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[ 0001] The present invention relates to-tiransferring wafers anmong nodul es of
sem conduct or processing equi pnment, and nore particularly to placing

fnetde tho S3SRARIG A LENAGENTY O S AkEis TRy EAIGCORIpE NS AT
manuf acture of JERIAPYGUOBTAINED SFHROTUETH 4 STREES OFeW A Raced to

permt transfer of wafers or subs&Qf es, for exanple, between the
interfaced chanbers. Such transfe VEMENI®f er nodul es that nove the

waf ers,5 for exanple, through slots or ports that are provided in the

adj acent walls of the interfaced chHanb&eEsTORFr ansfer nodul es are generally
20 used in conjunction with a variety of wafer processing nodules (PM,

whi ch may incl ude sBmittcBocBtivey Iehclmdigy Sy Bhdeawlll fmk €heal deposition
systens, and fl at pﬁnel.dﬁéekgxhet Q&Q SYsLens. [ 0003] A vacuum t ransfer
nmodul e (VTM may be” PRV dalT§ 1"6cat €8 et Ween one or more clean room
storage facilities where wafers ar, tored, and nultiple wafer processing
nmodul €8 25 where the wafers are 4g¥§5§§§&$gbcessed, e.g., etched or have
deposition perfornmed thereon. In this manner, when a wafer is required for
processi NG, pRid SRE Rbidocated within the transfer nodule may be enpl oyed
to retrieve a serected Wafer from storage and place the wafer into one of
the mul ti pdg1pr oeesshRgndVL e, FI004]Senaplsal AR odﬁnoalberﬁo%ﬁ%s S of0f
each station have been used to increase the accufacy 30of wafer placenent
i nsi de eaetmisengiFionprofissiey equiPndne ae Giracytitwmlpioadiong waferly euk fwafes, due

with the support blade that carries the wafer, inside the modules.

i5 2. Description of the Related Art

[00062] In the manufacture of semiconductor devices, process chambers are interfaced to
permit transfer of wafers or substrates, for example, between the interfaced chambers. Such
transfer is via transfer modules that move the wafers, for example, through slots or ports that
are provided in the adjacent walls of the interfaced chambers. Transfer modules are generally
20 used in conjunction with a variety of wafer processing modules (PM), which may include
semiconductor etching systems, material deposition systems, and flat panel display etching
systems.
[0003] A vacuum transfer modnle (VITM) may be physically located between one or more
clean room storage facilities where wafers are stored, and multiple wafer processing modules
25  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 refrieve 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
30 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
deviatiors 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



to multiple factors. For exanple, the position of the sensors may not be
perfect and snmall deviations in sensor location result in defects when

cal cul ati ngwepdegsiispesi tion. I n addition, the robot tranls@ﬂﬁ@{,&%&.,g@ waf er
may not be in the exact place where the system believes that t
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pr esent i nVent ion “48" H8fhods and systens to optimze 10 wafer

pl acenent [pefF¢at abislm thyv dontesiahit eohddiskas ofmhbufvattidtrdridg equi pment using a
controlled series of wafer novenments. In one enbodinent, a prelimnary
station calibration is perfornmed toSt;eaghre robot position for each station
interfaced to facets of a vacuum transfer nodul e used in sem conductor
manuf act ulP®] THenbhediwsd &l Bo Presdit birgniéen piesidsyeteyds tapd Gb‘ttahmwcmﬁpémati on
par amgt,er
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ot her. Duni ngmranirct nrivigtuige Whfeens:taxde ajpb acaitirata tH&e sehitefl et e nbtain
stations ysin he co n.par anet 0007 oul d_be appreci ated
that the present | Aven ti?’rgfltﬁca%eb&o i netﬁrféeen taztékivﬁ’eh th%?”& & t@\ﬁ%m‘"@u@ﬁ as a
process, gmma;}npﬁrsa:tqus in aa@y&t@mmd&hd efficteddived fi0B! fofdrong @x @R Rfract
readabl e rredltum veral inv ntlcil{/ﬁ F}%@gl ment of th% Present i nvention are
descri bed BESHK 7 66UB] Ialﬁno O di NG W FHBW St BStedes Y wasethe

pl acement mempceadhamtelsltm%ysmm&e I&b@p&iﬁuewrdlﬂma%aaé;%ﬂ AGmAGIH DA Bim USthAg a
control |l ed serbes of vva{ r %msnts The % met hod_performs a prelininary
station caM'br XEiBh BT aé‘éf@ﬂ tFo‘fS?f?”p“d%ﬂ%‘?"B if tpe éjé%‘ﬁe‘étt H4itjogh g Pt aced
to facet Scc@{peﬂsaﬂ@ppﬂ;ﬁﬂ]&érﬁnSfer modul e used in sem conductor manufacturing,
follo déﬁgﬁ Cﬁljél bration of the segétem During manufacturing, the wafers
are c 9 S}H’P RrapRieciaed thap P{F'é?fﬁ@“%‘i*ﬁ%ﬁﬁé? iBplemalieies reBeRined
duri ng t N@ayG akbiDiAE hroboss, ERGpsahibdnatian 4 actides ldied Bl ] QWAL ARefWatL | ons:
30[ 0009] 1. accessing a table having nom nal sensor |ocations for each
facet. Typidur| Severhdvetive srbebret of thorsicnbngendiey pigtdssesibegbaidw: from t he

| ocat i ongpier € i e SYsb&AMBR! LeMBRod NBL ofilE:S GRSRT Sia@hfint repeatability in
semicondnctor manufacturing equipment vsing a controlied series of wafer movements. The
25 method performs a preliminary station calibration to teach a robot position for each station
interfaced to facets of a vacuum transfer module used in semiconductor manufacturing,
followed by a calibration of the system. During mamufacturing, the wafers are placed in the
different stations using compensation values obtained during the calibration. The calibration

includes the following operations:
30 {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.



WO 2009/ 137279PCT/ US2009/ 041730 - 3 - [0010]2. identifying one of the
stations as a reference station, identifying reference transfer direction
(extend vs.woebmastzyy and identifying reference robot apm(ieolpltescase that
robot has multiple arnms). [0011] 3. pICkI ng at the reference station a wafer
that is kn o be_ pr erIy si tioned; 5using for exanple an aligner.
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the stati ORURF &R ¢ach arm [0013]5. creating an offset table to conpensate

for repeatplig rreaawmueamhe%fe%cé ageedy e Gif i‘sqgn@&}ﬁ%éb@ﬁfo]s@r%o%%ﬁéad and

retract direction, "as well as error induced by using nom 10 sensor
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p05| tion ﬂcmanceae}anset at themotdy, vabittadani egisekibaa compelfsﬁtﬁlm clffﬁﬁie{at(@dfnygemfﬁ@ﬂ ng

and pi cki ggf e wafer. By usi ng mul tiple neasures and generating 20a

repr esent FI€" the systemis able to obtain nore accurate fine
tuni ng valoees. {SOeQijlﬁ}de’bef vaspest Sach)fstaﬁbketd awent h@nthiivhier Regeiee i@ppar ent

fromthefoIIC&vJ[\)/l?’{}gO tt% ddescrlp 5 n _conjunction with the
accorrpanyfi‘?‘?ij'e S ?Irq Efgrfctfa?fl?lng % %H‘ﬁiﬂé‘gt‘aﬁ%mﬁf“i“f‘i% BIVEETof t he
i nvent§ OnceanﬂdEElaDEsS@Blel%BtiQNb% HilgEeJDB&WdNGS 25[0018] The invention may best
be under s% S?ﬁ by reference to } he fol | ow ng description

0 7. refining the station locations using mefrology ba%d alignment to ensure that the

wafer is placed in the desired location by the reference arm.

[0016] §. fine tune offset table values and robot position for each station by obtaining data

from repeatedly placing and picking of the wafer. By using multiple measures and generating

20 arepresentative value, the system is able to obtain more accurate fine tuning values.
[0017] Other aspects of the invention will become apparent from the following detailed

description, taken in comjunction with the accompanying drawings, illustrating by way of

example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

25 [0018]  The invention may best be understocd by reference to the following description
taken in conjunction with the accompanying drawings in which:
{6019} Figure 1 depicts a typical semiconductor process cluster architecture iltustrating the
various modules that interface with a vacoum transfer module (VIM).
{6020} ~  Figure 2 shows a preliminary station calibration process,

36 [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 fto one

embodiment.



taken in conjunction with the acconpanying drawi ngs in which: [0019]Fi gure
1 depicts a typical sem conductor process cluster architecture illustrating
t he vari ouswandil@a7d hat interface with a vacuum transfgfr ol 6VTM .

