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DETERM NATI ON OF CENTER OF FOCUS BY CROSS- SECTI ON ANALYSI S 5

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. 10 BACKGROUND OF THE I NVENTION Field of the Invention
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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. WO 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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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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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



A variety of scatteroneter and rel ated devi ces and neasurenents have been
used for characterizing the mcrostructure of mcroel ectronic and

opt oel ectworB3®esri conductor materials, conputer hard di kT/USOpBi3eal

di sks, finely polished optical conponents, and other materials having

| ateral dinmensions in the range of tens of mcrons to |l ess than one-tenth
m cron. For exanple, the WO 03/032085 PCT/ US02/ 32394 -3 CDS200
Scatteroneter, made and sold by Accent Optical Technologies, Inc. is a
fully automated nondestructive critical dinension (CD) neasurenent and
cross-section profile analysis system.3z.partially disclosed in U S. Patent
No. 5,703,692. This device can repeatably resolve critical dinensions of
l ess than I nmwhile simlt aneo sly dete n he cross: ectlona profile
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described in the literature of sem conductor processing. A nunber of

met hodsthe AR ar peciar eeder e wall@ghigbprslietipn aiasyremdhesamnlecrgive monirediaitiy t hose
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shift technology (R Edwards, P. Ackmann, C. Fischer, "Characterization of
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di spl acenent. These i mages can be anal yzed usi ng i mage- based netrol ogy

tools, Nexch 74864216464 1R0e8246969%,803.60¢. 5,997,276 a% 898D, 812, AN 10088%hini que
to determine b st. focus t he short eni ng chni Lgue. known as
Schni 71 omerrgre(tehpaUapaBIsRnE Poot el ehgdect AsEGEsY (e FERaLET or (ne
tregs: &a@@%@fégﬁ&ﬁ)@p(ﬁ.@dmds, P. Ackmann, C. Fischer, “Characterization of Autofocus
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.



control,"” Proc. SPIE Vol. 3332, pp. 212-220, 1998). The net hod uses
relatively large CD (-3 mcrons) |ine/space arrays, where two arrays are

pl aced newD wBo3ma&Eh other. As the structures 25 are pri ntred/usaz/sasgh focus
and/ or dose, the lines thenselves shorten and the space between the arrays
broadens. This space can be neasured using inmage-based netrol ogy tools such
as those wused for overlay neasurenents. Another technique to determ ne
best focus is the Diffraction Signature D fference, or DSD, technique, as
disclosed in U S. Patent No. 6,429,930 to Mchael E. Littau and Chri stopher
J. WD 03/032085 PCT/ US02/ 32394 -4 Raympnd, Deternination of Center of
Focus by Diffraction Signature Analysis. This technique uses an enpirical
anal ysis of scatteronmetry diffraction S;anatures. As best focus is reached,
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enploy a variety of different nethods of operation. In 15 one nethod, a
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Scatterometers and related devices can employ a variety of different methods of operation. In
15  one method, a single, known wave-length source is used, and the incident angle © is varied over a
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



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 woloans2nst i on state |ight conmponents, utilizing opCirasoasa4filters
to vary the light polarization fromthe Sto P conponents. It is also
possible to adjust the incident angle over a range 0, such that the |ight
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 conbinations or pernutations
thereof, it is possible and known to g@btain a diffraction signature for a
sanpl e target. Besides scatteroneter devices, there are other devices and

met hods capabl e of determining the diffraction signatures at the Oth order
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to scatteroneters. It is further known that non-light-based diffraction
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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.



Diffraction gratings are typically dispersed, in a known pattern, within
dies on a wafer. It is known in the art to enploy multiple dies (or
exposur e woalB@sdosdn a single wafer. Each diffraction pattemrusony23oe nade
by lithographic neans to be at a different focus, such as by enploying a 20
different focus setting or a different exposure setting or dose. It is also
known that center of focus may be determ ned using scatteronetry and
diffraction gratings by conparing diffraction signatures froma variety of
different focus diffraction gratings to a theoretical nodel library of
diffraction grating signatures yieldigg information regarding CD. The
actual diffraction neasures are conpared to the nodel, fromwhich CD

val ues are derived. The CD vaI ue thus obt a| ned |s p| otted aal nst focus and
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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



|ibrary of theoretical diffraction signatures derived fromtheoretical
diffraction structures. It can further include determ ning a best match
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the invention provides a nethod of determning the center of focus in a

| i t hography device, the nethod including the steps of providing a substrate
including a plurality of diffraction structures made utilizing the

| i t hography device, the plurality of diff fraction structures including
different known focus settings; neasuring a diffraction signature for at
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plurality of 10 latent "image diffraction structures nade utilizing the
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di fferent known focus settings; neasuri ng a diffraction signature for at
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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. 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



determ ning a best match theoretical diffraction signature to each neasured
diffraction signature; 15 calculating a cross-section for each theoreti cal
di ffractiwoostoszss ure providing a best match theoretical PpdiTffSoa61390n
signature; determning the center of focus as the focus setting wherein
there is a mnimal difference between the cross-section of adjacent focus
setting latent inmage diffraction structures; and adjusting the focus
setting of the lithography device to the determ ned center of focus. In
this nmethod, adjusting the focus setting of the |ithography device can

i ncl ude a conputer-based control 20 system Adjusting the focus setting of
the |ithography device can include an autofocus control systen1 wherei n at
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measuring a diffraction signature includes phase neasurenent by nmeans of a

broad syvewebasediteniserréeon admad seedyalsodree-bateddenlipatece. dpedifftackny signataref i xed
angl e, a variabl e measuri ng
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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.



source, operating at a fixed angle, a variable angle O or a variable angle
(P. Measuring a diffraction signature can also include phase neasurenent
by neans wha/oseBii pl e di screte wavel ength radi ati on sourcaAsaysr394 ool
source or a broad spectral source-based tool source. The diffraction
signature can be a reflective diffraction signature or a transm ssive
diffraction signature. The diffraction 15 signature can be a specul ar order
diffraction signature or a higher order diffraction signature, either
positive or negative. A primary object of the present invention is to
provide a nethod for neasuring paranetegrs relating to a |ithography device
wi thout the use of optical, SEMor simlar mcroscopy netrol ogy tools.

