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Application No. 60/772,418 entitled "Methods and
Sysitre/is METHEDHS ANDNSVSTEMS RORBFIRIMISING A2 Vafer, "

fid g ARRIOFRISTIE. 0RZAGPAFWRI Ch is incorporated by
reference as if fully set forth herein. BACKGROUND OF

THE INVENTION 1. Field of the Invention This invention
generally relates to nBRHARETYEAAYEt ens for

determ ning a characteristic of a wafer. Certain

enbodi ments relate to deternmining a characteristic of
a waf erThissipplicaton ¢aitnspeinstyas &, ByovaionahSpdictticaNsyst em

th 0 n espo to def s on t waf er .
a2 318 sl “PrbSRERD Sy Fr TRl BeagtRlefse oo
degefel Philea fﬂ’e&ﬁ‘d%/ oxZUB| WhicRisenddiorAdBytrbRebntCashefupy kaforth
art by virtue of their inclusion in this section.
FdBfittat i ng semi conduct or devices such as |ogic and
menory devices typically includes processing a

speci men such as a sen1conductor mafer usi ng a nunber
of sem conduct oBAf ) orm vari ous
features and nultlple Ievels of the sen1conductor

devi ces. For exanple, |ithography is a sem conduct or

f abri caidloof the heasent hat typically invol ves
transferring a pattern to a resist arranged on a

sem conductor wafer. Additional exanples of

semni c ommqﬁmmﬁra@méz@ay FeQifesP6 RESEEMdIshGthdRr dhtinidhga
not limted to, chem cal-nechanical palishing, etch,

d éb@gq:t@rl%lﬁ of ﬁi“(@ ef. Oﬁeﬁwr@;ﬂd%qn&{elafgﬁp flptﬁllngnmg a charactéristic

S &IFL GARG UG H O but P& L& SedTBY arPBsJeBRinl SabA that Boé@ rﬁot correspond to
arrangenent on a sem conduct or wafér and t

sealotecamondhe wiafer. i ndi vi dual sem conduct or

devi ces. I nspecti on processes are used at various steps
during a sem conductor manufacturing process to detect
def ect Deamiptiod efftbe Relatpd @mpot e hi gher yield in the

manuf acturing process and thus higher profits.

| nspection has al ways been an jnportant part of
f abri cdbf fYlowamgdesngtien i ravpibeare sacplmiled tabe grigk adby

Ci Gl JrsheHONBYES in Bs tBofi MENsi ons of sem conduct or

devi ces decrease, inspection becones even nore

i mpor t &ntriceéng omiconduse sievibesrmaehudsdegiciard oemery clepresdymcally

sem,c Iy Vi e caus

c ?fs} a%f; ﬁl%%é gang g%\petcm?efn s%eh s%m%%fh!éc%% vga%r%%jﬁ% a B8R ber of
semiconductor fabrication processes to form various features and multiple levels of

the semiconductor devices. For example, lithography is a semiconductor fabrication
process that typically involves transferring a pattern to a resist arranged on a
semiconductor wafer. Additional examples of semiconductor fabrication processes
include, but are not limited to, chemical-mechanical polishing, etch, deposition, and
ion implantation. Multiple semiconductor devices may be fabricated in an
arrangement on a semiconductor wafer and then separated into individual

semiconductor devices.



di mensi ons of sem conductor devi ces decrease,
detection of defects of decreasing size has becone

woe@ensmsy since even relatively small def ect SPOEYS2007/061912
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cause unwant ed aberrations in the sem conductor
devi cednsphlgion pk@gyseparoces aewmrianestals doringsesmadond@rnérous
st eps durjn a semconge tor ufacturlggg%rqc ss to

oG AR E"Sﬁisli%iie“f‘i’i Brb UL (POl et YRR i

ar gafiffch @@ ProctRaNd ths PRREIpRITIN M AGREERTal Awhieen an
unl i ke inspection processes in which defects are

delmpetiay ramh obfabrpgatipg sorisandrdeiiepicscudsasdnisprated sbgrito
megsiier, Q% e%EméBQi’oﬁs Sf*k@ﬁq%heﬁfcto%éﬁés Qcrile iYBE&on bBRmes
cannot be determned fromcurrently used inspection

t ooles moRoimpestantiit &¢ swreessl mgyuiprtioe ebgeeptanlescagenducor

ge %%’c’:{zse be%nt%e g}},aﬁ“} rdgfegth Qinac%a%%rtﬁe c%er\]r&% ta fail Fm[ls%r)cg L’L% I?h

f ecamuﬁmsfo«ﬁ sameb:ﬂmtbh&mag‘ cmtreds:tr dan@;nan pifdmes;snfﬂwénsmg size
that the performnce of ﬁ g CF%% can be detern1g ed

f rigmd ?W@ed’ﬁ&esfﬁry PGeE Vel el P dedects gy oy yvgRted; ¢

t N eRRBNDIn HPEMiEdANAEE RFiced. i cs of the wafer are
unacceptabl e (e.g., out of aﬁgredetern1ned range for

the chaYeHUBIPIFBESIT alse Hed FRWEIRREHENNUETIRY 2 SHECHIHRCtR
”Drﬁ%u‘?e{éﬁfrﬁ‘;%ﬁnﬁicbs%tté fonidr a %5‘ %n‘f\%f Rt pfiRYss bﬁieHél%gy E)I%cc%késeaf'e
one or noré paraneters o rocess such