[ 0020] Figure 2 shows a prelimnary station calibration process,

30[ 0021] Fi gqure 3 describes one_enbodi rreﬁt‘ t hat uses nom nal sensor

| ocati ons @F3ing FimegecahidBrisesds tyrseaation ¢ ool hledn gneerahesinens afp e
nom nal sepsQfi;ohocation table according to one enbodi nent. WO

2009/ 137279PCT/ 1JS2009/ 041730 - 4 - [0023] Fi gures 5A-5B describe the
gener at i onl0834lt heFipfre § shovtsablampierpiseiéaiénbodi ment of the inventi on.

[ 0024] Fi g S Y , . i (A- 7 epi.ct the
station va uei'@op'?liq ‘352??2%%%%%‘?%{ ?%Inonit‘%l%%%mé%%ﬁ%%{ %I?g}[célﬁ%‘ﬁ |“6§[‘?t'e 8
shows usi r§03eet r diipyy Slxhewe vsihg grefrelogy Huved pYgwadit buatg onitacooradéading @ one
enbodi nent ' I .[ 0027] Fi gures 9A-9B depict a fine tuning
operation Oélgrgﬁ“hg&é%rméﬁ?‘r‘éﬁ‘?@%“‘%nn one enbodi nent. [0028] Figure 10 shows a
sanpl e di 40837Hut iRgwofoA-88 détig affpe ttnirg dpengont duringgabiper@l ih @b erhRA2BYEI gur es
11A- 11D s he -pr oc flows. for. abtaini.n h onpensati on val ues 10and
usi ng Dnofitist ngFE)%%lgenu %o ﬁfgfan“é".lgflétg‘g‘dﬁoﬁiOéﬂer%%f‘ﬁgr%S@Fi"%lé“s‘% PFERGti al 1y t he
use of Dyn@i?9¢ AlFigyravelita-110 sioc dredirngss flokhor obtaining the compensation values

10 and using them during manufacturing.
[0030] Figure 12 describes pictoriaily the use of Dynamic Alignment III according to the

method described in Figure 11D.

DETAILED DESCRIPTION

[0031] Methods and systems to optimize wafer placement repeatability in semiconductor

15 manufacturing equipment using a controlled series of wafer movements are provided. In one
embodiment, a preliminary station calibration is performed to teach a robot position for each
station interfaced to facets of a vacuum transfer module (VIM) used in semiconductor
manufacturing. The method also calibrates the system to obtain compensation parameters that
take into account the station where the wafer is to be placed, position of sensors in each facet,

20 and offsets derived from performing extend and retract operations of a robot arm. A well
aligned wafer is used to fine tune the positioning of the wafer in each station and to help
compensate for small deviations of the sensor locations from the desired location.

(3G32] In another embodiment where the robot inchudes two arms, the method calibrates

Pl

the system to compensate for differences resulting from using one arm or the other. During
25  manufacturing, the wafers are placed in the different stations using the compensation

parameters. Additionally, the compensation values are used o measure the wafer position

when picking the wafer from a station to calculate where wafer center is relative to station

center.

[0633] It will be obvious, however, to one skilled in the art, that the present invention may
30 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.

[0634] Figure ] depicts a typical semiconductor process cluster architecture illustrating the

various modules that interface with a vacuum transfer module 38 (VIM). As is well known to



met hod described in Figure 11D. DETAI LED DESCRI PTI ON [ 0031] Met hods and
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account the station where the wafer is to be posi tion sensors in
each facetarchp@etgigd swicns ebigloge?l. glse c4lied ﬁﬂ??élﬂpb o frepsésxnesidicain dhavett in AP

oper ati ons;sof:R 5ehok AkID mAune! 20,80k ansd, Lih0eLune t he
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presen nt SR 4B uff‘ed 'i:?r F PSP ENY Uy HSlone "BF §PIPE ¢t aheE of eci fi ¢
details. Im‘sp@:hlmeitaddnstances wel | known process oper ations have not been
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ar chi t ect wig ahd imbmai d:rﬂlg:)dhh@lt‘q‘&folt Q_n.l SasAUnas wikal cdoRhek hachdWhi Brayracuum
transfer npodul e IS known to
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arr angemefi TV, if iRD S RinsTR UkRS:bM cadsb@NSF Blont WBLEESURIRAG. WPl @ 5t or age
facilities and@jﬁ)rocesy ngq)rmdu es is fri\ﬂuently referred to as a "cluster

t ool ar chi-¢ackut dodelys{LEM) 4 19 BigRIBEC. AYedie gt dainsidgadireeks wedde £6 ansf er
nmodul e, i §dhewRei 1&3%%631&311%&?*})1:{% WHE 0865 i MAU! 851208200, whieh ma‘y

be individually optim zed to perform variotis fabrication processeés.
way of exw#ple, processing nodul es 20a 20d may be inplemented to perform

t ransf or %63&?0“%& Eirﬁﬁ%o( E )afe§ HJBI%taEﬂ’JcE 39t1 Iﬂque VE!C?XI% gsggoxﬁoc{u S

and/ or sputtering. Wien spéaking i n general a out al Tt process
nodul 3 20he téngertod thn walat ingn neii bd adgeraigyepbsatoned rrbsive o thefsemon 0 Agiatrhett, an
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the station to vacuum trans I'nsi de “each 1 mag athi s 1-18
are used propedet®eted.tdialipasis ramtive of thaabmer EGhabled:. Jaisrigiptdpeansleotthtcofo t he

respecti station 3 2 tran r.s, waf er. 26 betvveen statlons I n
one errbo\c{f?arcrignctenter a‘z%%nlefg ﬁéasmoen”ewaérr?& an rebr‘lu d§n‘8]fgﬁ£=r FIEhodi R rsEt 22
has two ammvnmher eoremabs Aarthe hast eridmenda- "e;ftéxeﬁto@éra% bo whictkhd hielewafder s f or

t ran%eor the w InE:argedd b)l; Oblacige% awl Qlogédnﬂrd%g al $ ot tﬂ eSL%Eesggﬁo%uéoand by
which the wafer is placed on pins in the processing module 20a, for example.
[0037] This wafer misalignment may continue as the robot performs a "retract” operation,
by which the blade {and the wafer carried by the blade) are moved through the siot in the
processing module 20¢. Such wafer misalignment may also continue during a subsequent
30 extend operation by which the wafer is placed in another one of the processing modules, such
as PM 20b.
[G038] 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

jocation, and connecied to the cluster architecture via a network,
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t he exact place whiere the system believes that e ro I's creating
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waf ers of havg, LRGP EHSPESS Phility in System
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a need to crea onat es the cail
land in position 208 within cahbranon fixture’s 210 tolerance from station center 204. If the

same is done with the other arm, the wafer would land in position 206 in a different location,

]
i

within calibration fixture’s 210 tolerance from station center 204.

[0043] In one embodiment, the preliminary station calibration process is repeated several
times until the fixture is properly positioned inside the station within the tolerances required. A
sample value for fixture tolerance is 500pm.

30 [0044] Figure 3 describes one embodiment that uses nominal sensor locations during the
calibration process, This is the first operation 300 in the calibration cperation for the Dynamic
Alignment TII 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



15 process to inprove repeatability of the alignnent with reduced
dependence on engineer's tine. Mreover, there is a need to increase the

consi st encywaf 20bhg7ynam ¢ Al i gnnent | ndependent of waf gerikewmpd, st ati on.
[0041] Enbodi ments of the present invention inprove the use of dynamc
alignment in a manuf act uri ng envi ronment for better wafer pl acenent .
The enbodi rFEMESEd drséeerrt atfdnérecday @ Opghb BeWImEHetRTy ndii ol grmentem is|

[ 0042] Fi gup&iched ROWSe apr%eelrw ;msﬂ@ﬁéﬂ %?at)f)t@tﬂaiﬁagb@ﬁcﬁfe& on B ARESH in WL Sace

operation teaches robot val ues for each stati After a prefimnary
station cal°FBPa¢| 6h,2 irfung gleptiede cefmplbr éd pericrdte apbbotwedlr defiredpl &cedothar t he

station wi Ldglifmd piidienabethe bRASKAS of Bt LA hattther Ghfol oty li#nd 1

position 208 wthin tronfrxture3210to ance romstation center
204. | £ t hisatgegrveith an adoreé sywnéint he other arm the wafer would Iand |n

position gin f I A [No] i xtuce’

tol er ancez@ s'?%?ﬁ%nﬁc@%eir ?%géf’a ‘}FB%%] tﬁ&%ﬁ@lag %a ¢ Q‘%% ACyRgng, t%I “ﬁt nary
station caﬂmiﬁt@daftdnb nTpﬁr Gbessows sik epifatedtgiove riadlud:mgrﬁmr prtntceslsmg hﬁoofuia(taadi eis
properly i d S hin the . to ances require

sanpl e vaﬁgé %ﬂ()%ﬂ E & %tg t°0l hea(rgélﬁ%eggﬁngo%’%% 301 50 44 F‘F‘EQ GipEons aﬂ‘gg%rr ta%és one
enbodi rrentsemslqathemsas mo nmaaajrerszﬂmsmr mﬁmxattheo hieakiy whig r&fbtend‘earloi Dp@hi @Nthe

proce Thi s.th r erar 00, in.the calibr noeratronfor
Phe” by R 1B el HeP saroRMedbrs BErriShiPady Rohegr: Fataptuie
i ndi cat es mhmeatasmmdtepmﬂadﬁﬂm BEhs RS 5 !m’bldi“ﬁCh facet The wafer is
centered '&)flﬁﬂ fer nce stat |hon wWth a fv\ﬁ% ner anot her repeatable
mechani sm! t5h ‘élﬂefﬁ & 1°h CREAPE OiF 19 fé‘r’iﬁfdel%ﬁ%f”ée ERRRAGHEE Pl e term
V\D 2009/ 1@2&%6@&@&@@;&&@%33@;)@@3 from GRNIERFAEE WafBand lrsscoklé‘t@é}cd bdntdi®@ANS

pr oper | y ositigned wafer.' In general, the S}/St emis designed to use

' proper | y PUSF {5 BR&ePot 671+ St WHET 15 \Prsay 1o thnei! ImirgReibettesgn B thiPethcase

