; +, - . e3e2T/ NNOQXR8<T6r TTTAMETHOD AND SYSTEM FOR MONI TORI NG | C PROCESS
BACKGROUND OF THE | NVENTI ON [ 0001] The present invention is directed to
integrated circuit (1C) fabrication. Mdire particularly, the invention

provi des a nmethod and system for exam ning | C process uniformty. Merely by
way of exanple, the invention has been applied to inline nonitoring. But it
woul d be recogni 2dETHOD AND $YSTEMF 03 MONITIORING 8C PROSKECESS
applicability. [0002] Integrated circuit (1C) processing has becone
increasingly challenging as feature sizes continue to shrink. Shrinking

di mensi ons and i ncreasi ng wafer  si [ i mai nt enance of
process uniformty throughoupﬁ@ééﬁﬁ@ ﬁﬁ@ﬁﬁﬁéﬁﬁp&gl fficult to attain.
Process wi ndouet] armefpadbstlidvenad i0Wire@ed to irdebtABE ebun@fcy fab¥RBina ste i ng, and
process variations can happen as_inadequate tinme is spent to perfect the
process due RaFIPREYLES iHyRItonPrddes panciodipd psternipe Pguniag [t Pregessri ce for
the | atest tlﬁ%ﬂfﬁltg@%{ﬁrefng'%y JPeRERS thAhlatibR Rastash #ppined BShliddmeiforihg

different fornms. Spatial variation across the 15 wafer results from

equi pment  orBitorasdbereseaniasd Habthe inpvention hag a miigl broxdes sangg af spplirabildynay be
further anplified by patterning differences wwthin the die. There are

mul tipl e wayl90@¥ retguatadricuindChprbesssinghasdecams ineteasinglochallérigingas feaies s

control, suck [.l.L he [ [ . - efore
the. of her "comseguibe REnRE SRS AREREL B Bibalng 30 A0 BE i o) D
pr ogr esslandnahfehance obpreceas uformity thoowgboutttiee weemitnpbriarnt bl difficglofut atin. of t he

process, one,needs.to understand the vardations.acro t i me_ between
G 1 or ent | RrBonaIg WA gmad i UERRice] WAt Bapiieb it b oEE i ¢ i
the di e. Thevagiaiorsicamnhappemdpcnsleliate MAPBGHenmd perfect theprdeeds durcto Wi ecbnathies t o

inspect in the wafer.is one that often requires. careful planning and
attention toprasé‘t‘rﬁi"?.{“gk‘@fl{"ivﬁ@gﬁ? mfgé\ﬂc?rg)églfﬂéﬁ%ﬁetcgn ‘be inadequat e wher eas
maki ng too man%/ measur enents can nmeke the data caql |l ection, and processing
unnecessar i | P09} g Rypeess wiption sapdnanitgsttself in ditferend dormgy, Spatiaf yaristinjacsess fhee

scribe I{iyne paer Aoy 1Ok Quippita: frhRsh difuBaeds: 10Mitationd i TR Ririb@dis wia beO

i nspect. [000411 Sonme conventional inspection protocols involve bare wafer
anal ysi s f orfuphgeeplifiedy pattgringgiffererces pahindhgidie.o Thrak are sinlteple Ways fhere i s
no particle probli6ihe Wakes chatachirsfE 1 2GRS PFtedlcohttdlSuch & iaRfthénilohial the
process tool is operating properly and does not act as a source Of

yi el dki | | i ngeopdwatedeafissoneipesss andipefosg thy other sapppncssy inopity opgriatipmehidct i on of

t he processed and patterned wafers, and then foll owed by e-beam i nspection.
Wafer-|evel variation is often characterized by | ow spatial frequency
trends that are caused by equi pnent design and/or 15 operation |imtations.
[ 0005] Fa2r exanple, dielectric etch is a unit operation that is an integral
part of dual damascene processing as well as of subtractive etch
processing. Wth advanced seni conductor nmanufacturing tec_hlmwmwmlmummet_ch
process for high aspect ratio structures, e.g., contact an es in
dual damascene, has becone increasingly challenging due to 20 sfsgosnal |
critical dinmensions. The common problens include unopened contact and/or
via hol es and non-uni form etching across the whole wafer. F

defects in the contact etch process may render integrated c@mmﬂmmmmmmm

i noperative, and therefore etch process paraneters need to be cpntonpI | ed,
nonitored and optim zed to ensure a good yield. As another exa f)oe, a via

i ncludes_a trench, such as one used for shallow trench isolation. 25 [0006]
Bef ore e?beam i nspecti on becane nore w dely used, conventional CD SEM



technol ogy could provide critical dinmension of the hole top verses that of
the hole bottombut this nmetric often could not reveal anything about the
el ectrical characteristics of the contact hole. If it was able to

di stingui sh between normal and under-etched conditions at all, the

di stinction WSS@T&@W nregessiandipfléest dppration.t In cadresq inaintei! ielinedngbl dfithey.  As
anot her exa i noi.n el ectron
M cr oscopy EHP I\); coup <§e§§ qﬁé s%nd tﬂéfa‘?‘lt% 161%%]01];09%) (1)r§% E«%&fﬁ% 8 H’erentel%g \a}%cg%een used
for detecti n’gﬁf@efaeétaésogu&lm Ias Wlafeo pewddamrtitladte dmwdvlmrdemslan hbwiese toBtgpetthe

limtation t hat wh t he 2 det ecti on
of defecti V?n@%ﬂ%@ggp aﬁ%h’% 1c'hsdles &gy egsm%h‘? ‘ﬁ%’ lélpge II‘SI&%?BF@%S Wi de any

i nf or mat Son pidnoing ahdl'latmtlmhlorﬂgtavlall\lﬁtngaﬁb forv niedstuiembhtt Ynag Ot @BGeqateaitRieas AS
yet anot her exa EB- Scope technol oq has ed a simlar principle. In

t he EB- scop@%‘@“@ﬁ%@wea@‘gwwﬁﬁ%@% ﬁgﬁfﬁé‘ﬂ ﬁ@f%eﬁﬁ%ﬂ’é‘ﬂﬁceﬁéﬂlﬁsed to
estimat e t heedi@si SU@eﬁrﬁdzsﬁéE‘t&ﬁﬁct@ﬁes Ezﬁﬂ)eb@éatddmn%e $eabd ﬁﬁéan@rtheé/'o@fe%&o' es. But
the EB-scope techng is sl ?W and has probl ens on nodif substrat es

such as si | R&HhRIdR dec %%Itat(géaﬁuretpﬁ%?e‘éfe becomni ng popul ar due to their
advant ages. 60007] The sanme issues that are seen with nonitoring etch

uni form ty dPW4bf Semegprssatinnal insneatiennrotateleinvelvy bae wafer andlysivfoepratisotpol
duri ng e tf%{lw R9 mARS. I a I
Dol 1 ohi g (R Rafotl e mARGLRERAEHATR B R rblef TN IRPRNER
have given rfaait:tfeertsereplm depsoopsytoeltis epesating prapesly @tuisdqemn@gtmaasadompe oflyi¢ld-

i ati ng. ( e AEBERER. Tdils Aef) Mmes Bt Renettln o A RsTE P it s
for noni t or ipaerned ypaters.osd thenifflwed by e-bhanmpaﬁloﬁumlleﬂvéﬂdﬁoﬂl INGERH T ON

0009] Th d I
1[ abri 1: at i g n l%%g él-Izeh BI{ FO% p?ip?l Iﬁ%qg‘#cﬁ &Eﬁn\?&g ﬁl?a? 8 Ir?nctﬁ‘l?sge ?}% g%mél"%ﬂ% H?FEB%‘( aé'ﬁ) Tsystem

for exar®dni mgerht@rﬁm@sss uni form ty. Merely by way of exanple, the
i nvention has been applied to inline nonitoring. But it would be recognized

that the i nygws| oFohaampleltichicthit eRAG a drd§Rralbn APk Iaﬁﬂmgrwpxn o?&hai 0010]
According to one enbodi nent of the present invention, a nethod

det er mi ni ng IPPECEEPTORTITRE 3] EISHEI;‘{E’Hé"stI@éICE@F‘ICﬁﬁl% M%h%ﬂvawdof sarrpl e
regi ons. Theericoidtiot dafffach@ip teéchh618 gp Mg dtéproci8SfoR hizh ldglﬁlcﬂ Iraﬁ{o Qf‘ucﬁl'fégc essed
features, and each of the gl urality of sanple regions includes at |east one
of the pl ur &I&-19ntagt apd/eicvia Beles méa@hﬂa@gsceea hs@Pomh@cwmelypwle@smg)d@dessed
f eat ur esor eswkihsll EditRA) Ainch$as! TROS A Iax%@l%fne theRId@ GRS ened il HORE LM, the
met hod i ncl udes 25 obtaining a plural |\t§ﬁ/ el ectron ‘mcroscope inages
associ at ed Welehagdfonpmifpun piehing pcressths whale ypfsh sForespeple. dects in Pesersei ng
i nformation e@ﬁ%ﬂﬁbﬁtn?ﬂf rléﬂ(feplnie%?atﬂ dﬁrcﬁllté ih¥pedti v@la%ﬁttﬁe%}’m?e ?)Ifl &%al' 'ﬁ%ﬂa?
and determning a |rst9£ urallity of gra scal & val Ues for Fural1ty of
sanpl e regi 8# tp be pendtofloh Impnisersd andeptimizddga snsured gﬂorimqld)nAawﬁ@r etagtblen t h
the plurali B%m%clﬁ&e@%tt{eﬁéh gﬂ“"ﬁgg’ﬁﬁ@‘%g%mﬁﬁﬁw tﬁﬁgﬂs Lubpe first plurality of
e at leas

grayscal e values I's assocrate oneé of the plurality of

processgd f over net hod incl des processi mat i on
associ a ed i‘ﬁo ﬁf %efo%é) ¥ EPIbIM gIhont RPegpe @Péey‘?g ayas aF%S“‘logﬁgc%gr%gI ni ni ng
whet her t hete}:hndlgzsdouldnmomddﬁmtmﬂtdlmmsmhaﬁ‘ &&Slol@toplmrﬁc&rtlmt bametoleModm baast

e O R SRS Rt S B 2011

uni formty holel ﬁde\samleetﬁ'ﬁlsﬁgglﬂshpieW@h mbfjtnal)fandiﬁfﬂ[éf @tclﬁdﬂgioﬂdlﬁons-ﬁhﬂl phairal ity
of sanple rﬁ L;.ons i ncl ydes P &%aﬂ of processed features, and each of
the plurali @‘%Cf“o&évﬁf)f’ 8 edﬂ‘g G estonpbletefiability. dfs anpigersixamalei ty of
processed feahdlddreot uﬁﬁé‘cho@footshﬁsdmdﬂrs@eldnﬁ% ctrBh 9&9&%@%&' fseahthEsled Ml t S
fromat | east one fabrication process. Additional he nmet hod 1 ncl udes
obt ai ni ng aCSHPRHaionphpregessingRavwes havieibepresed frs dﬁwggesde&w@mﬂmsemwn@m t he
plurality ofosam Qﬁ(ﬁorr\f?agﬁd?&s BuP RREGiIaUEL ¥ thRE UREST kﬂ?ﬁg(ﬂlq%&r%h%ib Agmoci ated
with the plurality of electron m croscope Inages, determmi ng a
first plurality of grayscale values for the plurality of sanple regions
respectively based on at |east information associated with the plurality of
el ectron m croscope i mages. Each of the first plurality of grayscal e val ues
is associated with the at | east one of the plurality of processed features.
Mor eover, the nmethod includes generating a first contour nap based on at

| east information associated with the first plurality of grayscal e val ues,
15 processing information associated with the first contour map, and
determ ni ng whether the at | east one fabrication process is uniform based
on at |east information associated with the first contour map.



[ 0012] According to yet another enbodi nent, a systemfor determ ning
process uniformty includes an el ectron m croscope systemconfigured to
obtain a plurality of electron 20 mi croscope i mages associated with a
plurality of sanple regions respectively. The plurality of sanple regions
i ncl udes™ a pletseton efidefrtiyy watastand/of éiaﬂlgféest,hemd netzable topravive apy infermatiyn of

sanpl e regi i : . rallt proces

features. Egdgﬁutégéttﬁ{eiﬁ%Yﬁag{)f@&g?&g%%gé“E23’9 #eg'a"?%#'eetén&{éesrﬁr?ns& i ’ﬁigﬂ?%ﬁpel east
one fabri catttdmologybassed Aslahiler pimaipley In tHeE B yopetectinotgyddctran peacmgsdedg
system confi r.oce info tiaq spci at Wi th the 25 plurality
of el ectron S%H%lg%sc%%f)[g 4 %Sﬁézos?sgglﬁ%q%e&ega?ﬁatﬁg%?fsﬁ ?tﬁgetb%tf’{?roélc?lftw BPVIQr ayscal e
ya:c ues for thobespButtab EByscede tsahlfmllolgy rselgi“oama h:c%@pﬂl@Bl@inis Y& hodiTiR8e eebs@edduch 8aSt
information gssoci ated w t he uraljty of electron m croscope inmages.
Each of the Sﬁl%‘t"“ﬁ‘?s&g&fié@”o‘?atgj‘g%'iﬁ%fa!né poRlafslue fotheik adyantagesd with t he at

| east one of ‘ﬁhe plurality of processed features. Mreover, the processing
systemis fUPO4TEr Thestmeiruss thabarp sesa adth mosrigringetrlovni fosnisy: prgoéen piesant inhe
first 30 pl s bifer@hy BtheYat@Iperabdl Uithg 1@RChnARESHAL. n&nd‘t‘%‘?te%plé REuidbe! €ast
one fabrication process is uniformbased on at |eaSt Information associ ated
with the firchemisplapechpnical gelishing(SVER) o Infagt rasrowsprocep@inddwsranddarge wafet o yet
anot her 1@ QB i i, NJ i formty. includes an
el ectr onl@rri ??SScopeg“’?ﬁ%{%tr%s?%r??{sgvg‘?&e‘@h%‘mé‘ gﬁé%g%gﬁﬁgkwgggf%gpect ron

m croscope ipheegesss sush et éteh, ddpasitioh, GMB| andaldctrycheficabpipting (E€B). ons
respectively. The plurality of sanple regions includes a plurality of
processed f 40008t e3Henemidiscrdghty ddsiratetoiinprddk itdciniqfies Forsadhofing RUpraB&s | Ncl udes
at | east one (}(f) tipe plurality of processed features. Each of the plurality
of pr ocessed Featdies results fromat |east one fabrication process.
Additionally, the systemincludes a processing system configured to process
information associated with the plurality of electron m croscope inages,

and detdasm ne a first pluraBRiygF SOMMARSCH eH¥aANVENTION the plurality of
sanpl e regi ins reiﬁecti vely based on at |east information associated with

the 10 pl ura¥9%y © BIoaet FyANtAnGY Gasctsdo infagensed cienit ACH fabripasion Mewe pl ural ity
of grayscal @avRhH@s thSindSiBk bRAVREs Yrkthol B %Etelnq’@rgéxaﬂl' %lfc é{ggeséj lurality of
processed features. Mreover, the processing systemis Hurtiher confi gur ed
t 0 gener at e YBifermityr Mesely buymamapetsmpied theanventiondzes bednrapplietett indine amsioringt ed
wth the fi - i ] WA 2 I t

