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TRANSLATI NG DETECTED WAFER DEFECT COORDI NATES

BACKGROUND OF THE |INVENTION 1. Field of the 6 FER 2007

Invention 5 The invention relates generally to thg

field of sem conductor manufacturing. Mre

wantmoak®arly, the invention relates to senp@ascissbing:s

i nspection and neasurenent. 2. Discussion of the

Rel at ERRANSLA TENGDETROTBD GVAEBR DEFIEIT COORDINATER ant

areas of sem conductor manufacturing. Measurenent may

be defined as the ability to preC| sely quantify

physi cal , di mrengiaE NEPHE IRVENTIAN Properties of

dlfferent materi al s. Nunerous nmeasurenent tools are
oytine ed to nonitor the quality of sem conductor
martuf acﬁé &‘%"&%’é‘gges | nspection relates to the

ab hé tivenfich RIS rgéﬁerﬁﬁrdto%é‘ ikl o Qﬁflc%ﬁ&lﬁtor Qﬁ‘ﬂmfactunng More
i nspection tools 1nclude a variety of optical

PM@CH@{IY (RedRYestionselates fogemicrsigeioringppeiion end messerementi cr on
appl i capj gui pnment such as scanni ng
el ectri Cigﬁﬂﬁ?ﬁagf;‘mgggg%ieegﬁ(&%) are widely used. 15 As
gebwpactipe sing ancasyrethdne rare trportalli kicdsy of cemibeenster defidfadtsing.

el S B Sl o R T S P R P pagogel. o

elecirivglpmoparten of diffesenf maeriald dNvaetdms M&h@ﬁn&ﬁﬂﬁo@l@la};& Jbﬁtmely used to

I d
ol R 350 0 5 S5l e gt PR S

to olﬁtetve aitd quandith Gefeﬂ@ ahd iBépedion ﬁﬂfsﬁﬂdbﬁic |aﬂraﬁé’tjd@tf tichl RStr@kdn® used
judge their inpact on pr oguctl on

classify
for é)?ss PHFPOF@&nﬁ@&E &%f?‘yapplécéfl%t igsPagHon SEHIBTEN) pugh g% ggnniggopelectrical

mxcﬂéfsdob&t(SEME)g@éﬁth?uEehel r location but rather only to
its size. Thus here is a need for a nethod and

apPaesarpsrios get sresllers the| abiiist ooserve defastszn waferseangiretistasi (mgsks)
becd?t?cg &idre cRANRLH S mere)tpgﬁsﬁ BAdink "W i dgﬁq%@;%mﬁ@??bé@ find

measur es such roduct| on
dﬂf@thE!hlqi!\/Enmnm\bér ﬁl@md whea th@ehbc#t@n it Iuadeﬁancboldovﬂ‘ypg;ally, engineers

e BRR MRS R P YA LB B e
classifytaodjjutige thebrfimplue oh piodimition yieldd etf:cﬁmqﬁentljr defebevire eftemdiggosed

ith§ 3s | ogak D.data for the d d
b etk ISt AP, G’ o errr 5o

unties, tesd isanGeeDar di fathes «0d apmitant forldeftef Rodtfon] MidiM@ing
under tesf are determ ned. Then the inspection

.devi c
mglﬁ*%‘&’e&ﬁf?t EGRRHOR CERr fddmaroping Hieteresastridngapgei¢tossrhseduction
yieldCAD data for the device wunder test is then used to
produce a second inege, also in the predeternined
i mage format. The 2 6 FEB 2007

- 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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WD 2004/ 061439 PCT/ US2003/ 033624 CAD-deri ved i rrage and

the device-derived image are then aligned, and t

coordi nates of potential defects in the wafer ar§8 FEB 2007

converted into CAD coordi nates. The CAD coordi nates
are then used to navigate through the reticle for the
WaH28H/6143%r der to | ocated reticle defects PCI/US2003/033624
corresponding to the detected wafer defects. 5
CABekovadi inpet enditist degice-dsived imagk ard ¢heh mlignet] &, tharocordinates of
appar at us_i,ncl desastaef . ~hol
po@BRIRN Sy RN R SoTB St ChRl ot | e EAR 5o oG o
theit higedstoagigher thpagd tei vgclafor the) WRGE th Gider MR O&a0d bt defects
for producing stage coordi nates

waf e r . test and
Cor’iﬁ?l’oﬂ‘é?%‘i??ﬂ?qﬁ’@?t@ Wé‘g‘d"f‘ﬁqst he wafer under test, CAD data

f oract&ginyed Qfoth@Mﬁcht i8R invedti6 2k bftfaraHi '1ﬂchﬁ9\suaoit§g@ férholding a
control the stage and the image and defect detection

wafgfaindgtetestq pfyinpge Wfb@ﬁf@h riqt%sflplb Hevigei qoupler ol thel stegp fion groduring an
ms;fé&[btn rlﬁligeudf'tﬁe g ﬁ&r?&ﬁggg&% FocdRBf thée%%rdﬂgtgseﬁ{dfefé&s detected

eVICG for convertin coor |nates (0]
in thewafbrainderftest, GATY data fceéhe waﬁqr angea fast, acesttiot it eoopleditoreanies] the

38 A0 B U 0G5 SR, Bl s o

conwmmdlaném meoﬂlagermdldaﬁa&rﬂeteamnvdeivﬂce ter dvatdrtirty stage coordinates of

et BB Aol ot R 5ol B EO R SOHT o it s nspection
imaﬁﬂfﬂf&l@di&luﬁ@rth%mnﬂﬂﬁﬁw dafa. It shoul d be under st ood,

however, .that the. foll descrj ptjon
i ndPeEtanf athefa?mfaﬁlgnf@ﬁwg srRRtion gl Fwttngﬁqfiﬁfs%mgﬁedersmod

wheh @BRideHE i BRfunthidh VAR A foBowing t&efiptich %mgﬂhy SRtoRYanYRY dfwings.
illustration and not of limfation.

