------------ METHOD AND SYSTEM FOR MONI TORI NG | C PROCESS BACKGROUND COF THE
| NVENTI ON [ 0001] The present invention is directed to integrated circuit
(I1C) fabrication. More 5 particularly, the invention provides a nethod and
systemfor examning I C process uniformty. Merely by way of exanple, the
i nvention has been applied to inline nonitoring. But it would be

recogni zed that the invention has a nuch broader range of applicability.

[ 0002] Integrate i ' )er ' i_ncreasingl _
chal | engi ng as f&%ﬁﬁﬁﬁﬁi@gﬁfﬁmyﬁg &ﬁiﬁﬁi%%ﬁﬂﬁﬁfﬁal@dﬁ&. ons and
i ncreasi ng wafer sizes are nmaking the 10 mai ntenance of process uniformty
t hroughout the wafer inportant but difficult to attain. Process w ndows
are rapidly narrowi-ng i n advBACEGRGUND OFETHE ASVENTION and process

vari ations @@@Hh?ﬁ%en as jnad,egua .e tinme is spent to perfect the process
due to the ont &€ PIRYSRLIBYeIliog s difegied fo intperatedcirgwit (IChfibrieatien. Mere t he

| at est  techpaliaity, (RHOFhtisk Ho6RSs ¥akhad LANyAEN fHEY ﬁﬁﬁglkfsp?ﬁéeés I n
different for ._Spat%ﬁ?l variati on across t_ﬁe 15 wafer Tresults from
equi prent  ofsFBitE sMepgl sy RwAkaample, the invertiondws beeniapplicdyaiinling inonitoringy  be

S o e A S L S T
control, s S thiali j ' cted after. gne, process d before
t he ot her %h%nc%%%@égaﬁﬁ@g%ﬁs%gﬂ%ﬁmi oy yﬁ?‘@%’é@%?‘? e‘ﬂ%rei n
progress arsizes bétione toogheinkt Slnmkmgrﬂﬁmeﬁem_s h?f-t-llfiaﬂeﬁ[@ Wafbﬂitige@ erefiﬂitkiﬂthe of the
process;, one, . st.an ne yariations. acros ] et ween

B 71 or o1t * MinBeaRR. bEoREE DS ISIHaY  vRln e s iTieel odtimns w ¢ hi n
the di e. Thiodscwaidows afe ragidly@atrowing $P&Ivhncelwialr nablifctdiify, andprabiseh dies to
attont 1 on PBRGR oF BRRRT g Ba I BB Gheee: BeproBes PG AP PrRe
attention to T, ' ROUHKer eas
maki ng t 00 pressye DERighkrarenpeseialp piek e tdatdd tahedbgyect i on and processing
unnecessarily tedious. Sometines, test structures can be |ocated on the

scribe |inqogosyl tPReassOfdhiRfioPaR mdBbN sl R dEHRGhH SoBl ga}!{l %&leign %;g@ss WS tO

i nspect_._ [0004] Some conventional inspection protoco I nvo re waf er
anal y sile fd’rafgrr%gggomplpment or process disturbances or limitations. These variations may be

further amplified by patterning differences within the die. There are multiple ways of

measuring the wafer characteristics to achieve process control, such as inline monitoring

conducted after one process and before the other commences, in-situ operation while
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10 qualification and to nake sure that there is no particle problem This
Is often necessary at first to ensure that the process tool is operating
properly and does not act as a source of yield- killing particles. This is
usual ly foll owed by optical inspection of the processed and patterned
~wafers, and then foll owed by c-beaminspection. Wafer-level variation is

often char y pat.i al frequency trends .that are caused by
“equi pnent o@g%eg%héﬁﬁ g%%%&“?ﬁ%@%? ?%’ﬁaqoﬂnfrt ‘E%if:rotﬂ‘s“.am[t% fe apfrobstibi)| e,
di el ectri c moais,iose aeadnioundpetad the Rarididhs dcfosa HmieBbR@ERdi fBRAL 10Q hndbA!
damascene pracessi n@ﬁas wel | “2?3?0]: sybtractive etch processing. Wth

advanced sEeotidh ATV R thergder @ meh 2 wilindherdis, Thariscision pf whese ksigsmeetr  hi gh

aspect rat i Wittih BHoQkddrSvhiclEdis to iseth Atthe AR Rlon¥ it SR §SyulicBs damascene,
has becgme ilncreasi ngl y. chal | e_n%}{ng due to 20 its small critica
di mensi ons. PIAREEASHAReTG9R dhdetaik Naking tge fanmptsheeaments maz bt inadelfuate whereas hol es

and non- uni i 66 Gl theai Gl e miOE B8 bolcoti P AR G onflEbaES 11 the

contact etch process may render integrated circulits | nope
t her ef ore &8Iy SemetiRes, Igshsimewres camheddeates dyghe soibe bid and thaywifiiet areed and

opt i m zed LAuRARYdEcide SRR kihe i AgLNEr example, a via i ncl udes a
snal | ow

trench, such as one used for ench i'sol ation. 25 [0006] Before

a- beam i ns e} . Wi dely used,.conventi opal - SEM t echnol ogy
coul d pr ovﬁg@t“!:r i%to ?%%?Wcﬁn Hngl{nag}n(s)%ecg?ly lgrﬂtéaﬂ%}ngo VSEH%’VFE%QD"S#'%%WW‘E%@O%I e
bot t om1But qualificatioredudito nmaké sute thatthete Bxafo PagichaproBlom! Thid g (ﬁ%%ﬁ%%ﬁe’sé&%/ at

it was able to

el ectri cal racterd stics of the contact hqgle. |f

di sti ngui sﬁﬁ%g? S0 dﬁ% m%?ﬁﬁfofr’}dﬂ%l?ﬁf"’é‘flg REperp el doetint aghas gpource ¢fgrield-

di sti ncti okillisgpafidies) Thixdie uivally foliowbd by ¥ftich inyRetonQRaR pfocegbd A | i ty. As
anot her exanple,. 3 soaglg def eft i nspection tools based on scanning el ectron
m croscopy P?%i‘—jkﬁd‘% brs1 a0 g iptloved by gibsum dnsapction o Wakesilevgl yeirkion inafien been

used for deh@sdtérgd ﬂ?icﬁﬁ&p’iﬁﬁlﬁéﬂu@@%ﬂ&ﬁ@ﬁﬁﬁgm iRl aféquﬁﬁfk/ne)&es%{;thﬁgm  es. But

" the Iir{itation‘of these tools is that while they can help In

det ect itdn SPergfandiEpifafientont act and/ or via hol es, they are not able to
provide any information. about the etching variation or uniformty across a
waf er. As ShnBetrzempleatipleetric EBh Baopé optretitmibhtigyn inkgralipethfatusl mi | ar

principle. dérﬂast:é]ﬁg#&'e PR W RGE 0P, el ron beag.j nguced substrate
current is used tO estl e e the rgélgfgyulgg?t‘éﬁé{?%%sglgg'awl@ﬁ V5% om of cont act
or via hopagicorduetor menERhgugechbacdyn tleatph pracesd fowhighnabpba satiolsatibta® on
nmodi fied sybstrate Sil b.con-on-insuyl ator. (SOD, . th are becom ng
popul ar du _e'Q't’ 3 rﬁfe%}(ﬁ {2} \}%ﬁtﬁ%sglg éluil %amascene, aslll)ecome méreasmgly chgﬁenglng due ;o

: 20 its small critical dimensions. The common problems include unopened contact and/or via

holes and non-uniform etching across the whole wafer. For example, defects in the contact

etch process may render integrated circuits inoperative, and therefore etch process parameters

need to be controlled, monitored and optimized to ensure a good yield. As another example,

a yia includes a trench, such as one used for shallow trench isolation.

| 25 [0006] Before e-beam inspection became more widely used, conventional CD-SEM
technology could provide critical dimension of the hole top verses that of the hole bottom but
this metric often could not reveal anything about the electrical characteristics of the contact
hole. Ifit was able to distinguish between normal and under-etched conditions at all, the
distinction was often made indirectly, with questionable reliability. As another example,
30 some defect inspection tools based on scanning electron microscopy (SEM) coupled with
computational processing power have been used for detecting defects such as unopened

contact and/or via holes. But the liﬁ_litation of these tools is that while they can help in the
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[ 0007] The sane issues that are seen with nonitoring etch uniformty are
often present in wafers after any other unit operation during IC
manuf act uri ng. Anot her exanpl e would be chenical nmechanical polishing
(CVWP). In fact, narrow process w ndows and | arge wafer sizes have given
raise to process variations in nunerous integrated circuit fabrication
processes such as etch, deposition, CWP, and el ectrochem cal plating (ECP).
[ 0008] Hencditdctior &f defegiile)tofleS bfididd véa Hidles! Y &Y BotlaBle hdpravias afyanifoffatiohor i ng | C
process unifﬁ{}git . BRI.LEF SUMVARY. OF THE | Eél\l‘l’l ON 0003\%i Eﬁogi ments of
the present¥PPRAH TR VaHaion;oF WEOFRIY 3rqh BGIFhSd AP O FaTRIe) B-PLBF i cat i on.
-:c\/bre parti qgﬂdlﬁbngCyhﬁmfﬂsﬁﬁ[l{r ﬂﬁ&plé.hﬁﬂléNEB%Péﬂeg&hﬁﬂ@gyL ga:n@naaﬁrhﬁl ' duoﬁgdd_system
or examni rocess, uniformty.. Mere y of exanpl e, .enbodi nents
of the i nveHpstEHe %@%@%Weé‘ﬁmt?@a¥qs@u?ﬁvql<ﬁ@3ﬁﬁﬁ%¥’mr§?° %52 woul d be
recogni zed Hoa!Bithie EBlwéﬁé feSnoldgpisdlow Bad RadrSA&RY onBRBRedRbbsaipd ducily | 1 ty.
[0010] In accordance with a first aspect of thgﬁﬁr,esent I nvention, there is

provi ded a SHeersRinspigior AT that e beyopimsperdansye fodhe 3dyantagss net hod
conprising: selecting a plurality of sanple regions, the plurality of
sanpl e regil@¥Y]i Rbe sraieAwues thit are s¢entnjthapongpringeichamiforanty greodion BEsRLBE t he

plurality Glaf§aaR 8ny &BHr OB opeltiibl irRg 1€ mahfAShriRNRnGherlek@ngl Wo@libéy of
processed features, "‘each of . the El urality of processed features resulting

from at | esbemigalanschsrgabpalishipg (MR Ifactismawirergssavindawang fase wifere| ect r on

M Cr 0SCOPE siBPRINE pRET R & el Jaialid8 iPhuhebus inteite SARTH BLAGMLANS
respectively; procesmqrgﬁg I'nformati on associated with the plurality of
el ectron niPEQeESELYE assirligispositipns MB; andispcoohemicl plating Gy of grayscal e

val ues for [0008] PHetcalthid NghDf deSindbR] 16 iR AR Iniqh@THeRdTiRMCIHAsed on at | east
I nformati on assqciated wth the plurality of electron mcroscope inages,

each of t h&nHQrEdy. plurality of grayscal e val ues being associated with the
at |east one of the plurality of processed features; processing

i nformati on associated wt I r rali rayscal e val ues;

det er m ni ng whet her the at%ggpwgkﬁpﬁ@m&ﬁess I s uniform based
onI at- | gafoo'ppf@mﬁaﬁxhaﬁs SIBOSERbEAventiblart BgectddtSintdplatbdalrbdi(10f grayscal e
val ues.

011, | n accordance, wi,th a second aspect of th resen
i nvent i on, fPAgAHen; Morspatfirian ,sznb%fpm%ofﬁbﬁm%m%w}%maﬁ?ﬁ@ﬁéw %Oér mty,
t he met hodeg@iihing BT process @liRehit) Bletelpbyivay dilcxarfiple, ebdbfil@nts 60thOmSentivhe

luralit f sanpl e.regions including. a rality of processed.features,
gac h Y Raveboer applied tg %n?ine mo&toring. Bu? it Womdli)e recogr%zed tha? the vention has 4

much broader range of applicability.

[0010] In accordance with a first aspect of the present invention, there is provided a method
for determining process uniformity, the method comprising: selecting a plurality of sample

- regions, the plurality of sample regions including a plurality of processed features, each of the
plurality of sample regions including at least one of the plurality of processed features, each of
the plurality of processed features resulting from at least one fabrication process; obtaining a

- plurality of electron microscope images associated with the plurality of sample regions

respectively; processing information associated with the plurality of electron microscope
images; determining a first plurality of grayscale values for the plurality of sample regions
respectively based on at least information associated with the plurality of electron microscope
images, each of the first plurality of grayscale values being associated with the at least one of
the plurality of processed features; processing information associated with the first plurality of
grayscale values; determining whether the at least one fabrication process is uniform based on

at least information associated with the first plurality of grayscale values.
| 3




of the plurality of sanple regions including at |east one of the plurality
of processed features, each of the plurality of processed features
resulting fromat |east one fabrication process; obtaining a plurality of
el ectron m croscope i mages associated with the plurality of sanple regions
respectively; processing information associated with the plurality of

el ectron mcroscope inages; determning a first plurality of grayscale

val ues. f or [00hE] [dhuacwdtdahoe with Secqkdaspetadittifesetspetionydbry iasddedn at | east

information associ.ated with the.plurality of electron, K mcroscape . nmges,
each of t hEERPS B IRPTPIE Pyt YPIHE et M somPRe, s SBE PR i ( h ¢ he
at . | east m@l@%%ibﬂkeﬂm?waﬁtﬁ cifyamﬂcf: pgioaemslading ep}huﬁ?'s)(gp@e?ﬁafdtefédm?, aac?i rst
contour map, pased,.on.at | east .information associa irs
oluralt oy BREREOUS R Bimploitos il g on R R B et BBl ¢ ¢ e
first cont eah oNthppludBiy ef plotdssed fashedshesnlting Gomtat leaesdsie fabirizatiaprocest | on process
is uni form,hased on l.east i nformat.ion assaciated wth .the first contour
oo, T 00127 4 Ao R BT L Beop et RS dogrts] Vi BREULHE SR nt | on.
‘there is pregivhghesheativelysprecessidginfodtaition agsucimel pittlohe plaratityiof elesdohy, the system
conprising;.an electron mcr.osc S e confi gur o obtain a plurality
of ol ect r oWpERsBtEsE tringale s BB R PG e At oS L sl
regi ons r espend iesfettvelyttasdphut lnhst inforoftispaspicatadedihahsplusatitywdelagroa pl ural ity
of processed features, ea f the plyrality of sanple regions . including
ot Dot oRErsp TR sttt By b, of il e B oSt PR 46 Lral Pty
of pr ocesskskt bieatf thegduralitg ofl procagped featareat gehaativiy adine corft@ib rap Bidsedon glagess; a
processi ng. system confi gur.e 0: .process infornation associated with the
Dl orats 0y B ERs R be bR RS ST BB R e BRRER BB ¢y of
g [ alys C a![- e as?dcimtvfithnhe ﬁfste:optbumfpi; _ﬂ?ter:]m\fnim@mdﬂﬁr mle_giit Im&}ne étlﬂaﬁe?toh pekgss based on
at |least informtion associ.ated w .he rali of el ectron m croscope
i mages, ealéklfmg?mtbﬁseeg f P?té%asgplﬁfﬁfnéﬂoflﬁssfﬂ?lgﬁc}g@%@’g%&%% Vet Wei ng associ ated
with the a st one, of the plurality of processed features; process
' or mat i ol 2L Sharietea i Drispt el ) s e AVLRERE S s,

det er m ne \fhedeh@minitpepradess @@BImi0N the shabricoprihip: pf CI6Q@SA niiGrostdpd YEtembased on
oS o0 R0 Ao A 1 S BLUL AL O Y5 ©
i nvention, suhgle egloas RERvinadBtha plusalist eMmmhple répédng intluding @ phirdResSprovessedr m ty,
e oY=t e Eaupr Lo Mo S0 FheL LS. L.t 0oebe, Aol S SANTL e Lo optarT
sanpl e r egipeiesssecemast,iedd of thetpheralfty uf froédsyed Banfeduling E@inoa feabtidab udi Ng a
plurality fabrication process; a processing system configured to: process information associated with
| the plurality of electron microscope images; determine a first plurality of grayscale values for

the plurality of sample regions respectively based on at least information associated with the

plurality of electron microscope images, each of the first plurality of grayscale values being

associated with the at least one of the plurality of processed features; process information

associated with the first plurality of grayscale values; determine whether the at least one

- fabrication process is uniform based on at least information associated with the first plurality
of grayscale values.




of processed features, each of the plurality of sanple regions including at
| east one of the plurality of processed features, each of the plurality of
processed features resulting fromat |east one fabrication process; a
processi ng system configured to: process information associated with the
plurality of electron mcroscope imges; determne a first plurality of
grayscal e values for the plurality of sanple regions respectively based on
at least information associated with the plurality of electron m croscope

I mages, ea t ' ¢QM} bei soci at ed
with the af[bqlgilstmgcﬁé}d%?& tvﬁ{y% ura%éP %E/o%t?é%g%g@%‘%gg&i’gﬁe drpglfso?lqag%nerate a
first cont estermiy doleseidingpracessluaifatmifynfhe systn ommpsegciadetionimidioscore i r st
plurality . X 0 | Nf. ' ssoci at ith the
first contg ?“%%%?ﬁﬁgég?%?%ggfﬁﬁﬁﬁﬁggE?H@n%%%gggé%&ﬁﬁgﬁ‘gfﬁﬁgg?ﬁ%n process
i s uni f or mpbedéylofmamplke régias respaftioelprbd oralitg 96 eueiphet regionsi indiudidps fluraléty cont our
map. [0014] Man nefits are. achi eved b of iﬁ%b di nents _of.the present
i nvention 6)\t;grr° Céé%egﬁ?/agﬁ?sf %aﬁg %1% ‘Hﬁaﬁéuoggdé\%%gl &% Vogl?g%oeﬁ%t Olel?'r%%  ments of
-t he presentpluralitesfipraasspd foutucke, cach afetid pho#ltyiof woceysad fatun® asultingiaerh annd
inspectionltqphnggue.to accqratel%.nnnitornﬁnd visualiﬁf o%ocessing

condi ti ons €T LETHEPE BIPRTSE? PEICe Mg SHY O P G Lo PR SR P 8sses within a
di e, W t hi assaciuwead @ith the plureieno ek @drsmist dsttipB intagh®) Ueteraiifl Dfirsidiirakgidf | ot S.
Certai n enbodi nent f th resent invention provide contour maps

epr esent | BEYRTEAE B ty iy Slrele e FPP&C%&&%&?‘&BH castipiagion

- grayscal e vabtiged % thp pREEEST et el icRScopa Mhgal EAth b the Gl A yReadityeofval ues.
These two-di nenlselvog%lﬁ cont our ps can serve as reliable Indicators of

overal | pr SH¥&E fesOcRter 548 tept leayt prefernliralify of Rpcesiet eBESnaf er s.

