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. DI FFRACTI ON SI GNATURE ANALYSI S 5 CRCSS- REFERENCE TO RELATED APPLI CATI ONS

Thi s applwegatr@nscl ains the benefit of the filing of U S perasosemsal

"Patent Application Serial 10 No. 601230,491 ) entitled Determnation O

.

- publi %atl ons are not to R
i nventli on. Di scussion o

Center OF Focus By Diffraction Signature Analysis, filed on Septenber 6,
2000, and the specification thereof is incorporated herein by reference.
BACKGROUND OF THE I NVENTION Field of the Invention ! Technical Field): The
present invention relates to nethods for determ nation of paraneters in
| it hography 15 applications by diffraction signature analysis, including
determ nation of center of focus in |lithography applications, such as for
phot oresi st |ithographic wafer processing. Background Art: Note that the
fol | owi ng BFETERMINAFION OF GENTER QF ROGUS BYRNFIRATTIONSIGNATYRE ANAKYSIS) and
year of 2a publication, and that due to recent publlcatlon dates certain

conpl et e backghigdpgshicaiofl clafmdtAé bérﬁftbﬁtlﬁ(?ﬁﬁd waasi m.smaﬁimnsﬁmeaﬁoh%bnﬁ uch
publications are prior art for patentability determ nation purposes.

Li t hogr arNry 60(3%0 401ventitied Delefminggion QF Centerl Of CacusdyPDiffractioh Sigpafuiecimabisis.tfited, on
optics an ustries i t hogr.aphy i s used to_manufacture

sem cond %8@ angﬂ‘ ﬁpa%fcﬁ'fﬂ"g'@%f%{%gd"@f&&%ﬂ herein RLEERENSE wafers, as
wel | as flat panel di spl ays, disk heads and the like, In one appllcatlon,
lithography is used to transmt a pattern on a mask or reticle to a resist
| ayer10on a substrate t hr ough BAE iEE Y ght . The resist |ayer is
t hen dev ape he xposed attern is either etched away (positive
resist) 'st) to forma three di nensional |nage
pattern in thepd kéﬁ G reldf@’@%fhodﬁoh@étemaﬂ% &'p allahltemﬁﬁtﬂbgl’r

enpl oyed in addition to photoresist |ithol ography. WO 02/ 2

PCT/ USOL/ &ppigtionisiby diffeactior sigrafuré analysigriaghining determingtidnaf bantaroefdeusrin hthtmraphy

sem conduct or i ndus e i s enpl gyed, which typically

i ncl udes #®P \’C(?H‘?R‘f’t?”&ﬁ %/@ﬁgh%{?fas'?' "ﬁ‘ ?Fgﬁ}i‘iﬂ?ferpé eéﬂé'rrer | aser |ight source, a
waf erqgst age, a reticle stage, wafer cassettes and an operator workstation.
Moder n st epper devices

Background Art:

Note that the following discussion refers to a number of publications by author(s) and year of
publication, and that due to recent publication dates certain publications are not to be considered as
prior art vis-a-vis the present invention. Discussion of such publications herein is given for more

20  complete background and is not to be construed as an admission that such publications are prior art
for patentability determination purposes.

Lithography has a variety of useful applications in the semiconductor, optics and related
industries. Lithography is used to manufacture semiconductor devices, such as integrated circuits
created on wafers, as well as flat-panel displays, disk heads and the like. In one application,

25  lithography is used to transmit a pattern on a mask or reticle to a resist layer on a substrate through
spatially modulated light. The resist layer is then developed and the exposed pattern is either etched
away (positive resist) or remains (negative resist) to form a three dimensional image pattern in the
resist layer. However, other forms of lithography are employed in addition to photoresist

litholography.
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enpl oy both positive and negative resist nethods, and utilize either the
original step-and-repeat 5 format or a step-and-scan format, or both.
Exposur ewamdhoeus deternmine the quality of the i mage pat rerrusbhatesi s
devel oped, such as in the resist layer utilizing photoresist |ithography.
Exposure determ nes the average energy of the image per unit area and is
set by the illumnation tine and intensity. Focus determ nes the decrease
in nodulation relative to the in-focus inage. Focus is set by the position
of the surface of the resist 10 |layer relxative to the focal plane of the

i magi ng system Local variations of exposure and focus can be caused by
variations in the resist |layer thickness, substrate topography, as well as
st epper f ocus Ind¥efferm qilithegrarhyopartisgiagy psed in/he semicensyctprn@usiipuyatersiearerdt us,
i mage patter f thr i I ir [ '

dot or m mer IR SRS BHER, DAL Eec kAR Rl o A Bk iy sBrocg
and exposifer sestd etige siage, Rafel ta3bdtiRs laid dPogefPQToAtatioh eMeddri teppet Gevipeaphi
process is being used to generate sub-micron lines. A variety of mnethods
and devi (F@@'QY&?&‘ Roskiye Andagadtiye mrsisbmaiheds. prsbyiyzegither thg prigiinahfiap-gndepeat

l'i thogra VI ges, S [ lLegtron m croscopes (SEM and simlar

devi cgs g&é‘agﬁrp‘%%@i%n gﬁv@\rfﬁ?ﬂ:&vﬂ?ﬁ'e SEM netrol ogy can resol ve features on

the order of ExdosliieGin®fstus ddGmieQREGlity Bf BO Fhdge)patt@fl thaf I8 Yeveldped Bustpgainm
chanmber) is relatively slowin operation and is difficult to automate. 20

Opti cal riheresisidayss gtilizan phaoresiy llitheai@phyb (AXpeRyredsaterminee the [querag eneray®f theés ol vi ng

for sub-rmic truct . Cther methods i ncl the d {_of
Cpect al 1 8805 e 4B 8% R el chin @ e aREontl 25 eSS Pl
Nos 5, 713n dfddulation 98iaive 2tne Adeilt. i8S, Fbaus @&rbg,mé (REiIEH of AR dufreise GRErR radisio

known, as disclosed in U S Patent No. 5,952,132, However, these nethods,
whi | d0i ndaxeatsiatiye todkoloeal plane pidbaimsgingfsysténe nature of the targets, still
require use of SEM. optical mcroscopes or 25 sjimlar direct asyr ement
Goui ces. A varPaIARirs of et areoR ian B patad bliayRlont WG esBEBH cron:
have beenniifRes, sistraldasmeiaphy, a6 Wl A 1@epPeosldiiC Beda@sedf paksitsioedrafdns @i ¢ and
opt oel ectroni ¢ sem conductor materials, conputer hard disks, optical disks)

finely pdixpehveiangfotusdimagopaiieme gereratgdhtirayoh ithography reayire meaildring to detesmiak if

di mensi o in ther e of t mcrons to |less than one-tenth nicron.
For - exang PR ord GG aspbable Blactoes (1868, bhus SEnmedite &Tpb AR MEELR nage
and 96l d iRgomERIdre fARLIItHoGHaphi€ FoBds RBeR uséd e gehésrat@ slibimicrorAve®mat ed -
nondestructive critical dinension (CD) neasurenent and cross-section

profile anal y#ivarigy otrmetiodsand deMidep hdvesteslen geadl th detenBne fPeisenfisteprer agd SHOBAr692.
Thi s devi,ce can repeatably. resalve critic inmensi ons of less than 1 nm
ahi et oo SRS Stnyinh ERRn i pESE M FRLHLR p dtesi oL apiciat.

per f or mi ngowievbayhile SEN ARNESS) AR $EHERIAtUres DiitSe 61YH & 6.1 GRS ke prdtesd iBt ensi ty
of a single diffraction order as a function of the angle of incidence of

t he i | | urdoptiy reqyirdsiagtigh \sceum chipmber, i rélativeiwslopain operation apd istdifcuitthauemaipecul ar

or der,.as 11, as higher diffraction orders fromthe sanple can b | tored
T RS e oo oo S etk Bt Bisp Rl e e <S8R P fos B MRRUn
det er i nigidictuRRs. PIRPAEIDASINMidelthedSRIBBE bPIpaEHIAM tfdbtd sndithdt WEEIRALRS as
Because the process used to fabricate the sanple target determ nes the 10
propert i exe disclosedamidiSe Patantdents, 5,7 126707n3,9531RE] and 6,388 A1 S 0Ovesiay efroramethods are
I ndirect ari‘%%%%, a%fdistclgs%dqrr] Bcse %’gfent No. 5,952,132. However, these methods, while increasing

resolution because of the nature of the targets, still require use of SEM, optical microscopes or

25  similar direct measurement devices.
A variety of scatterometer and related devices and measurements have been used for
characterizing the microstructure of microelectronic and optoelectronic semiconductor materials,
computer hard disks, optical disks, finely polished optical components, and other materials having

lateral dimensions in the range of tens of microns to less than one-tenth micron. For example, the



Thi s nmet hodol ogy is described in the literature of sem conductor

. processi ng. A nunber of nethods and devices for scatteroneter analysis are
t aught, iwolopdiorg t hose set forth in U S. Patent Nos. 4, 7PCTARA2E5164, 790)
- 5,241,369, 5,703,692, 5,867,276, 5,889,593, 5,912,741, and 6, 100, 985.
Scatteroneters and rel ated devices can enploy a variety of different

met hods of operation. In 15 one nethod, a single, known wave-I|ength soeurce
is used, and the incident angle Ois varied over a determ ned conti nuous
range. In another nethod, a nunber of |ager beam sources are enpl oyed,
optionally each at a different incident angle O In yet another nethod, an

i ncident broad spectral |ight source is used, with the incident |ight
. i 11 um natGRE20p Serttesarecteramade A sld\py AceRit Rpticahtechrriogies cingldna fuliyaptemated

oPL 1! b R e R TSR e

utilizin _ [ 0 produce a ran _ ases, with
. a det ect Qartfafly diScids6€ In NG, pdiéht NESBHU31890. tHhi lievidelc@R rdpBREBly rdsbivé &ritighISO
possible to enploy variable polarization state |ight conponents, utilizing
opti cs ardimérnsiongpidessdhargt ym white Simglapequsly sletepnining thefcrasreeqienat profileand
compopents.. It is also possibl ' . the ingid . . a.range
[orr] Seuckomips § i TieRpRgssesintt Hihaod nbuahelBhe 30 Sndld Ghoepyds

target argder a8 fidlchidi ctaiel angleYor inbigerica bRk iluminbitgaibRbesimt] Fhé MEnsiy valdtioh bght
or other radjation source. Uilizing any 25 of these various devices, and

conbi nat ite" ersppeanordet aowel) astighersiffragtion prlesdront the sampiricaorhevipenitered ixthisn a

diff ti i for, e .t i d it devi ,
Cher e ar doORE ARG et rlbriatR i i o R AT Aol PR 5T e s on
si gnat ur Qﬁrg@ttwﬁi@ﬁs ftiinaRE dBEcate the Fﬂ%@éss@%éd‘ 16 Mbrib A (MR ISHAPIS tat§ét ABternines the

| i ght - based source that can be reflected off of or transmtted through a
di f f r@ct i pyopegtiestol mgampie target, tre infogyiationiggisqusrfuilag ap indirsOMORioP DOIAE progess.