It shqwiss be wupdsreiend, hawererthaitthe ﬁ@lowamdqsmﬁgmamkomdwwng various

embb&Heh@ M SHE HvantBRY adCndiReRis %Hﬁ@d 8 SGeRe 1SOF vk %y (way of
invention wthout departing fromthe spirit lh

illusipfipnt ed iney eniit lioiationc| Moy sibstitgtiooh wmodEeations mdd@ons ‘and/or

N

ther@&cemb&mymngmam dndhwlesriall gsuptastbstfutionsj snodiieatiobs, czakhtmms and!or
qgl uded to depict certain aspects of the

i'on. A clearer conception of the invention, and

of the conmponents 25 and operation of systens

provi ded wit GO, re readily

apparent by ﬁ%ﬁ@f‘?ﬁ@w&é‘ﬂy .pﬁt@ﬁy, (fi‘gg therefore

nonlimting, enbodinents illustrated in the draw ngs,

WhElteedriwin gk congiagyigveid fottni patktf (hid spbdiﬁc}én@ﬁﬁbl inciued @ rdepict
designate the sa siml

rtaf‘.}} han one tﬁ mgqtlﬁ@eétql T ﬁwe;g]@n 5 {hf:él}veme qg &? Wponems

and bftriog ruf@ygt@nsofn@wwd WRH e QvehtdS ill Bcaik b teRdily apparent by
conbi pation with the description presented herein. It

refergipg [ Ge sEempAs and fhateforyeonlimging eeralpdiszenis illsyptpdingde frawings,
whe&ﬁehléér@l‘éieﬂ&snﬂe?alsn&f th@yeﬁﬁlsﬁrxh&r)é N vied) Seddifate % Same or

IS an | mage of a waf'er, ustratlng an aspect o

=)

I earr%n cme

: smni[ah@emm‘yse nthegnventiqn i@y 2 he@er@ndqrm@ygefe@nqeéo iond er, more of these
_ draw&rlg's %Eﬁﬁhh%n%tha&lged‘égcnﬁﬁont J}gseﬁtgcy %Qjefnonlt shdld 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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2 E FEB 2QQ07 WO 2004/ 061439 PCT/ US2003/ 033624 FIG 3
is an imge of a repeater defect spread across

different reticle fields, illustrating an enbodi eftFER 2007

of the invention. FIG 4 is a block diagramof a

sem conduct or inspection apparatus, representing an
wokediosreadt of the invention. 5 FIG 5 is adriuswohe@sd4
of a translation nmethod, representing an enbodi nent of

t heFIGL Disentihaps of Hefrated défect Sprauyd REHIs AffeEthe FADN A iltihg an
lial:g‘?f%?‘ ﬁdll ustrating an aspect of the invention.
om { PHheREAETTI ON 10 The i nvention and the vari ous

f eqtrgy asis aNslodN AR B QUSMEBAdIS nisﬁk%ﬁﬁpﬁppﬁl"aﬁls representing an
explained nore fully with reference to

em[?ﬂ?ﬁ’llqﬂh‘i’fttheﬁg"e@%bdl ments that are illust rat ed in the
acqaepank!  Bodkim! i 45 ARAAP LRI hebBiohdify L0 bbXhfh of the

description. It sho pe under st'oo
inventivmi | ed descrlptlon and the speC|f|c exanpl es, while

ot JA6 bl e G B FRERTRNR Pl ra ST i

limtation. Various 15 substltutlons nmodi fi cati ons,

addi tions and/or r ithin the spirit
and/ or scope of t tive concept will
becone apparent to those of ordinary skill in the art

f r dhe trtviestion dind ceowuines. fe@unea’; agl advapeedusaletailf themblss ekllilained
moid bri]gti n facilj ty, L aeatergégefect or aomalies
Ra Ty SR, oG R (tperafoplimiipsnsmd ol B ol
acccdgfaeﬁﬁgdramgs aﬁeiefaﬂaﬁattmouéwlﬁga@dacﬂpﬁbh Cit %h(fuﬂcﬁbdilrﬂérstoé’@that
due to, for_ exanple, proble

th

the Sfﬁ% ef é‘PﬁC’éﬂ’t@ﬂ B éle specibic grasnpleanabile adiearing ipeetic §m%ndéneﬂts of the
invenBHE ak€ Gives B @@e of ﬁfu‘st‘fziu%n fonf! ghdl RotYOWBEf 1@Biation.  Various

i nspection t ool wg)ﬂ_such defects and store them
subgtifutigns godifigatipns, éddltflﬂﬁéa egrrangpnentcwithimiha spititpadier segpe of the
und@ﬁ%g‘%ﬁ%ﬁ%‘l@ﬁ&@t \L?lrbe&ﬁ‘:fe@ Ak %b@o{ Q{a LR i Sl from this

