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TI TLE: COWMPUTER- | MPLEMENTED METHODS FOR DETERM NI NG | F
ACTUAL DEFECTS ARE POTENTI ALLY SYSTEMATI C DEFECTS OR

weanBmsddzsd LY RANDOM DEFECTS BACKGROUND OF THE PCNEBEDDEAN3706

1. Field of the Invention The present invention
generally relates to conputer- inplenented nethods for
determning if actual defects are potentially

Yg‘hﬁ'@b‘ﬁ FESEIMME Eﬁ\ﬁ‘i%%x,t HOPS O’ BIFPEERMINING IF
S GBI bR ox
t 4 y conparing actual defects

grouped by design to randomy generated defects
grouped by desi g4 o ROAMD! G 19k HhviderRsiat ed Art
0

The fol | ow ng
admtted to be prior art by virtue of their inclusion

in this section. An integrated circuit (1C) design nay
lpe déﬂé@@ﬁéﬁlﬁgﬂﬁgﬂa met hod or system such as

el ectroni c design automati on (EDA), conputer aided
design (CAD), and other |1C design software. Such

met hails pesentdysindns gomyaldl atdao useguto irgplerkalid ngthods for

circult,gattern dat abase fromthe I C design. T

he

deteppinine ibastial deloght ap nelentislly systematia feferts 5F Batepiallygasdom

a . Y : e
GBS LA LRI e AT RS Ol 5 e
sy Rtdfatdat mpitontinBy Fayiont defdoty byacqphparialistyabdefects grouped by
reticles, A layout of a reticle generally includes
dgder pradamlytecpepicl defestitaipwsdiby dgsigat tern on the
reticle. Each reticle is used to fabricate one of the
various layers of the IC. The l|ayers of the IC may
2i ncl aecridtion ofxanmdletedarj unction pattern in a
sem conduct or substrate a gate dielectric pattern, a
gate el ectrode pattern, a contact pattern in an

ey L T R

oflgneirdegusoch @s seo@ginc and menory devices typically
i ncl udes processiggla substrate such as a

seni édniatsetasnd drenidl Gislepign anayaiegtevaigntrbpsiog » Aethodmitsystem such
e T e R U

desdgrf euftvarar S edsmédadiirisyanths Mbytall i dse¥ & Serefatd Heircuit pattern
sem conduct or. devi ces. For exanple, lithography is a

daabase sivauthedt deaigni dhe Pisrrippasicesdateliiag inchidss Jaig representing a
pgu;re?gi g)g %ﬁfgﬁtg 5&5\21%%é§ %&Sfa{:strog rrtﬂeald &hde§ linethte Qiruit ;eJe?t'te%rt} database may,

therefore, be used to determine layouts for a plurality of reticles. A layout of a reticle

generally includes polygons that define features in a pattern on the reticle. Each reticle is
used to fabricate one of the various layers of the IC. The layers of the IC may include, for
example, a junction pattern in a semiconductor substrate, a gate dielectric pattern, a gate
electrode pattern, a contact pattern in an interlevel dielectric, and an interconnect pattern
on a metallization layer.

Fabricating semiconductor devices such as logic and memory devices typically

includes processing a substrate such as a semiconductor wafer using a large number of
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waf er. Additional exanples of sem conductor
fabrication processes include, but are not limted to,

W@ b@ai2@hss nechani cal polishing (CW), etch, depCBU$10081073706

and ion inplantation. Miltiple sem conductor devices
may be fabricated in an arrangenment on a single
sem conduct or wafer and then separated into individual
SR EARAH G catlGY gﬁ)%ésseel. 39B& thl%hg%ﬁﬁl%§ SRS RISIMREHSs of the
at various steps during a sem conductor manufacturing
sghroedstdralediete ciiordefmpleslithogmalirisa semigmdoatefabiigh®n process
yield in the nmanufacturjng pr o?ess and t hus €?i gher .
tht gpiohvss tppdpERgagRUERSTAN daseIp@ehresist Arpgsd ahf spajepnductor
bor! ARIHEAG Ty o?g&ﬂﬁ%h%c%ﬁ%ﬂ)ﬁc%ﬁo gfd&:%%s 1Ride, but are not
wever, as the'dinmensions of sem conductor devices
lidéetd eahemicabpechindral beldshires( (RN erhy é&posipon taadtion Bnplantation.
t he successful nmanufacture of acceptabl e senm conductor

Miduplessmisepdirier diivieer BleY ef@uicatcd ai aR ATALEPIE! et PiEl

sérﬁict)xqﬂdct rRPfer eglﬁttﬁ‘é}lcs%p LA iHLTROS QA8 Mlyctar devices.
sem COI’]CPUCI or evl ces ecrease, detection OP 86 ects
of déspeakinngoSis#e ahassebacarbussepsdatng sidndeoreiernr
relatively small defects may cause unwant

ed .
mapacaring mEogers torketeskdslednen vebis Wevrpets higher yiedd gihe

nr i : ' d . UL .

o S P B T RO VA58 A mpran
p&xd of heripatrfpakmiduaduatapddides kychods IChe Homeeas sethe dirensions of

addition, snaller defects can have an inpact on the
SNSRI depisPRIRsIEFS LBTPCEHE RESOTERC S TR9TE IR to the

cul , . . g . .
L DL 0SSR 5 R S ARt o
cet el dealhdey tyfagll Fof alsemad tas def @rkasiced @cemitdaductor devices

i nspection grows dramatically As a result, nore and
degspase gletesipd ohdgfopis ofidecarasing e hap Beqamcepesessarysince even

Fr ' [ d . alyl . .

GBS LRSS BRRESIRR LA AILARE by Phibfcirdeis

det eygidekiag riths sin@f héhe etabridondaababhyfahianey pdcesses may be

effect on the electrical parameters of the devices and
op¢ratiyg eper pmhedimisaniops oe SpeEionnis caplby o thy Mecesses. In

focused an . WhI I ' ' ;
S5 S RIS GHRELE LA B LGB BRI, s gvice s

tHoHbeipa Gulk @b Aritke SvhithYdrivied nf R Een€ RS € Snspb@id@st Phérefore, as design
systematic. That is, process induced failures tend to
reley shrigk, e papulaiion elerprensisily yighdral spsdadeatedetewebhy Bgpection

many, tinmes . w thin t desi n L
oL IR AR B ol RS By aBelEghe vaters
ahdt@FREhE B pro¢RsR3s climtiieed] aht deRss a6 WiafigTus b akpensive.
are created fromthe artifacts Att> Dkt No 56 i
AsSTdodes50/nERsBPEP! Prglelortmuwkenly Sane xe piffcs op e electrical

NY [ 1. 097436 of oG kat i ot '
Pk Gl R R RGO e ShoBOCTRRR b ooused
ofl {R6 Hsfealk vileugtyighdrihg @Raa! FRGhARbLRS bssthdIRY dedifd tules,
may be distributed at
process induced failures may, in some cases, tend to be systematic. That is, process
induced failures tend to fail at predetermined design patterns often repeated many times

within the design. In addition, although defects are generally related to process and

design interaction, process induced failures are defects that are created from the artifacts
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random | ocations spatially. Elimnation of systematic,
electrically relevant defects is inportant because

wekiosn@ss ng such defects can have a signifi caP€@T/US2008/073706

overall inpact on yield One currently used nethod for
separating systematic and random defects uses repeater
anal ysi s. Another nethod for separating systematic and
JFRRARE ALHAGH Sot Rt 83 YRAB (R bACEcs RIS dal | #RRbAL
c%t- |§Qne 1(‘or t%resﬁ f?”y app W teg%z1 Iga eto ctart
Sylsteustic dtfeng adﬁﬁsmtmalgr Lidelasi o biﬁf@stsrthdttatllimyay’dei digeibuted at

desi cli u t.hat cI ude a nunber of defect
rﬁfi’%wgpﬂ% Spmaélycﬁfﬁrww% Ylgh eIt BIoBRY Al 5%?018 is
ig%?h%b&;sg @ﬁﬁﬂaﬁnggﬁéﬁ%@ts daf} hQ@@QE)%#lyﬁcﬁﬂﬁ%\%F@tlhfbact on yield,

ects are not identified based on ect count
al ond)nd fmnpaﬁy usadgl ragthod ﬁ)\r|smrﬁfngmgstemahahnc‘smﬁ@naiefe«:ts uses

defects is generally perforned, However ch ne
AR RS A g@a@é%s@@égﬁﬂ&wte%ﬁﬁv ra@a@ﬁq R retes
U@)Bﬁ Y hQMSdefinkd 0 FRkA1 A1 Lﬁ@@ﬁ '}}Tergﬁaﬂftg Hbl'i%}etf)\éqj?itrétg L0 ﬁiustratmg

judgnment to determ ne t dition, random
dd&fc&cgrogredllgsnraﬂﬁitly mewweeh deofit elipshareus hhienclddé eatimber of
cqunt s than fect counts_of, s stematl c defect g oup
dAEeCESJEEheH%W@s‘ElSﬁPEW%%F§Id§ﬁ hraoifsisl sralpmpiie daes although, in
&Sk [ m
e o e R e 12%@%‘%“‘{* AR o partcuter.
réﬁewl%ﬁpeteotmﬂrsastémam ééfeaels@sadiiyrptﬂfmmﬁovmbr bech methods
effectl fod;%ﬁgetermmng whi ch defect bins include
ha¥t 2 pEm Fl]%f Yategss c Faeperre sp evippsly psgdsmgiedipsguire
dr f
%m&e?xelntxgﬁ )}u%gﬁ]g%lftggiafségﬁm\@?ﬁ%%&BS%eﬁﬂ gﬁ 1g§ rgﬁ:(%(ﬁn defect
ml.]:@tase lsfusntoi dftea hRed Righerctediuct codntudibn défietg-otihs of systematic

sults of design based grouping ‘i% report only the
dF Chgoyes- af%%ﬁwéf thﬁ‘f@fifféYléHf’tly éﬁqdcln?tbo EY Pipdaee @ﬁmmé results by
l
WA ing BRAQL BF Rlllim fec B pBRpAMGREAUBOUSICLE, ARURIRR, e
rdefte ciist andinpbhentrhahbds mysharmtdfecdtef e tisteonining Wthh defect
pot eatl ally random defects, which can be perfornmed

st inglude B%Ié!anq Iesertomats defecthsnpg digtisassungs Waldl! fafgieen a
a6V,

SRS RERORHUILIL SO RS By, en df coums

showin pos Battcadhayt iNanddny defreatls.of Atdizn Bised Neoupthg may report only
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UhviCHVSE tregof 45 rq%@wmmnamw PVENTI ON The

foll | ' i

el BRI bR bR AR STRULILS) By oo

fandetermyniag iff dafidtd srg pbleatisiibjyerinamatitRetsof pbleatiappandad defects,
clains. One enbodinent relates to a

AUt e RERTOr Bk Tt AU tHS e B feaion apd fudigieandehave higher

accuracy than currently used methods for differentiating between potentially systematic

defects and potentially random defects.
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actual defects are potentially systematic defects or
potentially random defects. The nethod i ncl udes

W@ ovpara3sy a nunmber of actual defects in a groRQ@I/US2088/073706

nunber of randomy generated defects in a group. The
actual defects are detected on a wafer. A portion of a
design on the wafer proxinate a |ocation of each of

t he actual defectg Mﬁ(@i‘eﬂﬁ qﬁqfﬁ@ﬁbgf t he
random y gener at%evrs—rn—rﬁe—gm

substantially the sanme. The nethod al so i ncl udes

det erym fbIRGvink deReipa6H bR ariel egbsdintntshd cofmPURr-anhflemented
potentially systematic defects or potentially random
nepsliasistisndide bd corstiued il any \wiy asiemicivaple subipcsmaper qfhaompended
Eénbodi ment, the conparing step includes conparing a
‘Bi'&t o chart generated for the actual defects to a

Par etomeChafodiBanedlakesth £ emplie-inandasyd geimed a3 etktermining if
defects. In another enbodiment, the conparing step

aptuel dedesss dfe peteniinlhngy semease idefeefs or hetenligyapndstm defects. The

oS (g Erarar Ba edurst Sk HeRg PSR Era R g gfmber of
r&ReNY FBitkated DR 4 SRUBS ThBactdeSicBRCAk HESRENDS atv@f@. A
desigh clip. In another enbodi nent, the nmethod is

ppeichor meltsige partae whigr proximite hdecanion gf easp o1 die astialidefects in the

SR B DRy PR SRR b e
The SR RMIQ inSREBs Sterulifi n? Gt ke el REdcss inhe@ehp afe fddartially

different groups is substanti al Ié/eét he sane. | n anot her
sestoatindaitcts omtersialp dandempdatdasy based e pasphis ef the tompanng step.
groups of actual defects detected,on the wafer, | n
Such TeABHP Regient Tissnipgng Fiep e s goEg pBarglar gt
GBRAHIREAh@altRAMHRR 0] MARGH cRirt fdRrAGt athed@h®RBAIS deflerated
each of all of the groups is substanti agﬁle%ethe sane.

t

defectsnén endsheti emeotimerhethereempat ingsstereint ldesedeteitipiog e ratio of the
ser interventjon. .In sone odiments,,th |
nﬁgﬁgl‘cc{)fg&g pc\‘e/tu%é%ege&sela le?grlng gog%lf Inlgﬁl%sxf of’ath? ggxél?r%bg g?rﬁéated defects

iMfe8lroyand the randonly generated defects are
generated once for an inspection recipe for the |ayer
on t He onaémbodimeiny decpoiioen plthe desigmeprrdspondstihodesipn clip. In

a{qﬁ glic %{g d %g%;%%é%r%}&%{] g plgff%ge}'rrl fep%{e&%r %iffg"gn rg%o&psslo?%ctual

1272 GeRe RURAIR3REFRr PRDSnAuBR kBbodinaKab@or dfhe design on the
NVCDMS/ 1 097436 11 n one enbodi nent, the determ ning

vetferproxiclatdebcdamerfiviach oltht hetwak dedectcinieath dithe diféergm groups is
t tentjall tematic defects if th
st 0t b b B e iR ThagheLs b dotgpecdatfprately for
azl%z&bﬁs he . OUIRRT:Rf adihifed GNEL HaferISRNBRALRY cARo8h&] portion of

roup and determning that the actual defects in
thehdesgmouptha rafporenneg d lpcatamdd rpchedfgbe setidl defrsts in each of all of

the groups is substantially the same.