Anot her object of the resent invention is to provide a nethod for
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utilizing ert ective or transmssi've dif conparing s

di ffrackiginosegnature to a library of theoretical nodels thereof, selecting
a best match theoretical diffraction signature, and determning a
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Anot her " obj ect “0 e presen IS to Provi

determ mﬁ@gnt@dcumswnb BPperipdit AifRbRNSradses; irluaidg WetoY oaspdclibBogiaphynydevi ce,
including center of focus, by obtaining a diffraction signature utilizing
any1tet hd@?rp@etqﬂ@a@t@”e?'ttl(ﬁffppﬁlh‘(?tqfOwaﬁi’%nat ure, i ncI udi ng but not limted to
reflective tran mSSI var| riable
bhase. vari ATEBETETS o B MM ERRe 1l BB D alPePeBIRleR il on.
or a coghyfdbiaphy dVRE @Rkout BE ubEF dBiidal, SEMSR 8Fibahici@bddpy Afetrdiody t@éléjer or any
hi gher orders. Another object of the present invention is to provide a

met hod for d’@p@emdnaM@ecnf theweaseantiinygntiop dr thatéttpergtsass ofcd serieglofiffetentfocus

| it hography. devi neans of any order, of diffraction signature of
9 g‘lgragtlon struc ures <¥r gratings on a conventional wafer made by means of a steppgr ﬁwcludmg

15  conventional photoresist lithography means, 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.



different focus repeating or periodic diffraction structures, including the
Oth or specular order or any 10 higher order diffraction, either positive
or negatiwe.03M32085 nary advantage of the present inventi onPC3/UuShas23ns
permts neasuring paraneters relating to a |lithography device w thout the
use of optical, SEMor simlar mcroscopy netrology tools. Another

advant age of the present invention is that it permts use of a series of
different focus diffraction structures or gratings on a conventional wafer
made by means of a stepper, including 15 conventional photoresi st

| i t hography neans, to determ ne centerq@f focus utilizing determnation of
diffraction signatures of repeating or periodic structures, or gratings,

determ nation of a cross- sectlon of t he structure by neans of a
t heoretical nodel, and p a derivative thereof
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incorporated into and forma part of the specification, illustrate one or

mor'® endifrelitioe gtagingodn thhéiepiff@émgféitméﬁtqf&ﬁﬁ ald, together with the
description rve to ex es of the in ti@n The

dr awi ngs ar glcg 12 PEPmed 'ebrﬁ?eﬁ‘ %" ¢ a”?”ﬁ‘ﬂgotd?s ik ﬁﬁ'nbnﬁear E" %orP%r ef err ed
enbodi r@ﬁ}g&op)g,ggg@el nvention and are not to be construed as limting the
invention. Inthe drawings: FIGS. 1 Ato 1 Cis an expl oded schematic
repr esent at iFtdh 3akpiats walfree-dimedsiondi difrattive steeture;t he

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



dies including diffraction gratings, wherein FIG 1 A depicts the wafer,
FIG 1 B depicts a die including a diffraction grating set on the wafer of
FIG 1 A wand/Bi0& 1 C depicts an individual 10 diffracti eaTgrsat/dsgs on t he
die diffraction grating set of FIG 1 B; FIG 2 is a schematic
representation of various nodes of obtaining a reflective Oth order
diffraction signature; FIG 3 depicts a three-dinensional diffraction
structure; FIG 4 depicts a series of diffraction gratings; 15 FIG 5 is a
graph that depicts sanple resist bottomCD trending with focus; FIG 6 is a
graph that depicts sanple resist sidewy.| and resist thickness trending
wth focus; FIG 7 is a graph that depicts sanple resist cross-section
area trendi ng with focus; FIG 8 depicts a cross-section of a rectangul ar
di f f r acRIOrgPEEFSEYields o Beingat therpeanter of feraisi @ bestdocys. (ERIOWRS PIICss 1Gpealability

non-rec %gl r diffracting structure. 20 DESCRI PTI ON CF THE PREFERRED
EMBODI I\?éﬁlf’ BEST MODES FOR CARRYI NG QUT THE | NVENTI ON) The present
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a lithography device, and in a preferred enbodi nent, for determning the
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have a very limt depth of focus, so utnost precision is necessary.
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and lack of focus will sul t devel op ed phot or esi ures
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stability. Before proceeding to further describe the invention, the

f ol 100wi nequirdé;fandiab regnisedethe wefenie furthek pracesredr supings ey saftbakee fEidhes positivarey devi ce
that ut J\(;lgiatiz\/gs;)hgtgreisfgta aeterlalssun?ar} baesemplog,/edS Pos;[tlee }egtgtgseateer{orr?a\ally insoluble in chemicals
used as resist developers, but become soluble by exposure to light. Negative resists are normally
soluble in chemicals used as resist developers, but become insoluble by exposure to light. By
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



