S METHOD AND SYSTEM FOR MONI TORI NG | C PROCESS BACKGROUND OF 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.
chal L engi ng s fSUESHOTLANKSESPERTH OB ONITSEINGI HRochss |
chal l enging as f . 'J&u@ i 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 narLoming in advﬁncmﬁnum?gncnanmE@QVFNgmgN a?d Fr?ﬁess
e R R b ot AchEbpocie. Pords po°°°
|atest techpaliany, (RMHG HORS ¥AtH! inNyaaR BRALEEHE I RGds N

di fferent f,1(13nri r‘_Igiégg]ga}[t%ﬁ?ll]{‘varlatlon I,%quilo‘ss t_edﬁég waf er reinllj' ts from

equi prent ot °Hf% h?%%ﬂ@@é@ﬁ > PP FVERitonC :ﬁmhggeﬂqa line moniborimgy be
further anpidii QshidWe RRbLEEMY (RS 16 ime?lﬁ&gﬁa%% ﬁmchfb'r&dmﬁ?gé o?apﬁm%ﬁt, are

mul tiple ways of neasuring the wafer c aracéer;stlcs 0 achi eve goge?s
he. of her oozl thlBet Rt (81 b SR AEHEH B ot Glindly SpeBO8s ogoire
progress artzestitionetosbeinkt Smnkidgdimentéms nd inedeating Waferdited are@@ikidgdhe Of t he
G 1 or ot 1 SHEEERSS b SORF LS ISR f viR et i titas wi ¢ i n
the di te. _~ Tfiﬁa@ss:iv‘?ﬂdow_s mfemmélltyma?mvhtg&pﬁﬁrbnceﬂ\wafﬁrmahﬂ?ctﬁmgg, ailstﬂpmsgh dijes to
i nspect in e.wafer. is one that often requires carefu pl anni ng an
attention tG G0 hapRen 45 ing uﬁ‘%éflﬁﬁégﬁﬁ&%%ét 'ﬁﬁ?“’ﬁ@s Ayeiadbpreprompifer 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 |inqosnyl PhessOidtionaf mimast 8 MRkl Tt Spitll baRlE, [SakHLE L0
i nspect._[0004] Sone conventional inspection protoco g I nvol ve bare Wwaf er
anal ysil® f grefsresulis omegpipment ofprrcess disirbancesordimitativak Shesa adatias ntaidee | s

no parti cl guitieP Rupified By puutbBif difeNLEGRER e AL, 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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first to ensure that the process tool is operating properly and does not
act as a source of yield- killing particles. This is usually followed by
optical inspection of the processed and patterned wafers, and then

foll owed by c-beaminspection. Wafer-level variation is often
~characterized by | ow spatial frequency trends that are caused by equi pnent

cten’ls a ubeelns BIFpRES and b hpcPa, Ingrd i mabn dpe ke Ene

processi ng @scess ohe asdoto widbtmadthe vaitibadaddse G8Sbei@en MTbRnAgN ANGEH

ol o ot r uctiPBand G My tha it nall 5t Wiha fiesTisfeasan obwiTe Bonmerhas
become i ncrwitsi B@ldye adaviiendies e itdpéet it Qafel & calRlat oﬁ‘é_hir&i.uﬁ@% catbfgeNSi ons.
The coimfggerﬁr obl e i nc] ude unopened contact and/or via hol es and

non-un UG 298 Lo detall. iridhing taa fest megsyromenia mply ¢ inddéquatesvhiereas he
contact  etfikify 06 aRfy MRYsk@NAR cah Hﬁ:ﬁ'&ﬁ@ﬁﬁg Gl dob] dnd p}'&%&ﬁ%ﬁﬁ]ﬁ%’{:&S d
nee ed, ni and

therefore etch process paraneters to be control ore
optini zed tiefighs femeimegs gt siuepees casbedpentddan thxsanibt bine and theyaffenadeudes a

trench, suqﬁgmtgqgcigg&gagﬂab@%&g%%g ch isolation. 25 [0006] Before

a- beam i nspection becanme nore w ed, conventional CD SEM technol ogy

coul d provi rig.jcal di Lon of the hole top verses that of the hole
bot o but 1P ¢ Sl RoneulTE 88 om ool tpateSBory I bt o too
el ect rilfal guhlificatereaidst nmke afre thaethe® f Giartidopreblethf This id'@n AdeSsabPat
di stinguish b tmeenéﬂqrnal and under-etched condjtions at all, the.
di stincti on" Ve “BedRt e Rrosrtop!dR pneyating praperly aad doghugs pel af apquies 9fivigld- As
anot her ex:kﬂﬁh@parﬁi@easldﬂﬁideélﬁﬂ? folloseEess &Iﬂﬁalltia@eaio%%ﬁfé p%e@@@ﬂiﬁli ng gl ectron
m cr oscopy EM. cqupl ed wt conput ati onal processing power have been
used for dgégﬁgpﬁﬁﬁﬁgf@@ﬂgméﬂgﬁmgéyﬁﬂﬁﬁéH@Haﬁ@BnV@@¥4%ﬁHW@Wﬂmi@ﬁﬁ@ies. But
the |ini t ach@otéized bRy §faAIFroySenbP Bnditiat Sre RRMI GRABRRL aéai[ghfa@ 02t

abl'e to

' detectign of defective contact and/or via holes, t eu are no
provi dd>anfPSHfGAREtSRS: about the etching variation or uniformity across a

wafer. As yet another exanple, EB-Scope technology has used a simlar
princi pl e. 19085t hEorRamplspdicleettin poh bgyunitepentiorothatieaninicpalipatof daslbst r at e
current isgusedededrsstdiiBlbdi ' hj ckness at..th bg%# om of cont act
or via holes.‘%u%rtheI%%%sé%ggofﬁéh%%ﬁgé§h§§m§$@§7gﬂ%ﬁﬁgg' obl ens on
nmodi fi ed stimiedpeior mapiachgingdedhidogy, tr-etchpubcatscivr KiGRpedt ko sah@ulgconi ng
popul ar dug it ' - [.0007] The sane . ssues,th are seen with
nonNi t or | ng_g'g't’ g%r&%ﬁl %&%“?@%ﬁg ﬁléefl tLi ARSSSs Wk Perme ngrpasnely ghallsnswg dug fon o |
uni t op@r aits emaliduiticalglitGsivms.uTaodonmianchrobMing Melidexdpalcd chvidt ndi&- 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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chem cal nechani cal polishing (CWP). 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, CM,
and el ectrochem cal plating (ECP). [0008] Hence it is highly desirable t

I nprove techniques for nonitoring IC process uniformty. BRI EF SUMVARY OF
THE | NVENTI ON [ 0009] Enbodi nents of the present invention are directed to

i ntegrat ed dutdetot of defefive chiabdt bfdiér v hold¥bhey #ahétiablh@proyide giyhn@dimgiohs of the
i nvention provgge .met hod and .system f or ﬁg} mning. | C pr c?ﬁi uniformty.
Merely by VU e"éﬁi’é‘fﬁp"l"“@,“"&ﬁﬁ‘é‘ﬂ" o5 2 VRIS PRV ELARPBF Sx#ERIE HsRIPPApp! i ed
to inline niedhinblogy R usddusimhilar patiple. REthe EBAGHcA@NdIOGS] clbdhen bmemtiied has a
much broader, range of  .applica iliﬁ%. %PO&B%PIn a cordan%e with a first
aspect of tTHRSUSICEUBRR i 1pbinrestypate ths gsidue B pldagPoloment Aasiect pioya

det er m ni Noholds OB1@ A RBYdopE t@&hw],oﬁy’r ReloWRinD Ak [FEHIRALY bl ifidehiRehed@ickRas
plurality of sanple  regjons, the plurality of sanple regions including a
plurality otlicgrgrdsalaigr (RO, thabae begrmeperylgaue iy thipradvalagss- sanpl e regi ons
including at | east one of the plurality of processed features, each of the
plurality dPOE odbesey issucethnt &g seca sthmgngosinesighamiforanyareaiien pgssnl Bat i on

process; OR}ArHaMs ady othdr UhibpetatioR Burlp@C AN MG OAGRRE ckMRISRo@E BOCI at ed
with the plurality of sanple reqgions _respectively; processing information

associ at ed cFtqalihrehinical polishipg - BpstoRrTRgressesoadowsaag Bee Veafster ni ni ng a

first plurajzd I’{av@givgﬂi NS 6AbrBce¥ P ad8fonk B nunRPoR intEgdtbd dircfi BACHRALE T €gi ons
respectively based on at |east information associated with the plurality of

el ectron nmiPEQeESELE assirligispositionc M andistectrochemicalinlating (BGPlof  gr ayscal e
val ues bei ;[m)oap SHE6ic8 it &thigHly desidbR t8impr6@sbchAiyBesTr mdrBrindl 10padckdsy Of
e
o

processed tures; processing information associated wth the first
plurality ¥ X¥yscal e val ues; deterni ning whether the at |east one
fabrication process is uniformbased on at |east information associated

with the first plurality l e val . ] I'n accordance with
a second aspect of the prgggﬁgﬁﬁﬁﬁgﬁgﬁgﬁf¥§ﬁ§$§E$£E%$ovided a nethod for
dft erlrﬂ ?i n93099})CEﬁalBodkﬁéﬁtQéﬂﬂldpf::seﬁﬁ]ﬂTeﬁﬁ&fE?dﬁ&]@% ﬁa&eﬁlgﬁited%ﬁhﬁm¢pg i’i i
plurality . sa e regiqns, e, plurality of sanmple regions inc Ing a
plurality ﬂﬁ#@gﬁ@e@@%ﬁﬁr& @g,go & ol e ipyration pr‘aﬁ?wetg?do ”éérﬂﬁt%n ?Oégi ons
i ncl udi ng atanlifiag IC PoeesOfinifohRitd My b Wapbf RiAsle La®Odifeat of BSinvertidgh of the

plurality of processed features resulting fromat |east one fabrication
pr ocess; Bﬁ@g?ﬁﬁﬁ@ﬁ%“$ SnPppIge. tE@PP@H”H?P@H?@&%@E¥Hﬁﬁ@gm- bci at ed

with the pihutiabiohder hgSeipplRability.

[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




regi ons respectively; processing information associated with the plurality
of electron mcroscope inages; determning a first plurality of grayscale
values for the plurality of sanple regions respectively based on at | east
information associated with the plurality of electron mcroscope inmages,
each of the first plurality of grayscal e val ues being associated with the
at least one of the plurality of processed features; generating a first
cont our mafODES € acrdahice veitisd secdnd faggeBdfite prass onicaiccithaie i providedd r st
plurality of cal e .val ues in f or mat.i on assoc dwth the
st cont BerS AT aTub AR DhBRE P Rt ol SRt e BFERPRBIBAE b ocess
is unifor m;dﬁqﬁeadgom; tht pluatistof isauipdé f@ion@iﬁcla&ﬁg)splafaﬁdv ofpiobestddefedniress tachont our

map. [0012 n ac ance w.th.a aspect. o esent .Lnvention,
Thorelis pribl R oL R Rpidh ARG g ety B SERe bR oyst em
conpri si ngeachnfiﬁé p*iﬁﬂah@mfﬁbcdmamﬂﬁessmltﬁgﬁomcmren@mﬁdﬁcmmmrmen a plurality
of el ectro mcroscopt% meges assocl ated w

ke %1

I
regi ons re$ g o RIpN OBF&‘frﬁmpedfna%eérarf)gf"éat?%&ﬂbthgp uﬁ%fylféis rrppfaur ality
.of processegions leqiectmlsr premdmg)ﬁfohhaloﬁlaubahtedwlﬂmhe ﬁlaﬂil:iﬂye)félegtoﬂns i ncl udi ng

at | east one of the it 0 sedf he Iurallty
of processBYTERE HP%% 8@@1@4%6%{5;@% Eﬁ’ %gggstc o ueifh tﬁff @Wrgr?tff)aﬂ?@ess
processi ngregipsd eiectbiely tgsaded at loast mfmﬁﬁﬁm asﬁtfcmltddammalm Healiigiofitlecroni t h  t he
plurality of electron mcr es det er lity of

O ayocal & Teraeds phfeds B G PR phEr T el Pl tofhe bEpelitb Bt Vaced on
at | east |]&£abommdflﬂmrplmaisy)o:ﬁm$ﬁe&\femuret @nerﬂlﬂgl’a&irﬂttgﬂt@fnﬂb bsbd amnat idastr oscope
i mges, each of.the f.i i.ty..of .grayscal.e val ues n associ at ed
Wbt he: aptrasich Ko vieplnd Bt pihiBloc B duliel Bor Sind Pl sy c s

i nformati oa:ssocmlomhahﬁismmthuﬁdm ﬂétasrnﬁnnﬁg wilietHel thy atdéasgmamadtenpmbues

det er m ne Wne% rbasteggngttl i

gast e Q ess i s uniform based on
at | east | Rt Or Tt | on 28's6¢ 'gft%renaacg\ffflﬁo?l?i%& Wﬁgjf%ﬁ (]"lrwi of grayscal e
val ues. cord nce vvlth fourth aspect of the present
venti on, IEF cinieSeaBatin i (5 60t s ro=n O BRR P =T8S P or i ¢y,
t he syst emfoaiepininpgrodss wifofhity) mhemyaéxﬁsasmpﬁsmgsytﬁélemoﬁﬁﬂérb@upﬁjvstbm obtain
apluralltyo el.ect.ran i mages associ at ed Iuralty of
Sapl o1 eqrBRE TG IR s B i R o ARy e PR T gAY B ny o
nmp g g
plurality sahplpregivasegdchent the @Eualmhmﬁfale tdpfonp indludink ta\phedlits affebe@sse@ gi ons
including at | east. o of t.he luralit rocessed features, gach of the
bl urali vy gtetsPosst 8EGe Pl sipale fend b B AEERT fie e gl T cat  on
process; a ppicesebRitigs, eyd o heqithlitg uf BOcdsRd [RALRESEHItnG fﬁ@ﬁfmndaarope associ at ed
\FI)V: L? alt Ih ,? y pg"i:)rn%zlﬁ{otn)f)rocesseé ﬁgéeg&]g sr)Tr]stglgl%gx(l:ﬁogB%d to: pgoces’s mqgr}n% 1omn args%c%ted IWrit?lt
. 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.