PCT/ USOL/ 27657 det ect or. These ot her devices and net hods jnclude

el | | psomst BARIOB 5 des bR Pap e AP oG RRrTes hBdEiRs of Tetngds
further kpawevib&abr seaerbrhdlbtamBigSi€eshe dught, REhbiAg!thdsckebiokh #SU.BBYatlt Obt ai ned)
usi ng ot her radiation sources as, for exanple, X-rays. A variety of sanple

targets aMaes. kAONPAZ A,165 000 P 241,309 b.iP3.692, AGE6 GO D8RS5 6812, g and &100:985.

o i den t o spaeatenthe T 358 lafkndhRen @l empiof « yRTF, Hlrerepl fERods of Bpéftan b
ar e kmoWpnendibidd, & Sihgie] KnbidfhveQBngil sYutdeds usdbl, 4n@theX@dat Sngle & is3/akiéd bverawoul d

have a 100 nmline wdth and a 300 nm space, for a total pitch (w dth plus
space) ofdet@@inerhconTineousiraitoh. hramothiet roétheds aauibercf laser beémishigcescase uployad, of

the lithographi ¢ proce and thus a i t hogr.aphi rocesse erm | er
it he arapanaly Gad = & iRt csaass o DG RLRPRGed o° TR br s eran R

Di ffract i Q0rckestyal A@InERbddheiidhimbRNSEd Mbrh BorAé¥anh @ arsiaRbiengthsina tredcigdnt ch,

i ncluding those substantially smaller than those now typically enpl oyed.

Di f f ract i angleg? aptionglly heldeconspanit.c Warlaple hasedighlendmppnents aknaomknownt Witizing eutiehi n
dies gn a er. It is known in the art to enplo Lti.ple dies (qQl

expod o THaESo Bhocd e o e ikt il readl obeisifie e bshliod Blsete by
| i t hogr apghiaSe. "B &R0 pBsshste Blenipiod vhdaBleqidlarit o StatedightitomportdyitsCamkify bfilds andl5
different focus setting or a different exposure setting or dose. It is also
known t hafiltecsgnivany theflightqolaszatay frire théed lofhéompdnants. rigs aleapessiblerie adiyst thed

di ff ti, ti b i i ff t i t f i f
G 11 0 ot nRGeT 80 Prer ALaBE - Sk e o SE o radun shytbe Bisds Yo uFolog ¥ ©
di ffracti o, G akdribvel) SRRt RrotélellrdhiRe éd ﬂtﬂgﬁéﬂf‘m SR} rdfRfivh Sounck. Cdiizi y

actual diffraction neasures are conpare he nodel, from which val ues
are 28 i vefdhesélvericiBPdevidescandivombiodiitoas orqebringatfzing theedf, it grepossible fand kinowatel 20 t he
results fit to a parabolic curve. However, this nmethod requires significant
"time and %%ﬁtdgff ction signature for a sample target.

Besides scatterometer devices, there are other devices and methods capable of determining
the diffraction signatures at the o™ order or higher diffraction orders using a light-based source that

can be reflected off of or transmitted through a diffraction grating, with the light captured by a



resources to generate the theoretical nodel. SUVWARY OF THE | NVENTI ON

(DI SCLOSURE OF THE | NVENTI ON The present invention provides a nethod of
measuri ngvpagamwes ers relating to a lithography 25 devi ce wonusoimwpst he
steps of providing a substrate conprising a plurality of diffraction
gratings forned on the substrate by |ithographic process utilizing the

| it hography device, the diffraction gratings conprising a plurality of
spaced el enents; nmeasuring a diffraction signature for at |east three of
the plurality of diffraction gratings by,reans of a radiation source-based
tool; and determ ning the WO 02/ 21075 _g_ PCT/USOL/ 27657 differences
between the diffraction signatures to determ ne a desired paraneter of said
| i t hogr aglatecioeyvTheee other delices angdtirdbds insde dt‘momateq; andnefleatometies, in additiento The

met hod can furt her e for Iur t of. dlffractlon tings
et 11 @St o e b et Sor i Pest fimaclost e ebtsan St dor v

det er m Nigfyr tAARLISVuRLE 88 S exhmas! -2l t ng S diffraction gratings wherein
the difference between the diffraction signatures is |less than the

di fference of the el|Vfatietﬁcftsa-plesargetatawrkeswmletthmh Aosiiple aad ceromonly @ised darget
settl g diffraction ratln wher eby the parang center of focus
of ¢ he) 14 #eliEln s sseehialy abeneeotapiotte DR Scabvin a WA AP RSP EB oknown

focus setpbiween abdue 18 %ak 3l MEESATRTY: rdliod b8KR&n. f,@&Haﬁal%ﬁHdu&géram@ hggmatively,
the different known focus settings are non-equal increment different 10

f ocus setexamgs a 18atid, weuldbavecd1 Founm lrerwidtm elhcuaieeﬂ rus epané far avtahgiteh (widthl plus
focus setti

| thmt |
oot naBRRPCABA. T ity Sl HEE foupdiEn G tesliton of G JRaSTaPYE APFE Bilces,
wher ei n e Qdiifhb§HENE Brobdbsél Je%@%blfé?wﬁ{ a&y.fcﬂé %feltvvaﬁaﬁ@n&ibﬁéhr tshmiapope of

gratings increases as an approxi nmation o par a C curve wt
zer 0 10v ebetrédced rMiffactinh téaboigses dde be emplogdd wjm anf/ feakibledhidth endbpitch, incudiriy
diffraction si gnat ur es bet ween dlffractlonrgoatl ngs can al so include use of

a netri c NEREUNHAMRIY SMRERT thagyhase newbIPEIWPMROYEd r oot mean square error
met hod of dat Bf@d?:ﬁé gratihgs Qﬁttﬁg&lﬁhlg&r&egeig P‘kﬂb\ﬁﬁgatt@} ffvﬁﬁn‘? % ??Ovalfe\"..rlrl aer

i ncl ude conparing t e wel avera er ences o raction
si gnat ur dsovaeinweseart tdlehfproamdtnpre dipsgon exgasurel fieldsnen sibgewatent Eazh diffretioret hod,
t he met hod further includes formng lurality of diffraction 20 gratings

utilizi ndali¢fa "Hytbﬁﬁb"’idﬁﬁhwh%?ﬁh&é“eﬁnsf% egaﬁgfefqg&{?gusséutcplaﬁgygmlo&gq rm ni ng
the d5ff fifeRn@Rc@Ssetting or a different exposure setting or dose. It is also known that center of focus

may be determined using scatterometry and diffraction gratings by comparing diffraction signatures

from a variety of different focus diffraction gratings to a theoretical maodel library of diffraction grating

signatures yielding information regarding CD. The actual diffraction measures are compared to the

model, from which CD values are derived. The CD value thus obtained is plotted against focus and
20 the results fit to a parabolic curve. However, this method requires significant time and computer

resources to generate the theoretical model.

SUMMARY OF THE INVENTION (DISCLOSURE OF THE INVENTION)

The present invention provides a method of measuring parameters relating to a lithography
25  device utilizing the steps of providing a substrate comprising a plurality of diffraction gratings formed
on the substrate by lithographic process utilizing the lithography device, the diffraction gratings
comprising a plurality of spaced elements; measuring a diffraction signature for at least three of the

plurality of diffraction gratings by means of a radiation source-based tool; and determining the



a function of the location of the diffraction gratings on the substrate. In
“anot her enbodi nent of the nmethod, the nmethod further includes formng the
pl ural it wof2dio7fraction gratings at different known focu®PCIAIIRYS7and
“different known dose settings and determ ning the effect of dose on focus.
The plurality of diffraction gratings can include sets of the sane known
different focus setting diffraction 25 gratings, the sets varying by

di fferent known dose settings. The invention further provides a nmethod of
determ ning the center of focus in a |ithpgraphy device, the nethod

i ncluding the steps of providing a substrate conprising a plurality of
diffraction gratings made utilizing the |ithography device, the plurality

of diffr atffqremegh%mwse elSWﬁtrqnﬁqagthﬁSﬂq datRTAINeia-fIRRIREGr RACATasteraf paidhfijgography

det erm ni Least three of the plurallty of
di ffractlcg)le?l'cgl M%B‘?@kggg @%&W'E@@%ﬁ#gr atings by neans of a

.radi ation sourmaemetdedart faRher intR:as Fhing tHelphursliy dr affeRtasgraRigeamizing bk
diffraction signatures between adjacent focus setting diffraction gratings;
and det erlithagraphy device@differentdnownioaus sgingh and drtergining the typ adiasertifeeus pRtting i s a
T bR BRIk Bl G0 S ARRh YERRLRE ighe | 00U

setti 'R° One" ¢

differ enCdi‘fféréi'ncdloftfhé aktkdchsh ﬁ@ﬂ%ﬂe&ﬁeeh@tﬁéﬂﬁ%c@ﬁhf@&@ e&miﬁgaaxmactmtgtaun@

diffraction gratings increases as an a ‘E)r oxi mation of a parabolic curve

with a slwpﬁéehyﬁhez%f%f“@ﬁlfﬁ‘écﬁﬂtﬁiqmcuw litkageaphy grMicer mi ni ng the difference

in diffracti Oln 2 rre ﬁ%ocP SRGRD d.ﬁ%ﬁﬁﬁ% & %%ttﬁgé 4k Rfudf inh ehm%ﬁttdn?e'ﬂem
usrng a metric,

gratings can Je caeyermi nat i on o eren

i ncl udi ngfobwseﬂmgs. | Atginlagebly, e diffeRat kndwa FocESIsEMings Qreldh-eqBd) Mefbniht difdrént
anal ysis. The nethod al so includes 10 determ ning the m nimal difference by

conpatd ngfocyscseilipiy Redkihe mﬁmoa@@@ebmcl@nesm? efrigpatherpatigal afgorthiyte geqmalize the
signatures of adja sett diffraction gratings. In yet another
enbodi rren'i'°"o?q“$] 'hcse"?reé‘i ﬂ'& “815??'! '?#hg the minimal difference includes
fitting data deeimeedahimer .Hémicfesrp@nmgaaebﬁtrm&ns;ghaﬁdré afbreAtL sSWItRa the€sS

bet ween adj acent sequential focus setting diffraction gratings fo a

par abol i cdifierencg)in dmcl@bylgnmrembﬁwm difflattfop oeatings in¢reanep as avapprximationiohm of
t he parabolic .curar 9.5 In_al thefo Qi ods radi.ati on
sour ce- baRgPdfi %EH"’%‘?‘.'H\ e "FFE{H V%ré'lﬁ egtebglg%% @gtlermm 'ﬁ"gffgegn%rg%e t he
i ght 1ss ougigacthaSRAatlRe betwdsd difh@Stiondrdtingd chanisoliRAE uBLHS HalHE, e rﬁéln@tﬁﬁtl cal
system focusing the | aser beam and scanni ng t hrough some range of incident
angl es, afmdy be eraplexst d a fogt meRsn square wg"oqm@h%@ aatauan@iyaﬂs fBaterminingrthemigieal ur e