Sone  enbodigpRiiSa ikt doRBuithASIREA onl 2B MBI it MatkinA¥dodRitel With o firSipRirality of
representation using sanple region inages as well as grayscal e values for

the proces&BPriEIRYrFeRossssInformatinnapeialed with thedire genipnr anap; ¢pierping g

repr esent atghefer Ak Jeabtdtaic EBFRAMRE pFRB: QUnifBinPhRedifht & thinaabpws waf er

| evel variations., Certain enbodinments of the present invention use sanple
regi ons wi B¥fpHated witlethe frseanéqurtae  process uniformity within a die or
designated sanple regions within a wafer to deternmine the process

uni f orm ty[%ltgﬁi Magy beatltls arcgehieved b vy nbembodistentsiod themessent invienfioaraveron enabl e

a . process c&ﬂ?ﬁtfb‘ﬁﬁrteéhﬂj g&d Fﬂ- e%bih]glg, s %E‘Qﬁﬁ(‘}(ﬁxafts 36 RERLSRRnRG! SoraRNCe
across the wafer, supported by statlistically quantitative neasures. For
exanpl e, astmiondficterayaderannasremeé arstingpedtion kyhmqusdaarcimtstioenionandahi ch may be
highly vol _Vﬁhﬁ%@ﬁo&e@sﬁ?ﬁbﬂhﬁoﬂ%ﬁcﬁ RNt A8tid il 5F prticular processes within

a die, within a wafer, between wafers within a Iot, and/or between lots. Certain embodiments

of the present invention provide contour maps representing average grayscale values for the

background, average grayscale values for processed features, and adjusted grayscale values.
These two-dimensional contour maps can serve as reliable indicators of overall process
conditions across an entire wafer and/or between wafers. Some embodiments of the present
invention provide quick visual representation using sample region images as well as
grayscale values for the processed features and the background. For example, the visual
representation takes the form of contour plots and clearly shows wafer level variations.
Certain embodiments of the present invention use sample regions within a die to determine
process uniformity within a die or designated sample regions within a wafer to determine the
process uniformity within a wafer. Some embodiments of the present invention enable a
process engineer to get a quick synopsis of the process performance across the wafer,
supported by statistically quantitative measures. For example, a lot of data can be generated
- by e-beam inspection, which may be highly voluminous to handle and thereby making its
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significance difficult to understand. Wth quick visualization and
conparative analysis of the data in a concise manner, appropriate process
corrections can be nmade in a tinmely nmanner. As another exanple, it is
inmportant to identify process equipnent lifetime issues and limtations as
soon as possi ble before a costly excursion takes place based on certain

cl ues that ficafi e r : [.anggg he

pr esent mv%%%{lcon pr%\g‘iﬂgﬂgug%n@?h g iﬂ tﬁgﬁhgﬁbﬁ or s ﬁ Q%ﬁe&fmﬂééf er
surface sucHtainacongise mHBRITCIRPIOPTialtRIowess eorreetipns @a@éoerrad@@ a:t@n HEPWEE &8 to
provide a Sdngﬁ@;ékraﬁ Eai?mcixfn 66 idniify %%@Jseéﬁi R TR TRNLSn@ limktAfmPT €Sent
i nvention provide a i nl'iné exam naton of ocess uniformty and all ows
t he conveni®§eon asdpasiblobeiee aaosﬁvsmumlﬁmt&capb% basedipageripingluss hat 88%p or a
uni t procesan&@@h b Hdasufe@idnd @er%H{%ﬂJoHﬁ%é o@ﬁwa)r@efmr%%hprmat' on

provi de an I cient inspection nethod for O-mm waf ers, "which hold two

and a hal f fflﬁth‘if%ﬂl@tﬁﬂo‘f“ﬁﬁ%@mph& the alsr pyifage Szdt)ﬁlﬁﬁﬁ%‘ﬁ@r(’fﬂsdﬁ’?éefémll ments of

the presentaldlymEid-RA tdieVidesish afﬁ?érﬁ%%fdtﬂ%tsdet ecting w thin-wafer
vari ations after conpl etl on of~ coppe For exanple, there nmay be

‘residue 'efé 191t§5m G e brdsif IS \H&é?ﬁlfﬂﬁ'{?exﬁﬁn%mo?er exanpl e,

t he f||||n ocess tor t & contact or Via holes I nproperly
execut ed aﬂ?dJCQELS upiferandtyland tllh@fséhe@omeajwnbeolﬁlwfﬂéé problem tmaemﬁaulanpmca$Sn g. The

oi di ng nma not i on
;/hlatI |g coﬁtg{lj é&g&??&;@&ﬂéﬁg poI| eﬁ‘lﬂ&iuﬂ ﬁﬁ%lﬁr@eﬁﬁhe us rB{ldé%]ﬁadeq:Jate
end poi nt aﬁicmtmmct@mwﬂmrf@réoom Waﬁm ‘athrfcle ldtwa 4nd ajhald Hinks the pumtes .
Certain BP&%%&IPJE@ lﬂﬁw&aﬁé‘r %nﬁ‘ese%%dﬁﬂa{&%?gfé Iéeg }ﬁvgl‘ﬁioﬁ lailupdbal ance

bet ween t hr oughput wifhie sanpl 1 ng cover age, uti1on. “For exanple, the
“coverage i h W@ﬂqevq@@tmeﬁﬂqgempbﬂortﬁ@omeeé}wsﬁmemplwtbm n one die

over the epf ng%SrlegﬁeI%ﬁ O&'»t%ﬂe%n ﬁ?@ﬂ@&a@iéé%ﬁﬂﬁ{éﬁ ?etth@ﬁ yen

resol uti on y reduce t put suc as neasure rrber of "wafers

i nspect ed amwsaéoréhegm@ﬂ qwauho&s oiight bmprmﬁﬁeleﬂmediﬁrmtase theteeropidesent
t de that
I nvention pg Q}ffagé’or &l Joidihd The%@%éh%?re&ﬁ?ﬁl&gg{éw&g?aeg@ node tha

is equal to or smaller than on a a pixel

si ze | ess Pﬁﬁl@nﬁ“mthﬂhﬁmpmltbf}tlmnﬁl@t@ddmﬂ1¢yﬂ§hehmpﬁﬁml§he$éaf ures and
advant ages Rlicdull® <R Fsifitetek M h?ﬁhs s, 5 AmBE CPEfn %Hsélme@aﬂese Lahgd with
{1 oh an acc

reference to t descr anyi n raw ngs that

fol | ow. BRpE@@Emmmemﬁnvm@mwmmmmﬁw@n @rwhmltsu mplified
met hod f.or ;omdnb Qe £id PEBRASS PO EABIET the c REREE fkRGked Rith the percentage

of the areas sampled within one die over the entire die area. But high percentage of sampling

at a given resolution may reduce throughput such as measured by the number of wafers
inspected during a given period of time. Some embodiments of the present invention provide
an efficient sampling technique for a design node that is equal to or smaller than the 0.13 um
on a 300-mm wafer with a pixel size less than 0.1 pm.

[0016] Various additionalembodiments, features and advantages of the present invention
can be more fully appreciated with reference to the detailed description and the
accompanying drawings that follow.

BRIEF DESCRIPTION OF THE DRAWINGS
[0017] Figure 1 is a simplified method for monitoring IC process uniformity according to

an embodiment of the present invention;




an enbodi rent of the present invention; 6 (0018] Figure 2 is a sinplified
di agram for sel ected sanple regions according to an enbodi nent of the
present invention; [0019] Figure 3 is a sinplified diagramfor SEM i nages
according to an enbodi nent of the present invention; 5 [0020] Figure 3 is
a sinplified diagramfor SEM i nmages according to an enbodi nent of the
present invention; [0021] Figure 4 is a sinplified diagram show ng

backgr ound [§PH8]s dpuse 3 & asbwplafind stiaticay farselected swipbakiegient acodrdingdo pr esent

i nvention; J“Q“Q’%ﬂe“]ﬁﬂ% resdéﬁ?ﬂq. Siof sinplified col or diagram show ng

background grayscal e val ues according to anot her enbodi nent of the

present iny ion. [0023] .Figure.5 is_a sioplified djagram show n

grayscal e \/@Wés %‘@Legfso%%ﬁglgﬂﬂﬁéaﬂw&sﬁg&ﬂgm fﬁ’@"rgﬁ‘g %“é?fﬁ}&ﬂﬂ‘i“?@%f’ffbﬁ t he
present i nyg&dehtiRventif®)24] Figure 5(a) is a sinplified color diagram show ng
grayscal e values for processed features according to another embodi nment of
2l USt od o1 ayat ol L e et M R SOM el il i GBI SAY1 1O
enmbodi nent pegseptiavestiensent i nvention; [0026] Figure 6(a) is a sinplified

col or di agram showi ng adj usted grayscal e values for processed features
accordi ng t{60Zjotigwe ¢ sacithplifiet didgran shoprissleok grovndgndyiseale vAle dddordmgrdr € 7
is a sinpl -iaLiee%oﬁ“{m%H{ efrtr[]hfor sarr‘EI E&%Ea waf er according to an enbodi nent 20
of the predeitoPRVERtS S PFOEF ANBEPBESCRI PTI ON OF THE | NVENTI ON [ 00281 The
present in tion.is directed to integrated circuit (1C fabrication. Mre
particul arl (?221] ht}lgur‘i‘?/ i g simplisied %?‘gagfé‘ﬁﬁwlaﬁﬁﬁcg% pyseale xallesni ng | C

proces3025 adetirdiag W dothe NpittimdaY ofBY pREereAERIR; the invention has been

applied to inline nonitoring. But it would be recognized that the
invention hagms rp,lé e HIs% i j Ly kgure 1 is a
sinplifi edlimet 2od or ﬁoﬁgﬁg}f{eﬁgg p%hgg’gisésgg %%{:41%%%‘1%3;& gtgcg‘lfsﬁff ?1%%{% an

embodi ment aefording taaneadndinientaf the wresentliniventidisagram i s merely an exanpl e,
whi ch should not unduly limt the scope of the clains. One of ordinary
skill in tHeo2d]t Fgud Hayieecigmplified coler diagram showing grayscale values for processed

features according to another embodiment of the present invention;

15 [0025] Figure 6 is a simplified diagram showing adjusted grayscale values for processed

features according to an embodiment of the present invention;

{0026} Figure 6(a)} is a simplified color diagram showing adjusted grayscéie values for

processed features according to another embodiment of the present invention;

-[0027] Figure 7 is a simplified diagram for sampling a wafer according to an. émbodiment

20  of'the present invention.

DETAILED DESCRIPTION OF THE INVENTION
[0028] The present invention is directed to integrated circuit (IC) fabrication. More
| particularly, the invention provides a method and system for examining IC process
25  uniformity. Merely by way of example, the invention has been applied to inline monitoring.

But it would be recognized that the invention has a much broader range of applicability.

© [0029] Figure 1 is a simplified method for monitoring IC process uniformity according to
an embodiment of the present invention. This diagram is merely an example, which should

- not unduly limit the scope of the claims. One of ordinary skill in the art would recognize




7 many variations, alternatives, and nodifications. A nethod 100 includes a
process 110 for selecting sanple regions, a process 120 for obtaining
i-mages of sanple regions, a process 130 for determ ni ng background
grayscal e val ues, a process 140 for determ ning grayscale values for
processed features, a process 150 for determ ning. process uniformty, and a
process 160 5 for, adju?ting ngﬁess_ araneters. Although the above has been-

shown usi ng™&SRPEAtER (Ginatys donss Armppthadh00reeldsg apoBesstii@fa can be
many al t er n@ldeN@SsampRAtibdsah bl}%@ésség@ﬁ)_r oﬂtgirningh‘rr]ig%& of Fa?ﬂé)lce QU 3pf the

processes may be expanded and/ or nmbi ne processes er% r(?)e_l nserted
to those nofeedetapiies bakgewd gigysade walutsea plobrsel 1 4ffot determéning grysmlberalugs

processes At i : " anot her exampl e, the.
0 pr ocessed PesrPaclinaRBRitat 1o) £ dahinl e bni OB BRoAGEbaf S TR
f eat ur e t hiat adivséing popess parametetsh dlihoughchenatioye histbeermnshioanivsing aFelectat grogs sed

features da. ' f aat t hat .have been . processed but are not of
i nt erest. Fouf:}?%cgérs dég?gl’lgplseﬁ%fi Li'p ﬁég%re 6%{’(%235‘&‘&%{%“ %W@%F‘Wg?ﬂﬁﬂt t he
present spearibticat Farexanple/some off detprasaisas iyy Bodxpimded QRBOr coAtbidele OffepC eSS
110, certain sanple regio are selected. Different sanple regions 15 may
be | ocat ed F'E-FHRTER Eﬁrg,at? oﬁei'?‘:'l&éf“(%’ﬂ‘fe' d?eggndﬂﬂg‘ipﬁgﬁéea‘?@‘\%?%,theand/or on
di fferent semfoRtesof piotesaemayiiomicfaiatged Wit oBRMERatA0ARRRthBEEflcARSAS
found at a rate higher than

where process-induced defects,  are frequentl

when t hé pr%‘&‘@_?g‘?gﬂﬁ‘?‘ﬁg]é’ﬁf‘mirsfeﬂ fodfps tﬁ’@“’ﬁ@ﬁﬁi‘l’q gre theyfeatarge thatare abirstionent |
the sanpl e thegiif Sétinlitdfion. STRAFTO QKSR $ealRSRR OPinbRESFARRS R nRbeed OPUST
tentative desig ignated test structures, or areas that have been

n, des .
associ at ed Dipeerredbuigraioy pf injerest. Jfurthss detpils of thesepracessanarn rund thyoughontthe each

sanpl e 1 egigpRehtSpLAlthli@HPMIndE pariGliMfiAslowever al separate sub-regions. For
exanpl e, each su%-region I ncl udes one or nore processed features of

ot ocessed U] AL B pFaBRPHS, oAb BRIt B 8 DA P Elreifigr am
for selléct etpydmigriated ireihe samse dic,do diffengpt dies @mth Sanendoacteli, amdior oaf différentpr esent
it the S Bole RARd Rl She ot Al s AT o Ao iporate iboec Bl
recogni ze rerfyequerlyifaindans ratebipier tizini wies thepistessudiibinead is opGatindSoshaWn i n
Fegi ons.ar - LR ke dun B s sebion piion Bpeitefidared P St of g ons
are al so sebbmstiatativedesdg) desighiard t@stifirespdrarca? 83t hdve be@XaRiTid wilkes sanpl e

20 high rate of failure. In yet another embodiment, each sample region is contiguous or includes

several separate sub-regions. For example, each sub-region includes one or more processed
features of interest. As another example, each sample region includes one or more processed

features of interest.