addifferieniribdn ingpkesion m@ms.sﬁamttbﬂt,emhbgnwmum me@gses krawbich
ac%,gée%%s ag‘ geéecpe% 3;:} aafférzltéll c(lg%/ Sprocegseg%u%r éi gtg 91‘8?861?@6 t’mseeosr more
anﬂmﬁﬁﬁhﬂmkOfmeaﬁﬁrémOﬁﬁmﬁmeﬂaﬁﬁmﬁbﬂﬁ@ﬁbmﬁmﬂyuﬁﬂimbm&wn
mafer gor gnocess nltorlng and control applications.
FoPOlex BpfFAMPIRJREIrGREY PEYEEGS 4165158 ' MEasiE] AL B s| ow,
Padhhiagidtigtich ¥ CARMRAKRH ad dibRENBL Ll LQNind WediB MBickness, etc.) of
Therefore, netrol ogy processes are often perforned at
onlgatiiss §rmehobihe avafer g prasRseuchfhal the Rerfemanes e
@rs&s%ﬁ meh&@ﬁn P&E £ BRYnk s%;eschmemc@qg Y iRGh, ifth@one
relatively expe dient. manner . Wever, many processes
us@andro clwmwrlamswf thesaiireondactepabld évg.cey ops padgermined
}Aﬁrér?éefﬁ:% tgté (%haé ¥etrlﬁticq§éi f eetr %eléassrtem%gts %glf tthQ g}aen(\)g/ramrre e al%::ztra(:%erlstlcs of
meds wh kAl be ped fodlee oheadr n@ﬁepéraaat:ns @ﬂthe ﬁyrc&edslsmﬂ taat

nunber of |.ocations
sLﬁdfiﬁwémaf?fwaﬁ%w%%@safOC?%ﬁé*a{qﬁ bl %@&aﬁet' (ot
t he waf@eg o5l abwAet ¥ nblheNg dﬁs@&&ﬁ%g&téﬁﬁéﬁ%&&eg proages
2 Baker & McKenzi e LLP NYCDMS/ 103028S 1t hat t he

pr@éé@oés ‘anrapie arecarmeare Farpimistieodd Wl lrgoest merdtoring and
Jo'ixﬁglrag?hc%tioﬁﬁs IF38e {0 h‘\%gtym(%tﬁ)%g? t(gcﬁs ‘{FF ALy slow,
char act n

I stics acros or inline nitoring
armhrtmm-ly @bmggppcl nooaipleaztrms sygemot THemdgt bharofhgy prazessheare often

nment s n
o Tl oSt s AL TR of By BF sy Suce B
C uhEtenddyfeduainkabé scqueéd @laoglititcdodxpeditiet nsers mfofw&ee many
roughness, resistjvity fllJnthlckness etc.. are not
processes used to manu acture semiconductor devices produce wafers that have
characteristic(s) that vary across the surface of the wafers. As such, using metrology
measurements performed at one location or a limited number of locations on a wafer

may not provide sufficient information about the characteristic(s) of the wafers such
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sui table for high sanpling of wafers for inline
nmoni toring since the neasurenents wll inpact (e.g.,

WO p@7eeds) cycle tine in production. Accordi ngP@T/UB1007/061912
woul d be advant ageous to devel op net hods and systens

t %ﬁ the PFocBR cHi® Back dateHah@iittiediaf@cdhuoNad. aakBerhmid, asind a
wafer (e.g., across substantially an entire area of a

s metralosy BPlstip @camfeshpragiasicoacross die afprdPh inncomonieriag and
orﬂl%(? Iaférﬁ %ﬁcﬁ@% b RlsiRe dhidWolthe ORI VAL fgh ﬁ‘;@&jsuf%‘rl{éﬁfs(%n be
sem con ctor abrl cation processes wi t hout
i parfmrin i} nan@ulay ch@rotqgrrmeaqummmmf‘pmd bggngly aglable

5 eﬁﬁga{o%% ET gs sgoh as Stuh% 8 ror\th&t% szfs%‘%h? tflh%th%ﬁ%@Et'c%@ not

C @iisdbleURehigh Se&imhngvaﬁ/wﬁhrs Ifcbrmlfﬁnen’gorinkmxlgmbqoeb& mo@atteerento fvill
t he appended cl ai odiment relates to a

PR S Sor NI ESE) ni?’n“ﬁ’ﬁ ’%\pr@ U9Bt eristic of a wafer.

The nem&ridih%rgl iHRESd 88 ABhaAthidds RULPEbp MESBOY MU Eestdnds that
light fromthe wafer using an inspection system The

o@@fpbﬁt used &r dglesnining gehaigistic el Vee6sd ieprgsyybdatiady @
10 nttnja %re%?ggurﬁa@ﬁoistgg?@ﬂr)%ﬁ @i%lg@l@%pﬂ%@ﬁ Waldrs in applications
correspond ect's. The et hod al so i1 ncl udes
desucérrawmhmgnwaherlltgmm aontel pBicimicapfludtotdaliiehiéon predentys pithout
one .emhodi nent, the light fromthe

’?Cé‘?’as nﬁ?f U Cleﬂgl'efl? Ermd‘l'c)t/mscat tered light. In another
enbodi nment, generating the output includes

illumnating the wafer with i d by a | aser.
In an additional ﬁ%&ﬁw’%ﬂ g%%‘&’{ﬁy%he out put
15 i ncludes scanning |ight across t he wafer and

genera the o A

oo ten ooy B SPPl TnaSie H ogbide et e s
t et Pk RUistRE] B8y S5 Ianitihatheulgect entter & tl&lﬂpbaﬁied Otﬁums
the wafer. | n _one such errbo}éq({]rﬁr(a)hé, det.erm ni ng the

char acP8F FEppdimeHcelaae® adatt ?ﬁanrlﬁ%g & Fharaghrishq o ¢
usiAg. trhemsge@ ek %&r&mﬂ@tﬁmﬁ Fé}ﬁfv@$§lz§ﬁ| BSkans ivatet v
the entire surface t he wafer n one enbodi nent,

20 dawieg il inspstioheysicharkie caiphisingladds st oHPE! EeaIoRiing Fefefects
t hs 1 h\%f@l‘: grséc%ml G tgrflt tfuﬂ goé’@]fo%or{‘é%%d?lg to El% defel®. nﬁhe method

Ut a predeterm ned corre I on between

S arsommbimias ommamnlg thia ehay st ef the vviafcr usrmg tn ottChad Output
Egggdg eepubgﬁrﬁe%ﬁ? hg%i_f{%g th]égxa?a er inc u s ngfuzel% §c3%ed light.

