WO 2010/067284PCT/11120091055503 METHOD AND SYSTEM FOR CENTERING WAFER ON
CHUCK BACKGROUND [0001] In the fabrication of semiconductor devices such as integrated circuits,

memory cellg, o/, angihgdike, a series of manufacturing operations are pegeﬁrggg&g/oqgme features on
semiconductor wafers ("wafers" or "substrates"). The wafers include inteurated circuit devices in the

form of mul-legFsirpRONES SEIRAHPTEMIPOVE RiAE ATR RS R RVEINTEEssieggevices with

diffusion regions are formed. In subsequent levels, interconnect metallization lines are patterned and
electrically connected to the transistor devices to define a 10desired integrated circuit device. Also,
patterned conductive layers are insulated from other conductive layers by dielectric materials. [0002] A
number of the various wafer manufacturing owe handling and placement of the wafer on
a chuck within a processing chamber. Such placement of the wafer on the chuck is done remotely

using a rodBA81ddvicke Taiscgpre efiljeimiporthntandevirewakdr peintecpitasbeiionithensmmel iveBsknown
position relafivero the chugk&kopexamplgeit:may Heshesiisd.that thewafer shadld Regrutered

within a wafer receiving area of the chuck. However, accuracy in placement of the wafer on the chuck

by the robSfEfevEL gy atfincabnsuPHEteive T Yabotiingbile dyseainst steditolavissatial

position Ofith&@lﬂ@ﬂfnTdmﬁﬂfm%medv@@%irﬁﬁam&ﬁlgﬁagﬁchi@iﬂldaﬂnsﬁﬁﬁ@g@.ﬂ@?@%&ﬁa@“%@ﬁyw due
to mis-calibration between the 20rohotic device and the spatjal positjon of the chuck. When this
occurs, it i Wﬁ%e‘%ﬂﬁ?ng ﬁb%‘fé%ff—e@é‘m%r%ﬁe {RERSFis I?élé’t‘ib/??‘ﬂb‘etﬁ'é \lsr rOlERARR Srea of

the chuck. {08881Roadesseserfermedcod thewviaidy innthecthhmhes gendsallydasryms thahthe wafer

's cenipred, willin ing waler feceiving;area pthe, ghuck. Bharefore, when the wafer is positioned in a
non-centeredc' manner-on the C UC&{T I% IS possmpett%hg%t e wailer Yabrlc\fgﬁson pr&q: SS Wi om o
conductive layers by dielectric materials.
[0002] A number of the various wafer manufacturing operations require handling and
placement of the wafer on a chuck within a processing chamber. Such placement of the wafer
on the chuck is done remotely using a robotic device. It is generally important that the wafer be
15 placed on the chuck in a known position relative to the chuck. For example, it may be specified
that the wafer should be centered within a wafer receiving area of the chuck. However,
accuracy in placement of the wafer on the chuck by the robotic device is generally a function of
how well the robotic device is calibrated to a spatial position of the chuck. Therefore, the wafer
may be placed in a non-centered manner on the chuck due to mis-calibration between the
20  robotic device and the spatial position of the chuck. When this occurs, it is not generally known
how far off-center the wafer is relative to the wafer receiving arca of the chuck.
[0003] Processes performed on the wafer in the chamber generally assume that the wafer is
centered within the wafer receiving arca of the chuck. Therefore, when the wafer is positioned
in a non-centered manner on the chuck, it is possible that the wafer fabrication process will
25 suffer in terms of desired results. Consequently, it is of interest to better control centering of the
wafer on the chuck.
SUMMARY
[6004] In one embodiment, a method is disclosed for centering a wafer on a chuck. The method
includes an operation for acquiring defect metrology data from a surface of the wafer having
30  contacted the chuck. The method also includes an operation for determining a center coordinate
of the chuck within a coordinate system of the wafer based on the defect metrology data. The
method further includes an operation for determining a difference between the center

coordinate of the chuck and a center of the wafer. Additionally, a method operation is



25suffer in terms of desired results. Consequently, it is of interest to better control centering of the
wafer on the chuck. SUMMARY 10004] In one embodiment, a method is disclosed for centering a
wafer on a chuck. The method includes an operation for acquiring defect metrology data from a

surface of the"RZEP&AHy 30 contacted the chuck, The method also incld¢e<BHGIERRDN for
det ini L inat K withi inat L f.th b th
€ ermlnln%%%g%gg %50%91'&% ﬁx{%%trhﬁaﬁﬁﬂﬁﬁ W%}&Qn%&o&'{?éﬁ%ﬁ %f%@”%meg H‘{ﬁ%%ﬁc%%%gworén €

defect met ata. T e me further includes an operation eteimining a erence between
the center dborsiratewsfrirasheicthanbugicerddhotthisndite wafliticnaltytocenabtbotizoperdtiditis WO

2010/067284RC T R2Q0U0R5503 hetfurned iaadivst a,Wwafer handling mechanism based on the

determined difference between the center coordinate of the chuck and the center of the wafer, so as to

enable alighPR85k br freteennlsdivecatemeting dedierlewdrdinadstomianchaelelfdoos] mwrsther

embodimentamethed isdisclased fardetarmiing wirafisel ol wialerhrpemer ham mehiek genter.
In the method, a wafer is placed on a chuck. The chuck includes a plurality of support features defined

to contact & MHH¥LEFHRBANafett WRE AIasE doupBrRth e SHUaRe R LHCRIME prEsSERE e tHE B Rlied to

the wafer, wheseby endefeet patieie is thansianed bybe pleralieaitsuppadcieriuesdethsrsustace of
the wafer in contact wijth the chuck. The wafer js removLd from the chuck. The defect pattern on the
Surtace of (R WETIP B Ay SEEE TFATBEMS HESHILPEGS RALA oF he THETK MR & Lt e
system of thefaafercrAsvedfSenbdtwdarkh@leedtérecpordinate tkthe fabeok tuadvafeenitendiibe wafer is

thenq terr%rclgtd,,The etermi g&g%fﬁ%)&é%gﬁM e center %oorgellnag%oft e chuclﬁan thef e?ter of

. C center Coor withi Tana m the waiter, An S¢
the wafer is stored In a compu{er readable memory. EO?)(%?[ n anotner emqbo imentg, a sys?em or

centering ahﬁl&f%&h@@h@@l@@@i@@#@seﬁth?héu% aybtemire| o éx avelick. titre dierokindlutdes a
plurality of guppart feaktesidefingd 4 Clc%%ctca%%eﬁqgt%eo?fft@evg%ﬁ?gk%ﬁampe%?&e& %P&&&?e% ghuck.

The system also includes a wafer handling mechanism defined to position the wafer on the chuck. The
system furtfiereh ek erseadeldaiempiool defined to detect and map defects on the surface of the

wafer. Addiiggpe]lyn the S¥SIEMLREIHARS 2R,3RalVRIF RALKISAeINGd B AStBIRInG AikeRIRcCagdinate

of the chuck 20 within a wafer coordinate system. The center coordinate of the chuck is determined

based bn SHEfEEiNHEpegérrdisted By thuchdrstideietplglitosf sTRrodefedtishgs Fasfdscivrisfbiocts

transferredsig e stisfacephiha walrioaydhp alunalih ek syrperkiaatiesifithechweker g amalysis

module is further defined to_determine an offset between the center coordinate of the chuck and a
center of ma%%m%ﬂap%dréﬂtwg%?&ﬁﬂw&%ﬁ%%a@%%pat@r PO D8 Hisdpy & defect

metrology tool defined to detect and map defects on the surface of the wafer. Additionally, the
system includes an analysis module defined to determine a center coordinate of the chuck
20 within a wafer coordinate system. The center coordinate of the chuck is determined based on a
defect map generated by the defect metrology tool. The defect map represents defects
transferred to the surface of the wafer by the plurality of support features of the chuck. The
analysis module is further defined to determine an offset between the center coordinate of the
chuck and a center of the wafer, and store the determined offset in a computer readable
25  memory.
[6007] Other aspects and advantages of the invention will become more apparent from the
following detailed description, taken in conjunction with the accompanying drawings,

illustrating by way of example the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

30 Figure 1 shows a top view of a wafer handling mechanism relative to a chuck, in
accordance with one embodiment of the present invention;
Figure 2 shows a cross-section view of a wafer processing chamber, in accordance with

one embodiment of the present invention;



[0007] Other aspects and advantages of the invention will become more apparent from the following

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

example the‘#) eser)t invention. BRIEF DESCRIPTION OF THE DRAWlN?&%gA%g%é_B?hOWS a top
ith" one embodi

: 010/067284 : . :
view of a wafer ﬁangﬁng mechanism relative to a chuck, in accordance w ment of the

present invention;,,, FOUIRR SRAWS & GIOSSSBEtIgRNIEW RfRMAR! RIacessaLehamBebithe
accordance with one embodiment of the present invention; WO 2010/067284PCT/1B2009/055503

