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TI TLE: METHODS, DESI GNS, DEFECT REVI EW TOOLS, AND
SYSTEMS FOR DETERM NI NG LOCATI ONS ON A WAFER TO BE
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application clains priority to U. S. Provisional
Application No. 60/868, 769 entitled "Methods, Designs,
Def ect Review Tools and Systens for Locating

%@Wmfamﬁs& qjﬁsz ﬁﬁfﬁetr ﬁwmw PRSESSAND $VSFEMS
éﬁg ERR1 I g b’i b% f% g?gl n. 0%\%]&%?&5]\%]2&

d of the Invention 15 The present
[ nventl on gener ally relates to nethods, designs,
defect reviewtools, a mfmﬂ%@gdet erm ni ng
| ocati ons on a wafer t uring defect
review. Certain enbodinents relate to a
conmput.er-i npl ement.ed nethod that inclu r ansl
coor BRSO B Orh o SaBdoTh APl it 6068, 769
&ﬁtl@c@‘t‘@gihgas Pe ‘9@&)@ rDefEatR%VWT%IQ %833 Qe fé)pﬁ&tatlggg stematic
on the wafer to™be reviewed during efect review such
[pdiadtts mesDbfest Rdvidvh@rabessgitiled é)ﬂcavqu:refr 260dredhidt istihevrporated by
| pcati ons. .can b sed to determne if the defects
refgi?@ée%%/&f@ﬁwgo %gf's on the wafer. 2 Description
of the Related Art 5 The foll ow ng description and
exanpl es are not admtted to be prior art by virtue of
their inclusi onBACKEROENDtOBITHBANVENGIANed circuit

(10 design may be devel oped using a nethod or system
such as el ectronic design automati on (EDA). conputer
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ods and systens nay be used to generate a
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of locations on the wafer to be reviewed during defect review such that results of the

detect review performed at the locations can be used to determine if the defects cause

systematic defects on the wafer.

2. Description of the Related Art

The following description and examples are not admitted to be prior art by virtue
of their inclusion in this section,

An integrated circuit (1C) design may be developed using a method or system such
as electronic design automation (EDA), computer aided design (CAD), and other IC
design software. Such methods and systems may be used to generate a circuit pattern

database from the IC design. The circuit pattern database includes data representing a
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reticle is used to fabricate one of the various |ayers
of the IC. The layers of the IC may include, for

W@@RPreE72 a junction pattern in a sem conduct oPCT/US2007/086635
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S ect I on een an |
wafer. Additional examples of semiconductor fabrication processes include, but are not

limited to, chemical-mechanical polishing (CMPY), etch, deposition, and ion implantation.
Multiple semiconductor devices may be fabricated in an arrangement on a single

semiconductor wafer and then separated into individual semiconductor devices.
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part of fabricating sem conductor devices such as ICs
However as the di nensi ons of sem conductor devices

WQe®BRAEE, | nspection becones even nore i npor tBEE/USH07/086635
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using a system such as an electron dispersive x-ray spectroscopy (EDS) system. Such
defect analysis may be performed to determine information such as composition of the
defects. Attributes of the defects determined by inspection, review, analysis, or some
combination thereof can be used to identify the type of the defect (i.c., defect

classification) and possibly a root cause of the defects. This information can then be used
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As design rules shrink, however, sem conductor

manuf acturi ng processes nay be operating closer to the
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processes. In addition, smaller defects can have an
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The following description of various embodiments of methods, carrier media, and
systems is not to be construed in any way as limiting the subject matter of the appended
claims.

One embodiment relates to a computer-implemented method for determining
locations on a wafer to be reviewed during defect review. The method includes acquiring
coordinates of defects detected by two or more inspection systems. The defects do not

include defects detected on the wafer. The method also includes determining coordinates
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coordinates of the locations to a design for the wafer. In another embodiment, the method
includes selecting a method for automatic defect location to be performed during the
defect review from all available methods for the automatic defect location based on a
design for the wafer. In an additional embodiment, the method includes identifying the
locations on the wafer during the defect review by comparing images acquired during the
defect review at the coordinates of the locations to a design for the wafer and simulated
images that illustrate how the design would be printed on the water at different values of

one or more parameters of a process performed on the wafer. In one such embodiment,
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conparing step. In one enbodi nent, the nethod includes
determ ning, during the defect review, if additiona
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wafer to determine additional locations on the wafer at which the systematic defects can
be found. In another embodiment, the method includes using results of the defect review
to determine a kill ratio for defects found during the defect review by comparing the

found defects to a design for the wafer and to determine a yield impact for the defects



20

25

defect review to dinmensions of the design. In one
enbodi nent, the nethod includes altering one or nore
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i nspection systens based on results of the defect
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ariations of the critical désigns corresponding to

cphideesstobendomsorédfortshacatid defadts sleliogidd thekdstenab atdegign to be

t f h of th nmhodi f th hod. )
Aol caet ol (e el s ol Uhe LD
io@ﬁ[ﬂﬂgorn r#e@tgﬁlgﬂgg gefegts?%g:g{eg%g’th@%qo%o%hfgsg%m%{gﬁgs%nd results

escr ve may inclu any r
os tieplesict efviany ginbeire mi¢shodios ) ndesior ivbeed chigfi@irer to be monitored
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b% ggr?}!(l}:fr ﬁ%%fé@éﬁﬂ?g%%g)teg?% é}%tlg:g{ a‘i}%tﬁ\c}\gl%ﬂ}%arch%g the embodiments of
the method described above may include any other step(s) of any other method(s)
described herein. Furthermore, each of the embodiments of the method described above
may be performed by any of the systems described herein.

Another embodiment relates to a carrier medium that includes program
instructions executable on a computer system for performing a computer-implemented
method for determining locations on a wafer to be reviewed during defect review. The

computer-implemented method includes acquiring coordinates of defects detected by two

or more inspection systems. The defects do not include defects detected on the wafer.
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or nore inspection systens. The defects do not include
defects detected on the wafer. The nethod al so i ncludes
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vaer speh Hhat ’f?éu%se?féh"? fefgét revewmsT P BN hy threlospiig can be used to
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rence e acc npanyi ng drawi ngs 1n
silstéra dascfrib@d\/ab(h&rma}i bd fistheaddnfigumdes eshodedbatkirof a
comput er-i npl enented net hod for determ ning | ocations
on a wafer to be reviewed during defect review, Fig. 2

's a bl ock d'@ﬁfﬁgﬂég@%ﬁﬂdﬁgﬁ‘?gﬁﬁ?&%ﬁ@s of a
system conf i fer to
be revi ewed during defect review and enbodi nents

of steps that may be included in_ enbodi nents of

a
conpuiEhen aypriAgasod dhenrresralinpaption may become apparent to those skilled
in the art with the benefit of the following detailed description of the preferred

embodiments and upon reference to the accompanying drawings in which:

Fig. 1 is a flow chart illustrating one embodiment of a computer-implemented
method for determining locations on a wafer to be reviewed during defect review;

Fig. 2 is a block diagram illustrating one embodiment of a system configured to

determine locations on a wafer to be reviewed during defect review and embodiments of



13

20

30

determ ning | ocations on a wafer to be reviewed during
defect review, Figs. 3-4 are schematic di agrans

WO R008®Te722 | Ng appl i cations for which the enbodPEENS207/086635

descri bed herein are particularly useful; Fig. 5is a
bl ock diagramillustrating one enbodi nent of a system
configured to determ ne | ocations on a wafer to be

. . . — . :
S Bty D ol By A fer DR R mBhotor
derzrainkad Bicatienshe aeMbewdd revicwaddaefedifeat emiiew, Fig. 6
is a block di ag_l\ram_i [ lustrating a portion ﬁo‘{, oq)e
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deloynERdacalions A2 e de be Bpieved qurigs defeckreyion Yif isgrtbodiment
iel | I . ' : . :
b B PR BRI TP b Bm B ERSh AL B fo be reviewed
doEhpddfetoevidet ermi ning | ocations on a wafer to be
revi ewed during defect review, Fig. 8 is a s(gihena%t{c
di agragnb s pideskatagiamdlliutgliag a geripaal g0 CRRBGHICREN; &Sy stem

' t . L hat: . i .
QUM Dol TR S ] Yol e R RS and o
caifoohdre of ste@f thahaat be inbhtdedrayerbleodienes af’ @ dothyutehanplemented
enbodi nents descri bed herein; Fig. 10 incl udes _
nestanplios Selsrmigmsdarations an afvajeirie pe e edidtringelr i dereview:
genery, : . 0. Fi . .
oo T LAy SRS LRSI Bl e
egibepndnltad! amynmigert inplanetaded mehod Gl dvasminsning I@ations on a wafer to
conputer-inpl emented nethod for determ ning |ocations
berevaewipd drineglohect Fai§v8wed during defect review Fig.
12 i s.. i.aqr il ' j.m g
car A S SRR ABry EEA BB GTOOHLBAbo fhncfhs o

o@¥RC tHaahlag bo Berersodputies erstysliaentt descpbed berginng a
conput er -1 npl. ement ed nmet hod for determ ning | ocations
on afuafencipdesraamplasohembadincnly dehert thaeppele eaigated by the

eﬁlifbgdin?e%té. $sdillagk.;di agramillustrating one embodi ment
of a

system configured to
Fig. 10 includes examples of embodiments of wafer maps that may be generated

by the embodiments described herein;

Fig. 11 is a schematic diagram illustrating one embodiment of steps that may be
included in embodiments of a computer-implemented method for determining locations
on a wafer to be reviewed during defect review;

Fig, 12 is a block diagram illustrating one embodiment of a carrier medium that
includes program instructions executable on a computer system for performing a
computer-implemented method for determining locations on a wafer to be reviewed
during defect review, and

Fig. 13 is a block diagram illustrating one embodiment of a system configured to

determine locations on a watfer to be reviewed during defect review.
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determ ne | ocations on a wafer to be revi ewed during
defect review. Wile the invention is susceptible to

wa 20080us700di fications and alternative forns, BEEUBI00T086635

enbodi nents thereof are shown by way of exanple in the
drawi ngs and may herein be described in detail. The

drawi ngs may not be to scale. It should be understood,

howe Ao H8RCHdRAileRRtive forms,
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entcond mat eri al i ncl ude,
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gallluntarsenlde and |nd|un1phosph|de Such
substrates be.%onn?nl found.and/ﬁn
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sevaivpnctdrens @ﬁp—sgxymgd@orﬁ%tﬁriqilaﬁé{@@p&s éy Rmﬁepﬁcqqﬁl@ctor or
t d.the t
ngﬁ 8%‘}}%§§%u%& g Srlalrﬁ&%ﬁ%ed ?ﬁt A ﬁ?t llt]tﬁ[tgd {66 gh&kﬁ?ﬂfég rsgf%on

o MR Orsdde ah@eiiin bﬁéé@fﬂeo suah mﬂj‘sﬁﬁteﬁrﬁm‘y the cpairominfaind and/or
or unpatterned For exanple, a wafer may include a

Pﬁkﬁﬁﬁﬁmtmeﬁommegﬁﬁﬁ&@ﬁ“%hﬁ?ﬂﬁmﬁepeatabIe patt er ned
2 W Sier B0 TRULEI NG oRLOSRSR! NGl u RS bAYEE o1 Hexample

res evi ces.

s My & hfa@ e hdd, Ytﬁﬁaﬁfe Qf)t geuetes a$¢B€Jsl’t] Bdicicategnated, a conductive
CIrCUItS I Cs) may be fornmed on a wafer, and the term

mdrind, aad acsedcandraive masctidl dfwredliffereariybaisucalayggre known
nf Qﬁ\rl\elﬁhrtg g;?%@\n&fﬁg&eig?%%gs%g 'h%xee1+<ﬁcﬁﬂ\fgnaéa J‘b %ﬁc@r{}éas's a v\pﬁérqgcludmg

ret are
ahqtﬁﬁeﬁgﬁgggphy herein. A reticle generally includes a
transparent substrate such as glass, borosilicate
gl as$§neanhdre %QFS@W%OM%Waf?Q nathedreed epiigegred. For

l. d t
<BBAFEEt Taa ) P neIEh SE st AR Bk At O TRk
fSHRSE. BératiVRRMd didcbSIRNT shypRS e@fof hetdrdil esgrétidumelyresult in

inthe art, and the termreticle as used herein is
cpméﬁ@b@pw@s ehbonpisaeni|typasypdgvices such as integrated circuits (1Cs) 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.

