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WO 2004/ 061439 PCT/ US2003/ 033624 TRANSLATI NG DETECTED
WAFER DEFECT COORDI NATES BACKGROUND OF THE | NVENTI ON
WQ 200/i0el4d9 of the Invention 5 The invention rel PBCEES2003/033624
generally to the field of sem conductor manufacturing.
Mor e TRANSIATENG DETHETEDWAFER DEFECTSCOQ)RDINATES
sem conduct or inspection and neasurenent. 2.
Di scussion of the Related Art Inspection and
measur enent ar SONTEHE?eH] frﬁﬁf‘ﬂ.l , ctor
manuf act uri ng. B veasti em:'mhnuy l:‘I ger 'l?l‘._u as the
ability to precisely quantify physical, dinensional,

on. 10 Flaefthehlventioperties of different nmaterial s.
Nuner ous neasurenent tools are routinely used to

nonetigrention eplades gwemllyS&ﬁlwoﬁ@ﬂGc% perpigARdustqr mppgfacturing.  More
parth%ﬂ@,ft%é ?rf«/ea 16‘1?&?%%&#8@ d;{u? ﬁl{h%?or 1886)e9t?0na£{dtﬂ1éz}§u e'in L

Irnspection
i ¢l ude)lgcuggbh@fmeqkelmﬂlml i nstrunents used for
t hese purposes. In sub-mcron applications, inspection
e QREDBYHIN aBd CIMCASYTERORR rATH MFIOEARY jageal OfniSemisepdiséey manufacturing.
e
Measélggllgg% n?ary béMdgﬁL ds gsr?‘ 3126 31?51? ﬁ %%)Jir& Wa# gﬁgntgﬁ ophﬁrg%Lll “?ﬂmensmnal or
electr(cﬁnpﬁopbmebeﬁQlilﬁeremmeﬁhlal Nem@tdmg Adduie KRN &lo¥eare routlnely used to
Exi sting wafer and reticle inspection togls find
monﬂaéf@cqt@%%%wr@awd@ﬁqoy NYBUGPEHBE PEPRFER LMBPSLiangEtssdR the ability
p [
to obéglrs‘ve;ﬂ;lggug{n?tgqniﬁ%e[&égé@lrlg gtcté&?ng)r?ﬁelﬁ%lﬁd? QQEIFQ% g?g#ftléﬁpﬂlsﬁ'uments used
for thetfefpmp@ei ninosublehicton dppliedions,titspecti@peduipmandughisgeanning electrical
their inmpact on_ production yield. Consequently,
microgeapet (SEMPlare pidaly Bicdposed 20 wit hout regard to their
I h I t reqi
n%%gééfo%{rétlgéé et @fn ﬁér g{% %ﬂﬁt? at%) uo?s e egec %fgrg ta%d retifles (masks)
becondsnindtez Ichl:glenglmgl ameleéxp&gmd@f eetistired waferr cimdefefiolet ﬁxsp@tidn tools find
I nmpr. ow ng the forecast of measures such as production

defecty; whigh a8 ogly/MrrysRepedriiaen hQUERPERERD Thundersgod, rigally, enginers
spe:nclf 185 g’ Durd 8} hQ}W d?&fnﬁ,ﬂﬁggd Ha&tn'ﬁn (e lggﬁ&gaf defi&ts 1n order to be able to

ntion 1s not ed 10 these e ment's
class1f3&:ami ﬂﬂge eheid irﬂparm en endatudiioe melcbf Ctoh&qumtgntdlemnts are often disposed

in a device under test are |ocated using CAD
WlthOHTafte&alflé? t}tel‘Felo%Pé\‘PPé’é‘t TRHSE POy QIS SIER | nspection i mage i s

pF[ﬂMé dgdd gs 2 AEM &5 2 30t %‘fldtagﬁgr ﬂﬂdfoqoﬁ)é'fgdtnl%Eﬁ%n minimizing
potential defects In the device er test are

engineteingrdefeve deduttien effdres, iand pepiovmyg therfgecassoftmoasardsestdch as production
into a predeterm ned image fornmat. CAD data for the

yield gevi ce

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 WD
wQoe4n0083939 PCT/ US2003/ 033624 CAD-derived i negEUSI0A3/033624

the device-derived image are then aligned, and the
CAD-6Vedl RdRSarRf theP@EBEH-detlved ahRss Srd ThdnhBlinRHEEhnd@ e coordinates of

converted into CAD coordinates. The CAD coordinates
potentaal elefactsein ths ethferoarngonysated inthrGdBhcophdinates. | The CGAJD coordinates  are
then %m%];lst:gségvﬁg:{t% Stﬁ{otblgb Iﬁgg ?ftgtl?c %trf&tj Itlgsgsv eerggf: tg%iteg to 5located reticle defects
correspoE@RhgtdWe UoeaBOWARL dekB@Ct of the invention, an

apparatus includes a stage for holding a wafer under )