In one embodiment, the method is performed without user intervention. In some
embodiments, the actual defects are detected by inspection of a layer on the wafer, and
the randomly generated defects are generated once for an inspection recipe for the layer
on the wafer and used for performing the method for defects detected on the layer of

multiple wafers using the inspection recipe.
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nunber of the actual defects in the group is not
greater than the nunber of the randomy generated

wa@ledoentesss n the group. I n anot her enbodi nent, PBEEUS2008/073706

determi ning step includes determ ning that the actual
defects in the group are potentially systematic
defects if the nunber of the actual defects in the
gr ou cal.l
ooDhbGs SRR AHA GRS DD OB

déﬁbt@ lirihiei gh@upt zhéboteh&aif}cetylsﬁhladeﬂe[@tts ifl the hb@begr«upe aunteal defects
potentially random defects if the nunber of the actual
inydie s 15 graaks hpndbpnpmbeed thy ratl(ﬂ@ﬂ}’cg&rl?rﬁwé detecisnin theagroup

a%c? gelzjtgzlfn“ﬁ% Rl tﬁ%jr%ct%aq '&g{%??an 91%%‘}5% s ﬁg%ﬁﬁl‘aﬁrah&‘mﬁ *a@fects if the

nhﬁ@eﬂ@th@@ctheﬂ clkftdasn ﬂ@rgmhp %i g gteh&r tharhles mohber é the randomly
random y generated defects in the group to the nunber
@mer@th@d%f@@tamth@@r@&s in the group based on total

NuDe Al d NERGLNG. zﬁsg&%&nﬂgs@e HEALAL BT haP Y actual

tota ran ects

dafefks h@fhe@?@lﬂﬂdtrﬁ@ﬁknuéﬁ}eﬁyﬂﬁhﬁlﬁd defacds utkas noobpasfi m@ad:tm defects
nunber of the actual defects in the group to a nunb

inthe grgupelf stgtisticaty Graajer demdhapwabererd élaft gndemly &?P@ﬁ@déiﬁfeﬁs in
o8 848 PP RSB BT T O G o

dbRERLS BB nﬁfnbeﬁﬁhh@ﬁctﬁil efbcfsfig tiendronaisdoniigraly ateatbr than the
defects in the different group is substantially the

Ny, Ofﬁh@fmmmwe@&ﬁﬁféﬂ%ﬁl%@f BOHB: and the different
r and e ated def r.atel . "
I'n Sg%X %Iéﬁ dé Prrlr%r tg%és %ﬁﬁeﬁé%g%% {h% Metg@ﬁiﬁggsdnormahzmg

thefunitsbe s f dRIrEdBn1Y Rendrited Befeas ivite g@@f}ﬂ@ttﬁe ntﬁntd’te)f the actual
group are potentially systematic defects or

dpistienn thel dryupy based an datladimbep ab by apimak drdeqiadqipared of the wafer and

n hen er o tual defects in the
toﬁ%@ﬁ‘ﬁ“b@&gf & "t ¥g8?er?tﬁggefa&aomy gener at ed defects
in t heatdiRdRnandirhdie, e feioddhcltde déhfpfaﬁh%ﬂie ruar@oof the actual
generated defects in the group. Each of the steps of

dcﬁetsmtmomww@@raséxf r%wr@émwgewtecb@fﬁfaﬁ Hegdiigrent

descr) I n_addi
efir, KRG atamsB iyl WERTh & abSL f PR s n e
ofhBRNE )a 168atRA YT Q4dNEIT thEdifRENS Yand 680/ gé’iﬁﬁbtétﬁdefﬂ:dﬂs in the different
Furt hernmore, each Atl) Dk No 56 197200-550 P2383PCl

cRages 5utmtingpllsheskenz iThe randorycemsratchdragsandihe dHérent

%‘ggpg} ment 6(9 grﬁfécpt%?r sFﬁgag‘g gf%e%{af'a glgéﬁ:ggﬁ/ig Wentﬂ?odlments the

dARAhMGIg ﬁ@ﬁ)ﬁdhﬂ@ﬁ&a&@h@h@ﬁf {he aduglofabit Si-therploapant edentially
met hod for creating a set of groups of randomy

syroerontic @zﬁecmae@ramt@ufaay ranslem defefés aspd an Hig rﬁwl@rqﬁﬁ@@p@’png the
num%gra €|Jf tge L&GSefects in the group to the number of the randomly generated defects
in the group and the number of the different randomly generated defects in the group.
Each of the steps of the method described above may be further performed as
described herein. In addition, each of the embodiments of the method described above

may include any other step(s) of any other method(s) described herein. Furthermore, each

Atly. Dki. No. 56197200-330/P2383PCT Page 5 Baker & McKenzie LLP
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are potentially systematic defects or potentially
random def ects. The nethod i ncl udes randomy

w@emenaidshg a set of defects at different | ocak¢DHS2008/073706

across an area corresponding to an inspected area of

at least a portion of a wafer. The nmethod al so

i ncl udes binning the set of randomy generated defects

r

o\ B Sp R RAHT HRTbR PR i AERAROB oLy o
sﬁ&l‘n@@de&cﬂxiﬁbdﬂﬁfé‘inof the groups is substantially the

sanme. In addition, the nethod includes determ nj

nunbémotbfer eIROdi BRI s e AEPRPUIGT-HBPpsBeReH ﬁl%ﬁé?reaﬂng aset

[ r
F’) gs[ gfulgﬁd(%r% geggﬁ%ggﬁ d%%ag{s tt;éplgsg 11@2%8%111%’13%25 ()ﬁ%)&gf a];ctual defects

a@qiotb’qhhaﬂﬁ byetdrsatichictRty c&wwﬂdalﬂ;gragﬁm pisfecn. dét eathoveintiides

the actual defects in the correspondi ng groups are

ravgowht g@era}mg;aﬁb@fé%emt%ﬁé&%ﬂ*d@caﬁ@ﬂwﬁwS&|www&&mondlﬂg to
def [
SHEHBE R DD STEBATRIE 405, TR DSy Ag g
séiof tgiieniy gﬁiera’iéd detadomy ggrpesiahebhtdgfoetdsof d designeon the wafer
such enbodi ment, the nunbers and the additional
previthate docatipnsd thompdealy aneraed defimbeinsash of the SEUPE A
slgtﬁga ﬁ%ﬁ)ﬁg{é statrﬁgecorc{defscﬂf ?fgel NI Y aé 8etg§ﬁaﬁfng' ar}ﬁm‘lljer of the

ST n the correspon rou
b8 b@letie SYTERNBL dach dﬁﬂ@@t@p@r m@hembezalotfmenamimy
defects. In another such enbodi nent, the net
genecitedidefeets imde ehawmadan be war%mb%oiiﬁmaé é%fécfﬁ e
C%%BP’EE} ﬁ% ggc{]uﬁé % 1 Sirtaee %tt?arl] @e E[lg?rg h@%ﬂ es Oﬂﬁﬁg@reyups are

|nc es ran

p8RAGAIRLdyB@ntahe dsRtts @f p&@ﬁtﬁﬁly&akl}tﬁmm gefaétoch ast i C
simul ation. In another enbodi nent, randomy generating

the eenadmbpstimentsthicnrdtherbis perfadend Horgdhut e dpiganing
egcf Eggg} %Hagﬁrsg‘:at I i?{%ﬁeéll set%@gag%ohm gen%Ht%j é&g :Innte é}%tslu(ﬁ%

etnBBdisRint, e AGHRGE 8nd e ugESnd AREGBIs)cag BB bR té the numbers of
defects at | ocations having a substantially uniform

theti astual Befeeto @a@rcgggsplon@na 2EaIps tydefemipe Hahe é%%dfiefﬁéﬁtm the

C%‘"ﬁ?ﬁ?"%é% %gorwllg‘;% g%: LPg) s% n?atlgq%%%fto?f é)otc'eaBS{ly girn@gﬂ defects. In

afeh&ci,sh bmbedsinfihd ﬁi@th@ﬂ HPsdek %Slﬂﬁ ﬂfe@@dﬁ&h@l yurgesato validate
to a frequency of the portion of the Atty Dkl No

tl&emmal@@ﬁﬁﬁ%%ipd Page 6 Baker & McKei uie LLP
NY! 109743 ldesi t

ro he I
ranabh?y: giarar do Hep e CreRRug 5 ORGP I fes Hilfomiy
28T ﬁ'% th@ ot JT QefectsMisPR SRR sTRhtiof. R dnﬁﬁ’iéﬁ@ﬁlbddlﬁfeﬁ@
of at 1east the portion of the wafer is approximtely

ragloally gmeaatmgrtb@eqnoé defagte inchides rafidembn genveatingrtbe defpes at
lc%rzlggrri]searrrangec? ma Grlé Across the area. In an additional embodiment, randomly
generating the set of defects includes randomly generating the defects at locations having
a substantially uniform distribution across the area. In a further embodiment, randomly
generating the set of defects is performed such that a frequency of the randomly generated

defects in each of the groups is approximately equal to a frequency of the portion of the

Atty. Dki. No. 56197200-550/P2383PCT Page 6 Baker & McKenzie LLP
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the nethod includes generating a Pareto chart for the
set of randomy generated defects. In one such

weerodeasemt , the nunbers of the random y generBEBUS2008/073706

defects can be conpared to the nunbers of the actua
defects in the correspondi ng groups by conparing the
Pareto chart for the set of the randomy generated

G
EREF ploRpAeIBlchs SR vl ik DEp BB BLICOR HEELCR or B Hloups
atM$§hemnperforned as described herein. In addition,
each of the enbodi nents of the nmethod descr.i bed above
may ihencersbedinent Hisrngcglsd sscagt ablepst shqeqrtipp phibe (gfer is

e

BB HE R APABR O AR ROl o RAR, PR R Fiment

tief mtihed scdidespetestig HRgdetdahed forAhe Mdﬂftandlmﬁy generaied defects.
enbodi ment relates to a conputer-inpl enented net hod

Ip gre gycbgmbedimenidhearmbeg 0§ dhe rafpdogl?% lgseer@tﬁd falsaisvpy be

ch%pgxrggt[&(; ﬁlgq’l%gl%%l”ss()ufftgé % o4 deﬂc\qqéﬂi g Segkg)rng n& FTuns. bé(l ﬁoflnparing

tisyBdreiorhint f@ieﬁe edt ©f cHe rpadoail igahdryited aeﬁem@l efPagtschafifer the
met hod i ncl udes determning a total nunber of al
agpphdgieddef ect s detected on a |ayer of a wafer. The

met h%%gﬁ‘afsg]e fs{ég)% Yeige n‘i‘e‘%ﬁ&ﬁéés@@e% %@% g;»gfﬁﬁ g?x%%ned as

generate S In groups to nunpers

ddefrded Beden. dand&isipo) I’Hiblil of e Qe d hasedofahe trrehddateadribed above
nunber of all of the actual defects detected on the
W@é{ﬂe‘f—‘md%&fﬁo@fh?foﬁﬁe%@ of age sthghmsthogtre deseribed el fayteermore, each

Otf ﬁ'xc %trﬁbor&%ngl{ts Eﬂ%ﬁ g?erﬁg d‘&%éf:%? eaﬁng{fee& g%gﬁ&tfgrrﬁe% }:ﬁfaa%g é)?fthe

groups 1's su the nor na

s?ﬁﬂh@ﬂ@wﬁﬁmimﬁmhandon1y generated defects in the
groups can be conpared to nunmbers of the actua
def eeﬁisaddﬁlqnqueb@dte@wﬁw%go grcewﬁgfer@nalétr@mfi meethed for creating

Ao fpftaRRON IS B RLP bl B LA (HTLER! SoiBfains if

coetephsing baalps of aétlfiﬁ &t&ﬁ%&ar@fuoﬁeﬁt@ll}ﬁy keghatle &@ﬂettb Qﬂpotentlally
above may be further perforned as described herein.

ramfioin dadpcts.t hee watiod |nirﬁémes Getefnisingea i nyeder @ﬁaﬁéhacawédefects

angth gﬁ%ﬁ é;%glx r\]watf%enl“ tg?er%lé r&e aig%m%&t)é{:? ﬁﬁ{ah%@%?ﬁ%@% of
r%ﬁﬂy?&@rﬁ@@ 8ae&d ilPagapy toBﬁiﬁﬂfers%fNﬁ&@ﬁMiQieﬁch in corresponding
CDVB/'1 097436 lenbodi nent of the nethod descri bed

zabs aronsee et romietobyl ek ofue T ysirmiedEsGe vty A
pgg{})gn(i gaB glgE Swg reeg}eor}]{%mfg: loc F‘ | ré%my 30 ggr%ll’rpegenerated defects in
ca@PaT RO brdups Is@Eﬁaﬁi@llMtﬁﬁsame. The normalized numbers of the randomly
generated defects in the groups can be compared to numbers of the actual defects in the
corresponding groups to determine if the corresponding groups of the actual defects are
potentially systematic defects or potentially random defects.

Each of the steps of the method described above may be further performed as
described herein. In addition, the embodiment of the method described above may

include any other step(s) of any other method(s) described herein. Furthermore, the

Atty. Dkt. No. 36197200-550/P2383PCT Page 7 Baker & McKenzie LLP
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in the art with the benefit of the follow ng detail ed
description of the preferred enbodi nents and upon
WO 2408026368 to t he acconpanyi ng draw ngs in whiRET/USE098/073706

lis adie mp illustrating one exanple of die
stacking results show ng actual defects detected on a
wafer; Fig. 2 is a die map illustrating one exanpl e of

emBSUthicst Of th@ %t@@%@&ri&ﬁt&b%e g QQBérYorﬁa%E! %5/%'&’ ROR s§&bms
of defects at different |ocations across an area

dewribedporidi ng to an inspected area of at |east a
portion of a wafer; Fig. 3 is a Pareto chart,
configured and generated according to enbodi ments
described hergikr DEScRIPAION OFPHEDRAGPINGS! ed
defects; Fig~ & TS a Pareto chart, coniigured and
generated accordi ng to enbodi nents descri bed herein,

for actual defects_.detected on a wafer; Fig. 5is .
par ef BrtRH A0Y AN AR O GG A U e etreans dPeitry tp fhose skilled

IR AR RS bERSE o BRGNS RIo et SIRQ WRGpliES B {8 piferred
conparing a Pareto chart géenerated for actual "defects
embodinfatseind uphardfergecreto dheatcbmpamang drwngyenevhathed

defects; Fiqgq. 6 is, a Pareto chart, gonfi%uredﬂﬁnd . |
genef &t dd° AEEIPH RYSTYTGHIE GFHBRIEST FETITHES RSP ving actua
d &Wd@t@ct%ﬁ%glatv%f@xf; conparing a Pareto chart gener ated

or actua efects to two Pareto charts generated for

two dig 2es adic sai 8luetatmaroe rkymplend rat:bslotefeamsidimend of

Fig. .7 is a sche |c diagramillustrating a side view,,
e S ERBOEAEE SIOKT S T BTER P RS AD SO Theth A SORRAEponding Lo
ah [Hs é@&fm@é@ﬁé@éﬁs‘zQﬁéﬁik&%m%f&%ewt abl e on a conputer

system for performhg one or nore enbodi nents of one

or nbige Idoapurtear elianptertentedndechodsd desodinp édenbodimgnts

and. one enbodi nent_, of . a system cqonfigured to perform
d?ﬁ?@b?fph?fﬁ‘l“e Oéﬁﬁﬁmfé?r-‘quf@ﬁ%‘?w‘@@%ﬁ{?{:%bds descri bed

her ?f[g. 4\, k’&rewqﬁiahn&ﬁﬁfgu% dnd fg%Hérﬁt%QtaE&Jr@inE Qo YAbbAHSnts
nmodi fications and afternative forns, specifrc

dextibel herainsfor hetuelodefatedcdanorby waky; of exanple in the

drawi ngs .and may Any. t. 0 561 972Q0-550/ P2383PCT.