Usi ng the defe |Ie|n revi ew s a review

disctopwr. may be dr i ven to the locations found in the

wa ef ec I

f e;)?%néfnsp%b #%Sﬁltéltzg @Eﬁéa ?g %F‘h%aF'Po?% %e]%g:cr:{'% RE an%g]ahes may
show ep érammma to tltnlae Rek&ﬁler:defffctsl aee defeyts et ot kepbatedia emhabtickesfield of

te 5.to 15 mc nsf r epeat ect
a wit kST G ) R R oo i P8 BT otk it £ Wiy water
defentay;lrehepdéld& fiofy, onk QtEtIcB:Xfaﬂﬂ)ioemotﬁéz? @emt;;reem&batma@&uéﬁ @facts
to .too tol erances,

an|i
and R PR it ST e 136 Selgrtie ConsHas e §hage Bex edingigrfor cach

poteﬁ@d‘i Bétecdidictelte UsR iie! c@fectrfﬁeﬂﬁ -a r&@e“—"— ﬁﬁloﬂrfﬁﬁﬁ% tdolMBYbd d¥en to
i nclude a netho / or paratus for determn ning

the tlmﬂonab@am%tﬁé the Walfféc%ft ﬁ‘@nfoéf depardeing idsfast of caistipg Jeature.
Unf&ﬁmﬁt ? {Heklgfala&guéf g Q@Fﬁ}{“ﬂ%r de"fécg?ﬂje Hﬁ noff g‘%p)much as

a out over onto an I nspection I nmag

| aPPrﬁHmabb’ 5 foo¥S wicenmp frem e derfeatert dedct to another in a dlfferent 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




p-

10

15

- 20

3 26 FEB 2001 WD 2004/061439 PCT/ US2003/ 033624 an

anomal y. The invention may include tagging the e

or mssing feature by appending absolute CAD Xd‘@fa FEB 2007
coordinates to the defect file. In one enbodinent, the
WaBvkesast and the inspection i mage nay becruszosesse
automatically synchronized. Wen the stage on the

an Elﬁ}ﬂaﬁw TEQQBveHRMﬁ&a?ﬁ{cﬁacs ta%%lﬁg iR Qlefeb ANERY %aﬁim%Dappendmg
for a particular layer may nove in tandéem

nmage
abs@hﬁ$§%§n@@@@a§>§/m}ﬁ @fictfdei on met hod may take both
| .
o AT bR M AR, LSRR i lndplton S5 85 1 a iicaly
synciperizatloWhemike Istagqomuim sheigw wiol motdseciosssipedit, itiwroventnidye ARmage

for & FAORY BrFSra g A e S ARG bR RN Rn 8 e

botid ¢eafndgneen v the idpection w@htden and e gadrsed CADI imageor Inaanother

rticul ar wafer th re def ects, ma 10 .
enfodizapaty 7 (PeORBAY @@aﬂﬂ‘g R b GpeE o IBEe %ﬁmar" veplayd CAD
drawig L Ghd Bdrhd GatbaR! ORELEHE s@ﬁchi’ﬂn&%ﬂtdilgdés&ﬂie&ra%o@f is performed in

inferest. The defect's absolute CAD X-Y ma

accpudqige WEk the anventions Be fefent file Torpppaisulae vales il #eeeafea lefects may be

1oa&eas}9@91e fidsh&tion SREGA) to¥h anki Glibdnl 6 th@lp%ttl@lﬁar%r%ctfd? Wissinl i&Fure of
'arger than the device being printed and are a _m nor

intefegin Jdie défeatls @bsobitg GAR X¥-Y anag be ragorderkin dhretforn oferfagged ek
ata%{gggﬁ&oor di nates may be 15 transforned accordingly to
npensate for differences between the reticle plate
andypicallys ietitle platcs|ack fotr fimed Tiger flmtie dezict doing oghted and are a
| ol
bt e, ot Pt o, T M huhdhe Do 320 3B, Bpdpgis may bo
tranﬁf@fmled(ﬁcccdﬁﬁ@ﬁ to bam;&hsa&nfou éiffﬁ@nctcbl bel@AE Ke Yetmtﬂopl&te mtt esgeticle

e def.ective ea | re found on
fielf ok rei i iedten i yeh & S & S faRl op ThetdPhoplcon
acciRRSIS ibB devd (@ Rheedthretd defect IB@THOID adingd GpIcAD Kentetréinatdd Oﬂ&e the
one enbodi ment, after repairing the reticle, plate,
defegtivenitea is Sprroehy Toyed 98 rtbf‘oveﬁﬂa PRisdatahels toply By P‘g u35e &9 P?f?{fm“e

posJﬂﬁbe%MYeth@ {t® thaBartRBlaf Biened to the same |ocation in
order to determ ne the output of the repair.

Ad i eniegmhodimert cafier tepriring thavetigloplpfe, acwint 68 Ty ke gerformed-mnd the
wafg'qﬁ%: é{}f?g VE]@\V 0B n?zl ret 9(9 rt? M5k Maddi€in %?&ep R termine the

reln, rication inline
outpuhefsheiepaimn Addisiogal ntdyct @@anums fonahon be pltgsibths aask shop may be also

' repolﬁgg g%)rlquﬂe m%%%%a%mﬁe%l rem %éﬂbﬁ&&&g 1rﬁ‘iﬁ{, ﬁl%)ecgél tools may be

: drivbﬂ foulstse atneﬂ@amns asmolmé CADeXWmae:rdtnamm In thi s

25

30

E‘E}él i ¥%?ﬁ9?]giﬂr§v a%@d()%?sedfegf |‘gusgi§q%}a%sasﬁb&q% Jpv%lltlgn In

thlsfekﬁilﬂﬁry lﬁa@mﬂﬂh&nf 1BE RREEr 105 Mak BRMYEe, TONGORIpleNsiA fovd T8¢ deticle
. kEattern on Wafer 105 usi ng step-and-repeat
18

