DESI GN BASED DEVI CE RI SK ASSESSMENT CROSS- REFERENCE TO RELATED APPLI CATI ON
[ Oool] The present application is related to and clains the benefit of the
ear | i est woabiznba2effective filing date(s) fromthe folPCoriSag2ioezseed
application(s) (the "Related Applications") (e.g., clains earliest

avai lable priority dates for other than provisional patent applications or
clains benefits under 35 USC S 119(e) for provisional patent applications,
for any and all parent, grandparent, great-grandparent, etc. applications
of the Related Application(s)). Related Applications: For purposes of the
SPTO extra-statutory reguwicRPYES: DEVR EPREREMSEBRRENgat i on constitutes a
regul ar (non-provisional) patent application of United States Provisional
Pat ent Application entitled DES1GN AWARE DEVI CE ASSESSMENT AND

COVPUTER- Al DED SEPARATI ON OF PARTI CLE AND PATTERN DEFECT, nam ng All en

Par k, Youseung Jin, Barry Saville, and Sungchan Cho as inventors, filed
February 22, 2011, AgplissaRErReREeCE 30 REDFEED @PP40a TN For purposes of

t he USPTO extra-statutory requirenments, the present application constitutes
a regul af®0hbnThe dvestdnappligdients apipieddn endotlaiong ttg@ st 8soPiboi si onal

Pat ent j i ki I 3 P M ng

Allen nggrl,ﬁe%gé\ééé%r?gg%ﬁ?&%ﬁng?i%%%ﬁp%@ﬁ% FLM@ﬁég%Wygﬁ& g]r S,

filed Fephuarfeldibd ABpRcathpRl’h qald.orlSeri adrionbesildide399%B0Q0dates for
other than provisional patent applications or claims benefits under 35 USC &

119{e) for provisional patent applications, for any and all parent, grandparent,

great-grandparent, etc. applications of the Related Application(s)).

Related Applications:

For purposes of the USPTO extra-statutory requirements, the present
application constitutes a regular {non-provisional) patent application of
United States Provisional Patent Application entitled DESIGN-AWARE
DEVICE ASSESSMENT AND COMPUTER-AIDED SEPARATION OF PARTICLE
AND PATTERN DEFECT, naming Allen Park, Youseung Jin, Barry
Saville, and Sungchan Cho as inventors, filed February 22, 2011,
Application Serial Number 61/445,164,

For purposes of the USPTO extra-statutory requirements, the present
application constitutes a regular {non-provisional) patent application of
United States Provisional Patent Application entitled DESIGN BASED
DEVICE RISK ASSESSMENT, naming Allen Park, Youseung Jin, Sungchan
Cho, and Barry Saville as inventors, filed February 17, 2012,
Application Serial Number 13/399,805.



TECHNI CAL FI ELD [0002] The present invention generally relates to a nethods
and systens for determning risk of defect related sem conductor device
failure, wodormrnsiparticularly to determining risk of detCeats2eieloaised

sem conductor device failure utilizing design data. BACKGROUND

[ 0003] Fabri cati ng sem conduct or devices such as |ogic and nenory devices
typically includes processing a substrate such as a sem conductor wafer
using a large nunber of sem conductor fabrication processes to formvarious

features and nultiple |evels of _th ) conduct or devi ces. For exanpl e,

| ithography is a sem conductor F’%g?ﬂ,ﬁ@gﬂ% E|§?ocess that involves
transferring a pattern froma reticle to a resist arranged on a

sem condu i1, sgn.c o] Lcatd.on

o ocessestPia [ Brasdanke AR PRl Fes e e PRt d SRR s ng
(CWP), et ghisngrinidgpdsi bf adefeandeiz0ad | septiatdidion deMdet Failiees emdcanrgact or

devices may be fabricated in an arrangenent on a single sem conductor wafer
and then B¥PHUAEAL ARERTHAING dtkap! dRivCt Splated serifadpetor device failure

utilizing design data.

BACKGROUND

{00031 Fabricating semiconductor devices such as logic and memory devices
typically includes processing a substrate such as a semiconductor wafer using a
large number of semiconductor fabrication processes to form various features
and muitiple levels of the semiconductor devices. For exampie, lithography is a
semiconductor fabrication process that involves transferring a pattern from a
reticle to a resist arranged on a semiconductor wafer. Additional examples of
semiconductor fabrication processes include, but are not limited to, chemical-
mechanical polishing (CMP), etching, 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.

[0004] Inspection processes are used at various steps during a semiconductor
manufacturing process to detect defects on a specimen such as a reticle and a
wafer. Inspection processes have always been an important part of fabricating
semiconductor devices such as integrated circuits. However, as the dimensions
of semiconductor devices decrease, inspection processes become even more
important to the successful manufacture of acceptable semiconductor devices.
For instance, as the dimensions of semiconductor devices decrease, detection
of defects of decreasing size has become necessary since even relatively small

defects may cause unwanted aberrations in the semiconductor devices.
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[ 0004] Inspection processes are used at various steps during a

sem conduct or manufacturing process to detect defects on a specinen such as
a reticl evardi2zaiigmber. |1 nspection processes have al waysPo@ars2@n/o23spor t ant
part of fabricating sem conductor devices such as integrated circuits.
However, as the dinmensions of sem conductor devices decrease, inspection
processes becone even nore inportant to the successful nmanufacture of
accept abl e sem conductor devices. For instance, as the dinmensions of

sem conduct or devi ces decrease, detection of defects of decreasing size has
beconme necessary since even relatively small defects nay cause unwant ed
aberrati i n } C e e r gingl work in
t he insp@gté ?!onAﬁ}gfig%sﬁﬁggn&{gFe%gfﬁ%t %ﬁ%eé%t?fgﬂﬂ%éﬁ%%pg%??é%v gggstfg?m t hat
can det edesigehecdnspddiamgysegestithatanvdebedqir évfcats hpvimggéizes bhat wEypi cal

i nspection processes detect defects by conparing. simlar sem conductor
dovi e ab@ S BosarbE: i Sttt ot SHEES LB HaSIEEH PhEOTWG BV co
areas CafinfiaNefmRendudeireabyichh&a<Can SalaR2 Heyi Sifrdronddinakbidited

i nproperly, or a nuisance, which will not affect system operations. An

i nt egr al bpiveszer Ufe semidevndurtas cambdher bepedeicsoh, whidh sesscapeiarileving t he
settings omonly referred to as the "recipg," of..an inspection.device so
Chat 11 EhATEC o0 ERRICPEHY SO AQUSI e rdbiee P ot E2re RPEST BBt ent i al
def ects AxanfauBd pR¥sADf | REAESHERI0S YedreMinihe iRl ffvolvest Mligdhihy the
transferred to a review toot for classification of the defects. wever,

cl assi fi seitingn efmulslyetiectas! fequithesraomee mof iatginshectden divigs of thiafie

Coquat oty 0 Ay G0 Eoh il e Gor B It B b Ol e S Bere T
def ect's pf@dbi SANEESe@iord aaendefecharer R SAMalaNEhYSies of t4 herdedpct s on

a particular wafer ot requires setting up and optimzing a recipe for an
i nspect i tiwitiool clasidfictian v e detids.erienwevesciipesifiontine dethaefods.

corpl oy, utib%, bERLEERe: Ble PR fHn gt afR BBV B2 OF BEFET AR oo
beconme npeeipenpas tat tiee@nthyiodtehni hkanesy difssoiydel botcusil idegpast i on

results to nonitor and correct sem conductor fabrication Processes, it is
of t en ne@edsi@{nipg thavolpanpalientipp defeits o pisenapeopfusR AETYHS a IMEHB: . I n
addi tion,,. si.hce..C rold ver - QGE inyvol ved in.sepm tQ
manut act RS 12 a: Tl el & BalARRE ol “r S ERERRT ' Be,
desi r abl epttigiziay @ tduépe &pabh ndpectiondebbehdtsheridk Lbes diffeteypescipb @ef ect s
that may result frommany different sem conductor (ﬁr ocesses. The different
types of HferE¥iey 1198l EELRG Wo e JOCHESy Yy difsrait daplsy s HbRei r
char act er i, st .G r | e, defects that nmay be desirable to detect
during a&%%%hgﬁ%gﬁgtﬁgﬁ%ﬁg%uf acturing process may include thickness
variations, particulate defects, scratches, pattern defects such as m ssing
f [ I [ f h
pattern features or incorrect éif@t zed gatte %éfggts ra%séisg%d many ot hers

havi ng sif®RéHi SPRFEHY ERa el ir i pRt fypes © ecome more

important recently. For instance, in order to use inspection results to monitor
and correct semiconductor fabrication processes, it is often necessary to know
what types of defects are present on a wafer. In addition, since controlling
every process involved in semiconductor manufacturing is desirable to attain
the highest yield possible, it is desirable to have the capability to detect the
different types of defects that may result from many different semiconductor
processes. The different types of defects that are to be detected may vary
dramatically in theilr characteristics. For example, defects that may be

desirable to detect during a semiconductor manufacturing process may include



[ 0007] Defect review typically involves generating additional information
about defects at a higher resolution using either a high magnification

opti cal sweterwus9ia scanni ng el ectron nmicroscope (SEM . PCmaiskéigless27
resolution data for the defects generated by defect review is nore suitable
for determning attributes of the defects such as profile, roughness, nore
accurate size information, etc. Defect analysis may al so be perfornmed using

a syste ch as an.el ectron di spersive Xx-r ect 0SCO DS stem
Such der HREkEsa e eansy el et R, SHeRbrRbn oS et b sl e
conposi t yRqirdf phherdedLoES oNnhHRREQS Rl éiﬁeﬂ?f&ﬁbﬁe@%ﬁ%ﬁﬂhﬁ%@t%s

i nspection, review, analysis, or some conbination t heréof can be used to

i dent i fyh@ﬁégﬁy@edﬁﬂaf&i@ f&’@f@i‘;ﬁi‘?éim% def ect classification) and possibly
a root cause of the defects. This information can then be used to nonitor
and alter one or nore paraneters of one or nore sem conductor fabrication
processegoh®; I BEiGe fvieli mypiebRy t RolekegbRer R0 dASoHESiTBrikELies

shrink, however, sem conductor manufacturing processes nmay be operating
closer tahaUredeionty at iohighen resnuber fusingatiBe aphishl megnisicaiine epticdsses.

0, 29011 oL Lol 50 SEL oM BKEAD TR She ML B8 1,

sensi ti Vehd nipecti gﬂsera‘fdf@re?f Q[e@@ctaf’fedﬁw gg muhe%umbt@mrtdi@te@mmuhgtl on of
potentially yield rel evant defects and I’IUI sance defects detected by

i nspect | ¥iTgHEWs Wr Bifat FHEFTSy su e%ﬁafﬁfp &, mhPEETHIRES N @ d éregfade nﬁ??(’be

i§ - Bt e Th &l F)
det ect ed; | of
dol et o PuhSaeler B Carog Mt be pLRsERSrSlg SLLALEALl of

t he def egt st amuaaldaypdm\zfe ﬁﬂa;efsbecﬁmmpyhgjm@rgy@irmnsea lofdetfber deviysies and
the yield may al |l ow process control nethods to be focused on those def ects
whi | e | affg¥l éfﬁ Bﬁﬁpffﬁﬁdoi%e@@er@u’?‘% Hefeprd ionatsusapy SGoreRas e refl

process b That
e i o g A L ot A e LA T
of ten repeated mEnpinbkivastharedi nat e desd go. 'adEhtmgl hiag itgpe aff Hratiedddty
systematic, electrically rel evan def& ts is | gﬁtgfﬁec use eI m nati ng

such def cts SARChaass G FYARCSVEY A 170P fegifet Eé‘lg or not
defects Wrbimahifeehn RLh 4R PUAIPHEIT AN LRLA a%t& AORalafg delgr m ned
fromthe I nspection, review, and anal ysis processes scr ove si nce

t hese prmsxemonmyenmtsrbﬁcm &ahrdcadetrepriaresashs pedida on &ifmzu‘slaée dbéect