Figure 3 sHE#BIRYE8ESection of the chuck, in accordance with one embodiment of the present
invention;  Figugai4 showsaatesy wiewy of the exemplarishuckiafifigyse i3, decaghatdanie ith one
embodiment of the present invention; 5Figure 5 shows the surface of the wafer having contacted the
chuck with*RAFHESBbANG RIETEY: Batiif iransferred thereon, in accordance with one embodiment of
the present inverttignic 5 Figive Gishawsaan iotlusionrggiohdefinechtmsiatially ehatdsenthie support
features of the chugk, in a cc?rde%pce ith nedeﬁqbodlment of tf&eéjresent |n\éeentlgn' 1%5{%?0 7A

shows the SREGEIGH 1rnef%]%enea 87GiVen SEanning posiion Gver the 8?e‘g%t8acﬁlern raondé erre he wafer

by the chupkssimtaiogentiance with one embodiment of the present invention; Figure 7B shows the

inclusion region gt the sams raster,seandacation gLEIANTR T, hukatadifsrent fqiatioal gueration
h |

about the center c%%qr inate of the chuck as referenced to the inclusion region; Figure 7C shows
the inclusidire @yidn iatatrerdendeitiih prdwsidadyosiiod the atesriamesaivith one embodiment of the

presqpt invemiorf*‘igure 7A shows the inclusion region at a given scanning position over the defect
pattern transferred to the wafer by the chuck, in accordance with one embodiment of the
present invention;
Figure 7B shows the inclusion region at the same raster scan location of Figure 7A, but
at a different rotational orientation about the center coordinate of the chuck as referenced to the
15  inclusion region;
Figure 7C shows the inclusion region at the maximum inclusion position, in accordance
with one embodiment of the present invention;
Figure 7D shows the determined spatial relationship between the center coordinate of
the chuck and the center of the wafer, in accordance with one embodiment of the present
20  invention;
Figure 8§ shows a flowchart of a method for centering a wafer on a chuck, in accordance
with one embodiment of the present invention;
Figure 9 shows a flowchart of a method for determining an offset of a wafer center from
a chuck center, in accordance with one embodiment of the present invention,
25 Figure 10 shows a diagram of a system for centering a wafer on a chuck, in accordance
with one embodiment of the present invention; and
Figure 11 shows an exemplary GUI, in accordance with one embodiment of the present

invention.

DETAILED DESCRIPTION

30  [0008] In the following description, numerous specific details are set forth in order to provide a
thorough understanding of the present invention. It will be apparent, 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.
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Figure 7D shows the determined spatial relationship between the center coordinate of the chuck and
the center of the wafer, in accordance with one embodiment of the present invention; Figure 8
shows a flowg‘tlgr?;o%/&[;% hod for centering a wafer on a chuck in accordapg%[)%%%%%pbodlment of
the present invention; igure 9 shows a flowchart of a method for determining an oftset of a wafer

center from gagoyk LRBIELHNACERITNGE WithQRe BRARAFIMEN,fihe RresentinveNtioick 1dsigure

10 shows a diagram of a system for centering a wafer on a chuck, in accordance with one embodiment

of the preseRtasRAEATRES Wil one pRRpdinensRE s ArcesErpIaR WUl e RpadEa s b sm
embodiment@f the PEESERtLIRVRMION, ke HANEE R S6HRT QN <3RIAAAE] podine falovwingwafer

description, numerous specific details are set fbrth in order to provide a thorough understanding of the
present invaRtiGAAR VGillbE B4Rent hoNevsr REGHESRIET i Oén%naﬁetﬁawhe%?e%ﬁﬁ\?é'ﬁ%% may
be practicedwithaos seome ticadthotithese spesificadiaiisdin othemindiaheedimethbstonisprotess

operations\% e not been described jn detail in order not to unnecessarily obscure the present
invention. agnf f@/B%O?Ifstgﬁg‘?’frl %Bﬁ’ﬁf 33[’6@’05']0 Ellgu?ec‘ﬁuscgoiv\é/{g’aafo%l (\{/?l%a\}\? %ﬂjg Water
handling mé6haaism ihGhiselativditocat clivacka i3 aimi hog ondelneeswifld biselefmisddimenteahtheafresent
invention. The wafer dling mechanism 101 i obotic, mechanism that provides for accurate

] i AR Nigg) that p
movement %%&%‘ﬁg??r?]gag a \‘}vlétofteaa#1 %%ar% ative téut: e &gﬁﬁgﬁ% 3%5622) as to place the wafer 103 on
the chuck 108 Hidtremuoidebthengarsaded 1108 tronvafve kinddind 08:chisie eflbddingert, lttreprided

handling mgchanisgr 101i5defined oimausihewvatar 103 fewardiandasyen fem 1 chugke 105, as

indicated by arrow 107. Also, in this embodiment, the wafer handling mechanism 101 is defined to

move the wethsr sobedimmntadly aB6uthandiagdnet s hihdaneatdt By arAswerodqen Losritishould be

understoodsthagtheyaier handlingmeshanian:d 06 ofFigrred s puevidied 1Py ywaynahexanrle and
is not intended to limit the present invention in any way. Hence, in other embodiments the wafer

handling méCh&hfsRCRET gy eRfel R SRigRENENH FGHBPAOh 086 TBTRY LSRG Warar Haldiigrs
mechanismkQl-is definadpioutagersheyvaferilfd Omthe gbuckil Q8adiva prebiseracl contrabable
mann%r/. For example, in pne embodl'}mer]t, E?I:t? wafer han‘dljn?ﬁmechanism 101 provides for positioning
of the wafePP&5 G REKTHOY SEIHIOLGHHFOGF ARG of coordinates by way of a computer
system. 1-Q0d11] Figure 2 showa arcspsseseatidomvigin ofadcwpiercpymgedsing atizrhbera20drdance

accordance with one eihodimetof te presentinvention, te cligmber 201 includss & movgable

door 203 throug e warfer can trav ]‘Byr/l'wa)? of the wa andling mechanism
chuck 105 ibrdiggosédcvithinvthischdntzer 20t dyeseive! sippafirdrddiold thecheafeml 08 20hduring a

wafer prOCERSII0 fRereton. A" BPMBISRLATPORMENKAL FOUE . healucks108 indefingd (o

include a numi ins 205 to facilitate placement of the wafer 103 on the chuck 105 and
removédl of dengaferafespienesting encrekandn meriscamlsadprdet it nifEiandlify Huekdtizm 101

and lifting ping a0sarecaoResativeikdsingddoalowsies pasemeniahibe wales 48R croihslifing pins

205 when the lifting pins 205 are in a raised position. Then, ] )
chuck 105 and removal of the wafer 103 from the chuck 105. In this embodiment, the wafer

handling mechanism 101 and lifting pins 205 are cooperatively defined to allow for placement
of the wafer 103 on the lifting pins 205 when the lifting pins 205 are in a raised position. Then,
25  the lifting pins 205 are lowered into the chuck 105 such that the wafer 103 is placed on the
chuck. To remove the wafer 103, the lifting pins 205 are raised so as to lift the wafer 103 to a
vertical position at which the wafer handling mechanism 101 can retrieve the wafer 103.
[0012] It should be appreciated that a positioning accuracy of wafer handling mechanism 101
determines a positioning accuracy of the wafer 103 on the chuck 105. Furthermore, it should be
30  understood that the chamber 201 configuration of Figure 2 is provided by way of example and
is not intended to limit the present invention in any way. Therefore, positioning of the wafer
103 on the chuck 105 by way of the precise and controllable wafer handling mechanism 101
can be implemented with many other types of wafer processing equipment that utilize the

chuck 105 to receive, support, and hold the wafer 103.
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25the lifting pins 205 are lowered into the chuck 105 such that the wafer 103 is placed on the chuck.
To remove the wafer 103, the lifting pins 205 are raised so as to lift the wafer 103 to a vertical position

at which the wafer handling mechanism 101 can retrieve the wafer 103. [OI%J’I%}%&?@%%L% lge
: 20101007284 - . ; 3503 .. .
appreciated W4rd posifioning accuracy of wafer handling mechanism 101 detelmines a positioning

accuracy ofyfisimafar-d 93RR NEFNGK L0 SURDERMRreodt shawldiie, 30Hadshstaagdhatdhc s

chamber 201 configuration of Figure 2 is provided by way of example and is not intended to limit the

present inVBAtRSPSI My g THeoRsre: pBSitformhig st thdnristsr 3 03rehrtR cHbRK Y BB of the

precise angdgongroliakie wafeshandling medanisw.191 canhsnimalemepsadiyithaorny Phertypes of
wafer processing equipment that utilize the chuck 105 to receive, suppart, and hold th%\%yafer 103.