Page '8 Bdk@ ar&f%}egn%g(gmﬂ %%Bwtf G9PIEINE AR PR ﬁ%ﬁ‘éms

. " . ke :

SRR A Dy T AR PRy A i 86 at
tcanHardet diiattednetesd fophhdmmlyhenetedalktecsot i nt ended to

limt_ the invention to the particular forgn di scl 0s

but 5 PHea Eiiq eyt carigursdtadAisensiaicd arTengde o) s
OB SO MR SRy SRR PR st
toasvoddrito etladoy gdriventaioe nde di fitkant 8®ts of randomly generated defects; and

Fig. 7 is a schematic diagram illustrating a side view of one embodiment of a
computer-readable medium that includes program instructions executable on a computer
systemn for performing one or more embodiments of one or more computer-implemented
methods described herein and one embodiment of a system configured to perform one or
more computer-implemented methods described herein.

While the invention is susceptible to various modifications and alternative forms,

specific embodiments thereof are shown by way of example in the drawings and may

Atty. Dkt. No. 36197200-550/P2383PCT Page 8 Baker & McKenzie LLP
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DETAI LED DESCRI PTI ON QF THE PREFERRED EMBODI MENTS As
used herein, the term"actual defects" refers to

waewgabedsef ect s det ected on a waf er. Ther ef or ePCT/E82008/073706

term"actual defects" does not refer to actual defects

that may be present on a wafer but have not been

detected on the wafer As used herein, the term"wafer"
hgf?e@r?f)@h%f%ri’é@f B0 SeRSLLR ?ﬁl&% AbBI0QEa18. 1t should be understood,
sem conduct or or non-sem conductor material. Exanples
hofvesercthaaths elmdvaiopdarct datailed desmpsientleoridact rax intetdeditalimit the

.include, but ar ot linmt t o, nocrystalline .
imyorfigR i thgapTicy Areediidecdahm Wﬁ@%ﬂﬂﬁ&ﬁ@é’%ﬂf&“%&éﬂ cover all
RURALARKE SqURKICRR HOMDALY S OHAe 3P REEERP Rpk BF the

sem conductor fabrication tacilities. A warer may
prevehilidecoive ae defimdeyy thy epenfied alednsupon a substrate.

For exanpl e, such layers may include, but are not
limted to, a resist, a dielectric material, a

co Edﬁgﬁigmﬁbﬁsic%?ﬁ@ AISPAECERE HERMED TNIBURIMENTS
Fayers - are RNown T the

art, and the termwafer as used herein is intended to
enconpass waf er includin |1, types of ch |ayers.

One. dFS 7 BTy B | OR SIS 67 t%@}ﬂéﬁéﬁ%&ﬁﬂ@%& ona
vg{feru RIS NBE terfOFack &y EedRbeler aétﬁeﬁﬁé%ts@%&t may be

urality of dies, eac avi ng repeatabl e patterne
pieatiumes wafeobuatdtave noeinen gdeeced shiig: whfesuch | ayers of

mat er | al y ultimately result in conpleted devices.

Many ‘4 seR P {Hgean o algE s e GERTSH Shialp Srard of
s%gc%HHﬁc?m(dr%%%—s@co%ﬁu&&‘{ RN BMM& of sAh LGS ffulor or
waier as used herein is intended to enconpass a wafer
non-sefhic@hdanyr mypaaldhcldéy ibaeark mowimitad td)emcmbtrysiallimeisigon,

fabricated. Al though enbodi nents are described herein
& @ré@bg% ng iy phesphide. jSuch gulsirates gy feggpmpgidy found and/or

iR QA0 %ﬁ&%%ﬁaﬁﬂﬁgfg%ﬁ E{ees_an ot her speci men such

as a ret commonly referred to
as a Amaaker araydngibdd @reslimorbnerdiofrhet epin 4 yuybesatdl Fyr example,
Dkt No. 561972%573- 55(VP2383PCT Page .9 Baker & MKenzic ,
sperplaxsrepis/inalpde b3t e et limged (9. @ osiyter WRlSHRIC matepad. a conductive
. the. ter " Gl gt "
oliiod S8 A PRI LA Hany, ¢ BRI (R such Jayers e know
idtHe dry ped thefterhetvafel asuded diarein i3 ihfeedal tb.endathpdsa g wadsy ihduding
the drawings, it is noted that the figures are not
adl/tERes of SudclaYEs- I n particular, the scale of some of
t he ' | t 0
emphatiE ok e hyclsiOmhd AL Fpict ol SR pel R A0 A Bl For
eRatipld, 4 hafer nhig ihdlgdy ®pluadly nDilicdreavinhdving fe@caalste patterned

scale. Elenents_shown in nore than one figure that may .
fepdurgs. n§ prapatipn and processing of such layers of material may ultimately result in

completed devices. Many different types of devices such as integrated circuits (ICs) may
be formed on a wafer, and the term wafer as used herein is intended to encompass a wafer
on which any type of device known in the art is being fabricated.

Although embodiments are described herein with respect to wafers, it 1s to be
understood that the embodiments may be used for another specimen such as a reticle,

which may also be commonly referred to as a mask or a photomask. Many different types

Atty. Dkt No. 536197200-550/P2383PCT Page 9 Baker & McKenzie LLP
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configured have been indicated using the sane
reference nunerals. In general, the enbodi nents
waele®enedsssl herein relate to differentiati ng beP@EES2008/073706
potentially systematic defects and potentially random
defects. "Potentially systematic defects" are defined
herein as actual defects in a group of def ects (or a
t l; I n: € »
o B B Rk et by 0P gt e sl
h@emupe oonidad [rSerszxoﬁtpeamﬂk tgpeheffeeﬂﬁesrlmmbﬁn ¢lendri.r med or

determ ned nore definitely usin e Or nore o
ot hOBEIEIGY (© e g i ey F Thepec TSy qrgn?réﬂmo scale. In

P8 i A ASTPRL LR S B BBk R
eﬁpﬁ&iﬁe&:ha&c'&ﬁ&ﬁseﬁ thecclayiattenhts dsaedted thst (lmlﬁgumsgme not drawn

whet her or not the group contalns random def ect s,
(i 6BRF PiRa - lSmepla SRIHR HedOTerNa st e 1o mEd i P

cé&r;ﬂ\ﬁ'&ge Fe Beed Bl oglh Egi[] %g‘tfézreﬁe?e&e nufiefRCt

conpit @d’ne'raﬁfnhe Biﬁhb@dleﬁﬁtdaﬁdxbfed heeireatdny difsentiaing between
groups of randomy generated defectg for

p@‘éﬂféf?flh‘i ppiagalie d@ﬁe% Bad patenfellyapndest defpds. a?‘%ﬁen‘flaﬂy systematic
N I t:
IR el e L
tonafnefin sy sterpd@ictde€ackeds, oppbedac ramlbrmdeffacnt &Glthayghbehether or not the

detected on a patterned wafer sucg tgat t he defeﬁg§. .
2EOHR CHBLAHY St R AAer oAy 88 F@rhﬁra@ Qe Seierpad piare Aglitely using

ogseére {)11’6 o-m& r@&flocﬁf(ag %9% I%(ne. e e)ﬁtlglsyggd'ng%ﬁ%efecﬁs” are

€ use€ e erm e I gro act ual

d@iﬁfeﬂ(}iﬁ:ﬁelﬁﬁﬁa@ﬁﬂi eofecrlih ¥ gsytst(ermabing thdefsddtedy @reontain random
potentially random defects as descrlgqu further

defertarnoPRasch i DEEmatF defere (Ydough WEBEPST it heasigyRfgpains
a%gi{)ﬁmr%tfeec? ﬁlgf 8 ESneTRed e d%%%nle&] nem?pé JERES nnner using one or

ern1n|ng I'f act ua ects are
ni¥R¢ ekt ﬁbih}édﬂesg. edwtdt esvikefect s or pot ent | al ly random
defects described further herein. The i.ncl udes
r and&ﬂ@yl@@ﬁ@fl% Feﬁ@te%tosae‘fowut‘ﬁéfr@é@%e% ‘?’Pé f@rﬁreaﬁng a set of

gléo%gggf %ga?z%ﬁfegeigra% (?erf%?s 1%9{1 eenc‘l%{é ﬂgnéﬁ” Ig?%fs%%@@tﬁ&i%fects

a portion o anpl e

afc®t&Rialloky éﬂ@ﬁﬁ&tc&fmorhﬁtdnaﬁﬂpfﬁnﬁom%&c&i ébheantitahdefects are
desi gn representln% the Atty

deis !9 Pe@Ocd HO/APYHE3 FEPapisylar. Te aau@ rdE’@CF@ER@h%%etﬂ?ﬂ ona
p'?\% C%\fw fil ? §%§at]tflg] &?&% ga% HO Xéﬁﬂ&% EﬁlfSCC% &?dé’@énee[s deberfbed further

area o

hfRER emeeyé) of droupdufSamiunie gendrhed dafede mhay tgaen;edi at élermine if
defects may be generated with substantially the S(PE
graipe of agted skefeptsse poientipdly systematiedelegis or lpfﬁefar?ély random defects as

dﬁ,ﬁ:@%gc!l F% 6910 éa&%ﬁ %é &}gﬁ% EI%EI?? Bi;l%gd(g‘ﬁ% hSrated defects

Phdes ran ener at’i ng e“se usi ng
nflyGehasd irﬁelﬁbdﬂﬂhaﬁtb oNmetods for derthatih®if attyalk ddfscts are potentially

nondeterm ni stic in sone manner, as opposed to being
systematic defects or potentially random defects described further herein.
The method includes randomly generating a set of defects at different locations
across an area corresponding to an inspected area of at least a portion of a wafer. For

example, the set of defects may be randomly generated on the design representing the

Atty, Dkt. Ne. 56197200-536/P2383PCT Page 10 Baker & McKenzic LLP
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deterministic). For exanple, the randomy generated
defects may be sinul ated using any appropriate

wee@eh2asss ¢ si mul ati on net hod, system al gori t Pe/US2008/073706

techni que, etc. (e.g., Monte Carlo sinulation). In
this manner, the set of randomy generated defects may
include truly randomy generated defects. In another
FSEE’% F AR Y 98GR drBEorSBlic Rnul@ELSE e inspected
Hﬁﬁai es r%ﬁdon1y 5gheratﬁﬁgcthe efecf% éltulocatlohsp >
Ir&lhim@ﬂﬁr |the azngonnty gaeossl ddietiamnanbe pareraxdwph spbstangially the

be oriented in a regqul ar rld acr os
saa%éefeqtﬁieaﬂwa@édh% ferrd detpati Ineive en}ba %@ﬁ@w@?%ﬂﬂg the
%%? aSfekis %ch?c?e SHiRnlly Eﬂégﬁﬁlgrtﬁélgé? Tk Y1988 ﬁElﬁé 'Sﬂ?)ghatsh@ simulation
ects at catlons aV|ng a substantially uniform
(@@Shﬁﬁmﬁmhmmﬁa&n@ﬁ&&hh&nﬂmeaSmﬁRamdmmi&S@gﬂ&ﬂﬁbéﬁﬂ@
defects oriented in_a regular grid al so have

deigrRiniHE). Ay empohfmiOnty BeRT YR delfgs s Sa?%la*eji using any
]%ﬁ} @R{f@ sRUERHE W mgzllxtmg]%&ho& %PQEQIW N O&ME] ?échﬂﬁué he:.$&L., Monte
efects may iInc e renoving ac uaI defect’s
Cdeb epdatidny. Imshpeathn, thé sa of apdombngacvmdddeléatomay include

i nspection results and replacing the actual defects
byt gl dsnsratsdnisfestSed defects so that the randony

genef@%%%eg%ﬁﬁﬁiﬁm% %aﬁ&bt?ﬁg%@ﬁeﬁ%ﬁ thi Qb @F1aF¥ts includes randomly
distri across the are spectl on results
glmyatinpahe defeanyt lapgionpriratgediing geidticanss thesuda 3 os exdmpls, the

a KLARF, and the random y gener ted set of defects tﬁﬁy
d@fgctg;myet@ qrignig dpﬁg@g{%tgrplch)sg egarea n gneddingpgl embodiment,

ranéﬁgr’f% gél% ?‘m% tﬂ@ ée@'&;g g%flgcgt ) aHH@E andi D S)e Eaéintgl?ﬁe defects at

Edc@ﬁeﬁstl&vfﬂgfa s[u@ﬁd@tﬁalljfeirefbm di)smrlbxh&)nl @;&sa tfwfard%ah e(R\aaCE(enIy

shoul d I ook like. One exanple of [ ectlon re ultsf

ggeneieddelgctByripHep Eta reéﬁlaégﬂg g AEO e & St hEPIRR,
Y198 C

R B SR g T s e

ddRcemgi iacistiasdoving asmﬂl tisfegﬁ mlereaiteé (’tby h)z)spbﬁsme:dtal m}ger an a wafer

65 nm pol ysilicon_ | ayej a waf e | ar

fippingBFCsRp RS Ul toant 18 fﬂéﬁhf‘a%qﬂﬁ?éﬁe{?étﬁé@ffbfaﬂ H %—?@?fé’l&?d Gefects
swﬂ} letrﬁspdo?nl? gﬁerg@dggﬁc‘@%é’ lsﬂgﬁ %)J ﬁﬁﬁ?mayﬁgﬂr@héd across the

one ano I e stac e stacKi ng resul

afeay The igpoaicntresls rﬂna@/r}yiclsde ﬁ@bdt@reﬁ}ﬁramemspefhen i@sARFSLbe fas a
Att> Dk! No 56 197200-550/ PZBC&%(?PCT Pa%e 11 Baker
Mﬁﬁné ﬂnwnﬁpzreb'l\mg Aty 56! dedi s M b4 Borgdn aaiéﬁerem file (e.g.,

é}o heer 19t Igﬁr\ﬁﬁ ;@K&Q%H‘B&r r’{%&%f d JRAKY g\t?e?atyc? gge &Qy essentially

at’e ano for ra gen rated efects

bBY: shgByi ¢TovRAD @es&ﬁi filrartiefreddfeciclen ewtlegbrby tieheafer should look
i nspection fromdie map 10 and repl aci ng the actual
lijefects with randomy generated defects so that the

rand ?Zme ex%%ﬂlee oaftn%%e&% &Eﬁtsﬂeﬁeﬁ%ﬁ%&qggﬂe@%ﬁ/ 01“291'@8@?11 Mwafer

that may be used to randomly generate the set of defects is shown in Fig. 1. In particular,
Fig. 1 shows die map 10 of die stacking results generated by inspecting a 65 nm
polysilicon layer of a wafer. In particular, die map 10 shows locations of actual defects
12 detected in multiple dies on the polysilicon layer overlaid with one another by die

stacking, Die stacking results may be generated in any suitable manner. The KLARF for

Atty. Dkt. No. 56197200-550/P2383PCT Page 11 Baker & McKenzie LLP
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di stributed across the area. In particular, die map 10
was used to generate die map 14 shown in Fig. 2 that

W@ h@e2d3seat i ons of random y generated def ect SPABUS2008/073706

across the area. Randomy generated defects 16 include
10, 000 defects arranged in a 100 defect x 100 defect
grid (or two-dinmensional array) across the area of the
ag 19%59 o ﬁﬂ%ﬁl(ﬂe@f@ bO@Eeﬂé&@ PRE ARG, dRF RS B0 4fls Qs(?:tdrio generate
KLARFs can be bi nned based on design as describ
ahothehieL ARErfer rapdamly gdneratvdrdoéacss tyfremot nglthamdual dnﬁouﬂdytected
ener at ed def ect.s |n orres ondi n ca
gélr-ﬁpla RefaR FgERF msRd O F A e g Rl st Hﬁ Fndoply
BRG0P 9&3 I?a‘é Eﬂé%n&!ﬁh?g §er£at@& ld&@@t% aRAL 8k tﬁillé%mformly
systenatlc ects or poteéenti al randon1de ect
dtshmitsatevbamess thd drea.r bsparticilanf did mapgrﬁ} basedd gr gupiangdif arap 14

