; e3ej 6TWAD 02/ 21075 PCT/ USOL/ 27157 DETERM NATI ON OF CENTER OF FOCUS BY
DI FFRACTI ON SI GNATURE ANALYSI S 5 CROSS- REFERENCE TO RELATED APPLI CATI ONS
Thi s applywgabhfdscl aims the benefit of the filing of U S. perawoshaRal
~Patent Application Serial 10 No. 60l 230,491, entitled Determ nation 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 DETERMINATHION OFSENTER OF ROGUS BYINIFPRACTIONISIGNATURE ANALVEIS) and
year of 20 publication, and that due to recent publication dates certain
.publications are not to be conS|dered as prior ar t VIS a-vis the present
i nvent® on. Di scussi on ofROSSHREFERENCETQRELALE PLIGATONSh for nore

conpl et e baCkgﬁQld A c|a§n%\ﬂ£ bér@ |lbd:f th(écmr?qt cEflt'FQ FiSvisidhafisHtd it ) ﬁlgaﬁon%tenaﬁUCh
publications ar rror art ent bi'ld Ty "determ nati on purpos

Li t hogr aptiny sb/aso 401y artitied we@fmmemef; ok campl ofFatusB)eDifraction s:gﬁemeoma%ietmﬁd, on
optics and related 25 industries. Lithography is used to manufacture

seni condRaPHMOgES:i208Y and thersredificatinndbgrenf ddneornaraied kereip Bytefasense waf ers, as
wel | as flat-panel displays, disk heads and the like. In one appllcatlon,
lithography is used to transmt a pattern on a mask or reticle to a resist

| ayer1don a substrate through pagaGRalUND oPUdE aivENTIOht . The resist layer is
t hen devel oped and the exposed pattern is either etched away (positive
resist) leld gf ' ‘st) to forma three dinensional inmage
pattern in th f

rpl oved § - adk Preyt Iy ped BB Ebroag o el & palahlsRgh BN a@H",

PCT/ US01/ abphicationsmbyaiifeaction styreiuré bidhagr iaghding clwdfrhln@hdnaif bahteroe@eisin fithégraphy

sem conductor industry, a wafer stepper is enployed, which typically

i ncl udes 2PPlcalens: sUSh aP&Wh‘ﬁWGS'FtI"PhB%aH@? wafer pCesYg-ner | aser 1ight source, a
waf erysstage, a reticle stage, wafer cassettes and an operator workstation.
Moder n st epper devices enploy both positive and negative resist nethods,
and util i Beke@bidyeart:t he origi nal step-and-repeat 5 format or a step-and-scan

format, or both.
' 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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Exposure and focus determne the quality of the imge pattern that is
devel oped, such as in the resist layer utilizing photoresist |ithography.
Exposur e Wet@rmmes the average energy of the image per unp¢tr/as@®7ésyd i S
set by the illumnation tinme and intensity. Focus determ nes the decrease
in nodulation relative to the in-focus inmage. Focus is set by the position
of the surface of the resist 10 layer relative to the focal plane of the

i mgi ng system Local variations of exposure and focus can be caused by
variations in the resist |ayer thickness,osubstrate topography, as well as
stepper focus drift. Because of possible variations in exposure and focus,
i mge patterns generated through |ithography require nonitoring to

determ ne if t'HEHRMP atlithooraphy. Ratiey!#rlyasedip tereatitondyctir industtyea walayseprBoiSUS
and expos e ; ; j I rtant _where the |ithographic
process iésm@gfeﬁg%ﬂg{e'gp'%ﬁb@ﬁé%ga%%h%@Ir%}‘g?ﬁcﬁp |'ﬂagcs’r.' a%ex\%'i’elriﬁsflr "8*“5 'fq’ﬁ'oﬁs
and devi cesfehsiage, besitle 306, viaterd@isetds 4h@ ah @peratoPivorkEtSRIAE MoaBM sklpparidavices

| i t hography devi ces. Scanni ng el ectron mcroscopes (SEM and simlar
devi ces afBRIRKPARPesifive ppdirsaative rafist neetiod and uiilize ifier thawriginal stepand-tepeat es on

t he or@erfo%atgf;s@b%r,@)_g%nﬂgrplgt BFQgEss is costly, requires a high vacuum

chanber, is relati ow I'noperation and is difficult to automate. 20
Opti cal i cr osExppsse arfifodue dERPHIOYBE quitif of 812 INBFe P thdl & devaIdpddcslich @S Vi ng
power for sub-micron structures. Ot her methods include the devel opment of
speci al i Z\88 resit [pueratiizing Rhatoresishlihagrapsy cExrasire deteaingsithssavgragn ehbrsy offbe ent

Nos. 5,71 , , 083,113 Qverlay error t hqods .are al so
known, as'aﬁ; ggfro@letg 5el?énaq'@%§e ?@;P ‘g‘#.'i’ m'lqgt.'ong',"ﬁgf,g M‘%MEH&GW&@%&W&% ,
whi | e i ncinessiuagon eRMNetb tHeNn-RRESIHREe. Of ochHIB sBilyUREpdaftioh Bnd Uil Sk theSebibt

require use of SEM optical mcroscopes or 25 simlar direct neasurenent

devi cW¥s. laveraplative Jo e fosalpiane obthpiresgingriiste®] at ed devi ces and neasur enent s
have been use iZ] he. mcrostrycture. of nj,croelectronic and
opt oel ect roni gogﬁk%gﬁﬁﬁaog%géos%@g? |}°§V§S?a"%8r?f)‘iﬁe§$yﬁﬁr_faﬂo i §_,resb?)ﬁi"%ral di sks,
finely pothickirss, sopstiatatbpddedpae He el as XBsbePidIS diilBRE RS 57 pHRYiIbIB YakaabR iR

di nensions in the range of tens of mcrons to | ess than one-tenth m cron.
For exanpP@osyhand fogys, iBo9 petiess-genevetpd UsOph #1hes2rIoDsSRMe nBwitering todeemmine ifrmde

d | d i | 0qi [ng. i full t ted,
nondeat s vt PSR e Mihh 67 ook REDRMEH<E ane  Epuand exart AU GG baTiany
prof i15e anpbyait whey HeSogRphit iprdlckss islbéing B8 deeldeIubRAdBMNfined0. 5,703, 692.

This device can repeatably resolve critical dinensions of |ess than 1 nm
whi | e si nul t afe¥igly pf @ethedsrand dpgcastave beps siseptlotdetermaine foras ofIstepper@ng aimilan mi ng

a layer thi e et S _devi ce jtors the intensity of a
si ngl e di' *O:gg%'? ?gﬁﬂ%rédé‘?é@@tggle THLpicSRCoprs {%SA)SH%?'@"%PeY'ﬁ?ﬁ ?f‘éﬁ’@éoﬁf" t he
i |1 um natovgevet, ghile SENM Metrdibgy dantreddsletidatires dnthé Braetds olieiciEhd) 1 predessid! ar

order as well as higher diffraction orders fromthe sanple can be nonitored
in this n8therequisein Rielh oy ghateber.infettivalt Jlaynintoperatidnsand sediffibultito automate.

det 1 Ni QG: j t t which is illum nated.
Becale 1 peica/HcBEAREL i 8B chipid IF oSOof 1o B ha B Fefol g apus Thrade ien 10
properti esruolured. SHIEPMethbay igalide the@evebMEMRY sfdBiaiitd Mr§s AAEMImARs, 8kth as

20
indirect nonitor of the process. This net hoJ%I ogy is described in the
| i t er at ur@e @Eclewadiin ifd BatearNgsr DEESEI %) 953N 28 uartoied, 0861 18reOhetis eaordnalids @sess f or

scattero | ysSi et t, .1 ncludj t hose set forth in U S.  Patent
oo, 4, 7Eecrg RS R ReRR U Shene R st E i made whigacsaring

5, 912, 74Jresclitidn BeddlSe G880 navdlof e LGS 56 Bdlfte LS @#S%M,%&Y%Fﬁﬁrogé@eggpl oy a
variety of different nethods of operation. In 15 one nethod, a single,

k now?Swa aimilas digeah measwrereent devipsed, and the incident angle Ois varied over a
determ ned corAti ny ot h nmet hod, a nunber of | aser beam

0 range., ln.a r.,
sources are errpﬁag)yétléfsscgg?l AR ’qa‘(‘?ﬂg%\t'ceaaeﬁ meagugssmentsf@ve BeRn uspdioe o I n
yet anot heharaaRiififfhhe afcrbghattdRIvk mith @Rt SRE ST Phoele@dHic s%ﬁhﬁ'oﬁt&hélo? nﬁ%‘ﬁgls, with
engt hs an

the incident light illumnated fromsone range of wave t he
i nci dent SRFWHIEr 3rd giskso aplicpidigka| fidely ealishechepticalaompdiieats pina Sthek imgfetials bagrgnent s

are also I}ét@%Y‘"&\meh'éiénls'inZ {hggancﬁgto* t%r?s of microns to less than one-tenth micron. For example, the