WO 2010/0B5284BETA 3 SuapbsB 5o R ST rag T8 Sesholts SR S S2Etion bF e EHEeR 105, in
accordancenwithranesenhesinenigidhe presaninveatipnhihecduckblos iswdefineddiacintiide a
number of support featul%es %1 Tnd 03 definef to co ?ct a surftace of the w fe¥.10 When%léiced
upon the chHREIETOBS NidE %g RN SRS 8%‘5%#}} PSR A S ETgERe & e & dasi T atures
301 are defingdtashimessupype shrupturgsigf dUbstantially0dnifichingheghhthatpacet distiibutdd over the
chuck 105 to, support the wafer, 103. Also, the support feature represgnts an edge seal defined as
a raised rinsgbs %rjdglgﬂ{r% ?Sué‘d%fﬁ%tr]%"tﬁéeHgﬁﬁﬁgﬁy}efﬁﬁ%&%%g er f8§%§a u&aégg the support feature 303 is
substantiallp @iV adent 4cthe unifarmidreighthofarmplppoiidaiie s B0 guk0d 14 kigdeact stiws a top

view of theo%e%%ﬂ@ﬂn%%sk&Q%&Egdamﬁﬁ&ﬂ.%wﬁaw Yo 10 ane.ambadinent.ahibe present

invention. A periphery 103A of the wafer 103 is delineated to indicate placement of the wafer 103 on

the chuck 10EcHs acenspbelrivsitatie Rusktioshycknl Bhedraseatiehaiardetisediskaldplyssehucking
force to the wafekd3 thteKak elestiosialic attrastion ofithe watk 103dowedithe shutkdRadb should

be appreciated that the support features 301 are distributed across the chuck 105 to provide
sufficiently BieHAT ARSI e 5 5 por e iRk 1% itestisald e BPRTseafG e BF e eRiis)
When the ghmgkinminregdsiapmiaddathavatercidsk aceiechpatrrrisicieaiodnifihe sdtiage:of the
wafer in contact with the chuck 105. More s%eﬂg%ﬂyxga defect pattern is created by the support

0

features 3CTRRNE S0 FEFIHS HITR THROHE HEwdf8F203. The defect pattern may include
defects cregigrsjrwhenvatathsukiaggonariicupates tarsfertder tife detter pokisurfacecarad @orhbination

thereof. For exam a defect may take the form of ivot or any .other form.of irreqular featur
relative to ﬁwué%( \E/l\?gfgﬁshﬁ r a%f%ré%ﬁ i |%C?1 ‘6%%&8 ¢ ‘h"&???gg \%%rg’ ﬁ?)e/%v%)? gsf’eax(zj{ler%eﬁlte? agtgfﬁéﬁ %Fgéeﬁay
take the fotm tfcflakesriptrictes 30t ang derifvim diufdrdid tbijeonmasbatvorfthéOdaldresinfece.

100161 Figue, & shows e WIAGR oldedaal- 108 havna conaBish e el 1051410 8,28,

corresponding defect pattern 501 transterred thereon, in accordance with one embodiment of the

presett inventiss. The cufdigsignchesof Henetemptt e driogiamay1oBechs Feracuirdrdyoudinyg a
defect metrglagyingl ip iﬂ‘é%%%’%gt@é&f%g%%té Rresenkendheuaish 108 Thendstacs metsology

tool can be essentially any type of device defined to detect and map irregularities on a wafer surface.

Example détesten el STEeRptoohtieides meddrk e Spm &4 d1aks i DA SEo nos e SthiFs JB3 REA, Inc.

It should b%ilg;%gr@ggggp%gygggr@hmgmfg&@erent types of defect metrology tools can be utilized in
conjunction with the present invention, so Iong{gas the defect metrology too] is czzléaable of de,t?lcatling and

mapping d&f8de Sistimicishay sthargrssrh hestmidenty Ayre eled AhS e htblak}

embogimenbtheyeedant defect pattern 501 transferred thereon, in accordance with one embodiment of
the present invention. The defect pattern 501 transferred to the wafer 103 can be acquired by

using a defect metrology tool to detect and map the defects present on the wafer 103. The

defect metrology tool can be essentially any type of device defined to detect and map
irregularities on a wafer surface. Example defect metrology tools include models KLA SP1 and

30 KLA SP2 manufactured by KLA, Inc. It should be understood, however, that many different
types of defect metrology tools can be utilized in conjunction with the present invention, so

long as the defect metrology tool is capable of detecting and mapping defects of sufficiently

small size with a sufficiently high accuracy. In one exemplary embodiment, the defect



WO 2010/067284PCT/1132009/055503 metrology tool is capable of detecting particles as small as 45
nanometers. However, the present invention can also be implemented with larger size defect detection

capability. 1%(())170110'}'? support features 301/303 of the chuck 105 that corllté;ch/t tg(% y 0%1‘5%53103 are
defined on the chuek*IHE with tightly controlled tolerances and can be indeXed 10 a center coordinate

of 5 the chiiek JiBpy 115013 LENPRHIEOOFUBRISIRE BWAIRL GealMng areasofileHaucK Hv.clhergiore, the

spatial position of the support features 301/303 of the chuck 105 can be used to identify the center

coordinatePFsgis BNgBROTOBN ALy HapiRBcatishiititdaaned s et dstagioeethilite the center

coordinate;g§ the Bhugl:péle A QMQVaT1 BT 81SHPRRNLICAIS i8S AN RIANIOR 285168 QrJaefRRCsHrate
identification of the center coordinate of the chuck 105. 10[00181 Because the center coordinate of the

chuck 105'Ras B R i IPRITeHatidP|SHaIEh BARENsp B Terhiard S0 §6% GPate Ynhuck
105, itsfollawsdhaikthe senten contsinatedaf dae chuskrdORwithig akewdinattsyisten ahtiefwvafer 103
can be determined from the defect pattern 501 tr red to the wy 103.by the support features
5011303 of TR D NS, oER e CAntd COATRA e BT To0s (B e
within the té&ncoarehnditeisysiein ohthie WefeAd B3y thetotisetppbthécermtercendrdinatbtofdttencimeck 105

from the cepler o ine waley 108 ganibe delermined, Then, s afiset gan be.user i adiyst a,
placement of the wafer on the chuc SO as 16 align’the tenter of the wafer 103 fo the center
coordinaterudttheceimatkidOBij001o] dftkepatertdondmion itttudesiahOanalysis procedure/module

defineg! to Atasmiae.ie 4Q cenler cogiinate.filefiuck wathin, the waler coardinatesysien jbased

on the defect pattern, 1.e., defect map, representing defects transferred to the surface of the wafer by

the supportdeisinnes brthrepitidratyrrs AhEREIsopibecurk/Add ifl doloryptHit desfisréctraridntihe the
offset betwgep the canterscapidinatesstibachysieandine contar iihavaichetha:A0aNSIS the

procedure/module provides for definition of an inclusion region that spatially encloses the 25support

features ofigfect LRGSO fErE & bk e afrintdd S e srameo fanred 4y habirerititke the

support fed%ﬂ.e%é’l@ili(ﬁﬁdy?goé’n% the @gﬂg& l?érdma@cefdmeﬁeh%m ome mbeginent ofithe present
invention. The inclusion region 601 is defined to geometrically encompass the support featyures
3011403 o T CHIER TSN ISP Dot o UGl ST S A e the Lo os

during 30 tihe chhicking dpevation .1 BecansecthietintlitrioNTegionhhd bifanreapond sitaithe sdjoport

features 30305 of heychuck. 105, the genier gagrdinate of the, chudc 105 within the Wafer.coordinate
system caR Be derved from thie position of the inclusion regio when theifclusion region 601 is
positioned tentmciosEittrcdéfbetshiransfrred to the wafer 103 by the support features 301/303 of the

20101067 e e T R F i EORBRT Wt oy e
301/383 ofcnécelioekihes, ehéhinehusior égicheeoalts seemdiivdeoveicdehstben ihstesleelrdteano
determine amaximum,ipclusienpesiigpratwhichiie.aumber oldeieds withindheinalusioprsgion 601
is maximized. [0021] Figure 7A shows the inclusion region 601 at a given scanning position over the
defect features of the chuck. The analysis procedure/module is further defined to determine the offset
between the center coordinate of the chuck and the center of the wafer. The analysis
procedure/module provides for definition of an inclusion region that spatially encloses the
25  support features of the chuck.
[0020] Figure 6 shows an inclusion region 601 defined to spatially enclose the support features
301 and 303 of the chuck 105, in accordance with one embodiment of the present invention.
The inclusion region 601 is defined to geometrically encompass the support features 301/303 of
the chuck 105 that will contribute to the defect pattern 501 transferred to the wafer 103 during
30  the chucking operation. Because the inclusion region 601 corresponds to the support features
301/303 of the chuck 1035, the center coordinate of the chuck 105 within the wafer coordinate
‘system can be derived from the position of the inclusion region 601 when the inclusion region