' cent gk ed'ser@ts 307 Hdrih4 LB TIynedR AGhHRh Y vl BHRLEN & oﬁ&f# of e Wal:, bQIEJd' ned.
I n anot her enbodi nent, placenent can be off axis, or alignment can

per f or med “Wheweminat eleirefcfﬁht BT SIERE (@SR R hendhg vofer gmtq«;md ) and
[ 0045] Fi gykterédrasOVg 8neS BPdEmARMENd §ﬁd1§egfac! o erwéor%b%(:gtg‘rr di ng

to one enbodi nent. The table shows six different stations, including four
processi negfigieniut BsasarrneppeaiationdiEA -FEaBBA ReaEEBEhas! BiR-Be sensors, 1-3,

associ at e@o¥tit h fhGeShabligfne Ad.fon aﬁ@?&m@@&?&z{no%}blﬁr Goith€q WP AR CTENt S

to indicate the Tocation wth reference to a ‘poln ér-tool
ar chi #ect wekeas 10odhdimepbiodioresnd, therhge neﬁelr@mes qmmwraoﬂd;totghea rephretnihione

position e r r - ipches R _and ap angle T
[ 0046] Fi guye% SXﬂﬁelgg%%Ee@rt? %C%gogﬁg?(gtt{gg ? iy hoé‘1 of f SEFUFESTY i <%nn°gmI
enbodi menmiwflinihe tlilenw/;erattibmrp ch@eget @meds daker tlﬁ&&tereacepsmiceaﬂrégpﬁm thi @afer

e or 1's BEGTEH A 8 LR FREC R SOui B el et el ™ T

[0048] The otfset table consists of the Dynamic Alignment measured offset of a centered

25 wafer when passed to and from the robot station location, for each combination of arm, station,

and direction, The offset table will be used to determine where a wafer is relative to the robot,

but it is still unknown exactly where the robot arm is relative to the station, within tolerances

from the preliminary station calibration. The offsets tabulated in the offset table reflect the

~unknown, but consistent deviations in Dynamic Alignment measurement resulting from

30 deviations in sensor location with respect to their nominal position, differences between extend

and retract motions, differences between robot arms (if applicable), and other tolerance and

uncertainty stack-ups for each facet-blade-direction combination. The generation of the offset

table is used to determine these unknown offsets for a centered wafer and to link the calibration



15sensors 302 and 304, and Dynam c Alignnent is used to neasure the offset
of the wafer, based on the nom nal place of the sensor and the neasurenents
when t he wafgf.8088:76n (extend) and out (retract). In OﬁéwﬁgﬁQﬂhPEQt
extend and retract neasurenents for two robot arnms originate 4

measur ements per station, EEA-Ex, EEA-ReS - EEB-Ex, and EBB-Re. [0047]1n one
ermbodi ment fort 4k fasxt.epiddcandnd girecticns oper dPiisnsl saicesa dpediypanivuhtipphat tlimes,
20 such as ) ! e renents _are averaged
to get a r g%%é&segqﬁtggtv%d\l/ gg;élo sfgtegt EP%’Y% 1?(23 tejﬁcdeégp fh_ge %E%?% %frectlcbn%easutemen{
repeat abi | [00¢9}on Ehemmeaedmﬁﬁwnmguwﬁﬁw&h@&ﬁemnedhm@ﬁhenmnmﬁmnﬁn@gemﬂhnen to
change arns_is._d t the reference stati.on dro t waf er nce
and at a re&leﬂsggw%gd cmnfgdﬁggg‘%gﬂéFFe Pbogaﬁggl q@ﬁ? 0“Wb’ﬁd?$ﬁékglcks
and pl aiesdescﬁtﬁﬁtéﬂ]of Tiveopefatisst pdriabhel ©ongiugis thefoffshetably Valft€acdbidginee ihe
measur ed offeg fapcentered 25 waf er when passed to and from the robot
station | o¢&t 5wmf? © B Bonbi nation of arm station, and direction. The
of f set taljoesom | | 1. peckusedattofrahe taEraica atanbe tvith fefwahi@mbldds. rel ative to the
robot, but is il nown exactly where the robot armis relative to
e st art IS £ Xeas BTIRRS O PR EHETE BEF Al yraksit BHboHT Vbt on.
The of f set;sbdtabubmtoediond muliplofh&e tThe abfaglt veluk &C10 §:118;, BRI ulUke also
con5|stent deV|at|ons in Dynam c Al i gnnent measur enent resulting from 30

devi ati%ondorsPlee learury ?iﬁ%ﬂdlaﬂﬁ %aftt?fﬁs‘é%ﬂ‘é%‘tv %P PAéi r noni nal posi tion,
dlfferencqmﬁa t weeRe@xt e ARECEBL ract notions, differences between robot
arns (if a&gplcable and other tolerance and uncertainty stack-ups for
each facetBBhde-4dFfrectriGh PEEIDIHEEIGHatiPhang divkrter walgr vith theenonfrefewsnce abl e
is used t@pdeterm ne these unknown offsets for a centered wafer and to |ink
the calibration W) 20091137279PCT/ US2009/ 041730 for all facets, bl ades,
and di recl95Ak i & Beruoste segindaghoeZesloelat Dynami ¢ Al i gnnent measur enment s

will be cgdb%s)[steratgf faatwte @gﬁegadepam Be 85 J%' xﬁlhﬁ&% 190

measur ene 004 e nmeasure sets are used by the sof tware uring the
nanufactuﬁkﬁgﬂ@@@@é@gdﬁ@ﬂ@ﬁﬁb@ﬂé@ﬁ@fmdtm%%pIacenent during wafer centering

oper at ongste fok)auing.is 8. d8hAlLed S0esaUipLl an gl the sperations

perforned aIcu ate he of e va ues ac g~
of the i nv:éuﬁufomac[l @050 dtionRifckmt hettcutaam difgcoon. r EfgereeTi ehosit atdpbivaly thia

reference, bl a O%E%% n ract { u ef eren facet and al
the facet csié%l Y ahlL) S &%eg B f%’ot} gs 4 ‘!)}rtﬁ 1%5%’5?]10%%1 eﬁﬁt ttﬁlﬁné‘“ai nes.
The def auln, ¢elfolipwisg 20udsiarmes]culattt: other vaIues are al so 10possi bl e.
Measur e exteng%}%§ I 3& %k i-Ng é 2] 3. Reduce robot
Z-vel ocity. £@ﬁ$$§8€ﬂ’ F%Pégé qﬁiﬁ & %@ Fednd pi ck the
wafer with he cmae Tafevanchr Rhﬁﬁe(CiRQﬁ5§1¥5Ach&Ichﬁ’ufhdtRD oohgLhal robot
Z-velocité ,é g @% Pass t he wafer ngh each facet wth the
non- r ef erlBfT a8 FLPo%s e S 8t %P%?J Xbighé By aFeét"i”élbfheoef"F’éé% s
during eaﬁ?ﬂetpms for each combination of arm, station, and direction. The lefimost column holds
25 the name of the combination blade-station. The next two columns show the extend values, and
the following two columns the retract values. The person skilled in the art will appreciate that
other tables can be used to hold the offset values as long as the principles of the invention
described herein are maintained.
[0058] Figure 7A depicts the station value optimization operation in one embodiment.
30 This operation is used to teach station center. The reference arm values need to be-adjusted so
that the reference anm 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 Airtock

by placing an aligned wafer in the station.