[0031] | Figure 2 is a simplified diagram for selected sample regions according to an

25 - embodiment of the present invention. This diagram is merely an example, which should not
unduly limit the scope of the claims, One of ordinary skill in the art would recognize many
variations, alternatives, and modifications. As shown in Figure 2, on a wafer 200 and within
a die 210, one or more specific regions are selected as one sample region 212. Similarly,
sample regions are also selected for other dies on the wafer 200. For example, the sample

30  regions have the same location with respect to their corresponding dies. As another example,
same and/or similar features are included in different sample regions, and these features are
the subject of examination on process uniformity. As another example, the sample regions -

are defined by a user who creates a recipe file and in this recipe file the location of the sites is

8




30 regions have the sane |ocation with respect to their correspondi ng dies.
As anot her exanple, sane and/or simlar.-features are included in different
sanpl e regions, and these features are the subject of exam nation on
process uniformty. As another exanple, the sanple regions are defined by
a user who creates a recipe file and in this recipe file the |ocation of
the sites is 8 defined. There are provisions for wafer map and al i gnnent
defi ni ti on dplingdhglherreare provisions for evafer map pudalesnsent defidition Apringtbe seipeess 120,
i mges of sappl e redioons are obtained with a scanning electron mcroscope
(SEM . For exaine, an SEM for inspecting sem conductor devices is used
with 5 a s te andi n er apd hjgh.resolution, The SEM i ncludes an
ol ect ron” g0 RehERLER 157 Tty B el Cuitore Stndt i fraup BErBis « nat
enabl e one hRr@epe(SEM).NEordgihpleldnFEM Bk i@tk 8@ibicomiusbagicesis\Weddoith he

wafer is statjoned, and a detector for inmmging..As another exanple, an SEM
as descri bétfeleﬁw@?@.dmﬁé’?%‘ﬁi’ apdfugh E’@?‘ﬂi%§§g§@§“§ﬁfﬂmﬁ@4@"§% be used

for imge GaRdittigOwatbk With Hadi6dkHon sy, d@t?{’&i't)(l?rg’ﬁrat 6RBR&AS 1Pk 8 HORHERIE

i ncorporated 10 by reference herein for a purposes. In yet another

exanpl e, t IfE elestienisngstagrangyhich the wafexbsistatignedeand sréetestnr forimpgion t Avanegher and
the averagi é&?xggiéomﬂi% deEMdITRUSS pALH NYs! b4 T66k05 Ond éﬂﬁ? Van be

t hr oughput . 331 I'n one enbodi nent, the SEM scans sone or all sanple
regi ons as uspblonimagercppfurieg. O.5. Ratent Nosné393234) 4606805 dnd 6BHH2 asdeweaed aved.

I n another | DBMei fl o] | f ' n - varied
but ar emli e pb?}P %ggns a mem¥l r(t)‘(;r}edgillp :uﬁJtogees' | n%elé g%xt%ef ¢ %nrt}p lg’qg%fta&gg%#ﬂ% étélg glex;égve en
whi ch. conyiaej the heanacwrenbusded, amd . avémgiye thoaernfon SEMeimagel aneall optiwsizaddo s
techni ques . are “%ed tg automatically identify the sanple regions for

I magi ng baded ©On p%‘thhglrlth recogni tion and autonated classification and

al i gnnent . 0341 Figure 3 is ' lified di ram for. SEM j nages.accordi n
to an enbodh%éit JIBPH?%‘JO%@ e Sk scans sorps o AL SeHD ragla@*raaﬁ#qvg%ﬁ@e%m an
exanpl e, Wy, il s drdil 30the SBNLHnAgS it $avbd) €in aB6@BEerodinat, BletidlBof WRE oD
ordinary skil] in the art uld recogni ze many variations, alternatives,
and. no Sfiéaﬂﬂ&sgwﬂie %ﬁ%?fﬂ#ﬁgjwa@?fqrﬁ@%ﬂwqgﬁwégwfsswfé@ﬁgﬂ% regi ons
in  vari oUsheflRs which BAphRndite B iIcC Id Pt Andth&cmbeMitdeRS PRRAL RenfnRS . For

exanple, the inmage for _the sanple reqi on 212 is placed into the die 210.
. These pasté’dewsﬁﬁgé@t%ﬂwﬁléﬂ}t&fy@ﬁéwlf priggions forimaging basadon pasisindi e to die

across t he uhehBoNalEluohRePinkiReliR%ARiGmegach sanpl e region

-{0034] Figure 3 is a simplified diagram for SEM images according to an embodiment of the
20  present invention. This diagram is merely an example, whicﬂ should not unduly limit the
scope of the claims. One of ordinary skill in the art would recognizé many variations,
alternatives, and modifications. As shown in Figure 3, the SEM images for sample regions in
various dies are pasted by software into their corresponding dies. For example, the image for
_ the sample region 212 is placed into the die 210. These pasted images pictorially show image
© 25 variations from die to die across the whole wafer. In another example, each sax-nple region
includes several sub-regions, and for each sub-region an image 1s captured. One or more of
these images that correspond to the same sample region are pasted into the die associated
with the sample region. In yet another example, a waveform representation of the processed
features in various dies is pasted into their corresponding dies. The waveform representation
30  can describe the signal strength verses position near the features of interest. In another
example, another method is used to visualize the process uniformity within a die, between

dies within a wafer, and/or between wafers.




i ncl udes several sub-regions, and for each sub-region an image is captured.
One or nore of these imges that correspond to the sane sanple region are
pasted into the die associated wth the sanple region. In yet another
exanpl e, a waveformrepresentation of the processed features in various
dies is pasted into their corresponding dies. The waveform representation
30 can descri be the signal strength verses position near the features of

interest. 1803Hot Akthe p@ﬁaﬂqﬁﬁ%,ba@mmégrwho@lubsmggwmm?am i zg/ t he

[ ) 1, L ' ' .thin a er. an r
Detneon var cre gy abitheeell s Y0 It Corfblte Foteel 850 B s
are det er m preeessedrfeatures a@rfb@@hﬂ@l}memgronmhﬁmgeWerm@mgﬂgﬁ@hﬁﬁ tvv]cc) :

bl C V. ne Locesse egjures an e other for

'he backgr oo Eahtiet AP e nARE e pRACHTAE APy he TeRERE LR act
and/ or \i a feathees of mtetlest, bet ﬂn&oingihlginctnian@(hbllcbﬁﬂmﬁiﬁ%ﬁt @@ra%g%aw s*chlteuﬁms&@ 5
f eat f.ipterest ut. _surroundi Lt. I n anot her enbodj nent, average
ar oy soal o B &E gy of bbbl e et i biray FgresEm R o
cal cul at ed. dikgrgtisBowing back@roghdgthystale dalush REHrdRE S AMMBIRARGK O RE pdsalf ayscal e

' ' ' f th t i ntion. This diagram
e orely  aivesiiinfu AR aREU  cremprutiyHonkiner vl ieatopedi.
cl ai ms. Oneh&éla@isdioniof ofilkiaty skilﬁn&l’il@ar%&ul&‘%h&ﬁiﬁﬁﬁ@%ﬁio‘ﬁ&Wwﬁﬁﬁt‘i\}e?,ténﬁnsz
“alternatives,, and 10 nodifications. As shown in Figure 4, the sanple region
212 hasi® paedirasent Arhse i eur &) the satpla mgion 2adhasadackanping gr:egi:ai? 222 has
a backgrou loRY hile Risi . g 9{}2 S e .
regi.ons, t@“rg ba%%alruggl\réld rg%g%:%%gz\l/lgoﬂ:’eagk%re %)}eg%grlﬁﬂﬁag%#}%olﬁ er pol ati ng
- fromthe baregégrrwﬁéfﬁzjh@ regiong, theis b@fﬁkgtd\ladmmabvabgélalmdetefﬁhieed by t

I nt | at i; [ =] allo to take into
:'a.gég[lg'? gal:l kg 8unggg?llgyscacgé}élg{a&g?ﬁugdsﬁee%mgg\gglf z%%x ]gsigfﬁgfoé’s '\rmg%f 18%59.0 é@ns hown

i n Figure 4ayntedinextos npoliatar,and genbe silaedao takeintaicrams bakgloud frayscarp
cxanpl a3 RAMEEUC ATNRER i A uRGUR Hie P uimeliln srreesfigrove.

Di fferent eohespnalowierasypohdwing baikigfonné piayscalkgaiicodcrgt &y Seattr@ovakiies. I
vaues aceroife Rl de heReSudim Rt B Fupieutud it stor doeHEGRoTTh <

di agram i s comespbnd tardifforantpdnges offgragbeathatilesl PighreW() W Asitplfidd ol dagriBe Of

the clains., One of .ordinar kill in the art ul d recogni ze many
vari ati ons STFE PickBioyaL Brayedle vifies rardipg fanother cmbodument of fhe preseat

20  invention. This diagram is merely an example, which should not unduly limit the scope of
the claims. One of ordinary skill in the art would recognize many variations, alternatives, and

modifications.

[0036] At the process 140, grayscale values for processed features are determined. In one
embodiment, each measured SEM image displays two measurable grayscale values, one for
25 processed features and the other for the background. For example, the processed features
includes contact and/or via holes, and the background includes the regions without the
features of intérest. In another embodiment, average gray scale numbers for the processed
features of each measured SEM image are calculated. Figure 5 is a simplified diagrarh
showing grayscale values for processed features according to an embodiment of the present
~ 30 - invention. This diagram is merely an example, which should not unduly limit the scope of
the claims. One of ordinary skill in the art would recognize many variations, alternatives, and
modifications. As shown in Figure 5, the sample region 212 has a grayscale value of 76, and

the sample region 222 has a grayscale value of 74. For regions outside the sample regions,
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[ 0036] At the process 140, grayscale values for processed features are
determ ned. I n one enbodinent, each neasured SEM i mage di splays two
measur abl e grayscal e val ues, one for 25 processed features and the other
for the background. For exanple, the processed features includes contact
and/or via holes, and the background includes the regions wthout the
features of interest. |In another enbodi nent, average gray scal e nunbers for
t he procesdbslr grpyssile valyesgre delpsmined by integolating fromdes grrwcdavdusatfée. Figure 5
is a sinpligd y=Tolg mw i for, progessed features
accordi ng tsgﬁgﬁr%nﬁgd?fr%wt of t élg'{ rezglg%r%ééglillﬁg%ﬁ‘ti&gﬁ% 4 |C§I%8|a%c§|u§tm IS
merely an drekgpivad gwiysaale whesibiseronl samglel rygibasriAs shbven #cFigere 6f thet he cl ai ns.

One of ordi; ' ' e art woul.d recognjze. many variatigns,

al ternati vé@%élﬁg&#ﬁl&{a%f%g‘ﬁ% enst nﬂ&?@?ﬁﬁlﬁ%ﬁhﬁ”ﬂﬁ@&ﬁ?w&&%%ﬁ% regi on
212 hassja grapsedicatunalatrossahe Wofer 200 TheheaysediPmep siRGisthe dRdenR@s bawdémyscal e
val ue of 74, For regions outside the sanmple regiaons, 10 their grayscale

val ues ar eéhbeegw ﬂlglﬂgfﬁtWﬁ@%?ﬁ?ﬁﬁ&ﬂ%ﬁ?ﬁ?&”ﬁ?ra%%t@rﬁ S t he

- sanpl e 1 egigtiyScalcRatuch Rir prdoedsed fellird¥Rie 1@fretdnR@ah cAlbr. TOMelch\Qfrs ctfdpdaY t ake
i nto account ,ngackg{rlounfigr%?sgglscgjlﬁe val ues of several sample regions. As
shown in FifQfifigrest ranges o FEpiLes: dilewye fe@) Brasimplifisgeolor diagemahawingaf er map
showi ng gr gjsscalevaltdh i proo@sed REruRos REQFRSES Bhnb@SL HARRIAGH B5fe plental €7 200.

-The grayscal e map _shows the differences between the features of interest
in dif flér e tventiny  Thisdizgragmis nesrely g example. which shawld met undubyrishibthe sénpe of
grayscal e waldfssf ofessasnk ' oL ferent
col ors correspond Q{i%&%in re?gﬂ%lllfgfﬁgggﬁ)g?f%ﬁa%%ﬁagﬁygﬁaﬁg&,%E%r%%t}vg@gbé) S
a sinplifi &Wddisplggnsdi agr am showi ng grayscal e val ues for processed features
according to anot her enbodi nent of the present 10 invention. This di agram

i s nerely §938kanpibe procedsiléh, privesd whifonbityisdileyminkdrbised headj@tderafscalt he

claims. On rdinary.skill iin th rt woul d.recogni z ny variations,
al ternati vgasl?‘isafﬁ%pqo?%ﬁff?agg?sr Jhgne frglﬂf%rﬂ'e%tgf pdiush @%ﬂgﬁggg‘}%ﬁﬁo@@g@o

uni f or i t y thesliffie¢rer bitvech thagagscalk valliesifl 6 HClaY&GRAI84d theairaiesld RluRFgcessed
features. In on%et?%odigent, thﬁe &Igj Hst%ﬂ@gr ayscal e values are equal  to 15
the differ BREES &h AR GREIe Deadvsted, gayicgle velves M cllgHgethandsiered ive
grayscal e yadigserf Waritfons RSaiaRtcliQRIyIELSvalds afd YN Rhife of REccRNMRLGH.
grayscal e igal ues are cg%ggl ated and stored in a_conputer. Variations in

adj ust ed gF ShrERDPIE Rratesied feaputes i e didistent dignandfor in thesage digrcmpby emparedror

exanpl e, PhheeHBEdineR HeABmiphrel Wanibd &&hSHaly RSnaf QualitBidelle same die
can b O bl |

[0038] In another embodiment, the image data are summarized by computing statistical
process uniformity on the basis of calculation of average and standard deviation of the
grayscale values of the background, average and standard deviation of the grayscale values of
processed features, and average-aﬁd standard deviation of the adjusted grayscale values, In
‘25  one embodiment, process mlifomiity is measured by the ratio of standard deviation to the
average and expressed as a percentage. For example, the standard deviation and the average
are calculated based on adjusted gray scale values. If the ratio is equal to or smaller than a
predetermined value, the fabrication process or processes associated with the processed
features are uniform. If the ratio is larger than the pregletennined value, the fabrication

30  process or processes associated with the processed features are deemed to be not uniform.

[0039] Figure 6 is a simplified diagram showing adjusted grayscale values for processed

. features according to an embodiment of the present invention. This diagram is merely an
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I n one enbodi nent, the conpared features are nomnally identical or
qualitatively 20 conparable. [0038] In another enbodinent, the inmage data
are summari zed by computing statistical process uniformty on the basis of
cal cul ati on of average and standard devi ation of the grayscale values of

t he background, average and standard deviation of the grayscal e val ues of
processed features, and average and standard devi ation of the adjusted
grayscal e \pRRlS, whigh shouldnot srdydilinis the scppeofdluesclaims f Onerfordinary skiisutted by
the ratio : | atd.on: .aye .expressed as. a

per cent age%l%xr@&e%garr%} e, ?ﬁgag{lhé%gfaa?t%% 3%%’6&"?%%‘%% g & 33@“3‘9’8%1%?%6’

cal cul at ed thesaplanssign i3 bsdngdiasted galyealealalvesf 53,fand the saraple eegion 2296ad to or

smaller th : ) l e, the fabricatio r.ocess or ocesses
associ at eda"j‘\i/lviataJhu'Stl%gl(1 g%cg{ceemggggfyie#a({rﬁ?%%“sé’ %“{Yﬁﬁ‘?w#f%f’%@eﬂ‘%wt@{i s larger
than thé presdetals values dredetenained fromf thdir tartdspa@dingQrads@teifued for icOCESSES

associ ated,w;th the processed features are deened to_ be not uniform

[0039] Fi gl?\rééék “Pg a%%’.%f‘ ?fﬁ“ﬁ%‘? ‘?ﬂd;b‘?‘.‘é?ﬂr?ﬁ’éﬁﬁﬁﬁ’& gy ala by for theppessed| ues
for procesdedired @ahows in Figae5diABghdven AFiQID 8 thoRBIIAY adjREdESIEN values

I nvention. This .dia??#:m I S -ﬁgﬁ% ain 11 exanpl e, which shoul’d not unduly
limt the S¥bpeVdflizebwith a2mengional spnigprmppacyoss kheiwafer209.nk angther woul d-
recogni ze kRdiyply,ahd atjista: SV laNSpresnfbd W E1dd ' in

Fi gure 8 thg_ sarrpilﬁg r Zﬁ(_%yﬁ&agu has. anr adj ustgdé.gﬂg?g%lggl%gbégﬁo&g@g?d%,
and t hd¥safffilercatynges 95 odinsiad erayscalelyduese Figreg(siak sinplifiod caldr drankor

regi ons oUkKdviRg hAd)@st&PERYsBalk SLA '1155169 | Les are

det erni ned fro?ng t&jhei_r cgrrespond??fg?%%@%gg e v%cﬁrggé?%%%ﬁ?gﬁ%ac %rftound as
shown i n FPlie eregend inyentian. Thisglisesam iardéraky agreaymule véhichashowdd nbtamdtlydimit

processed eQ85dd ' thedTaiSit OWie b LS sh in Figure 6. the

resul ting adj usl_#ed graa;s.cal gae v%rﬁgggsglgﬁng{e%sa\%“s’ua 1e7% %faﬂygaﬁfpaﬁrensi onal
cont our napltaratiyes apdieodifitdion200. | n another exanpl e, the adjusted
grayscal e values are represented in color. Different colors correspond 10

to di f i2r eM040jangetheptocast166)makesy mysaabe alalijieed tdi@rive phicas IS a

sinplified |l or diagram show ng adj uysted grayscal e val ues for processed -
features a %‘%’F&?‘-}%’- 8 % Eeegle Ff%ﬁ%fi ﬂ‘f‘mtyd%tweﬁﬁtég‘éﬂf’cﬁsﬁmﬁwahi s

di agram i spwéstatninairtolemadp | Ift respbrisé the probdss| pitathedR U Mjisiellkd reddddGudc ope Of
the clains, One.of. or&lﬂgatlilg skil] in the art would recogni ze many

vari at i ons?O TP, InAggthcs of POESSE PRgiRcer ysys thg grrocajs valuesasamsessss 160,

process pafoatiniensionsg tdpo@hhis btlor AnicHIN AN EHrBER5AFhtures, and compares them to
20  corresponding grayscale values of the processed features that have been verified to be
satisfactory. If the comparison points out any unacceptable differences, the process

parameters are adjusted to improve feature characteristics.

