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WD 2004/ 061439 PCT/ 11S2003/ 033624 TRANSLATI NG
DETECTED WAFER DEFECT COORDI NATES BACKGROUND OF THE.
INVENTION 1. Field of the Invention 5 The invention
rel ates generally to the field of sem conductor

TERMBLRE ' SO conauct or i nepect ] on and. medaUPaREEes
reasul ASRLAnS G HiefecTRg ViR eek nedEbiR A es

manuf acturing. Measurenent may be defined as the

ability to precisel uantify physical, dinensional,
or 10 el ectrigéﬂﬁmm&mlﬂm mat eri al s.
Nuner ous neasurenment tools are routinely used to

noni t orFiéld of the Bhvehitor©f Sem conduct or manuf act uri ng
processes, Inspection relates to the ability to

ob&¥r feniien el srreplly op dhe Sieldapfgsemicopdictar ghanpietugng.  More

partitdlerdy 88 ifveNiithirQhts B kerRPidda@br lhsrﬂﬁétfoﬁ HEdhSashtSReht, fOT
these purposes. In sub-mcron applications, inspection

prascussipnofske RefatedhArdy el ectrical microscopes
t ha M‘%mﬁr gnd’v'n%@g en&éﬁfe QIe d%ntg gtggge B s&ﬁlcgr?dg\ctﬁp%én Ifacturing

ty to serve defects ers refic
Meagummsdns ymay wc(bﬁflaed anthe diliy |te rpg@crsglyaqudntﬁfx mdayﬂmaig ed1men310nal or

d
cecs 8 Dhp B R B A SRR B iieh Bt By e o
monit® thingletigtaf mehuca'ndmtc:ahhrmfac&:ngg pRedsses. JippevtionBadaresho WhicSability

or days at ng t.o deter t Qcat
o oLy S 19 5B (o el 4 LR dpfgements sed
for thebehulrpdstP a6 butPRicRinQEpEhiche, itdpebtid S WA tak ¥ lectrical
def elf:q;s are often d?]{:}posed]l fg V\nneﬁg%tﬁ regard (iagm? Zlecr ‘
micrpsgepeg (M ate widdheedonly to its size. Thus, there is a

negdpdoRetrRs BRIBRT2MRE aﬁilﬁ%atﬁ Yobitvel BFeclh Shke Akl (grasks)

mnimzin engl neeri ng fect reduction eforts
becomppmotd ehyllenisinef wdevpesivel Fiuiog veafersand hretigle pmwa@n m;ﬁs find

defe A hit%r ks glf oﬁ#}% os(egé nb%rgﬁ thénl\%@%h %Iu;me?srt&)d' %ﬁrc@ﬁﬁ dengmeers

ment s course,
spend masniduonori deysnadembling to detetntine thh dseticands culdfecte it erderltn be able to

ctassfiy £ S35 Gl b BEPETRE Tl Chealrlynt Si &F Rierdiposed

'withaﬁate@axﬂwmahmcﬂeub@team@ﬁry td RSdize. An i nspection inmage is

pr vi ded of a dev chﬁnvfr test and, coordi pates of
5yt elp o1t BEOT A PRBOH A ABPAARICIOr dstept igeaion, minimizing

engm@ﬁ{n%rdafe&er@ducﬁ&%ffcﬁ’t@ Sanll RERBGIhE B hRBEECf reaGRORBEH] edpmducuon
into a predeterm ned image format. CAD data for th

vieldgevi ce

SUMMARY OF THE INVENTION

There is a need for the following embodiments. Of course, the invention is not limited to
these embodiments.

In accordance with one embodiment of the invention, defects in a device under test are
located using CAD data for the device under test. An inspection image is provided of a device
under test and coordinates of potential defects in the device under test are determined. Then the
inspection image is converted into a predetermined image format. CAD data for the device

under test is then used to produce a second image, also in the predetermined image format. The
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under test is then used to produce a second i nmage,
also in the predetermnned image format. The WO

2004/ 061439 PCT/ US2003/ 033624 CAD-derived i nmage and
the device-derived imge are then aligned, and the

woshdiaabes of potential defects in the \A@éﬁﬁsz%ﬁmn

converted into CAD coordi nates. The CAD coor di nat es
e ] used,t o,_nhavi .t hraou the retic for .th
carflfined S5k G5t QefEXAPTL b 2l Aol W o' Rl o
potentinl defsgoincthe gafeo alclveneatdimtedADadoidindes, eThe CAD coordinates are

Accordi ng to another aspe¢t of the.inventiqn, an .
then 6 h& s R (R x50 Wl af e 10 s i lfects
corrds ing@dltht AR Redderdiefe@ist detection device coupled to

&ag stage for producing an .inspection_imge of the
ordirede Anqths esneriPt ihisrinyrpdh &b ARpatsivs disiudeb erardpplolding a
Wafe]?fun&%ftﬁﬁ taf iﬁ!l@éee&g%fetcﬂ Berdchéh WRER coliiblelo %€ %ﬂageT f‘aglatr(gl@&ﬁg an

or the wafer under test, a control unit couple

inspection insee phide vafeagrdenissf apd Eoripradenmsasctepdinptegief defacisslatected
n thg Satel Gndef! [Egt @Af)yd&mop EILJ @I‘e’r et ¥ lt, %?A‘ﬁ%i ﬁxgt L& feﬁ % c}ogltrol the
t T an e 3 ae ect Btlon

control unit tot i mage an ete
stageandi dhe imfger andodedest tétengion dagers, @pd ndiynairedzatén unieteupled to the

i : fer.under .t L.nt.o waf.er .reticle cgordinate
conniglulil B LB S b i BB, air o Lo of
defemainalic wafelaundérasd iram dafehetiid\Bbotkiihaes af AdGiRtioofbot fhe inspection
. e dinments of the i ngion will be better
‘m%%ggﬁ%ggéfﬁﬁméﬁﬁmﬂﬁb@ﬁéﬁﬁ%ﬁ- when consi dered in