t dstording torangenaspecdiedfdhe indentany, poapprestug echusigp hethge dor holding a

t he stage f.or pro LN n..inspection i.mge of t .
water e e oy g8 R L R i G PRl BoB gk g producing an
inspec@fondRhE b thday A6t @fHler tedt dnvefonpfodliucinB Afize (cB6dinafeddf GiRfedts detected

for thée wafer under test, a control unit coupled to

in thecwafer wider trst, GARglataalivd thehwafierarder et adedngiol uaisceenledip control the
deyice, and a,sypchroni zation unit coupled.to the.10

stage i FE IRk Rl HRED PR ik Mot (£ PR GidBiob i Coupled to the

contrdl MitChd doOthe GRIAYE hhd AEfest ddEti6A UetcBaf®R cofbertifl@ @8t Toordinates of
in the wafer under test into wafer reticle coordinates. _

defectadn thefwiafer agder ddst bbe wafarectiohs peardinaies as adgretion of peth the inspection

. f d D data. These, d other,
masd i AR S B PR LR IR W1 T v hetter

apRERChit! Gl BAbUMARNE @ invEiRIdnGRINHedREeappheciated and understood
conjunction with the foll owi ng description and the

when gensidgsechini ergienctian mge. the fallawing Hexgrigtiere anchtheraseqappnying drawings.
however . .t hat. the fall ow FiDtd on. Wi |L@: v .. .
1 shalfB¥abidel i 85 Bol 1S REREL e Panuthly Wit dpgioating various
embodi{ERIsOUS (B §hventi6n ddidahiBerolie sp@ific i detalis ViBBrebs, Meyived by way of
illustration and not of limtation. Many .
illustrgtigys tandumpbr, limeiipn.c atVams  subdiionsn smaddicetfons, additions and/or
rearran nt A 4 RN 0 .
oG BT R D AR b1 o ISR GApu g fom o s
thereoN@nd e | ilveitiono hclutieh Udie Sudh lsulsstigdtionslb stddifidations, additions and/or
nodi fications, additions and/or 20 rearrangenents.
rearrapRIEMIHESCRI 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 th
i nventi on. RIERFS CRIPEIDD R A WINIGE
of the conmponents 25 and operation of systens
provided with the invention, will beconme nore readi h .
ap pardEngy accempryipgandbiorinedasRf thisysPegdHeptoRdre s led to depict
- i0 td .ng . [ i t L E r.aw
ceraif| AT 01 B0 im RERGE . AoQTer nBUIGR, @tpp IRty At e compones
and opératioopé syitevy poeddaginaite thdénveatien,owill bicoirdeamore readily apparent by

referr{ag 1 i RN} 1 heFR S TS B g aR HuRrated Tn the drawings,
where‘?rﬁ 'Iﬁ%f ga%feﬂee ‘P/hlf{lllalra?g1 ?f Q%Z%Cicﬁ’lt OMoRY B3R YR dit\ey Bédienatd the same or
shou that t

be note
similar elements. The invention may be better understood by reference to one or more of these

on, and

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. FIG 1 is an inage of a
wowdoa61489 | ustrati ng an aspect of the inventi oPCT/UF10@3/033624
2 is an image of a reticle, illustrating an aspect of
t Gl BYERT iribe of 4 r)RatP A AGHART aB6d{ MERRNBIH3RG%As, illustrating an
FIG 3 is an 1nmage of a repeater defect spread across
embodinfehépkihe imeniich.e fields, illustrating an enbodi nent

of .the invention. FIG .4 is.a bl ock.di agram of :

STHC iUt Bl Rlegiit o6 seepmber hsBrLET hbpasgus fopresenting an
embo8R@dbiMBRtnwhtibie invention. 5 FIG 5 is a flowhart

of a translation nmethod, representing an enbodi nent of

t MG. ihvenat flowchad 6f a6trasslaiosymethodnirepeese@My andemaaddiment of the
. .mage, illustrating an aspect of the invention.
INVENHPRA| | ED DESCRI PTI ON 10 The invention and the various

f §96U5 S AREhRAKRR (IS NS Wik A, IINBHAR]s & Rpect of the invention.

explained” nore fully with reference to tgne

nonlimting enbodi nents that are illustrated in the

acconpanyi ng draw nd ' ' he fol | ow ng

description. It sh:g]i%ﬁgféh '%@élﬁg%tﬂ?ﬁat t he

detai |l ed description and the specific exanples, while

| MUk GAvdnfien SHRECthE ivari SR RAIIRNNY ffvahfaeous eRiilsi tBBreof bR explained

given by way of illustration only and not by way of _
more | fudlyt aitithomefexgace oigs the monbigtingtandhesimentsli that sare oiblystrated in  the

addi ti opns .and/ or .rearrange ts w.thi.n,.the.spirj
accorfifigy WRE a0 aER{ S TOINGn¥ ot 8BriL LMol bspderstood tha
the dALARs@RHIdNGMAH thOspddBRexampRk Whidd wdidatihg spatifidi@nBédiments of the

fromthis disclosure. During inspection of wafers in
invengio,afyei giaen dry wayi of iNustrateqe gnkyr agtbfinot thy oay apfohmlifatign. Various

may show.up. from.tine tg tinme. Repeater.defects ar
substifffifons, Hodifieitions AloRE aadior sranagREE Wifhit FepiyTticos gooe of the
underB/iM@in®@Enti@NbnbE VAR HdbEmé @p%@ﬁ tE R bE or MR kIENTEN \the! At from this
~ the reticle mask or plate. en wafer defects are
discloseigeat ed from one reticle field to another, an