SEoHba B8 Dl ﬁ@%%ﬂaf%l??gé’%%%a BRSTEnEage B Higeiass e are
R%&’&Hﬁa% %tglﬁggetc%ei gfﬁﬁ%%%iée gt?lbg'f etBQy ﬁxgéﬂr%%ge a 100 defect x 100

syste y ra ects.
défact gre:r(oe roodimentonal arago r:r¢r5pssghe1 ercabf tig diden ﬂmtla}&{r ef 1he wafer.
perforned such t a freq ency . of t

defec t

r andg fé@ﬁéﬁ* padldREt e *qum@é?@waé? eSS Sribed further
i 8@%?%2’%%’%"8%?‘*%%%‘% R ARG Sl MR IR L P Biaine
ggeperat mcdﬁfm & dencrémd Hux@lﬁerﬁlh&ngroo:lmmwuﬁsscht dreup of actual

ar ea., Fo exa the defects may be

5«% s @9@%13@&3& YSERRF &ﬁé&ﬁm pa@%@&%ﬁ%ﬁ%@% In this
”%%%&?13 EE Y S E T o BB T AR UYICEHAR ok gencrated
dsfeety oiayrtesowipbhledronteode by groupAlatik oridgdiemane draroups of actual

CigHs HAINAS ROHET gL BN Clerasis TS B ERIPR efrets.
desi gn, }c}ﬂ‘ﬁl Pgﬁ@oc!lﬂf%gp %@E@)‘P{g&e t ﬂé thds @ SP&E ts Reperfonned such
detected In the struétur manner,

tHaos frieqinsicp bf tHeaactkenlg Rehdrated dpfee@rin amhasfshd gIEupﬁlfs app@kimately
a higher frequency, nore defects may be randonly

cqph T atTedrenRLPERY Pheiner U S0 RTAXFTH PrdosalifpRe! the randomy
gé%?@@&ﬁ&@&?ﬁ} ch Bﬂhe éfllgﬁgeagga%g ﬁféta?%ﬁ %r%ﬁmgﬁ{%"&; %e{/ects may be

er ent por Ions of

ragdoeiag@draiel ech sharehe rﬁmlbrbllytgeﬁ&tb&ﬂaiﬂfdcal Haye & i@ qsane that is
distribution across a wafer as the distribution of

ARPESTIFIRILY P! trothe s3PcHe iggencst dlerrdsyn Befeets for certain structures

wﬁgg{ tgéé é nﬂgfl&%hqh c{o[enla B%&t?\ﬁ ty¥an fﬁW&l‘t g/eifrﬁ%a'\énéé\ﬁ?fer the
mﬂ?&ﬂ&rtﬁﬁﬂf/ 9@‘98818 Raktitageppkdr Make deterMhkemntt @aridbﬁ’; defects will in

NYCDWVS/! 097436 11 n sone_enbodi nents, the inspected
elieen befegeter andie sirHetupssr {5 Bis managicfopapiions ef the design that

agtiRBf #Mee{vgfef% %nfgég;uk &%g%gefﬁ{t E}g@%xfuognl? Yeneraed

thdabe Geserd@pradmideht aubdegeheiding defatts dlheft herantdetected on a

| ocat ions acr 0SS an
wafer in different portions of the design. As such, randomly generated defects may

exhibit substantially the same distribution across a wafer as the distribution of design
clips across the wafer thereby better approximating the distribution of random defects that

may actually be detected on the wafer.
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area corresponding to the inspected area of the entire
waf er. Instead, the randomy generated defects nay be
w@emenza3ssl for only a portion of the entire i NnBEEUS®AS/073706

area of the wafer (e.g., an inspected area of a die on
the wafer), and the nunbers of the randomy generated
defects in each of the groups nmay be nornalized as

descr,i bed further hepei I :
act udr s bh flepBePERN LR LR e AL btk Hor it Qher s

appRairgdtelyRQuab ar inshfiged@ed bindiebontiewsiat.i mahisnspeet, e
area for which the randomy generated defects wer

rgyeloariacertratah defeeie depet haveiip %é@teéﬂecb@té%ff%ffmttlﬁ@iaﬁ% ggross an
In additiqn, .instead of randon y.aen tin mlv
it BEE il B s af A R HUBEREE, IR ThE b

cdRNekaleRk BGASHE @ielaRETBEHEd abRBONAS the ehtiee nvficedd dr& of the
equi val ent to sinulating across the wafer and then

veaterdRigngntitrpeeted aise 6) a dEumithe Ptk and e nuggemaiyhe randomly

ener at.ed defec unt an nor ' . .
oHE0 GT S A PL SR T B PHa s AR R AP by B
pARighAAhateisl nuRdetdesnbil Aofetg deleeted abrosf the @ndierthspected area of the

generated defects into groups such that a portion of a

vadsi the portiand thiagrdire pspsdterbarena fos dii¢hoths ragrdomby generated defects

random ener,at ed def ec in h of the PS..J
SR B R B ORISR ot A ey IadlRPhrslela of
rA{dRHs cerdthe detideiaidtoss arnesfal, ad debpadfsctcnny 8spaddmly
to a different portion of the design, and the randomy

sgemetcd berdschef iosnestedaresandla ¢ (witieh Gresupgloat © Jipalatiag across the

r.oxi nat e substapti.ally the,sane rtiaon_ of '
BT SRR PP ATaRPE b EORE] shBFu P RIER couns
cBEPARANRE ZE Mo SERURIcRRRAIeORt BRMI §HddsCribed fUBBST Igein.
clip). Binning the set of randonly generated defects

i nt o Thhenaghawlgds rakides binnige shagst abipndempeganeiatasiledests into

descri bed in commonly owned,U. S, Patent l.icatiQn
oEEPF S st s R e o iar BB IoRR b B rapgomiy
gbhePatelab et iAPRhIF ald @Bté[%l@ kitssgdnitiany e.sagROT thldeariRr, each of
on July 5, 2007 and 11/561 ,659 Zafar et al. published

thasgrols. of g mndorabpteneatddole faRttiarsapdng tnw different portion of the
2007/ 0288219, on Decenper, 13 2007 h of ' re .

AN BRI Eo T CIU6 B SRSt ST i ol Fronima

shBEREHRY BleQ@HmBYroFRineIfeRECEesas, | As udh| e s@idofdy béherated defects
herei n.” The enbodi nents descri bed herein may I nclude

mampestepiisy ingd ganys hescl od(dsyigdésex dpegn ¢iip)t Beyungphrentof
| i cati ty. Dkt,. No 56S9720G; 55G P2383PCT P

r B BB AT i s DGR DS T4 TP e

dEd4rbhem doRGhaSDwWAed er & Mitd A?)ﬁnmrse@ﬂ‘az NB& nassd orElsyby

generated defects in each of the grou?s.'The nunbers
Kotkartiet plapuolishyd gehidt. Ratwdt dppletioniPublitasiogMeups0tans g9 on

J @? gE g@{%? ealtdol I%’ &?6‘"35" 9SZa(%ef1r e%%}. %%Lli&l%é S8 tUS.S.i Bhtéh? wp%ﬁgﬁﬂ)%i Plblication
No. 2007/0288219 on December 13, 2007, both of which were filed on November 20,
2006, and both of which are incorporated by reference as if fully set forth herein. The
embodiments described herein may include any step(s) of any method(s) described in

these patent applications.
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determne if the actual defects in the corresponding
groups are potentially systematic 5 defects or

wW@oioenrddss | y random def ects. The nunbers (e. g.PCT/H82008/073706

defect counts) of the randomly generated defects in

the groups can be determ ned in any suitable manner.

The nunbers of the randomy generated defects in the
grou e%ﬁ@h?cﬁth%@?ﬂﬁﬁ%&t & téxprﬁniﬂg IRGRBeOdf té@?an@&trﬁ}'a%enerated
defects 1'n e corresponJ?ng groups accordi ng to "any
defectdia cabethepriugs. deEscmirieds b&therandomty gadiatddodefects in the
determning if the actual defects in the groups are |o

goorseen BF Fomayred enanmier gk astad defecty it @ﬁqsg?ﬂ%n% SRUSH
d%geﬁ"nx%?nte.sif %){EECRSI @eg':éétg frﬁﬁg c Y g?nc?ﬁ%érg)?rgéo i ﬁg%tnégl@ systematic

arison according to a
Reserdrpedntieheiandohnlefos. dibodinient(e.gt, e daichoalints) of the
i ncludes generating a Pareto chart far the set,

) f
rangoadrzgngand daleels Ty e eseups o pe detergaghinsay Stigahlgmapner. The

e e [ -0f K
RSB LR LR PR o D AR SRATB R b
of eelcllat defdek &Cth cofresbondiaf gedups bbimirdiag e anyi @nheembetiments
regular grid across the area), For exanple, the set of
desaritpedrhgrege arddidion ctearaingdyheactil deisqisitthy groups are
di ff.exent. ar S . ' ' '
eSS AP LA Bl S IR R o
r&RNe baiR dofPhriidherce@tingfio kan ddik ¥ e it edbsciébeeldtesein.

using results of the binning. As such, all of the
def edn on¢ pmbedimene thermethed Hichidss eicratingd Hagta chyt for the set of

roxi,mate to,t sane. . (or Lald vt :
B RGP OGP e SgP B0 L LRl g o
thd@nd @R UthyraganRFRt Qi sefea tlefeinid.d4., slovaridoemingedvestsd defects or
of defects binned into different groups, each of mhic?

defseissha orrmiangedanairegwireaid Jssessitlrered). (e xBaRlgrihe exi@
e R L e

dogpetiatied dbaiibad s@thePhere N BT Pagenanated, befeetased for the set of
shows the GDS 5 pattern gro%p ID along the x axis and .
rariende pesratebdefectangng reshs ¢f the pinnings Ayerh. alhe thafelees in any

cha raphicably i]l .at es
off Ahbs B8 VGl ox Yo RO R s BT o Rlar BN S M Same)
pYRIoBILFEIRS ABRPO MthSrdfdre Athel Phicer eakt fopiteiramionily tloser@O defects will
pattern. In this manner, the nunbers of the random

' . 3 , y
seren HreatetbegedlalsfestshignahatadifBens gppy fachaed which corrésponds to a

fects in [ respondi ng groups can be conpared as
difisg Wngméﬁ%$§?%W%rein by 0 conparing the Pareto

char Pk embbiEnGe bl afchtdraréarbaRisyshgenehn #ed. deheaicslat,ais shown
a Pareto chart Atty Dkt No 561972G0 550/ P2383PCT Page

i HigBakePargo Nbie aeiasattd forpyseDmendglyazserpiegrdefiges shows the GDS

tual defects..ln parti.cular i e.Pareto
PR B SRR R REATHL B PP B2 s e
Pacid@artd@i@6da3ly i NudFQuRBe HtaberRAefebR&ISRIENGRRACh of the different
pattern group FD, )
groups, each of which corresponds to a different portion of the GDS pattern. In this
manner, the numbers of the randomly generated defects and the numbers of the actual

defects in corresponding groups can be compared as described further herein by

comparing the Pareto chart for the set of the randomly generated defects to a Pareto chart

Atty. DKt No. 56197200-350/P2383PCT Page 14 Baker & McKenzie LLP
NYCDMS/1097436.1



10

20

25

and therefore are correspondi ng groups, may be
conpared. Multiple runs of randomy generating the set

wo@Roodetest s may be perforned to provide for a P@F/ES2008/073706

statistically significant approximtion of the total
random di stribution froma limted sanple. For exanple

in one embodinment, the method is perfornmed nore than

BPgR akﬁlaﬁgéf@df | ppaRsdidr nggg thBPIRES Shab@r mnitS éi%ﬁc!btmly

set of randonl’y denerate efects. The method may be
paefaetdnied: oo et:hahdezfnccmusgrohpstthathadt fHeesrmatGI3R patteof group 1D,

r ngon%y generated defects be separately randomy
%’@ﬁ TatPedT e ERERSPER WE&WPH‘E%W CYRRECDf the randonly
ge”errﬁbﬁgal JRIEGE FanldBRh1 Rbg‘e E%Bﬂgfﬂey 5 OSNRE RS ad Heh n];ned to

same or fferent man according to a
prbeide lﬁdn'caimmrﬂtaslsd&ébfrm edcdnesgiroyimalibe ofdhel Itmtabflaadiom distribution

u rs for t ifferent,K set of the rapndomy .
‘%@éﬂ@?a%qsi B ﬁvrﬁém@ S SRR LBy me%dtl%p%ﬁaymed more
tﬁ%ﬂe B:gh% &S ﬁp@% '&Héltxgﬁacl%hﬁ%‘% Hes ﬁffféren-{@@( of rated

|t|ona nunmbers can be conpared to the nu
dﬂhdméﬁanhuhMide&ée@&ﬂbmmﬂhﬁomomﬁasmeBdﬂﬁ@%@hﬁb@stﬁUHﬁ

rgg o mggggg%étdg%g%%& ess;jgggrgﬁa&? yag gcafgp e&eglg;ar %N %Ql(lj IOP t%e different
%ﬁcﬁ@ﬁé %Hé/mf ?ﬂ%e‘é?ﬂa?&% ) Tg@raﬂﬁmg (rﬁlgfefd i %he same or

erent se he ran Yy gener ects In
differegr mmmerx:@rg Lecedingao (ady tbthe kenbodimert sdwtritiddeherein). The

tual, def ect he corre ondi hg ,gr oups cor di ng

itiogl R e g ﬁ%fgif tiishi st aEe rrnssen iR apreried ygfects may be
RS hec ARNG LY Bk lnfoBEi AR s ARUGRHn | hd Mfinbers and the
correspondi ng groups are potentially systenmatic
addfteatisnumibepotariel miparadan denmdefeecs Stheraytuiialefrerd ianied

based qon the conparison to the n ers for the
GFFESRANENE e BrcleHRS A Yo @@H%‘r%#%&ﬁ igdheedrespendipggiayps are

R Bl AR, L B BETTE e SRS
diffedentdersopfrtes tintiemfsyr gﬁmmﬂdtdepﬁdces isehsgolps @andendoynpared to the

geqsrated defects to determ ne the confidence interval
e tBpasital delesiidn tsi gprrempandinggrpiRietie dingtte apypt the

n
e%i%gﬁﬁ%ﬂéi e R Sl Tl ot BB he
dohegsinding greurs.are potentasly postemnntiadidfycts yspemiaile raufdom defects

count i grggter t han 90% confi dence_interval_ woul
PHAPCRE a3eHio8 hareTBparisphE the RUBRFS @reﬁhéldgfqrwg sets of

cﬁ)?aigg¥nt9§teﬁ e'tcﬁtgb(?ogé] E% nﬁg %ﬁ("ﬁltﬁg I%‘lBOélHR:E’l%VCE (Ern)%d herein. In

nce t y ‘gener ated popula

sb&ﬁrsasleﬂhbodihﬁnapﬂw atetip@puhalnchide sl%ltltst)caﬂbitcoﬁ@mmg results from
S6! 97200- S50 P2383PCr Page 15 Baker & McKeiuie LLP
Bpivset ob onlenly gencawed Aelects odrisrming thecpalidaace dyerval for the

