers suf ers ue mul't1ple

trandferr isexanphser hbeéulpotiat inoRe die Whferss EnsadampiYhioogh blets or ports that
perfect and small deviations in sensor |ocation result

are H)rﬁvzlélg¢ drthe adpregniowplisoiahe hlbtegf\ﬁfegrch@@g?rﬁ "Slﬁlnsfphmodules are generally
usedagldb%ﬂéﬁ{btloh @it 9 V\}?re@f] ért Iegesglﬁgb s Y hgx?ﬁlcf? @nay include

int exact p ace yste elieve

semichedwhot etcleng whstedns, cnnemhe]s d@mttll@arsyst@msc end dlat eamedrdisplay etching
Still yet, the robots that transfer the wafers often

SYS'$f8%e two arns to increase speed and flexibility in the

[ooosyst eMyabiink Efaﬁs;facﬁodme %Wl\@rrﬁape@wsh&n9l1o&wdf&&@&qle&qe or more

bet ween usi ng one ro bot armor the pro ucl ng
cleagir¢dre seomager fasilities where wafers are stored, and multlple wafer processing modules

where the wafers are actually processed, e.g., etched or have deposition performed thereon. In
this manner, when a wafer is required for processing, a robot arm located within the transfer
module may be employed to retrieve a selected wafer from storage and place the wafer into one
of the multiple processing modules.

[0004] Sensors at each of the facets of each station have been used to increase the accuracy
of wafer placement inside each station. However, the accuracy for placing wafers suffers due
to multiple factors. For example, the position of the sensors may not be perfect and small
deviations in sensor location result in defects when calculating wafer position. In addition, the

robot transporting the wafer may not be in the exact place where the system believes that the
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according to which robot arm picks up, or places the
waf er when transporting the wafer. Additionally,
W@2008t13712@ et hods are suscepti bl e to operator' BCEUS0H041730

and are not automated, requirjng long calibration

times. [0005] It is in this context that enbodi nents
robog s, rEch ergait pBRtherSouEee fQURTRIRY StODYH] therrpbels M fignyer the wafers

h : ovi ' : '

ofteﬁo Igtgxl/ér)n [\gi %% E(?Yrgc[[[]%dgg Egﬁd ér(ﬂec%gg%fgﬁllh?f?rt? ;c/l?cln STNP. qﬁﬁ)r!ic%ce, there are
opergeoriat diftiurerices batweah asingranegobofuirpmenthe ushargp@ducing different results

accocqo.}ﬁ%[}{)) lﬁ%éﬁ{;, Srglgobf%qo%j[cﬁgrl&%,r Q%m a?cggr‘glt&egiwiakﬁrx]a\g eg]ntrlagsporting the wafer.
AddROMARY, BGstiR hedehs ard ]?Lbs‘ééptﬂﬂ§ itd io?@ratd?rs 836 akk Ofbt automated,

interfaced to facets of a vacuum transfer nodul e used
requirmngsleng edidatemdgimesanuf act uri ng. The met hod al so

i brat.es, .the s m_t.0 ,0bt ai onpensat i on
100088, , i RR It RS S TR Bl BB REMERA B wher e
the wafer is to be place the position of sensors in
each facet, and the offs&ﬂﬁﬁﬁﬂed from perforning
te nd retract operations.of a rpbot.arm |n o
(0008 HEPRAmED it JREFR. bie BBl RoRtBE by s o opimize
wafdrhad¥aieR 0 ebpeatabillitya ire Serhibendiy folr @M duPact@MResf@bBerft Qlsing a controlled
~differences derived fromusing one armor the other.
seriepyof WidETTRPNSMES Surin 9ge eithedimenéraspraki@ingragtation ealibrasion is performed
to el SR bo 1 Rt S hECATRAIEAL hER yPALAITPLRES module used

in demiesmiductor Cannufectuufifpd. e mafice ehethiodn wier @dkbragey s thes ygdterds to  obtain

a process, an apparatus, a system .a device or a.
COMRBSALRYN BHARCenB it talke It eserd the sftipn Waekgdhe wafer is to be placed, the

posi%@ﬁ’ BPLdn¢ErsSHRAG %@%%ngfthé Bt ovaae! ﬂrSﬁﬂ%Hoﬁﬁnie L&(;(éentdoand retract

escri bed below. |[0008] In one enbodi nent, a
operafptrisndize rotaft ermpl licamtnt endpdatatli whery thenrobot includes two arms, the

e SRS B ASA A8 (SSURRIELL, L5408 By ing on am or e

otheRer DAFif® MarRFRthglahy Wwiftks @R FREDHALthONitBreh€3GoRs using the
robot position for each station interfaced to facets

comp¢nsatiqrpearyneersansf er modul e used in seni conduct or

ooV RS POyl PSR B B LRERI LR G ab g y e

wayt,hacldlbs § ereeis, ah appRMGs,USyRE@ns; ANGReRs &k iaGfetéd YRS computer readable
obtai ned during the calibration. The calibration

medjuigs| depsEl ientivg erabehpenis of diei Rsprent NGOTDN are deser badshaheyy.

t abl.e V] j,nal ot | acat.i r
[000?;;10 e?ﬂ.n %Hyégiéca |d§/}? g%thg g?:et ua K[Ose g%%%é) Irl)gacfgrf iP cl)a%gﬁl rétv f?tegtablhty n
semgbidyetdrymémnubaotinie ¢pé@ahernnsinghecenttdied syisdseohi wallei eoesments. The

that the sensars are, [0010]. 2. identifying one of the :
methadapqris &Pr&ﬁ%?aéYé nsqaﬁbliaaﬂr} i§ AP 14 SRGPPEFeR igeaeh station
interfdc@A Shefactis ' §CHI PRuLEX SNV frodhit #RAt h sé@hdonductor manufacturing,
Identifying reference robot arm(in the case that
follavaddty maslibratien pf teayssin. DaGid naBufapiucikgnge arafedyere placed in the
diffe%egt{st I%h%gﬁg Hssltng tclor%?)er?sa%rfl %zrﬂu%sh %ta{n%d léﬂ%%"g” tltleocakfl%rﬂlro(r)lp efllley calibration
includes the following operations:
[0009] 1. accessing a table having nominal sensor locations for each facet. Typically, the

actual sensors locations deviate slightly from the locations where the system believes that the

Sensors are.
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using for exanple an aligner. This position is

established as centered relative to the robot. [0012]
wa2000a32iNg t he pi cked wafer through the pl uraPCT/ysS29p9/041730

facets and neasuring extend d retract offsets when

the robot passes the wafer into. and out of the
[0018] 5t j DALenfif YIRS eacof the siatiprre g refsrence éféflPPrdd%{ﬁlfﬂflﬁ ggfgrence transfer
I te 4f r
A P R R T T K nat rabot has
multiple echi)on, as well as error induced by u3| ng nom nal

nsoy l.qcations, (for each ar set
10013555 P S 0 BE sritieBOn SREMHA et ilas NRARE o B gadheahy posiioned
usmg %@Xhl\ﬁ%letsﬁﬁ athlgﬁelr Ol postHUnCil e &aRisAEd h‘ssc?e%te@é?d Rlative to the robot.
onpensation offset to optimze wafer placenent

[001|2bc at4- passifobe picked watijr typighythe pbuoality aif fasstsfand neeaeltrmg extend and
re t hat ..t he .waf er

retraa egttfse Wfl%lctg £ 1o assi:%tge a{% ruétﬁ & 8d OPP Oﬂ%ﬁ staJu Iés W each arm.

[0013PNe D\erdakiaK iah @fﬁﬁﬂaﬂl@&& @6 Pen satevaf &[pe@t@ﬂl%&ﬁ@ﬂurement error induced
relative to the station béqlan aligner or fixture.
1

by djffrygngies petwegn exicAd ang Etige r%ﬁon,cﬁéafrqlb%ﬁserwulﬁ@lced by using nominal
Yehas, e
sens&ffo{:& CPQIQ n(ft he%gesn ) e (gfgsae% Pagn f)féﬁ asé?{g?letr?‘é%fteglﬁl}#e actual wafer
locaﬁ&Oilfﬁétl\& tofthe @otiasnehieh fcaptbetiabd as ua;iouq;@mamdn rodf3et to optimize wafer
posi t| on for each station by obtaining data from
Placeragae @y pl aci ng and pi cking of the wafer. By using
[001‘1}II t '@laﬁ @%%tﬁﬁ vands gsNetRtinEn 3o LERECALRL Wifer 1s laced in the
\11 systemis able to obtain nore accurate R
desntedripcraglouauyutéas refe@GDey hrndt h#hisampeetdonefbyt meklng\aecthtmaamunng a wafer
wi |l _beco apparent fromth foI | ow ng det ail ed
centgyigd £ BAnS RARE Y 30 VBAPLAGEIER: wi t h t ho
[001@ cormaaﬁ(mﬁg tHH AWM IS catidnk WSihe ahdtio MBY aRSnrERRP b ®ure that the
princi ples of the invention. BRI EF DES PTI ON OF
wafer&Eplmd\MlN@ie[saeqsqeamfeby hgaelcicnne amy best be

[001%2ker§tfln%qurpé/ ofrfse% ?arb? Va%tlcit,]soatn%]i rgb]c C)|o|s1 1\6Mn r%gr f‘:ja%@ %{altIB}l g obtalmng data

conj unc
fromMeipedtedlfy @Qll"ﬁi g eEidqﬁdSlﬁn d ofigpi V(izthr aBj/ ylﬁlh [ @hulﬁ}ﬁmnﬁmmdldﬁl @I generating
process cluster architecture illustrating_the various

a refyggataEye vale. thetysionyisablg torpbiiy BroikacHraimidpeuningdiaiuss-
[001@1‘” Othk Qﬁ) ts FIFAHE ?n\%eggglﬁﬁﬂ%emﬁﬁp B}éﬁ@ﬁtyfrgﬁlaﬁlk llowing detailed

libratio process | gure escri pes one
desceiptiodi takert i eahjunstesm withi thal acsenparyilgodatwiogss idustiatigg by way of

e cal i br t| on, process. [0022] Figure 4 shows a
exa%&ﬁﬁeeprﬁ’cﬂﬁ fqgglr’i‘éfﬁl?uclnocatl on table according to one
enbodi ment . [ 0023] F| gur es 5A—58 descri be the
generation of BREEF & PN B RANI

e ijvention. ure 6 hovvs sanpl ffset .
001835 ¢ 9 BysE|onr Gurtes %%?@rats 7 b rﬁ#éergﬁép.tﬁﬁ%eﬂiq%g description
takeR R &Jﬂj&ﬁlbﬁ YiREE AcbRPahfing aﬁa\xﬁﬂngrﬁéﬁ. :

[0019] Figure 1 depicts a typical semiconductor process cluster architecture illustrating the

various modules that interface with a vacuum transfer module (VTM).