NY(alivEhd Q2508 chtl @@k dting itiedutgie ie hdegitiu@inagitd the wafer with
i ncludes determning a value for the second

q’ﬁt gut
25 adiebSRIOMTCh PRI, (ran RGP SFRIOdETR, BYTTaNge thygutput

c hﬁ(fl@d%ts %ahr%h% figtht ra@:%bst HEWIRF &ld gehfrafil 16l BithhtQBRks the wafer. In
enmbodi nent he characteristic is an average
c heflosr embedimentagmerstingithe aripn! ipriuddsecngagting the qutpyt across

l% o, r [
i sufasta lia %&1%%?]“%(5:%3;% vgatfléyo 219 P%J]&hg Q‘gg‘%%ﬁ%k (ﬁ:‘térﬁ:lmmg the
ao:rhﬁxsaertrdme mrmfdesr daerchirded e vharaaigistibesing the second output

30  generated across substantially the entire surface of the wafer.

In one embodiment, determining the characteristic includes determining the
characteristic of the wafer using the second output and a predetermined correlation

between the second output and the characteristic. In another embodiment,

Atty. Dkt. No.: 56197200-433/P1713PCY Page 3 Baker & McKenzie LLP
NYCDMS/1030288.1



characteristic fromthe variation. In sone
enbodi nents, determ ning the characteristic includes

wW@enwengosng a two-di nensional map of the seconPCDUSMOT/061912
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across substantially an entire surface of the wafer
antitethe indwgthathagactenieticindndes deteinshing a valoerfar kie second output

t wo- di mensi onal enbodi nent er
RS PO o1 Be P A B S e 7 T i I o

S eglaiidnAWhEBYEImRET 8% ShathdidrBhieRtan Al A% cBiradtbi@ivatiBss aaReka on
determining the characteristic for the different areas

ushagyaiehelnvdpigiss empodimpst dessrmbsvngdhc shereterigtia igsludssi ng
t I'E%te?xlﬂﬁfﬁr?gcvta?i'éﬁ(ﬁlt ihGhd @&Jna @@tgul‘ja%%%g i WaRd af &ét&&'uﬁng/ﬂk ue

of the characteristic ferent areas on
watheractetisiicdiven the @wzaémohm SKren pmbechmhntafdeterremmgﬂlﬂeer ent
ar e
e BBt Dl EARES B Snhal Rbd SLERS-RRAMP f 20
Owupdiintialig hiueteise gefaer @tihengafttmd dettpuiting ﬁtemgarmthmsnp lfiem the
channel S of the inspection system In one such

S RENONa B %er mi ni ng the characteristic includes
det er mgp hm@nﬁdﬂﬁn&ﬁ AfetehRigIhd ChakiSleNdictin@ude aaBGhiNME RWhlue
generated by one of the multiple channels. Such a
nePhibe seeayd YR are) dideearees o the wgfeaanﬂi. defegpivijtg the
C%E@&Eﬁ csf&‘ the Qiff Feﬁ@aré‘%@ﬁlﬁﬁg %'vgﬂe% Ee% bR
gener at e anot er of the nulti nne s. In one
e rﬁst;dnmrgtthe thhecraistodclides Idﬁidemmpe afsmglmmlye of tit ickaraatealstic
p 10 (? ﬁsregt?a%atrs %n th%SI % dtlrfhcﬁngfsglc regcgpe: I gr rfr:]a%hgoflnlh a&%rent areas
nrtjmlatg@r- thag amﬁreaos;_epaﬁemeaﬂa@tuearoﬁtabwa&at ion pr ocess
usingm racterl ticto deteﬁl excur5| ns in the
sem confdiftt i‘tml'“%ltﬁ“? C4imesh eprEtag e OPpUL iR des ge“era"mg the

enfgit 18R SultibRhARIERQdhe Mhel4iBR sHahe! NioRé Aith3mbodiment,
standard devi ation of the second output for different

ardstesmiping hrohagrieristisiacldes detaintning thefchpraeleriylig neigg the second
deo\ah%%i &@&té goﬁébﬁh@&u FLhIAMRL. 'sﬁ%ré‘a &%ﬁ%&ﬁé? Eg&%ctu‘ae

nana |t|ona odi nment
rreiemummgcal d;ffe'sntd:éarecrtmsnp npthe aricatsionthe necohd ogpw@ankrated
OL!)t %Htthcr Jr AR mulpele fn%g:sand determning if the
i'oni'S associ azf leIth a signature of a process
t ooI U$|ed1ete(mbfodfnmnt lte: miah@y inclhdes @eﬁf@tﬁi&rﬁ}ﬁtatﬁﬂﬂ@@lrmhommi

the, neth d i n¢l udes i mensi onal
oIS 1og e DR HAT Bt Eh%“%gl? a%ﬂ@%ﬁ%ﬂé%@?fgpﬁ e expitforaing
S UK RGEor@brih8r MRflond e %Hi'?cﬁ\:idﬁﬂ)rd)cf%ﬁﬁx Qﬁ@&ﬁﬁllctenstlc to
pattern is Atty Dkt No 56197200 3/ P 713PCT Page

Baletset RRERYInhq semiquediis/flngaggragssede feme ﬁnbw@nents
T Re Hlﬂﬁ‘&‘@@kfﬁﬂ@s‘ demlm dsttz11 ndard de r&glléet s?gc}'n%i%ru[bu't for

present, determ ning e abnor
califfegperdsort e anafe xnm:ﬂmrmmmguf theptandad devust@ahs iralidatram
t he wa

excursngﬁe Ina process used to form the wafer,

In an additional embodiment, the method includes determining variation in the
second output across the wafer and determining if the variation is associated with a
signature of a process tool used to form the wafer. In a further embodiment, the
method includes generating a two-dimensional map of the second output across

substantially an entire surface of the wafer, determining if an abnormal pattern is