Bt it loUTde! rbdbgRize tha tﬁ@ﬁb&tﬁghgseﬁggaf bquﬁi%fs{lz\%gc{ %E&tl%@ﬂ% | east

associated with the first contour nap, erm ne

one fabppcatg 1 (s uni.for sed op. at | east jnformation
associ atzgd 3\? (Pﬂ]t ggérl&glgt% é(():doenetr%hﬁ filmr%lp(.)fqﬁmfﬁp’l@‘éﬁ’f}Oﬁ’eﬁ{g?t{l?d;fgéﬁgregerﬁ‘é’ﬁf‘%ved by
way of the prasssnmifonmitrinéludes ssledting apligaiity ofainptearedions (s pluklity efsaniplee,

sonme enbodi geAL S X i nvent.i on_ praovi de senm conduct qr waf er
nmeasur enent ?%%ﬁ ilr&r)lciuﬁfee%ﬁ)@%a%t% 35‘%’5‘:’05 b %eél% Ceii aetagT Vﬂ%ﬁ}"ﬁag?y ¥ ﬁﬂnﬁF 54 ze
processi ng dwihdles atderst eeolf tteplurality of plotessedrfeataes. adchof hE pladlity 6fPrédessed
processes Wt hin 20.a.die, . within,a wafer, between fers within | ot,
and/ or bet méeéqulr?sgf Qs &H%ﬂ%Sté’Hﬁg@Pﬁ@Wf‘é’rW“t ﬁ‘\éﬁﬁ%%@n&em%ﬁﬂ%waeﬁr ovi de
cont our 26rpsbtaiptgastiralify®f aler@gRicBseys tahgs Yabsasd fvith tHepRurbRg kosaipd.,
average grayscal e values for processed features, and adjusted grayscal e

val ues. TheS B PRESBIHRAY BRI {GBAtisraseoctalnd valy therlaelipeaficlgsiren | ndi cat or s

of overall pi@6&sHe e, bhddsierASliRSS iRDpIBMAlilY & R GIe AL R tREIVRRY opaf ers.
Some enbodi nents of the present 25 invention provide chlllr“ ck vi sual

r epr esent at FURPIE ESBIRGS Epgstixely bged An ptigasbinformatin qssogint wighsbaplirajigy efes f or
the processelctt@ahidfRSopdMeaddd CERAIF HeAHRD1umRY 0%393%%1% valnbis ﬁés&iﬁkd ith
representation takes the formof contour plotS and clearly shows wafer
| evel vafi atheshlsastope ohthaplurmbibue finsonessed featunes. plaseaviar, themeshad iogludese sanpl e

regions wthi g : ] L.0r [ ' ie or .
Gesi gnat ed Beertin R u bR yRl MR Ml oFheoel Bl B derining
uniformty within a wafer. Sone enbodi nents of the present invention enable
a process engineer to get a quick synopsis of the process performance
across the wafer, supported by statistically quantitative neasures. For
exanple, a lot of data can be generated by e-beaminspection, which may be
hi ghly vol um nous to handl e and thereby making its significance difficult
to understand. Wth quick visualization and conparative analysis of the
data in a concise manner, appropriate process corrections can be nade in a
tinmely manner. As another exanple, it is inportant to identify process

equi pnent lifetinme issues and limtations as soon as possible before a
costly excursion takes place, based on certain clues that may emerge during
measurenents. Certain enbodi nents of the present invention provide a nethod

1 o r o Y - o N - Y



[ 0016] Various additional objects, features and advantages of the present

invention can be nore fully appreciated with reference to the detailed

description and the acconpanyi ng drawi ngs that follow 30 BRI EF DESCRI PTI ON

OF THE DRAWNGS [0017] Figure 1 is a sinplified method for nonitoring IC

process uni f'oRehef theatleatt @pnigbriention Proress if ynifarm bised hﬁatpif:@yl@ﬁmniam:enti on; 6
0018] Fi gur - i [ | el ect ed sanpl e regi ons

[ 0018] i 9UT fs@ialed i thORLsl @gﬁg@%ga&mm@

according to an enbodi nt 1nvention; [0019] Figure 3 is a

inmplified dhaaram for,. SEM i es.accordi ng,t o .an enbodi nent of . the present
;Sln\r/rgnlti Ion; ﬁB@%] |C§rﬁi}n§l%% a‘l’(’gﬁeg egﬁbﬂ‘ﬁme?ti’ %81%@1035‘?1 CHENERRA e 8“‘35J§pr di ng
to an enbodiinelndes eéledting a}p(tjleeﬂﬁiﬁbféaﬂilpﬁi‘rbgilﬁﬂih; T[h@@&lellgjy‘bgsaﬁ@eé}egisﬁnghdmlalt fi ]gd
di how .back cording to an enbodi nent o
the present MYRURET BReFeBprerang, ash of e ploselay of spimfa eglantigribesat lsattam
showi ng backgeonihd pliait sgir@ce\g@hw@&ré@ EAEI Of b PRhrdlify GRS daRked RARPAIBRAL  Of
the present jnvention; fo 23] Figure 5 is a sinplified diagram show ng
grayscal e vdfomegt least onsrfahricatiaprpesst. urdditionelly thn mefhedbinglndesibtsdningnpluetitt he
present i nvejtieieBiton &Q%éﬂpe'ﬁh%&% @ssatidted Wh%ﬂlﬁ@iiﬂyfolf%ﬁé)l‘e%fongf Cc):g?@rll%how' ng

grayscal e values for processed features according to another e nt of
t he present RIPRFETRE ipfprmatipnastyeigied pith theplgrafity of eleciien inforesgontiimgeesmndhowi ng

of Uhe. pi asart gkl o ST ) M By B AR Bo o7a cgr am

of the present invention, _ igure 6( ' ' lor di agram
showi ng adj ustreetivghydpsadainet least infarmiation pssociatsd with thegtunlity ofi cledrodinmigrosape

oG e STOGHLBBI e A ARG o BUSD e 9B MG e o
the present theplantitynf prdoEsked fEDrOEBORIOP, BN n@fhcHHEcThdYEME B h G0 8pntdire

present inventionds directed to integrated circuit (l1C) fabrication. Mre

particul arl 311 F}pt feed or?vag;]etaﬁé?]fgrﬁ?%l\(}flasesgm eﬁ&ftﬁg&f’ %ﬁtd’hér@gt?@ﬁ&rca%%%% ng I C

process 125 ymodessing informifiemeksociated weith thé fisxanmuemap,ad id&vmﬂhimgmhﬁtmr_ theen

ﬁggl Iae?méﬁ Ibl?nalcs){ag % r@n&h%%rpgg&g%gﬁfllé% t}qa?s)%c{/cgn al%?eagtelgf%%]elltlzo%%sstogi%}ed twit tflen rgtnt 'on
contour map.

[0012] According to yet another embodiment, a system for determining process uniformity
includes an electron microscope system configured to obtain a plurality of electron

20 microscope images associated with a plurality of sample regions respectively. The plurality
of sample regions includes a plurality of processed features, and each of the plurality of
sample regions includes at least one of the plurality of processed features. Each of the
plurality of processed features results from at least one fabrication process. Additionally, the
system includes a processing system configured to process information associated with the

25  plurality of electron microscope images, and 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 is
associated with the at least one of the plurality of processed features. Moreover, the
processing system is further configured to process information associated with the first

30  plurality of grayscale values, and determine whether the at least one fabrication process is

uniform based on at least information associated with the first plurality of grayscale values.



(0029] Figure 1 is a sinplified nmethod for nonitoring |IC process uniformty
according to an enbodi nent of the present invention. This diagramis nerely
an exanpl e, which should not unduly Iimt the scope of the clains. One of
ordinary skill in the art would recognize 7 many vari ations,

al ternat i vesl00Ed Awdidiigiatybtonsthereneiinostt, hQQstérn €dridRmiaingpasR@sSunifbnityor

sel ecting sanpl e regjons, a process 120 for ,obtaining ipages of sanple
regi ons, a ﬁ%g(gesssan%’?6“?“0’?”5%?0@?1’??'%‘?‘?1@0 ‘&Bﬁ?&ﬁ%ﬁh{angﬁ’g%‘&épgel?ﬁéqoees, a
process 140 thizrosclee dmagos hapgeigted it alpturalay Uﬁ@ﬁpﬁreﬁlbﬂ&@ﬁﬁ@tﬂ/efﬁa{t&gﬁﬁalitﬁ
process 150 Bor glet er m ni g.%gg)r oceaﬁs niformty, and a process 160 5 for
adj usting prOS¥URE feglansinclifdes a pluy praosssed; fratpeesangd eaeenf tharlvalitysifng a
sel ect ed 59r asapipRire@6BGLESRS af 1045t biveo M g1adlith &P prokgﬁé@feﬁﬁﬁs.bﬁadﬂ%@ple
alternatives, difications, and variations. For exanple, some of the

processes neRfUIBKLYOF pronesecd taaiares Feselirfiamm aldeastpnedpbrisatienarracsss. ridditinnally gl t ed
to those not®siedbRaE REAIINP Iy by Eﬂi’%ﬁ ' i
processes rnas? ge i nt g? Eﬁan'geélgw?lt_h otnﬁleérﬁrsegre Igé(%gg&o%é&gnn%?%&eﬁﬁ%‘ggﬂ) e, the
10 pr ocessedlyakiy of elsctranapicepseope ishages,add tigeriine 4 fust platalitychf toPsaateevatues for

feat ures thate glLRLRME : I ] ] ion. The processed
features do n%?l'i H%&%ﬁélgg%ﬁ&rnggesp %ggagg%/%xgggﬂg%mgg%}s%g% ?)Slsﬁm%%’awﬁb@eof

i nt er estl0 Fureraléty of eleetidngnigios¢ape grages. obash o€ thedire pfunalitylof dgraysualb oaltiestifie
present speci.fi i ticularly bel ow. [ 003 At the process
110, cert ai %Jsé&g%p?e{dgﬂ {r?letg?%r%gsggg(r%lg%géqeé)@#ggy Oérf) ?eéf‘egrf?e{t%rﬁ &P e tg?‘ns 15 may
be | ocat ed iptodebsingssystemds Byrthencodfifret orenadate s fiesn comeuraapbavadionrat leatd/ or on
di fferent | ne, enbodi nent . the sanpl e regi ons include areas where
process- i n\é\ﬁ%@éﬁﬁgp g?:sgglataegév ! S*éegfffé‘rﬁﬁ“ﬁﬂt%’ﬁﬁ%?%f?‘eava 6 @ WPHAYPTRAQR when t he
process equiassventedivathahefigt ¢ongpun oiaprint Yetetniin@whéthe thearinask ofe Mbricithd sanpl e
regi on slgl ectr(i)C%nSiiss .gerfboreiged ?fsed on | ocatigns_ of nonrobust tentative
desi gn, ‘desiPoHATed "PEER 28 PR 1aY migimatipn assogiped with the s cANGUSBE- at ed wi t h
a 20 high r f failure, In yet another enbodi ment, each sanple region is
conti guous _3{}&4 c N dereiifnirg pehigyisd by pay efithe PEgb HY cntmgovenqerpingiongdach
sub-regi on itekhiqdes FORExafipldTRrke aﬁ&ﬁﬁﬁé&%fftﬁ@ﬁrweﬁﬁn%ﬁwgﬁw@%fa- As anot her
exanpl e, each ,san%l e regl on includes one or nore process eat ures of

i nterest. [ GOBLPRGECHY alep measugenagnpydiinspeetiogiteshipiane focecwattlyananitosandpl e

regi ons accaigdhig pkétedthg2dn&NHRALIPAlunbmi | ! i
diagramis nerely pgn eexagrrgfle, whi ch s?lrr]lpul &Bﬁ%ﬁ’gﬁfﬁﬁgmhﬁ{%ﬁ% p?%gss-sg%gv%}émof
the cl aidls. adife vathingy Weferpgtweed Wafers withinea lat, tndiothetiveca ddg nCertimemlyodiments

vari ations, gghle&rddaltivRs A0 A d i in Elgure 2. on a

waf er 200 and wiei’tE hi nla d?%ﬂ%%@%!ﬁfédug?ﬁ%%@egﬁgg F‘l% \g&re%a}yg%ge ‘ﬁl(r?ugs §°é| t ed
as one sanplbackesymaaverage grayseple yplugs fosprapdseedrfeafinen sndiadiustddsaraysedle edleds. f or
ot her di es @l oW@h&sion - . eqi ons _have the
sanme | ocati onev.vi'tﬂ r essleoc%n{) gﬁﬁ%ﬁé%%g%e?%es%gﬁgﬁﬁe? Ja?aetésgrg Og%‘%éér?lf(}%rﬂceelss exanpl e,
same and/ or ceRdifiengacibesan entits veafer andvor brtwebni wafels f Seneahbaihmplteofthgpresent and
t hese featur, j f_exam nation o rocess uniformty. As
anot her %gxarlrI%I% g@@fﬁé‘@%ﬁ%&e‘%‘%&% rr??@%@é’%? $ ﬁaérgaq%&ggnd@%ges%geli Prates a
reci pe fil e geayscalavalues fortlegirpeesdetl fentirésant decatlonoeld. FbeexirpRS theSisualdef i ned.

