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The following description and examples are not admitted to be prior art by virtue
of their inclusion in this section.
An integrated circuit (IC) design may be developed using a method or system such
20 as electronic design automation (EDA), computer aided design (CAD), and other 1C
design software. Such methods and systems may also be used to generate a circuit pattern
database from the IC design. The circuit pattern database includes data representing a
plurality of layouts for various layers of the IC. Data in the circuit pattern database may,
therefore, be used to determine Jayouts for a plurality ot reticles. A layout of a reticle
25 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,
30 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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operating closer to the limitations on the performance capability of the processes, In
addition, smaller defects can have an impact on the electrical parameters of the device as

20 the design rules shrink, which drives more sensitive inspections. Therefore, as design
rules shrink, the population of potentially yield relevant defects detected by inspection
grows dramatically. As a result, more and more defects may be detected on the wafers,
and correcting the processes to eliminate all of the defects may be difficult and expensive.
As such, determining which of the defects actually have an effect on the electrical

25 parameters of the devices and the yield may allow process control methods to be focused
on those defects while largely ignoring others. Furthermore, at smaller design rules,
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

30 design interaction, process induced failures are defects that are created from the artifacts
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for determining 1f defects are potentially systematic defects or potentially random defects,
which can be performed without user intervention and judgment and have higher
25 accuracy than currently used methods for differentiating between potentially systematic

defects and potentially random defects.
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30 WD 2009/ 026358PCT/ US2008/ 073706 SUMVARY OF THE | NVENTI ON

The follow ng description of various enbodi nents of

conput er - i d nethods is not to be construed in

limting t‘ﬂ@k@u %é%st matter of the appended cl ai ns. mgéglﬁg%@%%gzotﬁ
relates to a conmputer-inplenented nethod for determning if actual
defects are potentially systematic defects or potentially random
defects. The nethod includes conparing a nunber of actual defects in
a group to a nunber of randﬁwé%m@m a group. The
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step includ d [Nl rati : 0 efects
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group. | n amgloeilpgehermant defdclran p@rdupo The bettidl eleftesiagniconted @apords. t?o0 a
design clip. In 70 another embodi nent, the nethod i erfqrned .
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proxi mat e ocation of each of the actual defects in each of the

di f ferent Jrheupghddsalsubdtidastdewihipingtibths apteal defecano thearowwrspopiitensiatly
the method is perforned separately, for .all, aroups t.ual ects
e e T S e e

design on the wah 8fic PhivGiMBHahachOLAhE oRp dichelae bortfarinh a Pagtaidiart

defects in each of all of the groups is substanti al ky tge 1sams.
15 generaled for the actual defectSto a Pareto chart generated for the randomly generated

defects. In another embodiment, the comparing step includes determining a ratio of the
number of the actual defects in the group to the number of the randomly generated defocts
in the group.

In one embodiment, the portion of the design corresponds to a design clip. In

2¢ another embodiment, the method is performed separately for different groups of actual
defects detected on the wafer. In one such embodiment, 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. In another embodiment, the method is performed separately for
all groups of actual defects detected on the wafer. In one such embodiment, a portion of

25 the design on the wafer proximate a location of each of the actval defects 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

30 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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In one enbodi nent, the method is perfoilued w thout user
intervention. In sonme enbodi nents, the actual defects are detected by
i nspectio er on the wafer, and the randomy g
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300n the wafer and used for perform ng the nethod for defects
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def ect s i n defeetsdfitbeipumbertofi herpaiubledelests in the sewnignotsiatistiently grqater thea the
group based on t | .n rof cts detected on the
waf er and PBP@FT% réi*“r“!“{)or}%l $tgﬁlger?t%§ec{%q§hﬁgiéen%§;§ed def ect s. In
anot her enbodi MpNéne doftdimpdnagior Rche deBpti@aPRp] the nithed meidies namatitieg

actual defects in the group,to a nuynber of different rapndo
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and a location of each of the different randomy generated defects in
t he diff er eothl gmiepof the sadembrgenetbied defeetssane, The randoml y gener at ed

defects and the differen .andg@ ener at ed defects ar t
generated. In sSHEOLR ﬁméﬂ%{)“&fn ﬁh C}dﬁgaﬁ%tsézrgﬁl?a?\ri%r%gf hg?‘gnﬁge? %@Pﬁé g@“
det er m ni n@iefckistimthededupab ademdetd differéh eangb@Upgaetedatfentsinah Hifferent
systematic defects or potentially random defects based on } he results
of conpari rPUPher portion of the design proximate the location of each of the actual defects in the
20 group and a location of each of the different randomly generated defects in the different
group is substantially the same, The randomly generated defects and the different
randomly generated defects are separately generated. In some such embodiments, the
determining step includes determining if the actual defects in the group are potentially

systematic defects or potentially random defects based on the results of comparing the

number of the actual defects 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
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different &8 random'y one such enbodi nent,
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the nethod includes using the additional nunbers to validate the
random y gedditianal ngmbere for aldifferpnt setrtd oefidarmdit genestrdolefoptsg dheicaticihg t he
set of def s tb%dilmneﬁjt lfi%ensun{b%rs a?lmtl}/e additional numbers can be compared to the numbers of
the actual defects in the corresponding groups to determine if the actual defects in the
corresponding groups are potentially systematic defects or potentially random defects. In
20 another such embodiment, the method includes using the additional numbers to validate
the randomly generating step.

In one embodiment, randomly generating the set of defects includes randomly
generating the set of defects using stochastic simulation. In another embodiment,
randomiy generating the set of defects includes randomly generating the defects at

25 locations arranged in a grid across the area. ln 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

gencrating 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
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generating the set of defects using stochastic sinulation. In another
enbodi ment, randomy generating the set of defects includes randomy
generatin cts at 25l ocations arranged in a gr| e
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described REMRi4FECS addition, each of the enbodi ments of the method

descriped above pggyof tﬁ&étéﬁ%%f@&)ﬁn&h&?&les@ﬁ&ﬁ@sév&ﬁaﬁf&'&ﬂﬁé}?&rf&%éa%( s)

descri bed herein, Furthernpore, each of the enbodi nents of the nethod
descri bed abwyidehbgrcibe puiditinnneash o) thgsinbediments of thetrestsodideseriies @bove
herein. 15 I3 ' C - t
ot hod 1 or TR ORC (AR CHSF RaptL e et AP Dot SRRl PRI
def ect s f ornfdgeniboduieherafitie method dorbedapovednmgbagpeofvpgedby agtafaie

defects are potentially systematic defects or potentially random
def ect s. TﬁéSt?fﬁﬁ%Ei&?eﬁﬁ?{?éfbs determining a total nunber of all actual

defecys det ect eqh 0RdRIhA%Rbolimdat W&o aF@ﬁpﬁ@xﬁﬂﬂﬂerﬁ’élﬁéﬁ thEtRé L Sreating
normal i zi ng nunbers of 20randonly generated defects in groups to

nunbers of atneemalizedadt of efoups of randopoy gespoetdaierts for use in determining if
corresponding groups of actual defects are potentially systematic defects or potentially
random defects. The method includes determining a total number of all actual defects
detected on a layer of a wafer. The method also includes normalizing numbers of
20 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. A
portion of a design on the wafer proximate locations of the randomly generated defects in
each of the groups is substantially the same. The normalized numbers of the randomly
generated defects in the groups can be compared to numbers of the actual defects in the
25 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
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groups based on the total nunber of all of the actual defects
detected on the wafer. A portion of a design on the wafer proximte

| ocat i Onse‘{?‘f’f}}ﬁpﬁ%%ndom y generated defects in each of }’Qﬂﬁ'ﬁ%@"ﬁ%ﬁi S

substanti e same. The normalized nunbers of the
generated defects in the groups can be conpared to nunbers of the
actual defects in the 25correspondi ng groups to determne if the

def cot o or CBEPEMEIERIF MHATbACrecPe:e oLk 157 oRHE Bt B g Fheme
met hod desggdchesh mbaye may be further performed as described herein.

In addition, the enbodi mrent of the nethod descri bed above may incl ude
any ot her step(s) of any other nethod(s) described herein.

Furthernore, the WD 20 (i)?&l? /, i ment of the
nmet hod descri bed above B%ﬁ HE%P %ﬁiﬁ % stens
descridbed herein. BRI EF DESCRI PTI ON OF THE DRAW NGS 5 Furt her

advant ages of the present invention nay becone apparent to those,
okilled in the ArtheadHniEes QféQFerF%en&PV?%nW'IbBWWP&é‘Fa‘i tp dlgpse skilled

descri pti ofy, @ .k REHRREREIEES BRI VIR HeBileD destRAD N BRI ROERed O the
acconpanying drawngs 1n which; Fig. 1 1s a die map illustrating one

exanpl e of eabedigienis kikhgpangsiranse Hbaiargmpotyim draQides mcovischiet ect ed on

a wafer; i9,.2 I.s a die map illustrati e _exanpl e of

eoul t5 of one Elfbil iR FIBA PR A cEeF af i sARSaEi TR SePbeegual

di fferent Ueat iapseded #848fegn area corresponding to an inspected area
of at |east a portion of a wafer; i is a_ Pareto

chart, confi gur B &ffh Jemepalustatnecsearample of @ﬁgégif ﬁgﬁ?@?%@a@&_@f i bed
Par et 0 charteoR i Al AEe Ay adnar AR Roerr el Pt Bt o
descri bed heisperiedfaora et leadt ageftpotod adafect ed on a wafer;

Fig. 3 is a Pareto chart, configured and generated according to embodiments

15 described herein, for a set of randomly generated defects;

Fig. 4 is a Pareto chart, configured and generated according to embodiments
described herein, for actuai defects detected on a wafer;

Fig. 5 is a Pareto chart, configured and generated according to embodiments
described herein, showing results of comparing a Pareto chart generated for actual defects

20 10 a Pareto chart generated for randomly generated defects;

Fig. 6 is a Pareto chart, configured and generated according to embodiments
described herein, showing results of comparing a Pareto chart generated for actual defects
to two Pareto charts generated for two different sets of randomly generated defects; and

Fig. 7 is a schematic diagram illustrating a side view of one embodiment of a

25 computer-readable medium that includes program instructions executable on a computer
system for performing one or more embodiments ol 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,

30 specific embodiments thereof are shown by way of example in the drawings and may
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Fig. 5is a Pareto chart, configured and generated according to
enbodi ments descri bed herein, show ng results of conparing a Pareto
chart gen . act ual def ects 20to a Pareto chart f or
random y S‘Fe@“%% o8 &odef ects; Fig. 6 is a Pareto cﬁgf’ﬂ,g{()%(%g’m
configured and generated according to enbodi ments descri bed herein,
showi ng results of conparing a Pareto chart generated for actual
defects to.twp ParetQ charts generated for two different sets

of
random y g@REMRERFSHRIE & Claihntherrgvings may Botde fotaic df S&P%ﬂﬁaﬁvdermd
il1lustrati rt'x%@vé'tﬁﬁ Ml &Afas MMPacTRANEERDE orptfhel%wzaﬁ? FRTREARE S fadall e
medi um t hat 1 ncl udes program i nstructi on execut e on a conputer

system for lm@nﬁmmthgp@wlﬁrfommdleclwﬂdmt mﬁmsooﬁrmnbe mtention @& to cover all

ter- bed and di nent of
Cyat om conP RS ANo R JEH PO B AL P 7o A oL A PRRFBRRPEN WGt hode

described hesseitRavention as defined by th¥\j ﬂe@déchﬁamﬁventl on is susceptible to
various nodifications and alter natl ve fornms, 30specific enbodi nents
t hereof are shown by way of exanple in the dr awi ngs and may WO

2009/ 026358 PCT/@E gp@égﬁiﬁg ﬁ;@j?ﬂoaerﬁ AL ﬁmﬁms
drawi ngs may n t hat

the drawi ngs and detail ed descri pt| on thereto are not |ntended to
limt the invent,i o _t.he {)artlt i scl ose t.he

contrary. the 1t ond Braht ki Arie ki Sathae st hes
and al§ er nafdtare g hérefdrd, Mg teinh Pdcual fedis dokd n@n@texsm@@a%féc&&hépﬁ%%@nt
i nvention as defined by t he appended cl ai ns. DETAI LED DESCRI PTI OF
THE PREFERREBFENB@YENREhave not been dagcigd ewthigeradirn, the term "act ual
defects" refers tc r ore
the term' act ualp‘tsgl ecltljésﬂ’ g%féegﬁn%?g q‘%ﬁ&% o%geé tolﬁq‘@%hggcf?%&t% hz%

be present senicandagfoeor M—sdnamdnmbr neterald Ekaaplegdofmncit heemiabmeluctor or

As used herein, the term" er" nerally.refers to sub trates
formed of émgé?ﬁ‘%?-f’d*ﬁ@mﬂt%l@ SIS B 2B Aok it trefpeegetal BeatisPes of

such g se gﬁ@i‘ﬂﬁ’ﬂﬁédﬁme%ndﬂﬁcﬂnﬁ%%mugh% sURBEARES @by bty Mnd hPor

not limte m)nocrystal line silicon, 15galli um arseni de, and
i ndi um phogitetsed insgaticosdesserabricstiomizeliies ormonl y f ound and/ or

A wafer may include one or more layers formed upon a substrate. For example,

such layers may include, but are not limited to, a resist, a diclectric material, a conductive
material, and a semiconductive material. Many different types of such layers are known

20 in the art, and the term wafer as used herein is intended to encompass a wafer including
all types of such layers.

One or more layers formed on a wafer may be patterned or unpatterned. For
example, a wafer may include a plurality of dies, each having repeatable patterned
features. Formation and processing of such layers of material may ultimately result in

25 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 embediments are described herein with respect to wafers, it is to be
understood that the embodiments may be used for another specimen such as a reticle,

30 which may also be commonly referred to as a mask or a photomask. Many different types
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processed in sem conductor fabrication facilities. A wafer may
i nclude one or nore layers formed upon a substrate. For exanpl e, such

| ayers na)w)%,b}g% g but are not limted to, a resist, ?}Ug%%%%k?&ny

material, a con Ive material, and a sem conduetive materta
different types of such layers are known 20in the art, and the term
waf er as used herein is intended to enconpass a wafer includi ng al |

types of su er One rs fo npd 0 fer be
pat t er ned BEI‘aﬂﬁlﬁg‘?rP HEyn tﬁ% g?ﬁ?lt er n}lﬁig ARG el a8 sed

plurality @feflifSint@asdtoRBVdrithss ﬁp@a&@@r&w&@%sﬁﬂm& @@t ur es
Formation and processing of such |ayers of material may ultimately

result in 25 chwpingtnety e drewingiviiriy nefied thet dadiguiepars not drgesitcissles lich

as, L e9r abeonhy e bf Lk IR BELOUIRH Al MLSHy LA o m

wafer as u erern s 0 érnco
type of devmpﬁasifzﬁ@hﬁadtmﬁlbeoﬂhé clememai s Eﬂﬁh’(dt@ﬂhadhe ﬁgures aré\hcbthiml’gh
enbodi nents are described herein with respect_to Is to be

fers,
under st ood ¢ BasaRhEdaRe g R mBE thaneper(t @Pr"éﬁ%tnll?é(r CSSHB’(WWB n such

as a retic ¥ Lhfd.t0 as a mask or a
phot orask. k&lf%%%y}ifa ?g?%?{t“%%%s‘gﬁ’\%%g%%g%%eggﬁP%rﬁ}?ut'ézoosl 073706 of

ret icles are knbvgcneml theeenzhotimentrdicsdybed bemip relatetth diiErentiaimgsherweeand

ot ol os. KABARR S Ha A G RERGA rh PR pafalb P Emdico

that tde fdgriEeSaradenintdheRirbadiciul &gatsn a%ﬂat@&ﬂ'ﬁbﬁb&b@c&akﬁﬂ@&ha&@sﬁ]ﬁ]&ljﬂf
sone of the elenents of the figures is great] ¥( exa gerate
Senphasi ze 'CHAFER DERMSIF defeds ot prposaddmendam detecisdal O%h H’B@téﬁ Otrﬁa‘tth? he

figures ar ﬁrﬁgtcorqglﬁwgs SEe(?nah@@ei% gﬁlag%?lcgnf e & M S Work Beﬁm{egf st ng

one figure~that may simlar I gured have been I ndicate
t he sane rehesenae othenerctiods (¢.g. dcfcct review)). “Potentially random defects” are

defined herein as actual defects in a group (or a bin) that is likely to contain random
15 defects as opposed to systematic defecls (although whether or not the group contains
random defects may be confirmed or determined in a more definite manner using one or
more other methods (e.g., defect review)).
One embediment relates to a computer-implemented method for creating a set of
groups of randomly generated defects for use in determining if groups of actual defects
20 are potentially systematic defects or potentially random defects. The actual defects are
defects detected on a wafer. In particular, the actual defects may be detected ona
patterned wafer such that the defects can be grouped based on design as described further
herein. The set of groups of randomly generated defects may be used to determine if
groups of actual defects are potentially systematic defects or potentially random defects as
25 described further herein. In particular, the set of groups of randomly generated defects
may be used in embodiments of methods for determining if actual defects are potentially
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