[ t..on t ool la uch.defects _and stor m_ ..

| G bRt b P R o R PR Bty b maties may

show Xip Yrop@ @i t0 din@s ReearAdElectD afceddiéctd thdeie ¢éRdiedeh @6dh reticle field of
Using the defect file in a review station, a review
a waferp @nd may bsedugrtpyion ekgmplehproblematwightherrglicle mask o glate. When wafer

f [ [t f.ect ' '
el ey N 0 SHL P 55k T o
and stoep @a@inelin landdfére filef exte déftce firayohaingfthe ByagasXriicbordmates for each

approximately 5 to 15 mcrons from one repeater defect ]
potentig dﬁﬁ@t@ﬁéﬂefq% Hsige fheededsnt filedniagpeeystipn, a review 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



10

15

20

25

30

This offset may be due to, for exanple, stage
i nconsi stencies fromtool to tool or nechanical
wo odogerases, making it difficult to transl ate PEf/E681003/033624
positions between the wafer and the reticle mask. 30
an anGR8lyP" €8E MvenAYE MhdyOochay ta%@rlglﬂﬁ @efomtdiofisemg/ fhture by appending
apparatus for determning the absolute X-Y |ocation
absolwtt CadriXeYrdostimtesfte shadefest Gte-t he |i ke by using a

comput er - ai.ded desi gn CAD) |ayout overlaid onto an .
" T Bbe G diRigo e rhant Lot we R gl Epn g BB guromatieally
synchelSiRAL When the Wagd 08 ORI oBITho Wa2R05% U388 4hdBverlaid CAD image
anomaly. The invention may include taggin the def ect
for a partimilssiaygr freagitnueve inytardspe ndhisputemaied syreh@mizasioy method may take
oardinates tqg the defect .file. |ln pne enhodi t.. the
both BIEgS siﬁn %gjet Wépficﬁglbg?ﬁli%’ﬁe? ;‘?86 é}g)%?/neg%e&j o)V ilnage.  In another
embo@itieRlBdn 6pdrhtdr nSHN6 HRIVided it \ilgn iﬁsE@ctﬁilaﬁlﬁag_@ naridh@e overlaid CAD
review tool noves across the die, the overlaid CAD _
drawingeigethe5safimr seregiar t Qued ghre Bynebronfrajionpdesciibeds aprienis performed in

hi s automated.s hr ani.zat i.on et hed ~take bath
sccordgigé pfthyBe TG T ATPHIRb Lt ARG R WL ARN Trafly dotect may be
loaded &6 kiR 1B6heAbh bPRERW 100] ARPUMM to CRDEATBERT defédl or missing feature of
operator may be provided with the inspection i mage an

interesth lhevdefdcts abhme AR -Ygmpyibe tesossigddn gerfean of eriegsed defect file, or
synchroni zati on descri bed above is perforned in
ataggﬁ%?‘i‘?’dance with the invention, the defect file for a

Pakypicaly, aktivief RiteiMatNfoue RiRds Slbrg@e sl then@yidecbelfly printed and are a
~ loaded into the inspection or review tool and driven
mirrof dmpgee ophe iretifleufiedef datonsr embedimant, ftheitGAla ¥fY coordinates may be

interest...The defect's. apsol. - ;
wanstpGhe] Gl Bt B4 W b En G hdider e 2ige pige and a rtce
field. L RgGRE Plate@evidWRbs]aWhith iy £hiled i@ sBhatastoar fabifiiion ihsFecion tool, can
| arger than the device being printed and are. a mr

ror
accurptpyche diivenhie thetcpures defast docation u#iag dh bdilign, cqopdingtpp Once the

st AL SRR RY S B BOBL R PRFPEHP o i

possilslp Brodldngd with endt belkidularfen®id.cl € pl ate review tool,
which is simlar in structure to a fabrjcation
i A peeembediment, afteraapaispg theaetialy plgte, @pripkiest way he performed and the
carr . [elg ' - Y. ' .
s R e R e

output 6f 1 lr€pad. a4 dditied dylBtisotaiohs foumy oheheiplack 4t checldusd shopenay be also
possi ble problens with that particular feature. 20 In
reporigd aisiaglsomadiags deseriad heapni and vpferabreation frlins) iggnsctien tools may be
: i t - r t f i nspection
v P 3 IR LPLTREGAPA Pt | nopect
OIR@edrrihg teBUGK W] Mevardrel 050k dppittedf illubieatingpa sspect of the invention. In