C OTHest Gitd ddtier, Winibbdifafts bPtht BMédlon AEISB et HPrediidd kktBimderstood

acconpanyi ng dnamﬁqgs. 15 It shoul d be understood, ]
wherpgidard icrainatine with thedflongngideserintign prshhe gfeopiganying drawings.
It shbilfli 2AEdBRHAT hRkSerS TP %c‘%ﬂ%@ingf descMptibd) VPhitel Ridic various

nunmerous specific details thereof, is given by way of
emqupmqglgs.t p%@eomvmgn @ﬂ .r@mqopqmsp@tﬂco@p_tgl greof, is given by way of
illust?aﬂpr?‘tdnhuhétogis’IinHBgJ)rL' RhP b ti:?a%hs{, | QPR ARIAL! o ditions andior

rearrangenents nmay be mm 6 Wthin the scope of e
rearrdngeraents roay i mdde wtithihethasdopagf the mmertibe without ideparttngdiropothe spirit

i.nvention i.ncludes all .such suhstitutio
eroff k1 VTS S Sleng S5, PP bhier Bidons andrr
rearrA8prhemtsDESCRI PTI ON OF THE. DRAW NGS The dr awi ngs
acconpanyi ng and formng part of this specification
are:included to depict certain aspects of the
i nvention. # DESCRIPYREY DFOrHR DRAWINGgent i on, and
of the conponent 25 and operation of systens

i.d ith the i ion, Wl beconme, ) dj | ,
PR R meb ReP R REAEH (7R B4 QLSRR AU HEROFb fepict

certzifl QBYebt§of tHRGnveBITdh0 dd BRREScdnbdptat 62¢hE thvkRichhghdbraNd Q@shonents
wherein |ike reference nunerals (if they occur in nore

and opeaeroffesyrBprayided gathitee inventionnwillohecomss mopefeadily apparent by
referrfilb QB exerpIRS, éﬁ%ﬁ&éﬁ&%oﬁ@ﬁﬁ?ﬁ, dftbliflentd PARESECRCHE ¥rawings,

(eference O One or nore ) ese ramqngs [n
whereitp st regarénge) nwinerhls (i dhayessouri ip iage then ese micwdl dbsigneierihe bame or

similat I@f%meﬁ%s.b%hé]fﬁb&%oﬁ 'ﬁﬁ& bt B&ter understood by reference to one or more of these

drawings in combination with the description presented herein. It should be noted that the

features illustrated in the drawings are not necessarily drawn to scale.
FIG. 1 is an image of a wafer, illustrating an aspect of the invention.

FIG. 2 is an image of a reticle, illustrating an aspect of the invention.
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30 features illustrated in the draw ngs are not
necessarily drawn to scale. FIG1 is an inmage of a
wafer, illustrating an aspect of the invention. FIG
2 is an image of a reticle, illustrating an aspect of

"f}?%""‘/&\{ﬁml on. 2 WD 2004/061439 PCT/ USZOOI%'H%BL%;%&SM

3 1s an inmage of a repeater def ect sprée across

of UGS e Bt Fropoe St i b B g e RS g an

embsdifenta chsdiventionnspect i on appar at us representing an

e iment of _the invention. 5is a flowhart .
OFPE& Pana it CFdﬁaﬁ?éTt‘ 9% &, semiehR t@mf}sa@ualh APRAERSN: FEFFECTGAS an

embbhlﬁxentiow@ﬁweﬁﬁbn FIG 6 is a synchroni zed CAD and waf er
|mae |Ilustrat| an aspect of the invention.

JLED$ eE@mthﬂ trgs methadt jepisseatier amemppdimerfsof the

mve{,@(gitures and advant ageous details thereof are
Elal ned nore fully with reference to the
G.his & Wgcfembwl Grgp ol welfextimeageaillindtiating ancdspadt ofiiha ibveention.
accorrpany| ng drawi ngs and detailed in the follow ng
description. It should be understood that the

detai |l ed descri pt iRETAOED DESCERIFION exanpl es, while

i ndi cating specific enbodi ments of the invention, are

gl Ve inPohtidF hel\}ah&%gjé%%r%o&d u ; oa%lsggasné%iﬂ? he¥\%¥a1% explained

imtation. rlous i'cat’ ons,
moreacfdlilﬁ ivaths refereonr tor elger menlipeitity temboditbity thixe agpiilistrated in the

and/ or e of th i.ng.i nyenti
accof Bty SRR ARt cbecl B ToloRPE SR finGild B Rasetfiaots that
the defatléed debctrﬁ)tlmﬂ nfiCthe sw:lﬁc eXdplel OvhilR SikBEHtih © Bpeific WabediSertélof the
a, fabrication faci| repeat er. defects or. _anomnalies

inveRHQD. angyFny By rYaynet #wraflan PplﬁeandF!é%e‘ﬁt ¥y $Eflapitagon ¢Various

subsEt@hi @6  BodiftAtioR! RMRREAIRH rehfan3fdhty WiHif 1€ shiti€and/oP Ecopg& the
a wafer, and may be due to, for exanple, problens w't

undeglyfgg pentiye eoneartRviB beqemmg apparaph torthage fob prdifateskilkinhecart from this

disclb@Reated fromone reticle field to another, an
I nspection tool may flag such defects and store them

| rPuing éfspestion jof @afefhie adfetirizetionf fadikitycepeatr nﬂsfetth @r stoagbies may
shou@%ro%?ﬁlﬁg lcogm%x i’lt(ipggtfrec? Feﬁts gt%%tg n% \tg}aL ?rg?&%pg iy ech\fe%Rt}& field of
a wafeg cahd may bdduetko] foe axanple, pﬂnﬁlein@@@:h itenstidlomagk orfpldtd) EWhen wafer