601 is positioned to enclose the defects transferred to the wafer 103 by the support features

301/303 of the chuck 105. To find the position of the inclusion region 601 that encloses the
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5 pattern 501 transferred to the wafer 103 by the chuck 105, in accordance with one embodiment of
the present invention. In one embodiment, the inclusion region 601 is scanned over the defect pattern
501 in an orthcé)gonal rasterized manner, i.e., raster scanned, so as to provide for evaluation of a

number of dSYELIEHKEY 78 within the inclusion region 601 at a number of oFfEEMAYERE%Boints, i.e.,
raster scan;| iqns, acrass the wafer 1 ximum inclusion ition, of the inclysion region
601 corre%%}rggéct%%sg%ré%?oﬁo %h%%\r%lt?g%n%}r]?;%r%@f%? \ﬁ/:v%lléﬁst elmt?é[:tg?c%flecc S ér%li?l IS
maximizediq@@ml meonetdmbo dirmarg th@subpdtﬂ@atm@sommomrc@t@m LoSoargmefined in
a non- symmetie, ngna?ke%&mh%%ﬁgs%@mg}@é@s %{nﬁl ﬁﬁwﬁ{&a&%ﬁg&aﬁ%t%@ﬁmw

inclusion position of the inclusion region 601 has an azimuthal orientation component. The 15
exemplary 898k Higsmétigbevsus mresiusiannsairadii défingid Supnsorife aerdeBOTe thth s fect

embodimept,:seRRDING At thenEUsion fegion 891pavear the Wefegt Ratia R0tineHdes ketatien; of the

inclusion re%:on 601 at each raster scan location. For example, Figure 7B shows the inclusion region
601 at the Shrié PISHER'SERITIHERiGh SR fGUPadrReHutlt dalidrentseati6RkhIiorisrasd P sBolicthe

center coodiRateatdhesohuskd QoasstRigrenceddo hahrelusiorregion2Q80b. 40 thissanner,
scanning of the inclusiFon r?}%%n 6041 oger the defect pattern 501 provides for a determination of both a
&t B 5 h

translation&l AHAYStatioRdt e\‘?\ﬁ\ffeﬁ?1 LR 5 o SR 588 68231 R b Shows
the inclusianthegion!66idgtoiine maximsier etukioapasitiornsin taccarfiancs. withanenem bodiment of the

present invention. Fem ximum inclusjon position 5&(§and ratation,. if applicable), the number of
heaci et M Bh A e o PSR o e AR R e U e
inclusion redion GInovdrctid detatt hatenissoiximszbéen described in physical terms herein for

clarty, it shghi s yndersiad it seanaing ALieJnsbision Isdion. &% quer e defestpatism 501

can be performed entirely by computation based on a geometric definition of the inclusion region 601

and defect gagcsic iBONgE deduttibp cidiivateeoriireinaiihgntinecludidh poditidristeke teaximet within
the coordingte.sistemsridihe materLQ3ithaigiRredasedan.he maxionminsivaignRasiiony,the

center coordinate of the chuck within the wafer coordinate system is known from the’inclusion region
601 geometryMeBhschiend()S i latishdhpopetieanttical be dedied srmpeiefettirescHickmibithe

center of thenwafRhdhiriRgdhacheeid Mg ARRIRHONIS KDPWLrARQIdfdhe e B BRIMSIOH MR
,2019/067284PCT/1£L32009/Q55503 positign includes a rotational component, the azimuthal orientation

of the wafetrdiGti& ts e SHABICHhr HF 1R BiREKTERol0s-EE8N Eg%ﬁmlfegé%]rﬁﬁﬁréh?ﬁ%ﬂ‘ﬁws the
determinedmpatial relationshipt betweeans theccaniarcanrcinateightbd £hbek-andttereanien@itiie wafer,

in accordance with one embodiment of the present 5 invention. The center coordinate. of the chuck is
shown by & Féesrétﬁé?r% d7%)f %eecgreltr? eror ?ﬁ%ﬁvﬁ\:/é) etrhl%, Cskhuoc\\ifvr? {6% %?r6%§ﬁ%1?§g7@3t_h?ﬁ8°§§ﬁf?86ﬁ BIY bffset
betw@én the tehtehs ofithecnyatenang chiekiisskiownegjoar6Ol oi@S tHkhée fectirection Hffsptdvidteseen the
centers of W, chucki 0 v.arrow. 707, The adjustment of th r handli

?3? (sllt%fé%rgﬂg 1(4% g#(bgt%tl t%%s%’tm dg]dndo T ’ta-Exon?? HeT c%rﬁxe Wa%tlvégigrg%a?hve p%%}é?( can be

mechanism 1 uired to align the center of the water with the center coor e ¢
determinedtsin105.

[0023] Figure 7C shows the inclusion region 601 at the maximum inclusion position, in
accordance with one embodiment of the present invention. At the maximum inclusion position
25  (and rotation, if applicable), the number of measured defects that fall within the inclusion
region 601 is maximized. Although scanning of the inclusion region 601 over the defect pattern
501 has been described in physical terms herein for clarity, it should be understood that
scanning of the inclusion region 601 over the defect pattern 501 can be performed entirely by
computation based on a geometric definition of the inclusion region 601 and defect data, such
30 as defect coordinates. The maximum inclusion position is determined within the coordinate
system of the wafer 103. Therefore, based on the maximum inclusion position, the center
coordinate of the chuck within the wafer coordinate system is known from the inclusion region
601 geometry. Consequently, the relationship between the center coordinate of the chuck and

the center of the wafer during the chucking operation is known. Also, if the maximum inclusion
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10the x-direction and y-direction offsets. The wafer handling mechanism 101 can then be
adjusted/calibrated accordingly. [00251 In one embodiment, the defect data as reported by the defect
metrology to&]dq@/o%g atially distorted in a systematic manner. For example, the reported defect

) : .. PCT/IB2009/053503
coordinates may be ra |éflly biased about a center of the wafer. In this situation, a'ra AT Scale factor

can be appliggidkoitRithr defeckiata tarpspenste fonthe shatiabdiziytion wirduasgdeudhe.defect

metrology tool. The radial scale factor essentiaily adjusts a radial position of the measured defects
about the Wa1eF darins tha GHe ERsBanitiont itK8P48ial scale factor is known and is applied to the

defect datggaay tgeanmmingehhadndusionseaionif0kianendhe defestpattersdledba@natber

embodiment, the radial scale factor is not known. In this embodiment, the defect data of the 20 defect
pattern 5017% ?Hﬂ‘fgl|§/‘)§c§}8d’%ﬁtﬁrn‘ifrﬁ‘b%ﬁ”&f?ﬁcl&s?&ﬁ%@%ﬁ 30 S BLadBRE o d s RS the
appropriaténkadiahscaie fagter toheiapplietilio cnriembadimeny, thedadial mialefaciands detegmined

using a low resolution analysis of the defect data. Then, the inclusion region 601 scan to find the
maxmam el SO e (g G R oPeLENG GRSl G PURE SLIGE: A 2810026
Figure 8 sltbwek asflsiwehaiyofimowethiod Foe geditentignaoffafe botwacohtbekedntascof danceatiithahe

embodimepi of ie.pesent Iysntiap, e melpdndlides.an eneration 801, foracciiing, defec!
metrology ata from a surface o‘?’t e watfer having contacted the cehuc]k.gfﬁe erllect metrology data can
include defeclizadhticardetal Prrticaitateitbchtopnttaoormasrnbihatibeckhere bt dateominodertypes of

defe_qtodat%hén@@@e%ﬂmomeg.m@&%wraqu@%.39ﬂ9f%9£f99eﬁ@%gygd&f&mrﬁ&ﬁr%@ncﬁg%ﬂaﬁ'%es
placing the wafer on the chuck, applying a chucking force to the wafer, removing the wafer from the
chuck, andtdivde90ahoEySanmedmel2009/055503 scanning the surface of the wafer having

contacted thg2shuglondtiRdefechmeattalegy tealdadetestandmap dafestsonoibe,swéncs.9fghe

wafer. ) ] _ i ]
spatially distorted in a systematic manner. For example, the reported defect coordinates may be

radially biased about a center of the wafer. In this situation, a radial scale factor can be applied

15 to the defect data to compensate for the spatial distortion introduced by the defect metrology
tool. The radial scale factor essentially adjusts a radial position of the measured defects about
the wafer center. In one embodiment, the radial scale factor is known and is applied to the
defect data prior to scanning of the inclusion region 601 over the defect pattern 501. In another
embodiment, the radial scale factor is not known. In this embodiment, the defect data of the

20 defect pattern 501 is radially scaled at a number of inclusion region 601 scan locations to
determine the appropriate radial scale factor to be applied. In one embodiment, the radial scale
factor is determined using a low resolution analysis of the defect data. Then, the inclusion
region 601 scan to find the maximum inclusion position is performed using a high resolution
analysis of the defect data.