30 example, the set of defects may be randomly generated on the design representing the
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In general, the enbodi ments described herein relate to
differentiating between potentially systematic defects and

potenti al Ly, sa0dagRdef ects. "Potentially systematic 109@%@%@%%?,%0%

defined herein as actual defects in a group of defects
that is likely to contain systematic defects as opposed to random
defects (although whether or not the group contains systematic

defects may be confir ned re d flnltel one o
more ot her ﬂ}%@?%‘d@(@r%dh %fd Bit t?f*emsré%)@ araagodp i B Bpr Pgﬁga}wmd
defects” afgemdehided tﬁ&%ﬁdoﬂﬁﬁgc&?&t&ﬁdeﬂ%‘c B! & dferdted Rn%l%uﬁ@ént@li?th@)
that is likely to contain random 15defects as o )posed to systenatic

def ects (abaah@dﬁéthtthéis the detgeied ﬂﬁectgrléwpe gohedimart, raafeoim ededralieghe
o e for ShioTRAAL rERLE ARGy P BulFRnfs AELE Mkl SRR U AR fnO"

more ot her SHeé
relates to(ae. s:s]i‘ﬂiplaheﬂi fhanﬁlnemtﬁrﬂqdlm&tthmné Demes.edbbpgeditoseingof groups

of randomy generated defects for s? in dete ning if groups .of
actual def delfunivishple Fﬁb@@fﬂnlearwa@ct}& véﬂﬁ%eraéedo%»?%arga ofe SyBrlatt vsing gy
random def gt 8. Thgoaatilalim e GFhsmad %vg&ﬁe&&&nﬂﬁt@&ﬁﬁﬁw% Fe. g\’afvf%hte

In particular, the actual defects may be detected on a patterned

waf er such CeHasintisiodpflodhis meanerhibe stolipedothhsederaind defsitgman sclude
described furt erein. et of groups of randomy generated
def ects nmtzru eraﬁioérgytggneéaé‘fd&% e if groups of actual defects are

potentj al | y systeimitiecedbi®abs, Ardpolyeahdraldoythe @ndbdefetef iciudesasndomly
25descri bed further herein. In particular, the set of gﬁrou ps of

randon y géprsraingaheristesss 4 loralonsarigagsd it A SHABTAFHRN S of o FREARIBSDE or
deter m ni nge4.fs gnl&@'o deL LGl SeRls g@gta%msg §1|e|aYeaSﬁ§£ﬁlﬁ¥tloﬁal%{t%ﬁﬁ1§en9r

potentially ran ects es ribed turther herein. met hod
i ncl udes r andomlygegenanatheng o dsietts ofcludes Eiodcsn}atged@r&tﬁmtbﬂdefb@tdtl ons

across an area corres din o ap i cted area,of at,Jeast. a
portion of %aﬂ%ﬁsg’ﬁ‘”nﬁgF‘rﬁé‘@@gﬁﬁﬁ)ﬁn@%@[‘}’s&@%ﬁoBFﬂaﬁﬁgﬁflrga ngif‘n A andom y
gener af ed @phdihied QS ORdneRre & sl A grill iy al®have a substantially uniform
2009/ 026358PCT/ US2008/ 073706 i nspected portion of the waf er (i.e. the

i nspect ed diseribugpn acressahsarpyhibie forpst sugh empedipepisgagdomly O%W%m&éfrﬁ%? of
the randomi, ¥fegt? [Pr%g %c?gdquﬁlg‘ﬁhé g&}{ d@ﬁc gtgit@tﬁ ﬁ)dm%etchor%'ﬁxsl ngégtoh%lul’a\fer

the same de nsity as t tecte ects. I n one enbodi nent
randonl y gdmner akpeatjort rleallssahd ofplatefeabd mmah dtfodewith aﬂd!onﬂ}yg@emmdabfen@
the set of d Iatet 1-é:%an }ggesflte%%erglad?:{’clc‘% a?e!, sn%stantm?ly uniformly distributed across the
20 area. The inspection results may include any appropriate inspection results such as a
KLARF, and the randomly generated sel of defects may be storedin a different file (e.g.,
a different KLARF) in a similar file format. Therefore, the generated file may essentially
be a snapshot of what results for random defects on the layer of the wafer should look
like.
25 One example of inspection results generated by inspection of a layer on a wafer
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

30 stacking. Die stacking results may be generated in any suitable manner. The KLARF for
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5(e.g., sinulation that is nondetermnistic in sonme manner, as
opposed to being determnistic). For exanple, the randomy generated

defects W?Q@]ﬁ%?%gy ated using any appropriate stochasi,'b»ggs%og%ﬁgﬂiﬁon

nmet hod, syste orithm technique, etc. (e.g., Mnte
sinmulation). In this manner, the set of randomy generated defects
may include truly randomy generated defects. 10l n anot her

enbodi nent .. rand enerating the s f. def.ects .includes randomy
gener at | ngigianyet wbpdSIt i fetnd nEREARS T Hlab gbivie HisFda ESHeHEF
area. For eX&fR!ieLARPSrIgidRalSdRkidItlcRLis®N t@hoviRk Me hOOAdRTcc@ e@cted
across the area. In_an additional enbodi ment, randomy t%ener ating the

set of def &ytke inpreriimelEorp divdesn 1P apdnenleningife aeienl defeels bétharndombat i ons
having a sy i i f i Stri i . .

o L T e
have & subdisaftivital dcyostithie facramidpaticuldrudie arpd O vas ssddhe garteeae Jlie mmpddne

such enbodi pents, _.rando ner at i he set of . defec may i ncl ude
r enovi ng aé{f ’ moFé&g’éggtr%ﬁWg@f@@nsyp hrdsiils dresiied gﬁ{f?ﬁ%@w@% the Atf er
from i nspeqlh@inily@shirkied a8eetf ePIRRUD 0, bRk Uatansef B Gl1D0 Wefebt x 100
random y generatéd defects so that the randomy génerated defects are

subst ant i aldeipcugridi(or moydidiestivnabarayd 2eiessdbsaeher Rodicen thetlhgeriohdsevtiéron
results may inc . i i clyi resul. S :
KARF, “and ¢ ho. T ngy OBRLEERKRS ful SORAGHH AR RS USR] iiper

di ffegrent heded, ol ©e pudbets bf fmenindb ARy igenadaied daikay infcotrespbadingt .
Therefore, the generated file ma%e essentially be a snapshot of what
resul ts foRTPURHEBMASFEMPRIEd apAeseHked furlst hereimn R detRanisr sheuEgup slpactval

like. 250n@.RXRMNRIOhortMBRG Gk ASkb Br PARANLAY 8HdBY deRSREE ign Of
a layer on a wafer that may be used to randomy generate the set of

def ect s i snwhosunthi pesEitgofl desigh hagsd gtauping der, acRiafdefdctsingvigndgimdy pensral®@! of

di e stacki resul ts generated by inspecting a 65 nm.polysild co

Layer of aegsris piay ps cmipared brd erol by RIS bagy¥ g erctmiil ok pR ofap il
def ecis 12 gdRtte Gichdic ipbtemidllyl sphtemaliicedef@ns dripetepndlyShhdoeofeftay er
overlaid with one another by die 30stacking. D e stacking results may

be generated i nih{pr§es satadansikiardombr genergungiher gy of dgjots is performed such
2009/ 026358PCT/ ' ! f :
gﬁgnﬁgize%%%ﬂﬁé 7&@%&%@35@1&%& AeteBS nyc?aﬁg ot B %%%p? gsra?:ﬁito%nm;g&g

KLARF f or was use enerate ano r KE randoni
gener at ed dedad ot s frpyengnafhagpriidrecfabt dasigndedduts tielewions obipe tandomly

[nspect ! on LSO IPR A0 308 LSRLORRD R mst il 051 SR Gt

subst ant i akdroti epemted such that the randomly generated defects have a frequency that is
approximately equal to the expected frequency of random defects for certain structures
within the design. Although random defectivity can vary widely from wafer to wafer, the
more frequently certain structures appear in the design the more random defects will in
general be detected in the structures. In this manner, for portions of the design that

25 appear across the wafer at a higher frequency, more defects may be randomly generated

thereby better approximating the number of random defects that may be detected on a
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

30 may actually be detected on the wafer.
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5 distributed across the area. In particular, die map 10 was used to
generate die map 14 shown in Fig. 2 that shows |ocations of randomy

gener at edaﬂg%@ﬁg%ﬁ@ across the area. Randomy generatgé@g{ogé;&ﬁ?gﬁ

i nclude 1 ects arranged in a 100 defect x 100 d grid (or
t wo- di nensi onal array) across the area of the die on the |ayer of the
waf er. The defects in both KLARFs can be binned based on design as
descri bed further 10herein, and the nupbers of actual and randonly

generated def ecisame weiodsagmin HergPeielae elah e leorpianedf Bgwater 1s
descri bed faﬁ}éxjo?ﬁ{ t‘{ffécglaptotaﬂ i&?&&%%of’ o i 8 the Pl P1PhisAfAHa, alef ects
trc de

i ncl udes potentia ystema ects or potentially random

def ects. | martdoindy pevererd, defehes doastbavs tolfe gesiatgd abdiffertngreaiionnierrésopn
actual defects and rando . gener.at ed .def ect s y b ared on a
Group. by oRGEOBREPETTB by SRR A Ch B Lot U A TS

i ncl ude potyeitrid hdfedy Shf PR bdrertRffecd Sy 9 podioh enthk ahiry insprtdnraalieet s.
In a further enbodi nent, randomly generating the set. of defects is

performed «wéH (¢hatn Bspeckdaeie)agic antbe walttomdyhgrieheat ddhaenddtly in
each of t h%fugéeragcg Ferbcls ARREPSE tp@élﬂ%%s rﬁ%u@el notrﬂaﬁzeP E?ﬁéégl?gaf)g J%%he;r/ Rérein

portion of sign proxi mate cations of t
gener at ed defedehshd itabanhbaobf ddienl gefoctp detetedmsost ke carirdnspced axanbihe,

t he defects y.be 20rapdom enerat ed such, that the .rando

gener at ed H@E%C‘PEPWQ%OE%FF%%E%WBW? f2 éé“’gﬁbfﬁgfwg{“8¥§e &@%C?/delfﬁtst he
expecied freaueneydal sdiandamdnkaeicd afalof GRI-AM 18 bddigdd) iBRadbt hi n

t he design. Although random defectivity can vary, w dely from wafer

to wafer, tédndomiy genbratingidefedtyaceess thei wifen hecetunf dsteatp pusiberamdemy desi gn
the more r andorp%(gggrgsgtz{g ir\lglj%:clt d’ ﬂe@o%ecﬂéa‘hvl‘ﬁrﬁlf QEﬁ'@G%grgt% él:]lmttuﬁg{)g 5%'053 the

st ruct ur es B TR T RIS HanA of 'portions o esi appear
acr oss t he vwgdrand den atatitighee dkfeegudheyiernne, ehclahdeitly gemeyatbbdafen domity

generded thereby better approxipating the nunber of random defects
that may béarmies BEmata o alﬂx%éf‘%ﬁ%wgidﬁ%e&%‘ft ﬁ#ﬁ‘if%?ﬁ%gﬁg‘?%e‘&esi gn.
A sugh, 1 andom. GEREA a6 shollpbesifingRic SN Bhdond BEIAN dlidars iiae

sanme distribution across a wafer _ he distribution of design clips
across t he gwapesuchhizt elpyrtivetcf e desgiperotki mafdr prpximee Hicstignslolithegrdemly

rzg(r)lcgi;)(r)n 222;%%%%'[%@% : 0%&%%%# tH& lgr'oXpsqg sga%{a%ﬁéiﬁpthg Qantig] ein\ﬁ% ﬁ)ranner,végch of

the groups of the randomly generated defects corresponds 1o a different portion of the
design, and the randomly generated defects in each of the groups are located proximate
20 substantially the same postion of the design. As such, the randomly generated defects
may be separated into groups based on design (e.g., design clip). Binning the set of
randomly generated defects into the groups based on design may be performed as
described in commonly owned U.S. Patent Application Serial Nos. 11/561,735 by
Kulkarni et al. published as U.S. Patent Application Publication Ne. 2007/0156379 on
25 July 5, 2007 and 11/561,659 Zafar et al. published as U.8. Patent Application Publication
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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I n sone enbodi nents, the inspected area of at |east the portion of
the wafer is approximtely equal to an inspected area of a die on the
waf er . lnv&(m(ﬁh /5%9 er, the randonmly generated defects 98'1*/5}9}08@@7\5% to
be generated Bt diPferent |ocations across an area correéspondl ng f“o
the inspected area of the entire wafer. Instead, the randomy
5generated defects may be generated for only a portion of the entire
i nspected area of the wafer (e.g., an inspected area of a . die on the
H‘@Iq%é?]

waf er), and t he Thamsétod father %?ﬁ“)‘/“i@%ﬁé‘ﬂré‘?"éafﬁ]éf@éf’gﬂﬁ #NEREA of
the groups m@g emregwgggg)tsg%géﬁﬁﬁs&p&%é Mﬁ&&}ﬂz eg@ﬁ'errﬁwdémseﬂ gan the

total nunber of actua etected across t entire inspected
area of therowgkesn bd dfvenpoxitto onmbdrs bhastwmhddfeats invspespbednggrenps®r whi ch
t he random enerated defects,10were generated, and t Lige.

| nepect ed SFEATGE 1L HE ST AFECR it QRgrTrean Lt SR R e
gener at i ng QBekRGE poREHMSTarktddt Wades!  The hemBet (0d., Hetetdtsonmy) ofenc
randoml y generated across an inspected area of a die (which is

equi val ent rewslosilyrgengratesrlefclsdn shersennasgibe deiamingd in pauiitigmepsr. The
def . E
efects). FULLDET egﬁ%&ogglg gg@gagéﬁ daéé;&.%q&mt Shpd LS conilito AR MubBers

normal i zed 10 matc ect count as descri bed fur‘ther
herei n. 15'cfkie areihdedecad indhd cvelesmbedin igrmupnegpcotidngste anp 6 tha pdbedipents

generated defects into gr S such .t hat rii of desi gn_on the
waf er proxi _ECEB?S‘Pi 6‘%%‘?‘@%‘% %e%?fa%iﬁt@e %g'ﬁlfi%]%ﬁm&g? %rc?f'%%r% each
of they gr oypgnlifySHBshamt iatdyorltdRniaNBandoh 8dtbds MNBEperfoe@edbatd e
groups of the randomy generated defects corresponds to a different

portion of resuls débi gempaison adserdingidany 9f Ge popedimgntgdesebed iefeidach of
the groups are lLocate FOXI i . it i f
t he design. As ilh%’%, e%@‘ﬁ%&ﬁ%ﬁﬁ&ggﬁgﬁgﬁ% ng]lea#!e%% g%ﬁ%ﬁéﬁgé%a%g?gd
i nto gr oupsatiestdg@rrateisicgris( Thi.“randesi Rarete thap)’ caBbawrinsigudidieispgtanp bf

randomy generated defects into. th roups, based on,design

per for med 4% @aEERY l&é’&Fr?‘ﬁdS@%%ﬁlﬁsf’e}ﬁ’aﬁ‘éﬁPﬂeﬁ“ Pt @ﬂ@oﬁﬁﬁgi‘%é}?ﬁ]/i%%gCts or
Seri al; N_Os'cle%l o0 arIvich¥d KH Kahd ol ackdss tRURd) Shetkxasiple, e sBafent
Appl i cation Publication No. 2007/0156379 on 25July 5, 2007 and