20 and filters to produce a range of incident phases, with a detector for
.detecting the resulting diffracted phase. It is also possible to enploy
vari abl e Rglgghi@ati on state |ight conponents, utilizing ogidggsedskshilters
“to vary the light polarization fromthe S to P conponents. It is also
possi ble to adjust the incident angle over a range (err), such that the
light or other radiation source rotates about the target area, or
alternatively the target is rotated relative to the |light or other

radi ati on source. Utilizing any 25 of these various devices, and

conbi nati ons or pernutations thereof, it s possi bl e and known to obtain a
diffraction signature for a sanple target. Besides scatteroneter devices,
t her e ar ecma200rScaeerornetsr, made areltsolidy Acegrd Dipticabfectladl@ies] t.Nga tdnyaa«dbrhﬁteacti on
signatures at the Qth order or higher diffraction orders using

| i ght - bas¥@ddesiyfive chiticat dimensiop dCh)measureateniAnd cees-goctiph @Fﬁ@ﬁﬂ‘?'é“& %YFFPG'ugh a
~diffracti h i p

h) Uson/ S, Bk ia i STl o 81740, 668D il 88l icteat epeilebll st ilcar’

el | i psonatiméssions df lessfthact rmmmwersmultameadmdeteaﬂmh@tr&maish-emmtl erafile dntl 1 S

further known that non-1|ight-based diffraction signatures nay be obtained,
usi ng Jot HREFfomeg ataygihidaarsassess@ents Jhis dRyppmenitors.they @"S'tAOOﬁF'P@W'ﬁEﬂC"%an e
targets I W e

o P, BrgR 3l 4% By oL TRl ol Nl et
a w dt h tthe s'pacspetutdriordentis \bata@ewmeedmubtnoﬁ oﬁemﬁnﬂhasamﬁl@mm&ﬁmmﬂa{hﬁs
are known. A typical diffraction gratin at for exanple a 1:3 ratio, would
have a 10D2HWH.[2péBisgrerides ifmationdat iyse é@édetwrmrw thq)mrapermq&w«e(sama'ph pl us
space) of, t f
ShacH! hogfr&,QP%mm is rTglg\g\Me,Q Be%ﬂ%]tﬂb L.%*ae %[ guo olfgb?lh{atgﬂ\g%];méllg?arégl%gle% t‘gﬁﬂgn
wi dt h® armoﬁyrﬂiesms sarhpietardet] tte lﬂﬂﬁﬁlnaﬂblﬁ Blalgtaigersi d¥iah aidiryct Adnise of Me proReks.
Diffraction techni ques can be enp ed with any feasible width and |tch

i ncl udi ngW'%'BQ'@%QHSﬁ%ﬁ?PP%WV‘t%‘h'ﬂ?’?é‘fe Af Famicomysiar preeessifdi A BYMRer ehpetaodsd
Dffracti t W|th|n

di es on oitipuBtd (FRarfmb iRy JreUhREIRRtng SsAf P, GSEER, ]

exposur e Mok d3),.642) 568 790)E24n3d%6,70568h) 5@6T,£76261880, 80 8101 BV 4N, BRY/6,060,9850e by
|'i thographic neans to be at a different focus, such as by enploying a 15
different focRSaderetag apd relptes deviepsesan edplsy auvpdety afdifferpyt G'P‘hﬂ'éﬁs%f °PF"@“9“5 Inl so

Kk h
G118t o A aSholailin WV R T IR, R A0DEM LR kel ihre

di fferent de‘mmudbritfnnmtmm. gmfothagmethed & rﬁjhﬁ@lfcﬂ!'lds&‘aieamdﬁbed arbmbmyaf
diffraction grating s:gg@atures | el di ngwl nformation regarding CD. The

actual di PRtiPGRIY ie8H Fradldigreasingdent angifpBr Bayet #rotheemahad|an Ifcdghy Wﬁ%"fﬁ’e@?' gkt ues
d Oth
are deri V&@rce@@se%u“@h{:‘ﬁgﬁ%ﬂﬁ%hgmrﬁké\'tgg glrar?ﬁ 5 'h?‘éatnﬁe {’ﬁgﬁuﬁﬁéﬁ}“g SiedFe ABderd €

results fit to urres signiticant

time and agrpeipionalBSRIY daSaitoOVgRBRIpALS: lightcolripemsntd dre also kiusle| utiliShivdicy OF
THE | NVENTI ON (DI SCLOSURE OF THE | NVENTI ON The present invention provides a
met hod of aNASHEE? AgdyrarARaCSY BIciHent ahases, Wi aletacton iy Aelpripa i1s rerulfing diffracted

utilizing,the ﬁ{seal%% %S.tﬁé{% nngl]oQ Fflabze tr&ﬁ{oﬁ s%&ﬂf&ﬁ c‘%h‘\ggne%hsolﬂﬂ&lﬁ%'oﬁ%s ha

diffraction graln orrre I C process

utili zi ngfitefstolvady regigapivyaridaioh ¢em tHehetoP éd‘nfpaﬁéntsmt igaRb poxgbleCto APjUSISheNg a
plurality of spaced el enents; neasuring a diffraction mngrgature for at
| east t hr Bedest apg{@o‘rﬁr@ﬁ@gpﬁ,sw toft teriigt ar etherdiationgaurps rofesaboul the target

radi ati Onar%?,% %ﬁernt?a‘}églg the%}bet i} rrl %te%erctalgﬁvrgtg {hg%ht%?other radiation source. Utilizing any
25 of these various devices, and combinations or permutations thereof, it is possible and known to
obtain a diffraction signature for a sample target.
Besides scatterometer devices, there are other devices and methods capable of determining
the diffraction signatures at the 0" 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



WO 02/ 21075 -5 PCT/ US01/ 27657 differences between the diffraction
signatures to determ ne a desired paraneter of said |ithography device. In
thi s net hwe, o2herssubstrate can include a wafer. The nmet hodpepséirbser
include forming the plurality of diffraction gratings utilizing the

l'i thography device at different known focus settings, and determning the
two adjacent focus setting 5 diffraction gratings wherein the difference
between the diffraction signatures is Iess than the difference of the
diffraction signatures between other adjagent focus setting diffraction
gratings, whereby the parameter is the center of focus of the Iithography
device. In a preferred embodinent, the different known focus settings are
equal i ncietentait Tagseiothesdevides endsmetbbds ingiele epibscmpei?s bntéieﬂecédsdfmerd,l i m{u:mtto
known focus,settings.a non- e | increment different 1 ocus settings,
and t he n%?%%&m?‘ﬁﬁ ﬁé? {”ﬁh"d R&‘H@Hﬂé‘@"ﬂwh“ R dTERipD ElaratupyBay Pmpﬁt@-aedﬁ uzmg
nor mal i zeothdt@adiflion S6li+ad Q%Féﬁﬁﬁk different focus settings. e met hod
further incl u?jes BI ottisns t he di ffre‘ic){sl on signature differences, wherein
the difference in @ vaielyof sapplestagatstan eowb &t the e dlsir‘_fpleﬁaﬁdldb?n@hl&h?dﬂérget

i ncrease Siellabproxination of a parabolic curve with a slope of zero
over t% heﬁggﬁff@arm%'fgrftg%gsfse'ﬂéﬁ)é? ?ﬁrﬁﬁff’i 0 ?""teﬁety’a?ﬂ"Y WAt 19 spacedpig ofact i on
Si gnat ur esetwasin\eBeu 161 4rar13e; tHolgh Sherbitd Srdi@bwA! ﬁﬂ/p‘cgfaiﬁ*g&ioH?PatiR{, ﬁ?fapm ric.
One metric that nay be enployed is a root nean square error method of data
anal ysi s.e@apera:hiatig wanld havera 180 nrdilifd widbraoe acsamnmwpadmeforamhuplﬂ% (@edatipglas ng
the wei ghted.a ages_of differences of diffraction signatures between

di ff ractg'.J |hs ﬁcedrpgﬁo ‘.qunw'%hé’"‘iﬁ'{?gé‘? HEAEIoB T PR ESATINA Ihedimoorapbin BEPCessr Bnfer

i ncl udes they 48 1MbgAapRic Praabisky pé}w‘tglnfaflérmﬁs%d%ch%&gm[ Nidth df\h'r?lit&rﬁﬂéwsi&\ma%y

| i t hography device at the same tTocus setting an eterm ning _

di f f dPendegediged. Pifiractiondachniguédenlbecatiploped with drydeadibiel wiathtane pitdh MEILOGE ON

t he substyate. In another enbodi ment of the net hod_, t he met _hod further

i ncl udes tF‘%ﬁerﬁ”Hﬁa'}“ﬁ@' sraipdnanossowtyricalicemeigvedr at i ngs at different known

focus settinggiradoshlabi : i ) i ning. the. effect
of dose on fg?ll.ls. gl'ﬂgrfagfg&?gélt t#'?‘?/mglplsgﬁgeﬁ g%t%ngﬂ'g ?tgeﬁj, r@@k?!fng]o?ﬁgg lfje&éﬁésets of
t he sane Koawnin thé art toresmrioyfrouttipte diest (o exgoglird fialds) bir 0 8inglB wafedt Eﬁlﬁ&iﬁridﬁen _sgt S
varying by different own dose settings. The invention further provides a
et Kodgofaéggrt"é'?% bﬁi"ﬁ?ﬁ}é{iﬂmfgﬁ@lﬁ mBT”S_f"bg‘?J%t 3 diffegent fack §YAARPY FEPIoVEY 2t he

et had i nfifdisht Adud Sttingtor BAfrelenPPYdUl ting oP HRRL ftad ﬁscﬁ h i Béhtd? oPlolli P! 11 .
of diffraction gratings made utilizing the |t_hograp y device, the

pl ur al i t ymafbegetdrmined using gpati¢rometsy arainjiffractibmgyatitigh be cemparika aifractiacdighatures
settings;. determnjni a dfi ffraction si %nature for at |east three of the
plurali tjroﬁamﬂyroégﬁf“&ﬂt ocug@jiERstion granupters thegrelioatgedel 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 theresults 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