I defect
BN CAONERC IR RIETEA LR T

and si@p@rieh 4 BettdidileleTRE Hetbdt [fRe BAYaikketh®kifagd X-Rosidmbtefor each
proximately 5 to 15 m_crons from one repeater defect
poterfi) %W@P% ghfeqt:nUgingthe fgfecd file ip agqviqwestitiopy aeview tool may be driven to

the locations found in the wafer or die for that particular defect or missing feature.
Unfortunately, the locations of the repeater in the defect file may be off by as much as
approximately 5 to 15 microns from one repeater defect to another in a different reticle field.
This offset may be due to, for example, stage inconsistencies from tool to tool or mechanical
tolerances, making it difficult to translate defect positions between the wafer and the reticle
mask.

The present invention may include a method and/or apparatus for determining the
absolute X-Y location of semiconductor features or the like by using a computer-aided design

{(CAD) layout overlaid onto an inspection image. The features may be, for example, a defect or
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This of fset may be due to, for exanple, stage
i nconsi stencies fromtool to tool or nechanical
tol erances, making it difficult to translate defect
‘%gsntlons between the wafer and the reticle §
WPE_nt i nvention may include a net hodpcérﬁg?/z%’?ms 24
apparatusfor determ ning the ecPoluteXYIocaE3 i
an agpmam 16e ARNGEEr MpeBERAe BegPs theelofack &t BYSHE TS bY appending

abschROBADSE YaboahalERi i HefcGAHE) | ayout overlaid ont o an

Inspection 1 mage. The features may be, for exanp
deleete espbodignepl) 10 GAPOBINE grdbiip i ISR 0BEE PAY &ﬁ automa&caﬂy

sync%gﬁgti yWhH‘t?n ecﬂlt y vig% Yool H)Sl/éé(i@rggsatflg i gthé Bﬁﬂﬁﬁﬁf(@@ image

or ‘mssin appendi ng
for s:pamcnhﬂan aayelsmap nmhemotaidemt This @tomatﬂdomcmm@domﬁbod AR take

out an the i.ns tian
bothgﬁ? gﬂ# iSeen ?rg/ évﬁecﬁ s Eoloiz:e ae% \Rhen 8 cg@rXtteg gié&DoHnatgﬁ In another
embbdiMbtar OpdratoiMmes baprovkisd itk thid inspectien owage laad cheCARlaid CAD

5 f | n tand
cravig & A SHHRL BBy Do P AT SRS TG 1 Gifmed in

accokddficel WiB0Be HRERI0R thé Bfed: ARITOCE pedtivulsd Mafes Gtk eapemdietehs may be
generated CAD i mage. I n anaqther . enbodi

loadefbiaiodhiinsapagons rwfamoaleead YR ¢ Fhe Haﬁgblﬁq Sshios Tt S of
interbd € TRY &td RS FoseDRR CAIH R by b8 rdcHiBeFATRe fih 8L R agfdd@efetTae, or
synchroni zation descri bed above is performed in
ata%@fbﬁpdance with the invention, the defect file for a
*%ué@@hﬁ[es W fuf GREREE: Hiah ¥hd ﬁevﬁ@ybeﬁg pHited and are a
nto the I nspection or review tool and driven
mlrrmmmdge op ahd ratigleafiicldl e fle one @mbmnsgltn@leffé@uXé’ gfordinates may be
o8 T S LSl Bl el e g i
fieldt 2@t plite eeviehypolcahitlyis sinﬁlar mls&uthrat(e&sfahrn@uémspectlml can

| arger .than the devig n rin re a. mrpor
scou RO B (R e RCRTEHAErion R B dr Sumprtng PRl te
defeé&vé’ afe@ Q8 dbriRtl P SoulBYon e redifle gfa@n s 20ysf¥etola &9 bd sl fp dermine
onpensate for di fferences etween the reticle plate

POSS#RPI@I?I%‘W@ fBatfagicelar featyret j ¢l e pl ate review tool ,
W, Glle bribodfinddt, %teﬂ Bpadrdpitd HfiGe HSIQteaa 5B fesCady Bérpcrformed and the

| nspectl on tOO can accurate driven'to
wafeg @rrspestion thfesciools gt setumed rig therﬁém@A@aw@nﬂncqséqrdtp ﬁ@@l@%ﬂe the

outplgl:? %ﬁ) ir gt%fdﬁ%il \é?fe& [&idnS Fo%ﬂ& 51?&1% é)Yatef £ g{éqnag sHoB Snay be also

anal'ysi s t oo used to rm ne
reponahsmlg ltes rpethxtds émmbadﬂlhremhatd vp&rtfabwatm nﬂmamp@tlmﬂ‘(oolls mpay be

ater thertlcle plate, a
dnvcﬂrt? ﬂ‘f’setsé@f o raAng Bsitlz g F%’ftﬁéébl aigg,%oﬁrdl Waf er i nspection
I eRdferving QOFEG.MRY wWatsr 1103 lsrdepicted, dllisnatippareashec af the invemtion. In
order to determ ne the_ output qf the rePalr

this gieeEnplars, FAPOdRfL e FatenL0%mey Mslue fanetamEiey piava 0 ploretcle
fieldRFK FEROP fifRY 1RFaré stfed in a known manner in an ordered pattern on Wafer 105

using step-and-repeat photolythographic processes. Typically, a reticle field 110 (which may

correspond to an individual die) may contain undesirable defects 115. The defects 115 may be

chemical or structural irregularities that degrade the crystal structure of silicon or of the deposited

materials that reside on the reticle field 110 surface.