11/ 561, 659 rZsibary gncrted qefdsisirsdyde birned iigo diFfran gronppbaseden dgign (g
Publ i cation No. .2007/,02882 n.,Dece i e
1 Ted on NOSERLER Fp EHRa Rl nERFRIREL by AR oy Bhclied L M
reference agndoly tdrkedatesielefdeaniking hesurs of thd henmpbadisnein B ofits defelte th any

herein may include any step(s) of any nethod(s) described in these
pat ent applope at the geoups v w@%@bﬁgw@#&zﬁ%@/@ﬂ%@mﬁy the Sf‘ﬁlé?

met hod, f ur Egﬁfonio@ﬁle%ﬁgn.dﬁe%fg}eﬂiﬂag’a?étd"ém%r @E rdrld8ml efxted defects will
e ch of th Th

gener at ed ects 1n e of the groups. e nunbers of the randomy
gener at ed dbdwettesinbetstod defiects psimedintodiffewsnpgroers, eash vl bwhsonespardsuar
defects in ¢ rresp ndi roups to determine if the actual defects in
t he corresé’gﬁ‘ﬁ?‘ﬁﬁ ﬁPB&Eg‘eg‘F%g otentially systematic

One embodiment of such a Pareto chart is shown in Fig. 3. In particular, as shown

in Fig. 3, a Pareto chart generated for a set of randomly generated defects shows the GDS

25 pattern group ID along the x axis and the defect count along the y axis. As such, the
Pareto chart graphically illustrates the number of defects binned into each of the different
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

30 comparing the Pareto chart for the set of the randomly generated defects to a Pareto chart
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5defects or potentially random defects. The nunbers (e.g., the defect
counts) of the randomy generated defects in the groups can be
det erm ned sui tabl e manner. The nunbers of the rando
gener at edv&?é@f’% 3¥n the groups can be conpared to thef HUHB@P%‘”’&?“% he
actual defects in the correspondi ng groups according to any of the
enbodi nents described herein. In addition, determning if the actual
defects in the groups are_10potenti al I% systematic defects or

§

pot ent i al | yior &paehpldefestst dn parjioude, wing H@atowh@@dnmb%gﬁm@@ndf t he
conpar i son O%ﬁ&%ﬁ'd@faﬁ& 9;1@ 3‘3@1%&15‘1 g‘%@&@'ﬂfiﬁ?ﬂa& tﬂ@s?a%{epc?ﬁ %up

I n one enbodi nent I'nc enerating a Par
the set of andnidosbye @@mre&;tcmdu@@mmt&naﬂ&um pa@ddom Par eto chart can

be constructed i,ng an f the random ener d defects _described
herein (e.g., t:@ 13}&%?‘%‘ f@ldggﬁ%qﬁé}fféﬂﬂ%@g ﬁ%‘ﬁCligﬁbng‘Ef@f{ﬂﬁ {0 are
oriented i nyavil@ak b@qorggthﬁisu@ﬂwss@uﬁ&@t e ?cﬁc)maﬁ:&;rofe%atﬂﬁl Bnddh st
random y generated defects nay be mneg into different groups based

on desi gn (feorga limited ﬁ@ﬁplél Foyexampldeivont pabodimenthde mpedrodiinperfongedymore

Pt et 0 Char T B GENEI AR L A G 36 Bl LRGP e BRIPLALERS. |

defects using resul
any one of defetsgiThe p&tiwdl rhaylbie ﬂel‘f@ﬁﬁfﬂd‘n@‘é chainvateesutb tHahéi fisgfese(saif
substanti al |

t he sane 0 port n of i gn. Therefor t
Par et o charf?ly%% EfRETH %% t@m@é R 5’66‘?‘@«5‘5% SeHeFCk Howh phbe H{}%M s
of defigcts Risnpaf rhitfoshifl Eéﬁeﬁt&fﬁef&fs@ﬂﬂsbe Iﬁﬁ’d\dﬁqlg%eﬁ@dtmnqw f8RRPNds to

a different rportl on of desi gn odi nrent of such a
Paret o chardi ¢rsntsnmms|(¢1g5ﬂ(@or®lg tpranpaf the embediments deseobad hereidi Jhe3, a

PO oA AL 3 lenP Lot ARy BENSL AL A0 S L5 shows

the GDS 25pa ern group e X axis a

al ong t he yesxiiied Ascosdighio mpef%reeﬂaedlﬁﬁafstdegmahh@ahl Yhé hbrblsd s @idaBe
t he nunber of defects binned into each of the different’ﬁg{,oups, each

of which coFFESpYmYabes can b sanenagssio psrupdrrsef therrstueiefesisipghe, | n
this @nnercorrEé'b‘%n&KHg?ﬁfuﬁb f detBirkdNEe Q&lﬂaﬁ@f&@l’é% £ cgﬁésgsﬁﬁ%gaé}g Oﬁs@?’e

nunbers of the actu defects 1 n correspondi ng groups
as descri bawtdntiglihsystehatielefediyor3®tamtipl tandprt Hefe®@ar Eveonupdtars fof e t he

set of the randani ner at ed defect 0, a Pareto

3000 0263501 Ts GBI T4 TEY Beiire sty Therade St copitadda e,
using the Rakfke oCiardctial dufeddehshoforcanaant braes ecatdat; dehget meand
actual defects in groups that have the sane GDS pattern group ID, and

ther of or o FFEORERTESISBITER G§inoUpadd ety dgemeiomg &t baactual dcfects in the

20 corresponding groups are potentially systematic defects or potentially random defects
may be performed based on the comparison to the numbers for the different sets of
randomly generated defects according to any of the embodiments described herein. In
some such embodiments, the method may include statistically combining results from
multiple sets of randomly generated defects to determine the confidence interval for the

25 count of each bin. This confidence interval can be used to assign a probability that a
given bin is potentially systematic 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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Mul tiple runs of randomy generating the set of defects may be
perfornmed to 5provide for a nore statistically significant

appr oxi m%(??qoﬁlﬁg&:%e total randomdistribution froma hb%%§g§fi§%l e.

For exanpl'e; ne enbodi nent, the method is perforne
once to determ ne additional nunbers for a different set of randomy
generated defects. The nethod may be perforned nore than once such

that different sets of randomy generated defects nay be separately
random y gener ale@notes embesgimenfethg picthof dhperipgied wogrthqnpace e

gener at ed qgcfli'ﬁ%a? ngxﬁﬁerp?or%%%%?%{?ﬂ@ﬁé@éﬁgﬁn&a@ea%eﬁ@lg,ean_@ khedhdh&s ent

manners (e.g., according to any o ments descri bed herein).
The additi émdudenusibeths aflditiondheunibdre tr-@tidats dte rafdotiie geraratiogrbipp (in which

had mont SRUESEH! BOR KGR THL T uEP BTHeh S LBl 15 limber

can bes COMpa{demhly Serkhtdteflag fndahe fahGord Phtea chdef @atbe ghierdtBBmultiple
15correspondi ng groups to determne if the actual defects in the

cor r esponditiags & ¥alidate dpestghilits of fherandoniaatianiopessd By Ragticalagythe method may
potentially.r : i J t he
Fandont v g9 EER0 BT S g oncH p DDA ch et o R cf B S
nunbers of séfueatae tandbmibledemetaredi n thisendodinespeadi afghaytiffenost sasobtigi ng

to any of the enbodi nents _descriped herein. In additjon, determning
£ the act FEIORM SEEROERRE THHE T TR G T Ol by SR oy
systenpti C o8&f@6t & A oPalcRMbodinkehty REGDEY HatRG ShdmiMitRaainRfdbessidhe
based on the conparison to the nunbers for the different sets of

randonl y galiférent eet ofidfeaandonty eeneitesdefestsangy bt delamminsiaesgrdiamiogany of the

descri bed herei.n. A j t J., e
statistical’ 31? 8%‘6“&8#%%8%?%@%?‘? (S ?’%ﬁ@%nﬁ t%’%qotgng 5%%%%?@?%%%%%&%
gener at edf dezﬁ@ﬁi;% thOndabees for ﬂfe cl(ijﬁ«&cmeetﬁ bﬂmnd{inniyrgemmad dééfga:ts.t e
25count of eac in, This confidence, interva e, ed to assign a
o obabi |11 JopReE far i GekeBt 17 Y oPRiT P Ly b d oG A The
used (9 s ercofﬁgﬁlj@& 6% Q%fcﬁilp 9 -gBoup bRLIE a@%rcll?xig 1 rzllhj af th¥ e#¥6digRBk describedccOUNt

is greater than 90% Confidénce interval would indicate). In this |
manner, t héercimdonilgitignvelidating thegredoringenseatiog atep say dealydg deepaiingdf ¢ o

e A D PN ORI Py
considered statistically the same. Determining if the numbers are similar enough to be
considered statistically the same may be performed in any appropriate manner.

20 The embodiments of the method described above may include any other step(s) of
any other method(s) described herein. In addition, the embodiments of the method
described above may be performed by any of the systems described herein.

Another embodiment relates to a computer-implemented method for creating a
normalized set of groups of randomly generated defects for use in determining if

25 corresponding groups of actual defects are potentially systematic defects or potentially
random defects. The method includes determining a total number of all actual defects
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

30 actual defects may include defects detected on a layer of a patterned wafer. In addition,
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I n anot her enbodi nent, the nmethod is performed nore than once to
determ ne additional nunmbers for a different set of randomy

gener at ed_def s,_.and the nethod includes using the addition
nunbers t Q/éq%%ﬂ?sé the randomy generating step (in \Nﬁ&@hg%ﬂﬂ%&?ﬁoﬁst
set of randomly generated defects was generated). For exanple, the
set of 5randomy generated defects (and the random Pareto chart) can
be generated nultiple tinmes to validate the stability of the

r andoni zat itempthed ey or may pelringledn defecting e aeba] Ggteptayh Hie Iper phihpaafer
nore than qn t i ff ect s
re separ atargr Rk etl BhEMmQE e ALnlFRAEH: Mo SRAEHMREHF L
di fferent skisuishcd ddfeatafconisingeasmateds (ed.cif tie waerps mfmrcmb by another

randomy generated in the sa nner. (e.q., 10gccording to any of
{ho. enbod! MIREh HesEriEE on aaemetiet SaTERARENG DR POrarat

di fferent sgh0hnd MerefROMRMLKa NI EE Qbuliafoesd & tBY rdpRvelefremhded
according to any of the enbodi nents descri bed herein. Validating the
randonl y gemrettonmesuls by theanethods dowabedhmsein) fdpterméningiths &tal mugtbet ¢feall
different setss o r.al ) . : e

di fferent sog{ﬂ%e a(%&‘%%?@%ﬁ%&%ﬁ&%%@ 35?1 g%e%@? ‘ef%%%%i‘ﬁg’ﬁﬁ%ﬁ%?%ﬁ%‘é“t‘%an be
15conpar ed on a Tye aiepholyisgrinupich asinmliaiag ansberg of mndmyly @gbndrited defects in
enbodi ments described herein. In addition, validating the randomy
generating %@%twé%@i{}h“ea 'é?tlg‘FIﬁ?tﬁf”r@’qe?poP gﬁ[ﬂ’r’_ﬂ%?@ecﬁ]% {hf’ﬁ‘ggl

di fferent $eL$e08r MAPHQHehia RS Adchidicdehakd $afef. €A pbifioh of 80U tho be
considered statistically the same. Determ ni ng if the nunbers are
sim | ar enoudér proxitetedematipuier gt rondomily geresited dafenss iogaeh ofdle gaups is

performed in any. ropriat.e nmanngr .. T i o) :
descri bed aSB%%aéXLﬁ'@)EBHC ﬁ%‘flﬁgiéheé%mb@ﬁé?l%g?lgg%eg%g%g dgﬁglts g{ﬁ%?&dr%gti) {f{ggd;(‘]@f
descri bed hepgebdesigh Qiptliahil 02, nubiver ehoghdorily $endratbd defoms imadch of the
descri bed above nay be perforned bé any of the %s}ys%gms desgrﬂi*g_%dr
herein.  sroupamsytvenowsbiger pased on ©fah pmberof actufiis s deierist andiowder
met hod f or \ereatlingn? n)RhERd e @ity Andiiolaged inadanthy saepanal od
defects for use indetermning if cofrespondi ng groups of actual

def ect's ar eefomedtin ahyt suisyls nematri(e gdefultinlyng thepombnat ofapidpnity sensrted

defects. The.nethod,incluydes determnin total, n , t ual
def ect s detdSECE EHR SR é’rsoglfz%éf??ﬁf) 3?’} %Fﬁ%tag%u[nﬁbﬂ Hgglﬁcﬁeoc gglg#\éé‘?t%gled
in the tot rRLIPeN oPhebRupblshpsoxinekely Bplaldehntotd anmeerdelaentisleldets

particul ar, nuisance defects are preferably renmoved from i nspection
resul ts indawyled antigbya@® anner prior to deternining the total nunber.

The 30actual de ' . ; L 2y ebroff wik
patte?ﬁed waf er&%\gE&&g@ﬁbkgﬁaﬁ%&%&c}%@fggéggwb%g%g%/%%371‘86 S

dramatically (e.g., due to variations in one or more processes used to fabricate the wafers

and/or due to variations in the wafers themselves). As such, normalizing the number of
the randomly generated defects in each of the groups may increase the accuracy with
which potentially systematic defects can be differentiated from potentially random defects
25 as described further herein. In addition, normalizing the number of the randomly
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

30 addition, normalizing the number of randomly generated defects in each of the groups to
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the nethod may or may not include detecting the actual defects on the
| ayer of the wafer as described further herein. Furthernore, the

nmet hod mry*v(?é%]%%g&ot i ncl ude renovi ng the nui sance deggﬁ%@ﬁo&%ﬁm&ﬁhe

i nspectio (e.g., if the wafer is inspected by

met hod, that nethod nmay include renoving the nui sance defects from

t he inspection 5results and therefore the nui sance defects woul d not
have to be renoved fromthe inspection results by the nethods .

descri bed Hefsi depsinpelosts dpigita e eereparest fHem HgAtsERn BTip4Ite inspectippresde del

def ects detRCLER Qick NSuds@fiha) R B8 BELLRLIRY difhrfil¥o bl ABliRring

manner. The ne SO i nc es normalf zi ng randonl y
gener at ed def ecflhe nornglieetpsuniersafitemsdohly tgheeraed dedtctdiaftieegroupsean be

o et o et BtpBaT SR ar SRl pefpes triforor e foims Sl tin R
proxi mate | gfadpbaMag gllfoubeh@f théngdeiyreas hepatcataifal aehstid dfRacdh pefentidls

groups is substantia the sane. Therefore, the randomy generated

def ect s ar eanglogugpbierihyl hgastrgalized ngmberpyf the mingemby| gepirated defeeth e theinber

of the random ener at ed CtS.i f
nornal i zed %%ugéﬁgnoﬁe %oél%pgfedﬂgfﬁ%enrﬁlclffz I[}'aogg }Cjéral“lc Rlﬂlecieg%{sgﬁg%?%g% n%ﬁg gﬁ)élps
waf er. 15Nekemding tdghytdiehotinidnes desdritich @cremn dbatesulgesfanet @ohpdefes hayibe

each of the groups nay. performed in any suitab manner (e.d.,
mul ti plyi ngS¢he disrpE 1&% F%B%dwgg%ﬂ%é’% Ef SQRIRRSEECTS 3 BY 1é‘l;hgoup by
some fact Orsg&&n&tr@éeféc%r&Jgfeﬁ{iaﬂ}qlﬁmﬁﬁn &gf?&saﬁ&g&mr% 18 SREsRE R lRd ?&%Eﬁoe&n

al | 01J the groups is approxi mtely equal to thetotal nunmber o
act ual def detesn.det ected on the wafer). 20The total nunber of actual

defects detect edyon g wef &l [y XAHKACLORS, MRLPL81HE MPIGEAILI of

(e.g., due to v e Or nore processes use

the waf ers sapd{ter metheddspdesaribedthcans Thaddiiien wrf enisdihenseihe es)hodAs
such, normalizjing the nunber of the ranggrﬂy gener at eg defects in
each of t helegribgpabaygynay hempedewncdiny agg efiig sysSing $rseihce A5t enti al 1 y

systefqmtic defe %ﬁaﬁgg’ng%n%oﬁfn%n?%it&ttglq rﬁf)ﬁlggﬂepﬁﬁlﬁaﬁérﬁéd Mtlethét{‘ﬂ)@ m

defects 75as described further herein. addition, normalizing the
nunber of tdeennandgpifibgud dafertanmpotiatieldit sysicmatad¢feds on fratengplbiupsdbased

on the total .n r of .actual defects detected o n iven fer
i ncreases tc{?gecﬁm?f‘?“%}%efeﬁg ALK Edrogﬁdﬁaﬁ?rygﬁgﬁﬁﬁg %H é‘&‘?‘&‘i’%‘%&f‘%". ,
one set of yeapdorlyndeatsaiEaafdedes it tanche dised rarbegibipep baseaher s

with relatively hi gh_accurac& regardl ess of the actuyal defecti Vi'téy f
di fferent wgpienaydeseribeddudenr vpisin. The meilqds dengribefeheRUIRBEY obmay AR &

gener g} ed %&e@ﬁﬁgthk e AR s dulife GhfRH %r%Qample, the methods described herein may

include inspecting the wafer using any suitable inspection method, system, and/or
technique (e.g., by scanning the wafer with light, detecting light scattered from the wafer
during the scanning, and detecting defects on the wafer using output responsive to the
detected light). Alternatively, the methods described herein may include acquiring