-6 gratings by neans of a radiation source-based tool; neasuring the

~differences between the diffraction signatures between adjacent focus

setting dypfhdedskon gratings; and determning the center gicrieaiaras the

focus setting wherein there is a mninmal difference between the diffraction

signatures of adjacent focus setting diffraction gratings. In one

enbodi nent of this nmethod, the difference in diffraction signatures between
adj acent focus setting diffraction gratings increases as an approxi hation
of a parabolic curve with a slope of zero.on the mninmal difference.
Determining the difference in diffraction signatures between adjacent focus
setting diffraction gratings can include determ nation of the difference

.using a ndifferemces bﬂwbmﬂhmgiﬁtmuomnatumm determineca deswied parametsicnd aaie lithography

met hod of ,data, apal ysis. T met hod o includes 10 determ ning the
mi ni mal  d8Y%r EHE@"{?V at} sﬁi}efﬁbma}é &VH aver ages of differences

_between di ffragkiRthod 'c%ﬂh%%ﬁ:‘hﬂfe fin ?‘fr?e"ﬁlurglﬁbf%lfﬁ&tt %ﬁe@gtrlﬁs u 1lfzﬁlﬁtt

~Anot her

gratings. In yet another e ment of this t hod ni ng t¢1e m ni mal
di f f er enckehognapihy devcefat tiifferegt iiatvafodes settings, fand deteinfifiey o oasadjentgeius setting
diffraction signatures between adjacent sequential focus setting

di f f r act i Yiragioneraiges whereln phg diisenee betyesndhe M‘@P‘é’ﬁf'gt‘ﬁ‘ér%'ﬂle?ﬁéha'ﬂh? f erence
enconpassg [ goi ng
ot hotde, TR (e lfacon b pEL AR vl b fendGous Bebd afacl R REE T ot s

I n one enbaebythe pararheteatusgietcemeuasfctmubafstbdlithmndphyne\}mdes an incident |aser
beam source, an OF'[I cal system focusi nkgint he | aser beam and scanni n&!t hr ough

sone range of ' AETLRISE eahgiment A diierepnawt @F”??ﬂ“"&%ﬁ@@ﬂi‘ﬂéf‘cﬁ’f@"?@ #2i ng
diffracti )%Busséegmﬁé U2y, HaSuirfe W( \NHQOC'E? IZPEH'? %QGLI%eJé?.?mhérgmt

sour ce- based tool can further |nc e an ang e-reso scatteroneter. In a
di f f et@ent fo2ds settings) ianat thie, metthod fnhrttghhclednsrueeetm&etdemmmhl digotithirote siomnaizethal ity
of | aser beam sources. In yet another enbodi nent, the |ight source-based

t ool incl ﬂfd\e%qua'ri”‘if?fﬁ?rtﬁéﬁ?febtrfé% seteasiral | ght source, an optical system
focusing the |

wavel engt hs, fhgmet@g?%dgfor cn%tp‘ ﬂﬁgt“?a {?ﬁ estlﬁrgta%remc:ies pﬁéé:%ﬁl on

si gnat ur edmmencetldn diffraetiinl stgnatgrermameeeaﬁmbtuom@vauhwngtrb&es lal aly eppranﬁﬁth»a fof a

enbodi ment, the light source-based tool includes an incident ght source,
conponent Rarglolip BYV& Wi 2 FloPe ¢ &erqipyetbachates Ao a DateBRingtion °§h5Ht§e’P"°e n

pol arjgat h.ﬂ&éuonasﬁbngtme's% eﬁyélﬁﬁaﬁﬁd‘n%‘?é@b%bntah&% r#ch%gsé‘% dnlath&”%r%’nﬁﬁ&thgt" er
sone range of 1 ncident phases, and et ector et ecting the phase

the resul tiapge einpibyesics & oot segnajuakeerrot metabd of@btatdnelyﬁmrtegemrmgnmé h'mﬂﬁal

measuring a diffraction signature includes phase neasurenent by nmeans of a
broad spetiff¢rgncecagfusinpigpc uF%‘éoaﬂ%Es'@E“‘F@B‘ledéﬁﬁ?Q?é of YfepRfer APIEHRCAN | xed

WO 02/ 21UZ|§na!Jres E)ﬂée“ dﬁﬁ&c {035 aﬁlzgsangl e, a variable angle O or a variable
angle (err I'n A measuring a diffraction signature al so

i ncl udes phaseén memuscmimm of’aye imekod tiaf methad fogher incaned femgidia pladiita bf diffraction
sour ce-based tool source, operating at a fixed angle, a variable angle O or

a var #%b| Bratings|utiizing the lithageanby, Avies 3k theispme e %ﬁ\“"@iQQHSF‘GF@"‘BQAWGQ@E?"P%Sude
phase nea f ' C t 5
Cour oe- bas e i vlodBaNE ¥ atedlth Lo ol RC i Ty ShTRS b By 10,

di ffracti orthetghainsthed Dirther indluains foieigg the pdlrafnfyroac‘fftaefbnagrgmgs bitrdifferehienown
diffraction signature can be a specul ar order diffraction signature or a

hi gher or tSHS $AtNGs apd dithied kpgyyy dpse settinos BB dperliningtie gifechalfieps ofocys. Jhemar y
obj ect of

par anet or BPRRF BEBlon SRR (e a8 R cire Gl Bfbol Bbu BARY rBen

or si o8| agrafthgs! s G&tp yamag bplidergnttkaolbdosd Getdmgat her obj ect of the present
invention is to provide a nmethod for determ ning center of focus of a

| i t hogr aphy demed@'eﬁtipnatwmeyE'iowge%r@ew ¢fidgtermiping Yegartelefdocys fradithageaphy
bet ween gﬁ%&r ﬁle?!(et d%l’?b'iddﬁ@ tl?e st s off ?rl;:e t f O ?‘ratgl f%rargs?ng;' ﬁ;g% %Il;tggfl dt}ﬁlgctuon

ject o e pres provi

det er m ni geatieds rﬁmwﬁzmggh@mn@amea&.@smecpluadn@daf Witfiabtion drattnbggmmhug diewrente,
including center of focus, by obtaining a diffraction 15 signature

uti | i zi ngkeawnagusseiings: detoraining a didiagtion Signataredpriat leagtthree of thgplurglity ofgiffraetion of
the present invention is to provide a nmethod for determ ning or measuring
paranmeters associated with a |ithography 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, variabl e wavel ength, variabl e phase, variable
pol ari zation state or 20 variable orientation diffraction, or a conbination
t hereof, of the Oth or specular diffraction order or any



hi gher orders. Another object of the present invention is to provide a

nmet hod and device for determ ning or neasuring paraneters associated with a -

| i t hogr apkgp odevi7se, including center of focus, w thout reged¥/u§dés7ect use
of either a theoretical nodel or library of known paraneters. 25, Another .
obj ect of the present invention is to provide a nethod for determning or
measuri ng paraneters associated wth a |ithography device, including center
of focus, as a function of dose, by neans of diffraction signature

di fference response and anal ysis. Anotherg.object of the present invention
is to provide a nethod for determ ning or neasuring paraneters associ ated
wth a Iitho%raab?hy devi ce by neans of any order of diffraction signature of

WO 02/ 210%81Nag by feqns af@radiatiog soyre-pased tool: measiing therdiffesancenbayveenithey s
i ncl udi ngy; . . I hi r.order djffr i.on i ther
bosi 11 ve el ignBiros B ko dtelifbe Rise il aiHeBi orfhbE apd bort o ¥ et

it perm tof foneassithe fepup setampbiesran theteds b Aghirha dafetdntd BEadH e BifMacion siinhtlrdt
the use of optical, SEMor siml|ar mcroscopy netrology tools. 5 Another
advant age®f Briagenbfogusseling diffiRclipn 9'@#gss that it pernits use of a series of
di ffergent foc ' j ' 0 nvent i.ona fer made means
of & o epper . 1T oS iHoRRlon 0 At RelnRlnhuort B R0 Rt sk e WA e

det er m nefoasrseting aiffraclunliatings Inc@bseg a6 ah apprbimbtiod s 8badbdliclcans Wiia slope of
signatures, and the differences therebetween, for the diffraction gratings.