Referring to FIG. 2, an individual reticle field 110 detailed in FIG. 1 is depicted
illustrating an aspect of the invention. The reticle field 110 includes defects 115. In this
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reported using the nmethods descri bed herein, and wafer
fabrication inline inspection tools may be driven to
those sane | ocations using absolute CAD X-Y
coordi nates. 25 Referring to FIG 1, a wafer 105 is
0H6&H? i1l ustrating an aspect of the i mNVEERYRO3PH
this exenplary enbodi nent, the wafer 105 nmay i ncl ude,
exarpplé. a8% aﬁ&eéiefeg'is A17 Svisepestr Gptepichadc The rgnegiprdpfopy §20 may repeat

ﬂselﬁﬁ}dugﬂo%t §onfel Alan 4l &ﬁ& rétﬁfe%ﬂis iy e \WBt IR BIG.I1N an
ordered ggttern on fer 105 usi nil st ep- and-r epeat

phBtreficle Hieddy bl&mfovqﬁqrd@édem@ed inliGe dI wepe Stackﬁépnfelaeﬁlﬂgfﬁ reticle
f
rid 5 ol SR A Ky e
mqumyn tvel \mﬂdsbﬁeawmallt somsscmu@ndldraﬂm the wefgul ari ti es that

R R F SRR oG oy et Bired 42 e n B 2P poross

diff&&ﬂrﬁrkff?lml1é H’qﬁcﬂd&d iilﬁgrafxﬁgd&ic&m&dn@ﬂt bﬂmg vmdntain A circle 305

ticle fie 11 edin FLG 1 js

mdlqareﬁ st pelia RYSIGR %fs@sé@ee}?r defet 1Al oy P htwﬁf'e r?S@%q 3quigres 310

reprdsbr® b @indib QeablngH thi@ie At 6 e dab poltibnld biSfereflt WKle fields located in
2004/ 061439 PCT/ US20031033624 exa | e, one of the

diffegpat Ef’éwf theswafer. Jn oagpragtisal @@p@@tennzf@ stagp écqu@ﬁléa%t @? inspection

P kAN By o A UL 3988 oy s 10
micrfisGn edch diectiont(h¥lapd iYeh #EG1)0 Thiss,whef wme 1a8ledieficttheidninifests

.. Fl 1 . ked

el G et BhP TR ESF PR e oS R B L s st aea

of abntt 20 ©1180 equatt miditins dodiff@ent sticlen®eldsS Th gﬁ@ﬁﬁltdﬁ%nt, @il invention
own e

| d be_seen as it scgans 0 d fer.
may 510, 8o REICR PP PITGON, BIEEpdWDish TAGs CBER, PanreifepicRl defoct
locatiod® viirAtHeeflafbartdl batpuds &Rk defetiofik pdaphffe@ vt the CAD X-Y
reticle fields is depl cted illustrating gne enbodi nment

coorgipatesrf TepRAicAOFlseiS, aiding s omalyyin By PR WADE e cEadt Jogation of
partiff bbQ¥ afd ink n%%&fi‘ic in %ftlﬁgf etidi€ Qutoﬁatﬂn%ﬁﬁkfé:& y of
crossed squares present a single stack of the
s diverdeg tocFIG. tartém;kacha%rm of & oemispndiripf spastion epparaiue 400 is
dcplctédeacgosfdm? foagﬁe&e Ia%' g %.1 thth RALiRiof f Al J? %y%g ?srci%)u 184 10 a
one prac age accura
scannitSdeeice 400 and ytsharﬁnﬂmﬂmsdeveé tmdeatelsy(mﬂd 4har ’il"lzmdttmh Iuyder test

across the Y..Shows
406 5% ' RAmlE ey T S R B Ry i i xaEie i fanning
electiol niGB§Bpd BEM) @ MAahaca déit toPRdideest iﬁlagd: b whfet Befect and/or
different reticle fields as a repeater defect nmay be

surroprdingefeg@eps 1t %éet@ﬁ?%ﬂﬁvl‘%?c4](§ssAa?P“HP]eﬁnlt 420 sy e %ulffés or a
compll%_g \@&H%ﬁtrm CloBfthatel a&&% rihfo&ﬁidoﬁ ﬂgmi ife! s@%e C4P§, QBfhing

t’he i nventio I NC
device djp@ cnd [detactionrmmitiddf meayhclniom#mom uihii A2fsiscowieshto the control unit

' or.di nat of df th| t he, waf er and
<20, G Sl e B o PR bt B 4532 "o

XTHe sexnning Iaﬁlditia&tioﬁ dévégee 416 418 afag bk Sfor a:tadlphg aistanning electron
Imcrosc?olple laél:.?M) (I;]raalnyo?nhgal Eg/sef sygt\érlnd |.11'}11g conrt]:l'%l lell')l(lta &éﬂ nlflag'cn%vle%]e s(t)afge 405 in

space and conirol operation of the scanning and detection devices 410, 415, As the stage 405

“moves under the inspection system, stage coordinates along with detection and scanning

information may be kept frack of by the control unit 420. The control unit 420 and the

- synchronization unit 425 work in copjunction with each other to coordinate wafer and/or intra-