The terms “reticle” and “mask” are used interchangeably herein. A reticle
generally includes a transparent substrate such as glass, borosilicate glass, and fused silica
having patterned regions of opaque material formed thereon. The opaque regions may be

replaced by regions etched into the transparent substrate. Many different types of reticles
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ofreticles. The term"design " as used herein
generally refers to the physical design (layout) of an

wo @oand7aat a derived fromthe physical design RPEF/O8PN7/086635

conpl ex sinmulation or sinple geonetric and Bool ean
operations. The design may include not only |ayout
i nformation, but electrical and material design

ar L RFWRIN (88 d@san\dﬁﬁé rerRaSig@hd Ysed ‘h@l%mdﬁ $hSRIRY chdMrhd€all types
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ection tem an
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a derivative thereof can 'serve ds a substifute for the
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herein. Turning now to t drawi ngs, it I's noted
defign f Thudesgramey motudd raay\mt}teod@m@i @itd dmdeprmntdataupraxies tidseribed in

| h ' [ '
PR CWRIGTSY hebh 6P BB S Nevad LePLr TSy Rutigmi et al,
phbgsRl avend. SPate'rﬁ AnplidkDa Pﬂgh@ﬂﬁohw 2@6@“ $EYH%n Jﬁf , 2007, and

not drawn to the same scale. El ements shown in no
1l &, 668 by fAadprreealt, fath afisyhible verariled ohNoenbigiilr, €006 achéwhich are

been [ cated using.the s ref.erence nunerals. One
tﬁ%:tif r‘?fg’ieﬁi’ee%s ?gﬂg ReFeifyp| ement ed et hod
for detghy Wﬂ&m&&mn mt g%ﬁeg {8he [iQuiREaleGYk 86 1o scale. In

during defect review The net I ncl udes acquiring
paidienld.nbd ssaieocff sdefkedtle deheus efithbfiguves ipprenathy exaggerated to
e|n{s1 ection systens, K The defects do not %epcluedefects

b T REC I RY 969&8%1 i1k §lsp HE'cE dot dinagiess g not drawn
4 e seekesdis m&eh&%y@ﬁ i %ﬁ%&, Bfe Egsre%qr f!ﬁémz%

data structure(s) such as f cont ai ni ng "t
codudedhiatvedetn omhidated Wsing the samr mfermmenﬁnemﬁq systens or

ot her systeg(gag whi ch the two or nore inspection

syst S 69 nagﬁr]%.fe%forwf%%%rswgfaﬁ?ra?ﬁmﬁalw@r determining
169065 B4 &arePlo ﬁehﬁv%% S%ﬁn%ﬁ\%w &lRg. AR, rﬁ@tﬁ&g {RAES acquiring

of the defects may also or alternatively include
comtimagyiofidefehte deroedibpatve sr orordakpecsivn wedienme ($he dafehrs do not

cont ai ni ng t he coordi nates

mc?uJe Ae?ect detected on the %rafor Acquiring the coordinates of the defects may
include requesting the coordinates or data structure(s) such as file(s) containing the
coordinates from the two or more inspection systems or other system(s) in which the two
or more inspection systems stored data structure(s) containing the coordinates of the
detects. Acquiring the coordinates of the defects may also or alternatively include
retrieving the coordinates or data structure(s) such as file(s) containing the coordinates

from one or more storage media in which the coordinates or the data structure(s) were
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fromone or nore storage nedia in which the
coordi nates or the data structure(s) werestored (e.g.,

whoosl®7rnspect i on systens). The one or nore SPOF/H§®07/086635

medi a may include individual storage nedia of the two

or nore inspection systens or one or nore other

storage nedia coupled to the two or nore inspection
sRY&E @B, tyBth® inspQBnQY s BREE THaknd 8F ABASAShgd MelifdirBay include
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stofeenedip Fa PR e O e S Bt B f of Hlare fab
daubiey can acquire the coordinates of the defects. The

system configured to performthe conputer-inpl enented
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el b7 e DR abo BErpe Sbeaton 1 TRe oy Vhapgeds. or one
0%09@5% Ge ?Heﬁiaqma%r{e?%h\fﬁatkﬁtesa@féﬁf SinnRLEse B cbhQinates of the
defects). Therefore, as described further herein, the
dufecgu@he al slemebnfiared usparfvspebd conpeysingienened! mhdod may be
out put, of the inggection.systeng.nﬁﬁfbe Eﬁtended to
cQpRCEITEP the O RO SUPEHBYY ERE YT AR CHTRET i & yPne oF
hi ' 1% WARRAkhe &0 eiv
s P SRR FGURNLTEL SR 1905, OSBRI f36m g
tioncoardiedtecofthe defeets). sTtanefohveay ddstichel fdeshedteednloe unique value of
pr.ocess w ndow char c%erizatLOQ%.or sone conbina%ioq ded
V%@}%B?QEC%%S}?SF?@’ISF B O‘HBVteOf it Jﬁlé%q:c?i&}ﬂ 5W%%y ¢ exlended to
s%/ QGh s 2 488)i gD E# @§ﬁﬁ&‘i§1g A SHRLEMity BHIRL thEdeBtion systems.
nspection syste a process w ndow characterizat’ion
syst émpnoembadimen( i deﬁcisdnciuﬁed@feét_s inAs desiggh defeble deteoted on a

or nore inspectio stens include jnspection systens
1l J8feEISBHINT B BeIos b pCcta pOe SIRERSHY Y GB e
biferdef £alE. A & MBkGhsped MG S5RNR indiB& a design inspecti
C%%%%%Pﬁ%ntg bscr?%gﬂ)ﬁérefn %gy hé@% coﬁﬁecti%i%%gﬂﬁﬁpa:wm
sgyahenmticle idefkeddn sysepe etprarssysidewschasuthizasor oticol. ey some
desi gn, and lithography i nspection systens). .ln this .
CARRRFBHON %quﬁg%é\*‘%ﬁ? 98 SO HISReFE Y Elg 'Sérhcm&e mspection
IcbhGEERE o] AFREALAAQ 1R FS FrodRY sPReHFEddrGets
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systematic defects may be located.

In particular, at the design phase, resolution enhancement technology (RET)
features such as optical proximity correction (OPC) features may be added to the design,
and a design inspection system may be used to inspect the “decorated” design. Output of
the design inspection system may include, for example, hot spots and design defects. For

example, as shown in Fig. 1, design inspection system 10 may be configured fo inspect
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the design inspection system may include, for exanple,
hot spots and design defects. For exanple, as shown in

WO-2@8A707d2si gn i nspecti on system 10 may be conPCTURMA7/086635

to inspectdesign 12, which may include RET features
such as OPC features. Design 12 may have any suitable
formknown in the art. For exanple, the design nay be
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i'fmgrq 1@91'1& peal hbhgofsals e?&t KoM ERYks &f detsﬁﬁ in I%)SCUOII

i nspection system nma |ncueret|cle def ec
knetvnaﬂatheca@mt am nat| on. For exanple, as shown in Fig.

det oSBTl ORI LK SEPPB GRGRIem may be used 0

i B 15 @b ARted mask. Output of the mask inspection system may include reticle
defects and reticle contamination. For example, as shown in Fig. 1, mask inspection
system 16 may be configured to detect defects on a mask fabricated by mask fabrication
18. Mask fabrication may include any suitable mask manufacturing processes known in
the art. The mask inspection system may include any suitable mask inspection system,

For example, the mask inspection system may be a commercially available mask
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18 . Mask fabrication may include any suitable mask
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owned U . S. Patent Nos. 7,027,143 to St a
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n I
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Epl@cd'tiﬁﬁ Sefgnas, aad/dnp, m&f@r%nwm eu A1, filad I()}ctcﬂaer 612£IOBhaIi of which

Mask t tem 16 fi d

g GBOFT T P e RESES Bkl SHEL<h R Hr G Ak tropeet Bl SSteA16 may
appl t L

o RGP R B R0pRIEKR B e O, ncyiy 2
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or |ithography process w ndow characterization phase,

ang fﬁﬁﬁt@%‘éﬂ%%ﬁw qualification (PW) inspection system
M T

wmmﬂxﬁ%tmy(f’lm@b Indﬁedtiloh hp@dﬁrﬁpﬂ&w Heatsed pottsrackeoize the process
exanpl e, as shown in

WW%@ab@ﬁfheg@%afﬁbéhep fl@ﬁrt?ﬁ @ﬁvgil nSpgg@égn%%té%%n%%nay
mcpu%r ?‘?I%oeg z%ﬁlgtﬂo?gpo% lk"&'rI 3m easf ﬁ%ggq 'ep?ml% @ctIg)}l@ys{em

bé configur
zph@erQbﬁﬁgﬁﬁdwn@ﬂﬂmngﬂ@&qmbamsx@ﬁ&ﬁﬂd&&mmas@mbbéduMngﬂw
comonly owned U. S, Patent No. 6,902,855 tao Pet%rsog
Eabriceibd el BorRBIN {ISBRHISR SYBtEn iy Reron bIe fdaps WQ or

DT SRR EE R g

6Bublsk s at PasrsNoet Qoﬁﬁ/d@ﬁﬁﬂorﬂﬁawﬁﬁd VES. Ph&:nt AQPHUcation Serlal Nos.
11/ 005, 658 by Wi et | ed Decenber 7, 2004, W%é
1%&)‘? Péhey Pa@rsgn st aipﬁIférII11YAbﬁp IZP%tWIB?Il PII?IISII%%%% Br5- Rgtent

e

ﬁﬁa‘éi bécSmbBar @4 Appikh gablished BublS. ;atenonpplication Publication No.
2007/ 0035728 on February 15, 2007, and 60/ 91 91§ by
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F@Eru@@ 1500607 uh@ 80006, pEF b PElca) eshleflcs)Maf 920007, all of which are
met hod(s% described in this 8atent and t hese patent

insppiioraied Porréeremessaslif Bilbecy@rdhsrdny bie preydimspsdesgiped herein

m%),ésnt]c%rzﬁezozr be configured to perform any step(s) of any method(s) described in this
patent and these patent applications. Results 26 generated by PWQ inspection system 22
may include litho hot spots.

The computer-implemented method also includes determining coordinates of the
locations on the wafer to be reviewed during the defect review by translating the

coordinates of the defects into the coordinates on the wafer such that results of the defect
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s?ﬁxcznl g lﬁhflaﬁ'{ équ Vﬁ& r¥ ﬁl;g ?&'3919/09 ¢ lgf d’t\@]{ %1 Qgé &rtide will be
fe reticle mnl pri nt
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trans coor es reporte two" or
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useabl e by the defect review system Such trans]atiaon
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combine the defect coordinates into one single source of defect coordinates. The multiple
sources of defect coordinates that are combined may include, for example, output from
design inspection, reticle inspection, and PWQ inspection. The method may also have

flexibility such that the user can select the sources of defect coordinates.
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out put from design inspection reticle inspection, and
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|ewss emregar ether or not

ifgfeel sst@ ftige @he?éce edasly @jﬂstetdﬁl ecgaedlers dfwhetiepechotaiicofs were

the wafer. Instead, as described further herein, tho ‘

desstedionrise wpker by swé@w Byhe Waicgefsispd s vicun sy Serdier f]%fem
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@Mﬁh@ﬁ@ﬁéf@ctd@ﬁs&ﬁg ﬁl@@iﬁhﬂiéﬂellmacﬂﬁfgn aﬁﬁ/c@ wethele has caused systematic
enbodi nents descri bed herein, a defect reviewtoo
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currently used for_inspection purposes because the
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However, as described further herein, discrete
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wafers in embodiments described herein thereby significantly reducing the area on the
wafers that is inspected by the defect review tool and essentially eliminating the
throughput concerns of using a defect review tool for inspection purposes.

The coordinates of locations to be reviewed during DDR 28 for systematic defects

may be provided to defect review system 32 shown in Fig. 1. For example, a system
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determining locations on a wafer for systematic defect review. In this manner, the
method effectively creates a systematic defect review sample. For example, as described
further herein, the embodiments described herein include determining locations on a
wafer for DDR for systematic defects. However, the embodiments described herein may

also advantageously include determining locations on a wafer for both systematic defect
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randomly selected from resulis 38 may be reviewed by electron beam review and
classification (EBRC) 40 as shown in Fig. 1, which may be performed by defect review
system 32. In this manner, the process defects detected by the wafer inspection system
may be reviewed by a review system such as an EBRC system. However, the same defect

review system may be used to perform both DDR for the systematic or potential
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20, ang 5 S|ngl ce of defect coordinates
1WCF AET 66‘60% ipa f,]éuc att e location on the water corresponding to those

coordinates is reviewed only once for a systematic defect. If the defects on the wafer
identified as systematic or potential systematic defects by DBB are included in the sample
of defects that was randomly selected for defect review, those defects may be removed
from the random defect sample such that the defects are not reviewed during EBRC. In
this manner, defects or locations of potential defects will not be reviewed twice during

both DDR and EBRC. DBB may also be used in combination with the wafer inspection
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i nstance of those coordinates such that the | ocation
on the wafer corresponding to those coordinates is

WO eaoseWe® only once for a systematic defect. |PCT/H82007/086635
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i nspecti on
The review tool may be connected to each of these other systems using closed

format technology such as that commercially available from KLLA-Tencor. The review
tool may be coupled to each of these other systems such that the review tool can send
output generated by the review tool to one or more of the other systems and receive

output from one or more of the other systems. The review tool may use the output

20



10

20

58, which may be configured as described herein. The
out put of the wafer inspection system acquired by the

WO 2uB0W7ID0l nmay be acquired in any suitabl e fPRPCTES2007/086635

such as a KLARF file. In addition, the review tool may
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described herein. Detection algorithm development may be performed by any of the

systems described herein.
As further shown in Fig. 2, the method may include detection technology
development 62. The detection technology development may include determining which

technologies are most suitable for use in the embodiments described herein. Such
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devel opi ng one or nore algorithnms that can be used by
the review tool to detect defects on the wafer, which
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that will print on a_mafer%. ] i
manufacturing. As shown in Fig. 3, at t1 and (2, approximately the same number of total
defects were detected on the reticle,. However, a greater number of the defects detected at
the second point in time are printable defects. Therefore, between t1 and t2, the
printability of some of the reticle defects changes. For example, as shown in Fig. 3,

circled portion 64 of the numbers of defects detected at t1 and circled portion 66 of the

number of defects detected at 12 illustrate the differences between the numbers of
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At a second point in tinme (2), reticle inspection is
again performed using a system such as that descri bed