I |
SRy DRSNS SE LD A s s
géi&fnehm $ @nchtialie speénaek or could be used to set a threshold (e.g., bin as
potentially systematic if count is greater than 90% confidence interval would indicate). In
this manner, the randomly generating step may be statistically repeated to improve the

confidence that the randomly generated population represents the actual population.
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i ncl udes using the additional nunbers to validate the
randomy generating step (in which the first set of

WO 2000024358 gener at ed def ects was generat ed). FoPCT/US2008/073706

exanpl e, the set of randomy generated defects (and

the random Pareto chart) can be generated nultiple

times to validate the stability of the random zati on
Proces %notflé} Moﬁlrﬁnﬁ!t,atﬁe n{eg‘ﬁv{ir{??a%}ﬂgmﬁl&g %H&ﬁ Ioh&f R termine
nore than once such that different sets of randomy
agéinenadtnechbdnffecs differant sepdrakiohyy pardord defgenandtiednethod
In this, enbodj nment, each of aiige different sets of t

h ,
inchys HPIPE dRsstdaitral BERREEY © YalARF SRR Y BRETB g Step fin hich
I o
GERS] 45 R SRR TIN5 ey S5 G o
radohay gedeoated Befeds (dhdtientand@h Pofetd theart) amdbaggnerated multiple

generated defects, may, be deternmined accqrding to _an
(e nBallRESlF HERRSY BUSE FIS B AIPR PFRCCVal T AR HgE (Fromethod may

br% @ﬁg&%@ﬁ Ig&%%ﬁeglt ég{&? fsﬁéhetﬂaﬂ@?fexieﬁﬁe't’sdtﬁ r%garﬁﬁ?9 ig@ﬁkr&t@@ defects are

ers for t erent sets of ran ener at ed
séleiaely Sandbhey pemdaed nahistehsodinidnereac oSt difbdfrertisets of the
random y generated, defects in_ the grou

. b
rRsiRpYY seneiHchdrans Pé?feﬁbbgﬁn@fgg]iyﬁeg%@%?dﬁ? ﬁ% S@gle ARG (e.2.
{0 BB b o ES R REINEIEh Rty TARE halona) pupbers for he

defetreqirbniige iahdoib geusherdsdefats mhebdiditmrient aetdngfo any of the
random y generated defects are simlar enough to be, fud
epdpdingatsedesaibedibstain oV pidating thepspdomiyisspapHng gep may jaetude
nunber s, ar I ' Th
PR a3 s BIRED L D SrRORS kit s T
naRPERAGH it diffmanetts of e renhodly wendrsted tlefebis imtelypdups can be
descri bed above may include any other ster(s) of ansy bed
compaied e eHESHISY)Y grade Proeercawhing 19.any of thegirpfasimentp describe
enbodi S _Of ' v 1 determining if
TR o AR By el P IR R R ARG LS dcteminin

tnainkiess erediifferit ool @trasddntly gesanpdidefecisnpd enmelat edbugh to be
nmet hod for creating a nornmal i,ze%éset of groups,

of
cpemdsed Satisivellathegamer Detesmimne gl RHnbRaY @Rl gppeh to be

corre I, t jally

b E it B S S R e g
met hque iepdbaidasitdetirs Metodgleseribotl aboveumipeinchide ahy other step(s) of
actual defects detected on a_layer of

vaf . Th
ame pibal mEOAED SescrbsdbRIEn; AN fIiTBY CmpoRIBIenIS AL H s meihpd

85 A MRS AR CE e k.
i NS PeGiotHR cfBEdintcat felatédty aSdointpaldrémphunnertedontthod fa creating a

det er m ni 2)% the total nunber. The actual deffcts_rr,ay,
npredlirgé seleff @equps @b randomly eemtechdatecipfor gse Hy dderayng if

wafer. ..In iti - 3 tall
L e o
rAfRIbROgEfEmY, Dife BMod diclides ldugentheigectotd) guirtber aCdlliadtual defects
defects on the layer of the wafer, )
detected on a layer of a wafer, The actual defects included in the total number preferably
do not include nuisance defects. In particular, nuisance defects are preferably removed

from inspection results in any suitable manner prior to determining the total number, The

actual defects may include defects detected on a layer of a patterned wafer. In addition,
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as described further herein. Furthernore, the nethod
may or may not include renoving the nui sance defects

WO e@ni02d388 i nspection results (e.g., if the wafRCT/US2008/073706

i nspected by another nethod, that nethod may i ncl ude

renovi ng the nui sance defects fromthe inspection

results and therefore the nui sance defects woul d not

. \V/ . .

HEHRUAS B STRL)AAR SRR BRSEL AR GEH| B b vt

a9 dekeibed furdlel hatint Hardetmomt, thefetivd ndetee ctadioo mcittle removing

| ayer may be perfornmed in any suit a%ﬁe mapner. The

thebernca et Aomthe snsper i TEHINGS- Ru HORT B2IST I amReGH py another
- | o .

AEPELALRS AL, LR ONbnl BeUINR bl B il

rednib and derdbile thd niibecadtfeat wibefdait dadetodetredoond frive the

wafer. A portion of a desi on the_wafer proxi

) gn h f Xi mgt e

inpegargirstlsrytthemedings ﬁavsyrlg%@r%mé dDEERETE P o] apimber of all
r

IR BT S5 I S T B o

( e. g.Thebyetbebalgnineludpy norand zinh eumbebiexf rofdotrhe germnadeddigfects in

generated defects in each of the gropups nmay be
cesPRS keI AL I A6ivat GHIGHS iy ARBEPP GG S gstkest Lo total
£ (A e
SHERSEN A5G SRRk RAGT ] i on
vgerpesfiofareidcdtionany ths whridollle gomonmed défecty in eavhlof itpl growmg is

t he nunber of randonly generated defec in each gr .
spystasiby fhscrse. docrefre: PrEmdorh s Jei A @5%%8 Y design

0 S P PR s fp o

gelRipe ety abeatieadd basddn wal auhberiifectual ddfequiddierteddn the wafer.
actual defects detected on the wafer_ nay vary

Cross
Neameligng thermbea pf (recandgmly gererated defertatn & Oifﬁﬂeog%e%grmay be

re pr.Q b
g0 G BERE RIS i EF T ok PG IR B RGNy Efrarca
dBRENRER badhnNGodhey sumbektodko tHie tHeaodbninybgeiesaipedy generated
defects in each of the groups may increase the
daleeigrimel ofihergrodnsdhaysedmeicly Pqual isthe fefal runeRer of pgug glgfects
be di.fferentiated frompotentially random defects as
datg%tggf)ggﬂcf: ‘Pg‘ﬁr E}her herein. In addition, normalizing the

nunbahe eftalthienteantdanmiyl dgiosrdatecddeftbe hafdrmayachy adross wafers
t he groups based on the total nunmber of actual gef ecths )
derenasicelé(cah. GHRIO JRUBHPINAR BRC PHBPEAYRLCSEIAISE 10 fabrjeabs the wafers
t he set . r e e :
b e AU SRR RE] o St 08 By o
tharhgddinWdeheraet alefeesl iy ehdhglt the gronpsnay égaet desacofiratsheith
actual defectivity of different wafer '

[ ) ‘Zé’ln addj t.i on, def

whishrsitgntialy sy iensitsrdséecioranrberthidpieptigfeh Spa Rejeryigt iy gpnglom defects

i n ea 0 . : |
o 6950 Pbuty oo iR iyt i il Beaumber o prndomiy
generated defects in each of the groups based on the total number of actual defects
detected on any given wafer increases the utility of the set of randomly generated defects
(e.g., one set of randomly generated defects can be used for multiple wafers with
relatively high accuracy regardless of the actual defectivity of different wafers). In

addition, normalizing the number of randomly generated defects in each of the groups to
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NYCDMVS/ 1097436 ldefect density allows data to be
conpared frominspection recipe to inspection recipe

WO a00902ss5&ame devi ce. Such normali zi ng may be PCT/US2008/073706
particul arly advantageous for nonitoring. The
normal i zed nunbers of the randonmly generated defects
in the groups can be conpared to nunbers of the actua
PR B AUl R D 0 PO b S TRelin recipe for
tipodaatetdealdey Sayls hemadliztigdedyead Sirdrulpbt eivhntagdops f@mdarioring.
defects. The normalized numbers of the rand

generldf #gUIHRZEE NEmpbRIsoh hegBiAsaly caRcTRiEd ésﬁ%f,%,gi%\éﬁggotfm§an be
cgfﬁgpr%ﬁ 7 Qum[‘n.ﬂ‘g o?ﬁatelé@{uapggfﬁgg gm thf c&@c%g&ﬁfiﬁ? %ﬁgﬁﬂion&temine if the
escr

accor to an ment s erelrn

c'é'hespbﬁﬁlug tosouph oS ti&facﬁxah@ﬂbctts alemtm;&alhesytsmchnh (alefects or potentially
deternine if the correspondlgﬂhgrou ps. of the actual
repsiosrdefeds. e Nporampaliard gunaRest el randgedeegnsraisd deficts in the

R R R ———
ab@irfiag (¢l escémbaiimahevesdibyd hareinu dheasynlto bharchsbapasjons may be

of a t her _met hod(s) descri bed hereln In addltlon
%tOé%ﬁé@ilwﬁt hegprespondmetserngesd i st defscte afpeRpIgEia Iy

gg ?tcn&:q crl)%/ n@{%ﬁ:ﬂ%ﬁ% ?@gﬁﬁ%z@soﬁg&%ﬁﬁgb@%p QhfloBimdNs described

ionar
heRiput er -i npl emented nethod for determning if actua

defects are potentlally igstenatlc defects or
pot erfie &mbpdinang e hihg areleqddesqredabpyamay efcdedesiny ogher step(s) of

aﬁgigﬁgtegigie}}%ggs e%}@gﬁgd hé:r@ P %H%H!}l‘? the E@So«ﬂﬁﬁaﬁﬁ%f tﬂﬁfen%%ﬁ

pattern wafer su

desdrivad aﬁ@feﬁﬁiﬁbdﬁﬁﬁtfcb@e@ boupedf hasederandeesbghhasin.
descri bed further herein. The net hods descri bed herej

may a\d} aetianst emh@dlw)fat rgketesde pIsgMPHET-Haplgaenigd mathed ﬁ
F
ﬁ%Ie'm},I\lﬁI}ﬁer ctuglrde%%? gbi@hﬁaﬁ&g&%ﬁc ggf%&rS OPEU i a{)ﬁ) Igl‘ldom

e I nspecC er using

defteReqthi @Btuﬁﬁddﬁ&fﬂs ar@)d&teetmi oaRdifer. tlﬁqﬁﬂioﬂm the a@ual defects may
scanning the wafer with light, detecting

bs datetier @ afnegaines avafgifsaeh @n@? tha @cwﬁléie&ff&mﬁh ge grgyged based on

det ect i h
LRGeS B BTl BLAR Y DA B BORRY G nchuce
deRsGid e Achar &IfEctiTBY the Redfetd & o egiathpleNGe SRl de@mibed herein may
results from anot her system(e.g., an |n5£$ct|on

zw@deempecamtmevafﬁfetswrwéugable alsmtwadn% ¢ gysiem, ang/or

Eeé:%fng;glte &egg ;ngg‘cz%n%{]ngtt CWR eﬁ (\)Vrl%'l hc%']t c#e?ecﬁg%hgﬁtdgcgt@r%cﬁfrgm the wafer
duahe Ehe%@rﬁhﬁ@taﬁd @eﬂe&@%ﬁ APt 106n BRG B usﬁﬂgeomp‘-ﬁtttasiponswe to the
defects in grou each of the randomy generated

destieddighiin Pétemlwelyp@ﬂ dnailgpdgidseitied hgxi@ﬁsmamnomeweﬁtﬁ@ng
nFsgn%borxﬁ r§31.gfa rﬁ%l cul %ﬂer s?gtel%c(%.%elanqu%&scﬁl s%@%n'}),hzﬁlother method (e.g.,
a method performed to detect defects on the wafer), a storage medium (e.g., a fab
database), ete.

A portion of a design on the wafer proximate a location of each of the actual
defects in a group and each of the randomly generated defects in a corresponding group is

substantially the same. In particular, the actual defects and the randomly generated
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portion of a design proximate to the |ocation of each

of the defects. In this manner, the portion of the

design proximate the | ocations of defects in a group

IR SRR PHOSHAN infl LfubR RAMDCH RurdlflhbleRbasth bh 88 Hon of
gro&psmg actud? d%%g%is corrgspgﬁg toeg?%?erentb notd
dpgiph ponsmetk to te [desiog s cahddhd defeent Inghsupsnef, the portion of the

randomy generated defects correspond to differen
d50RE PEHMEF RhcHELs Gh 3eeis ghe BB SRS Stﬁ'ﬂ@“géﬁ? PR I
. ) e . .

B HEERAR G SRERANISP SrGPEAI Glib ] (IEoh R The design
apd diffoenteiouhef desloghy faneeaned ddfents exranpbdel totdiffereatrpartions of the
“clip" can be generally defined as the area in a

dq@igign around a defect and can be thought of as the

nei g |t I - :

ot { RO BaBinch L FelRlriit of P dfE! LiriepRR S AR0Ben clip. The
tean“qhipl’ tak asddybeesit eafers ey adialielresmill portidhef dkalesign égoht. For
of the groups.may correspond to di fferent paortion of
eRpEPgedF grm i P?ﬂ%b%%@é@?}éﬁﬁe%ﬁ@f £ BRETCHAD £ ﬁ%SI%‘é@i"@ﬁ‘? a defect

. > . i an

o O P aRIaIPONED LR el 2R Rl et s gfine the
paagadvidin desilighbwlthppolagshstdae pamiatie skignd bayemdttedclip. Therefore,
defects may be separated into groups based on dﬂghgn .
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- ; : . . _
L T e
nigiher arlotaaBiciude ki) byitabit subbihligdaeThe Bethal spdmndomly generated

enbodi nments, prior to the conparing step descri bed

defretsiedy Preteamiedine arpimdussdel drgked (Rest fest nigindig patch

4TS Sl AR BERGEL AShA Sl REJRIES o
Zararteotlal whithirbe in@ipdrbed ¢ refdtendeieid fisllydet aatieltkrein. t he

waf er and total nunber of the randon1yd%enerated ,
def edb somggmbadimppisepriiie teoeryaRardgsicrdiesehe dgrther herein, the

' r
L4850 T . ALY LA AL ARERERL e
td e utbe 6l halac@hal &gé@s inGhe group based on total number of the actual
defects detected on the wafer and total number of the randomly generated defects. For
example, the comparisons described further herein may be performed after a random

