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DETERM NATI ON OF CENTER OF FOCUS BY CROSS- SECTI ON ANALYSIS 5 10

CROSS- REFEBHBICR2030 RELATED APPLI CATI ONS Thi s applicati on ®@caiuse2/sises benefi t
of the filing of U S. Provisional Patent Application Serial No.

60/ 328,576, entitled Determnation O Center O Focus By Cross-Section Area
Analysis OF Scatteronetric Mddels And Diffraction Signature Variance,
filed on Cctober 10, 2001, and the specification thereof is incorporated
herein by reference. BACKGROUND OF THE I NVENTION Field of the Invention
(Technical Field): The present inventign relates to nethods for

determ nation of paraneters in |ithography applications by cross-section
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Lithography is used to manufacture semi conductor devices, such as
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The present invention relates to methods for determination of parameters in lithography
applications by cross-section scatterometry mode! analysis, including determination of center of

15  focus in lithography applications, such as for photoresist lithographic wafer processing.

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
20  prior art vis-a-vis the present invention. Discussion of such publications herein is given for more
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
25 created on wafers, as well as flat-panel displays, disk heads and the like. In one application,
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

30 litholography.



30 lithol ography. WD 03/032085 PCT/ US02/ 32394 -2 In one form of

| it hography, particularly used in the sem conductor industry, a wafer

st epper WO osnpdosyed, which typically includes a reducti oRrClrarss2/za3gs
illumnator, an exciner |laser light source, a wafer stage, a reticle
stage, wafer cassettes and an operator workstation. Mdern stepper devices
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.
Exposure and focus determne the quality of the imge pattern that is
devel oped, such as in the resist |ayen_utilizing photoresist |ithography.
Exposure determ nes the average energy of the inage per unit area and is
set by the illumnation time and intensity. Focus determ nes the decrease
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stepper focus drift. Because of possible variations in exposure and focus,
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process is IpRpdiQreltne tbcli9ddlerimicahequiith ofnth€ mttige lphtfes thaths Uédeiopey, sadh a¥@ hods
and devi ces have been used to determ ne focus of stepper and simlar
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Optical mcroscopes can be enpl oyed, but do not have the required resol ving
powdr fleyer saiddiveriodhefecal ptane ot ivmgin@systam. met hods i ncl ude t he devel opnent of
speci al i zed targets arcl)g t est masks ﬁh as  are c{i scl gsed U.S. Patent
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while increasing resolution because of the nature of the targets, still
requi r eanaSecusfimagelMattons geradrated tbroogit ilesapby regBiresanifoang tdideterninenittas ur enent
devices. A variety of scatteroneter ade rel aged dervi ces aarggl reasur enment s
have be%arﬁteiﬁ‘é at Vflpjlfn an acceptable tolerance range. Focus and exposure controls p y
15 important where the lithographic process is being used to generate sub-micron lines.
A variety of methods and devices have been used to determine focus of stepper and similar
lithography devices. Scanning electron microscopes (SEM) and similar devices are employed.
However, while SEM metrology can resolve features on the order of 0.1 microns, the process is
costly, requires a high vacuum chamber, is relatively slow in operation and is difficult to automate.
20 Optical microscopes can be employed, but do not have the required resolving power for sub-micron
structures. Other methods include the development of specialized targets and test masks, such as
are disclosed in U.S. Patent Nos. 5,712,707, 5,953,128, and 6,088,113. Overlay error methods are
also known, as disclosed in U.S. Patent 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



characterizing the mcrostructure of mcroelectronic and optoel ectronic
sem conductor materials, conputer hard disks, optical disks, finely

pol i shed wptmswmadosEonponent s, and other materials having [patrdarsat/3zp4rensi ons
in the range of tens of mcrons to |l ess than one-tenth mcron. For exanple,
the WD 03/ 032085 PCT/ US02/ 32394 -3 CDS200 Scatteroneter, made and sold by
Accent Optical Technologies, Inc. is a fully automated nondestructive
critical dinmension (CD) neasurenment and cross-section profile analysis
system partially disclosed in U S. Patent No. 5,703,692. This device can
repeatably resolve critical dinensiong.of less than 1 nmwhile

si mul t aneously determ ning the cross-sectional profile and 5 performng a
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tools, such as those used for overlay 20 nmeasurenents. Another technique

to det eNos. Hé'ﬂb@"s’ét SHOETRY, $.841,309, W@i?e‘i%h@%?e?ﬁﬁn@fi&%@ﬁ@ L7 1aand®, 10A80M as
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trees: a neW"SPpr técgf?ﬁ“? 5’ 'm'B%h‘fﬁl fpeusiuses 3 pec?IBY Ee 9 %ggfgsgéﬁgénzggr 2t28e
1998 . Jiise emmeﬁhowa@aa ERbak, 2 hkchAh 9€. Fidenér; @:hmaet@%%an briAdRfspace arrays,
where two arrays are placed next to each other. As the structures
Uniformity and Precision on ASML Steppers using the Phase Shift Focus Monitor Reticle,” Proc.
SPIE Vol. 3051, pp. 448-455, 1997). As the features are shot further away from best focus, the
images printed from the reticle become more asymmetric and have more lateral image displacement.
These images can be analyzed using image-based metrology tools, such as those used for overlay
20  measurements.
Another technique to determine best focus is the line-shortening technique, also known as
‘schnitzlometry’ (C.P. Ausschnitt, M.E. Lagus, “Seeing the forest for the trees: a new approach to CD
control,” Proc. SPIE Vol. 3332, pp. 212-220, 1998). The method uses relatively large CD
(~3 microns) line/space arrays, where two arrays are placed next to each other. As the structures
25 are printed through focus and/or dose, the lines themselves shorten and the space between the
arrays broadens. This space can be measured using image-based metrology tools such as those
used for overlay measurements.

Another technique to determine best focus is the Diffraction Signature Difference, or DSD,

technique, as disclosed in U.S. Patent No. 6,429,930 to Michael E. Littau and Christopher J.



25 are printed through focus and/or dose, the lines thensel ves shorten and
the space between the arrays broadens. This space can be neasured using

i mage- baswo 03182083 ogy t ool s such as those wused for overl ®¢TnSayse3esent s.
Anot her technique to determ ne best focus is the Diffraction Signature
Difference, or DSD, technique, as disclosed in U S. Patent No. 6,429, 930
to Mchael E. Littau and Christopher J. WO 03/032085 PCT/ US02/ 32394 -4
Rayrmond, Determ nation of Center of Focus by Diffraction Signature

Anal ysis. This technique uses an enpirical analysis of scatteronetry
diffraction signatures. As best focus igs reached, the difference between
diffraction signatures between adjacent focus steps wll mnimze. One of
the nore widely used techniques for determ nati on of best focus is the
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determined continuous range. In another method, a number of laser beam sources are employed,
optionally each at a different incident angle ©. In yet another method, an incident broad spectral light
source is used, with the incident light illuminated from some range of wavelengths and the incident
angle © optionally held constant. Variable phase light components are also known, utilizing optics
20  and filters to produce a range of incident phases, with a detector for detecting the resulting diffracted
phase. It is also possible to employ variable polarization state light components, utilizing optics and
filters to vary the light polarization from the S to P components. It is also possible to adjust the
incident angle over a range @, 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 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



i nci dent angle over a range 0O, such that the light or other radiation
source rotates about the target area, or alternatively the target is
rotated rwbaBis2si o the |ight or other radiation source. BCITIGSa2/8a39any 25
of these various devices, and conbi nations or pernutations thereof, it is
possi bl e and known to obtain a diffraction signature for a sanple target.
Besi des scatteroneter devices, there are other devices and nethods capabl e
of determning the diffraction signatures at the Oth order or higher
diffraction orders using a |ight-based source that can be reflected off of
or transmtted through a diffraction ggating, with the |light captured by a
WO 03/ 032085 PCT/ US02/ 32394 -5 detector. These ot her devices and net hods
include ellipsoneters and reflectoneters, in addition to scatteroneters.
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Diffraction gratings are typically dispersed, in a known pattern, within
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spaces, such as holes, squares, posts or the like.

Diffraction gratings are typically dispersed, in a known pattern, within dies on a wafer. It is
known in the art to employ muitiple dies (or exposure fields) on a single wafer. Each diffraction
pattern may be made by lithographic means to be at a different focus, such as by employing a

20 different focus setting 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 model 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

25  the results fit to a parabolic curve. This Bossung plot method, discussed above, has significant

inherent limitations.



may be determ ned using scatteronetry and diffraction gratings by conparing
diffraction signatures froma variety of different focus diffraction

grati ngs wo ma/osteedreti cal nodel l|ibrary of diffraction gr®drmgso2/3i3gnat ur es
yielding information regarding CD. The actual diffraction neasures are
conpared to the nodel, fromwhich CD values are derived. The CD val ue thus
obtained is plotted against focus and 25 the results fit to a parabolic
curve. This Bossung plot nethod, discussed above, has significant inherent
limtations. WD 03/032085 PCT/ US02/ 32394 -6 SUMVARY OF THE | NVENTI ON

(DI SCLOSURE OF THE I NVENTION) In one egbodi nent, the invention provides a
met hod of neasuring paraneters relating to a |ithography device, the
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structures. It can further include determ ning a best match theoretical
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measured diffraction signature of measured diffraction structures can include generating a theoretical

library of theoretical diffraction signatures derived from theoretical diffraction structures. It can further
include determining a best match theoretical diffraction signature from the theoretical library. The
metric can include plotting the calculated cross-sections or determining the differences between

20  calculated cross-sections.