[0056] 7. For each station, detemine the station offsets by cal culating the
aver age of fset val ues for each conbination of arm station, and

di rection. WwiogumasB shows graphically the determ nati oprfishlgsskat i on
of fsets for one enbodi nent of the invention. For each station and 20arm

the foll owing val ues are cal cul ated: OFf'set Table Val ue for Extend
(CeR, CeT) & %9 vy WedSur B IEOPERERPT CRfvsE rreT Ak ged/Aruibe freferemes blade by

(R CT) rfgﬁylgoh@q&w‘@go RERetract [0057] Figure 6 shows a sanple
of f set table 2, which i's populated with the average offset val ues for

each conbl[ﬂﬁﬁq]on beeé‘#qfhz*‘g@]a‘leon and direction. The leftnost colum hol ds
95 the nangygf thzapgcﬁmf&%u AnRbadar éawe OB\ fm&e &%m@é@%ﬁg&urﬁﬁr&%&)w the

ext end vaI ues, and | ow ng two col unms e retract ues he "per son
ski | | ed i rextengs taptelwiitdry sipipmeciuat Kottt pcmtkher tabl es can be used to hold

the of fsety ue I Iy f nvention desecri be
herein are’ (Yé:] ntzs;i 2)(%21? &%O@Tﬁgﬁgé X&Ig%%;ﬁjc? an{j %glcgl KtTon VR eé&agmeﬂd
opt i m zat i(¥freoipeheateiepence Airgntien, d o §earmid R&GFoFEmB&e apehatthodefndt ms@er bO

teach sta n val ues need to be adjusted so that
the ref erté%nfélsa%ﬁfrigtﬁloéhgléva??% easgagcef) ][nhe station center, allow ng the

al i gnnment [@f63} obdt Pla@rWﬁerﬂddm&thumm Beindretiriockhe i deal station center is

set f erin i ani cal alignnent of wafer

pl aceﬁént ?&fﬁt’s gegir‘]g‘lrl%t% 3 Elul()) gai%eﬁ?%rtge? 8%t for the Airlock by placing
an aligned waf NeWISQaﬂohafa&IeatRm.)—IM&IZJB&%]S&H%Z%P(@M WS2009/ 041730

- 9 - [0059]In one fce/g i ment hﬁg station values are adjusted for the
reference bl ade by {g‘§$ PR O E Hetsir-@ii g “oper at i ons: [0060] 1. Reduce

Z- Vel oci ty. [0061] 20fRitakbrvater cett) Qf, .sl.ald,.on that can be a PMfixture or

a slot of é@l ock. The robot 5extends to prelimnary station values (RO, TO)
to pick. 0] 3Figpgs® Mrﬁl%ﬂ#&%ﬁbHlefda’?f%lt’iﬂtrfiﬂ%qmpv@dﬁ? fescomipytagian elihat e t he

Aver age Nﬁ@@uﬁtﬁﬂ vehit SRk tHeRol EREREEIRAGE -5 86&1 R on Qﬁﬂegadg%?%wt@é}e Rg T0)

,Reference Direction The default nunber of tines is ot her vaI ues
are al so Hellepraplwderdions] wiermreie & st 8 corigarablemparitim numberof rPRiENS

Al Tl ock. the desired level of value adjustments has not been reached, then an error message is generated.
Typical values for maximum number of repetitions range from 2 to 5, but other values are also
possible.

20 [0066] The station values for the non-reference blade are adjusted next by picking the
wafer with the non-reference blade and repeating the process previously performed with the
reference biade. After compietion, return robot to original Z-velocity.

[0067] Figure 8 shows using metrology based alignment during calibration according to
one embodiment of the invention. This operation is also used to teach station center. In one

25 embodiment, the final alignment of station position is fine tuned by interpreting etch rate

results using Bevel Analysis Software (BAS). This technigue for using an etched wafer to set
up the wafer handling is called Metrology Based Alignment (MBA).
[06068] 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
30 picked and the offset measured with the same or a different arm, using Dynamic Alignment 111,
One embodiment to implement the Dynamic Alignment IIf 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



10[ 0064] 5. Cal cul ate the new station values for the robot: New Station
Values (RF, Tr) = Initial Station Values (RO, TO) + (Avg Measured

RQIO) Ref er egespfdisession - (O fset Table Ce/rR Ce/rT) stpéf@%[,@mgﬁﬁecti on

[ 0065] Fi gure 7B shows graphically the different vectors use t he
conputation of the 15 new station valués-for the robot, Repeat operations
1-5 until| waiat ischrivalawcaditadremgmesierde Ragh ymcéirmkilplacmambb gieldsreddustal df owed
tOl er anceSVal CE a?ttltaerF: r@seﬁ%ﬂ&é gc’hll;eagll‘;(? ﬂEﬁ" nu{épﬁ{e C(? Stcr?sotfe cuﬁate%rﬁ CBJ;'IEUE:
desired | eve J ust ment's Ras not been reac Ten an error
nmessage i sthgemerﬁ&t@'de pliyguicoaposi@hre svelias treaxirag minesib ér aﬁﬂsetméqketTms s
range fro t he ues_are aI SS 006 he station
val ues fo;gt aermﬁgvﬁn Hl eer&erwtvcizdef31 a‘g‘a%a“é“ o t:gnge ndex f%’bls 1"[ﬁ)f’lL‘c QCPJS fhes Raf er
with tlhe nﬂﬁetr éfera&mﬁe Kabad éhaathd refezpeca;tarngzstehezepﬁmﬁ@sﬂu@rte‘plaw&lewaﬁﬁmt or ned
wlthther ere; lgladed After. o r. obot to ﬁ}éfﬁglnal

Z- vel oci t)} THEE7PEIGur8 §0‘§ﬁ]bm§1pﬁ 085‘0%%8? ]ﬂaés R Rt e Phg

cal i br at i ofraacedtedb bEank®from an idakzesnbodi ment of the i nventl on. This
operation j | so. used. to teach station center.. In one 25enbodi nent, the
final al i Giehe e SFRMEFHRErs FEOTE Piovdevtia SRR B IS PEET A Bith rat o
resul ts usicagudese), rddalbyrsicssa80f, taﬂ&ﬁ@eﬁt%&fsetﬂ_ hiise fepehail Y8 E&rar&t@bdﬂga an
etched wafer to set up. t he wafer JE i.,s called Metraol og{%/ Based

AL T Gt O Y REbOBB GG 2" SR dapieds S RO NG Y o e fng

cal i brati g h&diomSuRIHRIURBAbsterd RENAERS calibraRbagRE, I N the PMw th Dynam c
Alignment |1l centering, and then the wafer is 30 picked and the offset
measur ed WHOPA t helns apfecippodiments hererer irmicledshryeibaHahe clepprsgrmrenexend . One
enbodi ment Qb RoGeRH o ﬁea&fmﬁac@pt&mtnabtﬂs 1860 dnsc sztﬁ%?nén@ | bel ow
with respect to the description of Figure 11C. Ther e aretwog or
per f or mi nghe fellewispeparpiian acmgeaomedder qgelastatiagi t o det er mi ne where the

non-r ¢f er ARGH ar M Al ageea ARl e el Ghad Blatiby fid RIORE Blblle refer ence
arm places the centered wafer. The secon oa to neasure where the WO
2009/ 137206E YUSZG09¢ 0 P3@e with@eference blade, and pick with non-reference blade.

[0673] 3. Cluster BB: Place with non-reference blade, and pick with non-reference blade.

[0074] 4. Cluster BA: Place with non-reference blade, and pick with reference blade.
[0075] 5. Repeat five to twenty times, or another value configured by the user, and
20  calculate the average for each cluster, Cluster [Blade-Blade] (RO, TO) average.
[6076] The following changes are applied to the offset table and robot station values afier
the fine tuning: See Figure 9B for a vectorial representation of the calcuiations,
[06077] 1. Calculate the new offset table retract values for reference blade:
New Offset Table Retract Values for Reference Blade, (NIR,NI'T)rer orm =
25 Current Offset Table Retract Values (CrR,CrTires arm +
Cluster Ref-Ref (RC,TO) 5 verage-
[0078] 2. Calculate the new station values for the non-reference blade:
New Station Values Nonref Arm (Re, Teinonrer arm =
Current Stn Values (Ra, To)monret Arm —
30 Cluster Nonref-Ref (RO, TO) average +
Cluster Ref-Ref (RO, TO) overage
[0079] 3. Calculate he offset table retract values for the non reference hlade:
New Offset Table Retract Values for (INrRoN'F Noaref Am =
Current Offset Table Retract Values (CrR,CrT )nonres Arm -+



wafer is during retract, after being centered. Each pick and place conbo
yields a cluster of values, and a representative value, also called