HéY-oRsficledislda g0 e &r@e%@saé@owrr%m@am ap oldgrefl gty n Wafer 105
usm&_a?clp And-fefed ‘f/ﬂbtﬁlgténgr}( hicCfbéesseh O 'T?}ilEéi’ly ap rdiofdi el dya (]\_ﬂﬁcﬁ) may

y“contal nund | e defects 115 The defects
correspyndotie a8 dndividual dis) mayr coptainumtiesiralile defeatsylilSarfhe idefacty R may be
chen?}l%% %tﬁ: % g ul%gé{lgﬁt%ls th%{ &eﬁl%e%g cr%tal %Hc'tlﬁ‘g O Alcof Br & 'fh% deposited
atcnals 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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materials that reside on the reticle field 110
surface. Referring to FIG 2, an individual reticle

field 110 detailed in FIG 1 is depicted illustrafin§EB 2007

an aspect of the invention. The reticle field 110
woadowolamodef ects 115. In this 4 2 6 FEB 2091ts200¥933624
2004/ 061439 PCT/ US2003/ 033624 exanpl e, one of the

exaﬁiﬁlfe 6k Sof IibRueketis 315 RRERp&Ker Q&fs& abo, 126 repdieer dBRAALE 'ina?l repeat
fect 120 may repeat "itsel throuahout sonme or al

ltseﬁﬂlrmbomcm@ror kol t féthrrr@ad&é"ieldhm/ve@ﬁ@ 03 ¢milgdindilGell i n
[ f
i bl 210 8Bk 185 Boudatn MG S hhed il Ebigl Koo
ﬁeht kimv\shogu@rdnw re@pendefactsdthp e[arbzsi assotmted with aigemss ool @vsed by the
i.nspection tool

imsaffglon 1020 8980 bt et SRR lo 0 e Do L e o

Fo Foreokamplt, ofesriaf & FIG) l th@reﬁda@r deédect 1 fedetaglpEiA G, 2igired beross
120 d}%gall dinFIG read across djfferent

differgat et Sy §3H1‘§edd’élﬁ*ft’@fl one| qrpeflimept of ghes et o di st 305
indiSdtest € adthwl ?:th&ﬁof e GpestbiSdeRRP 120 nsaU 151@11&&? otffaﬁos@@tsq@res 310

position of the repeater defect urality of
represepigisdiglestiglaplidhe e defpd i e e Part@n ﬁ@qh’@ergltt stigledields jpeated in

diff %g%et{f%ﬁg wh tIH %&egﬁrg&% Boernjiﬂoﬁ?iﬂleﬁ)tf il sfa%@ﬁc@ﬁﬁ%%ttﬁecllng‘pectmn

I el ocate erent parts 0
systermn ecapy mcxaliﬁhnddmbmmaﬂn! atrosstthewaitmey shoeus spyadaf as mach as 10

Imcf‘ogss %S %(t:hlt (ﬁlﬁct\ll\(%%/(zge ;‘i’aiﬁ 2‘ Vée%t | elé%s S%l?lg refic tlolr |4 ttﬁﬁt &%mfests

ltselﬁ”:]rpdiﬁﬁ&it Irefhcﬁc’ﬂélhls dsd i f&@éat@ Iﬂ?]fédt)ﬁ}@md péi¥eived tEbéEsplr%)i acﬂih;um area
e_.sa reticle de t hat ests 1 {TS€E. in . .

of aéqult ?@ Pt S wjcpns Frb ﬁ: enfdeticle, a&yne&g&a@&qn&%&h& yention

maymﬁéle&l ¥ 88edt er@a&ersd&l’cﬁﬁﬁorﬁ FeB8S wiilth Fn8corhorP&REinadd of defect
100 square mcrons in different reticle fields. In one

localiRs oWt e, WilRlo and 0Pt @riagesd walpoti fle  Readeted ydhelhe CAD X-Y
coorﬁf%@t@@ta?fep@a‘t@r%tb Oﬁdﬂ?ﬁr{" %ufé"ﬁnﬁl sif | b? viRHEBE exact location of
coordi nates of defect  |ocati ons W t he wafer and

pam@uiﬂ:piﬁfcgtsamd HepyeingohetusRey it ¢xistingspielp mt@aaum softwae  CAD
t r
JoteBBRTEIRE. £3 (ol SREML B £ AEhEoronHethn Bparays 400 is
deplp:ad nqcanding rto eeéxempry antedinrepr adthagvandonr Aciege A0St icstpladgo a

I ti t f ' FLG . 4
scaniis i A S S e bt SR o g b e st
406 400 be,Sor Aam@lePa whiefl BeCwRiingdetice 410 R1EHD re){ample a scanmng

enbodl ment of the |nvent| on. A stage 405 is cou
election WICESENPH ST 91 aplienl dgiice torProvide qnﬂaagﬁd%f aawafssﬁleg@t and/or

surrdiﬁ’:@ﬁﬁ% a8ds &%étccﬁgﬁ dex-rli&eﬂ%ev%c@onﬂﬁld@tﬁt 4805 hnay $0QirtBYy or a

or exa e, a wafer. The scanning device 410 may

“compjiier Wiieh eond 4 eordinates.atindi gathicrseniounation T e staep 40, sm;lmg
_df:\r1§r.[e t][ ?:El C?)E@én lgﬁvdlge A %m%&i{%ﬂﬁ?u%t h{ga,g %O%ﬁ B0 WY @htrol unit

surroun res ct I on
420,cled/a progrédth Storafe medis 434 is covipled &20e syaghrivgzation il 426y or a
25 .conput er i.ch cantrol ord at her
o Rt Aedbof 90673 430, A8 S BNt BiarBlbco SHGH Gectron
Imcrasadpwtstamq bt @oputd] basdd Systefh. SHHE CBItAD B4 200y iTdve titAiage 805 in
led to the control unit _ 420, and a