W@bws@707The reticle inspection perfornmed at t2P@HYSI907/086635
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reviewed on the wafer based on the reticle inspection results generated at t1, possibly in
combination with wafer inspection results acquired at a time point corresponding to the
time point at which DDR is being performed. In this manner, the embodiments described
herein may be used for determining a sample of defects for which DDR is to be

performed based on the reticle inspection results generated at t1 and the wafer inspection
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the reticle may be printed. For exanple, DDR may be
performed using the reticle inspection results

w@emsnarerl at t | to generate a process in whiREI/US2007/086635
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orne
of dealing with a relatively 1arge nurnber of defects. For example, the embodiments

described herein may be configured for automatically detecting a recently completed
reticle inspection and automatically creating a monitor plan based on some combination

of the design for the wafer as well as the reticle inspection results. This monitor recipe

24



20

30

with DDR by relatively fast and rel atively accurate

EBRC. The enbodi nents descri bed herein al so provide a
wmenvsero7af advant ages for in line nonitoring oPCT/ES1007/686635

defects and reticle defect classification. For
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determine if a process has drifted out of the process window, is performing inside of the
process window, or is performing near the edge of the process window, as indicated by
the wafer maps shown in Fig. 4. In particular, wafer map 80 indicates a process that is
out of the process window, wafer map 82 indicates a process that is within the process
window, and wafer map 84 showing varying shading of the dies on the wafer indicates a

process that is near the edge of the process window. As further shown in Fig. 4 in plot
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val ues of wafer-1level process paraneters. The second
process wi ndow, PW2, is a process w ndow across
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for a lithography process, as shown by plot 78 in Fig.
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Pr OC gk WMaRdowefat, baddvansgqasintised for ti-five abhieat s howviewing
many defects are detected on wafers at the various
aanples!ilopatiphreon waterses arTESY SWRBHC 4¢{5F 1S Ry shaye deetptpused by
of it ocess. W I Dl ' t T >
Zsbiomy® IEFTERs L BRHS Fint QLSRR B BpGos Sy in Lig. 4. For

ckathflel DR @afheek&l Onictd@inahara dafduamermymplusevhyételsdhown in
loss. A process that is withinits process_mﬁndomLii, .
ithgh $aeRREASPIINStor PEOTB vt e TABHYRUMIREMFFPPY RS & 4 while

B e SRSl A S RS on v o

nfRE HAERONGI 18@r bOinWaf @he NBPRBkhay BORIvERYaget sy pdrformped bedescribed
advant ageously used for in-line nonitoring

. by :
abew tewictegt ot seetpitat RN e defesli VISR Appers 2o ORhpEits process

syst emgt.i,c_defects. ave been caused by defects
“8%%@%qﬁﬂ}%H%¥8%g§§m:e(§gts at the various points in

ti me gugs DEOMAY bb phifgrmedl basédon eustiile spRDRfoc@ntide which may be
used to determne that a defect, one _exanple of whic

. h
gemerathd Wh Aidas EAHECEBN SEPPRais! ACKAY OB @ gsra, whigh may be

the fourt nt in tj ' [ [ :
stuura > oy Byt b QR RE) e s drRefgts may include
1SRAYRS dMickiPRUSt Hts APPE MaSerOmdoe [@katiomy & thafelim ladt spots on the
later point in time. DDR may be advant agequsl

) y :
v fromniecdese milessicaesben elBvieoftthe dRtEipsisstion pren phdgscribed

[ f . Wh . ' )
R, U PSR MR e s

hBBdpoREoRRIHAM¥EH PAsed i9Buteshgprobeds vaipedwi Theocmbbdiatents
which may be generated by a deS|a£ I nspection syste ,
dasuafibpd bereissmen waowsd the Sefeaisideirciedal tis dewign bat spots to determine

values of one or more parameters at which the one or more processes were performed on
the wafers. For example, the embodiments described herein may include comparing
output of the review system such as images of the defects with output generated by a
PWQ inspection system, and the values of the one or more parameters at which the PWQ

inspection was performed corresponding to defects that, in at least some respect, match
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generated by a PWQ i nspection system For exanple, the
sanpl e of defects may include |ocations of design hot

wWGepwBe7w0m t he waf er and the | ocations of the desI/gsonv086635

spots on the wafer nay be determ ned based on out put
of the design inspection system as described further
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sl SPARTRRP) efﬁogth@seéqnm@ BHE At ¢ yegpHng as described
; Q
SR SUBM R1kRRl G ABROHRE L HXaon I8 RO drr @ baters. which
cirf bapdfreet tgshenotithdelhacdledasbyndreloptiycabuiarsfieRCi on

system.or an el ect r?n beam i nsgectl on system

par t ititamonpesnges pred st desegberbitone ugagdiri a LHawowdesa
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I nspect 1 on. orned using, for
cenaitpl the embbditricwsl cyeschll:@ﬁ hﬁ:ﬁtﬁobmt\fld@m it iimragi degign inspection and
relatively high resolution tilt SEMIHHIH% f ocused

PRdA f%@%ﬁﬂoelpﬂmadqhﬁa@. IgR Pé‘i’“@‘b“n%“’%‘é%”ﬁéﬁ%‘b CplfE} GPracy.-
F Hﬁ&&%&@g‘i “om mbtHi g PER i8La | hé} ol 16 vi ﬁ98¥ g{ 'a‘ﬁ%dﬁa‘m recipe setup

escri ove prov es a re atlve
thaoaliexpehsivel 180k winbarsfodklefronitd be dé\zgi with eftsetivwshi. dtor example,

can be performed together with relatively fast and

theerahiodifasiys deseliPat eTeBmREY herronfigureddn 3ol ale e GF g
reRSniflESHEAIDEE pRARQYEW HILRIn PRI SR REVAHSHy Breating a monitor plan

based on some combination of the design for the wafer as well as the process window
inspection results. This monitor recipe may then be automatically run on some subset of
the wafers on which the process is performed (wafers processed using the process for

which process window inspection was performed).
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nunber of advantages over other nmethods and systens
for in-line nonitoring. For exanple, the enbodi nents

wale®snilierl herein provide a direct link to desP@Qnus2007/086635

i nspection and PWQ i nspection. In addition, DDR

provi des substantially high | ocation accuracy.

Furthernore, the enbodi nents descri bed herein provide
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O revi ew er of ran ects on
difieresinepdsn@ e ficBaan o SEpaddted fremdatie 0ﬂ13r debimatnad Towrdftre, the
speci nen may _be random defects. Such d fecé revi ew may

CB&’%P%%S/%?%B“&H%@@ (CAi Bsesyieh a4 og @eek b Helycigure monitor
cxﬁo[&}ges%fglegc{s%gwbt& Fﬁ@ 20EQm. 48l %Qtthg z}gs%gcrﬂﬁdsﬂfﬁll?cr herein.
no I'nformati on ou e systematicC ects 1Is

Iprediaoabloysygreneiaitean sel Gibdtﬂ‘]aﬁqetoha allised o apalicdiens described
i mproved based on the systematic defect information.
m@@wuggn@egwiabléd Sﬁ@k@éﬁl%%?%@r@me {§pR sigp process may be

ngé &)Ct glﬁ Sgﬁﬁtﬁg)?g’%dfug ICﬁlS%Q gelrenle IIIQ/\Q&%I gf%gﬁrocess

I"hdi v fec S nay entified,

vtfchﬂ?d dali\fefﬁliuiﬁ%erby pesdwahtaged. eEdr&:xﬁlaplebﬁJcﬁezgﬂbtadse dzoﬁfchﬂke a
each ot her by binning. Therefore, the_enbodi nents
stesgartiali donseiiar s ewRIYsis campheated by implson  aBeuespisnsive
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used for the overall set of appllcatlons descri bed

shearal sybastems it susemy topgticr ahenhansad sphMa RN ghplePE dims o

p%\?iﬁe 9% WRLERRLL gaes§fsf0 . sgﬁd@ione application to detect and review

systematic defects. In addition, the embodiments described herein may be implemented
by moditying an existing defect review system such as an EBRC system commercially
available from KLA-Tencor or by creating an entirely new defect review system.

The embodiments described herein also have a number of additional advantages.

For example, the embodiments described herein are capable of detection and
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used to try to performsone of the functions described
herein. However, such a process would have a nunber of

walt@adwam ages. For exanpl e, such a process WoRCTUSZRE086635

a substantially long tine, is manual, is conplicated

to i nplenment, requires extensive expertise, is not
repeatable, and is therefore difficult to inplenent
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0?& |§6l yOandH%ost The enbodi nents descri bed herein

al so Flwsthelinﬁuctl thgembudjinrgtstdeshibell beyeiratandie bmhahﬁuﬁt&md non-
technolo des S h .resgl ution and

P R e MO L L BBt ibed
hBRYekdh Efe%s%@ﬁ{cd?ﬂﬁ}fétﬂ)% W03 fh@zuéﬁ%g%tcl gggg/éf%%ﬁfﬁah&%rsuch as

automati ¢ def ect ocat1 ng success
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Bt TGt | Bl flancho forrsTamiant sk s segerform
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Optl m zat | on usi ng resu enerate
by eh evals fistldmtoter ARt H10Sgpodlishedas 0P i htare Appipeivhi IQibhca‘ﬁon No.

DGR G 2P il hihds ROATIERE b tafnce s i Ll setforth
ntRehnalegies, &e Em@@&‘ﬁ%ﬁg&cﬁ@&%eﬁ Hefthh eﬂi peyg)gmdc%rg&ttal analysis for

classification descri erern can e use
defootbihaeing sizenpichteothhe nbaef26cin. crasanhbodisehg@les@ibbo srein can
r@uch as gléctron beam power _assi sted classification

& PRIEYT™ geleririmeidcriy tleseribed PRER ngronganasion with defect
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can be used to performe are I'n conmo

ddmm&gtﬂnﬁho@aat sgmstenﬁthlae dtose desSabedin dNnmdnly 349ed ¥4 yitent
t ober 12, 2005 published as U. S.

A@BP%’%‘P“%{}F‘ %%rtllié 6&?& ﬁIE%MB(S‘F’b £ 20 pOS by Nasser-Ghodsi et al.

published on October 6, 2005 as U.S. Patent Application Publication No. 2005/0221229,
which is incorporated by reference as if fully set forth herein.

Moreover, the embodiments described herein may increase overall defect
detection and classification. Therefore, the embodiments described herein provide

innovative technologies that may be used in high value use cases.
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2006/ 0082763 on April 20, 2006, which is incorporated

by reference as if fully set forth herein. In
w@adwsniwm the enbodi nents descri bed herei n caPCpPEsF00T/0R6635

el enental anal ysis for defects having sizes greater

t han about 20 nm The enbodi nents descri bed herein can

al so perforn1defect cIassification as described herein
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The method may include creating a systematic defect sample and recipe (SDSR)
file 108, as shown in Fig. 5. In one embodiment, the method includes creating an
encrypted and secured file that includes the coordinates of the locations on the wafer to be
reviewed during the defect review. For example, the SDSR file may be an encrypted and

secured file that would include and protect all required information to enable a system to
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a desi gn-based setup engi ne that uses sone design
information (e.g., information about the design to be

w@erisvad7on t he wafer and the | ayout in which RPEEUS2007/086635

design will be printed) to automatically setup a

recipe that will allow the review systemto |ocate the

systematic defects. In addition, as shown in Fig. 5.
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ig.. 5. the systematic defect source identifie
found by a wafer inspection system to a previously detected and 1dent1hed systematic
defect using combined information from all systematic defect inspectors thereby
identifying the source of the systematic defect detected on the wafer. The systematic
defect source identifier module may include a data structure such as a database including
all inspection results (e.g., reticle, design, etc.) and a data mining engine that can be used
to identify the source of the systematic defect. The data structure may be created as

described further herein.