"center," fq{,o%&gm%,}éster is calculated to change the nagn-reference
pl acenent position, -as well as the retract values in th&SfFe8Y a8 e. This

way, both arnms will place the wafer in-tlhe same spot, and a centered wafer
is measured as havi nguse Bomdifreeie! (RO, TS .alL eady known that the reference

arm uses t tend_val ues to place the wafer in the correct |ocation, and
now t he in’E@tﬂgﬁof Qd?%’ﬁfﬁ%ﬁ%asaﬂ?ag iaf8rk‘?pﬂa’l_%a§°‘é[ss.essed, whi ch causes the
retract valemsifo charge foefuammpldealikes oo kOIRIbIRE fRBRlknUpeRALAI Tid es
and errors jmay result in_discrepancies between the initial nmeasur enent s,
robot co npéiﬁgdé’f‘fl%?f vales 0B prsh clet AisBlicd opE orig ot Rd-ofisset & Tared gt ouped
in 10cl §st gRos2) Whirghrearg AGBRE BBeNThe GRoctli BhwPERAR diSinl SR dufeRlAGELRLGK the

wafer. It Is possible to use the disuibution of these clusters to fine tune
cal i br at ed2¥hiifEsthen ooy PRTEREUEE ddsHeAts dersibamthe pricssscliot fd optinaingh al |

the stati oaﬁfeﬁ%jaean&x&@ega&&ryr;@%&&@smﬁ&@r ARk A LELEAGH B a@lohotled
pl ace/ pi ck conbi nati ons, usi ngaDynar_n c A |t%nrrent Rp e folFow ng

oper at i onssife op &afes ABEEs. daciestian Poh: tha SRR pdfongh usprelimifdy fRitmoe
W th refergngeabl adfacAndomdk Gk A R et s o [00.72 ter. AB:
Place with ref gr encea%l ad%, gnbé%pi }(?)k e\‘%vldcht ﬁﬁ%glﬁin rge' ge?etﬁcfgc%ﬁ %af(zide\}?(%ggﬁf

d ust etl BBienoadectari mnuastringf ey prvvioudly ddwriberhaifhi ckpeni tohFigan-2. eflaerrice

bl ade. [0074]. st.er - Pl it -reference bl ade d pick with
ref erence %"%%‘8” ?8%7&7]%5“ gep]ga%ﬁ ria}\g'g ttg o@%}\%ﬁt% vt ?Sﬁé%n, P aor?mgtﬁ%?'ﬁ%tr E’l?eal”ﬂ%
conf i gur edacbgurt e ugen, wignd ti2Oedkbc vl tatte pilved apesitageoff @nsoeaheseh Wsdeerand
Cluster [Bl - Bl. RO.TO A "ge ,[0076] The fol |l owi ng ,changes e applied
to the of fosfg ttgtdgi I%g%goﬁlél P ?rcf)cfo"c’)%ngsefxa 4 ﬁg\}}% aﬁte%peéq%tog? \é\% ﬁgo f#at Triﬁln‘%ﬁg?n‘%ge

Fi gur e 9B Heoreea ratectorsi dhe repitesenbpdrimm Df ddiesed at cptraboh 006 o H19Q %lfdrs

Cal cul at e .t he retract values for reference blade. New

.new of fset .table f

O f set - Tanl SApREAREYE DA LSRR PR FORED BRI MIFR, N T) Ref Arm = Cur rent
Of f set Taljies3Ret riagire Vaib desrifeCriRmoreIdeRaf opbfatibrt 96 i odRe ] 1S caliRRe )
Average- (007612, Cal.cul gt Lhe ey, SLatl on, yalues Tor, the non- reference
bl ade: : ©

each facet. Operation 912 follows where one of the stations is identified as a reference station

and reference arm and reference direction. In operation 914, a properly positioned wafer is

20 picked at the reference station. In one embodiment, the wafer is properly positioned by using

an aligner.

- [0084] In operation 916, the method passes the wafer previously picked through the
different facets of the stations, and offsets for extend and retract are measured as the robot
passes the wafer into and out of the stations with each arm. Operation 918 creates an offset

25  table to compensate for differences between the measured extend and refract offsets and the
nominal sensor jocations, One embodiment for this operation was previously described with
respect to Figures 5 and 6. In operation 920, the robot values are adjusted by performing a
station value optimization step adjusted with the calculated vaiues for the offset table. In
operation 922, the offset table is fine tuned by obtaining data from repeatedly placing and

30 picking of the wafer.

[0085] Figure 11C describes in more details operation 906 from Figure 11A to place
wafers in the stations during manufactering 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



New St ation Values Nonref Arm (RF, TF) Nonref Arm = Current Stn Val ues
(Rg. TO Nonref Arm - 30C uster Nonref-Ref (RO TO) Average O uster Ref-Ref

(RO, TO , AviiRed@87P] 3. Cal cul ate he of fset tabl e retrgefpibadewgssf or the
non reference blade: New Offset Table Retract Values for (NrR NrT)Nonier Am

= Current Offset Table Retract Values (&R O T)Nonref Ann VO
2009/ 137279PEPIEUS2 000 rory3e face and-cigrtipst dn oNeatef @XNo e epproRAIT Qlvyv/eiage

[0080] 4. Rgpeak.ilzr. gﬁameg,ﬁgd Ofre 2B 'egﬂ?@ at i, o0 d 9&&&&5%&%&6@%2&%@%&

sanpl e di stribution results tor t fine tuning operation.

di st ri but i whtiof tovkd @Ebrafed stabere bentdrushtier isicglladi thp PayB @f6at, (MBITARDs[O)aidhe

Rof f ser axi .Tofft LS. 1.5 . Fi-gur 1A-1.1D t he.process
flows for O%ngﬁfeﬁés ‘g%éemcdoe?re%p%%se é ei’%lr){ggeg‘[gahieog ‘%#833%%%@“? gﬁleonm%?%f %Ch »

manuf act urthadistakdepomeen meAudd scifdrbegertane thprodicetssbl bawe.f or opti m zi ng waf er

pl acenent repe ! i_n.sem con or manufacturing equi pment using a
controll ed seri%éfgﬁ%%b;%pé“r{ﬁr%%eﬁggg?ﬁ)l n operation 902, the nethod perforns

a prelimnary st ati@ifsefablrtiRofe/t 0l LACHA EONCLmpaskiidnoO oy each

station i aced to facets.of a VIMused in 0 sem,conduct or

manuf act il *aslsbeaiaLars C e bR TRk et BE SRRy brETH That i n
oper at i on egBddindeteths yatemife: Bakriphedbe dyiamnio bl @inrtnCeIpenIad meuRdnafmst er s
that take into account the station where tgj wafer is to be placed,

posi t i8n Sﬁ“"é@ﬁ?&%?"”ieﬂbéé ng Qe SompeiaioRrand dpkulyed YAEES-f r om per f or mi ng

ext end angogse I a¢igu@PETAtdpRRSHhe hratedsGBOMea M aRdreApdRLaNee $idekWeee 0bot
arns. The results fromoperation 904 are used in operation 906 to pl ace

waf ers 15i9Mst SNt PPHEFattGria diaws hoPPaeiing “theickohp s tiogna station

par anet er gnd QB3] b fHER isldBy deseshRage DANNOR:8h 3hd cRRREALT: Afis 994 fr om
Figure 11A to calibrate the system In operation 910, the nethod accesses

a tabl e h&wphRy MchPwBlc aenBH choiatt BRSSO 1eabn sprierstale Obrfam: 8 o
fol I ows WiglesQN&, AndchBirslidhl RS ik SisddNtAdh R w382 L8 BLERCE rélgt?\;el gn and

reference armand reference direction. In operation 914, a properl
posi t i onesiasgafagntei. sFigOpilé idettrines pipferizlf e aveced Itnamicoflignnmeno He acentsiodi trent |,

the waf er gl §,RlcQRECHNedRF dutPNgd Dy using an aligner.
(DAL RO, TO) = (Measured RO, TOQ) — (Offset Table
Ce/rR,Ce/rTsation arm.direction
20 [0088] The Compensation Offset (r.t) is used to place the wafer to Calibrated Station
Center. DAII Offset (1) is the reported location of the wafer relative (o Station Center (r,t).
[0089]  Embodiments of the present invention may be practiced with various computer
system configurations including hand-held devices, microprocessor systems, microprocessor-
based or programmable consumer electronics, minicomputers, mainframe computers and the
25  like. The invention can also be practiced in distributed computing environments where tasks
are performed by remote processing devices that are linked through a wire-based or wireless
network,
[0096] With the above embodiments in mind, it should be understood that the invention
can employ various computer-implemented operations involving data stored in computer
3G systems. These operations are those requiring physical manipulation of physical quantities.
[6091] Any of the operations described herein that form part of the invention are usefui
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