Spacgﬁ caglolRpgraton e dhg gca%laﬁoamédieteetmrﬂéwgvrﬂ%ﬁr %%ir ?Qttp% sfage 405

moviiNiddef 2R inspection system, stage coordinates along with detection and scanning

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

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

5
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 cirogf.6F iMEHOTPE BRI a

The scanni ng and detection devices 410, 415 may be,

for exanple, a scanning electron mcroscope (SEM ?&;gEB 2007

an optical based system The control unit 420 may
the stage 405 in 30 space and control operation of

Wwhensmael ng and detection devices 410, 4XquA%oiddss24
stage 405 noves under the inspection system stage

oo SRR Y S BABEL O 00 0,

inspé@{dn ithhye 408 rgbrrccdtedthylthe iagectin dod I(tEpthEé wn 8BV nTheainsnegiion image

unit 4 Cti with eac

408 B B =Gy oo ot TSl 2l bl o 2 watr
imagd) OfORA4a IR @R g QRS PRIV 2t Yhehrdndatdn wixsd2Bovith a defect file
over | ayi ngE and s nchroni zi ntgeil CAD gener ated data 407

contgping sgg@g ‘Eﬂoﬁ%ﬂa s ASgricisieBhicptigle 408 generated by the
' ngﬂ@%k&&liaﬂ&k m(lp&fslpﬁﬁlassé&rthéé% dath 367 hd¥SRERcEibni ABESI08.

mdy al so be referred to as a DUT inspection ipage,
Theasym:hpmua@m UDiTH2$ apegaes te corgemiie &AD figiyn JA7 lﬂt%reélé?ﬁ%@ ra}age in a
{%r#.n. 0 Ig iF QD s 2Better
Predh e@%uaggéf?rﬁ%? The lci:éc;)ér:dtltéljjl11 ?%pg)tgagﬁut -Y coordi nSat es ;
repleifend thie cindpectipn din:fagatil(lﬁ esvidsh &y sthe dispestipe dedl.onNexti an lmmment

I 0Cess s t ata 407 and the ins
ale g T B8 vl Tor paHTO e ARPeri e RORY e pl B, CAD
datd 409 sad\Beditpectidh) mdgd 408. alnr a8 dﬁlbﬁlﬂmem,&gesynmrmwanon unit 425 may
predet erm ned, i mage format. The render ed i ma 1y
ool ARBREC T Ves otk e AT b M Piodhe BRI gHES fifecr Vot verse

In ah&%f %&Bb&ﬁedt WHQ%n&%lﬂ%ﬁ&Wnﬁel@S By kb@vd |he ﬁz@ﬁ‘e&ﬂmﬂmtagwlos from
an al kgnrrent 10 al or| thm may be used fo

the dgtmm daviczi4 (fma@dﬁmw antimage cfr@rref&#a/m@sff)sré%%@? bl data
t {18421

40705, GO0 0 oD DSBS o BB 08 e

from the rehistyol amit 420myep d@AD\ieaﬂuré r@nditateto@ABctaficdd dazﬁezct enordinate, and

ol AR o R 0 O g o

defdcRe i nspection i mage 408 from the detection device

415 (for exa a waf er e,or areti g
¢t PiEces e CADUBALIR v5k GO ok HomHrRIIS ST . for
exaé{al@w@)oom@@cexf Qﬁxﬁi‘.o?m%éb@rtﬁ‘%glﬁﬁtsigﬁﬂ fRpesRE-beed (DSE)Gl:Imt,athat
defect file 421 fromthe caontrol unit 420, E‘{IIHE ﬁA
opefatea in 4ce0rgases Hith inseuctigns toredin eragrast Hoaes 30." The program
P [n@ludiBli fbr SedBipid & hagneti
Storg%ggedéq%b?%ﬁgdmy grpgéiéfég%ah{eg? ni ng{11911 ) E( ’ coor d| natagic,e oo
optiofl medizf it 85 2 mardptapﬁcon &ek, of h@eISJﬁMﬂthzlaPﬁYd‘#ChJﬁ‘i it PR
a £
o G 0. S RTRAR S 58 oy BB pll, et .
example,cesﬁmafdoaa“add @@Sﬂhmpm theifanctitrh ahay wpieméenested by a hardware
dan W.t h truct4 s stored in the program
38@}”5% storage nedi a 430 may
be vaRy tﬁcY@ﬁcl'@(ﬁmiaﬁ@ﬁ@m £25'8 AQProeriniadbledtingit, 4 pogemaneh as that

a magnetic or tical nedia such _as_a car a
prosgniakbeles and dssssedindeiat Wit iRy OAIENS St Binclf perth sorage

medﬂ‘ﬁ‘?ﬁtdprﬁgﬁé ¥n a Egh??uﬁyﬁcetéﬁ&@dn&?%tﬁ Rhe! Bﬂeﬁenf'rﬁﬁeﬁfﬁ){ th operates in

ment ed tware, such as
accordance with the methods of the present invention. In thc altematzve the synchronization unit

~h
_'