Atty. Dkt. No.: 56197200-433/P1713PCT Page 4 Baker & McKenzie LLP
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In one enbodi nent, the wafer includes an unpatterned
waf er or a patterned wafer. |In another enbodi nent, the

w@eb@ragrosr i stic i ncludes roughness, reflectiviPgT/Us2007/061912
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t hi ckness, thickness uniformty, polish uniformty,

r gBéssittiin tHeytwo-dimans@ahat n&ipz&d if an sbacrnabpdred isprebsy, t he

nmet hod. i ncltglge det ect i the efects on the wafer d
eﬁ&npﬁg orm é)@tera OHF4SRO | SFEHFIEN J¥ 2 RRESSS use to

nqgh,og,ed@ggr [ bed above may include any other step(s)

of any ot her net hod&s) descri bed herein. Another

errbodi repie grejogineeat, thy walerdpghedes pn popattanehvaer oretaBemed
%féiretlﬁfnmtl{yr PYb&HiRPAT AC El%'%dc?e‘r;%&c iR tues W fcBhess, Té‘ﬁ’ecnwty,

od 1 ncludes acquiring output responsive to [ig

f rtb:nkrtehse thickiness wydnmritt EdESbym&nnmfm,srpﬁesftvnp,mrsgﬁet 870, Ifrh@ne

OU%{%ﬁg | ”féh!.‘é' et fogré;icgurg" Uid c‘img& @@8%@.2@%%@& uS8E 8% Reput.

c OEﬁ@wmmb@dWmdﬁﬁeeﬁmm@mm dvode mbg diclude hnydaser

determ ning the ch E‘[I i c. of the wafer using the

sé&?ﬁ‘éof)%ﬂyﬁtterm?ﬁﬁ 3{5}7%‘“15 gﬁ‘ﬁﬁ‘dl ment may include any

ot her S{n@hesdmedirAdhy réPzIt&Q& aBhpasiimpblarschinhadder ei n.

An addi tional enbodinent relates to a system

colstergipinec charaglerigic il aavafer.c Rk aethed inglpdles apquikng pirayt

T o i d

R R R e S O AR

r esqodes ifivse ogtpu doghStpOﬁdlmgnOtdq’écm@h dlre, waltreind yecpod output that

i ncl udes rst, out 0 ef.ect s on the

w8 o ThE BB O R BB

t hhadatesic efthENsef@yaszhg theat®@ad binplhtudas Iﬁtwmeﬁasmfzm may

configured to determnethec cteristic of the

nelrelidb ey REet Hep( ol anaetBiiisihe: ?55r C%%@@t%ay be

fur t hemnGRBfkiLEH %@@oaﬁae@t%@{es Redsvhehbmfigulidl tEetermine a

DESCRI PTI ON OF THE DRAW NGS O her objects and

adbhameteripals obe Wﬁf‘?é Thasapemdrrlugdes pn hensstien whpatcaronigaed to

t
e B DI ERASIRL L NP RoRE, B he
1 dugpusintludey fokiamtpui Edriespanding hgddents extherphter afd @cmtdutmjt

fao nitorin S d on a,characteristic of
L bR ol kg P B R SR S B IR bRt
Elazl@@ﬁguf]ed\tb i&eﬂaxlailuﬁe thie RhYEENVEE 40O ﬁagﬁr ﬁ%ﬁh@th? Zedond bu;}tﬁtgs The
ow charts illustratin ne. enbodj ment of a netho
chSt%fét“tai}’rtf@ﬁHB‘e%\mﬁ@BWS‘ag% WB&F?‘BW ng a process based
on a characteristic of a wafer and the method for
nmonitoring the process based on the character| stic;
Fig. 3 is a pBBIE pIRIBTIQN Gl ATH ANES out put
responsive to light froma wafer generat ed by an

I ns peCUﬂ%@ oﬁ%g‘tg & advantages of the invention will become apparent upon

reading the following detailed description and upon reference to the accompanying

drawings in which:
Fig. 1 is a flow chart illustrating one example of a method for monitoring a

process based on a characteristic of a wafer;

Asty. Dke. No.: 56197200-433/P1713PCT Page 3 Baker & McKenzie LLP
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Fig. 4 is a schematic diagramillustrating a top view
of various enbodi nents of different areas on a wafer;

wo-2@7/0%9mcl udes flow charts illustrating anot PEr/US2007/061912
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enbodi mrent of a nethod for setting up a nmethod for
nonito “th1 g imlydeotes shapa Sbkdiraing anc trali@lohent o84 nethod fa setting
he nmethod for nonitori t he

f
ol G RGP BT B provkss Foef 58 o cha R iOLORERG P 1

dinR@ANSr mbAitbsihg Bleipheted Hasdn tEabbiateadticyi ew of
various_ enbodi nents of a systen1conf|gured to

det er niie3 & Tl HevatnsecXyRPlg OfRifR Tespyiisive ¢ kight from a

I V.80 kb HSIEER Rl §idR. various nodi fications and

alf%rﬁggﬁ%e %rnsﬁﬁspegs%lc enbodi nents thereof are

shown [ig. hsya ssheregtigmipigent Hlusthinglp tomi vigys ofwariowi dntbodiments

her ri in detail. It should be
gpﬂ?a$8%§h%mé%§%. that the draw ngs and detail ed

d escri ptd. 6lincludes B4vo claire ilhstratingtaestdednibodiien df atrimhod for

invention t e particular fo I scl.osed,. but
CHRP& Y G TR BRE 1 Botss® BOYL SHRAGHR AT e
eqpd Mathetos ndARorlgttRy fraddsyBSed & the Bighrabtdribiid) aidhe spirit
and scope of the present invention as deflned by the

appendEgsd-apmschepptadipgpmptbergtivg aofespreciippa! P’RE#EP?P?E‘B‘S
Mﬁ@@h%h%f é?ytsféﬁqecgmh €l ﬂ) de%eprﬁmts %rcfﬁraé/ﬁ@’fsﬁé of Pgperally

ers to su rates OFI’TE a sem conductor or
non senldsrluiovationsstsasceptible Ewanwse'@o%fﬁcaﬁef@tﬂné alternative

i conduct Qr, of.._nqQn; FC t ' ' .
oty &gt CpRlip B PTG SRNGLR it by 1 #6ines
g aahh iwiinhereia dadeberibarial détnidli 1nshophiisphidetstooGhioever, that the
supstrates ;may be commonly found .an r pro ssed
S G DA ITE (O QA Br BT Beioat Potiragied jo R B Tgion o te
| nEhdddRr PRE dREI0SRRI ButloAYIRS @nfr@y RMintRash B 16 edsk zﬂﬁt e.
For exanple, such layers may Include, but are no

| imdifesations, eanivalsgisand aliprentiapselatling ovithintBe pRAT anéﬁf‘dms of the
t. M%ﬂ§ . types of such
lg@%gglgﬁguﬂﬁ%iﬁﬁ@%t? P &%{ﬁ?%e termwafer as

used herein is intended to enconpass a wafer including
al |l t { .

