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SI GNATURE ANALYSI S CROSS- REFERENCE TO RELATED APPLI CATI Oflst s l'i cation
clains the hQenefit of the filing of U S. Provisional Patent Application
Serial No. 60/230,491, entitled Determ nation O Center O Focus By
Diffraction Signature Analysis, filed on Septenber 6, 2000, and the
specification thereof is incorporated herein by reference. BACKGROUND OF
THE INVENTION Field of the Invention (Technical Field): The present
invention relates to nethods for determ nation of paraneters in |ithography
applications by diffraction signature analysis, including determ nation of
center of focus in |ithography applications, such as for photoresist

| i t hographi ¢ waf er processing. Background Art: Note that the foll ow ng

di scussi onDEEERMBIATEION OR OEDITERGIF FOAUS BEDIFRRACTIOMBIGNATURE ANALYStEr of
publication, and that due to recent publication dates certain publications
are nqt to be considered_as art vis-a-vis the _present invention.
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publications are prior art patentgﬁpllty determ nat1 on pur poses.
Li t hogr apiny 66/a30,491yentittet Heteriminggief Of Canfep lOF Eadul B DiffrattibhSighdatire ANAEHLS led on
optics and related industries. Lithography is used to manufacture
seni condREPEMPEER, 28 and e gragkicatiop gresf s incerippialpdingreindyvaaieeaceon waf ers, as
wel |l as flat-panel displays, disk heads and the like. In one application,
25 lithography is used to transmt a pattern on a mask or reticle to a
resi std [ ayer on a substrate BACKGROUND R THE INVERDEDMN at ed | i ght. The resi st

| ayer is iq qndevslige %Qd }Qe exposed pattern is either etched away
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applications by diffraction signature analysis, including determination of center of focus in fithography
applications, such as for photoresist lithographic wafer processing.
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Background Art;

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

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

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

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

litholography.




-2 In one formof |ithography, particularly used in the Sﬁglconguctor
i ndustry, a wafer stepper is enployed, which typically i huldd

reduction lens and illum nator, an excimer |laser |light source, a wafer
stage, a reticle stage, wafer cassettes and an operator workstation. Mdern
stepper devices enploy 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 determ ne the quality of the inmge
pattern that is developed, such as in tRe resist layer utilizing

phot oresi st |ithography. Exposure determnes the average energy of the

i mage per unit area and is set by the illumnation tinme and intensity.
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t hi ckness, substrate topography, as well as stepper focus drift. Because of
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generate sub-micron lines. A variety of methods and devices have been used
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operation and is difficult to automate Ical mcroscopes can be
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disclosed in U S. Patent No. 5,952,13 However, these nethods,
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used 1BOr imPHRnERAGE thellithggrapic ﬁbé‘é’s@%ttfehﬁﬁtubﬁoqo gbnmdts 5%%%“1959 ¢ and
opt oel ectroni c sem conductor materials, conputer hard di sks, optical
di sks, finelyAp@sli¢ty bigtetinsis |auta¢iewmﬁrpmersuseattIderhme forms ef $ta;tpsr drai\sinigr
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 pProcess is
costly, requires a high vacuum chamber, is relatively slow in operation and is difficult to sutomate,
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, stifl require use of SEM, optical microscopes or
25  similar direct measurement devices.
A variety of scatierometer and related devices and measurements have been used for
characterizing the microstructure of microelectronic and optoelectronic semiconductor materials,

computer hard disks, opfical 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




lateral dinensions in the range of tens of microns to |ed4t MAR 20§§-t ent h
m cron. For exanple, the O It MAR 2005 -3 CD8200 Scatteroneter, made and
sold by Accent Optical Technologies, Inc. is a fully automated
nondestructive critical dinension (CD) measurenent and cross-section
profile analysis system partially disclosed in U S. Patent No. 5, 703, 692.
This device can repeatably resolve critical dinmensions of less than] rim
whi | e sinultaneously deternining the cross-sectional profile and 5 .~
perform ng a | ayer thickness assessnent. ,-This device nonitors the intensity
of a single diffraction order as a funcfion of the angl e of incidence of
the illumnating |ight beam The intensity variation of the oth or
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possi bl e and known to obtain a diffraction signature for a sanple target.
optionally each at g different mAcident angle ®. |n yet another method, an incident broad speciral figh
- source is used, with the incident light illuminated from some range of wavelengths and the incident
angie © 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 resuiting diffracted
phase. liis also possible to employ variable polarization state light components, utilizing optics and
fiters 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 scurce rotates about the target
area, or aliernatively 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




Besi des scatteroneter devices, there are other devices a capabl e
of determining the diffraction signatures at the Oth orgpﬁqgﬁﬁﬁﬁg%
diffraction orders using a |ight-based source that can be reflected off of
or transmtted through a diffraction grating, with the |ight captured by a
0 4 MAR 2005 -4 detector. These other devices and nethods include

el lipsoneters and reflectoneters, in addition to scatteroneters. It is
further known that non-Ilight-based diffraction signatures may be obtai ned,
using other radiation sources as, for eﬁanple, X-rays. A variety of sanple
targets are known in the art. A S|nple and commonly used target 5 is a
diffraction grating, essentially a series of periodic lines, typically with
a W dt h tdetepacthasabiher delvicedoidwaeinoda halutle diligkoaeidrsand reflettomgiarspih ladditianasd i 0S
are known. A typical diffraction grating, at for exanple a 1:3 ratio,
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actual dit ﬁ?%ﬁ??t%'awzflﬁﬂ?fé@f@h@eé'ewwcéw aplayed  nodel , from which CD
val ues are dEIijl gc%on %ﬂ&g@retgﬁiﬁﬁ%ﬁi e%se(abh gwn a?ten,?llhl S ma?%oal ngf%r ltC)guS and

20 the results |t t0 apara rve. d requires

si gni f i cakuowh intee amnth enpMyuiiBtple cﬁ@qewxﬁmrdﬁucgm&r diife Whver. (b HiEtdcial nodel .
SUMVARY OF THE | NVENTI ON %DI SCLOSURE OF THE | NVENTI ON) The present

i nvent i onPPBVT RIS MAdRbY HBeoTarhiGrBRRNS ¢ PRt aifiaret fopup, sush 46 Prgmeleyieg 2
it hogr aptmferera %cgg%léﬂé}f? og%'dﬁergebtigge&?e hﬁlgﬁf &)Jse p{t %Véls%éﬂgm?‘thﬁy&ﬁ{e‘: gftfgcus

conprising a plura t1on t'1 ng
may be determined using scatterometry and diffraction gratings by comparing diffraction signatures

from a variety of different focus diffraction gratiﬁgs 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
20  theresults fit to a parabolic curve. However, this method requires significant time and computer

resources to generate the theoretical model,

SUMMARY OF THE INVENTION (DISCLOSURE OF THE INVENTION)

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

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




on the substrate by |ithographic process utilizing the | @@q%;‘p%?s devi ce,
the diffraction gratings conprising a plurality of spaced el enents;
measuring a diffraction signature for at |least three of the plurality of
diffraction gratings by neans of a radiation source-based tool; and
determining the 0 4 MAR 2005 -5 differences between the diffraction
signatures to determ ne a desired paraneter of said |ithography device. In
this method, the substrate can include a wafer. The nethod can further

i ncl ude for ni ng the plurality of diffraction gratings utilizing the

| it hography device at different known focus settings, and determ ning the
two adjacent focus setting 5 diffraction gratings wherein the difference
bet ween tHéeTences pelwedndhe difigpiionsigestuies td dedesmink argesited pdiafrfetar ehasid ligtoarahlay

diffracti r ot her ,adj acent focus setting diffraction
gratings, Qeng_eEQ@gHj E'%d Bg aé?cﬁnén%lLf‘?g c?‘éaﬁ‘?rer of focus of the Iithography
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equal increment different focus settings. Alternatively, the different
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and t ur.t her inclu use of a _mathemati cal r hmt

o ol 7T rAdOn g et e Rt RefraeB TR SO REEY s IR Beet hod
further idgdrattbes b aiftdctich didhBtuskisibbfuReh biRBr 53jadBR LS syl - EREE GratingBer €1 N
the difference in diffraction signatures between diffraction gratings
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analysis. Determning the mnimal difference can further 1 nclude conparing
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diffraction gratin odl ment of the nethod, the nethod further
i ncl udes ?SF% %d“"éegfb%? B??'E@OCSF Sgii%r action 20 grati ngs utilizing the
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of the same known different focus setting diffraction
may be employed is a root mean square error method of data analysis. Determining the minimal
difference can further include comparing the weighted averages of differences of diffraction
signatures between diffraction gratings.
In one embodiment of the method, the method further includes forming a plurality of diffraction
20 gratings utilizing the lithography device at the same focus setting and determining the differences as
a function of the location of the diffraction gratings on the substrate. In another embodiment of the
method, the method further includes forming the plurality of diffraction gratings at different known
focus settings and different known dose settings and determining the effect of dose on focus. The
plurality of diffraction gratings can include sets of the same known different focus setting diffraction
25 gratings, the sets varying by different known dose settings.
The invention further provides a method of determining the center of focus in a fithography
device, the method including the steps of providing a substrate comprising a plurality of diffraction
gratings made utilizing the lithography device, the plurality of diffraction gratings comprising different

known focus settings; determining a diffraction signature for at least three of the plurality of diffraction