- In another embodiment, the invention provides a method of determining the center of focus in

a lithography device, the method including the steps of providing a substrate including a plurality of
diffraction structures made utilizing the lithography device, the plurality of diffraction structures
including different known focus settings; measuring a diffraction signature for at least three of the

25  plurality of diffraction structures by means of a radiation source-based tool; providing a theoretical
library of theoretical diffraction signature of theoretical diffraction structures; determining a best
match theoretical diffraction signature to each measured diffraction signature; calculating a cross-
section for each theoretical diffraction structure providing a best match theoretical diffraction

signature; and determining the center of focus as the focus setting wherein there is a minimal



a lithography device, the nethod including the steps of providing a
substrate including a plurality of diffraction structures nmade utili zing
t he it hogoaphyodevi ce, the plurality of diffraction stru®@Cares2/3i3ael udi ng
di fferent known focus settings; neasuring a diffraction signature for at

| east three of the 25 plurality of diffraction structures by neans of a
radi ati on source-based tool; providing a theoretical |ibrary of
theoretical diffraction signature of theoretical diffraction structures;
determining a best match theoretical diffraction signature to each
measured diffraction signature; calculating a cross- section for each
theoretical diffraction structure providing a best match theoretical
diffraction signature; and determ ning the center of focus as the focus

set t i nefiffiice Prtwesthe cross-sechrn At AdiRcon OB s/ Se8ie difragtion/oatings- 30 timethod,
differ etngs.rfasaﬁ%.#aoés %ct‘{})n%%?/\ﬁ%ﬁg&%%et Nt Bfus28kiAG 8. oﬂ%Hécu?rEé sab @gasdénf fraction

gratl ngs Frence I n Cross-sectlon ween adj acent

focus sptdxittatih dffarpacdbbiRitus/k Witk b BIops of\varo ddghé@iniial difigrphiceX iDeRkirhiaing 0fe a
parabolic curve with a slope of zero on the nmininmal difference. Determ ning
t he mi minimel ditigredce camivelu¢efitingeta fgaved;fiop %f%?sab%qnwaﬁsﬁ?‘é'ﬁﬁ‘%hqw&?ﬁences

dl f £ a(ﬁcﬁ éeczlfe%ttlél %c%s seﬁm\é\%%rag? (in ggét%ﬁefa ap Vﬁ(ﬂl)ulecnqgjlrv%l \ﬁlﬁe?gnlflﬁhesr%tntrﬂ dl fference

enconpagfdsnck BRcomipRseR tHaimikig oPBE paabdie cw.ylﬁ thekd mbfh@@@ tHERkd3edsctioh b
cross-section of different focus setting diffraction structures can be

pl ot t ecditfesend focumestting Wiffeaictidnodiytures pan mlfﬁ@d§3 afunetiingf fosvent i on furt her

provi de for _proc for center aph devi ce,
Phe et hod THE PRI T M rahrafe? Boir Br rgo6 Eensdl Bose REFGADY &

pl ural ifogRiohy &&.cleath@mbthbma@d.@b thE 6@pd brPovRingWGLbSIRE iR hgH dilrbidy &9 t he
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adjusting the focus setting of the lithography device to the determined center of focus. In this
method, adjusting the focus setting of the lithography device can include a computer-based control
20  system. Adjusting the focus setting of the lithography device can include an autofocus control
system, wherein at least one input to the autofocus control system includes a parameter relating to
the differences between the cross-sections.
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
25  optical system focusing the laser beam and scanning through some range of incident angles, 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
embodiment, the light source-based tool includes a plurality of laser beam sources. In yet another

embodiment, the light source-based too! includes an incident broad spectral light source, an optical



20 system Adjusting the focus setting of the |ithography device can

i ncl ude an autofocus control system wherein at |east one input to the
aut of ocuswoastsmBs syst em i ncl udes a paraneter relating toPparesondisber ences
bet ween the cross-sections. In all of the foregoing nmethods, the radiation
sour ce- based tool includes |Iight source-based tools. In one enbodi nent,
the light source-based tool includes an incident |aser beam source, an 25
optical system focusing the | aser beam and scanni ng t hrough sonme range of

i nci dent angles, and a detector for detecting the resulting diffraction
signature over the resulting nmeasurenesgt angles. The |ight source-based
tool can further include an angl e-resol ved scatteroneter. In a di fferent
enbodi nent, .the source based t |ncludes Iur | aser beam
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pol ari zati ans, an opt |ca systemtocusing the light 5 and illum nating over
sone raegmmgfdnffrarmmm{atupélases and a detector for detecting the phase of

t he resultlnq diffraction signature. In all of the foregoing nethods,
neasuring a'tH LfoffF‘ﬁé‘i@%ﬂ‘f’%\“%ﬁ"ﬁ?&?dF%asFrﬁ@latRhfggcnﬁ’P]%igr@t“r?r@élgﬂﬁse?%?ﬁ by means of a
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a dif f ragle] #varBiblgangiel Oor 2Qa@brangBa. ufle® npiass, nmwgemﬁctlhysugmms of a
singl e wavel ength radi ati on source-based tool source, operating at a fixed
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diffraction signature or a transm ssive diffraction signature. The
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par‘l%”Ets%n‘éture can be a specular order diffraction signature or a higher order diffraction signature, elther
positive or negative.
A primary object of the present invention is to provide a method for measuring parameters
relating to a lithography device without the use of optical, SEM or similar microscopy metrology tools.
Another object of the present invention is to provide a method for determining center of focus
20 of a lithography device by analyzing a cross-section of the best match theoretical diffraction signature
of a series of different focus diffraction structures, including diffraction gratings, and utilizing the
cross-sections to determine center of focus.
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
25  signature utilizing either reflective or transmissive diffraction, comparing such diffraction signature to
a library of theoretical models thereof, selecting a best match theoretical diffraction signature, and
determining a cross-section of the theoretical diffraction structure yielding the best match theoretical

diffraction signature.



relating to a lithography device without the use of optical, SEMor simlar
m croscopy netrology tools. Another object of the present inventionis to
provi de awoalemss or determ ni ng center of focus 20 of a Ipcrhsge/agsby devi ce
by anal yzing a cross-section of the best match theoretical diffraction
signature of a series of different focus diffraction structures, including
diffraction gratings, and utilizing the <cross-sections to determ ne center
of focus. Another object of the present invention is to provide a nethod
for determning or neasuring paraneters associated with a |ithography
device, including center of focus, by gbtaining a diffraction 25 signature
utilizing either reflective or transm ssive diffraction, conparing such
diffraction si%nature to a library of theoretical model s t hereof, selecting
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phase, Mgﬂidrabjbs pol ari zation state or 5 variable orientation di ffracti on,
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di f f er etifferbGatss FePpating oNgeriodic pifattdisGudirts, itiding mesi‘“rous;idcmleusorder@ebrwdl ng the
Oth or specular order or any 10 higher order diffraction, either positive
or Hegakighes order %ﬁrﬁmﬁwlthﬁmﬁt'@g%nﬁﬁatw%e present invention is that it
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advant age ifogtabBy dRIVRE Kitkout e @54 be:Bndaﬁ skhedr siﬂularﬂﬁi&r’"o”béo‘éy Hafol&dy teoiger i es of
different focus diffraction structures or gratings on a conventional wafer

nmade by nearfgoiber alvaitageméihe presentinentipn IS1t5atctm¢vmtstusg pld sepbotfoiflemsintfocus
lit hogr&ﬁr %t Saﬁ‘f; . to get erm ne cengerwoff . %@ utili t[Zi n%?%lst elrugii nation of
di f f r acP "GR8 ST YO BT AL YHYOUY WHEr TR G2NY e LFERE” BIEYGPGt i ngs,
det e M OALERBND bhRorEsiQFiBioG8SHyInans, to determine center of focus utilizing determination of
diffraction signatures of repeating or periodic structures, or gratings, determination of a cross-section
of the structure by means of a theoretical model, and plotting the cross-section or a derivative thereof
as a function of focus.
Another advantage of the present invention is that it provides a method and device that
20  permits obtaining results, including center of focus, in a lithography device, such as a stepper, in a
shorter period of time and at lower cost than conventional and known methods.

Other objects, advantages and novel features, and further scope of applicability of the present
invention will be set forth in part in the detailed description to follow, taken in conjunction with the
accompanying drawings, and in part will become apparent to those skilled in the art upon

25  examination of the following, or may be learned by practice of the invention. The objects and
advantages of the invention may be realized and attained by means of the instrumentalities and

combinations particularly pointed out in the appended claims.