h | |
Furt hor 1 e 2R ARG MO RSBy B G ar 2is PG Grepf afp gy °"

enmbodi mengignailies betveth diRabiie®glatged tool i ncl udes a plurality of |aser beam
sources. In yet another enbodinment, the |ight source-based toot includes an

i nci dent broadn grpﬁeemtrodlmqnl eftine wethed; dhe ragihasiduitheainclugestfemingor plvriality of difragtiog ht

di I nating. t h ' d det ect
P e o B R o B B s e i ST beoh % ol B
Measur emegfundRnel B HcBon df theldirfraciBP§rafigs @ RREubRAte. 1 Bfothdr @lbodiMert @ethbas ed
tool includes an incident |ight source, conponents 25 for varying the

anpl i t udemathdd, plhmrsehm futthes lr@lt:aﬂﬁfompg)lharplummomgractam arlingat|different knewn

focusi ng §he a il lum nating over dent a and
Lot bot olorie s e fhraren: KPHosE Sunes hod B TIAe et Mot Al oBRETER L, o
In all of plikfybPdifigQion GratBid e $clud® 8&Y bi tAE sanerbivh am&.leﬁnoajsgaﬁaya.ﬁrabml udes
phase neasurenent by neans of a broad spectral radiation source-based tool

sour c2§ opatirgsi thg sels varying RediffereM@n @@ Qo0 8tings.  PCT/ USOL/ 27G57 angl e, a
vari abl e angl O.or

h
"diffraction si d‘ﬁé‘?"ﬁ?t@"i‘f@g ?rﬂﬂ??foaggetﬁ‘{fg@ém@t g‘ﬁﬁ terb‘8§%%1ﬂ§ gg%g)‘ ngl e
wavel engt Bei@dinghefiod HREME 1HRASEH of ﬂ'@%dlﬁé)é' Elﬁf%tratQ Qﬁ‘ﬁﬁﬁsingg ddraify drlaiesttienal e,

a variable angle Oor a variable angle m Measuring a fraction signature
can al so gratihgsoeadp hitiizingriesithageapbyitievice, tive ploelity fof diffractiohigptiegsitosprigogdifferent
wavel engtP radi ati on source-hased tool sourc The diffraction si ture
Can b o Fusideis olesst J9.SETT gra speat or of wan Sirs oGeoiihns pilfalhe
signature. The diffraction signature can be a specular order diffraction
signature or a higher order diffraction signature, either positive or
negative. A primary object of the present invention is to provide a nethod
for measuring paraneters relating to a |ithography device w thout the use
of optical, SEMor simlar mcroscopy netrology tools. 10 Another object of
the present invention is to provide a nmethod for determ ning center of
focus of a Ilthography deV| ce by anal y2| ng the dlffractl on 5| gnature

rrc r r o, . P



paranmeters associated with a |ithography device, including center of focus,
by obtaining a diffraction 15 signature utilizing either reflective or
transm syyoyeyshiohd racti on. Anot her object of the present i mpegrisogmess to
provi de a nmethod for determ ning or neasuring paraneters associated with a
| i t hography device, including center of focus, by obtaining a diffraction
signature utilizing any nethod to create a diffraction signature, including
but not limted to reflective or transm ssive angl e-resol ved, variable
wavel engt h, variabl e phase, variable polatization state or 20 variable
orientation diffraction, or a conbination thereof, of the 0°" or specul ar
diffraction order or any higher orders. Another obJect of the present

i nvent i 019r3tiegs by peangiofad '”%S"aﬁ‘ﬂ'ﬂ sRyPeRageciad measupng {he diferencasihstween easur i ng
par amet erdﬁfr@cﬁﬁr?&%rﬁatgﬁgs wt\k&naadk]pém ?&E@P&Yng HhiGn Haﬁﬁds“ﬂg'l%te?rﬁuﬂfn& 'ihechentfePCUS

wi thout requirin use her eor et feal I'brary of

known parodfoetieasthe fdous s%lttmbh&nbreahha@ﬁs a)lﬁlntrﬁwmﬁérewﬁetwewm’fddmmhbssubmtmgw de .
a nmethod for determ ning or neasuring paranmeters associated with a
lithogr aﬁﬁ?dlwoife@sSﬁﬁémdﬁrﬁ‘?@o%ﬁt’@ of focus, as a function of dose,

oy 0cb of 1 herseeaE Hidndhed. FE ARG R R A0R I %%Pn%ﬁﬁ?%ﬁeé

obj ec? of the pres Ion’1's

nMeasur i Ngodad ki) AffiactRn %ﬂiﬁhé’é iR€headet Bs an é;jpwm@a'ua@ BYa ﬂ&xuouecmve wasgopefof any
order of diffraction signature of WO 02/ 21075 g_ PCTI US01/ 27657

di f f er entzefonte @inim3 diffeiespe. g?eé@m\mw the ﬁﬁqrermemgdiﬁ'ﬂaéﬂ%nsmnetﬂre§ pelwaernadiznedler
or any h' (5‘? s:tatﬁ&egdc? &rauq{o]:\f ra"%'%ts! c(:) rr]\ m glll’ np r?a?m{\ ofvtﬁe 8 Ff?rjagc%a(}slné% méAth {nbl[mlr\

advant age resent |on |s g paraneters

relating b‘uoncnurlnitédlegrra@hwadea{uae@emma of dita ms&f Ta nethal ans«SEnNhaurs simlar
m croscopy netrol ogy tools. Another advantage of the present invention is
t hat 10t peterniniag thegnipimahdiferencedy spmadring Eeeraightasiaysragpes qfrdé@fqnw kgeenrngs on

a convent reans of |ncI V. Q

oot or esidfetten FBLFisn T et g Soloo e Bfos: More Pt SERFREH RERS
det er m nahdtyy, Bdterdtiiding A6 riialtr@RMtsinBdes@fiflg Lhe ddmfeﬁ%mm'senbéweem\ween
for the diffraction gratings. Another advantage of the present invention is

that it m«f@wlqwg@atm mwewje@emﬁe@enmmcmsq@m eifractiobgratings tya passklic s
i ncl udi ng}gcent er of ocu suc q:f\s a stepper, in a

Shortor "SR Erieey nd SRR alffrefon aroo RS We, VB8 Srung PreftS s oo

met hads. In all of the foregoing methods, the radiation source-based tool includes light source-based

tools. In one embodiment, the light source-based tool includes an incident laser beam source, an
optical system focusing the laser beam and scanning through some range of incident angies, and a
detector for detecting the resulting diffraction signature over the resulting measurement angles. The
light source-based tool can further include an angle-resolved scatterometer. In a different

20  embodiment, the light source-based tool includes a plurality of laser beam sources. In yet another
embodiment, the light source-based toof includes an incident broad spectral light source, an optical
system focusing the light and illuminating through some range of incident wavelengths, and a
detector for detecting the resuilting diffraction signature over the resulting measurement wavelengths.
In yet another embodiment, the light source-based tool includes an incident light source, components

25  for varying the amplitude and phase of the S and P polarizations, an optical system focusing the light
and illuminating over some range of incident phases, and a detector for detecting the phase of the
resulting diffraction signature.

In all of the foregoing methods, measuring a diffraction signature includes phase

measurement by means of a broad spectral radiation source-based tool source, operating at a fixed



O her objects, advantages and novel features, and further scope of
capplicability of the present invention will be set forth in part in the

det ai | ed wi@9gmigti on to follow, taken in conjunction w th pdreusacemspanyi ng
“drawings, and in part will becone apparent to those skilled in the art upon
15 exam nation of the followi ng, or may be | earned by practice of the

I nvention. The objects and advantages of the invention may be realized and
attained by neans of the instrumentalities and conbinations particularly
poi nted out in the appended cl ai ns. BRI EE, DESCRI PTI ON OF THE DRAW NGS 20
The acconpanyi ng draw ngs, which are inc'c?r'porat ed into and forma part of
the specification, illustrate one or nore enbodi nents of the present

i nvent i orangleda vdriabletahgle ©vdrtalvatidtde dhgecp.i ipttheometheds! meadudnex giffactiontsiyaature
principles of the invention. The drawi ngs are only for the purpose of

i | | ust r at359dneses Bhasgmeasyyp@en by paphdf dingiervayelspath rAdiation savfgechasedifolar e not

to be cprgg{,.fcélfog,eéﬁnd Y fr"w?“gia\?a' ﬁ‘a‘ﬁ?erhtntb B of é“va'iriﬁﬁe G e ”ﬂ@éfﬁiﬁ 5 hﬁrﬁc |s a

schematic representation o er w dies thereon, t I ncludi ng
di f fract i sighatyreadanrals®;indildephasel rieadure Mt imeans e Gk disdraa wabelangth radistionodes
of obtaining a reflective Or" order diffraction signature; FIG 3 depicts a
t hr ee-Sdi rAOHSE-OAAD teR! sourege t ThEifRcen signature gqn ke 'ﬂ@gve_ Yffragtiosionatere9r 8t s a

o705, e ARV PSR IR 1E: Sudh oty 57

scat t er orsin@fure &aiigier graat diffrectivR Eighdge Btherposifiacsivegdion, wWith the S and P
pol ari zations concatenated; FIG 6 is a E’l ot of diffraction signature
di fference defdrimapediasyoftheorreseabinvestiQrds b ripvidsra HPIGed BOmagRIinG:RaramRes; FI G

T R e T

t hr eetodi mensi aAstherdbict a¥thel freseatinentiona$ tof pPeuitR: Lnethye@dr dat@minttigfertecdfifevas 10
signature difference at a nultitude of positions in the field, thereby
showi ng t%a liheeraahy device by. aralvzing dher diiffagtion Alopaturg differenembatweentieemtegs of a sarirs

L ot SRRt AT DTRARAL ) 2 o o L TE center of facus derived from
showi ng t he sthagferdbidct &hricasiésenOhventieh i€ ®Préidedd method for determining or measuring
parameters associated with a lithography device, including center of focus, by obtaining a diffraction
15  signature utilizing either reflective or transmissive diffraction.

Another object of the present invention is to provide a method for determining or measuring
parameters associated with a lithography device, including center of focus, by obtaining a diffraction
signature utilizing any method to create a diffraction signature, including but not limited to reflective
or transmissive angle-resolved, variable wavelength, variable phase, variable polarization state or

20 variabie orientation diffraction, or a combination thereof, of the o™ or specular diffraction order or any
higher orders.

Another object of the present invention is to provide a method and device for determining or
measuring parameters associated with a lithography device, including center of focus, without
requiring direct use of either a theoretical model or library of known parameters.

25 Another object of the present invention is to provide a method for determining or measuring
parameters associated with a lithography device, including center of focus, as a function of dose, by
means of diffraction signature difference response and analysis.