There are provisi.ons for er an | i gnment definition during the
reci pe creat %5?18 ation aces tk{%@'ﬁfpgﬁgtoflﬁgm%%‘g%?vyl%ws ?”ﬁ%(jifé’ elferiatighs e

regi ons ar e Cehttiniembaddimichts oAths peesetit iyetionaise Sinplt fERAS WRRin cHMb.defelhine
exanpl e, an Slgl\gfor i n eﬁ{.&ril nﬁ. seai condlffct or devices s used with 5 a
sel ected | aRt ﬁﬁugﬁ%rf‘ﬂ@p"g AFGRT Aesigheisd Fample mglonsEiinoyafeds detsrmaipe ther on

gun for 30r r aeticadsiunfortnityavietin Wvafer.aforkd @tddRenedMhe sedch el Qkisn bhdte £nabl e
one to control the deflection of electrons, a stage on which the wafer is

stationed, &M§CS SRENGE fGset fgPIck Segpsig ot the Prapest Reformppgesckoss the wafay as

descri bed i Buddoed Radt/idtic 39i 0 for
i mage capt uriplr%?l . U[Eigg ID.atd(zl(r?'?1 u?\lrg%?glg%gszug%; %gg(gg%%’ gg%gg@%%gﬁlrzb e%? %&a&g

i ncor por at e8Y ¢deny inspectipr yductHapebahighly veluminpus ppdwedle andthgeby anaking dts

exanpl e, the | anding energy, the pixel size, the beamcurrent used, and the
aver agi ng chosen for SEMinmages are all qptim zed to inprove throughput.

[ 0033] In one enbodi nent, the SEM scans sone or all sanple regions as shown
in Figure 2, and sone or all of the SEM i mages are saved. |n another

enbodi ment, the field of view of 15 the inmges can be varied but are kept
the sane for all the imges or for a set of inmages between which

conpari sons are to be nade. In yet another enbodi nent, various techni ques
are used to automatically identify the sanple regions for imgi ng based on
pattern recognition and automated classification and alignnment. [0034]
Figure 3 is a sinplified diagramfor SEM i nmages according to an enbodi nent
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25 variations fromdie to die across the whole wafer. In another exanple,

each sanpl e region includes several sub-regions, and for each sub-region an
image is captured. One or nore of these imges that correspond to the sane
sanple region are pasted into the die associated with the sanple region. In
yet anot her egahgsnes digfioh ietsierstandpPabapicktvisoalizefiort dnd compareesnalysiabfthes i n

various di esgl.s: | i r.correspondi ng dies. The veform
representat i %drtlaslg % acégﬁgdg%%lgﬁ %&?{)Iﬁlea ?esplr Rt 5ﬁ0c°§rte(r:tle hot ?‘P%fé?%‘%é“ \évgg’le{yi B Hear t he
feat ures of Asntmethesexaniple, #noinipertaetaitphtefy peoseds eeuipietthiddinisissuseshdt o
visualize the process uniform.t ithin a die tween dies within a wafer,
and/ or bet V\gérﬂ HRpEPSooRas p %@éf%\%&ta PR WW@&‘E&T%@FC% BRGPOHEFHS s cal e
val ues are dhatenayieietige dufing iRaRRIQA €} ain @RGHJiFRAS Bf @ pREM: iftegRndi spl ays
two neasurabl e .gr ah/js‘%al q@vglﬁ)&es, one for processed features and the other
for the backygPyfingimergs thayallenisdor spmpling the walersprfase sush dhat p Fastipnof thegrferct

and/ or via helfes arédididspRtdaas k@h Y adighftalediieorldbRek €9i ons wi thout the 5
features of interest, but surrounding it. |In another enbodi nent, average

gray scale rfgﬁmr Sl erﬁb%gin%&@¥l@;b?ggﬁfin\%ﬁﬁ& S;ﬁg@ﬁéjgr?%ln? ainrill?aggn gf €
calculated. Figure 4 is a sinplified diagram show ng background grayscal e
val ues accoriipeess ¥nsformiteadadiows He covenisat isletinarof aiprbam tocrpartitalas paicesyr am i s
Tl St AR Sy s kYT ok B R DR ™

al t er nat i vesefficierd ispeatiod infethod for@08-mnisvaing wihidhrhokd tgraraed 4 half timesthaplrabéregi on

212 has a b [ |l ecval u f 129 nd the sanple regi on 222 has
a backgroun 3‘%‘5‘ %35‘9 g E gpgn@gﬁﬁ%n o?mll%%n?bq(ag?e"?seddc itXHEessht IBYechB T K8 V’?g fgpetho
regi ons, t heorddvatikgwithindvaferapsatidne aflélcumpletioeoftidppdt OMIEAFdr\exarmple et at i ng

from the back d | | ues. of .th | i ons. Th ,
| nter pol at i Oy “BE P EEE O itfin ns o5 g B8 Maphsireemele e ngnt o

account IBackgswesnidr the aymadbevid hodamihs bOimEepLaly akechRIRh@ad £Qsd here ASul§ hown
in Figure 4,. the interpolatijon nergtes at i mensi onal wafer_ map show ng
backgr ound gbreﬁﬁ%cﬁloém\?‘%?ﬂggldﬁtgr EV?‘ﬁ‘é‘gWé?s\{\‘g m the, Chffopaderee 85&0ml e, t he
background giréblanawith ihelnigisn #abislcondueRe dleeh the pslah OF perfigs fRGEME ugaifor s
correspond t.o ddi fferent, rgn es o{ rayscal e vaFues. igure 4(a) is a
sinplified ¢BIGAUAR %@rpamt fiEskion 3'ep A bRt ' irre artay Stthe BossiblqfauseacEeiail ng to
anot her enbagibaBitien@fof iRHrREQIARhtiAHrbRYENEERAble Thhfce BeRIERFIBhHR €l Y an
exanpl e,  whi ch should not unduly limt the scope of the clains. e of

or di nar y0skiSPmpling qoperags, andiysealefione Feperanplerthepovairgedndrenses wisl the peragritages

and modi f i cajiRneas AN within bBEAIRLOGRSentifluic HeRYBEA; i
processed featur e?sasa%qeﬁde‘{verur)ﬁ nedl. I'n oneé1 enﬁ%dierrent, l%aﬁéeﬁée%ggéﬁaﬁpléﬁw

i mage di spl &8 etvpresluder mpy wdgpediruglipat spsh gregeaspisd by the npgber fowdwed
features andndpb@eddhBE af B0 LAY, BIRR enBBEinRARTPIHE prdshift Ve

features incIIlSttIJ)dees contgg_cg?regtr};w%r via hol es, and tﬁe Lag’ﬁgr oﬁnégﬁ%ﬁlﬁqﬁgﬁg% t he
regi ons wit Regtficignésampling teshnigie fona designtnod¢ thatin equabto esimeliértimmtthe GV pmge
gray scalce s for the. processed features of each nmeasured SEM i mage
are cal ?SI a&ggg%é%glurweafeﬁ“?tg aaPlxse?%ff N8 tgﬂl@hi&' am showi ng grayscal e val ues
for processiﬂ ffa res according to an enbodi ment of the present 30

i nvention. T8I qi\zgPusAddLional obegts fgatuses ARl advanipges BT e present iyentipacan he | i ni t
the scope OfmdrdillappreBiate®aRh Hrer@hcl tb AeXieflibd destibtiol Gk iff£ogni ze
many vari ations, lgl ?%rnati ves, gnd nodi fiecati oerﬁslfles gﬁovﬁ%wpg?%ﬁge 5, the
sanpl e regi SFvings thatdollpwyr ayscal e val ue of 76, and the sanple region 222
has a grayscal e value of 74. For regions outside the sanple regions, 10
their grayscale values are determned by interpolating fromthe grayscal e
val ues of the sanple regions. The interpolation my be |inear or
non-linéf@r, and may take i BRIERDESCRIPTIOBKQF THEDRAWINGS! e val ues of

several sa eqgLons, . As. s in Figure 5 the interpagl ati on generates a
t wo- di mens m@ﬂ W hisg S&ﬂ@%&%‘r@&f@%&@&@&g BIOCES UF%@WY&F@&@%% tod
features acrassbbdigemaiitre 2Qent ithatigrayscal e nap shows the differences
between the features of interest in different sanple regions on the wafer.
I n anot her exanple, the grayscal e values Jor processed features are
represented in color. Different colors correspond to different ranges of
grayscal e values. Figure 5(a) is a sinplified color diagram show ng
grayscal e val ues for processed features according to anot her enbodi nent of
the present 10 invention. This diagramis nerely an exanple, which should
not unduly limt the scope of the clains. One of ordinary skill in the art
woul d recogni ze many vari ations, alternatives, and nodifications. [0037] At
the process 150, process uniformty is determ ned based on adjusted
grayscal e val ues for processed features. In one enbodi nent, the adjusted
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[0039] Figure 6 is a sinplified diagram show ng adjusted grayscal e val ues
for processed features according to an enbodi nent of the present invention.
This diagramis nmerely an 11 exanpl e, which should not unduly limt the
scope of the clainms. One of ordinary skill in the art would recogni ze many
vari ations, [B0%8r rFeigtirwéSaszimplliﬁnddiiafgirmfdr@dsctedé@n@homgioilsmc&rgimgeozﬁx t he
sanpl e regio n_adj usted grayscal e value of 53, and the sanple
regi on 222 hgéboé g?fﬁg?%rasebtj ?’glgﬁe val ue of 56. For regions outside the
sanpl e region the adjusted 5 qgrayscale values are determned fromiheir
cor respondi %ﬂa JLBHF ispapeiglel SHagrae g JERG W@ﬁﬁaca%rgeﬁéw ?‘ﬂqui“@?i’ft@}tﬁ‘eand
their corregpeestingngsdyscal e val ues for the processed features as shown in
Figure 5. As shown in Figure 6, the resulting adjusted grayscale val ues can
be vi sualgi z t

anot her exaﬁp?w] h:l é?é?gui@ggﬁtgérag{llg Qﬁqg&\l‘%i ues gf%g?rggl g‘gaeﬁpﬁ@é dlnﬁné}ﬁ’o

D fferent C(nrcsmtlnmntleaspond 10 to different ranges of adjusted grayscal e
values. Figure 6(a) is a sinplified col or diagram show ng adj usted

grayscal e vabortg fragurp# @cesimplifiddelidgiing shoadsobadk grguddograiedledugnbeddingt  of
the present inv élon {Fns diagramis nerely an exanple, which should not
undul y 1i ni t® ’t‘i"c?ﬁe(’fd ° PRENEPEHES One of ordinary skill in the art

woul d recogni ze many variations,_ alternatives, and nodifications. 15 [0040]

At the procdd®2sdizys dasiss saawlsfwétcelpsdlasréméh?\ﬁegéepkg@unﬁsﬁawéeﬁﬁ gess

per f or neyce. acE&Hlng&ﬁiﬂéhﬁr erthBRLAEND S LS phtidéd: Afv@hiion; det erm ned at the process
150 exceeds a predeterm ned tol erance. In response, the process paraneters

are adjuste cess
angi neer  usdLt o YHHES s BUEmpRRE R B Mook LRy BNRlGE: B ANREn Bl D
and/ or cont eactording tdaen gmbmdinsaedf the ptesanemyerdiod; conpares themto 20
correspondi ng grayscal e val ues of the processed features that have been
verified to [be243atHigfrastapisia. sirhﬁliﬂeh%olﬁﬂdﬂiﬁ@tﬁin&ﬁﬁbviﬁgigMy&aElﬂallﬁﬂﬁ)r proeessapt abl e
di fferences, .t he cess paranet are usted to .inprove feature
characteri stffﬂrCSF rz?i‘]gt%“ﬂﬁ?é’ﬂ’gg‘i‘ﬂleﬁtﬂg\a%épé?ﬁntflﬂw‘ﬁ%‘? enphasi zed here,
Figures 1-6 including 4 5(a). and 6(a) .are_nerely exanples, which_ should

not unduly PR tﬁﬁ@reéepaesnaphﬁ%*éi%rev pRoWigghadigsted ;%ay(s?aé? Y?élrey farprogessed t he

art woul d r eeggRk d&ofiPto YR EMBSiRBS of BlelpPdsBRtihvéaon; and nodi fi cations. For
exanpl e, processes 130 and 150 are skipped, and t he process uniformty is

determ ned I one
enbodi nment , b@lmr %n%E I %§§3drse %ﬁieu%éﬁp&%%%@gﬁ%ﬁtﬁétagrﬁg% easgﬁgeess gr e

st abl e over mrogessed ficitressacsatingto gothgeerabodiment Oﬁthn@retsermﬁly,ent!dme waf er map as
shown in Figure 3 is conpared with historical data which 30 indicate

accept abl e PP02R s Figure 77 dr asimplifiddfdidgnem fafsanplivgm wafermtording tonarf enbodasent he

hi st ori Cjtadh d &ae, t he .ﬁrogess may need to be adjusted or fine tuned to

i mprove the 03 B Y 8P i ty. 1 n another exanple, the sanple 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. 12 The

uniformty of the fabricabFpPRIIFTEPESCRIPUONGSE THE IRYENTIGKI on by the net hod
100. In yet another exanple, the adjusted grayscale values are calibrated

with a part .leﬂﬁﬂcir Therbresent dsication léﬁge%thtelmt@%e%efﬁwélq)é@hr%%onhmebeen
processed. | iifirl rm@in@iﬁ{Url préfide8a nﬁho@%ﬁﬁ‘sys?en?fb?%%mﬂﬂ@‘l@g@'c@d@' ays a
calibrated grayscale value that is indicative of an under-e . The process
engi neer23 artnifeenitya dylersty hyrveyed sxamenl et isyentipm hasrhger anpjeditohinkineamgniteringt ch