25 inspection results from another system (e.g., an inspection systemn), another method (e.g2.,
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

30 substantially the same. In particular, the actual defects and the randomly generated
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WO 2009/ 026358PCT/ US2008/ 073706 defect density allows data to be
conpared frominspection recipe to inspection recipe for the sane

device. S r izing may be particularly advant age or
nnnitorin&&pﬂﬂ%&%%#he normal i zed nunbers of the randonggiaéﬁ@?%?gﬁ

defects in the groups can be conpared to nunbers of the actual
defects in the corresponding groups to determne if the
5correspondi ng groups of the actual defects are potentially

syst emt i ¢ dgBFEanay bsbipst érie Brrpyasdipaibad Bethechescin pad qpapartiopeda
nunbers of dtcgﬁn hRY b tgfﬁgﬂ%%q egc%{ id gﬁesde'fé}tst he t}g{]ﬂ%ﬁérﬁﬁ’é‘p&ﬁﬁ] of the
t he’ nunbe t a ng

conpared to rs o e actu efects in the correspon
gr oups accalkesipmgrotonanihe dodatchsnd defscid @sx giobe thah be edtistaniliflly thesmid dn of

such conpari,sons be used.to determne if the.correspondi roups
of “the-ace dsntgerERem Gra bR o isted S EGS B Eyhend e PG PREPE yifl i
pot ent i al | yand AFEEN: SRABE b Sraforl dbrReatéDdcTilYs RRRGHnIRNAiSRBSEIHARGS the
herein. The enbodi nent of the nethod descri bed above may i ncl ude any

ot her step(@®¥gdf any other nethod(s) described herein. In addition,

t he enbodi nent $_ ( , ! 1] . r.for. . \ny
of the systens 3@8@r?@éﬁﬁﬂ%ﬁéﬂﬁﬁ&ﬁ@gﬁﬂggg@%?g%@%ﬂgﬁ%ﬁﬁﬁéﬁﬁgg?@?g?%g

t o a conputiam folip!’ enend accetiodo bosladetyesmmllpondgon 4f thedasah ldehedios
are potentially systemat).g, defects tentially random defects.,. The
actual def eaRPla B IREPOENB a8 S Seran & ernel 3545 fréinyCesigh roged fdptect
def ectis MayBea IRt @6LEH PR Re RALHRINGH B AEfSUAR addifidn, Eaﬁi?g@}ﬁthﬁﬂ)e the
defects may be grouped based on design as described further herein.

The net hodgatiesorithiyetie kbp.duhthemglysensrray pargielly exendorey ootiae elin. i Tigrafore.
act ual - def eglio.An. LG MALLL o E0L A% AIRE S bR OABE AR AR REN 1108 roren
ereln nmay I ncliuae-1 nspecting e war er ustng any sul e I nspection

met hod, sysfoéiitns anthe desigenbninglide iffegent sthyctgeninnhadesiche Avafichy thelatdnal

light, detecting light scattered fromthe wafer, during_t%ggscannin

and det ect m&cwﬂécttes%%atf%@prews besed o driitep tipraed Fesriandpanly denerpse

detectied |1QRlcds-mdd deQEARAY Bl erobhlhal&E HORSiH i iRGE rEh&! The Fbhbers

i nclude acquiring "25inspection results fromanother system (e.g., an

i nspect i on ofylwtasivp] ansirendeetly genchadel! dedecgs separated into groups corresponding fo the
same design clip may be compared as described further herein. In a similar manner, the
actual and randomly generated defects may be separated into groups based on design
using patch images of the defects. The patch images may be acquired in any suitable

20 manner and may include any suitable such images. The actual and randomly generated

defects may be separated into groups based on design (and design clip and/or paich
images) as described in the above-referenced patent applications by Kulkarni et al. and
Zafar et al., which are incorporated by reference as if fully set forth herein,

In some embodiments, prior to the comparing step described further herein, the

(3
th

method includes normalizing the number of the randomly generated defects in the group
to the number of the actual defects in the 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 afier a random
Pareto chart has been normalized to a Parefo chart generated for the actual defects to

30 account for differences in total defect count between the randomly generated defects and
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a nethod perfornmed to detect defects on the wafer), a storage nmedi um
(e.g., a fab database), etc. A portion of a design on the
waf er proximate a | ocation of each of the actual defects in

and each &0 tH¥'¥3¥dom y generated defects in a corresBST(H?%‘?gsl‘gyrr’ﬁ)gB

is 30substantially the sane. In particular, the actual defects and
the randomy generated WD 2009/ 026358PCT/ US2008/ 073706 defects may
be binned into groups as described further herein based on a portion
of a desi gihepetr| dritcss. temymbpindaes Badosaly @grdiated defprss igdheerowp MpRDLE hi s

manner, th ki i rQxi At fieat
o2 gr oup PRHEED i pditer I SRR LA el 6 4Bl DR 660
groups of afthhambdétreatssicanibeddpend to different portions of the
design, 5and different groups of random ner at efects
correspond to di ?Eﬁeg‘ﬁf]%ﬁg‘f‘@? W%‘ng‘ﬁ}éﬂ%@gﬁ@ﬁt@ ol T A SEHE toam_“nber
enmbodigrent o¢ tRBoRRT deh@e@bic b8 iIESHEN BAKE 2RAMIIGe hRUIRIGRS iBuE 1 P.
The term'clip" as used herein refers to a relatively snmall portion
of the designpiringsutactupitefesk sanmlieto amedonedefretsample. brarddiiiongdpawabgrypl

defined as _th qn a. ' [ Hoht

of a5 tho AEVOHBIER A STl Phly W A o R s SN ok PRROR

L he pgt t ﬁr Iam}ﬂ@sbhxbclli_?]g grer.l inmartmxtﬁr,tgfim;pﬁof yponh defetn amdmlyge?rated]d
eyond the clip. erefore, each of the groups correspond. t o

di fferent MBie HH STeARIIE SPYFIONER B w&?ﬁef%r@wgﬂ‘tyﬂf I61H6F v b lootiAT

desi gy, may g}&%é{g% (e §,R¢ R SutldnHALULE Sanhd) pbRn e BleQRsioMSInSHE Manhdie

actual defects may be separated into groups based on design clip, and
t he randonite gerter af @thal Sdfediebracdppxbaisiopas apdignionths dgrigupre Ysased

on design clip. hi s nper.. the n rSe.0f 1t h .

random y géﬂ@g%{ég) th%%“é%g% 02 RIS n?r%{%g déﬁeg‘ﬁ b‘i“@%?ﬁ%‘?ﬁ%‘ﬁ Mg % Phe

sane desi gRukskdnBalipihe REnSQPIRDheL tRsledigh C Ak batt, fhomum@ers bewhah defeets and

simlar manner, the actual and randomy generated defects _nay be
ey f fesen

separ at ed irHISME; BRIFRIIYASEG s IR SPHRVGE PR G SHAPAST ARly
defects. The.: ' D& [ i iRk Rn2QRBRARERE
and mliafl in@?ﬂgzég'ﬂgérsmg?ﬁ e%bu(?h i%%gge#ﬁ%%%?gp&aﬁoﬁ Pandom y s
gener at ed det@ctspomiing dreusepyrtatpedfoinmtdengr gopsbasksechrding degiygh theand

design clip and/or patch i es) as described in the above-referenced
pat ent appler@ﬁgﬁl@ﬁ?dg?rﬁﬁ‘%‘g%%ﬁi et al. and Zafar et al., which are

i ncor por at ed by 1§ ghdr@en@s, thé cdnlakivig s@p ifcbidecdieping a Phiricsdar
enbodi ments, prior to the conparing step described further herein,
t he 25met haansraied frrdke asBiehdaless g Hapro ERAbESRCgied dpfhg HindeRy senerated

gener gf ed %@f@@ﬁt $n 15k &B&e@ 1R mparing step may include comparing a distribution of

randomly generated defects across pattern group to a distribution of actual defects across
pattern group. In particular, the method may include comparing the design clip Pareto
chart generated for the actual detected defects (actual Pareto chart) to a design clip Pareto
chart generated for randomly generated defects (random Pareto chart).

25 One example of a Pareto chart penerated according to embodiments described
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 ID along the x axis
and the defect count along the y axis. As such, the Pareto chart graphically illustrates the
number of actual defects binned into each of the different groups, each of which

30 corresponds to a different portion of the GIIS pattern. Therefore, the Pareto chart
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to the nunber of the actual defects in the group based on total
nunber of the actual defects detected on the wafer and total nunber
of the randomnl enerated defects. For exanple, the conparisons
descri bed“f%?(l”x{ 3¥erein may be perforned after a randgﬁT’%’r"g&'@ﬁ%{’Ft
has been normalized to a Pareto chart generated for the actual
defects to 30account for differences in total defect count between
the random y generated defects and WD 2009/ 026358PCT/ US2008/ 073706
the actual ildusirates de rqmlis pidmsian basedigrupigiseiainedfenaite defede fdeqted qnp
the group nmy.be normalized to the number of the actual defects in a
correspondi ng group according to any of the enbodi nents descri bed
herei n. The net hothid medngd élse ooy dfnlgy @tualiddiens afgrags ual baehaeted to thea

group to a nunber .50f randon enerated defects in a graup..Ip this
manner , thémpﬁé?l}%&éa}?dw%ﬁﬂw %aéfagﬁ}%&r% ST ggf&%&ﬁé&ﬁﬂf@&ﬁiﬁq@é 'Y a
random def eglei SR RInGparihp 1R dkd Ot hhBe RMIN LT 188 Phdlo A8k 8Rlige 1 N

one group is conpared to the nunber of randomly generated defects in

a cor r esponaideglygogpmtied defgssr toeenample. gerenspendifg grovpsall aduflaefestsand
random y genpe hat  .cor nd 1 e h LRG| ude
groups t hatrgrl1 H%ﬁﬁgeerg%gﬁ%feg{ﬂ% a‘%‘“’e%g‘f%@?“‘ég?‘r?a{’ ééghtnée %pgtgerrrgg%)gp 5.
subst ant i alThyretdie, waumR ol pandl idefecwhind reddrlyi g@nerated défBéts havamdde sarhd @DS

nunber of actual defects |ocated proximate to one portign of the,
desi gn can PBESTE SHBRI P BB F2CbPteR rpngeRy A i et of

locat g pr QXhuiBdefecksurd PteRBlp stUmankEfent i al |y the same) portion of
the design. As such, the nunbers of actual defects and randomy

gener at ed def ectF&g. faljusdtetes ompemadiroent af wedisplisampaisandf @ Rarefcbae a
desi gn 15basi s, ring.t n rs of the actual defects and.the
andont v oanaSupTRTRShatekRT AEARE dal el fed Bhaoly ERtRRRERHAS

on a group Ihpsitisulac eof@dividn Fip. &/ dte Pircloltbare phedideft 5¢ st ethumbers
her ei n. I n one enbodi nent, the copparing step. includes

conpari ng 2fpepdidsieetiapd rapdpmbvageasraks delepe mgrirapondwr esaws shpvs b
chart \generahed ot e AU Y aPREEaLofRdS! GRl fre obflal U TRARES
the conparing step may 1 1ricl ude conparing a distribution of randony
gener at ed dafdeotls gasrasisdeiats dong the papist As and i Paistot dhart shfwraintHigl3

defects across. patt.er roup. In rticular, the t.hod i, ncl ude
corpar 1 ng. a0 YfFeRr R Rombes BRichist fufts aneiindtain B e
detect ed defigrl sntf aetddireMak@iR, GBIRAGE Whitl cérdfSidgm £hifRrdRapation 6has t
generated for randomy generated defects (random Pareto chart). 250ne

exanmpl e of GPParErd chart generated according to enbodi nents

descriped In this manner, the Pareto chart shown in Fig. 5 shows how the numbers of the

actual defects in different groups compare to the numbers of the randomly generated
defects in corresponding groups. In this manner, the results of the comparison illustrated
by the Pareto chart shown in Fig. 5 can be used to determine if groups of actual defects
are potentially systematic defects or potentially random defects as described further

25 herein. In particular, the actual defects binned into groups 2, 3, 4, and 10 may be
determined te be poteniially systematic defects based on the comparison results shown in
the Pareto chart of Fig. 5 while the actual defects binned into groups 0, 5, 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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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 pad sromrogsup | D al ong the x axis and t he def estT/ostndnadreng
the y axis. As such, the Pareto chart graphically illustrates the
nunber of actual defects binned into each of the different groups,
each of which 30corresponds to a different portion of the GDS
pattern. Theref o%e, thfhe Par et o cHart WO 2009/ 026358PCT/ US2008/ 073706
illustrates the reSgirFseRrodiBEtJHe trIaRaging SER FIcheHssrarRg fae cAteual

defects det gahes o ekl ®fects in the gréud tbglixesmﬁ?dépgf the ﬂ@oﬂ%@?{}@e@ﬁeé&?

k
actual defects in groups can be conpared to the nunbers
random y gelehagespdEhewtis of the sombesydredichg! dafoups tasgrdegsorthdmdnber of

further 5hepei i areto chart,for.the actual,,defects
to a Paret oﬁlgﬁéi}dtg lehggg@%gdpc%%%ﬁ? 3}]6 %nu r%?}gbcf d&@%&eg m %’rgug@émer'
cor respondi hopdditionpthe eftioandytal a Wifieciatoantlch angaind ve graanaided atdefinabis

may be groups tha ave the sang S pattern group I D. Therefore,
groups of aE’PW' b’b‘gﬁé‘ﬁaémﬁrm@efﬁﬁﬁgr%‘iﬂ%%%% | fefee todhhmumbeg of he

same CDS pafhesHlyPefthed @eﬁ&ﬁrﬁ?’o@%@%ﬁ%@n&iﬂg %ﬁ@szﬁ)ﬂéﬁf SJthagt%}iﬁgﬁ@ ne

if any of the groups of toactu are potentli y systeratic
def ect s. sarne) Ppigion 81 {he [design mpe be drtermanddodrhivh provades p esuturs ofthe

conpari son reto chart generated for actual defects Pareto
chart gener {gl fee%n %rbe%r“éeﬁ'g(t)‘}% Sher 3?%% dﬁ%ﬁ%@?@‘.“ﬂﬂ“g’ﬁf‘?@ﬁ% ﬁ?f?“as
shown ion Fi gorreSponidhg tPdieabMe ChraubstgBaRY Bk e8mé)PorttonC@MRAdckis RN Thérefore,
nunbers of actual defects and randomy generated defects in

cor r espondi H§ "GIoFap §¢ 8#6vie detraninp 103ha ot wtyn! deferipare polgnimly sysemytic
axi s and thg, f £s and the
random y geﬁee?f&g{ e (tzleg]ghell@t ?La %E??ﬁéﬁhﬁsgﬁeg%l}{%{eéﬁg , the Pareto
chart shown i n Fllg. m&heg dghinclati¢sydetcriingty ifittesctuhlelefiendie tie gwoupart ual

defects and_r.andqmn ener.at ed defects binned into the different
Groups. eacht SRR RS LS Pl rrpe el datetioa el B cos
pattern. 20fdmjahihg sOBRNP& exahple, iPaerd i0 aGlalflcasOMehdd beiv@en theShRWNET frOW
the nunbers of the actual defects in different groups conpare to the

nunbers of el defRddin ergunenddbe aurls o aademlyasneras opfaetag roups. In
3, Tenner kg, B 0 SRR SOR bSO AL b
defects systemalic defects. A significant difference may be defined statistically (e.g., a
significant difference may be a statistically significant difference). For example, almost
20 all corresponding groups of actual and randomly generated defects may include different
numbers of actual defects and randomly generated defects (e.g., due to natural variability
in the processes performed on the wafers and/or due to natural variations in the wafers
themselves). Therefore, the method may include determining if differences between
numbers of actual defects and randomly generated defects in corresponding groups are
25 statistically significant differences, which may be performed in any suitable manner.
In another example, 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