[0020] Figure 2 shows a preliminary station calibration process.

[0021] Figure 3 describes one embodiment that uses nominal sensor locations during the
calibration process.

[0022] Figure 4 shows a sample nominal sensor location table according to one

embodiment.
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[0026] Figure 8 shows using netrol ogy based al i gnnent
during calibration according to one enbodi nent of the
w0 posensizen. [ 0027] Figures 9A-9B depict a fi neP€T/OB29G9/041730
operation during calibration jn one enbodi nent. [0028]
Figure 10 shows a sanple distribuytion_ of results for .
[0023he fhigwes nrHR) desEPatheoseneron of the; qjfiekiablgan ope pmbpdippent of the
invehfign Process flows for obtaining the conpensation
val ues and using them during manufacturing. [0030]
[002A] gurldgWi2 6w iabemplei affsor ablel y t he use of Dynamic

i nt LII cording to the nmet hod.described in )
[0028] (5 e deny AT AR ey TP OGS SRt Haan Agembodiment
[0028Y St EMBueR QRS IThARe Wadi®lodd! REEMNEnhEREALRRI dalibMtibA according to

sem conduct or manufacturing equi pnént using a
one gwhedimieheef themventiaf. waf er novenents are provided. In

e odi a.prelimnpary statign.calibration is .
002307 SRR P8 o AP SeP b SPaREABRR b I phfembodiment.
[0028Dt erKigged OtsBoWwae 8hrmplefdidrivaibulnrésuih sdrake ilxdtihig(opEMrion.
used i n sem conduct or manufacturing. The nmethod al so

[00204 i pFigeiss 1 hel Hy shewh the petsess Hows Aplepkiginingythe compensation values

ers. ake.lnto account the station where

and?ﬁé@&% é%ﬁF%qﬁ%n%e plléed, position of sensors in each

[0030%.Cc etFigaed 20ddssigties pdeniivedthernsmop @ynamia Adigextetndl adedrding to the
retract aqperations of a robot arm A well aligned

meﬂ%z%f‘%ﬁcri@dd%gtgufeo“f@'ne tune the positioning of the

wafer in each station and to hel p conpensate for snmall

devi ati ons of the sBDHIAMLEDJIAESCREPHIONN t he desired

| ocation. [0032] In another enhodiment where the robot,

[003Thc| JfedofnBNGrYRCMY HeORETHE IV PIBARES renralaByY ghgraiconductor

manb2ERENS %ﬁﬁipﬁ%ﬁt giif GlcBhRt&iFed &bl bf Q/Qfefr W VeHRh3%hrOBfovided. In one
arm or "t he ot her. ring manufacturing, the wafers are

embpdiawad a prelimenady ftfatoenlitsatain snerfeshedytd feach a robot position for each

.conpensati on .parangeters. Additionall t . .
ot BGHEGE) G FRTUBL “aF & iEbdronaic (YR gy n semiconductor
manBRSiukin@N THE @RtRdCHbNBal fbiRe b &Y stém A0Btaft 8drhRMsdtfon parameters that
cal cul ate where wafer center iS relative to station
take detataseounf GB383tiant wherk fthepwalehisi tobs, plarsdepasitiont of sopsors in each facet,
and %%flsel:tl %g:ril 0y hlge arr‘fdrnltirl? atextterl? ARG GEERY o Qr\é%(r)]rtlsl 3f a%gotbg‘\rm. A well
prac i“Ced” W Thobt S0nee 6F “ar 1*of esé specifTicC

aligrb@t whfles is bfedotohBhie iidt @B GRSItiowRlk! ofkihe\Wafpi BCe&S station and to help
operations have not been described in detail in order

compgisatedor iprbeadations 9f Bssenoelacaons e fie desiechioraion.
[003%?0341]11 Jﬂoﬁ{‘&f %m%ogﬁ%ﬁﬁ:t\ﬁle?e fh}é%?(?tl inél%géscg%d Olhe methsod calibrates

ocess cluster architecture illTustrating the’'variou
the sypetl escdrmginsitatfer diffeeenaed fesaltivadrommuting st ermmydhé ether. During

38 (VIM.. As is well known tothgse skilled in.the art, .
mantl%@&&ﬂsaﬁ@f‘em tsottct PLAGT a0 BT oV aiaa ey g e Coimpensaton
parahRil S MG the RlotpRh i iBE & al RS drd Wk&B tRRasure the wafer position

processing nodules is frequently referred to as a
whet glidksnge thet waller dirooh tsettonrte "cabypite mhe whize ke®Or isatesasive to station

called a | oadlock or a transfer nodule, is shown in
CenthM
[0033] It will be obvious, however, to one skilled in the art, that the present invention may
be practiced without some or all of these specific details. In other instances, well known
process operations have not been described in detail in order not to unnecessarily obscure the
present invention.

[0034] Figure 1 depicts a typical semiconductor process cluster architecture illustrating the

various modules that interface with a vacuum transfer module 38 (VTM). As is well known to
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38 with four processing nodul es 20a-20d which may be
individually optim zed to performvarious fabrication
wee@easres. By way of exanple, processing noduP@sUS2009/041730
20a-20d may be inplenmented tog perforn1transforner
coupl ed. pl asma é;CP) substraﬁ% etchlég
thosgy skBlelt inoHig, arknthe HTASEMERr Ph anifige A aléaktpngrainﬁfer wafers among
D e phd e moBRe e R Geéfled (0B, g, cluseer ool
arch#tectaiel kystdm. oAnrhoqkriﬁ)c elss cahtedLd leadlBalcor $lratsfaltrmd1bﬂ;e & shown in VIM

t 36 that s,the s M|o t.o,.Vv m . .
38 wilth e drosso e ansBies 7kl S4B TagDe  RERGH optiized to perform

iGserapsiestidn0 pRREQES. BhewRASEi &d i B@er 4 92bRg0d b
Vmﬂlﬁ and obp'g t he regpegflve s?%figﬁs Sm'gSS ﬁ%bot 22 Ay oe

1mp}pm§nt§fiet05 peafosm 2ginpfetmee rcoupleti plsmal ﬁT@H)s substrate etching, layer
depoghbogal :@ spgtggr?ntgz gr‘? %Qe% Elg?lhgen%r\ﬁp?bo%églg ocg?ﬁhﬂ% plocess module

20, @akrantatRhivedtmerusédat @ okefeh® sakefibaitiock b 8p9P&stmodule. Each
Front-end robot 32, in atnospheric transfer nodul e 40

statipiniigy a faeet Jeghatt igtarfagersthe rst%mépsvaﬁv%t@agf@ém@uleo% Inside each

fefysfes Top] 45 ) S ath PR el ST Bl pag v of e

respgutiveemsionddul e 20 indicates the ideal placenent for

acin er 26. Aligner 44 in ATM 40 is used to
0033 g et 20 ran{leh SeferAREF ¥ P SIS 1 HpRfan st tpt sl 22 has one
arm ae{nﬁl iAGKoREr érﬁﬁécﬁﬁleﬁ%bM@fsz@ PR erhE‘@%‘zu:l? arso had !ﬁﬁi end-effector

‘center of the wafer may not be accurately positioned
24 to glick theewaferst floe timhstoronFroAs-ead resui32, imhemsphaicdiradéer module 40

robot 2 3 i cks the wafer the
AT R ot 58 RRB GNP U 1Ry PG Fadod (FOUP) 34 in
Load &loat MeRuleO(ItHNg) agnbedirledk Bhe Bioasie. cehttr 281 MRICEPROeess module 20
waf er center to bl ade center alignnment, also referred

indigagesatye 'idaal @lachmartefomipbsingwatesn26. ohligiergilyin"ABMed0 is used to align
Walff:rssallgnma\nt " continues as the robot perfornms an
extend"” operation, by which the blade (and the wafer