or Sl1gnt ovelieh&ily b?l%@@%lz%@tﬁapﬁle?rﬁjehtg{n%§gf1&9{afn%la@ér'é}% ofidtitdang! 1y, the

par amet er I'TDdI I cation ot her processes (0] h can

erforned it i ntil a ni f or.. ot her. process
Dbl ot tvos dPuBL s {4 ipRufd ARt b itins Mot WPitafintkBgtmngl
captures i rr&gxmb@tlintdn&:oﬁlh@pxemt mﬂ&tmnt Mhia dib@rameik mkdbggm aathptey whitk plecild on

t th b t,
W or ovi si on. " Ao Eip Rt WA o ot PRI S0 AT 18R TR oot ot

review SEM or a netal thickness neasurenent system [0043] In yet another
enbodi ment, various types of grayscale values can be analyzed with
different statistical nethods in order to nonitor process fluctuations. The
types of grayscal e 15 val ues include grayscale values for the background
and the processed features and adjusted grayscal e val ues. Several types of
statistical analyses can be used. For exanple, uniformty can be neasured
by the standard devi ation of all the data points neasured within the wafer
di vided by the average of all the data points, expressed as a percentage.
As anot her exanple, the uniformity can be defined as the ratio of the
nunber of det ect ed defects to the nunber of 20 deflned Iocatlons Based on
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5 610 is less than 10% of the entire die area, and the die 610 is | ocated
on a wafer 630. [0046] In yet another enbodi nent, statistical analysis is
performed at as nmany simlar |ocations within a die as possible, after due
consi deration of the tradeoff between resolution, coverage, and throughput.
Each | ocat i apanyyaniafios alferativensing moddicatipner Aametiudsl 108 giabienh pecesaripl or

regi on. The i o] e. et ho 00 i nvol ves scanni,pg an
o oa or 10 rerrs gl el FrolBE ad B bt oL A R R Pt
t he data ar dosdetdrm@iimgibackgroundigagscdle edvdspnprotess b foi dmaniming grhywalpveloes s
anomal y at %omggegseh%ga%regr at _a E@rt-dwaf er. |l evel . Ag, anot hedr exa i , the
si gnat ure of “APFSESdEPURY ARIACEARD K2 IFCRiping PGS UnHQguty, a9dp RIPGRS or der
to measurse tftueadjistineproyesopariietedn athbyghakie dHoee h3ybetChowa ising a kélédted Goup
causing it, to worsen. .15 [0 There are various types. of processed
features m@ggroﬁﬁﬁs?sotg’fﬁhﬂ)“ebﬁaﬁé there RS Wytah‘émﬁté‘ieﬁ difigtionspatdne

enbodi ment , vafigidiet Ratxdffle] HmdDE thelpfocBamBEbPEPERRE 8l/HIERMBIRE., owpse
grayscal e values are substantially different fromgrayscal e values of the

backgr ound. PEfeEssExmApPeins¢risd toythasnoindaboyg. Jpensting ypon Shegarbodiseent. dagt ur es ar e
greater thaneqfentstprdRass Itnggb Sfrddfged Rﬁﬁﬁ%ﬁ@r@reﬁl@éé&? &s%ﬁoth%g?ﬁglg,%ﬁ und

plus or m nus the standard vi ation of the 20 grayscale va e

backgr oufd. presegssdfasbrresdhas gsirpisrred totfathp mythed 4 8¢|ark dhet fagterss thatdreisidjeshtoi | | ed

contact and/, ' - e : ' e

formed by etﬂg{\?“zfgﬁf‘ﬁf%&%mé‘fagf"é'c?%@b%SSyGE ? gdtt‘%ggtq&qlalgott fngglgé g%tu\éér?q}égral glf) ‘ﬁe:[)re ayer.

I n one enbodreressed betriee aatof intarest. aluather details of these precessas atefeundtimoegwutithe,

sanpl e regqi Iﬁrs?eéﬁ’éaﬁgﬁ%&%8&)%%&9%}99@3\9“ and/or via holes of interest.
rrpfe elo

Different s egi ons may cated 1n the same die, 25 in different

di es on the fer.. and{or on.different wafers .t.he procgess, 120, SEM
Crageaof | SAMTE AR ot L ocPhlin Batebffiriions " RleBtedabiEne Ry B

t he _se: dét edndydrdocagdém Ehregym?] aier ihgliﬂ’brﬁiﬁ arﬁ_a@ﬁ &rei‘mh% WSflean@’&C@ﬂﬂd frer¢ntc har ged
particles are_.sensitive ta the under-etching of the processed contact

and/ or via HGH@s Ingue ﬁwb%‘loéﬁ’ﬁlbtr the sqrpgle f%%f’é‘ﬁfrg}"éie ﬁ@%wg‘?r%@ﬁ??'&fuf?ﬁiégze&ts

| andi ng enerngyfraubitytotnddt layate Gightr thah WenhOhBEesd &@gan%‘iﬁis%yera@dgqnﬁ;hhwy. 30
optim zed, cgan provide strong correlati oln bet ween a (Lusted lgray scal e

val ues and g heg chRPYigen: thy sypple srgonselegtiy i perfaraed,asedon Ipgations ofnegt At

the process rd&i tehth@vdRGikEJRUBEh QY 18 SERR e/ BF MES (Rt Bakbalel Msf8edRigd On
scanned .SEM |_%rr]§_ges. These i mages can provide two nmeasurabl e grayscal e

char act &Pi sth?l ate Of failpgs lepetieefhersmbagimenh @adsampply regioreis comiguewser dtchides f or
the surroundivigal Rafakas @BNEEioAd diok E:QRMe, BARKEE- AN i8S 6L & Nk PRResal be
obt ai ned through interpolation. At the 5 process 140, the grayscal e val ues
for the et cHeatirenRftinierestade/agpthey cxampleench pampletegioniinpiigenersas mose Blegssirdd SEM
i mages. As gGésgbssaaebove, these inmages can provide two nmeasurabl e
grayscal e characteristics, one for etched contact and/or via holes and the
other for t I j I Y r I A es for the
processed fggi}t%reslﬁélgﬁi Eg Sgﬁ]?lgtl&rqg r@gg lédltef]a&g}rngglr%?%%?&fég% 0%9] At the
pr ocess 2§50 embpdivwstofilid fresent inyentisn. dEtie diagramds bestdanosxamgjeushiekl slpubtsc al e

val ues. The I 5 rayscal e ;val u equal to.the differences between the
grayscal e vé‘ﬁ%‘&ég%%gtghgﬁgg%%%beg?l%ﬂl}] r?d%sgﬁag?rﬁglabvrsgi}ggé‘%ea %?‘ﬁ%gecf’%’rlzeé’f’?fﬁed
cont act andieriaionglabernaties, aad modifieaticns aps sladwen iv Figues2, oh atwiger[200 agbwRin
features mary%dor l&ﬂg not be un.if.form Varif;\tt;ggns in adiéust.ed %r%%/s. al e val ues
are repr eseMoht F\VpOm5Or Jro8e SRECHflg fegions apsiselected s one sample regiof? 120 MR Yh ol es
are 1 S bot Bartipld esgicais afvadso salcted i ofi@n@ied b Gk Raks 200. KbrekAGHLE, itke sappRI NS 1 N
t he conégct hol e%.é These cont act 'tE'xOl es shoul d have substantially the sane
adj ust ed’gr L5 ihave e sazee logation withgespect jo, Hfé?“fisa@ld&ﬁ#fs%ﬁ & anether rxauplgy o
contact hol gsmé hraloreeit Banirbienrs MORdERR i fEedbdt Qiin e ABAMS BRd thEREfHARE afet

hol es may have the sane or different cross-section areas. |In yet another
exanpl e, eadll sSBISH o crapingipnongrergsndemaitic tATrIPhST Gamplegihe sampptegiansi t i es
and/or 20 cQpd Rghed®) £Sctvhd cidhikd :?fe@igte fifll 7898 I Yeci éﬁ@?@;l LftioRBEMD Sites i
enbodi ment, the adjusted grayscal e values are callgrate ?or a particular
set of conditions after contact and/or vig hol es have been fabricated. For
exanpl e, such calibration is acconplished by taking cross-sections of the
contact and/or via holes and neasuring the dielectric thickness associ ated
wi th 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 val ues exceeds a predeterm ned
tol erance. In one enbodiment, as shown in Figure 6, the adjusted grayscal e
val ues are visualized as a contour map that clearly shows 30 the etching
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10 with the filling material and includes partly enclosed voids or
undesirabl e characteristics of polished surface at each danascene | evel.
For exanple, after copper electrochem cal plating (ECP), there may be
undesirable filling material in the trenches that can give rise to voids.
As anot her elefingl &hetetnee provisions foowafet mapfnd dignadft definicies durimthe @ikt N
surface pi ttcir&g ﬁﬁr%/ or voi ding. In yet another exanple, there can be sone
resi due matefial Peftrafter the 15 CWP process. In yet another exanple,
there exists @_ﬁﬁ)per m cro-bridging between netal |ines. [0053] The nethod
100 can be JOR!t g\tdas ReseshiOnmagpeef samplsregions e ehtainedorith oscauming destiony of
the processasicios@pe (1), BRP BxRGIE, Oh RRHI RE in@ﬁec‘iﬂ%géﬁﬁcdqﬁﬁcg%&#&% is gpe% with
processed featureS that are subject to inspection includes filled contact
and/ or vi‘a Horlssted lipding enesgypmndthighresedutioh. e SEM inclades aff ekectatj gistfed
grayscale v : 1 hform of the . processes and
optimze t hg}r%rﬁ%ti:n ggv Jg(grrvgrﬁrlee‘ggtrle&rgfg%é?]dgﬁ%toyg{hgtaeﬁg?l%é?e té) %t&?lﬁ%en(%’?le?s{w&

met hod 100 iof elgefeans; astage aniviichtthawafesis otatigetl emdasieproe &5 smagifie aA vdrethenf t er
poly deposit] . For & Le, u | r.abl

pol ysilicon e%‘%??l@’lndg %Ié?Socgeé&%te%én?ﬁtshg%g@r}%ﬁ's?%g?%ﬁ’ g@%@@gﬁﬁﬁd’m‘{z can be

I nt er connec tusahfor inRfge Defeinegs UsSidhateasNe0b§92281,|6805805and 67 BB R arRieaHsated

non-uni f.arm ' cap be detected he net ho 00,. I n yet another
ebod g el By A pIRAEE' Fyebdnali e unic g dingatis, Ghansh e
shorts. The spreghebame afregaised, and the avgagding tHosed fof SEMVIBHbS avSalBdtmiz@aye t he
poly gate in_a "fh.?at ! n‘ﬂ" electrical condition. Gates shorted to the
substrate cé??pr&—,(ﬁ onuni formty, which can be detected by the nethod
| 00. In response, | eaky gate oxide may be 30 identified and renedied. In
yet anot her [&48bdihet mbodianeat she TraM iseans smesen afl samplgegionsas shootn inFiguer et ch
or after tungsidaBmeiot bl ' r ) tain
fabrication gr_ocessesl.il?gﬁe gz%@dglgg&laﬁé Ség%d' gﬁ%&% egﬁgglgﬁﬁ{éﬁ{e (?F(P?ttlvge“g&esent
i nventi dn, phedriegscdn pewarigd but ase kent hesame FusH thegmagéstan or atsaedfrimages
representati 1 X | cf 1 nt act
Cron. one. t s Rl cAh AUARE o o gEL BT ol kb SRR bkl ROTE
occurring ca@rrued toditperstadly idand fisthe sammelieiyss fofmagifglsert en pateind be chosen
based on i { SechBRfiGPRR' Ao kEASARsinlioR IR ighnfiaP! e, a uni que feature woul d
e al

be chosen because the feature has en a ure point. [0056] As discussed

above, vari atd.ons0f m_con [ _Processi may occur between, di fferent
o, bet vV dRr B T Rna e flacit GESRMIMes e ik &0 Vidiodinmp Ghe
bet ween 20 egipmsent wiveition. Thidi deagrdtiefstradrely @iyBRHIE RitschOhod 1l @oNmASHNHmil (Y ent i on

can be used_to identjf such,. process variati ons by imagi ng and anal yzi ng
sanpl e regi 81 ?Ogﬁggglrgsa#%leé}%lp %é“@ %%FWW@“%FB&?@P‘F?“@%Y BELREeNS, For

exanmpl e, if altdrsatives, andmsdificionslr APshOivh i@ FiguRCY, BERFEM imaes Brlsa@hfle RITASRE er
in certain | ocations pngg e I%cati,ons shoul d bg chosen to reflect such

change cl earf§PUs A¥S & Witwarednto (heyesPrigsrapdise diesr Forfxamplsethprimpegsderur at
or near waf dre setiglesegidi22rioplacs iRGHRiSBTU. , THREMSERH iRA¥PbRicHEDY A% iffale

sel ecteﬁ from one gie in grder t exalgi ne 15 intra-die variations dueto
pat t er nFhg & diede fisaerossthe whale waferr dn aother mepmnle e&ehjsampleyegiomnot her
embodi nent , idch@es@RvaaIkubOELios, 4hATEr otk subSraLieR B HizdeRlis Uﬂgfu?éd. I GHeloBfhore of

moni toring, which nmeasures and represents process uniformty in an easily
under st andaHieee sssrehat cpispspendigthesams sempla yesiasy arelpastastinta gharlio aweciated