W th resge t to the electrical design SUMVARY [0009] A nethod for design
based as€®€Shent of a device is disclosed. In one aspect, a nethod may
include, but is not [imted to, defining a plurality of patterns of
interest. n ign t t sed

cl assi flkatlllon’&%jatgjggE B Y %ﬁ gﬁéﬁ%nqﬁ%\g@ rél ag%ﬁ#ﬁ%@%cf;%\ﬂ %a%%E%%QHB cl udi ng
desi gn dmmemoma@tm mpmmmr@{ck[ lobrt tre that tisvitasiont  omt gregleyforewecei ng one

or nore inspecti results ring the e . or nore jnspection results to
each of § ‘ii)’r%pm%p%eﬁﬁﬁg? gd@fﬂ r?ﬁé?r%‘s*td?fﬁc‘2§r{aaé}g‘%\5p?ﬂéﬁ’?ﬁf?‘§/ﬂan

occurr e“ﬁ%et Ofeclical ﬁ%&n@@@rs‘)&f #HeCaPatd Gt RRe chesiégﬁtr‘?sr%%hr ik, WAGich Qﬁﬁ%ﬁt i on

results ermning yield inpact of each patt interest utllizing
process yicet deddtise ingmictionk n@ hareff o ey Leasndasipf ﬂﬁeﬁlinmﬂincmeogﬁﬁmaahomfoft he

PAs and the critica s.in_order ntify, one or
i oceas. BHETH G naSEr 4 utiATeats s niiseBr ok o S dedevielt TRerBoRI by
cal cul at Ry BRIl e@h@%%@@%&?@%&@ﬁd ef @éfe&f@m@?‘ﬂe‘l@eﬂ&téd ghffed
frequency of occurrence for each of the critical polygons and a criticality
f or eachwefershendriarieding dhy gunsessehdocelimirsge eﬂblﬂﬁgﬁdﬁﬁsd@‘eﬂmmﬁwbﬁl i zi ng
design dgitfgc&ft énhee e(;qe)\éhs%\eiég As such, determining which of the defects actually

have an effect on the performance of the devices and the vield may allow

process control methods to be focused on those defects while largely ignoring

gthers. Furthermore, at smaller design rules, process induced failures may, in



[ 0010] A nethod for providing dynamc sanpling utilizing critical defects
is disclosed. In one aspect, a nethod may include, but is not limted to, 5
identifyiwgQ2aiplisaial ity of critical pattern types on a wafTars0ideessem ni ng a
device risk level utilizing a calculated risk level and frequency of
occurrence for each of the identified critical pattern types; identifying
one or nore relevant excursions of the device; determ ning dynam c wafer
selection_in response.to the identification of one or re device , .

oxcur o1 R gt Rart Bel S sy ShefSs BREeR RS et thifal
critical zpalreBEfrhYiReS - design Ihatbe Bl BO@nf GEpaREROMAIRT (PROYIWHAG, thek
assessnent or yield correlation in a nenory device i s disclosed. In one
aspect, devigh.hddmiagtipachiudeatiply dystavoatic wleddicady dBevaiingetegss usal ity

of regions based,on one or nore functi |, _areas. of Vi.C tilizing
desi on quns g Farams SiMalfrorlR KBRR e T rSeeds MR phe st or hore
defined fe@ianss HeRNtWhitiRg enecerddrers digssiodcit hevieepHantmes dafii ned
regions fatting below a predeterm ned control limt utilizing inspection
dat a froyelthefeie corndobe deiepatabirgin dbesispecidmn radaw fafichgnalegons

i mpactin ' ' t re. di A ng. bel.ow t he
pr edet er%&#eeggegoénﬁ%fégpggia%gpg t% E)r! in hlegg pggg%gg%%% a%% %$ a{)?e!’(%‘ §§Fé§§ks‘8y[ 0012]
A net hOdt?feogﬁosmni‘ab@ﬁ:h@@ieﬁ@ﬂw‘ﬁhFﬁéﬁmﬁﬁbﬁgelﬁ&émt%pdéﬁgh anal ysis is

di scl osed. I n one aspect, a nethod may include, but is not limted to,
nonitoring a process variation signature by inspecting one or nore devices
bet ween one or nore process steps; associating one or nore patterns of
interest of the one or nore devices with a nonitored process variation
using a design based classificati OB RIOGESS: and identifying one or nore
equi pnent signatures using the one gr nore associ ated patterns of interest.

[oo09] A method for design based assessment of a device is disclosed. In one
aspect, a method may include, but is not limited to, defining a plurality of
patterns of interest utilizing design data of the device; generating a design
based classification database, the design based classification database
including design data associated with each of the patterns of interest;
receiving one or more inspection results; comparing the one or more
inspection resulls to each of the plurality of patterns of interest in order to
identify an occurrence of at least ong of the patterns of interest in the
inspection results; determining yield impact of each pattern of interest
utilizing process yield data; monitoring a freguency of occurrence of each of
the POIs and the criticality of the PQOls in order fo identify one or more
process excursions of the device; and determining a device risk level by
calculating 3 normalized polygon frequency for the device utilizing a
frequency of occurrence for each of the critical polygons and a criticality for
each of the critical polygons, the critical polygons defined utilizing design

data of the device.

[eo10] A method for providing dynamic sampling utilizing critical defects is
disclosed. In one aspect, a method may include, but is not limited to,

5



[0013] it is to be understood that both the foregoi ng general description
and the follow ng detail ed description are exenplary and explanatory only
and are nwO2nex®as"arily restrictive of the invention asPciraiSaed/ 02580
acconpanyi ng draw ngs, which are incorporated in and constitute a part of
the specification, illustrate enbodiments of the invention and together
with the general description, serve to explain the principles of the

i nvention., BRILEF DESCRI PII CE..TH W NGS [0014] The n r ous. advant ages
of 'the i SETOLTPE Tl B Bett EFHGALERLE A S Hbd "RET BT TG Hrt by
VEferen@dé\ﬁ{:éhﬁkﬂ%@@i@ﬁﬂi’ihg% Ehiguresdimweiehand Flequekdy idfldigliFrabhes a

bl ock di agram vi ew of a system suitable for sem conductor wafer inspection,

i n accor diceadh taf Yire idepdidedraniiticn paidep dypes idendiyingnone or more
relevant excursions of the device; determining dynamic wafer selection in
response to the identification of one or more device excursions; and

dynamically sampling at least some of the identified critical pattern types.

[6011] A method for method for providing risk assessment or yield correlation
in a memory device is disclosed. In one aspect, a method may include, but is
not limited to, defining a plurality of regions based on one or more functional
areas of a device utilizing design data; performing one or more inspection
processes on the one or more defined regions; identifying one or more dies of
the one or more defined regions falling below a predetermined control limit
utilizing inspection data from the one or more inspection processes; and
identifying regions impacting vield loss by comparing the one or more dies
falling below the predetermined control limit to inline data for each of the

regions.

[ooi12] A method for monitoring device processing using spatial analysis is
disclosed. In one aspect, a method may include, but is not limited to,
monitoring a process variation signature by inspecting one or more devices
between one or more process steps; associating one or more patterns of
interest of the one or more devices with a monitored process variation using a
design based classification process; and idenlifying one or more equipment

signatures using the one or more associated patterns of interest.

[0013] It is to be understood that both the foregoing general description and
the following detailed description are exemplary and explanatory only and are
not necessarily restrictive of the invention as claimed. The accompanying

drawings, which are incorporated in and constitute a part of the specification,



FIG 'I Billustrates a top plan view of a sem conductor wafer having
multiple die regions and nmultiple defects within the die regions, in

accor danceowntdnigme enbodi ment of the present inventi onPCFEIUS2012/023822 fl ow
diagramillustrating a nethod for design based device assessnent, in
accordance wth one enbodi nent of the present invention. FIG 3 illustrates
a Pareto chart utilized to identify one or nore excursions of a device.

FIG 4 il st%rgt es @ trenckl‘si n ener at e(d Vi a st a i St C&!H R}g}r ocess %ont r ol
routine utifiZed % Pﬁ@ﬁ?? y “oneor MHEHE Bt sPBRS0f M beViFc 87T IF

accor dancgeyriphicdN e ARDRALIMEN Gl SHSciPl8iNhelilVaMdRN. AG 5 illustrates
multiple critical polygons of device design data, in accordance with one

enbodi ment of the present invention. FIG 6 illustrates normalized pol ygon
frequency for a variety of devices, with superposed reconmendati on
t hreshol ds, in accordance with one enbodi nent of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

100141 The numerous advantages of the disclosure may be betler understood

by those skilled in the art by reference to the accompanying figures in which:

FiG. 1A illustrates a block diagram view of a system suitable for semiconductor
wafer inspection, in accordance with one embodiment of the present
invention.

FiG. 18 illustrates a top plan view of a semiconductor wafer having multiple die
regions and multiple defects within the die regions, in accordance with
one embodiment of the present invention.

FIG. 2 is a flow diagram illustrating a method for design based device
assessment, in accordance with one embodiment of the present
invention,.

FiG. 3 illustrates a Pareto chart utilized to identify one or more excursions of a
device.

FIG. 4 illustrates a trendline generated via a statistical process control routine
utilized to identify one or more excursions of a device, in accordance
with one embodiment of the present invention.

FIG. 5 illustrates multiple critical polygons of device design data, in accordance
with one embodiment of the present invention.

FiG. 6 illustrates normalized polygon frequency for a variety of devices, with
superposed recommendation thresholds, in  accordance with one
embodiment of the present invention.

FiG. 7 is a flow diagram illustrating a method for dynamic sampling, in

accordance with one embodiment of the present invention.



FIG 7 is aflowdiagramillustrating a nethod for dynamc sanpling, in
accordance with one enbodi nent of the present invention. AG 8 is a flow
di agram iwbustrasiing a net hod for determ ning yield corPerAtS2@n/023322 nenory
device, in accordance with one enbodi nent of the present invention. FIG 9
is a flowdiagramillustrating a nethod for nonitoring device processing
using spatial analysis, in accordance with one enbodi nent of the present

i nventio

be. made | TF-dbtat INobb PR BURf SR U ARt BF IS CHodeaT TURRE T E G 06t Phr e | n
t he acconpanyimng nslA¥hNESvice, in accordance with one embeodiment of the present
invention,.
FiG. 2 is a flow diagram illustrating a method for monitoring device processing
using spatial analysis, in accordance with one embodiment of the

present invention.

DETAILED DESCRIPTION OF THE INVENTION

100151 Reference will now be made in detail to the subject matter disclosed,

which is illustrated in the accompanying drawings.

{00161 Referring generally to FIGS. 1A through 9, a2 method and system for
design based device assessment are described in accordance with the present
disclosure. The present invention is directed to predictive monitoring of
systematic defects as well as risk level assessment of defects in a device {e.¢.,
semiconductor device), As described in greater detail further herein, risk level
assessinent of a device is achieved utilizing a novel polygon frequency (NPF)
involving the analysis of critical polygons defined within he design data of a
given device. Moreover, the utilization of patlern grouping with fypical
random defectivity may aid in separating systematic defect occurrences from
random particle occurrences. The present disclosure provides for design-aware
defect inspection through design layout patiern search capabilities, accurate
inspection area definition, and an understanding of the printed frequency of
relevant structures present in the design data of a device. The present
disclosure is directed to 1) providing design based risk assessment of a device;
il} providing dynamic sampling using critical defect information; i)
determining memory device risk assessment and/or vield correlation in a

memory device; and iv) monitoring device processing using spatial analysis.