[0041] As discussed above and further emphasized herc; Figures 1-6 including 4(a), 5(a)
and 6(a) are merely examples, which should not unduly limit the scope of the claims. One of
25 ordmnary skill in the art would recognize many variations, alternatives, and modifications.
For example, processes 130 and 150 are skipped, and the process uniformity is determined
“based on grayscale values obtained at the process 140. In one embodiment, after making sure
that the background grayscale values are stable over time under a set of predetermined
conditions, the wafer map as shown in Figure 3 is compared with historical data which
30  indicate acceptable process uniformity. If the wafer map is not as uniform as the historical
data, the process may need to be adj-ﬁsted or fine tuned to improve the process miformity.' In
another example, the sample regions selected at the process 110 are processed with

fabrication steps before the process 110, or after the process 110 but before the process 120.
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performance. For exanple, the process uniformty determ ned at the process
150 exceeds a predeterm ned tolerance. In response, the process paraneters
are adjusted to reduce such non-uniformty. In another exanple, a process
engi neer uses the grayscal e values as a proxy for dinensions, topography,
and/ or content of the processed features; and conpares themto 20 :
correspondi ng grayscal e values of the processed features that have been
verified tolhsanifammifydf s fobrjcatior stertsds odigehtol examinpiintyshomethah Y0 Nageept abl e

di fference e . ' tQ | .gye feature
characteri ?PP@E‘E e%g%l?§@9%§§%§uis§{g§ V%E)lgsv%gg#%’trﬁur ﬁ%‘? lq%{‘r%ﬁaﬁftzozél her e,

Fi gures 1-_&0hdi€ibmf§qgt_h4(sm)ple foigions hawedeb procasel. ik oed gmtddmigat, aster ahdte)a
*nothe art Uit R0 Galn N Rl Sl il B !
nodi fi cat i quecesFaginesranpiien afiiQpeReSDatdibt@nih ok t@idhicvk juaPéch ordlight he
process uni for%it?(? iea d%eqrqgi neg] bezsed on grayscal e val ues qbtained at the
process 14@YersiclRased o i alibrpte &t ‘i‘u%lédr‘igl°§ﬁﬂyemeﬂ’ﬂ@f“eieﬁﬁloﬁ@€k‘yﬁti’&ﬁd
grayscal e \oitler pfocadses FftiRh@hsW RN chih BEpiRSIRd RerdfbelPhntibh %ﬁfa@{o%ﬁlﬁﬂ)wity _
condi ti ons, e fer map.as shown in Figure 3 is conpared wth historical

dat a whi ch 288/°F piiFrPaecesspbiepYRBrecachicsekss unifornity. If the wafer map is
not as uniformas the historical data, the process may need to be adjusted

or fine tude oIp agnilsy emberimentothe gwthedi 108 captergs images ad frotpneesseb?2@npithes.  t he
sanpl e {peqi I . r rocessed. w t fabrication
St ops. BOF orRRIES BEb MR 5Bk SHRP Btk s Uy RLBERTE SR o pe B 1 e
process 12@ad¢py FlegnesiMiconisiany Inof Fohexafuply; theayitan ustepsldibs a SUBFERL, at 0

exam nati on, té&@wﬁw%?%%n%aigﬁc%n et%ea%%%lgngrﬁysg%gnpl e, the adjusted

grayscal e values are cdlibrate 'set of conditions after
the sanple @%g*o S egave bee% &rocessed. I n ope enhodi nent, after an _etch, a
contact holt SE’F§ another embpdiment vapas bepes of sraysgale yaluss cpabs sabesd Mtk of an
under - et ch diffdaent StafiftiosleSEhde ¢ HBGTto GRMitb RDcASHTMTIaBAO GBS Sypefb AERFLAIE | N
order toQ achi eve !'Hst-etch or slight _over-etch, based on the callbrated

h
corr el &2 onalugsigeipdesrarsesle valies forfhe henkeround and the propespedfaaturep paskadiustedc es ses

of the et gagscha6rs SRR ITBALIHET Alatyss dn¥Bhidl. PorSAbs gfe?ﬁ'fiﬁ%ity
uniformty nd/ or other process objectives are achieved. 042] 1n anot her
embodi ment oAt bemeasyIed By thegtandgsd deviaiionnf g shexdata neintpmensured within the wafea 10

cuch 2. one e b b ono e ofRpEe Rl ASRALL SIS 2
coul d be athemnipipitypan be defined as the ratio of the number of detected defects to the number of
20  defined locations. Based on one or more statistical measures, proceeding or not proceeding,
or a “go” or “no-go,” can be decided when monitoring the process inline. In yet another
embodiment, a satisfactorily processed feature and different kinds of defects can be identified
based on automatic defect classification (ADC) training. ADC involves the use of machine
learning algorithms to identify defects or features based on their quantifiable characteristics

25 such as dimensions and/or ratio of dimensions.

[0044] In yet another cf:mbodi'ment, the method 100 uses a sampling technique by selecting
sample regions, analyzing images of sample regions, and determining process uniformity
across an entire wafer. Each sample region includes one contiguous regidn or several
separate sub-regions. For each die, the area sampled is usually a ﬁercentage of the entire die

30  area. The percentage may vary from lower than 1% fo as high as above 99%. For example,
the percentage ranges from 0.0001% to 100%.
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defect review SEM -or a netal thickness nmeasurenent system [0043] In yet
anot her enbodi nent, various.types of grayscal e values can be analyzed with
different statistical methods in order to nonitor process fluctuations. The
types of grayscale 15 values include grayscal e values for the background
and the processed features and adjusted grayscal e val ues. Several types of

statistical es can be used For exanple, uniformty can be neasured
by the st ar\[ﬂ‘g‘&j ﬁ&ﬂf%? ISarsirgplifigd dl%aﬁenéfgtsamﬂmgm‘sﬁfmeqadea tapiet ¢xnbpdithent waf er

di vi ded by dJflag [ﬂé@@ﬁt@%ﬂ%n aftlis iRgrapiak ﬁi&R&W zﬂltc%?m]% uﬁi%e@ux?cﬁl O)?Erp#age

As anot her exarrp the unifornty can as t ratro
number of %Qfﬂa“e‘flﬁﬁ‘tssopeofwmﬂwﬁdiHldhe@m@édrmmmatm(ansuonaased on

one or nor %It%ﬁﬁx}é tah ﬁioﬂf%ﬁ‘é\,%% A sf?&@rfﬁ%%ﬂ?ﬁ%e 4}935 612 Ot n‘é’ﬁmflﬁ a "go”

or "no-go," can be deci n nonitor rocess
anot her > efBB i lawsithan 18%sefithednticd dieiateq, qmﬂ@lmhsélmébaatudmamdfedﬁjd erent ki nds
of defects can be identified based on automatic defect classification

(ADC) trai mom@ AD@:;|mmrmoamnusanafcam@m@e petf@@deiaPgh AL t O
n thejr quantifiable characteristics 25

identify d ts a tures sed o

such as’ di ﬁ%"ﬁé‘?‘%ﬁr‘f@‘&‘é’h‘mﬁw POses ?? 6&“ PREsRSIdsiEon oldhtzaderit bytateemreselntion,
enbodi ment poﬁd@ef@iﬂhlﬁdué@ﬁt UERE IkaBGH E ubddGs b S4RpI: RERn Y 2 S@-REIWG, Sanml e
regi ons, anal ges of sanple regions, and determ ning process

uni formty “ﬁ%‘ € pmtiwe frehaique E”&gﬁﬂf pthod E@H@Wiﬁ’%@@d@g agesa or

cont.i gggus nﬁﬂﬁil@ébnﬁéuo%@%@ﬁcﬁa'—conﬁ@tﬂﬁfs Atas §P€ch{ &9 bc?ﬁﬁt Blta 53SHerdlefie fof NE area

sanpl ed ISML; sual ly atgercent age of the entire are e percent age
may vary fidstificaiien of %ﬁgllﬂiﬂfﬁﬁfﬁﬂfqﬁﬁsgﬁn%ﬂhmf%%elﬁmtaepn&rmnlfe levet.he

per cent age A aRGIRG eg( Qh@sqgila%rg gr %\glgwc/gss %%Aal%@a%@haﬁéeﬂ W rgsgec m%?l Eune B the

simplified diagramfor 'sanpfli accor to an e

present i nowlerfogngasurythy tmda@yaﬁth@mmabdoy&&rphm@meat thuii causinfgdaitod not
unduly i mgysefhe scope of the clainms. One of ordinary skill in the art

woul d recogni ze many variations, alternatives, and nodifications. As shown

in Fi e he,.areas 612 sa ad| 5 610 i.,s | ess than 10% of

t he eg | reigi?a' a?‘@eéeargrx{an?ur%yp%?g{e%rfﬁes%ﬁ' FW&T@ 56 Ho, Wé’ﬁné‘ﬁﬁ“ diedi 30461 | n
yet . anot hetheendtiodiloentn, omteﬁibbd;il‘ﬂeﬁﬁ theaiethadSI0f id ed RN ch i GrotlessB FIARAS,

simlar ations i bl e, after. due consideration of the
t r adeof f b‘é’ﬁ%@&ﬁayﬁcé‘rno‘f GFSW su @%@éﬂ%@f@a ] gragteals yatues eithpbackemqpadn | s
used as a Barghmpleabé gay@meaamwaafrtﬁep@eesmd featurAHFD bRateLBOBy teskRanALP! | NY

t echni que used for t tho % g i nvol ves scanni ng.an area or
average graysca ev for e background plus or minus the standard deviation of the

20 . grayscale values of the background. In another embodiment, the processed features include
unfilied contact and/or via holes. For example, the contact and/or via holes are formed by
etching into a dielectric layer that is Iocated on another layer. In one embodiment, the
another layer is conductive. At the process 110, saniple regions are selected including

~ contact and/or via holes of interest. Different sample regions may be located in the same die,

25  in different dies on the same wafer, and/or on different wafers. At the process 120, SEM
images of sample regions are obtained with a selected landing energy. At the selected
landing energy, certain characteristics of secondary charged particles are sensitive to the
under-etching of the processed contact and/or via holes, As an ex,aniple, the inventors have

‘discovered that a landing energy substantially equal to ot higher than 250 eV, properly

30  optimized, can provide strong correlation between adjusted gray scale values and etching

uniformity of contact and/or via holes.
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10 mul ti pl e contiguous or non-contiguous areas of each die so that the data
are sufficient for identification of the signature of a process anonaly at
a wafer level or at a part-wafer level. As another exanple, the signature
of a process anonaly can be tracked with respect to tine in order to
measure the tendency of the anomaly or the physical event that is causing
it, to worsen. 15 [00471 There are various types of processed features

whose uni fo[oﬂﬁy é © process 30, & hagkgrownd gysonlavalwge arel te@n@e@bﬁégﬂqﬁmnt t he
met hod 100 § ByB8HIGe RIERSE By B A hiEBurab IR AL ARl \56' ues

are substantlal I y d| fferent fromgrayscale va ues 0 groun For
exanpl e, th@leg?plagtd@éb@twm@srmhmlmnprtm&n‘tﬂmtmut&knghaekQOMter t han or

| ess than t V. I r mnus the
standard deJ\sj‘l&%ll1&3‘35%?&0%;@%3%3%1%37?@%cgnéa?bt@sl t? Elg"gé’%(ﬂﬂf 2‘&.%‘°|n anot her
‘enbodi ment , prodess mmﬂmmﬂcalMuw 6w thewtthed eontath ﬁnd/dreﬁh lodsstagecdetamilied based a
~hol es. For exa e cont and/ v hol es are faqrned et.chi ng
"t i ol EeEres SEYEasgRh, Ay s flartfied Mot Aniag G0 o pomueble
enbodi nent gxhjrmalemMsu&Wfotacmmdmmw@rth&mnaﬂmf&lﬁb sanpl e
regions are se %ﬂ"ﬂﬁgl cont act aa?/or via hol es of interest.
Di fferent F‘Eﬁ?éﬁf g itjogalgraygcale,valyes for heprogessed faptyres anpe er ent
di es on t hesbsand thdh mteafmu@ﬁ on different wafers. At the process 120, SEM
- images of sanple regl ons are obtained with a sel ected | andi ng energy. At

the sel gt q@w]an@tﬂ&m@%wyo ﬁ> ghﬂorﬁﬂ?'isaﬁe%gé& &«.%dBL Ogg;g) o gharged

particles are sensitive to th er-et chin e proc sse act
and/ or via Weésmwjlawdmﬁ@@ﬂqehequahwéhﬂdlffgembehﬂdmstb@mywdletvhhws a

| andi ng en V, =0r y 30
optim zed, ?‘f:’g%'eg “de é‘t?drtgﬁﬁag%rre ?élj %ﬁag%tﬁ\%é%%gggwﬁég 8%‘9 ea%g {efi

val ues and &awmlngaluagnf ﬂrerpmciegse@feamu:mytormaylhmrbe\nna”oﬂnol%anatl&x&; ih adidaed At

t he process ckar scal e .val u are determ sed on
scanned SEI\ﬁrel]‘Y?érrga kéé %r% e%%ﬂggg B oG %onf RS ‘B’Pé"’%?%&&%&

char actlsr i Eﬁoﬂr:lmder-ﬂciﬁ:dfamd tﬂsahedhlclamm&heamdiceéma&nﬂnhhﬁ @ftaafthldsh E‘hékbher for
the surroundin 0 und grayscal e val ues can be
obt ai ned thoPBﬁ%ﬁm "ﬁ?‘g’é‘g aYp F'i}’ﬁani?ﬂy‘t"ﬁ%sagwﬁﬁﬂggg [Egl & HsAPelE e val ues
for the etchedpleahs aﬂmpamcﬂ;meyma chith@® fiolad BatdRiaEHHIeEmOABAGtIAN Scanned
SEM i mages. As di ussed % heeetg | mages, . can grow de two neasurabl e
grayscal e dRYFEEY eriesPRad ho & FAIYF oF diffesraf crossepesionAresn B WE and t he

other for taféther example, each sample region includes contact holes with different densities and/or

20  contact holes with different dimensions.

[0050] In another embodiment, the adjusted grayscale values are calibrated for a particﬁlar
set of conditions after contact and/or via holes have been fabricated. For example, such
calibration is accomplished by taking cross-sections of the contact and/or via holes and
measuring the dielectric thickness associated with corresponding under-etch. The dielectric
25 thickness can then be correlated to a specific value or a specific range of adjustcd grayscale

values.