of the structure by neans of a theoretical nodel, and plotting the
cross-section or a derivative thereof as a function of focus. Another
advant agewofo3smspr esent invention is that it provides a merhisd2/asgs devi ce
that 20 permts obtaining results, including center of focus, in a

| i t hography device, such as a stepper, in a shorter period of tinme and at
| ower cost than conventional and known nethods. O her objects, advantages
and novel features, and further scope of applicability of the present
invention will be set forth in part in the detail ed description to foll ow,
taken in conjunction wth the acconpanyi ng drawi ngs, and in part wll
becone apparent to those skilled in the art upon 25 exam nation of the

following, or may be | earned b ractice of the invention. The objects and
advant ages of the invent é&&%ﬂ@%@%@%@w&%i ned by neans of the
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DRAW NGRustréte oa€ crongpa Biyibsuimehtatitiegsesentinhtiarand) thgatiegp aita thediesanbitonasetvef or m a
part of the specification, illustrate one or nore enbodi ments of the

pr esent!o pxRiRIM e GANGRRE, of INSJRERR- e fravies desely (pthedirPose pilkistrialips 89 ai n t he
principles PefferlIeQ%mlogcérﬁgr;té 8he il dH %Wa%éoé?cf e SR Eginr%iﬁ R NP&iEn. OF
|IIustra?|ﬁg one or nore pretrerred enbodi nments of the I'mvention and are
not to |peheGRavcEihgstied as limting the invention. In the drawings: FIGS 1 A
to 1 Cis an exploded schematic representation of a wafer with dies

t her eon, t hEIGY|!dstoilKciP gabipxRipdgs fehermetiq represpniatirhefs walpreyividies theggonathdy depi ct s
the wafer, FIG B.depicts di.e- ~ ngl udin i f i ing set on
the waf%y 'B‘?Udﬁgéﬁ riCt'%\r,‘ &sﬁ”ﬁsﬁ’l’ re"lHE' géﬁjlg@fgtg%aeﬁva?éﬁ’ i'é?ﬁ%gg&itggg%effracti on

gr at i ngn@midgnedifth&ioR bfatifPseh bPthe Stk bIFIGSEA, Ml FIE. G.C depldts dnlifdividlial S a
schematic representati on of various nodes of obtaining a reflective Oth

or d¥r diffradtion gtatingorsthe Aig diffrastionrurating 8etpépiGel $: a t hr ee- di mensi onal
diffraction ructure; FIG 4 depicts a series, of diffracti@n qgratings; 15
FIG 51 s arbr e hareprer Lehe o Rarer SorBhibas Rt h Tocus:
FIG 6 aiﬁa&iogg,?pg]urg;hat depi cts sanple resist sidewall and resist thickness

trending wth focus;
FIG. 3 depicts a three-dimensional diffraction structure;

FIG. 4 depicts a series of diffraction gratings;
15 FIG. 5 is a graph that depicts sample resist bottom CD trending with focus;
FIG. 6 is a graph that depicts sample resist sidewall and resist thickness trending with focus,
FIG. 7 is a graph that depicts sample resist cross-section area trending with focus;
FI1G. 8 depicts a cross-section of a rectangular diffracting structure; and
FIG. 9 depicts a cross-section of a non-rectangular diffracting structure.
20
DESCRIPTION OF THE PREFERRED EMBODIMENTS

(BEST MODES FOR CARRYING OUT THE INVENTION)

The present invention provides methods and devices for measuring parameters relating to a
lithography device, and in a preferred embodiment, for determining the center of focus of a
25 lithography device. Determination of the center of focus for a fixed dose during the photoresist
development step in wafer processing is critical. Furthermore, dose variations can compound the
difficulty in determining this center. The lenses that are used in steppers have a very limited depth of
focus, so utmost precision is necessary. Lenses that are in focus will yield sharper printed

photoresist images, and lack of focus will result in misdeveloped photoresist features, and generally



FIG 7 is a graph that depicts sanple resist cross-section area trending
wth focus; FIG 8 depicts a cross-section of a rectangular diffracting
struct ur ewoan@32085 G 9 depicts a cross-section of a non-r ecrarnyBmsos
diffracting structure. 20 DESCRI PTI ON OF THE PREFERRED EMBODI MENTS ( BEST
MODES FOR CARRYI NG QUT THE | NVENTI ON) The present invention provides

nmet hods and devi ces for neasuring paraneters relating to a |ithography
device, and in a preferred enbodi nent, for determ ning the center of focus
of a 25 lithography device. Determnation of the center of focus for a

fi xed dose during the photoresist developnment step in wafer processing is
critical. Furthernore, dose variations can conpound the difficulty in
determining this center. The | enses that are used in steppers have a very
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in focua"snds'albﬁit yi el d sharper printed photoresist images, and | ack of focus
will reQUroi'Y mi sdevel oped photoresist features, and generally WO
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focus, or best focus, inproves process repeatability and stability. Before
proceedi ng Adithogrephyedevige safers toeany Hevigerihas wtilizenan image. su¢h A Meskdleftiensfeiaons are
given. A lithography,device refers.to an evice that utjylizes an |mge,
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subst r adshotbiisist fikbaaphy) GLLEKRSHERIBY BRéA st ds @Pilthdgrdphy.| hpaGbRBEYithoglagky, as
phot oresi st |ithography, but also includes other nethods of |ithography. In

phot or eal$oxalldd phhtotithegrenhy. opdital methatld argl ugrdde tibnsfan oiggui pAlfernsdam madternet hods ar e

used to transfer circuit patterns frammaster images, .called mask r
ot ol b SaEd whet o it e GFBR e bu SRR et B SRer ARd el w0 o
cal | ed rekigs bidlcdatel Bn FRARE STwHitndEcBisSaro B B4, hEsiftcbf W dpplicar8 to be
made. A resist coat is applied as 10 required, and as required the wafer is
f urtherrepuired.emd ed reqeivstthawafeyis rtberfprdvateed, dbch aeby pedtbakey Eitar positbgar i ve
photoresist material s may be enpl gée(g. Positive resists are norna
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as resi st devel opers, but becone insoluble by exposure to |ight. By
exposi nglubleen tlesiicts ed ectesistaleyeloperss butibecanesissoubie hy@ikpastitedo ight.t Bye pattern
of the circuit or other o
exposing the resist selectively in some areas but not others, the pattern of the circuit or other
15 structure is created in the resist film. In optical lithography, the selective exposure is accomplished
by imaging of a mask, typically by shining light onto the mask and projecting the transmitted image
onto the resist film.
The lithography devices referenced in this invention include steppers, also known as wafer
steppers, which are used to project the image of a circuit or other structure from a photomask onto a
20 resist-coated wafer. A stepper typically includes reduction lens and illuminator, excimer laser light
source, wafer stage, reticle stage, wafer cassettes and an operator workstation. Steppers employ
both positive and negative resist methods, and utilize either a step-and-repeat format or a step-and-
scan format, or combination thereof.
There is employed in the practice of this invention a wafer or other substrate on which is
25 posited a series of diffraction structures by means of a lithographic device. In its simplest terms, a
diffraction structure is any structure or image made by lithographic means which generates a periodic
variation of the refractive index relative to an incident illumination. This change in refractive index

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

photoresist or other lithographically generated changes, such as utilizing a material with one



15 structure is created in the resist film In optical lithography, the
sel ective exposure is acconplished by imaging of a mask, typically by
shi ni ng |wghi/oesd t he nask and projecting the transm tteddrmesge3239nto the
resist film The lithography devices referenced in this invention include
steppers, also known as wafer steppers, which are used to project the
image of a circuit or other structure froma photomask onto a 20

resi st-coated wafer. A stepper typically includes reduction | ens and
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ordinary scored optical diffraction gratings, or a material coupled with a
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t han t he non-exposed resist portions, thereby creating a diffraction
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FIG 1 KaveBi10b hadihé aithsdnid ugiitetr 400 nm. The width and pitch can be significantly smaller,

depending in part on the resolution of the lithographic device.

In the practice of this invention, a diffraction structure is used to generate a diffraction
signature. A diffraction signature can be generated by any of a number of instruments, such as
20  scatterometers, ellipsometers or reflectometers. Any device employing radiation to generate a

diffraction signature is referred to herein as a radiation source-based tool. Typically a visible

radiation source-based tool, such as a light source-based tool, is employed, but the radiation source

may be other than visible radiation, such as an X-ray source. In one embodiment, the diffraction

signature is created by a reflective mode, wherein the radiation, such as light, is reflected. Thus a

25 diffraction 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 can be depicted as the

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

laser beam sources are employed, optionally each at a different incident angle ©. In yet another



t hus i nclude photoresist gratings, etched filmstack gratings, netal
gratings and other gratings known in the art. A diffraction grating

t ypi cal | ywbas/oaoss ne wi dth to space rati o of between aboutrCIrusor/se3d4 3, 15

t hough other ratios may be enployed. A typical diffraction grating, at for
exanple a 1:3 ratio, could have a 100 nmline wdth and a pitch of 400 nm
The width and pitch can be significantly smaller, depending in part on the
resolution of the lithographic device. In the practice of this invention, a
diffraction structure is used to generate a diffraction signature. A
diffraction signature can be generatedipy any of a nunber of instrunents,
such as 20 scatteroneters, ellipsoneters or reflectoneters. Any device
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conponents. It is also possible to adjust the incident angle over a range
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comy na‘gdn%ﬁer@{,ftp@,raag{,@;gogag phanepf, it is possible and known to obtain a
diffraction signature for a given diffraction structure. In 10 general,

t he det ect edn the gtattiderf tha givestioo.canthbeetjshidibraebf diffeeictinnt struttares end eerespoodiag
vari abl t%eg'gtll’cglra?f%rgcrtlon glgr(\:atures is generated, and theoretical diffraction signatures based on the
theoretical diffraction structures are compared to the measured diffraction signature. This may be
done by any number of different methods. In one approach, an actual library of theoretical output
20  signals are generated, based on assigned parameters for variables. This library may be generated
prior to actual measurement of a diffraction signature or may be generated in a process of matching
the measured diffraction signature to a theoretical diffraction signature. Thus as used herein a
theoretical library includes both a library generated independent of the measured diffraction signature
and a library generated based on a theoretical “best guess” of the geometry of the measured
25  structure and calculation of the resuiting theoretical diffraction signature, with iterative comparison to
changed parameter structures to determine a best match. The theoretical library of diffraction
signatures may also be generated empirically, such as by a collection of diffraction signatures of

diffraction structures with dimensions measured by an alternative means. The library may optionally

be pruned by removing signals that may be accurately represented via interpolation from other