Another object of the present invention is to provide a method for determining or measuring

parameters associated with a lithography device by means of any order of diffraction signature of



focus as a function of position in the field. 15 DESCRI PTION OF THE
PREFERRED EMBCODI MENTS ( BEST MODES FOR CARRYI NG QUT THE | NVENTI ON) The
present wwentioesn provi des net hods and devi ces for neasur ipgy/ysatarater s
relating to a lithography device, and in a preferred enbodi ment, for
determ ning the center of focus of a 20 |lithography device. In the nethods,
a series of diffraction signatures of different diffraction gratings are
obtai ned, the diffraction gratings having been nade utilizing the

| i t hography device) and made enploying agplurality of different focus
settings, and optionally a plurality of different dose settings. The
diffraction signatures are sequentlally ordered, which ordering may be done
subsequemﬁffetemt fobusediffractipngretinghi, infludiog he @™ of sgneularrmr osanythigher ¢rderaiifiantion f

i ncrease g{‘ ecrease of. focus setting, 25 preferably in an equal

i ncr ementer RRYMNERL VE9F Y. ences between diffraction signatures of adjacent
focus setti nga@iifnbiyaelareaheds Blelphiaant3vantfbR isth 8l N RemitsThSastiiddl (R PREAS reddiifg
conpared, optionally utilizing a nmetric such as a root mean square error
met hod ofto alithbgraphy deVike willhduf tha gse Qmptsqag S&EMLar sisnilal injcraseapy metrelogisteelst oget her ,

with Less dif u incre acent focus s

the c@nt or - of ARg sty drtial Rt e rbid velsR Er ekl e of EfetBa SEbemP ety on
si gnat ur eirfladibeaige oarsadomnaom whibi o HYRRARL BAOH BRI HolJSRY ek BRenall
invention, the center of focus and rel ated paraneters can be determn ned

wi t hout rpdabtereelnt:lahomapday trivans, &t detahinroerdér of focasautdibing determinatien ofdificadiondat a,

and wi thout use of direct neasurenent netrol og%ndew ces, such as an opti cal

ni cr oscof@n@itrespANd tig.difioraness Heebatwggn Y the ifraeion geatipgs: be the invention, the
fol I owing def kﬂn}tﬁér%ﬂ%rﬁ‘ég% o@in\é%ﬂeserﬁ nﬁehtloh*quét%pé?é(w&le‘%‘é'n‘féi‘?JdeJn%évée%él”y
device that utilizes an 1nmage, such as a mask, to transfer a pattern to and
opt i deal Ipprmltstubtamrurbsamsah@udm‘ﬁh:estet dfdiccus, T litegraphyriedcd, isacheds acgheppein a

| it hograph such as photoresist |ithography, but also includes other

met hods o‘rf‘grfﬁ FPRIRSOL B and At IBKISCRT EEN SPYEPYBIANY KAOWN BFEE I al | ed

phot ol i t hogr apjhg, oﬂ&% %abanlf%wmo@éﬁem&d ah@fuhhé\rgéwof@bmmy Had bt
from naster images, masks or reticles, to wafers. hi s process,
one or nomentquedl bé seu ecutthnmbm in aiesietaaéd cmsc.mom wJolivivs taherein cmamrezdoromthtthe

wafers on which the circuits are made. A resi is applied as
Foqu T ed SoHIPARNG GabTToe b cpEe foreront o Bl Padittohe by a

sof t bgke. gybhinfdn P8R! thiloWngObr MR ldaY, dFW‘ﬁFa%&Sdf $le iFRhGI ahs ij@Ms B

enpl oyed. Positive resists are nornally insoluble 1n chem cal's used as
resi st dendedrdgiges Sf thb irveltooomay bs cealiiddeanb wttaixgadsyumeant of the gbtrumdvitedjids and
resists are nornal ||¥ soluble in chem cals used as resist devel opers, but
becone i rFSBPIBINS RptisyayRANed Wt inithaaprensled $8IMS hosi ng t he resi st
selectively in some areas but not others, the pattern of the circuit or
other structure is created in the resist film In optical |ithography, the

sel ective exposure is accoBRIESDESCRIPTIONDF THE ORARVINGSK, typically by

shining light _onto the mask and pr.o ectln% t he transmtted i mage ont o

resi ¥ film :Fﬂ‘aea?@f"ﬁa'@'r”é?pqﬁ?”'%vww arp degiparteddntp Ang 191me aiPac atbT Fhec! ?ﬂ!‘l"ﬂrde
St epper s,y lre o ewmo@%rﬁ%&.%n@ O thd R Rvertibh E.ku ?Jg%muﬁ% the decAptR [seh/ae

image of a circuit or other structure froma photonask onto a resist-coated
waf er. A teespaethetpyipcipies dfithe indntiahe SThe echiwarigs are dnynfer the gurpddelafrillnsttabing orexezi mer
| aser |ight source, wafer stage, reticle sta waf er cassettes and an

oper at or MYF IPéﬁf%{fqd(S’H‘bO%Bﬁﬁé’F & EMpItgY 2pHAR ”B@% PE CostrugfsHialfing thpdnyestions ¢

net hods, Al 4 rré) Ze either a step-and-repeat format or a step-andscan
format, or conbin t|on thereof. 25 There is enployed in the practice of

t hi s dsnvent i OFiG Mi@h @theniatio tdprkeriation of AlvsrePWitidiésCtheretn, frRSdidsasthalingaifir&ion f
diffraction gratings by nmeans of a lithographic device. In its sinplest
terns, a ¥#Pfaction grating is any structure or image made by |ithographic
e SRSk 2oL et Bh LB Alack 0P oliGHIFE ke BEEIeF of 21 ve
to an incident illunination inre rac rve rn ex can be either
due to a gwrgctiosaignatudef er ence or a chem cal difference. Physical differences
include WO 02121075 PCT/USOL/ 27657 -11 photoresist or other

l'i t hogr aphi calftS 3fleRists tBeperctimangienal difftackons@atidgi | i zi ng a material w sh one
refractive index coupled with air, such as ordinary scored optical
diffraction gratings, or a material coupled with a different material.

Chem cal differences include wafers with photoresist exposed diffraction
gratings, where the resist has not yet been developed. In this case all of
the resist is still 5 present, but the portions that have been exposed have
a different refractive index than the non exposed resist portions, thereby
creatl ng a d| ffractl on gratl ng con5| stl ng of peri od| c var| ati ons of

. 11" I 1 - - 4 1.



15 ratios may be enployed. A typical diffraction grating, at for exanple a
1:3 ratio, could have a 100 nmline width and a pitch of 400 nm The wi dth
and pitchwoamztvessignificantly smaller, depending in part poT/tiSee/276530! uti on
of the lithographic device. In the practice of this invention, a
diffraction grating is used to generate a diffraction signature. A
diffraction signature can be generated by any of a nunber of instrunents,
such as scatteroneters, 20 ellipsoneters or retlectoneters. Any device
enpl oyi ng radi ation to generate a dlffra%Tlon signature is referred to
herein as a radiation source-based tool ypically a visible radiation
sour ce- based tool, such as a |ight source-based tool, is enployed, but the
. radi ati on souFice4napictba setidsef difffastion\gratingd;e r adi ati on, such as an X-ray
source. These_devi ces %fnerate a diffraction pattern or S|qnature by

changi ng at | E%sP AorfedeRid £ sgieschotpasiErcipR doniranehiained Yilzing a0 a9@iSodi ment
-the diff r@s%tv'eQ E Q)Fr@iﬁre%cg§gﬁaﬁ* fgﬁ?ﬁ&gy e fdcdsS (fpi‘?\ﬂﬂ t\ﬁgsr;ﬂ&l?‘ po?ﬁﬁf&ﬁa%éﬁ the

radi ati on, suc isre ed.” Thus a raction signature may be
gener at ecbodxgatema&ds of an angle-resolved scatteroneter, wherein a single
known_wave-| engt h source is used, and the incident angle Ois varied over a

det er fi ned coh ﬁu‘o%e'°‘r°<£Htfj@cf'%'%‘ﬁqu*ﬁf%eflﬁﬁéetezmnw YaRap SHETIPTYr act i on
Si gnatur%wﬁgdgwf fs:FI G 5, wherein the intensity of light is plotted
agai nst the i1ncident and reflective angle O |n another nethod, a nunber of
| aser WO 02F 1 @ Aband Bddpich plaIS atl paratobc/ cunea rensonpacshsy the mnr&mnfooymbw and
optional ly each at a different incident angle O In yet another nethod, an
i nci dent Wideganoesgsaters ofifoqup.gesredtyelce is used, with the incident Ii ght
illumnated f

optionally hJ@%?ﬁgﬁéﬁﬁm gggﬂ{en agé\ﬁq}?{nhgél @@Ficg J}\/%H'}g{g?e p fgfs&gl'ﬁ ght

sour des alghatalesdifeférzent a tHuititud@ bi@siflosamge field, therebysholving KrSoefter vWifédus as a
detector for detecting 5 the resulting di ffracted phase, as is shown in
FIG 2. Veciomef@ositandp thedieldo#nd| i ght sources are al so known, utilizing a
lrf‘”lgg g{sgokgggghgﬁ’t&g a@@% E.ﬁ{%nﬁo&a‘f’ gtlogmnggzgnl%ﬂ%f%c% ddrEd Por{lgffégﬁcmslupgﬂe?hzt
t he | i ghtsigaaturecdifferatcatoesr ﬂaéatmum thtelﬁe!ddhér‘ém;embwmg trgarsaetglemg effaits cﬁlttte&;eﬁat' bivel y
the diffraction grating is rotated relative to the Iight source, as shown
in FIG imeﬁFPF%FHﬁ“ﬁHQQBW'QW§§@dvar|ous devi ces, and conbi nations or
permytations thereof) it 10 is possible and known to obtain a diffraction
signature for a sanple target. In general, the detected light intensity is
plotted agai nst the at |pESERIPTIONWH TIADPREPERREE EMBODIMENTSIS angl e of

i nci dence O, wavel ength gf |nC|dent l'i ght, ohaag of in%ident l'i ght, angle
of sweep d~ or the I|ike! 6 XA H ez Ei¥lesent the O or
specul ar diff f 1 ac rder.
Specul ar i1l A Bt R ﬁ@“ﬁﬁ?ﬁfﬁéﬁaﬁ%@.‘ﬁég@a%&% il 8%

enpl oyed lithag@pnededice, akfd ifa Plefekred 6ihbedim&rit Foedeter@ining W cedter bifodus of @f an X-ray
radi ati on source as a conponent of the radiation source-based tool. In one