[0016] Referring generally to FIGS. "I A through 9, a nethod and system for
desi gn based devi ce assessnent are described in accordance with the present
di scl osurwo 20tee11priesent invention is directed to predi cPCrasSamnioesse? ng of
systematic defects as welt as risk |l evel assessnent of defects in a device
(e.g., sem conductor device). As described in greater detail further
herein, risk |level assessnent of a device is achieved utilizing a novel

pol ygon frequenc NPF) i nvo] ving the analysis critical. pol ygons defi ned
e heodeh B et Bt ot o Rabtee R, dhe ere iater SR
pattern gifeppidgitkidied YPingad of andameieiiRebl ¥ hin BhiddithucioS#RAEARI NY
systemati c defect occurrences fromrandom particle occurrences. The present

di scl osufr® pravpdes fenicedugii awar@ -geneenduppesaiairltinebdgh bdésirgn

and an Uter UARE L or TG SNy AREbhengy DR aloelhe” Shelcrat' °"
present pRosohedcdesv@ifedats Bkiricdevd 68 mdiRelapegSentr BksabRSWehilaydkrect ed
to i) pr%vi di ng design baa?ed ri sk assessnent pof a device: proE\i/i di ng
dynani ¢ S&piiagiasiTg ere tielalirdérecto,i i oFmEbi on dipiec) ideret it ng menory
device ISl RSRESHIPAIA UL U BLSARITE ALl N TRIBEL YbEEcand 1Y)
noni tori Ag devi Ce processi ng using spatial anal'ysi's. f used

t hr oughotiicht lagenr aedaiovdi Boitesuie antiRe termwavel ek 'usggnerahliy inehaerd to
substrates fornmed of a sem conductor or non-sem conductor material. For

exanpl e, {BERETBIRAUYEET Gt WHEH 8ld fyRasmefusichriavaiseriabeifagnade, but are not
limted to, nonocrystailine silicon, galliumarsenide, and indium

phosphi deig 6y WBHET offindrBCl e ORfirlg B €al QUAES . 0" XAl Gmedch | avers

may i ncl but "are not ed to, aresrist, a diefectric material, a
conduct i vepathterdalFor ardmals emwadadocyiinelunate pluablinMihgied] &hdr Batingypes of
such | ayers a%@ known in the art, and the termwafer as_ use Cagrei n.s

i nt ended SREAEHEEPASE HEDAFRIBR WAITEAUAT | 2RS RESCHFIEuEh ﬁ%ge P! be

f or nmed. : @:)(?{ NA& [ : t or
unpatter%ggégéo&gxgg#pnﬁ%%%’akm efﬂ EQW%fﬁug%ig%I%?a ?ﬁtﬁ?grc??@ﬁ g%,g%gach
havi ng répeatalphey bat faenmeed cheat wris, &Fal tbe | lenmandigr es essidneofinsiach

151 e TBAR St TRt 58 i S TRL LB 6 0 Wl o

used hergifoirgpiipigaded to enconpass a wafer on which any type of device
known in thé art is being fabricated. [0019] Although enbodi nents are
described herein with respect to wafers, it is to be understood that the
enbodi neifo4draditbeugis embogimenisr oeededstbect heletrevttloredpect doavafays,eitr or of

sem conducf or target, suc S.a reticl whi ch ,ma | be co |y referred
o s a otk g SRy Thelier® REb o Frabehe) ToLsRe Tt dRPERET Bt known | n
the art, JeR@tihRefdresvi@iay efdoe| f, semTBAKuctoRNGridh ol BRSK re@sleUs@dicher ei n
are intended to enconpass all types of reticles known in the art.

may also be commonly referred to as a mask or a photo mask. Many different

types of reticles are known in the art, and the terms "reticle,” "mask,” and

"photo mask” as used herein are intended to encompass all types of reticles

known in the art.

[0020] A semiconductor chip design known as the "floorplan” contains the
placement information for repeating structures known as cells. This
information can be extracted from the physical design of a chip usually stored
in GDSH or QASIS file formats. The structural behavior or process-design
interactions can be a function of the context {surroundings} of a cell. By using

the floor plan, the analysis proposed can automatically tell which cell types are



[ 0020] A sem conductor chip design known as the "floorplan" contains the

pl acenment information for repeating structures known as cells. This

i nf or mat iwo 20em1bE2ext racted from the physical design offCa/uship/oesseal |y
stored in CGDSI1 or QASIS file formats. The structural behavior or
process-design interactions can be a function of the context (surroundings)
of a cell. By using the floor plan, the analysis proposed can automatically

|1 which cel i bl ens, . what .the |ocation within th
col | 1's (RUBF ol e o Bhe ol auie” RATT Ay 1hr atsor CaRANEAIES ConCBRL (ahat

are the ?&Ba@@@haﬁmgl StoblEmWbal theecs@lelt | GHaRVARIHY ablati deilshiig 15 a
factor. [O 51] Each defect found by an inspector for a given wafer would be

subj ect edhidh theecadt srivaink peilleme pletitieds ahedipsi s which is typically done at
the die and reticle level. Conventionally repeater analysis is perforned
across dj C .cl rQss [ er 1. f i;al .anal ysi s
on ool 1 GPLETTONT W TBLE a7 A" LRGeBRE, SBLr bl udfer ey b and
process qgyepnento tiey elarphederenepehhat adayas agticinid hytiteiwaake st et ures
that are sensitive to process variations. [0022] in other enbodi nents, an
i mage of 4§ #t reli@e Jevrlr ety apyioalist eeeRel REPBGHS BResiEiead 19 opsed as
design d i L desi . ce,..;.Ihe reticle. l.s;.used. to. print.the
desi gn dgérgjs%r?eﬁﬁge V\/%]‘%Jgrgg1 \ig%%e?hiﬁgéngﬁﬁl%}r etgn%ﬁ?éhf%geg%ag%l%] ?ﬁ%%gmopht E{e?ﬁr eticle
i s acqui defdchiyita hbghdemgni the ativoduopt b atlier etdiddie, | wafectandn psysdsem or an
el ectron beam based reticle inspection systemrespectivel { Al t}er‘nati vely
the i mag@lgPriané ‘eeel ePRNGBS YL tBa HERTAM Wi gdeoephetistvEsd gt qiifr ed by
an aeri al,J.magl ﬂggf&tegﬂiﬁriéﬂg@s%‘?c“ on system The inage of the reticle may
e

be used as a proxy tor t esign data in any of the enbodi ments descri bed
herein that use design data to performone or nore steps. [0023] The term
"desi gn gsmtal' s olswdeinbotiecpise sentmais off os Ueticgegenatdiydriaf er s2tidet he

st SeE Sl T ERR A PSSR BLEE BhEs e o
oper ati Ofiad k& el E%ﬁ@'&ies%ﬂ HABROIEn thheaﬁfa?éﬁc]ﬁhetiﬁﬁ?gﬁéﬁr@dé’ﬁ{ ifhalgBt hEdr8

i nspection system and/or derivatives thereof may be used as a proxy or

proxi es ioxge e desi piidat &, asqohed bet bchighi meapmiGratiordespiicet | weditiher eof
may serve as a subséi tute for {h desl%f%n Isgo#]t in, any, enbqdi rrentf
descri be‘tﬂ‘é%{?%‘ffﬁ het M ufes“de§ e&ﬁr%t " BRTY dAEY and*desigh Watd proxi es
are deSCfés?@@tibé{gUA&erﬁéﬂi%Sf N infagl 76 B rdiyc I KUhKaml i sevad i@Rgdyich 9,
2010; U. S. Patent Application Ser,
the reticle acguired by an aerial imaging reticle inspection system. The image
of the reticle may be used as a proxy for the design data in any of the
embodiments described herein that use design data to perform one or more

steps.

{00231 The term “design data” as used in the present disclosure generally
refers to the physical design of an integrated circuit and data derived from the
physical design through complex simulation or simple geometric and Boolean
operations. In addition, an image of a reticle acquired by a reticle inspection
system and/or derivatives thereof may be used as a proxy or proxies for the
design data. Such a reticle image or a derivative thereof may serve as a
substitute for the design layout in any embodiments described herein that uses
design data. Design data and design data proxies are described in U.S. Patent
No. 7,676,007 by Kulkarni issued on March 9, 2010; LL.5. Patent Application Ser.
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No. 13/115,957 by Kul karni filed on May 25, 2011; U. S. Patent No. 8, 041,103
by Kul karni issued on Cctober 18, 2011; and U. S. Patent No. 7,570,796 by
Zaf ar et wbD.20i2¢964ad on August 4, 2009, all of which areprcmase@en2ised herein
by reference. (0024] FIG 1A and 1B illustrate an inspection system 100
which may be utilized to performthe various processes described further
herein. In one aspect, the system 100 may i nclude an inspection tool 102

canpl o oRayt94tl3 S5ty KBt (e o BB 02 4y Pt rdenaRy- SuRFORFT ate °
i nspect i RAKEMALISMNIOctdbedr NS, B0k 4 SHENY. 85 Pafish MIRL7 BYOI7580 Pafad et
bright-field inspection system a dark field inspecti'on system or an

el ect r onabdsshed msphegtisbr, $08% eal of mhich ara eorpwpéed herdie bynspeenicén t ool
100 may include an illumnation source 106, a beamsplitter 108, and a

1 nelPa <6br caNgnT HEHERE, AR BRPECTad RatOR, LOF R o Ry ohe

il lum na& ce khown n e ar exanp umn n-source

106 may itigiatiecapadbrawizandribightrosaues elesstihd Far el as@ligoulcensi n a
further enbodinment, the illum nation source 104 may be configured to direct
li ght t o2teEtpEEhiSHT Tt mapdnclige taﬁriﬁ,sfi"i%@%@é%?é%Iqﬂﬁf‘iéi&f“ﬁ@ Aaleche

confi gur gg LI :] he sinlel ol nat 1044 heysurface
of the. wariarty 6" ekl ML o MEHEEY OF # SRR Sk Ridpnd
splitterinkP8ciimy tbel ¢Ohfrguriedutie dnanasmidpriatghinsgeeticactywwdekr omwafier 104
to the detector 110. (0026 110 may i nclude any appr.opriate

The det ector, . may. L
det ect or én8lin AN t3te b&#‘*t‘?‘!tl hmgheg Ehb%%r‘r%‘ﬁtf‘fem HESRRSE I 915140 and9 K ncl ude
a char geg i a T, e g e o]
det ect aﬁgtggi;ﬁ!sgg?ggi(s&%gﬁ gcg} gg}f g%{cggﬁ%a@nﬁ\%gégﬁg%é%tgﬁyﬁ ig ?h@t ee?
enbodi memdpect hthoimpattiat (ediel (detheag tivcludd Gnnblyrrbes domumiceatlty el yeaoupl ed

to the one, or e conputing. tens 114. In this regard, the one or nore
conput i nﬁﬁé%t/%‘ig% apfhs ﬁiﬁyﬁ‘ﬁég’ i%ﬁfi gured to detect actual defects on wafer
104 using detection data collected and transmtted by the detector 110. The
one or NRYes € ORI i ek dO80aMaH i ida APV LIRROR AR EX 1abgar i thm

known in"the art to detect defects on the wafer. Those skilled 1n the art
shoul d recdgnirieFoharampie,ithspdotnimatisrosturto2 Shayapinaivdd bredrave bdetect

e e PR Tl o B Ao P A ShumFEL R TR SafPacy oo
nul tipl esglires 1840n8f bEh@nvalLesd 1@ 4irect light to the beam splitter 108, In turn,
the beam splitter 108 may be configured to direct light from the illumination
source 106 to the surface of the wafer 104 disposed on the sample stage 112.
Further, the beam splitter 108 may be configured to transmit light reflected

from wafer 104 to the detector 110.