this e@glgiqltalgg g%lbﬁggrfeggtthe:: ;%?etri l%gsmg)s) lijnryljud%? fotrhgxa?rlp?é, esixatrovssh fOO of reticle
fields 110. Reticle fields 110 are formed 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 described herein, and wafer
fabrication inline inspection tools may be driven to

w0 bh@smerade | ocati ons using absolute CAD X-Y PCT/US2003/033624
coordi nates. 25 Referring to FIG 1, a wafer 105 is

examﬁépd')ﬁét Sthe | debdésd 188 sNOrepBatas @&redt 120. t TR tpuaBt d&Bet 120 may repeat
hi s exenpl ary enbodi nent, the wafer 105 may i ncl ude,

itself fhooughrairyoire, orsibof tmwharoetiad¢ figlds ircwafer 0% etsilethio FIG. 1.

5Lk AL 5 0l S UERR e AP YR CHR0%H Ty Phinele it
field g@@&?»ﬁi&%@?wgﬁﬁeﬁe@&e@ $RSspraiPis§etidtyd with's®ddeGhif out caused by the

_ iel may correspond to an individual die)
inspegtiop teanailtbel prto s itsohns agefse snddavisthewaderdef ect s 115

o D6l SOET G G, 3L S cbfehePA ELILSR 6% spread across
differ%g%geﬁélé eR1ds"Rt RbicaldSilubad n@ﬁ%‘ied@n&mnh&ﬁ deeﬂhg ngenftibﬁ.l A circle 305

ti
surface. Referring to 2, an indivi

indicatest thel astifal glositib ®fcthe abpeattr idefaer &20.1 Aspluepiy pbdrossed squares 310

represiFHea}ugaél?étiaEﬁ 8? ﬂ'ﬁgg eg.tpfé:g{ igtt e_el%ai.n?elvgePn %)]Ii(l) gf digg{efﬁ{ ?ettiicfél fields located in
differ&R Qi B 4ROwRET/ UPEAO BIAB3H 2thboRinadR] Be sRIBE aBurhdilas the inspection

defects 115 is a repeater defect 120. The repeater
systerdl e€anstvettR@llyrapd hepieentallyi acsess fthe walsn gimyushows mespegadaf|as much as 10

B AT T PN R -
itself gi@ffeﬂen‘f"?étﬁléﬁéﬁé‘ &da %He%e@d&b&%ﬁ'eﬁeg d16diSed {d & hr Qicross an area

ow ng only repeater ‘defects, t read associ ate

of abaitt20 tetl@fesquam noiatons aw diffbrdny retivde figlds.ndipent emhodiosht, the invention

I [ _
may LG RRSFRE PTG PGS B0 310 SO AURTER G diges of defect

locatidf Wi e Y akd fddGout%uép% eatbeaCdedst fildi fdpBI8d with the CAD X-Y

reticle fields is depicted illustrating one enbodi nent .
coordofates haf fepeasert defncts,AaidingcinefaB@%s arahydischy @sovidiog dbe wahct location of

paricfRg e ol mB B By baRing Aot R e

Sfﬂ%?erﬁﬁ% S IFIGD 4t faem%a{rﬁiag%s P Riiddlietoe Mspe@tdnChgparatus 400 is
fields Tocated in 10 difrerent parts of the wafer. I'n

depiced ecqurdingito ah exminptiryremboditrieet eff thgdenemtionady stage #0& is coupled to a
| nspecti system scans vertically an rizontally.

scannipgs Goiced10. o6 e B Aeekios JRteid R DI e defice under test

406 n'ig’flfé? RSt éﬁnﬁﬁ&{’a FhfepC iin@Recdnih 310" mk ?cé’l @;eﬁaﬁlﬂfé; a scanning

tHe same reticle defect that nifests 1
electran ffieosrutpe (BEM)| @ 4ni eptitsl deviee toepeaiderandiefazetofrayafee defect and/or

ercei,ved to be _spread._ acro an area . of, apqut 2Q ta .
surroungénss e M ér %@ctwﬁ éﬁvmceﬁﬁ%t & &OPEPl URi AAsmay heoffgpuitry or a
compBEP Y dFE Bontr 1) SoooRUERES, Ag %ﬁ%l#«?@]ﬁd&éﬂﬁﬁ Boileh8Gtage 405, scanning

repeater automation mnethod conmon
device dbd,dindadeeectioh uhétf 445t Al syactromingtioni witit A23 isecoplesl toathel control unit

out puts a tagged defect file populated with the D
420, apdy progamFoagewedp 43@ wekda%ﬁ@éy@rama@twg Yrgt i