30 group to the number of the randomly generated defects in the group is 1 or statistically
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are potentially systematic defects or potentially random defects as
described further 25herein. In particular, the actual defects binned

into groups 2, 3, 4, and 10 nay be determ ned to be potentiallg
syst emat i & A&P¥II%ased on the conparison results shoRkiU§2PHEr3706

Pareto chart of Fig. 5 while the actual defects binned into groups O,
5, 7, and 9 may be determ ned to be potentially random defects based
on the conparison results shown in the Pareto chart of Fig. 5. WD
2009/ 026358PETHUSRBASLAIARRES in the groupmaphi dedermined dalbheaigntialyeandom

conparing st ijcl udes_ det er m.ni n ratio of .the n r

actual def gﬁtggs'i ﬁo‘t"’ﬁ‘?"dfglﬁ6at1000f{a?1ee‘%ﬁn3’ﬁ{)§%rth%?‘8?%gd§gﬁ90@? §r°§‘@ﬁ‘§e?§t ed
def ects i NpfiliBer@F HéRandbify bédetdeddefdchan Mudietp WhatifiRacgroats taf Baies
in the group to the nunber of the randomy generated defec in.the

. ( Y. .
group may beudeekrimimiby srevpdpRy tedieteamingd ppbrrotentisliysysigmpbs difects Hgee
rati o may elativ SRRV ol W id OF 2BAM
sui tabl e ngyﬁs F\%a.rugld%%ehﬁqg&% ebre\,,&g{e%ggrr t it%ltg?v %ﬁggﬁﬁﬁ%g}rﬁg% ac_tapal
def ect s t odéfhe coumbhe randdmhyaredenatey dgleriaatte Mettemacigsif the rgicoig ptistically

correspondi ng t-&at He sanme (,or substanti Ilgy t he sane) portion of the
desi gn nay ZRCHEER ! AR AT PANTHBR I MBYsure of the differences

bet ween the nuMpgs gufer 3¢ iHd MnddelLednsratiadictannde He\srapniitad @@d def ect s
| o corresponding to the sanme (or substantially the sama)%é)&r‘ti on of

the desi gndetthainethsretio mpeby tie permdisedyrunehse ot fapdonaly geppraied f3fecdy Gubs
of actual defect nt | 1.C : 9 y
random def &t Sglge %g%ﬁ%&gﬁ@%nﬁﬁﬁe@¥%&sﬁgﬁ& %ﬂ%ﬁgkﬁggiea%ggg%% ?{lfldes
det er m ni nguinbertdfehcaetuablicfetes ®ahsgionp tvilebgwalepbacd (oot esed el thg number

AL E YT TTTEIAE: e Caw R

difference ﬂbe%h-%ﬂgaeweg oRWeIreSf TRGEMA, nslefaBedtininfiyacgnator ardiffétent
nunber of randomly generated defects in a correspondlﬁgc? group,

he
act ual def ectsadrosstihichythe candomiy dseerdied deferts are geperpied @ﬁ@?%ﬁﬂﬂ?}ecfs
systematic defects.. A .si.gnific |.ffe fJD&E: the actual
stati éti calfy/ e?eé%e .ﬂ,’er%lbysllggﬁla l}%za%]? C%g%af‘\r éf@%gg%néggﬁg%g }gtgtglt i s% ?%?ﬁ |y
si gni fi cantyegichkfesianbed. bekenepaitndleets. al nost 20al | correspondi ng
groups of actual and_random é gener g‘ﬁed def egt S i ncl i ff.erent
¢ PHFRIR

d
nunbers of act udloTaeizaEeEMan §° Grarde tf'élairggé‘?r@@t (Vgo.ua.y’, it e

to natural LA thildold Led U AGESE 8% R6 QLITEGscaRo BAGmWAS BE Satio is
and/ or due ntwg{brhll:&l}%% xq\}%rg?%?clﬁ%ﬁ in the g\(/\}/afljcers theemsel ves). ..
&%&@nﬁé@&@sn

Ther ef or e, thdwormatitedchurmingr, swadl nogealivetien wowil by perforgiof pafo

gg pir) S é?S) og]:j ir%tgc}. 5@88 glgngaﬁ%gti o%r}g ayr eﬁgodl%mae}{fo%ﬁge%rg gn}d&fn@lcctoﬁlpiaﬂsons described
herein. As described further herein, normalization may be performed because the total
number of defects may be different, For example, a ratio of 1 {or any fixed number from
run to run) may be used to identify potentially systematic defects unless the randomly
generated defects and the actual defects have roughly the same number. In one such

25 example, a population of randomly generated defects may be generated to have

substantially the same count as a population of actual defects or a predetermined
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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25statistically significant differences, which may be perforned in
any suitable manner. I n anot her exanple, the ratio of the
nunber of _the actual defects in the group to the nunber of

randonl y JENEVAPEP®def ects in the group, which may be BET’EP?PP‘HQ&W&S
descri bed above, may be used to determne if the actual defects in
the group are likely to be systematic defects. For exanple, if the
rati o of the nunber of the actual defects in the 30group to the
nunber of the rmm@og'mmhaheetwmfrémﬁ Selfi inChl&l@ C@keuuimirigsfhal ﬁ@ractual
statistical,l 2009/ 0263 [ U 00 cl 0se al
def ects |ndf’%‘éts\é\9]8 5 By e edl ]qbsr%s 513%3? g i | ?f tiL gr%%%&g
defects. Hovwew@toupiif greder rhat !hen%béﬂlﬁtmmm@ ertemeda@ewedmd&fce@t;s in

the group to the nunber of the randomy generated defects in_the
group is stad feminpg (hagthe aetap! defests 1 theighuinget prisntighly segemdpfeptyl the

group Jray Rgmgato%ﬁ@ 461 iQed d%pa}s @Hoy%\ﬁ%tg[ttﬁ %%b auilBdottR r§ﬁd‘&ﬁ§)( g

systematic éct groups may ect gr have a relative
hi gh rati ogederaed dﬁéctsﬂmﬁmgmc}mﬁ’m ekmnpla,nﬂtbﬁoymgeneirtH"tael&SlgetlQEgmup)unt

Determining if the ratio.i s sta eatertanlma
LR RURT NG NEN N T ) A gsrighye Boup in
generat ed gefsdotn ParetbRBarf i@ st atip foul 9E8eth) dBRES hith He binked 4t i O
may be the normalized nunber of randomy generated defects in the

10gr oup si neenidly syspradin. yhganmbers &t drefcemparedrifysuple 2 elFEpattion eaY a
die b asewd% am?%@as@ga colt of N RE bR c%aﬁ %?enhgllbtﬁ‘?lfe&'é@@& Wid Lqpe

waf er - on the nunber of the actua ects et ected
across t he bwideetifiedin sichspeetrieosing gaehased:f¢es gnd toomsednon ftehendy e“am

i nspected aon_ the wa r ef r.omli zati A count for th
T Forent AFEHS CabRLB AAPCTOTnd SO (e GURGF St S HeFBEReh apeiioum B
gener at ed apdidcanactdd hdaherimbel 2trAdsialyachtl herabih 4 aekgamiing

the accuracy of the determ nation of whether the actual defects are
likely to lamugyt@t:@ﬂmapt@ald:@fe@tsm that group anqdikaky|sy siemptrdefasts 496 cpebd or ned

e o B oy S b & ot B P bR decrlila FOBNT TR SABABIents

gener used rm né t eratio
t he nor mal miaednmwmﬁxtchlsgu@hnmmmngme kieﬁecm\ﬂeﬁsdlebm 0] gmupsa,dvhﬁxéfmye

bt or o any D6 PRETE AbASFURHC RS BFRH & vch PRt & nofnalizi ey be
advantageous since if there are two groups, group a and group b, and the number of
defects in group b is low (e.g., due to lower capture rate), then the number of defects in
20 group a will always be high enough to make it potentially systematic even though it may
be potentially random.

In another embodiment, the determining step includes determining that the actual
defects in the group are potentially systematic defects if the number of the actual defects
in the group is statistically greater than the number of the randomly generated defects in

25 the group and determining that the actual defects in the group are potentially random
defects if the number of the actual defects in the group is not statistically greater than the
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

30 patterns in a design on a wafer. In particular, the method may include using statistical
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herein. As described further herein, normalization my be perforned
because the total nunber of defects may be different. For exanple, a

ety 6t Ao PR, Vot ommti ¢ defects uni ess the. andSHRS TR oq

defects and the actual defects have roughly the same nunber. In one
such 25exanpl e, a popul ation of randomy generated defects may be
generated to have substantially the sane count as a popul ati on of
actual def eeargingities tpidepiely epienimdly speputtistdedst bins bueraenaripe ferepdt ed
defects may, i ze h : _ f

| ooki ng at r?‘rga:%gp (iﬂé T ﬁactﬁ’l c?ﬁ]ggﬁgshgoﬁtéﬂﬁ{gi‘ %EFT;ES%% %ﬁgggt}%{? c\tpﬁ}ém(ti%ta al
popul at i on scostidabtebtarf tigaetuleiof theeomppidoats dnandne if Hate iwe sigaificaanpar e
themto each. other. WO 2009/ 026358PCT/ US2008/ 07370 one
enbodi ment ,J;?f%nc&é’ff%’r'eﬁ? HieRgtuet dehecisie e ag t%&rﬁ?#rﬁbg?m%@%é%&&aa|

defects in bhes %&H?gﬁaﬁxﬁ. h&btd AlidnnGYPLieERhLEC a8 IRCI fial dertdpemmmTber
of the actual é)ef ects in the group is greater than the nunber of the
random y gesnevpanedbakddermingdiip be pracnjrably pystavehtid delsetsi Bhaepmbvas thatmee

actual defects in.the, aroup.are potentd all n def ect s, |.f e
Snunber ot Pt P e dapiebeBefulPRenbha pHp LANER ARG Sl AR
nunber of tdaentr andom y generated defects in the group. For exanple,
if the occurrence of a desir%n cli{i@group in an actual Pareto chart is

si gni ficantly hilpeseprgdimemehe Brihes fowaiorgedreargisiycior figratgonms ahe
random, Par e QaChddcts detddRdI8ShIRafE!, b QE&HQH 0f th@ QLR orRLl GGks PE%}{nQ@a
bi nned as potentially systematic. The nunbers that™ are conpared I n

such a det dogtinmbdf enh nhire aohsicleleds imbablofithe diidérentzraps i substantiellntlieve

defect count. Pptentially systematic defects may he identified i
cuch o mannnecl B ale tea B SR Hrde ot Dl el e <A piitallery
t han def ectfertiatsebh, Byl ShRAECacD RG] raddtek Bheloshattd int@e Befohiesep@hited
actual defects in any group is significantly greater_ than the nunber

of randon yngeideabEgd BeratieL-idssian elgr praupaibe argua Fefps i gseh ot e

act ual . def [ A ek LG, 6 e
oot of m na s b el s B A S SRk AL Spath St
addi tion, SychmeatgitheBatk drags. | Tiellikdy sysicohiindpsigorelipgrawé mzy be)) t he

Eikihlon T NIRRT o
since if there asendth® eHhodiRRnt, BleQbihat BPEfEHRYRBephrat@f dortaNrsupger of
defects in group b is low (e.g., due to [ower capture rate), then the
nunber of @éwébci)eg"eq‘csrpetected on the wafer, and a portion of the design on the wafer proximate a
20 location of each of the actual defects in each of all of the groups is substantially the same.
In this manner, the method can determine if potentially systematic defects occur
anywhere on the Pareto chart generated for the actual defects. In addition, the method can
substantially accurately identify potentially systematic defects that occur anywhere on the
actual Pareto chart. For example, a Pareto chart may include thousands of different
25 groups of defects binned based on design, but the embodiments described herein can
easily, quickly, and substantially accurately determine if each of the thousands of
different groups likely includes systematic or random defects. In this 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,

30 The method may also be performed separately for different regions on the wafer.
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20group a will always be high enough to nake it potentially
systematic even though it may be potentially random I n anot her

enbodi nent, the determ ning step includes determning that the actual
defects i QMY p are potentially systematic defect BCTPSPMRNOTAWber
of the actual defects in the group is statistically greater than the

nunber of the randomly generated defects in 25the group and
determning that the actual defects in the group are potentially
random def ect s Ifa fukiberamtisdiment. thhmethed ingludeiefospagng the mhabeprad dy dctal

not statisticall reater_than the. punber  of, t he ran . ge at ed
ot ect o i nOHAEe 1Y BERSERE ¢ WSl PR Rl oY SRR IR AN
stati sti cabtonpdiaf jeeti@ndtited dafgniesween tpobeiioh af tach vandanuanitfects in the
potentially systematic¢ defects t he net hods nam

. As h, i ncl
stati sti callopPiapA iRy cHeh @ﬁih%#i#‘é%gsramr@@ﬁé@%ﬁ%é@fﬁs J@qﬁ%ﬁgfg*ﬁﬂbn

a wafey. 'grg%gﬁgéuwmfau;ttﬁeesa%t had, lamifgehag@agtéﬁeagmﬁﬁwﬁfér&@ WO

2009/ 02635 [ U52008/ 073706 marginalities to identify potentially

syst emat i ¢ radbmbt gebersdhipfeconpasepargtelyhnerbiod alir ardoch dibadimanitthon of

defects. Far, exanpl e, .t he t hod may.inclu grformng a stati.stical
CoerSor t nabr R Ry s B pe b0 i BeBRb oM A Bredbotighy

si gni fi cantysiridiRrdenss obpirameny iiiRomtictats lafientibe febules (Feomparmdhd he

randomy generated defects in a 5 correspondi ngtgroup. If there is a

si gni fi canfuriberfal therpepial defegts indbe group i thejayrabar oT the randemby ernsrarghelssts
det er g ned, [ ' r are
corrpamed i r11[{ @S%ﬁo ug%c]gp %r@ﬁ%lf ?%[tﬁé %g%}e:nﬁrg.ﬂﬁ%ggfg%g%%gfg&de g‘cttﬁe %I]gu it or
rel ati ve def ect Ircthisntannkn tremeetbotboal imelatls cdnymrine vhogrous opatdad defeds to

separately for different groups of 10actual, defects detected on the

waf er, and “&‘?tﬁg? O8RS %EPSGP%@E‘Hé@‘?dﬁﬂ’%ﬁenfwgeaa\ﬁﬁ%&ﬁ%F‘W%‘f gﬂ?f grSWa?ijiqon
of each of ytihg RELUIhIGRE B6kitAR s?ﬁ@rﬁat&fdcfdé% @Fﬁﬁeﬁﬁﬁﬁtraﬁomecksﬁ Such
substantially the same. For exanple, the actual and random Pareto

charts may compuisapanadbapcfesed seuifaieenepl he pabedimang descrbed hemn.
oLl s PIUR Bya PSL MRARUSRL e e iU gy
of the 15g0dparcmarhat ehas elpavsat@lty obioneenas Phictoadhyrt igacdrateld fog actual
systematic dg e]::tg% tswoo :a\re:rtcé}1 r(]: a?’try gcej:ggrgt%cti ?or two different sets of randomly generated
defects is shown in Fig. 6. In particular, as shown in Fig. 6, the Parcto chart generated for
a comparison of numbers of actual defects and two different sets of separately randomly
20 generated defects shows the GDS pattern group ID along the x axis and the defect count
for the actual defects and the different sets of the randomly generated defects along the y
axis. As such, the Pareto chart graphically illustrates the number of actnal defects and
separately randomly generated defects binned into the different groups, cach of which
corresponds to a different portion of the GDS pattern. In this manner, the Pareto chart
25 shown in Fig. 6 shows how the numbers of the actual defects in different groups compare
to the numbers of the separately randomly generated defects in the corresponding groups.
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