as angl e of incidence 0, wavel ength of incident |ight, phase of incident
light, angle of sweep or the I|ike. The diffraction signature may represent
the 0" h owogpmswBar diffraction order, or may represent @0y/us0zbmsp4
diffraction order. It is also possible and contenplated that a transm ssive
node may be enployed to generate a diffraction signature, such as by use
of an X-ray radiation source as a 15 conponent of the radiation
source-based tool. In the practice of the invention, a theoretical |ibrary
of diffraction structures and corresponding theoretical diffraction
signatures is generated, and theoretica4 diffraction signatures based on
the theoretical diffraction structures are conpared to the neasured
diffraction signature. This may_be done b _agy nunber of di feren%
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nmet hods for optim zation thereof, are well known in the art. In one
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of the diffraction structure paraneters is selected. Then, based on these
val ues BublisiomiRateat Apptigatios §ntEh2002/9H3RTB3 disclodee adpridty ef¢hdomtica tibraryt ur e,
including its optical materials and = ) _
approaches, as does U.S. Published Patent Application No. US 2002/0038196. Diffraction structure
parameters that may be utilized in a theoretical library include any parameter that may be modeled,
including factors such as:
20 e Critical dimensions (CDs) at the bottom and/or top of the structure
o Height or thickness, such as height or thickness of a line, post or other structure
e Total height of the region defined by a diffraction signature
¢ Shape of a structure, such as rectangular, {rapezoidal, triangutar, round or other
geometric shapes
25 e Radius of curvatures at the bottom and/or top of a structure or region
e Period of a grating

e Line or other structure width

o Materials parameters of the structure, including parameters of various layers thereof



geonetry, is constructed. The el ectromagnetic interaction between the
diffraction structure and 10 illum nating radiation is nunerically

si mul at edwD®303do8ul at e a predicted diffraction signature. PAMUSOE/32394 vari ety
of fitting optim zation algorithns may be enpl oyed to adjust the
diffraction structure paraneter values, with the process iteratively
repeated to mnimze discrepancy between the neasured and predicted
diffraction signature, thereby obtaining the best match. U S. Published

Pat ent Application No. US 2002/0046008 di scl oses one dat abase nethod for
structure identification, while U S. 1f-Published Patent Application No. US
2002/ 0038196 di scl oses another nethod. Simlarly, US. Published Patent
Application No. US 2002/0135783 di scl oses a variety of theoreEi cal library
approaches, as® dlerigls arapgigrs & Kieupsipie Wﬂt?ﬁlaisga‘ft%/'&‘f‘ Rg5'ted 3 3 %Fb038196.
Diffraction Strugidihés ARATES LRI FRYUNGUNddb hd afifluid @ theor et cal
library include any paraneter that may be nodel ed[, I ncluding factors such
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val ues weighted by relative contributions of the structure and substrates,
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product of at |east two
embodiment, the cross-section includes CD and at least one additional diffraction structure
parameter. As used herein, a product of at least two diffraction structure parameters is any
15 mathematical operation or manipulation of the at least two parameters, including but not limited to a
mathematical operation including multiplication, and optionally at least one second mathematical
operation.
The best match or match of the cross-section of a theoretical diffraction signature to the
measured diffraction signature can be calculated by any means known in the art. In one
20 embodiment, it can include a match of the measured diffraction signature to discrete and existing
theoretical diffraction signatures contained in an existing library, such as through use of various
matching algorithms, whereby utilizing defined constraints a best match is selected. In another
embodiment, a best match can include library interpolations to obtain a theoretical diffraction
signature, even though such theoretical diffraction signature may not exist prior to interpolation. It
25  can further include averaging and related models to report a theoretical diffraction signature based
on sampling of theoretical diffraction signatures contained in a library. Thus any method or technique

of identifying or matching a reported diffraction signature to a theoretical diffraction signature,

however obtained, may be employed herein to determine a match or best match.



diffraction structure paraneters of the best match structure. In one

enbodi nent, the cross-section is a cross-section area, such as the product
of CD andwbei@bzoss | n anot her enbodi ment, the cross 10 sectPCaruS0%3m94
cross-section volunme, such as the product of CD, height and shape of a
structure. However, as used herein the cross-section need not be a
geonetrically defined shape; that is, the cross-section can be the product
of any two or nore diffraction structure paraneters. In one enbodi nent,

t he cross-section includes CD and at | east one additional diffraction
structure paraneter. As used herein, _g-product of at |least two diffraction
structure paraneters is any 15 mathematical operation or mani pul ati on of
the at |least two paraneters, including but not limted to a mathematical
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the reticle hus only a part of the die exposure field, is
exposedon a wafer 10, either the dose range or focus setting range, or both, may vary. Conventionally, the

dose or focus is varied in constant incremental steps, thereby facilitating subsequent analysis. Thus
the focus, for example, might vary in 50 to 100 nm steps over a determined range, and the dose, for
example, might vary in 1 or 2 mJ increments over a determined range. Diffraction grating 22 may
20  employ conventional lines 25 separated by spaces 30 as shown in FIG. 1 C, or may be any other
diffraction structure, including diffraction structures that employ a three-dimensional pattern, such as
shown in FIG. 3.
The diffraction structures are typically created in a resist material by preparing masks with
opaque and transparent areas corresponding to the desired shape, size and configuration of the
25  desired diffraction structure. A source of radiation is then applied on one side of the mask, thereby
projecting the mask shape and spaces onto the resist layer, the resist layer being on the opposite
side of the mask. One or more lens or other optical systems may be interposed between the mask
and the resist layer, and also optionally between the radiation source and the mask. When exposed

to radiation or energized at sufficient levels to effect a change in the resist, a latent image is formed



when the shutter is opened. In either event, the reticle or mask may be
noved such that a diffraction grating set 20 is produced, the diffraction
grating swbD 0303163 ng conposed of a series of different, @oriusazabizy4
different focus, diffraction gratings, with a diffraction grating 22 shown
at FIG1 C, which 10 diffraction grating 22 forns a part of diffraction
granting set 20. It is also possible that the diffraction grating set 20
is conposed of a series of the same diffraction gratings, or is conmposed of
a series of sanme focus but different dose diffraction gratings. In a
preferred enbodi nent, the diffraction_gfating set 20 is conposed of a
series of different focus diffraction gratings, preferably varying by a

known and increnmental focus step, wherein all diffraction gratl ngs are at
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thereby facilitating subsequent analysis. Thus the focus, for exanple,
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chem cal change in the resist material, result in changes in reflectivity
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si gpatug e as,set forth above. In one enbodinent, the wafer with |atent

i mges I n t e resist may be subjected to a post-exposure bake, used to
drive addit ireaalis & betiodl @atameadtang ithogaphly dewdde, fnulading a stepper or similar

lithography device. Focus and depth-of-focus are functions of dose, or quanta of radiation energy,
and focus, or distance from the lens to the target. The resulting imaging must be good for all points
within a given exposure field, thereby resulting in a definable usable depth-of-focus. However,

20  factors other than dose and focus affect the focus and depth-of-focus, including astigmatism, field
curvature, lens quality, orientation of the wafer stage in the x- and y-axes, and the like. Typical
production wafer steppers have a resolution of from about 0.15 to about 1.25 microns, and a usable
depth-of-focus of from about 0.40 to about 1.50 microns.

Determination of the center of focus for a fixed dose is thus critical in efficient operation of a

25 lithography device, such as for a stepper during the photoresist exposure step in wafer processing.
Dose variations compound the difficulty in determining this center. The lenses that are used in
steppers and other lithographic devices have a very limited depth of focus, so utmost precision is
necessary. Lenses that are in focus will yield sharply printed photoresist images, and lack of focus

will result in non-functional photoresist features. Being at the center of focus also significantly



5 conmponents within the resist layer. In yet another enbodi nent, the resist
may be devel oped by a devel opnent process, optionally a chem cal

devel opnewD opemess, whereby a portion of the resist is remsen323vhe
portion determ ned by whether a positive resist or negative resist was

enpl oyed. The devel opnent process is also referred to as an etching
process, resulting in etched areas or spaces of the resist |ayer, and
optionally the substrate nmaterial, such as other filns, on which such
resist layer 10 is posited. In the nethods and devices of this invention,
the diffraction structure may be exposegl but not devel oped, or may
alternatively be devel oped. Sinilarly whi |l e the foregoing generally

describes a conventi onal erating a d raction structure, any
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determ ning that the separation
such as holes, posts or more complex structures. In the case of three-dimensional structures the
selected cross-section of the structure may be the volume of the structure. The theoretical library,
used to determine the cross-section, may employ a model with a simple shape such as a rectangle,
or may employ more complex shapes such as a trapezoid, trapezoid with rounded edges, gaussian
20  or sigmoidal profile or other custom profile designated by the user. The theoretical library may also
take into account underlying films and patterns. The theoretically generated diffraction signatures,
which have known parameters, are matched to the experimental data to obtain the theoretically
predicted process parameters. Using these process parameters, a cross-section of the diffraction
structure is calculated. More complex models can incorporate the optical properties of the diffraction
25 structure, such as optical n and k values, as well as underlying film thicknesses, to make the focus
metric a summation of the optical path.
To obtain best focus, the cross-section, as calculated from the best match theoretical model

of the theoretical library, is plotted as a function of focus. The difference in area from one focus step

to the next becomes less and less as the center of focus is approached. Under theoretically ideal



between the lens and the wafer is held constant. These systens include
optical nethods, such as enploying reflected |ight, capacitance nethods
and presswoa3®ssdr met hods, such as enpl oying 5 pressuri Ped/Eoe/323powever ,
t hese systens and schenes are incapable of determ ning center of focus,

but sinply maintain the |l ens-to-wafer distance at a constant. In typical
operations, the center of focus nust be determ ned periodically, as often
every six hours or |less of operation of a lithography device. In a
preferred enbodi nent, the invention enploys cross-section scatteronetry
nodel analysis 10 to determ ne the cenper of focus for a stepper or
scanner. First, a series of features varied over focus for a fixed dose is
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diffraction structures is measured to obtain diffraction signatures for a