[0084] I n operation 916, the method passes the wafer previously picked
through the different facets of the stations, and offsets for extend and
retract areyPAsSI as the robot passes the wafer into t he
stations with eacﬁg?m Qperation 918 creates an offsetPéggsz(agb%ﬁ“gs?o
conpensate for differences between the-h®asured extend and retract offsets
and t he noprepah sstencsmrtht: omamtjtcnn dn p@tieuianbmﬂjwsr@anermmurttolaé sadpersatn 00 uwes

previ ously scr i ect to Fi 6 erati n 920, the
Pobot “val Ltk arabu nithat EREER sk froms Ul B ROl nerPnb A RHES: ep

adj ust ed V\ntoﬁtherﬁd’iﬁto&ﬁwbﬁﬂicﬁi ﬁdre\&ﬁdcﬂﬁﬁecf@lpaﬁahﬁ t@pdrietn t]heaﬂ@btﬁredloperﬁﬂilﬁfbatl on 922,

t he of f set Ie| tun obtaining data, fromr in
and 90 pi dOP DL o0 Bt s e S b bt § R e b aBud 0
oper ?t ion &ﬁ@stob@maﬁoﬁw ﬁo&él&e;bt@o Db@@tﬁan\ﬂ/&ﬁ@’fﬁe pafctrﬂted it Bétwaﬂﬁo%ﬂétgioﬂg or
manuf act uri n usi n the. co ar noeratlon a
dynami ¢ alqpﬁ’f%ﬁ‘é‘tﬁm%1 W%ng Hotcg‘ ﬁb@@fﬁ difggreat d %%P’e?‘aét’t distripuedj ng
the wafer ihhr ough §8REaNSwY e S:chlrark NG the palclsiNogerhtigRe aetRdi MREW als

O fset (Measured RO TO is V\020091137279PCIV820 9/ 041730 - 1/ - neasured
for the appiospiedarih ff%tcé’foca%%eodﬁt et & the ArogpEingL tofte opilax Reealie OBt i at e

val ue fromethenafif geliclidBl@y(station, extend direction, arm is used to
cal cul ate 'where wafer center is relative to the callbrated stati on center,

whi ch 0s ¢9Bed tHEopm the faopgossrinvanpa has trey dorFribephe sopg dataitfor seposes oised
to determ &%u@me&at ttoatm%f@gtmm( t@enpe{tsﬁtta%mdmdlﬁm)ﬁbcan %ét he
di stance bet en neasured wafer center and the offSet table val ue.

RO TO PMsaedrvethiiRDe FQpe of (hefappesdedralpine . GercrRingsy. ﬁﬁﬁ)mmmrmrhwmme@rq ol I =
- (Corrpen t. is used
during th%@{;é ?aglgé?d Q 111[119%%@% Luth 1939?&%&199 r%%méﬁ{ﬁ%ﬁ‘ gto'rt got”?e%{tﬁ%f tp Sﬂzet Ss
graphed odetﬁwgmmhqtmgh’umm t@hawctl‘éed Fheinrtha seope dnd eqticieniOetha tpmenddds

obt alq d b% addl ng the Conpensation and Tabul ated vectors. [0087]Figure 11D
depi ct's t he'p process for measuring wafer position when picking a wafer from
a station. After operation 906 in Figure 1, operation 940 picks the wafer
froma station and dynam c alignnent is used to nmeasure the DAl Ofset.

I n one enbodinent, this value is graphed on dynanmic alignnent charts. In
operation 942, the appropriate value fromthe offset 15 table (station,
retract direction, arm is used to cal cul ate where wafer center is relative
to station center. Figure 12 describes pictorially the use of Dynam c
Alignment 111 according to the nmethod described in Figure 11D. (DAIII

RO TO -,- (Measured RO TO - (O fset Table



Ce/rR, Cel/rT)station.ann.direction 20[ 0088] The Conpensation Ofset (r,t) is
used to place the wafer to Calibrated Station Center, DAIIIl Ofset (r,t) is
the reported location of the wafer relative to Station Centel-414).

[ 0089] Enbodi nents of the present invegtion may be practiced with various
conput er system configurations inclddiﬁg hand- hel d devi ces, m croprocessor
systens, m croprocessor-based or programmabl e consuner el ectronics,

m ni conput ers, mai nfrane conput er s&iadM$%e 25 |ike. The invention can al so
be practiced in distributed conputing environnents where tasks are
performed by renote processing devices that are |linked through a wre-based
or wirelless mehabnk to pROAD} Walfdr fidvemabvgesesthiogiinanysemnvicd nd, it shoul d be
understood. that the invention . can enpl oy various, conmputer-inpl enent ed
oper at i 5%16PW@GF%%@H@%%HW@P@MH&H%% RO g Sge tette Al eHBES BT at i ons
are thoge haaw tdpgrifhysi cal mani pul ation of physical quantities. [0091]
Any of the operations described herein that formpart of the invention are
usef ul machi fre pepemaing arseliTineryi sientdabbranbs to reethat wdot positiatefor cehor an

1 i ] ' . Th : iall
oo L ORI, LS PRCLE 0 I AR AL b e 211

gener al rpuiResEngonput er sel ectively activated or configured by a conputer
WO 2009/ 137279PCTTUS20091041730 - 13 - program stored in the conputer. In
particul ar, Parcplbiratigphessstende pbigam Wﬂﬁg@n@a@wr@'w@twﬁmcomut er

(et b R B Hocomput ¢
Convent Sar Uy ahE0att BRROLATREE: B M) TRGHRO IEOR M sadtiahdy IR ™ ™'

requi r edffopedaivecdfieom paOSRNA ¢-haughdtrbeadcrepdradopdaatbannsmwiiee descri bed in
a specific order, it should be, 5 understood that other housekeeping
operati %@r%?%h%é@&b@ﬁ%acqeﬁﬁ%f mgwaaagr%ﬁna FHSF?‘EF&EP%H% f&hmay be

adj ust efl.§0xid\atarien BREUabRYo 8hhdishy 10 {f&riBMIcel bYBR nRhin YOS,
distributed in a systemwhich allows the occurrence of t%e processi ng

oper at i longicas; various intervals associated with the processing, as |ong as

t he processi of the overlay operations ar rforned in the desjred way.
107 0093] Al ¢ KRG (HE% BF SyBPR TR BHEraR g B POHESR et FAIGERE det al
for purpasiesgehiaChahiplatigf andidenst ande R@feri sndvi | | be apparent that certain
changes and nodifications can be practiced within the scope of the appended

cl ai ns. (dAeleemdivvgery in sthoprdsiagmaanfistinmsnshgdhe campdisattansirdested. as
illustrative and not restrictive, and the invention is not to be limted to
the details given herein, but nay be nodified within the scope and

equi valent s ofindihel @ppendadwdisepiacdment rdfde@abiBlty inldsystel Altyb

serniconductor 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 vacuum transfer module (VITM) used in semiconductor
manufacturing;

(b) calibrating the system to obtain compensation parameters that take into
account the station where the wafer is to be placed, position of sensors in each facet, and
offsets derived from performing extend and retract operations of a robot arm;

(c) placing wafers in stations during manufacturing using the compensation
parameters, wherein operations (a) and (b) are performed with a first arm identified as a

reference arm of the robot;



1. A nmethod to optimze wafer placenent repeatability in a systemwth

sem conduct or manuf acturing equi pnent using a controlled series of wafer
novenents, the method conpri sing: (a) performing a prelimnary
station calibration to teach a robot @osition for each station interfaced
to facets of a vacuum transfer nodul’d (VTM used in sem conduct@rs) o

manuf act ur i nfg; . (b) calibrating the systemto obtain conpensation

par anet &Pt IRETINELRE ALY a3 Ao i tvitfesesend Franoldherebothe wafer is to be

pl aced, positd : S, ol C ts.derived. from
perform ng e&ét) gﬁﬁé%%@%ﬁ%@? Q\gg%&gf % g’nés%‘tm%)fa?lali']lgra1 o%’{)l?e?%?%%gt gragigpi(%r ating

f ur t her viiihdhafishgmaeoebsibrgeafotrabigephativm ) varh thelseserdson, thodasipans f or
each facet a_réld creati%g gﬁﬁss%ffdset éablfgfto ﬁonPens, te for error induced by
the noniA# PEEHEEPE PP poisipecd to reduce effpcty pfwafes shidigng: Rad conpensat i on
paramet ers apnggf - Ot f J e eIl : fa.om

pl aci ng and g?clgg}gg;gof theﬂ Q\/\gcd ﬁfexﬁ%ﬁ@{&é@éﬁ &?}C'I;;MPSF %%gi 1%?%? é@(}lﬁn@gt ations
during WihG@stainhgdikiioy neHersivapenston on vdr tstend ard, A net hod to
optim ze wafer placenment repeatability in a systemw th sem conduct or

manuf act uri ng equi pnment using a controlled series of wafer novenents, the
met hod gonpr Asnéthod to optimizé ahfepertanetngheataplil ivh Basiam Sti@t | on cal i bration
to teach a robot position for each station interfaced to facets of a vacuum
t r ansf efTHEYGNE] PRI AGRIB S CAUBBRT USHELACTABE Ot 64TE6 of afy movements, ( b)