[0036Rr I | WileDYrahidi@rink akieyvakt rorDMEdCK BO 0is@l the Shcdlum fardshe module 38,
processj ng nodul e and by which the wafer is placed on

the gsnirs off i afesrmaresdi itgadrBenale Peotiongdofclatiaipitee stpags7s a result,
wherl I"El'leS viad oF rg%o? abi 19“\?"?1(}1( 38BYek€ AR lérgfé? tf’ﬁc f(I:Hti]tEr Bgﬁfé wafer may not be

per orns a 'retract oper t 1 on,
propedndodakee, maﬁlegnedareﬂatﬁfd tbyhet cl‘mtebl(ﬁdl&) blade Thy edproperowgfer center to

the slot. in the processjng nodul e . Such wafer . "
bladg; cenjer fm‘»p aFesf?)‘T‘?,Aoﬁ‘f .aﬁuavaéﬁrt?%ﬁ% %ﬂi’lﬁg%ﬁ%n‘fr simply "wafer
mis#BshRRAk, 'Oﬁﬁlﬁﬁﬁéso‘ﬂ tﬂé/rd%’t s&dhe aﬁﬂé)@t@nd"sop‘%ka@i%ﬁdb? @Jhlch the blade (and
anot her one of the processing nodul es, such as 20Db.

the jva@B&hrriet yhthel ldacbié an@trleufedhhtoughel adgtnputh@rprocessmg module and by

whid it bk i Bacedon fb gt P PERE e SRo 20 S eaieln®

[0037he MRy Uhisflgnile@® may @onfifuclasl BBV WDt [pegainh 0N 'reBAE" operation,
connected to the cluster architecture via a

by wiEemdickbipdo3ad the pifew Fatisd pat @atdlelesom 0Bacd dygegh the slot in the
r 31, %; i t. p tu

PSSR L0 At D e, A RRAL A suscen

extefdOPeras@i by edichsthe Refeus pROEd in another one of the processing modules, such

as PM 20b.

[0038] It should be noted that the computer controlling the wafer movement can be local to

the cluster architecture, or can be located somewhere in the manufacturing floor, or in a remote

location, and connected to the cluster architecture via a network.
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i nvention, which is herein incorporated by reference,
a nethod, called Dynamc Alignnent (DA), was provided

WO 2009312my sensors in the different facets to PEPDS0EI/041730
waf er placenment. However, vvhigbe dynam c al i gnnent

I mproves the accuracy for placing wafers, other, .
[003D} ¢ olf@rmmewt@vﬁ%ﬁ&%%@e Qecgmpeyr 31512902 gad titled “Method of and
: fe i E
Py BBl AR GRS BRA0E e Fh BB v come
investiw, | widelv ishemnsincorppenab by Irefeatncana meshdd, calleddBPlyeohis Alignment

in cal culat, wafer position. .ln addition,. the robot
(DAY Y6 BTG E HE TR Pome) HBiBEeTn HS Aol JGT placement
Howdh&r, §HilB %yﬁé/rﬁfceiﬁfgﬂﬁiehﬁl otddahe hii@rdcQlBt plading VR NGher factors in

anot her source of errors. Still %;t, the robots that
the tystgnsiénodedeecrys ar egflacemehholewaiges, arersutiog sanspwader example, the

osi?geegtl%nge f(l)reXi bi | itt%{e | A ft: rt]ea ys%{a?lngie Iar%f%r § i lEnsor Jocation result in

p 6p%P tionar’di'fterenced tge ween s Tig ove® o5 allm or
defetf3€n oilb@ating @&fdr toosigoh.n Iilhddiesenke Fodstitriispagim@rtaé RMAfdray not be

whi ch robot arm pi cks u?, or places the wafer when

'

in theexpefrdaceiwhgre fe swete@rbeliprra4bat theimbot Brragatipg anpdersqusce of errors.
. e r t t t :

SR FRsE 3L Sba P G R IR W gp pyge e e

flexidllitg mietsyseinh Theckae dpelaiend difteeaias bargicaeasing ohé nbot arm or the

Moreover, there is a need. to increase the c¢consistency
othepyreg t@l&j@%&?f@ﬂ%@%ﬂ@%@p‘m]é 005 AT 0Pt PSR the waer
whes LahdfOin o [fR0& 1. Enbodi ments of the present invention

| Nprove ?he use of dynamc alignnent in a
[0048hnuf Additionally, elrere ripramesed foocrehtet 4 enethval €rat pumoeesnthe calibration

The enbodi nment resented here have been naned nam.c . .
Procgss; ta ARRIRve |r“?He_a§an6¥1§F H]ﬁia gpl@e@t \gﬁlbwgugecf;c}eé)ﬂl nﬁ%Dg?, engineer s time.
Mor8éR¥,| tBfreGhimREdtd MHerddkO AR HnsillhSy SPAEAbYyAMi¢ AAGARSNt independent

robot val ues for each station. After a prelimnary
of wateatlowrandatdtionati on, if a wafer centered on the robot
004t BRI i Rh D Y B SRl e
mandR8turing lRh Virermhdrd f@tbe@dr Whfét praeérBerd 1 Tht ehdbaing@ts prosented here have

station center. 204. If the sane is done with the other
beengpymedt naye Sligpgd!l and in position 206 in a
L F T . O . . . f ot '
o048 KR 4 2651 AL 600 BYAAR, LOGHE. 11 Bcion e
roboe nbloel for rach dtiteonpriefitérnd praliminatyaitation cdibidvioat if @arwafer centered on the

rocess. i s repeated several tipes until the fixture is
robog.asfaé% Placethiy @Féﬁ@&nm&%ﬁ%éﬂgw qrdpsids ffﬁ}bﬁatt ixture 210 would

landtiﬁlp%giﬁeﬁ ©98 vt c8sbratthrsARRLLs Y8 Uehifde frbmtddtBn center 204. If the
tol'erance is 500mm [0044] Figure 3 describes one

same rshdahierveitht thehaheruses theomfaaivoslengnt inl pestidno2(d ur difiigrent location,

..the calibration ess. This is the first operation
witg SRR ERLER AORHESRec AhReapnicgfict p2L, OPo 2
[004A] | gniedHe dnhBodiBEMOthe Relidhafy ShtistOBAINMicHENEESss is repeated several
| ocations indicates the estinmated positions of sensors

timep gniglatbe fikgeets, prapral yessionedinsiga e sefianivitha thestoterangeerequired. A

tatj .t h | i th t abl
sam g Saleei et eSS EPSO R WP ed i n the art will
[004?Fp:me[§%§1tee3 hhatipsh&n érﬁﬁocﬁﬁkgg @1@?5&@ SR &Ensok lsloclé?iﬁlgs during the

"properly positioned watfer.' |In general,
calitggtedneprocess. This is the first operation 300 in the calibration operation for the Dynamic

Alignment III method. A table of nominal sensor locations indicates the estimated positions of
sensors in each facet. The wafer is centered in the reference station with an aligner or another

repeatable mechanism. The person skilled in the art will appreciate that when the term
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designed to use 'properly positioned or 'optimally
positioned,' even though in this case 'centered on a

w0 owad3rrectrode actually is preferred and i s R&I/US2009/041730
defined. In another enbodi nent, placenent can be off

axis, or_ alignnment can be perfornmed w thout respect to
‘centergds diaffre IRupas. 4h meRns BPPePhRetiigned poles] M ggpealy the system is
sens |
des1%riecor dlﬁsne; f)&l 9 nE%cﬁquﬂt ‘%E)tl{?{lgﬁf :Fb %ohﬁtgv\gvé‘i??(hough in this case
cenuhrefd" eoe i re;ltrmit ebtntsode rctueldly ng frofgrregr oclessiwel deftiiddes In another
two . airlocks. Each statian has three §§ﬁso

emb&%@k?&‘f AT 7 He OLtAS SR ANBHEEH SN g é‘ﬂgil’”lihﬁlé? fespect to
feaugpg%ﬂlvgﬁ ARASTULBIRALS tO | ndi cate the | ocation with

reference to a poi nt in the cluster tool architecture.
[0045h onf@gerbédhaenta sathpler efreineheanspoileratips talie 408batcording to one

emboc%g}egg oélh %)2 g};%rgxgs ts1|\§<vo EErePEBt& nnst %nc‘f‘ude Ing &)%gg)sr’(l)é%s%%% modules and
two lalicgenalaah is@fioffhak hEre@fsEﬁs%irs tla®| @sd)cﬂat@dﬂ evigmheditafMt and for each
of the invention. Centered ‘vvafer 308 is picked from o
sensph gheFee piSr Y BIC3TUATNYNS équl@at% disslogetiagweb ietsrage to a point in the
clustreF Itc?atl 'aYc?utE@tuIteh e %Oém@&ﬁ%e { eVY% e%ncleﬁ)oﬂ{tqy alut roggt b &ife position.
mnary robot position Iél rou sSensors 2
The amdnf&@slueraﬂds BynaadiusAhiigieeRt amdSarua%(ﬂe To nmeasure the
fset of d§£{1e waf er, based on th nal pl ace of t