& 7o dEERy ¥R 0 PIQEEE%@DESEME&QMENIS
NYCDMS/ 10302S8 i One or nore Iayers formed on a wafer

may be patterned or unpattgrned
[ har of OP BB Tadiedr Tl HE G FReT SREUAP R B

a sPalchduord Gx\’\ﬁfn%mi&)%uc@%mrﬁﬁ Brandl@lof BRY alsBfichstBicr or
plurality of dies, each having repeatable pattern

f @abuerBisOndugionmeicdn aglerepbs aest Hgited tos HoRCary{pding sifjcon,
%gﬁ@féﬁeﬁw b G Tt Shé/s gﬁ@ ué&ch'sﬂbs‘ﬁgﬁp ln%? 8 H8MbAE Found

erent types of devices may be forned on a
washéior pracmdsadhe sansronduetbelabramtios Gdilies-ei n i s i nt ended

to enc %‘W&grsm%/ i‘r’yglzz&ron% by Vn\a'f%ylrecigyers formed upon a substrate. For

example, such layers may include, but are not limited to, a resist, a dielectric material,
and a conductive material. Many different types of such layers are known in the art,
and the term wafer as used herein is intended to encompass a wafer including all types

of such layers.
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any type of device known in the art is being or wll
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emphasize characteristics of the elements. It is also noted that the figures are not
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variation in the characteristic. In addition, SPC can be performed automatically using
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physical quantities of wafers by metrology tools includes reducing the number of
measurements performed by the metrology tools, simply not performing the
measurements using the metrology tools, and monitoring a diagnostic parameter of a

process tool or process equipment instead of using a metrology tool for process
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monitor the surface roughness of these films with relatively good accuracy (e.g., with
sub-Angstrom surface roughness measurement capability) and relatively high
frequency. Relatively high frequency monitoring may involve measuring every wafer

in every lot during early development phases of semiconductor manufacturing and
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metrology tool can take a relatively long time (e.g., years).
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multiple outputs of the inspection system such as multiple haze maps against the
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PPT st PlaSinge e bR aplhal & G amagisa B gn nspection

i rss}sa@ﬁté @Nths WafeP Brfa€e SatterindQign@lieplotitl {sac@ndieabl s'atfa)a on
naI is plotted as a function of position on t

9fer)Aé\SﬁmhFﬁ%\0W§ fiotikg- 3-@utpigof a8 inspertion £y em s firs

' rb%ﬂ)%@ﬁd %e%ﬁﬁﬂd Méc%ds%g’h {4 famfculid d%?écts%g the wafer. First
cor respondi ng defects such as particul ate de?ec

mutphéZQ/\mﬁjebe ldﬁltrf'@ti bp apndyite 2Greshyld beothaaatgdrithne tb thy Output.
gg}gl ?41%{5? ac—:hglg Ig:{lﬁa P HC%lgdffe cropl%'érrég &b eregagz%igr %tt reshoFd su%lh 81
I ehgphii seteypdnt@b td Mﬁ:sshmh te Bisai’minlilaﬁ frottqutiut that corresponds to
correspondi n defects.ca e d imnated from
o Gobe o Bt la s GeRRS e TlrSudlsr he fHPoL s i second

f roQfput iEth&Mﬁ(fl@&@ aDbf thB @u!g@{f 84t -dod Rt BaHdRpdndab 8R defects.
i ncl udes second out put that includes all of the

out put Thhettry @é@@ﬁeﬁpe%faﬁ pstab tigreferet ey Belpder wlativply large
f i
| %51%\4%1 s WW dg M%tr?g%h% édg]f%Epgﬁfong 1o ﬁ@ﬁefecti‘. is the

are at ivel or a wa
N@mpat ¢1yntetehﬁefoomsmmom @mdtés panditirg dow roheordefadits dafs:ts is
e o f nt er est for inspectio and. t out
o?s:c?f:rgdu noralsgt nué OP?eégrp (?ﬁléﬁ ?%nd P e%}iarsnp:ﬂe’ the outpup conespo%gmg to
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light point defect (LPD) map, to determine locations of the defects on the wafer, etc.).

All other output generated by the inspection system is considered noise for the
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determined using an inspection system and an appropriate correlation or other data

processing described further herein and since inspection systems can acquire data for a
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30 In an additional embodiment, determining the characteristic of the wafer
includes determining variation in the second output across the wafer and determining
the characteristic from the variation. In a further embodiment, determining the

characteristic includes generating a two-dimensional map of the second output across
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In addition, both different areas 26 and 28 may be defined across the area of a
single wafer. For example, as shown in Fig. 4, wafer 30 may be separated into

different areas 26 and 28. In this manner, the characteristic of the wafer may be
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output generated by one of the multiple channels. Such an embodiment may also
include determining a different characteristic of the wafer using the second output

generated by another of the multiple channels. In this manner, by scanning the wafer
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average and to determ ne the characteristic of the
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extended area defects. In this manner, only a portion of the output of the system may

be used for detecting such defects. Detecting such defects may be particularly
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the area of the wafer or substantially the entire
surface of the wafer. As described further above, the
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erg?&%'sﬁﬁ @9 a d&ﬂb@it:on tool may have a characteristic that varies across the wafer
due to the chuck of the deposition tool. In addition, the variation in the characteristic

of the wafer due to the chuck may be detected using the output (e.g., haze
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waleaenond ng i f the standard devi ations i ndi caP€r/ag2007/061912