30 defects binned into groups 2, 3, 4, and 10 may be determined to be potentially systematic
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by conparing the Pareto charts. The |likely systematic design clip
groups may be identified using results of conparison of the Pareto
charts as _described further herein. I n anot her enbodi nent, the
met hod isvﬁégpgpﬁgﬁ separately for all groups of act uaPCHEPHERY3706
detected on the wafer, and a portion of the design on the wafer

proxi mate a 20l ocation of each of the actual defects in each of al

of the grogﬁf is substantially the sane. In this manner, the nethod

can det er migfEectstbaprsk Wribs eQmRAriosReaFstsheve bf the Parcegcaat obhigwherde 88 t he
P t har, t t i1
areto charl..QeAsLal § lllé;glqgtg ngg,léag% Eaﬂ,ggoﬁ{ﬁ% Be dét&n??eg]'tf;;ys’gmeﬁﬁ&% _

met hod can substanti a ely i y poten ystemati c
def ect s t hatndeotdefeantasbkoretho gomhaisas tasalts ParetiothePardo cHaare{ Exadpl e,

a Pareto chart may, i ncl ud haousands di fferent 25qgroups of defects
B mcd basta R T BRe SR NS Sl A S e I e (ol seme
easilys quigioh ofaRddighs trasreiond, e et Rl M rHetebiiing tefre RAE tholfn in

the thousands of different groups |ikely includes systematic or
random def ddigs>. thengby perdirmingribe validis ofetipmencasieef rarstomhe generagedidebagts for

where in t $ z?{ig%tﬁg%w&n E@[@nt%'v%%é%{nﬁﬁ%d %Ee;ltelté ?lygeﬁ{d%ﬁxode?&%rc{g:}cc{cgf on

| ook for poten systemati c de S sin roups can be
tested. 30Thealetlhaddirey, sthsghbke peifeoy ofelt ®ephdetaed i diredigrdigs el

regi ons on the wafer. 2009/.026358PCT/ US2008/ 073706 ) In a_
furt her enﬁ%ﬁoﬁoweﬁﬁe,s ' s b TR Safa@gaegwﬁ&raeﬁ@ra&e% Eelfitifierorgronfioe
act ualjp def egbgysiad dbRALET HdPe, R e R GiRdrefisEh 6{@9&@2@%@%& defects
generated defects in a different group. A portion of the design

proxi mat e trhey barembiiend apf theachmpdred lethaowmbdrs dicheedteal idpfecthén Ge differennd

a location gf h_of .fferent randomy generated defects in the
di fferent é%?“ﬁggr“‘gﬂ%ﬁga%??§?|y the sane. The randonly generated

defects and t he Idséheeabsdimamnsand augeoseat ad ddeted bpinpRisepdd Bi&loy
generated. |n ope such enpodinent, the determ ning step includes

det er ni ni nghf Faterénd tegatdogly gereitsd et e arnsrasddansbraperd hpneg for an
systenati ¢ idgf86dnSeQhe RRURNEIR b i ifrent i ibel ;
of conpariﬁgﬁ%helnﬁng%r of t%ebé§FLal §F§§%§E$ﬁt@ﬂ%ggfgﬁ%b§§“%ﬁ35££§
nunber of tdhgerepimdoiboy thyemaden eedusgd fogedomong themeetgydoiopdefeds ddtected on
nunber of the different rapdom enerat.ed defects in the grou

" eh s el e SRR R B DR LEhsRen f b SraPaleb e et
defects to diuhtirpbegegeatedsned fos & paifRtal ¥ofanga ik foenesmpLdoels tins
to determine if the group of actual defects includes potentially

syst emat i ¢ ‘BEPBARPeGNpopEirmed foy thednitrs af aeredtrsising tbningrshely icgighs The
may be, per f QLB AGRATSABrho: 8RY utfe thdt an SIBOG AR WesrotlRaffol B Yayer of

her ei n.
any wafer may be performed according to any embodiments described herein (e.g.,

including steps such as normalization of the randomly generated defects). In this manner,

the method may be implemented each time a wafer is inspected using the inspection

recipe and an actual defect design clip Pareto chart is generated. The random Pareto chart
25 may be generated as described herein and used as described herein.

In another embodiment, the method is performed without user intervention. Since
no user intervention is 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.,

30 design clip) is potentially systematic or potentially random in nature.
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| SFor exanpl e, such conparisons may be performed using Pareto charts.
One enbodi ment of a Pareto chart that shows results of corrpari ng a

Pareto chart (%enerat ed for actual defects to two Paretg chart
gener at ed YQIONEE3Fi fferent sets of randonly gener at ed ﬁypé@f”gmﬁ"é%
shovmin Fig. 6. In particular, as shown in Fig. 6, the Parcto chart

generated for a conparison of nunbers of actual defects and two
different sets of separatelg random y 70generated defects shows the
GDS pattern gr olie $pasiingengs %éﬂb@déme@ Iaﬁadbq ¥red det @wb%@ﬁﬁﬁfefeamﬁrﬁ@w

actual def gof @aﬁgﬁ o S A O L e gﬂot very

def ects aI on gr ap [ caﬂ
illustrat egodidm dmungmshmg bmtmﬂimsdh&tem ﬁ)tﬁfﬂldﬂﬁ&{}lmlem}d lmam}halrﬁw

gener at ed defe ned in the diffe r a f whi ch
o T eepondEoEBIaD arTPar it J5diet POt Be~h SRt IpAR PAos PR e
nmanners t hgnRadi&d ﬁn@é’iﬁ‘ﬂ&fe@t@ﬁ@%zxs’e@ gFe‘uEmg@DBt}?E@l d"@l"l\blkﬁﬁ ihghense of

the actual defects in different grougs conpare to the nunbers of the
separ at el y whighdued aye peieriiedly systanedtiec ! §isinethddeaseianes €SRpRANI FARIIIE FR3EpDS .

The resul t et(\) em% Hes %%B%L $9<?a édbaﬂﬁﬁaﬁlgtlﬁqtlﬁg as%ﬁﬁ‘g?lﬁﬂ{ %Qre?d?g?rbtett%rlg&@

in Fig. 6 rerore, ne 1t groups o
defects are p@irﬁh& bk kyd Sgammmnwredes&aMB fiehidn thchl rhathoda rockarot

defects as described furth her ei n. In articular, the actual
30def ect s BFHHEE 9 W@r@%‘g Lersnceg acigss BipYy 10 nay be deternined to be

potentg al 1y systpiBhbstim¥Me dBHIRANE ROWEIPIANBOL3T Q6 speieglcs based

on the conparison results shown in the Pareto chart of g 6 while
t he act ual diedect. slnlving sed qunplegh@bwsdﬂemsnedﬁo inphefleotpaijal sy stematic

det erm ned _t tenti f rison
results shgﬁﬁﬂﬁ e %8 pEar & dxﬁ ? Qr@(g‘& 1§ %’Sp%?a?g tooféastt Iﬂ?‘ﬁﬁ ng‘fet 0
charts of kigsmatk. @‘Bﬂehﬁrrtplb@lthef%@ gfdﬂigsmﬂrﬁn&ﬁd’dﬂﬁ&b@ﬂﬂioﬁ@schbﬁi same
portion of the design. Therefore, the results shown in 5}){%{16 confirm

the resul t §ugKbhFeinn [EpRS sush expas, IhedBate FiaTgn OF &o-¢harte 8F 'i8ivhg
one stt of L@d9Rt ¥ E&Qﬁé %{ﬁqhgl‘?zt)?eq;k%lyfepéro%% SGfid B Pty BRIWRER. The

pot en |aIIy systema Ic and potentially random defects detected on a
wafer. In &dﬂlﬂaydhe;n‘radrbheurghxmdﬂ®rrwﬁpwts (Bém mimst Bkelutel indedestysigmptic

di fferent / o nu of different sets of
random y ggﬁ%‘?‘g?"egg%g‘?ég %I‘I?ﬁld%ﬁrr“ BS%JO&I%C%) 10gr oups as descri bed
above, the dat anf @otichexidlé, BiciibodhantOdestréed GBieln geney @k dbrdef ect s
may be conbi ned and then conpared to the numbers, of the ag%ual

def ect s |nntq1i1é0*alilgf1@rpémculgf Shppgnhodimensy oeriher dersirmpis bg psed for monitojipg
some 96“00 HEH& pérsm@mg&éﬁgé rang&gr,{eg e a@ﬁt@a&&%dam dASREGEMmEN of a

| ayer “on y gen rated defects are generated
(and gr oupegls)term&tme:oﬁmrm amall or within at least one bin gets too high, results can be used to

hold the lot for engineering analysis (e.g., systematic discovery use case).
In another example, the methods described herein can be used in a design based

classification (DBC) use case, DBC may be performed as described in the patent

25 applications by Kulkarni et al. and Zafar et al., which are incorporated by reference
above. For example, a wafer lot with a substantial number of random defects will
increase the count in DBC bins, especially these 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

30 examined to determine a best fit for random defects. Then, based on pattern of interest
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i sinspection recipe for the layer on the wafer (since different

i nspection reci pes may inspect different areas on the wafer) and used
for perfor the nmethod for defects detected on the Ia¥er of

nul tiple ﬁgﬁéﬁg PHei8hg the inspection recipe. For exanpP&TU3200%p3314
Pareto chart can be generated once for a recipe and stored and used
for a conparison each time that an inspection is performed for the
llayer of any wafer using the inspection recipe. The 20conparison that
i s perfor nééogéb?ﬁ: W Aefegtrigasivbin mapbe detgminest apd compared) Wi this wedqmay er

of any waf %%fegfar}énPﬁf A PR B RGHVaH R vE Qo%ed%gpéﬁddnf%%% ﬂ%gﬁrﬁ?ﬂgd

herein (e.g., 1nc ing steps such as normalization o e ran
gener at ed def ects addnhcm, tihi ROInaanelrgf POR és retvinodt wehavb ey siempikie tefattg dhe

each tine fer is ed us i nspection reci pe and an
Setual - tor JelttdkichRe bR ERL AR ShAd: e RRS PeBne e B
Par et 05 charie ARG dErecteRRivatIad ragos Rty b@g; thed § fib@ndedts@l tRDBC

described herein. In another enbodi ment, the method is perforned
Wi t hout us&insiand epsddapriontizeshnBBGHinyuser i ntervention is required,

t he net hod may

per formed automa l? %mg’%ﬂpgﬁsgﬁctpg}t ﬁe%%ﬁ{ac}}% ?Enqgégsag%ﬁ{m;ﬁ jgé%rr?tt ed

met hod for pd&h’éﬂilm mndtgn Wétedt vers n@aygncﬁede S@ﬂiphﬁldéﬂsmﬂn?ﬂle@t@ﬁ&ﬂﬁﬁ agia @aped
y systematic or

by design (e.g., 30d cl ot entj
pot ent i al | yPIShFRIBHPR f?%ﬁglifa% ebgtmmlﬁ 05/°09 8 35BS RIEDOHOE IR bins
The empodi TRALFIHES & thDEfhe REIRINR PBNoD ArdppRY defech MIBREY inQfe Alfdrpent

manners. For exanple, systematic di scovery and nonitoring using

desi gn basettap ﬁmreﬁgﬁmesi detct dassiyy. g@tﬁ@m&mg BB&, pvbior savhiby, écmmewt bi ns
that are p%lentell allouyco%th%Esr@thgre?s a/seﬁ’%“é ltlal %r ﬁw Oy&a tePn'u Xmﬁ%nggsy

when def ect
5si mul at ed 6 @;mlpmidiefeﬁﬁmn@am g{unb&m&e@ fmm}mt hgl t(aEBG)n thé amﬁlnt srtdthbut ion

to determ ne whic ins are é@_tentl ally, s%stema% ﬁ Thi s rrethod
assunes corpﬁdaﬁved(ﬂégw%w}%t BEPNESTRIFE! ariihios Rinpla - Ayemay be
subst anti alglyrdinGd hd (G RISHIPIALRB: deimgr) S QL Equi iRt BEa maﬁx&l and “sced”

prioritize bins and determne cut-linés are desirable. Ideally, such
net hods ar elinomags bnygpred wethtthe waipeur e rate differences across bins.

égl{]g rrgtnPgdl rrentsst g?nsa%rr Sl?}elICIid ers%iecﬁng OWBYSlin forlran}/onqgrlrlfg xeagdom defects. For

example, a pattern or patterns of interest unlikely to have any systematic defects (e.g.,
blank clip or simple patterns) may be selected. These DBC bins can be used to monitor

20 random defects. The effective area of the pattern may be determined from simulated data.
For example, the area of the pattern plus a border to cover extending bounding box (EBB)
may be determined. A design example may be marked for random monitoring, and the
effective arca (EA,) may be stored with DBC design examples.

Separating potentially systematic defect bins from potentially random defect bins

[oe)
N

may also include using DBC to estimate the random 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, = (Tnspection Bin, Count)/EA,). In

30 addition, multiple monitors may be averaged.
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di scovery. In one such exanple, the bins determ ned to include
potentially systematic defects may be prioritized fromnost likely to

be system&&(%cﬁg 0 least likely to be systematic. For exanple. the DBG
groups ca BUPIEBi ti zed by the ratio described f ur t hBF THR88A3796

one such exanple, the Pareto chart can be re-charted based on ratio
v. 15count. The higher the ratio, the nore |ikely a group could be
potentially systematic. The bins may then be reviewed in order of
priority (from Sepstating ketetiallp systerhaiiddefyishtienten pogetidbtrandpm defigsbins
likely to include stemat.i c ects). n I Vot her t he
erbod ment ERGESE P DUE - FERah DR SE Sl BorespiB Ak S g Rl

parti cul ar gxcu®neirhod begatedgshe nfvatoh exssuth, Meymbetar seht fraw be used to
moni toring 20potentially systematic defects sepgrately from

pot ent i al | $eteranRfoh efeigidsiect engife Fs°§§%°§r%}¥(i: g“’eﬁﬁﬁf’m&w&ﬁel“m&‘fe“ﬁﬁl 9t n
at |east opg.higByshascidn (i B0r ark SN EEBEAR, DS, UgBh, (RuAGEs herdr Ot
for engineering analysis (e.g., systematic discovery use case).

| n anot her eak AT bip, thh estimegtéirbdad e defeitisensitanayi by sobirrclsd to sHignatqithg true

desi gn based cl assificatign (DBC) use,ca * be. per f

oscr T bed PATHEE Rkt HBe S ke ORD by Rl Fa bren Sig, SV IERa®
al ., whi chp@rcguhtd eRAROhAh B5bUPY afcglotnbiniesyvalkaves. Farhighea el sgstemativatfier
lot with a substantial nunber of random defects will increase the
count in DBEnbithsmoredibelyitht bip henweisteniaHe ISiie h rel ativel y high area

across, the wafe k- L] kel I
DBC blﬁ)ns w il i n%?@gggﬁ%{?%tﬁ)dg?tsiy%%ﬁé y&égggz%% Hgﬁéﬂ fefgﬁgﬁyrlgﬁ%tgﬁm&fg& b

conponent , niapdurthet aklude beredetipg PBIGin oountalotrxadplex fomearbd>BG bite thgr mi ne

a best fit for rapdom def ect Then, based on.pattern.of jntergst WO
2009/ 02635%%566%7%‘?%‘%612%%“@ yang 8 e ’?9 Bi(ﬁ‘%f’my

be determ @gﬁlnt? SPNMPREEmMEd Ainlidth Scfeaniamydelee 6hsed oA stict BB ) ihgy BEC
bi n count can en be corrected based on random di stri but.i on.