{00261 The detector 110 may include any appropriate detector known in the
art. In one embodiment, the detector 110 may include a charge coupled
device {(CCD) camera. The detector 110 may be used {o detect actual defects
{e.g., defects 122) on wafer 104. In a further embodiment, the output of the
detector 110 may be communicatively coupled to the one or more computing
systems 114, In this regard, the one or more computing systems 114 may be
configured to detect actual defects on wafer 104 using detection data
collected and transmitted by the detector 110. The one or more computing

systems 108 may utilize any method and/or algorithm known in the art to
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[0027] Further, the one or nore conputing systens 110 nmay be coupled to the
detector in any suitable manner (e.g., by one or nore transm ssion nedia

i ndi cat edwbyotdmasdoetted |ine shown in FIG 1, which mayPChaiSaale/oa3sy7?

suitabl e transm ssion nmedia known in the art) such that the conmputer system
can receive the output generated by the detector. Furthernore, if the

i nspection tool 102 includes nore than one detector (not shown), the one or

nor e co ut| ens,, 110 e _coupl ed. t ach de ctor as i bed
mbove. 1 Hebcl et hvaliy 1ot Shliearm B RE rBEifieenls SRt Eheorm o
stage 111%45 dheors anpl @G?tsﬁgﬁﬁ %%ti(ﬁé&‘d't@%@i‘%‘%i%&f@éﬁ%ﬂﬁ%@ﬁ@% geeRanhsal
and/ or robot| C assenbm)é known in the art. (0028] In a further enbodi nent,

t he i nsps&Ticondvder M&E mafobexyvpld, giﬁré‘wwfbifa ptiBi ke w&f&ré@ﬁ mﬁmm

et ccts B EBRE AT RIS TRERY oSBT ARRD e wefioty, 1 oo

102 may accept instructions fromone or nore conputing systens 114 of the

syst em 1@Qz71UpBirthecaihwi dE: sh@okdsbivgetingngsfanem theagrie: adupled @cahsaput i ng
systens 114, the inspection tool 104 may perform an inspection process at
the | ocaﬁ?‘?ﬂ%ﬁ%ﬁntﬂi“é’ SR RiEnaGerer (Red-erby OB Ao ERPRISHE HieNiRded

instruct] %%t?ﬁ 559%3#“? %35@ t;nﬁﬁsyﬁt\ﬁ@ﬁgﬁg\éqﬁg W8 ’“ﬁﬁ@%«'ﬁ‘, e§d to

perform an he “fet’ i ments

her ei n. (raaaa]ssim m"eﬁ:tukldmmwqulmtart)t Bectonbabrthaocempotputyngrsyatens 110
of the system 100 nay be congﬁqg r_etg tg recei ve and/or acquire data or
i nf or mat {51 EIR GUHEH S§ngra g pe deigshycthusne aie & F?F%Pﬁ%?ﬁ?q‘ﬁ@pectl on

system Of] W?@P'aﬂ&dé?%&éeﬁw%ﬁ%ﬁe t%el;&ggn&y%&sm by 5;{@’?}?%&0“

medi um that may 1 nclude wreline and/or wreless por ‘ions. [n thi's manner,
the tr ansmmssimgl spdimam ey ayg evesuated talatiah distdetbetwweescrither sineveorinnor e
conput i R%r@?/ tens 110 and her su stens of the system 100. Moreqver, the

one or EhSERBAGTE)Et B WRlY MAYnoE APR5¢9 0BG &R MRIC §V’£f“’e vi a a
transm S‘?h@@aﬁ‘?{%‘i’é 'éf@ge[ 0P301a T??a% iRi@:eag%F agﬁgﬁa&ﬁw&ﬁ%iéé@%&%ﬁr%g

i ncl ude, but e not limte a pers conputer system nmai n?r ane
corrputeraﬂysﬁéyrknmnkstthmaoh, |mage conputer, parallel processor, or any
ot her device known in the art. In general the term "corrputi ng systent may

be b d fi t h

o on” snubaf e BRRASH  Men bbb U BBy i i o>
instr UCtééﬁ%?}t1&1§tﬁu€fﬂbﬁ§fﬁ%mnﬁnm@0ﬁ&>s§§{%ﬁa (3N EH@%?sl@%qmbﬁﬂ ok et her
herein may be transmtted over or stored on carrier medium 116. The carrier

medi um 1dgraraizabe identifardatestsi grthesdiminosdighionyademi 04, Feabistanay, Wer el ess
transm SSI carri er

such as Topeatit oy e A FordRh oo™ el rdnd A5 tiRel BhBLORE, o
di sk, orsaramgnelicf thaRgstem 100. Upon receiving the instructions from the one or
more computing systems 114, the inspection tool 104 may perform an
inspection process at the locations of the semiconductor wafer 104 identified in
the provided instructions. The one or more computing systems 110 may be
configured to perform any other step(s) of any of the method embodiments

described herein.

{00291 In another embodiment, the one or more computing systems 110 of the
system 100 may be configured to receive and/or acquire data or information
from other systems (e.g., inspection results from an inspection system or
metrology results from a metrology system) by a transmission medium that may

include wireline and/or wireless portions. In this manner, the transmission

12



[ 0032] The enbodi ments of the system 100 illustrated in FIG 1 may be
further configured as described herein. In addition, the system 100 nay be
conf i gur edot2012pes910r m any ot her step(s) of any of the meChas2@niessenent (s)
described herein. [0033] FIG 2 is a flowdiagramillustrating steps
performed in a conputer inplenented nethod 200 for design based device
assessnent. [0034] In a first step 202, a plurality of patterns of interest

may be defined ut|I|2|n assogiated with a S noted
R R RN I SR e G N E R Lol
relativei{® Rer bHdranatyaleridar diheetydeyi 660, | RioseiRrenpadbi@ s mdrbe
multiple POs may be identified on the sem conductor wafer utilizing data
from el ecenpuiiog deslicgrs A4 omut boid CBEDALO todES A Ys B herisk Aditkrdgiesiodny such
i nfor rrathw% af;out t he design generated by an EDA tool may be used to
identify it ple POs. For exanple, the POs may be selected as a pattern
that formpart of a critical path or is located at or near a critical path
on the samaj ayes @fe bhemB@ @mmnrianeihemsl ayermey ihbedeafiarn. ate raddi tion,
t he desi data may be searched for one or nore POs in any suitable

manner . ask Aitpl @, PEEERTERI AETINEST eBSERI T o afr BRI R IGRMEN COHDHST e SRS, may be
per f or e r a d y

Rl ar i o[ BP0, (Bl Lonblierr BAKAIEBLEREE LEMPBLARRECRARI L |,
addi ti onthd hﬁt PG gahemby tine toeh cbathuaing dettrhf iregy bei ngadiydefihed wret hod
or systemdescribed in th| s patent application. In a further enbodinent,

the nul t EPFUETRRSSS Sy 5 iGe0 it ing e tPh Zi%hg é?%@ssﬁaﬁ»rtﬂhéc bh@%@&%@ (DRC)
process,maﬁugglghgalmﬁ leﬁer?s%%?h{é&@urﬁmc) or a failure analysis (FA) process
in order to identify patterns critical to device performance. In another
enbodi nent, the rrultlple POs may be identified utilizing a process w ndow
qual i fi cegBon Retghad (IRYWQuctiSear th8 ngndiesigrtinat eetbedongicdr amwr §i10RS s may

be peroLIES, 2, HEAT il R 5, REBISIERSESaS 5L SLEST AL |

add| tiongqd, heﬁ?&éﬁ?er%&d% %%%h?cbeoé ﬂrét%’?ﬁa‘sizbﬁ%é’&ahﬁg s@rﬂi’ a@tah@:ﬁrermt hod

or systemdescribed in these patent applications. [0035] In a second step
204, a de@‘:r gnobagezlesd ‘aassmmamttmk(me)caiamabawumwﬂangeaiaﬁanetddel n one
aspect, DBC dat.abase bnc udes data asso d with each of the

of ydes 4des! 3‘8 2 %o € e
patt er ns iPSE T ESHR U R A GPRE AP ERPRENE 428 It“h@ G dhcE&ic8. For

exanpl e, mtaggegggr@@Q;@Qaggkn@yalgﬁgg}{é@m@t@@ design data stored in a data
structure Such as a graphical data stream (GDS) file. A GSII file is one

class of files used for the representation of design_ |ayout data. O her
types of tma%ﬁ%mh@tfm@tm drecsyeiksn S0pilesiratas & e tieay dsgectherupon

dcei on biQ g e i Seree] ot ot 2AfBHT P SR e R APPEROS ot B,

desi gn bas eerioir mnaﬁg caher g@mg}abt mgletﬁcmebadsmndtét@bmmrrﬁme@sbﬁbléw kar ni
et at. and Zafar et al., which are 1 ncorporated by reference above. In a

gener al Renigdie, t he system 100 (e.g., via the one or nore conputing systens
110) may generate a DBC dat abase, or |'i brary, which includes noteworthy

L L ey
pattern zies ?thQ”? Wil F’tot«vh%aa%,‘?ét‘heﬁﬁ@&%'tﬂg &%g :%sg&ﬁgésafgﬂgat ESmpBitd-

coordi na those patter along Wth s
implemented method 200 for design based devace assessment.

[0034] In a first step 202, a plurality of patterns of interest may be defined
utilizing design data associated with a wafer. It is noted herein that each of
the identified POIs may possess a level of criticality relative to performance of
the given device. In some embodiments, the multiple POIs may be identified
on the semiconductor wafer utilizing data from electronic design automation

(EDA} tools and other knowledge. Any such information about the design
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[0036] In a further aspect, the DBC database may include a criticality
factor or 'weight' associated with each PO defined in step 302. In sone
enbodi mrerwe,20ti@s912ei ght' of the criticality associ at edPairtus2@ankssef t he
POs is determned utilizing test data, such as, but not limted to, data
associated wth [ ogic/nmenory portions of the wafer, functional tests,
failure analysis (FA) and Lhe like. As will be described further herein,

th iticali t fated with th t I ith th
F requencye el b AERR IR KB g5k Mched AR 0B AP B ribpBBicusea 1o
det er m néheapD@l AHalyVie Sbiktb eyl 3 %igtﬂeahlmsaﬁ fbRR Fardiofen LR a0halh RNk re

devi ce. {0037 In"a third st eg one or nore inspection results may be
recei vedloCRie®Aak GigpEcta Cohigabpatibps hsyent ilaver asihha §0f ooran hecderect or

110 of the i tjon tQqql b i,ved by th ti
systems e SHEE hekre IR Bl ¥l e B B b S et b R U g
systens fbfle TYs iMahydeiank Mpeecel FénsRatbiconedAtrank NRWRIckint dketadfioh . For

exanpl e, the inspection data may include, but is not |im ted to, bri ght
field (BFeitispecei Balsdapd oe mafxmadpd ¢oxyibedspedbs apoysrgferamcadt ourt h

01D, 20258 S BE ARRF 30 LBk B LahBroURRAOS BY be

occur r enggsetdrehbe. or bHitealn, ROesPOO038) be salddéd rsideptiBed, uany el d
i npact of each pattern of interest may be determ ned using end-of-I1ne

3 ; ¢ a using
yi el d dabdier| methpd of ctysken ferEr®ert int Ahist paisnt edNicgaioher ANo? fURtEFest may
be quant Lftked: n 1.NG; tihep t.he :qj att.ern . has h
end-of-l%ﬁgggi@%ﬁ g:l’sé/ébggf%i%sF?gﬁﬁﬁ%’d,&eaigﬁxﬁg??eé%ﬁ% gi %t gggg% ﬁjoi%sesses
a di fferemickind {DRA) brocesknaarasicdi aube ebsskihhe(OREatirve feiliitd eablivtiy of a
given pattern of interest, the pattern type may be assessed using test data
(e.g., |GdicProssts H"g?"ﬁi@ )}'d@l%fﬁ’i iﬁ%i;te’f%n%ﬁ?i‘%ﬁam ﬁ@gﬁﬁn@?rf@"@a%{%ﬁj te
li ke), r Btical i ; 1 ped: ] i:Gal.Ly. utili.zi ng
desi an pRTTEVT TVEHTRER Khy fHAMORE COL Sha0 BRTGRAEIRILEADRY, Plbles)
wi t hout whedmmeemhabtificdEbeatietiab $PWIgaticarchias deeipui dedh For the q@r mareart .
[ 0039] | sixth step 210, a frequency of occurrence_and criticality of
each of ?ﬁ%g paYt BF nid @*’W%‘#e’ﬁegﬁsﬂﬂ%ﬁ%é” ofi EBPEUIRH g FEESHTH P8 t he

devi ce for;devi £€ 18XSHE 98 ok iQ”@fh?dwﬁﬁé '?ﬁ&#rgo?ﬂ%dcéﬂad\jecﬁiéir%Yer%?x%@Ci at ed
wi th each pattern of interest along wth the equency of otcurrence of the
gi ven patibh@mrn lof additienedhe iRyl (Bemamnibe¢ crkd taddrdideptigiydduding anyooithsli zed

Par et hart.  FIG 3 illustrat i ghted Par et hart 300 illustrati
he. aor | FEC L6/ HEREY T REA O AEEIORA BPLERBLPEiD R type. The shaded bars

i ndi cate the expected |l evel of defect density, while the white bars

i ndi cat egdo@?; agt dabcsie] o@h Hensd B¥siohWastH T ARTRatRnt PBGalarkBdRE @aghart in
this context  may illustrate thehGDgSaQEattern group I D along the x-axis and
<.

t he def et gepartedl dngremspgchxd datajenenndludendesion WetPaswrmiedar t

raphical Ly il rates.the n r of defects.binned into. e of. t he
o £ Por ent 1t btngb B B RRtGn Rt Bl S cBBACE 4P PaT Ry Pl o BN ¢ he
GDS pat t @&fice TTRS @ik ethd DECNGabkss oy fcbidrber dessodatZ erdrhatina
devi ce excursion is commonly indicated when the rati o between the actual

and expedtd@da giliettredeishiasy? gaamighdatararean (pphLhile.val GBSl The iugeeof
e = e BT PR SR8 SRR b B R e
by referg@nrgemay include GLI and OASIS files. In a further aspect, upon identification
of the POIs, the DBC database may be formed utilizing a design based binning
(DBB) process. The utilization of GDS file types and design based binning are
generally described in the references by Kulkarni et al. and Zafar et al., which
are incorporated by reference above. In a general sense, the system 100