cal i br agjgggﬁwaew%%ﬁs .to obtain conpensation paraneters that take into
account the station ere the wafer is to be placed, position of sensors in
each facet, @nhpertirfraeg s petéiniiueg sfatiomcgénitamnbneacxitrebst Bidioh €6 @ch

operations af a. robot. arny C | acing. wafers in stations during
nmanuf ac%tﬁﬁndﬁtea‘g?eﬁigmtfwtsc%frﬁ)‘@ﬁg‘&"ﬁ i“%ﬂgfﬁ‘gmaﬁ‘ﬂ? gng)\Hﬁ@ﬁl Bl $ogddletPbns (a) and
(b) aremperdesmed with a first armidentified as a reference armof the
robot; - 15 - LLP (d) perform ng operations (a) and (b) with a second
arm of the rlbbetiibrating the sysegm tr dpppinegmpédsatop pakedtonather aonine t 0 swap ar s

after p%&‘;c’{ ] e first armand befo perform ng

ng.oper.atiqn W th th
oper at i‘on 5&%&%“!&%%“%@?0‘%%&59 M Qe[ Ay BRI TSRS Hb‘?alc[}?arﬁehén t a
r educechispReldriv el fredyeefonhieeken0tndad@r §RtdtldnBar a 8t arm, wherdih) droppi ng
of f the picked wafer once to swap arns after perform ng operation (b) with

the fi roderalipid idbrthefiseledgser f or m ng operation (b) with the second arm 3.A
nmet hod to optim : I Lty in systemw th
sem conduct or maﬁﬁfa g@%ﬁ%ﬁ%f@%%ﬁ%ﬁ@ﬁ@%@sgg Ig%arfi'top %?qre%a%%ﬁtes of waf er

movenents, the nmelihodneQinyd figgice station, a fefreRrfQEMRL BPe@oR! Sldign nary
station cal i_bfrati on to teach a robot position for each station interfaced
to facets ofI§ePSeiAbfi i knsfer module (VTM used in seni conduct or

manuf act uri ng; ey e b)), j ' - st.em: ' nsation
par anmet ers t hat t(%fﬁgfﬁkﬁ@o‘”g}?c‘léﬁyrﬁ?ﬁeEg‘%’?gtﬁ% ﬁ é% gm?\%lie%v\%fé%% jsBY to be

pl aced, posippsivonmf sensors in each facet, and offsets derived from
perform ng exten nd retract operatjions of a robot arm . wherein operation
(b) further incl ﬁagggssmg thé plck?‘?“f%‘%bg’él%q%{l%%’tcgﬁla@é RGP HE et Aard sensor
| ocations f efira@esikel@%BEn the robot padskd the hWeRtH RS RS BE ShEDGE RS ation, a
reference transfer direction, and a reference robot arm

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;



(tii) picking at the reference station a wafer that is known to be properly

posi ti oned; (iv) passing the picked wafer through the facets and
measuring extend and retract offsets when the robot passes the wafer into
and out of the stations with each ar (v) creating an ofif’setpt abl e

to conpensate for repeatabl e nmeasurenent error induced by differences
bet ween ext end %nd retract direction, as well as error induced by using
noni nal sensdf) MNaEag MgHas nasigions during ponyfagiuing biing theolvotpevsitioes f or each

stati on;pargmet&s ~Mdeih opkrab ' fer n.stations during
manuf actptitﬁr%g tSJ’si ngelt r?g gc;?r%seﬁ aaf%c} @i)drggjregi%rrgp%? %Bv?h%ﬁe?‘rﬁl lgﬁlg?’%&i%ﬁs (a) and
(b) ar e rplerdnoe adoivhe olwtfdamdst armidentified as a reference armof the

robot; and d erformng operations (a) and (b) with a second arm
of the robot .(d)zl}?eﬁ?&m%f@tp?ﬂ‘%a%é’g‘s Fﬂgém?@a Wi 21e5PRe 8'm GhEEEPPOtr ows i n t he
offset table include, an identifier for a conbination of station and arm

used, a pair of values associated with an extend operation, the pair

of val ués i ndhgaatepdaasrragitedsn gl @nwhenglneowar thee (ghsict tabfe iveldies associ at ed

with a retracg . ration. The merhod as recited in claim4, wherein

oper ati on (b%ﬁfcgegﬁﬁ‘%ifoggﬁﬁgplsngg?n B AR RIS ¥&Fi ni ng station | ocations

usi ng netr ol agyirbaseldeahdsgrinRa tithaRtxtend operali¥h,ithd paik BEvAIMIRYu@LE get table
val ues and robot position for each station by obtalining data from

r epeat eé@%%“%ﬁ”é_@i“ﬁ@glén%}ldpi cking of the wafer, 6.The nmethod as recited in
claims, whepghfl of Vhlued askbdifte %{}ge‘&&?o Lig& table values further

b}
i ncl udes, pertormng mult neastrenments of each conbination for
pl acing the wafer with one armand then picking up the wafer with the sane

or a di ﬁ;ere% arg}g glet.t i.nﬁ.a cluster of values fromthe mutiple
measur enent s FOPCHRERS St iaelem 2. whgein operation (RAfUBbeIFgMPISEHr esent at i ve

val ue for eagh)elusheba@SSREARIR My b:iktS QP |@p 5@ adjust a second
arm pl acenentgh}_))osi ti%n and the retszrwgct v%esqﬁéi%%{egﬂfdégt table. 7.The
met hod as r eGiitielehe tunisigaiffsedtablahvelues mdopbogtdsaivn(fo) edclirstaien biyncl udes,

obtaining data from repeatedly placing and picking of the wafer.

6. The method as recited in claim 5, wherein (viii) fine tuning the offset table values
further includes,

performing multiple measurements of each combination 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.

7. The method as recited in claim 4, wherein operation (c) further includes,

using dynamic alignment to measure wafer center after passing the wafer

thorough station sensors;



usi ng dynam c alignment to neasure wafer center after passing the wafer

t horough station sensors; MXS L. LP - 17 - cal cul ating a
conpensation of fset as a distance between the neasured wafer genfer and the
of fset table values; and centering th waf er during wafer placenent
adjusting for the conpensation of fsét.’ "8. The nethod as recited in claim4,
further conprising (e) neasuring wafer position when picking the

waf er from ac3it@eipha compenspeupiissgasmdisiengostiveonthic medasdied gyafer (i)
pickingcgﬂgfﬁﬁﬁﬁgoﬁ&Qﬂ%ﬁa@ﬂﬁ%lgﬂiand usi ng dynam c alignnment to neasure the
waf er center, and (11)y°using offset table values to cal cul ate where
the waf er centeeririgsthe elafitridveing ovasergplatinent alpntiay fodhd bempetshesh @St eci t ed
in claim4, wherein rows in the table having nom nal sensor |ocations
include, a station identification, a sensor identification, a radius val ue,

and an gngl eTM@lﬂéﬁmd_]aQ-ré@?@dEE?_Ele?QzL?ﬁrth%oh?‘i’isi claim1, wherein (a)
further includes, using dynamc alignnment to teach the robot position in

each stati onf(e) IMeaguringt Wafdr paitopt Whinzuckiag the yifackoment statepetiabi 1 ity in a

system w th i.conduct or. uf acturing equi pnent using a controlled series
of mafe?m%%%%ggﬁ%gfﬂﬁﬁgn%3?%%8&0onprising: (a) performng a

prelimnary stati@npickingbiicatbRniibm 4 @ach adreketdypesiddipnsfar weach station
interfaced to facets of  a VIMused in sem conductor manufacturing;
(b) cal i br at PRFUHES NpdFTespict.@dcal i brating i ncl udi ng,

(i1) using offset table values to calculate where the wafer center is relative

to a station center.

9. The method as recited in claim 4, wherein rows in the table having nominal
sensor locations include,

a station identification,

a sensor identification,

a radius value, and

an angle value.