grayscal e values for the plurality of sanple regions respectively based on
at least information associated with the plurality of electron m croscope
i mges, each of the first plurality of grayscale val ues being associ ated
with the at | east one of the plurality of processed features; generate a
first contour map based on at |east information associated with the first
plurality of grayscale values; process information associated wth the
first contour map; determ ne whether the at | east one fabrication process

is uniform d Pl £@&' ;1 ' Lirst contour
map. [0014][%% gcr?e |tcg%§{rhea!f§%lﬁ{e eg%ﬁwﬁ%mﬁen?éﬁaﬁﬁ e present

i nvent i on oys¢m fadatgamning pedcessemifoimgtyethe syt ecvamping; arsdentror mwekicopent s  of

t he present_j i r QVJ: .Sem . r S t and
napect i on T a8 B e € ol S RO AL RIRMATRRG, 7T

condi t i ons phudity efssampicfregiomstrgspantivelg rthaplirality of sapmpid regiohsanclpligegdweldywi t hin a
die, withinga wafer., . between fers within a lot. .and/qr betwe | ot s.
Cortain emboReRernLcant (i orHE el vale otk ingidias dlismtony Shile s

- represent i phraitesipgeegediesons cadinfdephiraity tfigoceisad kguaw ndultiny tomge

grayscal e val ues.for .processed feature and adj usted grayscal e val ues.
Theve. two- SERIRE FhACE BRESTA b Sing i AP e TEd P PEs BRIt or s of
overal lrrbp & assedisted with the plupdlity Gle1c066n Bitroettpt meaged Hetrmanod Eﬂ’st ﬂ)ﬁﬁmi?eﬂ waf er s.
Sone enbodi nents of the present _invention provi i ck visu :

r epr esent atgfagFFaf?sY F‘(H‘ﬁs g’éﬂ‘ﬁ IPE“ Bﬁ’é’@?ﬁfﬁmi’lﬁﬁ@é’?s %g"%"legﬁ“&%ﬂ g ?%E’&E’émwpues f or
- the processgdcibtediid @8 pRitittdTelebrsikaicRudtge ink@ts, CacA TP firdt PRralitysdfal

repr esent atlo%ﬁgakes the formaof contour plots and ¢clearly shows wafer

| evel var i SMAHRE valuesheng assosiaisg gttt leatt opard thenbualiy of prossted &aitse sanpl e

regi ons W fgbiehteda fsoh@utBANBdNR at RAP GfSThatiidl sb@tel Withithe Hrit pRurdlinFofOr
desi gnated sanple regions within a wafer to determne the process
uni f or mi t y SAVIcRleyalesogsss infurmationasegiated mith therfirgt gentoyp angpdetsraiipgnt i on enabl e

a  process yRBAENREL: 1da& B8 FabBicdtich procsy¥ RARFbn Bsed Hfat RaQGESSnaRE f OF mance
across the wafer, supported by statistically quantitative neasures. For

exanpl e, aassetiated willhthe fisshepnber Jeper at ed by e-beam i nspection, which may be
hi ghly vol um nous to handle and thereby making its 5 significance difficult
t o under st &0d4] Wiahy bpnelak argiachieve] bawiap nf eopdimeentsaf deipwserd irveytinover! t he
data in a ggpel ' ' Arde in a
R o e T e L R S
equi pment  Benfieeridpeiorn walerancasumemént aid ingpedion techigquedo accustehonenitor endoef ore a

Cost L) erciaiot s bt BOREhIR ST A g YR D BRRSC

: : a die, within a wafer, between wafers within a lot, 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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met hod that allows for sanpling the wafer surface such that a fraction of
the wafer surface area is inspected to provide a signhature map of defects.
[ 0015] Sone enbodi nents of the present invention provide an inline

exam nation of process uniformty and allows the convenient isolation of a
problemto a particular process step or a unit process operation. Certain
embodi MeNt g0k dahS FHFEAER nddNER! WAR ROV G, aff dlrphEiic hAFHES HON

met hod for %%%-nn1¢g$érs, m%icﬁ@ho o and a halF ™t nesf?%e§nunber of
dies on a 2bGripEcoreisemanss APPERIRSRIPREET eonsetionheanbe awdnin 4 iRSHOMBAN BFovi de a
met hod  f O arlitbAGking, Mt fontif okl ip AL tterERIRL LG MirRhiicr@PPEr
CWP. For example, there y be residue left after CMP I n certain regions
of the waf e¥sogmasprsitiebefer aapily cxqurionftaes plage, bisederesstaingiucs at st act  or
via hol es ngghte fRink AREQRGn. @e&%&&gﬂ_ _dﬁi&ﬂts%?ﬁégfe@éiﬂir}veﬁd%ﬁ;ﬁ;ﬁovﬁﬁw d be
surface or internal "voiding. The voiding may result fromthe CVP pad age or

from problEgodibatsllewslonsmping thpwefer @rfgwdz;@lw fegtionf therpeafs syfase or
per haps fr%@m@dg{pmﬁg@gﬁ%ﬁ}&nﬁﬂngﬂ@‘t detection algorithns, to nane

a few of the possible causes. rtai enbodi nents of the present invention

provide 2 qgsy abhe. Bab Rl AFHERARR I ide SRl R EAKELROS, and

resol ution exanpl e, e coverage I ncredses with the percentage of the
areas sanplprgesgiuntiprmityand allosvsdheaontdnisniaselition of i probleseo a BarticHirgioog®sr cent age

of samplin ol i d . . asur ed
sanpl i n%tg? a% 3 ﬁv\%rg&% Jp%aabﬁ!qeﬁzgn glﬁuoduﬂgu&@f V%é{%uo ByidSadreasu

by the nu ers inspecte uring a gi time. Sone

enbodi ment gifisfent ipspegioageathodifons8fmnp wafsrsowhidle hold waedntiadialé Hmesstherpumbey
techni que f.e5: lgpﬁjoqﬁm ' dﬁ% I .13 pm
on a BOO-HE?ag%%r W tT gﬁgﬁfgp%ﬁ?gﬁ es§0{ gﬁﬁﬁgﬁﬂgﬁkﬁgggg?éa arf%us
~addi t i onal &mseigrtmsnyithin-waigr varietions aticr somplatieryesoprfer CNE. Perexampleitherent i on
can be nor : ' = W ' Lption
and t he 'aglg #%ge\"ﬁlf}lﬁ‘ﬁig%ﬁgr awhﬁﬁlsnvﬁe%? Ee%ﬁ %%%%E%Q%E%%}R%%%%Nﬁ%ﬁﬁ% E
DRAW NGS [ oweegss faritliqontagt dr yiagoles might b imronstlyi exeoplod andms arespit tgrelconldr ocess
niformt | l: ' FQn; 6 (0018
uni yb@ﬁﬁﬁf:@bﬂﬂt}gﬁﬁl vog:?ré% ?g%%(ﬁﬁgﬁlaf;esﬁlgﬁorﬂ %%I%ep Péde Wee 3t FOM ( ]

Figure 2 is a sinplified or- sel ect sanp I'ons according to

an  enbodi pehtemsivithitee potéadhat is coudusted dnring thendish pf prulraps Bomdhease phpl i f i ed
di agr am f of,, ke TROFSInHe Ot Aldritiths 30 nGHD  HvBithe Mssibld Sausy. €S

i nvention;
-embodiments of the present invention provide a desirable balance between throughput,

sampling coverage, and resolution. For example, the coverage increases with 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;




5 [0020] Figure 3is a sinplified diagramfor SEMinages according to an
enbodi nent of the present invention; [0021] Figure 4 is a sinplified
di.agram showi ng background grayscal e val ues according to an enbodi nent of
the present invention; [0022] Figure 4(a) is a sinplified color diagram
show ng background grayscal e values 10 according to another enbodi nent of
the present invention; [0023] Figure 5 is a sinplified diagram show ng
grayscal e V@01#ls Kigwe givasbnpldipdidiagram &y seladedsadiphayegionsavcadingdo ment of t he
present i nvﬁgoid%tgﬂgg Seﬁlﬁy&% g,( a) is a sinplified color diagram show ng
or pr i

grayscal e val ues cessed eat ures accordi ng to anot her enbodi nent of

t he present, .jnvent.ion; .15.[ 00 .Fi gure is a sinpljfied diagram show ng
adj ust ed gr{gt}gb\cialrﬁég'{f‘é? i fg‘%ﬁbﬂ&%@é‘&@@&?ﬁ%&%ﬁﬂ%ﬁﬂk inggpt of the
enbodi ment patsehtigvaatiggent invention; [0026] Figure 6(a) is a sinplified

col or di agram show ng adj usted grayscal e values for processed features
accor di Bg tgoANOtigire $ ORI dferdrl for & i b @an SV AT herEbEHE © 7
is a sinpl i[fi?(] _di%%?am for sanpl ig]rrlg armﬁﬁgrﬁﬁ%gc%}réﬁ?%g?@%n%n e%%%lg?ﬁteﬂ%t 20
of the preddefeniinvesien;on. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 00281 The
present invention is directed to integrated circuit (1C) fabrication. Mre
parti cul ar [{9021] hdigune 4 ista simplified diagessn shonitdindk@oehdysiseite Fabies avdarding 099 | C
process 25 uniformty. . Merely.b . of exanple, the invention has been
appl i ed thIH% |b(‘r)1)%1mr% ?ft ST .tm‘éﬂﬁlg‘it woul d be recogni zed that the

i nvention ch oader range of applicability. [0029] Figure 1 is a
sinplifi eﬂﬁ@ﬁogﬁwf 2 sl pelorfliggram shoyring pyidgrayede Mueso  an

enbodi ment a8éording tdneme dmYotiedt b0Re prtidnd idb@gham i s nerely an exanpl e,
whi ch should not unduly limt the scope of the clains. One of ordinary

skill in theoit MR SidaSERaH ‘%raﬁf‘s% =Y let er nat i and
modi fi cati (Igns. ﬁ_A net holc? a%%%giﬂr?glﬁﬁl es a 3@%@%@%@%5&%&%@%@ ?e%tdmssarrpl e
regi ons, aapeasdiog & aprmbpdimentnfdiepresgn inegpgion;of sanpl e regi ons, a process
130 for determ ning background grayscal e val ues, a process 140 for

det er m ni n§0aPddy Femkes(eHb ueimplified ccgdsmi@aﬁdhd‘vﬂﬂg gtﬁ@&?le &alﬁgmﬁlﬁsce&&a for
determ nin rocess .uni formt ; ocess 160 5 for adjusting process
par aneters?ea&frf’%%’u ﬁ“‘gﬁ%a“e?g’]gfléht?@némﬂ&é’ﬁ%%ﬁﬁtﬂgﬁe N3 sel ected group of
rocesses f he met hod 100, ere can be nmany alternatives,
Pmdi- fi igt i &‘ﬁ@?‘ am ggure g] is asi}np ﬁec& Ellagram showing adjust){:d 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




vari ations. For exanple, sonme of the processes may be expanded and/ or
conbi ned. Ot her processes may be inserted to those noted above. Dependi ng
upon the enbodi ment, the sequence of processes may be interchanged with
ot hers replaced. As another exanple, the 10 processed features that are
referred to for the nethod 100 are the features that are subject to the

uni formty determ nation. The processed features do not include features
that have OB&H Vaﬁ?%é»é’i%'aa%% apd anqqéficaigns; fragthad 100ingledes @ prusessi I8 faf t hese

processes ajeRclifiiafplcteAbahPloctde s bk Sl
particul ar :3;2? bel ow. plOO%Ol’ A f%\sg %?g%gglgm%fgﬂg%gfﬁgaﬁjlg%ﬁ%?g aﬁgécggbsnlgoar e

sel ect ed. DPf feteravpingbackereundegrpysagle valgespmpropess [4kfat deterimininy graysmate viliues i n
di fferent dg «aY rq, L ffer wafers. In e
embodi nent fjﬂofﬁrggésg%é#p er égipi(l)}%tggi iy éﬂ'%gnrl@g?% c@%e"%%@?@‘f%ﬂﬁeéﬁ?@ef ects
are freduerfot sdjistingiprogdss parametershisdthenght thasbowhbas betreshpvacsiag aaeloitahgodp | S

operating I n t nbaodi,nent he sanpl e.regi on selection is
per f or ned Bogrgg%eégﬁs Bé(l:lgtrn?eg{r%’gqg?’ ﬁ%rﬁ%%eﬁﬁwa[tgﬁ?tﬁ’ﬁ’\?@d&%‘?a@?ﬁ a‘H’gsi gnat ed
t est st r uctvarietons.oFor@xenglef sonie off thegrivesns mapRcixphifidd whd/br @ndihell] Ofhef at e of
failure. In_yet another e dj ment, ch le region is contiguous or
i ncl udes Spé%;cgﬁsgf m&%g‘?ﬂnﬁ?@gﬁ{‘)@?ﬁe@t%ﬁg?" = eggwmﬁp n the.goppodiment, &g on
i ncl udes oneq@ncafpeocpisecaspiintcdhatted ahth@ihdy Yefla@a! AsAfotBakhapleas@np! e,

' nore processed features of Interest.