25 gratings, the sets varying by different known dose set
i nvention further provides a nethod of determning the cetrgtgg%%f)aﬂﬁus in a

| it hography device, the nmethod including the steps of providing a
substrate conprising a plurality of diffraction gratings nade utilizing
the |ithography device, the plurality of diffraction gratings conprising
different known focus settings; determning a diffraction signature for at
| east three of the plurality of diffraction 0 4 MAR 2005 -6 gratings by
means of a radiation source-based tool; geasuring the differences between
the diffraction signatures between adjacent focus setting diffraction
gratings; and determning the center of focus as the focus setting wherein
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some range of incident angles, and a detector for detecting the resulting
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of | as®er beamnsmwmeebdﬂng/ﬂbthmomb%d.atlerﬁmwermaédtoé!hfbiddlegmm&ﬂw’efbaséaased
tool includes an incident broad spectral |ight source, an optical system

f ocusi ng A& INagaemapdiment tedighhsqug-bersddag inckideean inpigrnt lsperibean geiee, an

vavel engt fiica @k iocusing the taser beam and scanning through some range of incident angles, and a
detector for detecting the resulting diffraction signature over the resuiting measurement angles. The
light source-hased toof can further include an angle-resolved scatterometer. In a different

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

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

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

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




detector for detecting the resulting diffraction signatureﬁév@%ﬁtﬁﬁﬁ

resul ting nmeasurenent wavel engths. In yet another enbodi nent, the |ight
sour ce- based tool includes an incident |ight source, components 25 for
varying the anplitude and phase of the S and P pol arizations, an optical
system focusing the light and illumnating over some range of incident
phases, and a detector for detecting the phase of the resulting '
diffraction signature. In all of the foregoing nethods, neasuring a
diffraction signature includes phase neasurenent by nmeans of a broad
spectral radiation source-based tool sourte, operating at a fixed D 4 MAR
2005 -7 angle, a variable angle 8 or a variable angle 4). In the nethods,
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| i t hogr apdunatdevdraeighiet ot diftrilioVSignaBire, @@idr paditive SEMGRLiveSi M | ar mi cr oscopy
nmetrol ogy tools. 10 Another object of the present invention is to provide

a method for GENEARBieRef therresentdtvenivnissto grovige laimeilgifaphsasaingipgwsmsiers
anal yzin s i, f: el ' di fferen between .menbers of a.series
o a1 11 orreaM 0 bGh bt BARLHNE it o bRl SR R S SRFEEY et s

i nventdi on i s Afotdr@Bjeditor thefedshfdnvietion GEtb @RIV ia LR {ERREHHIhNG cerd@offIBIEr S
associated with a |ithography device, including center of focus, by

obt ai ni ng?f& HFPgrephycevien by amhzing ihatdiffrection sigriajira diferendedietweeh msmbins of dserles
transm ssj I i t her object of the present invention is to
provi de af\é@f?r‘%gﬁ&;ug?ﬁa%{ﬂg} {ri]}}grsfg or nmeasuring paraneters associated wilth

a | i thogr aphy Adeére®jeci diteysiésaa ifRAtoRAls 10 Tordvas Wsmethdy roteRiriining oPmélstifiigact i on
signature utilizing any nmethod to create a diffraction signature, including
but not |RAAMRYS ARSOFiaell wifh piidographyideders ificlyding eerdergf lacuse bohiaining  difffaciisine
or entat Sl T R Geenh BB el R s cof . "of the ah or specl ar
diffracti on ondéher®hjedldf the present invention is to provide a method for determining or measuring
parameters associated with a lithography device, including center of focus, by obtaining a diffraction
signature utilizing any method to create a diffraction signature, including but not limited to refiective
or transmissive angle-resolved, variable wavelength, variable phase, variable polarization state or
20  variable orientation diffraction, or a combination thereof, of the 0™ or specular diffraction order or any
higher orders.
| Another ohject of the present invention is to provide a method and device for determining or
measuring parameters associated with a lithography device, inclruding center of focus, without
requiring direct use of either a theoretical mode! or library of known parameters.

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

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

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




hi gher orders. Another object of the present invention iﬂéd@mg{}gﬁe a
nmet hod and device for determ ning or nmeasuring paraneters asso ed with
a lithography device, including center of focus, without requiring direct
use of either a theoretical nodel or |ibrary of known paraneters. 25,

‘Anot her object of the present invention is to provide a nethod for

determ ning or neasuring paraneters associated with a |lithography device,
i ncluding center of focus, as a function of dose, by neans of diffraction
signature difference response and anal ysi,s. Anot her object of the present

invention is to provide a nethod for detérmning or neasuring paraneters

associated with a lithography device by neans of any order of diffraction

si gnat ur edifgrer® fogudifR a2l YratiBos inbidingihe of ocspecdarfoiden ot anymigheradrden gifraction,

i ncl udi ng.;nhe 0.th or specular order or any higher order diffraction,

ei ther po tl?riR?E‘t'\Ser"rr?@EjaatF’Fve. A primary advantage of the present invention

is that it peW’ﬂrihw%ryf@ﬁﬁdﬁg?mtﬁ%&@ﬁtirﬁfeﬁtliorn% tﬂ;ﬂi%mits%@asbﬁﬁg'bﬁﬂ\ﬁ%@@’m%ﬁ?@ ge

wi t hout the use of optica SEM or simlar mcroscopy netrol ogy tools.

Anot her aidwdithogigphyofevicheithout ente ofropticat, ISEN drsintilherhicioscope metrolsgyisas.of a

series of different focus iffraction gratings on a conventional wafer
made means Aa?tﬁar @V%’ﬁi‘%’?fﬂ]eﬁé‘isﬁ'&}iw&m@ghﬁfb?ﬁ" Fafs use AlA B ‘8§?fsdff%m“f REGr aphy

means, t Oyif&diRh BlMRosCHTY Envétliol PHsker Hide byZhddds 6} LR RlGRg Bdnvellibhgiact i on
si gnat ur es, andg% hgg di fferngnclgs therr ebeet \X/een,sgf)gr t%’gi:cfu@r%ctqvon[ gratings.
Anot her aghetongsitBhafraghly engang $edetermine eattean facss dtiizibg ddterpimatiendd siiffeactiet hod and
device that 10 permts _obtaini n%éresults, i ncl uding center of focus, in a

| i t hogr apHSralEss e the difprenees dhesqhetysen. forithe diffragtion ofaliRdsperi od of time and at
| ower cost thaR.®aEEat .és%éntﬁll KRQMRITEL r a‘?llil%cl : nt ages
and novel feat u?es, anc} urtq?ﬁélgcc')pe gﬁap%qué%‘@elg?t@ 0 %t%hgevﬁ%ggagnt
i nventd onpennitd otitednisgeteshisr inkbluding qeatet ofifttut e a dbb@bprgdedes eudhpisiactepher, hal | ow,
taken in on%runc.ti on with the acconpanying drawings, and in part wl|
become ap%'&? PErPhOftiftsaad skipveregstitianicpavestienal gngrknan @tissnat i on of the
fol I owing, or Jimy oBcts CRAUARE L UnPiRE i fiGed L &Ity QBpticddEy &Y nd
advant ages of t heoians/e'nti onéfbr{ijnyn be reaﬁqﬁgégngﬁgh%ﬁ Q{%ndégﬁ%@%ﬂr@aﬁ?eﬁés?ﬂg
i nst r ue ninedntitn @il baset forthdnpamattheoietailphddsoiptibatd fptiopoiakérsid canjdnction withehe
appended cl ai ns. , BRI EF DESCRI PTI ON OF THE DRAW NGS =

accompanying drawings, and in part will become apparent to those skilled in the art upon

15 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.