embodP medithograprhydevichy Bribe Bathogs. agerias of ¢iffrastiqn signptares of giter WGW%QP 9rgling®ni ch
is dispo : [ ieald v ortion
of the wa OQ?'E&{’ Eahgzd"ﬁgmgh %té'?ggﬁ a\gggﬁgbeq i é’%&eﬂgﬁ atti%ltq@@hgfgé% ea{/dlgce
such as aanﬂjcgmgel’pluréliwﬁd&le&lﬂtﬁﬂd—séﬁpﬁhncﬁmﬁibﬁdw altpli@aliBIoF tiffereAtrddse Qefttlrfgbe 20
mask or reticle to be exposed is illum nated when the shutter is opened,

t her eby Sihdifiragtiensignajuresre sevgntiafeordered r"‘é"Q!l'i qsdesing ey P@dqneépeﬁeqth

step- and_o'i)%?hg'xgst}@ &l‘faf@:lnon s@flat%regasrukh 8 iplof lfml‘,{égs% 0 dec'itrlal pf :‘8‘9&! shilh p% only a

part of t I¥e exposur I's exp 0Se I's opgned. In
ei thes evedrénabil hﬂaﬁ@manh@er@énmamhaazﬁe.bﬁcmwéeﬁ aﬁlﬁhcﬁdﬁaﬁgnamfbsfof &d)&dehon
_grating set 20 is Er oduced, the diffraction grating set 20 bei ng conposed
of a ser if@asgettiog ¢i reﬁtamgratla@ﬁar@ﬁ@tpmnqm ﬂf\eﬂ@fmencf%@cpsconwaferir%@n nul§iziag _ngs.
ggr II ésl zf a%t Hcs cgas Ia bl ?F{eg%%qu%%eerr%l'f f{hg‘gtganﬁlygga‘t %@8" %lgnaéures wuml))ggoed of a

he™'s graf” |ngs series or same
f ocus butcwimftf)@éimtw.d\q&@ ditfefdnE@ Bétivesh dgdtindigfent bilacénbEsQEMiAgE, 8sthedemant ,
the diffraction grati set 20 is conposed of a series of different focus
di f f r act iohfecus iatreashed. '&U@bbempvﬂgﬂh’ﬁ ethgd piditfractine sianaivre diffaenesanglysis of isus
step, wherein all diffraction gratings are at a fixed dose. Fromdie to die
on a wafer 10, either the dose range or focus setting WD 02]21075 -13
PCT/ US01/ 27G57 range) or both, may vary. Conventionally, the dose or focus
is varied in constant increnental steps, thereby facilitating subsequent
anal ysis. Thus the focus, for exanple, mght vary in 50 to 100 nm st eps
over a determ ned range, and the dose, for exanple, mght vary in 1 or 2 mJ
|ncrenents over a deternlned range. The dlffractlon gratlng 20 may enpl oy

o g, o 1 I P S — o o o, - e



opaque and transparent areas corresponding to the desired shape, size and
configuration of the desired diffraction grating. A source of radiation is
t hen apphi@dzeiv79ne si de of the mask, thereby projecting tPoa/vssk7eahape and
spaces onto the resist layer, the resist |ayer being on the opposite 10 '
side of the nmask. One or nore |lens or other optical systens nmay be

i nterposed between the mask and the resist |ayer, and al so optionally

bet ween the radi ati on source and the mask. \When exposed to radiation or
energi zed at sufficient Levels to effect,a change in the resist, a |atent
image is formed in the resist. The latent i mges, representing a chem cal
change in the resist material, result in changes in reflectivity of the
resist | aty/ent;onathd certersof frmys frel relafed pgracheters gaerb@rdateemaed)\bnfmuteretereonetpfa
signature as set forth above.  In o gﬁerrbgdi, nent , Be waf e E

i mges i ﬁhﬁ"F?é‘c'T"é%qu‘t”ﬁﬁVb??@ of [ypiotsy dataagd Wiyt yseaf Bescu?‘éa%‘é%3"tﬁ‘§ %|°qyo
drive ad‘l!l'e&nbé%”?ﬁch%@%ﬂ‘oﬁﬁéa ﬁ,ﬁg,gé%)ggﬁsm to diffuse conponents within the
resist layer. In yet anot er e I ment, the resist nay be devel oped by a
devel opnent pBeforgsoceegitg matﬁeydascxtlhaethe mént:dne\tlmlfoqmmgtdemmm\esagwdmer eby a
portlon of the resist is renoved é)OI’tIQn det erm ned by whet her

posi t Pve resi Stithograpiapdavice &1eTs iq &y d\?\)él% BaYtikAeE gn image. sigh ﬁ%%g]aﬁlbﬁ%ﬁ‘l‘“s% Bcess
i s also ;psa‘ﬁh E@M@ I§ite™s SRR, pftf?sct‘ﬁ§§|nclﬁc?e§lél)ﬁ\}eﬂﬂ)nbfbpﬁééfhﬁ&br?ﬂh?as%cl‘?r
spaces 0 e resist |ayer, and optionally the substrate material, such as
ot her fi lasphotoresiahiticiyrapbig, but @si istludea piher msthgassaf titeagraphy. mmmesmtitbommﬂly.
devices of this invention, the diffraction grating l?/ be exposed but not

devel oped"“&?"‘-’rﬁ’sﬁhmﬁf't@@ﬁ'r ARY; QRUES) ”l?ét‘oﬂ%%rélqé%‘ﬂ "aS?fﬁ‘i qirgy %?“e’\ﬂ/ﬁfrP’B master

f oregoin c

111 et AR b halERE FibER (Gwifere BIKERIcOL ond Tt ilRE o Rbia ot oo
shi f ttomagkssts arléy:oatéd an mrw:mr;/ ooivhistothe emn@érenade mbde ry resisicdoatis applied ect r on
beam exposure, and the like. Focus is a critical Baraneter in any

i t hogr aPRHITBE\ANE @s reayised P wafenis SyribppRIpcaseds pyeh A PY pisehalke- Hither e d
F C
ener gy el b g &R ittt B8R PoiE fesisl arblcHih, fRollhéth Sharibhi

lens to tused hawegiet devéibpers, amtibdcbmg solGmEbyexposise tohightg diedative reststs ar@ aomtaty
within a given exposure field, thereby resulting in a definable usable

dept h- of -5Plyblgdn chagiigalssispd pesist develppss. bH”R.ﬁ‘imH@)‘s“éo'%%Ib’f Pasratorlight By he focus
and pt ality, .
ori eﬁ?at Pagﬁéswigqﬁﬁ%slsl ercﬂxggtl){;l\g g@rlﬁ%] hntgﬁ?t[nlt%g@ot réalllg ifaﬂér\(%“ ngﬁculit%Pﬁth(“Typl el
5 productstroctuiwas ereated Eppel‘eSshMEIna)pt‘&‘B fithatrapdg, tbé sdleative edposure B.atSonbplistedout
1.25 mcrons, and a usable depth-of focus of fromabout 0.40 to about 1.50-
m crons. DYANAGIRG efAmask. '(MP'CQ"MQV shinjegfahbente the mask apd pioipstipg thedtpagmitted mage
critical ddn'fb # fn%% { Rt operation of a lithography device, such as for a

st epper during e phot oresi st exposure step in wafer processing. Dose

variations compemAshrasg délitds réfetenyed iftHEhRNTdNThd@Het sPppers ealdoenowd Bewhens es
that are used in 10 steppers and other lithog raRhlc devi ces have a very

li mi t%8d Mwsowh'ﬁ'béfﬁ§seds’@ PERIPbEE iPRasf g iCiHrvitios Otherel @i Jrom| aphetagmask gito ar e
' n focus }Q%lzt coX’feg l:vg ?hfil Xeermﬁ eS’cuPJAQF?%@%h?Jns a”@ﬂ@ématgpgxéuﬁﬁhaéef lighP € US

will resu in non- unctl ore5|s eat ur at the center of

focus al seurkWared stayel teyicle BIAGE Wafer PAsBEIRSInd erpepedraﬁtmvbdrltsyano@wsmpdieemam er of
focus is known and determ ned, any of a variety of different autofocus

syst ems ofothseasitive andrpgaative féﬂ’fil”éﬁ'/@ds fapg utlize 6ther Asieg-aptriareatie™meb ey Hen-yN- 15
bet ween t er is held constant. These syst ens i ncl ude
opti cal Q?%oog'qgt gﬂcgﬂqtbn‘%t'wn?rg% ng reflected |ight, capacitance nethods and
pressiyr € Sensqheddts EraployedSHEB pea%t.&ra@{hw.h\%ndhrm@rurdrbﬂndr &ubktrat&owRKieti is t hese
systens and schenes are incapable of determning center of focus, but
si npl y meRasited fiserige of ¢ifgction oraingsrbydiesna atalithograp @@ﬁ@@ead@ its ?'WP'P%F'H}&I a

er| 0

cvery st HaPE o Bac s B PR ate & RRRAGF Ry wircH difetales SHaadid 0

variation of the refractive index relative 1o an incident illumination. ThIS change in refractive index

can be either due to a physical difference or a chemical difference. Physical differences include



20 device. Turning to FIG 5 A, depicted therein are two diffraction
signatures generated utilizing an angle-resol ved scatteronetry |ight

radi ati onweopemes based tool, the diffraction signatures r@ordseniosy the
specul ar order fromone focus step to the next focus step (focus step n and
n+ 1). In each of the figures of FIG 5, a constant dose was enployed in
phot oresi st exposure of the diffraction grating, 25 with the focus, or

di stance fromthe lens to the wafer, varied in increnental focus steps. The
resulting diffraction signatures are obtq ned either follow ng photoresist
exposure but subsequent to devel opment, or subsequent to devel opnent
wherein the structure is etched into the resist |ayer and optionally the
_Substrat qahbmmslsdcbrmy\eahtpoma;imnallmenemmmﬁrmes slctsa@s utitangod meltiefidlmélt bnen
gratings is neasured, and the resultlnggﬁlffractlon S|gnatures recor ded,

such as i'Rfractive indsyHoypleq with 3t sHch a8 QriinaBkssered PRliFal diNkgstigh Bratipgssor al’BatF’@f’/ USO
1/ 27657 T N

repeat i ndceowr)lgf;vé"ru} %@lﬁgrb'% 'ﬁ%&r{ralec%haegg faé'ﬁ&?"%s P L\rﬂgl%%fﬁ%w P}&Hﬂé%lﬁc ng but
not | i m tdfetadtion bratngst whisé theessisd haddEfet beeradebeBpedT e thib o‘aﬁealeusf(tlmsremst is still
diffraction si gnat ures of the specular order, or a gher diffraction

or der 5 arRiesglaPytthapasipnsiat tave Reen sr@ossdhaxs & Aiferentir \“‘fy"lﬂ"?"fef'?dit’,‘t"i‘a&ﬁ hefdnat ur es
f t
{70 0N SR 38 B! AP Kbarnf TR ERGRONIf  bAE b et o o
focus is refsuticcindadn thenebtst. Tiegmriedic ditéreycelislembinainydnd pevindicityt dnstneemsier of

focus is the point as which variation in diffraction signhatures are at

m ni ma. TehgSicakplemantss FHigrihysrinaides conventigpal gifisaclionasating sangistingof @igaries of
diffracti

decr case LB HBE LY 5 R AL AR RO R Heloh R Aol B wheren
two r@sulthérd@ giribditigat bodNinIhegX divatli@sarineditictidnl &l difffaction gratiey witppesedititg in Wi t h

no significant difference therebetween. The difference in diffraction
si gnat ur ¢t hehapa & dirgetigas isshgynip Fith e, asha diffraslign eraingiwithopasipdigityineneof t he

center of rfegt?olf{smngg%g%fFé}glgfﬁnteghg'qgsl*?)%n‘{ﬂ @I&all ! é‘u gtr’g?‘ad’r di'ﬂgs {hgf&&ﬁ@e':” ting

adj acent q'ocus ste Ion~signatures, cte However ,
this met mﬁtorr@i;wgufamgsoaafeatrm stacu«wmn@& nwfuigtaﬁngmhd dlhéﬁg?htirMS qoowtin fheall @,
and is also conparatively slow Accordingly, any of a variety of netrics or
15 met hoddffrestion aeating iveicatipape lineryidth jeepaco rate akheiwaep abowd 1dite fl 8y eprabothen