each sanpl e reqi | ncl udes one or s
(00311 18 guresessed Lealyecs il pseeplgiodifodr i etipd 4 we ths deaturmpivet e gbiaitto
accor di ng  tthe @ffoRRitPIEMRMiEEAL. Dhe frb®sl eaaRts dﬁ}é@i&&h@@ feaMsSﬁ(l)? h?%gﬁ%} IS

merely an exanple, which should not un(_julg limt the scope ai ns..
One of or diPRegesred Ratiare nof of wisrask. « Fugkher details ebese peocetses are founid shrpughout the

al ternat i vegose3peciRallidd £AlhR0 partiffarf ¥y N Figure 2, on a wafer 200 and
within a die 210, one or nore specific regions are selected as one sanple

region 212.ga&p | I ' .e al sg _se ted for Qther dies on
the waf er igﬁowﬁj}?h{e aorrcﬁ%gl@t %ﬁ%%ﬁ% r%orlrséllgﬁsglﬁgte 'glégﬁf?{'és T8¢t i on
wi t h r d§peanaythe ledateil in tho samestieriol diffprabt diss onfthe suned Wasfer, exdiogdnaliffers@ne and/ or
simlar fe re_incl in different s | e regi ons, and these
f eat ures a?@ﬂégﬁ[g%gggl}lg%d[uﬁ%ﬁﬂle‘é%mﬁp%%{eiglgﬁs l&ﬁlu%?%ﬁaéé@e r?‘éeﬁﬁf“g?@ggfse&ﬁot her
exanpl e, the fegopitly fowngiabaste igher dediwhed teypravesssquipilan: is bp@htaE AR Pe
file and i thi.s recipe file the |ocati.on of t sites is_ 8 defined. There
are provi siri%?]nsomfe&Fmg?a&g?m %Saérﬁ’ie RO Arlesiion & H?Teiddﬁs‘ﬁlltﬂ‘ﬁ Ipgptippefnge pe
creation prehuesentativedadn, Absigdad pesOSRRAICE2E) ardal BAEKavE be@A¥R)Rutddo@iONS ar e
obt al_ ngg \Mh;[glﬂ rgte %P f%ﬂt?rle.nﬁ'l yeelt gucc;[ﬂ;e? rv.%mbodiment, 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




m croscope (SEM . For exanple, an SEM for inspecting sem conductor devices
s used wwth 5 a selected | anding energy and high resolution. The SEM

i ncludes an electron gun for irradiating a wafer with an el ectron beam

defl ectors that enable one to control the deflection of electrons, a stage
on which the wafer is stationed, and a detector for imaging. As another
exanpl e, an SEM as described in U S Patent Nos. 6392231, 6605805 and
6710342 carddbged. (Bwee fro provisioge for siaten miap gud diggmepbdefinitionduatingdBor2pe, 6605805
and 671034 e | porated 10 by reference herein for all purposes. In
yet anot herzcrgag?gﬁkfb%;&rst he | andi ng energy, the pixel size, the beam current
used, and t ve ing ch n for SEM jmages are all optimzed to inprove
tbr oughput . IPB s ACTEPERES LA furedeafiaripkidesien Gt SwanetEh proaare S
regions has rﬁi&ﬂi%bd perqsmuE@ e;cﬂnllalg,l‘tﬁifﬁmfﬁmms?éﬂﬁ?%@&nhk&ﬁu&@ﬁdvf&gﬂgls@f@itﬁ a\d/ed.
I n anot her enbodinent, the field of view .the images can be varie
but are %epﬂsrzfq‘i@d éaéﬂ@gfeg?rgﬁptpd highresoltings Tgf“‘ SENf ingludes .eCV‘i’fh@E'sf%gt ween

whi ch.  comMmighdiafipss Riifer #h AEc1BR@E bednl) déBécidd HaP&abRBAOHH JORRAL the/deQith
techniques are used to automatically identify the sanple regions for

i magi ng bas¥glestionsat ttagarn Yiighgn mefesis stitiancduenshudaterio fordapging abs eiothend
al i gnent . -&%ﬁl@}aﬂ@ﬁrﬁd%(%ﬁ%d%ﬁﬂm%ﬁﬂhﬁg. @'Jsésirﬁif&lssé 0s 27103450 86 COT ding

to an enbodi nent of the resent Invention. lagramis nerely an
exanpl e, whisehfos froageaptoring, 18] Bat¢ng Nps. 689223 1 548H8050nd 6R 0342 aierimcorOnased
or di nary, skij ' . e | rd ad | | fer I ves,
and nodifi ?Q{r%fg#\eg?é%gmgﬁgv%@w | gﬁgﬁﬁﬁgﬁ%ﬁi%ﬁﬂ B aéﬁ%?géfr egi ons
in  vari oussiadj ths beane cyrest wiid,pd dwfaveraging chuisen fon SEM inmgessspadhditingzadites. For
exanpl e, the ina%oéggl%uttthe sanple region 212 is placed into the die 210.

Pl C

These paste"dlplmr‘r’ﬁges orially show image 25 variations fromdie to die

across the ewafer. |In anoth exanpl e, each sanpl.e regi on ., i ncl udes
sever al suﬂwsg’é)i &HQ?"'%‘EP“?‘B‘FM %ﬁ@ﬁfﬁ”ﬁé@f‘%ﬁ’l’ b £8IPRS 348 AV B A18% e or
nore of t Ippard domRae Sl bhfke SEM InegRORElsAvad.  iGinsABEndIRh G, IR/ oRi&y BRSt ed

into the die associated w.th the sanple region, In yet another exanple, a
wavef or i r P waget cnibg pragd huhare kepj diesamg forfaga%&r%eﬁ 9 fora sebRfdmaRss | s

past ed i nt GelwtRh whihIcoRPRGHIEE 46 tteGRade | REyBNSHQ ML GRIERS BiHoRt tcfhidRsCcan
descri be the signal strength verses position near the features of interest.
I'n anot her aregyes @toxa%m%@fiem%aam@ewf@ ipging bassdon patepy ocess

uni.-formty . '%ﬁﬁkiﬂn%@iﬁomﬁ@dd&%@i‘ﬁm&h%ﬁdXﬁénﬂieﬁt.a waf er, and/or between
wafers. 9 [0035] At the process 130, background grayscal e val ues are

det ermi ned -'[063'1] 0 Ii;‘?gure 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.




enbodi nent, each neasured SEM i nmage di splays two neasurabl e grayscal e

val ues, one for proeocessed features and the other for the background. For
exanpl e, the processed features includes contact and/or via holes, and the
background includes the regions without the 5 features of interest, but
surrounding it. In another enbodi ment, average gray scale nunbers for the
background of each neasured SEM inmage are calculated. Figure 4. is a

si nplified [083dgr Ahthe pEsaes 43 hedkgrovnd dragscalesshiceare détemsnalc dopoé ng t 0 an
enbodi nent r ' | Thi jaqr hs_merel n exampl e,
whi ch shoul %B?\Otc()ithﬁ ?Jdrﬁ’deglagﬁlk?sﬁeg \étg e s%gg;gﬁgfs t%%gea%%ésllwysélgxgﬁeso PO Wary
skill in theroeassedieaiiirgs araldbepwthardonrthabackgroinat. i Rom sxangild, drepasdeved featines 10

nodi ficati o i n .Figure he sanpl e, rregjon 212 has backgr ound
grayscal e ']@a %ég’s%ﬁ‘g%%‘,’/"g‘ﬁ‘a hglﬁséa%(g%ﬁ%&lg@ ?chﬁﬁ?@%wﬁﬂ#%d |
grayscalie viehtues of infed&t, bosurronseliigin SinaubthéckinbolitneB e A Apepe RIS nuhb&k I
background gr cal e val ues, are det Lhed b I nterpolating fromthe
backgr ound %’f%i}g‘gﬁg&c’ gloﬁ%aé’hﬁ'fmt'@ %ger%%“ra%ﬁ"l tedigureft sesopelifiedn  naybe
linear or ndigrhth SEEFing bavl pivRDErapchle Wildes d2cdrdik@ td Al dmbARRRMPLE tRaskePUNd
grayscal e 15 val ues .of several sanple regions. ﬁls shown in Figure 4, the

i-nt er pol at i'BYFEHeheTLip diesgm i perely aeramplsawhigh shopldpapunsulydimig thesetngrod und
grayscal e Mt £l8insa Une %S ofddRrMAIIER DR whild %B@?fb% XafRloGs, AiBGafrskgpound
eren

‘grayscal e val yes are represented in color. D colors correspond to
di ffereft ragfitcatigns. frsshewn inFigur delbe sampderegion 243 hasa backgromidi grayscale ol or

di agram SRQweRg 198 GHOHLR YRANOFRHR S Bas' ' h

enbodi nent of, et he presentﬁg% i-nver%?!hgﬁfﬁ#lﬁ%mgﬁpa%{?)g&n#ﬁéﬁ%@%f g(lr;lr exanpl e,
- whi ch shoulregipgsoutsit thesampld regiopse theis dpekgofund gragswleaialuss ar@detendinatigi nar y

skill in tkF : | vanrl at ken | ternatives, and.

rodi 1 cat| ansPefaiBEbA FEERENER FRRAIRILELE 0T Tunde (RS, THERopfifions oo

f eat ur es ameaydwetlisesronadn-lihsar, andmag hb aitivred o (ake mtdacomas badkgrobi/piapRgle

di spl ayg t I cal e _val ues...one, for. 25 processed features
and th»ei%ot ‘@u@?@fé&{rﬁﬁe{ Sgrgg{? 3%( Oun%dgs SR Tigred ﬂ?ﬂrfgteﬁ’lok&% s S A MPes

i ncl udes calitherstonalvdifermap showinlg dsckgaundd phgsdaRokeoatnsds taclafe@®ot he regi ons
wi thout th eatures of .interest. |In another enbodinent, average gray
scal e nu rrb%lr“%t{“?ré3 Frhe tg‘? B%cggg'é'ﬁfgr ?3@8{15 ?’“32636’{6 reRierenied 4 eplerg %%Rﬂeptrf"é.’g’és are
cal cul at ed corfréspondeto Slififeger raigefighdysehlciab@s. APl AW O BPRNECRIR disglues for
processed fﬁ?at.urﬁ% acco digg(% to .an enbodi nent of the present 30 invention.
Thi.s di agr P8 T88 Raskgto agsralfxles agrrdine &agther akodiment phithe presentt he scope

of theocl swBtionOThisfiagirtlistadily Sk ekdmplé) whith sBbild Wownduly BEEONE @p8BAY
.variations s,. and nodifications. As shown in Figure 5, the

alternatives,. - / . .
~sanple reg iu’t?rfllaZT% ﬁa%oﬁ)f@rl%wé'eg|l%thea{ta@ulslrremfuzaﬁany 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 régions 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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the sanple region 222 has a grayscal e value of 74. For regions outside the
sanpl e regions, 10 their grayscale values are determ ned by interpolating
fromthe grayscal e values of the sanple regions. The interpolation my be
| i near or non-linear, and nmay take into account background grayscale

val ues of several sanple regions. As shown in Figure 5 the interpolation
generates a two-di nensi onal wafer nmap show ng grayscale values for the 5
processed fteeit Zrawssale ¥aluesare dptermired by Merpolitieg fiomyheghwscatapalsdsafithet he -

di fference : i r ks i ff,erent, sanmpl e regions
on the wat S iiShs, [RCinl SRR be AL B ill it B e TP B Db

f eat ur es arbackgegind geysald valies of sereralDafmpleregionse Asahswa @f Figapsntie t o

different r . [ | e ,val ues., Fi.qure a) is a sinplified color
di agr am shé@mglﬁgﬁngéée&g%ﬁg%a ssippd Vﬁf%é%@s%‘&“%‘@&fﬂ?‘é’ie %@%%‘Hiﬂﬁg to
anot her 5enipostesyed feamtes abrosythewefer 200) The\peaystAdimag Eﬂo%vsdmera](ﬁﬁaﬁhl de§ béf%éﬂm y ?n
t he cl ai ns. eo

exanpl e, . i shoul d not unduly limt the scope of

ordimr::ary s\lﬁ?ﬁéa sf’ﬁgggﬁs'tmd' ﬁ“ﬂ‘t}ré%ﬂﬁfﬁg?é’sﬁﬁm?‘%%?rré&‘?‘%ﬂ‘r‘éﬁ””éﬁnﬂﬂ‘?’ﬁ% i ves,

~and  nodi f igegbdabiniluch @9 prtcesdtd fehRrdeRGeHSschRA in PSIOE AFisfotéhl dofiribdleshond
determ ned b d on adjusted grayscal e values for processed features. In

one enbodi %ﬁ?@fﬁ?ﬁéﬂ%ﬁﬁ@ﬂ%ﬂgw &t diigirg afa) s sipplificd salor disgramsshewing

di f f er ence ghstoaRaRldel for SFoa¥BEPIRNR a0 Dl LARKILRHR Pf BO Hreb e

~grayscal e values for processed features. As an exanple, the adjusted
grayscale nyentg. Jhis jsancsely 4n @xasmmle. ethichshould ohyndubylimithe seape ofis i n
adj ust ed gpRNSRAL S Bn A Ski ' I_al ] or
exanpl e, proc_essego%{igture%grigﬁﬂ?pm&ﬁaﬁﬁogirde%t& |Zeegﬁaglrcﬁ'§§§ar%lﬂ% %rielﬁs‘%?fean e
can be conpwddiationsn one embodi ment, the conpared features are nominally
i dentical or qualitatively 20 conparable. [0038] In another enbodi nent, the

i mage dat ali3E sAtthepreed 159, provemudifognisy Bide@irhinad baspd G fFestedrd@EdlR ty on -

t he basis cul at i f average st apndar.d devi ati on of the

grayscal e 8%1}1%31? %?&ﬁeg?%ag’éﬁggﬁgﬁﬂ ?m'g@dgp%’gtg%ﬁ‘éu%?‘ﬁﬂﬁ@:ﬂe Yussarg walde ¢ he
gr aysca e teldifiserct betpracths gagschieaialieefr tRtdclananagad #idrskaldvlesdavi at i on
of the adjusted scal e val ues. .In.25 one enpodj nent, process uniformty
i s measureBmfi‘ifs‘fdﬁ%ﬁﬁr ‘i S?ﬂ‘exﬁ“af‘?dg’fe&dﬂ%t@(? graysatergluehe calgdptedand sipred in
expressed asomfpy@l Vafiita@ein ddaistcdpRdyRtas vallS afd rRPEMnthiIEYT RbdeN WAARodshe
aver age gray scale values. If the ratio

e cal cul ated hased on adj usted _ I
i s equal ?%orc?ﬁmgﬂlﬁ’! Rreges g‘?‘}t"ées ‘BP@H@‘[@FQ‘H fetandir i theisprae digisin begdmmaredr ocess
or processRSond%fB6diakad thd dofiphiRe (RLRGESSRSinhBRIUARS! & Raltidfy m 1T the
ratio ﬁos Igorlgpea?ab}ehan the predeterm ned val ue, the fabrication