5
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particul ar defects, and inproving accuracy in existing

reticle automation software. Referring to FIG 4, a

bl ock di agram of a sem conductor inspection apparatus

400 is 20 depicted according to an exenpl ar

EOIBHIAEAt of the invention. A stage 405 &C%%W@%?G%“o
. a scanning _device 410, and it _may include a device
die {pagiiops f@sqvefling) andosynchrenizinge ¢ (el (sprasted dap 407 9pto,g Faptured
i Joe AUE BHeBited by W iRikpectibRQodt $GHRAR SERY] Gfe fAbRolB image
ump%@?npgﬁeexa%%k%f gyscghgf%b‘ %Ig%?ron nigyosc%peQ?SENQ &
408 guay aitso dptrefomed theasi  BUToingpegiiondmaga, 2i qaplyred JIUR imageeer a wafer
. def.ect and/ or ur.r oundi f . ' .
imaggc g coR 28 v 2L ed G0 il S50 IR atec il
contZibing sageUX-&T cooddinates chdefecnlasd featoms.di nat es, and gat hers

i nformation from.t st age ,40 scanni n devi ce 410
SR T AT 428 PR aes i AP SRR AR R eeSforipge 408
The §RKRbLAGHOA uhid 825 SRt o bodiver: thd 2D aiel 487 Pite @ edered image in a
e nmedia 430 is coupled to the synchrogni zati

stora n
predeipincl AGEeTFElc o TROcEI T8t BXY (06 HabRE ek gt Fpcends,fobeter
reprd¥BY {RE inshQiof NATR §08 BroRiBN By e SheBEHBR Mool Néﬁ,s_ﬁﬁ)&ﬁgnment

(SEM or“an optical based syStem The control unit 420
algonithy mawes vied fortsppbropting and compensaing famenycasisets bptween the CAD

' . i t i.co
B L e
overly 8t emge dtiiagé fonohe CARX dag 407 anty the inkspedidneintago M8 ndvice versa.

scanni,ng. inf.ormati on may ept _track of by t.he
Tn apfiEE O e PSRt a7 TR toe4i 5o e Rpepiie Hiee 408 from
the BMBEONdeicZ 215 @6t eiithple, A3mfokakee of aGetldiRRpd)ORtdsvd fhe €3ddata
other to coordinate wafer and/or intra-. 5 WO ,
407 froyp 2/doighass G1obERPMIE PO BIMORRAEOY BReRAPRyTECefvg 2 defect file 421

fromANEEIBYI g 4@@,‘11&@3’{@&5 ehAd QdrdntAR (GORY f?élc?&’eféi@&&n‘ﬂ@aﬁe, and

onto a capture I nspection i mage 408 generated by the
provida diweermirolnuniiodl0 idptapged| defeet BEMRS cifaining SR -8 rropidingiss of
defed08 may al so be referred to as a DUT inspection inmage,

a captured DUT inmage, or a wafer image. The contr ol

urintpratBee, gy syatlsmizatiov e 425 map pe @mrogrammstilo pirawitj $uch 28, for

ith a defect file 5 containing st Y i pa
enarile, o PO o RSP 6 CAREL gL BRI RP Y Ehit o
operdésQf @& RBnde A thGAIRutiaing st6Rd inihd pldafani AGRGOhEAN4I0NEYEe program

408. = The synchroni zation unit 425 operates to convert,
storaggmedin A3l mat borany typp @ readalde sispiery nplEdas.ifor epample, a magnetic or

opticRll RkGl SIcH1 BedcakdTRGR dr UHBEr a INSics ARG BenbryRESH BBY PROM or
squared off at the ends to better represent the

FLAST syseory. oFhel syngheoniorpynt 4 2§enaytie irplemientsp it afigigre; sish as, for

exan%?éta’soﬁ@ar@!cfcﬂ&qeﬁgéoﬂﬁ& A QR f&l&[ﬁ}]grﬂﬁg%@} i_gqﬁﬁgleﬁt% bg a hardware

chroni zi ng and” conpensat I ng sets between

| circutthve bfADomisladtian 4Dardwadk andeofiwmspect i on i mage 408. I n one

e di pent, . the synchrgpization unit 425 na over |

e OB O PR CRSPHEVROl el PR wofhs tha
present@d PE6W lafddiboie@e ikl voth ryfeBcet@FBG.. 5, is stored in the program storage
media 430 to create an apparatus in accordance with the present invention that operates in
accordance with the methods of the present invention. In the alternative, the synchronization unit

425 may be hard-wired or may use predetermined data tables, or may be a combination of hard-

wired and programmable circuitry.
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I n anot her enbodi nent, the synchronization unit 425

may receive the inspection imge 408 from the

detection device 415 (for exanple, a wafer image or a
reticle image), retrieve the CAD data 15 407 froma
AR (not shown), performa synchroni 24T/ 1GR103/033624
operation, receive a defect file 421 fromthe control
unRefeing fo Fip % aCapchasiaefuraasietios meithngt W0 tin depigtaest repregenting an

con Lo B 1 1y Sy 05 ol W
and pﬁfumied]b}t ths sihroniedtiog usit 425 bpthaletailekin KIGe4. The inspection image
nchr oni zat on_uni it 425