[0051] At the process 160, the process parameters are adjusted if the non-uniformity of the

adjusted grayscale values exceeds a predetermined tolerance. In one embodiment, as shown

in Figure 6, the adjusted grayscale values are visualized as a contour map that clearly shows
30  the etching uniformity or variation across the wafer 200, The etching rate at the 'centef of the

wafer 200 is significantly different from other locations. Based on the finding from this
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surroundi ng background. Additional grayscal e values for the processed
features can be obtained through interpolation. 10 [0049] At the process
150, process uniformty is determ ned based on adjusted grayscal e - val ues.
The adj usted grayscal e values equal to the differences between the
grayscal e values for the background and the grayscal e val ues for etched
contact and/via holes. The adjustedevgrayscale val ues of the processed

feat ures na§PRIT HEp ??Stf‘inﬂ’érW@F%?f}ﬂ“ e crchesuidklyadjustedod fingtapdtoal ¢
val ues are fcﬁ{%ﬁ? SBPAGRLUN SR btch pRIBESS of diHeAddoRfARes Qéwmqﬂé graﬁ‘e{‘ cont act

hol es ‘are 15 bot h ‘under-etched, and the sane thickness of di €l eciric
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ar eas. fs?] yléi?’er ﬂgagb lﬁ%a}'te‘g% g‘ﬂ‘é’ﬁ%ers;lﬂﬁeé’%téﬁiaﬁ‘?{oﬁﬁ% olgrare filed with hol es
\C/iv! th diff ermnﬂ%cg'gﬁ ailatdrialssxﬁlil&( ﬁp;r)rg'%dfaﬂﬂhg’dfénh, ﬁﬁicg_ﬁs tﬂ\éﬂlgaxﬁhfzéﬁfﬁil '&hemitial

i mensi ons. Y ano [ odi ment, the adjusted grayscal e values are
cal i brat ed II“% aﬁ“’%é’f’[}?}ﬂ‘iﬁ @&)s ‘&bg‘e@cﬁp&ﬁ bolgs dregs arept leashtvwoctypegedi poblevisa
hol es have tagesan babetb@at &he thiRY of YU R asbmid m'a&é}{offésitﬂé?nggﬁ/e@,%@”p' | shed

by taking c_rﬁsi-sect.i ons_ of the contact and/or via holes an neasuring the
PR

di el ectric 1 reRaining dislecticdppteral pt iobatioayso b efberuyicf peablim is Bhwciated

di el ectyg Cc with HBigH . : ; | f A a

speci fic range of adj uf?ﬁ%%%?gg%ﬁ)gﬁ @{/egﬁh%g%l[d%)81;5'%]&32?’8{%%&6(}@%%%%58{160,

the procesoyshed surfeqeat each dampdgenedevel.f Farlemanpley-afier dopperietepiradhemivel plaittigust ed
grayscal e ) . [ Ln_one enbodi npnt, as -

dhown i n KECHE I REELS ue B BREL bR BRGE o B RR B IE

cont our nmapisdngtherexampley tholonmmB@rntityef Gte NP grovests fray réstily irosurfted piainzon

across the, . - Tr LD at the center of t. fer 200 is
si gni fislcantﬁ y idei{(?lglglgén %? ?[gottrrl?%te '%erg lgg}geé i tr!i:'g SO “%’Hatteﬂaei?i? %ﬁr from
thi's 1595coniMbprovep, licpsthactherpasaptetthers exifts esppatmiord girpdetdan et K| ¥

adj usted orn; fine-tuned to renedy any non-uni formetch problens or other
anomal i es obsérved on the wafer 200. [0052] In yet another enbodi nent, the
met hod 1004} sed to _exam.ne filled contact and/or_ _via holes. For

exanpl e, 't ﬂ@o%égnﬁg‘ﬁmg??éﬁgb 3 be Yie toddetepichothylypes@f pipblemsiand gontiero a

di el ectri c vhifb@isfoftheprodeSsel ﬁﬁﬁ%@é bedh R bt 88hd iA¥fREon! MG HrdeibACt

and/or via_,oles are filled with
features that are subject to inspection includes filled contact and/or via holes, and/or a portion

20  ofmetal lines. The adjusted grayscale values can be used to determined uniformity of the

processes and optimize the process parameters.

[0054] In yet another embodiment, the method 100 is used to exaﬁline transistor gates as
processed features after poly deposition and gate etch. For example, there may be
undesirable polysilicon left in regions other than transistor gates and interconnections.

25 ° Defects such as poly pillars can create process non-uniformity, which can be detected by the
method 100. In yet another embodiment, the method 100 is used to examine junétion leakage
and gate shorts. The presence of gate oxide as an insulator would usually leave the poly gate
in a “floating” electrical condition. Gates shorted to the substrate can generate non-
uniformity, which can be detected by the method 100. In response, leaky gate oxide may be

30 identified and remedied. In yet another embodiment, the examination of self-aligned contaci,
after etch or after tungsten-fill and CMP, can also reveal problems related to certain

- fabrication processes.
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conductive material such as copper and/or tungsten, which is then

pl anari.zed with chem cal nechanical polishing (CWP). Wth these filled

hol es, there are at least two types of problens that can. be detected. One
type of problemis associated with the holes thensel ves, and includes
remaining dielectric material at via bottons. The other type of problemis
‘associated 10 with the filling nmaterial and includes partly encl osed voids
or undesir af0&lc hIé’ryéE‘,‘t”é’F'ieﬁ?qﬂ&d“B?m obibe P@H@lﬂ llg’mtfoaclﬁo@sseéaf@&mmglumae

llevel .- For gxai® Qinedthtiefe F&Bﬁﬂfveﬁésg Jn?c Cﬁlr eﬁ 15, Wt r(e& tto c&n@%er € may
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voi ds. As ¢ffbrreiypes Chvlhewn’ddbanmmwtm& acﬁfequdnﬂy@b@mmgmamst may

result in sgrf Lo oth exanpl.e, there
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shorts. Th @lqgrlﬁséﬁ @!eemnp@aﬂs stdded drcmsnmmr ihereast atap beonpat od nemuaﬂfér)edgeeame t he
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" substrate cagﬁﬂlgreeﬁ@ro a?&ehgg%veﬁalrll?%dg Io e efg' s s?}ﬁ‘:t%}ﬁo%gnedﬁ? E‘c‘{r@ﬁ QYR et hod

100. | ri5r edptondie vadatinhydugas pa@mngachmsbﬁdef%tslsd&mskﬂlb@dom remedi ed. In

yet anot her enbodi nent, the exam nation of self-aligned contact, after

etch or af t[eos7) umngyétaﬂotﬁérleknhamdle%e nfebdals & ds&i@é‘&enﬁ&ﬁﬁh&ﬁpwﬁf@xl Algd to
certain fabri catl on&[)cbocesses 16 100551 In yet another enbodi nent of the

present i nV&HY Jaasutes and Zengsents progess Hyksmity Brasceasibrindprstaadablenei r
r epr esent atfmanem eRAMpIE) ol RBP Bt detblting PYRIR variatins R by $PEGHng hRbEQRS act

features of interest in selected sample regions in their corresponding dies. As another

20  example, grayscale values for the processed features, as well as grayscale values for the
background, are determined.

[0058] In yet another embodiment, the method 100 is used for inline proéess monitoring of
etch process applied to make contact holes. 1\?or example, etching in the dual damascene
scheme as well as the subtractive etch scheme involves etching at the contact level and filling

25 the etched hole with tangsten, During such an etch, several problems could arise. Some of
the various problems that could be encountered include remaining dielectric left at the bottom
ofa high aspect ratio contactrhole due to under-etch, etch residue left at the bottom of the
hole, and over etch. As another example, the method 100 selects a sample region includes
one or more locations in a wafer die and incorporate the location information into a recipe for

30 automatically or manually reaching the one or more locations. In yet another example, the
processed features of interest are ones with a high ﬁequency of defects, or they are
intentionally designed features.
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etch, one type of feature choice would be a contact wwth a frequently
occurring contact dinension and surr-oundings. This feature woul d be chosen
based on its representativeness. 5 In another exanple, a unique feature
woul d be chosen because the feature has been a failure point. [0056] As

di scussed above, variations of sem conductor processing may occur between
di fferent {/\@Qﬂ; bet ween wafers within a |ot, between dies within a wafer,

and/ or bet B gneprabagimpent, hamathad 10Qincluiles thevisseti ofeantolectson miveospanes ent
i nvention CRPiRiINTSHA b'y%fl‘édtlt)ﬂ offfle S, Pﬂ%ﬁ&ag% S, rb&gs%d%/a gﬁg" ng and
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[0057] In ymbkmmmﬂhmtownﬁmdamnkeodd&mrnﬁpfaﬁxﬁaaﬁﬁrdn&Hcﬁﬁ&hrﬁxﬁbaﬁeﬁil'l] conduct or
waf er |nI|ne | i ch es .and repres rocess uniformty
in an easi 1§ ng%ﬁﬁg%‘r gr]eﬁmd'? d’l‘“’é s ds S :(ﬂﬁ‘gweﬁeéwo dinsiongg
process Vardoﬁﬁ)unﬁ@slaﬁed&)ﬂddﬁs %ﬂitét@ﬁndé{‘s@@lﬂ g%dthef\ﬁ&aﬁﬁl%goﬂﬁe bk gbGRAand N
anot her 20 exanpl e,

selected sanple re S inthejr rrespondi ng dies

grayscall% é’é"‘i"% e&ﬂ‘é“%‘% %@g“?eé &amess, as wel |l as grayscal e val ues
for the bacgb%round are determ ned. [0058] In yet another enbodi nent, the
net hod 100 [P6U];s dejarodher embedimentpthe mstwd dBhistused tngnalfyze eointriat lpxlesmﬂsholeq)pl i ed

to make conhRetn& fist hateeeh KRt lﬁ 45l ﬂoﬁuﬁ X tﬁgﬁxlocgs?eql?tsﬁaé 8%1‘;?{ Cherre

as well as the subtractive etc ene |nv Ves e
| evel and fﬂilqthqdrlQO mllﬁheatestmehmblétm@ﬁrdmt:mdgsﬁwriaydadepdagwﬁ unmct&n Ri)trch

sever al h varl t cou d be
encount er e Ef’c” @%%Sn%dﬁ?lﬁnfow {'??r;ée e’?tgatg %Iytp
aspect Bsat |polqunt01m {efiml the dmﬁace and palg pﬁmig; hi] ofwhilbh maﬁkte bl %ﬁlﬁcs &i th Etﬁbl

bot t om of and..gver.. et c her t he met hod 100

sel ects a E—%ﬁp?s@?ér@“hgﬁgﬁtng?m P%(f‘@a q%@‘aﬁd’ﬁ%@ﬁ‘ i e and
i ncor por at ¢hetthethddokdétis wad tdﬁmmﬁmtmmlgrmﬂao:&adta%ﬂewfaﬁbr éteh, atifainkaal-l y or
manual |y r ch| he one or nore |ocations. In yet another exanple, the
processed sz‘ur I nterest are ones with a high frequency of defects,

or they ar t ntlon [ esi gned f eat ures.
y fﬂ()ﬁlp yet ano?her %mgodlm%nt, a semiconductor wafer metrology and inspection

20 method can efficiently measure and portray the process uniformity. For example, the method

100 collects grayscale data on each die of interest and maps the overall data for enhanced

~ visualization of the overall processing uniformity. As another example, the method 100 uses
a high-resolution SEM to scan each die at one or more selected locations. For each SEM
image, the grayscale value for the processed features or the adjusted grayscale value are

25 computed and used to characterize the uniformity. These grayscale values, as well as

grayscale levels of the background, are represented in two-dimensional or three-dimensional
contour maps to better visualize the overall etching uniformity dr variation. In yet another
example, multiple regions within a die are imaged. These multiple regions may be used as

one or more sample regions.

30 {0062] In yet another embodiment of the present invention, an inline and offline process
monitoring method, such as the method 100, for semiconductor wafer inspection is provided.

The method is performed using electron beam irradiation after a unit process operation on a
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17 [0059] In one enbodi nent, the nethod 100 includes the setup of an

el ectron mcroscope for imaging followed by collection of the inages. The
i mages of the processed features of interest are obtained all over the
waf er and pasted on the |ocation of the die in a two- dinmensional depiction
of the wafer. For quantitative representation purposes, grayscale 5 val ues
of the processed featéggs such as contact holes and grayscal e val ues for

the surroubltRHY 4R drbbesa cappleisr.s The lggation 8f the prasessadifpars ingagndieisi ng
these graysghlRd B3R uslr, aRPEGK G5 RPFRHUnE AR re HBRY ﬂlﬁ_sﬁtﬁgglﬁrt% O@Q&E&H FeallRP ag nd

a difference contour map are all = conputed and depic exanple,

shown i n Fi bytipeedisfincily digtgeenttront Hieuocessed Biatven s ture desatioumm ezelpdiedy e
plotted to ol i t ' ' 0 e background and
1070t “the. piagie ehdrsae s it dioles i Y e or SR
enmbodi ment , eachocatianh do onO@nhodimeng dathosamplel rygien inohileodnelvoines:, prodessetiol es  and

trenches t v ihled. 1D t anat her enbodi nent,, t rocessed
featuros f obupiis FordiRpte, i Bitcesnds itheel B FF PERIATL ionCpoPi i
conducti ve pragess datmpasiis aarthen acthngils bachkamiple esgitiineludéshevapdl prrReGed
non-uni form_t come fro e | eakage, . pol illar uch as smal|l 15
poly parti c%%%wme BAYEHE Vglﬂ‘rgsfaftg{: e Sa&‘ﬂggﬁ&"g ‘i)%/‘} ‘{')"F’f?ﬁ? Caj?q?atﬁi]bﬁwgéh‘é
caused by isusuefshd graysosle valabs of at SRCoired By fhe huib& offlictpretR@ed daRns vthio! ¥
deposit{on nd etch..In yet another enbodinment, the nmethod 100 is used to
exani nel&el e FRIGEEI80Nt act, which is after etch, or after tungsten- fill

and CWP. [0096)@1%;11 I n yet another enbodinent, a sem conductor wafer netrol ogy
and i nspectP#83]2dn yek sngthereramples the iraageldptasesprosassed by cpoputingyand Hisplpying ess

uni form ty.qmEQmtdif gm B twh AfnIBbRO ?fl'he é%?% _ ?)h(%}?%%&( tg% g)éﬁﬁ)ﬁ!o?thQ%eaa g£ac h

die of interest and maps the overa or enhan visualtzation of
t he over al Ithpgregseslsivalye ahibe progesssd fedtureagrayseale vainanfihe padkpeunb aiabthe 100 uses

a high-res ' ' o) e. selected | ocations.

For each S Iﬁlj&ﬁegng@ag, t%{%h%%a g@%ﬁ@ {% & ?tg%}%fﬁﬁeplg’g%%lg}sa %g‘ﬁ? EEPIEEDr the

adj ust eld grieyomphengmaiddisplaymg2ie wotvpupletd imthekeldmchsions.chisr @atoar plae shdve

uni formty., T, seal e. es ) | | ..as ra |l e level s of the

‘backgr ound ,th%]}ragastg’g g’? gl\séed?ﬁ A&%mlgtﬁh‘%%ysﬁ i ﬁl‘a’%@? 8?@? P %’Pqests%f%%-“‘i‘fi %ﬂ%ﬁ' ue'of

cont our naphe baokdgretrids and/adjussddi graystalrevabicaespedtivelyc Mihe gweltinfesitistaye @&

variation. .In_ yet_.anqt her X le,..multiple regions within a die are

“i maged. Thé%cét‘%ﬁtﬁ?ﬁ'gs g’gﬂsgﬁg’)n%éﬁ%%“@g &f%@ggb@%rdwog%¢ e regions.
grayscale. The annotation involves a representation of the feature size, and the wafer is

20 represented as a circle.

[0064] In yet another example, the image data are summarized by computing statistical
process uniformity on the basis of calculation of average and standard deviation of the
grayscale values of the background, average and standard deviation of the grayscale values of
- processed features, and average and standard deviation of the adjusted grayscale values. In
25  one embodiment, process uniformity is measured by the ratio of standard deviation to the
average and expressed as a percentage. In yet another example, the captured images are
- automatically pasted onto a two dimensional representation of the wafer as a circle so that the
viewer can get a visual indication of the process uniformity by looking at the images pasted

onto die locations.

30 [0065] The method can be used to examine uniformity of various processes for integrated
circuit fabrication. For example, the method is used to examine uniformity of an etching

~ process for via or contact hole. After the etching process is completed, the images of sample
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30 [0062] In yet another enbodi ment of the present invention, an inline and

of fline process nonitoring nmethod, such as the nethod 100, for

sem conduct or wafer inspection is provided. The nethod is perforned using

el ectron beamirradiation after a unit process operation on a 18 plurality

of dies has been conpleted. The |ocation of the processed feature, in each
kground i ncl udes regions that

die, is selected by the user, and the b )

surround t HEEPRHER §é’é‘5 J@QPE‘P% ONGRIMEF 8 ediopiasy }Vleﬂl vigseQrdrenckes o uige
processed f&aipleCa vikieeds @24 tinfact RAA InQRoRE &ABPeH Ba fefers REARIEH B8as
grayscal e i mages_ for, the feature and the background are stored

cor r espondi 97 Veesl fgr ghallow frenchiisolation) Fn ysh ancthes sermme the raethad is asad)te exasginon
i ncl udes ong; o) ol .

fat urog of T omEREEs BATIERRRG po R ol Mo Rcal MENBION BORRRE.
anot her Sexanfymetal laygs Wwhehalsp dille eqpitash holes; thedwsgsof emgile privoess egptukéatdir es.