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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25 exanple, a software defined algorithm or the

functions may be inplenmented by a hardware circuit?§ FEB 2007

or by a conbination of hardware and software. Wen the
synchroni zation unit 425 is a progranmable circuit, a
WOQAE3esuUch as that presented bel ow angghssadsaads
in detail with reference to FIG 5, is stored in the

pr %%%EH@B YIA08 o %@Qhﬂt 430 AR D i LRpREAL H:?reéeﬁtin an

accor e Wt present 1nvention that operates |
emBglirgant of thkainvaation. t Thetnrethod S0hweis beottoredhia thyr pregemn storage media 430

i nventi.on.. I n the.alter j . reni.zation. .
and, JRAEEHY 38 k8B Tl Bt Y5 eI 27 Bl log imege
408:Iiaté>a)cesaai Bss ﬁtgllf infagYy c@ﬁg@oﬁ@wigsg&awmgﬁé g@ﬁzeoig?gdis oohveteld from a
an rogr anma ECIrQUItr . . . .
rasto gy R GTLIGF Pros (Rppianp 63@%@%& bpage foymaty, Tﬁggws?la%? 407is
recdil VeI b tdafbast Eﬁb‘ﬂg Al ARd 1E5BREP 0P al IjhEePhE hRMeling step 510,

h
representing a mbodi ment” of the’invention. The

profsingaresBEd sy oreefestimagecsUbn In pre qxewplamAmbPEMate thadiiography

mofkfy e Rifor e 16, iy I EPEQBREA PR b hogiply software

avajlabieciess EtleReclmofogy, dtc. i The gerderehinmgs S&nis Sitrdpr [50Essedh by @ segond

. die innge is nverted froma 5 raster.scan _or, .an .

imeft Fooy FRAG e S AR Forv i s oo SR oLen® R ¥ Bng imeee

fornidiens GAD proda@e b¥block F05.r abe ipwdeteridixed imagtaforha Iray(beodny image
nd is processed b lith nodel i.ng. ste

h h ]
o GUeh . G FAEPHIG, SisgeEies Hlecto b L B er Ry 6 Ghotpaaphic

cxp@[&e%&?%méﬁmE@, HhiPB RteschdnB@ fokrh4t AL AQTTY, a pYREe BdsBifption file
net ho for ned t he

per y step 510 may use, for exanple,
(PDB). 61 myiether agfioaptty sof tware available fromFinle
Teghp )5 "B(BE, g:@cé Sdbylah BREnment st
prg@eggtggygg&gg%agggﬁg%%gig{l?lgsgsedsconvet? [ orﬁ st 26 51%’1-ﬂen S
520t Hae alignmersrof thertea tteagesd bothiingbe 508 nireseisrmined isgpgsformat and at the

r IL,N [ g L t. ;
sanf FRGERRN" 55 BIELy ol e e Bty ol I ipRRE IHARH Mo o
inspettivg émagean IGAD Busgh casdindtar Seepaiiflrecives thaggled-filsrdfecontaining

Stagfglggﬁgr({)%&lg%éf%z:‘ﬁgéﬁeagg g}}_/ﬂe%r Si’ (6 ’tléq? Fﬁ)ﬁlpglthll?ﬁh (gé.@%ﬁgcggrﬁjnates of

the fcBéch@ltphtiBOBe (x&deHXefedt fiy 426t er description file (PDF),

or _any_ ot her irmgg@forrmt. 15 The out puts of thePorrrg(ggple

convelignganisica 520 B9y, useny of p garjsiioRf aligupenfsygippds.
the @lig %’EMP $08Ray RE Y orddiGit Ak FRMod Ofuch BE af WRIEVEBGLRSithm, 2

- both in the sarre predeterm ned image format and at the
compasiEonplerigrithins a1 pomyersy eompasidonabialpgrithing While ap @gditive algorithms

o e Sy, Pl R, B d B

incrdn?m twafps. Eratiht ?maﬂmrihlglrl]s &t wglh kpowh tgamc of ondinesy skl in the
o4 ( v
art. ggé’ S%%’f?ﬁ{% a%&%glﬁ%n{' ﬂ%l%g@%ﬂgf ?lgtgéﬂfg%{%?ffll s t%%%dxéag Jise, for

exardglt,ahd infapd fligd@ént mE®d abddgim e 825(BSetips GREENMA YOl Shichriya aftical

. a variety of alignments nethods. For exanpl th i
dimensiog ffaRits Spein 5‘%@"%@“ ta@_gf%ng%ﬂgaﬁgéfﬁw gl deafros Byt
by FIUETer6r. AR AA6iHEt iR ditHeHO tHe tifNBhiich may use the image alignment method
used in the KLA-Tencor ES20 tool.

Referting to FIGS. 4 and 5, the invention includes a method and/or apparatus for

providing the control unit 420 of a semiconductor inspection apparatus 400 with a map of wafer
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} conpositional algorithm or an inverse conpositional

algorithm Wile an additive algorithms estimate 2§ FEp 2007

additive increnents to alignnment paraneters,
conpositional algorithnms estimate 25. increnental

wanpRasi@sadi ent descent al gorithns are weldeorkResbdq
one of ordinary skill in the art. In one exerrpl ary

coRdRRL I BRAD coblifad! | 1]@@ U&[ﬂ]‘ﬁl Rt male gerfbﬁ'ﬁ paf ma i %tsbif [31@ 58 0405

may use, for exanple e | nag
Thﬁ Wh@nmmuwﬁswy@alﬁﬁmmdo&bt locatierch is a critical

meai o BIFOP & AP FoR G O B S0 P Bepmicia fosating

aspldt Af Terisehtionl NA 3atneds eirhests BRIND clbfeént iof YRR, aRd #Bixcle 610
use the J mil e ali nrrenﬁ met hod 30 used_in_the
TeDRRPeRS Ao HidEH 13 0% 8% eYerlpying ¢fgvater@ad C&%wge illystrated in