408 3 Qrg(ﬁ:ﬁed bg g dgmgef (bqglverﬁann% E@ ghé%% %Ee muam? lgseconvertcd from a

rasteibdah 6Pdng @ﬂl&ﬁlﬂ’fag@fonﬁat Gitb abreadi@maled prige matr “Tha £ {paghJ07 is
circuit, that {Jerat es I n accordance with

receivpd fiplca fasbasesingt Eewinh ahis B5PGsted RY &t lishogzaphyaradalingavep 510,
prodﬂlﬁ‘g Pragéradie Dk Va9 @m? kog f3theBYmPIEryAMboliHRA:, Bfe lithography

readabl e nmenory including, for exanplé a magnetic or
modglpngiresgiiodpediorsed by htemélihmmamsg, for eygeplsy the iPetith bthography software

RS E S HFRIY, 5N BASHBN fsccn

imags ebvamion step FtH thasgonfeps rfﬁﬂeled(amng 806 mtosthé $awe preddeefmingtimage
al gorith or. t f tipns may be . i.npl epent ed a_ .

form, R o0 b, Pfock SPE., RE Pretmee 1 Recc ot e o froee

formSOJutN@Y for gﬂéﬁnq:nbl , ta i o8/ neige ARifg@at mmhmbﬁveﬂsz&h , b $oint photographic
progr anma | I cul a program suc t hat e

eXPeHs GO IMAge Qgﬁéwm %f%maat &a%g&(%ﬁ% 3 s descepfion file

(PD)orfahfbther imge fohfaf, ed |n the program storage nedia 430
to create an apparatus in accordance with the present

i nkhermuipets of Hietimegresaavesion pemPOAcHSrasnpreecsstithy apglignment step
t
szo.t"ﬁrfgﬂggﬂneﬁf of HE i BREAL bdtﬁ‘ﬂletg%éa% Jr d@te:har Jﬁh{agé g@ﬂﬁt\éﬁd at the

roni zat 1 on“uhit or may
sameusiegiicedien, eravinagbeddby all tibbdgs, femwresral) theeimage aridding i wap of

. 0of har and ble-Ccircuitry. .

inspeg oy Ao PP BB 3087 StnarEi (o ptsd it tcongining

stagef X-QVeblirfate® bf 4 Befes land dppendynd 1@ coBEpbrdilePADBY, coordinates of
r epr esent i ng an ed'EEOd' nt of the invention. The

the dpfest QUEp ﬂf?é?:ggﬁ‘% ézfn the program storage nedia
é3ﬂle aﬁﬁﬂneﬂ?&t dpszmﬁaﬁysetah}eoﬁw&iarymlaﬁgﬁéa& dthdds 4 285 example,

det ai | e inspection image 408 is
the afiguyecss slep) 5%@ may fuse 8 tgradipaigdesecahethad oticks po pn S@ditiveralgasithyn, a

comﬂg%i Uﬂamggnthlﬁ Eroﬁ?lvlﬁﬁe!r&dcofng i eglgag%o?l%‘?r Wie 3n %ﬁ?ﬁ'&y al%onthms

e format 1nto rm ned | nage
estimatee addiivei matgmenrtsmm dlgnmattepamnbtm, oennzpositioreab aagorifmast estimate

incrc%?x%at’rq\zapr’[%g gﬁraaelﬂrd%scgr‘ft 7 onmé) S élpﬁ%w%pth%lnggfj Sljdgng% ‘%flleﬂ the

&rng a ren eVor W
art, Dise exaﬁmd@emb@c&imdj mahgnmm&néthddmﬁbmﬁd}by stCBﬁ(llmrgr use for

ex g{ﬁ? d {Jor med b% ti g Watii% SE%ySenes CD S%EVI too?%lc% is a cnt1ca1

dimension scanning electron Imcrograph tool for measuring very small features, made available

by KLA-Tencor. In another embodiment, the invention may use the image alignment method
used in the KLA-Tencor ES20 tool.
Referring to FIGS. 4 and 5, the invention includes a method andfor apparatus for

providing the control unit 420 of a semiconductor inspection apparatus 400 with a map of wafer
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avai l abl e from Finle Technol ogy, Inc. The rendered

i mge 506 is further processed by a second 10 i mage

conversion step 515 that converts rendered i mage 506

into the sane predetermined i mage format as that

W YA8E? by bl ock 505. The predet ernmi ned i MEGES2103PI6x

may be any inmage format such as, for exanple, a
coondigige@-GAR gmrdindies. fIbe pentro upitlem) parforny e fipe eignmeny aithetstage 405.

iC. [ ' -(JPEG, a graphic
The?%?%?@%%@%euﬁtggﬁa y."eﬁm‘ﬁsgé‘%@? %ﬁ?&gn‘é“r i nter description
f i ReferrpPRAYIG. 6f 2 gnshratided CADnag avafes ik 6005 dépieted) illustuiting an
aspeg{,otlatﬂee gI:Vfr:m' ﬁeﬁ)gqil%s Og g%%ésg#i@% gsﬁwgﬁls {aorr gqa%{r%?@% \%ggrcle 610

1eprbsBRE @ Wafch Qleeht briiiRné aMRe GeQtPigLs W A& thnll TRUP ith4gE Mustrated in
an fication, are matched by all the

d at the sanme nagni t
FIGejisdopedyithy lignent plosk Spdewiledindltihg a map of