{e.g., via the one or more compuling systems 110} may generate a DBC
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(0040] FIG 4 illustrates a set of Statistical Process Control (SPC) data
400 illustrating the defect density as a function of pattern type. The data
400 in FIv0 217vapriesents a wei ghted trend chart 404 genecatusdoiowess2a peri od
time for a given bin created utilizing the criticality of each PO.
Uilizing this type of analysis process, excursion 406 exceeding a typical
defect density |level 402 invol ving process tool variation nay be anal yzed

i I d b
s st tadrEorer 4 ﬁﬁ‘ﬁynw&a%@éd%é‘%‘a ARG Selet ost 91 WERde tool

vari ati opgiiBshdReimnabyged c&%bﬁin@éi@%e&ﬁgl—oﬂi\’ Q%mﬁéiésE Yof tﬁm’espé‘&%ﬁ% herein
that the present rmethod and systemof this disclosure allows for the

creat i onalongtvwieh SPEihatesisnge0 using the weighted criticality val ues
associated with the various patterns of interest. [0041] In a seventh step
212, a deyil i e t . l.ized

pol ygon @ﬁé%e%}gﬁérﬁgfhﬁ%e\/&ceﬂg{:%{aﬁ%%% r§¥ ?@qgg%]%y&%% a%tggé(&gﬁé% of

each of theight'i fdsoalat@dlyigorscRrdiaiiridd atichy3dnrineashe eniidigmentd, i cal
pol ygons, In one aspect the critical polygons of the design data

associ at Hte wrekhi hat daeicsiicalisy @é%@éﬁﬁeﬁieﬂ% 234 Phgha P@éﬂ%ﬁgeﬁ%{é‘@aeﬁear ch
?'hgo“ t hmi%ﬁﬂﬁorﬂg%te%?g' fj %heb&@%&ﬁ %&88 % as&ét%' %%%écﬁﬂte%' q9fckt hm of
e presént 1 nvention nmay 1dentify one or desi‘'gn data

of the dE}gtm’m@ﬁmmpchzﬁmmfcmd wa&lfr ﬁammm t@m Ifaliastasdnawssssmhanﬁ he
spati al analksis of the grltlcal poly%pns found in step. 212 may be

i ndi cati V& 8ket ns wlebs peygsibedelurihgs Tar eﬁ‘he“‘ii-’e@”@éal@ryem‘af Bﬁgﬂ’f’éeﬁhym cal
Qer ect o Mhel Pt 06sIRYAE Ritt! heATEHIENS oEHRAMARMor GBS SYSLET AR TBY
generate a frequency t cont ai ni e frequency of occurrence o

pol ygon givpe ddvirg mayt bet iedcos r@@mxﬂmn@ eiakvd eiglel leasisoCifatled vert b each
pol ygon t 0042] I n a, further enbodi nent, physical FA or DRC may both
be utili¥ ﬁ”ﬁ@éPﬁé“§?§F§ﬁ§ﬂﬁ?| n order to determne the size, position, and
frequency of the critical polygons. In another aspect, a sinulation process
my be deok?}zeqntaotﬂ%iﬁéﬁ‘z% bhe d?rihéx‘ecﬁﬁ%p@@didrg%h%{ts%M' bé'reeew@@ Qp nore
design files of the system 100, a detailed inspection area rmay be generated
al | owi ngofdraspapt,oeed mmm@@t irmprettni nepsatid bmmthg deaﬁaaw wit @ hot Hbe

I t of th th f.t
Cayout - ieseectadt ok b inal Der Bty heb Po s mer e e S Boka. of
the presep 'ﬂ#mglp@@tmﬁ%éﬂ@y\metélv&ﬁ Gy Hhe BHEIADhRrEAygaRidY BRSePd2 MY
be utilized. In this manner, at Least a portion of the critical” polygons

may be Lbthrwy Wmnbltyme eftinspantion dala bfmwmms:hewm i Feredixamplehe

t th t od. Th i
Phe. des; i dbmstbipha dab EeY | weBide o ) MR REER! . CPadlRfiufoies o' ne
Appl i cat ifﬁﬁeﬁ%n AatdNor dath SRAdSEE ) bvsaliain BhiLd 19 AUgststsy 2280%hewnhi ch

is incorporated herein by reference. [0043] in a further aspect, the system
100 may ORE 6F MeRE WapoVEImIeslieVa@Bifadsin stepelOumayi be agmpreed demachi ed

cri i cal oPalyaaRS: id St SpIRYIRLrALE, BAS.A APEECCORULING VS em 110 o

t he syst y calc AV ARl 1% requenc € device
utilizingdtshe frequency of occurrence and the criticality associated with
each i ndi vi dual critical polygon identified using the design data. It is
noted herein that as the nunber of critical polygons increase in S|ze

and/ or ckiogFLkal fottihét@saépﬁl 3 Yi?@im?afftami fre" gatlarp qfh@t%frﬁége%fe Bf
rer eoces RIS (SR AR AR BRaeT LU PRy IR0 Skl B S
represenpsﬂa:deﬂumemhmvmmgbaqﬂaghﬁpdd@aﬁuﬂymyamme@hpacﬁauiywenpaﬂﬁnw
has on the end-of-line vield. As previcusly noted, esach pattern of interest
possesses a different criticality. In order to access the relative criticality of a
given pattern of interest, the pattern fype may be assessed using test data

{e.g., logic testing, memory testing, functional testing, FA, and the like).
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[ 0044] The device level risk of failure my be expressed as: DY NPF =

x LA Eq.
normal i z
type of

regard,

frequenc
to asses
critical

sensitiv
gener al

limtati
algorith
Mor eover

100

1 [0045] Where DLR represents device |level risk, NPF represents
asopoiyen2frequency, frepresents the pol ygon fPegusaeyp/obsse7 each
pol ygon, and A represents the area of each polygon type. In this
the device level risk calculated utilizing the normalized pol ygon
y al gorithm represents a pattern failure index, which may be used

f h,d | f.
P eiticflol fin HeonRler iR SGuaruiSud: [ Ehek S e Tone 1 or
the eval uak i, O5LLSIBMCEd isoiehevs] dbhammif@YrRecARS1 GNBEuI thbSrdm oF the

It agal nst process variation involving systematic yield |oss,

gelrse Clashidicabove a8l cequirgd irothespioal @tnot be interpreted as a

In

on, it is contenplated herein that the nor mal i zed pol ygon frequency

o8y ¢, SikEASIt0 ame ot oL poLxdonnaand Boly gpR_shapes,

ri sk and

COI’I’ at’l vveen he ac evl C eve

t he cal cticabetener oRlnizedsipeby dennforgiguency orayr takeosifoame gdikablee form

[0046] |

tight pr

n a further enbodi nent, upon detecting a NPF chart jndicati ng a
hi gh | eveéfYiee fiTien Bbl%@oﬁmbpéﬁﬁ@fﬁiy theocsiliray by esarginiag wWHEY Keeht o

8&%@% of interest along with the frequency of occurrence of the given pattern
of interest may be monitored and displayed in a normalized Pareto chart. FIG.
3 illustrates a weighted Pareto chart 300 illustrating the aerial defect density
as function of the pattern type. The shaded bars indicate the expected level
of defect density, while the white bars indicate the actual defect density. For
instance, a typical Pareto chart in this context may illustrate the GDS pattern
group 1D along the x-axis and the defect count along the y-axis. In a general
sense, the Pareto chart graphically illustrates the number of defects binned
into each of the different groups, each of which corresponds to a different
portion of the GDS pattern. Those skilled in the art should further recognize
that a device excursion is commonly indicated when the ratic between the
actual and expected defect density is higher than a typical value. The use of
excursion analysis using Pareto charts is described in U.5. Patent No. 7,975,245

by Florence issued on July 5, 2011, which is incorporated herein by reference.

[0040] FiG. 4 illustrates a set of Statistical Process Control (SPC) data 400
illustrating the defect density as a function of pattern type. The data 400 in
FIG. 4 represents a weighted trend chart 404 generated over a period time for
a given bin created utilizing the criticality of each POl Utilizing this type of
analysis process, excursion 406 exceeding a typical defect density level 402
involving process tool variation may be analyzed via process tool commonality.
For instance, KLARITY produced by KLA-TENCOR is suitable for analyzing
process excursion issues involving process tool variation may be analyzed via

process tool commonality., [t is noted herein that the present method and
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specification (e,g., overlay, critical dinension, thickness, process toot
factor, and the like) or to nodify DFMrules to reduce potential yield
| oss. FI GvoRoidisser ates a conceptual view of NPF acr os@Ca/usanetrisn7 of
devices, along with selectable thresholds for determ ning what course of
action to take for high NPF devices, The threshold for optimzing the
process specification and the threshol d for optim zing design on the DFM

i ndi d dot.t d 504 ti Th dl.i 502
o oo eS8 oM B b ag BN R EILNE, Yoo ol B s
Devi ce Gavel%?{ ted RERRAGEY vallet B%tﬁ@ﬁ@d%rti@%ﬁe &8ribus ttﬁﬁtsdd:tsi?;‘té&e%t.a
relatively Tow NPF (and thus is at Iovver risk of tailure), the selected
thresholds may | ead the system 100 (e.g steminplenmenting foundry fab
sof t war ej00tdl phovi sevardbdbgpk 216, @ fdQMW@r stés@\fﬁbrméﬁpﬁ?ﬁ)&ﬁtﬁtféwﬁéft PBn. For
exanp! & uPyRReSP iR bESalh Medley Jor RS SYEL EMILHE Ieglyl 0o 2

£o 0¥8 ¥ RS

recomren 1 on e user ptrm e Process Speci

anot her @Raﬁ@ir@endenai becit asahefcrendl gl Biorkheds y SrRMaliep fompaps ovitde a
recomrendation to the user to optimze device design on DFM [0047] FIG 7

isafl owiti%tgparﬁgpms usti men@saé@fépst t@eﬁft@%ﬁﬁbd}q rﬁ%%@fnﬁht?eqéeﬁimr@%nt ed
met hod 7 r e

Appl i canggﬁ%ﬁéggtﬁﬁ t n{j&gl‘aﬁ% @%{B ﬁ%éwnté%‘r %Zﬁ{é)’]qtig gﬁgi%i:] gtgz%sgg escrl bed
previ ouskigohieh@l nini gnet émbodiarta@m thé dekiow Eﬁht;&@ﬁ:@&ﬂf;ﬂﬁﬁitﬁifﬁ%l%d:zttenlaﬁtthepr et ed
to extend to nethod 700. [0048] In a first step 702 glurallty of
criti cal PIESETe i aNyis8s 8k *ﬁeﬁ‘r@é ePPGRY S RRIMEPTS Bdthe AeYde derdSdithent |
Tl 11 Pl eqghibt A RALE 5N hiHaYL oPe ThYaRe. | MOl 1iad bl Zhagelhe
criticalrty, or signifticance each pattern type t evice perfornmance or
yi el d tosk théncrithid pelgarrd, fwmhtm deap | 2 ngzynbbtzrnpiicettd'ef eCttke dvweall

conmputing system 1 of the system 100 y p | e defects
into a paft'-€drcEre flgtet Q?Wcﬁfﬁéatq{%)l’ |t%?§§y§%é?§ﬁf@qtg? 1% ég‘"ﬁ et“"F’fé’ system
100 may Lt I v, k [ t re
details) tnggsggtgﬁgmvmﬁgggh%%é& é%ﬁf%@%ﬁ i \?éﬁ@ﬁ %?ﬁj?ﬁ&%(&tl rHe[gwaf er.