vari ations i ' b j £ | ect e

sanpl e regi gﬁt}sl Wenéa{hggﬁgélgrgglp g&g@ﬁﬁ?ﬁ%ﬁ?@%%II&%zefgﬁ%{eﬁ%g'g%mg)?gﬁ%l%éo,cesseg
grayscal e v#atiees ip gariqup diepisaesisdinth theiaterresponding diesl [Tha svagefarys eptesenvaiones
for thejspac £ ' I t._anot.her odirent, the
ot hod. 100 -2 S 1R Stk RBLNE s roliahod MolEly BBl lRiesl dBBREDL  cdt o
make cont acexdmple gnothymethodripised tevietalingthe proces udifarimiyantse e die, lsthere as
wel | as theg; tj teh.schene jknvolves etching at the contact |evel
and filli ngdgg%tﬁ{g&e %ﬁé%d Oélbgtwv?ne? ne eﬁshgsten. During such an etch, several
probl ens could arise. Sonme of the various problens that could be
encountered include remaining dielectriceft at the bottom of a high
aspect ratio contact hole due to under-etgch, etch residue left at the
bottom of the hole, and over etch. As another exanple, the nmethod 100
selects a sanple region includes one or nore locations in a wafer die and
incorporate the location information into a recipe for 30 automatically or
manual | y reaching the one or nore locations. In yet another exanple, the
processed features of interest are ones with a high frequency of defects,
or they are intentionally designed features. 17 (0059] In one enbodi nent,
t he met hod 100 includes the setup of an el ectron m croscope for inmaging
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[ 0060] In another enbodi nent, the nmethod 100 is used to anal yze cont act
hol es, via holes and trenches that have been filled. In yet another
enbodi ment, the processed features for the nethod 100 include gate
structures resulting fromconductive |ayer deposition and etch. For
exanpl e, t he0B3dceAishapmcasnil 3G badkgsoundigragwaie vhluemarg déterntinalk dgene pol y

pillars suc | 15 icles left on the.surface, and pol
pi tting, algengnﬁ)dﬁﬁg ﬁa%]rrggag‘l‘é%% Eﬁ%g,n & ‘a"eli%,ysitWP}?&S‘F%?iﬁ gr?’é%%Sﬁ@F?ﬂ gnef%lf t he
uni t oper at i wossefl fgnirys ahd plosithdr dor thelshckgrotind. IRor yeiinphe) GHepescessad edivp®nt , t he

met hod 100 i.s ,used to exam ne, self i gned contact, which is _after etch, or
after tungs tlg‘ﬁh@els CPIAH AR 1A f’%ﬁ% i’]‘ﬂhﬁ g?}%ﬁ“’&ﬂ‘&“ﬁ@Flesé%ﬁa‘i(’ﬂ%}‘ﬂﬂ}o“é the
seni conduct dfbatue$ of inferdst, bhtagirodtithg in SRG6th@nPRdiRh) O¢brAR @ﬁ%ﬁﬁ:&l@ h@rgsélr% 0

the net ho

measure and portray the ocess uniformty. For_ exanple, e met he
col lects gr a@g@gﬁ)@&m&i gﬁea&‘éﬁﬁaﬂr@Wi%ﬁérﬁ@sﬁak&h&dnﬁ@rﬁ@_aém@ﬁeﬂ dat a
for enhancediisrgnshiwing bRRg@fnd %%sﬁé’l@ Katlds RERGREH a{hgenwalﬁfn%%ft%e ]()ﬁg‘%nﬁnm her

exanpl e, the nethod 100 uses a -resolution SEMto scan eac at one
or nore sel dBYeBHOm oEhs fliggrgm irgereboanexSENe; ibigleshouldeohwndpbclithie theabape of or t he
processed fqff &higs. @’nebh@rdﬁﬁfﬁ&h?ﬂ R ARGk ?ec}{%li er[lzﬁlr Q/aggﬁo%grgﬁgﬁlgtgvegnagxdused
to characterize the uniformty. These graysca va ugs, as we as
grayscall® | epedificagpns: s shawk iy Hgvrd 4, the sammppregoe? 2 tas abackgodidnemsiadaal or

t hr ee- di nensj,AR3 ' ' h eral l..et.chi ng
uniformty oraﬁ.li\éark ilfagt??;cl)(gf.% Isﬁﬁé}gtretgg)ﬁ%? %Elgg%ﬁidgggr?g%dzéﬁsf ﬁ%?%uer (gflgli38'nis:°r\/\/i thin a
di e are i magegionsuriside thesamipld regiony theirdackgyound graysdleaslenaredetermined isanpl e

regions. 30 ; : | PNt t he present.invention, an
inl'ine and 5%@&?%“%?8%‘2@35@3@”%% Pfrgir %%8%3 00 ,0? Ishﬁ é ﬁm%lg r?gﬁoélswgb%l&gerﬂ% 100 or
seni conduct anayteflimearion spedtinéanrand sapbevilaad. to Tke im®hdeosht backgayuho ga®stalesi Ng

ol ural i 1 of Auiee e k@hsapR st C sl ERS e HBr nbrpaTion griebisiyo-
feature, in dmeliodaleyaferangedhewingbatiprdung gtiSsdale vaRRs hdi6ss MRCkAE00d 14 Ncl udes
regi ons that stﬁrroun tttﬁe proces ed feat ulée but are distinctly different
fromthe prdReEgsFanRls, e hackgiound grayssale vRlyesAre eRresentedi kolar. diffsrestenlorad and
grayscal e i ragespoidio diffi@edtesiosys 6f @ndcdlhealitac RGLAUNS) 94 ﬁn%liﬁé@éi)lor diagram
correspondi ng t.ogrg i{ach %ocati on. I n one enbodi ment, each sanple region

& O RBIEESHE

i ncl udes on gexseglepvalyey poserding do anothergmbodiment of fhepeesertd

f eat ur e200f ihwhedse Sthiediggraami xﬂalelyyaniedaﬂflﬁ,gg{sictgsga\%gqugﬁﬂ%@ggggﬁgaégidgg Ef-eSAS

anot her exangl‘s,, eag)h SE\TTBJ e region inc ' ¢ :

The grayscal’® G4Mge9ne 8t or ‘I’i‘érys%ﬁ]ﬂpéheraéb‘f’%d Jesogiipeanany yauations, @liprastigs.ppd

di vi di ng t hen&liiBafibnst he grayscal e val ues of all the features by the nunber
of the processed features within 10 the sanple region. [0063] In yet

anot her exanpyag) Wiehd JIBGSs HRt ' i spl ayi ng

t he cont ourmg?ol.s in two di men ig{@;%ggﬁ@gﬁ%ﬁgﬁgﬁ@gggg%@@ﬂga gtggF'Tyon of
the di e agaicmbpdinieat, gachynrasired SEMumags disphays promessmblef gaisenleyalgnsaysdal e

val ue ofyst he, hacksr , ' gg rayscal e value respectively. In
yet anot her ?’éxanpg?ee?ﬁﬁ%gn?ﬂ%ée&gg?gl%%f ?%g'eggre%‘axfg%b?}eBré)ﬁﬁsﬁgfﬁﬁtuﬁfﬁd

di spl ayi ng tivdudes pantast anglaytvéa liahest dndake icknwidindudeltie reginhsonithopt thes show

the locatio I | S e.grayscal e val ue of the ocessed
feature, grg(;/a%%?:sg ent\gflg uég%#orﬂ%ekgﬁlg%dé aﬁbﬁvﬁﬁ,ge 8138 S5 Tepbsty f&?‘f&ﬁgi"ﬁs@e%al ue
respect i vel yeatuFereofteaeh rdéavend SENGinage atclealctlaiedt Figoredfis b bienplified 8idgmas (X, Y)

or {r, 0) on.the wafer, and the otheyr.dinension is the grayscale. The

an ngt ati Z)n iS}rW‘SP%5rsay§a°alreé'ﬁﬂ’8§’£é’ﬁ?Qf’fsﬁ?ﬁftﬁ?tu’ieﬁéccf’\'éi;'fgff’ an §?‘Eg‘!‘m§‘i‘fd’?fl}?é’r‘?/§5’?ter is
20 repr é8entiwantich. TS digdréim i HE6K]an leRart, vaRiat Mehld a3AHALS lintih@e képe6f dat a
are summari zed by c uting statistical process uniformty on the basis of
cal cul at|i onﬁlﬁdaé%‘%r §g€°éﬂf@1‘“§rtyz§ dp Heqerang wrognizempay yrriafions EHerpativied gndf

t he backgr oundificaNétsAAe sR&h SIFRARAS C{hgﬁ\ﬂg@f’ﬂggign 012 §d3Q PRYICAE Mk of

processed features, and_ average and stan evi ation of the adjuste
grayscal e vilefagplersgion2fas a grgeraleerue of 7 hcBergegionsfoyisidettiye Jampleragioned by
the ratio of standard deviation to the average and expressed as a
percentage. In yet another exanple, the ggptured images are automatically
pasted onto a two di nensional representation of the wafer as a circle so
that the viewer can get a visual indication of the process uniformty by

| ooki ng at the i mges pasted on to die |ocations. 30 [0065] The nethod can
be used to exam ne uniformty of various processes for integrated circuit
fabrication. For exanple, the nethod is used to examne uniformty of an
etching process for via or contact hole. After the etching process is
conpl eted, the inmages of sanple 19 regions are captured including one or
nmore unfilled contact holes, vias, or trenches. In one exanple, a via

Y . o o a oy o o o Y v .



5 of nmetal layer, which also fills contact holes, the images of sanple
regions are captured and they can include one or nore filled contact hol es,
vias, or trenches. The netal |ayer may include copper and/or tungsten. In
yet anot her exanple, the nethod is used to examne uniformty of a poly

et chi ng pr ocBeisgrayfeale valupreare deserimingdiy deterpslating fromheegradcale haudsmfihes of

sanpl e regi r.e..cap et udi e or nor.e polysilicon gates
resul ting f?ggrﬁ'rlptﬁeﬁgglg%' Eﬁf’ ;ﬁlg?rké]gtbohﬁq{é{%ﬁl HYyé n%ﬂ%ﬁ@ﬁ“@%éﬂ%ﬁl“g? §AB et hod
is used to exekgromndigniykcalawatyes of sexerakbdafnph regiomd Axahbwe in Highe 5Cthe i on

process. Aft.er t self aligned.fabricati.on process is c eted, the

i mges of sdrﬁ}%fpé)paﬁ%ggﬁga%ﬁragw@ B’E“EPIS'é’HE,ﬁ WAl s @W‘ngﬁ?yﬁqa?%i‘@sg’élﬂfe al i gned
cont acts,5 prprocesded feaandesaictoss the wags 260 Thd draysédé mapvabwlYhd diFaeARDb&VEen
[0066] In ye nbodi ppnt of the present invention, an inline and

: genot her.? {
of f1ine procBeEaess ohinferest Infticrentiample Leeiqns 48 thegatere (m arpthey gxaniple shey
sanpl i ng t ecliscrlevAlads forfRod@ENeil Fearled reprEbedtddBh BA6Y. II9ifRRAT QIR EbrighdAd
el ectron beam jrradiation after a unit process operation on a plurality of
di es. The |deétfftebﬁ%faase%%§fapff%l?ev§@éﬂ Kigyre 3¢ & 4 simalifiad cglos disgamsbpwinged” by
the user, angajsbae %%Wsk@%aﬂﬁj&%&(ﬁ&hgﬂﬁa&m erﬁwdg{? b trhggre% cessed
features but is distinctly different fromThe processed features. The
f eat ur e 10ocdnyesHan ohhiediagragiismercly ancanmele, verich shoulgmaywslalydinintigesoptof t he
features an a s adi ng to.each location. .In
one enbodi rrglrll% ?ﬁgﬂ;b?ﬁggﬁ%{?ga%&lﬁhﬂﬁ% \ﬁ(ﬁ%(i%%%@%rm& rvgnagg’bl%tragfré‘ tves, and
subr egi ons, meefficagipnsnhi ch covers one or nore processed features. |In another
enbodi ment, the sanpled areas within a particular die is a percentage of
the entire dP@T7hr ¢ thegrdeeshESOpprocasn tisifpemitpis desengihedl bassl be adjudtdtingraykcite t 0

100% For e h centage ranges from0.0001 %to 25 100% [0067]

In yet anot ﬁ%ﬁ@%@g&c%ﬁf{eatges %Sﬁmgﬁ‘iwegsmf: ﬁ@uﬁ@%ﬁﬁﬁsc%ﬁdale?ﬂ FHFWPLS ¢ he
adj ust ed 5gr diysdifferencccetvaen victgraysaild ilues farahd Rk grbaidaet €d grhys6e S416R &S

t opogr aphy, di msn?%s(é@s or conten?ﬂi, aga?i. est abl i shes uguanti tative )

cor r espondefEEHE Fese 8320 FEamile diradipsied grayscalsvlues pigsalswlaigd apdgtepedin

val ues. For asxsipplet, Virl€onsh BGUsteByrafRRald §@ldest e RPATIIRIVELPEBSSs watiations.

vari ations mthl np&e\{)\/&fcer of within a die. As another exanple, the nethod

is used to itEFHE ped iatpres By o ditéersd disrandiosin tharsame decan belcqnensragk e
charact eri strh 68e @htddasdht,eheBompdled fehtBied & ndORSANY iR LD oY flaliAROLPET

enbodi an? t, a Séstem for determning process uniformty iIncludes an

el ect r orfOni SPBREBMYE system configured to obtain a plurality of electron

m croscope | rrag%es associated with a plurality of sanple regions

respect i vel y003Bhe Iippnpiter pmodimentathp ineage dafia ressuimmoirigettly @mplutingstatisyicab
processed f ; i f I hncl udes at
| east one oﬁcﬁgesqﬁllfa%gﬁ,i ﬁéﬁﬁﬁ%rogggggéetgh? Igg{/é{u?ée%sa?& %gg"??do(?e%%lgﬂgf%?al ity of
processed f &aysvalesvajuss of thg bickereuad, averagstand sendaad déviation ofithe oayeste values of