fixed dteereatrespacde twrisdnd the uenterPhiocdhi Wil baatta poimt where ttewsiops ofthg p@alidier be
two 15 di nensional, such as a conventional diffraction grati g with |ines
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cross-section o ¢ structuré may be the volune o structure. The
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nodel wth a sinple shape such as arectanp or may enp ggrgore conpl ex
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pat t er nfespohis€tofbger eti cal |y gener ated diffraction signatur es, whi ch have
known parameters, are matched to the experinmental data to obtain the
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theoretically ideal WO 03/032085 PCT/ US02/ 32394 - 19
a production setting. While monitoring the calculated area of the diffraction structure, if the
calculated area deviates beyond a specified range, the process may be checked for drift.
In use of these methods, it may be necessary to utilize various filters to remove outliers that
may adversely affect the focus analysis. One such filter is the use of goodness of fit metric of the
20 theoretical diffraction signature to the experimental diffraction signature. Matches with poor
goodness of fits may be thrown out of the analysis.
The methods of this invention will find primary application with the photoresist processing
step, as determination of best focus is of utmost importance for this step. However, the methods of
this invention can also be applied further down the processing line, to determine the “best focus”
25 setting for etched film stacks and metal gratings, or for the “best etch” conditions associated with the
etch process.
Traditional Bossung plots plot CD as a function of focus to determine best focus. Additional

parameters are known to be individually plotted as a function of focus to determine best focus, such

as sidewall or thickness. J.A. Allgair, D.C. Benoit, R.R. Hershey, L.C. Litt, B. Braymer, P. P. Herrera,



conditions, the center of focus is the point at which variation in the
Cross-section between successive focus steps is at a mninma. | n another
expr essi owomB/03208% net hod, a parabolic curve can be used POTUSD2/323E ar ea
response to focus, and the center of focus wll be at a point where the

sl ope of the parabolic curve is zero. Both "concave up" and "concave down"
responses are possible, depending on the 5 photoresist chem stry and
processing, and therefore a mnima or nmaxi na of the parabolic curve is
possible. In either case, the center of focus is at the point where the

sl ope of the parabola is zero. As usegh.herein, mnima thus includes both a
conventional nmaxim as well as a conventional mnim. Various other
statistical techniques can be used_to calculate the center of focus from
the ar eaA MadphhsRoningon dtiVhitngy. £ gligkis Kenismestation ofseecligstopicsiicd o
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diffraction-based scatteronetry nmeasurenents can be wused in this
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area of the diffraction structure, if the calculated area deviates beyond
a speci the bettoma@ig to, the maxippy detan FRyseeEn Hedeque frendr Thatending of iy Besswia Ritfese
met hods, it .be necessary to il var | filters to renove outliers
t hat Hﬁ)?‘)ta{’a%g“scem'sﬁsf gce 1%éﬁ“es gt(tzﬂt?g r%%g?sﬁé@ggbe such filter is the use

of goodness i efid 5 plESTsEdteRimetritheasiifed rBOQIsRBNAPANAGéist thskhdsaNalGégRat ure to
the experinental diffraction signature. Matches with poor goodness of fits
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primary application with th hot.or esi s rocessing st as determ nation
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determ ne the ™best focus" 25 setting for etched film stacks and net al
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or thickness. J. A gair, D.C. Benoit, R R Hershey, L.C Litt, B.
Br aynmer gunf, paeticuldely foe énse grating structures where resist loss can be minimized for a large area of
focus.
FIG. 7 is a plot of the resist cross-section, here cross-section area, as a function of focus,
determined by the methods of this invention. A simple resist trapezoid model was used. The cross-
20 section area is expressed as the ratio of the cross-section area to the maximum cross-section area in
the focus trend. The resist bottom CD, sidewal!, and thickness do not yield a parabolic trend on their
own as shown in Fig. 5 and 6, but when combined together to form the grating cross-section area, a
parabolic trend is seen, as shown in Fig. 7. Even when an individual parameter, such as CD or
thickness, can be plotted against focus and yields a parabolic curve, a similar parabolic curve, in
25 many cases with a better fit to the parabolic curve, can be found by using the cross-section. In
addition, the cross-section need not be an area, and thus may be a volume or may be the product of
two or more parameters that does not yield a geometric shape. Thus the cross-section may be an

area, a volume or a product of two or more parameters. In one embodiment, CD is selected as one

parameter.



WO 03/ 032085 PCT/ US02/ 32394 -20 C. A Mack, J.C Robinson, U K. \Whitney, P.
Zalicki, "Inplenentation of spectroscopic critical dinmension (SCD) for
gate CD cwotosobs208hd st epper characterization,” Proc SPIE, PUalUSOZRB44 pp.
462- 471, 2001. However, these paraneters frequently do not have a

par abolic response to focus. As discussed hereafter, the nethods of this
i nvention provide superior results. 5 FIG 5 is a plot of a
scatteronetry-neasured resi st bottom CD response based upon experinental
data as a function of focus. The bottom CD is expressed as a function of
the ratio of the bottom CD to the maxpqyrum bottom CD seen in the focus
trend. The trending of this Bossung plot 1is not parabolic. It rises

t hrough focus and then reaches a plateau, FIG 6 is a plot of
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when bottom CD is | owest. The hi ghest sidewall value can actually be

gr eat eronyasiratels. Jbg st secipryiqioIaredde 1efaebey thefopBti*:om CD i ncreases. There

i's poi nt roughl osgglegtgg%éah;gwh the focus curve where thefiesist
t hi ckness is constant. Resist loss is seen near both edges of focus. 15 It
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not al ways yield a robust curve, particularl éefor dense grating structures
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t r apez odfhctiRrd 8k, 80882USBE eqUdlien & dREBMIAO the@edsk-Bsttian 6fand FapeXdd£L 636 ias t he
ratio of the cross-section area to the maxi num cross-section area in the
foclls trend. The GressiSsetiopdyeashd? G H/eh dbwal |, and t hi ckness dof3lot yield a

parabolic tre on . their wn as  sh in Fig. 5 and 6, .but en, .conbi ned
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seen, as usRWBzdid) dthd; mdre cbMBIBX m»#aséhraéy:i@bcﬁe\us_&ualvnrpa&eraeﬁqgex stapg6dmae CD or
t hi ckness, can be plotted agai nst focus and yields a parabolic curve, a

si m | arcqomfealeqliationscare vegded tp XBrepsmihy g@tiseshapg intterans loberossrseflian are. t he

par abolic curve, can bFf f ound b%laﬁll'Si t he cross-section addition, the
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Thus the cross-section nmay be an

simple contact hole model assuming a perfect circle profile in X-axis and Y-axis and a constant
sidewall at 90 degrees along the Z-axis may have its cross-section calculated as a cylinder, thereby
yielding a cross-section volume.
- Underlying thin film thickness and optical properties of the materials generally will not result in
20  substantial variation in the theoretical library models across focus. However, depending on the
choice of scatterometer, configuration and theoretical model, changes in focus may result in changes
in these properties. It may thus readily be seen that the theoretical library may incorporate thin film
thickness and optical constants in the determined cross-section. This may be as simple as édding
the thin film thickness cross-section over an equivalent periodicity to the grating cross-section area,
25  or may be more complicated, such as weighting the contribution of the grating and thin fiim cross-
section areas by the material optical n & K constants.
It may further be seen that non-geometric cross-sections may be employed. Thus, the cross-
section may be the product of one parameter, such as CD, and one or more additional parameters,

such as for example materials parameters, weighted or average values, angular measures, optical



area, a volune or a product of two or nore paraneters. In one enbodi nent,
CD is selected as one paraneter. WO 03/032085 PCT/ US02/ 32394 -21 5 A w de
vari ety owotdimerossi cal nodel profiles can be used to det ePdInesor/bms4
cross-section area. FIG 8 depicts the nost basic theoretical grating
structure, a sinple rectangle, wherein Wis a neasure of width, such as
CD, His a neasure of height of diffracting structures 80, 80', 80" posited
on substrate 84. The cross-section grating area is defined by the fornul a:
Cross-Section Area = H W(1) where His the grating height and Wis the
grating width. To inprove the accuracyyd.n determ ning center of stepper
focus, nore detailed theoretical nodels may be used. One such nodel is a
trapezoi d, which adds the dinension of sidewall angle, as shown in FIG 9,
enpl oyiRigpegie faupatrasger the likac flif reeultipg progyets mgy be enplayed i i35 AsPign Met er ni ne
the cross-sect| rapezoi dal grating is 10 Cross-Section Area =

H. (W-ﬁ?szg%g%o"%%f%m@@‘eﬁ is the grating height, Wis the width at the
bott om of t igergrtd wige nuabitidr & ways tohemalgrettapeross-ssatdrefocus imetrivdo Heterprareoi d.