31



20

23

30

nodul e may be configured to identify the systematic
def ect source using output generated by systematic

wa@ledogoro7ext ract or nodul e 110 and systemati ¢ deP@&US2007/086635

revi ew sanpl e and reci pe creator nodule 106. In one
enbodi nent, the nethod includes determning if

systemati c defects detected on the wafer by inspection

of t g MRIIR: cAbEIRRIE 8hAl 8t 8 i0ekesta 19&%@@1?6@ R¥% bhined

two or nore inspection systens (e.g., the design
ram:ts)pea}td ontesyst dofect laelewaskteinnspaowindry &yet eavjiew mtqw@fi of

PSR L S S oS ol oD RSBl 0 e
II‘?(yCﬁlq@ B | iGod&fB Szﬂé]@FevY@z@ moQHRInBYbBe o ﬁxred 'fM‘é‘féMaﬁU and

systemto a previously detected and iden _
raykihedetitceded e dts shewndn Eignbi SIRSR i b@&mﬂy bﬂ pfqvukdab bystematic

systematic pectors there tifyin

B oy Mot Jy S cetani gbralt ThETLienan Sh R Ha SLAGF fle may
bgg)? ARt t%'}%gdo‘ﬁl Hat&GLvisQUiSRId PN I le@impPRAME %ef@@ﬁ’revxew system
‘il ude a ta structure such as a database including

nadyl bd quafigetet! omrené duitt isadiiéorg] KLARE flee fordesdcgn defettcre\)new and a
and a data m ni hg ine th can. be used to identif

Shat §Mpé§vsaﬂﬁn%1ﬁéie§%?gfeéwa‘f 1 tg@rBlEr byfhdy Besrof review at the same

R M B e B S o b BE sl from both
rs»)isw@ﬁsjrssemﬂmfdngmamhbnaéefactmonbi ned random and

systematic defect review syste as shown by defect

TN Qe o ST g e e R e SR e by e

gg%ﬁ?ttlc q&%&‘?ﬁ)&? %d@lé@e@c%@ Aandamhoeh %3?1 r @V'A@%own in Fig. 6,
wever, a single review nodul e may

oagni bfssethafio rde&y&teen&&t sacnpdnaind ram;be medefr emduieeI\HGemﬂy Bs

shown_ i n Fi 5, SDSR fj]e 108 rov

pg%@%tqetecg@wgf& Syrsaem éw moRLATRD 11@@“5 bscgb?‘ggfff@'&rmay be

VRt re(!l ?ﬁ)tnln ﬁno?é@v@te@ﬁatﬁ %%Rgetgéﬂo% IH@cYesb?or instance, as

provi o ran ect review nodule 118. For

sﬁfx\amﬂi Ex.g the l@tﬂfc&iﬁfedﬁ enep d RO SYis Eeubmhm;enl:senﬂ:}om‘el dgeigedatal pattern

read both traditional KLARF files for random defect

reeoenisinn ARB) A2 smdreats fi%tK cfidr Insgna Ephidimerietns ctethud ngides

1(2%1‘?15‘51 \A%F}glgg’afgg;‘tnp oh 'ﬂ} t\Vsz%sq%iQ{e Jﬁ ¥l QAL rib AL S EIE dldifBthe defect

put fromt ect review system na
réview b eom@atihg Bndges aedudiell dusug éw dfecs ysiematthe cmrdmates of the
random def ects, One enbodi nent of systematic defe

lerstiges ogrlop it onty YWTpdn PBT M 059}]*9%%@@@@%‘%@ Substantially
g&fr%gf Stﬁgp{\/\e}n %ﬁgﬁ%g l.dg%egﬂ%&{t \dhe %e%ﬁe‘(?re‘vﬁaws Véﬁé{pﬁy L. Jonfigured

out put of systemati

t6 eakdwosrnebign andrmaiinpeitic neahare dfoludie atQ6redey thedefect review
sgégxélr %gg ggq%g}%z];%?efﬁlf;}f \é!@?vgliggv 1%16 def:ég'tﬁ'evgpvesygtgg%gIStrlr!‘:?srt]egnst’ldlly
accurately identify the locations of the defects. In such embodiments, the embodiments
described herein may include performing off-line design-based recipe creation including
PR.

In one embodiment, the method includes selecting a method for ADL to be
performed during the defect review from all available methods for the ADL based on a

design for the wafer. For example, as shown in Fig. 6, the system may include design-
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configured to performone or nore systematic defect
detecti on nodes. For instance, as shown in Fig. 6, in

w0 cwav®7aef ect step 120, the enbodi nents nmay UBET/US2007/086635

desi gn- based pattern recognition (PR) 122 to | ocate
defects. In one enbodi nent, the nethod includes
identifying the |locations on the wafer (determ ned as
pHEIA AN RRERIANLIHF hAGukN 4 ARHRR tndya¥ BWhP Yietection method
conparing I mages acquired during the defect review at
bhded cpolefat ndbesatioh 12hehdt ocabvidnd td the acldast gndidler Thhdefect

wafer, In one such e le, in order to driyve

Ié%ﬁg%%m%ﬂ inglude &y &t @E@éf‘f&t lhsmele arigpt Gy agy of the
iﬁsggatdn%teﬁa@ %egﬁifb_@&hex_fe%vgueﬂva%a&mﬁ%y P& IngH 1&method
to match sonme design information wth an imge of the
ntliyenalodgiial@dnpy defien-tefodclynaric AL sysh@m FoFlesamplehthd method
called PR, will_ allowthe defect review systemto

Ay HasAg FSing e deigp éﬁ\?[%‘l“gﬁtioaé%g?tf:?mf’ﬁéhqv%é FEARY pperfarm ADL

: Laents, the enmbodi nents
ﬁgﬁi §§élgctﬁhh%f%9&ﬁb%m&ﬂb§%‘?

escri be erein may I nclude performng off-1ine

desi gmebdskdnatieai thet naeht aanablodbrudi mgtHeRmbodiroeres described
enmbodi nent,. _t he nethod i ncl ude el ecting a method for .
hagsfn 15&1%@99&%’.3!5&3& Yy FiRe0.dLhis @%@W%ﬁ@%ﬂ%%ﬂpﬁmg an
. i d ; . . e i . a
U AP SEA0BS SLB] A2, OFL R0t 29 AT kil 1
desiyn infeinudien desthg mafs e dhe ehaetdifohe dietnitydirsletgectorral image
modul e 124, which may sel ect the detecti Qn&%t hog
PB’&%W%‘?@%E@&FWW&F‘%{’W&Bﬁreﬁ%nf ‘Ees’if*g’g!dl” &g &y bg gompared

: e \ _
Wi S BorfFRflh CTnd R RS BETorkRe JRS kA pBBld 1o generate o
liggrof defect bmdidaspect tonlesyStibermodigaobitbechuser Bomnstaade, asltiple

patch images.. In this manner, the. nethod may jncl ude
aYErtet Hg ke desFigh 953%%@1}16 4 ‘é‘%&’_ﬁ?@c?@’f‘%d?ﬂdﬁg? most probable
dI@Pé?trﬂ? s aibRRADE] Y bd cﬁﬁ%}*ﬁﬁe&' St H%Q:oBgﬁrt}%gssdfg e most probable

nformati on to determ'ne est netho perform
d&Btt rhasothea bs deenthinedt aofhe alvteict lmbhtenmet hods. One ADL

rebodnin e Peaa b iy B et b anpodimpns dsrve
HEORS ol Ses TR TR DL SO SEy R, o
nethodahdestldw pe weér o vige)izd ovtdifferdesd ignweaf e paitdroprihed on the

t he fer. The inmage of the die may undergo. several
“ia%ﬁggﬁ}ec?é@%%@m@ﬁ% caer RS Sk ds%g%d@ecw%bnaélpag? FlgRorated
i ] QA 4 L0e feTEn; f
o B nd PR B R TRAL B W IR SRR S image o
tHegadetno e endl s mal ibs pedbrnaef foctverpridp Rahesnanelidwly imaged,

identify the npst probable cause._ For instance, . .
and ihe iPgIe of statistical difference will be picked as a defect. Design information used
in this ADL method may include information in the GDSII file itself or information from
a substantially high resolution optical image from a reticle inspection system.

An additional ADL method that may be available for use in the embodiments

described herein is die-to-rendered SEM image (rendered from a GDSII or patch image)
ADL 132 as shown in Fig. 6. This ADL method may include comparing an image of the

wafer {e.g., SEM image, OM image, or any other type of possible image) to the processed
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di fferences may be detected or determned in a
di fference i mage, and the nost probable defect in the

waledoBerEence i mage may be determ ned. The coor dPCEUSZ0DH86635

t he nost probable defect may then be determ ned as the
defect | ocation. Another ADL nethod that may be

avai l able for use in the enbodi nents descri bed herein
inBpSOMPatadifVRiadgeo] whbRERI®E LoRidoly (Bl 1439 adfndered
shown in Fig. 6. This nethod may allow the user to

lmageu al ihealcaay skiitel élr:emmfemﬁetgmewraihmagapmr:wr;grqmta@@ns with the

R S G NP B Bl it R Rasifet A eively high
refoRERBIDINYa BRI, @@ﬁ#ﬁﬁ@?ﬁ?e at gedithBteiRy be used to
create the EDE i mage of the pattern. EDE anal ysis may
be pe"r ﬁzyﬁﬂme@(alilmie eﬁ%@r #D8imethed ﬁat ey he pralabust yse in the

oi.nt of stat ence wil.l ...
oot S B e ShEr Jebfmerin LB r b n Fig- o
ThPLsi A NOGhibR Ynady el ddBlBed 1R MBEGANO d&sﬁgh%i@@%ﬁort fob the wafer.
itself or information froma substantially high
Foesoimplé.olesigptbiassd PR ddymaf bomsed tododatd @pittesp ot 1scmbstant1ally

R PR Ry Bt OrsRR pET ) SR 3R dfreren
aflaQrdr@ tHeanaRced EEM jBRes:. (Tf%r&?écgﬂ)cﬁﬁ&{‘?fr@% gp&]%ﬁé}%d to the
patch inmage) ADL 132 as shown in Fig

smextdy debatray using kule! bordlr imsthods deserifed dfove e ideafifrthe location of
%e g SEM i mage, OM i mage, or any other type of
o%e 'CE)I e image) to the processedi mage of the design
i nf orvigbu ARer WG JTRY AISL GRIBANKY hef sera{v%daﬁie f@%s@ in the
"rendered i nmage. The design sketch di e may undergo
egbodinginty dtargé)eérlmﬁers i anglavipely dargo asawispheticne homtaempifcoas

sFithod Bt AP Gargo i pocBe s sieit s PRIt e i a dic-

1@kl YRE dgeocfonhﬂﬁ?igbrp gThc'f)f%{e%de Rayf &KTJ\JF' Ble L@%l@ﬁ%rﬁoﬂfne@? the

ADL net hod” that may be availablée for use in
netivold idpesnibed desercnpedrérethet axcesls dhaetypwakiietil Ioﬁlvlew (FOV) of the

| ocati on Al h é s shown in ]L%. 6. The %Hgg
PRIy F%”%be paclgete Ry VsERy Yrdedryimar b ?Eﬁwamomamaﬁy
dét@frﬁ’z'hg@tﬁsp@f hRked lt&egte\‘}@xfa%r in oF R t(CXAPLL arcd $8BNsRAGEHed by the

may be used | ocate a pattern that is
usanb§t‘emai| dafideys maeht locatied horoshibie padtined arep mokmazaﬁae rgreted.
s and. js located in.a d

f .the d f t
NPT PragRe Reers SOToRPlRd Feriskie praaRtiions o He qURddeioet image

ohQC &y RReTRY aREMSRMANRAnTQe 1B8r, Seftt! REad LGALY 9@adé%hﬁ)gshed
any of the ADL nethods descri bed above to identify the

withowsittheonseodf a laterctet eptge (vebmgaotdgemsexanpl e of an ADL

et h?ndortleher}lborcri?%er%eth%\{"r%t g gn%iufdgsr 1dlélrsft$fymg the Focatlons on the wafer
during the defect review by comparing images acquired during the defect review at the
coordinates of the locations to a design for the wafer and simulated images that illustrate
how the design would be printed on the wafer at different values of one or more
parameters of a process performed on the wafer. For example, another ADL method that
may be used in the embodiments described herein is die-to-process window matrix ADL

138, as shown in Fig. 6. This method may include, as shown in Fig. 7, comparing image
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enbodi nents described hereinis a relatively |arge
area inspection. For exanple, as shown in Fig. 6. ADL

wWOoreioko®7186 may i nclude a relatively | arge ar eBCHUS2907/086635

and use a dieto- rendered i mage conparison. This

method may allow the utilization of one of the nethods
descri bed above on an area that exceeds the typical

if4b%|f d &f (vl Y B ctc‘atur&h RGO LN @%ieﬁ{ attddBrdinates of a
defect review system The system may be "able to

laction@eicoaines asldtseribechieerainto sot @illy thealgeign b thgeherbat ® the design

or.der ,to. c ver a previ ousl.y defi.ned. by th .

QG GaaSumied 6 eisi B F P e 0! ritees 12 of the die
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| ocati1 ons on the wa during the defect reviewb
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’é’F%n ?herﬂfm %Em PrEBERIS TR DY qqnﬁg}n‘,eg?@g 6R‘Rﬁ‘t”ﬁ dor attempting
tg ) OU-nPEnRIL PhAA o ggmtsthael M@‘xfyedf s?t}re(gﬁeflﬁ]ﬁé fflges representing
val ues of one or ‘nore paraneters of a process
wpephopared inthettheceamfverdow-or exanpl e, anot her ADL

met hQd that may be used in the enhod| ments descri bed
hereﬁﬂ opg syfheniRpdgpge %H}/ﬁ%@dﬁfﬁ%#%ﬁ%@?jn&ggm%wn about the

p?m\é\@bésed Bh %esufls offik %oﬂ?&r‘i@st%&gtﬁ%&%v?ﬁi&f}&‘éﬂig;en as

7, conparing | nage er inmag
chsm{med ablmk;y titcheettled moy ircbvleewngyshe theatmagoof die Wlat teshofimulated
a l.ocation .deternm ned as descri bed herein to not
TRHEX i ?*@H’"B‘F ‘ft‘%"em&ﬁg@ maiefesoge p g‘ed’é@f‘ ROTPPORIRES- &'ﬁ“@ref@re such
A0 iy T TUHE ROt SRS BIOATESH (L 0N, BB tor6iluce the
doonidirteixemple, ThshosinnulFag. domadiithx simayatbé pereatvadddy matrix

‘%régf%a%g)v\ﬂfgéﬁt{%\?% tlélﬁ%fiftgig | :ra etlg]faggg% g%é&f og?éa %rlogeesrs] window
Hg QWaéeetth is dét@ﬁh‘ﬁt@ﬂpmg%ﬂ QR Stbr MRS ﬁé ds Hﬁm@%’ ih@Rlts 144 in

e curtent sanple I mage may be conp
vﬂhq:kr ik ipbyitioh oﬁmmimuiamﬁ@e&essewnﬂsmat_ng mnage tbaIaSmpmhm e wafer