10

20

25

30

excursion in a process used to formthe wafer. If a
procegemexent gicampesion desten. f Tedrabgtidnhe thestdvod oatpdt may be

nts descr.i bhed her,ei t he t hgd an
SRl E B B R DR h R erS Shuiyalf ST BB
pnﬁ@ﬁfiﬁn ﬁxhﬁﬂe%rﬁmumﬁmdﬁb@ﬁ@ﬁiuﬁﬁ f@ d@f&fﬂd‘lt detheord t%ﬁé wafer,
rojl . Inthis nner teristic of a
ﬁh&d Ereenmy %%3@%8@&%% ‘SHL reffbt BEsEIIHRy be
Vedel hiiGd 1O calPRSHE Gikcidfil AAhs ol BE EGhRIN ‘&)Q?Jredeféﬂ‘ﬁlm&h e
val ue of the characteristic determned by th

wéhr,e@ogbgf lingipfor ﬁﬁy;tap@ar@ dadption. Hethismpdnger. thy étandard deviation
2%&39&1 LALE gl%&%tr tﬁ%e éthg erés%ldtop rn%%?%?]‘ n%e'a or Rilftified as

i ments od |nclu I'ng variation
i rindlhaemg e@mttdssemtpsjbn &etrmaéwtahwcwwﬁemhahdmgieztme of the pgeess
t.he variation is associated with a signature of a
éess tool used to formthe wafer. For exanple, a
vvaf er thafurthasnivegimept, dressiad ikuds daresing b oRo-HRnsioRy
have characteristic that varies across the wafer due

t GaPrRd REGENd OPtPETRETRIE PSRRI ap sBffre syrfrca HEhE PR t he
vafeteahinmg iF fh er'ﬂ@mfé'i‘?Je tR& e bieSdn n @f n&dﬁ@in&e@&&{az Auf, ahe if an

the chuck may be d cted using the output (e.g., haze
ArabyorpR] pqﬂemesa@sma@ef&@epm iﬁtnemma@eﬁq@cmeqnd&to an

Nté%@lﬂ‘glb[? 1 ro&&@%ﬁf@ﬁﬁ’ &%%va:]:&(e %ﬁé’%lﬁlt'gﬁﬂéiiztte% [Ei% two-

i nspection system e variation | econd out put
maymbsicdetreapimet idsitified tumpkary duitkbli ratthehanidrfor tlgerithm

cond.o addi tion the devi at i
¢ RGBTl R bRl o i erRld ufiFY wthaieaicd
aﬁ@caﬁdepmttal‘b&lo‘l\fﬁlﬁqﬁéd toJhenudk frhRine of a &pedifio@yl (e, defvmed
as. descri bed further herein., The standard devi ations
f SEPSLOR tofh), PRY g P?‘f“%‘i“gﬂ' eéﬁhe%\ss“f‘r‘éymk?@p% ﬁ‘ﬁﬁ‘ﬁ% gy ppelgetro-
prcﬁgﬁicﬁlrdéb&@cﬂmt(ﬁc% Brotes, erpa&érmcbrrésgén&z 0BG of a

devi ati on. hi s” manner, he standard devi ati on
v dlageg Q\&iatoowlet t@ﬁetatr@th%h ax%ﬁnt: hEE@Hraas Kikichesy varipidn, wet

d.ar.. | SS
lealte plBRAR T B Al RN ARGRRLRRRES
t krerbpdiowessietcobéd hekain maf blﬂ]d&é to Elaz’mf;d Bgfmmtvarmtite; imat hod
er nsi.onal of th
| EnEuR SEE Mkt 80 ubalBs SN0 M ps R ftot frasess
ofextiligowvaf er, determning if an abnormal pattern is
present_in the t wo- di mensi onal gqrand tf an abnor nmal

pat t er APf Beipeadyelso stuge HPRREFsylEs of Hig datsmeinipgistep in a
Patdr &k MRk, eﬁeqes%s szh@@eteasﬁmg 5O mbfirRIuRE Qfgeef%het&%ﬁms

to formthe wafer. The abnormal "patterns in
t wor irechidrginaln adaiionsthe Heringdeamptmdyi 1e@lumtmglga¢w1ts of the

{eﬂplln%gmﬁahé)gdcﬁ%w 8 'Zan)a(ltgeq ésﬁxnm;f any steps of any method
embodiments described herein. The results may be stored in any manner known in the
art. In addition, the storage medium may include any storage medium described
herein or any other suitable storage medium known in the art. After the results have
been stored, the results can be accessed in the storage medium and used by any of the

method or system embodiments as described herein. Furthermore, the results may be
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30 measurements. For example, as shown in Fig. 5, the method may include generating
calibration curve 40 that describes a correlation between the measurements of the
wafer(s) performed by AFM 36 and SP2 system 38. However, any other suitable data

structures (e.g., a look up table, a mathematical function, or an algorithm) may be
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nore than one wafer. In addition, the deposition tool
may be used to formlayers having different
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30 substantially an entire area of a surface of the wafer, relatively frequent monitoring of
the process may be performed using full wafer coverage measurements of the
characteristic. The embodiments of the methods shown in Fig. 5 may include any

other step(s) of any other method(s) described herein. In addition, the embodiments
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waf er may be used for inline nonitoring. During inline
nmoni toring, wafers may be processed by deposition tool
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source Ire
detector 52 may be a relatively low quality imaging detector or a non-imaging detector

30 capable of measuring only an intensity of the light reflected from the wafer,
The inspection subsystem shown in Fig. 6 may include any other suitable
components or devices known in the art. For example, as shown in Fig. 6, the

inspection subsystem may include stage 56 on which wafer 44 may be disposed during
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48. Beam splitter 48 is configured to direct the |ight
generated by |ight source 46 to objective 50.
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the second output have vaiues that fall into a mean/range space using segmented auto
thresholding (SAT) and estimating the graininess of the film from the number of

pixels that have such values. In a further embodiment, processor 54 is configured to
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entire area of the surface of the wafer. Detector 52
may generate output that can be used as descri bed

wo aoorioga9sher ein. I n addition, the output generPCEUSIHY7/061912
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empodi Tegbrne embodiments, the system shown in Fig. 6 also includes carrier
medium 58. Program instructions for implementing methods such as those described
herein may be transmitted over or stored on the carrier medium. In particular, carrier