.d' fir C:[ ' %{] ssr%%te%p?qye& re @8%9%1f{r§)&g§ ?ﬂéﬁn%p at f? eg(grgnglgg)(lt3 rat?&]%gulm?&\}a ?@g

i ncl ude are not" Irmt uare error
root neanindQid enced pith of 4Jdim). )Tharwddtatahtﬁﬁ.tclium w@@imcdm@@maw@ depasdirigds parSuch
met hods al so include averaging, i ghted averaging, sum of averages and
ot her net%ﬂ%quﬁ'uwaﬂfﬁ@t"wgri‘éh'?%'cﬁr fference in diffraction signatures. 20
I'n one enbodi f

?l‘f gra[q{% orfﬂ'ﬁ;élh\%ﬂ 0?1' gQﬁ#Pr agg?\fng 1@&%@%&%%%%01 i gt?tﬁ)é S{E]ﬁgg{ and

sequenti al ocus set n grati

60 as s howauffratandﬂ Signathire &hebelabﬁatéa bf edyeonaauipérweRstruAtngNslich as scattd@ireten, ned,
and represents the diffraction signature difference for diffraction grating
40 at20 t selipspmetsison ifingomneletss ABxdevigegmpiniag sapiationye agneretn @ divasioipignatyre ifc e
bet ween 40, an

diffracti rg}f]errgéi bonlbe{%? gs %%{dgfﬂ source%agef-dstgol % dea)ée:% Wsngle adi ?‘Qrcui scgue rbe%%&?{ogl the

erence 1on gra

cor r esponglicAds b AgH Soi&d-bdsB@tooll Rendrsed dat 1aé ratdmoﬂusﬁemafyfbermemababmen 45
and 50 and between 50 and 55 is determ ned, and represents the diffraction

si gnat ur eradnaﬁqnes@h@e af grrayisquiqea dhessriieyices QEWQTEEOE diffragtion pattarn @@pﬂb‘ﬁtﬂ'ﬁ@’ f ocus

setting. a ifferenc and
bet ween 5’3 891'59 %tdé/a\sé éﬁfﬁ?cﬂoﬁgﬁomateg%?rgrﬁ\? 55 g] ege ?rﬂg dcei"?n rﬂ?f(: Sﬁgggggat?%re
di f f exgencig cfeafed B biréiR6iivie Mibdg [ viHerehgthd Sadidtioh, IsicCA GRS BoETRELBE. TIB wsifiadibh Ng.
The WO 02/ 21075 -16 PCT/ USOL/ 27657 RMBE di fference between 55 and 60 is

“enpl oyed $ignatuiemay bé aq@tﬂtwyghwapmféa'lglefrﬁw\@ﬁé@aﬁ\e@metﬁr fwheggin @ Sﬁg'gi"&{"\lnng 60

at its corre di ng focus s t|n nerat S L
diffracti6n'es F qh?od'?cgés ‘éﬁea‘faé'ﬁi gde@g gi %b a0 EL? P9 e'mcf' e’fdfchtg'H?:ues % ocus
settings Mh‘&ﬁﬂh REderaf r@étﬁtfﬂ@ﬁﬁfﬁdiéfﬂﬁé&ﬁtlﬂé & shavatih 1. 81 Xidrél8 he intensity of

light is plotted against the incident and reflective angle ©. In another method, a number of laser



5 Once obtained, the difference in diffraction signatures nmay be used to
determ ne center of focus by neans of a weighted average determ nation. In
one suchwepbgdionent) the center of focus can be determn neechysoearss? of the
followi ng equation (1): 10 COF = Focus Ste (DSDRVSE) 1 (DSD (1) where COF
is the center of focus and DSDRVSE is the RVBE diffraction signature
difference (DSD). The nunerical representation of the differences in
diffraction signatures nay be also 15 conpared by ot her neans to determ ne
the center of focus as the focus setting,gcorresponding to the region with
the mnima difference between adjacent fé)%us setting diffraction gratings.
The nunerical representation nay be plotted agai nst the focus setting
steps, t Hneamtsyurcmné eainplgyédno;aropélkyteaetsatiardlftéreﬁt mﬁderﬂiepg’le:@i rlrgyeaamnmaibwltﬁod
curve cent d about the center of focus. focus, the §I ope

of the paPdiflentoreasrspectal cheaﬁb%e&xw'm%@c'mmhtt"ﬂwg‘ﬂeaéfag‘ PEPIHILE O
repr esent9glehdifs Hue% iRkiadh MdPb offbrdiy et @RGEMPAIIVERANINAIGT RS adile On

signatures for adjacent dlfferent focus setting diffraction gratings. Any
of a var iphésge light oudceeare atsodnoval, atilzthg rahidye vaincidedt phasde [vithaedetdetor tonpétegting t 0
discard outliers prior 1o determ nation of the center of focus.

Part i Bul 4 psylinaifiagtad Rase. G ISgharm iMgaG ek Pésiakle pelanzationdight soutces frg also
subst ant 'kﬂb@é’ Tuﬁﬁin fng@fra rfcf%;o?g?laﬁﬂﬁor{ f?cﬁﬁ'#h’é'sq Pfcgglpél] gfé o he' P P& 9@ erid. "8G C-

I ndi vi du ractio I'ngs may further aberrant ts for

reasons  uso@losdiéliot aljustiae fnoidert aRgie bier@, rartlecl) sidch that tiesdjgnssoureestates Shout hsi St
defects and the |Iike. The depth-of-focus or robustness of a ?I ven

| i t hogr ap¥ifacien prating, §[ﬂitﬁmé§Ve&' tge é'ﬁi?éﬁm“ aRLipO iseotgigd Aelativatathe Bght senasey 3% s of
the r esu's‘lbmin% azbq.ltﬁlﬁﬁ\%éjr{yf?g:eg{ 8? %vﬂgé %ﬂ%fx&lﬁﬁrﬁétlg& &%@nﬁuté{%ﬁy thHegl ngly

par abol a, as shown'in ocuUs 'S correspon

smal l1p snmmsibhemamawﬂl@mmmm.oh b@nmralfcma sempleeagmnngdneraatmmldcteser| es
of focus setti ng{ If the plotted function has WO 021 21075 -17 PCTI USO

1/ 27657 AW riniarst ]bﬁrpﬁﬁé‘l’ aga"&éthgﬁbkﬁﬁstuone mriaple Pa'BmeWéﬁP%*t #Ryole of &‘FG@’%@:a

corr eSpor\‘/«ga'vQIgnédﬁ at; pc?dem Qihrgpmaster%?mm%i@rﬁ I@'ﬁ patngle%F ]e._we%ﬁl&?on]tﬁe ilb KR! FHE airrfREl JE' tting

a good focus arabol i c response to

be obt ai ng@atutdvaaycepiesdnt aie dhaﬁu@cmusdlffrbanoh meude.dawebrvsémtahyzmgwmmcaén
increnental focus settings utilized to expose the diffraction grating. That

i's, no pardasolliigalep passible apf contemplated thet disrnsaissivpmode e Pe BMPIPYRE I gengmtde
ge”eﬁi‘t eq, AN?rS&% EPﬁat r%”&%h??ﬁ %éootfaﬁglcr?mgigﬁon stsﬁms V\EL%Emgénefu o‘?kh%r f%ﬂfokher
O¥ or exanpl e ere sequen |af"

points Sig ocus ocus
steps ar esoameth@ﬁ%o] removing resist, then diffraction signatures fromone
focus step to the next focus step may be very close. This is a function of-

t he dif f er encéh ong embedigest b B¢ irusptiqned weter Hyas InFlichy isprgyided. eanhichjisiisepsece
in the reass%lngé O és%g%%ch Ji_'g{yglcglﬂf%ﬁre& %tlllu;t'goﬁ’f&ﬁ&ltheo\x/afmbsrggmmg the exposure

field of the lithographic device, such as a stepper. In a step-and-repeat system, the entire area of the
20 mask or reticle to be exposed is illuminated when the shutter is opened, thereby simuftaneously
exposing the entire die exposure field. In a step-and-scan system, only a part of the reticle or mask,
and thus only a part of the die exposure field, is exposed when the shutter is opened. In either event,
the reticle or mask may be moved such that a diffraction grating set 20 is produced, the diffraction
grating set 20 being composed of a series of different, optionally different focus, diffraction gratings.
25  ltis also possible that the diffraction grating set 20 is composed of a series of the same diffraction
gratings, or is composed of a series of same focus but different dose diffraction gratings. In a
preferred embodiment, the diffraction grating set 20 is composed of a series of different focus
diffraction gratings, preferably varying by a known and incremental focus step, wherein all diffraction

gratings are at a fixed dose. From die to die on a wafer 10, either the dose range or focus setting



10 fil mnodel may be enployed to determ ne areas that are significantly out
‘of focus. Typically such points cannot be plotted to a parabolic curve.