25  [0026] Figure 8 shows a flowchart of a method for centering a wafer on a chuck, in accordance
with one embodiment of the present invention. The method includes an operation 801 for
acquiring defect metrology data from a surface of the wafer having contacted the chuck. The
defect metrology data can include defect location data, particulate location data, or a
combination thereof, among other types of defect data. In one embodiment, acquiring the

30 defect metrology data in operation 801 includes:

e placing the wafer on the chuck,
e applying a chucking force to the wafer,

e removing the wafer from the chuck, and



[00271 In one embodiment, the method also includes an operation for scaling the defect metrology
data to compensate for a spatial distortion introduced by the defect metrology tool. The method also

includes an operation 803 for determining a center coordinate of the chuck within a coordinate system

of the wafer DB 6K HE defect metrology data. Jn one embodiment, detgﬂiﬁﬁ%ﬁ%(g%gﬁter
coordinate of the chuck ingl . definin inclusion regian. to.en n.exp ial
distribution of defsécgtﬂgglt% %egs% %égf%%hgﬁé%%ggyﬁ?gscggé%%é ttgec%qtl%aﬁctatﬁg éu‘%%%g léfgﬁ%e%\%/‘{'ifer, 10
spatially scanningoglddrishasiond egipddveis trettesatioasatfdhogyadita to determine a maximum

inclusion peghianat yhichaqmber al.dgfesiywibinihe.nglusiop,waien inmaximigedcaidect
determining the center coordinate of the chuck from the maximum’inclusion position of the inclusion

region. 15[008IoRY shiéadmerianeisate Spatiamptsd shevigenantervsish e disriofvst wriralrecionktrology

data includgg.aastRr ScanRMNeef Hﬂ%ﬂ?&%&ﬁiﬁ%b@%ﬁ&%ﬁﬁﬁn@@&lﬁ@r@o@@iﬁ%@@? metealegy data.
In this embodiment, a number of defects within the inclusion region is determined at a number of raster

scan locatiBHaIAdd RTINS BHEBrifo i eFtithebiiefligBn Fgitise nBts remetAte with A%pect to

the center ghthaiwefer dbrethimh Rimbedisngntcspdtially scarningkhac2@daciusion region over the defect

metrology data also_includes rotation of the inclusion region at each raster scan location, 100291 The

method furthefingﬁfﬁlé‘%ga??dﬁg?ﬁf%hrgé’g%tp ?ﬁﬁrﬁﬁﬁ’%’%ﬁfﬁ@réﬁ%téaiéei%‘é%‘ﬁ X e%rc% Yhdinate

of the chuck and sagtibgrfafthehwsafesatiing dedthadadsatinehidesrfropetiatiansf)7 for adjusting a

wafer Eandlinq mechanism based on the1 determined diffe%%]céﬁgbetween the cent(\a'é coordinate of
f é

the chiick andtheR&Rter SPIHER RS 86 RE9B léer%écfﬂeogﬁf; %ﬁ‘ttﬁlgt&%lﬁ?éfr Fthe ISP tHe center
coordinate of the whxickufDB30kibigpreitthshowaiahflowehbet of dcfieethadtior detexhisimgregiafiset of a
wafer center from a chuckdcenéer, in accordance with one embodiment of the present invention. The
metho d maximized, an

e determining the center coordinate of the chuck from the maximum inclusion position of

the inclusion region.
15  [0028] In one embodiment, spatially scanning the inclusion region over the defect metrology
data includes a raster scanning of the inclusion region over a wafer map of the defect metrology
data. In this embodiment, a number of defects within the inclusion region is determined at a
number of raster scan locations. Additionally, in one embodiment, the inclusion region is non-
symmetric with respect to the center of the wafer. In this embodiment, spatially scanning the
20  inclusion region over the defect metrology data also includes rotation of the inclusion region at
each raster scan location.
[0029] The method further includes an operation 805 for determining a difference between the
center coordinate of the chuck and a center of the wafer. The method also includes an operation
807 for adjusting a wafer handling mechanism based on the determined difference between the
25  center coordinate of the chuck and the center of the wafer so as to enable alignment of the
center of the wafer to the center coordinate of the chuck.
[0030] Figure 9 shows a flowchart of a method for determining an offset of a wafer center from
a chuck center, in accordance with one embodiment of the present invention. The method
includes an operation 901 for placing a wafer on a chuck. The chuck includes a plurality of
30  support features defined to contact a surface of the wafer when placed upon the chuck. The
method also includes an operation 903 for applying a chucking pressure to the wafer.
Application of the chucking pressure to the wafer causes a defect pattern to be transferred by
the plurality of support features to the surface of the wafer in contact with the chuck. The

defect pattern can include physical defects on the surface of the wafer and/or particulate

9



includes an operation 901 for placing a wafer on a chuck. The chuck includes a plurality of 30 support
features defined to contact a surface of the wafer when placed upon the chuck. The method also
includes an operation 903 for applying a chucking pressure to the wafer. Agﬁflication of the chucking
pressure to t O WAt ses a defect pattern to be transferred by the plu %?%Qﬁ?ﬁﬁeatures to
the surface,gfheaiecironiastadiibe chuck,The defeehpatisa san, nclide physical defgets on
the surface of the wafer and/or particulate .Wd 2010766 7284PCT/TR2069/055503 contaminants on
the surfacéhef thécipafeepmnssticpayHerspasregaréren thehoitd pefaetderstood that a defect
representsy&mﬁ%%&&%&%&m&ﬁa&%ﬁg&% 9bs 93ILTBeimethogd futhrninglides.rn

operation 905 for removing the wafer from the chuck. Then, an operation 907 is performed to analyze

the defect patferfPaPtreielAdeds ortimaské: 1alscdhs dderiartanriiibtes Withe CHIERVWItHIR a

coordipatejgysien eéihe WafRinkione gkadimenthanalyzioeithadeigepaiten ondhe surface of the
wafer includes: analyzing, the surface of the wafer havin? contacted the chuck with a defect metrology

tool to detet® MHEPTED HEISEREAGHE CPALEB P aERCe Of hadHTREAN HiIusion region to
enclose a spatial gistytutianeafiiiie: plofr alitwafsuppoeny Idieate shdefined fateantacidhestiase of the
wafer, spatially scanning the inclusion region over the defects as mapped on the surface of the wafer
to determine a mé?ﬁHﬁn#Pﬁ%tlﬁg W%’o@? %%Sé)t“v\t/]ﬁ%ﬁ]\”faﬁﬁﬁft?é? g@&%fects within the inclusion region is
maximized, and ddfetagaininglibecesiRmcoostinate OfphachickHtaon betmatimuling intiusiont position
of 15the inclusion.region using.a known spatial relationship between the plurality of support features
and ttkl?e) center co%r%qirr]%%e%nt deé%%ﬁﬁré% [6%%%%%8@%%&8fment, spatially scanning the inclusion
region includes mpuiii{hednclugite regisivinragiastevizet criafioer ovenpheddefettsasaragppad on the

surface of the Wa']:%fer to determine a maximum inclusion position at which a number of defects within

the inclusion region 1s maximized, and
e determining the center coordinate of the chuck from the maximum inclusion position of
15 the inclusion region using a known spatial relationship between the plurality of support
features and the center coordinate of the chuck.
[0032] In one embodiment, spatially scanning the inclusion region includes moving the
inclusion region in a rasterized manner over the defects as mapped on the surface of the wafer,
such that a number of defects within the inclusion region is determined at a number of raster
20  scan locations. In one embodiment, the inclusion region is non-symmetric with respect to the
center of the wafer. In this embodiment, spatially scanning the inclusion region over the defects
as mapped on the surface of the wafer includes rotation of the inclusion region at each raster
scan location.
[0033] The method continues with an operation 909 for determining an offset between the
25  center coordinate of the chuck and a center of the wafer. An operation 911 is then performed to
store the determined offset between the center coordinate of the chuck and the center of the
wafer in a computer readable memory. It should be understood that placement of the wafer on
the chuck in operation 901, application of the chucking pressure to the wafer in operation 903,
and removal of the wafer from the chuck in operation 905 can be performed in accordance with
30  normal operating procedures. Therefore, the wafer processing chamber within which the chuck
resides does not need to be modified to determine the offset of the wafer center from the chuck
center.
[0034] In view of the foregoing, it should be understood that the wafer should be defined to

enable transfer of the defect pattern thereto without causing the transferred defect pattern to be
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such that a number of defects within the inclusion region is detelmined at a number of raster 20 scan
locations. In one embodiment, the inclusion region is non-symmetric with respect to the center of the