Pareto chart has been normalized to a Pareto chart generated for the actual defects to

account for differences in total defect count between the randomly generated defects and
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CORBIEA MhCrHEIEF efgrén‘gma!as%earra@ae?ﬁ%% ?fﬂﬁmt?ﬁ%m the same (or
EDes 8y g{e ds%?t%) ?&ﬂHﬁ‘lef gefRGLS. %@ dudend A é(f actual defects and
generate efects 1 n corres ng groups may be
rfiglofidy padroaad defeetompay E»asompazed on i grgug blas&r@nddhert‘fmee a design

enbodi nents descri bed herein one
baghparmRYy g Bp NUREE 9é gr id?tgg)ts gncpgye fx%:‘egﬁﬁrg@nerated defects
t r
QSR oSl IRty B S APy o
eﬁﬁﬁﬂ@ientstdbecxﬁm:ﬂpardrmg step may include conparing a

di stribution of randomy generate ef ects acrQss
pat t & ﬁn‘”‘gtfﬁb‘rﬁwn‘aﬁm COpIRBGE PSR Mstudes ComPaTRg & Brgto chart

g?l?]e{:r?érg fRah 8l Yo q’aﬂ% Eﬂleﬁ'f‘%@a ratté}ﬁfo t}%‘?ddmyw generated

ude conpari ng t eS| gn aret o art
dgRBrr &t &ds fmafindrhibe aﬁﬂnpahngk&étemaﬁ dleﬂi&fe%maﬁag:a datribution of

Par et o char93 to a design clip Pareto art ener?ite
gy Bt é‘efﬁ@F atretd Ri’é?@b%@uf(’ e HP’%P aghya féms across

pgpn%g gﬁgﬁgﬁ tlﬁ p etcalap QBeefn%th%B%éy i9ehge %rﬁﬁargfgctﬁé gé@?ﬂ Elﬂa Pareto

scri‘bed herein-for actua

cBirOWherRed g thedactlah dp@cttd deficats (acmsal Parvorchant) ko gdesdgn clip Pareto
the Pareto chart generated for the actual defects

Céﬁéw@ﬁﬁ@i msnpsiartie enegited gelpets SPBdyn PRESCRIKYs and
the %%Jlﬁl% Utfl"lt yfaa.:r P %.rbg%r%rfﬂﬁéccoéﬁngsfﬁc&b&d%etﬁéH@stcﬂbed

chart gr a
herein for actual defects is shown in Fig. 4, In particular, as shown in Fig. 4, the Pareto

chart generated for the actual defects shows the GDS pattern group 1D along the x axis
and the defect count along the vy axis. As such, the Pareto chart graphically illustrates the
number of actual defects binned into each of the different groups, each of which

corresponds to a different portion of the GDS pattern. Therefore, the Pareto chart
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generated defects.” I'n particular, as shown in Fig 5,

t he Pag. étléius:l‘mqfstongenﬂmdhedn bﬁresai&@“mmarpasmn affa Paretoechsrt

of ac degg s and rand ener ted qufeCtS in
88‘6??‘@ iﬁﬂ%ﬂ%ﬁ BHBHECHE ﬁe%e %rtr@}l Tl gperpigd defects.

I &Fﬁg\[ﬂta ]§§h% & BpYs thepdet.Qhhrt g%&l&e& @dg %rgjah% of numbers

ects and the randomy {Jenerate
oﬁhctng def:ets)/axﬁxamdorﬂs gsomhted thiecRan ediroesph:ahng gﬂm@mshms the GDS

1y illustrat th f
pasfta ef AR PR Bl S e IBLRS PO ReRe e hand the
%Ild]]: ixg { G erQEPHPRets %]?691? I}]}gy whk gﬁs SR, %%?é%ﬁ chht Q’JOWH in Fig. 5

r nt portion o attern. In this nan
gretpeidaﬁy el wtratzatlic mindws d;fmcﬁiagdefécts hoduwsnbomit guaeramm:s:ts

of defects i erent g ps conpare
il STrenF HE TP sy ek it IGD 8CE BT porion of the
@23 §e%md| ng groups. In this manner, the results of
e conparison illustrated by the Pareto chart shown
i n FilgthiSmaamrpbihe Raeth tlarddbenrin fg. iSfshgweobps thd naabarabf the

defects are potentially systenntic defe ts or
G #W‘&%ﬁﬂ%ﬂ@@@ip&%@nﬁ%wp%@d therangomly generated

dBRERTRA coﬁ&g@@dxhé gwé@g On{ & rg@ng@'méﬂl%m@s tgé gfelﬁgaﬂsﬂﬁ Alustrated

gr oups éterm ne
bp obedretalchyrt systemticcs d@f ecissd adedntne iheogenyiatciusbdefects
results,_shown in e Pareto chart of Fig. 5 while the

U E PR TRt St PRGN Rndgm dsfelys asahracrdoq#&yrther

HR&in. In particular, the actual defects binned into groups 2, 3, 4, and 10 may be

determined to be potentially systematic defects based on the comparison results shown in
the Pareto chart of Fig. 5 while the actual defects binned into groups 0, 3, 7, and 9 may be
determined to be potentially random defects based on the comparison results shown in the

Pareto chart of Fig. 5.
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i f the actual defects in the group are potentially

defgets opaetentialbfrapdom 6¢feﬁaté9%ﬁfespab¢cy urtémlmnaef ect s based

on r f e

ey AR LR GIMAELRE e K30y SRR o

p@tfen%tyu@bteﬂﬁﬁe aéfocts Br pot@m@ilﬂ@ ramdbnt Doty BRRA oﬁfresu]ts of the
random y generated defects in a_correspondi ng group,
CQIRBATHE YR f@éﬁé@t’@ei iy therpisgrbapfienny diErense detese tha rmber of
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alhadrkspbndiag apd ot 3cthad aﬁmmamgeges@ﬁmméfwtmdy I ide&lifferent
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nrRbers ef wdwyl defrrisrat sandomin éemt%defﬁﬁy (4. @retlupdie natural variability
in ﬁ% gf: 'pggyg% r?oanghr_rfxyﬁegxg STs g’ vlyeélgln n{fasml'aLvar}atzons mut%e wafers

theiélesontemeraBepRihddenst atiugt Hedthining i90iffer&RBS between
di fferences, which may be perforned in any suitable
nyabese el aqtyal datsetsand éamlﬁmhe gertemted defeys of cctrfe@pmxrmaroups are

shisBY YR IR L eldr o0 PR PP B R g e

det erdﬂriib&@r @8ample, the ratio of the number of the actual defects in the group to
the number of the randomly generated defects in the group, which may be determined as
described above, may be used to determine if the actual defects in the group are likely to
be systematic defects. For example, if the ratio of the number of the actual defects in the

group to the number of the randomly generated defects in the group is 1 or statistically
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descri bed above, may be used to determne if the
actual defects in the group are likely to be
weymvensss c defects. For exanple, if the rati oPCF/US1968/073706
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population of randomly generated defects may be normalized to the actual defects.
Another way of looking at this is that the bins are normalized based on the total

population counts for each of the populations so that we can compare them to each other.
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number of the randomly generated defects in the group. In this manner, the method may
include statistically differentiating between potentially random and potentially systematic
defects. As such, the methods may include statistically identifying marginalities in

patterns in a design on a wafer. In particular, the method may include using statistical
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defects in each of the different groups iIs
samBs T antiaginle tepetupd ppd rapdemBaggip cleartsipgy brogquapargghep described

f\?]%ﬂ?%@?‘e?rﬁraﬁa Qm%]ﬁ’l tugﬁéﬁldbrgﬂé:o%?{eaq Cl%l?‘t ({Ix?csf&{ (R’?%’ES separated

heér herein, S nce e ac ran

g aketign bagd lg@l@p@ Qé e tssigesay @bepts)l tht eotdelsdeg@m@s:ed} of the
gr oups Ee desi gn C“Epl groups), the actual defects
b
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e S Esthl s R AR e Rl RE R ) Be
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conpari son of the Pareto charts as described further
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each of all of the groups is substantially the sane.

Ip this miagneraia arcthadeandstenpthed Apotdetadly iy emific defects occur

B2V B Oty b Bkt PR e R AERGo . REmetnod can

sabidiritani acdui@eFeddipigy p@entw@%yﬁeﬁm@& Hyfe@s ik 8E&l Yinywhere on the
identify potentially systematic defects that occur

aglivpliPreete coartt Rer @@méﬁ aparase eharhapy Inchete thausapdseol dafferent
e dEe R R B s ol R Bt s R b hpeon
B85S Hhible, ARY fKbRag@ly accurately determine if each of the thousands of
different groups likely includes systematic or random defects. Inthis manner, the method
does not need to know where in the Pareto chart (or which groups in the Pareto chart) to
look for potentially systematic defects since all groups can be tested.

The method may also be performed separately for different regions on the wafer.
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determne if each of the thousands of different groups
wo paoeloge3shcl udes systematic or random def ect s. PATIUSI00%073706
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ed on the resu ring the nunb

of t hetlaciamher bt antisod may Melude ovipphring dre gwt!;bef ac&txia} defects to
t he randontﬁ generated defects in_ the g{oup and

npipe grops oheeparatgls radomba g drdeds B dderaunseid tﬂéﬁ giRup of
i.h .
o 04ogh et 3ROl A TRAL O BN DR e, st

to nu

c@mpati®nnayepPeabahyd sodiond v e néiatecadahant dedcdbed herein.
determine if the group of actual defects includes
Foopemnlaisugh syspatiaes wagbe eerermsd Yeedqarhyts difdmbodiment

?g reto ¢ aﬁtutﬁgt s‘gggggrs@gp& Yook gbggr{%grtggggagﬁ%@fo@gcmm

d@f@:@ﬁ'@b ewo Phch aanpaehaans farayo deffgentfsorsne dandsimyg generated
Pareto charts. One enbodi nent of a Pareﬂg chart that
e

defetads shosm ind'ief6. dormgeIuig at ShaveiF harthe faistt ghaggenerated for
f t
ATV FIEED el YRR BRI, B0 8l Poncomy

gSRARA dBfebts 8hows therGIPBbhtteh lgBsup TRSalSHOIM Xi axisFing. thﬁdefect count
the Pareto chart generated for a conparison of nunb

forfthi axtielldefiet i e AdTeramb Self PF e aRoGHY SRS s%ﬁe%.tﬁ él Oyg the y
S8 R LS USSR R e

@seratally I‘Qﬁf{ﬁlﬂ?’ seadithell efedisfolicaniitosed Siffefent peupandanbwhich
generated defects al ong thelﬁ axis. As such, the
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tty\'t}iecrﬂtrrﬁféfsr SIPOaratQy fardbinl e f@Rtatppddft@n irothe tbeedpofiding groups.
pattern. In this manner, the Pareto chart
The results of the comparison illustrated by the Pareto chart shown in Fig. 6 can,
therefore, be used to determine if groups of actual defects are potentially systematic
defects or potentially random defects as described further herein. In particular, the actual

defects binned into groups 2, 3, 4, and 10 may be determined to be potentially systematic
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shown in Fig 6 shows how t he nunbers of the actual
defects in different groups conpare to the nunbers of
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nunbgp $o 9k eHibbaRIEH ¢ Jﬁ%ﬁmpaefﬁ@t@ gl%ra YocH! g&%gtlon of a layer on
defects in correspondi ng groups as descri be
thdheattatandftior ranti@enlyi geheﬂawdtdeﬁee:lﬁaregeﬁe@ﬂd@(’ﬂnﬁ ggﬁrped)atrad for an
defects may becrrblneglé%agt en aredtothe
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thwnlay treofumdleple veaters ibieg tiznidepdeyiog engreatied eit&ﬁ;ﬁeteﬁraﬁdicﬁn Pareto
C%ener ted (and, groyped) once for an | ns gzﬁt ion recip
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reci pe. For exta Ig a random Pareto chart can be
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Ization O he ran my génerate ects). In
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waf er, i s i nspected using the inspectio
no user intervention 1s required, the method may be automated In this manner, the
method may be performed automatically. As such, the method provides an automated
method for determining whether a given collection of defects grouped by design (e.g.,

design clip) is potentially systematic or potentially random in nature.
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reci pe and an actual defect design clip Pareto chart
is generated. The random Pareto chart may be generated
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above. For example, a wafer lot with a substantial number of random defects will
increase the count in DBC bins, especially those bins with relatively high area across the
wafer. Since it is unlikely that the defect counts of all DBC bins will increase
proportionally except due to a random component, the total defect population may be

examined to determine a best fit for random defects. Then, based on pattern of interest
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In anot her exanple, the nethods described herein can
be used in a design based classification (DBC) use

W@ 28e/02B3KC may be performed as described in t heCpHS2908/073706

applications by Kul karai et al. and Zafar et al

whi ch are incorporated by reference above. For
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peddefihel ddfee defisitye Fop examm@atdqoivaledr appiordudéflest, snay be
random y in the inspected area.to a.predefined defect .. ..
dgiergingy as ﬁ%‘Pfldﬁ‘)ﬁ?ﬂ]g&ﬁ%deﬁﬁﬁgf E_Le A HIgN ArearpyopRiiqqyand “seed
ot mhehebioWdl Wil Meseqp1t bins (I there is a
syste on

tic signa ese patterns they will be easy
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bi n based on the cour%t and t h redefi ned defect
cg@nRlF: 4 Paticgh OBAREISE) %qeﬁw@ﬁ@ tg My FsYpERalc dedipts (c.g.,
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sel ecti ngéba DBC bin for nonitoring random defects, F
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For SRBHPIRE PRieRlIatly sxsienathdelpedbins frorp pangalhoragdemdgfect bins

n’i:a?/\/a%o iﬁéhgé]géiﬂg DRRURAAGaRMe BR defect density during WPP. For
example, using DBC to estimate the random defect density may include estimating the
random defect density from the inspection defect count for this bin and the area. If there
is a random defect excursion, it will be detected by the monitor. The monitor count may
be used to estimate random defect density, DD, = (Inspection Bin, Count)/EA;). In

addition, multiple monitors may be averaged.
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may be determ ned A design exanple may be marked for
random nonitoring, and the effective area (EA r) may
wheooghiesl wi th DBC desi gn exanpl es. Separ at i nRCT/US2008/073706
potentially systematic defect bins frompotentially
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bin has a systematic issue. Separating potentiall )
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It omich bhigerip pesupriekbatyhe wadem sefrgbcaptuy sate eanstapisippthe capture

One signi f.i cant advan e_of such [ . -
R PG TOBC AUy ERR Rt SUE Sy b el iy sinee
oRRbe BhvedliBtichPphticANd SR Rica bE AviiRgdTOIiré QHIEhabd samE ihitieRgt error.