[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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30 process or processes associated wth the processed features are deened
to be not uniform [0039] Figure 6 is a sinplified diagram show ng

adj ust ed grayscal e val ues for processed features according to an

enbodi nent of the present invention. This diagramis nerely an 11 exanple,
whi ch should not unduly limt the scope of the clains. One of ordinary
skill in the art would recognize nany variations, alternatives, and

modi f i cat i GramPlaswhiglshouldpotirdpllimit the seepesefithy daimegDonofxi@indry skilldmthe

adj ust ed gravwesad ; : . l.e region 222 has . adj. ust ed -
grayscal e val ue ofecy .li%%rég?ugﬁg’%é%{ﬁgﬁl%g’%gosam% S éﬁl‘s %‘g",m?:n%‘“’a%j ust ed
5 grayscal éhesmpbasregion 282 hasramadiysted gapsdaleaialue 0653, asptiedimple gipiyidnahss val ues

for the b kR R.aure 4 and. their correspondin rayscal e
val ues for %?Eg] pr@grggécg%%gﬁ?’eﬁs&ﬁg%% 1de ‘iﬂaﬂ'ﬁf"‘é’e@‘.’m ¢ WB&FF?i n Figure
6, the besugaystue @ﬂ}eaateaittaynmpdﬁah%aiabmf pondiig gb@,rseaieg‘uahjeg IR the tlh a )
2- di mensi on cont.our, nma Cross t wafer 200. |In apother exa e, the

. b%J:k ound as sho png zg i di S
adj ust ed grayEEaind & shoyadn kievre 4andheir cortespanding geayscals; yajuss £y fhegspespssd
S B e Ml L color (acr am ehow o ket o o SEAR Rl i e B0
is a si ifi .col. J ju y valiu
processed {ERIUFE lé?f'c‘ﬁ‘rﬂljg %g’@@s’aﬁglﬁﬁgmféﬁﬁbﬂﬁf?ﬁéaﬁ wader 200 elnanethent :
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the grayscal e val ues as a proxy nNensi ons,
of the proaksmatiyes, eed modificatimsl conpares themto 20 correspondi ng grayscal e
val ues of the processed features that have been verified to be

sati sf &%t ol0p40] f At the pemepa6D goocepDparirRet el hreadjusted aciapRivaptRedi f f er ences,
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|

[0041] As Hi'scussed " SbBFEPEnHePIcERAP IRy R Actermined g the pracess F ¥kexgpeeds a
i ncl udi ng gredgternbigal)tolegince. Gh 8dspéiise, tHeprobass PraRBle@Sre Afliseh (SRedugdot undul'y
limt the scope of.th'[%&(':?lt%irrs. C?fe of 25 ordinary skill in the art woul d
recogni ze ﬁ%‘ﬁ‘@“(&’&ﬂ% TP RP et PESS “RgIRFCRBYP Hie rtyPdiesialuents axarpl e,
processes fh30inensiods GpasApHK kRIS tonRACLIErBERSA Fhuke, M&Eh%xmé %eggaer m ned
based %g gc;?g%scal,e val ues obtaipned at the process 140. In one enbodr nent,

Ki

after gﬁ)lngmg grayscale values of the processed features that have been verified to be
~ satisfactory. Ifthe 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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t hat the background grayscal e values are stable over tine under a set of
predeterm ned conditions, the wafer map as shown.in Figure 3 is conpared
with historical data which 30 indicate acceptable process uniformty. If
the wafer map is not as uniformas the historical data, the process may
need to be adjusted or fine tuned to inprove the process uniformty. In.
anot her exanpl e, the sanple regions selected at the process 110 are
processed wiietnitpaty of sha febricstiepsicisds ambgect teeexpmiotwsbylii®method 164.tlaryet he

process 11 bef.ol.e T, nj formt f th
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parti cul ar

et aqf onditigns .after the sanpl e.regi.ons. have been processed.
I n one errbé%fltraf%tn ole (g?ptiaé'F aeﬁ%%é?’tgiﬁm calfgﬁﬁ‘gr{_]g‘t K i"%ﬁ‘i%’}}g‘ﬁﬁf'e& -i Wat ed
grayscalse \pabases dnighiceri can thed adiastipreipasiin sidis Bl or@dr €dachitRe jubt-REIPEETEhE NI Neer

can then aq%ustalprogsss araﬁrr}et&rs i, n. orql‘g{d_jto achi eve just-etch or slight
over - et ch, e fasef pr tiegpltpypted opredaione Additionallya heipprapisier mpdificationmda et er
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and the pr. ed features and adjusted grayscal e val ues. Several  types of
statisti caﬁ&%agl 3‘%3"3&5 ert?gl%ﬂgigﬁ‘.‘g’ mouéi%?f)?%g,raf(fﬁ?l? Wlpgstopn beanglped withsur ed -
by the st aidiffi¢ht Si@tdtinhlingsthodh irfbrierth ehodbLpro@isslScrifBissy FRE tyel b fafdife Waf er
di vi degﬁby t he ,averagrg of all the data points, expressed as a percentage.

er

As ano vabesigriade Srayseale Malpesifon the backerayad aed the precessed frgures pndadistadn e
nunber of defemlamilel Ssbfl typed dT8taRsHHRPANBesi@n 88 TicAe ol Q5RO forRRyed ON

one or nore statistical nmeasures, proceeding or not proceeding, or a "go"

or "no- go, SALRATIHEUEE bY Hedtasrad deiatonsf al ghe deta noimsemensuted within the wafeet
anot her  eghaliFy Mo averafb a‘-ﬂftﬁ%&e@z{ %Jiﬂts,m’nge@&ﬁ%gai)ﬁg#dg{gt@. %P%(ﬂh%rfegﬁrﬁ b ki nds

of defects can _be identified based on automatic assifticat
(ADC) tr ai Bietgiforpty qan beflcfingd pnibe ratio afthemuilionef detestad deflagls til thonipbereft o

i. denti by dgéfifelFocRtiors BLAISR oREGEHoR Reakiliilal mIHARE, 430G FIRE fSb&aknt | CS

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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25 such as dinmensions and/or ratio of dinensions. [0044] In yet another
enbodi nent, the nethod 100 uses a sanpling technique by selecting sanple
regi ons, -anal yzi ng i mages of sanple regions, and determ ni ng process
uniformty across an entire wafer. Each sanple region includes one
contiguous region or several separate sub-regions. For each die, the area
sanpled is Iy a percentage of the entire die 30 area. The percentage
may vary fr[ﬁ@gioﬁé(@’? ﬁé?n" sl agfng forgampling aav afgpcqrding éxamgshlndiment e

per cent age dr @k 2esci!iVenflord Otk frark19 MerePun oxby AN b LR, bt ool tmi
sinplified diagramfor sampling a wafer &accordihg to an enbodi ne of the
present i nfhtcPRgof theglaimg; Qe ahoudinameskill ip thanrewenipiespgnite minysiadatiohsn ot
unduly lim _ A ' p ' skill int art
woul d reco%ﬁ%%%@egggﬁtﬁ%ﬁé,glsgiéﬁnelrnnéﬁ %é‘;&)"r*’g%ag%%ﬁﬁ"%ﬂ aﬂ%‘ﬁ@. s shown
in FiguPe Bl0islessahand§¥6i2hesentipt dig amias 4ndthealiclé 1 i51064t8d bisa Wwaks 68t1an 10% of
the entire die area, and the die 610 is |ocated on a wafer 630. 100461 In
yet anot herf0®6bodi pe riothateribbSiniens statithlmulysit & pREshied ARk Iﬂﬁnaﬁs%nﬂﬁny

sim |l ar Igcc\%éi ons,wthin a dlbfe g@ possi bl e, after due consideration of the
tradeof f beTSHAYR PUL? di pypossible, glieralye considration of thafpdeott Betwisen realution | s
used as a sevedge, dGhONgtRLL. aza%umcaﬁﬁii@nséafasasmmhﬁnb?%%lmgﬁ%éﬁam' Ing

t echni que useq for t met hod 100 invol ves scanning an area or 10 nultiple
cont i guous SBPPRE#%o Péﬂi‘aag‘gé ug pised fertheypethadh QOrinyolvasscasaing anmaeea or

suf fi cii@nt nfultiple éddERduE b@ﬁé&&atigéo& RS bERA 4E ﬁoe&lét fe &[ufgr%% f@Ly at a

wafer level_ or _at a part-wafer evel. As another exanp the signature of
a process 4katifisationafthedenature pEapgicess anergipatia waertlevebor af a pertdhefertioveheasur e

the t endenay aadind/agadblo Rl dgiuc BEa PSS Gitn by Gl lbe bBlca WiaSAURL T4l 1o ¢ ©

wor sen. 15 [00471 There are various types of processed feat

uni f or mi t yorigntomeeasure thedendpycy af e anotatychr 1@hysical eveat thatio diusingtic, tot he et hod
100 is useg i@, exam ne processed features, whose grayscale values are
substantially different from grayscal e val ues of the background. For

exanpl t r cal e val ues of .the processed features are greater than or
| ess t fan Fﬁg% Z%L%?r%ﬁrgva?%v ﬁngQF?fge‘if S?N‘fsﬁghﬁﬁwg‘fr%ﬂ&a’bp?ﬁu‘gﬁd?ﬁ nus the
standar d déweingthiodr00f Intdne cRBodinRIG ARl et 10035 @Ed lohRakide pafcRsRd feahiesanot her
enbodi ment.. t he ZPrOfes ed feaﬁsklr 'S ia%ude unfilled contact and/or via

hol es. For " eSCapYE Haeg g5y m’i‘ﬁ@ efFPLivorp pRyscale vakugy ofdhe barkestrdi ng
into a di eF@ekamgplethyghyschldvalngs 6fABEH@6ksO fHMAEIWRE cle¥Pthan b teQMRan the

enbodi nent, the anotheyr layer is conductive. At the process 110, sanple
regions ar %Vega(gpglglygta eiVﬂ@pgg?/qiegbaciground plus or minus the standapd deviation of the i

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.

14




contact and/or via holes of interest. D fferent sanple regions maybe

| ocated in the same die, 25 in different dies on the sane wafer, and/or on
different wafers. At the process 120, SEM images of sanple regions are
obtained with a selected | anding energy. At the selected |I|anding energy,
certain characteristics of secondary charged particles are sensitive to the
under-etchia@ of the processed contact ‘and/or via holes. As an exanple, the

i nventors heV#8] ghtthepweess 136 dke backgipuridremysenta yplues atssletsrmingd bagedepual to or
i o ZtHt ; ' .
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val ues are . ' n SEM .i es., These |ima can

provi de tmﬂ%géﬁ g%?%& g‘?“g g’?g?ké%%ﬁ%rcgg{) %&:}gsl?%gfoug%}?ée@g?m& %ﬁgl‘f cont act
‘and/ or \A a protess14inthetgreysaldrenluel Gor thdrched cortach shdhg vidaleitgraetidutermindd 8ideti onal
~background graysc al ues can be tai ned through interpolation. At the 5
process 140‘%‘%%'5‘%%&9@%8&\fgﬁcﬁ%’gssf’ggbotvﬁ'gﬁeéf’&ﬂﬁs b\ e‘%ﬁd?‘fﬂ‘?“‘ I8 hol es
are det er m geyhcdlaslegacte@idtiSs advToclet Helllchifb@ 86d/orASa KU1&GHS FRM 1D ®tdhe t hese
~ i mages can provide t nmeasur abl e rayscal e characteristics, one for

et ched co nt%ﬁ‘f’““a‘ﬂ‘%ﬁ IE?P\AE@'P%“%h d*rdgéﬁo&f’}&%ﬂl‘i@%‘fall’d?? %‘F(Sl?‘e Rrefessed dsafuertan by
backgr ound. obAgkidtthieng ingkpaeal € val ues for the processed features can be
- obtained through interpolation. 10 [0049] At the process 150, process

uni 01 it Y. 0has]oURNRA fCksb RS thohs Bl Shoh EAMREA bihea YELNESeq HRfAEI LSt e

grayscal e val ues equal to the erence etween t ues for
t he backgr o@hgs-aFep adivsted rezaysendd valuga eqrabtofthr differetes bawatnetbe gapstaleivalubol es.
The adj ust g;kg& [ VQr_Jmay .not be
uni form Vg&raf tgtg F’on iﬁ%@gﬂ’dijat hg%ﬁﬁhgﬁgﬁfgféaf%%%%&E}F&gwﬁzng{&gs'g%etagﬁség of
process vargrastalnvaludsof thepeonpssed feartmpesamytoaniay hat besiniforen. 1Bariativds in adjusted
under - et che ! L.ckness of di.electric remins in the contact
hol es. Thes%aysé&g%%%% aﬁeo rggest?gﬁ BIAE Cipiin ?raqm?&?htg’%g cthales @ e
gr ayscadlse \mihesler-dchedmokihier sametiEiniess of idiviectierpadiadinftiiadonfaeshoddse Thesat act
hol.es that under t.he me faprjcatjon processes. The contact hol es may
have the sao&%ta(gtllg%ﬁlfoél} Ve gybste 5@@&?%}1“*&?@%{ I graysegle valugs, (15 ABPthES anpl e,
each sanpl examgledhe conjavdieBatereniracbntha helss Mhtundelsd fietsant r8a08i0hi €s and/ or