wafer. In this embodiment, spatially scanning the inclusion region over thePg%%:tgﬁgssgrgggped on the
surface of the WATEVIRBRes rotation of the inclusion region at each raster SCARI0EARON °100331 The

method COS‘IE@&?&"B%@&E%‘E@i%fgxoge‘f%tg%_‘i%’iﬂié}i%Pa%t@ﬁ%ésb%%ﬁ@%&ﬁ%é’iﬁmﬁ%@ oRgRiglinate of

the chuck and a center of the wafer. An operation 911 is then performed to store the determined offset

between tifdearitemasordiramastahe thiek dnglie wsater BrtAerarsitritaeBReUte e sHRRaE
memory. lteshauld femindgrstooddhatiplagamerirahihenafsionibe shbitkinapenation R0, for

application of the chucking pressure to the wafer in operation 903, and removal of the wafer from the

chuck in opeetiB b5 delFrisecpent e irst st heRwifrasehofia Siathy prafadirels

Therefore, dheniafier BROCBSHINGF charabenwithishwhighthe:ahugk fesidesddaes netangge th benenodified
to derinirie the offset of the wafer center from th crrl{%%ﬁ[centgr. 100341 Ir%vi w of the for$ oing, it
should be EMASPLRSEY s L TVAR I SHBTE HE HEFire 15 BRabId A s Fa &dﬁﬁeler&éfegtsﬁé &rr thereto

without catisinghthe transtepiedrdatectpattervianye W 204 610G 284 fith 182008055568 mbscured

by pre-existing,wafer. defects or other characteristics..In one embodiment, a olisthe id th wafer is
contacted S%fﬁlﬁ%c hﬁcl?’ %%Fe%oei\?e e de e%%%rat?%srrq grcr{r%eg) b@g?hg%}gﬁp%?ﬁgatﬁre%%qr%e C euck.
The polisheccsiteof temwafenpdefdde suardatsstémtlalijesiesr svanvrsdarrepeitdnyiete defstychused

by Coﬂ}aCtt‘é’iﬁbew%@é)%@%l{ﬁ%scﬁctﬂﬁgc Heked e RSN EaN PER sa%%ﬂﬂﬁfgx@mg%w&wgfn

which defects can ured. For example, in one embodiment, the wafer is a reclaimed wafer.
Additionall{gdhisderéenpddirfettlictdelfetirfaces wrtrnthliebediiBe Yra prestedWiter dsakifgietich as a

silicon basgd i (e OwAE R BeiRiG SRiskiNgfhe walkr iRenhancetiansier @hhafeats tadbgqwafer,

and/or to suppress the occurrence of spurrious defects unrelated to the desired support feature pattern

to be transf&frEH detea e WEFETSE MG e Qsukhg Bhde &8ableaiHarFgtsriRerbIemEBRh i, a

defect metiplegihtoaliis: depipmashioerabigdefect measurement of a backside of a process wafer in
real-time as the process-wafer is removed from the processing chamber. In ttlﬁfimbodiment, the

backditle dMEIRIFHHET SR ALUARHTE, Ueh B IR AR 5T EE R ABTA TG TR A i SR ISER Nt of
the wafer hamigling neethdnisn: infraat-tirscdd 1035 iguke dBishowsladdiaghantiafch shistersfor
centering a wafer on a chuck, in accordance with one embodiment of the present invention. The
cyetom IncHIEES % B TDA A bt S et T AR T e eSS Support
features deﬂrfedetofcmMa_fm-mﬁmi@@mm/atexnywn@nmokiﬂ_@ﬁeﬁfh@mmtﬁme dheckchOBs The wy&tem also
includes the yafer handling meahaism. 4 dsfined i.nosition ingvalenen de ALck 40D e

system also 50 Intllides a defect metro ogy too ed to detect and map defects on the
surfagé of thdwdaser dEfestsystenivogurtbelr 180ludelnad tmedjesit andauie ddos detitkuswidetarhiiite a

center cooydingteqf.the.chgk withi, awalerLaRtAiRRim syse o SRR a dleiackmap Leageated by

the defect metrology toot. The defect map represents defects transferred to the surface of the wafer by
the pluralityasrdingisort featelradorthen chiekerTverdinaipsiy saBubiecd ousidsithBrep s eaetiidobo
determine ap qffset beingsp the cenieuereidingteptdhe shigkangasentarofitheswaies aneghstore the

determined offset in a computer readable memory. . .
wafer by the plurality of support features of the chuck. The analysis module 1005 is further

25  defined to determine an offset between the center coordinate of the chuck and a center of the
wafer and store the determined offset in a computer readable memory.
[0036] The analysis module 1005 is further defined to provide for definition of an inclusion
region that spatially encloses the plurality of support features of the chuck. The center
coordinate of the chuck is derivable from a spatial position of the inclusion region. The analysis

30 module 1005 is also defined to spatially scan the inclusion région over the defect map to
determine a maximum inclusion position at which a number of defects within the inclusion
region is maximized. The analysis module 1005 is further defined to determine the center
coordinate of the chuck based on the determined maximum inclusion position of the inclusion

region.
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[0036] The analysis module 1005 is further defined to provide for definition of an inclusion region that
spatially encloses the plurality of support features of the chuck. The center coordinate of the chuck is
derivable from a spatial position of the inclusion region. The analysis 30 module 1005 is also defined
to spatially sYEh*H&9AERSion region over the defect map to determine a M&ARIM%HER%Ton position at

whichanu&%e[g% ects.within the inclusion region is maximized. The,analysis module is
further define tb ‘g‘%}?ﬁ%g’ﬁ%%%enfg}%ggg}}ﬁ}]tg%geoﬁ%%‘%ﬁ‘l‘ﬁ; %gsae%m r%l &%az & elrnrﬁeilh%?f a%? um
inclusion pb¥ifotethedetinciudiommregie rndW@ 29 26/06728 4PCTHBRO09/056503: [0p3 A iddditionally, in

one embodi the s includes a ical interf ine render images
and views%%gf(%%tg%ewﬁ?tg\g%a% (ﬁzgn%@r%a ggé@%ﬂ%&%ﬁfﬁ%ﬁ , %f?gl %G‘ﬁ.ﬁ‘;g&)%gt %%?1 %%?ﬁéﬁned to
render the 'gefiset wRaplemrannivdageeiia washisipandesitiea defietiminedysiarimegivinciesion Position of

the ingusicRitegiand reafs” WeErdgieMinedinRMErAAArHRALR L ING GhUGH, fendey e genigy of the

wafer, and render the determined offset between the center coordinate of the chuck and the center of

the wafer. fS63BYRSE HELP NGRS B erbehpreriioatn alobs cldespidhneantsrndhe w#iBodiment of the
present invgoggNFikhe: GULHAR3 dnchsas a-windowod3 Ok thabeisplaysitriat ehthsinnmber afdefects

residing in the inclusion regi ng&}z&nction of raster scan location of the inclusion 10 region. The
o

window 11BFS5EdHENTE8s 07 aduAtRcanmy e At Erb AR fep otnd BroremaRsof105
indicating theweantesiohthenahudkdsstetesginedshy the dafast patterscan rtyafer. tidengllidkO03 also

includes a reqgion, 1107 that ides a.number of djspla ntrqls for the window 1101 and wafer
centgrﬁto-clﬁ c%nben?e\?vb"ﬁagg?ﬁrzégﬁslss ?"g]ﬁnlf S‘egﬂ%éh)a.%?#ef@@?%ﬁﬁgl RIHREFIGIS é}éed’vv%/?rd(% 1109
that providessisetsol K guthtetngaber deandliontht imek hanisrrad]udthyethts defuinedttonadignhthe wafer

center to the Ghush apeTolf 6, SYAALC.ALEIALIS Ay scl dtection’ adiuimant corfespands to an

azimuthal adjustment, such as indicated by arfow 1 gure So, the” ection’ a(%ustment
correspondbetovirdaniuld @bjustrmeitr saeisawipklichtechisy effew reortof(FshuieReswlisd), tHee"€ddnts"

represent ingiemeial MRYRIBENS AhaIRPPEIIQIRES HSeALe Rosiliogthe walrhandling maghanism.