F 3k WeSnBNRAYE bSeMonPIetced 416 413emE BE! for @& AhpRNa Eanning electron

microscope (SEM) or an optical based system. The control unit 420 may move the stage 405 in
space and control 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 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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particul ar defects, and inproving accuracy in existing
reticle automation software. Referring to FIG 4, a
whb@skeddagr am of a sem conductor inspection apERUSL003/033624
400 is 20 depicted according to an exenplary
die 1RIRAE! 8 YveRlyihH&nli ns%tﬁéﬁrbﬁlﬁingpa A0 SpetBfatddS dse WU 7eentbOa captured
a scanning device 410, and i't nmay include a device
inspeatiodémage 408 gENdTited 6§ theTmepattion twl (optmal peSEM)4hermgpection image

be, for e | e, fer, Th [ devi 0
55 o4 BN 4 B SRR S Gy o v
imageg 2"1[ 1262%&1%0'1 %glt A%Vﬁq&;‘? afsQ.p%\ﬁ%fé ﬂﬁussfﬂcﬁrﬁﬁigﬁti&f uit Wok §fith a defect file

and/or surrounding features to a detection
contaifing scage KLY. cobrdinates of defievit and¥eatnmy. be circuitry or a

Ao PHh ISt pB ST arsen B8, CADH 217 SHEGP disbidion image 408
The s@%ﬂgﬂ@i&‘ﬁgh 'uﬂﬂ 423 ef%l%‘ to'%oﬁyerfpﬁ%mgfatao 0% hth a*éRddréd image in a

to the cont unit 420, and a program
prede®troinadémapelifarnd30 Tie cadpkédmbge vy sy sqlaresh bifaati the ends to better

unit 425. The _scanni&g and degec i on devices 41 415 i
represgaly thse Inspestiony HpaRce 0%, neadad Ry B dasreshon PRl o gdn alignment
i | 3Y $bEPnsiRy SOl betthéh the CAD
algongpaﬁgmn%/\%et go@%g ehﬂg@ﬁﬁga %O S aI}:Se lg%wd contr ol © ©
data 49Jemdtthe mspéctionanmgadfd8.ndn andenibodintehythaeynichenizion unit 425 may
415. As the stage 405 noves 4léﬁder the inspection

overlayyag ignge ey lomr e (e datai 404 pnig the TasRCEen BRagg P8, or vice versa.

i I G50 U 120 e b ms 408 o

the degevtioh rdevice a5 ¢for eRarhpld 25 wafer kmhge aomjatictst imegeir¢thieeaidh CAD data
ot her to coordinate wafer and/or intra- 5 WO , :

407 frpgpa daighass SneihoWs (9T 0B 36 RCPHZ At EARCHHION; greeive a defect file 421

from g ec()hﬁlgli Lﬂ*gtt @ﬂ)d gﬁa%rhcéégﬁe?rtiu&gco%rwi 8c§ A %tﬁtleeﬂelg 3fege)(/;f1 ?(Zogdinate, and

onto a captured *ins Ion image generate

provide SiRestintroN uhi® 20 (Wiph itap@kd defe&ENe. 426heoritaiaimgcCADNXi Yagerdinates of
408 may al so be referred to as a DUT inspection inmage,
defects. capt ured DUT i mage, or a wafer image. The control

uni t ‘ vide. y , i 5
ol i B SRR 8 RO BB AR s,

example, det@apiendickeabsssas. o gty Righab praetionbasedi (DIRG circuit, that
processes the CAD data 407 and the inspection im

operaip9dn accprianss MathripHucHORLHOGA IR themogary Horege msdizchiPe The program

t he 07 r ' iy .
sorads BT AP HND 1 ol BoP oF rE R AR ATl e hor crample g magnetic or
opticab@ieduet hs atcatd)gagnds disk, beh tsemiconépotes arinornauch as a PROM or

i nspection image 408 provided by the inspection tool.
FLASGesmemanyy e giiehrenizasion) e #35hmernky imelamsateds iy software, such as, for

exam B SRRV, A SRR 7 10 Akl e e YEBALLSE L hartve
circui€ i 8¢ iaBbinatibe of yadheetndabitwareuni t 425 may overl ay

an i mage derived fromthe_ CAD data 407 onto, the
i Whrac theginshrapigatipgunip A2y ic @ pregrammable circuit, a program, such as that

presented below and discussed in detail with reference to FIG. §, 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
wa@leddosi4en devi ce 415 (for exanple, a wafer i negEUS2003033624
reticle image), retrieve the CAD data 15 407 froma
dglahase d 196 § hQ‘ﬁ'&lvchB@ bf ﬁﬁl‘f@lﬁl(ﬁ%ﬁ&hb@ 30834 ld8Picted, representing an
operation, receive a defect file 421 fromthe control
embodiment 4P imentian. CABe frettadr@0aoay ot stetted in theapnogtaint sterage media 430

field f | unit. .
and pargrri Y A G BFER i L5y HRER i i CeAp hoyifsboetion image
408 1§ ﬂfcﬁés@@‘b S, Bist uﬂnéeeg&ﬁlersldﬂ tﬁépan)S GRerd Be i image is converted from a