It is truly randomon the nonitor, we can accurately

lisuight bepossible hoswensatalidMRe bisspanning yriiaus Pallep densities were
random defect correction.is based e )
n}oéaﬁalgﬁ:a&g&)g@twggﬁ?%?céecf ‘é{ldé an m%erpola?e% ISB, m%%&% auto
systematic threshold is advantageously dynamic based on the random monitor count.
In one embodiment, the results of the method (e.g., binned potentially systematic
defects) may be used for analysis. The analysis may include any suitable analysis (e.g.,

analysis of the process and/or wafer).
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It is much better to assume that the random def ect
capture rate is constant than the capture rate is

W@ 00802358 bet ween groups. The capture rate nmayPGI/UE1008/073706

vary by pattern density. Since groups have different
pattern densities on average, there still nmay be sone

i nherent error. It mght be possible to conpensate if
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ssmdlgeabéchumnabwﬁlls tHeearg . Aftarntht wslss lofve tbhen poadeths results can be
and/ or Vhaf er). Atty Dkt No 56197200-550/ P2383PCT Pag
aggyStsakie e R Em 218 WePKEM bt Jeethod ¢r SFiepyganbodiments

dg%‘ctn'%&‘i’ SRS frRgd ﬁﬁrd?éﬁaﬁheﬂ% JsEiC b%‘ijigorﬁ)&ngfﬁep Qof{\?a?r%! lrﬁosdule

one or hore ste met ho I ment's
nsdlorda gesyveah, wm. Flfzhlexa{replﬁj dfeer mayethscdascebainboot Cxtehﬁs a set of
bed herein and may be stored in an

SRR OF FRAGTHY SSPOTH dETEes MSON He a9 Mg Mormation about
A 8 AP RS LR L BLRSE A, Iy i

réshits oeswbtitsof h}aa/@nlmbmest& deedibed heeinasil bSstord ahé accessed by an

accessed in the storage nmedi um and used by any of the
IFEEH Y Séi?te@ysgﬁfé}hdé%d%ﬁpﬁ%tmnssya@%wt}éa ﬂ’r?e’?%i ) Ye.g. a Pareto chart

Y

f(gxni %?V\gfr Igtgdélgféfl : ér% e@ deg&tsz téjggértnlrei%%%el%}éw&gg)ﬁo@lg% Fyes’tematlc

asd petentdallvatundign de[ects idbeckedbavdayer eah eafa. Feaithe@hole, dp@sults
of randonly generated defects, the nmethod may include

may deiSHyed remABRINY R  ApphPeraHechilt smpofs! @r%é@%swe Repied of

IR AP EITL LS A0  FORRS LA, (A, and

reeBemiabedt MEﬁaﬁinszhemﬁ"mtteﬁ indt acegssedivhy an
i nspection system such that the inspection system can
use tRE pldgemdodimegts ofthepmetod desratbed phpvegmaeinchide any other

stre 28{'1%/' cﬁﬁ&%@tbg (?efs&% )heE‘ 1S§c{d]1t§8nneatic &%%ev\?ec ds1ments of

y Sys IC an ran

ﬁd:e‘hﬁﬁb@ desoribad dtaye rma@/fbeq:eﬁ@ﬁﬁéd b)FBIrE)I @ﬁhﬁ@iﬁami 8@ cribed herein.
results may be stored "permanently

"seml. ﬁémﬂ?aéﬂé}ﬂ%ﬂescrﬂt@ﬁé’éfw moyidemmer batvaptgEbevesother
ekt f(ﬁ%ﬁt@?éﬁtﬂ?@%e‘f&% a(sié 8{){%9&& [ﬁ%t‘éfﬁ‘aﬂ@ }ﬁetk%?ts 09991%5@131}137

access nmenor

raveogskdrdtd. YFqreksinple, ideaeh inpl goddntiallf s&i’ﬂ@n@ﬁ@i@&ﬁ)temla}ly random
nmedi um Each of the enbodi nents of the nethod

d%fééfé PPIB8 dheatralesimagts |dﬁ%9|ﬂb@réh%rﬁyl Bnfremespapmdyithrut ang
DT R RFELREA 1 Ly R G Pl
pﬁaeeisafaﬁadvzblyagaeusfpbe hﬁt@nﬁwﬁt(ﬁﬁﬁ)ugﬁﬂfdmslaﬁﬂza? 684N the defects
identified as potentially systematic and potentially random to determine which defects are
actually systematic and/or random defects). 1n addition, the embodiments described
herein have higher accuracy than currently used methods for differentiating between

potentially systematic defects and potentially random defects. Furthermore, the methods
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The enbodi nents descri bed herein provide a nunber of
advant ages over other nethods for determning if

waledoeoe@sar e potentially systematic defects orPCT/US2008/073706

potentially random defects. For exanple, identifying
potentially systematic and potentially random defects
usi ng the enbodi nents descri bed herein can be
rdEF»S’r NS B poteRliflY §RtehRARc AP cis WaIBRT whire
c%@%%?ﬁu adM#m)usér ?&?erdeﬁMﬁgn |screqaﬁred 509? he onan
a@mlidetecpPaeesdaraihadiaatihgenbslinebs dastribodbedin can pmvzde

[th hth t he defect denti f
adgirag e ﬁ?‘gm%ygi%*g%‘@@/%ﬁévn BbPRRRH RO PGS
det e,ﬂ\%g@% (,;im@ﬁxfl% &% t@ra%oﬂlfyhﬁﬂéa)ﬂ l§i¥%¥e%ﬂ§ﬁ bt BRALIRS
random ects n addition o i ments

prgsmn ibadeties ekecurNeona ghaputacguteatipor phdomuiug penol yore

used nethods for differentiating between potenti al
capRyisinRRlEmgEr e BrEsodh Elesﬁb‘i’%cﬁé“?fﬁlpl yIneERSHBER Bt pich dcomputer-

SUBLEES MBI PR Wi e

0Lrdd9 ¥ 86ctia i rmeaitade ot aﬁmbqﬁeﬂ%emﬁmﬁw lpérformmg one
potentlally systemati c defects occur%fny é%ﬂ%g
obeiFa! thes@rpitpanaligneated methpHedecgped herpig- il?ﬁe AR

B P S SRR U
igghating maAriatihéy asndigds e nhy neltaidés descrved herein,

conput er - r eadabl e nedlun1that i ncl udes pro
i nst PIREFID ARSUEKERNSI AP amenang siphads sudias E rdgseribed herein

K f 0 g

S S NG Lo BT e U TP TRt

ré2@ite hedheadablbe aﬁ&ﬂsmm}ﬂoa nsdalowmn siigh 45i agwird, chble, or wireless
particul ar, nput er - r eadabl e medi um ncl udes

PRSI FAm [Tt Thrc%q%erzr@a@&c@?%mén@héé% Bfleressyaydipn such as
a%ezaldr];(?} e?}%lfn 'Qrgxgc% glggcr(r:g%%rgpdrégragé gjﬁé e dc %r 0 éxlcﬁ dlsk or a magnetic
tzpddi tion, the conputer-inplenmented nethod executable

on the conputer sgsten1b the program i nstructions may

i ncl G@@paﬁiy s¥YleR 23 ynayrtakyaripss HIEEs NCHEEE 3 pradPm? ?%Wpter

SIS OLTRDE BT s, BB B, o

% ShetdeaftcO@BPuMLie the Badallegeik thesind Sconfinaer system™ may be
conput erreadabl e nmedi um may be a transm ssion nedi ym

brwadhy dedingd 4 greompasiagy IS IChhREPESBe T IBARS ARG~ KD executes
eSO, dium may al so be a storage
R i S

as a only nenory, a random access

Me DKy, addiuvagnehbalientaplates & a di st confiqure@netfoem one or more
tape. Conputer system 22 nmy take various forns,

of i]i)@mmc)ﬁgn@tspéqsg@m heéqgﬁ-p [Efl@ pysgeyg M InGhade | 155@0'{10:1 system
c%r% UL {0 d%ye% gé&ai%f@'&% At O¥er, | GRIENGONRULES s su%&%ét&% is

shown in Flg. 7. For example, as shown in Fig. 7, the system includes inspection system
24. Inspection system 24 is configured to detect actual defects on wafer 26.

In one embodiment, inspection system 24 includes light source 28. Light source
28 may include any appropriate light source known in the art. Light source 28 may be

configured to direct light to beam splitter 30. Beam splitter 30 may be configured to
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any other device known in the art. In general, the
term"conputer systenmi nmay be broadly defined to

W@ rwonp@ss any devi ce having one or nore proceRGDIS2008/073706

whi ch executes instructions froma nenory nmedi um An

addi ti onal enbodi nent relates to a system confi gured

to performone or nore of the enbodi nents descri bed
dnetEigdht frbhRel X 36 @k DRY WRGH vile: AN LLRARABL ARRaPXHUEHT incidence.
configured to detect actual defects on a wafer. One
Ikmyo@%itt@ni() by sedideany pprentiats ogheamoinpoting kndwn Fothe art.

o pad eitaTechiet fin othecn apiedss Syt T8 0 detector 32,
ISQethbrBr el frelde e hp@ehiat daediBrkfovNinaE 8%, 2Ripul ?enerated by

k
one enbodinment, inspection system 24 includes ligh
detgaior 62 281y Hei ughd tosdieat ect2d dekogtsi ancwalde2@norappmops cainputer

| i.ght, . source known .in.the art i ght sour 28 may be
SRR IPES R ArgeChy! st SpieI o She Salbpypencrated
bgl%é 18103 OTHERY nhRice %mélﬁ W85k Anyhdetholkihd Br AR R #RPRadvn in
Q P2383PCT Page 32 Baker & McKenzie LP Y / 1
tipoaty B6detatit pesual deifagtst orf tho malfdrg Athe somputer 28tenomagiberco@Bed to the

ti i nci dence.

al a substantially nornmal angle of eam,.

Bl Pr TP DG mHEPUGE. dHPIESE POt RSN IGeT Esie micated by the
deQEPRRACHoWINAWR I whit Ay incldda@Bhy Etﬁfalb?ectgﬁgmfisrsm R&li€known in
26 may pass through beam'splitter” 30 to detector 32.
tiRedrécuolr thaRthewympnet sdeenangn @ppivo pei at@it geteated by Kinolerector.
In the art, Qutput generated by detector 32 may be
FyBer0s b e EPRE Yo SGBY BERL Ot ORSGIe et (not shown), the

tRr, g t

PRy oY 1R oS Rttt TRVgpS: SREAANIESe ! Computer system
3§ emortat fndhinyconfgudd ie desoribedMaeino ipuing inspysti@mwaty 26seay be
an t hod d/or algorithmknown in the arf to detect |
ARBb RO s SO %@éﬂ{de ﬁ*ﬁiéa%%fﬁﬁt%megk’@l‘@h%@i@f robotic
aBRnbAHRARh Iaht Be. 98L 8EbQ%iohRy&0M sﬁb’\'wé abkg. mg%'is include any
(e.g., by one or nore transm ssion nedia indic fed By

othive sibicedbnioments ovshown ) Fingwn7n tisharch may i ncl ude any

suitabl e transm ssion nmedi a known infthe rt suc;hh
Chat AeREORBAD biker: Lo SERSIIoa Y Fiewds §n f%é@@t%ﬁﬁct light specularly
rGRRRGa AL HRYWiDBE 198h8 S fher, Eﬂzrihﬂﬁfzm stdnf st in Fig.

I nspection systemincludes nore than one detector r?oltS
caiitgunyd astsBF casppettcarsystygst diowaner, ke copglied sy wereaedy be replaced

detector, as descri hed above. r. system 34 may he
bY i G BT¥ G A <R asE i U 6 SheBtieT Pigtern. oh cde
cbﬂ%?%@&qgsgfw&@fyg Oh, TR p O d nRRRS eﬁébgﬁsgfgt%%élﬁpaanry gther optical

St age I ncl'ude "any” appropri at
inspemioncy siememiolw ik ot | in ddbigioar the iddpectionsyyeein @ay be configured
s%}?s%em shown in Fig., 7 may al.so include any ot her )
LS RRTEAB W IR ERPECH ORGSR AY C¥eryli thaineprstign systom shown in

FROOAay B Eionrd 1b BEA3MP PRGhSRE: ' et
t?gg det)JeCt n giﬁte Spgc u(:) i Py RBGYSY APing aﬁ%ﬂ&fe%lfn?c%ence at
which the light is directed to the wafer and/or an angle at which light is collected from the
wafer. In another example, the inspection system shown in Fig, 7 may be configured
such that one or more optical components (not shown) such as apertures may be

positioned in the illumination path and the collection path such that the inspection system

can perform EC mode inspection and/or an aperture mode of inspection.
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reflected fromthe wafer. In this manner, the
[ nsPectl on systemshown in Fig. 7 is confl gured as
02&35%cti on system However, the inspectioRC §/§I§%0§WP73706
may be repl aced by an |nspect|on system configured as
a dark field (DF) inspection system an edge contrast
(EC) inspection system an aperture node inspection
syst em ' n
T B B A T R e T i ration of
ag anpedivneglstt thamhor i incledat inrthe Eys[eﬁ’ns pzebmdlmnﬁmidembed herein.
wn in Fig. 7

F npl th t t
iR st 5 SARRCE b Rb ST BEa lk fe
t
T

désigning heomafearial ihspeatint dystere Xargtgiont ‘dhe sysnﬁpﬁdctsbﬂbled herein may

system shown in Fig .7 may be confi gureg su%h t hat orf
b%Fmﬂlﬁ‘fi‘én@éw@alw66%%%?@“@%&’5‘% ¥ de¢ng unctionality
IERADI S TR n BEISARE e p RAEA s ferh thsg HIE PId AUB0RAHD100 series
OSmtsﬁtmﬁwﬂc@ﬁ!hfeﬁﬁstﬁy&&afﬁtdefrbmslﬁbﬁﬁe&nozaBaiyi brseafialifornia. For

aperture node of inspecti Atty
SEBF FrAGHSSHE/ P gistingyd w&agecéée@%%y % Wewéiﬁ% peoptigpal
‘%%r el n #SP‘g%ﬁgr a I({e/'gi’ ?’? %}g%t?(glt t‘(ie}rbgilrl}eé E{é%}t}?ﬁ%}ﬁ gf@ P%n gt?
Alltaapdctly ohe Sysére dedchibbd ayinheay edastiedd i frothseragistte mowde a
enmbodi ments descri bed herein. Obviously, the
CORBISES! PONSEY@Pem confi guration described herein may

be aj ﬁ%l{ gﬁerteglbgﬁﬁﬁéﬂt Zfie baPRs &Eigﬁ‘gfﬁerﬁ gﬁ»&ﬁ 1ennF1g. 7 may be

i nspec system as 1S nor nal pertorne

rapbRkd bl B8 cRcronbene idbedtios pemmo Exayples ot commarckdillyi omilable
the systens described herein nmay_be i npl enented _usi_ng
elgpiresbepm RgPieHep srtiemhthal wap ke (F@h@i@d i eéé@Fﬁ’@f Fig. 7 ificlude the

eé%%&ﬁ Ql%h egyp?fsn%nlx %H&[E'ﬁgé%uan exi sting

nsp ec i'on sys as th ma 9000 and 9100

s eri Q}S)n@)futdr epdtem Lhahdar eorapmoedGical 34 may dk Icaﬁm@réd @perform
KLA- Tencor, San Jose, California. For sone su

ong/et B, of tthrecarpr Hede iua ey sheghRe ﬁmbﬁdww’%@swwl hsen (e-2-»
ugg% I?ri%%;écq resfu é%ﬁe?&@!i 'b$ Yofd utrepgy fe¥1? %@)mh(a €m0 ngmﬂe'ﬂts of the

unctionality o

sPdre Emmwx&le)the rbgecsivs keyrmesaipubedy hanel nnimlye depled to the
desi gned "from scratch' *to provide a conpletely new

inspedtiofsy JiAmdR 8th @faﬂé‘?’fﬂ@ﬁVVﬁéﬁfhe a!heF BEEREale, ¢ORpE Sy M 22
n%ig)te% n@peg]cdn%ﬂ: érq?sthn%i s o%%g%%ztr %ﬂg%{:@%g &tputer

sV bableeeiot aglinosf ingRMibn §¢3ﬁ€did3cbb\y sothneessykieat 34Ty adeition,
included in the systemof Fig. 7 include the eS25
CEIEBUET HiTIEBMY S§estvEiey PHSHPIIAL Tidhe drieclepanRpmyputer system 34