| NEP&e! éx@ﬁﬁl'aﬂia&ﬁbddﬁnegﬁt&é IRARioR Ay B8 S0 dle@PwadOor reticle
receives the defect file 421 containing stage X-Y.
defeptp dpeHgh {5433 naYigaiode fAe wafen plgmens $dH depnt ovithout 4 eorresponding CAD
; i - okdi |
feanfORARP APoRRIIRE AreCEPR RRHAS, G v A0S, BB} BE  mising
contat.e n &Rtherrergbadimentthre défech detention tmay bk aatommgietde The absolute defect
Tet hods. Far.exanpl e th | ignment step 520 may use
locag%dzpagg? éer??r%%glcae(ﬁ%c%? ﬂroaac,Elta f&n as an additive
al Iyownie_tdnﬁbdimlemc :ﬂ@m_sémibmns\%iwhg@rsiyﬁdggqmmg ﬁmll dw’ebl;@ﬁx%ea CAD
. conposj tional algorjthm, Wiile. an addjtive, al gorithns
imag q § WA Y PR IR IO BReler et ARl S LA, and
addigD ERAGIe LA K- YadogRlirlateh 5 tHRSWdfdFafefcid R0 laNlefeBBBR |database. The
war ps. G adjent descent algorithns are well known to

invegsion my alsp tclyge Yeingdhy absplpte (Al defof coopdinatisef adefpgs filgyoy database

for dRVIEH FBRbtion Y6t |ah@ MG AR PR i Feddie »ﬁﬁgpcoﬁ‘g%cmd
may use, for “exanple, the 1"mage alignnent nethod use

to the wafetdsfe@®50 Series CD SEM tool, which is a critical
di TR otszﬁ-lagsnl.'lsg(gﬁ%i?ﬁa}er Rhndd & E)Qegtgrq’%}e Ehl%)g cf. Phe term plurality,
measuring very sna eat ures, - nade aval rable eby

as uskd Weréhe icdefined as tam ot thee thanyed Theetatm artoltter, ian used herein, ivdsfined as

use the.i mage L gnnent t ho O.used in the
at efg] § shabfid of LG, ' SIS M BEle iPilr Pty G0t et are dofiped
compriding .r(i(.je:i.,OcﬁpehgﬁigUﬁ?ge‘ﬁ ’B;lc ﬁ&hhﬂﬂﬂlgglcﬂsgisecﬁﬁﬁﬁhﬁisu&ﬁﬁﬁ as connected,
rovi ding the control_ unit of a senj conduct or
althopghs et Aersprilyy undaBes Recesprrily msphagicaliins e termpsogram or
softwdR0 4/ £6d 488inP( TdehidPR034ARAAr inGRfRfisHsNREigSed fBr &ABtion on a

coordi nates. The control unit can performa fine )
compgfer GYsRERA §TOSFAE 08 CAFRUIIIBOsTanThEAY Nsle Griubmiingn 2 fwotion, 2
A3, HEiR | > ' B!
proodbed, RObIQP ARGt e ERE ab ) Sl Bl h gyl «
servigie pi sotreel code, lansobjest icodg, anshamd dibeary/dfnamive Idad ibrery and/orAother

seque B cRRnd ERISRE S ELEHRA sidfen] 0T UTe, and a

The appended claims are not to be interpreted as including means-plus-function

limitations, unless such a limitation is explicitly recited in a given claim using the phrase(s)
“means for” and/or "step for." Subgeneric embodiments of the invention are delineated by the
appended independent claims and their equivalents. Specific embodiments of the invention are

differentiated by the appended dependent claims and their equivalents.



5 represents a wafer elenment or feature. The

overl ayi ng of wafer and CAD images illustrated in

FIG 6 is done by the alignment block 520 detailed in

FIG 5. In one exenplary enbodi nent, the invention may
W03 0 detect wafer or reticle def ectBET{US93 B0

CAD navigation., A wafer elenment 615 found without a

corresponding CAD feature indicates a possible wafer

defect. For exanple, the wafer defect nay be a m ssing

10 contact. In another e"téfgﬁﬁgn’ t he defect

detecti on nay be aut omat ed: absol ut e def ect

| ocation nay be recorded in a defect file or a

datVébaselaichad imne enbodi nent, the invention may include

synchroni zi ng and overlaying a CAD inmage to a wafer

i mge, automatically | ocating wafer defects on the

regul ti AgneMoe bf Rding BEEds, c@f@isingddi ng absol ute CAD X-Y
coordi nates, of the wafer defects to a defect file or

dat abasREOViiAg HSMSRGGHGR; image Phy 41V Pl (rdl nghyding deffeted
absol ut e CAbyslghaed ofpoRfih Aies of a defect file or

dat abase for driving an |nspect|on system and

aut onatGoRYarting the dnspechen Heape inte afisst dmpge ine meditprpimed image
correspond &ﬂlphe waf er defects. The terns a or an,

as used herein, are defined as one or nore than one.

The t ermwyding @ADtd}tafm‘abe devisclugrler estn, i s defined as two
or nor [ ed_ her e

defi ne 0}1\% 4!3; %?ﬁt@gﬁégﬁg n-tagea%] H‘l% p??h dele; llér |£h 111'.1&%6
|nclud|ng aﬁﬂﬁmw havi ng, as used hereln are deflned

as conpt.i sin n | anguage) . The term coupl ed,
as use ?’ﬁ%‘ﬁtgndd‘é‘foﬁﬁgﬁa g% connected, al though not
necess &bh\l'emr@l theedeidciéd cadtdinAieitof pEEMES aéfbdtsyinto CAD coordinates;
mechanically., The term programor software, as used
herein, is 8 ined as a sequence of instructions
desi gn qgcaﬁ@gr deftRGH b FRRHADE the (XTI BRatY St EM A
program or conputer program nmay include a
subroutine, a function, a 25 procedure, an object
ey 100 18 thefiRl 6 i L b R R
application, an applé servl et rce code an
obj ect code, a shared Ilbrary/dynan1c load library

od e v1 e r OTDLI S \
angl/ or gl fek, 8&‘3&4&%‘3% Qlyid rh%hé WSt L8 2 LANSY WLRE
execut i'on on € appende