Anot her 8% he Sinipakdifierence.sBeterminingthe fierenes ip Hfraction signatrireschstweenadihesnt and

devi ce t Derm.ts 0 i nj s.. L.ncl udi center of fqQcus, Jn a
l'i t hogr agﬁyus%gt\}'ﬁgé'ﬁ}atscﬁog r#?%‘g‘ggus}fqa%'g%ﬁe¥ef%"%§'°£ ﬁgﬁ!@ gﬁfe[)egf’? fore bicsii m?tﬁ?‘rﬁ‘cﬁ‘ﬂﬂg at
| ower costiut hétaimitedia\eabbtinvstal sqadrel eKEIONEINJIRY BAE Snalfdid) Cihe PhitRKtalso indiMedt ages

and novel features, and further scope of applicability of the present

i nventd; orf&iirmjningdhessinima diffarenee bygomppringtthrewelahted averpoge stdiffesericerbetweehol | ow,
taken in i £ 5 Dy nyi ng. dr awi ng nd_.jn re. will .
become apusraif Sphafett gl BSSIRRANAReN sAYD o Mot PR are

f ol | ow ngmethod, detgriiging Ba msithalifepérae tnckiBesThting Htal deviedd tordifrefEiReOBREIS and
advant ages of the invention nay be realized and attai ned by neans of the

i nst r umerfliff¢tion signatwgs beswpemhadijcentssepuantial dasuapettingtifraction gestingsitma parebalippended
| ai ns. F THE. DRAW NGS 20 Th i ng draw ngs,
whicn ar et iRy The bl diekies SatheSses Fo pintagr CpaRARTE B D o

whi ch are 1 ntorpo nto an

i |1 ustsrat e onen & of M2 fEreGETHY FhetNBAY, thePhdidtidR seUr&SIBIREd todViRElide8 Mg Bslrcd-R364 her
with the description, serve to explain the principles of the invention. The

dr awi ngs '99'e BenG emBpdimaR. the fight seuresrbased tagltindiuden gn inider lasabpeammontceraned
?T\?Ce)glt rﬁnrﬂpﬁ?éri:tsy{s?]%‘?f 'rcggvfmtf‘gﬁéés %@eraorégma%g s&Rhind %r&%h N8 trarnldg gf i%c%delnl anr}g‘els,n dtahe
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 tool 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 resulting diffraction signature over the resulting measurement wavelengths.
In yet another embodiment, the light source-based tool includes an incident light source, components
25  forvarying 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



25 FIG 1 is a schematic representation of a wafer with dies thereon, the
odies including diffraction gratings; FIG 2 is a schenmatic representation of
various Rpgespfif;sobtaining a reflective Oth order diffracticansh@nayure;
FIG 3 depicts a three-dinensional diffraction grating; WO 02/ 2107S -9
FIG 4 depicts a series of diffraction gratings; PCT/US01/27GS7 FIG 5 A -
C depict a series of plotted diffraction signatures obtained utilizing an
angl e resol ved scatteroneter, each signature varying by one focus step,
with the S and P pol arizations concatenated; FIG 6 is a plot of
diffraction signature difference deternirfed by root nmean square error

pl otted against focus; FIG 7 A and B depict plots of parabolic curves
enconpassing@, 4 ifiaBleBhgie & &'a VARsHIONgRNS! Wtﬁeer_néta&g@m@mhﬁg; 8 diffacfioAGibhature
respectively; FIG 8 depicts a three-dinmensional plot of the center of

f ocus deralspdeclddes phabefniqagerenent by meangyefatsingée whveleagth ragiation sauragtbaséd tade of
~positions_in the field, thereby show ng, the center of focus as a function
D~ pos 1| SHEPrPRETRUNG P o0 S0Rie e SF ST & b el 8B Prr AR e A AT,
the cent edignaiurd &mUtsodfdiidé@fade’ RERsHehmbhtay i daRs 8 DRaALNE Gisdbth WAl &gt @Yigiont e
tilt inthe field, thereby showing the stage tilt effects of the center of
f ocus Sas wufcetesaddeol sburp SThei diffiadtinn sigreaturé edndhe 4 & @EBORIMRT QNGO UrEHHEa
PREFERRED ENMBCDI MENTS, ( BEST MODES FOR CARRYI NG QUT THE INVENTI,O\IQ_ The
present i FRPSRISPEHIAGIAN RLat s HBB S MEAGIPRanPUERCandie AreacAr o™ YRGBt er s
relating dighafird bildVAgHeRBIAYr GIFYUELDR sigRAlGke| dinér dSBIELE HRGgEDOdI ment, for
determ ning the center of focus 019 a 20 lithography device. In the nethods,
a series of diAfdrimaot dhjeet efitigneresentigvanfiords fof odde a ohiethbd fac tnieasurigy pdrametsrsar e
obtained, the diffractjion gratjn havi ng been made utilizing the

it hogr apRipURR adino0i2nty dhylte WIRRHY it LPPHFH M BYPTaler BicroeCand Menplgay oot
settifygs, andpapthbIblcl of i REdthdthidn¥or0 toirblid®y £REhIPREaSE IR ntel BGocus
diffraction signatures are sequentially ordered, which ordering may be done
subsequendf atlithogitaply drvitg by bealyhirgftneaditiiadion siggaiare uiffessnces betweasmembers ofarsedés

i ncrease or,_decrease, of focus setting, 25 preferably in an equal

i ncr ement € 9fEIFGt PRYS GiffrAqURP 81FHRES pet ween diffraction signatures of adj acent
focus setting dbhbf el GiinedrddenliBventbifis 4E5r6VidH Rkthod RoF adlbddifiER FRasing
conpared, optionally utilizing a nmetric such as a root nean square error
met hod of paaradtyrsiassocibled vathfaflitrmgtapondesicgriadudingentiet 6f fdpas,dyebiaining erdiffradjed her |
with | ess difference between equal increnent adjacent focus settings, as
the ctht efO5Hure Biliglag pither gelledlivg or tiangmisgye UHBFIS)i ng t he nmet hod of diffraction
signature di f fxb@ABCSH NG HSpreserl inbdhtish 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 variable orientation diffraction, or a combination thereof, of the 0"

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 ohject 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



WO 02/ 21075 PCT/ USOL/ 27657 -9 0 invention, the center of focus and rel ated
paraneters can be determ ned without reference to a theoretical nodel or
dat abase w (2s6mri cal data, and wi thout use of direct neapgr/es®Nd7657

nmet rol ogy devi ces, such as an optical mcroscope or SEM Before proceeding -
to further describe the invention, the followng definitions are given. 5 A

| it hography device refers to any device that utilizes an i mage, such as a
mask, to transfer a pattern to and optionally into a substrate. This thus
includes conventional optical |ithographyg such as photoresist |ithography,
but al so includes other nethods of Ilthography I n photoresist |ithography,
al so call ed photolithography, optical nethods are used to transfer circuit
pat t er ns diffesent feeys diffraciienygsatings dnduding thes'sor specniet prdbes any bighwbaesdifitactionhi s
process, gmgHQ 0L S SR ecialized materials called 10 resists are coated on
the wafers 0 e cH &8 rcuits are to be made. A resist coat is applied
as required, anglinfsy dRaMab@6k thd el IRVentisn i§ tat MBS %eﬁﬁﬁ&paraﬁabrsaaaﬁa@ a
sof t bake. Either positive or negati ve photoresist materials nay be

enpl oyed. o RdiEiopiaphy davigedvityoy the usepmnuw $5M ol airilag migtoscopymheteolagy toevtsd as

resi sty devel o sol uh posure.to

resists are n%‘?‘%@ ﬁ%dérg? %ge § ReseRd 'W‘e([:‘ %s ﬁ"g Epeég“t? %?Pégsa%ﬁ?éﬂ %ﬁ?ﬂe@ fogqyst

become i nambetioh @rdkigLorPP8dHentioRal Wa@Pinadddy rheand %P8 Slepser .kléruof rytofentional

selectively in sonme areas but not others, the pattern of the circuit or

ot her st rRfetongsist [ithogramhytregans,fo ddteminegiester dfifdaus ulllulnopbueamhatbn phadiractiohy, t he

sel ective_.exposure, IS conpl,j shed by | in mask, typically by

shi ning ITYRIVSneH tbﬁg' E})sdhﬁe gcff’ﬁnﬁgd'ﬁ%@t'an%ﬁ?ﬁftted i mage onto the

resist film J&hanbaadbeﬂa@&mhed&ygeﬁﬁﬁvem&n% BRAEHolied Ithanb Yt B0uGNC | Ude

steppers, al so known as wafer 20 steppers, Ich are used to project the

i magetOof Rrermity etiningresytshivrluding eepten pfe‘odusonﬁathpgmbwmice atioasa stegyegtin goat ed
ncl udes reduction lens and illum nator, exciner