Qt her, nmore conpl ex shapes may al so be used. Wth nore conpl ex shapes nore
conpl exceal§uefifoayp &r afibograriyaigvieesush ps @ wafer siePpgr- atherfpstHmplistic Methed itdo of
Cross-s ion areg. Three-di nensi I zed in a
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hol e nodel assum ng a perfect circle profile in X-axis and Y-axis and a
const argf focgs, de@aavin ImEICOD. Heqiras @wtriglioia ginplydogk fepthesmppigpum g @injnusn cross-
cross-section cal cyl at as.a cylinder. thereb ielding a cross-section
To uore. SeEeAAG R PR R eniah T e s £ £GP P

mat er i & §ss@eaRhaltdayre¥feclive}pt result in 20 substantial variation in the
theoretical library nodels across focus. However, depending on the choice
of cat t er orkpotber metimdfof deieratinirartheacriter hifoguetis to @ahalyasdied ratectfigveges iniosfocus nmay
result in changes_ in these Fropert'

the t heBFENTORICPIFHEPIGP IRYe Tt oP Hﬁ:j‘getsale‘“'lf‘%?tﬁg‘?ﬁatff;n%g vieTehads e ?%‘ﬁ?it cal
const anfeirel & rbdie, LRS- BAREM FI938ctiRRFdrh BRe fodl¥l stepTBhelRxtasI Fdcraake uA® addi ng
the change in cross-section from one focus step to the next reaches a minima at the center of focus.
The differences in cross-section from one focus step to the next can also be plotted against focus
15 and fitted to a parabolic curve. The point where the slope is zero is the center of focus.

In addition to determining the best focus position for a stepper or scanner, the focus curves so
generated by the methods of this invention can be employed with special stepper/scanner reticles to
determine stage tilts and field non-uniformity. In this method a series of diffraction structures, such
as diffraction gratings, is employed at the same focus across an area, such as a wafer. In one

20 embodiment, diffraction signatures are obtained from a series of sequential same focus setting
diffraction gratings 40, 45, 50, 55, and 60 as shown in FIG. 4. Theoretical profile models and
diffraction signatures are determined from a theoretical library and a cross-section, such as a cross-
sectional area, determined as a function of the selected diffraction signature and model for each
diffraction grating. The resulting cross-sections, such as cross-section areas, are plotted as a

25  function of position, yielding a three-dimensional plot of stage tilt and other field non-uniformity.

It is thus readily apparent that utilizing the cross-section difference and data as to the location
of the diffraction structure 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. Such plot may reveal aberrations in the

lens system, astigmatism, or other defects causing the center of focus over the field to be non-



the thin filmthickness cross-section over an equivalent periodicity to the
grating cross-section area, 25 or nay be nore conplicated, such as

wei ght i ngwohe/osmes ri buti on of the grating and thin fil m cPaIarso®sasbi on
areas by the material optical n & K constants. It may further be seen that
non- geonetri c cross-sections may be enployed. Thus, the cross- section may
be the product of one paraneter, such as CD, and one or nore additional
paranmeters, such as for exanple materials paraneters, weighted or average
val ues, angul ar nmeasures, optical WO 03/032085 PCT/ US02/ 32394 -22
properties, curvatures, or the like. The resulting products nay be enpl oyed
in simlar fashion to cross-section areas or volunes. There are a w de
nunber of ways to anal yze the cross-section focus netric to determ ne

cent er \§ifoFmy il titin %? fieldayea BRI theaw Ardy-2198 My &e Rlolie Hieredy eppydnd therhe nost
SiPIT Skl (RHOA S defler 5 dthiObs b AR PISABE hRliseiguCh as cr oss-secti on
area or volume, as a tunction of tocus, renove any existing outliers, and
fit a par abadhé metids/sndidevitdsaf thatiaventidnangyGilsatbewber fer duabty sbpetestiigzer o i s t he
center of focus, as shown in FIG 7. Another netric is to sinply |ook for
t he naxinetfigonalyinPiiimeentes sifocus determyprddyiheamsans- fTHEIRAYMESRENAI ng on
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next. In the ideal theoretical case, as the focus %et$ closer to the
center of f&ymeang¢sfemplopingproanaiesrepelvediseaiterameter; tha diffiaglian@igsaliedeis step to

the next wi|l decrea ntil, the change in crpss-section fr one focus
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i n cross-section ghpomipme- fagus step to the next can also be pdotted

agai nst focus 15 and fitted to a parabolic curve. The point where the slope
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a series of diffraction structures, such as diffraction gratings, is
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enbodi nent, diffraction signatures are obtained froma seri esf%rg]f sequenti al
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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
meané 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 cross-section 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 erﬁbodiments, 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



diffraction signatures are determned froma theoretical library and a
cross-section, such as a cross- sectional area, determned as a function of
t he sel ecwed3@sfoss acti on signature and nodel for each difPCmramsb2/aasogr ati ng.
The resulting cross-sections, such as cross-section areas, are plotted as a
25 function of position, yielding a three-di mensional plot of stage tilt
and other field non-uniformty. It is thus readily apparent that utilizing
the cross-section difference and data as to the location of the
diffraction structure in the field, which field my conventionally be a
waf er stage, that the center of focuszfas a function of position in the
field may be plotted. Such plot nay reveal aberrations in the |ens system
astigmati sm or other defects causing the center of focus over the field to
be non W@BFG@Q%@GW}"‘@%2‘%‘@2@9&{"@8@5 i sauivatentss; Theeapedisclosyres ¢fgll ¢ he
field o he. - - ‘ t i

st age tr;éf‘e![;eng% g%‘%hg&gﬁs’lp ﬁtgﬁ%’garqta rﬁalg %gﬁgagéueg ‘?ﬁeﬁ%?yﬁic%%éﬁ%g}grﬁgrghgﬁen t he
field. The nmethods and devices of this invention nmay al so be used for
quality control testing, including analysis of the center of focus

determ ned by other nmeans. This may be done in 5 conjunction with an

angl e-resol ved scatteroneter, described above, including its associated
conput er system or with other suitable devices capable of making the
descri bed neasurenents. By nmeans of enploying an angl e-resol ved
scatteroneter, the diffraction signature is separated into distinct
diffraction orders at angul ar | ocations specified by the grating equation:
sinOg + sin On = nAld (3) 10 where O is the angle of incidence, taken as
negative, On is the angular location of the nth diffraction order, Ais

t he wavel ength of incident light and d is the spatial period or pitch of
the diffraction structure. It can thus be seen that for the Oth or
specul ar diffraction order, the angle of incidence is equal to the angular
| ocation of the specular diffraction order. However, diffraction orders

ot her than the specular may be enpl oyed, and the appropriate angul ar

| ocation determ ned as set forth above. 15 Simlar relationships govern

ot her nodes of generating diffraction signatures, so that with any node of
generating a diffraction signature either the specular diffraction order or
sone higher diffraction order may be enpl oyed. For exanple, in a

wavel ength resol ve device, the angle O, my be held constant and the

wavel ength A varied, and the equation solved for On at a given n. The

nmet hods and devices of this invention nay al so be used for determ nation of
t he center of



20 focus, whereby the center of focus is adjusted by any suitable neans,

i ncl udi ng use of conputer- based control systens, and the nethods of this

i nvent i onwos8®31085 det er m ne when an acceptabl e or opti nalpCirasoes3isas been
determ ned. The adjustnment nay be done by dose variations, or by other
means known in the art. The invention may be further used for automatic or
automated determ nation of the center of 25 focus, utilizing an autof ocus
control system whereby information as to the cross-section analysis is
used in a control systemto determ ne the focus, such as by dose
variations. Al though the invention haspsfieen 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

i nvention will be obvious to those $PMSd in the art and it is intended to
WO 03/ 032085 PCT/ US02/ 32394 -24 cover in the appended clains all such
nodi fi cati ons and equi val ents. The entire disclosures of all references,
appl i cavhansclaipad BNt s, and publications cited above are hereby incorporated
by reference. WO 03/032085 PCT/ US02/ 32394 -25 CLAIMS What is clainmed is: 5
1. A nethod of neasuring paraneters relating to a |ithography device

of £ fract fon oty ardiotbepd Pnd b Ap R Se RO b S O] kBl T O

utiliziggpstdpe |ithography device, the diffraction structures conprising a
plurality of spaced el ements; neasuring a diffraction signature for at
| east three of t eovigingragubstratespmgrising ritrpinof diffraqtien sirustrasyformedAather a

R o Y B B BR BETR el B el SR Bl
di f fracy pigmiit§ otpatdd gertintsreasur ed diffraction structures;
10 measuring a diffraction signature for at least three of the plurality of diffraction
structures by means of a radiation source-based tool;
selecting a theoretical diffraction structure providing a theoretical diffraction signature
matching the measured diffraction signature of measured diffraction structures;
calculating a cross-section of each selected theoretical diffraction structure; and

15 determining a metric between the calculated cross-sections to determine a desired

parameter of said lithography device.

2. The method of claim 1, wherein the diffraction structures are single period, bi-periodic

or multi-periodic structures.

20

3. The method of claim 1, wherein the cross-section is a cross-section area.

4. The method of claim 1, wherein the cross-section is a cross-section volume.
25 5. The method of claim 1, wherein the cross-section is a product of two or more

parameters of the theoretical diffraction structure providing the matching theoretical diffraction

signature.