roni atl on u a programrabl e
raster(scz[rx:chrl dny oshet mage, fofroat intdG pexdﬂqﬂmedamagﬂ'ﬁmhmt The CAD image 407 is

m_cr opr di I b
recei\Gf e SR (et oNGY A ThEOieERACD falthogtaphy modehin step 510,
t r 3
prodmf,ﬁ% d #églhérg@n %116:: %)18 ?vglﬂ:r lifha g()fﬁ 3 BI?Em: ényeetn;ilﬁgog'uﬁ?rﬁ, fre lithography

modeh@@dﬁtﬂod peefonnyd by thep (f 10 gnayfuse ﬁm( amlhpie, fhe rPaQi[thtlltlmogMphy software
tical_nedia such as a _card, tape or_disk, or
avmla@&ﬁr

3 Tie (UsE ARlABH Jncs BN Rdeiebisaecios ir Fdr m%syd by a second
U RSN gL S TR U ined e

formad|ag Qhatt fratiuded thelotk rﬂﬂSl Ofise pmietbﬁminathmwtf@thabyn@ be any image
hardware circuit, or a conbi nation of hardware an(ill
formag guehyisy £or opmRle; ﬁéa@;eﬁem%ﬁﬂfafpn% (GHR) capyerpignga joint photographic

exprll QUPIERR B0 Sieten Sl BRI To R IR () » gy dsripion e

(PDF) @rErh}G.)thémmageﬁdmraed in the program storage medi a 430
to create an_apparatus in accordance with the fresen

i Ve PR ehie leﬂag«? soeTSion gepsnlle ﬁgéﬁéf‘ePW?&ﬁe R¥ an alignment step
520. pfﬁl% Qﬁgﬁnﬁ{ otrf]:?kgea | iinates, t%\’fﬁgléhg Qam%)gretrc]lgtr%gﬁivﬁgg élﬁ?%é fé?mat and at the

same USgpnpficdieh cam matthedhtby ztlhhiieesdgeOfeatmqs be tlee ammg‘ﬂ r}mldmg a map of
of hard- wired and progranmable circuitry

inspectom4NDge 436 A TMas? 003, m@%z@tem%mcmas ths @f@t fge 421 containing
stagef}& %%ﬁ{l{latgsf oftd %lfén%taaénd%gﬁ‘%%g ﬁhtﬁg Qoxlr gﬁcﬁihgkfﬁb X-Y coordinates of

fepresenti ng an e e 'AVention

the dofedthatp i thetadred defetefile D6t he program storage nedi a
430 and perforned by the synchronization unit 425,
bdthe alisementetien H2Emey use amhal @ YapekOf oHsnmarje melepis; For example,

the a n%e%%sé?eg 24 COE{ Jsgla ﬁt ﬁ&géﬁrrﬁé ?Qd ShiR R0m Xﬁlﬁﬁ@e @gorithm, a

verte roma raster scan or an

comp6difi6fal Ia[@@l@hrﬁ os@t invetse campogtiedat algonietni ke to radﬁtlve algorithms
The CAD 1 mage 407 is _received froma database (not
estimatf o pliti ¥eh dNGTEMBRIS ¢ ks SEigNBFNta PRIPIRESEY apyPoRdiRaR] riecgitgs estimate

1ncrelgg‘r9al A Q.d lér‘r%}&g?]%deggéﬁg% g%ﬂ lﬁﬁse?rl é’ffaf(ﬁf 4 fgagnrge déf&‘dlﬂa?y skill in the

exe Wogr aphy
art. ]ﬁiﬁiﬁdcﬁieﬂ?[afrp embddiens tieg al5glr£hld’11iameﬂ&ﬁl, pdrformed dyyskep, 52(hmay use, for

exam;ﬁ)lreoltfetqulagé glt;gon%rrngle tgl%le,t}?oodf used in the 8250 Series CD SEM tool, which is a critical
dimension scanning electron micrograph 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 KLLA-Tencor ES20 tool.

Referring 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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avai l abl e from Finle Technol ogy, Inc. The rendered
i mge 506 is further processed by a second 10 i mage
w@oinpsRBON step 515 that converts rendered i NnBQEUSDE3/033624
into the sane predeterm ned i mage format as that
coordlﬂ{a%% A ¥olthifGles S9Re cdiifol l%ﬁ @@ﬁ Eér%rﬁ?ﬁj ﬁhéfﬁﬂgmﬁéiﬁ Bthe stage 405.
may be any 1 nmage format such for exanpl e
The tyaglyenlizatiagenif 425embypbaredefly] Th Eﬁ)ectdocmmen& on, aj 0| nt

h G [
T T R R
aspec( Pl” ﬂ'ﬁ: G ilon. OA s@lﬁé(reqfd?efe e OBEE, I Riemdm of F8atQ BHA § circle 610