[ 0049] | m:&aﬁen@rtdesfwe@ue?mzcy of cdewirerce icd kedcbvptiygay thpe déteg mibedhe
utilizing a calcu at kK | ey frequency of occurrence for each of
the | ndehRiT PTG (e veb AFOCICH LS S268 POREPBIHESof | nterest . It hi rd
step 706, one or nore excursions of the device nmay be identified. In this
regard, foakeyam a eS| ORSodTRERE phgﬁﬁé Fheg {‘A'Rﬂ: |nhé§} agut Re uﬂtﬁi%d gyel and

t he frequency of occurrence associ ated with each he critical tern
types. Fore sysadpl HIO iherdarhe defesotineldheisiae, mﬁmmtm t\retqhaeactgméhepat tern

type exc etermne criteriat stem 100 en

ot ancetauta aBVERE cld e bt ast BT Pedrets JPin ot Dl 1y ¢
that illygsteratied the Ht@t:a:%pﬁ%ehe ue@rﬂ;ztrrghlodent;r fiyoreekievignt fiRxcyf ghens.
Utilizing the analysis information of eac attern of interest a risk index

may be d®tséeii Wld af dtadad indiestion aa:em!ﬁ@r beaege@isﬁ algevivgfer mprededi sk
| ndex, n%}@m&gé& MRY. i RE %r{aa\',t%g?tnhg Bﬂgaw%ermé nggacen ‘?\h' ap H?erc?r ﬂrt]& | cative

of a recod ion as onsi der ing changes € process

condi t i opslyg@fis iat the MariciNbidcRs aglt ithi pakgot edyoet.yiFab d.5 [tﬁ@ﬁ%telsnaa
fourth step 708, in res onse to the |dent|f|cat|on of one or nore device

excurS|oﬁf§‘C9@t n‘dﬁ’r"c@ Frigenlerelyeonmaly ke PERSEEE MREGION: nAt BhewRdBard, it
. | h
oritrcal Bors quBLE MU WRRSSRMINOIRE T AR Boptibe 4Bk 500 1,

step 710pomfis: of tﬁﬁer ermtcat pelisdantiby dsk doddtedapraxahbnin fo/pes aiycdie
dynam cal |l y sanmpl ed. 1 n one enbodinent, the ampunt of defect sanpl.i ng may
change i RRBEGHorEe A 18® thdhguRbeYioEs ¢epsi ehl thgatr erablosetinPEncedn®As

such, aS; iy r ren uency
ol at i vaTRCRlaetad ot PlbisbR: (e TP JERETRRERTLN 3 ERKE R EFhereRl
sanpl ed aescartimdg’maﬂ Sta?etenltnﬁmi&talttﬁm baedbidNoert/53hE43 vist EafakO0lavbynbe
adjust to keep t lLing rate for, high frequency patterns at a

rel ati ve'gyglf%\% 8558 PRI §ercqreo ee L EROPY h%eé?“ Pwer frequency defects.

This is particul arly advant ageous when sanpling budgets are present.
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[0051] FIG 8 is a flowdiagramillustrating steps perfornmed in a conputer

i npl emented nmet hod 800 for determning yield correlation in a nenory

devi ce. Appl2oransIinot es that the enbodi ments and enabl i RgTIUSeHINORIBYT €S
described previously herein in the context of flow diagram 200 shoul d be
interpreted to extend to nethod 800. It is noted herein that not all device
yield Ioss is related to the presence of defects that are not defined by

el BT L, Rl AR R IRl o SR By A o

hi gh i mpagt QR deUiASy Yh@'ﬁ@entﬁ"’&f E@Ekﬂc@%ﬂ@g@ﬁ% hod thicaiPAEAL 85 bs'%‘éi‘ ggse of
design data to set up a precise inspection area definition ‘and to aid in

cor r el at inege desigytingasestamshl i @Ifcihﬁaﬂétifrﬁrmﬁ mesry cakolaiei amdarmakizeiied die

Gevi vo (Rog3n BadlBRrelo bRl oBucRATN o ST aaRBRE B oBCuPRhF R B8 e e
def ects &mtibglith égsb@agmeh\ﬁ@h Righ ihaRanial deftett DolidPd’ientMicd {dingtthet ep
802, a pIuralltéT regions based on one or nore fundanental areas of a

devi ce nE§sigedabt. Held natefineralg @e;%|agrthaaﬁi&nb&rncfs@“ﬁ@celrmﬁmww@eatSﬁe
regi ons e d t a 0 SA
area, a ggéﬁ%da ?Fﬁé%§§§§gﬁégﬁgfmgﬁﬁ 36%1%gggg¥ﬁ% ] Lj%ngé§%¥%§$%e?deV|ce
In a secondcsit éefe804 (crhelatsd matie thaspribl Qo mspmmgmmea@ ey f or med
on the regions defined in step 802. For exanple the inspection process may
i ncl ude B¥AMPIEs FECIRSSAVES B@@S@Vﬂn@ﬁf\)ﬁ“iiﬁa EPF&’&WS e YA HE Y ad&i“\’l@& haying

i nspecti f ction. In athird step 806, one or nore

di es of %ﬁégg%g&%%n fg%%g?lne fegions fatting bel ow a predeterm ned
control Limt nmay be identified utilizing the inspection data collected in
st ep 804{ocksy t s deegaridyelaislselr fallpye estabd espragsebasrol |imted based on
an expected defect frequency in one or nmore dies. In a fourth step 808,
regions inpacting yield toss may be identified by conparing the one or nore
dies fatting bel ow the predepegmlneq*eonnrgbw¢£n1t to inlinesglata or each
of the regions. In this regard, the system 1004may identify and bin die
based on the die roll-up using the critical pattern of interest. In

cont rast[h asp dekestpidenspidsents delret iseuntisipenrHi @prédents montgiphat ed
herein that a die index configured to deternine the risk aSSOC|ated W th
each di ePOlyeOB3remaacyy s rapfaseiisdtbgrRmyeen sedernag fet @gshpbiifornied in a

cparial BSPYETER 26 TRt Bt.a i BF Crh b iR PRI, He"

t echnol ogédise dasel i bigd paRvidws! withgliml nthen ddreationt exblygbnf Ifmz;wn@ ram 200
shoul d be interpreted to extend to nethod 900. It is noted herein that

devi ce pRiBEESRNNEPEeRANbMBNRREPTeiRIRKBdPOncYBIdhalal e BYEhFOEEWSS BRI at i on
Si gnat ur ag, ‘3‘?‘%%[ Qr 8% 'e%Eﬁ cfe%?ét OLS 5 SMEN 8.5 nQWr aﬂﬁFe ch'ﬂ?c%?%ah%mft G rate
di f f erence, *hih 't he cha er, nd“gas f1ow
pattern, tfaﬁdxatrmraépetiaﬁ gaﬁeeemaasai atdcprscy Thisses! tcyn{zse&srcthe\w/raimm@f gsuite in
pattern failure and/or noise |evel changes. AnaIyS|s of the spatial signal

of the v é?Y%n“%?&y“‘@e/ PP Nt tté‘FmEr‘Efcéé% sepipiftvaly 6&%‘“%%@(«%& to

| solate process o8l mg %)ﬁf&ﬂail190§a%]édl s Tl FnSt éﬁe?B Wse 2 M 0%1
variation signature nmoni t o by |nspec ng one or nore eV|ces

bet ween dﬂgrmﬁnmnﬁ@unfneebeisﬁmp&ﬁeeungahnnunﬁmecﬁnenennﬂhpanﬂiae&ﬁnond
step 904 rns i nterest of the deyice naégge associ at ed

tt
with a nbit BrodOpMEaass RAVERR MERA i HoA ROTUNT g aB8 CEKFAYSS ik 0¥ on
process. p re e
ent 1 B e B o N R e AR HB R P YORC,
found i nbsiverrOtide daual fevichdevsit cpk 308! thdheabnbstod nomezlémpd pobgion
si gnat ur gs be UE?E to subtra %ron1an acquired defect map. In this
regard, ’ﬁgugéﬁi%ﬁ% %ﬂ&ﬁ%ﬁ&%@ﬁﬁ&@ Y& r eroved fromthe defect map, thus
isolating the defect patterns present in the defect map. This correction
al | ows tRﬁ4§y5&ﬁﬁﬁéﬁﬁeF@ﬁ&ﬁﬁﬁ%@ﬂ§Y§é@ﬂH5&&iﬁﬁwé@W$ﬂﬁm§t%ﬂ§t§ﬁﬁ§a BRI ovi ng
the overall defect data. [0055] of the meéthods descri bed herein may
i ncl ude ket phgritiesupelygon, fﬁwdoy umﬁsen@y dpterofing vdhaibenbel tighbedoeasats in a
storage nedium The results may include any of the results described herein
and may be stored in any nmanner knownggn the art. The storage nedi um nay
i nclude any storage nmedi um descri bed hérein or any other suitable storage
medi um known in the art. After the results have been stored, the results
can be accessed in the storage nedi um and used by any of the nethod or
syst em enbodi nment s



described herein, formatted for display to a user, used by another software
nodul e, method, or system etc. Furthernore, the results nmay be stored

" per manerwbDyoi2/11s8m - per manently, " tenporarily, or for ®omaSp@rioezs2df tine.
For exanple, the storage nmedium may be random access nenory (RAM, and the
results may not necessarily persist indefinitely in the storage nedi um
[0056] it is further contenplated that each of the enbodi nents of t he

nmet hod descrj i ncl ude ,any ot her of an oth nmet hod('s)
ietlbeie ol iy Gl T MG et AR M N S e R
descr'be&u@bﬁ%%ﬂ&ﬁY@@%@Hﬁé@@?QﬁﬁﬂbﬁeﬂnﬁxQéd&ﬁﬁp§M§ﬁﬁﬂﬁw€R§&k%be¢KPeﬁe'n

[ 0057] Those having skill inthe art will recognize that the state of the
art has preyesssadcarsepheapoent GWFeaarﬁ@e fupclhivntdfedevises, nelongrvithef t

uee of rarRas SPRSoRalE FeleBRNERENGR R BRI oS iR

certain Npﬁtéﬁﬁéeﬁ|H&m9@@kﬁﬁoprmﬁ@ﬁhhﬁﬁﬁgBMQzQﬂﬁxﬁ@k e@E@a@@n HeCQRB
significant) a design choice representln cost vs. |C|e2§yvtradeoffs

Those haWiraghaldifior amiri&@pesignian Hppo& afeefrtd*amfetdhey&@é? aes 608

vehi cl es%a?% sw@'rgébe%&&%gﬁeec : e/gﬁar@e %25%58 aflk ¥h%rst8£ X {h%crt%bﬁ%%g!rtgé

descri be érei n'can war €, t war e

firmar ejeviasd Ddate Bheeptef B red DeetUeCd:e Mrl'shst\aaw M the the cODbexk I n
whi ch t he processes and/ or sy stens and/ or ot her technol ogies are deployed

For exanp! &hight disalavss @#@W@ﬁf awt e il aved thyrale agdeéf@réwh ofdeilrery thee

par anoun i t I I

vehi cl e; Sl %%ﬁné ﬁﬁ@ ﬁ%QerX|E%F|?§ﬁgﬁﬁqg?a %&?ﬁﬁi%ﬁﬁ{%ﬁgﬁah

opt for ﬁaumt\plfgbsgaftmree jopredgatiatdicack o a yetndigaige &bt appaipriaeéy, the
i npl ementer may opt for some conbination of hardware, software, and/or
f|rnmareacmﬁhceFOfﬁéﬁ@?ghewsﬁveF%ﬁ?BB@?VKFeﬁﬁgﬁ%gré%Eﬁﬁfﬂﬁﬁﬁﬁ’¥ﬁénﬁyocesses
and/ or d ekf.ected,
none of é%#g i’s |n%§3§ﬁ y@i3%2$§%§9%3§QQ§ﬁ Q%QOQE ‘gﬁ§a€§%ugpe to be
utili zedwas o aobthaesdependanthapase emaemoataeﬁhelsgzsm Gﬁ{)h'my pelvidd e wi | |

be depl oyed and eci fic concerns peed, IeX|b|I|ty or

pr edi ct a Cpﬁﬁﬁﬁnéﬁhqm FW%P%W%%&%ﬁ““%ﬁ?gﬁgcﬁﬁﬁ$ﬁnﬁ%NDJ%wy Those skilled in
the art will recognize that optical aspects of inplenentations wll

typi cal | pogepl %l Optu; GakbYr LRI RALENRT Qeps P MBHRad ANG EbmblLEdar €.