Addi ti onal | i e s! st em conf i ed, to process
it or mat  on PEorE e B AR S O 0 o TR B s SR lBc,
and det @8ni wae embadiment yiroresy urtifprioity iymeegsral ey thatatie 9f ftanidatddevitios &l thé y  of

sanpl e regi e LV based on at | east Jinformtion. assqciated with
the 10 plur gloi&fl%/e a?)‘? %g‘%rgség‘lr %lsna BH C@Ptgg%o%é ei"‘}%"é"eé*}e %t:aé‘g%%éff’“f‘“@ G avEIagF al ity
of grayscal erecalcubtsdibased 98 adjusttdgrayidale vahes.alf theeratd is@qeal f ot sarllgd thdred i ty of
processed features. reoyer., the processing system.is further co?riigured
to process 'Flefigtlg%??dﬁhéesﬁ%S‘ibgfglf“\ﬂr?ci‘?sst%é’r‘%ﬁsést asypcipted ‘i"‘;d}/ﬁ"SProﬁFsé cal e

val ues, and fehatreyané meifore THRE ratib & ladged Basthe predetbAkihéCaliedthe PARCARH | S

uni formggased on at |east information associated wth the first plurality

of graysdal BTQFESPERrocasses|agsogiated diihdbs Prasassediipaturss ye deamaddo &g netawmifpme| udes
software and/or hardware. |n another enbodinent, the systemis used to

i mpl ement t h93fkt Fisyrer0is 2 simdidioyl diagresy hpwinetadivyted seasesaisonluenfoodiovessed  a
system for geheEdHcliBfe B QL&A it ?{ 12 b énPﬁ'vE{Qf%ﬁ %His%kag?atn{ RihJlghPscope
system configured to obtain a plurality of el ectron mcr scope |n§ges
associated wwth a plurality of sanple regions respectively. The plurality
20 of sanple regions includes a plurality,;of processed features, and each
of the plurality of sanple regions includes at | east one of the plurality
of processed features. Each of the plurality of processed features results
fromat |east one fabrication process. Additionally, the systemincludes a
processi ng system configured to process information associated with the
plurality of electron mcroscope inages, and determne a first plurality of
grayscal e values for 25 the plurality of sanple regions respectively based
on at |east information associated with the plurality of electron

m croscope i mages. Each of the first plurality of grayscale values is

S - - o, o, Y . o S r  a o




25 of defects. [0071] Sonme enbodi ments of the present invention provide an
i nline exam nation of process uniformty and allows the conveni ent
isolation of a problemto a particular process step or a unit process
operation. Certain enbodi nents of the present invention provide an

ef ficient irfpBelei Whclhaondot vrduBoigmitthewedreros thewhiinh Oud of otdinargsidl én thal f

times the n i y-p er . S enbodi nents of th
present i nvgwglégf %%‘ll%elﬁ %y%?%gﬁgg ggm%it\gt%é@fl ¢ Hlﬁgfvg\;ng?’tholnﬁ- Py n\}ﬁgf%ﬁqgns
after conpl k¢ wmplsfregioppd heaGMR adjsted grapnple@alut bEse antbtie Benplegdu@2) aid

after CWP i kN _reagions o wafer. As another exanple, the filling
process fornﬂlf1 %gﬁl%:tgngrgﬁcgfgrva@fﬂ’gg?‘é)lh[g(g r?‘ﬁ“ljﬁ?“ﬁ@"ﬁﬁﬁ?@ﬁ@ﬁ%’“@x@&@l‘iJBﬁledand as a
resul t tHer erayocllavihs archietebitinka 68mQheit srREoAlinY @iatdat vallaeroy @iedi Ng may
result fromtt]%aCNPE) d %ge or fromproblens with the notion that is
conduct ed diPPEHE %“i ﬂFkﬁ”rep“eWég“ér fSPROPABE gryscate vialvay By thetrsoasssdd poi nt
det ecti on alfgmires Bnhowd t Faire 52 AlkeKowAf intHiErPOSRd bt |

enbodi nents of the a?ir ese) ghincﬁvents_i on plrno&iﬁlée a desi r"g%%ag@%glga céefl \;e]d%%en

t \
t hr oughput , 87 R&WsHalize Wil e 2-dyaensiong] cratew man asrpss therwadt 2P| kn another cover age
i ncreases Wekﬂnﬁlb,&h@ﬁ%lii's@éﬁtg@%@cﬂé vAg af @%gseﬁlém %ry\jﬁiﬂ-érgnt%gf%rsdéofrﬁ%ﬁégé t he

entire die area, But gh percent age of npling at a given reso on may
reduce t'fAr odQyfiigtentisnses £6 adipsed gravscty valnes. Figvret(a)is a waipbifisd colepbagran dur i ng
a given per isRélviff adjld® oroReRe SARQMLIRAL s [ L GenLlon. or ovi de
an efficient salrr%IaiJng tger(?%ni eue i or{% d%%e?gf%attdr%gs e°‘?’§§‘§t°? %no}éhc?ﬁgflg?d&%%‘ﬁ

smal | er t ha®f the@regent nvsatiano dHaB o0 iymerakyfag exanle, vehigh shebld abmmdbilgdinit han
0.1 Vim [O0Q72AL (;fr&m?g PEGL [ 4 j ts _Qf e present invention have
been descri bed,oliﬁlt AR ﬁﬁ%é{;é@@%&%@ﬂﬁﬂl&a& %(?utl‘ls]'i?fz(%mzieﬁnapﬁé’a % hat

t here are oeli@natebheud medificatidnat are equi val ent to the descri bed

enbodi nents. Accordingly, it is to be understood that the invention is not

to be lilfit €040y Whéheppaess 160, protddsparahacts arsaapisi® & saprdétpradadsy by the
scope of thser (ﬁﬁende?‘. 15 Clpﬁi g_ls 23 (%LAI‘I\/S 1. A nethod for _ determ ning
process uni PEFAHEYCS {RE HARPIG HePBersss WitRgitsdstcsmined gt the pogesall $Q greegds ganpl e
regions, theredetamsihéd tgletincs afRbsporiseOth® Pocésd phrdlbied afe 4jusfedltd feduQfsulf ocessed
features, each o¥ tge ELurathit oLeSsaan e regions including at |east one of
the plural i PP BIPPEEe Byt b%z%{ﬂﬁw 2 PROSEN cpFingenBsep fherezavpeale wiuep poepozed
features resatlditheigiohs, apoataphfagl/oPafitchabl th&ﬁ%:béa&d%é?&‘é‘s; %%d M&M itlfkiht o .

e Ity o

pl urali % of electron m croscope inmages associ ated wt h ura
g

g
sanpl e i SHEeSPUYNEFXFeAls valpss Of the prorgssedh featursthad havedserc vesified tadiet h t he

plurality ofatisfagety. ARthEICEMPHTERORBoikl ou Eiﬁécc@;?&lﬁé BieRlddGesBnl .B{o%%ssm urality
S e

of grayscale values for the plurality o anpl e regions respectively based
on at | east PHAPHFIRGTS WPsicddo enppwdfesiiersherpeteriftiov.al i ty of el ectron

m croscope i mages, each of the first plurality of grayscal e val ues being
associ at ed WO#H t Ae diseussasiaboveosnd fofther kmpigdsizedhére, \Figphrespr 0 mekding 4{0a3(ay es; 15

processing i i j.at i the first plurality of grayscale
val ues; det !é@ng ﬁ%h\?\ﬁe’lt Ee{r?l?’%eg’e‘%g ﬁ,\%htgglgtnog%nél “@B‘r“%aff"é’ﬁo ?’88]@&&5‘ i@nelﬂ”fi form
based ofd at ondinasy skilhinghevart wowld asepwizamen waribtiorts tefriatieds, 4aid uioallfidapioraf
grayscale v . claim1 wherein the pracessing,
i nf or mat i onpg%gg%lplétlgga%e?ﬁw%@ %Ifotﬁeaﬁ%mp;e/&(?f’d CRLFBYHPONE SR ﬁ%‘%‘?ﬁﬁlges
conprises: b®edlet grayscaicvglues ghitainal dt the podcefsalag rDsrREnbo A REE hRer igdkiRSufeOr
t he plural i&lX (ﬁg ch | e re?i ns & es%ecti ve{(ﬁy .baseg on at_ |east information
associ at ed e P E%P'ﬂﬁ g stcgleé’? ugs 4e Bt O¥ir s ddg e setrfpeadeteraingd nini ng a
second pl urednditipnQfthegwaprata) & sHehRSFiRaE 3 i@ niPartd Hitht st caP&IPY Rich €91 Ons
respectjyel i¥ldbatsed on at least jnformation associated with the plurality of
el ectro 1cate acceptable process uniformity. If the wafer map is not as uniform as the historical

data, the process may need to be adjusted or fine tuned to improve the process uniformity. 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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25 m croscope inmges, each of the second plurality of grayscale values
bei ng associated with the at |east one of the plurality of processed
features. 3. The nethod of claim2 wherein the determining a first
plurality of grayscal e values conprises determning a plurality of

di f f er ences Betundemityd tedfoloivdtiopd sjepahs sujojeoﬁtogm&lyla@t&ine)y\mé teHo@ N, I et

f s res tlvel 30 4., The nethod of
Pl aim o, and PRt AaP bR e hRURE ek Miorgr o S BH i aprisalisacion ot | east
i nformati on czaps&tlcnsaiﬂedthmddiplé h:@lo‘ﬁeliwad)e@i pro@dsdelly IPbneHbaRmRhE alf e @R, £4

5. Th t hod of a a urt her conprising generating a contour map
bas edeonrreat C)CI gtggtthoi rfif‘%]ll%f‘l @ﬁ? %f&YS&?IEHaIW that is rdicetive of alTlt“}ldefetha&Ihgr ound

grayscal 6 vairouwess en@inedifven fizh BdiHst QFocedsParfimbredig R eR 1SR ﬁ’:v@j(u,stI a6 &'sH l ' ty of
gk !

sanple regions 5 conprises a plurality of separate sub-regions.
rretrrﬁod of gc|°é(Ffrﬁtih f & Hhealibrated, quqléttgwnof\délmmllef ﬁhegm@msteameduﬁwmedd on a

wafer, the V@ﬁe@brobéb@és%ﬁ&ﬂ%gn&hdﬂ WOQ:'m'l Bé/ foﬂé@ﬁ?‘atﬁ% o gen@fagt!ow xﬁY} ity

dies including at |east one of E e re

met hod of cl2af/Rt ath W@ﬁwbﬂ%évqﬁlama& let'gd of sarrpl e regions are 10 Iocat ed on
a plurality of wafers, each of the plurality of wafers including at |east
one of the @042l iln WOdier smhtpﬂimemtety'e arethod 00 ddpeuresiintagel 40 theGratess 120WHMAMREI N at

t alt i on arelocated in one die. 10.
he et g ol Bhdibatielicd s AR BB R o Rt fomifioy Srmiveh s 15
m cr oscope mmlgbskkemmrM&EMsumng HosO@mPIathy sk tide@Boull 66 800PEM, 41. The

nmet hod of clajm 10 in th ondary el ectron mcroscope is selected
froma grouﬁlgic‘:e%tnrg‘lng ing - Sf @ gleg]éﬁ‘é%f‘eﬁsﬂ'é%%?‘?%s@m a defect review SEM

and a CD SE hod of claim 1l wherein the plurality of processed
feat ures 20%%‘#& il%ﬁeé aﬁ(’té) T&Flgpﬁilpgﬁnf@f'ar(ﬂuaypp%@fgqys?@e Yaleamcan bdvimalyzed with t i on

of a di el ectdiffert aidticaltrhhsdis & &t th ﬁlohﬁ&egmééﬁ‘é ﬂ\& %, ThE ?ipe?bjfr O%?;g@alé’f a

first co ductjve |l ayer. 13. The nethod of ‘claim 2 ereln rm ni ng
whet her 1P he vauey inglude gavscala walpesden tbﬁbimkg@esctandghmpmsed\ fcztmps; arglesdjusted

det er m ni ng gYH}%aréeJaIL{eE'eS&Eﬁm & d(f(g{an%]tﬂ:gl q%laf#"éfil %1& ¥e ?sfedvi“gr exail) ]T%?‘é{% OHH%ZS

14. The net hod of ca|m12vvnrent Vi as AreP
bei ng fil | e@hwpaReagursebyhy S@Oﬁﬂdldwwt@nmyléthe dz& points measured within the wafer

divided by the average of all the data points, expressed as a percentage. As another example,
the uniformity can be defined as the ratio of the number of detected defects to the number of
20  defined locations. Based on one or more statistical measures, proceeding or not proceeding,
or a “go” or “no-go,” can be decided when monitoring the process inline. In yet another
embodiment, a satisfactorily processed feature and different kinds of defects can be identified
based on automatic defect classification (ADC) training. ADC involves the use of machine
learning algorithms to identify defects or features based on their quantifiable characteristics

25  such as dimensions and/or ratio of dimensions.