I mage conversion s eps 505, 515 are processe
reprea’m:yltsamwafelr @mnrmmt oslfeﬂzplre 52e ovheayang ghwefer anfl GAle itages illustrated in

both int I d i mage format
FIG. éﬁ%g hyHle a%@@ﬂﬁﬁb)ﬁ???@ﬁ ?Jg‘?ﬁit ﬁg’n%at cheg by all the
e [
4830k aHRER Sl d0E KAl iy $eTRRAGh gy gt o i

defectseuhmu\ghSCADenaiﬁaﬂoh fA IveafékZdlemmtt @liSnfongd vslt}mge a)eoxtesponding CAD

coordi nates of a d fe t. and_appends to it _t .
featuig GPEYSH PGB alerviedesty dTORHraTIDIp tﬁ%%tfﬁegee?tee@y be a missing

contaQtl'It ﬁ“@%{w chiteaiRg9ede ?ﬁfe@@ betbddd o‘ﬁ Iﬁ%}ﬁ -Ehﬁn‘ﬂ{técg NfRObbsolute defect

may use any of a variety o |gnnen S
locatmmﬂagdbe redéodedaxanbfeet filetdrea databgqenent step 520 may use
a radi ent desce met hod, suc dd|t|
g e mbodiinertoso ngeﬁlteﬂslama&uaep%i AYCBERIZRAE g gpvgdaying a CAD

1mag691%r53\9§ﬂefi |a1ﬁeﬁ9ﬁdah? ‘T‘&caWi‘ {Nﬁfe?ﬁeﬁgtg IohitNErRhIGR ng lob&Hi®Bd image, and

estimate additive inc enent to alignnent parangters,
adding cabppalsiet CADaK -l agordindtessofethe | watereddbcts e medatent dlle or database. The

B S TR
for diVIRO G %Béoﬁoﬁ @Zst@ﬂn‘ ﬁﬂﬁ %ﬁﬁﬁna@i@ﬁ chiftl; fdé?é@sdmba)’reﬁh%ﬂvﬁgfpcorrespond

may- use, xanpl e ge allgnnent net hod used
toﬂwnwﬁmhkmﬂﬁ5o Series CD SENItooI which is a cr|t|ca
[ [ [ t ool

di nsi on scannin | ectron ogr aph

e TR g iy e e o sBned GERED b e g The term piuraliy,
as usdfdrel £ N6 Q& finedhs MO oR BlorHRR el dTeNe terhl Shdtidrent UseM héM, is defined as

use the i nage alignment method 30 used in the

at leaKlLA—S&'@mdowr 1B820 ThedkmRaichidiigngnd/er VB, a8 usnd herein, tage defined as

comppRHE K n gPYH AEHRD I SOBEGh %8 (BT EsH e Cpfined as connected,
althodlz%ls H@cché&ﬁ’saﬁ%‘)@‘h@&t%ﬁ HA0nM fdte@aARPnREnMEESY. Th¥erm program or
04/ 061439 PCT/ US2003/ 033624 coordi nates fo CAD

softwarso pelusealt kegeinTeddont rasla smqu@nceaﬁ ipgrucions dedigned for execution on a
The s nChri‘f zation unit

compfst s ARG nC Btk PR, F GO, 2 uncion, &

proceEJn@ a1§o cSMBGBHOM 8jectGHPINGhtMINE bn eRB&LRO GppiRation, an applet, a
depi cte |IIustrat|ng an aspect of the invention. A

servlﬁqaaaogrc@oeodee pne ginttscedeCADshaireshdihrary/dyaseic uoad lemary aand/or other
sequence o’IJ 1nstruc910ns designed for execution on a computer system.

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
Wo-@B4/06143% done by the alignnment bl ock 520 detriT/@820081033624

FIG 5. In one exenplary enbodi nent, the invention may

be used to detect wafer or reticle defects through

CAD navigation., A wafer elenent 615 found w thout a

corresponding CAD feature indicates a possible wafer

defect. For exanple, the waigrapg§ect may be a m ssing

10 contact. In another enbodi nent, the defect

detection may be automated. The absol ute defect

| oWAeiigslaimgd ise recorded in a defect file or a

dat abase. In one enbodi nent, the invention may include

synchroni zi ng and overlaying a CAD imge to a wafer

i nage, AuhaRat ofdatdingldefatsi étﬁnpiﬁi%rz defects on the

resul ting overlaid inmge, and adding absolute CAD X-Y

coor di ripwiding ap Haspesfien imegeof s2 wdgvige durdge ttest  ingluding  detected

dat abase. The WY Lon. .80 include using the

absol ute CAéqgé?g%€S§g%¥%ﬁﬁa e%g%f a defect file or

dat abas@nvérbihg dhé Wispectidn ifAgP @b iaOfirss yi8h@Minad @redetermined image

automatically locating defects in a reticle ich

correspond ngthe wafer defects. The terms a or an,

as use el Neafl ' . nore than one.