20 contact hol es %h di fferent gi nensi ons. 050] In anot her enbodi nent,
the adj ust PEGFEY sthgcanigehihgles may hayethe pamerox diffegrnt Grogssseptiqoaregs. Ingwt  of

condi It | ONS aabtherexaapie atth sidhiOfegioh FndieESHnhoMplReam &ifbEdtGo®ebs al@be
~ exanp

ch
%b S Lclzontact 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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calibration is acconplished by taking cross-sections of the contact and/or
via holes and neasuring the dielectric thickness associated with
correspondi ng under-etch. The dielectric 25 thickness can then be -
correlated to a specific value or a specific range of adjusted grayscale
val ues. [0051] At the process 160, the process paraneters are adjusted if
the non-uniformty of the adjusted grayscal e values exceeds a

pr edet er mi nEAPMYE PP GFERIN PRFRAMSHES ‘éﬁ?ﬂ@gﬁhﬁ%f;m kesquidicyiadliusted offigertumedio t he
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wafor 200, Ty ie Boafdon s oinetiye Byero edpniagtRadeyin Beleawn filed Wil o

ex am'hnle fi Idpoad?mtrmd iabdudh a¢ coppérantol tﬁggstcffpﬁvhﬁ?i i:bffﬂgénﬁ)laﬂah%e&@ih ﬂiﬁféﬁlli&[‘d/ 0&
via holes are,for Qy e ing into lLelectric ayer that 1s locate
on a conduc‘f‘?‘i;‘émfzgfpg}‘a}‘(“ﬁ@gp)c%ﬂ‘ﬂh e%"&?‘ boles, theranse eideast @ortypasedpmblems
conduct i ve thmtcanbabetsued) Gite t obAAEHsQEsobidied Wi The Msﬁﬁ@sﬁ@ .

pl anarized with chem cal, nechanical polishing (COW). Wth these Tilled

hol es, t her‘é"lﬁﬁi‘é‘_rﬁf{‘aﬁ“é‘éé_te[% 1’9%’?5@4 algfia pattopise ke otherdypecafiprobian etsociated. ne
type 01T ApieMo (iRirS ARG b indhidd palfy AALSE b3S BRGNS A1 MbackAGCLGES
remai ning dielectric material at via bottons. e other type or problemis
“associ at ed Pplshgdishrfaqeat each damepceretlevel.aFor gramile eRectoppqy aterirgchemizkbsatithey oi ds
or undesir Ghak Lsoki : ' t each dapascene '
| evel . Foratgt(:g%?pl e,ﬁ%#(tﬁéer cc}g%}aeﬁhgfi%%%ﬂf %ﬁgﬁg&é%{x&%{%ﬁcﬁa g“’(‘"l?éﬁﬁg?‘“’f ere may
be undesi r A anofhel ¢xamplaytheapn-ahifommityloé therGMPR hesest hay raalt igsuvicd pigggt 0

voids. As. . eX -uni formty of the CVR process nay
result in sa%?@gg@ﬁlﬁl 'télﬂggmetllrh% :64&'1919& af’lren‘(f:ja.nrgf’ﬁyﬁ%{%‘gﬂ%?ﬁtg?alg%gﬁ%r © there
can be lSon€CMBypraes. dmye ricther|caihplafthae etikte copper@Mcrotiriilzafbetvden yietal anot her
exanpl e, there exists copper mcro-bridging between netal lines. ~0053]
The net hod can be used to detect both types of problens and nonitor
uniformty: he. process t hat have been performed prior to the

i nspect i on:I&Iﬁ;?ie SIPSE?@EO@&%SF@;\TWE todgicet bofhutypesist eroblems apdisaider on i ncl udes
filled conwatbmafydfaie prbassoHashave B YerfBrmRATHLOR D inQlochBL ahe 'p'kdz&%ﬁd The

adj ust'ed grayscal e val l,ées can be used to determned uniformty of the

. processes AMITEHHRHACG W0 srsBection inchdanlledcantact 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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[0054] In yet another enbodi ment, the nethod 100 is used to exam ne
transistor gates as processed features after poly deposition and gate
etch. For exanple, there may be undesirable polysilicon left in regions
ot her than transistor gates and interconnections. 25 Defects such as poly
pillars can create process non-uniformty, which can be detected by the
‘met hod 100. In yet anot her enbodi nent, the nethod 100 is used to exam ne
junction | elfre Ingistrngthepembpsiment ofithe present entiopf proeesesd dsdtutes i clasen
I nsul at or [ y | al
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yet anot her Zﬂ[bOdl ment of the present invention, processed features are
chosen based ‘on either their repr esent ativeness or uni gueness. For
exanple, w espect to_contact, .etch, qne type of feature choice would be
a cont act \AlitOF#la ‘?’?‘@Eﬁh‘éﬁ‘?@ F“gPVSc‘@HP‘F%%gf%H?O&évctormr%wsquﬁamurs@wmnd| ngs.
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e

exanpl e, a uni que, feature woul d be chosen because th ature has been a
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the sudden "HoNe toRpaRIaR Sl shftic SEionSiE SafAE o Rt
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order to examne 15 intra-die variations due to patterning changes and

effects suqbosTd m wtandmdmngdm[eagﬁﬁhdﬂ[bdmo isARed REenRBRANLGERfer ihiak et hod
100 is used for .se nductor fer inline monitoring, which nmeasures and

repr esent s HHREAE ¥ $5,An( Fepsesents BIOreEs BnEREY Hyansesily undensigndableror

exanpl e; oﬁmnmyFJr@kaneiﬁé oak wagfda yere Y&:@és%h&{bﬁs sy s é&ﬁ@%ﬁkh{é&i
processed features of .interest in se ected sanpl e regl elrr

cor r espondi (ﬁi&ll‘ﬁ:“ of dntergst in selackpd 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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20 exanpl e, grayscale values for the processed features, as well as
grayscal e values for the background,- are determ ned. [0058] In yet another
enbodi ment, the nethod 100 is used for ratline process nonitoring of etch
process applied to make contact holes. For exanple, etching in the dual
damascene schene as well as the subtractive etch schene invol ves etching
at the contact level and filling 25 the etched hole with tungsten. During
such an et ci§%% B pag cphaspetsthe mgthgd 409 @@“d@idh‘bse@#.? oftanelegpr wirsospopsbl ens

that could ﬂ@?m%ﬁ@%ﬂﬁeﬁ@y'cﬂﬁédﬁgﬁ’ of ﬁ@ﬁh&ﬂ;‘teglgﬂg: Egstthﬁ:e rgée seftfeahll& Fot tom

of a high aspect ratio contact hole 0 un etch, ‘etch resrdue 'l eft at
t he bottomig rqsmeolﬂen@almr@mafwmhpasm Oalﬂtﬁtlheertwamﬁﬂpldmmtahwomt hod 100
sel ects a 9 A . ons 1n waf er die and
i ncor por at e tE oca f|3'o?1 in orrra |§6r%%|un fme?eé)reseata? P‘%osgsu%lw{ cally or
manual | \b r eabiss n&hcplece;s\@ fcatwmsle:hlammwhtﬂesdnﬂgy@tscﬂmwh@ﬁoﬁxanpl e, the

processed f |nt rest ones W t . hl g fre uen ef ect s,
or they ar eS%%‘Hldﬁ%t r%ﬂny aedls Soat gaehg fnent,

t he net hod b]aﬂfgrcnumdlcudaa-mdpeaﬁeatmpomﬂowmaplaﬁtiﬂmrdﬁb@wﬁ&@ﬂﬁp afeﬂill i magi ng
fol | owed by coI | The | es of the processed features
of inter es"lpmgpgg?fﬁit%Pﬁge& %\Egafﬁpé’w & paed s @Pﬁettﬁe“ dirgeagiondn of
the die in oanﬁ)ut]napd Iaf@mtddﬁalfacﬂﬂﬂb Gitdef¥n@ing o he W@l tBFmitF HthebiRREbllahY €

represe tat| n oses ayscale 5 vaI ues of the processed features such
as cont ﬁ} @eﬁ?‘é'i?g'ﬁ%t?téh k€ f9ahrex he  surroundi ng background are

al so taken at each sanpl e region. Usi ng t hese grayscale data, a background
cont our aJ%068] f dnmnether ebedimentythp mefhed 40Qjisfubet to nodlyzorntact hotapviahalesal |

conmput ed angq %Rh&ttﬁﬂhavé)ﬁecﬁ)ﬁﬁ@lﬁ Ot ¢ eg&%ﬁbo ﬂn«ft%{: ﬁl%cess t?:ggié)gsﬁh&-rg?se

t wo- di nensi onal contour maps are acl e un
t he uni f or mathedd00 idslndp gatk girenterds resltingian cd:ddactwedemdemmbﬂamm&e Rhtr t he

et S Sl R ORIl o

anal yze cont ac V|a
yet andﬁherpob’maddleninﬁto,n thdnslrfapecaaé pelyl pittxny, vl 66whioh ateltaused By Bogks 10@e kdg| ude

Sam o, 1 FPEBIERLbE LR ol R E BT OAF oo BmE i i ot welbedibodiiomy
pillars sudhe laeth(zhlﬁ)blls isBd podxpmirerseitaligred loftict,OrhibNE afief &3S or afwadm@ﬁw
pitting; alﬁh Mych are caused by issues in the tool responsible for the
uni t operatlo poly deposition and etch. In yet another enbodiment,

the net hod q'lnég used to exam ne self-ali %ned contact, which is after
etch, or a{ | ﬁh’&%?‘r@ 1er embodiment, 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 er 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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fill and CWP. [0061] In yet another enbodinent, a sem conductor wafer
nmetrol ogy and i nspection 20 nethod can efficiently neasure and portray the
process uniformty. For exanple, the method 100 collects grayscale data on
each die of interest and naps the overall data for enhanced visualization
of the overall processing uniformty. As another exanple, the nethod 100
uses a hi gﬂ-ﬁfsol ution SEM to scan_each die at one or nore selected

| ocati ons. HBRlERfiepRs boepgerapleie.o Th lggation oEthe prasessed feauprpinseacke disde d
features orseléa@dwtmis@ldaﬂmxﬁmbx%uﬂ@wﬁd&fr@ 81% ARG ¢ oéé§s%9 flaflire

characterize the uni formty TheSe grayscal e val ues, as wel grayscal e

level s of tbatslisimethy diditereat fom dhernsassssed Eature. t%fmmmamneaphdwls
three-di menghgRali,g 9§09fér1mg€é§%ortiﬂe éﬁhlteeaﬁd\ﬂ{e%%?lgr aP (UL l%)ﬁztsh%%t? hin a

uniformity or vari a t anot exanp e Teg
die are § na@emlocaménMﬂQmwdm%@ammph;yegxen umhldesarsle oonﬂrmoameé sanpl e

i ne and TSEH Yo ekl B8 B he IR IRl et im e R sl BB o100, or

1—1‘

inline and ©
sem conductmocesmdaigns.n4p emitheo Bxangple eackisaiaple reéfdﬁﬁmﬂhﬂé&@évdrﬂ pRRedsed med usi ng

| ect b t t t t 18. pl lit
of i o5 hasRIh LBHArEPHA Yol B Rt BROEREOBIRUM AIRE oach’

die, is sehaoifake fyydschle valaesof al ik fbdt@red %dﬁl hOMBeE of iR el RGeRWithiat
surrounﬂ]dt htg gro essed feature but are stinctly different fromthe
process QIS TO¥RE- f eature | ocation on each die is scanned and
grayscale imges for the feature and the background are stored

cor r espondi[#8pH o I8 yelaupthepexamplenthe imagsdatagreprdeaseadtby computingan displadgg on

i ncl udes ORRe Hntd® pRtLLITE aﬁ‘:?éﬁslo{tsi At Cotour 5)?&% a{jEHL focatlol @ B AEE d%g:?%n .

features of interest are nom nal identic process
anot her exdhpgrayscalgyalug affhe erqcagmammde yalue phithe bmkgesmcb dnd theat ur es.

The graysc cul at ed
A i A S L e e e T
of the ¥r od@%@duﬁmmd@lmmghhmnﬂ)ﬁr plhis irsthngel d&nemgmmn‘rhe[ dAH3L plbta syt

anot her ex . | e t.a are process |ng an l.ayi ng
‘the cont Ou?ﬁ@é{o%tg:h!&ﬁﬂ{e&%@ %ﬁanentg?%rﬁ%s.c Q"rh “%8&?‘88‘? ARG TRAY ’F‘F@g 3@§P¥on of
the di e agdheisickgrvinel, gudadjstdderayadaltevable rédpectivelyc %sesdo tiarhsib®, arghayscal e
val ue of the backgroynd t he ust ed yscal e val ue respectively. In
yet anotheﬁocéﬁ%ﬁ% H g‘"‘fﬁ"ﬁg’é@ﬂé‘f’g%ﬂ Sﬁg@géé*ef%'sefﬁyn%ﬁmﬂ $g and

di spl ayi ng gdyecale® nmtaﬁmnhmﬁnwwe& B&%@esdﬂtﬁfﬁﬂﬁf‘ﬂib%aﬂ?%%&%ﬁ%wﬁé&& s show

20 represented as a circle.