5 pattern to and optionally into a substrate. This thus includes
conventional optical lithography, such as photoresist |ithography, but

al so i nclwoas/nstoh®r mnet hods of |ithography. | n photoresi stdritsizgraphy,

al so call ed photolithography, optical nmethods are used to transfer circuit
patterns frommaster images, called masks or reticles, to wafers. In this
process, one or nore specialized materials called resists are coated on
the wafers on which the circuits are to be nade. A resist coat is applied
as 10 required, and as required the wafer is further processed, such as by
a softbake. Either positive or negatiyg photoresist materials may be

enpl oyed. Positive resists are nornmally insoluble in chemcals used as
resi st devel opers, but becone soluble by exposure to light. Negative

resi st sreEr@Ve HEgedorRed Wil qibpiechian orIBM Seated optisalpiffiactiprgratiigs (¥ aMapidt s, but
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resi st-coated wafer. A stepper typically includes reduction | ens and
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practice of this invention a wafer or other substrate on which is 25
posit edwizergie theesis périodicityf in 4cthiirgthe X direntibuanskY directiara Asdiffrbctign bruchiogwiiphi ¢

device. In its sinplest terns, a diffr ion strycture i s any structure or
i mage Nﬁﬁ@mHV'TF?EEGS@%W?Q@W%%H%S @Ehmgg%érﬂfﬁﬁmﬁ?ﬁ@Pf%ﬂﬁﬁew_ riation of
the ref rackibian bifréclioR! @hki¥hgbPoailiel IRES 55 Rishblvh WEIBL & OBifralftinSrGlidage in
refractive index can be either due to a physical difference or a chem cal
di f f er ethoeinclriesiowedsistigrbfirgs eatched filmmtdch deatingsh oetat @aings and otldrigeatings known

| i t hographi cal |l y generated Qhanges,.such as utillzing a material with one
WO 03/ 08 st ﬁéﬂf%@?ﬁ@ﬁ%ﬁpw'x a5 2ineatdth Pespperdatic A SaweeraRat h1 8 +3 such as

or dig1ar o Uue r8BE inGRbe SHhidyeBCA byRRa@ifthdiBYSratid, aBiorBXaABIL &1:3 ratio, could
have a 100 nm line width 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 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



coupled with a different material. Chemi cal differences include wafers with
phot oresi st exposed diffraction structures, such as gratings, where the
resi st haworow3zees been devel oped. In this case all of tPeTnEe2/31394s still
present, but the portions that have been exposed have a different
refractive index 5 than the non-exposed resist portions, thereby creating a
diffraction structure consisting of periodic variations of refractive
index in the resist. The periodic difference is obtained by the periodicity
of structural or chemical elements. A diffraction structure nmay have a
single period, may be bi-periodic, or13ay be nulti-periodic. This thus

i ncl udes conventional diffraction gratings consisting of a series of

par al | el but al so includes structures suc ee- di nensi onal
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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
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wavel engtwe oanszoshie i nci dent angle O optionally held constamysozs23vs shown
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structures to determ ne a best match. The theoretical |ibrary of
di f f r acPuhdished Patent Application No. US 2002/0135783 discloses a variety of theoretical library
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



signatures may al so be generated enpirically, such as by a collection of
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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.
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theoretical diffraction signature to the measured diffraction signature
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set 20 is composed of a series of different focus diffraction gratings, preferably varying by a known

and incremental focus step, wherein all diffraction gratings are at a fixed dose. Diffraction grating 22

15  depicts an example of a diffraction grating forming a part of diffraction grating set 20. From die to die
on 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



mat chi ng al gorithnms, whereby utilizing defined constraints a best match is
sel ected. In another enbodinent, a best match can include library
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such theoretical diffraction signature may not exist prior to
interpolation. It 25 can further include averaging and related nodels to
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theoretical diffraction signatures contained in a library. Thus any nethod
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herein to determ ne a match or best match. WO 03/032085 PCT/US02/ 32394 -16
I n one enbodi nent of the invention, a wafer 10 as in FIG 1 A is provided,
on whi cihthedesigyi ShpJalept images, eeresesiings? ehemicsl changan dhegesistangterplisiibped in FI G
1 B, typicall por f g the
exposur SoFerai R EFe Fosst Bheritvh e o o R Sond BRGRERRLGT0 .
and- r epggratusy/sd @iorth Abventniohe embedimert, théreatemsith latentrireédes lirethe eesisemaydosed i s

illumnated when the 5 shutter is opened, thereby sinmultaneously exposing
t he entﬁ@@%i’@%@@ﬁb@ﬁﬁ@@@ bake dised fp dgve pddlifionsl @herpig? reagtjane ORio diFS a part of
t he retlcl S

exposedcom\mglnentstv«rﬁ’%lnlﬂp1 |;[et9|st I&y@y Ingeneafﬂerpe%bod?{?g{, t%g\;gé.s?m%?ﬁgﬁé{fe f)&%tgj
nmay be qRwBshsH ﬁrbcésb,aapt.anady é biietiddl Gevelofhanitipfigessfivhetbbyl SpdpionGENRE Easist iae
diffraction grating set 20 being conposed of a series of different,
opt i onatemygved thfeeprém dettesmu@d buwmthq@tnoamvegﬁmt|0hg€s9atm registavag employask iThR
grating sho fraction.grat.i 22 fo acpart

of “al 1 TeRBePu el i trcalrab® o g Hinh bst S Rl THRY fie o iR o

gr at i Noihe fsis?BydrSand SPRASIFAhOSubStrtibiBal Buch ALothet Tnstbd Whidesuch Fes@t @ydrngs, or
is conposed of a series of same focus but di fferent dose diffraction

gr atdi ngs poditad.a preferred embodiment, the diffraction grating set 20 is

varying by 4 RAGRHOIAY CHEFR SR S 5 R S B B
grat i Ngg.aibfed?br rﬁayfanérﬁgt \QQ%@ deldidpbd. ag.mngm am.@&mmreagngléerféeam GdseritRl a€Xanpl e

mask

of a diffraction grating formng a part ffraction grating set 20. From
di e to dhneentioral methad m‘rgeﬂlé}atlrelatdif&actlbmartdml&eamarngeod)nna)f ecerspleyed tinahgliingange, or
both, may vary. Conventionally, the dose or focus is varied in constant
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focys, Iﬁ(grrpl e, mght vary in 50 to 100 nm steps over a determ ned
range, anc} e dose, for exanple, mght vary in 1 or 2 mJ increments over
a det er m nedotdngecritichl fohrameter mrang litabdrapdhy Advieaincluding 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