[0044] In yet another embodiment, 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 region or several
separate sub-regions. For each die, the area sampled is usually a percentage of the entire die
30 area. The percentage may vary from lower than 1% to as high as above 99%. For example,

the percentage ranges from 0.0001% to 100%.
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15. The method of claim 14 wherein the determ ning whether the at |east one
fabrication process is uniformconprises determ ning whether the plurality
of vias are associated with the sane depth of etching. 16. The method of
claim 12 wherein: 5 the plurality of vias are filled with a second
conductive [[B0AS: Rignse %mdplﬁiﬂddhmanwé)rlsayﬁmglaquﬁranmdmgd) dyensbodineut cal

nmechani cal r The net hod of m.1 erein e second
conduct i ve P)(a?lflﬂee %:S(@)%ﬁ}?‘feg{ei(? Sl“t{ml(?%%&l bhee ealné’é'? e’vaIB g‘omﬁad’ﬂb“%h’gi‘%‘ﬁl ng
of copper arthle scopgatitberclaii®. OBe oﬂ'dildmmsltsllmtin@ﬁefﬂ%m ﬂecﬁ\éiﬂeﬁhﬁltytvﬁﬁat%b'lr ?' ity
of processed,f atures ¢ I ses | ur al of transistor gates resulting

f rolr[:1 deposi t |ltﬁg NN E‘Wgﬁ{fatéo”éo ﬁlt‘:ot"Y”\}E FI‘%‘{R%? thejageasfihes q%‘ﬂlt@fl adieai m 18
wher ei n tShe 610 idestthane 0b@yRihic @OIRPIiE 8RS, B HEIid 61D ocdBd 892 wiltf sEt hod of
claiml1l wherein the plurality of processed features corrprl ses a plurality

of transi st qoo46ynah yQRARothed bmbbiigneME LGl anfl él f al ity of
processed f%[at"ures gorrp?l ses #bﬂ{:ura |t1§/J oan %Tlgne con%lﬁ'cﬁin 22, The
I

met hod of cHSERHOTS Wiker eflis ag pess é%fssill%gpnﬁlﬁﬁr@hm@f tbentrabgfﬂoatmadrescﬂumm h the
cont our
first pluralcbetaldf afdtBYIQFNE MRk EUS:%?%?EB&H%@E %ﬁﬂ]g‘f % onng b Pelglotny Bt

based on at |east information as st ur a
grayscal e varDRls regim. Thesamplingderhoique hssid for2le mﬁhocbl(mlnvdieescsomxmgranrx&p or

i ncl udesggi nf, a t | ur Cal val ues

corres pggdl rllﬂ{ ltEng g&%ﬁur a?)%(% &gm ootélgtarle(%sn% ea%‘s‘lﬁf“ ﬁ%&l‘f‘m‘%/ﬁat?) ﬁc’tef}t ’gf

grayscal e vadentificating bﬂﬂie&gtlldtgefofaptocﬁilslaﬂc&half{ytw?afgflava{ﬁﬂértg q&glnwébga le\Ieh624
lurality of,l ude ural i 0 a e

The met hod ar Bt eRBRlel HeRRick oF o BosrS ararp SonodicBehedrah it e n

det er mi ni ng order tosasiurs tireeafendyhe thednothalyl o kg phisicad bveéht Avsie ahRingadl, wes based

on at Ieast Esfegrrratlon associated wth the first plurality of grayscal e

val ues. e nmethod of claim24 wherein the determning at | east sone of
al ues conprises interpolating at |east

Some of 'oh 8 DAL, i R o e e S S e b o b

the method 100. In one embodiment, the method 100 is used to examine processed features,
whose grayscale values are substantially different from grayscale values of the background.
For example, the grayscale values of the processed features are greater than or less than the
average grayscale value for the background plus or minus the standard deviation of the

20  grayscale values of the background. In another embodiment, the processed features include
unfilled contact and/or via holes. For example, the contact and/or via holes are formed by
etching into a dielectric layer that is located on another layer. In one embodiment, the
another layer is conductive. At the process 110, sample regions are selected including
contact and/or via holes of interest. Different sample regions may be located in the same die,

25  indifferent 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 example, the inventors have
discovered that a landing energy substantially equal to or higher than 250 eV, properly

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

uniformity of contact and/or via holes.
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26. The nethod of claim 1 wherein the determ ning whether the at |east one
fabrication process is uniformconprises: determning a standard devi ati on
and an average based on at least information 10 associated with the first
plurality of grayscale values; determning a ratio between the standard
devi ation t o004 aAdhepreces? 730, Thedackerdhund gofys@leaiaime? Gre\ibermeined bded on

det erm ni ng - t st _one _fabrication process i ni form further
conpri ses: p%%@gﬁ%%%ﬁ%oﬁ&g |1%1r%geassc o IiOXﬁdSEWW?fB‘EBﬁg gfr%?'rgf’%e %ﬁEPc%?“S“CS’

pr edet er mi newhear atihed ddntabebrevorivid ludestané thatotHee &% thedfolralig KadkdrOihdpr OCess to
be uniformi he ratjo is equal tq or spaller than the predeterm ned

val ue; det er‘%ﬁkﬁ lcf?aflfaﬁkgrg‘fndl %%@fal%@“ﬂszsm ohtatpsd tB‘f"B@é’é’éerE%atb’é- Aétheuni f or m
if the rati grocesd BIOgBE gidyedale aRiePToR dRlcedhed BthoY AldAR visdles HRCdiBhiRE bafed
claim1, and furthgr conpri sing adjusting one or nore 20 process paraneters

in response YGHIRES REM ifagesaisidisguiscdrhove,dhase Heagebepnrgddsstyoineagulilor m  t he
one or nore g@%s@@@&a%feﬁ@@és%rﬁ_f&eét&{e@@oﬁt&tE ordfia AF&Shd ﬁ{%eotﬁe‘??&'tl?eat lon

process. 29. e method of claim 1, and further conprising calibrating each
of the firstSUPPYIdighagkespungr Additiana sraybentesvalies For sherirereadeil fgatupés can be
char act eri stdpgainedlinBsel iflefoBfioh0 One or nore characteristics of the
plurality of processed features. 25 30. The nethod of claim?29 wherein the

cal i bratq{n o} i i: f. scal.e val ues. conpri ses

dot er i ricng 1806R  PrbeYocesd B, RloblsB oty srUeRraih Pusbd b Bt PhesSHE .
plurality ofvapeayBeaidpsted guyscabndluehequpl tortled diffyretdes betaeacthe giagidale v}dﬁleyesl-
27 31. Th of claimil wherein the selectin plurality of sanple
regi ons cong?{@geg&ggﬁog%(ﬁrﬁlg}ﬂ% Wéysﬁiﬁﬁ 4 %EPFStfgf gf egéﬂ?ﬁ“é%?‘g&‘ia&ﬁ@s'f Theadibsteds er |
the total argesysafle tahespf thepldcksgedfeatariBlay of 8AY BPSHeRMIUBIM. t ParldiBnd iRhdustdd €a
of the wafer rru%%%llied bg a ratio..32. The pmethod of claim 31 wherein the
ratio range¥ P 458 @ TRTEENPHYRAT PRosessVaRatiqs g Fersramplediivicantaes holes ates s

uni f or misy, botheundertdeidd COTPG saind GiiclaRbseF did@trR rithMhdnithy cfacBIUIR! nLRYI ONs,
the plurali i including a plurality of processed

t f | !
feat ures, e%ﬂtgﬁﬁ‘%fegg‘oﬁ}({}%g% (F)‘{%;ta%tpa%gélilﬁﬂa@eraéyﬁtsﬁgraysfvehelyakuwg Aganpthgst one of

the plurali teyafiple RhOcRERAA f&ﬁﬁ’eyirs%nt&@ﬁae%attd?ﬁerﬁb Heahil YabREatPhocessed
features 10 resul tlﬂ% fromat | east one fabrication process; obtaining a

plurality of¥FEEL rok carideles pay hiverdbesaests diffred cipttectionearpisuimyetty of
sanpl e regi QRsthérRKNBHIE] 48N Yamph! REBE Hlcifled MR nAE FOCh e M bl of e

pl urali t% of electron m croscope i mages,;
2 contact holes with different dimensions.

[0050] In another embodiment, the adjusted grayscale values are calibrated for a particular
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 adjusted 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 center of the

wafer 200 is significantly different from other locations. Based on the finding from this
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15 determning a first plurality of grayscale values for the plurality of
sanpl e regions respectively based on at |east information associated with
the plurality of electron m croscope images, each of the first plurality of
grayscal e val ues being associated with the at | east one of the plurality of
processed f ewnighemap,gerten paramefers of an efch tohtao be qnia]dyladjusidd onfirsettuheelas t

i nformation Iurallt rayscal.e | ues;

processi ng |£@§(§%¢nda Flgﬁ uﬁ‘isfé%ci&g}%%ﬁe& Plls‘ﬁt gap?nrlaél{es r?fvgglpnﬁ& f%fezt\é Tm ni ng

whet her the st one, fabricati i.S |formb ed on at | east

i nf or mati on @éssié By gt ey "’?el“? nlﬁ ﬁ?ﬁﬁfﬂﬂ t%%an@@ﬁﬁltﬁ%land/or

det er mi ni ng 4 mﬂas s«‘ouaxafmmmﬁexeonﬁa&an@/yssmnm@@aferfdrﬁkmgy et%ﬁingiht@k gieleb@i

m crosco gg nfl ured to obtain a plurality of electron nicroscope
SO

i mges a ‘ﬁte oprRsPaductiye layers Ahgse sontasy ruesmr viglqhescarg fildgdywith he
plurality Ofcoﬁ&fmlv@mﬁﬁﬂhl%ﬁ& ds%f)ﬁ&jhﬁlﬂoratur@sféﬁ3s111'11EIY1SQﬁen%ﬁéﬁﬁﬁ?eﬁ%thfc?\%ﬁﬁles

each of the plurality of sagﬁ)e regi ons including at | east one
plurality ofm§shefied glishing4€ éswl@etb%e bifled hadespthgreair atyeagtf twpitypse o§dblems

features resilchige (ierté?:'fgdabnle tof R)@lepﬁp bdsG A Rith 'E}féch%fe§ Jleﬁlgflgesp%n%ces sing

system configured to: ormati on associ a
plurality ofm@v@fmﬁmm é&b@@@p@ﬁmh@e@ boteme Fhasher typerosfprqblemlalassbmamd

I ons r espec d on
o % oaat™ nrviifhe hitine ifechl] Wi sihdibaes Rhoaf 3R0E0 LR N Bab AR b et RC 0 pe
i mages, eacpobishet |yerfdce latsttaclptimmab@rteyevmr R;gxrayasmé aﬂera:lopm chetratteraksigtitaged
with the at r ce eat ur es
i nf or mati on (ggggté?eg%éﬁw érﬁ%gpﬁkféfilﬁ# Ixat urlg 1?1 felb © ‘F’%’}Fgﬁﬁ’lvg ”\§§ Od’é’éds
det er mi ne whetdnethet dxemate, 1heaem umfr&mﬁt&bf the&]MIbpropd‘s@ﬁﬁ?SesuB insurthed piipgsed 10
on at | east o] i at ed the, first ra scal e
val ues. 35. ép{é&;@%‘% ﬂl %Ifo C%C?E’%b}eéq (f‘imtbﬁéonb?’i? g%mlatﬁ‘fl%irl?é?f?%ﬂy

associ atled NP ptdeessplniyen badtlyer ek angpl € alicr ©8xisth CpPEARIRERD-BritRERD AR cthES |
determ ne a,plurality of background grayscal e values for the plurality of

sanpl e regi cl)ﬁg ‘respectively based on at |east information associated with
t he pl uralltg of 15 electron m croscope i mages; determ ne a second

plurality oflf%hy g@ﬁﬁ@“\?ﬁllg‘éﬁanﬂ&r‘lsﬂh@ detegrbef WS@ff peokiepisand aghitors
respecti vel yinffasgs ¢7 'ﬂneﬁﬁroée%§ thal HHV@BE%tﬂeH&n?e?l % At m%tch?nt o a@k&r %L& ty of

el ectron m croscope i nages, each of the secon ura sca
val ues bei ndesiwsy P%E'F‘éﬁl t 1 igspectigp incluges ﬁldmiéoatracttané/opwwalles tapd/of a portieessed

f eat ur €30 20 afdtal TRE. TUS Bcﬁﬂgté?if gr@s@él&ﬁées\é\/gl?ﬁgﬁﬁd Echc?etgfa el %?&n?tfyfo'f ¥h%t

plurality of grayscal e values conpri ses termne a plurall

di f f er ences PHEeHEEMNdOREMiZe dompfogsstpasdmetsrsof grayscal e val ues and t he
plurality of background grayscal e val ues respectively. 37. The system of

cl ai m 35 whd9®xh thmaet@n@h%r@mbngﬁnmystlemndtlmdfl@oﬁmbd moaxﬁmgmnmﬂsmtor pesas ate a

contour nap pp&ﬁs%gd R ahgr%) éepom i grfd()ggte% O ‘i’lofrjl gx%%pw %here 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 junction 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 contac.t,
after etch or after tungsten-fill and CMP, can also reveal problems related to certain

fabrication processes.
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25 second plurality of grayscale values. 38. The system of claim 35 wherein
the processing systemis further configured to generate a contour map based
on at least information associated with the plurality of background _
grayscal e val ues. 39. The system of claim 34 wherein each of the plurality
of sanpl e rdf#Ghs IBgeteootheri evdbodiancpt azf[]tbﬁ Ibtlt:gcnoilfnyaﬁpa,][pmaessefllﬁeam@!atﬁm&xoséhg

0. The syst lLm. 34 wherein the urality of s . regions are
I400at ed o% é)%%/\%:‘% éref&h%ﬁljieglr\/\rlg?reesrenfaﬁg?nﬁﬁsl Oﬁélgléluf)r}eﬁsr of FV“B’?QE‘P@ST?SP A hewfact pe
plurality ofetai @® typecifdeiturg claticd veatd bomeontict whiea Plegiieatly bycuingSanmte _
regions. 41.. The. system of .cl aim 34 wherein the plurali teallrof sanpl e regions

are 5 | ocat 4 K8 B’B‘I5 SHrEoupdies,f Ype w tPF"é‘PSJEQWéS‘*BIOBr" FHISPERIRLINGRPSEr S

i ncl udi ng atin bl exddiplQfa vnhife Pdatlir@ivbiily b8 thexaBdcBusk Bt BRtSre hiLbeed RGaifYSt €M
of claim 34 wherein at | east some of the plurality of sanple regions are

located in #A®%die. 43. The systemof claim 34 wherei n the electron
m croscope system 10 conprises a secondary el ectron mcroscope. 44. The
system of cll@56] 4Bsifspsehabone veddions af semedonductamprovessingsumpecibesaeact ed

froma group; i Sd act | ' fect review SEM
and a C% SEII%AI@? !@rghlgag’;ﬁ ‘g?nfe%ﬁ 1@19%? ir%@’}gﬁ’&vﬁt%%é?feéls ﬁ’ﬁ & pa}q%r %ﬂdhr)? Ny oc essed
feat ures 15 regensmithisa diepCentaih pmbodithents afsthe present inmention oan et whd tgdentifpr t i on

of a dighectr i . I | laver being on first surface of a
first cggdutg{ti(%h&er!)ﬁ%gs)e/\;eap 2 &%.bgj‘ljﬁé&géétdearrﬁalg inig iy %gloﬂﬁgpléeﬁﬁswe‘aﬁ’f’gsr m ne
whet her t he shauld eawbpalyscleetbd.i Batekanplpribthereds 4 suddei drop-oTre Iiﬁtfdﬁde(ﬁ‘ _Igﬂet erm ne
whet her the 2hing for. the.plurality of vias js uniform 2 : e system
of Gl i m 45 GHE %r%“?tﬁre‘nﬁf"fh“ﬂof Gprgrlesp gt S‘rqﬂé‘gb@f%?ﬁ%%r otispeh danggi th a
second conduletily eAs ayexampkSthe Sidles YR @fin@tat Mag 6cidb & R nBartWl@erd8ERY M ne
whet her the at Iea%t .one fabr'ication process is uniform COIIDI’I ses determ ne

whet her t he 2P &MPPImsRt Jivae! sampleregions afe addeshsckfrome plee dig ieordler be pranps 49

The systiém aftracdi@variadbnsidve tepaternipechivhgss ahd éffecRisudt AhidloSoddidd. €d W th a
second conductive | ayer; the second conductive |ayer is planarized by a

chem cal megian] C&l ydpahdtidriehBoMMRREHS method 100 is used for semiconductor wafer inline
monitoring, which measures and represents process uniformity in an easily understandable
format. For example, one way for detecting process variations is by inspecting processed
features of interest in selected sample regions in their corresponding dies. As another

20  example, grayscale values for the processed features, as well as grayscale values for the

background, are determined.