f
Y\gsg: | i g%f’%s)ooﬁp%‘ie%q'\lﬂ%?aé‘f’ aétoﬂ‘érecm than Gopyentionaland kgvamefgds et t es and an
oper at or Wwor kit bBjBets, AdORMLIeS afdvEMeROEE RARIHhEVE RIS JppRabiliy gftggéﬂgﬁént

net hods, and utilize either a step-and-repeat format or a step-an

format, dRvepberovithae seriotthie pedin thedetalne descligior iqfiotiope thkemintdoajumatiarc wittcthe of
this mveratcl)ona or ot he Egstrate on which is g)osmedaserles of
di ffracti®On EP%‘P’?"\A@?WSM%F’%W' TIrRSEPURHiITINgeR Tkiled inthe £ 4Pagi npl est
ternsis a élaminaBéi drtie BNiAG) Br thy B¥arfdd By PratiGe Glind MBHBolTBEE oBjcts ahd109r aphi ¢
means whi ch generates a periodic variation of the refractive index relative
to an i noﬂddemaquIOIftmmlmmlcmnnay'ﬂmrea||z¢uaa1gattamedBﬁmamtlovmeindeemaneMdel t her
due to ap di.f f erenc r a chem cal difference. Physical differences
i ncl ude 0{% gﬁ'ﬁf@?@“'ﬁé‘ﬁ%&i‘?”ﬁWé??appi’ldeﬂﬁ@ﬂ'ﬁ?eS|st or ot her

| it hographi cally generated changes, such as utilizing a material with one
refractive index coupled with air, such as ordi nary scored opti cal
diffraction gratings, or a Bigif > ON @F RAWVINIGE! erent materi al .
Chemﬁ)al dlffq.lhgncc%s incl u&je waf e E‘ vmth hotoreS| st exposed diffraction
gratings, where’ fhe Fesy & TAYEInY ich, e IncawRralfd jte B fprm g paft gf the specification, of
the resi Shustréteohé b*m&emn%%&memslaﬂhe hn@?erﬁ’%%dti@ﬂ%n& héHetnBANS: t'ﬂ@@&cﬁﬁﬁﬁﬂsﬁ have
a different refractive index than t non exposed resist portions

creat i ng taewplsin ﬂadlﬂncjdegofahe ingentiansThstdrawgngsfared@ny foctihe pirposeadf illosteatiod one or
refractive |nd§: ist. The periodic difference is obtained by the
peri odi ci Te8F° %ffePL?&baﬁ'me"Erof l{‘ﬁwr&@n apqd ¥RPALS Pe sRPsiuedRRlimiting|thrjavention.
convent i Qpale ffadihgsaction gratings consisting of a series of parallel lines,
but also includes gratings such as a three-dinensional array of posts or
hol es35 wher ei IFIA.0 i$ hectenatic pprésadatoh bfa wareboithdiésthédaen, ¥etigsasdiiomy damaktivh
direction, diffraction grating with periodicity in both the X and Y
directi or®|"¢shown in FIG 3, and a diffraction grating with per| odicity
in one directirm,

Diffraction grat |2dg§@§kﬁé‘?%gﬁgdgﬁ%ﬁot\galpglégl @?d%gsr%g??t%g'g&m%@ﬁ {arbh st ack
gr at i ngs,diffragtigh signateiengs and ot her gratings known in the art. A d| ffraction
grating typic as.a line width to space ratio of between about 1:1 to
1: 3, though O?Lclé% A%g'qszﬁ 5§ dmmggalgﬁfﬂc@y@atmg; typical diffraction grating,
at for exanple a 1:3 ratio, could have a 100 nmline width and a pitch of
400 nm The width and pitch can be significantly snmaller, depending in part
on the resolution of the |ithographic 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 numnber of
instrunments, such as scatteroneters, 20 ellipsoneters or reflectoneters.
Any deV| ce errpl oy| ng rad| at| on to generate a d| ffractl on 5| gnature |s

Y o . '




10 i s possible and known to obtain a diffraction signature for a sanple
‘target. In general, the detected light intensity is plotted against the at

| east ongqy@akhadke parameter, such as angle of incidence Qemgygheggt h of
incident light, phase of i nci dent i ght, angle of sweep (err) or the like.
The diffraction signature may represent the Oth or specular diffraction
order, or nmay represent any higher diffraction order. It is also possible
and contenpl ated that a transm ssive node may be enployed to generate 15 a
diffraction signature, such as by use of an X-ray radiation source as a
conponent of the radiation source-based t%ol . In one enbodi nent of the
invention, a wafer 10 as in FIG 1 is provided, on which is disposed a
~series of di es|315,.deﬁat@tayah@dmma@ﬁadnlqﬁatrn?gresents that portion of the wafer
representing the exposure field of t i t hographi c device, such as a
stepper. In aFi& é;ﬁeﬁtdem@@éaltiess)yabmdiﬁrhféloennnatereaoldanvzsfuttlltim @cangiesk or
reticle to e shut opene t her eby

si mul tane@ﬁf&eﬂ S £$6°§76r1ted ?%h S'@%‘t‘t’?é@’éﬁ”& bé?'be g’ﬁ‘r‘sesqp gﬁbthe ?ﬁ'"ﬁ%&%ﬂzﬁ'ﬂas scan
system @Bhoatéhaftart of the reticle or nmask, and thus only a part of the die
exposure field, is exposed when the shutter is opened. In either event, the
reticPe or maie. $ds/a plet ofgifeastien aignatunadiffereqtiefdetesminpdby rgetaméangavase e?@ | s

pr oduced, pl&ttlég g“sft %Sgl on grating set 20 being conposed of a series of

di fferent, opt ona y'different focus, diffraction gratings. 25 It is al so
possi bl e that Fidig Alarddl B aépidt aetsg»raaramcaﬁtes?&cbrﬁpasgnms%'ﬁt fRn&®dw &% of the
sane diffraction gratings, or is conposed of a series of sane focus but

di f f er entwidorspgei¢dnfaraefifpan, rgsrectivalys. In a preferred enbodi ment, the

di ff ti t d of f diff t f
i 11 a0t on oFHeHBERS s BPar IS UR P31 oot R o SR B BRSHRD) T ocus
step, 10V‘/n%rg%'aﬂ1ré3tlldfer€||‘|c;efa'i 8 Glultifide 9F (shiBRSin BeSiefdt therebl HRMind¥eEcenter Bifullis@stkho di e

on a wafer 10, either the dose range or focus set%'l ng WO 02/ 21075 -13
PCT/ USO1/f@7fis ofrrasitje in dire fisist ar)d may vary. Conventionally, the dose or focus

is varied in t nta thereby facilitatin bsequent
anal ysi s. Thug%]%"ae?'g&?gﬁref fneaRy ?%P'@Pgmegﬁ?f'{e{/?ﬁ?f”is qesgd ?8’" H?H st eps
over a dejigafivd\@fere@aARer tROG ih iR fdRSAerebPENoRIRTI Ragetit@hbety a¥ide dhtek opr 2 M)
increnents over a determ ned range. The diffraction grating 20 may enpl oy

convent i daeus asiarfenstiogofepitiende the fild. 5 spaces 30, or may enpl oy a

three1 di mensi onal pattern, such as shown in FIG 3. The diffraction
gratlﬁgs are typically created in a resist nmaterial by preparing nasks with
opaque and transparent apegsrIPPIONGPIAL PREFERRENEMIRSINEATShape, size and
configuration of the desired di Tfractlon gramu—rc'é"of radiation is
then applied on one si ddBB$ DESHEIR Hie ¢y pile nask shape and

PR N TN M i e TR
i nt er pos aghdgRipR8&ideNEnd TR S tsre@étfédtehﬁoa.ﬁamsftorb@yrﬁrmngan&ce?«.te? o elsiopRal 1y

bet ween the radiation source and the mask. When exposed to radi ation or
ener A0z editzography févidee i the eedilods, tacseeefsfoédtffreatlmng@rqsmf tiifferentatiffraction graticgsent

i i Th t ent t h |
change | 8 Rivane et i ER oidinos WaGop Bd mede B e, iar Bk p Ut Sr et e
resist | 3éfﬁd’loy|rf§%|ﬁraﬁ4ﬁ of Giterdi@roBiEaNgsl ah@oﬂ%ﬂ@tfy%tﬁﬁjrﬁlt)ddffdfﬁ%%fdldé@ sé,ltﬁngs

signature as set forth above. In one enbodi nment he wafer with | atent

i mages i nlheldiffracion signatergs bre ssausnially odleted. \ahngo@‘dermgmmwomtwememoto
drive addi.ti onal E{mcal reactions or to djffuse co onentts within the
resi st | a3PL4iNIng the gifractionsignaturesn s AR drder @crlegschgpe% BEgREMBBed by a

devel BpegtieRIbYGEEP equaPihtreRais Yind e ReiEtenaes &Wﬁh%ﬁ?ﬁﬁ lon r%ﬁﬁéssof ah&dneby a
_portion of the'resi ct I's removed, the portion determ ne whet her a