The graysc I, faor ' is an ayerage cal.cul ated by '
di vi di ng t?ltielgy %ﬁ&% o? etoﬁéoé{r%%??gg?é&l\%ﬁéelg&wgfPelfcl\”{l“és‘ ?lglgtnt??%iayﬁﬁlm%e nunber
of the prodedsdrcoppatand/estungsteni i yet Ondthe esangik ahe wethadis ubddd6 3fanhine yet™
anot her exa .t i .data are, pracessed by conputin d. di spl aying
t he cont our“r;[}p'))ilf’%{“%y (iﬂ%qoggg‘g\%%ﬁeﬁ%&&fﬁ?e %}cheﬁﬁ 1B @ﬁ%%@%@%&@ i on of
the di e agakmple regitnes age @pmed|isclndidgienewi niobepdlysilis gaes deQating @om @leayscal e

val ue qf the. background, and the adjuste rrayscal e val ue_respectively. In
yet an herpog’fg-'r%?ﬁ‘?gt?h‘{]ﬂé( of aather ?fﬁ?‘ﬂga&‘@ “}?ﬂlﬁ’%é% tojexangine ugiprmitying 257l ‘
di splayi ng dliggedcontaGifibritaidnSprodisd, NS i SERAREAAFabribARnGRSRUE chth@bRdshow
the locatiop of the die against the grayscal e val ue of the processed
feature, griagimage] ¥ spEplgLeasms asecapted igeluding ong armargjsel&aligned confagapdor al ue

respectiveltyandTgfférhmgstQ{@@@aiomgb?hﬁlggtggcmcation of the die such as (x,y)
or (r, 0) on the wafer, and the other dinension is the grayscale. The

annot ati on (igyég! qﬁgeta‘ngtﬁ‘f}reesl%ﬁ(g%%ﬁﬁ'%e res%ﬁn&e%ﬁ&%ﬁuﬁi‘%%d &?&lgtppgceggaf er is

20 represented as a circ I'n 'yet anot her’ exa I'made data
ar e surbar imandonys wetpd sichgs theandtisd 108) usepz sogding techefigrenot the entirt vafdnasi s of

he. backgr auadeteger AR SLEIREEE, S PhbRilinet dion &I ERrEh p e o
processed fpbutlity ebdienrithedncetiang of tiegrataadfeatirady bah diznradeldced badjeusted
The rati o o BRTukeorndubhe S EROR R Ao B B Rectity SprubuisgndBdy * >
per cent age diffaneny &bmeatheproedssed faumbse , Ths featira pichticdd oh BRE S @€ Scanned and
' 20 grayscale images for the features and the background are stored corresponding to each
location. In one embodiment, each sample region includes one or more separated sub-
regions, each of which covers one or more processed features. In another embodiment, the
‘sampled areas within a particular die is a percentage of the entire die area, and the percentage
can range from less than 1% to 100%. For example, the percentage ranges from 0.0001% to
25 100%.

[0067] In yet another embodiment, a method such as the method 100 calibrates the adjusted
grayscale values with certain feature characteristics such as topography, dimenéions or
content, and establishes quantitative correspondence between feature characteristics and
adjusted grayscale values. For example, the method may be used to examine process

30 variations within a wafer or within a die. As another example, the method is used to

iteratively optimize process parameters until desired feature characteristics are achieved.
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automatically pasted onto a two di nensional representation of the wafer as
acircle so that the viewer can get a visual indication of the process
uniformty by |ooking at the i mages pasted onto die |ocations. 30 [0065]
The nethod can be used to examine uniformty of various processes for
integrated circuit fabrication. For exanple, the nmethod is used to exam ne

uniformty n etchin process for via or contact hole. After the
etching pr J@é@i i@@%ﬁﬁq‘éé’%‘cﬁmﬂlﬁ@m‘w&g@téfsygaﬁﬁ?féietfgnm@gipmsssamfomm ur ed
i ncl udi Ny gAGuRs alBle@rdtthicldsEbe SAMAREInRAA %0 obthi gPhﬁ’aﬁi%fég&%ﬁ- In one

exanple, a via refers to a contact hole.” I n anot exa a via refers
to a trencHicOiORe fBages prsociated with g phmality efsamplaregionsseipattively, Tha pleedlitmnot her

exanpl e, t < S : ' )t f.asetal £illing and
o1 1 5hi ng. o Sg Reigh eRi | QuiB b foecpl Rl b Bl M dlrgfitvgt, o
- layer, ®hi simplesegidnsiinaudesaitleast otreoif de, phirhlity iofpgesssal feaanp| Bach efikens are

capt ured an; i 0 r re filled contact holes, yias, or
trenches. %ﬂ"éal#gﬁ g?rgi?éeg@eg;}gintgrg&efﬂ%l% egg%aﬁboé'iﬁ EabAiGAtIAR RIQffEs it ﬁlYXrg%e
anoth her exapstire inch#des mplbg@sin'g s;rr;s_tmeebnﬁgmed anprogess Mliirxh?tﬁdéﬂ' ds%bﬁﬁiqdaviﬂﬁh&’ f
etching progess. After the etchin rocess i.s c et ed, e i mges of
Sanpl o-r gPiRaTLp LR PPN ORE IikeR GO e BH s e BAGPE of Ersbirelg dames for
resul ting tieqiurtiiy of Sanné wegidnk ceapectivabaskd oy StleAriatdRAti R easRlatd Wianaet hod
is used,.to examing uniformt g?ﬁba S ? v a?i need co_nta(l:t fabrai catiﬁlgt%l

7 ooesd0 apfiiy REciedbon Rifighecimist Hask pFihe e plumainof eps s t ho

P . ! .

i mages of  saowEhed Wb 1AEDNE dPihY pREATit) ot feafl&. MorBlVeE rie! f - al i gned
contacts, prior, to and after tungsten Till, followed by tungsten CWVP.

[0066] | n PEFCENSSHET™ &fBrberserisustd to Reocps éxfermatipmoseristohwitatheifititi ne and
of f| 1 ne . pr pRfy of@aybilt bALNITRIRARe whUBE: 52t i0: JRARadBlrolses 2
(0] rne usi ng

sanpling technique for the entire wafer. The net I's per
el ectron bE&farmy ot lngstanfoapatign gsrociated vitb ke foptariatlity of grysalephluesl ity of

di s, The RGRIUARL, HRSRLOGRSSSH RN Sk SRR TR 5, AEEF. 0 DY

the user, and the backgrou C es reglons surround focessed
f eat ures bembedimentsthp pstdnyis ugéd tp émplamertilormethal M0ocessed features. The
feature | ocations on each die are scanned and 20 grayscal e i mages for the

feat ures aflf69heAbardigs Guyet amtier stbsdbilentod SyeEMATCERGmitnE@6ess ifodhitpn. 1'n
one enbodi t... each sanple region includes ope. or nore separated sub-

r egi ons, elglg §dg m\/ﬁiﬁ’cgﬁn g;g‘f%srcgp 0 §te'5'r°°ﬁ}tiﬁ"éed§f’ SBMWFQ%"E Fleetron) i anot her

e Lrbodi ment mid_rdmewes'ﬁﬂgésedsoa%&ﬂsmw d privalis o sdnbpletégidhs Rclitel® DRIMGALG0e of
the e nﬁd r eotd s%:%pﬁ:rrgglbnsauqau&es ?1 pPuereEGCt)? Qll' I?rchessed features, and each of the plurality of

sample regions includes at least one of the plurality of processed features. Each of the
plurality of processed features results from at least one fabrication process. Additionally, the
~ System includes a processing system configured to process information associated with the
plurality of electron microscope images, and determine a first plurality of grayscale values for
‘25  the plurality of sample regions respectively based on at least information associated with the
plurality of electron microscope images. Each of the ﬁfst plurality of grayscale values is
~ associated with the at least one of the plurality of processed features. Moreover, the
‘processing systeni is further configured o generate a first contour maip based on at least
information associated with the first plurality of grayscale values, process information
30  associated with the first contour map, and determine whether the at least one fabrication
process is uniform based on at least information associated with the first contour map. Inone
| embodiment, the processing system includes software and/or hardware. In another

embodiment, the system is used to implement the method 100.
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can range fromless than 1 %to 100% For exanple, the percentage ranges
from0.0001 %to 25 100% [0067] In yet another enbodinent, a, method such
‘as the nmethod 100 calibrates the adjusted grayscale values with certain
feature characteristics such as topography, dinmensions or content, and
establishes quantitative correspondence between feature characteristics and
adj usted grayscal e val ues. For exanple, the nmethod may be used to exam ne
process 30 [8aR] affhepssant infremtioa haafaeiouosdvanthgrs ova cdheentidiml edotiues. Sxaeapl e,

t he net hod i sed t iteratively optim ze.prqcess paraneters unti

desi red  eSTRPUTERPEle Bl nyitigh riidd S ERIon IR Ve SRERBIUARY o yet
anot Iher emxapédtion techifiqeats hedirdiely n?ﬁit@faﬁg msaaizg PRRES ﬁlglé?[inﬁﬁljl'nlﬁ;bﬁ&afsi nftl udes
an el ectron g croscope systemconfigured tq obtain a plurality of electron
m croscope “P'%a%@ Oaggr@ef’%?é&fwﬁﬂfﬁﬁ Pﬁ’%ﬁsﬁﬁ‘ﬁllﬂ}‘??dt‘f‘f W&“é‘ﬁﬁl“@%‘?m wafers
respect kVekpthinfd18t, Rhdlétetwidtn 108, SRR EnBRGHGBSARGrbidRSnRnRbpdlidty Of
processed features, and each of the pIurallhy of sanpl e regi ons incl udes

at | east oF@AtRHT Maps represping @yerage gravseale valuesienthebaskeropnd; pvesigetsyscalt ural ity

of processggh, {8l bob3sdaFedtletsS afd AMfhBld drfRdie Mlites! #hEsk ﬂ%—ﬂhﬁ&ﬁ’zﬁ I;ftgur

Addi tionally, the systemincludeS a processing systemconfigure
process i nfiapheanserve ashighlaindisatafstaf overall prsicess apridityons hcredsan entine wafar oscope

I mages, an ] [ ' V. Qf . fhe
plaral |ty BOERERR ke, Soble dlndifhchlslos e AL on BUBS B inld”
associ & edreprastntative utidg pémpletegion imhgeslas weH angmyscale valogefor thageeesséchch of t he

first pluralj £ j S. assqciated with the at | east one of
the plurali gﬁ%fﬁérﬂ%gggﬁnﬁeg@ue%%@kﬁg?3139/ FEPIERL t@?@@?i@@“%@stem S
further cocéntgupkds dnd chaady drsvsivafaicmel vaiatioss Aeiaih ethbuditnbnts BEhE presént

rm ne whet her, the at_ ] east one

~plurality of grayscal e val.ues...and det
Fabri cat| offvERISALEE Pl SEOp ViR A disdo SricTring BSess PrfRSTIK MM AL 81 at ed
with the fHéssdnatl um[}.lf t'egidﬂfs w@hﬁf' VaSeaEbrao g?kmaﬁe thﬁ%rdc@ss&fiﬂbtﬁﬂ@@ﬁihﬁ?ﬁlﬁafe}.he
. procesglng_S ste .Ncl u software an r ar awar e, n anot her .
enbodi i%nt So ﬁamg]gé@&?ﬁ ?f?ﬁm&ﬁ% 'BV?%PQPPEPFﬁaE‘H‘é‘Sﬁ@%%& t9 gt 2 quiRkeyopsis
Accor di Ng bPhy plocel Pl mafEORE I8 tvafed, sEYFrRIbLY MatiGRiIR (HaitititB eRhRGASS

uniformty_includes an el ectron mcroscope systemconfigured to obtain a
plurality B ¥pwelerblet offiatyas begwerairddus-beamdripsetion. Wrichmay pe bighlyi ty of
sanpl e r egiQianidoRSPHahdY ﬁwmer_éﬁksemﬂ&iag ) di%i(ﬁ&gc@éiﬂﬁﬁm EndeRBLhONWitNuidides a
plurality of processed features, and each of the plurality of sanple :
regions in afiograngl gopaparative aplysisef th dafainjatopneite mangere appsepriateairegess.  Each
of thegp comections can be made in a timely manner. As another example, it is important to identify

process equipment lifetime issues and limitations as soon as possible before a costly

excursion takes place, based on certain clues that may emerge during measurements. Certain

embodiments of the present invention provide a method that allows for sampling the wafer

surface such that a fraction of the wafer surface area is inspected to provide a signature map

. ‘25 of defects.

[0071] Some embodiments of the present invention provide an inline examination of
proceés uniformity and allows the convenient isolation of a problem to a particular process
_ step or a unit process operation. Certain embodiments of the present invention provide an
efficient inspection method for 300-mm wafers, which hold two and a half times the number -
30  of dies on a 200-mm wafer. Some embodiments of the present invention provide a method
for detecting within-wafer variatioxis after completion of copper CMP. For example, there
may be residue left after CMP in certain regions of the wafer. As another example, the filling

process for the contact or via holes might be improperly executed and as a result there could
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plurality of processed features results fromat |east one fabrication
process. Additionally, the systemincludes a processing system configured
to process information associated with the plurality of electron

m croscope images, and determne a first plurality of grayscal e values for
25 the plurality of sanple regions respectively based on at | east
information associated with the plurality of electron m croscope inages.
Each of t hdefsimfane opinteradl voidingf The ay@ixelrmwedlitefmm the CMBpad gfeed fioi h t he at

| east one f proces ur oV ocessi ng
systemis froﬁl%&@{%%&?:ﬂoh?%% Qc&%ﬁlg?egg{ #1 P@Sh@BH?gﬁﬁs%hﬁé’éﬁgf on at

| east i nf onadaqumﬁg:emtdamdnmﬁgbhﬂmhetofﬂamh fek of the pbsgibdd casaRy Teahia val ues,
process infag t|o glﬁass L at ed V\/lththgf.lrs cont our and determ ne

whet her th§ &F va'étf(?"o?f‘mﬂ??) gsuablp balapcebgivrep Hwoehght ot | east

i nf or masi ommﬁplﬁchdoaéregk sid BsolitRonf %Séxaﬁ‘%lﬁ , Sidlcoviidhe indleRBLWiR HRPIRRREe t he
pr ocessi ngoﬂijﬁtem i ncl udes software and/or hardware. | n anot her

enbodi nent sied within ene 4ig oyerthesntisg die prga.nButihigh neveentage of souwdipg The
present i n%ﬁi‘%ﬂv@@re@ﬁﬁhdﬁ%ﬁdﬁ’é&c@%@ﬁﬁ@ﬂ%cﬁxﬁhemSPEHeQﬂﬁlbett sEhptgues. Some
enbodi nents of the present invention provide a sem conductor wafer

measur enenitsperied qusing a given period i imsy Soms o embediments iof thewrisewrineentionprovide i ze

processi ng . affdidni lisde & & t I
processes \;a\‘llﬁtﬁg giel g na wa%fé@l&ogeﬁl\%e%n wa eogg e IﬁzhlﬂlgHI?blfn
and/ or 1det maBODmhswaﬁewithapmhﬁmﬁemhinso b he present invention provide
contour maps representing average grayscal e values for the background,

average gr pogep! althyadhssiicumivanianssind falcdf Bsentiah Hadieds Hé‘sénﬂéd?if%ﬁﬂ' e

val ues. These t wo- di nensi onal_ contour nmaps can serve as reliable

i ndi cat or s PPndsgiead by thase ebskill ingheagt thehthergarensber smbedimiepts thasfeerequiyalgntor
bet ween Waifhe deseQBE &Maemeﬁﬁn%c&ﬁmtgne ith{ 68 Bhddrft¥Rithit PoflSs Sk EK

visual 10 representation_using sanpl € fegion i mages as 3@5?“53 grayscal e
val ues f or be Heitpd by the spegificfidusfrated smhpdimens, b ey by thedcopem thoeprpided t he
visual j5eppgggntation takes the formof contour plots and clearly shows
waf er ['evel variations. Certain enbodi nents of the present invention use
sanple regions within a die to determine process uniformty within a die or
desi gnat ed sanple regions within a wafer to determ ne the process
uniformty within a wafer. 15 Sone enbodi nents of the present invention
enabl e a process engineer to get a quick synopsis of the process
per formance across the wafer, supported by statistically quantitative
"~ measures. For exanple, a lot of data can be generated by e-beam

i nspection, which may be highly -
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vol um nous to handl e and thereby making its significance difficult to
understand. Wth quick visualization and conparative analysis of the data
in a concise manner, appropriate process 20 corrections can be made in a
timely manner. As another exanple, it is inportant to identify process
equi prent lifetime issues and limtations as soon as possible before a
costly .excursion takes place, based on certain clues that may energe
during rmeaddedM¥its. Certain enbodi nents of the present invention provide
a nmethod that allows for sanpling the wafer surface such that a fraction
of the wafer surfacejareas inptiod theelcafinidy R6QY HEfoRnit, INAhEHE! Bprisitg; Of
defects. [0071] Sone enbodi nents of the present invention provide an’inline
exam nation of procesestingp plyralitst of sample s¢gigasthe pralignobsampietregions) ation of a
problemto. i i At Lertain
Ermbod ment SR il JHERRENS! (AARR, Qb BB bl PSR RREH AL iBdpaill

met hod fSor a8Bastwne ekthepluraliphifpochssbdifenmoes agadh af tha plurdlityreprodessed fiedbmes 30 of
di es on a 2005 fer, S i s of the present invention provide a
method for Sgﬂetp;g]c |na§lév38ttqr%ien%§b\%g%{gogp\g€crg%sati ons after conpletion of copper
CVMP. For exanpl e, thetsiningaphivsity efdlabtren hatibscapt miagedRsodiatebwitlathe r egi ons
of the vvaferl. As anot her exanpl e he filling process for the contact or
via hol es rﬁ‘ﬁﬁlftyﬂgs erIS%‘g?ﬁ{%‘pp@%V@ Ped and as a result there could 22 be
surface or internal potasinginfobhatiotodsshiciged ®iyh the plilrility bOedta nfidsdgppe age or.
from probl.ens with the notion that is conducted.during the polish or
perhapd% r dBP8%e use of inadequate end point detection algorithms, to name
a few of the possi bl gtGausRsa fifeplindlify of SIS RIS f@fthd JlBraRfy@F8dihple NVeENt i on
provi de a desirabl e bal ance between throughput, 5 sanpling_ coverage, and

resol ut i on Tegi¥s respeRtiyely baged on ablpast idrmation essedafedyvith therpluplity obeledt@e  of t he

areas sanplpgieroWiopbintaged) adhi o? VRS phl?8it BE %r'a?scﬁe%ﬁ&@@ein Sodbh@NviREdE gNt age
of sanplin at a given resolution may reduce throughput such as neasured

by the nunilesst e ok ehusality pEiseessied fepiesig a gi ven period of tine. Sone
enbodi ent s of the 1 : | i : LG i .