10. The method as recited in claim 1, wherein (a) further includes,

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

1. A method to optimize wafer placement repeatability in a system with
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;



(i) accessing a table having nom nal sensor |ocations for each facet; - 18
- (ii) identifying a reference station, a reference transfer
direction, and a reference robot arm (iii) picking at theireference
station a wafer that is known to be properly positioned; (iv) passing
t he picked wafer through the facets ‘afd nmeasuri ng extend and retract

of fsets when the robot passes the wafer into and out of the stations wth
each arm (W) GpEY G sRTETr SBtor gk Erense donpiendiatsionomdrepeat abl e
measur enent gLk i pAHCEd,.by differences between extend and retract
direction, as well as error induced by using nom nal sensor |ocations; and
(vi) adjusting robod pickinges tfeoefeearh satiat h orferahal i§ Ryowph achangopafiers in
stations during.manufacturing using calibration results. 12. The nmethod as
recited in clpgg}lrﬁrf‘ri}’v\herei n operations (a) and (b) are performed with a
first armidentifiiedpasing (iehiek@NGereammeh thde kbl meigimLnod fyrt her
conprising perform ng operations (a) and %f) wth a second arm of the
robot. 13. THECh¥fsBdvien therahobnasses bt safar ito andeneifithoperians with ( b)
further incl H&?Sarm(\/i i) refining station |ocations using netrol ogy based
alignment. 14.The hethod as recited in claimll, wherein operation (b)
further includes, (v)creating wh bifyetfimerd eonipegs0f faetpdablenyvaligsnand robot
position for each sta%ion by obtaining data fromrepeatedly placing and

pi cking of t HEOMATEEd by gifHENGes PRbwen Sxieed atceriraet diteaiion. B8 welllecapn dur i ng

operation (b} hhe wafsl ﬂ&nihg%%gg%(??{o&. ¢glibration fixture. 16, A nethod

to optim ze wafer placenent repeat Ity 1n a systemw th sem conduct or
manuf act uri ng equivprentsting retgt aaloenfor ehdhethiser hes of wafer novenments, the
nmet hod conprjising. - .19,- . ug’.aé erforming a prelimnary station
calibration ‘icgp@glggﬁ)‘fager? Sh¥pligsiuin HPHPB CRSER uskgicrbbrafion eshlited to facets
of a VIMused in sem conductor manufacturing; (b) calibrating the system
the calibrating including, ‘

12. The method as recited in claim 11 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.

[3. The method as recited in claim 11, wherein operation (b) further includes,

(vii) refining station locations using metrology based alignment.

i4. The method as recited in claim 11, wherein operation (b) further includes,
(viii} fine tuning offset table values and robot position for each station by

obtaining data from repeatedly placing and picking of the wafer,

15. The method as recited in claim 11, wherein during operation (b) the wafer is

replaced by a calibration fixture.

16. A method to optimize wafer placement repeatability in a system with
semiconductor manufacturing equipment using a controlled series of wafer movements,

the method comprising:



(1) accessing a table having nom nal sensor |ocations for each facet; (ii)
identifying one of the stations as a reference station; (i)
picking at the reference station a wafer that is known to be propenty;, .
posi ti oned; (iv) passing the p]i,a(iked waf er through the facets a'h‘tf7
measuring extend and retract offsets when the robot passes the wafer into
and out of the stations; o (v) creating an offset table to conpensate
for repeat abl(® ResREUIEFENE By sipbriucadibrabpn & foaeh aneiws phatinedn ceslt end and

retract S%iﬁﬁ%ﬂ‘:}@&b@?@é@e@é !of a8 hL fnmg}fﬁﬁSdQé/t Pl%ialrj]l%attﬂg n,o_m' nal sensor
| ocat i ons; Vi agj usting robot val ues Por “eaen"SPsit i on;

(vii) refininp siibtatiop theoyateino i aibngngdicheliogy based al i gnnent; and
(viii) fine tuning.offset tabhle val ues and robot position for each station

by obt ai ni ng dat a%f)raﬁcrﬂssr“%%éet Ay L XERRE SSRPT PP kPRY B raghacHaf er; and (c)

pl aci ng waf ers i n(stiabi@pmeOut P theBAMHAGS dHdFOGn SRR cal i bration results.
17. The met hod as(ﬂacilt ggﬁllgn cl ai r% 16, ’ Wn?arei n tnhe passi ng the picked

waf er of (iv) is fiépewkiog avilietrelsrance statien & aburghateakin iateie, prapatiy
wherein thenﬁ}ﬁg&iﬁrag the offset table of (v) is perfornmed by averaging the
results fro e passing the picked wafer nultiple tinmes in (iv). 18. The

met hod as recit ed(ivhpshiai melfickathedfe trdulpd thefREtsiafid HeaR8ikxRdizhiioned in
(iii) by centeri ngf the wafer in the reference station using an aligner.
19. The net hBEFEOFEE Yed thardoapssaghe wasr éita aad vet of thabtafetsoci ty of the
robot is reduced af  the,beghpal -t ] [ h%s” -20- 20. The
nmet hod as reci tedai)r? cl g?m ?ggév%ﬁ%rhgfon&g ePat?gcﬁg&%%alb%n%e Bﬂenclfrng per f or med
with a firstcarmmiwedbyflifédeass detvebr renceaal rnaft diketisinhotvelitdgerset hod

further conpri.si erform ng. operations. (a) and (b) with a second arm of
the robot. ZTquceglg[@PWgh%ﬁnafgm?agé‘i“ts%rdloi:%logﬁﬂai m 20, wherein operation (viii)

further includes, i adjusﬁﬁgﬁ»ém%mgsWkédh@tﬁioﬁeasurem?ntS of different
conbi nations for placing tThe wafer wth one arm and then picking up the

waf er with the salvé) sfinenadititicerlesrtions mingettiohgydasddidigameot, aval ues from
the miltiple mas&gi%qﬁ}%ttgni];lg E}ft‘sae%%galg %mésna%tdlrgﬂét position for each station by

obtaining data from repeatedly placing and picking of the wafer; and
(¢} placing wafers in stations during manufacturing using calibration

resuits.

17. The method as recited in claim 16,

wherein the passing the picked wafer of (iv} is repeated multiple times through
each facet, and

wherein the creating the offset table of (v) is performed by averaging the results

from the passing the picked wafer multiple times in (iv).

18.  The method as recited in claim 16, wherein the wafer is properly positioned in (iii)

by centering the wafer in the reference station using an aligner.

i9. The method as recited in claim 16, wherein a vertical velocity of the robot is

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



and calculating a representative value for each cluster associated

Wi th each conbination to adjust a second arm placenent position and retract
values in the offset table. 21A systemto optimze wafer pl acefrer
repeatability in sem conductor manuf_az%t_url ng equi pment using a cont roI | ed
series of wafer novenments, conprising: a vacuumtransfer nodule (VIM used
in sem conductor manufacturing; a robot in the VIM a plurality of stations
interfaced to facets in the VIM a plurality of sensors in each facet; a

conput epodevirge shavidg r@cz&ﬁ@ﬁ@&ﬁﬂﬁ( v@heﬁ%n@@ aYibiR (%ﬁ%ﬁﬂ (’Bg?ﬂé Cpte?f oBhed he waf er
novements; and a nenory, the menory including, a er ment program a

tabl e haviPriginsormisenis ra e fpecack ems of te relanhzheamﬁhqd funthof dmetrisiiabl e, ?nd
fi tu I catl o rogram i nstructions rom
t Ihgewaf E&I@&Pg%%&?&%{%@ﬁd( W“‘Ré‘i%“’&pé‘&“g@%t rg’B‘]l?ocessor cause the

processor to, -21 - (a) performa prelimnary station calibration to
teach a_. robot. position for each station; (b) calibrate the system which
causes the p&%@é@ﬁ’ﬁi 3p gecited in claing 2§, W@@@P@lﬁéwé‘bllbﬁh@w mgludewri nal sensor

| ocati ons; afgér)orln%?gqﬁlb t}éﬁ]@fﬁ@aﬁﬁeiﬁ&% 3‘{1% citﬁ'f?tgtgau e(i:c‘tet%g? gt Ip?cn)perl y

(iii1) pick the referéence station a
posi t i oweldr with one arm and then picking up the wafer mth the same or a dlfferent 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 retract values in the offset
table.

22, A system to optimize wafer placement repeatability in semiconductor
manufacturing equipment using a controlied series of wafer movements, comprising:
a vacuum transfer module (VTM) used in semiconductor manufacturing;
a robot in the VTM;
a plurality of stations interfaced to facets in the VIM;
a plurality of sensors in each facet;
a computer device having a processor;
a display to show results of the wafer movements; and
a memory, the memory including,
a wafer placement program,
a table having nominal sensor locations for each facet,
an offset table, and
fine tuning values for station locations;
wherein program instructions from the wafer placement program when executed

by the processor cause the processor to,



(i1v) pass the picked wafer through the plurality of facets and neasuring
the extend and retract offsets when the robot passes the wafer iM@Elafd out
of the stations; (v) create the offset table to conpensate for
repeat abl e nmeasurenent error induced_hy differences between extend and
retract direction, as wel | as error ‘imduced by using nom nal sensor

| ocati ons; vi ) adj ust robot val ues for each station; (vii)
refine the stati orﬁa)I%éfom@ﬁ’éeiH@]@ﬁ’@’ %W&ﬁb@f@%ﬁé‘é@ﬁﬁﬁlgﬁ’ﬁépﬂsmmr

(viii) fine tunepffiset table values and robot position for each station by
obt ai ning data fromepeatedly placing and picking of the wafer; and (c)

pl ace wafers in stlatdabmstedhe sysipnmanhitiactused thg pusiesgrcal i bration resul ts.

(i) access the table having nominal sensor locations;

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

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

(1v) 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

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