posi ti ve foesisstting diffrastiat dratags ersidstermmm eTrthddmemdcesTdneccﬂﬁpamwedntmpaﬂymtmmlgcacess
is also referred to as an etching process, resulting in etched areas or
“spaces of MPHRSYBSP &iroqtagRap sq‘%ffﬁjerg)ﬁﬂetmﬁlOf Inalysis: E%@g’ra%&"é sigaptries Wil begoe, as
other fil&Eser RGetibl. &ith I%k%célfférﬁ%b%&m)e@h’ ual crePehtla88cent f&c% 1ivgs, RedR RREr
devices of this invention ion grating may be exposed but not
devel opedqf fanus isergachkd.eTmathy emblpyibethd enettiodpé diffraBiomisigaatune, diffeinenice andiysis of this
foregoi ng generally describes a 25 conventional nethod of generating a
diffraction grating, any nethod nmay be enpl oyed, including use




of phase shift masks, any of a variety of sources of radiation, including
el ectron beam exposure, and the |like. Focus is a critical paraneter in any
| i t hogr apwe adevese, including a stepper or simlar |ithogrpptyyseesere.
Focus and dept h-of -focus are functions of dose, or quanta of radiation
ener gy, WO 02/ 21075 -14 PCT/ USOL/ 27657 and focus, or distance fromthe
lens to the target. The resulting inmagi ng nust be good for all points
within a given exposure field) thereby resulting in a definable usable
dept h-of focus. However, factors other thgn dose and focus affect the focus
and dept h-of -focus, i ncI uding astigmatism field curvature, lens quality,
orientation of the wafer stage in the x- and y-axes, and the |ike. Typi cal
product i dnve\nmreﬁhegleetgp@frfgcuhao@re@tqda:@mmmerg naroe deteyminat wititoudreldertce tabout
1.25 mecr usabl e dept h-of focus fromapout 0.40 to about 1.50
ni crons. tﬁ)%?ét' %%aei' o qagﬁbaf%‘gl?@goﬁ'?aéfjaté‘f aqddﬂ‘hg“tfi&? °faF'rF?t>??§“Gs‘58'§%m metrolagy
critical deniced,fsLél f£n PRE&HI AfdrddBorfor@EM. t hogr aphy device, such as for a
stepper during the photoresist exposure step in wafer processing. Dose
vari ations co@p&mﬂocmindltd fuitaridescribethe dnventioh rthe fpliowingsdefietionsrare giken. | enses

that are used ers, and o raphi c devices have a ver

i i tg’d dept hAo' hoPc?@ﬁégg‘pS rﬁfﬁﬂ%?""p&é’&?b] {)ﬂ?gesc‘ NP Sy as Eé‘?ﬁs@smfrﬁ'éiferér e
in focus patbin ty bl 6htishall Rhty/a elsusﬁét@dm.hmuern%raae%tcohmgmg op’he&I n{naﬁéptﬂf sicRCUS
will result in non-funciional photoresist features. Being at the center of

focus al &3 PélplngfSl lﬁmumghw b elow vslugaseties methegecttitiogdaptyy .In Pmt@edidtdithogmprer  of
focus is Wﬂ (ﬂ@_@% rm ned, n%n of a vari et% of different autofocus

syst ems o EHEhRIOtH09RNY. RRtcalTaginads Areispd o ars TRpCicHLRatiems fromemastari on 15
bet ween tﬁ@% s Bfled Rfhskd & r%fe?rto wareRe |Ir¢th?s%?&te?§5n JNRSE spobili At fed
opti cal ods, such as enpl oying reflected ?1 capacli tance methods and
pr essi@r e resisis are qveteHod $he walerh oawhlemrmewyculg aprte bs tabe. oAl realst coatieapplied ast hese
systens and .schenes are apabl e eterm ning center of focus, but
TPty PR rrtired (G SRE lrios P ssech Uck e Hsaake | Ry phstep o

oper at | Pr}%ﬁaﬂv@%h%&%@{ mQtErnJlQﬁH?bé‘Hﬁﬁlo}%@ 6@% We%ﬂ?@arﬁ%r‘g%qy fﬁ%luﬁfe m?:ﬁerﬂt:&l? n
every six hours or less of operation of a Iithogra to
FI G 5 A usdép$ esistidevhiopes rbubbaesomemsoldblé by a(nbsweltcsllggna{egat% rwrahemauy

utilizin angl e-,r sol ved scatteronetr ght radiation source-based
t ool , % E’S'fef'? g’& e ﬁﬁlfeﬁisbge"fa'éﬁ?r%é’é‘%?‘icﬂ'ﬁet%@”%‘%@%ﬁﬁpéfurﬁfﬂ@f“ BYom one

f 0CUS15St efxpbding thE re3BXSeldBGehsin %Brﬁ@ an@EQGM%olS&tﬁé?s rh@&ﬂen‘ﬂ ofthé)crrcdlt%r g@en of the.
figures of FIG 5, a constant dose was enployed in photoresist exposure of
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not directly quantifiable, and is also conparatively slow Accordingly, any
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signature may be generated by means of an angle-resolved scatterometer, wherein a single known
wave-length source is used, and the incident angle @ is varied over a determined continuous range,
as shown in FIG. 2. The resulting diffraction signature is shown in FIG. 5, wherein the intensity of

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



WO 02/ 21075 -17 PCT/ USOLl/ 27bS7 a broad parabola, as shown in FIG 7 B,
depicting a large area corresponding to the mninma, then the depth-of-focus
I s | argerwoprrmsti ng a good focus value for a variety of set/usngses7For a
par abolic response to be obtained, the center of focus nust be included
within the series of increnental focus settings utilized to expose the
diffraction grating. That is, no parabolic 5 curve with a zero slope at the
center of focus can be generated where the range does not enconpass the
center of focus. Further, at points signi %I cantly out of focus, for exanple
where sequential focus steps are conpl etelfy renoving resist, then
diffraction signatures fromone focus step to the next focus step may be
very cl oskeamispuees gre@miployed, ioptivnally ¢det ath differerd incidentranple QU sin yétepsthaahethod,

resul ti ng i.n g ?I’ll f] CT& difference In the resulting images. Here too a
grating nBdaf e@lb FRECIRI Yot spyreg indaed. WH%S;‘EH@'dEWﬂ'pwléﬂ"ﬁaéeH&"b?%erfé"%‘gas
Dl ot tod t o Shhe AR hY it BhatoroeTongl) RS Bsién’ 46 QU FIE L Atk

conpar i sophaeé light $dueree ate dlseduewali u’t:ﬁmm faoge of irghiahtithesesawittea deteddrifa@mietktiighe

angl e of |[nci Cﬁ with both S and P_pol ari zations concatenated and
pl ot t &d al‘b%f‘%?g'f'" firacieq phaserasdnshowndmEILt ., V?ftab@é’ﬁ‘af'@éia'i' gt prures greaisoat ed

that in qth& bl f

simi 1 ar g TR BhagbipbpAsibRon ifs Stor AfEkhets Aty WSLUSRERS. e
di f fract i aiso misgiblataiadiust tegeieniaingd doyr goiande &, rugcwmuahermat bouagarotates about the
intensity, for variable phase diffraction by plotting phase agai nst

i ntensit yd'ff'fﬂe}w"@a“ﬂ%r é"eﬁ&ﬂ"&?'Y the diffEAstion getngds rmafe&d@'?w tpipediplyspyrag as
pol ari zatdngin fif ﬁéez aiglﬂlk:ﬂ? by SHRRS Uhbus BQ{ -:ﬁ\é.a{nh ABhEn& H}%Qtt ;fe%&é\%oq% he%e%? fyi on

by plotting (err) against intensity an I ke.
di f f ri@ct i is possibipand knesn ofobfinG diffractessighatiiredon a"ﬁfﬂp{mbngme I:dgérfefaﬁi.(tﬁd ddtected

simlar diffraction si gnat ures 20 may be obtained by neans of transm ssive
di f f r act i 19t intsPity iscRioited Rpgingt therat faqet q"adﬁf&Plecmra@mﬁro%wiba%@w'q o dcidgres @z ed

for di ffrﬁ&kleﬂ&h%ﬁﬂcn@&ﬂ Lg{]rﬁguﬁgée ﬁ%ldtemrh Hggh(g%t fkﬁéae?% grtRQ [I'gé 0I““e ffraé'.{]g

diffraction grating, suc eob ain ration

sour ce- basigratur@ky represéra thee'l argbﬁcumﬁdiffmetfolﬂa’sc&d ok mal repbééelﬁf&walgﬁér d#fraction
transparent or sem-transparent diffraction grating and substrate. FIG 5
depi cts t9@erotits giso Bpssibia copta@plaigr fifal aensalissive mods imay Ibarempbm togengsgte be

obt aiqged DyiZBAR Y, dia i under st ood
t hat for m)'st errt%)gJ %tﬁl%nf%scntﬁggg ezr?r ac 'L%ﬂaﬁg}'&;sgﬁ'&ggéa g'feﬁp&the igtiaion
di ffract i sonrcesbdssd tasie nost conveniently conpared. In gener ating a plot as