t echni gﬁe for a des?%rﬁéeﬁo eint atgg1 éngﬂgﬁaag%@%%?%sngﬁ&éir& ﬁ%%ﬁ?ﬁ%b%%f’s m 10
on a 300- nm waf er wi determiniigcshetisy the af leagt ond EabriGatipn pracefsG9 Tform/based wg lat
specific e I . q ﬂmgp-% i haeR described, it wll
be under stg%gﬂggﬁp%%gggsgkﬁgﬂwﬁﬁégﬁrg e ar 0?%??%\{1&ere are ot her enbodi nents

that are equivalent to the described enbodi nents. Accordingly, it is to be
under st ood that the 3-nverfibeorstliod ofiglgim bwherein the processing information associated

with the plurality of electron microscope images comprises:

20 determining a plurality of background grayscale values for the plurality of
sample regions respectively based on at least information associated with the plurality of
_electron microscope images; _

‘ determining a second plurality of grayscale values for the plurality of sampie
- regions respectively based on at least information associated with the plurality of electron
25 microscope images, each of the second plurality of grayscale values being associated with the

at least one of the plurality of précessed features.

3. The method of claim 2 wherein the determining a first pluzality of
grayscale values comprises determining a plurality of differences between the second

plurality of grayscale values and the plurality of background grayscale values respectively.

30 4, The method of claim 2, and further comprising generating a contour

map based on at least information associated with the second plurality of grayscale values.
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be limted by the specific illustrated enbodi nents, but only by the scope
of the appended 15 clains. 23 CLAIMS: 1. A nethod for determ ning process
uniformty, the nethod conprising: selecting a plurality of sanple
regions, the plurality of sanple regions including a plurality of
processed features, each of the plurality of sanple regions including 5 at
| east one of the plurality of processed features, each of the plurality of
processed features resulting fromat |east one fabrlcatlon process;
obtaining a pluralit$ of Bredsthedwislaip dswgdurth %@f@@mﬁ&?@ﬁ%ﬁ%ﬂt he

plurality of:3300l08 of R HISmIESRESbINEA mmmegﬁﬁ%ﬁtgagbacgg;% @SSOC' at ed

with the pIurallty of electron m croscope ng a first
plurality oflugxayscale values for the plurality of sanple reglons
respectively based on at |east information associated with the plurality of

el ectron mcroscopegi ”H@Jﬂl%me%%fefmzﬁﬁ“%vﬂefefu%éacﬂ%)%égiu}ap &935 gbésrgg}l,&

val ues being associated wth the at least one o
processéd tempuigess pluditpefisepasaft pab-iegioos.nat i on aSSOCIated with the first
plurality of grayscal e val ues; deternlnlng whet her the at |east one

fabrication process 4s ungnghQ@f ggiﬁgﬁﬁmlﬁg&ﬁ; g%qg?&§§9glated

with the first pluralit sca claim1l

wher ei n t hbocpied er 8 siafes, t?:%wgﬁemp é‘ﬁgamtatoédles wirdhiof e hyrhlity af diey - of
el ectron rmning a plurality of
RGP fal SROGERE BRI Sanpl (BDE! 1 09 2, PL LG o

background gr ues y of sanple regions
respectively based on at |east information associated with the plurality of
el ectron mcroscope § magdde method ofitlaion§ Wherarhepluplitt oflshmpleadgiopsayscal e

val ues y§ory &&%Bk&g%% ﬂkaf@rﬁ@l: of ?PfE;;PIA‘i ftgﬁfa?&? IciAlok PREGAnOBFRL | SaSt

|nfornat|on assocl ron m Cr oscope i mages,
each of t hplusaditoeiappleregionsy of grayscale val ues being associated with the
at least one of the plurality of processed features. 3. The nethod of claim

2 wherein the deterng ni Ngnanfeltfod br Bhidl Riwhkdbint teast some of the plurality of sample

regions are located in one die.

10.  The method of claim 1 wherein the obtaining a plurality of electron

15 microscope images comprises using a secondary electron microscope.

11.  The method of claim 10 wherein the secondary electron microscope is
- selected from a group consisting of a defect inspection SEM, a defect review SEM, and a
CD-SEM. '

12, The method of claim 1 wherein the plurality of processed features
20 comprises a plurality of vias resulting from etching a portion of a dielectric layer, the
dielectric layer being on a first surface of a first conductive layer.

13.  The method of claim 12 wherein the determining whether the at least
one fabrication process is uniform comprises determining whether the etching for the

plurality of vias is uhiform.

25 14.  The method of claim 12 wherein the plurality of vias are free from

bemg filled with a second conductive layer.
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grayscal e val ues conprises determning a plurality of differences between
the second plurality of grayscale values and the plurality of background
grayscal e val ues respectively. 30 4. The nethod of claim2, and further
conprising generating a contour nmap based on at |east information
associated wth the second plurality of grayscale values. 24 5. The nethod
of claim2, and further conprising generating a contour map based on at

| east information associated with the plurality of background grayscale

val ues. 6. The met ho#s-of Eheanethed ofrdaim 14 wderdin thie detammiping mdiethesthe fif lemtpl e
regions 5 | o 0. - L QN +.. The met hod of
Claim 'L uhrrREn folstis Bhilch Qe sERABL I RSBl SERTRE o
the waf er iasslciatbdrngthahpsanreadeptiyofofchibges, each of the plurality of dies
including .at |east one of the plurality of sanple regions. 8 The nethod
of claim1 wherein the plHall é/d&]’cleﬁﬁrﬂilvﬁle{veﬁlgi ons are 10 located on a
plurality of wafers, each of the plurality of wafers including at |east one
of the Splurality of thepinpility pEgaoas filled withe seoehdomhdadtive lagern 1 wher ei n at

| east some of the plyrali of, sanple .regians .are,located.in one.die. 10.
The nethod of claim %e\%%cé)%%f’oﬁl dp %%V%gﬂeéllsrpﬁ%&"ﬁe%ﬁyﬂrcgw "E)?Ch%‘?“eai?? g5

M croscope i nages compedsses using a secondary el ectron mcroscope. 11. The
met hod of claim 10 wherein the secondary el ectron mcroscope is selected

froma group consi stj-ng f L. nspection, SE def ect . revi ew SEM

and a CD-SEM 12. TL’}; rre%g%eq% de(%fcéﬁl%ﬁgv\iﬁff‘jh S%‘é‘ﬁﬁ’t“g‘?‘%ﬁvﬂ‘?’e‘bf pr ocessed
features 20mpusrpailsmsome splevted fiotnya grbuy basistigsef coppegardd tomseichi ng a portion
of a dielectric layer, the dielectric layer being on a first surface of a

first nductive | aygy. T od.of, cl.ajm 12 ereint et er m ni ng
whet he?et he at Ieastﬁr'onéﬁlpa e:a?()élgqlicgaﬁmﬁr‘%l%e@e& ?ﬁlﬁarﬁgkf]%ﬁ °€6%%E?? &

det er m ni ngomprisehe plurdlity ef tcinsisigr faes reldtingdkom dégokiyingindiidéng Scondudtiee m 25
14. The rreiaf}gld of claim 12 wherein the plurality of vias are free from

19.  The method of claim 18 wherein the conductive layer comprises

polysilicon.

15 20.  The method of ¢laim 1 wherein the plurality of processed features

comprises a plurality of transistor junctions.

21.  The method of claim 1 wherein the plurality of processed features
- comprises a plurality of self-aligned contacts.

| 22.  The method of claim 1 wherein the processing information associated
20 with the first plurality of grayscale values comprises generating a contour map based on at
least information associated with the first plurality of grayscale values.

23.  The method of claim 22 wherein:
the contour map includes information associated with a third plurality of
_ grayscale values corresponding to a plurality of locations;
25 the third plurality of grayscale values includes the first plurality of grayscale
values;

the plurality of locations includes the plurality of sample regions.
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being filled with a second conductive |ayer. 25 15. The nethod of claim 14
wherein the determ ning whether the at |[east one fabrication process is
uni-form conpri ses determ ning whether the plurality of vial are associated
with the sane depth of etching. 16. The nethod of claim 12 wherein: 5 the
plurality of vias are filled wth a second conductive |ayer; the second
conductive layer is planarized by a chem cal nechanical polishing process.
17. The method of claim 16 wherein the second conductive |l ayer conprises
at | east one sel ect ed4f r olheamgthod pf damsi3sthiernin e gewptiag aznototungst en. 10

18. The met ] ai ' l. ur al it f _pracessed features
conpri ses a&%ﬁ)ll}?%ldﬁeg‘h %Hgta\r{\%ﬁgstﬁ{s)@g%{qglg er's?i p?uer%lﬁyf) f%’%f’aS @B@g@é‘?‘ﬁ% and
et chi ng a deastiinfirination dssgedated Wik th€lfiest pivtdlivglofafraystadé valis3. wher ei n t he
conductive |l ayer conprises polysilicon. 15 20. The nethod of claim!]l

wherein the pluralityeof 0 res .c rises. a plurality. of
transi stor | 3nct i ons.¥5°21.%rglgtﬁn§c?ﬁfocgae“§%ﬁgf N @%Emuﬁg?ﬁgasi)fqﬂed%ﬁ%/ of
processéd fthiad phusdity df@uqyscadesalees pbmprdes inyerpflatiglaf leadt kgneds tﬁ@ﬂfsgﬂhﬁlityZ 2. The
nmet hod of clf%immclacv\@fzrei n the processing information associate 20 with
the first pq r |Ey oq‘%'grayscal e val ues conprises generating a contour map
based on-at |east information associated with the first plurality of
grayscal e val ues. 2326.TheThmanétbetl affclatihdiwhe?n ivh deteintining dehernthOaleRBP

i ncl udes ing ' ssociated with.a third plurality of grayscal e val ues
.correspondi%rrllg%{iggaf%glpgoraSilf‘ﬁmgqﬂﬁ%@fl?cﬁhs; 25 the third plurality of
grayscal e val ues i ncdateteinihge sthidasd deviatio@hid a0 0Erags TR & lea¥@heRRatiohhe

PIUral iy Gl QRANiRlTRe AOENNARS iRl ahiely O Samle regions. 26

determining a ratio between the standard deviation to the average.

27.  The method of claim 26 wherein the determining whether the at least
one fabrication process is uniform further comprises: '
processing information associated with the ratio and a predetermined value;
15 ' o determining the af least one fabrication process to be uniform if the ratio is
equal to or smaller than the predetermined value;
determining the at least one fabrication process to be not uniform if the ratio is
larger than the predetermined value. |

28.  The method of claim 1, and further comprising adjusti:ig one or more
20  process parametets in response to whether the at least one fabrication process is uniform, the

one or more process parameters related to the at least one fabrication process.

29.  The method of claim 1, and further comprising calibrating each of the
first plurality of grayscale values with a plurality of characteristic values related to.one or

more characteristics of the plurality of processed features.

25 30.  The method of claim 29 wherein the calibrating each of the first
plurality of grayscale values comptises determining a plurality of oorr&spdnding relationships

between the first plurality of grayscale values and the plurality of characteristic values. -
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24. The nmethod of claim 23 wherein the generating a contour map conprises
determning.at |east sone of the third plurality of grayscal e val ues based
on at least information associated with the first plurality of grayscale
val ues. 25. The nmethod of claim24 wherein the determ ning at |east sone of
the 5 third plurality of grayscale val ues conprises interpolating at |east
sone of the first plurality of grayscale values. 26. The nethod of claim1l
wherein the determ ning whether the at |east one fabrication process is
uni form conpri ses: déler nihs mgthad ef datent wheaeipitheselspfingroplurmliippamepde based on

at |east i %gbﬂ@édn%seslsgie_@tmgﬁé ﬁlhﬁa@ttmfs&nﬁl'a?%giér{s%foupd WheRl, kMol il GHAC al e
o} [ an

val ues; deternining a rati etween the s ard deviation to the average.
27. The netMwaligof samploregipngpqiablorthe tetal awsa of thi: wiafeg muktiplindby & faioat | east
one fabrication process is uniformfurther conprises: processing

| nformation associ at eo Wi ke hbtfiod & i tierdti BB HACHN I dMBI% 4>
determ ning the at | east one fabrication process to be uniformif the ratio
is equdl ti®0% snmaller than the predeterm ned val ue; determining the at

| east one fabrication process to be not uniformif the ratio is |arger

than the predeterm nggl vahygtheFor dddemihdR8cdd ulifodhity, he rﬁ&ﬂoééb‘iﬁrﬁgg{nlgo

conprising adjusting one or nore 20 process paraneters in respo
whet her the at | east sd¢réing aphwaiy ploumplegesions, the plwmlitpefsamplegegionse or nore

- process panLaiigi ; I ;ﬁ?? ' . 29. The
met hod of él al rhﬁ%?planoﬂﬁ&’ﬁ%ﬁ%%ﬁp@?ﬁ?ﬁg%gﬂ%hra %‘Ssa}é‘ggﬁe%#“%ﬁ ﬁ%‘?dl?grst

plurality oflegitageefthephdlifioef prwdchsed fphuesatdch pf e pinditacf rodesteil featatsues
“rel atedpt o - Qf, ¢ r | St ] .of the plurality of processed

featurgg. i%ﬁgﬁg&?ﬁga%‘%tsﬁ%%f%ﬁ{cg@ﬁéﬁ#%’Mer ein the calibrating each of the
first plurality of qrtasiymgalphrality vEdecmnpiicoaopemiapenissodimedwitl tieal i ty of
correspondi Eel étainorpsrréi .§s -rebettwee?n the first plurality of grayscale
val ues and? e% urar yg[ PSP A 2ri stic val ues. 27 31. The nethod of
claim1 wherein the petasihg idortapbniisaddidtyd with S phirdity 6EJeHOE nEQORHHS €S
sel ecting -tirgz?geg‘l urality of sanple regions froma wafer, the total area of
t he ’

- 15 determining a first plurality of grayscale values for the plurality of sample

regions respectively based on at least information associated with the plurality of electron
microscope images, each of the first plurality of grayscale values being associated with the at
least one of the plurality of processed features; .
generating a first contour map based on at least information associated with
20  the first plurality of grayscale values;
processing information associated with the first contour map;
determining whether the at least one fabrication process is uniform based on at

least information associated with the first contour map.