20 enpl oy conventional |ines 25 separated by spaces 30 as showmn in FIG 1
C, or may be any other diffraction structure, including diffraction

st ruct ur ewotobas208fipl oy a t hree-di mensi onal pattern, such ®€T/sh282394 n Fl G
3. The diffraction structures are typically created in a resist material by
prepari ng 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,

t hereby projecting the mask shape and spaces onto the resist |ayer, the
resist |ayer being on the opposite si-gg of the mask. One or nore |l ens or
ot her optical systens nay be interposed bet ween the mask and the resist

| ayer, and al so o t|o en the radiation source. and th Whe
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the resist. The latent imges, representing a chem cal change in the resist
mat er i aletwaepshel lensiamd thdwaﬁgeshalmcqneﬁahteﬁmselsveytem intihde optiedl gtethodsy ewch aend t hus
may be enpl oyed to ﬁenerate a diffractjon gnature s set forth above. In
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reactions or to use 5 conmponents wt e resist layer. In yet

anot herbuesibpigimantdin the asitewafet distance bea d:emaho [Itedplbg{ operaitbpy,gheqEmndf pr ocess,
optional |y a chenical devel opnent process, whereby a portion of the resist
is  renBeHEdNust brdeiRsmined Renipdicalln? S REEN BYENG#IE PoYST °réesa@§?&q%}'en piegljthagrappy
negativ LgSISt was enpl oyed. The devel opnent process is also referred to
as an etching process, resulting in etched areas or spaces of the resist

llayer, and apd prefeabd smbdvement s iniinBoremipiys 8loss-Sattén ftatt@bhetty ddenahalysis whi ch
such resist layer 10 is posited. In the nethods and devices of this
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vari ety of sources of radiation, including electron beam exposure, 15 and
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i ncludip &a%restfgrp |xed gsesélt g:]ﬂclh varied focus. The diffraction structures may either be two-

15 dimensional, such as a conventional diffraction grating with lines and spaces, or three-dimensional,
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
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capabl ereoflvgl ffr act [ %@etp{op ‘ re@ 'TIT}FSI ng a radiation source-based tool

capabl "8 8%?'[’(%'}96 ENRLPARENt s, the series of diffraction

strygtures 'ﬁlsm%%lu@étnta%o%tuﬁéd‘to@lofnftdr@&U.% &l/or dose and/or layer thickness drifts in
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,



signatures for a fixed dose at each varied focus. The diffraction
structures may either be two 15 di nensional, such as a conventi onal

di ffractiwoogioaoshg with |ines and spaces, or three-di nen®consb/323s4uch as
hol es, posts or nore conplex structures. In the case of three-di nensional
structures the selected cross-section of the structure nmay be the vol une
of the structure. The theoretical |ibrary, wused to determ ne the
cross-section, may enploy a nodel with a sinple shape such as a rectangl e,
or may enploy nore conpl ex shapes such as a trapezoid, trapezoid with
rounded edges, gaussian 20 or signoi dapg-profile or other customprofile
desi gnated by the user. The theoretical |ibrary may also take into account
underlying filnms and patterns. The_theoretically generated diffraction
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As used herein, mnim thus includes both a conventional maxima as well as
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soufge M‘Eﬁtbe seen that the resist thickness is somewhat parabolic, but it will not always yield a robust
curve, particularly for dense 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.



can be reflected off of or transmtted through a diffraction structure, and
the radiation captured by a detector. In other words, any tool capable of
di ffractiwp-0b@asmwes scatteronetry neasurenents can be usedPCh/ush?/32394
technique. This includes, but is not limted to, angle-resolved and/ or

wavel ength resol ved tools using reflectonetry or ellipsometry. 15 This
techni que can al so be used to nonitor focus and/or dose and/or |ayer
thickness drifts in a production setting. Wile nonitoring the cal cul ated
area of the diffraction structure, if the «calculated area devi ates beyond
a specified range, the process may be_ghecked for drift. In use of these
nmet hods, it nay be necessary to utilize various filters to renove outliers
that may adversely affect the focus analysis. One s_ucg filter is the use
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determ ne best focus. Additional paraneters are known to be individually
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critical dinension (SCD) for gate CD control and stepper

chatOact eri zat i onCroserSeetiogpyraa = NOIV-H8344, pp. 462- 471, 2001. Kiwever, these
paraneters frequently d t .have a parapolic response,to. faocus., As
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response based upon experinental data as a function of focus. The bottom

CD i s ecqmpés®qubtiass @e headed tooaxpebs thhgratieg shapein termh of ¢yosstsgptiaBBreao t he nmaxi mum

bottom CD seen in the focus trend. The trendin f i n I
Three-dimensional structures may also be analyzegqn a gmﬁar rrEert}\o%. Egrs tﬁr%e-g pt ot

15  dimensional structures one measure of the cross-section is a cross-section volume. For example, a
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



is not parabolic. It rises through focus and then reaches a plateau. FIG 6
is a plot of scatteronetry-neasured resist sidewall and resist thickness
val ues aswa 03bB2088incti on of focus. The sidewall and resi strCralSozs23as e
expressed as the ratio of the paraneter to the paraneter nmaximumin the
focus trend. The sidewall trend is in general opposite of that of bottom
CD. It is highest when bottom CD is | owest. The hi ghest sidewall value can
actually be greater than 90 degrees. Sidewall decreases as bottom CD

i ncreases. There is a point roughly hal fway through the focus curve where
the resist thickness is constant. Resiglt |oss is seen near both edges of
focus. 15 It can be seen that the resist thickness is sonewhat parabolic,
but it will not always yield_a robust curve, parti cul arl)( f or dense
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expressed as the ratio of the cross-section area to the nmaxi num
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does not yield a geonetric shape. Thus the cross-section may be an area, a
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si npl e rectangl e, erein Wis a neasure of th, such as CD, His a
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substrate 84. The cross-section grating area is defined bg t he formul a:
The differences in cross-section from oneTocus 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-