BRIEF DESCRIPTION OF THE DRAWINGS

20 The accompanying drawings, which are incorporated into and form a part of the specification,
ilustrate one or more embodiments of the present invention and, together with the description, serve
to explain the principles of the invention. The drawings are only for the purpose of illustrating one or
more preferred embodiments of the invention and are not 1o be construed as limiting the invention.
in the drawings:

25 FIG. 1 is a schematic representation of a wafer with dies thereon, the dies including diffraction

' gratings;
FIG..2 is a schematic representation of various modes of obtaining a reflective 0" order

diffraction signature;

FIG. 3 depicts a three-dimensional diffraction grating;




20 The acconpanyi ng draw ngs, which are incorporated into gfnéjw @Spart
of the specification, 1illustrate one or nore enbodi nents t %h ent

i nvention and, together with the description, serve to explain the
principles of the invention. The drawings are only for the purpose of
illustrating one or nore preferred enbodi nents of the invention and are
not to be construed as limting the invention. In the drawings: 25 FIG |
is a schematic representation of a wafer with dies thereon, the dies
including diffraction gratings; FIG.2 is a schematic representation of
vari ous nodes of obtaining a reflective PP order diffraction si gnhat ur e;
FIG 3 depicts a three-dinensional diffraction grating; 0 4 MAR 2005 -9

FIG 4 depi ct FicR 4%epibies sefiesdr hiffaaohigiings:at i ngs; FIG 5 A - C depict a
series of plotted diffraction signatures obtained utilizing an angle-

resol ved scat P& §riet@depict aseriesiofplettedidiiractpy signgtunss abteinefl atilizingan@pglewi t h t he
S and P ' lons. concatenated:. 5 FIG_ 6 is a plot_of diffraction

si gnat urggé(?ﬁ)féké?ateﬁﬁ?? Sty NP VAT ipg bY %&fﬁcugaﬁﬁ'rvﬂaé'?er%?"d%P%ﬁz@fcﬁo"&gai nst
focus; FldoncatenAteand B depict plots of parabolic curves enconpassing the
mnima for narrow and w de range centers of focus, respectively, FIG 8
depi ct®s a t hr E&. §iiye plet & difracincioneture differensa detprumedihy cept megen squet dropm
diffracti ' re difference at a nmultitude of positions in the
field, H@r&éggé‘%ﬁﬁhﬁ the center of focus as a function of position in

the field;, angidiir@ arfd Bl@dpictbibts af fafdRfic SlinBR RAEMPALsINY 1A mifmd BEnFRRtpg Of
focus derived fromdiffraction signature difference over the tilt in the

field, t H’é‘i’fé'lﬁygésmwrmgf fedve rswpagivelyi |t effects of the center of focus as a
e v PPBLS Rl Be e A8 BER S PR e

10 signature difference at a multitude of positions in the field, thereby showing the center of focus as a

function of position in the field; and

FIG. ¢ depicts a three-dimensional plot of the center of focus derived from diffraction |
signature difference over the tiit in the field, thereby showing the stage tilt effects of the center of
focus as a function of position in the field,

15 )

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

20 lithography device. In the methods, a series of diffraction signatures of different diffraction gratiﬁgs
are obtained, the diffraction gratings having been made utilizing the lithography device, and made
employing a plurality of different focus settings, and optionally a plurality of different dose settings.
The diffraction signaturss are sequentially ordered, which ordering may be done subsequent to
obtaining the diffraction signatures, such as in order of increase or decrease of focus setting,

25  preferably in an equal increments, and the differences between diffraction signatures of adjacent
focus setting diffraction gratings are determined. The differences are compared, optionally utilizing a
metric such as a root mean square error method of analysis. The diffraction signatures will become
closer together, with less difference between equal increment adjacent focus settings, as the center

of focus is reached. Thus by employing the method of diffraction signature difference analysis of this




The present invention provides nethods and devices for qum@ Ep5aneters
relating to a |ithography device, and in a preferred enb imen

determ ning the center of focus of a 20 |lithography device. In the nethods,
a series of diffraction signatures of different diffraction gratings are
obt ai ned, the diffraction gratings having been nade utilizing the

| it hography device, and nade enploying a plurality of different focus
settings, and optionally a plurality of different dose settings. The
diffraction signatures are sequentially grdered, which ordering may be done
subsequent to obtaining the diffraction signatures, such as in order of '
i ncrease or decrease of focus setting, 25 preferably in an equal

i ncr ementisventindthe kenteli df foenseandesiatbe paveraatedi chh baddteraimes inithatt wafersnceftc adj acent
f ocus settln diffraction gratings are determ ned. The differences are
conpar ed NEPTFAMAIRYPT deieb OEsttaﬂcalr@ﬁ REA WiloH uge OLdiiepisReasWRIeRIGRRIO% 1 or
met hod ofdeag@l ¥l§;'h%s aﬁ%?t A ,{“f;,rog&gé s gnatures will becone cl oser

t oget her, wth |ess erence etween equal increnent adjacent focus
settings, as Bhfereqentceding offurfhecdescribe thieciavdnedh, théaiswiny défmplbmyaraglvérhe met hod
of diffraction @B nature difference analysis of this 0 4 MAR 2005 -10

i nventi on, t he Tfagephy davice miss oY d?‘éqeétl%atﬂga% SNEPEs. SUhAT ATBAHO SRR
wi t hout rp%ﬁ@rﬁ &R doforfily H&ea%uﬁgtxla&al'rhg%{@ in eQ@én@%ﬂ]Eﬁ’mBEuch' Iiﬁ'ftoﬁlraggfgthéﬂat a,

and wi thout use of direct nmeasurenent net r ogy
optical msehuseEspiittmyraphi/butBedodnotidps otbeanktingls bolitidgrapher in ghaoksisteitiom@phy,
i nventi on the fol |l ow nquefl nitions are given. 5 A lithography device

refers tGRslsRPpiclhegrarhy rfital medodsare Hesgdo transien ciryit gatipsRsidrom Besigranst er a
pattern tiQaaRdcARi na&alo: ?f'ehbl \ﬁaféry bﬁltﬂHIQ‘EJ Srest Hng of ltPIEI% s'pg&egllggfrﬁatﬁﬁ)éy f‘aq%deonal

optical Iithography, suc toresis |tho ra SO I nc
ot heriOnetrbsisisarefcodted bmgnea.{afeys onlwhuthmé circaiss ¢ td betdmr anébjst co issppialdsed
optical nethods are used to transfer circuit patterns

hot ol i t ho
P r gmo mlast fg'"'ei? n’éa 8% requisgd IR wWfRISR BirtRer Areaessepessich apbyigadipake. lEﬁhqrmP%tWﬁroesC ess,
one or We&atﬁ@%ﬁét@ek:ﬁ%t%‘ gﬁéﬁe%{r@%géf dPuéQvé %glgéta?e rrrﬁ%!lg?r‘%glﬁgle %ncfh gals

wafers on which the circult eS|s s a

requi r ed,usemhgs as:strcreqelbﬂs&wj bttt consd silubiesbyfexpdsirto fgrRCREREE reSists breaﬁ»rrbanya
sof tbake. FEither positive or negative photoresist materials may be
enpl oyed. BB FegiGalssiseq & rgpig dﬁbﬁ’r’??&r% hutibaagme iptoliblerby ereasieds oht. BYed as

resi sis deugdsRahs resn@f’éele%ﬁvﬁs@%scﬁr@ ehl%{sqmp tgfﬁggst'(ijé gaﬁeq)n !)f'tl%hélrau:{\@r%ﬂe'r ve

resists are normally s l'e 1 n chem ca use evel opers, but

becone i rbottuisliecrbatecdplosesiat fitn thioghval litidyraphy, tepeRiig ekﬂitﬁurfe%ac&bmpitshed

sel ecti veI y in sone areas but not others, the pattern of the circuit or
ot her byimaging 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 iﬁc!ude steppers, also known as wafer

20 steppers, which are used to project the image of a circuit or other structure from a photomask onto a
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.