In 20 one example, one count in the T direction may correspond to about 16 micrometers, and one

count fn thE ERAPECHGRIHTEYB6YRESBBRE 1© Aisuhe FEForsateT 0bsofHslorentam b dhaertnpls
methods apgl sysiem forrenteding aowateleiniahuskapsiasciibad Hersimareanakle, allepsitioning

the center of the wafer within approximately 0.002 inch of the center of the chuck. Additionally, it
should be SBPrEEARESFFAY HE NehBHS dnals BsiRiiioanatigasnarerswerdnivR #tiescribed
herein do najueaukite Ratdwarareliangesio exisingoraler pragessing guipenband tasphagperformed
by Operaﬂqgc%@%%?gﬂn%(foe%%%%sin% %%%I erpren%tt(i)?s ql%g %J) %Qse&?oti?ﬂén v?fgf%r handling mechanism. In
20 one example, one count in the T direction may correspond to about 16 micrometers, and one
count in the R direction may correspond to about 1 micrometer.
[0039] In one embodiment, the methods and system for centering a wafer on a chuck as
described herein are capable of positioning the center of the wafer within approximately 0.002
inch of the center of the chuck. Additionally, it should be appreciated that the methods and |
25  system for centering a wafer on a chuck as described herein do not require hardware changes to
existing wafer processing equipment and can be performed by operating the wafer processing
equipment in normal operation mode.
[0040] With the above embodiments in mind, it should be understood that the present invention
may employ various computer-implemented operations involving data stored in computer
30  systems. These operations are those requiring physical manipulation of physical quantities.
Usually, though not necessarily, these quantities take the form of electrical or magnetic signals
capable of being stored, transferred, combined, compared, and otherwise manipulated. Further,

the manipulations performed are often referred to in terms, such as producing, identifying,

determining, or comparing.
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[0040] With the above embodiments in mind, it should be understood that the present invention may
employ various computer-implemented operations involving data stored in computer 30 systems.
These operations are those requiring physical manipulation of physical quantities. Usually, though not
necessarily, W23 4PfER%ties take the form of electrical or magnetic signal8 cHFEE/858ng stored,
transferrecL brned pared and other manrp Iat d Further the mani ulatrons erformed
are often rIEICND el ReO BT EHORS (rORT i Ce gt Eeteh s Ao SOt S

2010/0672&4&@5/&&1’&@91@55&0&‘{6&4@ Awreh‘athetoraectavn@nsﬁasepubmdnkne‘rmrpdrfatrfonrgrtpm of the
invention yeHSEHL BACHR. QRETRoTs, The venion Al islales (A dericpacanAaRagls fo

performing  These operatio e ap aratus may be specially construtcte e réquired purposes,

or it may be geyenkerabmsposersten soletisel cltaicacoy atadiomred hfigurethbyie corapmertpiRsgram
storedsS in;fhe COmPYIRE 1 RAFHEHAT, VAIRNS ORNSrALRARCSE (MACHIAGS BaYsbe YRR i samputer

programs written in accordance with the teachings herein, or it may be more convenient to construct a

more speCRAREENA JEHERIEESOFisRFRtNE PelgirearbinerahBive (00 ADTRHE M RIE G RASR 0D e

embodied gsmcRmPHIGHFEAskARIB-LAdeAtA S AMRHIGH eRdRRIa MesiuRkidRe computer readable
medium is any data storagé\a devrce that can store data which 10 can be thereafter be read b

computer 398 T BsvItensah alEd Rttt st FeTARM TR AN AR AT ArfoR HERRGHK ached
storage (NASJivi@adRiy MRk it dabidaaesessaiie el kdeidRMs: GR-Es, Gl R\vs wiegnetic

tapes and other qptic d non-qptical data storage devices Ad onal , the co ter re dable
code omp r%cﬁ) ?J%Ie%r%ﬁ Iﬁ’v q%on ?ﬁglylbgé%sr% o%’(r%1 1 e corﬁpcift terdaé%]& lrire M devices
distributediaviexa hetivaikves,l betonhl edtadrap storagestisS 0 that-they compoter readtatieccade is
stored and executegén@q ratr Bteg fe@ws[or%%%:ﬂ chhéle ti:lrlz fli ve 6tarro(gr lg@sl Qggr& Odeg {{Qaeddér\aterms

of several em%qogrnents it will e appreciated t hose 3 In the a tupon reading the preceding
specificaticter ageddsticying ddgidnallyn dsewitimpaiizersatidles altsratiopsisadditio s cpatmuyatioes and

equivalents, thegeal cOTBETG RN it i3 ipERAed, hafthe presentinueniondpelidesall such.altgrations,

additions, permutations, and equivalents as fall within the true spirit and scope of the invention. What
is claﬂmed poupled computer systems so that the computer readable code is stored and executed in a

distributed fashion.

[0043] While this invention has been described in terms of several embodiments, it will be

appreciated that those skilled in the art upon reading the preceding specifications and studying

the drawings will realize various alterations, additions, permutations and equivalents thereof.
20  Therefore, it is intended that the present invention includes all such alterations, additions,

permutations, and equivalents as fall within the true spirit and scope of the invention.

What is claimed is:
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CLAIMS 1. A method for centering a wafer on a chuck, comprising:  acquiring defect metrology data
from a surface of the wafer having contacted the chuck; determining a center coordinate of the
chuck within a coordinate system of the wafer based on the defect metrology data; determining a
difference between the center coordinate of the chuck and a center of thejwader;;/and  adjusting a
wafer handling mechanism based on the determined difference between the center coordinate of the
chuck and the center of the wafer so as to enable alignment of the center of the wafer to the center
coordinate of the chuck. 2. A method for centerftg!¥vafer on a chuck as recited in claim 1, wherein
the defect metrology data includes defect location data, particulate location data, or a combination of
both defect locatidrMsakadkioe sateictd atedtse aniarreisia commaisingthod for centering a wafer on a chuck
as recited in claim 1, wherein acquiring defect metrology data includes: placing the wafer on the chuck,
applying a chucking forceceithig desder meimtogintpthé aveden frmmnattieechafek hanok contacted scanning the
surface of the wafer hgvinggontacted the chuck with a defect metrology tool to detect and map defects
on the surface of the wafer. 4. A method for centering a wafer on a chuck as recited in claim 3, further

comprising: SC@EE@W@%“?%@% Qlﬁ% A duAReNRae 1on A spalial distartion
introduced by the defect metrology tool, TV
wafer based on the defect metrology data;

determining a difference between the center coordinate of the chuck and a

center of the wafer; and

adjusting a wafer handling mechanism based on the determined difference
between the center coordinate of the chuck and the center of the wafer so as to

enable alignment of the center of the wafer to the center coordinate of the chuck.

2. A method for centering a wafer on a chuck as recited in claim 1, wherein the defect
metrology data includes defect location data, particulate location data, or a combination of both

defect location data and particulate location data.

3. A method for centering a wafer on a chuck as recited in claim 1, wherein acquiring

defect metrology data includes:
placing the wafer on the chuck,
applying a chucking force to the wafer,
removing the wafer from the chuck, and

scanning the surface of the wafer having contacted the chuck with a defect

metrology tool to detect and map defects on the surface of the wafer.
4. A method for centering a wafer on a chuck as recited in claim 3, further comprising:

scaling the defect metrology data to compensate for a spatial distortion

introduced by the defect metrology tool.
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5. A method for centering a wafer on a chuck as recited in claim 1, wherein determining the center
coordinate of the chuck includes: defining an inclusion region to enclose an expected spatial
distribution of defect data resulting from chuck features defined to contact théCsyrface of the wafer,
wherein a spatial relationship between the chuck features defined to contact the surface of the wafer
and the center coordinate of the chuck is known, spatially scanning the inclusion region over
the defect metrology data to determine a maximum inclusion position at which a number of defects
within the inclusion TEGIGH (8" FRRkGHIBEavalpioPn @ chuck as sreitasimitimAevdrsiety ¢erdiniate of the chuck
from the maéruiteinchusionepasitiomktnedaeiusion region. 6. A method for centering a wafer on a
chuck as recited in claim 5, wherein spatially scanning the inclusion region over the defect metrology

data includes a raster sca#iming #f itha.relvsion tegirnRravater Man ofdhe defest metology data,
such that aﬁ;wgmbei of efects thln the inclusion re%lon is determined at a number of raster scan

locations. hethod 1T CaRterMiy E Wi dear Srepaek e vskaatihe wat 6 Mitignar wrEinclusion
region is noplaigminetrisweith tesgeck fedhecdaier dfdhenwafere anchwherainwspatiaipigcanning the

inclusion reginn, QuEFiNg &G Melralpgy,data also includes rotation of the inclusion region at each
raster scan location. 8. A method for determining an offset of a wafer center from a chuck center,

comprising: placugg”a wafer ogh chuck, wherein the c ck includes a ?Iurallty of support

features defined to contact a surface eemv?/g 'eorhv(/ e 8 §6te Bgﬁt e ‘Hﬁ%’kda ato applying a

chucking pAssaiitea theinafendsierelysitalefeehiphttermis trafnifierte diby thie plukality of support
features to thg.sWiase.aidhe yafer in contact with the chuck; removing the wafer from the chuck;
MCSLLP analyzing the defect pattern on the surface of the wafer to locate a center

coordinate of the chuck WIBJA A CORGIARIE SYSIMLAIIIRMAIEL o sne mIBIGHTIINg.AN offset
between the center coordinate of the chuck and a center of the wa er, an ﬁ)rlng the

determined®®tfdet DR 98 (8iter coordinate of the chuck and the center of the wafer in a

computer readable memory. 9. A method for determining an offset of a wafer center from a chuck
center as récited fhmethod for centering a wafer on a chuck as recited in claim 5, wherein spatially

scanning the inclusion region over the defect metrology data includes a raster scanning of the
inclusion region over a wafer map of the defect metrology data, such that a number of defects

within the inclusion region is determined at a number of raster scan locations.