5 Cross-Section Area = HW (1) where His the grating height and Wis the
grating width. To inprove the accuracy in determning center of stepper
focus, nowe odesmss ed t heoretical nodels may be used. One ®aalusomssbsis a
trapezoi d, which adds the di nension of sidewall angle, as shown in FIG 9,
enploying diffracting structures 82, 82', 82". The equation to determ ne
the cross-section of the trapezoidal grating is 10 Cross-Section Area =
H(W-Htan A) (2) where His the grating height, Wis the width at the
bottom of the grating, and Ais the sidewall angle of the trapezoid.

O her, nore conpl ex shapes may al so bepsised. Wth nore conpl ex shapes nore
conpl ex equations are needed to express the grating shape in terns of
cross-section area. Three-di nepnsional structures nmay also be analyzed in a
si mi | arUnifgih gtimiladyytitimipe ield 8veq PorR HsiXo AR Y26 My G 801 EerRPA SIpMNadhe ¢ he
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const ant  siTdewaihbdsdnd Yevickagf thasnvehtionandyletsobe axedsfongualith avrrol testing,
cross-section calculated as a cylinder, thereby yielding a cross-section
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wei ghting the contribution of the grating and thin filmcross- section
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par anet g gture. HUGR 1S bé MenBHARPIHE 07BE Slcb@bdiRAdiBNBIUB!, the NG BNh&ENEE isaver age
val ues, angul ar nmeasures, optical WO 03/032085 PCT/ US02/ 32394 -22
pr oper t équgl to therangdlariastionaif thetseedulak diffrattive ordes.uHewavgr, piffadtinnt gdenagthdsrdhasnpl oyed
in simlar fashion to ) , ,
the specular may be employed, and the appropriate angular location determined as set forth above.
15 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
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



cross-section areas or volunes. There are a w de nunber of ways to anal yze
the cross-section focus netric to determne center of focus for a

| it hogr aphp odesios® such as a wafer stepper. The nobst si nplpc3ttsoz/smbhod is
to 5 plot the cross-section, such as cross-section area or volune, as a
function of focus, renpbve any existing outliers, and fit a parabolic curve
to the data. The point where the slope is zero is the center of focus, as
shown in FIG 7. Another netric is to sinply |ook for the naxi mum or

m ni mum cross- section area along focus (dependi ng on whet her center of
focus is at the maxi mum or mninum cr.egs-section area, respectively). 10
Anot her nmethod of determning the center of focus is to analyze the rate of
change in cross- section fromone focus step to the next. In the ideal

t heor et /81 thggarended ¢lgjgs athayed ”@’étf'ga"&!‘%%'@reqt"éﬂa'?%% Thegntrgdisgpsureicqial t he

di T1er eRffho: §a§5h9§t§ns$?9t5ht9%nﬁ BURARRs LiRE UBowR!aRPndrh ifterddRda sYirbibrefigE ! Case,
unt i | e i n ¢ross-section fromone focus step to the next reaches
a mnim at the center of focus. The differences in cross-section from one
focus step to the next can al so 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 determ ning the best focus position for a stepper or
scanner, the focus curves so generated by the nethods of this invention
can be enployed with special stepper/scanner reticles to determ ne stage
tilts and field non-uniformty. In this nethod a series of diffraction
structures, such as diffraction gratings, is enployed at the sane focus
across an area, such as a wafer. In one 20 enbodi nent, diffraction
signatures are obtained froma series of sequential sane focus setting
diffraction gratings 40, 45, 50, 55, and 60 as shown in FIG 4. Theoretical
profile nodels and diffraction signatures are determned froma
theoretical library and a cross-section, such as a cross- sectional area,
determned as a function of the selected diffraction signature and nodel
for each diffraction grating. The resulting cross-sections, such as
cross-section areas, are plotted as a 25 function of position, yielding a
t hree-di nensional 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
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 Iens system astignmatism or other defects causing the
center of focus over the field to be non



WD 03/ 032085 PCT/ US02/32394 -23 uniform Simlarly, tilt in the field over
both the x- and y-axes may be plotted, thereby showing the stage tilt
ef fects oWwotldesment er of focus as a function of position ipcTiUs®2/81304d. The
met hods and devices of this invention may al so be used for quality control
testing, including analysis of the center of focus determ ned by other
means. This nay be done in 5 conjunction with an angl e-resol ved
scatteroneter, described above, including its associated conputer system
or with other suitable devices capable of meking the described
measurenents. By neans of enpl oyi ng aps.angl e-resol ved scatteroneter, the
diffraction signature is separated into distinct diffraction orders at
angul ar | ocations specified by the grating equation: sinQ + sin On = nAld
(3) 10 where O is the angle of incg@éﬁg%, taken as negative, On is the
angul ar |l ocation of the nth diffraction order, Ais the wavel ength of
incident light and d is the spatial period or pitch of the diffraction
st ruct wveat id ¢laieadist hus be seen that for the Oth or specular diffraction
order, the angle of incidence is equal to the angular |ocation of the
specul ar diffraction order. However, diffraction orders other than the
specul ar may be i i . rm ned
26"t forth abonare i nsBlipd pEp BRI EHELS BB L AEALRRREDE
gener atdgg ofli ffraction signatures, so that with any node of generating a
diffraction signature either the specular diffraction order or sone higher
diffracti on or d@rovifing alsebsiratsl coesing=ppiurality fslifsactipmstauciegsderagg Phthees ol ve
device, the angle O may be held, constant and the_wavel ength ried, and
the oquRPFEIE DOl RetPPr G Prec sap aogre e G bR SRR e B
i nvent i 9puiARY ofdpatedigertimd¢l for determ nation of the center of 20 focus,
whereby the center of focus is adjusted by any suitable nmeans, including
usel®f conput er - nizaswilg ediffraciion signatussior atdgedt thiee ofithe hlutitity of difflaétioni nvent i on
used to determ ne when ap acceptable or optiml focus has been determ ned.
B5o s