25 There is employed in the practice of this invention a wafer or other substrate on which is
posited a series of diffraction gratings by means of a lithographic device. In its simplest terms, a
diffraction grating 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




structure is created in the resist film In optical lithiP{ q%, t he

sel ective exposure is acconplished by imaging of a nmask! 3%\ 305/ by
shining light onto the nask and projecting the transmtted inage onto the
resist film The lithography devices referenced in this invention include
steppers, also known as wafer 20 steppers, which are used to project the
image of a circuit or other structure froma photomask onto a

resi st-coated wafer. A stepper typically includes reduction |ens and

illum nator, excinmer laser light source, wafer stage, reticle stage, wafer
cassettes and an operator workstation. Teppers enpl oy both positive and
negative resist nethods, and utilize either a step-and-repeat format or a

st ep- and-phsweraist @Rt lithdfaphRaly gaaéraRn chdhgés Sich a8 Btilkhg aendtsrisewid anged in the
practice of this invention a wafer or other substrate on which is posited

a seri es "effacivetindexcouRiad wWihaar sugs apgrdinerirssored optical |dtffrﬁyg¢naq;mtirtgs.dnea|nw@nal| nits

sinplest ter ffratlo rat an cture or e by
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can be either due to a physical difference or a chem cal difference.

Physi éal mSPnfebtéﬁwe@monszlhaﬂ@ve)beenmxp@sz@t)@:emmﬁemremf@chvg fndex then the non-

l'i t hograph enerat as_util .n er| h one
ot 1ot bR kPRI R R SRS » ol et Pons s e B Sptony b

di ffract ireiacgieihdor@Sthe Rdsist THRtRAdA diffeEHeR tsebtateli By hePefiddhiitg BE stiBli@l dral -
Chem cal differences include wafers with photoresist exposed diffraction

gr at i ngs,chamisalelemeatsy ébﬁéltusm@dmony@ﬁlortﬁéétﬁrad@a@raﬁp@ajcon$l$tlngr¢fssewsef al |l of
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cr eatfiong tAerd isf fefigdity ANboll iRt eOdifeRi 27t YHre@fon PR GifRich g}facrn'g%th ga%dﬁft
refractive index in the resist. The periodic difference is obtai nedyby t he

peri odi cihoth ¢ Xand i clireptians is shownheRiGs &1 andlaalifeartion grilitigsvith pedodidity Inue s

t [.diff t t . i sti f ; i [l el
P e b iRbiof son il pEEr R hoRn GG MmBudf iiledhun FdiEL, ot
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and Y direction. ffraction grating with periodicity in both the X and
Y di r ect idifraction g@hlm/mmcaﬂy <G lin® widimtb spachi rafio cibsiveen givoat 1: mgo 1B ttiouple pihedi ci ty
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grating typically has a line wd to space ratio of between abou
1: 3, thouittheteselption of the lithographic device.
in the practice of this invention, a diffraction grating is used to generate a diffraction signature.
A diffraction signature can be generated by any of a number of instruments, such as scatterometers,
20  ellipsometers or reflectometers. Any device employing radiation to generate a diffraction signature is
referred to herein as a radiation source-based toof. 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. These devices generate a diffraction pattern or signature by
changing at least one diffraction-associated parameter. In one embaodiment, the diffraction signature
25  is created by a reflective mode, wherein the radiation, such as light, is reflected. Thus a 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 is shown in FIG. 5, wherein the intensity of

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




15 ratios may be enployed. A typical diffraction grating, Gg &Eéq exanpl e a
1:3 ratio, could have a 100 nm line width and a pitch of 0 208he 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 grating is used to generate a diffraction signature. A
diffraction signature can be generated by any of a nunber of instrunents,
such as scatteroneters, 20 ellipsoneters or reflectoneters. Any device
enpl oying radi ation to generate a diffraction signature is referred to
herein as a radiation source-based tool “12fypically a visible radiation

sour ce-based tool, such as a light source-based tool, is enployed, but the
radi ati Orbea@oGees dy eRploRIdBtiohdIR BadH £ alif@rent iAddent 4RI © SMGRt ABtHBAMAthéRY
source. These devices generate a diffraction pattern or signature by

changi ng a#tingidegtroasirpeetial fghheaurasris used owihdbaicigent tahbilwninatpehfreyn goregrtanak ofent

the diffr 5 |s._creat flective. ein the
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be gener gihesk iyt §6§|%B§a|@fa!sa'ﬂn@bﬂ9'uﬁimfn@%@éﬁé@@f RE@dnt BIREE LA a délaBbEbINdetecBA Yl €
known wave-length source is used, and the incident angle e is varied over

a det &r m theteseina diffieabedsphasm ge is shawn BHFHRMR. | ariftipoldizatPhdighteoutes arg)also
diffraction SIL@ ature i
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nunber Ofaiéoﬁtﬁagﬁlblg’toded]\@eﬁh@Ql@@em:hagi@&%ﬂﬁ%éQﬁ§uc‘ﬂrﬂ%’t%ﬁl KRB Grce %té@d%bt'th'e each
at a different incident angle O In yet another netho an incident broad

spect r al diffrgdiion geting er dligrmatiesty, thevlifflactton grating is datated felafjin toithé ight svatcecksf r om

f th t he i nci dent t lly held ..
const ant gl 8L LA S hote b RO ERS. pRb i RRE o SRfulaoRTbagtat
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5 the resulting diffracted phase, as I's shown in riab
pol ar i zatllgbhntlehﬁhts rindlad egainshihe abless onkvegiakie paraunbhez lsurgl 3 analngésngﬂence o,

polarlzatlon or th P t S conpo s. Jt is

al so posm%’Flgn? aaﬁ'f?gﬁ gﬁ‘ﬂé’ﬁ? ?8‘8' t&gﬂb@gglg\? Srweﬁp '[H}E g'ﬁ?c"ﬁ@?ﬂ'&? t he
light sowigRtureina) Rereaditie cmespéémm.fﬁsaao%mw aﬁmmeprgge;@hﬁﬁ@é} a.#.%&)ent he
diffraction grating is rotated relative to the |ight source, as shown in
FIG 2. Wrilgrj At lﬁg'staPQESl@fe anh egEervplated thet disansmissiye mndk meyhe erapioyed $o ganerate

per muft. at i on tthereof % 'l)s %po§si R e and known to obtain a_diffraction
si gnatur & r[acgnsc.g%tprg ?“5 gRPY USSP g AdPaRdiaonsoyes &% eUNPAERRf e AN ty i s
pl otted agaicBphsddisoat | east one vari abl e paraneter, such as angle of

i ncidence e, wavelength of incident |ight, phase of incident |ight, angle
of sweep 4) oin eneenbolimentTdigedinvehiicac wafier 10 as in FIG. 1 is provided, on which is disposed

a series of dies 15. Each die typically represents that portion of the wafer representing the exposure
field of the lithographic device, such as a stepper. In a step-and-repeat system, the entire area of the
20  mask or reticle to be exposed is illuminated when the shutter is opened, thereby simuftaneously
exposing the entire die exposure field. In a step-and-scan system, only a part of the reticle or mask,
and thus only a part of the die exposure field, is exposed when the shutter is opened. In either event,
the reticle or mask may be moved such that a diffraction grating set 20 is produced, the diffraction
grating set 20 being composed of a series of different, optionally different focus, diffraction gratings.
25  itis also possible that the diffraction grating set 20 is composed of a series of the same diffraction
gratings, or is composed of a series of same focus but different dose diffraction gratings. In a
preferred embodiment, the diffraction grating set 20 is composed of a series of different focus
diffraction gratings, preferably varying by a known and incremental focus step, wherein all diffraction

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




signature may represent the Oth or specular diffraction ogde 0 y
represent any higher diffraction order. It is also possi Bﬁeméﬂlﬁ

contenpl ated that a transm ssive node nay be enployed to generate 15 a
diffraction signature, such as by use of an X-ray radiation source as a
conponent of the radiation source-based tool. In one enbodi nent of the
invention, a wafer 10 as in FIG | is provided, on which is disposed a
series of dies 15. Each die typically represents that portion of the wafer
representing the exposure field of the |ithographic device, such as a
stepper. In a step-and-repeat system th&-entire area of the 20 mask or
reticle to be exposed is illum nated when the shutter is opened, thereby
simul tan ' ' [ j ; -scan
System an & ool BRTYAY, B8R et feet RRAIE Grit nofh it 308 12

di e exposihereby fadlitaling issbseyyens ahiyala e Mhistee fobusl foeexahrplepmighedhry hBo & t0em event ,
the reticle or mask may be noved such that a diffraction grating set 20 is
produced,St?mé"’ﬁﬁafdfeF%‘d‘P%F?"g@raaf' feglost for Sxamigs, AiPhEWH SIS 23R ipcrarBentsvend
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different dose diffraction gratings. In a preferred enbodi nent, the
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range, or both, may vary. Conventionally, the dose or focus is varied in
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t he mask, thereby rojecting the mask shape and spaces onto the resist
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components within the resist layer. In yet another embodiment, the resist may be developed by a

development process, optionally a chemical development process, whereby a portion of the resist is

removed, the portion determined by whether a positive resist or negative resist was employed. The
20  development process is also referred to as an etching process, resulting in etched areas or spaces of

the resist layer, and optionally the subétrate material, such as other films, on which such resist layer

is posited.

| In the methods and devices of this invention, the diffraction grating may be exposed but not

developed, or may alternatively be developed. Similarly, while the foregoing generally describes a
25  conventional method of generating a diffraction grating, any method may be employed, including use

of phase shift masks, any of a variety of sources of radiation, including electron beam exposure, and

the like.