As

[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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the location of the die against the grayscal e value of the processed
feature, gray scale value of the background, and adjusted grayscal e val ue
respectively. The two dinensions are the |ocation of the die such as (x,Y)
or (r, 0) on the wafer, and the other dinmension is the grayscale. The
annotation involves a representation of the feature size, and the wafer is
anot her exanple, the inmage data

20 represented as a circle. [0064] In ye ]

are summar i 784 HYC E‘?ﬂ‘?ﬁﬁ‘fﬁ“ﬁ'ﬁdé‘g L é‘tql‘lfﬁﬁf‘élfﬁdd‘@@%t boles.réasneritsenghess Feon§asi s of
cal cul at i Onex@pRY£ViRGEFeR isla SdnBRARNS HMbBE! RBmBlk, 4 N 1efQE AVSERALE Ma] des of

t he background, averaﬂe and standard deviation of the grayscal € val ues of

processed fe%usedsr shalow frouchsplatiand Insyeh prpshen cxrmple theanethdd is heeddo pxamine
grayscal e Vigh#@sity bh RalfifnsSHR srﬁﬁ'%t G amg' | didend d by
the ratio of star%lard devi atlon(ﬂgi(l) t e"“’%&%‘g@% an E’Q%‘%@%‘ﬁ%@@"&%

per cent &ge. ofimetal dayen mddhalso éila npsitact helks thedpagesed sampgegioas @e captorodatd cal | y
past ed ont ' ] jon.of . th er acircle so
Phat the el didEshELARG: SIEPLGREPATH, Sis.3r opfBed MEMAS et 1) "y

| ooki ng at ih¢ladd erppersind/astuegiteno bt yet dicthdr @egabplarthe m&bod ©Q6H]to Theninet hod can
be used to e 1.ne uniform.ty of various processes for int ated ‘circuit
fabrication. “Fort e&%r?ﬁ?ye?t%r?%fsnd%é‘?rgwfg%‘b“gt%o“é’ﬁsa‘wl of er‘r'ﬂaﬁﬁs?ﬁf an
etching prsampksedians avé @ptrediniding orde@r @ordhdlgyilidoh gated ekiltigy BERERSS i S
conpl et.ed, the.i rra%e]? ﬁf sanple 19 %e&iﬁon re %ﬁﬁ)ture-d i ncl udi ng:tl one or
more urtfi | IBQSTisHR ek Ygrtanother exampls the mefhod dsused | cxprine upiforpyity ot g self o
refers to alige@caitactabationprédeed. Yefter 68 algned ARt Al pR6Rsdi9 cémpleRACh,
such as ong used for shallow trench isalation. In yet another exanple, the

met hod is (Je@UPages & Samplseeeions presrrfiiey, igsludingong pr mpreiselfraligned cnsndts Blisg

process. Afth giid 4the nmbes fBlfIREe 8Y nadbtePoMmshi ng 5 of netal [ayer, which
also fills contact holes, the images of sanple regions are captured and

t hey can i e JUBodil : S, Vi ches. The
metal | aye;1 %rﬁﬁ ) h?g%la%ﬂei copgaedrﬂegﬁﬁf%?&%%%%{%hs& Ialrllﬁ%l/@? a%&r)l%fiﬂk{gﬁ)p%cg%rrpl e,

t he netlhod manitggegimebod sukias the nuathddohOf; usps ofamgplipg keghréquehfonie putre emer. Af t er
the etchin | | 1% .0f - sa e regions. are
captured i %gllgu [ ngﬁ%%ezfog@émn%ﬁlg%%gﬁrélﬁg%#ng%%%é%?ne@ef %‘rs{%ﬂ QIP%GQ;Q?IFC&%‘OPHB 310

pol ysi | i conpluralgh of dies. yibe lavatiink of the parpised febtueesimtdoh diciase athertd bg texaed, ne

sel £l gnall pRibeond RIS eBEN 5 e hdb Sl RS sreddionly <
regi ons ar diffeagtt fromctthe procdssed ifeatpreso rthe déature loeaticdlk bn aichdieile SRREAGKE, Prior
to-and 28 it gaygc%i]eglg}age% t{)rl tLelz featfurocls lar(l)c},\t%g bgéf(g;[‘olillpl glteestnor 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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[0066] In yet another enbodi ment of the present invention, an inline and
of fline process 15 nonitoring nmethod, such as the nethod 100, uses a
sanpling technique for the entire wafer. The nmethod is performed using

el ectron beamirradiation after a unit process operation on a plurality of
dies. The locations of the processed features in each die are sel ected by
t he user, &ﬁ% t he bﬁﬁé&round I ncl udes regions that surround the processed
feat ures bdPYe8 o P yet agpiersnhodiment i sysiem fir detemiaingheosessruaifornyibe
feature | 0GadkdRREn aectaﬁqﬁcﬂis@op%rsﬁstéﬁmqreawob’& gr ﬁ%ﬁﬁ?hﬁlﬁ%ﬁes for the
features and the background are stored corres 3 ﬁg to eac ocation. In
one enbodi MEREOsCOPE HRagsa AjsPeiated Hith g plusdlity ofsamp e&wnsrrmpectsieb'aﬂ‘aepmrzﬂiﬂjo-
regions, e S at not her
cbodi ment <t Mglea i el FpRfisRtr e P FARER R ¥ Pigal Bl age-of

- the ent5resamdeaﬂﬁawuaﬁuhsHé@pémueﬁﬂagﬂmawamfmaug&ﬁﬁmnmnka&&hbham 1 %to

100% For r-an 0001 %to .100% [ 0067
In yet ano?’ ﬁﬂﬂﬂgﬁ%é&ﬁ%ﬁ% i f %@ﬁ i gti?lasgosnetfﬂ’ cﬁtéot“H’(S‘EFeiSOO"“@&foi“ A t h]e
adj ust ed gyaqm mhdewabmessmg bystenecdndipired eyirbdees ﬁhﬂih@ﬁfdn&fs&o%la&d&&nﬂﬂﬁ@ as

t opogr aphy nsi,ons or. cont ent est abl | yantitatiyve
correspondg%aéﬁggf?}@céw fegePee m@’?‘g‘fl‘? ?‘fﬁ“&fﬁé “rgléﬁ"ﬁgg‘@ﬂs cale FplieHios
val ues. Fotheplanlidyef sdniide ragions ebspaiivele bass@en &ﬂe@%ﬁfﬂnﬁ@tdﬁra@ﬁf‘eﬁﬁﬂ%ﬁm the

vari ati waf er. or within a dje, anot her exanpl e, the nethod

o a8 s ottty B enliBh Hiesbhcops s Jia6h She BHEDIBrU GLAfaa Mo Tt o 0t vy o
char act-eri adsbéisted ingth @t R34SChne oPfhe pRPARY oAREQRELH RANKE. Wm@ﬁftt?
es an

enbodi nent, a system for_deternining process uniformt I nc
el ectron rrPfPt"?ﬁS%ﬁF't% & arther spmbigydde Progess Bferiopatign pﬂsﬁmﬁbd with thee fisitect r on

m cr oscope FM@%&E BHReAE M1, Xiidtdéteﬁnﬁla Whthbd the chlea%fd’f%'fﬁ)rfcgtﬂ @?gﬁesst 5 of

respective e plurality sanpl e regions includes a
processed P@ farprhaged Qilrﬂ!ll@ﬁdhfogﬂﬂttoh@sﬂpmaﬁeémﬂlﬂmﬁrstfpl@alwIoégnawalewsluaaacI udes

at | eags Oﬁ?orf%felﬁbla&rrféhf’w ﬂnt)éésésrtg % lﬁgs EW«'E&T{ ﬁﬁforﬁgﬁ%agr%f 5[% he él%eg lurality

of processed features resul ts east one rnic

Addi t i onal Fpbodiment, G systam ismmgsplarnmtébtess;hmgl(myst em configured to
process information associated with the plurality of electron mcroscope
i mages, anfhoae eAm(mﬁngtcfyet arother embddiinyntpd sygreﬁMBﬁ@dt&mm;hgiﬁscd‘s@ﬁmfohhﬁ '

lurality of Il onNs respective east |nformat|on
gssom at gd wuﬁﬁs%hzec%ﬁgﬁlﬁ?sﬁ’??%tg?”g? ﬂﬁa’é‘radg‘(’fé ? §E®. Each of the
first pl urmidrmsyolmfnrggam@aia&dwﬁﬂuﬂﬂumﬁty oasz&mmg@,dswsﬁdau&élse 'ﬁ{edlﬁﬁﬁt’y one of
t he pI ie %loces @g res aﬁﬁver the processi system S
furth 3%'5‘8 SEEPR T %Pﬁ%ﬁ’?ﬂ debies andeachhpf the plyelity fs t

sample regions mcludes 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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plurality of grayscal e values, and determ ne whether the at |east one
fabrication process is uniformbased on at |east infornmation associ ated
~with the first plurality of grayscale values. 15 In one enbodi nent, the
processi ng systemincl udes software and/ or hardware. |n another

enbodi nent, the systemis used to inplenent the nmethod 100. [0069]
According to yet another enbodi nent, a system for determ ning process

uni f orm ty [0078F| Tdepresant imvegionbas varonostvameges yséremmeatibrnabtecladqies. Sfhai n a
plurality of,el.ectrop, m croscope inmages associ,ated with a pluralijty of
Dt e 1 egBheienl e Perirt B REGn AR 1 SR o R S Sl udes
plurality @ispestios esheigueteatdutsdy mdhiloread Risadlize pecgisinpabaditions kuchsanpl e
regions inc|luydes at | east one. of the plural.it rocessed features. Each

ity. of
of the pl HPAPPEY opracigr et LRIATPES Vi p e vitbimeatalirieby cegyenters
fabri cati ORifiOLBE Snd/@ivdeR M. | Vortatr Wnbodadn® BRI RS RnREPHBSALNY SysStem
configured to process informati on associated with thep@fl urality of
el ect ron nPRHYYARAPE [IPREEINE axsreBeEERErAs Yrdues for thabackeronnd, pYepagstsraysesje cal e
val ues for y2Red BEpmbdiidl fbdnted bnd ARk BRLADFab RS RE&E WEYnRASEHA Hitodt
| east information associated wth the " plurality of electron mcroscope
i mages. Eathpotantspeve s seliablpindicatorstof owagpmy% abraliticms aeressiag entirs yaférat ed wit h
the.at |ea I lsin{b}é r f. es . . t he
processi ngﬁédé%%p%g%geﬁ h%b?& con F%P gé’?tﬁ%%z]%glgr@t%é&él !?r ??g?&‘g%ﬁ%ba# map
based &h atepre@enitioniusingsaregle mgiondsegisat well ws ghayschle vhluessthr the proatdsed/ of

grayscal e es | nf L ¢ Q_associated.wi.t.h the first contour
map, and dg%é#eﬁiaﬁga{ﬁ%éaﬁorﬁ?‘hg&ﬁ%iﬁsge Sﬁ%ﬁf%?“f@%? notﬁkes B}eggl&gtsi s uniform

based on atodt@agplots afleteary slowsaatadivel ediatbish Celiginfeinbodimestn bOitie preagnt | N one

- enbodi nment tglghe processi n é%/s em idncl des software .?nd/.or. ardware. In
anot her . e MSGRHORRNE Semplir2iol} i 2 dirda detEenine gk Ry qeb. 21
[0070] Thed@igsen sarhply fsglon® Withias wiker t6 dsteeid et pBREss AUESE AR 4 RafL.

. techni ques,, Sone nbodi ments of . t he, present invention provide a .

semi cofductORre fb mﬁ‘ﬁ%%{}ﬁ“e%?ﬁ“ '&Hﬂm"ﬁ ﬁ%%gec’t PIOFFst EREMERTO &t anuitkcpaRsly y
noni t or  angf th prédéss pefRMARRSHBOME ML Isupfbticd BS Radstical i jubRitifivednures.

variation of partjcul ar_processes within a die, within a wafer, between

waf ers 5 wFenfrAmBle) plot ofgatyar bpetngrind ysrheamdnsedion. ehisbarybakishlyt ¢ he
present i nyQRhinds RHaNAIEEnd EABSOHAKIRRRSsi SR RERSSMIL A tAUREARRI IMANSAKE -
val ues for. the background, average grayscale values for processed

f eat ures, Htlizgjogsnd somppase anabysisgl thecdatarin agencisgananingp fppirensiate REeRESDOUT

MapS C8f SEIMEHAS chfhd AMcSn b AtlefARRnSr, s &\6&%@%}0 Ie?ﬁ?ssiﬁlp&?eﬂﬁi EJ {10f}ryacr oss
an entire wafer and/or between wafers. Some .enbodi ments of the present
i nvent i on preesss equikegng lifetime isgpes 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 ofdefects.