[ 0058] ose skilled in the e art wll recognize that it is commn wthin
the art iropldesriedendevid edlafar gropidinesbesniin saeplimshitdizisetorftgralh

herein, and thereafter .use engi ne rln ctices t e

describege%§$i gp%ﬁﬁ?grn%¥%cg¥g ﬁ%%gﬁﬁgﬁ? §£§Pﬁ %@3@ W§59$ﬁ§t is,
at | east g&dpicd pre@budiiendien Qﬁsti'%n%ﬁfe)d@r%%ﬁ@%hgg@% I fird sh&kiel Becan be
integrated into a data processi system via a reasonabl e anount of

exper i netitatireted Thosebin mgthukd F80.in the art will recognize that a
typi cal data processing systemgenerally includes one or nDre of a system

uni t ho“@g?gy it & X 'f%{)st% S%Zaya gﬁ}/ﬂaﬁ oft PRl éa&%?st?t es'§ %t ggﬁ?i’aﬁgysi gnal

non-vol a nory, scekot suc as m croprocessors an |g|ta

pr ocessons idEionpad atr @ﬁ@emﬂ%dztﬂc@ﬁ st tipas copehbbbngray shenslevidel vays,
graphi cal user |nterfaces and appllcatlons prograns, one or nore

i nt er act PrideRiiied ditiliing the @itiglith pagiwi %weer@f eardy BRtieohiyRe t8yst ens
i ncludin S ol i ng
posi t1 ondanes ot 3%?%3%“ B o R Ot horoP e ri3en Rt mg SRERER e hulls
conponengisfeany/ the q:uaf;:tuunges;)steﬁs HyPi @elmeladyeia@n Ofr{mssma;g gByial enpemerbe

i npl emented utilizing sui tabl e connerC|aI%éﬁavallable conponents, such
as thos e”l‘%ﬁ}{@aqﬂﬂ‘f?qso‘@ﬁ% g ?ﬁ@éﬁéﬁ"d@%ﬁﬂ HWieeo RingaieomubiRIE 2 R Ror k

comput | ”Q{éJ r&‘iyﬁ‘s' ?@5 rﬁ{(}/ &”@mda&@%% E{We ekl 0eser h&%ﬂo&%b%tr mat t er
sonet i mes ustr es rent conponents contained wthin, or connected
with, di mbesz-datafbst} haemmaﬂmmnﬂhtemx:hlpattantfm herivmtddiesstotit: ehidts subdr. depi ct ed
architectures are nmerely exenplary, and that in fact nany other
architectures can be inplenented which achieve the sane functionality. In a
conceptual sense, any arrangenment of conponents to achi eve the sane
functionality is effectively "associ ated” such that the desired
functionality is achieved. Hence, any;4wo conmponents herein conbined to
achieve a particular functionality can be seen as "associated with" each

ot her such that the desired functionality is achieved, irrespective of
architectures or internediat conponents. Likew se, any two conponents so



associ ated can al so be viewed as being "operably connected", or "operably
coupled", to each other to achieve the desired functionality, and any two
conponentwocapatnfa2of bei ng so associ ated can al so be viPemas2@2/0RS2Ng
"operably coupl able”, to each other to achieve the desired functionality.
Speci fic exanpl es of operably couplable include but are not limted to
physical l'y mateabl e and/or physically interacting conponents and/or

| i nt er act abl dj 0 ! ts.and/
oot car 1R oFeeer R Eor 1 BRIy HekPh it CBLiRORan L 2 8h80]
Whi | e pagiibGiahad rafPeebs 2Rl A EQENGSSNbeSHPERE fomEAEaT g@iaaermEeﬁtah@&el n

have been shown and described, it wll be apparent to those skilled in the
art thatcnba@{e@ﬁmr@htm nea@tﬁen@%ﬂﬁeﬁer%t dhanfesd atad Hfdi driccat iveng may be

made t hout Ltin ron1the it descr h nd it

o7 onder  SRpEEpee A bl il o Kb Bfledoln s IR0, PES AT RkONSRES Wi
their scepg BélideHaheghanogmgatkt M fdveatdrenshasirafgenyt Bf nodcherdhede
spirit and scope of the subject matter described herein. [0061

Furt her n@%@aat@dwéﬁhd%a@@ ohdbe strddeplt piterhdypeiv erfttr oprdrapige fwhend the t he
appendedlet Menshl Athddiahs WAL 9000 pBK 0585 WhRLE. Lhe bttty In
general , "t €rmns e RePLRT- and ecl A yin he appen d T

bodi es ofritdres ampenctech @belm@ iderifgenes alstandenierdgeies exepsidn.t &ioms
(e.g., the term"including” should be |nter€reted as_"including but not

limted ¥stancene Perafe Huvt, nam?b"fﬁo‘iﬂ thadeiliup éF?ﬁi &t ddcas MARVITESEd Weast,
th t t d

ARELHERETE AP R e AV
speCI fi cohirbesstof righ inddr odyded deta@rmmeddot abtionlie &flmmﬂdedﬁa%&bnan

intent will be explicitly recited in the claim_ and in the absence of such
recitatiBif ﬁ%l%ﬂbﬂeﬁii ﬁtsbrit‘d?)é’ %ﬁ%@htmafﬂ:%? té@(&r‘ﬁifl@d Wxadisenilg & odesign

under st a olko I t.ai

i nt roduc?%lf gg‘ﬁ‘ﬁréaé?é% a{f %Mea Qﬁ%ﬂgﬁgﬁgmgn% grﬁ %t&% tlgnte? ﬁ%ﬁ r@%kah%

recit at i omsigeklole vies ,probessusenditioasic br pht as esinghonl, dinahtibpatonsiduged to
inply that the introduction of a claimrecitation by the indefinite
articles¥Y®d* or an linits any particular clai mcontaining such introduced
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illustrated, it is apparent that various nodifications and enbodi nents of
the invention nay be made by those skilled in the art w thout departing
fromthe wecopeiiamd spirit of the foregoi ng discl osure. pATASR@RO2I8Y7 t he
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vield loss is related to the presence of defects that are not defined by their
criticality of regions. For example, a defect in a redundancy area may have no
impact on yield, while a defect in an SA area may display a high impact on
device yield. The following method incorporates the use of design data to set
up a precise inspection area definition and to aid in correlating design data
with yield data for finer resolution in killed die analysis. Use of design data
allows for finer separation between areas on a device (e.g., main area and
redundancy area) while also allowing cosmetic defects fo be distinguished high

impact defects.

(00521 In a first step 802, a plurality of regions based on one or more
fundamental areas of a device may be defined utilizing design data. In some
embodiments, the regions may be based on af least one of a main area of the
device, a SA area, a redundant memory area of the device, or a dummy area of
the device. In a second step 804, one or more inspection measurements may
be performed on the regions defined in step 802, For example, the inspection
process may include any inspection process known in the art, such as dark field
inspection or bright field inspection. In a third step 806, one or more dies of
the one or more defined regions falling below a predetermined control limit
may be identified utilizing the inspection data collected in step 804. In this
regard, a user may establish a control limited based on an expected defect
frequency in one or more dies. In a fourth step 808, regions impacting vyield
loss may be identified by comparing the one or more dies falling below the
predetermined control Uimit to inline data or each of the regions. In this
regard, the system 100 may identify and bin die based on the die roll-up using
the critical pattern of interest. In contrast fo a defect density or defect count
per die, it is contemplated herein that a die index configured {o determine the

risk associated with each die.
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What is clainmed: . A nethod for design based assessnent of a device,

conpri si ng: defining a plurality of patterns of interest utilizing
desi gn dawe 20f2/tib2devi ce; generating a design basedsedia®siski cati on
dat abase, the design based classification database including design data
associated wth each of the patterns of interest; receiving one or nore

I nspection results; conparing the one or nore inspection results to

cach O TSP M A e MR Pl DL Trt MBI EBled B HEBRLE o1

resul ts;implemented method 900 for monitoring device processing using spatial
analysis. Applicant notes that the embodiments and enabling technologies
described previously herein in the context of flow diagram 200 should be
interpreted to extend to method 906, [t is noted herein that device processing
equipment often experiences failure or process variation signatures dus to
various factors, such as, but not limited to, eich rate difference, plasma
pattern within the chamber, exhaust and gas flow pattern, and temperature
variations. These types of variances result in pattern failure and/or noise level
changes. Analysis of the spalial signal of the variation may be used to monitor

process, filter out noise, or to isolate process tool failure.

{00541 In a first step 902, a process variation signature may be monitored by
inspecting one or more devices between one or more process steps using an
inspection tool. In a second step 904, one or more patterns of interest of the
device may be associated with a monitored process variation using a design
based classification process. In a third step 906, one or more equipment
signatures may be identified by the system 100 using the associated patterns of
interest found in step 904. In a further step 208, the one or more equipment
signatures may be used to subtract from an acquired defect map. In this
regard, the eguipment signature may be removed from the defect map, thus
isolating the defect patterns present in the defect map. This correction allows
the system 100 to remove systematic esquipment signatures, improving the

overall defect data.

100551 All of the methods described herein may include storing results of ons
or more steps of the method embodiments in a storage medium. The results
may include any of the results described herein and may be stored in any
manmner known in the art. The storage medium may include any storage
medium described herein or any other suitable storage medium known in the
arf. After the results have been stored, the resulis can be accessed in the

storage medium and used by any of the method or system embodiments
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determ ning yield inpact of each pattern of interest utilizing process
yi el d dat a; nonitoring a frequency of occurrence of each of the
patterns wb 20rtasEst and the criticality of the pattern®CofUSem2oess3T in
order to identify one or nore process excursions of the device; and
determning a device risk Level by calculating a normalized pol ygon
frequency for the device utilizing a frequency of occurrence for each of
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the results may not necessarily persist indefinitely in the storage medium.

(00361 It is further contemplated that each of the embodiments of the method
described above may include any other step{s) of any other method(s}
described herein. In addition, each of the embodiments of the method
described above may be performed by any of the systems described herein.

100571 Those having skill in the art will recognize that the state of the art has
progressed {o the point where there is little distinction left between hardware
and software implementations of aspects of systems; the use of hardware or
software is generally (but not always, in that in certain contexts the choice
between hardware and software can become significant) a design choice
representing cost vs. efficiency tradeoffs. Those having skill in the art will
appreciate that there are various vehicles by which processes and/or systems
and/or other technologies described herein can be effected {e.g., hardware,
software, and/or firmware), and that the preferred vehicle will vary with the
context in which the processes and/or systems and/or other technologies are
deploved. For example, if an implementer determines that speed and accuracy
are paramount, the implementer may opt for a mainly hardware and/or
firmware vehicle; alternatively, if flexibility is paramount, the implementer
may opt for a mainly software implementation; or, yet again alternatively, the
implementer may opt for some combination of hardware, software, and/or
firmware. Hence, there are several possible vehicles by which the processes
and/or devices and/or other technologies described hersin may be effected,
none of which is inherently superior to the other in that any vehicle to be
utilized is a choice dependent upon the context in which the vehicle will be
deploved and the specific concerns {e.g., speed, flexibility, or predictability}

of the implementer, any of which may vary. Those skilled in the art will
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4. The nmethod of claim1l, wherein the receiving one or nore inspection
results conprises: receiving one or nore inspection results froma

I nspect i onOxyetE@mM125. The net hod of claim4, wherein thecCTrrisp@erssn’ syst em
conprises: at |least one of a dark field inspection systemor a bright field
I nspection system 6. The nethod of claim1l, wherein the nonitoring a
frequency of occurrence of each of the patterns of interest and the

criticality of t atterns _of interest .in order to identify one ar nore

ot ocese EPaREEoGab; ST qaShe® o Shprmisettafions yuf kol R elbul o
chart copbiigunedribaaetaulae, dtahid fid actiplvapef ects to expected defects
as a function of pattern type. 7. The nethod of claim1l, wherein the

moni toring a frequenqﬁ of occurrence of each of the patterns of interest
and t he BYB§I chneseyskofied fe thaererild recogniretest itiip coryeen vgthiadhei 3y one or

or e profcesd%s%ﬁé”(%é\}?@?s %Edt/&e p‘iis&’és%& %ﬂnﬁ{é $5shion set forth herein, and
thereafter use engineering practices to integrate such described devices and/or
processes into data processing systems. That is, at least a portion of the
devices and/or processes described herein can be integrated into a data
processing system via a reasonable amount of experimentation. Those having
skill in the art will recognize that a typical data processing system generally
includes one or more of a system unit housing, a video display device, a
memory such as volatile and non-volatile memory, processors such as
microprocessors and digital signal processors, computational entities such as
operating systems, drivers, graphical user interfaces, and applications
programs, one or more interaction devices, such as a touch pad or screen,
and/or control systems including feedback loops and control motors {e.g.,
feedback for sensing position and/or velocity; control motors for moving
and/or adjusting components and/or quantities). A typical data processing
system may be implemented utilizing any suitable commercially available
components, such as those typically found in data computing/communication

and/or network computing/communication systems.