Focus is a critical parameter in any lithography device, including a stepper or similar

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



and the resist layer, and also optionally between the ra L@H@ﬁp mﬁtrce and
the mask. When exposed to radiation or energized at suffici Yz els to
effect a change in the resist, a latent image is forned in the resist. The
| at ent i mages, representing a chem cal change in the resist material,

result in changes in reflectivity of the resist |ayer, and thus may be
enpl oyed to generate a diffraction 15 signature as set forth above. In one
enbodi ment, the wafer with latent inmages in the resist may be subjected to
a post-exposure bake, used to drive additional chem cal reactions or to

di ffuse conmponents within the resist IaV%r. In yet anot her enbodi nent, the
resi st may be devel oped by a devel opnent process, optionally a chem cal
devel opnmedd fgpie @esistanosd TRINCIBY leds RARE tafjet. OfmeréXRItiR@ P aging infist Bejiol fd all fdis
portion determ ned by whether a positive resist or negative resist was
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resi st | ayeature 1dp® §irdiigd oridnatibd 6f theRl 168 dSagd AthelR\VENE 9Saxed, ahding likeIVigpitaion, t he
diffraction grating may be exposed but not devel oped, or may alternatively
be devel opfeiction;wfer sieppers figvel aresgidiop pifeogoibegt Ghie aaout §.28 adeprishans spsable
conventi g I i Lff tion grating, any nmethod may be
enployed,&%ﬁ(Fﬁgpﬁgwﬁégﬂﬁpﬁ%ﬂgggg%ﬁﬁgpLﬁ% %s, any of a variety of sources

of radiati on, DeRhination @f Bk eerisranfoB@AtN £AREO BskeEs thadehiticd! teflididh€operliensid S a
critical paranmeter in any |ithography device, including a stepper or

simlar Uhogregty dgyiep. ek aeter a Flgpres durind theayboloregist posise sterinfwafias progessingf
dose, or nt.a.of radiation .. 0 4 MAR 2005 -14 and,focus [

di st ance T EHEs GRbofy BRaRedh Poecmiins il G Regr M5 ALt good
for add paégpbs andVothbd lithcArdphi¢ @BvieXS PR Garf nfilel dedth 61 BELS, $RARMbst ipRBisioR is@
defi nabl e usabl e dept h-of -focus. However, factors other than dose and

focus af fresesseiie Lenses haherd idiepishuilbield sheenly printediphetoregistimenesmand lagk of foced d

curvature,, . i orientatian of_the fer, stage in the x-. and

- xes. | auhleEREn AR bl thOBRA HaReE, pam RePnel AREr SR S0E S E0l ut i on
of from abpttireprddest epakablity. Lordk 8 GnRASHToBS oS aR ®terfiiel mobr { @ppg of
fromabout 0.40 to about 1.50 microns. Determ nation of the center of focus

for a fix¥digeaautafoqup sestanms arisehemes meagbe pobleyed fosisteaminiog thet the separatiiogr aphy
S(ra\(;lcg‘gssi f}%’e?\peeﬁﬁhg Igr';s a%d%l%eeueﬁgrris ﬁléfdr Eo%gtaﬁth%hgs%%ggérﬁss {ntssltudéa é&i%gl%e?ho%lg,% r.:hI ans waf er
employing reflected light, capacitance methods and pressure sensor methods, such as employing
pressurized air. However, these systems .and schemes are incapable of determining center of focus,
but simply maintain the lens-to-wafer distance at a constant. In typical operations, the center of
focus must be determined periodically, as often every six hours or less of operation of a lithography
20 device..
Turning to FIG. § A, depicted therein are two diffraction signatures generated utilizing an
angle-resolved scatterometry light radiation source-based tool, the diffraction signatures representing
the specular order from one focus step to the next focus step (focus step n and n + 1). In each of the
figures of FIG. 5, a constant dose was employed in photoresist exposure of the diffraction grating,
25  with the focus, or distance from the lens to the wafer, varied in incremental focus steps., The
resulting diffraction signatures are obtained either following photoresist exposure but subseguent to
development, or subsequent to development wherein the siructure is etched into the resist layer and
optionaily the substrate including a portion of the wafer. A series of diffraction gratings is measured,

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




Dose variations conpound the difficulty in deternlnlngtwﬂgdgg?ggg The
|l enses that are used in 10 steppers and other |ithographic 5have a
‘very limted depth of focus, so utnbst precision is necessary. Lenses that
are in focus will yield sharply printed photoresist imges, and | ack of
focus w Il result in non-functional photoresist features. Being at the
center of focus also significantly inproves process repeatability. Once
the center of focus is known and determ ned, any of a variety of different
aut of ocus systenms or schemes nay be enpmg¥ed for determ ning that the
separation 15 between the |lens and the is held constant. These
systens include optical methods, such as enploying reflected Iight,

capacit arrtaeucere‘t‘ﬁwﬂl‘fracamm grEtiRpiS Unestsien Mg inh adepeatigadt pasodeiTEdtay capgble of
pressurized air. ver, these systens and schenes are_i ncapabl e of

det er ni ni %ﬁ%@w@‘ 'f&fudma%not '"B‘Eﬂd taihgsiryetiies HEKES 1tamd 31 dhgdifiesencas br
di st t t b
dlets e?nm'c ﬁeﬁﬁrﬁépﬁ %v nauﬂ' of th@sépte&@ lgoﬁc!ieé\c;:g rglw éh%P%ffraEtnﬁ o?c?e a% .';m(?aL,rzec]c (r:;ts i g‘rjls of :

| i t hogr aphyasui@ thb&iffaraqce}'ttfd‘ﬁrﬁ@oﬁ Sigikatifres ffonﬁonedews@te@do ihheréﬂl Mhedierée in
diffraction signatures generated utilizing an %I e-resol ved scatteronetry
li ght % adfesienhsigerivesren earifocesoiten tp Kie naxipilt ‘?f@?fi‘@ sgagHessAsdRe GeBlsF ey i ng

t he spec 0 ep n
e pPoC s BbmOlfiEd. GiBrtBnBicaRplen SRl Ok GOt tocl OF R AIER (BEHRARN®D

i n phot orleslﬁeabtuceoqiunamres anéattririamdl frhusaed ik ehmugnaFmg,,thé&smmefsebéramfgmws or
distance fromthe lens to the wafer, varied in incremental focus steps. The

resul ti ngifPFIPR sigpatyRs of agingenifesys stpRJitBEton Setings deswrsesasitinmenlsr pieAus sesi st
exposure S I el opnent
wherein t eP g%ctﬁﬁﬁg@ S Fg? ﬁé‘gﬁ% t‘g{)'@@{]ﬂg Gﬁggﬂﬁ'g‘? %@%%‘%8'“%%“ onal ly the
subst ftat esuperivhpodabig with posighigtanodiffdrétRe Wrtedetweébn.seri es of diffraction
gratings is neasured, and the resulting diffraction signatures recorded,
such as in t hdhadifeiegeedn difrastiencissisies §89@6P fcesistep 19 thanrRxR 0bthe dgteaninatiow.

foat ur o CopsrReOprRHpD Rl ) Y6 T PRl e Pl BB R0 i 8801 ©

st r uct ur ediffradtiolr kiGTaturks, aarscmeactea’ hes1@li 5 e afis nfethod irddulr@Cdpertitor jidgmaitun€s of

the specul ar order, or any gher diffraction order, are analyzed by
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whi ch vari ation
error (MSE) or root mean square error (RMSE), and other Euclidean distance measures. Such

methods also include averaging, weighted averaging, sum of averages and other methods to
characterize the difference in diffraction signatures,