[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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10 representation using sanple region inmages as well as grayscal e val ues
for the processed features and the background. For exanple, the visual
representation takes the formof contour plots and clearly shows wafer

| evel variations. Certain enbodi nents of the present invention use sanple
regions within a die to determ ne process uniformty within a die or

desi gnated sanple regions within a wafer to determ ne the process

uni f or mi t y bgistifias cainferiad voiding. Thermoidinigouiymesvltdron the K pabemtor flowent i on

bl t K f.th
cnabl e 2 PrRass, GUALSRLpL ff LRSS BE R her B RSBt e
measur es. ikdleqexeendipeint detéotibn aifgotiﬁma aiamba fge oethapediby/ caisdde @éttam

i nspection, vol umi.noys.t ndI and t her eby naki ng
its signifiG %ﬂ‘@%@%f@ﬂ?“&b"%ﬁ%@??ﬂ W‘f‘lﬁ g% cresa drruePion and
conpar asi veapladgy®heragd aidesolaion. For exaaRNG u@%mga%oreﬁmme%ﬁeﬂﬁ ess
20 correctl s can be eraﬁde in a.ti melr%ehmanner anot her exanple, i1t is

i mpor t ant ed‘é??? sampledyiin ene dig qvesihegotirs die prepreBytdighunereantigr ofsamplingns as
soon as poaﬁagb&ﬁgélﬂﬁﬁmﬁ@@&mo%ufﬁkﬁ&&@éﬁ%dﬂya&m% fhscertain
clues that may energe during neasurenents. Certain ~enbodi nents of the
present i n¥bREGtEHIYsME 9 gien Beringiaime: [Remezimbodiments of thampisemdnventionproeide

surface sugh ofddddnt @nfoli f f ggﬁl _

provi de a sgilﬂll(gnature r?aﬂg{elélgﬂ% fdlte{] .H%F?)glg(l OITe oggg%l?“ ment s o‘?gf"%le
presentldi nmnaBO@-mmmferdﬁhapmehélzmbssahﬁn@.nﬁhi on of process uniformty and
all ows the convenient isolation of a problemto a particular process step

or a unit "-’“mfs AlBBGhApHL enfBddiRls @ﬂm@ﬂb&ﬁﬁmﬂqﬁnﬁ&ﬁm@e&a@s@ﬁbwﬁ 'On
provi de an i cient jnspection nethod for 300-nmm wafers, which

and a hal f bePedessteaddy tinss ef skilbinghe aft that hiareqroqther embogiments t@ﬁn@eanmunmnts
of the pregpit dbRME dnBRdinleRl] Q%c&d{ﬁﬁhhﬁ‘i's tofbgam&t%t&ﬁﬂtdﬂ% R;Qitﬁn qgli:o

vari ations after conpletion of copper CWMP. For exa

resi due | ebelimftedby rppacHicdliystrated embgﬁllmstsdffut Qﬁébmﬂk@mpe/ﬁ ﬂmmmhsiedexarrpl e,
the fikkingpJrocess for the contact or via holes might be inproperly
executed and as a result there could 22 be surface or internal voiding. The
voiding may result fromthe CMP pad age or from problenms with the notion
that is conducted during the polish or perhaps fromthe use of inadequate
end point detection algorithnms, to nane a few of the possible causes.
Certain enbodinments of the present invention provide a desirable bal ance.
bet ween t hroughput, 5 sanpling coverage, and resol ution. For exanple, the

* . coverage increases with the percentage of the areas sanpled within one die

over the entire die area. But high percentage of sanpling
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at a given resolution may reduce throughput such as neasured by the nunber
of wafers inspected during a given period of tinme. Sone enbodi nents of the
present invention provide an efficient sanpling technique for a design
node that is equal to or snmaller than the 0.13 m 10 on a 300-mm wafer wth
a pixel size less than 0.1 pm [0072] Although specific enbodi nents of the
present invention have been described, it wll be understood by those of
skill in tHdLAMS:t hat there are other enbodi ments that are equivalent to

t he descri bed enbodi nents. Accordingly, it is to be understood that the
invention is not to jbe |\mMiRd )elhRingRGibdesCudifolHity, R RGtheIQRIHERBL S,
but only by the scope of the appended 15 clains. 23 CLAIMS: 1. A'nethod for
det ermi ni ng process Eﬂ*ﬁcﬁwm@wﬁtﬁﬁémmﬁwfﬁoﬁhﬁplusﬂlmg@fsmleéwpm a

plurality D ' &hHﬁ ' @ﬁﬁgﬁ ' Is | ng a
plurality g{wl%rﬁggbée@g%g@:‘ e ?Offgesgc,? feeac Pégk‘ﬁ %‘@’B ur ﬁ{?&g*‘e g@%‘bﬁ‘@a‘?’g‘%' ons
incl udi ig St kwastioeast thoplerabify affpeocpised febfureg, @ich pf the pbualdy 6&aveessed feapmeh of

t he pIurth%&mﬂjfﬂ&9§?%$§9w§§§%akssnxk sulting fromat |east one -
fabrication proc€ess; obtaining a pPUrasfty of electron m croscope inmages
associ ated with the olininghipluality osdehior nti@gscops iniapspasddiatal with theocessi ng
infornation‘%%?ochate? Wit h thetglr[ality of electron mcroscope 10

i mages; detPAFATH PHERIG Tegigps IeFINel% y of “grayscal e val ues for the pl urality
of sanple regions rgspsshg infinnafiatashaedakith Baphurdliy of Bdtion Miawsopd at ed
with the plurality of electron mcroscope inmages, each of the first

pl ural iy dM2Payscal e val ues being associated with the at |east one of
the plurality of proggsmafing £8it518S1ity'o? gRiySGRSRIRS firthOpliRLiyOT sassioci at ed
with the first plurality of grayscal e val ues; . determ ni ng whether the at
| east one ﬁ%?nsea%%welpf?{wé% af Igash inforgiatipm asseciatet with theypdurality of elgstrent i on

associ at ed M&b&@?ﬁﬁnéglﬁ, &chmf'ﬁ{eadrét;pl’urmt{ BF BYpealoQalied bifiSy asdocialdiwillPhbed Of

claim1l1 wherein e processing infornmation associated Wth the plurality
of el ect r ofeash ae@f e phuality ofyoesasedifvalises; 20 deternining a plurality of

backgr qynd grayscal e, ¥alyssSintmatidhCastcild Jritt e irst ﬁ':?i |50 values;
respect ::jvel y based or ats %lzlilst m%orrr&%on assocfsa e \}f?lﬁﬁig’he prulrlegi ity of
determining whether the at least one fabrication process is uniform based on at

least information associated with the first plurality of grayscale values.

2. The method of claim 1 wherein the processing information associated
with the plurality of electron microscope images comprises:

20 detemﬁning 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 plufality 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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el ectron m croscope i mages; determ ning a second plurality of grayscale
values for the plurality of sanple regions respectively based on at |east

i nformation associated with the plurality of electron 25 m croscope inages,
each of the second plurality of grayscal e val ues being associated with the
at | east one of the pl urality of processed features. 3. The nmethod of claim
2 wherein the determining a first plurality of grayscale values conprises
determining a plurality of differences between the second plurality of
grayscal e val ues and>t he Thegeshadwof cleim Bagnd fhudhes qomprisjrsaeneraiing aeontour
respective p badkd Hed\wih ﬂ?e’}ff\%rﬁh't

generati nglrﬁél cont g)lﬂl??nf%égﬁ&g%ggl@gsﬁsgt  east i'n orgtg?lﬁ%ﬁg%glg%%‘%at eg with the
second pl urVelFli:Sty of grayscale values. 24 5. The nethod of claim2, and
further conprising generating a contour map based on at |east information
associated with the gl ur r

nmet hod of claiml anrel ?Hg%e@%o@?%ﬁﬂé%i{é%u?‘%%ﬂgfﬁkg 21\1e regl ﬁ:w Eﬁs
conpri sés gorppriges b ployality ofseprarta sub-wglons.egi ons. 7. The nethod of cI aim1
wherein the plurality of sanple regions are located on a wafer, the wafer

including a plurality of m%mo%@blaeﬁ1%411%;091&1591%@&ffsaﬁg%%eo%la&%d' ng .at

| east one of the plurality of sanple regions claim1l

wherein t hb)cpqedupahmier,dhe walepineludiag japlurality of dieQ ehabedthedlhenlits optligs al i ty of
waf ers, I ' "ﬁ’y\@ff i ding at | east one of the -
pl ural i ty 0 #:)alte%agr{é)g%g%&slémg&i he 5 erggl)r#'cl aim1l wherein at | east sone

of 'the pl urallty of sarrple regions are |ocated in one die. 10. The nethod
of claiml wherein the ofhamethed ohclpinyi avbierein th¢ plaraitst ofsampleSegidnsians cope

image_slg "Rk rtﬁ@ﬁnh‘ﬁiu%tﬁnﬁ?ar %afwoﬁhgﬁlurﬁ?gyr OB dr2S GQRAn Ja lea%*age ﬁh@od of

claim ern the secon ectro oscope 1S rom a
group conspkudlitygoishmplededienst | nspecti on SEM a def ect reV| ew SEM and a
CD-SEM 12. The nethod of claim 1l wherein the plurality of processed

features 20 conprises arhl il b¥ciffn Y bSeol Woldsile bF AL REAHY BebafhphO L1 01

of a dielectric |layer,
regions are located i m 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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dielectric layer being on a first surface of a first conductive |ayer. 13.
The method of claim 12 wherein the determ ning whether .the at | east one .
fabrication process is uniformconprises determ ning whether the etching
for the plurality of vias is uniform 25 14. The nethod of claim12
wherein the plurality of vias are free from being filled wth a second
conductive layer. 25 15. The nethod of claim 14 wherein the determ ning
whet her the at |east one fabrication process is uniformconprises

det er mi ni ng whet her the pligaethedoflain 4 wheren thedstomiining Wwheihehthe hidessaine

depth of etgpbig B orddASs 0Bk & B ekdi m Mk he. plur.al ity of
vias are fill e%a\(/:mat h ng secl(E)ﬂﬁ=url %n%&@%ﬁ%le&}eayer ; Q’Elﬁe%ah%rsglg hlrdzﬁ%gﬂﬁﬁ?:sﬁr%e | ayer
i s pl anar i zesdcialedavithitbersaore depthaifatvhingl pol i shing process. 17. The net hod

of claim 16 wherein the second conductive |ayer conprises at |east one

selected froma grouEG_conﬁl sk K cifiQPRS&ILaRg tungsten. 10 18. The met hod
of claiml wherein the plurality of proCessed features conprises a

pluralify of transi stheplgaitesf viesark filladywith o secdad osidtdtivglagax) et chi ng a
conductive layer. 19. The.nmethod qf claim 18 wherein the conductiye |ayer
conprises polysili c%ﬁ.s ecfﬁd %l.du%hvé:q%f f‘f&’&m@fm@\l’g&ia ?‘“\ﬁﬂé????‘?f“?#@"lb’?\(‘lﬂgal ity

of "processed featuremocanprises a plurality of transistor junctions. 21.
The nethod of claim1 wherein the plurality of processed features

conprises a pluralitjy, of | £ -alJ ntacts, 22. The. nmethod of claim!]l
wherei n the processi ¥7g in %r‘{rfca |do%%gagrg§§iw PE s gpofpd ondy: -V??z"lyg' plurality

of gr ayscakempades eldesbon sekeed fiones gabipcpnlistaydfeupperagl thagses. on at | east
information associated with the first plurality of grayscal e val ues. 23.

The nmethod of claim reln cont qur . {nel udes infor.mation
associ t:}t ed with a thll?srgd p Sr%lé |Otdyoqg}mmgr‘%eg%gﬁ‘gpb’ﬁﬂil%‘gfepé%"re?sggﬁ fhg to a
plurality eémpuat plwdity of trassistor gates resulting from depositing and etching a conductive

layer.

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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paraneters 1 n respon

25 the third plurality of grayscale values includes the first plurality of
grayscale values; the plurality of locations includes the plurality of
sanpl e regions. 26 24. The nethod of claim 23 wherein the generating a
contour map conprises determning at |east sonme of the third plurality of
grayscal e val ues based on at |east information associated with the first
plurality of grayscale values. 25. The nethod of claim 24 wherein the
determning at |least sone of the 5 third plurality of grayscal e val ues
conprises interpol at Phg afh¢ mgdod einldmdB wheeeid {he genepitingalcottyur mdp gr ayscal e
val ues. 26. : I Lel he..deferm nin et her the at

| east one ?ﬁﬁ%&%@ﬁoaggﬁt%ée% g’r“%é:“&%ﬂ?’f’t%%ﬁ%@t"&?% 18t st andar d
devi ati on deast informatiomayeodimstditio the first pineatity 6 ffraysoad vaies. 10 associ ated with
the first plurality of grayscale values; determning a rati o between the

standard devi ation tegcth V. Z. ~jhe method of .claim 26 wherein the
det erm ni ng whet her tQ Tie :{ﬁﬁrgé@ O%&naémf%t‘)&lef:ea ﬁtﬂ%ﬁetmﬂgg{ﬂe??fﬂ‘l‘?q‘qg

f urt her Scorthird plustityprferassilagplus oonprides Mterposingiapletst sovhé bf thé rst flidafityand a
pr edet er m %%a\g,gclarq}alueéw determ ning the at | east one fabrication process
to be uniformr eratiois equal to or smaller than the predeterm ned
val ue; determning the at | east one fabrication process to be not uniform
if the ratio is |arg®er tHemethal gicietartriaretie detbitining Srhefibahoatinge of

claiml, a fher conpr.i si.ng _adjusting one or nore 20 process
metfa%huh%n?e“%‘%? COPRESeSt " east one fabrication process is

uniform the one ordemaminipg ostesdardddvintivh Sidan’@baiehséDod H8eadtinfofRsionoNe
fabrication process 9. The nethod of claim 1, and further conprising

cal i br gltoi né’ssg’g@%ﬁ(g‘?mttﬁeeﬁm?élp’?ﬁgﬁ grpsleraliesigr ayscal e values with a
plurality of charactddtérsiinifg ¥ flid®stweeh Ak SEndaal QAfLiGh to tRE hGergHaar act-eri stics
of the plurality of processed features. 25 30. The nethod of claim29

Sompri Ses det or i ni 8. AP el gl 6 ben it ripihas Vorin s et ween
the first phefblicdtign pfocgisayatifing fmdlet@smpiek:t he plurality of characteristic
val ues. 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 parameters 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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27 31. The nethod of claim1 wherein the selecting a plurality of sanple
regi ons conprises selecting the plurality of sanple regions froma wafer,
the total area of the plurality of sanple regions equal to the total area
of the wafer nmultiplied by a ratio. 32. The nmethod of claim31 wherein the
ratio ranges from0.0001%to 5 100% 33. 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, éiﬁh 'Sﬁert‘lﬁfé‘c"il)? am k yhesein hesleptingagilemalityiofsdmpde ng  at

| east one qegibhecoRipiiad seletityf thOpREASSITarh frégi@n% ﬁoﬁ?&ﬂa@ﬂ e tGraPdrtd Fehd ¥ Of
processed features 10 resulting fromat Teast one fabrication process;
obt ai ni ng Plyrlity S pangpleregions equable the otabaise pbthi walpe multiptiod biag séiowni t h t he
plurality of sanple regions respectively; processing informtion associ ated

with the plurality oBjel eghd QBnsd 6f PRMAAGwhekd Ql@%‘f%tioirgn 6 T.ddond ¢ first

plurality of %;ayscal e values for the plurality o e regions
respect bvel WOWased on at | east information associated with the plurality of
el ectron mcroscope images, each of the first plurality of grayscale

val ues being associ aggd W ipfbtldaFoAdeterhmBRsd [{t@é@s Bixfohgﬁyﬁllldéjrﬁéhé& %r’xg)tgig';[ng:

processed features; generating a first contour map baSed on at
i nformati on associ at &decfing pplupadity pksamplegegipis,thg plurglitoef sgmplegegivns val ues;