The adj HRFHESTEY MEP HY 2dRTR© S%4°P'ati ons, or by other neans known in

the art. The inveptLipg aRbrdieal bifatfrstristd phddirdbiiBRdtica dffracheH Smtues]
determ nation of the center of 25 focus, utilizing an autofocus control

syst em matakingthy niea$wpeddiffradion signdtwe bhreeasued Jiffsastion sioctareal ysis is used in a
control systemto determ ne the focus, ﬁuch as by dgse vari ati ons.
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.



Al t hough the invention has been described in detail with particular
reference to these preferred enbodi nents, other enbodi nents can achi eve

t he sane wevalos®ss Vari ati ons and nodifications of the presarntSoz/sasent i on
will be obvious to those skilled in the art and it is intended to WD

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,
applications, patents, and publications cited above are hereby incorporated
by reference. WO 03/032085 PCT/ US02/32394 -25 CLAIMS What is clained is:
5 1. A method of neasuring paraneters pglating to a |ithography device
conprising the steps of providing a substrate conprising a plurality of
diffraction structures formed on the substrate by |ithographic process
utilizing the lithography device, the diffraction structures conprising a
plurality of, spa or at

| east three of tﬁgggﬁurgpﬂﬁém119%g??§%%%ﬂ%%ﬁmg%g%i&ﬁ%ggﬂSﬁmﬂggkgkﬁwga

r adi at i pa measure@rdifragion sigetlre obreéasaied Mifraatidrhaoctedes carhprides fer@ctinga st ruct ure
providing a theoretical diffraction signature matching the neasured

di f f r acthpesatical ligraax of theotsticakgliffeagionsigpiures detved frow thageatics! g@facw FUFtdePng a
cross-section of each selected theoretical diffraction structure; and 15
determning a netric between the cal cul ated cross-sections to determ ne a
desired pamanet ghe feths@bitidimt7agke RbYpritgide@rmiring 4 Bést Match@tkofaticatl ai m 1,
wherein the diffraction structures are single period, bi-periodic or

mul ti - péfiiegtioh sigsatyrgdrotitestheqgtical ibme et hod of claim 1, wherein the
cross-section is a cross-section area. 4. The nethod of claim1l, wherein
the cross-section is a cross-section vol une.

9. The method of claim 1, 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.



25 5. The nethod of claim 1, wherein the cross-section is a product of two
or nore paraneters of the theoretical diffraction structure providing the
mat chi ng wbednatostal diffraction signature. 6. The met ho@C®fuSot/zi3m 5,
wherein one paraneter is CD. WD 03/032085 PCT/ US02/32394 -26 7. The net hod
of claim1, wherein selecting a theoretical diffraction structure matching
the nmeasured diffraction signature of neasured diffraction structures
conprises generating a theoretical |library of theoretical diffraction
signatures derived fromtheoretical diffraction structures. 5 8. The

met hod of claim 7, further conprising_getermning a best match theoretical
diffraction signature fromthe theoretical library. 9. The nethod of claim
1, wherein the netric conprises plotting the calcul ated cross- 10 sections.
10. The method of claim 1, wherein the netric conprises determ ning the

di fferences ,zbet [Wo]e koW . f claim
1, wherein t1t§|'e sﬁ@gﬁﬁg@g%&éﬁp??’s@%@{\?\g?ﬁ% 12.ba}fﬁdeéar#§€ﬁg§segghgﬁgfﬁ1 1,

wher ei nbrbdtespestet! Bdht Sdurcpan aptied) agstain foowdingdioniphi aregiiuenidatigdthrougtosmmesratges ed
tool. 20 13. The nethod of claim 12, wherein the |ight source-based tool

conpr i sedncient wavplgeaths. andadateqis fndetseiing &ne rattvp ifftagionsyjarelvm R8EWRi ng t he
Iasebr br%@ﬁﬂ?(i)n%’?%ﬁ&%ﬂ@ﬁt%v%mgﬂﬂ9h sone range of incident angles, and a

det ect or etecting the“resulting diffraction signature over the
resulting mneasurenent angles. 25 14. The nethod of claim 13, wherein the

| i ght source-based tool conprises an angle- resolved scatteroneter. 15. The
met hod of cl1&i m TPe mgted ef dpimH e wheggift the Belt eurepshased toalsemppTep AN dwigeny

plurali I'Eg¥1t soofurce,I cab%%%nebn?safm vsa%/"ljnrg(iﬁes émp\Jﬁgdg%AQ f}r?agg gf tﬁg/a}ijdsg %&%@z’%%ws, an optical

system focusing the light and illuminating over some range of incident phases, and a detector for

10  detecting the phase of the resulting diffraction 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.