6. The method of claim 5, wherein one parameter is CD.



cal culating a cross-section of each selected theoretical diffraction
structure; and determning a netric between the cal cul ated cross-sections
to det ermvoesasmesi red paraneter of said |ithography devipca/usa2/3Bhe net hod
of claim1l, wherein the diffraction structures are single period,

bi -periodic 20 or nulti-periodic structures. 3. The nethod of claim1,
wherein the cross-section is a cross-section area. 4. The nethod of claim
1, wherein the cross-section is a cross-section volune. 25 5. The net hod
of claim1l, wherein the cross-section is a product of two or nore
paraneters of the theoretical diffractpg@n structure providing the matching
theoretical diffraction signature. 6. The nethod of claimb5, wherein one
parameter is CD. WO 03/032085 PCT/ US02/ 32394 -26 7. The nethod of claim1
wherein selecting a theoretical diffraction structure matching the
measur ed di f,fracty I : i - act-kEOn.: npri ses
generati ng g' thghgg??%gpﬁ%#%?é?@y%?Q%ﬁ%@?%ﬁkéépéﬁggﬁgg@%?%%LgFgﬁgﬁ res
der i vedihé messdrétniffredtion signadurk bf raedsued difftactiat siuetares borBpriséhgeneetingal of cl ai m
7, further conprising determning a best match theoretical diffraction

si gnat utheoreticahhbtaneofitieststieal Pifeactionsignaiuces derivetfram fhaorryige! gfraction sHaturefher ei n
thefﬁetric conprises plotting the cal culated cross 10 sections. 10. The

met hod of claim 1, wherein the netric conprises determining the differences
bet ween cal @ul at ge fle®d8 oSt i7OMANer E6mdrking HBRmMIRIhG 8 Bestmatthatdatelical wher ei n
the substrate conprises a wafer. 12. The nethod of claim1, wherein the
radi at i ¢fractionsigeatiradren thegtbporelisaidiorades a | i ght source-based tool. 20 13. The
nmet hod of claim 12, wherein the |ight source-based tool conprises an
incident |aser beam source, an optical systemfocusing the | aser beam and

scanni ng t higough 156 fMRtH6& BRI, wherein the metric comprises plotting the calculated cross-

10 sections.

10. The method of claim 1, wherein the metric comprises determining the differences

between calculated cross-sections.
15 11. The method of claim 1, wherein the substrate comprises a wafer.

12. The method of claim 1, wherein the radiation source-based tool comprises a light

source-based tool.

20 13. The method of claim 12, wherein the light source-based tool comprises an incident
laser beam source, an optical system focusing the laser beam and scanning through some range of
incident angles, and a detector for detecting the resulting diffraction signature over the resulting

measurement angles.

25 14. The method of claim 13, wherein the light source-based tool comprises an angle-

resolved scatterometer.

15. The method of claim 12, wherein the light source-based tool comprises a plurality of

laser beam sources.



i nci dent angles, and a detector for detecting the resulting diffraction
signature over the resulting neasurenent angles. 25 14. The net hod of

cl ai m 13, watvas2085 t he | i ght source-based tool conprises amcCanghe3aesol ved
scatteroneter. 15. The nethod of claim 12, wherein the |ight source-based
tool conprises a plurality of |aser beam sources. WO 03/ 032085

PCT/ US02/ 32394 -27 16. The nethod of claim 12, wherein the |ight
sour ce- based tool conprises an incident broad spectral |ight source, an
optical systemfocusing the light and illum nating through sonme range of

i nci dent wavel engths, and a detector fgf. detecting the resulting
diffraction signature over the 5 resulting neasurenent wavel engths. 17. The
nmet hod of claim 12, wherein the |ight source-based tool conprises an
incident light source, components for varying the anplitude and phase of
the S and P gol arhg el 305 ciftf 1?R&HeF£A the ﬁéﬁ%}&ﬂ&e“-&%’cﬁ%&%oﬁwbﬁs% LA Hcigefd

illum nating over sonme range of 1 ncident” phases, and a detector for 10

det ect i mrgad spectpihbgesatcet freopties gy sténntpcakirfofthealht @ iRimatibgtheugh $melhegenet hod
of claim1, wherein nmeasuring a diffraction signature conprises phase
measur epfdtedenywayplgpmhsofnd SatesiRl fas fetesting thersen!ting idifFrctiof Falurvetthe ool

source, i i angle, a variable angle 9 or a variable angle
(D.f€5 T%Bﬁ%ﬁ%kﬁﬁfﬁ%@%g@ééﬁﬁFh]1, wherein nmeasuring a diffraction signature
conpri ses phase neasurenent by neans of a single wavel ength radiation

sour ce-based tool source, operating at a fixed angle, a variable angle O
or a vari abl1@. andhe meibod ol 12;7hereiethp ght sguree-eseq teol cRRBRses AN MEWSTIr i ng a
diffractipon signature ris h r a 11ple

i scr ot B URYEFeRaEH BB B AR LR RS S thG 5 Bl EBAG Tl AT O
cl ai m lgysiehfb&ising tHaqightish Niakinbhg ovéradmk Warge oBindlddnEpH=864, aN@a Bétbdtsraart | on
signature. 25 22. The nethod of claiml1, wherein the diffraction signature
i s H trdatentinghe whasdiof the gasultingdiffraction signature.

18. The method of claim 1, wherein measuring a diffraction signature comprises phase
measurement by means of a broad spectral radiation source-based tool source, operating at a fixed

angle, a variable angle © or a variable angle ®.

15
19. The method of claim 1, wherein measuring a diffraction signature comprises 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 ®.
20 20. The method of claim 1, wherein measuring a diffraction signature comprises phase
measurement by means of a multiple discrete wavelength radiation source-based tool source.
21. The method of claim 1, wherein the diffraction signature is a reflective diffraction
signature.
25
22. The method of claim 1, wherein the diffraction signature is a transmissive diffraction

signature.



signature. WO 03/032085 PCT/ US02/ 32394 -28 23. The method of claiml
wherein the diffraction signature is a specular order diffraction

si gnat ur ew024/03208®2 net hod of claim 1, wherein the diffracticarusse/gesature i s
a higher order diffraction 5 signature. 25. The nethod of claim1, the

met hod further conprising formng the plurality of diffraction structures
utilizing the lithography device at known different focus settings, whereby
the paranmeter is the center of focus of the Iithography device. 10 26. The
met hod of claim 25, wherein the nmetric conprises plotting cross-section as
a function of focus, plotting the difpgrence between cross-section of

adj acent focus setting diffraction structures as a function of focus,
determ ning the rate of change in cross-section, deternmining th nmaxi mum
cross. sect | Gt orl PEECBPAPHAG 1t Weerriy M FiiFAcon AL P SRecUES Orger AFARH g ho
of clai g 2areWnerein the known different focus settings are equal increnent
differen ocus settings. 28. The nethod of claim25, wherein the known
different focus settings are non-equal 20 increnent different focus
settings, and the nmethod further co_nPri ses use of a mathematical al gorithm
to nor mal i z&4t he THBMekQe & claimdy whgseip thgidifrafiantioneles s adiahes gieRs diftagtionrp

met hod gf &l.@i m 25, wherein the cross-section or the difference in
cross-settion between diffraction structures varies as an approxi mation of
a parabolic curve with a slope of zero 25 over the center of focus. 30.
The method of claim11, the nethod further conprising formng the plurality
of diffractPon dthedeihge esclaimil} themedog fuethen comptFng ATNIvE0® Blualily ot he sane

| ocat ofmshefsBrEL AN B Mod iy sflics SKAMTRERD: Bold AP Ee0) B8
PCT/ USOp4rarat8ds théLenter of focus of the lithography device.

10
26. The method of claim 25, wherein the metric comprises plotting cross-section as a
function of focus, plotting the difference between cross-section of adjacent focus setting diffraction
structures as a function of focus, determining the rate of change in cross-section, determining the
maximum cross-section, or determining the minimum cross-section.
15

27. The method of claim 25, wherein the known different focus settings are equal

increment different focus settings.

28. The method of claim 25, wherein the known different focus settings are non-equal
20 increment different focus settings, and the method further comprises use of a mathematical algorithm

to normalize the non-equal increment different focus settings.

29. The method of claim 25, wherein the cross-section or the difference in cross-section
between diffraction structures varies as an approximation of a parabolic curve with a siope of zero

25 over the center of focus.

30. The method of claim 1, the method further comprising forming the plurality of
diffraction structures utilizing the lithography device at the same focus setting and determining the

differences as a function of the location of the diffraction structures on the substrate.



31. The nethod of claim1l1, the nmethod further conprising formng the
plurality of diffraction structures at known different focus settings and
known di fWweremsns2ddse settings and determ ning the effect pofi/idows2zen focus.
5 32. The nethod of claim 31, wherein the plurality of diffraction
structures conprise sets of the same known different focus setting
diffraction structures, the sets varying by different known dose settings.
10 33. A nethod of determining the center of focus in a |lithography device,
conprising the steps of providing a substrate conprising a plurality of
diffraction structures nmade utilizing e |ithography device, the
plurality of diffraction structures conprising different known focus
settings; neasuring a diffraction signature for at |east three of the
plurality of diffraction 15 structures by neans of a radiation
sour ce- basedy t ool b [ [Wale ; A4 cal
diffractionqgigngpﬁggﬂﬁ?gtﬂ%@?é%??ﬁ%ﬁﬁgﬁ@%?%%??%ﬁygﬁ$ﬁ%$ﬁ?Egi&ggternining a
best matiffacidneouairecatiknalirf diffedertt foons sHttopgaand inovo di¢fereht dosasattingsl andli f f ract i on
signature; 20 calculating a cross-section for each theoretical diffraction
st r uct ufepynng tae pifpckefgeson foch theoretical diffraction signature; and
detegnining the center of focus as the focus setting wherein there is a
mninmal difference between the cross-section of adjacent focus setting

di ffracti on 32r at iThgsnethdd oBdaim Bhewtisedime plfalityl cblifitadibn swliciires coniphiee shitd ffer ence
in cross-section between adjacent focus setting diffraction structures
vari es B¢ same kppyincifieraat foens ssitingdif@etipsirpures: theselsi verying by dipendmown €98 on

t he nini&a! di fference. WO 03/032085 PCT/ US02/ 32394 -30 35. The nethod of
clai m 337 "\®her ei n determning the mnimal difference conprises fitting

data derived fromdifferences between cross-sections between adjacent

sequential focus setting
10 33. A method of determining the center of focus in a lithography device, comprising the

steps of
providing a substrate comprising a plurality of diffraction structures made utilizing the
lithography device, the plurality of diffraction structures comprising different known focus settings;
measuring a diffraction signature for at least three of the plurality of diffraction
15  structures by means of a radiation source-based tool;
providing a theoretical library of theoretical diffraction signature of theoretical
diffraction structures;
determining a best match theoretical diffraction signature to each measured
diffraction signature;
20 calculating a cross-section for each theoretical diffraction structure providing a best
match theoretical diffraction signature; and
determining the center of focus as the focus setting wherein there is a minimal

difference between the cross-section of adjacent focus setting diffraction gratings.