]?C)ﬁs Sqmﬁ%gdaqgg{]@&gﬁﬁgrputer system 34 nay be confi gured

Computer system 22 described above may be configured as a stand-alone system
that does not form part of a process, inspection, metrology, review, or other tool. In such
an embodiment, computer system 22 may be configured to receive and/or acquire data or
information from other systems (e.g., inspection results from an inspection system) by a

transmission medium that may include “wired” and/or “wireless™ portions. In this
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one or nore of the conputer-inplenmented nethod
enbodi nents descri bed herein (e.g., using inspection

WO e®ole@sgener at ed by conputer system 34). | n PCT/US2008/073706

enbodi nents of the systemthat include the inspection
system conputer system 22 may be coupled to the
i nspection systemin any manner known in the art. For

f ffn 2 Ya B%a SN RE B%eﬁ&ﬁ’&ﬁ}ﬁ&f t
R S LY B R PR Ph A ystem
areDihip wtler swyah en alitionecahmeaer gswht 2 mhy Smdpm&t to@nother systermn

gener ated by conputer system 34. I n addition, ut er
vyt EHEDSR TFET o B g RHORCIUE O G anget BCtor
[
PR SERE B S EBT R A B AR TSRS f oIS 1 B?é@ma‘
waferadatdiitedbome cem@tuem;ystm Abesatiady, foompupasystoh 22 may form
process, inspection, netrology, review,  or other

pihoK\he hisaRe BB aE Re p SUBFPIANSTRAFLPEHT.30° HislPbEay i only
i I
or?e ot%l?}gérﬁguﬂérfos g%?r%t Swﬂgﬁjg{ﬁ; fé’ﬁUh Eseco%ﬁ%grgg é? erform defect
dét@c&idnts&:dfomm awrd odShe eﬁzbmhn&y&;tdem)rlﬁay harefir.ansmi SSI on
medi um t hat may include "w.red” and/or "
por { TbRemAodiFIa s Ehe DREM 0560730 B BBCHHhFBSRenfizured as
Pa k
SRR 8BRS R YRR B 3R AR S o
ob@%%ﬂﬁ)d@ﬁb@bﬂeﬁ(@ﬁe@yﬁwh@mm the other system In
addi ti on, ngut er system 22 ma sendb&%t a to anot helg
syst EHithAr amahBe AR 81 YT RETPORATEStR \dsERS Fppgcts of the
| ncl ud
o DS S BT ey ISR B RECERIEES gl or
eia@l&’;ﬂé c@fnp&%hﬁxlptelﬁ&lntedaﬁﬁhsdsdét éétmmnﬁdlgbt]adthré de&npm‘éepotentialiy

system Alternativel conmputer syste 2
S)tﬁ%/tfrfliat@fdefqﬁféﬁ qr@@ﬁf@@@ﬂ%ﬁﬂéﬁ?@?ﬁ“ﬂl ¢ B é éﬁcordmgly , this
nbao [
d%scc)r 9 éﬁ‘ﬁ% %g tcélth‘?rug% ad ﬁf&%ﬁr 0'1)1%, (gijht)‘? g{ﬁ?8% ?f;tgéracgmg those
sitiledPBI the &mtﬁtﬁéf@ﬁial dﬁthﬁéﬂdf@ﬁrrﬁﬂﬁg oﬁﬂéxemﬂivem)me hfis toH® understood
enmbodi nents descri bed herein. The enbodi nen f th
they hedpimheiihe invertiqn stpvwrgpdisleseried hereingafe E%fagan agthe
des a t
presery {y gqui%are 8%'8@?1{4063}% ﬁ%{&lé e%‘z&s ?x@lo?ﬁé@ 4P l?@é(ﬁ%uted for those
iIRRedH AR HER) i beERG EinpRdtshad @rduesdol mdyeie rﬁm!;efdl, aat d:emﬂam feamres
and alternative enbodi ments of various aspects of th
Of‘h@eﬂ‘m@ﬂn mey bsaitibipphindprendentiynal s siepld kernparehi qpeekilled in
eé Ihg‘}flrrar% Frgasntée%?ﬁt de' tff{s dgg:rxpf gﬁ og gﬁﬁ%ﬁio%g C;{l?ngae(s: t%agl be made
nijﬁ% Rfdnfends R s@e@Metcth Wythsyisdepiming drohe fiRGpiit@nd scope of the
potentially random defects are provided. Accordingly,
imviengortessdosttihaddn thesfotlowing domst rued as illustrative
only and is for the purpose of teaching those
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skilled in the art the general manner of carrying out

the invention. It is to be understood that the forns
w@Rowlzs3shvent i on shown and descri bed herei n aPEI/US2008073706

taken as the presently preferred enbodi nents. Elenents

and materials may be substituted for those illustrated

and descri bed herein, parts and processes may be

ver. , ‘tain features of the invention may be

'“éftfgsgg“?ﬁggggﬁ%ently, all as would be apparent to

one skilled in the art after having the benefit of

this description of the invention. Chang ¥¥
Lin theowmpeweimplepssisd msdepchier éttﬁrmwmsdﬁtcftﬁ% Fakeetsiye pmentfa“y

rit an
svqegurt e pret e gy S ra AR B "R s6
1972GG 55GF P2383PCT Page 35 Baker & NbKenzie LLP
NYCDMS/ 1097436 JWHAT 1S CLAIWVED I S:
conpueneraringplnenbet et Helgcs ot a aetuert%a ﬁiuﬁ’&e’i ¢f rgpdamly
defects are &gﬁ%leod(; ﬁe | l Y C%%XS;% Q&qq%?eu? ’{h%eJCﬁl%. §ef85ts are detected ona

potent|a1$i? npri si ng

number of wafket, Wall \Aﬂt@f@@&é §oﬂti@n®f erdest@n bﬁ ﬂ&, W&tﬁbﬁt‘oxmﬁaﬁe a location
random y generated defects in a group, wherein the

actual dedfeatk obithe agwpledalests Brihaginapend s offtks Bpdomly
portion of a de n.on he waf. e tion
of each ofSTFIRE cis ci# é&i n & oug 15 gub?l%.gf%]l}gﬁtg S%%%%ggch of
the randomy generated defects in the group is

substantially the sane; and determning if the act ual
def eddtigniining nfethg polupl defestpotlehgionp e rjie Hiy$y ematic defects or

Sefects LB LR oIS RILATH P AcPERRP efa (o

sai d conparing conprises conparing a Pareto chart
generated for the actual defects to a Pareto chart
2.geneflat mdthbdof then(l awa@mrysagbmm'@g cgupaisgsscomparigg a Pareto

d
BBt B et IR D B POTRBI R SRR o
gﬁﬁﬁ&tgﬁgﬁsthe group to the number of the randomy

generated defects in the group. 4. The nethod of claim
1 wherein the portion of the design corresponds to a

deS| cI| t hod claiml1

3ot hole et sl SEEATER sPth B co PSR dbubfiinine a ratio of
tHRGhLH Bk Qﬁfhe %&tﬁaictrétf&@st ﬁdh@%\robﬁﬂ) wWafmbeRBtihwh@ideinly generated

portion of the design on the wafer proximte a
ddfedatr tha gofupeach of the actual defects in each of the

different groups is

4. The method of claim 1, wherein the portion of the design corresponds to a design
clip.
5. The method of claim 1, wherein the method is performed separately for different

groups of actual defects detected on the wafer, and wherein a portion of the design on the

wafer proximate a location of each of the actual defects in each of the different groups is

substantially the same.
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WOODNE3F8 097436 16. The nethod of claim1, wheCEUS0W$E3706
met hod is perforned separately for all groups of
actual defects detected on the wafer, and wherein a
portion of the design on the wafer proximte a
Ioca f [
6, tgrhg d&ﬁg{(}ld‘:ﬁgc&@t 1 étr\x?ll‘ér {hlé eétﬂ%iﬁ%‘eﬁgfrﬁ%cﬁs%&%aﬁﬁy ﬁ)‘?aﬁ groups
of h{ﬁuémdlfec’r&hﬁﬁeeteﬂ dnhe waten @dxdlvﬁaepmn h@m&nﬂ aﬂthdwwfgnusshe wafer
intervention. 8 The nethod of cl %here n the.
pmlaaqe ad@%’@fié)f 575D ofdbroaated dBﬁ?cﬁSh%B%@tq SHdGH Foybsysy
%% LmedNd Wherein the randonly generated
%ec S are generated once for an inspection recipe
for the layer on the wafer and used for perform ng the
nmet hod for defects detected on the |ayer of Itiple
Twaf erde gty afitdaiinnk detsinherpehpbis p@fﬁvﬂee%‘éf?ﬁ% uS§r
”% ﬂﬁéh wherein said determ ning conprises
etern1n|ng that the actual defects in the group are
potentially systematic defects if the nunber of the

actual def ect s |n the group is greater than the nunbe
8of t Héemaensafy ’élnler"‘éheéf‘dlﬂ H@faetr}@’sd@fepfﬁ e dgkestse bgﬁaspectwn of a

T e W e

x&iﬁé@%&ez’uﬁe tdt ehegrapu-p)m tﬁe Wafer ghé asearfof paforinhe the mielodofor
e randonly generated defects in the grou 10, The
dpvsets datesed opdhedayer afifapBpls Ve ugag é‘?@rﬁnﬁneﬁ OR FRFHG ses
determining that the actual defects in the group are
potentially systematic defects if the nunber of the

9act ughe defiact & dldimt hevigrdn il Seetminigt dodgirisys dreaiiging that the
than t he nunber of the randomy generated defects in
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enerated defects in the group. 11. The nethod of

iichenwinber affibe eqtwal dgiecsnn the gariisdwhp®aten ghanthenyrabyed the
further co izing th b f th
ek ASTRLYSER, Mg g e noroer o the,
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than the number of the randomly generated defects in the group.

11.  The method of claim 1, wherein, prior to said comparing, the method further

comprises normalizing the number of the randomly generated defects in the group to the
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defects in the group to a nunber of different randonly
generated defects in a different group, wherein a
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of the actual defects in the group and a | ocation of
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syaenaiietdetetel Qﬁieﬁtlall}t @n@sH Upfecs batedidiahe &:spb&f bf it afmgaring
desg%n on the wafer proximate [ ocations of th
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] t
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f{yﬁﬁrEI n the nunbers of the random y generated def ects
in the groups can be conpared to nunbers of actual
def ects i n correspondi ng groups to Any Dkt No.

LRy CONR PTG 74 T8 TR R PR T e Ee & SF g B FhBomiy

gé&%f&?&éf&ﬁ@%@b@& GOHPSnak R rp@isarTtab @kl Jefsys e natandally
defects or potentially random defects. 14. The net hod

sysfenpdtigidelet® orwhtendplly taRdomeieel. FAMPERSHr ned nore t han
once to determ ne additional nunbers for a different

set of randomy generated defects, and wherein the
nunbghdoRdedndfuiad disti @&fec@&ﬁﬂﬁﬁ&exﬁ&@bahenﬁm ra@chrdao

t he nunbers of the actual defects in the corresponding
groups t ocefetspendingta gn inprecirdtaies ol dbteasitaspartion plga wafer;
correspondi ng groups are potentially systematic

defects or potentially random defects. 15. The net hod

of chahRgkBe seMderRIIBMIN GBIt eEs P foupeshcimhg atpd@ion of a

once to
design on the wafer proximate locations of the randomly generated defects

in each of the groups is substantially the same; and

determining a number of the randomly generated defects in each of the groups,
wherein the numbers of the randomly generated defects in the groups can

be compared to numbers of actual defects in corresponding groups to
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random y generated defects, and wherein the nethod
wo eoovlezisgEonpri ses using the additional nunberBCT/US2008/073706

val i date said randomly generating. 16 The nethod of

claim 13, wherein randomy generating the set of

defects conprises randomy generating the set of

def ects UgROmH-QPMRSkhG] &Iy ﬁ\tth@@onésgo%ﬁg gﬁahpegm%miany
claim13, wherein randomy generating the set o

def ects cGwpmmSESdMEMﬂommymgﬁﬂeEathngﬁﬁheSdefects at

| ocations arranged in a grid across the area. 18. The

nmet hod of claim 13, wherein randonmly generating the

1§et afhe SfRGE Sf GARPTI, %ﬁ%réﬁﬂﬁ%t%e@%ﬁﬁf@ﬁhé@m%&ethan once (o
efect's at locations having a substantially uniform

ddwshnwbﬁdﬁmnﬁaemﬁesEbhedéﬁeaﬁsmgﬁkmh@nﬂeghmﬂmﬁddekamnﬂm
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Vévsrﬁr bt b Tioraa lumESFs GRn PR EORBAT i 5 himbers or the
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approxi matel'y equ ¥ equency of the portion of
cbhrespdeding igrqupe mrermtt@mtiahe sy waradticofesectd ort fodentialy eamdgm defects.
generated defects in each of the groups across the

area. AKy Dkt. No. 56 197200-550/ P2383PCT Page 39

aker n%gﬁﬁp CRVS( afm |
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Werep henathod ?qfﬁ!@ﬁeqmrer&% HFi8g H&V%éﬁg\na DS ?ﬁa\&aiégate said
@E@ %g& Q% set of randomy generated defects,

¥ he mWumbers of the random y gener at ed defects

can be conpared to the nunbers of the actual defects
in the correspondi ng groups by conparing the Par

18har the grethageofadqimyg3, “ﬁl@r%f?@sﬁw gaREtiag dbp %Pé@ fgctf 0
c?x%gﬁEe%trQn&g.ﬂggeﬁé?&u é{};ﬁe @&;o‘f%fegﬁ g§toc%§snc%nﬁ8ﬂﬁbﬁ er-

ement e r cre normal 1z of groups of
random y generat ed defects for use in determning if
roups of actual defects are potentially

corresponm
1dyst dmamieh hoskaa &y b% “&sfeé%f%népw FAREbIRE d e phdefects
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normal i zi ng nunbers of randomy generated defects in
groups to nunbers of the actual defects in
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19.  The method of claim 13, wherein randomly generating the set of defects is
performed such that a frequency of the randomly generated defects in each of the groups
is approximately equal to a frequency of the portion of the design proximate the locations

of the randomly generated defects in each of the groups across the area.
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the groups is substantially the same and wherein the
normal i zed nunbers of the randomly generated defects

WO p00vlz636% oups can be conpared to nunbers of tPEI/HS1008073706
defects in the corresponding groups to determne if
the correspondi ng groups of the actual defects are
potentially systematic defects or potentially random

2 Fhf5:Poie 3 RABRE0RAER 805 ot

wafer is approximately equal to an inspected area of a die on the wafer.

21.  The method of claim 13, further comprising generating a Pareto chart for the set
of randomly generated defects, wherein the numbers of the randomly generated defects
can be compared to the numbers of the actual defects in the corresponding groups by
comparing the Pareto chart for the set of the randomly generated defects to a Pareto chart

for the actual defects.

22, A computer-implemented for creating a normalized set of groups of randomly
generated defects for use in determining if corresponding groups of actual defects are

potentially systematic defects or potentially random defects, comprising:
determining a total number of all actual defects detected on a layer of a wafer; and

normalizing numbers of randomly generated defects in groups to numbers of the
actual defects in corresponding groups based on the total number of all of
the actual defects detected on the wafer, wherein a portion of a design on
the wafer proximate locations of the randomly generated defects in each of
the groups is substantially the same, and wherein the normalized numbers
of the randomly generated defects in the groups can be compared to
numbers of the actual defects in the corresponding groups to determine if
the corresponding groups of the actual defects are potentially systematic

defects or potentially random defects.
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