clal s

are not to be |nterpreted as |ncluding

ne uncti.on | tatians, .un

't a %Hw{hgd Qi imel- frher OmpPHpE, .l?fﬂ%\%ﬁ%ﬁ* ip p Zgtigle for the
USdeﬂEe tnktRr @5 &SEhtion SQhe ORBRGorfiRAtes. and/ or "step for.
Subgeneri c enbodi nents of the invention are delineated
by the appended i ndependent clains and their

eqli vahgdhRthoPRE Gllalfrri 13 tﬁﬁ&&ﬂbﬂ@%ﬁ&éﬁr&f tht CAD B¥ERtd @O s@bfd
differentiated by the appended dependent clains and

t h@afaﬁ‘ C@qmnvag,@mfmr& ooy mmggﬂm / US2003/ 033624

6. The method of claim 1, the detected coordinates of potential defects

comprising a defect file.



CLAIM5 What is clained is: 1. A nmethod of | ocating
defects, conprising: providing an inspection inage of
a device under test including detected coordinates of
“Fotentlal defects; converting the inspection im
MB%1IBY r st inage in a predeternined i rrag@mfsé‘?"g‘ﬁ%m“
provi ding CAD data for the device under test;
converting the CAD data into a second i mage in the
predet erm ned i mage fornat aligning the first and

segond j.ma converting .t dete oor dj nat

potent i U apes PG Weher & PRI Rt G PR o
del0adt &ofilinatkes fcbmplishrtgnm@;fplﬁghﬂe deAdat ileao diAla¢ceRlinaks tal] jneduce
met hOddg 1é[]\al m 1, the device under test conprising a
wafliegedsatafile nethod of claim1, the device under test
conprising a die of a wafer. 4. The nmethod of claiml,
further conprising, |locating_ defects in a reticle for
thé  delhearstipd @b flaimyh the dgfectiile eamprisig wafer stage cegrpinates.
coordi nates. 5. The nethod of claim1, the step of
converting the CAD data into the second

C ofpr i sh prpgrayesiprapaiavige aretdabln by reapiehingrié Fan@glysqr@dﬁ@ a
feggg 46n 8F bl o} %{r@g?lgs%g&%@@ ERREHAB §3¢ Bhohin to

ZOﬁatfoﬁﬁﬂxbaﬁeﬂRﬁbbeSﬁ)ﬁ)DS/ 033624 7. The met hod of claim
6, the step of converting the detected coordi nates
into CAD coordi nates conprising, mapping the defect

fil@ toAfédhod fue tcdhtimgtdefectt am:mﬂ:unxﬁctoawhfag@&de ctahprising:
file. 8. The e éI‘fﬁodof | ai m 7 Eg ect file

conpr | SERRLREAIYAL flmags 0 %%?F’&‘%OHQ‘{CEE w bﬁﬁggr am

St Or agale@AMinig stabeadriMats Bk dBtefBE hitdRiaPdbbcisai thie Wafer under

enbodying a representation of a program of
i nstructi on¥tdapted to be executed by said machine to

generating a CAD image from CAD data related to the semiconductor wafer
under test;

aligning the wafer image and the CAD image and determining CAD
coordinates from the stage coordinates; and '

Tocating defects in a semiconductor wafer reticle for the semiconductor wafer

under test as a function of the CAD coordinates.

1. A program storage device, readable by a machine and tangibly embodying a
representation of a program of instructions adapted to be executed by said machine to

perform the method of claim 10.

12.  An apparatus for translating detected wafer defect coordinates into reticle
.coordinates, comprising:
a stage adapted to hold a wafer under test;
an image and defect detection device coupled to the stage for producing an
| inspection image of the wafer under test held by the stage, and for

producing stage coordinates of defects detected in the wafer under test;

10



performthe nmethod of claim1. 10. A nethod for

| ocating defects in a sem conductor wafer reticle,
conprising: generating a wafer inmage of a

senm conduct or wafer under test; determning sta
WOUPHOI es for detected potential defect S&Tﬂlsﬁ‘ﬁé"mm
waf er under test; generating a CAD i mage from CAD
data related to the sem conductor wafer under test;
aligning the wafer i mge and the CAD i nage and
detern1@AB%mg@ ‘%%ﬂ%nm%%§§ fromthe stage

coor di nates; ating défects in a sem conduct or
waf er r zectomtrdﬂmnft o«suplddeo mm)lcmmia@lamd thwaﬁ@e detenide devieestnd

as a functlon of. the CAD ¢0O d|n

B or agch SRURGEAPL B EHBieR 5 e el Rt Aot g ection
enbodyi ng adevi€p fcﬁs:emteatng@fag@éomm@gﬁ@emﬁ in the wafer under
i nstructions adapted to be executed by said nachine to

per f or m t he §bifowaler religle poprdinntes p5 2 fugetigh, phpeli the insgpotion
transl ati ng ek @eihe balehfl: 98 hfcthe €AY dhtnates into
reticle coordinates, conprising: a stage adapted to
hol d a waf er under test; an inmage and defect detection
devi ce coupled to the stage for producing an

I nspection image of the wafer under test held by the
stage, and for producing stage coordi nates of defects
detected in the wafer under test; 10 WO 2004/061439
PCT{ US2003/ 033624 CAD data for the wafer under test;
a control unit coupled to control the stage and the

i mge detection device; and a synchronization unit
coupled to the control unit and to the inage detection
devi ce, for -converting stage coordi nates of defects in
the wafer under test into wafer reticle coordi nates
as a function of both the inspection imge of the

waf er under test and the CAD data. 11

11