shown in FIG 6, or in generating a center of focus as shown in equation

(1), it is undpreremagdinteat of the invsiitions g avefes 19 esin FiG drinpiguided. @awhish isdispgsado
i nter pol af &RebMEEN 5@?#?.@% e prgﬂn&ttﬁ%égmgﬁ Xﬁhé"‘w% rgﬁr%é%@b@ﬁ_e fyposure

measur enent of center o ocCus. ese met S are

PCT/ USOL/ fe¥6@ theldittmpraphin deviee, auich,as anstbpp@ty Ih@stepanERpeA B, tRaPAtaY &da of the
Siml arI y, anal ysis nmeans can be enpl oyed which do not use each focus
poi nt20 pupaskar F%'F'ef)‘b?ef@?pﬁi‘egds Hymipatgd Wﬁ?i‘df“ilém%‘efbagwe@rth(ﬂh@ fneitapegusiyon

si gnat ur g [ referred that
51 9Nt U b ACED: BSOS, MILI Bl £4L06HEFLIARTS I ask S B SERT A
but it i sandlties cmlyratp%ﬁpif ek dxpodurd MHIE stRbéted WReTABRAUtRAIR JpBnITM amsﬂeoéhter e
the focus setting steps are not uniform Uilizing the nmethods of this

i nvent i orfN® faigle A MRk BHCREMeVEd St thatigtdiffracien greingssen2is pgdiiesal thy diffeastiont han
Thi's t hus e sl RlRofiBedlofs SRR BR, Sudisiy oberd i Sn WP R ROTRy s e,
such 28s dtistaBppessible that the diffraction grating set 20 is composed of a series of the same diffraction
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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



The effect of dose on the center of focus may be analyzed in a simlar
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‘the center of focus, with the dose varied in stepw se fashion fromgrating
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at a different and known dose. A series of diffraction signatures are then
obtained for each diffraction grating set, by nmeans of a radiation
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diffraction signature either the specular diffraction order or sone higher
di ffract i g8yelgperk er may aiternatively be developed. Similarly, while the foregoing generally describes a

25  conventional method of generating a diffraction grating, any method may be employed, including use
of phase shift masks, any of a variety 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,



may be enpl oyed. For exanple, in a wavel ength resol ve device, the angle O
may be held constant and the wavel ength a varied, and the equation sol ved
for On atwa@rers n. The nmet hods and devi ces of this invenpepusomicel so be
used for determ nation of the center of 20 focus, whereby the center of
focus is adjusted by any suitable neans, including use of conmputer based
control systens, and the nmethods of this invention used to determ ne when
an acceptable or optinmal focus has been determ ned. The adjustnment nay be
done by dose variations, or by other rrea_q%aknown in the art. The invention
may be further used for -automatic or autormated determ nation of the center
of 25 focus, utilizing an autofocus control system whereby information as
to the di #rdrfocisi aynistange froro the lemsab yreitargéts Thes reduliing imagiog tnustibeiysd ralt moints
determ ne t he f.ocus SUCP%?? b dosg, vari&ti%ﬁls. Al t hough the invention has
been descViBEYIVET GBPSHTS el dhprehyresulting e dedraliievnabledspthRkiosus, tiawerered
ebodi IMeHatorsiaPiha HORLAIRLLS afetind WRLEUT: ddbfh-ciAdtEs i MirigheugflibAl oS and
nodi fications of the present invention wll be obvious tothose skilled in
the art afuivatyre.ilensiqualién deentation of WOWeRS 24dENB thedO aRCI-axéSOdrdARERKE. Toplet i n t he
appen%d cldai][ns aIfI ZUCh R"Ddific ti.onz and equival ents. The entire
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VWhat is claimed is: PCI/USOL/27GS7 ' 1. A nethod of neasuring paraneters
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di fferences between the diffraction signatures to determ ne a desired

par amet er "%GPSS8Y; FeNIes Y P {PerRill wigld sharply precpptasesis dpages and tagk eHecusent er
of focus wiflreduk nthBRAIMRRINAI SHetor&sfst 1SRRI BEHhE 8t thd Benter of focus also significantly

improves process repeatability. Once the center of focus is known and determined, any of a variety
of different autofocus systems or schemes may be employed for determining that the separation

15 between the lens and the wafer is held constant. These systems include optical methods, such as
employing reflected light, capacitance methods and pressure sensor methods, such as employing
pressurized air. However, these systems and schemes are incapable of determining center of focus,
but simply maintain the lens-to-wafer distance at a constant. In typical operations, the center of
focus must be determined periodically, as often every six hours or less of operation of a lithography

20  device.

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



15 steps of providing a substrate conprising a plurality of diffraction
gratings nmade utilizing the |ithography device, the plurality of

di ffractiwgo9hfjkngs conprising different known focus set tpdqgﬁs("g%;er m ni ng
a diffraction signature for at least three of the plurality of

diffraction gratings by neans of a radiation source-based tool; rreasurl ng
the differences between the diffraction signatures between adj acent focus
setting diffraction gratings; and determ ning the center of focus as the
focus setting wherein there is a m ni nal gifference bet ween the diffraction
signatures of adjacent focus setting di f-f¥7acti on gratings. 25 3. The

met hods of claiml1l or 2 wherein the substrate conprises a wafer. 4. The
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di ffract i e dissenavantitables aed is @lsh cempayaively sipwadedortingly, gma@f@r\@n@w ofgmetrics or

transp ssiv iffraction si tur hods of .. wher ei n
the. ol £ merpderahaEa By SPASER BT8R Pl oo bl 8767 2

hi gher or fgiis s th irRGlekOBRh Biéﬁlbé@lﬂcluo% bt B ABRlihiesd 16, fmikindidy tHe mémthod
further conprising formng the plurality of diffraction gratings utilizing

the IithogfaN§EIIEveat mean squacirod (RM) eand ofhee Eschgeartdlsig@e megsuremAuch equal
e et b RS 88h i 0995 S50 ) DePsheb 50 b AShRg Rt T ocus
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, 55, 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 55 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



WO 02/ 21075 -23 PCT/ US01/ 27157 wherein the difference between the
diffraction signatures is less than the difference of the diffraction

si gnat ur ewoxeiyesn ot her adj acent focus setting diffracti opcgigsines,
whereby the paraneter is the center of focus of the |ithography device. 5
9. The nethod of claim8, wherein the known different focus settings are
non-equal increnent different focus settings, and the nethod further
conprises use of a mathematical al gorithmeto normalize the non-equal
increment different focus settings. 10. The nethod of claim8, wherein the
di fferencg,,l | ffraction si ures between 10 diffraction gratings
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determining the difference In diffraction signatures between di Practron
grati ngs diffargnces ewredporaiingitotoe idiareate ih exus sétfineys da@enisida@d diffehr fosus 15
optionally_ a root nean square error nethod of data analysis. 12. The net hod
of clai m%,'aemalgéﬂ"ﬂg%jet ermining the miniml difference conprises conparing
t he i ght ed S D O LS ' ' ur bet ween
i raction geary oagned ineiyferficl WG AERAEL sl B8 hicle SefleeRtr ol
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| 'i t hography device at the sane focus setti ng and determning the

di ffer enc"@é bg determine by Heangof tha LlIpweg eaustionf)t he diffraction gratings on
the substrate. 25 14. The nethod of claim 1, the nmethod further conprising
formng the plurality of diffr i%ﬂg%&éﬂpgs at known different focus
settings and known different do ;@s T and determ ning the effect of
dose ¥n focus. WO 02/ BX75 - 24 pCT/118F 27657 15. The nethod of cl a{im 2,
wherein the difference in diffr ti_o_n_‘e_i_g_gatures bet ween . adj acent focus
setting diffraction gratings i edBEBre)” an approxi mati on of a parabolic
curve with a slope of zero on the mninmal difference.

where COF is the center of focus and DSDryse is the RMSE diffraction signature difference (DSD).
The numerical representation of the differences in diffraction signatures may be also
15 compared by other means to determine the center of focus as the focus setting corresponding to the
region with the minima difference between adjacent focus setting diffraction gratings. The numerical
representation may be plotted against the focus setting steps, thereby resulting in a plot as in FIG. 8,
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



5 16. The nethod of claim 2, wherein determning the difference in
-diffraction signatures between adjacent focus setting diffraction gratings
conpri sesygabgigiknati on of the difference using a nmetric, ppvisighdsy a root
mean square error nethod of data analysis. 17. The nethod of claim 2,
wherein determining the mninmal difference conprises 10 conparing the

wei ght ed averages of differences between diffraction signatures between

adj acent focus setting diffraction gratings. 18. The nethod of claim 2,
wherein determining the mninmal difference conprises fitting data derived
fromdifferences between diffraction signatures between adjacent sequenti al
focus 15 &P pR5ERNE £F SRAMNIWTIGr 4B FRPCPDA RrasATemeAresPopdipg 9 theymisings, thep the

m ni mal gj t N ic curve. 19. The
met hod o?ueg{hg{f% ,glsaﬂ Qgpﬁﬁ;ﬁtﬁg ac#?? feyrcggn\t’ egzéru%s@?g(p?f%g@b%onpri se a constant

di fference beFeeeparsisnt fsponse tochiel dbedimmal thk aeniér of Riclis MEst be ABIud4d withirthéret hod
of claim2, wherein the different known focus settings are non-equal
i ncr enentSeHes 9fdpamentah fagys seitings willized tgeupash therdiffraian gigtingn dihalde mpRebelicuse of