,inthe rocess window, and the plurality of_ sanple. .
imagg ey ﬁl&ﬁ@ B’é’c§stsd¥‘§go‘i"ﬁ‘aé“’aé§t’8d’g?‘?ﬁg¥ alﬁ%h%k"rﬁ Sgg“%? in Fig. 7.
%&t’f@feyme EQ&@%&B%S&JE%@ e e L éﬁaﬁx ﬁ@t@m%@ftﬁegx%&%nm

r mat chi ng attenpting to matc e current
cspoplevdlamgbatagaicdshe defbdtbimthys mhmstrowleeh daigplisspeotgemd PWQ

.representing_variqus points in the process w ndow. In
IHpral %’H’@H %ﬁsﬁfﬁrtﬁéﬁqws ARECTROBHE P the PR Ahedeman iy be

deRRf QIR FR\Y @RQUkect e{b?)ears in the image of the wafer may then be used to

determine how much the values of the parameters are off from the process window
center. In this manner, the embodiments described herein can be used to detect and
monitor drifts in one or more parameters of a process tool. Such information can be fed

back to the process system or any other system that can be used to alter and/or correct the
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process based on results of the conparing step
descri bed above. For exanple, as described above, the
woreaoBo7may i ncl ude conparing the i mage of thePdi/ES1007/086635
the sinulated matrix to determne if the image matches
one of the matrix conponents. Therefore, such ADL may
provide the user with sone information about the
vaug]l?:Sistﬁe %ﬁﬁ%e&e‘?s ?f g gﬁﬁe§shﬁe&jioefabll: TOfic B3Ik Qn WBich MRWRfect
InFig. 7, one of the sinulated process w ndow matri x
wagagesicdny be deternmined to match the wafer |nage and

the sinmul ated process nd M/ trix.,im

det o YO L BTG O AT e R Rt wif e
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ocess wi ndow matrix 1 mage that matched the wafer
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shadi ng 146 shown i n Ther ef.or e
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nner desi gn 1 nspection and
chsppgdonamalds retloeatedf @ che cdxffecft @ﬂlhssubﬂdmmibdsgh accoracy he
printing of the deS|g

def edtn dfsifeanpseramnilpg ﬁl 'é@ Wﬂ&%@ ?’e ﬁﬁ%}ﬂ?f‘?gfﬁf i in the
ei’h%%gnﬁ%%tsdc?gsgﬁ@dr}%{aﬁw cﬂy‘&ﬂ tﬁrgeed%?én%’x%ﬁaiq DY Bnulated profile 150 as
0 romt t In

araneters are e process W ndow center.
shdwvﬁ iPigNer Thishectesbody imehids cdeperiibe dutisemeiihy bigh rbwelution
used to detect and nDnltgr drifts in

imagapiet UF ST5F-serlion genatcd ggithe giem iy HOMeaTER ‘6 afpgated
%ﬁ%ﬁ PAGK s-g&‘?l RI 9%€ ?1%&%%3?“{}% crB5WsclliiBaP Y)@ tRMed using

can be use to alter and/or correct theval ues of
deign pad petL (s gotichhéeppridorssc. pmémtrrtaﬂoﬁa@ hé¢ dmtogogskrection may be
waf er on which the defect mag d bf ot her

agquregl usingrany suigle frebpdeey Hsb arhiP-t5 ewa g aicplgiching tlt
n [ -to-reticle

1&1%$gz%?g%ﬂ%hg@@%%kggﬁghi?ﬁ%ﬁEQLEEHQ£%§ " shown in

Fi g. The ehitedpadnthddsomigeishensy rriavqudmdée stm&g'&ls sevEhil sypes of

nmet hod i ncl ude conpari ng latively

ovﬁ%quﬂh%%ef%tm ewipuf ?P&@]é“ﬁ’fn mel 5 %PWH%‘ST |S§P‘M}é" {jig- o,

I@ 12@1? ré:i?%?{ I 2B RRE{G 8y Lm ?m Sk QUSDY. 1HEREH %? ‘%e QMed to

| Cl e |nSpeCt|0n Syst enl e conmpari son enab
ifmegd DRRhicasuref 56 he paailedss widefecs Ubstidiniohathk yurvitighs performed

accuracy. An addltlonal exanpl e of an A
dﬁﬁpg puiPHlaHARIHIE gt | 1isBaY Koty HEPWH Fﬁé"eofgs“g?‘[r Begormed for
)
SRR e T G R T  RR 8 nse 01
13pcdivde seampasdation aHub3L, aﬁtﬁ laabd yrehibgh -déswl-rwhidand image ADL

i mage of a die cross-section generated on the sy %tem
18p. ppu@ﬁ@d@yﬁt&ﬂ fop may ipindsimgeing and measurement. In contrast, for

die-to-3D simulated profile ADL 150, the output acquisition step may include profiling.
For imaging of the defect, several imaging modes may be available to generate an
image of the defect. Different imaging modes may represent different versions of the
system. Examples of suitable imaging modes include relatively high resolution SEM
imaging, relatively high resolution optical imaging in several optical modes, relatively

high resolution tilt SEM imaging, substantially high resolution ion beam imaging,
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I mage of the cross-section. The sinulation of the
cross-section may be created using design and process

W@ 2008/070722 ch, deposition, etc.) information. TPEI/UBW07/086635

cross-section may be acquired using any suitable

technol ogy such as FIB, chem cal or physical etching,

tilt inmaging, and transmn ssion electron mcroscope
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descri bed abgve, neas nent of .the defects may
rﬁ‘éF’FVSi‘ eI R %‘:r%l@afgw en therigay. frhg ke may .hze.r@newed to

nts described herein may al so
|ﬁ%ﬁ3§ g?&?ﬁﬁ?“%?gggkﬁ@ i

I ng o defects. For exanple, tilt
and HDanmmgnmghﬂhmamlﬂmhnasmipmbweﬂ®ﬂ¢nmﬁw%emanghbedaya

AFM or substantially high reso]ution jnmaging
TEYigYstf é@ @Eﬁ%ﬁn%%ﬁr beniop be pRyiorasH %éhfu@é@iqné oart%wa%f based

c% 1@&9{3 gieotfef&t g&fl&{?tatt 9?&%{1 ¥\ Eré e@%ﬁ ‘@I@ BFer. In this manner,
ude m C

escrlb herein may also I nc
tbarembedifdeyts'descsdrp herg mbo rnchthipkign bamdmyeamzc review actions.
enpodi nent, the nethod, includes determ ning, durin
Deseendesed ty a8y &kicw ACtipaamaydRelrds wong (herlsSign igtpygnation to

MR e Burd- B %v}{e@}/e'r Wﬁ&f&ﬁﬁeﬁﬂlt%af 1%%1%'\&; épeg)itmns for any given

defect. The additional review operations may include, for example, performing EDX
automatically based on design information and topography analysis of the defect location.
In one such example, the embodiments described herein may be configured for
determining if SEM imaging is sufficient for classification. If the embodiments

determine that SEM imaging is not sufficient for classification, the embodiments may
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the defect review at the |l ocations on the wafer to be

reviewed during the defect review determ ned as
waele®sniierl herein and a design for the wafer pPORUSHDE086635

the locations. In this manner the enbodi nents

descri bed herein may be configured for design-based

dynam c¢ sanpling. Design-based dynam c sanpling may

de%h%%hb&%uﬁgblb hgaidesd] gé\aé\% érHﬁ&ﬂs%r a&tcmﬁe&ﬁﬁa not be

| ocation to determne if further sanpling is needed.
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oi.nt i ritical ee ath, other .|l ocati on t he
B e Be BeBhts uERuabtER - Bobonrerihin QG Tt i ffing may
B%rbeH‘&?m@d ésC&HsEmbe‘arm %é“ﬁfov%&“eﬂéﬁ&'ed%tén@%#;ﬂ%geﬁ By Nasser-Ghodsi et
determne if defect is systematic. In another

5 abnibbd aqlrbhmai trcheewrepetr@&;bnsnnaymissmq}eﬁe peiterinnigg hwtther pagnpling across
revi ew, n_additi onal operation is to be

ap‘g?f‘b r%ha“lcﬁeéizfe& q%‘ﬁs on the wafer based on

resul Ih%n%ﬁdﬁlﬂﬁalcé%x%ﬁk fh%\éhﬁ)‘@!dﬁ‘ﬁenttsh(?esl:@@e@tﬂe?é]ﬁ nf#Rbhe@onfigured
design for the wafer. hi s manner, the enbodi nents

fdedorinbe darge eraatmmtbrlDﬁR Lanké EB&L]. gﬁml@as@gledmmlt sample creation
revi ew.act.ions. Desi ase ynam Vi ew act i
A AR Pl g vt g ctR g S it S e

10 sBpled Mn oh BBuMSERSIC, EQdé&@ﬁﬁéarﬁhm&é}ﬁ’rﬁh dERY @é‘f\écted by a wafer
operatl ons for any given defect. The additional review

iogpecati gnemayeienoingdéy bé oy ol defecpahd dwfmtwgll@lb)édded to the

BB BgPA Ry Ak aFyar e aar o BE BN e one

such xRl 8he LRBBRMPRLIPR LS Ha%rrhgegwn@e QbR MY RBtives,
configured for determning if SEMineging is

Paurtd.i dhnentwdformapsaddietifdet posmmd fonteaterbbdicnt nd sdescribed
det erm ne t hat SEM i magi is not .sufficient f

i 0 :
5 AEHRTEA BHpToRe BB R oA er A Rlptblay systemati
Litabl e additional review operations for defects that
could not be classified by SEMimagi ng include other
SEM i]“mgipﬂu},ofdétf@cymrde@t pirsiideavaenefre shqyyroni Imat%® Qheexample of a
fects, elenent a SI S, Oor so c i nation

Eheh Semsechist ByBe g g e Teft SR eSO sSerp oy cvfrlay ofa
dteﬁt%t ARQvenk €fIs %%8Q’n RRLSMHIaRPY I AL ONSBh a defect perspective may

Nasser-'CGhodsi et al. The additional “revi ew operations
20 dmyayadnsma@a gbnslategd b}? boe of thg ihegitpengisanfelg. AgMaSEdE sia) of the

e to further characterize the defect In an .
& EQVI?P%*FYS@%WBF S HiEs REbiRETRenBe CHBA e BY fines 162 o
aﬂ@sx EH@u&?M {9ned tﬁ@&}ff@%ﬁ%&%@%&%r&fe@l AR LerthPRRign.

RC. For exanpl e, dynam c sanple creation nmay
[ ncI u’dmthmengnp}h@f acodefedt atepediivet mremb@ﬁddfefbeeﬁt iathges. One

S e L PP LU FTB e | S BaS e
25 pgl%b@ﬁfv@%f @f}b@dd@fp%[ch images may display image 166 generated by one of the
imaging engines {e.g., OM, SEM, etc.) of the defect review system with different defect
information 168 and 170 (e.g., design clips, OM patch images, etc.) of the defect
providing the user with all of the defect information pre- and post-DDR.
An additional example of the defect perspectives is image and CD measurements,

30 One example of such a defect perspective is shown in example 172 of Fig. 8. This
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i nspection systemis determned to be a systematic
defect, the defect will be added to the sanple for the

W®DRSHOUT72 whi | e bei ng renoved from the EBRC saPgil/gS2007/086635

Qut put of the enbodi ments descri bed herein may include
def ect perspectives. Pareto, charts wafer maps, defect
files, or sone conbination thereof. As described

HLERRE B 8L Rde IRG:cQYl RY theBYeck REJHLE uiBWohY BEGe Hhagin
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thdBAGe flle %tin% SRR meR @¥AIRWS) 160 in Fig. 8. Such
a defect perspective may display an i mage generated by

one of firther exvagilngl dagefvespdrepegtives@MnsEnand tid)]). Ofe ¢tvenple of
defect. revi ew systemw th the, overl .. f .the .
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iMIRSe itV i §¥BF ingQlectleadulE 8L ERE BndSt e ﬁﬁa%i itk afe defect
pattern and the design. Anot her exanple o he defect
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enmbedded pat ch_ i .S sh in exanple 164 of Fig.
egor (i ’a‘gﬁftév@trhﬁ&eﬁgggcﬁt[?\g@pg%enbedded pat ch i mages

may dj i B8 R A O RE il BEp L IRGING, F
engi %ﬁﬁ%gﬁgé@%ﬂé@%ﬁ et S?%e%g?%ﬁe def elcty r%&?ﬁn\iv} o

esysplemhaictibodinfdher dantrilmdflectin maf eramkt 4 om{ip68iblnichagZdile (e.g., a
.g., desi Lips, ¢ atch .i,nages, etc.). of the
“é}g?“g’éfspﬁ‘f%’\?? bl gw? fan gg@eﬂﬁpﬁ the boye p?fﬁ%ﬂ%&?se dp Wis manner.

ehéﬁl‘aﬁé’fﬂifﬂl% REibl@RALPASE- DDR. An addi tional exanple
of the defect perspectives is inmage and CD

meas Whaye nhag indOnkes Exenphrel dfarts uely iacldéf ®cimipieed petinatie and
i s, sh in ex le 172 of Fi 8. .Thi,sperspective. ma
rﬁ*ﬁﬁ’@f}h@%@qt AL 1570F P e“{i}é‘? %%’?C*a%\aaw udpsdRlsebiraiesy da

st REnABWNY sIRFESn@L RISk ERL IRV BV DY LT el hO8Sscribed
176 showi ng the correspondi ng design, and°rectangle

hirz8, showi eigbddiaehtotatmahodincide s perarating sutaeste oharmakistrating
erfo , .and possjiply the v e of the sultjn
r%gggg{ g‘eﬁgﬁ?ckrﬁéﬂ‘?""s?#d&#ﬁ*@&“ﬁﬁ EF‘éF Szé&l%{ﬁﬁ‘i‘{e&@fm‘%‘l?gg sample. In
det et BCIHOWESiniFSg | '
e e A RS SRt B
cbinjine® defEbi arge vaielndth westeraytid andlradidm defges 182 Gbndrhng such a

def ect acquired using one of the | maging des he |
AgfEpdiretp S0 SIS RPN R s g DEReEIRE T The