(0048b1,S eGP A e HORS oG Ol inE g Gioible Goe FpodIment of the
1nvef1§())(1{ e@@'ﬁw&ﬁ Cxi)va@eii 3d8r1 [REY )fronl he BR rID oA BR Bhd 1sec)6§1§189red centered

and retract neasurenents for two robot arns originate
relatdventedbeiraoenns.  hbe \x&afeatls brouglHA- thx prebifAnRg rolEE@OEmon 312, through

e AR T T -

on tRSnIRinhOp1d&: &f tﬁ€§eﬂs8r éhd AW mARtembRR e theRafer @B@smhs(extend) and
are averaged to get a representative value. This

out frefeeies Inhenembedingnt,r oond papaatradsi measyreptentshgor two robot arms
sur enent a 0
o AL ! By AOA S SROPETRL R BT R0
[0047hhe me(ﬁfe dﬂﬂiﬂoﬂlrﬁmethar&iteahﬂ adredut efesposdakaep@idc@ultiple times,
the effect of wafer shifting during picks and pl aces.
suchjayJAgp 291Enasrin 3 &pw+ Kl tBETL BRSNS WERFNES RES TYFFAERT ¢0 get a representative
[ r f fes r§d
vl RS PSP OO EL s n anorer
embediatenc alb bprabticontoothaagenamstiatdonn at ta defdreme«: ttaon diipeing the wafer

offset table will be used to deter e a wafe
onlyjege? gicgti A8 Tgessherd g estece Hetieet oiovdey TR g picks and places.
[004g?<aCt'h¥e YRQE bl o sRR0SS @E 'B}’rﬁnﬁceA@itghfﬁ@ntt Redsifed offset of a centered
ation, within tolerances fromthe prelimnary
Waf@t\’dtelnmasseéltq) bncafrpmrthe Tdhot othfigetosaticib draaelt combinhigon of arm, station,

refl.ect..the u ut ., consi st ent }
and QtrRBh; R oFrs e il b it SR A T SR ity o the robor,
but ft (OGN EMERIRNCNGCH Y WHERSBE rdtdf Al AN raMtiR tb @B Gtiord, Qvithin tolerances
their nom nal position, differences between ext end and

frony gherpreimirgry efgon @alitratiamc &he pébeie ssbulasesbin thernftset fable reflect the
unkﬂao%ﬂ I&ﬁbé q‘%sisteﬂpddeﬁ aﬁ%ﬁs bR Llﬁgrgare&? gl g?rﬂ&&eﬁlt urller}{ent resultmg from

st ack- ups t1or eac acet - 1 on CO I na
devidiighsde s lﬁfsat loomi@f with eespédt 3@ thetratointinalposisied, differences between extend

deternm ne these unknown offsets for a centered waf
and ge{gpct 9ticak diHereBensi dsiuesnoioPet ampy (if aprlicgblep) @ée%heraﬁ?&rance and

unce%a{rﬁ\‘{itsﬂaagﬁPé For@ciFdcseiladall &SR bRBinaR¥RaFhe generation of the offset
gnnment 111

table is used to determine these unknown offsets for a centered wafer and to link the calibration
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measurenents wll be consistent, that is, independent

of the facet-blade-direction neasurenent. [0049] The
worewsusem® of f sets are used by the software durP@yUs1ee9/041730

manuf acturing process to conpﬁensate waf er pl acenent

%1 vvafer centering operations. The followng is
for eﬂétfam edbladscandrdishtions ihen Pt Tels spetrblhBamic Alignment

meaﬁﬁ%ﬁ%‘ﬂt@%l b 01% sftéﬁtthstqpllﬁde\f)@%&@ﬁ o?ﬂ;(e‘ %é& B at glrg&ﬁ) measurement
nment o e | nventi on Plc the wa
[00491 om Thef reczeznmel offsatsi apn uwsidt hy the fseftemeadubing die m[aﬁ)lrit‘édl}lrlﬁg process to

Ext end d retract, through reference facet an 1. the .
compatEEa IR PGt Bl e SBOTr G SErSIT o0 TBAGVnE 1 a detailed
descﬁ?h@)ﬂ Bf ﬁlet bﬁ‘@?ﬁwn?ﬁﬁrf@ﬁﬁ&i" td ca@lime thé o?f@ettthﬂﬁswalde's'taccordlng to one

ot her values are al so possible. Measure extend and
embpdireatef thé invengordur i ng each pass. [0052] 3. Reduce
[OOSpgl?gtr e%&c ethl? ngta % gr g’n]e%Ae sttar?{o%\?ggly\rﬂeff&e%ﬁe%?%del n
[00519N- rEfExtancaditase .thrb@ fferbnceRRtdirand tll th¢ Fa@ktdah the VTM, toward

robot Z-velocity. [0055] 6. Pass the wafer through
robog g@Hon tpcationsi mpltipleetimen - Tt drfertwalpe B Wikt byt ather values are also
t ts during each
P ossﬁBlE’EMTag/%géﬁ}ifeﬁd%ﬁ%?é?%gf’é‘ﬁ‘#sg{i atulrrgl eagﬂ {) %rgm ne the
[00521] at | hRedlifes@bSt Dycloaitg.ul ati ng t he average of f set

[005}5:]3”r gg f;?f:re \%1 EEPC gglrg %&é}ggcfr:] é‘g%ftiaﬁ Irae Ip}c§; t%llﬁ gvgfer Wlth the non-reference
bladg.eterm nation of the station offsets for one

enbodi nent of the invention. For each station and arm
[005dhe fDIReowihngongihalesbareveatitul at ed: Of f set Tabl e

10058, 75 R L T8 BA PG LPORebTEhVAR SN o Autr SEeceyod pyiple times.

Measmé/%%&nﬁ/ﬁﬁ’&k&@& etk @udink eh %}, Figure 6 shows a

anpl e offset table 602, whi is popul ated with the
[005é]/er agdasfengtestaten, lﬁesenmme @a@rﬁtJ@OrﬁéfsmathymﬁI@ﬂatmgnﬂle average offset
Valugs ﬁ)r e%nh {:ﬁmgmg%r? 8% #t o’n {on d%ﬁés fhrr'?ci 1(%10 oéll ure hQ(WV\S/o grgphlcally the

deteﬁﬁlhlbjﬂimﬁoisﬂhe\etahhﬁ oﬁXét@ﬁd onaledgwdiradid of fie 1f1@éﬂt1©Wl R tauh station and
columms the retract values. The person skilled in the
aﬁnéh% folfomin appresciracdcyiptad: ot her tabl es can be used to

nOSHEPEup! Vafk, ek En: R ope) 28 thercRLIaCkBIRG 0L,

he 1 nvention descri erein a i ntaine
F| @ffset Tablel¥pluetisr Rétencsi@Ri, @nT)\ﬁa(IAyg Mpztsumdzl%(t)ﬂm))Retract

ion jn one enbo i s.0op tion t
00378 o ral‘tlgvrat SROR AL BP erggn?tetfﬂélnﬁe@ Wich v %@ ﬁfi 3it fhe average
offse?evaﬁﬁzls St @a@h £8nibiiatioh Re afrﬁ f SUFIICEnd Gﬁe&b‘ﬂc efhel llaﬁm%tf &lumn holds

in the station center, allow ng the alignnent of robot
the rmem@nhen@n@namombia@%mmn Theendxt 6ud caltuamnp @htpvc émeetendyalues and

e byl S ar 05 aEaHuey T okor RS St SR gppreciate that

othef @M@ canSbeS 8ledf 8rhdid enePbfféc®GKlues as long as the principles of the invention
described herein are maintained.

[0058] Figure 7A depicts the station value optimization operation in one embodiment.
This operation is used to teach station center. The reference arm values need to be adjusted so
that the reference arm places the wafer in the station center, allowing the alignment of robot
center and station center. The ideal station center is set for the PMs using centering jigs for
mechanical alignment of wafer placement. The ideal robot station center is set for the Airlock

by placing an aligned wafer in the station.



10

15

20

25

30

by placing an aligned wafer in the station.[0059] In
one enbodi nent, the station values are adjusted for

W@ b@IngRey ence bl ade by perform ng the foll ow PQI/US2009/041730
operations: [0060] 1. Reduce Z-Velocity. [0061] 2 .

Pi ck wafer out of station that can be a PMfixture or
[0053] 5| Jpn o pmppdiment. Tthe Stiont valuaserigsadigstsst &0 menrgf%rence blade by

o ﬁ%&ﬁl RoidQy) to pick. [0062] 3. Pass wafer
pe ?Q‘Aﬁ?o%gﬁf%acet n(z%ltllp e tinmes and cal cul ate the Average
[0060F as utr. REdBfef Sdteloaityt he ref erence directi on (Avg

d .Ro, To) Ref
00637 5 14 Bk Rarpg bR dpanghr e a PN 6\ 6 b ke bt AHTER. The robot

exte{l@sqg%}elﬂnmalp s@eﬁf«‘)n%fu%ﬁ (f’f—dﬁ td Pfcﬁ. fixture in PMor

Al rl ock ate the new station val ues
[0062br theParss)mtfer ﬂhewgst @tccrtomumﬂmemee RAd TRicutatq thet Aakrage Measured

Offs%telgltet s eﬁeger%%l%%z%{cgg%T&V@éﬂ%asggd%\fg%?gﬁqgefggr%g  The default number of

timeS$ 920, B0t Gthép ilue @fd Ao §REGKBYIeFi gure 7B shows
[006gr aphl cally the different vectors used in the

brput- dlacsvader hagke inde fixarain M afdidedk-f or the robot.
[006prea§ &P&ﬁﬂ% rh%%%wlstzﬁlolﬂmaides %ratfn% F(ﬂ)oyal ue adj ustnents

e ver hat 1's, under owed tol erances. |f
af tNew Stamonf\laglmah{: &pmakiitial Stationiderluaf (R dpeti ti ons t he
desired | evel of value adjustnents has not been
reached Y%]M?a%}ﬁe%]?‘p& Okegeagecios gener at ed. Typi cal

val ues (@ffsg%bm/ﬁy@p@f)mm ardee‘?§oLt' ons range from 2
to 5, but other values are a ossible. [0066] The

[00681 at i lﬁguma’lBj ekowographigalho ther @fferean vectbisathed am ¢he computation of the

R Y T

smaﬂ’ rtﬁM‘ O umliYr NRMWearBEANYEst Nf ARG arc%ﬁﬁgﬁﬁﬁl@ Rx@Eem ¥l of repetitions
npl etion, return robot to original Z-velocity.