2 Tt GO Y AR ST LB HcEE o5 RN Rbr TR gEEes T o7 1"

f ocus se

. A99. Al [ . e paés thereRteAb fodds &F iineAdt-paiits &fhiicahlyoufbioddE, 16EXambiéwhbreAS&. AHO.
A[ 24. AnL. AYM A[ L. AM** >QEHeh} ~

{vql ga\ Wseayanie]feaus siray erespmaliely|rempying resistcip e diffectsnsigetules fpmane fous a] ¢ al
N . g+ .. V=SrZ ,
T ot i i i ol S M B ek s & oo shEatteroncs infgcus stops net. 1 o1

ca] ca] ca]reajitingic ajycsidnifidhst ajffe@hearh @il reduning fndyeB Held too a grating model or uniform

I P! #$B$$% %0 &' ' ' &( (| wr mhe] X] ] ca] c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] 8] c e g10¢8] reay) keLO)RYpE 19 deteTiap Qecpe Hiabelp clanideantvnut af feeus( (Tg)igaily puch 1+
*RxB44++T cP---R 0 3{val gb ca] ca] ca]ca] ca]ca]ca] ca]ca]ca]ca
] ca] ca] caﬂoclzrj(gﬁ %aé'F?:tat{ec[(g]ﬁgg?océl‘f%%]%g%éuéva [ ga} ?:qa]U] c}a] c}a] CLU] ]ca] ]ca] ]ca] ]ca] ]ca! ]324]444
4u6h8M 7<j ?v? 2AAR 1R BRI COARDDL s aFomp&HseH pkdifervit ¢alis diliealmalgnatlirals a] ca)
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] caU] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca]
cal G Hj HHupgtipp pithe g@g_]@]@‘mqiqem_q\,]wmw,s and P polarizations concatenated and plotted against

Tcal ool cart oo e e R e e Bl s B e e el B4 SR
VPWAKSZ[ [dighature ssvenbiay 86 biditdac avlical ¢aldbie abeaddut] fthavh halamdtiondigiald &al ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] caU] ca] ca] ca
k_'xbbbbbtﬂﬁﬂ@I@DFj@’m*ﬂnp WeVRIEN9UN38DaT intensity, for variable phase diffraction by plotting phase

{.0j e, . C a al C cavlical.caVvl].C caj ca
e e U BB b e AT B G S Metph b e sadad) o< eV
u4vweWwWWSiKiensiby xipeyetiagl @ badntdtion Hikraktidn by plotting ® against intensity and the like. Similarly,

t\~ytoje
) ytol e [v]eal cal cal cal cal ca] cal cal cal cal eal eal eal calf cal cal cal calf ca) cal)

RBupl.S N )

cap oon e EheAh TRl RL AR AL LR SRbRRhr Ak Ak feleal arlanloples oo

$(, / _bf i nbbirited pdrlairkadibie CaXlve ahaabiliecnh@agic al sl @fd&a&a} tRlorrdeathremigc aldhcal ¢
C

aU] ca] cal] ca] cal] ca] caU] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca
#H" - $PS\ af(Thktfeeitajidd)gy]usind em Kaay kedipten] waijce-hpesd]iod,] o f 8 i)t serecabasad ). ca] ca

p
! | qJY#BD A
| ol cal capeiraRpLal SRpearCEpean ElrbaPL APt iRuEs of) ihpcddy TR kAT 0] LLy e
a] ca] ca] cel] srapedulat alaerdifraavg ) dutl3imiidrved b ng) b adisind £5) heths 8l mln@bical cal ca ¢

a] ca] ca] ca}%‘ga] ca] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca!l U 6B
P b e
ca] ca] c” . alcal ca cal cal cal cal i % c]calcalc
a] ca] ca] c%‘}’ﬁegz%'@%ﬂgg]o!ﬁd%f léré]"ioéfclcﬂﬁfg}‘ae]"@% °6§43&e§] caU] ca] ca] ca] ca?cg] cal ca] ca] ca]
ca] ca] ca] cal] Ql@bé‘f?&dih’? a plot as shown in FIG, 6, or in generating_a center of focus as shown in
9<BIY>CT7@({ vql gb] X] c] ca] ca] ca] ca] ca] ca] ca] ca] ca]] ca] ca] ca] ca] ca] ca] ca]ca]c
4] 0ca] Ica] c%que@%rdag,daq ld‘d&llstpaﬂi thal Yﬁ?.l]?%%ﬁ]ot@ial]lmi]ecfa]l?as Ibaﬂ@elt(sem l(ﬁ)ﬁp(?@@llﬂ@%ﬁ&n(()) -
)1 -OI_/(:nZIg_LO‘()/ZrI-&M%LS?]gg%B y E%\gjs_{gg‘wé Z;n%regrgl'"gci/swg&mQsﬁrlér%%rﬁm%cér?térgfz'}glc&i %gs{amr%et{'lgcislaore/m (
10%&' () -ylO0%r&' ()--#10%& ()-ehi K-/ 10%m& ()-s*s10%m& ()-3$"10%r& ()-9' 10%r&
"()- YY@10%r&' ()- 10%r& ()-f10%m& ()-} ~



I KI10%m&' () - @O0%&' () - 10%& ()-10nlOnlOnB1l0%m& () - @L10%& () - @ " 10%r& () -

g+Xi K- KIO%&' ()- 109%& ()-s!10%& ()- "109%& ()-9"10%&k ()- @109& ()-"&L0%& () -

{ v=i K- WvoR¥Rs() - ! 109%& () - 109& () - | &10%&' ()-"10%& () - PCT/US01/27657

@109 ()-y!109& ()- =Sri K-K)%d0%&' ()-F( "109%& ()-& !'10%&' ()-$ 109%& ()- sf#

109 ()-!'109% ()- "109%&k ()- Z5dE:/ 10 108F"109%& ()- 37 "10%& ()-y5!'10%& () -

T3109%& () -1 @L0%&' ()-+"109%&' ()- YxY:/ 10 "10%r& ()-#10%& () -

#10%&' () - F"910%r& ()-syl0%m& ()-910%& ()- 10YtfdE: /

109* FA 0% () - #@10%m& () -! $10%r&' ()-sS 10%& ()-"10%r& ()- 10%r& ()-v g3

4 5 dE:/ 10m 10nm@ 10%m& () - F7Z" 10%& ()'—185- 10%m& () -

410%r& () -2y#10%r& ()-+"10%& ()-5 6 B F U !P'xY:/ 10nl0%& ()-LS#L0Y%&' () -
known in the art, and may be conventionally employed. Similarly, analysis means can be employed

which do not use each focus point, but rather perform an initial analysis based on the diffraction

signature difference across multiple focus settings. It is preferred that the incremental difference

between focus setting steps be held constant, but it is also contemplated that interpolation means
5  can be employed where the focus setting steps are not uniform.

Utilizing the methods of this invention, the differences in the center of focus are typically less
than 0.03 microns, which is below a typical focus step size of 0.07 microns. This thus permits
focusing within the resolution of the lithography device, such as a stepper.

The effect of dose on the center of focus may be analyzed in a similar means. A series of

10 diffraction grating sets, such as diffraction grating sets 20, are generated over a determined different
focus range encompassing the center of focus, with the dose varied in stepwise fashion from grating
set to grating set. The result is a series of diffraction grating sets each at a different and known dose.
A series of diffraction signatures are then obtained for each diffraction grating set, by means of a
radiation source-based tool as set forth above. The resulting series of diffraction signatures can be

15  analyzed as above, such as by diffraction signature difference analysis. The resulting center of focus
can be plotted against dose, thereby yielding the effect of dose on the center of focus. By this means
the dose setting or settings with the most robust focus curves can be ascertained, such that a dose
setting with a minimum impact on the focus curve or depth-of-focus can be selected.

It is further readily apparent that utilizing the diffraction signature difference, such as shown in

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 a function of position in the field may be plotted, as
shown in FIG. 8. Such plot may reveal aberrations in the lens system, astigmatism, or other defects
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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computer system, or with other suitable devices capable of making the described measurements.

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®, = n\d @
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
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
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
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

10
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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 tool comprises:
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diffraction signature over the resulting measurement angles;

b) an angle-resolved scatterometer;
5 1)) a plurality of laser beam sources;
d) 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
resulting diffraction signature over the resulting measurement wavelengths; or
e) 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.

8. 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 diffraclion 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, optnonally 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
15 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.