Wi | e t hav@yapiahe of FIG 5 shows a conparison of differemcTiusousres?
diffraction signatures as a function of the angle of incidence, with both S
and P pol arizations concatenated and plotted against the diffraction
intensity, it can readily be appreciated that in other nodes of diffraction
the diffraction 15 signature can simlariy be plotted. Thus for variable
wavel ength diffraction the diffraction signature is generated by plotting
wavel engt h against intensity, for vari abl‘g phase diffraction by plotting
phase against intensity, for variable polarization state diffraction by

. pl ot ting a)edbi o, AP vady ALBnRERINAML the Ab&Y G ifddds isfvafiedVil tbr@inBinEremethiatdps,n
diffraction by plotting ~ against intensity and the like. Simlarly, while
t he di f f rtherebydacildatipa sukpeauensanatysis, Thusthe{prys, for examnls, Imight vans Indiofte A @AM on)
.simlar diffracti sj gnat ures 20 be_obt ai n by . nepa f tra 1 SSive
ai 111 act 155 oRF  PhRrER R e TR BB ol RaT B DS TR Pl B
for diffriedmmed Bage.Dene diftacich biagsh 20haUGhpIGL coh@aBdnatiinee 26 separatdd tyhe
diffraction grating, such as nmay be obtained by using an X-ray radiation
sour c 8- bzspaeest3goir mayreniptny agthiep-gimensional pattelyn seeh asshown BFIGans of a

transparent ot sepgi-transparent diffracti.on grati nd substrate.. FIG 5
depi ot s the o7é FeclnBaRal & beicaly (il R s baBia Rl AR Wty e
obt ai ned dpMquEeRAtraRdpafdny alBhPEtlespondidly {of th@@dsiredsiapel &fze dnli cOiftigiatdh Y BleSt 0od
that for noss enbodinents the diffraction signatures fromthe sane

di f f r act i desiregrdiferactian gratings tA saroeaf ragiationis temaaplied on bre gidnefitiae inary, taenebyt as
shown in FIG,. 6, or in generatin enter of focus.as shown in equation
(1), it RGBSt Sbabaiang SpacErane (RarTR 12Ygh e G YT de g an B eHedt ¢ o
i nt erRol afide PEHWRRR. BRESHTET 18 GHSIhEUptidaPsysRmBiny bR iftBrbEseB bBGkSFthe mask
measur enent of center of focus. These nethods are WO 02/ 21075 -18

PCT/ USOL/ d @rresistdavar. iand alie optiopally batiepmipe inadiatiom smndts andathd pasknjWhey exposed

Simlarl nal ysi s _nmeans, can. be enpl oye ich not ach focus
ot - bl AL e it S jenl ey o BHEH o EfaropndBereai. ArReriate PR

Si gnat ur gn tHefrb it EPR1aRAT iRBGes T HIpFdsBitRg b @RdMfical Bhdnb B Bithe tdsis MatBhiat fredul @l t hat
the incremental difference between focus setting steps be held constant,

but it i schahges ircrefitctivityl chithededish seyen, andghyohat becamphayad & generate ddiffractioh oy ed
wher e the focus set}i Fg Steﬁi are not uniform Uilizi na t he net hods  of
this PnvetTPLHE 23 55L7d) FPREe oY qMPofifigntbfwarer yith latsat/magesdn fReSpsiMay b ess
than 0. 03Bk podbxpsdre phe! BWado ke afdionbAhERica BRSheS 10dile 07

mcrons. This thus permts tfocusing wthin the resolution of the

| i t hogr apteypdeantcwgthinsthe resisklagers tneyepanothemérsbaginient, theoesistosay herdevéleped bpaer of
focus may,K be analyzed in.a sim|ar means. A series of 10 diffraction.,.

ot 1 ng. Sy BoRTen fegtss dh Bl b Bp preatrtocsts, vBrebye R &80 s

det er m nedm@idal BB PBiioh AGEEINRAMNY XBIRERARSE REistdI RefRilE RkisOlasidrfpibyed Wieh t he
dose varied in stepw se fashion fromgrating set to grating set. The result
i s a 0er i daegelopmetit pfocesstis @sp @gfeared tgassptetchimg plocess, @sdlting ieetshed areab dispages dose.
A series of djffraction_si ngtures are then obtained for %agh iff,r?ction
grating sBf resisl/ayRLANd oBFon3My e Fubsirn matsiplcwich 48 eherdlBs. o which sughdpiist 1aYBhy e
The resulig'bﬁa L?_eri es of diffraction signatures can be 15 anal yzed as above,
such as by |F raction signature difference analysis. The resulting center
of focus can Mhethpnethodslarmiyiavites ofdius myerttibre tredjffrydtion diathop myebeéxpesed bof natlose
on the center of focus. Bﬁ hi s means the dose setting or setti ngs w th the

t
most r obudeVelpRRdu redy aftewatively fsdexeleneds Simiady, whilsdhe foregoing ggpRtally desaiPERA wi t h

a m NsMingh iBaGTa ABtnbd Bf JeREMRnd A Gith I Shagdi It
is furt herolnr ea?fh y apparJeent trhggt 'u’t%ft Pgﬁﬁg‘é?Hg%aé-'?ﬁr‘l‘g%??gﬂagﬁgnat ur“ggfjuse
di f f er encef phasechiftasast$ @aanofi awvariety of sources of radiation, including electron beam exposure, and
the like.
Focus is a critical parameter in any lithography device, including a stepper or similar

lithography device. Focus and depth-of-focus are functions of dose, or quanta of radiation energy,



20 FIG 6, and data as to the location of the diffraction grating in the
field, which field may conventionally be a wafer stage, that the center of
focus as wofpmmizson of position in the field nmay be plott atr/e®12bhesan in
F1G 8. Such plot may reveal aberrations in the fens system astigmatism
or other defects causing the center of focus over the field to be
non-uniform Simlarly, as shown in FIG 9, tilt in the field over both the
x- and y-axes may be plotted, thereby showing the stage tilt effects of the
center of 25 focus as a function of posi_tljl_on inthe field. Uilizing the
met hods and devices of this invention, it is also possible to match the
signatures at the center of focus as determ ned by diffraction signature

di f f er encaad fapus ok distancd frdmm the yensto the éngett Theaksudting drosgisy mukt bé et forcall points
signature differences. Such match |ibrary can be significantly smaller than
2 ConventBIA SYGREPRIIR. INERRN Fepultin aifeinablecisablp FsPIbACERISa HOREVeS, i de
range of @yl Ginel Mat'Jose afPrddad ZediiRe ol ﬁGE’eHﬁ-QHo%ZQ%tu?ﬁgtakl%%tisrﬁ,%heby
permtting nore rapid library generation, in the case o t heor et'i cal

| i brary, inaturefensjoalifyg erientagian oEthewafsr dtage it the xt arar yaaxes, anddhedlikE aTypioal

anal ysis tine, The net hods and devjces of this invention nmay al so be used
for gdal i RFGPUCHRRYEEET StepBers ABve & [eaplutten REframaRays P-4 torabepl -%éﬂ‘ﬁéf‘s'&ﬂd P yBqple

det er m negd ,MVorRlNE6f RS Ut Jm§m1%gq&§gi n 5 conjunction with an
angle-resoned scatteroneter, described above, including its associ ated
conput er syst &serminatiohtohthetchrder of ictisfot £fbae dbseds thua petivakin efficisntiopagtidned a
descri bed neasurenments. By neans of enploying an angl e-resol ved ]

scat t er orfiftography gryvicg such 4t for 8 Stegpey Auingriee photosesish pROSEe SteP dn Wafet Rregessing.
diffracti . ' : 1T [ uation
(2): o no g afkibs SmBth PhicfHh kABRERTRE Lo Bheleheadhad Bl | 2L
as negat i stgpper@andl thehighayrgpiicalevibeddaté Gerplimitdaiepthlof ticiid, 6@ Gtmospredidigris .1 1S
the wavel ength of incident light and d is the spatial period or pitch of

t he diff rieEessam. 4pusep Hyt anedn ©ays wihyigd prardleerintechfiotoresist inaged-and [gek afifequs| ar
diffracti r : o AGL den ' ocation
of tho. spanutation HAEIARGEIGR sl AEHEETEA & fRpRlorbok i MG o) o

t he specumprovesytodess eapphtayiitg, Oactthd benter PP Qs io@n 2R détarmihaiC alyl dba variety
determ ned as set forth above. Simlar 15 relationships govern other nodes
of gener atfdifgrent FuafeRE SHTeNS Yitahamesmavds empigyed ot determininadhat et segatidnat i ng a
diffracti %&hg&%ﬁg haGhd Nk i nagéa\g&m. Fhed {y@treﬁ\%tidc%e %étﬂ']%r m&[\ d30LlRn L gher .
diffraction order may be enpl oyed. For exanpl’e, 1h a waVeleng Kot esofve

devi ce, tdmplairglrefieCledmpit, d2paditahek tansds and presiilird St sovanathaae odubn as sraploysy and
the equation solved for O- at a given n. The nethods and devices of this
i nvent i onPTARSYIZeR B Hlewepedhass sy dereandisalmesgreincangble obdatermingig ceoter efdeays,
wher eby the . . Sl j e [ . [ di ng
ot o conban Gindhediieh BBt R anindll. Rl ARRFER e ARG, O
used to detBMmidshee dhemird paiRly b etcalevepkix MBlirs bprebSofdpsralisied alibeapayned.

The azd(}' us('g ment may be done by dose variations, or by other
evice.

Turning to FIG. 5 A, depicted therein are two diffraction signatures generated utilizing an
angle-resolved scatterometry light radiation source-based tool, the diffraction signatures representing
the specular order from one focus step to the next focus step (focus step n and n + 1). In each of the
figures of FIG. 5, a constant dose was employed in photoresist exposure of the diffraction grating,

25  with the focus, or distance from the lens to the wafer, varied in incremental focus steps. The
resulting diffraction signatures are obtained either following photoresist exposure but subsequent to
development, or subsequent to development wherein the structure is etched into the resist layer and

optionally the substrate including a portion of the wafer. A series of diffraction gratings is measured,

and the resulting diffraction signatures recorded, such as in the memory of a processor-associated



means known in the art. The invention may be further used for automatic or
"automat ed determ nation of the center of 25 focus, utilizing an autofocus
control syetegmo7shereby information as to the diffracti on TOUSSIATEST
"analysis is used in a control systemto determ ne the focus, such as by
dose variations. Al though the invention has been described in detail with
particul ar reference to these preferred enbodi nents, other enbodi nents can
achieve the sane results. Variations and nodifications of the present
invention will be obvious to those skillged in the art and it is intended to
WO 02/ 21075 -20 PCT/ USQOL/ 27657 cover in the appended clains all such

nodi fi cati ons and equi val ents. The entire disclosures of all references,
appl i cat iderise. Pretdiffraction gratingoialahy stearciuteresnpiayingd rejpesling enperiéric febtyrei capahieesr at ed
by referepce.. WD 02121075 -21 CL41NM5 What i lai med, i_s: PCT/USQ1127657
v A et oG il g Hithel Rt e aini i ES ) FEtogPagHeRRR T o

compr i Si Nfibdin Soth &8 ofhe QM Hidd or Bnphifhet BffBIGUTRE &b Alaiepbyr 3l Tty Of
diffraction gratings formed on the substrate by |ithographic’ process

uti | i zi ngnéedseringitbddifferespdey inddiffraction sitiiraturels frdm and focus siepetd ithegexc divp diffsience ia
plural ity of _slﬁ)a_ced el ements; neasuri ng‘ea di ffraction signature for_ at

| east % hrifBagyiph iaratyyps,fraiops fogis ghte fhedext gyl Brsoge ass ﬁ@%‘eg@aﬁfﬁ%ﬂ%“%f’ffaws
radi at i ong geiiddeRad anfer theGkiicaly el S5rRIiBAN R LehtBLorfddul RMENGST D GhARetialibte
diffraction signatures to determne a desired paraneter of said |ithography
devi ce. Zuo difiragtirinirignhatofeschee amminimian ghdashas is elrwarrin 61CG. fSothe distancasdpamtimthephy

devi ce, ' | Si

, conpri Si _ng the 15 st egs of ﬁgr,ovi di n? a substrate conprisin a
ol ur al | ¢ yAGROiR FOEES BrASiReaRt oS SRR A apion T ok AashResey e Pl B o,
the pl ur alohlokorah, Sich IHafHIATs IRUMRSUGRBE AR SRl ke LR Unubfiown T ocus
settings; determning a diffraction signature o? at [east three of the
pl ur adoi t ysupdrinidsabid, with ab isignificanadiffergme herebemvesn.of a radi ati on sour ce- based
tool ; The difference in diffraction signatures from one focus step to the next, and the determination
of the center of focus, may be ascertained by visually comparing the resulting adjacent focus step
diffraction signatures, as depicted in FIG. 5. However, this method requires operator judgment and is
not directly quantifiable, and is also comparatively slow. Accordingly, any of a variety of metrics or

15  methods of analysis may be employed to measuring the differences in diffraction signatures from one
focus step to the next. Such methods include, but are not limited to, minimizing the mean square
error (MSE) or root mean square error (RMSE), and other Euclidean distance measures. Such
methods also include averaging, weighted averaging, sum of averages and other methods to
characterize the difference in diffraction signatures.