[0058] In yet another embodiment, the method 100 is used for inline process monitoring of
etch process applied to make contact holes. For 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 tungsten. During such an etch, several problems could arise. Some of
the various problems that could be encountered include remaining dielectric left at the bottom
of a high aspect ratio contact hole 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 fréquency of defects, or they are

intentionally designed features.
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30 50. The system of claim49 wherein the second conductive | ayer
conprises at |east one selected froma group consisting of copper and
tungsten. S 1. The systemof claim34 wherein the plurality of processed
features conprises a plurality of transistor gates resulting from
deposi ting dA8E%t dhongemsbadanetithe methbd | GyiecluddsZhe skt o3y tlestddimiclosdope 51

wherein the nduct ive | gyer conprises. pol ysilicon. . The system of claim

34 wherein ttﬁlglglp llﬂlﬁaf?ll?ot‘vgﬁ?' ¢ lieézgg%gtztge ’I’@’&F%f@?_“@ﬁ%ro?g’@é’r%eﬁpﬁfeé\“ﬁsffof

transi stor jinterstaashtaidél Slovedihe wayks h@dﬁ?e@fed ©h gxerrbcl?a]glioﬂvlbﬁh@ uig ifh Hevtvcpl ;Jr al .5 g y

of processed,.features ¢ rises lurality of se al i gned contacts. .

Thepsyst em SEMESINR) %Hwaﬁ’r:‘g‘?fletﬁ‘hwf‘ épFFﬂr GRRLILLVATRFSTRRIANON PAERORRSI GEEWRlRI th the

first plgralviatigs of thepravesal featitidl HRS agmctm&_ﬁa%@;y@éaﬁﬁl&mgw map based

on at least information associated with the first” plurality of grayscale

val ues. 15 5Broundinedipckesund predlse takenst oash sample ragive. dlsingdhese gapsdaleciatades

i nf or mat i on RSGHG ] ' ' | ue

correspondi r% to ga%ﬁg?%%%’ Qge%amlr%%gﬁugﬁ%{? 5%%%&%%%5129'%?\%@#??%3@ grayscal e

val ues i ncl tf@@ﬁu‘?ﬁén&dep?tedpz)upmnly apfhogmay Eigates 4y3laue 6, TRGe the dinensiahdl t y

of | ocat i On%oﬁtBGJ Iﬂgﬁ%retgf@tteglt(lfl Eldey u@Jers?a%Hng%f & Pt (I;]r%iitJSo%the-l[)%ekgéfntd% of

claim56 wherein the generate a contour nap- conprises determ I"east

sone of IPhe of Hiemgogsssinerfbimapcodt thy wlested f@tured. ues based on at | east

i nformati'on associated with the first plurality of grayscale values. 58.

The syst em 0068l ailmawihenbabalimedthibe drthed TOME uaédl do%ﬁﬂ?ze’itjlaﬁﬁcﬂfolds,hﬁa Q{?es% EI rd
lurality of aysc val ues .co I ses interpolate at | east sone o e

1I‘D irst pl ﬁr al® gf“‘*‘é’ ébgt;’gﬁeal?egn\fﬁglg yeggothep,em it the Prefespod fosturghor Bien t he

det er m ne whedttvdr100 el ghie 3glct@oerehatiid Foth cORIUBHRASRS dépdsitibh bl dh. For
conprises: 31 de}tler m ne a standard deviati on and an average based on at
| east infor ﬁé&ﬂl}gﬁ the process non-uniformity may come from gate leakage, poly pillars such as small

15 poly particles left on the surface, and poly pitting, all of which are caused by issues in the tool
responsible for the unit operations of poly deposition and etch. In yet another embodiment,

the method 100 is used to examine self-aligned contact, which is after etch, or after tungsten-
fill and CMP.

[0061] In yet another 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 or 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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associated wwth the first plurality of grayscale values; determne a ratio
bet ween the standard deviation to the average. 60. The system of claim 59
wherein the determ ne whether the at | east one fabrication process is

uni form further conprises: process information associated with the ratio
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paranmeters related. to th ﬁa}E | east gne fabrlcatlon process. 15 62. The
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determneaﬁ)luralty of corresponding rel"ationshi ps tween t irst
pluralitlf oft erﬁwb?daglénval ues and the plurality of characteristic values.
64. The system of claim 34 wherein the plurality of sanple regions are
sel ect ed fr d963] wdd get anothe ekanplk, the mamgeflath he pprboassadl by yoryfuting agd displebgn®ns

equal to th he wafe ara

net hod of cﬁ%‘%%ﬁlg’h g\lﬁerﬂé?%o (El e Tatio ?505%%“21) ?sll?\o% Bia'@nf’{)t%if}ﬁo?ogm@% A
system for diet gayscale m@umiﬁh@mc&smdffeatmlgtaysbzhevamet dfabke ERREOwS], ﬂlgilthan

el ectron m crLosScope s confl ain Iurallt of electron

m cr oscope |aﬁ%18t5§8r§¥5%lcs?' GCSWCIH ﬁﬁﬁ?&‘ﬂtﬁ{?e’bﬂ@ Rle, (5 BB LR HE processed
respect ilgel wy cbﬂﬁputhiglhh&ﬂisfnl&iylﬁﬁ tHiZ:ontoﬁré}il l&hﬁ)th&@ldﬁﬁ%sioﬂﬁmlcﬂ&oﬁr Ifll)tgﬁliﬂw ty of
processed f tur the uralit npl e regions including a

| east one og ﬁ?ﬂf@Fglefgﬁ‘f‘Stﬁli“g%@é%@ﬁV%/ lace ﬁ]gee%mc"ésa"é Cabpres ghay i?P'lﬁrVéﬁuFPfl of
processed f aigd ha&ﬁ@otlrﬂ$ adtddn@tell leiybatle VaRRTEspdtRelyalThe 6 difRnM6RGRSHe 2
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plurality of O%Il%?frtbﬁdlﬁﬁWﬁ &’bﬁé’ﬁ@rﬁb@tthe satesrandl the osher dimansipn ithe i ty of
grayscal e V?td-&@@alé( e lotR]od iAol Je¥ a?épr }0‘?1 dr @rgt' f@eﬂ drg sﬁ? NG tlepdry jpased on

at least information associated wth ural it ‘ectron m croscope
i mages, 2Baciensesertpdasg ¢ieple. pl ural ity of grayscal e vaI ues being 10 associ at ed
with the at | east one of the plurality of processed features;

[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

on to 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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generate a first contour nap based on at least information associated wth
the first plurality of grayscale values; process information associated
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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, dimensions 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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plurality of electron microscope images, and determine a first plurality of grayscale values for
the plurality of sample regions respectively based on at least information associated with the

10 plurality of electron microscope images. Each of the first plurality of grayscale values is
associated with the at least one of the plurality of processed features. Moreover, the
processing system is further configured to process information associated with the first
plurality of grayscale values, and determine whether the at least one fabrication process is
uniform based on at least information associated with the first plurality of grayscale values.

15 Inone embodiment, the processing system includes software and/or hardware. In another

embodiment, the system is used to implement the method 100.

[0069] According to yet another embodiment, a system for determining process uniformity
includes an electron microscope system configured to obtain a plurality of electron
microscope images associated with a plurality of sample regions respectively. The plurality

20  of sample regions includes a plurality of processed features, and each of the plurality of
sample regions includes at least one of the plurality of processed features. Each of the
plurality of processed features results from at least one fabrication process. Additionally, the
system includes a processing system configured to process information associated with the
plurality of electron microscope images, and determine a first plurality of grayscale values for

25  the plurality of sample regions respectively based on at least information associated with the
plurality of electron microscope images. Each of the first plurality of grayscale values is
associated with the at least one of the plurality of processed features. Moreover, the
processing system is further configured to generate a first contour map 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. In one
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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. 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.
15 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 hi ghly
voluminous to handle and thereby making its significance difficult to understand. With quick
visualization and comparative analysis of the data in a concise manner, appropriate process
20 corrections can be made in a timely manner. As another example, it is important to identify
process equipment lifetime issues and limitations as soon as possible before a costly
excursion takes place, based on certain clues that may emerge during measurements. Certain

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

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

[0071] Some embodiments of the present invention provide an inline examination of
process 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 variations 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 on a300-mm wafer with a pixel size less than 0.1 um.

[0072] Although specific embodiments of the present invention have been described, it will
be understood by those of skill in the art that there are other embodiments that are equivalent
to the described embodiments. Accordingly, it is to be understood that the invention is not to

be limited by the specific illustrated embodiments, but only by the scope of the appended
15  claims,
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(I)esultlng fro]fr(l)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
10  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;
15 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.

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

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

determining a second plurality of grayscale values for the plurality of sample
regions respectively based on at least information associated with the plurality of electron

25 microscope images, each of the second plurality of grayscale values being associated with the

at least one of the plurality of processed features.

3. The method of claim 2 wherein the determining a first plurality 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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including at least one of the plurality of sample regions.

8. The method of claim 1 wherein the plurality of sample regions are
10 located on a plurality of wafers, each of the plurality of wafers including at least one of the

plurality of sample regions.

9. The method of claim 1 wherein at least some of the plurality of sample

regions are located in one die.

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

15 microscope images comprises using a secondary electron microscope.

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

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

dielectric layer being on a first surface of a first conductive layer.

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

plurality of vias is uniform.

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

being filled with a second conductive layer.
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16.  The method of claim 12 wherein:
the plurality of vias are filled with a second conductive layer;
the second conductive layer is planarized by a chemical mechanical polishing

process.

17.  The method of claim 16 wherein the second conductive layer

comprises at least one selected from a group consisting of copper and tungsten.

10

18.  The method of claim 1 wherein the plurality of processed features

comprises a plurality of transistor 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 claim 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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25.  The method of claim 24 wherein the determining at least some of the
5  third plurality of grayscale values comprises interpolating at least some of the first plurality

of grayscale values.

26.  The method of claim 1 wherein the determining whether the at least
one fabrication process is uniform comprises:
determining a standard deviation and an average based on at least information
10 associated with the first plurality of grayscale values;

determining a ratio between the standard deviation to the average.

27.  The method of claim 26 wherein the determining whether the at least
one fabrication process is uniform further comprises:
processing information associated with the ratio and a predetermined value;
15 determining the at 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 adjusting 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 comprises determining a plurality of corresponding relationships

between the first plurality of grayscale values and the plurality of characteristic values.
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plurality of sample regions equal to the total area of the wafer multiplied by a ratio.

32.  The method of claim 31 wherein the ratio ranges from 0.0001% to
5  100%.

33. 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

10  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;

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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determine a first plurality of grayscale values for the plurality of
sample regions respectively based on at least information associated with the plurality
5 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
10 on at least information associated with the first plurality of grayscale values.
35.  The system of claim 34 wherein the process information associated

with the plurality of electron microscope images comprises:
determine a plurality of background grayscale values for the plurality of
sample regions respectively based on at least information associated with the plurality of
15  electron microscope images;
determine a second plurality of grayscale values for the plurality of sample
regions respectively based on at least information associated with the plurality of electron
microscope images, each of the second plurality of grayscale values being associated with the

at least one of the plurality of processed features.

20 36.  The system of claim 35 wherein the determine a first plurality of
grayscale values comprises determine a plurality 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-regions.
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including at least one of the plurality of sample regions.

41.  The system of claim 34 wherein the plurality of sample regions are
5  located on a plurality of wafers, each of the plurality of wafers including at least one of the

plurality of sample regions.

42.  The system of claim 34 wherein at least some of the plurality of

sample regions are located in one die.

43.  The system of claim 34 wherein the electron microscope system

10 comprises a secondary electron microscope.

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 etching 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 wherein the determine whether the at least one
fabrication process is uniform comprises determine whether the ctching 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 least 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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51. The system of claim 34 wherein the plurality of processed features
comprises a plurality of transistor gates resulting from depositing and etching a conductive

layer.

52, The system of claim 51 wherein the conductive layer comprises

polysilicon.

53.  The system of claim 34 wherein the plurality of processed features

comprises a plurality of transistor junctions.

54.  The system of claim 34 wherein the plurality of processed features

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.

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;

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
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 claim 59 wherein the determine whether the at least one
fabrication process is uniform further comprises:

process information associated with the ratio and a predetermined value;

determine that the at least one fabrication process to be uniform if the ratio is
equal to or smaller than the predetermined value;

determine that the at least one fabrication process to be not uniform if the ratio

is larger than the predetermined value.

61.  The system of claim 34 wherein the processing system is further
configured to adjust one or more 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.

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
selected 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 method 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 with the plurality of electron

microscope images;

determine a first plurality of grayscale values for the plurality of
sample regions respectively based on at least information associated with the plurality
of electron microscope images, each of the first plurality of grayscale values being

10 associated with the at least one of the plurality of processed features;

generate a first contour map based on at least information associated
with the first plurality of grayscale values;

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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