-27 16. The nethod of claim 12, wherein the |ight source-based tool
conprises an incident broad spectral |ight source, an optical system
focusi ng woeslodet and illum nating through sonme range ofeCirrsoziaasn4
wavel engt hs, and a detector for detecting the resulting diffraction
signature over the 5 resulting nmeasurenent wavel engths. 17. The met hod of

claim12, wherein the |ight source-based tool conprises an incident |[|ight
source, conponents for varying the anplitude and phase of the S and P
pol ari zations, an optical systemfocusing the light and illum nating over

sonme range of incident phases, and a degector for 10 detecting the phase of
the resulting diffraction signature. 18. The nethod of claim1l, wherein
measuring a _diffraction sjgnature conprises phase npeasurenent neans of
a broad spe@?raITWSHPKPPBEg§ dr er 5@@&”@%@?£é%ﬁﬂw%§aéﬁgw PW§r£¥a§m?ixed
angl e, guygisable angle 9 or a variable angle (D. 15 19. The nethod of
claim1,“"wherein neasuring a diffraction signature conprises phase

measur enent by neans of a single wavel ength radi ati on source-based t ool
source, operating at a fixed angle, a variable angle 9 or a variable angle
(P. 20 20, Fhe maPABESR OLIAMh rerlh Be I PieEReNAH A 2 NANT ks AR gnat ur o
conpy i sgs\Rpgse neasurement by means of a multiple discrete wavel ength
radi ati on source-based tool source. 21. The nethod of claim1, wherein the
diffraction signature is a reflective diffraction signature. 25 22. The
met hod of claim1l, wherein the diffraction signature is a transm ssive

di f fracti on 25si gri&e fethod pirslaim ot owthoptsrtheisopprisrpdarmingApe plaralityge et hod of

clai m 1diffr‘é’&‘g;h%ir%%&%ﬁ%@%ﬁm%ﬁ%q@%hﬂd%f?@e\t,a‘g {(ﬁov&nsdiffeﬁ%pg)?%:cs%ﬁingg, QRbrefly dhbr action

si gnat ure. erein ractron srgnature is
a hi gheparghéleris thelcbiterads foeils 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.



5 signature. 25. The nmethod of claim1, the nethod further conprising
formng the plurality of diffraction structures utilizing the |ithography
devi ce atwiornsmseods f f erent focus settings, whereby the paramatse?/31394t he
center of focus of the |ithography device. 10 26. The nethod of clai m 25,
wherein the metric conprises 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, determ ning the
rate of change in cross-section, determining the nmaximm cross-section, or
determ ning the m ni mum cross-section..2d5 27. The nethod of claim 25,
wherein the known different focus settings are equal increnent different
focus settings. 28. The nethod of claim 25, wherein the known different
focus settings are non-equal 20 increnent different focus settings, and the
met hod furthgr c ri f ihd o i i ks ; mal i ze the
non- equal i ﬁ'reneq% rﬂc??(??gﬁﬁ?qf tggus Sgﬂ?@%‘g}%ﬁ%gﬁ&%&{}@ﬁ%ﬂ% ﬁ%%mgf%fcl ai m 25,
wher ei nditffaeticnrs@ssurseattkn@im differéritécds $efttimge amkkniown differest-doee $ettngs alet ween
diffraction structures varies as an approxi mation of a parabolic curve with
a sl opedgiermiaghe sifectyf dpseqpdoyent er of focus. 30. The nethod of claim 1,

t he thod further conprising formng the plurality of diffraction
structures utilizing the |ithography device at the sanme focus setting and
det er mi ni ng R2he Tohefe@iod BEERSMES, Wwhekdimtk ipraligfof tiflactioncatidtares &dmpribesets of
diffraction structures on the substrate. WO 03/032085 PCT/ US02/ 32394 -29
31. Thethrsamelnayn diffegankioqus seiiag HiEftaREnd siqiiree thesstsyRvEIomy diffsient kigwh Hese

pl uralig%{.nof diffraction structures at known different focus settings and
known dift8Fent dose setti ngs and determning the effect of dose on focus.
5 32. The nethod of claim 31, wherein the plurality of diffraction
structures conprise sets of

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.



the sane known different focus setting diffraction structures, the sets
varying by different known dose settings. 10 33. A nethod of determ ning
t he cent ewooB/o8metis in a |ithography device, conprising tRET/S0BS39Df
providing a substrate conprising a plurality of diffraction structures nade
utilizing the |ithography device, the plurality of diffraction structures
conprising different known focus settings; neasuring a diffraction
signature for at least three of the plurality of diffraction 15 structures
by neans of a radiation source-based tool; providing a theoretical library
of theoretical diffraction signature agp-theoretical diffraction
structures; determning a best match theoretical diffraction signature to
each neasured diffraction signature; 20 calculatingga cross-secth@n for

each theor eBPcal THE Meihge of M S MTetalt Wt Bine hedgininahtiterencr PR seR B8v%t i cal
01 11 1 aCkd LRLSLIRGH WfiGonddDeiEdid:tsNeiBod Betwitofoed bod Rtk 1Bk dolifig! OCUS
setting erein thereis a mnim ITference between the cross-sSection of
adj acendiffrb@ob gratidsttd 8 gardbdlit caes,ivberegy ik inigisal diferedde encompassedibd marfimg bfai m 33,
wherein the difference in cross-section between adjacent focus setting

di f f r acth® B#aRAIFG¢¥&ires vari es as an approximation of a parabolic curve with
a slope of zero on the mninmal difference. WD 03/032085 PCT/ US02/ 32394
-30 35. The nethod of claim 33, wherein determining the m ninmal difference
conpri ses fisbti Nghe Ahathad Brdidinv 88, ersm tdé Elosy- et sof ArferapErocus etssy diffrattioons

bet ween adj acent sequential focus setting diffraction gratings to a

par abol stectgs ienlotigh @ aBipcianef focws- mal  di f f er ence enconpasses the mini ma of
the parabolic curve. 5 36. The nmethod of claim 33, wherein the
cross-section of different focus setting diffraction