The t e?‘%ﬁggﬁdﬁiﬁ @y@tadfg)g EH&:de%&ﬁg gﬁ@eﬁﬁ@s&l s defined as two

or nor ecdnhatingWwhe GAB dagd intaroideend imagdl sethdpredetermingd image

defined as 20 at |east a second or nore. The terns

i ncl udi ng anf@8#t havi ng, as used herein, are defined

as conppi.si ke age). The term coupl ed,

as usedhﬁéygﬁﬁétha@%%gﬁg%lagf%onnected, al t hough not

necessagonbvrtielp tiecddisctedcudrdindtenefcgsanial tefects into CAD coordinates;

nmechanically. The term programor software, as used

herein, is d@dined as a sequence of instructions

desi gned fil LXREUSIHnQdndt ttYeO@Rb.tc%%fcﬁ%éﬁEs?m A

program or “computer program may include a

subroutine, a function, a 25 procedure, an object

nmet hod, an obj ect inplementation, an executable

apbl i caffeomethad obelaime, the deigs yider tesheapprising 2 waer. an

obj ect code, a shared library/dynamc load library

and/ or other sequence of instructions designed for

ex®cut i De methad obcipint &) ths dstiesundeh esaqrmepribég adiaiofra wafer.

are not to be interpreted as including

means- pl us-function I|imtations, unless such a

i tatq .6t j - ks L, ot
using ¢ He ol BPLlith 4, HrbEELORTA Tt Qofep@ 1Ty eticle for the
Sulryaeaemnder testhasch fuaction affthe @AD cooedinaton ar e del i neat ed

by the appended i ndependent clains and their

equi val ents. Specific enbodi nents of the invention are
dif§fer j ] '

CHG T oo e A e B oL R S R e BT E g fre scoond

image comprising, performing a lithography modeling step.

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

W@ 2@es a9 under test including detected coordPEBRUSR0833624
potential defects; converting the inspection inage
into a first image in a predeterm ned i mage fornmat;
provi di ng CAD data for the device under test;
converting the CAD data into a second i mage in the
predet eryy newod G mf O B istepadfi @Avergng ke Hetesibd @Berdinates into
second i mages; converting the detected coordi nates of
pdt ARtdogrdinpigsecommprisingy MERRine ¢l difecitide to CARYcoasdingienép produce
defect%.oraa%l efunction of the CAD coordinates. 2. The
met RefCoP aim 1, the device under test conprising a
wafer. 3. The nethod of claim1, the device under test
conprising a die of a wafer. 4., The nethod of claim1,
f Ut herTheangthed phelaim bhe flefgctdde eemprising wafes siage eogrginates.
the device under test, as a function of the CAD
coordi nates. 5. The nethod of claim1l1, the step of
caonver tA pgodrivg stk dlaévicd, réalableebyseamohine ian@gengibly embodying a
conprising, performng a |ithography nodeling step. 6. .
THePieRaEsieN SF agiragrimof inHeichenseadenigd 4o be arerafesbyofaid machine to

po ' rising a defect file. 9 WO
26%?%‘%@?‘2%‘3%@%@%@’8?033624 7. The method of claim

6, the step of converting the detected coordi nates

into CAD coordi hates caonprising, n%pping %ﬁe defect .
fi1le t o oethadder Icatngdeleds Wrasgiieondycton ygien rejistea comprising:
file. %en&lﬁﬁnﬁm?é} ihefbd con‘iiﬁ&og%fa%‘fhnéérlt@st;

conpri sing waf er stage coordinates. 9. program

St or ageletemirirg stagadeditimatey fa dewcteidpeteaund! defegs bl the wafer under
enbodying a representation of a program of

i nstructi ond®¥dapted to be executed by said nmachine 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

locating defects in a semiconductor wafer reticle for the semiconductor wafer

under test as a function of the CAD coordinates.

11. 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,
W@owpnsIBNg: generating a wafer image of a  PCT/US2003/033624

sem conduct or wafer under test; determ ning stage

coordi nates for detected potential defects in the

waf er under test; generating a CAD i mage from CAD

data related to the sem conductor wafer under test;

al i gni ngAbhRtavat @e Wwatagsdendstt he CAD i mage and

determ ning CAD coordinates fromthe stage . _

coor di rietoagol amticaupkesh tp wentad leecttage; and sheispdge diaiegdedevice; and

f icle for , i,cond der. . i
S T Y

storage devideicel Rrdahl&tify st@gﬂ&@diﬂiﬁi@team defeo@iialtie wafer under
enbodying a representation of_ a program of _ _

i nst ruct i ondedidalet wefer etigle eopekingtesdasy funstian wh dpibndetigspection
performthe . h [ ppar atus for
translatinglggé%gfggkﬁé%gpﬁ%é:%gﬁggggggﬁﬁ% és into

reticle coordinates, conprising: a stage adapted to

hol d a wafer under test; an inage and defect detection

devi ce coupled to the stage for produci ng 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
device, for converting stage coordi nates of defects in

the wafer under test into wafer reticle coordinates

as a function of both the inspection imge of the

waf er under test and the CAD data. 11

11