the cte@)m@m]evcriu Oé lyalele 8dﬂlhm?§1t&ﬂ§18 mgt baenrredchgy, tb@tswermrurg%mws generated.
Typlcnve 1% n%) Hur%g fdrle ne%tloﬁ Parrllg ?rggfg It(%n?ri)t t%[he% D8ues are also

|s operarion
possgilat i on center I n one enbodi nent, the final alignnment

of station position is fine tuned by interpreting etch
[00661u e Hsseiptien yaluay feethel noanafeyaics tide pigr adipsipispcxtring gicking the

Wafér 1'&{‘ 't}ﬁ:ul?o I%rfergﬁden&aﬁq rgf %{ij@gﬂ \Qatfh@r (%SSSE%IVI gnlr%lglﬁerformed with the

ing 1s ca tTolfogy 'Based
refet(ehﬁﬁl)lade[ Q86@] cokipdietion, Sfurdeghct ts odgihalie velacityng

ion during calibration in o e enbodi ment
(00675 7 lg%repﬁd St i P i higpmen “i“é‘ﬁrﬁé"‘HPmPP‘P according to

one ERBb&HRH of %QnL%1%nt hghivBh&htidSisPlISk 84 dandedc & foh <8hter. In one
measured with the same or a different arm using

embpyineent, cthalfingh e gnmént| of ateore pbodemmentine dumqwlpbjemetntpmthg etch rate
resu e Bett) PRt T BASGr TRI gl e TorRapE S Flshitgyafe o se
up tIORATSr hAId1iRE i QI Metiolt oS BRed Nh'gﬁﬁhent (MBA).

[0068] Figure 9A depicts a fine tuning operation during calibration in one embodiment.
The wafer is placed in the PM with Dynamic Alignment III centering, and then the wafer is
picked and the offset measured with the same or a different arm, using Dynamic Alignment II1.
One embodiment to implement the Dynamic Alignment III method is described below with
respect to the description of Figure 11C. There are two goals for performing this operation.
The first goal is to determine where the non-reference arm places a centered wafer relative to

where the reference arm places the centered wafer. The second goal is to measure where the
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The first goal is to determ ne where the non-reference
arm places a centered wafer relative to where the

W0 2doengnce arm pl aces the centered wafer. The BEDUSH09/041730
goal is to nmeasure where thewsfer is during retract,

after being centered. Each K _and place conbo vyi el d
wafeg ig dygpg Fetfet. ahler; deing aFﬁEIteéedr eprdsRifk abd plcg grmdo yafrl% a cluster of

Valugﬁ lhed reﬁ%%@z{twe Jaﬁfe LRE cﬁ]lléﬁs‘tc%ﬁtek 8 f&a!hE Wt ds EQCTlflted to change

ange t non-referénce placenent’ position, as

the rm-efegence plagementglogei®n| as welbasathé satact wdhhas. 1n1Th:| affsaatpple. This way,

both a Wi | | ace the wafer in the s
both i e T e RS R G, 1R S5 DG Bueqspieg gt having no
offsé rI?@da)I'reKdlBQMb\ﬁﬂ"ﬁltat iR GefeRinRE %ﬂﬁ Qs & i URRAd VhRe£ SR the wafer in

val ues to place the wafer in the correct |ocation, and
the qoongct loeatiompand new thiy iomwpring diepbipg ekd pigking ingwesssdyhich causes the
retra\(l:\'p alrfe ca sese he a%ﬁ% a]?%r val ue to change from an i deal

ZeYo: t[O 691" Th it “URcertai nties and errors nay

[0069]33U| Thel $m4li aRéee@ties @fd abiemay iRt iRi didépancies between the initial
nmeasur enents, robot conpensation, and reported

meagRreRets, rolpfeConysaration. Bk seeEeheidsesy. olbreteppried pifsqtepts grouped in
cluségFgéngl}&rﬁﬁ ﬂt%ge%ﬁgﬁ% \Qﬁf%iaﬁg 15*3415%82? gﬁlcé'/ﬁﬁ:g th® wafer It is possible to

pi C waf er 0SSl to use
use e distritaion @f tleke tlhess to ffins t@fe&ahbrafeldnaldeslne CaI i brated

| ues. [0070] ].n one enbaqdi nent, the fer IS c cl ed
0070k ough e Cbdiesh o e eledetheghy flbabs oilighiy using extend
corré®BAahd Qﬂ)oﬁrte&{ Aehcd BF aﬂlphacg)pﬁfl‘(%oﬁi‘tﬁllfatﬁ)ﬁmsﬂ%per o I1c Alignment III.

usi ng amc Alignnent "I1l. The followng ons
The écvlb)vpeg pparaeahsfaoy pefirmed fatdacnsta{i@071] 1. C uster AA

00} 2551 WL FASHRRE B sl LS e

[007%;] adex, @idePA BKPIMEd With @FerleBELHIRNS @nd bRA Qvith AR erénce blade.
uster BB: Place with non-reference bl ade, and pi ck

[007& t h héHusterBB:dece Witaden-rqfoona] blade, awl pisk evithzmn-pfasense blade.

[007%1] tageé.p @B%%%Agﬁsg%\gggg?n?%%n% 191 de a{l& p{cﬁ 1{herrf]:%e?ence blade.

[0078ot h&r Rajseht) €ive ofaf ivgHnkedinkesy of rh@ouﬁe rv,aluanebnf@hfsau BY &he user, and
the average for each cluster, C uster_ [Bl ade-Bl ade]

caleylpie theyveasraneach sbeT: Giaer BiladsnBge LRGN are
I t
[Ooéf?elrﬂ%h%ﬂlp h@ <91faB @s a:rE %g}l)el atﬁqhé ngét teﬁﬂ@%ﬁ@ fbb\()@'stle{ﬁﬁn values after

tun |gure for a vectoria
the firepoeiaen$at igme 8B ﬂohe veabdallreprensatioh @ The]calculations.

100778 or bRl bS8 Mol PRlsitotrat S Rat &8 Ere0a Mg or
Ref\@hen st BlaBi& ety %INE Tf)or R%feré‘fcg‘B:facgu U{Iﬁ@NrﬂRf Set=

Tabl e Retract Values (OR Cr Arm + Custer
Ref - Ref C(uFI@ltT@jfscA\TeblaQ@-traFiO‘@?l%s (23rR @dwetdatre the new

station,yal u f on-reference bl ade: New
St at i on%ﬁaj@ r@ﬁﬂé@ r‘?‘fe(aRF Tp) Nonref Arm = Current
[00781 N \ValesidiERhe HRWNRATRI valllelTor th HEL-Bife NREY hddRef

(RO TO) Average + Cluster Ref-Ref (RO TO Average
New Station Values Nonref Arm (Rg, TF)Nonref Arm =

Current Stn Values (Ro,To)Nonref Arm —
Cluster Nonref-Ref (RO, TO)verage +
Cluster Ref-Ref (RO, TO)verage
[0079] 3. Calculate he offset table retract values for the non reference blade:
New Offset Table Retract Values for (NrR,Nr'T)nonrer Arm =
Current Offset Table Retract Values (CrR,CrT)Nonref Arm +
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[0079] 3 . Calculate he offset table retract val ues

for the non reference blade: New O fset Table Retract
wo/2a000@372fr (Nr R, Nr T) Nonref Arm = Current OF f BE/UT2009/@41730

Retract Values (CR CT) hbnr?f Arm +Cl uster

Nonr ef - Nonref (RO TO Aver age [0080] 4 . Repeat 1-3 as

needed Fé‘l‘*“%ﬁqnﬁ?le};?rir%(.R(?’gg)éfiv}ragFi gure 10 shows a

npl IhSA i i I 1.s for the fine tuning

[Oosgger afi%h;éét'llh%ystdﬂll és%ta ?C%Olﬂtoﬁgﬁﬁ% O{l/'al ues for each cluster
[0081§ diphmylddshows tavwarmpid distrientiGobf setltsafor sheafiick @ning operation. The

. Toffse Xi s 008 Fi.gur es - H D show_the proces .
s G oF SR AP e COMBEHCRI Pt A D et 4 of At i
(o082 em EBhiend 1 KBNS AREWIth& Prodeb IHERs FoAobleREdd BRScdnf}Rnsation values

process flow for optimzing wafer placenent o
and pgipg gheabdifing mManuiemwiiopndugiror! 1 Aedaséraes uhd prpcessuil pméen optimizing
usi.ng _a control.l.ed. seri.es of wafer venents. | .
Waf% ﬁé?(%{l}egﬁ reﬁ.Gﬁt?inthgyemn% rwg&ncglétrog &%szg:?uﬁné! cia%l%r%?rg using a controlled
seriest @t vofer Gadehfedts. O bperhBaE 902, HRb®kthROSHeifodis fa0preBiakihry station
station interfaced to facets of a VIMused in

calibysifine onigaeh arrobeinRisEionulior §gch satipn dverassayio dacssy phadvTM used in
| S -Ei gur S A rati 9 e :
N R E T s S
opertfi@t 9Ddk énel mfseenade @dlibratedetos bbthino bomparsatidr @amafeedrs itlsat take into
to he placed pot%i tion of sensors in each facet, and

accoyt st LR PYEE PE FATBSF Or P AL RAKIOARY yeBiqradp each facet, and
offs&?@éﬁ&édoﬂ&nq;eri%rrﬁﬁl @xt@d@nﬂ%tr%t“g@fa%@ﬁ@%f PelyReRn anidndifferences