\i i ) r A :
o?%g%ﬂff tﬁgg?}th )s,ré]glESI%dE ?@%ﬁs&dnyd%}[@g%g ﬁ%@éﬁ@ﬂﬁ@% KETARE that includes

locations of defects and classifications assigned to defects. In one embodiment, the

method includes classifying defects in the random sample identified by the defect review
as systematic defects using DBB. For example, systematic defects found during the
random mode review may be classified using DBB, which may be performed as described
further herein. In this manner, the output may include a non-standard output (e.g., not a
KLARF) that includes the embodiment’s own set of coordinates. This new type of output
may be sent to a software module such as Klarity, which is commercially available from

KLA-Tencor.
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Yet anot her exanple of the defect perspectives is

mul til ayer perspectives. For exanple the enbodi nents
waele®snilierl herein may create a configurabl e i NRGEUSI00E086635

(e.g., a nulti-perspectives file) that can include al

of the above perspectives In this manner, each | ayer

wi Il be available to the user. Qutput that includes

Par et it i

and FARADh ERRE fulohh S0 G SRR SYRBIR et For

e&ﬁmpley\inl aelendedimef eh& n’feémldemlmdesalsmg&tseaﬂtabf thediefegCteview to

npl e .and a random sanpl e, which ma energ%ed
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shown in Fi out put of the defect review

t%@ie ith @*t{ﬂp@?%%,l@p@go%seeté‘@pc}pﬁé@s@p@t% derseisoyse ?()und during review
PSP PSS REAE Lo 2 SROPRALLIBSHED o ot

Tb@fd%@ﬂ%s@ﬁh%a&%tfapﬂmioﬂ' besyeuhpiit defectshmyEBEiﬁde dﬂectlng
used in this enbodi ment may include a KLARF t
syﬁ@ma@e@effﬂ% a@vleweg@miyuwé%ﬁf% OBLHEPSE| 04 5 %.S@gtaﬁs H%fecfs and

apﬁ c\,/fr% Jt%f ﬂ%fcfe?%c?] aev dé(}f g{;@s gﬂp&g oFa sl%/atte&%ugﬁeqé&g to other

P assi i n"the random sa
dhﬂeﬁnﬁﬁheda&y the defect review as systematic defects

usi ng DBB. For exanple, systematic defects foun
dur i ?ﬁ@wqwmpm@ﬁ?mﬁaeeweww HEwrped by Fesiq ?*eaf R8iipdie. 9. As

ST i e SR E REETNTR-AS aGRAGH hDEE HEk MRl ustrared

ner, e ou I nC

sé}ﬁiﬂaﬁélty&ﬂdﬂl?did@tﬂ dufitcty, &vhgch mBpbe aet&lléd?@ EBRat, bunialthelesne Pareto
the enbodi nent's own set of coordinates. This neM/t%fed
an

cbm olieprempy tseP seiachay may deidiapslepadioielegrortion!
TC Rmrzﬁé{cea\rﬁ'a‘_jfol?l 92, 99 tﬁé ?SL éﬁ%ﬁ\é%ek&ﬂ)&‘ngﬁ AR re‘ndom defect

enco are 0 an har also I nc

pdﬁ&mgﬁ%h@B@euﬁ%mﬁamehame&wﬂak&kw1hﬁonaemaﬁmyeedemc@ﬁen
enbodi ment, the nethod includes using results of the

defssrenitporénisetheslegiendpniha avale g shong! 2 IPRetiagyaftthadilfepent
Pﬁ{oglgto’% th%rheyéﬁ dgﬂ{:r%forg%q 1%‘8{” T.?\g bgrs%ﬁgw? nne{h\(/g\g’faiéér?@ gli{\ﬁ'f &rresponds

t'ermne nhal oca I'ons on

th idorferéigosyst EMBd iGigeflaatigiticarbdpeinf thel mthtehaicalrécs peition and
enbodi nent, the enbodinments may identify simlar
tererghgers dabEoRYlipmEaYiCarTeHoRd LG BESREE @O’ETW@ of gecadssignd ¢ gt since

SW%mg“CSé{fi%ﬁmq oca?erg ?%fsegtgn vebef BT ‘{Lq?“p‘gﬁhﬁ%fﬁﬁﬁfﬁ% 8f the design).

M%ﬁfﬁéﬁﬂhﬂl@dd@d@ﬁh? beaytcates Oy b@ﬁ)[ﬁ owhidh mblyefegfeaoamed as described
desi gn- based extrapol ati on of systenmtic defects may
fyler %g@na e @saviyin systematic defect portion 190 of the Pareto chart; systematic
defects may be detected on a measured sample (e.g., by DDR and DBB) and may be
“detected” by design-based extrapolation, which may be performed as described further
herein.
In one embodiment, the method includes using results of the defect review 1o

determine a kill ratio for defects found during the defect review by comparing the found

defects to a design for the wafer and to determine a yield impact for the defects found
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systematic defects, reviewing only a sanple or subset
of the systematic defects, and applying output of the

wa@leGoento7revi ew of the sanple of the systenati cPUBEUSNT086635

to other defects on the wafer. One exanple of such a
Pareto chart is illustrated by Pareto chart 188 in
Fig 9. As shown in this Pareto chart, systematic
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defec ete
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herein. As shown in systematic defect portlon 19 gﬁt,,
S1Z21ng
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(e.a.eﬁgfg‘g g@m uﬁaubgléig ch?&%’ s otgrbl %%1?%?21 f@&%k}%fopgoth

sPﬁérﬁQﬁd"&%@§mﬁﬁ%ﬁ&érﬁ gdretur trhe @dcﬁﬁb@ll RutpubnaRelso include different
enbodi nent, the nethod includes using results of the
pdafosstoneawiien efovhieh errciﬁdﬁed%few. typesraat idgferbylzigaf@iciygiomatic

da]%f:{éc? gﬁl eBeng palgieond f 1ch &nﬁl\{idgs ?e@fct%ﬁ%@ g&e&ré?zl %%Qandom

Sl etermn
¥feglsd 1 nmpact for the defects founddurlng t he defect
review by conparing dinensions of the defects found

dur i @Jtmehajemcé@desrv@fﬁ:rermﬁnsamé|dﬁ’€9ﬁtﬁ1@ﬁ§%fm<ti%e el LARE
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e SR i el Ahof [ U Pt B lel il M i i .
Ruyfebetk s?’ﬁé’m@tﬂc CABNIE By b dalcdasy grldders Pthehawafosr Fxamples of
and i np eld may be determned for the defect

Sb§h %ﬁpb@rﬁ&ﬁye dbtstated di Hiwn8i Hasctanieos ghodn Hehigi S C chart 198

oA P LR P PR B I i ern
lm@§ SlovICRATHC SPWDS ddriekghnd9 to asaﬁfﬁraﬁaeem-tppe ethyrekd SPC

I mpact information determ ned for random defects na¥ .
chhrg 98 separately illustrates the yield impact of different defect types as a function of
time. The yield impact of the different defect types may be determined in any suitable
manner. In another example, as shown in Fig. 9, SPC chart 200 may be generated that
illustrates the CD for measured systematic defects. Each of the different lines shown in

SPC chart 200 corresponds to a different defect type. Therefore, SPC chart 200

separately illustrates the measured CD of different defect types as a function of time.

41



be illustrated in the Pareto chart shown in Fig. 9 .

In this manner, the enbodi nents descri bed herein may
wheo0sonf7ryur ed for design aware cl assificati onP@RNTS2007/086635

defect Pareto. In addition, as shown in Fig. 5, the

conmbi ned defect Pareto with both systematic and random

defects output may be used to generate additional

output 1 t
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SPC chart 198 separately illustrates the yield inpact

wefer diapfZébent def ect types as a function of tine. The
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det eﬁlh‘r g’gg (ﬁiﬁqegﬁ i‘ﬁf eg &' maﬁ%g 88 ﬁré%no rP£131 Sés for
<@g HRMhaticticRicdelaifiB6n @J&@U) 20Q6h di@ygrhﬁ’la@eﬂen@t mdlude
that illustrates the CD for nmeasured systematic

15 catebigbtesmaBaehalpfis toree, bight EeBHBID, degls gldi)- tH! gisg, layout, and
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time. Exanpl'es of systematic defect output that include
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generging sybteDDRedtoek 3H) ip idefestens desinprgfigeephoipafl ’é}iiogﬁﬁﬁl}’) or

33 SRERaRO! L AP bR 2, YL

ifMRRQHRRALHARE a8l stihhedhd PR 1Wctﬂﬁr$f@&ﬂﬁ§ti@wgy5wmaﬂc defect
detected a defect. As further shown in Fig. 10, wafer
ravapy 206ecm. For example, the embodiments may include inspection system (e.g.,

25 design inspection system, reticle inspection system, etc.) calibration. In such
embodiments, results of DDR may be made available to the original systematic defect
inspection system. For each of the defects, the embodiments may provide the user with
the inspection system parameters and the review results to enable fine tuning and/or

calibration of the inspection systems.
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generated from an additi onal KLARF (KLARF 3)
illustrates output show ng all defects detected by

WEBRg0707m2 addi ti on, as shown in Fig. 10, waf er PEGEPSD0B086635

generated fromyet another KLARF (KLARF 4) illustrates
out put showi ng only defects detected by EBRC and DDR
In other words, wafer map 208 is essentially wafer map
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.S ksb[‘sﬁe(g]é For each of the defects, g nbodi nents may
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calibration o he 1 nspection systens. exa
asy streamireedback t hat may be gener ated by the

enbodi nent s descrlb?_d hereln illustrated in
11. AdCSHRRHImtFpepiizyred forEy e f@éab%watwfect review and

— o

A iyl BB LA pB S PR Aiad Pl Rigaion. For

eamdplepin drkleustodahent aht ynedetldntlsddetsaptiatbripytiDivout the defects
addi ti on, such system feedback may include al so

detseted g ooy yer @Pqeagspzi‘ao%Wéngfi Fesulo Pt thepslefset gepiew to
f
ggx?e?rbtg% e@x%ﬁ'ff %egtgﬁo &‘g RELR ek BSﬂn@ﬂti Eﬁé%eg glmclu esa

'ocate ts may I nc ude sa ign
dsyighethat dag bdefset for hewniewnganrocess performed on the wafer, For example,

the above-described data structure may be used to generate an elaborated design of test
structures and/or wafers containing all of the relevant designs required to monitor a
specific process. In one such example, as shown in Fig. 11, systematic defect database
218 generated as described above may be provided to die and/or wafer monitoring
designer or module 220. The systematic defect database may be used by the die and/or
wafer monitoring designer or module to create new test structures. For example, the

relatively large amount of information that is available or can be generated as described
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i ncl udes storing informati on about the defects
wa@leisorEed® by the two or nore inspection systenBCHOS2007/086635
results of the defect review in a database for
systematic defects In this manner, the enbodi nents may
i nclude creating a systenmatic defect data structure
t ,
B B R i R D R ey B These
peytsSéranit ﬂypesiﬁfckee;gnsjmhﬁtms@e 2isdBioshamnna new Risgstrublure The new test

dat abase may contain al] of th | nf.ormation rel ated to
VERSF ;@tt%%wceura@r Hot VBT BEY der g il %%%mabéﬁsz%w Fordifign

i
R S T S e R e i
stmﬂbteﬁ et tHent vafgi (gleexdapr et sunaukhaty imelpdalespstructures
include all _of the_design hot spots, reticle def

2sPIalEs HoAN P R IR 22 e sRowWiring” I%nblodTh?éﬁW%H’feﬁ gtﬁygﬁ Rogitioned at
tﬁeaé}Bés%%%‘s %WIP]T WSt S Eﬁ&mdﬁ}; TPE: 1 ?ﬁ&h for Ehe test
nmonitoring na SO or ternat e configured f
sﬁ&ﬁukﬁmuﬁgﬂyﬁhuoﬂedmﬁ@ahbﬁnheEﬁmgexanmbauﬁunoﬁmewum@w
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ures a ers al nin

zﬁcedac&wa@tnoéﬁsitgﬁsdds%@uﬂoe dxztr@plmiaikbiﬁ @I{eqast&nﬁﬁb fmay be added to an
process. In one such exanp as shown in Fi

11,
expYRBARONE Verdtidecnafle 5@5@@ mﬂ@@% P%%Yéﬁnﬁ’é"%é?&si bed
above, %a&%nﬂfggwggtgé il &1 A0GAQT PR gFofrmaﬁbﬁ M he defects

desi gner or no he systenmati ect dat abase

demyteb By Wisesl ooyt rhdre ithipectiumdyermaahé resono f e dogct rcwcw to
desi gner or nodule to create new test structures.
gél%?éﬁ‘ﬁ pelesiph &orasngrifarerafen engeuEbuRe Wﬁpwﬂé%%’ﬁeswtw defects

gg?;ro& %f }%%gm%ﬁ' Wkl Vt%g'x ?{%ﬁ%&%&?&g azrchdv\ke d%w%n mcludes critical

erel n may be use et erm he

defigtiedi gf&Spr&hﬁt Makks prdoblratadd o thd béisel ﬁf@@s&ﬁﬁ’esp&bndmg to
types of deS|gns may then be used to create a new test
psqoe%ﬁcwﬁ@%for hwmaé@%wﬁf dihe wekes ey indpd e T ange

rﬁo%?t%ri}é\g(ﬁfer 0&&:38)6:@%6%% (ﬁx%rﬁ{o?ﬁg \%ngjg gﬁi Je%f fuﬂcvff tﬁgtiinciudes

rocesses an use O Cr wretl

‘{}Ceaﬁob%rltisﬁdiehgn afid Bdmé haidtead avund Heressowiddody d@Bdksponding to
wafer. One exanple of a test structure may include
theggpststiped dgyian thye mal he awnitprssh dbs nequitesing »afestiowyibe

pﬁgchse& ?‘Gge{m?v\stﬁ%ﬁe ?e%a%hg E?o%u%aijg% Eﬁlnﬁsdséd l%rk?ﬁci%tly monitor all
possible systematic defects, but also potential random defects. Such processing may be
used to prevent the need to inspect and/or review the product wafers as performed
traditionally.