FIG. S ddnk 8P the BEdneRRDIRk 5B Resle®ndrar s.appar at us for
providing the control unit 420 of a sem conductor

i ndp Bt eHPlasy smbadirens obe fvention maypbeoRseduad detect water@r roticle
def&:%Bthr% DQ? éﬁgl %t eSOGA}F%%Per Clehtd $48 9&@9%&%& aC?o‘?{egHo%ﬁf&AD

he contr ol can
feaﬁltenledlamsgm pessibleobaferhdsiost afjer ak@mple, fhibevagoy rdefcctoma)z ht i omnissing

e n .defect catjon
°°“#‘Q"J ﬂf‘éﬁag ab%’s)"s%gsﬁ?é&% F%f%é d@i@%ﬁ%ﬂ%ﬁﬁ&‘i"‘”ﬁﬁ%g@%@@? defect
locaaﬁepmybsckpcardekms:tdeﬁctﬂiigoﬂndateasqeect of the |nvent| on. A
S are 60 ents .a CAD.elepent _or  feat and a
o R P ARBoiiEhl 35 by T B St oend: agaging, o CAD

1ma‘g*m amcaerr h@gb,rwgtoﬁfanmf ReatiAp thafe R fEcHRaa8: ledultihSlovaaRdmbge, and
q (gl I%ﬁ-%ogg{ he allgnrrent bl ock 520 detailed in

adcig ghsoe o8 10f theritberi deishis o pdefoptile F Fespbatpay The
invéd@or B8 fhldolndiRle 86ihg M&@E&Blufércﬁlﬁ bdrkch @oor(ﬁﬁft& GF 8 adrl ﬁ!é %Pdatabase

CAD navigation. - A wafer elenent 615 found w t hout
for dryiinscgdpshentian sysiam and sgerstisallylenatag dofects 1pegeqclg|vénomﬂr@¢spond
to ﬂge,fae&hefeftpr exanpl e, the wafer defect may be a m ssing

10 contact. In another enbodi ment, the defect

deTbeieimwrt aray abescd bereinparediiingdre onberahart @mdefee’ﬁne term plurality,

as uL‘ % inoﬁ d ?setwr %ﬁ@&g ‘ﬁ%m o, %‘P%gm‘% g&othc 28 used herem 1s eﬁaed as
ase. one e ment, e |nven my

at 1®§tm:tmqmﬂ| & mrge dfiet terwe nhcﬂqdmggand/oﬁﬂ@mg, rmgadtharem \aafdafined as

automat i cal | ocat i ng . waf er . def.ects t he
compBHC e SbAU B4Ry TeuSaTcunRe By ASufch Bt acsAgosaseea,
alth@ghridi nede@ssril9fdidebtsy, wid aot aeéeailp nlebhaaicalef e qhe ftédneplﬁ am or
dat abase.. The 15 nalentl on may_al so i nc] ude using
softie g diel e b Aeiapd b FaPasse Boingirucions dieagredripy eefaaﬁon on a

comPiaéralIRem, Afy%grﬂﬁ'df' cBﬂlp@tE‘r hrOSRAC fnb P 'IhcﬁM@taesﬁbx%ﬁ‘tﬂle a function, a
automatjcally | ocating ects in a reticle which

proceqyrs: 38 gl mathods fﬁ’eo‘l}@&? @PIW@&% an TFrsuteldp appligation, aarapplet, a

- servRE A$KekeNGHE! :ﬂl l?éc? B& 1§ s‘hb?ﬁ?f/dﬁ{amfﬁoi(’?g? tlmﬁ@r o, o other

The term Iural as use her ine
Sequeli‘ce ﬁf)metﬂlcm dcsmed fohexctwionoma oanhpiter setemised herein, is

N t t S g‘ The ter .
[ nc[+ ?png ané?olmg %an%]l’s] gto abaes %Egpe %earS glg CI,gdm Gy }iﬂH notion
limitagons, unless such a [imitation 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.




conprising (i.e., open | anguage). The term coupl ed, as
used herein, is defined as connected, although not
necessarily directly, and not necessarily
mechanically. The termprogramor | software, as used
herein, is defined as sequence of instr ,0Nns

desi gned for executlonq%n a conput er systéﬁ% %Pmyzmw

What is JKiQ@4 gm  or conputer program may include a
subroufine, a function, a 25 procedure, an object