20 In one embodiment, diffraction signatures are obtained from a series of sequential different
focus setting diffraction gratings 40, 45, 50, 65, and 60 as shown in FIG. 4. The RMSE difference
between 40 and 45 is determined, and represents the diffraction signature difference for
diffraction grating 40 at its corresponding focus setting. The average of the RMSE difference
between 40 and 45 and between 45 and 50 is determined, and represents the diffraction signature

25  difference for diffraction grating 45 at its corresponding focus setting. The average of the RMSE
difference between 45 and 50 and between 50 and 65 is determined, and represents the diffraction
signature difference for diffraction grating 50 at its corresponding focus setting. Similarly the average

of the RMSE difference between 50 and 55 and between 55 and 60 is determined, and represents

the diffraction signature difference for diffraction grating 55 at its corresponding focus setting. The



measuring the differences between the diffraction signatures between

adj acent focus setting diffraction gratings; and determ ning the center of
focus as wHehfesls setting wherein there is a mniml diffEreoss bgyween
the diffraction signatures of adjacent focus setting diffraction gratings.
25 3. The nethods of claim1l or 2 wherein the substrate conprises a wafer.
4. The nmethods of claim1 or 2, wherein the radiation source-based tool
conprises a |light source-based tool wherggn the |ight source-based tool
conpri ses: W O 02/ 21075 -22 PCT/US01/ 27657 a) an incident |aser beam

sour ce, an'\{‘é)é)t'i cal system focusing the | aser beam and scanni ng through sone
range of R Ggﬁfn?fr%%%e," 53 7pd 80 ig employest as the diffeactinn sigrgture-iffarenep for djffgaction

di ffractipn: gi ; : t4 : ; ;

angl e 1 o bR 30 2RReguRling Ay ERHG! HOVE BRUFATE b0t Bactll sBfbuures )
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representation may be plotted against the focus setting steps, thereby resulting in a plot as in FIG. 6,
depicting a parabolic curve centered about the center of focus. At the center of focus, the slope of
the parabolic curve is at or approximates zero, this locus further representing the area of minimal
20  difference between the diffraction signatures for adjacent different focus setting diffraction gratings.
Any of a variety of filters and related mathematical models may be employed to discard
outliers prior to determination of the center of focus. Particularly with diffraction gratings exposed at
a focus setting substantially out of focus, the resulting focus curve may become erratic. Individual
diffraction gratings may further yield aberrant results for reasons unrelated to the focus setting, such
25 as exposure errors, resist defects and the like.
The depth-of-focus or robustness of a given lithography device, such as a stepper, may be
quantitated by analysis of the resulting parabolic curve. if the plotted function has a very tight
parabola, as shown in FIG. 7 A, then the depth-of-focus is correspondingly small, since the area

encompassing the minima corresponds to a small series of focus settings. If the plotted function has
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settings conprise a constant difference between sequent ial different focus
settings. while the diffraction signatures of FIG. 5 result from reflective diffraction, similar diffraction signatures
20  may be obtained by means of transmissive diffraction, provided only that the radiation source-based
tool utilized for diffraction can be transmitted through at least a portion of the diffraction grating, such
as may be obtained by using an X-ray radiation source-based tool, or for a light source-based tool,
by means of a transparent or semi-transparent diffraction grating and substrate. FIG. 5 depicts the
0" or specular order diffraction, but similar results may be obtained by means of any higher
25 diffraction order, it being understood that for most embodiments the diffraction signatures from the
same diffraction order are most conveniently compared.
In generating a plot as shown in FIG. 6, or in generating a center of focus as shown in

equation (1), it is understood that various statistical techniques can be used to interpolate between

measured focus points to give a more precise measurement of center of focus. These methods are
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causing the center of focus over the field to be non-uniform. Similarly, as shown in FIG. 9, tilt in the

field over both the x- and y-axes may be plotted, thereby showing the stage tilt effects of the center of
25  focus as a function of position in the field.
Utilizing the methods and devices of this invention, it is also possible to match the signatures
at the center of focus as determined by diffraction signature difference to a known library of
theoretical or actual diffraction signature differences. Such match library can be significantly smaller

than a conventional theoretical library, which necessarily encompasses a wide range of out-of-focus
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By means of employing an angle-resolved scatterometer, the diffraction signature is
separated into distinct diffraction orders at angular locations specified by the grating equation (2):
sin®, + sin®, = nAd @
10  where ©;is the angle of incidence, taken as negative, @, is the angular location of the nth diffraction
order, A is the wavelength of incident light and d is the spatial period or pitch of the diffraction grating.
It can thus be seen that for the 0" or specular diffraction order, the angle of incidence is equal to the
angular location of the specular diffraction order. However, diffraction orders other than the specular
may be employed, and the appropriate angular location determined as set forth above. Similar
15  relationships govern other modes of generating diffraction signatures, so that with any mode of
generating a diffraction signature either the specular diffraction order or some higher diffraction order
may be employed. For example, in a wavelength resolve device, the angle @, may be held constant
and the wavelength A varied, and the equation solved for ©, at a given n.
The methods and devices of this invention may also be used for determination of the center of
20  focus, whereby the center of focus is adjusted by any suitable means, including use of computer-
based control systems, and the methods of this invention used to determine when an acceptable or
optimal focus has been determined. The adjustment may be done by dose variations, or by other
means known in the art.
The invention may be further used for automatic or automated determination of the center of
25  focus, utilizing an autofocus control system, whereby information as to the diffraction signature
analysis is used in a control system to determine the focus, such as by dose variations.
Although the invention has been described in detail with particular reference to these
preferred embodiments, other embodiments can achieve the same results. Variations and

modifications of the present invention will be obvious to those skilled in the art and it is intended to
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measuring a diffraction signature for at least three of the plurality of diffraction
10  gratings by means of a radiation source-based tool; and
determining the differences between the diffraction signatures to determine a

desired parameter of said lithography device.

2. A method of determining the center of focus in a lithography device, comprising the
15  steps of
providing a substrate comprising a plurality of diffraction gratings made
utilizing the lithography device, the plurality of diffraction gratings comprising different known focus
settings;
determining a diffraction signature for at least three of the plurality of
20  diffraction gratings by means of a radiation source-based tool;
measuring the differences between the diffraction signatures between
adjacent focus setting diffraction gratings; and
determining the center of focus as the focus setting wherein there is a
minimal difference between the diffraction signatures of adjacent focus setting diffraction gratings.
25

3. The methods of claim 1 or 2 wherein the substrate comprises a wafer.

4, The methods of claim 1 or 2, wherein the radiation source-based tool comprises a

light source-based tool wherein the light source-based too! comprises:
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10%& () -10%& ()-: dEPC anincident broad spectral light source, an optical system focusing the light
and illuminating through some range of incident wavelengths, and a detector for detecting the
resulting diffraction signature over the resulting measurement wavelengths; or

€) an incident light source, components for varying the amplitude and phase of
10  the S and P polarizations, an optical system focusing the light and illuminating over some range of

incident phases, and a detector for detecting the phase of the resulting diffraction signature.

5. The methods of claim 1 or 2, wherein measuring a diffraction signature comprises:
a) phase measurement by means of a broad spectral radiation source-based
15  tool source, operating at a fixed angle, a variable angle @ or a variable angle ®;
b) phase measurement by means of a single wavelength radiation source-
based tool source, operating at a fixed angle, a variable angle © or a variable angle ®; or
c) phase measurement by means of a multiple discrete wavelength radiation
source-based tool source.
20
6. The methods of claim 1 or 2, wherein the diffraction signature is a reflective diffraction

signature or a transmissive diffraction signature.

7. The methods of claim 1 or 2, wherein the diffraction signature is a specular order

25  diffraction signature or a higher order diffraction signature.

8. The method of claim 1, the method further comprising forming the plurality of
diffraction gratings utilizing the lithography device at known different focus settings, optionally equal

increment different focus settings, and determining the two adjacent focus setting diffraction gratings
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5 9, The method of claim 8, wherein the known different focus settings are non-equal
increment different focus settings, and the method further comprises use of a mathematical algorithm

to normalize the non-equal increment different focus settings.

10. The method of claim 8, wherein the difference in diffraction signatures between
10 diffraction gratings increases as an approximation of a parabolic curve with a slope of zero over the

center of focus.

11. The methods of claim 1 or 2, wherein determining the difference in diffraction
signatures between diffraction gratings comprises determination of the difference using a metric,

15  optionally a root mean square error method of data analysis.

12. The method of claim 1, wherein determining the minimal difference comprises

comparing the weighted averages of differences between diffraction signatures between diffraction

gratings.
20
13. The method of claim 1, the method further comprising forming the plurality of
diffraction gratings utilizing the lithography device at the same focus setting and determining the
differences as a function of the location of the diffraction gratings on the substrate.
25 14, The method of claim 1, the method further comprising forming the plurality of

diffraction gratings at known different focus settings and known different dose settings and

determining the effect of dose on focus.
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metric, optionally a root mean square error method of data analysis.

17. The method of claim 2, wherein determining the minimal difference comprises
10 comparing the weighted averages of differences between diffraction signatures between adjacent

focus setting diffraction gratings.

18. The method of claim 2, wherein determining the minimal difference comprises fitting
data derived from differences between diffraction signatures between adjacent sequential focus
16  setting diffraction gratings to a parabolic curve, whereby the minimal difference encompasses the

minima of the parabolic curve.

19. The method of claim 2, wherein the different focus settings comprise a constant
difference between sequential different focus settings.
20
20. The method of claim 2, wherein the different known focus settings are non-equal
increment different focus settings, and the method further comprises use of a mathematical algorithm

to normalize the non-equal increment different focus settings.