20 In one embodiment, diffraction signatures are obtained from a series of sequential different
focus seiting diffraction gratings 40, 45, 50, 55, and 60 as shown in FIG. 4. The RMSE difference
between 40 and 45 is determined, and represents the giffraction signature difference for
diffraction grating 40 at its corresponding focus sefting. The average of the RMSE difference
between 40 and 45 and between 45 and 50 is determined, and represents the diffraction signature

25  difference for diffraction grating 45 at its corresponding focus setting. The average of the RMSE
difference between 45 and 50 and between 50 and 55 is determined, and represents the diffraction
signature difference for diffraction grating 50 at its corresponding focus setting. Similarly the average
of the RMSE difference between 50 and 55 and between 55 and 60 is determined, and represents

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




in diffraction signatures are at mnim. Thus, as is sho in FIG 5, the
di stance separating the diffraction signatures of adj ac\é\%tliﬁ% e
diffraction gratings decreases as the center of focus is approached, such
that in FIG 5 Cthe two resulting diffraction signatures are virtually 10
superinposable, with no significant difference therebetween. The difference
in diffraction signatures fromone focus step to the next, and the :
determ nation of the center of focus, n@y be ascertained by visually
conparing the resulting adjacent focus step diffraction signatures, as
depicted in FIG 5. However, this nethod requires operator Ijud ment and is
not di r edtYSF lieAbTeraeinnen 55 apafd 18 eqpigypdas ipdiestion pignatyrg fiffeigpeed Piifigrion any
of a vari Rl Lol : ' .
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t he next .diffsusiesairiespiading tl theldifferbinte irafoeussettings tatted ofdaredniifferemt focury t he nean
square error. (MSE) or root nmean square error (RVBE), and ot her Eucli dean
di st ance ¥E3-ige 8@tinaSych et hods al so incl ude averagi ng, wei ghted

averagi ng, su A : th j
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setting diffraction gratings 40, 45, 50, 55, and 60 as shown in FIG 4. The
RVSE di ff‘é‘F‘Qﬁé‘%‘emﬁ%?&é’éﬂeaﬂﬁ°féh?jf°15$5*’“igse°él%‘t‘@r(?ﬁ ned, and represents the
diffraction signature difference for diffraction grating 40 at its
correspondi ng focus setting. The a ‘_eogzz&sqgtef the RVSE difference between 40
and 46 and between 45 and 50 is BcAred, and represents the diffraction
si gnatdure 25 diff er ence dQfr= di ating 45 at its correspondifg
focus setting. The average of ft .fference between 45 and 50 and
bet ween 50 and 65 i s deterni nede affEPrepiesents the diffraction signature
difference for diffraction grating 50 at its correspondi ng focus setting.
Simlarly the average of the RMSE difference between 50 and 55 and between
55 and 60wfiese @eF d¢xthe nerdker offiocusranp DESRIRE & thd REASH idffffactmt dignatusd diffedénse €DSD).
difference for diffraction grating 55 at its correspondi ng focus setting.
The 0 4 MAR 236%"‘-‘"1%”%\‘/’8‘@9%%?#‘%&@ iifoEsnzeRin diffepciofsigetres Teaied™d as t he
di ff 1 aCt | QhpatedyothePmbidshEiQi el cellel b B 2O the LA LAY c@?’e%to tl}{iﬂgsto the
correspondi ng focus setting. This thus generates a series 0 PPracton

si gnat ur efsgiotiwitf the entiws differeneespbree adjatant fohes sditing diffesnibod gratinfo Clhe nemetdahgs

bet ween ordered different. focu diffraction gratings.
represengation may E)e pltotted agai?lst the ffocus setting stegs, 1 ereb(s-aJ resuliing in a plot as in FIG. 6,

depicting a parabolic curve centered about the center of focus. At the center of focus, the slope of
the parabolic curve Is at or approximates zero, this locus further representing the area of minimal
20  difference between the diffraction signatures for adjacent different focus setting diffraction gratings.
Any of a variety of filters and related mathematical models may be employed to discard
outliers prior to determination of the center of focus. Particularly with diffraction gratings exposed at
a focus setting substantially out of focus, the resulting focus curve may become erratic. Individual
diffraction gratings may further yield aberrant results for reasons unrelated to the focus setting, such
25 as exposure errors, resist defects and the like,
The depth-of-focus or robustness of a given lithography device, such as a stepper, may be
quantitated by analysis of the resulting parabolic curve. Ifthe plotted function has a very tight
parabola, as shown in FIG, 7 A, then the depth-of-focus is correspondingly small, since the area

encompassing the minima corresponds to a small series of focus settings. If the plotted function has




5 Once obtained, the difference in diffraction signatures frdyMAR 2fg5d to
determ ne center of focus by neans of a weighted average determnation. In
one such enbodi ment, the center of focus can be determ ned by neans of the
foll owi ng equation (1): 10 COF = Focus Ste (DSDRMSE) (1) E 1 (DSDR sM esM
e where COF is the center of focus and DSDRVSE is the RVSE diffraction
signature difference (DSD). The nunerical representation of the
differences in diffraction signatures may._be al so 15 conpared by ot her
means to determne the center of focus as the focus setting corresponding
to the region with the mninma difference between adjacent focus setting
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corresponding to the m nima, then the

function of the angle of incidence, with both S and P polarizations concatenated and plotted against
the diffraction intensity, it can-readily be appreciated that in other modes of diffraciion the diffraction

15  signature can similarly be plotted. Thus for variable wavelength diffraction the diffraction signature is
generated by plotting wavelength against intensity, for variable phase diffraction by plotting phase
against intensity, for variable polarization state diffraction by plotting polarization state against
intensity, for variable oﬁéntation diffraction by plotting ® against intensity and the like. Similarly, |
while the diffraction signatures of FIG. 5 result from reflective diffraction, similar diffraction signatures

20 may be obtained by means of transmissive diffraction, provided only that the radiation source-based
tool'utilized for diffraction can be transmitted through at least a portion of the diffraction grating, such
as may be obtained by using an X-ray radiation soufce-based fool, or for a light source-based tool,
by means of a transparent or semi-transparent diffraction grating and substrate. FIG. 5 depicts the
0™ or specular order diffraction, but similar results may be obtained by means of any higher

25 dilffraction order, it being understood that for most embodiments the diffraction signatures from the
same diffraction order are most conveniently compared.

In generating a plot as shown in FIG. &, or in generating a center of focus as shown in

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

measured focus points to give a more precise measurement of center of focus. These methods are




depth-of-focus is larger, permtting a good focus val ue ﬁr aAgaid'ﬂgty of
settings. For a parabolic response to be obtained, the c #e f cus nust

be included within the series of increnmental focus settings utilized to
expose the diffraction grating. That is, no parabolic 5 curve with a zero
sl ope at the center of focus can be generated where the range does not
enconpass the center of focus. Further, at points significantly out of
focus, for exanple where sequential- focus steps are conpletely renoving
resist, then diffraction signatures fromone focus step to the next focus
step may be very close. This is a functi-Bh of the difference in focus steps
not resulting in any significant difference in the resulting inages. Here
too a gr ahbRYinTRISH, afd mg,mbé QT kBnduy lemblmelanmaﬁy, Qﬁaiﬁ%@éﬁ%‘éaﬁ@edﬁﬁl&%m ne
areas that are significantly out of focus. Typical such points cannot be
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conpari son o{ Iszerent foc s diffraction signatures as a é[‘é%e on of the
angl e of THEMFHEE RIAPRYBY PP'%ma‘h‘scPeFU“%l‘%ﬂFP et et thg Mesment

plotted agaiddatoout k@urg stdps B hbig @oasmn? Bt ity alsd Sonfeipidieiatlitte &atﬁiﬁl?ﬁe%ﬁé at ed
that in other nodes of diffraction the oi ffraction 15 signature can
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diffraction SI% ature i enerated by plotting wavel engt h agai nst
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pol ari zation state agalnst intensity, vari abl e orientation |ffract|on
by pl ot t i fagusihy witjatiesesolutibie ofthd §thaungbhy H@vide| dveh aSh sieprl y, whil e the
diffraction S|8natures of FIG 5 result fromreflective diffraction,
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obt ai ned by neans of any hi gher raction or under st ood
t hat for mvistoneshoetbaredtool bhwet thirth fabaet lrbm:esmg@ay‘euésaﬁ dffffa?l:ﬂmd émathn be
diffrgction order are nost conveni ent | npar ed. grhneratl ng a plot as