1. A mefBUhGiocfting ABpERLr §dTRLS TR AL @e\h&nun&’e‘? t@giee&{lﬁ\'g'irg roviding an
n'rspectloﬁFN%\Q(Q%‘r lOdbvice ur@BPtelt incRidin ed’e‘( deda odd R’Hé§8fng |§Ia] Mbeater
defects; BbHVBRIng ARE Shspéciid Fhegh 'n't(pé r A iA%HQER § ﬁ réeg?c@i!ge format;
providingPOAD Wtz Bk deSRE URNG Qedt! cdrl&rtihdy' tHel ©AYS d9@ShiS & image in
the predSt¥@andd iRTAge Formal %ﬂ@ﬂr‘igﬁhe%‘&taﬁmseaaﬂ IRBGEN A6l cRIng thS detected
coordinai@é of p&tbntlalr Batbi Ay Ric0AB S obrambiéd] 4 locating repeater defects as
a functioMBEAG CADUSoidigdsi on |imtations, unless such a
limtation is explicitly recited in a given claim
2. The melthod gf dId1@ ) EHeaRRics unde¥Qest aBAPSsiAds wand/ or "step for."
Subgeneri c enbodi nents of the invention are delineated
3. The métyiod biclzipple thebatbvica dage neke odm prisig e dia ela Wakir.r
equi val ents. Specific enbodi nents of the invention are
4. The mekhdd ef daini B fiethebyorbfrizingploedtihg deghepea idfzots ic b adtick: fanitle device
under test,lagiarfuedion véthe WAE) cddrdind®és. February 2007 What is
claimed is: 1. A nmethod of |ocating repeater defects
5. The methed déwaire Lindersteresf cooening dien§ADpratai idiontheasecond image
comprisingnggitasmingra lithegephp odelitg\stere under t est i ncl udi ng
detected coordi nates of potential repeater defects;
6. The meibad &f clring 1t he defpsisdcroosinateraefepcitential repéatersdeleatmpemprising a
repeater%ﬁf%@@eterm ned i mage format; providing CAD data for
e devi ce under test; convertin the CAD data into a
7. The m%tﬁ%ﬂfoc'ﬁ”'ﬁ‘aﬁgg‘el $ep efirenygrivtihe detested doprslipatesdtadiAD coordinates
comprising) @Pﬁ"?ﬂgthﬁﬁ%"e{a fer defesifip odcAfnaoqriingles to rredusera taggpdideta file.

t cogrdi nates of potential repeater defects
8. The W‘ﬂ@%ff éiu&"%fao?d h%af@&ateaﬁ&P chdlift iCAPPHAMR Ml Hege cpardingtes.

uinctlon of e coardi nates 2 Th nmet hod of

9. A meffyp i falé%ﬂ %fe i %rmt%s%e il GieR, g, Comprising
generatln er @gmtg stage coordinates
for detec: E pe t s i ’ta% wafer uEdethre t g A C D image from

%2352‘2@ nat ?’%%f;f @%’*' poe o tiii’ii}.%
potential re r{l E eat %c:t énger ré efor the
semicond onver I ng P?wt ”&@ ata ?'8 tte%e second i mage

t
10. The B ﬁ%{g% 2%8 ﬁ%es %} g&we?%t,n'g da!;tegg?@ggcoor .gr.] SBARnin said

CAD data
pot ent 1 al repeate defects conprl sing a repeater

11. The nﬁf&ﬁ&%f didil® fufther’ SingFRInGOStoRh g Eh éBoﬁjmatt&eccﬁFegﬂorQﬁng to said
potential rESSM& defdess ik B@e;%%fé?‘élb%@t ff@ordi nates Into
_ coordi nates conprising, mapping the repeater def ect
12. The ihbthedtd dfR €P@irtHeP 3bRPridify, PMABMIES ik TE2aRHA dé?éc@rfel e cAD
coordinated-to prRILEBE kRdedtateli. m 7, the repeater defect fil
conprising waf er stage coordl nat es.

13. A method of locating repeater defects in a device under test, comprising: mounting a device
under test on a stage; generating an image of the device under test; determining stage
coordinates for detected potential repeater defects in the device under test; generating a CAD
image from CAD data corresponding to the device under test; converting the image of the
‘device under test and the CAD image into a common image format; aligning the image of the
device under test and the CAD image in the common image format; determining CAD
- coordinates of the potential repeater defects from the stage coordinates for the detected
potential repeater defects; and locating repeater defects as a function of the CAD coordinates.




9. A nethod for locating repeater defects in a

sem conduct or wafer reticle, conprising: generating a
waf er i mage of a sem conductor wafer under test;
determ ning stage coordi nates for detected potentia
repeater defects in the wafer under test; generati a
CAD i mage from CAD dat'd related to the s EUHﬂME&%r
waf er under test; aligning the wafer imge and the CAD
i mage and deternining CAD coordi nates fromthe stage
coor di nat es corresponding to said potential repeater

14. The rqgﬁ'lgg Bis "%nﬁj_a hg%?ﬁ/lcggn arR s‘ﬂ;? ?r%ﬁ%)ec\ﬁlgfe Lh a

con ct ot Ser conduct or
156. The q_ P&Qﬁr(}g ﬁjﬁﬁ %ﬁfngne{;nl{gg %daﬁrqg %E:egtgle?e anlreﬂ(l:lg B'F fhe wafer
as a fun f ﬁ e%t ener at |
I mage conpr|5|ng condi ti oni ng sald CAD data

u3|ng |'i t hography nodeling. 11. The nethod of cla|n19
further conprising, storing CAD coordi nates
corresponding to said potential repeater defects in a
repeater defect file. 12. The nethod of claim 11l
further conprising, mapping the repeater defect file
to CAD coordinates to produce a tagged data file. 13.
A nethod of | ocating repeater defects in a device
under test, conprising: nounting a device under test
on a stage; generating an i nage of the device under
test; determ ning stage coordinates for detected
potential repeater defects in the device under test;
generating a CAD inmage from CAD data corresponding to .
the device under test; converting the inage of the
devi ce under test and the CAD inage into a conmon
i mage format; aligning the image of the device under
test and the CAD image in the conmmon i nage format;
determ ning CAD coordi nates of the potential repeater
defects fromthe stage coordinates for the detected
potential repeater defects; and |ocating repeater
defects as a function of the CAD coordinates. 10 26 .
February 2007 14. The method of claim 13, the device
under test conprising a wafer. 15. The nethod of claim
14 further conprising, locating repeater defects in a
reticle of the wafer as a function of the CAD
coor di nat es.