7. A method for centering a wafer on a chuck as recited in claim 6, wherein the inclusion
region is non-symmetric with respect to the center of the wafer, and wherein spatially scanning
the inclusion region over the defect metrology data also includes rotation of the inclusion region

at each raster scan location.
8. A method for determining an offset of a wafer center from a chuck center, comprising:

placing a wafer on a chuck, wherein the chuck includes a plurality of support

features defined to contact a surface of the wafer when placed upon the chuck;

applying a chucking pressure to the wafer, whereby a defect pattern is

transferred by the plurality of support features to the surface of the wafer in contact with the

chuck;

removing the wafer from the chuck;
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claim 8, wherein placement of the wafer on the chuck, application of the chucking pressure to the
wafer, and removal of the wafer from the chuck are performed in accordance with normal operating
procedures. 10. A method for determining an offset of a wafer center from a ch\zlélgice) ter as recited in
claim 8, wherein the defect pattern includes physical defects on the surface of the Wafer, particulate
contaminants on the surface of the wafer, or a combination of both physical defects and particulate
contaminants on the surface of the wafer. 11. A method for determining an offset of a wafer center
from a chuck center as rEGIET T IARRE RAETGIAdAaR TR GfdSerate patesate arfani@rsurface of the
wafer includesdinate of the anady ninginhassHfner oftom vraferhaying contacted the chuck with a defect
metrology tool to detect and map defects on the surface of the wafer, defining an inclusion
region to enclose a spatigkélistribgtiansidhe plusaliie efsupRprkicatues defingd 1o £LQRtact the surface
of the waferf __spatially scanning the inclusion region over the defects as mapped on the

the wafer; an . » . . . - . .
surface of the Wafer to determine a maximum inclusion position at which a number of defects within
the inclusion region is maximized, and determining the center coordinate of the chuck from
the maximum inclusion POSEHH of B THeRIGHi ToGWRCI LS e HGRH UppiB & FRrHRSANY between the
plurality of Supporrfefaturesfanid theepaterreatndinasenofithe chuck. MCSI. 12. A method for
determining an offset of a wafer center from a chuck center as recited in claim 11, further comprising:
radially scading the imappedrdetests raladiverieibe camecokihe walantricempensatadgra spatial
distortion irgg%jycmgdepeynthgcg%fgn%t qltjtrolofgy to%l. 3. KA‘ method for determining an offset of a wafer
center from & ChUCK Conter ae Fesited haSin T Suhersiare RN PE A PR RRSHISiBh region
includes mdwingfener dorsival dgiervirfer rastenzdd dhanrnerfoverdhie defetiscawithappaal on the
surface of the wafep-qugh.that a number of defects within the inclusion region is determined at a
number of raster scan locations. 14. A method for determining an offset of a wafer center from a
chuck centey as reciiad i claidR hereine inclusion region is non-symmetric with respect to the
center of the wafer, and wherein spatially scanning the inclusion regclonclng Uded r6tafion of the
inclusion réliBrBat Beiel Fasrafatatiseaticlydes Bhyxiey drsetiomsbateriageaitiaderater,a chuck,

comprisinGarticulate contaminants on the surface of the wafer, or a combination of both physical defects

and particulate contaminants on the surface of the wafer.

11. A method for determining an offset of a wafer center from a chuck center as recited in

claim 8, wherein analyzing the defect pattern on the surface of the wafer includes:

analyzing the surface of the wafer having contacted the chuck with a defect

metrology tool to detect and map defects on the surface of the wafer,

defining an inclusion region to enclose a spatial distribution of the plurality of

support features defined to contact the surface of the wafer,

spatially scanning the inclusion region over the defects as mapped on the
surface of the wafer to determine a maximum inclusion position at which a number of defects

within the inclusion region is maximized, and

determining the center coordinate of the chuck from the maximum inclusion
position of the inclusion region using a known spatial relationship between the plurality of

support features and the center coordinate of the chuck.
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a chuck including a plurality of support features defined to contact a surface of a wafer when
positioned upon the chuck; a wafer handling mechanism defined to position the wafer on the chuck; a
defect metrology tool defined to detect and map defects on the surface of the wéférs ang an
analysis module defined to determine a center coordinate of the chuck within a wafer coordinate
system based on a defect map generated by the defect metrology tool representing defects transferred
to the surface of the wafer by the plurality of support features of the chuck, wherein the analysis
module is fifrther SIS (8 ISt INSG AR S He PoalREes T ifd eBREP voGrIsA RS BESE Bhuck and a
center of thieiwafefattestorethmgletermined offset in a computer readable memory. 16. A system for
centering a wafer on a chuck as recited in claim 15, wherein some of the plurality of support features

are defined as mesa structidigsanssare digistauteddn RIsancentricceiied & patier about the center
coordinatecgf tg% c@gglgag !ﬁila!D %z@ sl}/stterg ford%e%er(iing a waferI on a chuck as recited in claim 15,
wherein the PItTalty of SUBBORH foatires MEGdE SN SATSErSt 2558 ures that are defined at
non-symm%ric Iogationsd bout the center coordinate of the chuck. 18. A system for centering a wafer
on a chuck-&s re&tB8" IR SaM e N e e @l adefer semised oy arkerrbatanceciietit 19. A
system fordmtetingeaciwafertiolly acetmick ths iretited mgtlaimLBewhereptiibeanabysissmmoniule provides

for definition. glandnelusiandroian alepatali.encioses e Quyally,ofsupport features of the chuck.
K Y2l

such that the center coordinate of the chuck is derivable from a spatial position ot the inclusion region,
and numkonetdffetievd AN SR Rsbdiane es el firstrto ispaahily woher teasietusion region over the
defect mapota@d@termine a maximum inclusion position at which a number of defects within the
inclusion region is maximized, and wherein the analysis module is defined to determine the

center coogginatenafdtie & Rcl RASRAMB bR esPIINECL ORI, ElSIgR AOSIHiRRS he inclusion

region. 20. A s¥stem for centering a wafer on a chuck as recited in claim 19, further comprising:
a graphicaf' g IntRER TS LGRS Fesiefel 108 SRaatHsA tBreare RTAGRe SR I Rfdhervadtider the
determinednaaximuim jachugioarposition of theninglisaivol tegionatRAALEHE M deferniard senter

coordinate of,the chuck, rentder the center of the wafer, and render the determined offset between the
each rastér | ion

center coordinate ofstcﬁg gﬁ%c(f( and the center of the wafer.

15. A system for centering a wafer on a chuck, comprising:

a chuck including a plurality of support features defined to contact a surface of a

wafer when positioned upon the chuck;
a wafer handling mechanism defined to position the wafer on the chuck;

a defect metrology tool defined to detect and map defects on the surface of the

wafer; and

an analysis module defined to determine a center coordinate of the chuck
within a wafer coordinate system based on a defect map generated by the defect metrology
tool representing defects transferred to the surface of the wafer by the plurality of support
features of the chuck, wherein the analysis module is further defined to determining an offset
between the center coordinate of the chuck and a center of the wafer and store the determined

offset in a computer readable memory.

16. A system for centering a wafer on a chuck as recited in claim 15, wherein some of the
plurality of support features are defined as mesa structures and are distributed in a concentric

circular pattern about the center coordinate of the chuck.
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17. A system for centering a wafer on a chuck as recited in claim 15, wherein the plurality of
support features include a number of support features that are defined at non-symmetric

locations about the center coordinate of the chuck.

18. A system for centering a wafer on a chuck as recited in claim 15, wherein the chuck is

defined as an electrostatic chuck.

19. A system for centering a wafer on a chuck as recited in claim 15, wherein the analysis
module provides for definition of an inclusion region that spatially encloses the plurality of
support features of the chuck, such that the center coordinate of the chuck is derivable from a

spatial position of the inclusion region, and

wherein the analysis module is defined to spatially scan the inclusion region
over the defect map to determine a maximum inclusion position at which a number of defects

within the inclusion region is maximized, and

wherein the analysis module is defined to determine the center coordinate of

the chuck based on the determined maximum inclusion position of the inclusion region.
20. A system for centering a wafer on a chuck as recited in claim 19, further comprising:

a graphical user interface defined to render the defect map on an image of the
wafer, render the determined maximum inclusion position of the inclusion region, render the
determined center coordinate of the chuck, render the center of the wafer, and render the

determined offset between the center coordinate of the chuck and the center of the wafer.
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