I n addit i ohg subtragiedpOheniesudt is presenatiOsy siesnalin dARciTEED (B & h Hian SYutlendt i ¢
R L T
random dengh¢ yigh®ythd Hernhdc dinbnacthe chdre biely the bDBE:s a systematic issue.

One significant advantage of such methods is that by using the DBC monitor, the
capture rate of the random defect distribution can also be monitored and assuming it is
truly random on the monitor, we can accurately subtract out these random defects. In

20 particular, random defect correction is based on the measured random defect capture rate,
It is much better to assume that the random defect capture rate is constant than the capture
rate is constant between groups. The capture rate may still vary by pattern density. Since
groups have different pattern densities on average, there still may be some inherent error.
It might be possible to compensate if DBC bins spanning various pattern densities were

25 monitored and bins were corrected with an interpolated DD,. Furthermore, 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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bins and used to prioritize the DBO bins. I n sone such

exanpl es, separating potentially systematic defect bins from

potenti al | defect bins may include setup to de 1

equi val enﬂ%?@%ﬁr@% nost comon DBG bi ns. Determ ning %’ﬁ%@ﬁ?/&]ﬁ%@nt
area per nost conmon DBG bins 10may include, at the tinme of recipe
creation, dropping defects randomy in the inspected area to a

pr edefi ned defect densit ¥1 perform ng DBG _ and for each bin,
filtering out réykafithemg PMC&%{%‘@ heyRiRgmay] fpcltl%%t@mgswaﬂw&@%tm%c
signal on tsﬁﬁ§§ftﬂ@h¥e OH% YHS Hllé_)ase %@ﬁ%d Sﬂ‘fétr):suﬁg'gm ?Eljg:ﬂd@aﬂﬁf pe

the equivalent area deon t e count an
pr edef i ned tukefeadts ddmmbed lyermE(and amabpbte:edeq umwmhmt kiarvaainfileer arbi'IFhel

EA', may be l5determ ned.as (Bin 1 count ct, . densi t

e val ant SEFRE TG AR 0T e SCEEa e e A ot e
reci pes storage@hdduriRiovdd ::Ghd €| Afle tﬁ@lfﬁ@tﬁﬁs' HA%e BeclBordd, thefr@ults can be
nmoni toring random defects. For exanple, a pattern or patterns of

i nterest umPeasesdyn the sraase rmgdjums pad wsed by éﬂ)d@ﬁté@tl@th()é oysystet embodanengs or
Si Bl e pat LeLARl. M D6 R85 80 TNES5.LEERH,00 AR ABGHAS.

nmoni t or 20r etts rve area o rn may” be
det crm nLd ristiord, si sysient erd. Hait exambler afeex anftiend deb@ibad elsoveferdates apatdfer n
plus a border to_.co

ext endi boundi n ox (EBB) may b )
det er i ned gf%paegragﬁ%&éﬁﬁwe %e%%t gac? YigY IWEWaanlﬁ%m?’?wrlﬂ@abaghd
the efif ect igvescbOfe Fl%ﬁps) ofTRY raQ@oﬁ[S%reﬁgat\éﬂ BB AeShaNmENARP e dition,

Separating potentially systematic defect bins frompotentially random
def ect bi nseauﬁyom@mﬁpﬁﬁﬂe@d@dvmen@ deRGbtdhasninrathe stoh@l zmdnxdfc;medé:w@ot

density dur VPP I n na

def ect densﬁ@gﬁmn SySté:'R t E'eg%@? néjtegtmrgs}yﬁemrcgﬁﬁaerﬁ 1Elre &é ﬁ‘s |afe P &r
the ins pectfom‘sedeff xaﬁdonﬂolgéﬂerzftai ddfuits é@dl@cr&ﬁlga%fbetvﬁ:bﬁp@tcrhtfalip bﬁt@naﬁ‘@ a
random def ect excursion, be detecte t he_noni t or

moni t or coﬁﬁé PofETHA T e e@"@s‘#ﬁ%@“r“éﬁ&éﬁf Hpler (FHRAETAS, thﬁmsws

(I'nspegtio , ke be
ver aged 0 BEERbISERE R SaRaR AT cfbialg, b AP RbORIONRY

potenti al | yin@ysﬁoem;de d@f%@ﬁg@nc@ummh@@mm aktsy nmndpﬁ%!ﬂﬂ @ot the
un For exanple, if there

P!sn:t P?t%dglﬁéssg #'2“%% %dtingg?osg?rghpe 'tgt 1\% nstlg IS S B e monitor. As
such, the nonit @actceiihd efiBydilaentsisBtle ethde ldeicibaBatoRe g Reomedaf 8akr
densi t y. For each DBC bin, the count rmay be converted to a
step(s) of any other method(s) described heréin. In addition, each of the embodiments of
20 the method described above may be performed by any of the systems described herein,
The embodiments described herein provide a number of advantages over other
methods for determining if defects are potentially systematic defects or potentially
random defects. For example, identifying potentially systematic and potentially random
defects using the embodiments described herein can be performed without user
25 intervention and judgment. In particular, no user intervention is required so the entire
process can advantageously be automated (although the user may review the defects
identified as potentially systematic and potentially random to determine which defects are
actually systematic and/or random defects). In addition, the embodiments described

herein have higher accuracy than currently used methods for differentiating between

30 potentially systematic defects and potentially random defects. Furthermore, the methods
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5defect density based on the PO area plus EBB (e.g., DD' = (Bin"
Count)/ (EA,)). For each DBC bin, the estimted random defect density
may be subtracted to estimate the true systematic count }(e. .. Bin,
Count) sy¥Q200MP56358. Doy )+ (EAN)) for nonitoring. Systehl "PéZ(%B?"}-?”%
counts greater than about 0O are potentially systematic. The higher
the systematic bin count, the nore likely the bin has a systematic

i ssue. 10Separating potentially systematic defect bins from

pot ent i al | sanrragrd oeqLeri¢ls detephing ifpalentight IratempticcdalRees Ao aBEYNFE ODBG bi n
count. For _ex . C i . to
def ect den&j 3 gt%)i%glan}t')é1 H%% gﬁagtq lr}; h\% %er n’ttﬂ%?&égo%{]ggg;%es@kd @%@p&%}ﬁ%ﬁ&
Count ) / ( EAadchracy bigl /sdrhariineol thaidanfidedect podewiaily yysaméaddfaged on t he

EBB) may then be subtracted. The result is pr mabl.y systematic
def ect count (eAgotherEpondinsglir{atesdpa “QmE‘S‘EH%P‘,?a%re ‘ﬁi‘%‘“(‘ “’“)C;{Ees

Systenat i Cpl%%&npﬁamc%ogg 8atQkbit BAR C&Q{s\ﬁ&r Sats flspge@f@hmg oRYStigp@t i C.

The hi gher the systematic bin count, e hore likely the bin has a

syst enat i ccorspug-implemente@mestisidgdiferibethiereidy 8ne agbobmeriund Ruaket dpptpatcr-s

that by using.the DBC.nonitor,..the.capture rate of the r ef ect

it 11 but § BROCLTIETED B Eat da AR ELE g Frded8e PBRERTLE Gom on
the noni t Ofncludes SidfradGasthatiehs)20sBiutabld orD¢tmpulee S esténd P2l mpebadhSonel N

particul ar, random defect correction is based an the ne%%ure random
def ect capPuRererAths compufes-implemened msthodpdeseraisrberetatn ARENPm Mfom

def ecf, Capwﬁ@né@h@lén%en@egnﬁ&m exeO@IbIL &?ﬁ%%%@r &3k yShEpRgtaaNt

bet ween group capture rate nay sti by pattern dénsity.
Si nce gr oupstridioss tiaf frehelktEnpsep(er of adeneilttodéss desaribaddresym, there still

may be sone inhgrent error., 1t . .mght be possible,to.c n i.f DBC
D ns Spanning vEREBi ikt 20 B bere RRRR S £Rn R o MBS AN feleln
Wer e corr egl@de Wahdmiad ok 6f Pkabe dorhker-refdiblchfddinn @3. dld eomputer-

systematic threshold is advant ageously dynam c based on the, random
moni t or  cotraglable medium may bsrietransBogionarrdium pehAg 8 Hiies cabte, PhEirHEshod

(e.g., bi n%ﬁr@saﬁ%&q%mﬂkal"ﬂ% cﬁ%ﬁﬁt@%&&&l%&ﬁ%%w% 18 &k hQfium such as
y may 1 hclu

anal ysi s. € anal ysi's y e any sultabl'e analysis (e.g.,

anal ysi s oh résdeonpy memmey, armitlom anabemymoryWmagnetic or optical disk, or a magnetic
2009/ 026358PCT/ US2008/ 073706 Al'l of the methods descri bed

herei n may@Pficl ude storing results of one or nore steps of the nethod

embodi ments in @Dﬁlﬁ%ﬁ@@tem A tall&9ardRSs Wk, i@MdihE & peidénadBymPfiert he
results described herein and may be stored in any manner known in the

art. The ssplagenaimiginumeaneypiarsiianevekyatinoiags cRBangmparale rrosgesor, or
the rasul + Sl ElisRWbaP ne B oh et B Al Dol byl
st or age nedidamyakefintdsie @niymminyamyfdetive havhd otk @may stoeessensbelichertcstes
instructions from a memory medium.
An additional embodiment relates to a system configured to perform one or imore
of the embodiments described herein. The system may include an inspection system
25 configured to detect actual defects on a wafer. One embodiment of such a system i3
shown in Fig. 7. For example, as shown in Fig. 7, the system includes inspection system
24. Inspection system 24 is configured to detect actual defects on waler 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

30 configured to direct light to beam splitter 30, Beam splitter 30 may be configured to
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described herein, formatted for display to a user, used by another
sof tware nodul e, nethod, or system etc. For exanple, after a method
descri bed z%gove creates a set of groups of randomly generated
defects, ™ 200203058 may include storing information abbBLTUSHBRTRWE s ot
of the groups of the randomy generated defects in a storage nedi um
In addition, results or output of the enbodi nents described herein
may be stored and accessed by an inspection system such that the

i nspect i on &yEigH @%m ligRISoUTes 2p E3ppies 2 & agubsigntiply apranad pgle of igpidepcg .ot
of randomi : f: i L [ n%h Lally
systemati cmaegﬁﬁgg?%%? ing&ﬁll 158?@%%%%13%'@? fé{g% gb tgl%% goct e @%%Bg@ﬁgg@% lalg'f a
waf er. Furt her mbight raflseted Eoml waferlBrmyy res Strogbdedmeplitinéhtd detetior 32,
"sem - per ent | w," tenmoraril or. fqr so er.iqd of time. For
exampl o, 1 R A AP A e BE4h i | AR sy
t he resul t slettayr BDman € asedas déyctRensl RfecisRaefdfaizee Fyr &Handhe cehprigge
medi um Each of the_enbodi nents of the nethod descri bed above

may i ncl udeYH#fy Soimebespaiinigd tgrleigpircbpkdafeciianivrienit winecuinme gencrated
ey i y . o
dosori bed Spaeasbr, IE rdhudr s BHRaR AE i Ohod AR SRR o i

her ei n. Thehearbodichericsiatidsferts rethe vefeei Thpcovpule sasiemmigrbe@bupled to the

advant ages pover other nmethods for determning if defects, are
pot ent i al I ySESOr Braty SRl Bemer (e i oF Mor renamifoion derisdpdicatesbby the

exanphe, i denéd find IMOwRS BBt 7,8 Hidh SH SRt by RANEbI0ahatitd Medi2RSRM in
def ects using the enbodi nents descri bed herein can be perforned

wi t hout usélic Rispehahgidht sEPPUEsTEY eI grreisecive the puiptil Zaukrated byighadstactor.

i nterventi { gF - j r n v, QuS be
aut omat od (T PRoSERt RERRRbE SRR G SRR AP AR e
801E entiall ycompmtesltyatehmambh aopkedtd ?chx&eikanﬂ&rﬂekdgibse‘amv)ﬁi Eempfaiggtystem
efects are actya systematic and,' or random defects). I n _addition,
the enbodi HEAE &éjg%l?‘ifﬁ%f?% _ S erahed lilﬁraﬁegvaaw_ﬁ%yoa:ﬁ%f@éma&m y
used met hodsspbei odlisfd @B@.nSﬂa%é 3GaP lchRe BnBSRedRRld raddhinisH 3h&BRLbGic
defects and potentially random defects. Furthernore, the nmethods WO
2009/ 026358RembiySaRed/i0 tgzee Tdgnnspertion srdem ahwiyindeg.drmdyradsd ificlude any

potenti al | %fli%y%ﬁﬁmtcioﬁiggﬁ{nﬁs%&rﬁﬁ& kn%g%mhcﬁ]reemon an actual defect
, e enno

Pareto chart. erefor Iment's described herein can provi de

accuracy and autsmhtwom Figr7, thednspdeivni sk bteatis eomfiglireped @bt dbhtyspecularly

systenmatic q]ef eﬁt S. Anot her epbodi nent relates to a conputer-readabl e

medi um t hat“HSEr Gpas 8 pialgr Bhihismatmre fhedhyeeinasitiaBisaownind g dniput er

system f or cheRdeHUsRBPRSRioTRs®m. However, the inspection system may be replaced
by an inspection system configured as a dark field (DF) inspection system, an edge
contrast (EC) inspection system, an aperture mode inspection system, or any other optical
inspection system known in the art. In addition, the inspection system may be configured
to perform one or more inspection modes. For example, the inspection system shown in

25 Fig. 7 may be configured to perform DF inspection by altering an angle of incidence 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 confipured
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

30 can perform EC mode inspection and/or an aperture mode of inspection.
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conput er -i npl enent ed net hods descri bed herein. One enbodi nent of such
a conputer-readable nediumis showm in Fig. 7. In particular,

conput er - Me@eubb2s3sdedi um 18 i ncl udes program i nstruct i BOSURLP0S/G73706
execut abl e on conputer system 22 for perform ng one or nore of the
conput er -i npl enent ed net hods descri bed herein. In addition, the

i oconmput er -i npl enent ed met hod executabl e on the corrput er system by

the programi nStIH‘. %% 'tecc)lr{ﬁ%%ﬁ% / lggxlovﬁgr ucglinzé] gﬁpr%ﬁhipf s one conqq&{ l(m 01"

descri bed herein. I'ns PEfent ' Ng

such as thoaeinggsdsen Hesrh@rerhsy lsmyxcib@edtmamsmtémedqb@m{enmdemme@deran
conputer-rea abI medj um 18. The conput er - dart‘)l e. medi um may be a
{ransni 5si o HETG RS HERCHa: ys{Ry contigyppon deaffﬂ IgiegEay) b altered to

transm ssi o tlidn'ﬂgth-g%rfgmeé §finé 3@9&%@5 g 44Ty H&Mmﬁ%%@rf%e@w%m age

medi um such 2as a read- onl y menory, a ran om access nenory, a nhagnetic
or optiscal d«:mngﬁccanmglnbmmﬁctuawstemodpacd@hms;lstsemmidmybetdékeﬂnma}f

vari ous for |ncI d persona st.e

conput et b BT RR R SR et B e8| o
any ot her deasbﬁ@edkhamz\mm o €@ Irispection @e&anahch Ashig: P@RAD000CED A1 @ series
systent may be broadly deflned t o_enconpass any device haV|ng one or
mor e pr oces8bieals thi prisommeEtitl s pialls fem iy TR SaD destot SLIRRR: Jior

An additi Onédr?ﬂlﬁf?%'fe iHeShAMRE dbLri éli’e? ﬁmaﬁ%gfplcgﬁHeg(ZS bkidpgr form

one or nore odi nents descr ere The system may

i ncl ud® an fumsmmahiymf tieywysiem (Eﬁcqm:ﬁddgmned other fetriaeliaet dl syeterﬁibct S on
a wafer. enbodi ment of

exanpl ¢, oo LR o Sl ety SRR BHEN bl e
24. | nspect teiplsstRm Kéeins configured to detect actual defects on
waf er 26. I n one enbodi nent, inspection system 24 includes

| i ght source 28. h¥¥®ﬁ¥f@6@¥@@mﬁghﬁwV“ﬁﬁ@ﬂﬁﬂﬁp%mﬁmﬁﬁﬁpﬂﬁWPQﬂé?F?@H?