The embodiments described herein may also include GDS-based sampling,

classification, and normalization on a defect review system. As described above, the
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the cross hatches shown in wafer map 224 in Fig. 11.
The information for the test structures nmay al so
wo pBdE7di e | ocation, die design, sanple, andP@Er/US®ET086635

wi ndow paraneters. In one enbodi ment, the nethod

i ncludes using information about the defects detected

by the two or nore inspection systens and results of
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re t

eﬁﬁ{ro? gga%g ﬂ'ls%%c }oﬁékﬁf)o{}@t%}n 5és§@§ed%ﬁh%he§e?€Ctlelé\’glléngo@ﬁlems

dfi)’gﬁélb@é retmdviing M@dt@ﬂ&h@s defeprs Qstiactd inaliensy @osh aSreldéston
ficiently nonitor all possible systematic defects

(Esmmray gefepist )@ﬁﬂ|na;san@rﬂf&%@fééh%saﬂm!@a o dB #8Hgn ity
dFSH:él 6(? ﬂg{h%{ Bér% n%%d 01%105 }n%é 1{@ Jonﬁ:ﬂ%?l? 'bﬂngllseec\,’gses with

érs as r e itiona

ﬁ%ﬂﬁi@ﬂhl@l‘t/{&eﬂeﬁc Mihb %dxbb&xrn%nﬁ; dm’yntagétﬁlskyrwhlbd&sed to improve SEM
GDS- based sanpling. classifi_cation and normnaljzation
reyiev clisiensy. lreeddiens gs desstibakiugdechargadthgsepediments may include

the E%%QTSEQ{EMQ%%&&}Q Qiﬁ%%%’n may be configured to

I Ons on t er to be reviewed during

def egh oh@¥hBWigRhE IWARE tRSrcd@ls:CHTivindet iRgretion i m uscd in
conbination with results of wafer I nspecti on.

cgmémgtl@n adthabe detpieited loeatingr oRdhevAler &3/6e ’@N’éft"*ieé uring defect
ts.d t
r?vH%wg%éet'ngﬁga%e |CC g L? \f\@g\f%\x SA}E@QC esx as eggss?f?@xﬁgn [‘@BC) 1s

sanple atéd on no
ud&f BmeHi 8 ’RESWAGy ﬁ@flﬁﬁ‘d gatRAd/for rehh@ ni@dafte ddispe CForaxample, the

rrge?}?olg rgiiy lr::l% udgixgggglgtdgslcé; %g;)se fo? defects detected on the wafer. Extracting
the design clips may be performed as described in the above-referenced patent
applications by Kulkarni et al. and Zafar et al. The extracted design clips for the detected
defects may be compared to a data structure that includes design clips for patterns of
interest (POT). The data structure may be referred to as a DBC library, and the POI may
be defined by a user. [n this manner, the DBC library may include different POI

associated with different DBC bins. The method may include comparing the design clips
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random def ect sanple, which may be revi ewed separately
and/or at the sane tine as the systematic defect

waaph®77The results of the wafer inspection tPEE/USY7/086635

be used in the enbodi nents descri bed herein may have
any suitable format. For exanple, the results of the
waf er inspection may include |ot results, which may
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by Kui karni et al: and Zafar et al e extracted
ddesi igoreadas pén kdutitidrhes d&tsemcé dhoddffex tiscremys, e Idﬁhpfairhe defect

.to a data, structur es._design cl]j
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ﬂﬁff&fésﬁggé&h@%@espﬁ%f l\?s'flﬁie%%w@ffﬂ gdré@ﬁe 5 éﬁ?@édh’ﬁre ativel
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dEKE RS BRATRY dkﬁﬁmf?f Sl.90ed dg‘gn, BRGIALR may be assigned no DCI number.
The DCT for defects may be further determined and used to prioritize defects as described
in the above-referenced patent applications to Kulkarni et al. and Zafar et al.

GDS-based sampling may be performed using results of wafer inspection. For

example, instead of randomly sampling defects in wafer inspection results as is currently

performed, prior knowledge such as results of reticle inspection, results of imaging of the
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corresponding to the matching design clip in the DBC
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has high yield |npact In addition, if defect is
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may be used to create a sanpling
The method may also include creating a sample plan for both systematic defects

and random defects. In particular, a sample plan for systematic defects may be created
using the DBC bins, which is a DDR use case. In addition, a sample plan for random
defects may be created using the DCI groups, which more resembles a traditional SEM

review use case. In general, a substantial portion of the defects included in any defect
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plan to cover both "systematic defects"” and "random
defects " Input used for creating the sanpling plan

woreapso@7KLARF or a lot result from any wafer |iPGPESI00TOB663S

systens such as those described further herein. In
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DBG systematic results, the user may select the sample size (e.g., 10), the bin priorities
(e.g., random). and the within bin sampling scheme (e.g., prioritized by defect size). In
addition, for sampling from DBG random resulis, the user may select the within bin
sampling scheme (e.g., prioritized by defect size). The user may make such selections

using any suitable user interface having any suitable configuration.
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yield relevancy of the defect review results.
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allow a user to select the maximum number of code defects to be sampled. This user
interface may also have any suitable configuration known in the art.

After SEM review, the method may include performing GDS-based classification
for every reviewed defect. GDS-based classification may include aligning a SEM image

with GDS to remove any “coordinate error.” GDS-based classification may also include

49



10

15

20
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other defect locations. One example of this might be doing material analysis on a defect
found to be a fall-on particle. Another example might be to do additional process
window characterization by measuring the same defect location on multiple dies on the

wafer if the defect is classified as a pattern defect at a known design hotspot.
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GDS- based classification may further include
automatically classifying defects into one of a nunber
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GDS-based normalization may include normalizing a Pareto generated by defect
review through DCT groups (e.g., DCI groups including a group for defects having DCI
values from 0 to 0.1, a group for defects having DCI values from 0.1 to 0.2, etc.). GDS-
based normalization may also be performed for DBC bins that include systematic defects.

In addition, GDS-based normalization may be performed for DCI groups, which may
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defect review systemin conbination wth output and/or

i nformati on about intentional defect array (|DA)
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the array urther description of |DA wafers can be

adidoiinmg Hicrnunalisss ofibe dfffﬂrem Eyreent fdpdr dpestad on Atfeagy Jagirs may be
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action(s) based on the normalized Pareto.

Any of the methods described herein may include storing results of one or more
steps of one or more methods described herein in a storage medium. The results may
include any of the results described herein. The results may be stored in any manner

known in the art. In addition, the storage medium may include any storage medium
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In addition, GDS-based nornalization nmay be perforned
for DCI groups which mayi ncl ude random defects. The

WO 20080WI7MY st eps may be performed to nornal i zePEr/tsf0ev086635
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waf ers. irec C ared. to each o
CRERREF- My “’éi&? r”%‘?“&?f; e eghie e %eso%ﬁ% odtetected by two
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cetrdimage offeidi defiectsTing the sudrdsnanmypn the wafer such that results of the defect
review performed at the locations can be used to determine if the defects cause systematic
defects on the wafer. Determining the coordinates of the locations on the wafer to be
reviewed may be performed according to any of the embodiments described herein. The
computer-implemented method(s) may include performing any other step(s) of any other
embodiment(s) described herein.

Program instructions 228 implementing methods such as those described herein

may be transmitted over or stored on carrier medium 226. The carrier medium may be a
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i nclude any of the results described herein. The
results may be stored in any manner known in the art.
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at the locations can be used to determine if the defects cause systematic defects on the
wafer. The computer system may be configured to determine the coordinates of the
locations on the wafer according to any of the embodiments described herein. The

computer system may be configured to perform any other step(s) of any other method(s)
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enbodi nent (s) described herein. Programinstructions
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Cflot'he %Mzsﬁon %dﬁm \A@udhrhagdslgay ile%h}(d'é r §¥€%§9€] A YRR methods

esi gn 1 nspection system nspect system

dﬁﬁélbe@h&ei?l\/\(@spmmﬁeémm B ydice mcRe, Or'EbﬁlelcﬁQM1bﬂ tthereof. In
i ncl ude any such i nspection systens
OH& &m.b%@@eﬁ@r Bowever. ﬁh‘*ab‘HPP‘FtéfrPYSﬁ@ﬁ’e‘S derededdn gdeleet wyicpysystem.

@H%Qfeh QEQHQQ{én?%a%S?Ee rééalna%' ?rﬁib%ﬁlﬁe pthe defects

escrl ern r ough € enbodi nent

showfuitherfihgdifit@idng ahdidiésnithiceentodipant oOvarys her®ts of the
the system nmay incl ude any two of the inspection
InKpateHEAE B RAPIENL P fosq skilladhi thy aft aniighs thigdlesrgwéion. For
t t
o T RS BTk BT R e sk Sl TP i fpeationson

adefiet b &e eOGEWEhdirasy dfect heidehegirsvidel. etwadibyly! thés dastription
or nore inspection systens. The conputer system may be
l%f@l}?@w@astwdtaﬁ allusiiative onkp ped Srf@b@étﬂumswéteé%ng thosé skilled in

éH%%ggp&?EQngﬂ% of¢ é%y%1<ﬂﬁ?gure§h dj§%ﬁb%?ﬁn&§&86@ﬂuﬁtbe

he co er sys

faasrditnaimesnti shbenlaad dtdcoibsd Beteinhee walfeetkdroasie presently
revi ewed during the defect reV|em1b% translath% t he
€

PEbYF sraasiments t Riempaiseuidgnateiials 1R be sebditvad &3 tepsedfiestrated
X?Ik{esﬁnﬁ @er{:lgaé] rfs%al lp &ce&fes hﬂ? bgg e%edr gﬁ’d @e}@{ Fhirggt%ég%q the

ca I ons can be ‘use
ireheat siag dusdlisydshesmhiantidediess soold Heh@parent 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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waf er. The conputer system may be configured to
determ ne the coordinates of the | ocations on the
waowedos7@czor di ng to any of the enbodi ments deskCT/bga007/086635
herein. The conputer system may be configured to
perform any other step(s) of any other
nmet hod(s) descri bed herein. The system may be further
Vﬁﬁﬁﬁjﬂﬂﬁﬁ%}§ﬁ995§jng to any enbodi nent(s) descri bed
erein. e conputer system descri bed above may be
configured as a stand-al one systemthat does not form
part of a praocess, inspectian, netrol ogy, .review or
Lot her GogBnieTIPTRITSEHRERES T A P TERRTS B Syt e
. f . L and/ or acquire data or
rln%6%@%%?%ﬁk?#gﬁgg%ﬁ§?&§§§¥ ms (e.g., inspection
results froman inspection system by a transm ssion
nmedi um t hat may i ncl %;," ired' and/or ''w rel ess"”
por t PEHETINC QO SRRt fRCHFL TG B AR e Ty s
SErve as @vhg@ir?thle'd@jﬁ:cgg:fo%?@oﬁ) scCRITRW §lie SNBS SR ARMer; and
the other systemIn addition, the conputer system nay
send data to the other systemvia the transm ssion
medi um Such dat a nayfjgckfde, for, exanple, results, af h
the ASERBAPEROSERNHEWIHRT KICAIONSREIRTIAGH (¢ Reioplaveg during the
ot her reci e L pat -t her :
embodi menf SRy SR T ATH Tl g e Al Ree it
in a def ecportizmicewnslystvefer sibhehdebmitt of geidefcsyesianperformed

may be configured as descriped, herein.. Further .
Todi 11 cat FoHS lesatom CRRAETYS BB GRS e gtemati

aspects ofi.Lhe JLWERLIPN My be apparent to those
skilled inthe art 1 n view of this description. For
exanpl e, nethods, designs, defect review tools, and

systens for determ ning locatjons on a wafer to he.
2r evi de aedhad %glf’d}@fleé“fhei*’é‘?/ﬁ’@\ﬁlegeﬁ§ Camisggaf.%ms i a Qsign, defects
. Chi e et iy
SBRFT It OISR LAELON A S COTPAIED, B criation
of hosecskbihited therebhandmhetchethgewe bamoraimeprctiof systems comprise a

carrying out the invention. It is to be understqgg o
desig InsPRETIPD BYAICTBEA KCHE!Ci IRRPSHIEGTOTY SSHbRPITES WaKlow hagpeterization