medium 58 includes program instructions 60 executable on processor 54 for
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the processor is configured to determne a single

val ue of the characteristic for different areas on the
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30 second output across the wafer and determining the characteristic from the variation.
In another embodiment, determining the characteristic includes generating a two-
dimensional map of the second output across substantially an entire surface of the

wafer and determining the characteristic from the two-dimensional map. In some
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characteristic of wafer 44. Al though the processor and
carrier nmediumare shown in Fig. 6 as coupled to an
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processor and/or carrier medium may be configured as
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detecting defects on the wafer using the output. Each of the steps of the computer-
implemented method described above may be performed as described further herein.
Each of the embodiments of the computer-implemented method described above has

all of the advantages of the methods described above.
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second out put across different areas on the wafer and
determ ning the characteristic for the different areas

waigiongoroke val ues. I n an additional enbodi nmentPCT/US2007/061912
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The inspection subsystem includes an illumination subsystem. The
illumination subsystem may be configured to generate light 72. For instance, the
illumination subsystem may include light source 74, which is configured to generate
light 72. The illumination subsystem is configured to direct light 72 to wafer 70 at an

oblique angle of incidence. The illumination subsystem may include a number of
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described further herein across substantially the entire surface of the wafer.
IHlumination of the wafer will cause scattering of the light from the wafer. In
addition, both oblique incidence light and normal incidence light may be scattered

from the wafer. The inspection subsystem shown in Fig. 7 includes a detection
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light 72. The illum nation subsystemis configured to
direct light 72 to wafer 70 at an oblique angl e of
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mirror 92 directs the collected light to beam splitter 94. Beam splitter 94 is
configured to direct one portion of the light to detector 96 and the other portion of the
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described herein, The system shown in Fig. 7 may be further configured as described
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Further modifications and alternative embodiments of various aspects of the
invention may be apparent to those skilled in the art in view of this description. For

example, methods and systems for determining a characteristic of a wafer are
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as processor 100 for perform ng a nethod for
determining a characteristic of wafer 70. The carrier
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in situ control technique. The paraneter of the
process or the process tool may be altered manually
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or automatically. The enbodi nents descri bed herein may
i ncl ude any step(s) of any nethod(s) described in
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10 art t helegen®ing thd@anekriafc of Herydf@gising thetbeond UL | on.
It is to be understood that the forns of the invention
shown and descri bed herein are to be taken as the
prpsentﬁgé nRAIRTIQT E R EIDRA R Uight Fln® IR Rdafer @B prises diffusely
materials may be substituted for those illustrated and
dessetfdrgseléiEbher ei n, parts and processes may be reversed,
and certain features of the invention may be utilized
i ndependently, all as would be apparent to one skilled

15 i M.t he Tetmeifddef chawi n@etdinesdh@gmlﬁ:iating)tommisss illuminating the
desc of th ention. Changes may be made in
tﬁ%ﬁ%q& ﬁ@gpa@g%? é@ erein wthout departing from
the spirit and scope of the invention as described in
the following clainms., Atty Dkt No 561 972QG0-433/ P17
3PET §&@“§§Kﬂéﬁé?“®hﬁ%@¥%ﬁ%“QEWmWWQKN%WEngﬁﬂﬁﬂmi%ﬁAT
| SictdstMVERdrand éeneﬁtﬂ@{h@ %Qtpﬁt‘%[cr&?*h% MR NG a
characteristic of conprising: generating

20 out put responsive to Ilght fromthe wafer using an
I nspectf - ' oy
ot put. ar b Mt Pl b oUIRE SRl
s eagna aauispubstanhatﬂy &'ierermtfa@mf tespderd to the defects;
and determ ning the characteristic of the wafer using
the second output. 2. The nethod of claim1, wherein
the |i gk rfeti@mof bRinvafvaiferSO5aM toeitifi Ednishbygenealiiehed

light. 3. The nethod of claiml, wherein said
25 ge‘ﬂ’&?“é?‘?rﬂif SEWI?% ei“F‘felﬁ‘ﬁf?‘Fétqf It]b& Wwgr, and wherein said

determining comprises determining the characteristic using the second output

generated across substantially the entire surface of the wafer.

7. The method of claim 1, wherein said determining comprises determining the
30  characteristic of the wafer using the second output and a predetermined correlation

between the second output and the characteristic.
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wafer with |ight produced by a |aser. 4. The nethod of
claiml, wherein said generating conprises scanning

wo p@hinozmsr oss the wafer and generating the outPCI/US2007/061912
across the wafer. 5. The nethod of claiml| wherein
sa.d ggmenRitod9f CIORPT, ivEREiDQNEdefrin fing ddehpakdsRldlerA@nQSS
substantially an entire surface of the wafer. 6. The
metthsdorghe scandRuput pfessen Area an thegeriamat AHg iR Mtses
gemn agghﬁgfﬁgpmguggyt across substantially an entire
surface of the wafer, and wherein said determnning
conpri ses detern1n|ng the characteristic using the
segond t :

5 ori re arPHd SERERAL SheRl AR ShURIALK oR b fpdetincsrit
wherees i &ed ¢h tleafeni ni ng conpri ses determ ning the
characteristic of the wafer using the second out put
and a predeternined correl ati on between the second
oufpPUt TRB¢hetHdE of Blai@ L tvitetit $26d defdrinyhinddoimprided deteBfithing
97200-433/ P1713PCT Page 34 Baker McKenzie LLP NYCDMS/ 1
03@dggMig thepreondwripYECHTsS the yyaksr gnd determdnipg thg chpracteristic from

10 dehermanking conprises determining a value for the
second out put across an area on the wafer and
determi ning the characteristic fromthe value. 5 9.