robot arnms. The results from operation 904 are used
betwepe rattot erm@ 0bhd Esylsaremwptrtisn 904 steatsed ms ophrationg906 to place wafers
. manuf act uri ng.usi.ng the conpensati on paraneters.
In SRS SPIES B&ngaﬁugng &8'8¢ i%ee‘_[sg%?ﬂ?n%]roé‘ P&Eat“é%“f“'oper ation
[008304 friemmeHi BURcribed ih Sndr@biéhl dp&atiie 98y HbBMFigh 11A to calibrate the
operatiron 910, the nethod accesses a table having '
systemenilnadpering GHO| deatebad acerssesat tableabaving gpevingl isersog 1geations for
cach Bty SRe D DRI Sl P TS B diforn b s Breforence saion
and G4feiRGEd @i ahd refpehad HiRectdh4, IndoRENidard Iy, pqsbpdrBngshitioned wafer is
_.wafer is picked at the reference station, In one . )
pickedyBO@FE Hefftence patiomf By oneserpbasiydenty theokafes risapasly Resitiged by using
an a@%}w@I igner. [0084] In operation 916, the nethod passes
the wafer previously picked through the different
[0084dcetln oferitim 91@&t thensicthaddpBfdssieswhier pextiemdy gricked through the
.retract a measured as_the _robot passes the wafer
differet ekt Ob e BriaMean] Gt ShEonrenbah kg UeIBFARegms the robot
passSd theGl&aL B0 aRd Bhf Sethe LBIbAs WMCRABR GRAAtGpdRlon 918 creates an offset
di fferences between the neasured extend and retract
tablofd emnpenartd fohdifieomcenbetyens dre mogatddogrgendOmel retract offsets and the
enbodi nent _for this oper.atio S previously descrihed . .
oy Rt BE BisaiHso BrgePBRtiBenfraf oBeGHap s rOGS6Y fRgried wien
respé@ROFiMatysanare Bdbpsiesh $30, PR fodobivAlgeRa®t Ajis@d by performing a
value optim zation step adjusted with the cal cul ated
statigiy|vales dpsimigdonoftes adjustadwith the ederlated onlugs dor theeoffset table. In

. tabl e.i \ne & (i]Iﬁ ogﬁ i njn ? f .
o 78 B0 PR AHDA O I B 1 LBl pacig nd
picking of the wafer.

[0085] Figure 11C describes in more details operation 906 from Figure 11A to place
wafers in the stations during manufacturing using the compensation parameters. In operation

930, a dynamic alignment algorithm is used to measure wafer center after passing the wafer

through sensors. While placing to station in one embodiment, Offset (Measured RO,TO) is
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[0085] Figure H C describes in nore details operation

906 fromFigure HA to place wafers in the stations
waleroongz2meanuf act uri ng usi ng the conpensati on PCT/US2009/041730

paraneters. In operation 930, dynam c al i gnnent

a
algorithmis used to rreasurélgxéfer center after ,
meaged o dhe pRProRifads fackl BdghresEas osopayfiane’ gt Hieiapgrapsiate value from

the éitf?étitmei(gta o€ hﬁr&rt‘iton, gnfl)s tu!emsﬁﬂéj,ﬁatgcevﬂépé waf%r center is

I smeasured for the appropriate facet an rection. |
relatopep ald crtib@B&] sthten eeppnrophichtiecallal e PAQHet, dDAJHIRO,TO). The

e (station, exten irection, i,s used.to .
DA b e elre e Chrgreaos RN (GSpBSRHSTRO.TO), which is
the GGhhRIRIVAENThHkRA waedHBhter YWY BB offSetG1L 08yt he DAl

Ofset, (DAIlIl RO, TO). The DAIll Ofset is used to

deflRAKIL RE).THe =CIvpensdROGAODE f set, ( Conpensati on

RO TO), i ' i nce between asur ed.

cont or " SRk CrRb e vaser (AT TG g RETO)
[0086Meas W skriRbn TR}, Compbiisatén OafbEs Ga/drdiriag/thiel place’ command. In one

statlon,armd rect on = - (Conpensation RO, 0086]

. . 1sat TO
embpgimsgbthe resicloafiset cozrpplifdaan Syiany¢ shgnment ¢hues. (g mgasured vector
he .’ ' i etract
eavif i BB b e S T e 2o The
[008Tkas UrigareVIdEX depice tat process Sorahtaurieg waser pdsiting wihee picking a wafer
Conpensati on and Ta ated vectors. [0087] Figure H D )
frona;ég@e% AT PPEREYS Bl fgasubi ‘?PG”\HQPe%g g)é@?s@tﬁ% Wi dfpm  station
and E}r&%ﬂi@ 91 En W86 udeiQBRaSERIAODA TR Ber ORESRLbIRE ! fhis value is
gure 17 operation 940 picks the wafer froma station
graphedion dpsamic adipngamemarts.s Inugpdation $ea sherapprdpeia@Avdlye from the offset

a0, e AR D T el BV, B RS s e v
stati6P BEREY | Bkrevial URcihibRPidtb8alBf the &ke bRAPyRahRt Alibent 11T according to
retract direction, arm is used to calcul ate where

the metheq deseribed injlggyre|ldbi ve to station center. Figure 12

describ | Rally -t he Dy ' Lgnment 111

accor di ﬁ%A?ﬂ(T)&tkggbﬁﬁt(%%gsuggégﬁ’géb_i gegﬂ"ﬁée 11 D.

( DAIR, RATNQinzmMeasured RO, TO - (O fset Table

8%0088 The Conpensation O fset c(ir,t) is used to place )
[0088he wHicef-omperatiphfifiel (5baisi Wad daritlage. theavpfer ¢p fcdibrated Station

Cent%:[é).' gkﬂﬁ)fh}ggg%ﬁg Qfd 1%90#&{:?8%‘[@31] &fél&‘%%gfe}l\@élﬁ{vertg lS?a{t]iig}{ ®enter (1,1).

tation r(r,t iments o
[00891 es dimbodimentsi afnthaepredeat piveatio exhywbé Ipracaicédwdth various computer

conmput.er system configuyrations including hand-held .
Syt Frpiagura f’éﬂB&“&@és‘?ﬁ&'@fﬁs&& S, Wilcé?HB??ﬁé%rs%PH‘és gYcroprocessor-
base@rqrrﬁrggx"amw Sorfs et %Etr&{i&(}_tnﬁiﬁfébﬁﬁuteﬂ, FhARIYRHE @bSiputers and the
mai nframe conputers and the l'ike. The invention can

like.a[Tho ilmeenpometn aled berprafitised irbdisethussdnpmputigg environments where tasks
e TS 5o AR AR PRERLSHR RN R o it

netwiik e- based or wirel ess network. [0090] Wth the above
enbodi nents in mnd, it should be understood that the

[0090hy enWiithrihe ahoengmbgdimgnis gngniadnf hewldi hepinseesteasithat the invention

can %ﬁﬁ)‘i 95y E‘&%@Yt‘e{lﬂn@%%&u%& % %gati!oﬂs ql?{;fﬁ%ﬁlgrﬁia%/ 8 -in computer
S€ operations are those reduiring physicta

systéd)i Phesabpeanti@fs aphthsbec@bjuitingphiydit & Snanipulation of physical quantities.

[0091] Any of the operations described herein that form part of the invention are useful

machine operations. The invention also relates to a device or an apparatus for performing these

operations. The apparatus can be specially constructed for the required purpose, or the

apparatus can be a general-purpose computer selectively activated or configured by a computer
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[0091] Any of the operations described herein that
formpart of the invention are useful nachine
wop@pasi2dns. The invention also relates to a dRWI/U82009/041730
an apparatus for performng gese operations. The
apparatus can be specially constructed for the
progiy G}qreéidmpt@‘a ﬁ@g}@ute{)r Iy H@Tlalblﬁlérvgflags gengrakpuipose machines can be used
Wlth ﬂ}Héﬁﬁﬁe\Vﬁ@éﬁ’ﬁt fd'coﬁﬁh@ect)vﬁt}{eché/ t ﬂﬂnﬁ?h&‘él for it may be more
con |gured a conputerprogranwstor In-t
conmrcpmoemnsthrct pamdre specanized/ appacuss gepeeioat tpurepoiseal operatlons

chi pes an be u W th conp r Qgr ans tten
10093 Cor R bt indtial pEHERRQSE R ear iedap § tPeFdle Baer if should be
unddFRbEd SRR R %ﬁsék@e;ﬁﬁ?%béﬂdﬁ&nsanﬂ? R SReenad if %@tween operations, or

apparatus to performthe required operations. [0092]

operafiersanghbe diusted hothab ey acrurs slightly défstnt Beds.ian neay be distributed
in h afgm f glbc?lgzgl?oo S #I}gt ﬁ%(gcoyrled ebo%glndgrro?:ft:sglr%% d(t)phe%zgtg)gl%uz}grev rious intervals
assobRRHakvitiNGe HocOP@REALL ABSg fﬁ@)/thbepr@désblﬁlg est g bhatayt bedtations are

occur at slightly different tinmes, or may be
perfefimedrin ghn degirsthway-syst em whi ch al | ows the occurrence of

ep [ t V,

[009?@800{;131?(9 f V‘ﬁnﬂatggogggﬁog@%frngglg%ogll hna\é ;%%élp H?schﬂédeirn s%h‘l% detail for purposes of
claripr of @adé¢rmgndihg,t hevidlvier hpyarapehat toram ahaelgpe hd metifications can be
PR TR RO, g b Plren embodimensar
to b@HSRAREI! A G RHvE Un@hotRIGTaTANHE 8 1n'VEntY8n| is BBto be limited to the

apparent that certain changes and nodi f |cat|ons can be
detam aoen deckini ithinmyt beneddpd withinhbe apyperddequirailemss. of the appended

.Accordingly, the present enbodi nents are to be

lairplnsi dered as illustrative and not restrictive, and

t hevaaYEehinndil ivS not to be limted to the details

gi ven herein, but nmay be nodified within the scope and

equi val ents of the appended clainms. Wat is clained

is:CLAIMS 1. A nmethod to optim ze wafer placenent

repeatability in sem conductor manufacturing equi pnment

using a controlled series of wafer novenents, the

nmet hod conprising: (a) performng a prelimnary

station calibration to teach a robot position for each

station interfaced to facets of a vacuumtransfer

nodul e (VTM used in sem conduct or manufacturing; (b)

calibrating the systemto obtain conpensation

paranmeters that take into account the station where

the wafer is to be placed, position of sensors in each

facet, and offsets derived from perform ng extend and

retract operations of a robot arm and (c) placing

wafers in stations during manufacturing using the

conpensati on paraneters. 2. The nethod as recited in

claim1, wherein operations (a) and (b) are perforned

with a first armidentified as a reference armof the

robot, the nethod further conprising performng

operations (a) and (b) with a second arm of the robot.