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



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 - perwodBo3®83 uct ures. 38. The net hod of cl aim 33, wheceiusol/ses94
Ccross-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 product of two or nore paraneters of
the theoretical diffraction structure providing the matching theoretical
diffraction signature. 20 41. The met hod of claim40, wherein one
paranmeter is CD. 42. The nethod of clagm 33 wherein the substrate conpri ses
a wafer. 43. The nethod of claim 33, wherein the radi ati on source-based
tool conprises a light 25 source-based tool. 44. The net hﬂd of claim 43,
wher ei nnEIERAt ARGIAS: a"é’cﬁ,ﬁe@ét%&’é defeqtigy fhecesiiipg difiection sigRatiugreer the eWindeam

sour ce, ystem focusing the | aser beam and scanni ng t hrough sone
range OT%%}%%ES%S PCT/ US02/ 32394 -31 incident angles, and a detector
for detecting the resulting diffraction signature over the resulting

measur enent angles. 45. The method of claim 44, wherein the Ilght

sour ce- based5t oolThe BRiFPT Sledeim A4.ariigrain thelight surepeRpsed tophcomprises @F 3n9%. The

nmet hod of i erein the |ight source-based tool conprises a

pl u:}’gl i ts'OI efd% %nag%}et eam sources. 10 47. The nethod of claim43, wherein

t he Ilght sour ce-based tool conprises an incident broad spectral |ight
source, an optical systemfocusing the light and illum nating through sone
range of i 48i derhe wathed efflpim43, VHW&P"&“&&Q*\%EQ%‘?G -traged @ekeBPTise§ atph’éa"FVégul ting
di ffracltl on Si gnateure over the resulting nmeasurenent vvavel engt hs. 15 48.
The met Aod 61 &1 al i 43, wherein the |ight source-based tool conprises an

i nci dent

10 a7. The method of claim 43, wherein the light 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.



| i ght source, conponents for varying the anplitude and phase of the S and P
pol ari zations, an optical systemfocusing the light and illum nating over
some rang®0mB/o320835 dent phases, and a detector for detect iPog/ushe3phase of
the resulting diffraction signature. 20 49. The nethod of claim 33, wherein
measuring a diffraction signature conprises phase neasurenent by neans of
a broad spectral 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 neasuring a diffraction signature conprises phase 25
measur enent by neans of a single wavelength radi ati on source-based t ool
source, operating at a fixed angle, a variable angle O or a variable angle
(D. 51. The nethod of claim 33, wherein neasuring a diffraction signature
conpri ses phase neasurenent by neans of a nultiple discrete wavel ength
radi ation sQyrc r 32 52
The et hod g? g?ﬁﬁ%%OEMﬁ%?@?§ rmdl?Qﬁggﬁﬁgﬁﬁgfgggyﬁgéaﬁgﬁgéﬁgmlectlve
diffracﬁ@mmﬂe5|gnature. 5 53. The met hod of claim 33, wherein the
diffraction signature is a transm ssive diffraction signature. 54. The

met hod of claim 33, wherein the diffraction signature is a specul ar order
di ffraction_ign t
di f fgr action 5§| gnqﬁng En%thloggf éﬁﬁm 3%“'%6(%?%@?{]?%{ ? r aiqnlmgﬁe?ﬁs g:‘%ﬁ%ﬁ%{{'g dwgaGCt'onT
met hod @fnatlr@i Mm 33, wherein the different focus settings conprise a
constant 15 difference between sequential different focus settings. 57.
The nmethod of claim 33, mherein the different known focus settings are

non-equal - igcr epRl il LRGSR ATy RE 06 SADflid 08 SRLAPGLHT L her

conpri ses ue' of |ca gorl € Nnon-equa
|ncreneaﬁmgkﬁggﬁgm@_focus settlngs 20

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



58. The nethod of claim 33, wherein the diffraction structures are | atent
image diffraction structures. 59. The nethod of claim 33, wherein the
subst r at ewn3mmaf0es , wherein the wafer has not 25 been sulpcaatSez3i3es a

devel opnment process. 60. A nethod of process control for center of focus in
a lithography device, conprising the steps of WO 03/032085 PCT/ US02/ 32394
-33 providing a substrate conprising a plurality of |atent inmage
diffraction structures nade utilizing the |ithography device, the
plurality of diffraction structures conprising different known focus
settings; neasuring a diffraction signggure for at |east three of the
plurality of latent image 5 diffraction structures by neans of a radiation
sour ce- based tool; providing a theoretical |ibrary of theoretical

diffraction si gn&fQyidHe asHbYRIESOBPIiER 2 Plupkty Pfd%tﬁm(‘iﬂagftq‘f[ﬁ“t"&? HRICuERSMAdRi ni ng
a best nRbchnL ntﬁ&grgﬁhg%ev%edcal f@@}t A?B.ﬁa'c%aswst&e; Qorsh emeéwﬁﬁsl”n focus

di ffraction signa I'ng a cross-section each theoretical
di f f r acédttgs;st ructure providing a best match theoretical diffraction
signature; deternmning the center of focus as the focus setting wherein
there is a mini nateasying pdifeaction sienatueriar atirastiprgs of he pluraly oblptealdinag®nt f ocus

set té ngdan t%n strlIJctL{r%sebd% aﬁggﬁatujaggtlo s%&%%% %’too?’nd adj usting the focus

setting o eternlned center of focus. 15

61. The net hod 0fprcﬁ|dﬁ1'g|§1tl€&)rét\f6§m&bﬂ ohtheorsfidangfiradten kRBatsres et théorgical t he
| i t hography device conprises a conputer-based control system 62. The
met hod diffragtioaisimad@essher ei n adj usting the focus setting of the lithography
device 20 conprlses an aﬁ?ﬁgggH cont erein_at Igast one

input to the aut (Sj]egzc{rugm%g ysetorelgr?algl‘fracyon seqsn!atgre 0 each measure

rafeter relating to
t he dif §iganreniieneen the cross-sections.

10 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.
15
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
20 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.