shown'™ n #3tzecas ghpve, UPAidY Qﬁr%bofasl%ﬁ{eeqlﬁ%ﬁncﬁ a&ﬂ%SISa g esiing pentes gfaguson
I( ﬁ% . :Ogl ;c?agtﬂggfb\ﬁ;g% %\’d%%rsrte ‘2’3& rteﬂét?%%ﬁ%tglé %;lf?écl c‘fir%'oset cﬁﬁné‘!:&‘t‘é’r%f Eﬁ@ur!s %Sv S fdarksC
nmeasur enethé dode setting ersetihgd witLtie m'E’stest&:sﬁBd‘.dB@dﬁesadfﬁ b@ aéchQRe&,Gﬂ& that a dose
selling with a minimum impact on the focus curve or depth-of-focus can be selected.
It is further readily apparent that utilizing the diffraction signature difference, such as shown in
20  FIG. 6, and data as to the location of the diffraction grating in the field, which field may conventionally
be a wafer stage, that the center of focus as a function of position in the field may be plotted, as
shown in FIG, 8. Such plot may reveal aberrations in the lens system, astigmatism, or other defects
causing the center of focus over the field to be non-uniform. Similarly, as shown in FIG. g, tilt in the
field over both the x- and y-axes may be plotted, thereby showing the stage tilt effects of the center of
253 foous as a function of position in the field.
Utilizing the methods and devices of this invention, it is also possible to match the signatures
at the center of focus as determined by diffraction signature difference to a known library of

theoretical or actual diffraction signature differences. Such match library can be significantly smaller

than a conventional theoretical library, which necessarily encompasses a wide range of out-of-focus




-18 known in the art, and may be conventional ly enpl oyed. @ié'%ﬁrbﬁ/
anal ysi s neans can be enployed which do not use each focu t ﬂﬁut

rat her performan initial analysis based on the diffraction signature

di fference across nmultiple focus settings. It is preferred that the
increnental difference between focus setting steps be held constant, but
it is also contenplated that interpolation neans 5 can be enpl oyed where
the focus setting steps are not uniform Uilizing the nethods of this
invention, the differences in the center g)f focus are typically less than
0.03 mcrons, which is below a typical o&%us step size of 0.07 mcrons.

This thus permts focusing wthin the resolution of the |ithography
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stepwi se fashion fromgrating set to grating set. serl es
of di f fr aiotliding aguaasls niths e¢rdereéivhusateteamided byestieanineans] Thisowsy bafwee in A seri es
of dif ractio naturefs are then obtained for each diffraction grating
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such as by fraction signature ferehce ana e resulting center
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on the center means the dose setting or settings with

the nost 6B "F%E’ﬁ@chﬂﬁ’)\é@?"(?%m&éa%Qé’@él"P%ﬂ"ﬁ%@P“@%Wt A grating gaten (Pet t i ng

with a mni numinpagls P8bhesfgcus curve or depth-of-focus can be sel St ed.
It is further readily appafent that utilizing the diffraction si gnattf
di f f etencehers@dhthasngh cnwnc.dence 2fkehlaEnedativen By isdiad shgaRr rbmubhefthe)matimmf t he
dlffractlon gratl inthe field, which field may conventionally be a

waf er st aJge4 ¥ie %Y@'GE@HP@PC‘%W HohbaNg disthg spalisbneria oftitchy pidhe HifACtioR gfeg.
field mayy Qeﬁi thhsets88h thdfror 58D, ép@cﬁa’rgﬁfra%h J? Rl Qligé%@?{nncga%i{%gg C@B orlt?et I ons

in the |l ens system astigmatism or ects
f ocus oveangulaelofdtien df the sipeulaodiffractioh orden. I-fawmérad‘i’fryctuoasmshmnh@n E‘ie@pecﬁnlartl | t
inthe field ove oth the x- and y-axes may be plotted, thereby show ng

the stage™fy P ey qvg& nd dpe ?W@pﬂ%tﬁta&g”‘%f‘m@!? dﬁ@ﬁ'ﬂ%@da%'s sgt ot 8eavenS8iilanosi t i on
in thes i @laflenshibs bé\%fﬁ'&hi%d@?&ﬁb@géaﬁ@%wﬁja%v é]rpﬁ@aﬁ{res; Qd?\ #\M%ea% hQBaof L 1S

al so possible to match the signatures™ at t e ocus” as det erm ned
by di f f r agdnemiinga gifiattionesighfufecsitaarare $peciarkiifaion érbéur Yordé highdh amfalidnCoader OF

actual diffr act ion si lgnat ure differences. Such match |ibrary can be
signific aHRY ?F ngegr or example, in a wavelength resolve device, the angle ©; may be held constant
and the wavelength A varied, and the equation solved for @, at a given n.
The methods and devices of this invention may also be used for determination of the center of
20  focus, whereby the center of focus is adjusted by any suitable means, including use of computer-
based control systems, and the methods of this invention used to determine when an acceptable or
optimal focus has been determined. The adjustment may be done by dose variations, or by other
means known in the art.
The invention may be further used for automatic or automated determination of the center of
25 . focus, utilizing an autofocus control system, whereby information as to the diffraction signature
analysis is used in a control system to determine the focus, such as by dose variations.
Although the invention has been described in detail with particular reference to these

preferred embodiments, other embodiments can achieve the same results. Variations and

modifications of the present invention will be obvious to those skilled in the art and it is intended to




than a conventional theoretical |ibrary, which necessarilygen asses a
w de range of out-of-focus 0 4 MAR 2005 settings, thereby ﬂgr nor e
rapid library generation, in the case of a theoretical library, snaller
storage requirenents for the library, and a faster analysis tine. 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 ot her
means. This may be done in 5 conjunction with an angl e-resol ved
scatteroneter, described above, including its associated conputer system
or with other suitable devices capabl e o20-naki ng the descri bed
measurenents. By neans of enploying an angl e-resol ved scatteroneter, the .
di ffractiQfertl @08pptnGed atﬁﬁ%ﬁ&tﬂ:’n%dlﬁ Bt e'a{ﬁ%lerqé ffﬁe%%l’e%@cl%u%ro? a@t
angul ar | ocations speci y the grating eduation + sIn

nA/ d (2) refe@nodscampli@ticns palestsaang lpeblioétionsndied aboe, ard Edteby |mrpommltby\re‘ere6qe IS
the angul ar location of the nth diffraction order, Ais the wavel ength of
incident light and d is the spatial period or pitch of the diffraction
grating. It can thus 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 nmay be enpl oyed, and the appropriate angul ar |ocation determ ned
as set forth above. Simlar 15 relationshi ps govern other 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 my be enpl oyed. For exanple, in a wavel ength resol ve
device, the angle O may be held constant and the wavel ength A varied, and
the equation solved for O at a given n. The nmethods and devices of this
invention may al so be used for determ nation of the center of 20 focus,
whereby the center of focus is adjusted by any suitable nmeans, including
use of conputer- based control systens, and the methods of this invention
used to determ ne when an acceptable or optiml focus has been determ ned.
The adjustnent may be done by dose variations, or by other neans known in
the art. The invention nmay be further used for automatic or autonated
determ nation of the center of 25 focus, utilizing an autofocus control
system whereby information as to the diffraction signature analysis is
used in a control systemto determ ne the focus, such as by dose

vari ations. Al though the invention has been described in detail with
particular reference to these




preferred enbodlnents ot her enbodi nents can achi eve the sane results.
Variations and nodifications of the present invention w {Ji4 MR)IQH[’@US to
those skilled in the art and it is intended to 0 4 MAR 2005 20_cover in
t he appended clains all such nodifications and equival ents. The entire

di sclosures of all references, applications, patents, and publications
cited above are hereby incorporated by reference. 0 4 MAR 2005 -21 CLAIMS
What is clainmed is: 1. A method of neasupi.ng paraneters relating to a

| i t hography ‘device conprising the 5 steps of. providing a substrate
conprising a plurality of diffraction gratings fornmed on the substrate by
| it hographic process utilizing the lit phy device, the diffraction
gratings conprising a plurality of spaced el ements; neasuring a
diffraction signature for at least three of the plurality of diffraction
10 gr at i nybatlis/clammadits: of a radi ati on source--based tool; and determ ning the
di fferences between the diffraction signatures to deternlne a .-desired
paraneter of daid Iﬁ?‘ﬁ‘ﬁ@‘?%{ﬂﬁﬁsﬁ@gpﬁéme@mrﬂamtﬁédjthégfa%tdéw?ﬁ‘Pﬁ"’ﬁ’gsmm@ecenter
of foaus éébé%ﬂ i t hography device, conprising the 15 steps of providing a
substrate conprising a plurality of diffraction gratings made wutilizing

the |ithography device, grévidiny duustiateycofipristhd & platity endigradlioh §SEngsIerMed 5h NY
different _known focus settings;, determning a diffraction signature for at

| east t hr'8@S¥strtp by gihpgraphic VO??FS ubigngithe finegrpphyitioyeathatifiadion aetes of a
radi ati oNcoaQiLicSa PRAAE df SR cedggrgé.ggl ng the differences between the
n

diffraction signatures betwee adj'acent focus setting diffraction

gratings; and deter m ni ngedsimngaeiftrationsigiaace for atdedshrde@E s phedityiongriabinei n
there is a
10 ~ gratings by means of a radiation source-based tool; and

determining the differences between the diffraction signatures to determine a

desired parameter of said lithography device.