3. The nmethod as recited in claim?2, further

conprising, dropping off the picked wafer once to swap

arnms after performng operation (a) wth the



first armand before perform ng operation (a) with the

second arm the dropping being performng at a reduced
WG p@ed3nm r educe the effects of wafer shifti ngPCHOS2009/041730

droppi ng of f the picked wafer once to swap arns after

perform ng operation (b) withtthe first armand before

perform ng operation (b) with the second arm 4. The

nmet hod as recited in clai erein operation (b)

sdnsor " BREPEF S AR TELAIn Tp ARy IR | AR

manufaefueihg Rqeipaicat usdiy a aorrtleﬂledi &g of hafsesvetiens8cthe aeth@ebmprising:
a reference robot arm (ii I?Ahf pi.cking at the reference

s{AtPeEAmAING APaeliminary stationsglipratign Bbtebqhoij@bpg,posmon for each station
1nterf&9§ kg faQQt@ @f a Qhé@unpﬁ‘%kﬁgnédﬁ?e W ﬁ%?gse‘ﬁq}‘l %mfcgﬁ@dc%} rhffifacturin g;

plurality facets and neasuring extend and retract

o(lﬁ)SJahlsraYMng thetSIysielmdb obtapasseEnsdimnyafancté¢mtiot sakd iwataccount the

the stations w ach. arm ) cre an of
Statlo’% %‘F@ tP‘BW&% etﬁ§>§tpi“?§ PO RigBLL é‘éﬂsgsﬁ’é 8%93}fg%‘én"lndeqf&8F derived
from p&%ﬁ% el SnbQERNE BFerREINREN rEBJtQRH; Afad retract
direction, as well as error induced by using noninal
s éngbcingowalersn statigngdyring)maifagsuringgusiiebibe compensstifroparameters.
ngl;ef;[%%: (r)nveglod as r%cued?l?‘clgocj g%}lér%% oté)l%ra&ons gah %h@(b%’are performed

with d fik€Nirh{ idesitifiedrastahefeeanddbimabf tie robotstha imeBibdethér ddmprising
used, a pair of values associated with an extend

pelfor@pég apqrét#pmt(h)eaqga{b} wigh apesandaringed (thediokgt- a radi us and
R anghg, n%ﬂijodaas%dé{ed%cféﬂh?eﬁuﬁ%@o%ﬁ ?@dw' th a

retract operati hod as r in claimb,
Wheipping dpeiepidked wafdr ohoe tohevapconp aftsggerfofming)operation (a) with the
refi ni%%t% the_ station | ocations using netrology based

first agm jagch RefRe PeAtpdMing qReFation AR Witk sgeeidem. thayirepryng briag

perfoﬁﬁg%ﬁtop&ﬁu&gss;pcécp@ ré&fce%&f&tsa&ﬂv%el%lfﬂggaénﬁ' ng dat a
r epeat ed I'aci ng and pi cking of waf er

Tldeappetgmfﬂthasmi@d ivtaget onpe tl s ap Bms whter @Erforig op)era%uohéb) with the

first oAb PR a0 VR e THGT T er en

canbi nghk aishddals rddiRaiimelalhe, Waéeh dpettiod @E) fartAeAReudes:
then picking up the wafer with the sane or di fferent

an(lr)naccgeimg atpble lving romipfl sgagay écg:aflplamﬁor h@hrfmett,u pl e

asyr erfents for each..conhj atl oQ nd ca[cul atl NG
1denti %/mgare erence sta 101’1 are enc r’a SICT dlI‘CC 1011 ap 81‘ C{G‘I%ICC I‘ObOt
Nresen ivé value'for "eac er associ’ate
arm; each conmbi nation to adjust a second arm pl acenment

position and the retract values in the offset table. .
8 (Y REkingiah 81 Talsronee saten p Wa&réh%leknqmb@éqerpr@iﬁéhymswmd;
Sr'g%%hér'%l ggl?eeélgﬁed&gﬁ%rt ?@dg{ﬂq glﬂ?zfﬂtf oﬁlak:gcg el @irin eﬁtend and

center a Sin er t hor otig
retract offsets when the robot passes the wafer into and out of the stations with each arm;

(v) creating an offset table to compensate for repeatable measurement error induced by
differences between extend and retract direction, as well as error induced by using nominal
sensor locations; and

(vi) adjusting robot values for each station.

5. The method as recited in claim 4, wherein rows in the offset table include,

an identifier for the combination of station and arm used,

a pair of values associated with an extend operation, the pair of values including a radius
and an angle, and

a pair of values associated with a retract operation.



station sensors; calculating a conpensation offset as
t he di stance between the neasured wafer center and the
wW@bdogas72tabl e val ues, and centering the wafer BCF/USZH09/041730
waf er placenent adjusting for the conpensation offset.
9. The nethod as recited inrBaimb5, further
conpr i Fhageftehd aseastediimglainadewhgeni dpemmoms)"fuﬂhai@ong)rlses
the wafer froma statlon t he nEasurln fer t|on
i D defiHEe e sfausncRsafgnt Wengerplogy Bfﬁeg Plbtna
uNlﬁQﬁﬁ*é’ RAM Cof?s'ef QBIEA el Qn@%%yﬁc?slﬁ&eon‘@z{cﬁrstaQi%ﬁf/‘t\)ﬁ obtaining data
d (1 u3|ng of fset table values to calculate ere
ﬁonuwpenmﬂﬁebcmgmmémmkmgaﬂwnMMEXto the station center
1 as r i.ted.in claimpb,. . wherei.n rgws in
ﬁe t a % "o ﬁ%FlaLI% ﬁs‘é{lﬂer@&c@{“{)gﬂ]& RS Bﬁé‘it taple values
furthes {rRldden |dent|f|cat|on a sensor identification, a
radi us val ue, and an angle val ue. 11. The nethod as
r eeﬁf@@dng mugiple meisurwhmte phthe djfferentichmbinagiensyige placing the wafer
. all e he r Qsition in
with Oenac s{qulenﬁ) af%r Vtv%h gletsla%ezoé a\%a ererﬁ a?atemsnt

r epeiat akidste ¥t wﬂusseﬂ%rﬁwlﬁwmtt@ne B fednigy f ﬂon gachifidhidimition, and
u5|n%aa controlled series of wafer novenents, the

nmédlg tl%ﬁfﬁpir@plpf@twe( \é@luep@lr pﬁhrﬁlwéeraasmcgu;q-mﬂlé ﬁ@,ch combination to
adjustt &E&Iﬁfﬁﬂlh&?ﬁ%‘t g&‘stl%&} LRAGE ¢ e%%a[: sHP ﬁie&df{%@t {28 each

station acets o

sém cofftleatedrodnmedi@d tivclaing 5, Whoremadpebitiahi(@)utthe includes,

Sy steg1 t he allbratln I ncl d|n (1) accessing_.a

t 45Pe W%ﬁﬂ“ﬁd BRI AP MEaTE A/ ot %’# TPRISINgAER Wk dhorough
statiof kdnkodsdenti fying a reference station, a reference

transfer direction, and a reference r obot arm (iii)

pcdkilngngs ccurhpensetﬁm gheeasthatlisomcabetmfcen themagasinsd kvradenreenter and

0. b erI positioned; (iv) passing the picked
theOft\Sﬁ?t@'Ele ﬁ% the plurality of facets and neasuring

e %&REeh 2iNE wakdr dasih g Wafé%‘la%eﬂf@ﬁﬂ"adﬁlﬁﬁng ehrQhe BRRS@Satidieoffset.

wafer into and out of the stations wmth each arm (v)
cPeat i Age arthsidiasaecitedn elaing Sciywhenempising r epeat abl e

n?cﬂsrﬁéa%ﬁﬂ]gt wtfel Bgsition when picking the wafer from a station, the measuring wafer
position including,
(1) picking the wafer from a station and using dynamic alignment to measure the
wafer center, and
(i1) using offset table values to calculate where the wafer center is relative to the
station center.
10. The method as recited in claim 5, wherein rows in the table having nominal
sensor locations include,
a station identification,
a sensor identification,
a radius value, and
an angle value.
11. The method as recited in claim 1, wherein (a) further includes,

using dynamic alignment to teach the robot position in each station.



i nduced by differences between extend and retract
direction, as well as error induced by using nom nal