Sounce KIous el el ROMEEE i AR BRY de,
to V052009é1@aﬁﬁﬁ&5iﬁ'ﬁﬁd;i8(ﬁﬁﬁ&&ﬁalﬁ§ Gt may be included in the system of Fig. 7 include the
eS25, eS30, and eS31 systems from KL A-Tencor.
Computer system 22 and/or computer system 34 may be configured to perform
one or more of the computer-implemented method embodiments described herein (e.g.,
using inspection results generated by computer system 34). In embodiments of the
20 system that include the inspection system, computer system 22 may be coupled to the
inspection system in any manner known in the art. For example, computer system 22
may be coupled to computer system 34 of inspection system 24 such that the computer
system can receive results of inspection generaled by computer system 34. In addition,
computer system 22 may receive any other output of the detector or computer system 34
25 such as image data and signals.

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

30 transmission medium that may include “wired” and/or “wireless™ portions. In this
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direct light fromlight source 28 to wafer 26 at a substantially
normal angl e of incidence. Beamsplitter 30 may include any
appropriate optical conponent known in the art. Li refl ected
from vvaferw%%‘%?!ﬁ%ﬂﬁass t hrough beam splitter 30 to det 55?@%2[’@%73706
Det ector 32 may include any appropriate detector known in the art.
Qut put generated by 5detector 32 may be used to detect actual defects
on wafer 26. For exanple, conputer system 34 may be configured to

det ect act pahnaicheirpesiisiananestiug ay SETE 2o e Hnlbetwpe tBecayputH gystem

detector. Th S : i
known in tﬁ%(?%lgt% [Fggg}g{eefl lécfi tagd(;f{l%glxoﬁé‘geec gte%glr?tzt % %g(?g%g tﬁﬁgﬁgi) ut er
syst em may viaeah€oapmédiohaddhen. d@ichekarmaynnenyge, erickabple. cmmonsory e. g. ,

by one or nore transm ssion nmedia indicated by the 10dotte j.ne
Shown i ' FPEegter G Do PEae0 Thy<rs e o SR cope i
known 4 n t Rgedd fokermivteld thyNRE cdnl}fires QVIRiH BALEU SR, U QGostwa 20 Rty form
out put generated by the detector. Furthernore, 'if the inspection
syst em i ncatiebthpispectinanyste ebwe seth eprhodinadneinie syttens magipaligdsronly
system may be upled to each detector . Gr.i _ ter
MBI S R R
i nspect i on detd@fc@drand Gnddymbre of Adieaposiattnrniesirbgéhdbin. St age 36 nay
i ncl ude any appropriate neché\tgﬁiacal and/ or, obgti C azsrgl%bl Kkno in
the art. The i ndpeerPUHmeYSeERt SRS OHVHFIPE;:}%- M pe AP PR IBHERE “any
ot her T ARl AL GOPARE M RA(AAT (hS BN s P BBl TEukdqo a&?m%g-%aswmoﬁ dhy
Fig. 7, the i nspection systemis ‘configured to detect |igh
specul ar | y of éf nethoeldnfhodmanke) deadréred hemint hi s manner, the inspection
system shown in_Fig. 7 i Oconfigured as.a,BF jnspect i
However, the ingb'@l%f f@ﬁlficﬁé?"érﬁn%gﬂ ang SHPSLT: n%f%g%?qu%pgg%?%ﬁg]
syst em confii\@Hi@tmasheapparckt thivalsd sKillk) inithe pentJien oStha desription eFge
contrast (EC) inspection systeg{l an aperture node insfff tion SéSteaﬁ]
or any ot hexameicoaPuicHEpRIBNFYH ByLrdniokATTHNIDAG tis\at {elCdTAraBYF N,
the ins pec%#g%nﬁ%%&f%ms %?éotpﬁia@lg DAY Rl QP REM RB&@RIYDRR

es. For exanp h

i nspection e, "'the I nspectionh system shown i n 25Fig.

7 may be cdedcrigtiorei t¢ be pestrexdms Diusiragyendy @ ibjor dict rowpase obisacing thossf

incidence af, which the light is directed to the wafer and/or l e
Lt Cwht o1 CGHES b i el e HeEar s b R TR R

i nspect i on sy $caP SRR inflerftiod shofvi@id descrived héginrediotisalkehaatheone or

nore optical conponents (not shown) such as apertures ma

. be
posi t i oned prasenthierrelerrethembadimentp ol mgria aph@aicBpls a1 i AutsHiFedae fothat
the ipspecthon,qy EB(FHQSC it Onﬁleﬂ:ﬁ{, LG ERALs AT BE veRBd, ARG EQLaiPRatures

aperture node Of I nspe ) .
of the invention may be utilized independently, all as would be apparent to one skilled in

the art after having the benefit of this description of the invention. Changes may be made
in the elements described herein without departing from the spirit and scope of the

invention as described in the following claims.
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WO 2009/ 026358PCT/ US2008/ 073706 It is noted that Fig. 7 is
provi ded herein to generally illustrate one configuration of an

i nspection systemthat may be included in the system enbodi nents
descri bed herein. Qoviously, the inspection system configuration
described herein may be altered to optim ze the performnce of the
i nspection systemas is nornmally performed when 5designing a
commercial inspection system In addition, the systens descri bed
herein may be inpl enented using an @&BI8ng i nspection system (e.g.,
by addi ng functionality described herein to an existing inspection
systen) such as the Puma 9000 and 9100 series of tools that are
commer ci dl. | y aveinpindremipteamaniéd Ancfancior detSarinihg $iactuGhdéfeas ae potehigally

sone such_systens, he_n?th s _descr.ibed herein may be provided as
optionalsiﬁ%ﬂﬂbmﬁﬁéﬁ?ﬁ GHallyEndQr ARIEFIBCOFIPISING: aqdition to ot her
functional i ty cinphites SHEAIRADLT achhd] QERER iV £ Ldup tdEnSHSd OFTAlgsari bed
herein may be designed "from scratch”" to provide a conpletely new
system generateql defgpls ithi Brogpdivierreta e actugbdedpats agidetepisder p Mafers3pdt em
shown in Kig.: r ?EF . r i i

system é@g%%?éggg¥n2§ﬁg§$%|a ﬁ§Qé&%&ﬁggﬁggfggﬁggﬁggﬁﬁﬁggﬁ%fﬁggECtion
syst ens tdefetsnmyhelgpoumaidudddofi the tandoslysgeaenafl defegts irY thergedupde t he
eS25, eS30 andle 31 s st%ns from KLA- Tencor. Conput er system
22 and/ o "RUHEFPCSIFt34 may be configured to perform one or more
of the conput eletetfipkRyTe tHe@BuABIQE: iaARogdbie Rt otasll Peedmhes @dfects or
(e.g., using inspection results generated by conputer system 34). In
embodi nereiengflly wadery defeels based waresulie Pl ¢dwpariRg yaersin frid gefewpiing
conput er SHBHE Renfiin AL RIEH dbRok AP BRRGGH Allemitfl SBbRNY
manner kﬁ%ﬁ%lsﬁlthe ar?gﬁﬁor exanple?&éo%p te sy@?g§12%§%%§&g§

coupl ed tdsfectnpiicenmbysiféhe Sauadfielects petbe gonpsyseam Ban heohmbhaif thde
comput or "SSP L E ST 65 HobE Bl e P RSk LA s S U reany
ot her outgsilp 0 pbbetilietracdodt ddéctL@fRuitibes ySthe irrdd d2fsidetRSrduptge
data and signal s. Conmput er system 22 descri bed above may be

conf i gur et d&atgr b e nypdseoidhe tadephatenelgied datsetsin fmepaps sk wherein

process, dusR&phiiNandBId RkSRning H¥ E@x‘%nﬁd_u@ﬁl@%fcohﬂgier sysfpfuch an
enbodi ment, conputer system 22 nmay be configured to receive and/or

acquire data or information fromother systens (e.g., inspection

results fgyom i_nspectd on _syste by: a 30t.ransm.ssi on_nmedi umpg. t hat
oy i el dre. P RS By Sl BeidhhRESR AR} Al A Pol
chart generated for the actual defects to a Pareto chart generated for the randomly

generated defects.

3. The method of claim 1, wherein said comparing comprises determining a ratio of
the number of the actual defects in the group to the number of the randomly generated

defects in the group.

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
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WO 2009/ 026358PCT/ US2008/ 073706 manner, the transm ssion nmedi um nmay
serve as a data |ink between the conputer system and the other
system In addition, conputer system 22 nmay send data to anot her
systemvia the transm ssion nmedium Such data may include, for
exanpl e, one or nore paraneters of the inspection systemto be used
for inspection of the |layer of additional 5wafers determ ned by the
conputer system Alternatively, conputer system 22 may form part of

the i nspdEisrodyaiearocation ebpashof 8t sswplirfertningach ?féh%/%ﬁe% FRYDs is

i ncl ude QLY. @9 L stje computer systens shown in Fig. 7, whichis
configure§$ﬁglp@%?ﬁfﬁ]defect detection and one or nore of the

enbodi nents descri bed herein. The enbodi nents of the system shown in

Fig. 7 y be.further. confiqured as, 10described herein. |n.addition,
The’ syst I my MEEUBHer garhd PR ERISPRARN S BT Epre) hftaghi Bt st
met hod empastiamRiBiC&)dce®E bh BadwiTer, @hdwherein a portidi sehe dafhinfinahé vafes
and al ternative enbaodi nents of various aspects of the invention may
be appar éximaterdpwdon Rf ¢ach@f ths apwal defgcts in coeherd sard allgrannsdscri pti on.

For exanghﬁﬂmﬁﬁﬁygkg?-gnplenented met hods for determining if actual
defects are potentia ?y 15systematic defects or potentially random

defects are provided. Accordingly, this descriptionis to be
construed, as il lustrative.only,and js for .the purppse, of teaching
Chose skift | ed 11k TRieRarERRd YuRBR b mimbal BrBURRPT g sl °F he

i nvent i onntedventich.t 0 be understood that the forms of the invention

shown and descri bed herein are to be taken as the presently preferred
enbodi ments. Elenents and materials nay be substituted for those

10i 1 1 ust rgat ed gpeh ARG INGHELM thPRilal dafts BFQRERRADyTBYelfon of a
reversed, and certain features of the invention may be dtilized

i ndependédater gn thel wafers asbwheteingheayapdomlytzeneyaion defskis bteaadnératet acegot an
after having. the benefit of this descri.pti of -the inpvent
Changes. M BeitsaE: T sl BV ER b O Ra Protordfyd EER R o
depar t i ndlefeearictcdord spitlid kyand nadidewaferd dsthg thy Bspdcdon agipdescri bed in
the follow ng clains.
9. The method of claim 1, wherein said determining further comprises determining
that the actual defects in the group are potentially systematic defects if the number of the
actual defects in the group is statistically greater than the number of the randomly
generated defects in the group and determining that the actual defects in the group are

potentially random defects if the number of the actual defects in the group is not

statistically greater than the number of the randomly generated defects in the group.

10.  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
number of the actual defects in the group based on total number of the actual defects

detected on the wafer and total number of the randomly generated defects.
11.  The method of claim 1, further comprising comparing the number of the actual

defects in the group to a number of different randomly generated defects in a different

group, wherein a portion of the design proximate the location of each of the actual defects
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CLAIMS 1. A computer-inplenented nmethod for determning if actua
defects are potentially systematic defects or potentially random
defects, conpri sing: conparing a nunber of actual defects in a
group to a nunber of randomy generated defects in a group, wherein
the actual defects are detected on a wafer, and wherein a portion of
a design on the wafer proxinmate a | ocation of each of the actual
defects i.n_the group _and each of the randonty enerated defects in
Qm

the group? ¢ SRHPsdRlpeatipy of figh ehing.diffgrent randomlygengratedaiists in the
actual defiols of I%lg'ﬁ.lbg{aﬁﬁ'ﬂlyathc?sdﬁ% %Efeﬁi fh¥ ra?M%ﬁlﬁrTgénbﬁtéa%fe?e%%ssdn@Ehe

potentially random defects based on results of sdid conparing,

wher ei n siffdedetrslonilngengrasohdefécteme sepamtely peneptediand whgemcsauﬂal
defects in the.qgr are otentiall ste ts if_the nunber
T R R A T i e b
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sai d corrparl ng and said determning are performed using a conputer

system defectFhetheerdnpd of claim 1, wherein said conmparing conprises
conparing a Pareto chart generated for the actual defects to a Pareto
chart generated for the randomy generated defects. 3. The nethod of
claim 1, I8her ei fors@irditGgrepaipiegradiays s eb@piding frggant iaktuetiohs t he
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i s perf ostes@nially hetsameieandi nt ervention. 8. The nethod of claim 1,

wherein the ag’é{\;é\ﬂ'l‘ﬂngl%flf" L3c@hit @eﬁé}sﬁﬁ% S%Q t%%%g@ﬁﬁél%y&tamgné @t&ls N

t he waf er, erern e ran y ge are generasfed
once for patentiaipacddrodefeets bped borestheol ayderongaritigeviwadie saiddetemsatigf or

Dot T or i g e TRk o 0 IRl 8615 19RLES! 8 P, IS BN E, i PTe

defects if the number of the actual defects in the group is greater than the number of the
randomly generated defects in the group and determining that the actual defects in the
group are potentially random defects if the number of the actual defects in the group is

not greater than the number of the randomly generated defects in the group.

13. A system configured to determine if actual defects are potentially systematic
defects or potentially random defects, comprising:
an inspection system configured to detect actual defects on a wafer; and

a computer system configured to:
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9. The nethod of claim1l, wherein said determ ning further conprises
determ ning that the actual defects in the group are potentially
systematic defects if the nunber of the actual defects in the group
is statistically greater than the nunber of the randonly generated
defects in the group and determ ning that the actual defects in the
group are potentially randomdefects if the nunber of the actual

defects in the group is not statlstlcally reater than the nunber of
the random y gener steRpreapwebe of therasmiabdedems in vgyourrios WEHAL of ¢l ai m
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l'ocation of e%&Qm‘ﬁfnntghﬁth@%&tuﬁldef‘i:%fs‘%fH& grbub drBBoGRQUR s9REmAid RFRE @D
of each of the different randomy generated defects’in the different
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generated, an in sal X erm onin er conp tern ni ng
if the actual gdﬁfoés:glsateﬂhmh&legsnmbar cﬁrtbe padentyi @hélytes vsfieemat the getebect s
or potentially ndom def ects based on the results of idco in
Che number of e EtGEIAR UG FEAETe Jriehen OUBR &5 PRl sardas Oetrs
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different randomy generated defects in the group.
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i nstructions executable on a conputer systemfor performng a
conput er-i npl enented nethod for determning if actual defects are
potentially systematic defects or potentially random defects, wherein
the conmputer-inplenmented nethod conpri ses: conpari ng a nunber
of actual defects in a group to a nunber of randonmly generated
defects in a group, wherein the actual defects are detected on a.

waf er, and wherein a portion of a design on the wafer proxinmte a

| ocati on of each of the actual defects in the group and each of the
randomy generated detects in the group is substantially the saneg;
and determining if the actual defects in the group are
potentially systematic defects or potentially random defects based on
results of said conparing, wherein said determ ning conprises

determ ning that the actual defects in the group are potentially
systematic defects if the nunber of the actual defects in the group
is greater than the nunber of the randomy generated defects in the
group and determ ning that the actual defects in the group are
potentially random defects if the nunber of the actual defects in the
group is not greater than the nunber of the randonmly generated
defects in the group. 13. A systemconfigured to determne if actua
defects are potentially systematic defects or potentially random
defects, conprising: an inspection systemconfigured to detect actual
defects on a wafer; and a conputer system configured to:

conpare a nunber of the actual defects in a group to a nunber of
randomy generated defects in a group, wherein a portion of a design
on the wafer proximate a | ocation of each of the actual defects in
the group and each of the randomy generated defects in the group is
substantially the same; and determine if the actual defects in
the group are potentially systematic defects or potentially random
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