Sg%%%%ﬂﬁg&%CE%EP%ﬁEQ%EQ“QS the presently preferred

nts. ements and materials nmay be substituted
for those illustrated and descri bed herein, parts and
processes may be reversed, and certain features of. the

3i nvenbt swthagyolisdaine b Mheedn sHd dplerbigHta SPRAISEs adepning the
e rent : )] it : i
BB B PSR A e AL sl R ol
may be made in the el enents described herein wthout

departing fromthe spirit and scope of the,iq%gﬁgkg%: .
das ddemedud afrelaimel . figthes GPMPriEing FIEEtINGATCYRS 1ef Kienfefscet review

uLi%Ig the coordinates of the locations and a design for the wafer, wherein said creating 1s

performed offline without imaging the wafer or defects on the wafer.
S. The method of claim 1, further comprising determining if systematic defects

detected on the wafer by inspection of the wafer are correlated to the defects detected by

the two or more inspection systems.
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1. A conputer-inplenmented nmethod for determ ning
| ocations on a wafer to be reviewed during defect

WO 20080W77Z0Npri si ng: acqui ri ng coordi nates of BEF/E81087/086635

detected by two or nore inspection systens, wherein

the defects do not conprise defects detected on the

waf er; and determ ning coordi nates of the |ocations on

the wafer to be reviewed during the defect review by

transl ating the coordi nates of the defects into the
6coor Thaategsdard ctae Wafrérer smmiiitn@creaté@ﬁrt cofptadnand secured file
defect review. perforned at the | oca can be used
cqTbP RTINS (B Eatoes LRI BlS RRler EY AL AUE RS he defect
Iéﬁg he wafer 2 . The nethod of claim1, wherein the

ects conprise defects in a design, defects detected

on a reticle, defects on the reticle detected by

process w ndow chara ri zation, S i nati

70 her GBF M QEHal I HIST EWBPOR D GieB P BE I gRo Of the water
dﬁ%@%&)@ef&m(z € X‘co%?ﬁa'rﬁ inASRELEHAY AYSLERR dFedtBEHiEN Gt the

I nspection syste a process w ndow characteri zation
cey8inams obthedormioaomhi dwaigndior theevadaf . 3 . The net hod of
claim1, wherein said determ ning conprises

determi ning the coordinates of the | ocations on the

waf e d :

A R e R
défettdetp@nfliobe phdordetieniing dwi cmﬁecm smm@zv tfioen albovadiblatmeghods for
of the |ocations and a desig ? % fer, wherein
&§éWﬁ”@ﬁ@éFﬁﬁ@kF§“%bV¥8¢ﬁ%adS?gPﬂﬁé wWekbut i magi ng t he
waf er or defects on the wafer. 5. The method of claim

1, further conprising determining if systematic

gdef eqhs ndeicelatfethion , firthenabepribiyg idespBetg o I@fdtiblhﬁeon the wafer
wafer are correlated to. the defects%ﬂgfected b
dyiRg B dEBrero eSpRCEITB I dMaRES A5 uir rw&‘h%éﬁ%‘rt reYigy i the
cc}ord{n%f glaf fqe‘i%ﬁ&oﬁ foncgdééf%‘?zh%ir 13 %@rs‘YrH&?z@dQHl‘Qges that illustrate

ecure e conprising coordi nates of the

hb@@ﬁé dsiig woultl e pwafedronttbe befer evii¢iamat dalnéng dnher more
defect review 7. The method qof claim1l, further
PRISSHI 9 P IOERM PRI AHES 'GEESt i ons on t he waf er

during the defect review by conparing images acquired
during the defect review at the coordi nates of the
1hocatihenstiod & ctiesi 9ghurflar ctinerivaf deterBininbhieforettion alafut the
claim1, further conprising selecting a nmethod for
p@g@@@(sq:cbon results of said comparing,

11, The method of claim 1, further comprising determining, during the defect review,
if additional locations on the wafer are to be reviewed based on results of the defect

review at the locations and a design for the wafer proximate the locations.
12. The method of claim 1, further comprising determining, during the defect review,

if an additional operation is to be performed at the locations on the wafer based on results

of the defect review at the locations and a design for the wafer.
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defect location to be performed during the defect

review fromall avail able nethods for the automatic
wa@ledosoro7rncat i on based on a design for the wafRBCT/US2007/086635

The nmethod of claim1, further conprising identifying

the | ocations on the wafer during the defect review by

conmparing i mages acquired during the defect review at

18he gqp B%ll{@tcﬁ%iz&fn RGP ERLbONRe hQuitieRbaR Jr¥ispbifon of the

waf er ‘and sinulated inages that Tllustrate how the
wal€siagd rawiondy bdeging e fdisaiterted bwahemsptctidi of Greewtfer from the

val ues _of one or_nore paraneters of a process .

o5ty BY e dBRCHOROnE 3%1@} THECTHEPHBY: Bhcigighilagations on the
\/\Ta&"értcgﬁ{tit%@% keinDGe 88L& sHinPieNGhéRfhIRHIBM AR e d Nects

process based on results of said conparing 11. The
comtinad a edndobradample, fand thereirc brplefest ryicsefoe the systegatic defect

during the defect review, if additiongl.|locations on
SHTHE G B1e TARGTS SHTB ot SR BB ST S MR RS

defect review at the | ocations and a design for the

waf er proximate the [ ocations. 12. The nethod of claim

14, f Oht hesthozloofiidimi I3g wiketedr priaritoghe dibtfiect neyidvihe! defheat of the

review, if an additional operation.is be. perfqrned
raabl(s P SRRSO GRS 86 SRS R O3

i | thQ§Adds §tl§’é&?l RodeSHR bRbritdi®dding th
H&ﬁ%ﬁ&%f@?%#ﬁﬁ%ﬁ%?ﬁggeog&g?a?ﬂfl, Sr?ﬁer coﬁpr?ging e e
oAE quUInbiend thesefbdts toothe knspeatd daficcobarhple andifehe amdor more of the

random y selectingrﬂefects det ected by the insgfétiop i
deffects ge Hgltdsd Fy BRTAHEMSSENNG SV iRk beions OB BroR! g etccts from
, j iing the defect review, wherein the |ocations
ﬂ%ﬁxéﬁ%ﬁg%?@?'constitute a systematic defect sanpl e,

wherein the randomy sel ected defects constitute a

random sanpl e, and wherein the defect revi for thﬁ_ .
15yt AR okt Ml BITEICR FRIMPHRNG BAWGIHNE Ao ehart Hlustrating

' R ic B BWRANI OG5 e rattom! Bfple.

et A LR R PRI D ERE D rdftom Bl

review, if analysis of the results of the inspection

i ndicates that one or nore of the deéﬁéts tected by
16he iThe peshqdgd cbimt IHe e Forapiasiag agmiiiy Hgitae random

R e

one or nore of the defects are included in the random
sanpl e, renoving the one or nore of the i:ief ects &}r om
IThe daamsiosphsiam 1y Surthen eomprHBY UYRS EFSHItHPLBE deifFtIfetew ©
L $i e [ - P il rat i .
SFQIR B BRI A TR ARSIl LS 0t
Wa e Getaigint hédiriamd dsnagamgdrethe wafer at which the systematic defects can

be found.

18.  The method of claim I, further comprising using results of the defect review to
determine a kill ratio for defects found during the defect review by comparing the found
defects to a design for the wafer and to determine a yield impact for the defects found
during the defect review by comparing dimensions of the defects found during the defect

review to dimensions of the design.
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16. The nethod of claim 13, further conprising
classifying defects in the random sanple identified by

W@ b@sdafert review as systemati c def ects usi ngPCT/US2007/086635

desi gn- based binning. 17. The nethod of claim1,

further conprising using results of the defect review

to determ ne |l ocations of the systematic defects on

the wafer and using a design for the wafer to

determ ne additional |ocations on the wafer at which

Iohe siistrerasd ef defrettisricanobgritioy raﬁeriri@oner‘renmretplanﬂwbefrs of at
claim1, further caonprising using results of

ISt ROl PR B0 S DGR o VALORTAERS SN T O i i%?@ review.
found during the defect review by conparing the found
defects to a design for the wafer and to determ ne a

i el diHempahdd biovlaitrhi, fdeﬁaccbmphemgdtcdmgimﬁgrmhneordﬂfoecthe defects
review b npari ng di mensions of the defﬁpts f ou

d@tﬁﬂﬂeﬁ&Yﬁ%@t%?réwerlémeéwrt I StMERdireives gf thepigtect KMewina

c@%,&%ﬁb#%mm%ﬂﬁm?@h@%d of claim1, further conprising
tering ‘one or nore paraneters of at |east one of the

two or nore |nspect|on systens based on results of t he

def ect review. he nethod of claim1l, furt
2d onprlibsimggh @c%fafrqlﬁgl 1 AP REOITH B St HE R ot the defects

ARLR: tbgqlé&%g%aé%gc TR s{eﬂﬁpa%‘&grés%ﬂ SY SRR AR e w 1o

resu revi MIIn a dat abase for
geyatenmickigndel eebisobjdtt, byhcTtia tneddng oinpeisad 4t designs that can be
further conprising u3|ng i nformati on about the defects
uged (8 Ceiiyng RETQSREs REFIOMFG o HSpERIET on syst ens and

results of the defect review to generate a design for

a test object, wherein the design conprises al

desi gne rhdikéd eaaibel,Usebkerfcompiigini tuomicigfoammi@casst the defects
(ﬁerforned on the wafer. 22. The nethod of claim1
WECHSY hoMs PISNAIG LASREEN HERPERDH G7Fulip 6ﬁthetdﬁ33°a@r~w ©

gggérgtl%t ec%sg}ﬁ tfﬁrgletggtvg?rug{urypcfn 'ufé%]ﬁg%% 'rr?d?ut%}/e%tfgg%i gér?]x?artlgrdeiects

esu tS o efect revi e enerate a

add testd it dudintoea ¢ahin gbeedinta da@rnﬁmit wared for
systematic defects and to add the design to a design
to be printed on product wafers. 23. The nethod of

2%' al ?h%’m{tﬁ'{gé &e&m o%éﬁ%r%%ntﬁ%sﬂ% usﬂ)f Qﬁﬁ%ht%h z?t%%’t’{he defects

the detec or e I'nspection

deiesice s tRnevd @SHblednglectidiesydehechdrexies the d@aneraiey &
design for a nonitor wafer configured to be nonitored
gpafrrawsdeéwatfwca wenéetyalar ¢anfighicdde bs impgitgredtiResysimatigdetects

a‘f‘t%ﬁ%{olcéé%@@ é)r@ lil?{: lltlxto\g@{fa%r Wzt%%ﬁgkt&%i?%dﬁgﬁe&qpe desqgn ((:jompnscs
ovidtAlalckigRsfodthd rededt l\atalf@“abndjeﬁie@ﬂﬁs 60the @ 5REN diesi@ns corresponding

to process windows for the critical designs.

24, A carrier medium, comprising program instructions executable on a computer
system for performing a computer-implemented method for determining locations on a
wafer to be reviewed during defect review, wherein the computer-implemented method

COMmprises:
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to process windows for the critical designs. 24. A
carrier nmedium conprising programinstructions

wex@suteElt e on a conputer system for perform NBCHUS2007/086635

comput er-i npl enented net hod for determ ning | ocations
on a wafer to be reviewed during defect review,

wherein the conputer-inpl emented method
COW%&qﬁﬁﬁn@E&%&b{ég oEQALAL @&é&éd %n@cﬁ&%&% ﬂégk@&&?éi s,

I nspecti on systens, ereln the fects do
not conpr meredxef}eaieﬁcctbeioeﬁﬂ edmpnset dedearmdaectedamdthe wafer; and
determ ning coordi nates of the | ocations on the wafer
to be reviewed during the defect review by translating
t he o it
the daparr Gyt P B e PR FOPE (Do ARl the
per f or ned dafect Reeichapatramhising dre doerdiseds ¢iahddtfectrime thef

the defects cause systenmtic defect t he waf er .
A syst em E8igiRsed howat Bichihe %@%P?Hﬁsde&%t EEViRY B?fformed
to ber eY'a?%@q?é%HBhgw&nq)%fLﬁgg tof Yérﬁl‘f\ﬁ RS NGrusd Wtematic

or nore inspection systems con gure et ect

def ect s, wﬁ&bemmthME@ﬁﬁfects do not conprlse def ects
detected on the wafer; and a conputer system coupl ed
to the two or nore inspection systens such that the

?Eé 53; tegfygf%nﬁ@l%\?\go ggtg%irn@ IGAA6A O @/ﬁfe?fto B@ﬁavgﬁ\feﬁ%ﬁng

nore 1 nspection systens wherein

d&ﬁeneomnub@ﬁpﬁyﬁgenwls configured to determ ne
coordi nates of the locations on the wafer to be
reviewed during the defect review by translating the

coor .98t B8 lusbifofl SR CodrBreiNE (GOB! HRARL Ghefh il Qe tects

resu def ect revi ew per
at the |OGGMbOﬂﬁn@ﬂﬁc%&mu&&dmkﬁ(ﬂﬂhemmﬁﬂﬁmtﬁ t he

defects cause systematic defects on the wafer.

a computer system coupled to the two or more inspection systems such that the
computer system can acquire coordinates of the defects detected by the
two or more inspection systems, wherein the computer system is
configured to determine coordinates of the locations on the wafer to be
reviewed during the defect review by translating the coordinates of the
defects into the coordinates on the wafer such that results of the defect
review performed at the locations can be used to determine if the defects

cause systematic defects on the wafer.
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