W@ emses72iocat i ons; and (vi) adjusting robot vaPCEESI009/041730
each station; and (c) placing wafers in stations
during manufacturing using tHe calibration results.
132. The methbotb astimee waéd placemkeat repda?abilixgrie k¢miconductor

perations (a) and (b) per f dWIthafIrSt a
manutoaatélﬁ‘tlg Fﬂ%‘BH‘S§2 Wit %‘?"é‘i‘?@%‘? &'t (9? “thFé MQYKBENtS; e ‘t?g‘]d’mpnsmg:
W)t ﬁﬁrrﬁlﬂ rﬁirﬂﬁaﬂ%ﬁtﬁfn@aﬁ&aﬁ@ﬁ [@{chmroﬁaa p(%ﬂﬂ)n(fg} each station
W|t asec armo the robot. 14. The net hod
inten“erced |t<t fBdetsof @ Néll“ Mhus&d m\/shmncmndu@plemamuf@mul(uhg furt h er

ref i ni n t he station | ocations using

fﬁfﬁ%}%ﬁ?@&“ﬁ% Hherea rat”i%m‘:%ﬁié“gnet hod as recited
| n C| ak?\aée%smﬁ@@fa%ﬂd’hﬁfﬁl@ #nhiRAl seRdor | dtatibRY fol B&hUEES;
(viii) fine tuning offset table values and robot
posi ti 6 iflentifiagh refiesanico paign. aeteravica graiderzditecton, and a reference
r%ﬁﬁ? Iy placing and picking of the wafer. 16. The
ne as recited in claim12, wherein during
oper at (i@ picRingta erewafetinct Statieph aces thyt iakead trtpregerly
fixture. 17. A method to optimze wafer placenent
r@%ﬁ?lﬁ’ébl ity in sem conduct or manufacturing equi pnent
usi ng I f
6t ho dﬁvgﬁ%ﬁn itllrllcgg }%cgg\!vper tﬁé glrﬁpa\fﬁfsfrgaﬁgts Bﬁ]c?mcasunng extend
shad redractoatsetsrvaticnahe tabot pasdss the waﬁamtmtp @sd butosf thmtatams twith each
station interfaced to facets of a VIMused in
séficonduct or manufacturing; (b) calibrating the
syste m(V)tClP&ltﬁ:lg ah k%ﬁ%t' Rl k& inB e 14 p AEHRSRENArénent error
tabl e having nom nal sensor |ocations If)or each facet;
(inducedendiiteydnaey mateeorf exténe atattrapndiragioa, asef &t angreor induced by

station i C at. the reference station a
wat'8g H?Wﬁt(ah Feé) Eﬁ(‘}‘v‘\% aélél properly positioned; (iv)
passi ngyi§ hGuRinskesbwafies fdraenghiddian®! ural ity of
facets and neasuring extend and retract of fsets when

t k@ plasiia Wifazssastatines dfrerminiestaing wing e celfwation results.
Stl ti Oh%e P‘(ebl? rs ?gcﬂcﬁ% @1@1 n? ES ehcrc|11‘§l %cgeétéo%sg)%%r@?}trg performed

for repeat a ur enent error

with affidsf z&trelﬂeﬁsﬁdale&s\aaefér@mta aitd ofithd roldt! @e imethddefutth@rson@ising
wel |l as error_ induced by using the nom nal sensor
perfonmypa ppEALONs () and4h) Wb prigeandisem of 48Ot or each

shat ' Othc (ﬂt\g:'tﬂo)d ?%éltchnlgcf;aﬁﬁ‘ 1§t %érg’iﬂ %pg%? h %Sfuﬂﬁérrigcludcs

nmet r ol ogy base ignnment; and (viii t'uni ng
of fset (‘ttahbﬁenm akheesatmndocatibot ugpasintirolo g basedahgnment

tio obtalnln datafr m at edl.y pl.aci .and
o1k g et e ada ok 7 HhaBR RSP rhd 1605aes.
?téiﬂlﬂ RS il dfgecm%’ﬂ}éf\%ﬁfckl hADEDYE A Br ERMI BftRh b9 Dbtaining data

from rcpcatcdly placmg and picking of the wafer.

16. The method as recited in claim 12, wherein during operation (b) the wafer is
replaced by a calibration fixture.

17. A method to optimize wafer placement repeatability in semiconductor
manufacturing equipment using a controlled series of wafer movements, the method comprising:

(a) performing a preliminary station calibration to teach a robot position for each station
interfaced to facets of a VIM used in semiconductor manufacturing;

(b) calibrating the system, the calibrating including,

(1) accessing a table having nominal sensor locations for each facet;



18. The nethod as recited in claim17, wherein the
passi ng the picked wafer of (iv) is repeated nultiple
W poved3 ough each facet, and wherein the creR€@T/OH820DNE41730
of fset table of (v) is perforned by averaging the
results fromthe passing thel’bi cked wafer multiple
times (i) ifént)fying b8e oflthe smibhosk aseferemdetsedionn cl ai m 17,
wherein. the wafer is_properly positioned in (iii) by
cent er {iHyPIckinehereiernch staian 8 Wit dhal sk odemyoRely
a}hgg{;gﬁed. 20. The nmethod as recited in claim17,
erein the vertical velocity of the robot is reduced

at t he(ivepissmgnige ptkeheifeotherwshi tompliuralighpf fagdts afthmeasuring extend

t i ted j | ai m 17 wher ei. ti
A e S e S e R AT
ref er epperé#if @h ofh& thi1B & corh @ sATB FE1Aepdattibld¥@Easurement error

cmrl Si n&fgerform ng operations (a) and (b) with a
séxoagl by aifigfencerebatwbuit extergl antihietrags dhiedioasas edl assardranduced by
cl ai qh%lﬂom%%rsghs% ?&g{igﬁsl;on (viii) further includes,

perfl%rm ng nul |plre neasurenents of the different

conbi natih adjsstin@rromdtaaiveg fareacvath@sn;wi t h one ar m and
then picking up the wafer with the sane or a different
arm géwvirﬁfgmag thesation legatigny wdae megphogh Based|afigypent; and

reasur gﬂﬁj"ﬁﬁe fuﬂ{ngﬁﬁ{ésg% ﬁBﬁWaﬂﬁE %ll?c{]rob%pﬁjo SFdCidk Qz{cil}rg%itit%ﬁ by

representative v or eac uster associ ate
eabthinianddta dbmaepéadediyl plasingand paking drthe phizcemdnt
position and the retract values in the offset table.
25 Pi?%‘}gs‘f’%fﬁ’fstla SBHePY S RRRagritecutg the SHERERER fef -

| ng senmraERucIdOl PBRHTRELIUR NI equi prent using a
controll ed series of wafer novenents, conprising: a

vadiguem thegassieg thrpelbé waleTvf (vs sdepaatedamiltiplednatsshrough each
¢ trmgufacturi ng;a robot in the VTIM a plurality of
aceh. dPQtions interfaced to facets in the VIM a plurality

OfyheRMNS e Trdafing e bifRERble T (FONPLISimcdens a‘i/@ralgﬁ?gi tH8reults from the
processor; a display to show results of "'the wafer

passingghepsked watgnsuifime foey in ie nenory i ncl udi ng, a waf er
pl.ace rogram. .a . tabl e havj no n se o .
PA2c eI AR gL EPh R PO OB RERRb ppstionca

(iii) by usritergh itk weserfi@ thet B r&icakiation bsia@ahn Oligierwher ei n t he
program i nstructions fromthe wafer El acenent program

when eX&e frethpdsy reqied b plaiws 4 6r Whaatisdhe rtigl yelosigp Pt thg robot is

reduced at the beginning of each operation in (b).

21. The method as recited in claim 17 wherein operations (a) and (b) are performed
with a first arm identified as a reference arm of the robot, the method further comprising
performing operations (a) and (b) with a second arm of the robot.

22. The method as recited in claim 21, wherein operation (viii) further includes,

performing multiple measurements of the different combinations for placing the wafer
with one arm and then picking up the wafer with the same or a different arm,

getting a cluster of values from the multiple measurements for each combination, and

calculating a representative value for each cluster associated with each combination to
adjust a second arm placement position and the retract values in the offset table.

23. A system to optimize wafer placement repeatability in semiconductor
manufacturing equipment using a controlled series of wafer movements, comprising:

a vacuum transfer module (VTM) used in semiconductor manufacturing;



(a) performa prelimnary station calibration to teach

a robot position for each station; (b) calibrate the
wa@yabas27ahi ch causes the processor to, (i) acP€FES1008041730

tabl e having nomi nal sensor l|ocations; (ii) identify

one of the stations as a refBfence station; (iii) pick

at rothe i HeeVEVICE station a wafer that is known to be
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fine tuning values Tor the station locations;
wherein the program instructions from the wafer placement program when executed by
the processor cause the processor to,
(a) perform a preliminary station calibration to teach a robot position for each
station;
(b) calibrate the system, which causes the processor to,

(1) access the table having nominal sensor locations;

(i) identify one of the stations as a reference station;

(i11) pick at the reference station a wafer that is known to be properly
positioned;

(iv) pass the picked wafer through the plurality of facets and measuring
the extend and retract offsets when the robot passes the wafer into and out of the
stations;

(v) create the offset table to compensate for repeatable measurement error
induced by differences between extend and retract direction, as well as error
induced by using nominal sensor locations;

(vi) adjust robot values for each station;

(vii) refine the station locations using metrology based alignment; and

(viii) fine tune offset table values and robot position for each station by
obtaining data from repeatedly placing and picking of the wafer; and

(c) place wafers in stations during manufacturing using the calibration results.