100591 The herein described subject matter sometimes illustrates different
components contained within, or connected with, different other components.
it is to be understood that such depicted architectures are merely exemplary,
and that in fact many other architectures can be implemented which achieve
the same functionality. In a conceptual sense, any arrangement of components
to achieve the same functionality is effectively “associated” such that the
desired functionality is achieved. Hence, any two components herein
combinad to achieve a particular functionality can be seen as "associated with”
gsach other such that the desired functionality is achieved, irrespective of

architectures or intermedial components. Likewise, any two componentis so
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performng a statistical process control routine to the plurality of PAs
in order to identify one or nore process excursions, the one or nore
process ewounwyup®E2di spl ayi ng a defect density above a predst@rm2ised def ect
density. 8. The nethod of claim1" wherein the critical polygons of the
design data are defined utilizing at | east one of a design rule checking
process, a failure analysis process, or a sinmulation process. 9. The

thod of claim1, furth ising. . | di f eedback t
It er f ac®SABRIES SHFER: Poe BNeH RodBinenBBE ALY IORCGRe oith CRer0l"
recommendaghiagt | @9 dehafictd oen@het it dekpem ARdtohsk), Y@ d e

devi ce. . The nmethod of claim9, wherein the recommended action

conpri sesemponsttancizdily opthiaimg iy aasaiédliegn Chn Bpdebe t veredues BENE
def eCtS"'Operably couplable”, to each other to achieve the desired functionality.
Specific examples of operably couplable include but are not limited to
physically mateable and/or physically interacting components and/or wirelessly
interactable and/or wirelessly interacting components and/or logically

interacting and/or logically interactable components.

(00601 While particular aspects of the present subject matter described herein
have been shown and described, it will be apparent to those skilled in the art
that, based upon the teachings herein, changes and modifications may be made
without departing from the subject matter described herein and its broader
aspects and, therefore, the appended claims are to encompass within their
scope all such changes and modifications as are within the true spirit and scope

of the subject matter described herein.

(00611 Furthermore, it is to be understood that the invention is defined by the
appended claims. it will be understood by those within the art that, in
general, terms used herein, and especially in the appended claims {e.g., bodies
of the appended claims} are generally intended as “open” terms (e.¢., the
term “including” should be interpreted as “including but not limited to,” the
term “having” should be interpreted as “having at least,” the term “includes”
should be interpreted as “includes but s not limited to,” etc.). It will be
further understood by those within the art that if a specific number of an
introduced claim recitation is intended, such an intent will be explicitly recited
in the claim, and in the absence of such recitation no such intent is present,
For example, as an aid to understanding, the following appended claims may
contain usage of the introductory phrases "at least one” and "one or more” to
introduce claim recitations. However, the use of such phrases should not be
construed to imply that the introduction of a claim recitation by the indefinite

articles "a" or "an” limits any particular claim containing such introduced claim
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11. The method of claim9, wherein the recommended action conpri ses:

substantially optim zing a process specification. WO

2012/ 1159 0RCID/1WSA012/ 025827 12. A nethod for provi di ngcCayusanizo23sanpl i ng

utilizing critical defects, conprising: identifying a plurality of critical

pattern types on a wafer;
recitation fo inventions containing only one such recitation, even when the
same claim includes the introductory phrases "one or more” or "at least one”
and indefinite articles such as "a" or "an” (e.g., “a” and/or “an” should typically
be interpreted to mean “at least one” or “one or more”); the same holds true
for the use of definite articles used to introduce claim recitations. In addition,
even if a specific number of an introduced claim recitation is explicitly recited,
those skilled in the art will recognize that such recitation should typically be
interpreted to mean at least the recited number {e.g., the bare recitation of
"two recitations,” without other maodifiers, typically means at least two
recitations, or two or more recitations). Furthermore, in those instances
where a convention analogous to “at least one of A, B, and (, etc.” is used, in
general such a construction is intended in the sense one having skill in the art
would understand the convention {e.g., © a system having at least one of A, B,
and C” would include but not be limited to systems that have A alone, B alone,
C alone, A and B together, A and C together, B and C together, and/or A, B,
and C together, etc.). In those instances where a convention analogous to “at
least one of A, B, or C, etc.” is used, in general such a construction is intended
in the sense one having skill in the art would understand the convention {e.g.,
“ a system having at least one of A, B, or " would include but not be limited
to systems that have A alone, B alone, € alone, A and B together, A and C
together, B and C together, and/or A, B, and C together, etc.). It will be
further understood by those within the art that virtually any disjunctive word
and/or phrase presenting two or more alternative terms, whether in the
description, claims, or drawings, should be understood to contemplate the
possibilities of including one of the terms, either of the terms, or both terms.
For example, the phrase “A or B” will be understood to include the possibilities

of “A” or “B” or “A and B.”

(0062} Although particular embodiments of this invention have been
illustrated, it is apparent that various modifications and embodiments of the

invention may be made by those skilled in the art without departing from the
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determning a device risk level utilizing a calculated risk |evel and
frequency of occurrence for each of the identified critical pattern types;

i denti fyiwgQ2oré116412nore rel evant excursions of the devi ®€T/US2012/025827

determ ning dynam ¢ wafer selection in response to the identification of
one or nore device excursions; and dynam cally sanpling at |east sone of
the identified critical pattern types. 13. The nethod of claim 12, wherein
t he dynani cal |

types comsirsatd ot ot IR pRRE S B AR ke Acr P el JhetPReL Jpdbebased

on a frefNeAayn QhoQBIW [HBRER] &MY 1 Gkl b hpperRfecencref the critical

pattern types.
(00631 It is believed that the present disclosure and many of its attendant
advantages will be understood by the foregoing description, and it will be
apparent that various changes may be made in the form, construction and
arrangement of the components without departing from the disclosed subject
matter or without sacrificing all of its material advantages. The form
described is merely explanatory, and it is the intention of the following claims

to encompass and include such changes.
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14. The

of the identified critical pattern types conprises; dynam cal | y
i nspecti ngoavidasdk sone of the identified critical

I nspection tool. 15. A method for providing risk assessnent or yield

met hod of claim 12, wherein the dynamcally sanpling at |east sone

pat PETUSRYIPMSS8ABI Ng an

correlation in a nenory device, conprising: defining a plurality of
regi ons based on one or nore functional areas of a device utilizing design
dat a; .perforning one or nore inspection processes on the one or nore
def i ned %@@FSﬁ%ﬁ”ﬂﬁ'

1. A method for design based assessment of a device, comprising:

defining a plurality of patterns of interest utilizing design data of the
device;

generaling a design based classification database, the design based
classification database including design data associated with each of the
patterns of interest;

receiving one or more inspection resulis;

comparing the one or more inspection resulis to each of the plurality of
patterns of interest in order to identify an occurrence of at least one of the
patterns of interest in the inspection results;

determining yield impact of each pattern of interest utilizing process
yield data;

monitoring a frequency of occurrence of each of the patterns of interest
and the c¢riticality of the patterns of interest in order to identify one or more
process excursions of the device; and

determining a device risk level by calculating a normalized polygon
frequency for the device utilizing a frequency of occurrence for each of the
critical polygons and a criticality for each of the critical polygons, the critical

polygons defined utilizing design data of the device.

2. The method of claim 1, wherein the plurality of patterns of interest are
generated utilizing at least one of a failure analysis process, a design rule
checking process, an optical rule checking process, or a process window

gualification method.

3. The method of claim 1, wherein the process yield data comprises:

end-of-line process vield data.
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I dentifying one or nore dies of the one or nore defined regions falling
bel ow a predetermned control limt utilizing inspection data fromthe one
or nore iwepertiism2processes; and i dentifyi ng re@Cons2012p23827 ng
yield |l oss by conparing the one or nore dies failing below the
predetermned control limt to intine data for each of the regions. 16.
The nethod of claim 15, wherein the one or nore functional areas of the

S tumaack M pnap af s ne BB 0RO AN A P B R B S
The net h@&n?;gsgzai m 15, wherein the one or o e inspection processes

conprise: at |east one of dark field inspection or bright field inspection.
receiving one or more inspection results from a inspection system.

5. The method of claim 4, wherein the inspection system comprises:
at least one of a dark field inspection system or a bright field inspection

system,.

6. The method of claim 1, wherein the monitoring a frequency of occurrence of

each of the patterns of interest and the criticality of the patterns of interest in

order to identify one or more process excursions of the device comprises:
generating a Pareto chart configured to determine a ratio of actual

defects to expected defects as a function of pattern type.

7. The method of claim 1, wherein the monitoring a frequency of occurrence of
gach of the patterns of interest and the criticality of the patterns of interest in
order to identify one or more process excursions of the device comprises:
performing a statistical process control routine to the plurality of POls in
grder to identify one or more process excursions, the one or more process

excursions displaying a defect density above a predetermined defect density.

8. The method of claim 1, wherein the critical polygons of the design data are
defined utilizing at least one of a design rule checking process, a failure

analysis process, or a simulation process.

9. The method of claim 1, further comprising:
providing feedback to a user interface device indicative of a
recommended action, wherein the recommended action is a function of the

determined risk level for the device.

29



WO 2012/ 115912PCT/ US2012/ 025827 18. A nethod for nonitoring device
processi ng using spatial analysis, conprising: nonitoring a process
vari at i orwei2greatis®ie by i nspecting one or nore devi ces b@CRasn010/02580T NOr e
process steps; associating one or nore patterns of interest of the
one or nore devices with a nonitored process variation using a design based
classification process; and

10. The method of claim 9, wherein the recommended action comprises:

substantially optimizing a design in order to reduce DFM defects.

11. The method of claim 9, wherein the recommended action comprises:

substantially optimizing a process specification.
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I dentifying one or nore equi pnent signatures using the one or nore
associ ated patterns of interest. 19. The nethod of claim 18, further
conpri si MyO 2012/115912subtracting the identified one or nDPETASR0IRMRISLT
signatures froma defect nmap of the device.

12. A method for providing dynamic sampling utilizing critical defects,
comprising:

identifying a plurality of critical patiern types on a wafer;

determining a device risk level utilizing a calculated risk level and
frequency of occurrence for each of the identified critical pattern types;

identifying one or more relevant excursions of the device;

determining dynamic wafer selection in response {o the identification of
one or more device excursions; and

dynamically sampling at least some of the identified critical pattern

types.

13. The method of claim 12, wherein the dynamically sampling at least some
of the identified critical pattern types comprises:
sampling some of the critical pattern types based on a frequency of

occurrence and a criticality of each of the critical pattern types.

14. The method of claim 12, wherein the dynamically sampling at least some
of the identified critical pattern types comprises:
dynamically inspecting at least some of the identified critical pattern

types using an inspection tool.

31



WO 2012/115912 PCT/US2012/025827

15. A method for providing risk assessment or yield correlation in a3 memory
device, comprising:

defining a plurality of regions based on one or more functional areas of a
device utilizing design data;

performing one or more inspection processes on the one or more defined
regions;

identifying one or more dies of the one or more defined regions falling
below a predetermined control limit utilizing inspection data from the one or
more inspection processes; and

identifying regions impacting vield loss by comparing the one or more
dies falling below the predetermined control limit to inline data for each of the

regions.

16. The method of claim 15, wherein the one or more functional areas of the
device comprise:
at least one of a main area of the device, a redundant memory area of

the device, or a dummy area of the device.
17. The method of claim 15, wherein the one or more inspection processes

CoOMmprise:

at least one of dark field inspection or bright field inspection.
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18. A method for monitoring device processing using spatial analysis,
comprising:

monitoring & process variation signature by inspecting one or more
devices between one or more process steps;

associating one or more patterns of interest of the one or more devices
with a monitored process variation using a design based classification process;

and
identifying one or more eguipment signatures using the one or more

associated patterns of interest.
19. The method of claim 18, further comprising:

subtracting the identified one or more equipment signatures from a

defect map of the device.
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