34. A system for determining process uniformity, the system comprising:
25 an electron microscope system configured to obtain a plurality of electron
microscope images associated with a plurality of sample regions respectively, the plurality of
sample regions including a plurality of processed features, each of the plurality of sample
regions including at least one of the plurality of processed features, each of the plurality of
processed features resulting from at least one fabrication process; '

30 a processing system configured to:
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plurality of sanple regions equal to the total area of the wafer multiplied
by a ratio. 32. The nethod of claim 31 wherein the ratio ranges from
0.0001%to 5 100% 33. A method for determning process uniformty, the
_method conprising: selecting a plurality of sanple regions, the plurality

- of sanple regions including a plurality of processed features, each of the
plurality of sanple regions including at least one of the plurality of
processed features, each mﬁcqsh@fmhgiassgclmdmﬂﬂbeskl@ﬁtj@éﬁimms 10
resulting from %icxjogt‘%ﬁ%in? fabrication process; obtaining a plurality of

el ectron m croscope | dssociated with the plurality of sanple regions
respectively; processing deﬂérmu'nmifjﬁm!rplm-slﬂp. $i3 Ofghﬁ?dgl\aﬂvﬁlhe&fﬂﬁﬁﬂllﬁb}[ﬁﬁtjfrbﬁl of I

el ectron mcrosco | mages; 15 termning a.firs uraljt) rayscal e
val ues for the 611“3@%‘?33%?95?31’%%%?' asefl gn pt] t'r“é"é’ﬁ‘é‘&‘ﬂ”@%‘lcft#a‘g‘éb&éﬂﬁgﬁﬁ east
i nf or matsi on assof tladte xtﬁbiobcotphﬁna:yeg;readh: dfyhequlqjmgﬁ@aﬂgmpgcg]@%?@ﬁﬁmg{wﬁgﬁé
each of the first plurality o rays e, val ues beli ng associated w

at |east one o]assf’ﬁéteﬁl“'ﬁ*'é%act% “Bngég@?&W‘éfﬂW%‘?ff@%F ating a first
contour map based on at |Hﬂa§e’&shﬂfrﬁﬁﬁ@idsﬁ&ia?éﬁ%ﬁﬁﬂtﬁéﬁﬂtﬂhﬁaﬂtyc&%r&ygﬁlef' rst
plurality of grayscale values; processing information associatéd wth the
first contour mEHeet er mi ni ng whet her the at |east one fabrication process
s uni formbased on at | @AWk KleRPARTRH S Hrbdbs! B SniFasfON OUT
map. 34. A system for determning process uniformty, e system

conpri dfng: ~ 250mat leastisforamtion aspesintesiraithsthe fishplontity of graysealovabiss.ai n a
plurality of electron mcroscope inmages associated with a plurality of
sanpl e regi ons respegy. i Ventsyhdif oPbFAI4 ierh ﬂﬂegh%més%foﬁ?étﬁﬂﬁsﬁo&%e&'d' ng a
plurality of processed features, each of the plarality of sanple Tregions

i ncl udi ng Afith thepluralityof slectroramistaseeneiimgges tomprisessssed f eat ures, each of the

plurality of pr oces&@gmfrﬁadtsqﬁg%rop?#g%}j?@gi %ﬁgg%ggalbc%%}mggﬁﬁ@b&i cation

process; 30 a processing sy m ton | process rmation
associ at ed sghplp raginas pispectively Yased o htdeast information associated with the plurality of
15  electron microscope images; ‘
determine a second plurality of grayscale values for the plurality of sample
regions respectively based on at least information associated with the plurality of electron
microscope images, each of the second plurality of grayscale values being associated with the

at least one-of the plurality of processed features.

20 36.  The system of claim 35 wherein the determine a first plurality of
‘grayscale values comprises determine a plorality of differences between the second plurality

of grayscale values and the plurality of background grayscale values respectively.

37.  The system of claim 35 wherein the processing system is further
configured to generate a contour map based on at least information associated with the

25 second plurality of grayscale values.

38.  The system of claim 35 wherein the processing system is further

configured to generate a contour map based on at least information associated with the

plurality of background grayscale values.

39.  The system of claim 34 wherein each of the plurality of sample regions

30  comprises a plurality of separate sub-regitons.
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m croscope i mages; determine a first plurality of grayscale values for the
plurality of sanple regions respectively based on at |east infaormation
associated with the plurality 5 of electron mcroscope images, each of the
first plurality of grayscal e values being associated with the at |east one
of the plurality of processed features; process information associated with
the first plurality of grayscale values; determ ne whether the at |east
one fabrication process is uniformbased 10 on at |east information
associated with the ffrst The aystemiafglagp 34 whgmsindhephuealitieef sa@ple ragienssyst em of
claim 34 Efdd bt I : ' . | | h .yrality of
el ectron mgrﬁggpﬁ?%g%ﬁ%n@ﬂ“@ﬁlgfglgfﬁgﬁég%éggfﬂ% Jl“fa?“g?ﬂodéeasc kgr ound
grayscal e viatluding gtdeast ere of therpdirility obsampdemegioes.r egi ons respectivel y based on
at least information associated with the plurality of 15 electron

i oroscope imeges; dejer i aenceonith B WAk AlALANIERNE RES, for the
plurality of sanple regions respectively base n a east "I 1 or it i on
associ atded logated onteepiyriality 9 waterso ach o€ the pbwmalityb E walssdpadudinpaidest @eofithef t he
second pl urpq‘}rh'] e val ues being associated with the at |east
one of the™p u%l@%ﬁ%ﬁ%ﬁ%essed features. 20 36. The systemof claim35
wherein the determne a first plurality of grayscale val ues conprises
deternmine a pluralit42-of Hiefsysiemofeginhdt whearinthieas sonadf the pluglityt of of
grayscal e ity of background grayscal e val ues

respecti veﬁ%ﬂg%&%g}%gg@%ﬁnhg#% ‘aim 35 wherein the processing systemis
further configured to generate a contour map based on-at |east information
associ ated with the 425 sEesydepplielain 4whireig theydetivr miabscepe sy88m The

syst emygf i i ing systemis further configured to
gener atlg a%étg‘%}t?@ggrgsgrr@gg aglgﬁr{ﬁgﬁgﬁgg'st i nformation associated with the
plurality of background grayscal e values. 39. The system of claim 34
wherein each of the #tur albesystan ofelip 4 whegtio the se@doyrfrcireremicrospbperial i ty

of separ at ge1eddr f&idh QRstp cBibisting of a defect inspection SEM, a defect review SEM, and a
CD-SEM.

45.  The system of claim 34 wherein the plurality of processed features
15 comprises a plurality of vias resulting from efching a portion of a dielectric layer, the
dielectric layer being on a first surface of a first conductive layer.

46.  The system of claim 45 whercin the determine whether the at least one
~ fabrication process is uniform comprises determine whether the etching for the plurality of

vias is uniform.

20 47.  The system of claim 45 wherein the plurality of vias are free from -
being filled with a second conductive layer.

48.  The system of claim 47 wherein the determine whether the at feast one
fabrication process is uniform comprises determine whether the plurality of vias are

associated with the same depth.

25 49,  The system of claim 45 wherein:
the plurality of vias are filled with a second conductive layer;
the second conductive layer is planarized by a chemical mechanical polishing

process.
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40. The system of claim 34 wherein the plurality of sanple regions are

| ocated on a wafer, the wafer including a plurality of dies, each of the
plurality of dies including at |east one of the plurality of sanple
regions. 41. The systemof claim 34 wherein the plurality of sanple regions
are 5 located on a plurality of wafers, each of the plurality of wafers
including at | east one of the plurality of sanple regions. 4.2. The system
of claim 34 wherein at | east some of the plurality of sanple regions are
located in one die. £9: THbesyptomerfichimdd avhergd thelsesond tordbetivell@t Edfprises

m croscope éﬂé&s%ﬂes\%ﬁc&@%&i%& 308! ﬁgg?éﬁfpﬁ e@t ron mcroscope. 44. The

system of claim43 ereint econ _ E"P'oscope is selected
froma group consisting of a defect inspection SEM a defect review SEM
and a CD-SEM 45. THd. syJhespstst afickimi334vhebein thie plardlity off i @bsell Yeabires

processed fgak UL | ural i of vias resulting frometching
a portion of f‘l’:ﬁ plrality of] gil/szsr?%g?ﬁgmg'gﬁ% ﬁ%ﬁ‘{ee"%“a‘ﬁé’f’ Bté'fiuﬁé ag?P‘{i'CFYer st
surface f laydrirst conductive |ayer. 46. The system of claim 45 wherein the
- determine whether the at | east one fabrication process is uniform

conprises determ ne wheth ing,for th | urali of wvjas is
uni form 20 47. The sy'ste%ﬁ%%g glff%mﬁ%gwg'?rgfrh‘g?E‘@’%B&{YF%YF‘ESPHHFS% as are
free from msdysHigoni |l ed with a second conductive |ayer. 48. The system of
claim47 wherein the determ ne whether the at |east one fabrication

uher el _ ner the at I fabricat
esociated with the sme SeavengtURREs ek Gme ARl A frorrtel i n: | he

plural ity oPmpriges apleralitylof ahsistor juneti®econd conductive | ayer; the second
conductive layer is planarized by a chem cal nechanical polishing process.

30 50. jffe system of sgl ai fcigsaRSEAkih 3SR MLEARG T bl S LSO | e
comprises a plurality of self-aligned contacts.

55.  The system of claim 34 wherein the process information associated
with the first plurality of grayscale values comprises generate a contour map based on at least
information associated with the first plurality of grayscale values.

15 56.  The system of claim 55 wherein:
the contour map includes information associated with a third plurality of
| grayscale values corresponding to a plurality of locations;
| the third plurality of grayscale values includes the first plurality of grayscale

values;

20  the plurality of locations includes the plurality of sample regions.

57.  The system of claim 56 wherein the generate a contour map comprises
.determine at least some of the third plurality of grayscale values based on at least information
associated with the first plurality of grayscale values.

_ 58.  The system of claim 57 wherein the determine at least some of the
25  third plurality of grayscale values comprises interpolate at least some of the first plurality of
grayscale values. ' |

59.  The system of claim 34 wherein the determine whether the at least one

fabrication process is uniform comprises:
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at | east one selected froma group consisting of copper and tungsten. 51.
The system of claim 34 wherein the plurality of processed features
conprises a plurality of transistor gates resulting from depositing and
etching a conductive 5 layer. 52. The system of claim51 wherein the
conductive |ayer conprises polysilicon. 53. The system of claim 34 wherein
| Unctione. 10 54 Tha G SO BHAE YRS AGHLT EPeF BHE Bt PRYBIRG: ocessed
features casptineésith thelfln plurdlyy cfgr8edde aldeggned contacts. 55. The system of
claim 34 wherein the process i.nformatjon gssqciated wth the first
plurality of grayscaldgteW?Pe’@u% ?%Fﬁﬂglg s@@ﬂéﬁ‘é‘f‘%”ﬁ%%ﬁ?%%ﬁp based on at

| east information associated with the first plurality of grayscal e val ues.
15 56. The syst em of 68l ai FheaSstovh ef daim: 59tvrheregncthe detarmine phithed thicke $east phioor mat i on
associ at ed wyt. i.rd. plur Ié’}]y f rayscal e val ues corresponding to a
plurality oybbgaé%{l%%ﬁ%?m&ﬁlgoﬁl raﬂrg?nﬁ?lgs Tt y of grayscal e val ues i ncl udes
the first plurality pfoces afsmatian assiated syith2ik ritiveang la pregbtetnyinaif valoecat | ons

includes the plurality of s |e regions., .57. The tem.of .claimb56
wherein the generat edéergﬁ%ettga% er‘?ﬁ%a%S?ﬁ)trsaP%cé’tsm p&%cteﬁsftﬁmgwémn%tmlﬁg%%’iagégne of
t he third péqualab ot gmallefthgrthysreddiceminal udsc; based on at | east information

associated with the first al j of grayscal e val ues,. 5 T syst em of
claim57 wherein t heldd ere%aggwéltfei)fségget[g%‘bc#éono?m‘feﬁseo;’Sn?t}ﬂn&gnb}l?&ﬁé%l %ty of

grayscal e vialangss theothepredesmiimklonjpol ate at | east sone of the first plurality
of grayscal e values. 59. The system of claim 34 wherein the determ ne

whet her the at | east;;one Wer-18l [ ' MRses: 31
determ ne a standar f?l'devrlﬂéé;E'?g[%mgn%lh%{r}yg‘s/{%?ggglelggoscbé%ﬁ%gﬂg%ﬁﬁeaste§i nf ormati on
‘associ at edcufighred keadfuist ane opingregirgaess rofamptenyis cesbensy @l wiether the at least one

fabrication process is uniform, the one or more process parameters related to the at least one

fabrication process.

62.  The system of claim 34 wherein the processing system is further
configured to calibrate each of the first plurality of grayscale values with a plurality of
- characteristic values related to one or more characteristics of the plurality of processed
features.

63.  The system of claim 62 wherein the calibrate each of the first plurality
of grayscale values comprises determine a plurality of corresponding relationships between

the first plurality of grayscale values and the plurality of characteristic values.

64.  The system of claim 34 wherein the plurality of sample regions are
sclected from a wafer, the total area of the plurality of sample regions equal to the total area
of the wafer multiplied by a ratio.

65.  The method of claim 64 wherein the ratio ranges from 0.0001 % to
100%.

66. A system for determining process uniformity, the system comprising:
an electron microscope system configured to obtain a plurality of electron

microscope images associated with a plurality of sample regions respectively, the plurality of
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determ ne a ratio between the standard deviation to the average. 60. The
system of claim59 wherein the determ ne whether the at | east one
fabrication process is uniformfurther conprises: process infornmation
associated with the ratio and a predeterm ned value; determne that the at
| east. one fabrication process to be uniformif the ratiois equal to or
smal l er than the predeterm ned val ue; determne that the at | east one

f abri cat i onsamplegegiens indudiag aplurality plnresesded faturesabiob of s phaslige of tahple t he

predet erm . . clealm 34 wherein th r,ocessing
systemis PI% £ %%#1 Hﬁ%lgghlaﬁgﬁé%fgﬂegﬂ}’%év Ogﬁlgc%srs o4 e?%"eﬁ’regﬁl?e%@h‘gw t%rs in .
response t oprodeetel deatirbreresititingefiah atlemst odeathbiricatibn procgs;ocess is uniform the
one or nore process Fag anet er s treI ated to the at |east one fabrication
process. 62. The syst&H 8%5“3&%%‘?{{‘:92“%1{&? ?n the processing systemis
further 5 configured to capiobssairforanbn @odidial Witk S pRl-alitabf dixcu@hy Or ayscal e
values with a plurali Ly, of characteristic values related to one or nore

"~ characteristics "™BfOfMBCPPEH ity of processed features. 63. The system of

claim 62 wherein the cali ddighfne6bt firalid) Sf biayhteRhiieatol i prllicPbpyscal e
val ues conprises determne a plurality of correspondi ng relatiohships

bet ween the fi F¥pPlpFegEons respectivelybased op pidlesshinfarmationasspriatesd withathie plpradity
X orios ) . : . Uty of
characteristic ate@on ofitrosddpe imdseh, Ao oxd ﬁhﬁ;ﬂﬁrﬁhig&g&ga g}t@{uﬁé B%u?%' y o

sanple regions are selected froma wafer, t t ot e rality
of sanplile regi onodaadwithdha stdeastomgof the phurality of fwecosselldeatures; t i pl i ed by a

rati o. 65. The net hod of ééafya%t"&éaﬁ{oﬁéﬁ@%ﬁ@#}?ﬁ&ﬂg@%@%@gg&a%ﬁOl %to

100% 66. A system for determning proces
conprising: anvethds firsipladalityed gopecaleystuesn configured to obtain a plurality

of electron microscope i . jated. wi.th urality of sanmple
regi ons respectively, thé@‘%ﬁfﬁ‘@ﬁ@&%@%ﬁ%gﬁ@&gb@@%@%m& udi ng a
plurality of processed feltamis whetehtheht ledseon fabidatibly piotess Rriaiferm 5861 ons

e arBg 2t ! e8Rh 1BRPiRmbfiSn RAHRL Jith 8L o ESESR G| ©21 Ur oS, each of the
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processed features resulting fromat |east one fabrication process; a
 processing system configured to: 5 process information associated with the
plurality of electron microscope inmages; determine a first plurality of’
grayscal e values for the plurality of sanple regions respectively based on
at least information associated with the plurality of electron mcroscope
i mges, each of the first plurality of grayscal e val ues being 10 associ at ed
with the at | east one of the Iuralltﬁ of processed features; generate a

first contour mEYESBEEQDANE SYSIFEM KFOR MONITQRING 3CRROGCESSt he first

plurality of grayscal e values; process information associated with the
first contour map; determ ne whet her ABSTRACT east one fabrication process
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respectivel y. Moreover, the nmethod includes processing 1 nformation
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