" processi ng ;i ' Haﬁﬁj @'Egsgsg i.1.h ' : .ining .
whet her thel\M:}'{Kmliéergfélltui%gE e g ri ca?ﬁa%ésb?atggggék ?gﬁa&ﬁ%s%,gﬁ%sgﬁ&g lnrgI east
i nf or mat i ot lkastoo¢ of thelphwralify offpgodessed feabwest eagh ofithp phddlity of symssedfdabmes
 det er nigg nqegafc&g%%ﬁ]é{?éa%%@ Iﬂ%ﬁca ‘%’teé%?}'em conprising: 25 an electron
m croscope systéeém confi gur _eg "o obtAI oA plurality of electron m croscope
i mages associ at ed w ottaininglaphadhlity pf déctmangitiesdopginupss asesjfmat widethy, t he

lurality anple reqions including a plurality of processed features,
gach of %/hg&uﬁ?lﬁt?gﬁafnfieo gl&%?’éecgl\{eg’éi gns !Dncl udi né at Ioeast one of the
plurality of processpdcdssiag inf@matieaodidted With fhe phugdlity ¥f dMctroR G ESEHS
features resulting fromat |east one fabrication process; 30 a processing
syst em configfted to: o

- 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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28 process information associated with the plurality of electron

m croscope images; determne a first plurality of grayscale values for the
plurality of sanple regions respectively based on at |east information
.associated with the plurality 5 of electron mcroscope inmages, each of the
~first plurality of grayscal e val ues being associ ated w th the at |east one
of the plurality of processed features; process i nformation associated with
the first plurality of grmys{tsah@mmrl@sod,cwmaitmthﬂmpilwdhmdrf@iictrhm ?jt | east
one fabrication ] ni f orm base 10 on at |east information
associated wt hnﬁﬁg&%??lsr{lasgpe#ur ality of grayscale values. 35. The system of
claim 34 wherein the proc@smmaﬁrsaﬂﬁrgiﬁyaﬁgaﬁcabeﬁlremﬁo{ fl\fphe?mjtr)w z;l ity gf
el ectron mcrosco i mages_conpr.i ses:. determne a.plurali 9 ackgroun
grayscal e val uega‘ﬁ@Frﬁgﬁg‘sEfsﬁ?cg’IB?l?’ ”Sﬁonggﬁﬁpﬁ?%@“g’rﬁ” (533 W@%Pk‘z‘“’%&)&ed on
at | easts i nformaf élwuoaaﬁiomh@q:ednage&,haéhh?’ﬂw fftﬁt@iiﬁr&l}?ty@fgraﬁs’éal?'vﬁ%s{ Rihg f ‘he
m croscope i mages; .determ ne second plurality of grayscal e val ues for
plurali tS of sgﬁfff"é‘ateﬁa%g t?%ﬁ’é‘ﬁ??@‘él’@‘%%%’r@ﬁ“ﬁ@ fﬂa@&%sﬁ i nformati on |
associated with the plurairbdeds formh@silds@RiatedivithQBE RREPILABELS fp of the
second plurality of grayscale values being associated with the” at |east
one of the plur XMy of processed features. 20 36. The system of claim 35
wherein the deternine a fdefe%hh@'ﬂh@ﬁi&ﬁlyaﬂaast(g{e%&%'&r%%e%ﬁuﬁﬁ{m[ﬂﬁ%‘s
determ ne a plurality of differences between the seco plurality o
grayscdfle val uegn atenst inforpptienespaciptest witleibi Grsbpinalifyr of ecayatabe wehileses _
respectively. 37. The systemof claim35 wherein the processing systemis
further confiogured 39 gengipiien Bf RR AR HRINEL:IoRhatlsfARGbif O Mt i On
associated with the 25 second plurality of grayscale values. . The

syst em of &ithiths Huralifyeafslestrommicsernedwpgeg corperisesn i s further configured to

enerate a contour F i I i at ith the
gl urality of backgr(?ljo?ie gr%}é@gl@%\f/gﬁ%%@%gsgﬁéeb@g%s'?glfﬁﬂ%kﬁf:aﬁ%Ar%‘] 34
wher ei n ea&#mRlf ragians prispectively Pasod os atrtpdstinfeeghbmesss@Bitedoritir the plaralitypdfur al i ty
of sepgkat gegil hEMsONS 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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29 40. The systemof 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 sone of theag}uralit of sanple regions are

located in one die. 43 Thee Sysmetclsim et ahmeguhanlraditnofishwpleiregionsars
M Cr 0SCOPe |S¥apddeiR a witel RSN AFS S LHIREL Raar of%cg,céaﬁl?gf ik giélga%@pt?fgdieslm' The

system of claim43 wherein the secondary €l ectron mcro sel ected

from a grodpcledingrtdedshepeail the pharhléty of sampesgioon SEM a defect revi ew SEM
and a CD-SEM 45. The system of claim 34 wherein the plurality of

processed features 1p COfRIIvES LY ' i.na.-from etching
a portion of a dielectric layer, o?ﬁ@iﬂg?ﬁ%rc%nﬁﬁ%ﬁkgg{&%%%ﬁgep%rllonggfe’l rst
sur f ace Jof lecatadionta phwyalityof Waters, each of th¢@lurdthip oS wsemrindiading atileastimefitheei n t he
determ ne wj 4 st one fabrication process is uniform

ST oL B Eleplohe

conpri ses er the etching for the plurality of vias is
uni form 20 47. The- sistem of claima45 wherein the plurality of vias are
free from being filfed whasysienef daith Towhierciniayeadt agree of th8plufiliey &y st em of

'%ﬁ&gap@lgg&ggiggg%@gt her the at least one fabrication

cl aim 47 V\/@%ﬁ
process is unlform conprises rm ne whether the plurality of vias are

associated with the same depth. Z5 49. The system of clai m45 wherein: the
plurality of vias ar®-fi|Thedystem pf eaise¥omkkreio tiduaddcher nliayeope dyslems econd

conductiigVe chaWeles b S ogh%ﬁl?gg g'goq em cal mechanical polishing process.
30 50. The sy teesm o? clal ma vfﬁ%érrog?oﬁgt he second conductive | ayer conprises
44.  The system of claim 43 wherein the secondary electron microscope is

selected from a group consisting 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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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 |l ayer conprises polysilicon. 53. The system of claim 34 wherein
the plurality of processed features conprises a plurality of transistor
junctions. 10 54. The system of claim 34 wherein the plurality of processed
features conprises &%l urlhf pistenodf cbith HO attiegrie thesanhd cdrilucth layEheonptibem of
cl ai m 34 whangj I.0f.ar ion.associated wth the first
plurality ofaIgdfg@‘%gg\eﬁgﬁﬁéﬁﬁjgﬁﬁﬁ%‘gg"58_??&’% Wt our map based on at
| east information associated with the first plurality of grayscal e val ues.
15 56. The system of I ai FheSystsmerfelaim 3¢ nhesimthe phuratipof piedeskda SeahésOr mat i on-

associat ed yt i N f .ayscal ¢ val ues corresponding to a
plurality of n?ﬂglgg%%@%aﬂ%ew a?#%t&rréa%f fﬁ%h‘g Oglf(PeB?SMﬂgtc‘ £ B&quEliYeudes
the first plyerality of grayscale values; 20 the plurality of |ocations
~includes the plurality of sanple regions. 57. The system of claimb56

wherein the generatesa co 0 ises. determne at | east sone of
the third plurality. “of g?{éé;%tgi e \9%1%22‘%3’? & Fondpeve Jayver sommsisesat i on
associ at ed milxsHlicope first plurality of grayscale values. 58. The system of
claim57 wherein the determne at | east some of the 25 third plurality of

grayscal e val ues conggi seg,d late.at. |l east sone of the first plurality
of ~grayscal e val ues. 59.%%5@5@? 81%'1%?£¥Pféﬁe%'%ﬁﬁﬁ%§fyéifﬁrqc%°%fﬁ% i ne
whet her t hecompripesaglurality of frarsistor Atnctiomspr ocess i s uni f orm conpri ses: 31
determ ne a standard devi ati on and an average based on at |east information

associ giged with the Ljrst 8l of grayscal e val.ues:. determne a ratio
bet ween the standard deviFgﬁsg%%gk%iﬁ%%%gﬁéalg%eplumiltyo%mcessede{eamms
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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60. The system of claim59 wherein the determ ne whether the at | east one
fabrication process is uniformfurther conprises: process information
associated with the ratio and a predeterm ned value; determne that the at
| east one fabrication process to be uniformif the ratio is equal to or
smal | er than the predeterm ned value; determne that the at |east one
fabrication, process 0 he n ifarmif the ratio t han t he
predet er mi ned val ue. Tﬂm%%%?§§@ﬂéﬁvﬂ¥m@P%?H?%%gﬁﬁﬁﬁéwﬁt#ﬁ%9§¥8@&?3|ng
system is f ussbbieted with iHeifigel prehlityoofatdysSile @MRs;0r NDre process paraneters in
response to whether the at | east one  fabrication process is uniform the
one Or nDre process 5%?%3%&%?@0ﬁ%WQFeHB?%m?ﬁgm@?mpgﬁgfwﬁﬁga'fabrication
process. 62. The system of claim 34 wherein the processing systemis
further configured 6. caFlhdwysitre obcain SSfwheteen the degdrmink wihetheértthe awleag oy scal e
val ues with q§ Rc terlstlc values related to one or nore
characterisFﬁ?§h§§%¥ﬁ&gmﬁﬁgbéh O 6¢Essed features. 63. The syst em of
claim 62 wherein t hepmad:ss hlfcahntmeaskbcmfedmﬁ thiel ret$dt ang la predbtetnyinedofalogy ayscal e

val ues conprises det corres din onshi ps
between the first p Jﬁg 6%% S%af%mmg?U£%£§ﬁah%ﬁ%ﬁﬁTgﬁé Y S of
characterlsemmhnatu&ﬂmﬁ&&ﬂﬁ@nﬁﬁgmmﬁdwﬂwacIaln134 wherein the pIurallty of

sanpl e regions are | ect he urallty
of sanpl e regions eqég?m:'tm %jfh{he A e%ﬁt 015 catb% ]?rﬂ‘\eesi?\‘lgfbsp(’trpﬁ'fq{’%#ﬁ’g

rati-o. 65. iFheganrdiahde pofietedanahvéiiewherein the rati o ranges from 0. 0001 Wbto
100% 66. A systemfor determning process uniformty, the system
conprising: an eleghron . %@hﬂ a plurality
of electron nlcrosg%pe ?ﬂhgégﬁgggggf%f% ?ﬁ%&%&%ﬁg %@?@R sanpl e

regi ons r espuigtied & adjust dne Ophlmeair@qe§6 mfamem mawpdmee roeghethes the acleastivnreg a
plurality regi ons

i ncl udi ng g%nﬁgggﬁ%gﬁgmgﬁﬁ&ﬁ% ﬁ€§q9?§&€?£§ %%%%%%fﬁsﬂQ%ﬁ%%ﬂE&%ggh of the
plurality 3bﬂ%$p@w@sged features resulting fromat |east one fabrication
process; a processing system configured to:

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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5 process information associated wth the plurality of electron mcroscope
i mges; determine a first plurality of grayscale values for the plurality
of sanple regions respectively based on at |east information associ ated
with the plurality of electron mcroscope inmages, each of the first
plurality of grayscale values being 10 associated wth the at |east one of
the plurality of processed features; generate a first contour nmap based on
at | east i nfapwleaegions indudiog apbualitypf trocebred fidatmes, plohrofittietpjurdity of myplal e

val ues; pr d i ' Wit h the, first cantour map;
det er ni ne 3&%‘@? Eselba%ﬁégg{b%gg%f&g%eﬁﬁég%og lf(ﬁc%srslmp{e%%eg’sea?ly’ﬁﬁ? ?IBPﬁ#Yb%fs ed 15
on at | eastprocebed fmtirerreadSurfrat etleast ddv fabrécafion slocggnt our map. 33 METHOD

AND SYSTEM FOR MONI TgRi_ NG | CSngCEES Aéﬁ TRACT A nethod and system for
det erni ni ng process ORIYEFHEY en?’ﬁg%%'f % includes selecting a plurality

of sanpl% regions. The pl prosdss inforafaticiedatéegitoms philitydesecond plurality
of processed features, and each of the plurality of sanple regions includes
~at | east one -of H8PPEFEIEYy of processed features. Each of the plurality

of processed features resgdibindd 880 PHiralkit9 38 rapRGleivakis ﬁﬁﬂe%ﬁuﬂ{t?ﬁ?ss-

Additionally, the method includes obtaining a plurality of elettron

i croscope i mag&¥NRle Ksqns resgeskively based op pileest infQrmstion agspriated wigh e plurality
respectively, RfHeR®RIAGros& E:H?éfk‘ L QAT HREAiRY ﬁ'ram’yI. ! i OF
el ectron m croscope irrages,s gﬁd, d dcet erm ni nlg a idrfgltmgp ur‘g{u?%if/%
grayscaile val uedsspeipted wéthphaatdgaptope of the plupility ofagpessed featpect i vel y. ‘
Moreover, the nethod inclydes, ‘T&&qﬁ i i g{@{' ci.ated w the ..
first plurality of graystale e\% ues,ﬁﬂo{gﬁlgéﬂ(};ea?er méﬁ?%aﬁaﬁ)g?%ﬁgpaﬁ?@a%? | east
one fabri cati onwithdhedist plaralitymif goaysnalevalubd; GURE 1 34

process information associated with the first contour map;

determine whether the at least one fabrication process is uniform based

15 on at least information associated with the first contour map.
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