25
34. The method of claim 33, wherein the difference in cross-section between adjacent
focus setting diffraction structures varies as an approximation of a parabolic curve with a slope of

zero on the minimal difference.



diffraction gratings to a parabolic curve, whereby the mninmal difference
enconpasses the mnima of the parabolic curve. 5 36. The nethod of claim
33, wher ewp 0B8108208% oss- section of different focus setting acfusarsizon
structures is plotted as a function of focus. 37. The nethod of claim 33,
wherein the diffraction structures are single period, bi 10 periodic or

mul ti-periodic structures. 38. The nethod of claim 33, wherein the
cross-section is a cross-section area. 39. The nethod of claim 33, wherein
the cross-section is a cross-section volune. 15 40. The nethod of claim
33, wherein the cross-section is a praggct of two or nore paraneters of the
theoretical diffraction structure providing the matching theoretical
diffraction signature. 20 41. The method of claim 40 mherein,on?,

par anet er i $5CD. 1homethad ofAlAIR 33 vierel) datsrminmolisaPiaint?! ifesencgIsenPises Mittpr i ses
a wafer, 43 . ' L oht LA szbased
ool oot T o B o e e o e e R R el s
wher ei ndifir&ioh ig@iiigs3® H parabdlia serde, wheteby heprinisa Siflerenceencdapssses ths etinida afim
source, an optical systemfocusing the |aser beam and scanni ng through sone
range ofe pRRRAic 0U¥H85 PCT/ US02/ 32394 -31 incident angles, and a detector
forfgetecting the resulting diffraction signature over the resulting

measur enent angl es. 45. The method of claim44, wherein the |ight

sour ce- baseds! 00IThe MRPbY SRfaird 33 aN@tem the Eresoiectish f AffbicArfodUR Isetting diffractibhe

met hod of claim43, wherein the |ight source-based tool conprises a

pl ur al i stypctgfesliaetied paafnsiamot®sus- 10 47. The net hod of claim 43, wherein the

| i ght source-based tool conprises an incident broad spectral |ight source,
an optical systemfocusing the light and illum nating through sonme range
37. The method of claim 33, wherein the diffraction structures are single period, bi-

10 periodic or multi-periodic structures.

38. The method of claim 33, wherein the cross-section is a cross-section area.
39. The method of claim 33, wherein the cross-section is a cross-section volume.
15
40. The method of claim 33, wherein the cross-section is a product of two or more
parameters of the theoretical diffraction structure providing the matching theoretical diffraction
signature.
20 41. The method of claim 40, wherein one parameter is CD.
42. The method of claim 33 wherein the substrate comprises a wafer.
43. The method of claim 33, wherein the radiation source-based tool comprises a light

25 source-based tool.

44, The method of claim 43, wherein the light source-based tool comprises an incident

laser beam source, an optical system focusing the laser beam and scanning through some range of



of incident wavel engths, and a detector for detecting the resulting
diffraction signature over the resulting neasurenent wavel engths. 15 48.
The net howlooB/osdoss m 43, wherein the |ight source-based toeCTasnpsizses an
incident |ight source, components for varying the anplitude and phase of
the S and P polarizations, an optical systemfocusing the Iight and
illum nating over sonme range of incident phases, and a detector for
detecting the phase of the resulting diffraction signature. 20 49. The
met hod of claim 33, wherein nmeasuring a diffraction signature conprises
phase neasurenent by means of a broadzgpectral radiation source-based tool
source, operating at a fixed angle, a variable angle O or a variable angle
(D. 50. The nethod of claim 33, wherein nmeasuring a diffraction signature
conpr i si8gdgshanges, ans afeiecior @fr@‘ﬁ?‘“‘ﬁ%t%%ﬁqg'”%?'ﬁﬁcgn%@”@tumgﬁt %ﬁﬁﬂt"}gadi ation
sour ce- urce, operating at a fixed angle, a variable angle O

a va@?%ggﬁegﬁ%lg%g( D. 51. The nethod of claim 33, wherein neasuring a
diffraction signature conprises phase neasurenent by neans of a nultiple
di screte wavel ength radi ati on source-based tool source. WD 03/032085
PCT/ US02/ 32884 - 3he gethodrpieciaimadharhersin e ightevace-Rased ophPomREseg AP ARYRt i on
signature i tive diffraction signature. 5 53. The nethod of claim
33, r‘%herreg?hﬁe%ts aet{egén#eie(r;acti on signature is a transm ssive diffraction
signature. 54. The nethod of claim 33, wherein the diffraction signature is
a specul ar order diffraction signature. 10 55. The nmethod of clai m 33,
wher ei n t he 48i f f The Methad 8f Qg darherain the Hghy prurcediaged togl empares pdivralidiat ur e.
56. Thel ma%hod oufcecl aim 33, wherein the different focus settings conprise a
const antA8°YT P$EF€nce bet ween sequential different focus settings. 57. The
met hod of claim 33, wherein the different known focus settings are
non-equal increnment different focus settings, and the nethod further
contlr i ses u%@. of The mathhe nfecldin 4B, vetlegrin the hght source-based tool comprises 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.

15 48. The method of claim 43, wherein the light source-based tool comprises an incident
light sburce, components 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.

20 49, The method of claim 33, wherein measuring a diffraction signature comprises phase
measurement by means of a broad spectral radiation source-based tool source, operating at a fixed

angle, a variable angle © or a variable angle ®.

50. The method of claim 33, wherein measuring a diffraction signature comprises phase
25 measurement by means of a single wavelength radiation source-based tool source, operating at a

fixed angle, a variable angle © or a variable angle ®.

51. The method of claim 33, wherein measuring a diffraction signature comprises phase

measurement by means of a multiple discrete wavelength radiation source-based tool source.



to normalize the non-equal increment different focus settings. 20 58. The
met hod of claim 33, wherein the diffraction structures are |atent imge

di ffractiwoosmsass ures. 59. The nethod of claim 33, whereiPoTiuse2/sabst r at e
is wafer, wherein the wafer has not 25 been subjected to a devel opnent
process. 60. A nmethod of process control for center of focus in a

| it hogr aphy devi ce, conprising the steps of WO 03/032085 PCT/ US02/ 32394 -33
provi ding a substrate conprising a plurality of latent image diffraction
structures made wutilizing the lithography device, the plurality of
diffraction structures conprising diffgsent known focus settings;
nmeasuring a diffraction signature for at least three of the plurality of

| atent image 5 diffraction structures by neans of a radiation source-based
tool; providing a theoretical |ibrary of theoretical diffraction signatures
of theoret!Gal ahb MeRl bPdiilobfileriPthe LRI YRR i Aol Riflion
theoretical diffraction signature to each neasure diffraction signature;
10 cal caipratirélg a cross-section for each theoretical diffraction structure
providing a best match theoretical diffraction signature; determning the
center of focus as the focus setting wherein there is a mnimal difference
bet ween t he Grosss i ' j ] .setti . L .

di f:‘m‘fact ion sgt r uirig1 %ﬁ%&h;o ggfncgg'mg’g] ‘ﬂ%ﬁﬁ%‘g 18 ﬁ}eé%%'ogﬁsﬁgjla@g% '% ?trtlrgg%?lés'?%gﬁﬁral‘c%l%nogr aphy
devi ce §ignahie determ ned center of focus. 15 61. The nethod of claim 60
wherein adjusting the focus setting of the |ithography device conprises a
conput er - based control system 62. The nethod of claim60 wherein adjusting
the Tocus Sehllng ehelnd of dBogr AR, g YitRiodlnsRIDE L35S ARAM Of ocus

control syst'eém wh east one I npu cus control system
diffraction signature.

10
55. The method of claim 33, wherein the diffraction signature is a higher order diffraction
signature.
56. The method of claim 33, wherein the different focus settings comprise a constant

15  difference between sequential different focus settings.

57. The method of claim 33, 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.

20
58. The method of claim 33, wherein the diffraction structures are latent image diffraction
structures.
59. The method of claim 33, wherein the substrate is wafer, wherein the wafer has not

25  been subjected to a development process.

60. A method of process control for center of focus in a lithography device, comprising

the steps of



conprises a paraneter relating to the differences between the
Cross-sections.

10

15

20

WO 03/032085 PCT/US02/32394
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providing a substrate comprising a plurality of latent image diffraction structures made
utilizing the lithography device, the plurality of diffraction structures comprising different known focus
settings;

measuring a diffraction signature for at least three of the plurality of latent image
diffraction structures by means of a radiation source-based tool;

providing a theoretical library of theoretical diffraction signatures of theoretical
diffraction structures;

determining a best match theoretical diffraction signature to each measured
diffraction signature;

calculating a cross-section for each theoretical diffraction structure providing a best
match theoretical diffraction signature;

determining the center of focus as the focus setting wherein there is a minimal
difference between the cross-section of adjacent focus setting latent image diffraction structures; and

adjusting the focus setting of the lithography device to the determined center of focus.

61. The method of claim 60 wherein adjusting the focus setting of the lithography device

comprises a computer-based control system.

62. The method of claim 60 wherein adjusting the focus setting of the lithography device
comprises an autofocus control system, wherein at least one input to the autofocus control system

comprises a parameter relating to the differences between the cross-sections.