T nme | n
v agd Rsrisd SR | MIRGEL ARl SEPRETehiatr ARo-
1 Qdimddtonabhiyoel thé sechral awby assbs sebsmngaliyhndetiersmfmierng the

ri ses determ variation in the se d out put
B AR bF YA tgRar g MO B | o
i1s froml the variation. 11. The nethod of cIa|n11
wherei n said determ ning conprises_generatijng

t Wodi mes msHigd O%Jme% whesin %’e%%r@utlwmawﬁs@emnmg a
subsl-ant th@éécéfrh bih& SMEEAGRO6N &b %&Y@E&f de@hining the

determning t aracteristic fromthe
tW@mdmneﬁgﬁ@ﬂh¢dﬁ%pmf4Sﬁl@mg$Wé@h@$hod of claiml,
wherein said determ ning conprises determ ning a val ue
for the second output across different areas on the

20 waf3er  dme nateiod ofitiainn ), wheecie bubd dedraninisg campfrises detremining a

differe rea usi ng. the, yal ues. 20.13. .The of
cl Séqgiq \_:I_al eva% ﬁragtgril ic d‘%ft(léfvf?ff“ﬁ,a}‘-@s 8‘23}1‘?5 rvxfageé dm%erem each of

dehesiferthi\gea lssyafgg} Ba &l st€a &fa fah@mehRE@EIRIthSIvhfer. f O
different areas on the wafer, and wherein each of the

different areas is |arger than an area of a patterned

f eﬁtt ur e etfd8 oPRERY 1, wWithreid Mg FRERAR: &J‘m;ﬁ'isﬁi'g%ﬁeratmg the

wherein said generati’ng conprising génerating t
25 output using multiple channels of the inspection system, wherein said determmmg

comprises determining the characteristic using the second output generated by one of
the multiple channels, and wherein the method further comprises determining a
different characteristic of the wafer using the second output generated by another of
the multiple channels,

30
15.  The method of claim 1, further comprising performing statistical process

control using the characteristic.
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25 out put using nultiple channels of the inspection
system wherein said determ ning conprises determning

W b@7obas@ct eri stic using the second out put gePEr/asmd7/061912

10

15

20

23

30

by one of the nmultiple channels, and wherein the

méthod Thameted otdaipr i, Sethetkonyrrising perdpraingi iffirgrreentitoring of a
char rij st f the waf.er i ng.th econd out put.

o AR EAEIop bbfieon BN AL v Pfhur BB RERRAF U R in e
Themiveddvothr Gibricdtiah probessf ur t her conpri si ng perform ng
statistical process control using the characteristic.
Al'ly Dkl No 56197200-433/P171 3PCT Page 35 Baker
&NpKenThemethBa DY, hBP&hplithg ddibeniiml Ae@n@ird 8dviitih of
1, further conprising performng inline nonitoring of

a e futiut By difiepn @a%Sioaﬁhepw%r@élé detgrpging ffgthe standard

C I?l@{i@t‘?&n@ riﬂcﬁéa'tecantegcﬂﬁgﬁ fita nﬁécce%'sr RSOl tHe R fer,

sem conduct or fabrication process. 17. The net hod of
claim1, further conprising determ ning a standard

deyi ati-on _of th cond ut. for. different areas on
CHE e 7 mEhat §ES ERE tmEH i Pina® b intih R Rhggs §ona
i Rdipaadceosatheavafatagd determiniag tl@casstiins e aksbdatédwith & Bignature
waf.er. 18. The ne%hodhoffclain1l, further conprising
def Prees gl Yeeritafargihg Walthe second out put across the
waf er and determning if the variation is associ ated
with a signature of a process tool used to formthe

wdPer . Thomethpdohdiifold fisthersomprsing sengrating o feeRiansiopy map
9epfkatdong oﬁg&tvé(@fo‘éé %&%&t&ﬂ?_&n &aR. Qirrabhisr tﬁ@&ﬁ[’é&' szP;thHi*ng if
Iy f f the wafer,

acr oss substanti al an entire surface o

det ebrrormilmgttérh ispreshino thegivoplimensionalirsapp aralsi€ ant atinarnodi @attern
t wo- di nensi. onal and i f_an abnormal, pattern is

pr L Dgetan A IR mah b G Qo Belp il ot

C @races peaids firen thawafkeur sion in a process used to form
the wafer. 20. The nethod of claim1l1, wherein the

waf er conprises an unpatterned wafer or a patterned

waher . TRe thethdd8f N0 herkinch@iviferlcomrREQininpRRmed wafer or a
characteristic conprises roughness, reflectivity,

t Rpprdseatert hi ckness uniformty, polish uniformty,
resistivity, or grain size. 22. The nethod of claim1,
further conprising detecting the defects on the wafer
ugilng Themobepofclaidd.. wherewrtpritheracierngicawepried rowghhesd,

I:%%??‘ESL%}C%&% tgicﬁnrégsr L%lcx:lxo?nrlgtys, tpl)l%h%fni ormV\al%/f, reersi’stivity, or grain

size.

22.  The method of claim 1, further comprising detecting the defects on the wafer

using the output.

23. A computer-implemented method for determining a characteristic of a wafer,

comprising:

acquiring output responsive to light from the wafer generated by an inspection

system, wherein the output comprises first output corresponding to
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acquiring output responsive to light fromthe wafer
generated by an inspection system wherein the out put

w@eoopiPes first output corresponding to Atty BRI/UB07/061912
561 972Q0-433/P1 713PCT ' Page 3 ~ ' Baker &McKenzie
LLP NYCDMVS/ df30288hd gefeatdseend vhiputthdtdoesaimticamspmd to the
out put thatdq%%s& 1pt correspond to the defects; and
det erm ni ng € 'characteristic of the wafer using the
second output. 24. A systemconfigured to deterni ne a
characteristic of a wafer, .co I si.ng: an inpspection
Subsys CERTUAE S PEEEIETSUE T HRIALE BoPEe SPRd OUR t o

5 generate output responsive to light fromthe wafer,
wherein the output conprises first output .
coftr es PoRFHGoriRuERSite determyne 3 Haragigfidic of @ dvadea cesmprising:
out put that does not correspond to the defects; and a
processor configured to determi ne the characteristic
of t heanbpactiesiuhgystemecos Ggwediiodlnminate thatwafer abi to gaNerate
>0 197200 43Rt fl Bl e {0 FOm TR Sheef WELERL Surpi”

10 comprises first output corresponding to defects on the wafer and

second output that does not correspond to the defects; and

a processor configured to determine the characteristic of the wafer using the

second output.
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