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

25

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

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

light source-based tool wherein the light source-based tool comprises:




mnimal difference between the diffraction signatures of %ggﬁkeﬂhﬁfocus
setting diffraction gratings. 25 3. The nethods of cl ai erein the
substrate conprises a wafer. 4. The nethods of claim1l or 2, wherein the
radi ati on source-based tool conprises a |ight source-based tool wherein
the |ight source-based tool conprises: 0 4 MAR 2005 -22 a) an incident

| aser beam source, an optical systemfocusing the | aser beam and scanni ng
t hrough sone range of incident angles, and a detector for detecting the
resulting diffraction signature over the resulting neasurenment angles; 5
b) an angl e-resolved scatteroneter; c)-2-plurality of |aser beam sources;
d) an incident broad spectral light source, an optical systemfocusing the

light and illuninagjng gﬁrn%&maggmaameaf?racpm Q@@h%&ﬁ@,ﬁ@%@ﬁmaﬁﬂd a

detector for detecting t resu ng d I on’signature over

resul ti ngnirecsning teatghwame ranog biscident angles aandiartetettontor datertting themsulsng

conponents_for var |n% the anplitude and phase of 10 the S and P
[

pol ari zatf Brdon ganaiye &%ﬂthes"s%'ﬂhéwawma?% light and illum nating over

some range of incident aQQﬁgﬁ§§50|@a@Cate¢&ﬁﬁ&t or for detecting the phase of
the resulting diffraction signature e nethods of claim1l1 or 2,

wher ei®n neasuring 6) di f aphcdlitymhlasirgpparh sowecaspnpri ses: a) phase measur enent

by neans of a broag spectral, radi ati on source-based 15 tool source,
operating at a fix84 an@f‘é’c'dg“\?ﬁ’raf’ siscial Yl saures. Gp ogticakayptam fecusipging ight )

phase meagyiRRRRlindHrolBRERn ggoﬂnaaénﬁw‘é@é@ gér{g! ro%ﬂ!af%f%o? téc‘.?H% g based
t ool source, operating at a angl e Vari able angl e vari abl e
angl e 0; resultiny diffinsien sipatine @reiht rdyitinPacssufdiment wallelehgths: ofli scret e wavel engt h

radi ati on source-based tool source. 20 6. The nethods of claim1 or 2,
wherein the diffra€ion38inGHeR g seuices cprapanert foy ¥andng the aElitude andingaserdlir e or

a 1ra@sMifSs URd BipbhfiAfibhsOth Siu8d &st¥nProcusing the light and fluminating over some range of

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

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

20

8. The methods of claim 1 or 2, wherein the diffraction signature is a reflective diffraction

signature or a transmissive diffraction signature.

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

25  diffraction signature or a higher order diffraction signature.

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

increment different focus settings, and determining the two adjacent focus setting diffraction gratings




7. The methods of claim1 or 2, wherein the diffraction mg:}ameé
specul ar order 25 diffraction signature or a higher order ad ﬂ5on
signature. 8. The method of claiml, the nethod further conprising formng
the plurality of diffraction gratings utilizing the Iithography device at
known di fferent focus settings, optionally equal increnent different focus
settings, and determ ning the two adjacent focus setting diffraction
gratings '0 4 MAR 2005 -23 wherein the difference between the diffraction
signatures is less than the difference of,,the diffraction signatures

bet ween ot her adj acent focus setting difffaction gratings, whereby the
paraneter is the center of focus of the lithography device. 5 9. The

met hod ofwielrei theglifferdnes bdtreantiee difffgoliondighétaree istless drnshes@ifarencg of the diffregiipnequal

e e o SR 0 AR SR 5B

focus set&elnf@gsffoal@ of thB RhbFEYEete Cl @i m 8, wherein the di fference in
diffraction signatures between 10 diffraction gratings increases as an

approxi mati on of a parabol ic curve with a slope of zero over the center of
focus.. 11. Th met clai.m,1 or ere t he dlfference
in diffracti on si gﬁg 0d © L %?eﬁ"ed?‘f‘?ﬁ%?‘i%ﬂ%d?fﬁﬁ?cﬁa§e%wgﬁﬁ nogFaua

det er m nahéememidifeRat Midsferifge @nd&ﬁé 3tidd m‘héﬂ ddmprses A6 beJ}ﬁéthéémﬁmél%Bntﬁi%an
square error nethod of data analysis. 12. The nethod of claim1l, wherein
det er nmi nitagomalizeriha namerbaudi rﬁtu‘-remelﬁdéfewohfpmussewngscorrparl ng the wei ght ed

averages of differences between diffraction signatures between diffraction
gratings. 20 13. The nethod of claim1, the nmethod further conprising

forning the plugral ith¥ nfhod dF ddilmACHAGEIn HeAlitRGiRe th.fhé&lbm fdifed bnlaREr aphy
device at the sane focus setting and determ ning the ?ferences as a

f unct1%n ‘éifﬁratith@ orayinest inwpases ag dreangiokimation bicrpagabalid augs vouh atshme ofiesd @t the 25
14. The matP f claiml1, the nethod further conprising formng the
plurality® ‘f’"’fsr action gratings at known different focus settings and
known di fferent dose settings and determning the effect of dose on focus.

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

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

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

comparing the weighted averages of differences between diffraction signatures between diffraction

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

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

determining the effect of dose on focus.




0 4 MAR 2005 -24 15. The nethod of claim2, wherein the di @e@gRéa
diffraction signatures between adjacent focus setting dif USratlngs
i ncreases as an approximati on of a parabolic curve with a slope of zero on
the mnimal difference. 5 16. The nethod of claim 2, wherein determ ning
the difference in diffraction signatures between adjacent focus setting
diffraction gratings conprises determ nation of the difference using a
nmetric, optionally a root nean square error nethod of data analysis. 17.

The nethod of claim2, wherein determining the mninmal difference conprises
10 conparing the melghted aver ages of differences between diffraction

si gnatures between adjacent focus setting diffraction gratings. 18. The
nmet hod of cl aitgn 2, TRé@EBbLN ofbRlid RIWHEdIGtht Rferthed iMBlffradiidd Sirefifs beRep | ses
fitting data derived fromdifferences between diffraction si gnat ur es

bet ween aRfjage@iecus eyiingrtiifiragtion eretings | 1®r9§é?5tqsr?g agprpXimaiian o5 A PaieBelic suye vith a

par abol i cgygur, di fference enconpasses the mnim of
t he parabo |5X%%?§Qﬁgﬁg¥m$Qﬁmﬂ%g od of claim2, wherein the different focus
settings conprise a constant difference betmeen sequential different focus
settings. 20 20. The nmethod of claim2, wherein the different known focus
settimgs are dBn- edbamethpsercaindt wisreip é?t@rmnlrfgdeejgtff@rémqm%egractaﬂnélgﬂﬁéreﬁet hod

non- oqual ey Sedtt ol s BRI dr&fos Frdsla b IO R Ao Bna, o

of pr ocesmetiqRplidbiy DboiGRRINSHuME erfr@%b‘fzhddlbfbdté begisephy device, conprising
the steps of: providing a substrate conprising a plurality of diffraction

gratings made utilizing the | ithography device, the plurality of
diffraction gratin dlffer t kno ocus setti

deternmining a Zlffgﬁ%ﬁgon S|%ﬂ tUWE”?5§QSW17@ﬁg?"wW?%gméﬁngﬁgﬂEPﬁ?al|ty of
di f f rexct i @mparing the weighted averages of differences betwaen diffraction signatures between adjacent

focus setting diffraction gratings.

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

minima of the parabolic curve.

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

to normalize the non-equal increment different focus settings.




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

di fferences between the diffraction signatures between ghé; HAR S ocus
setting diffraction gratings; determining the center of focus as the focus
setting wherein there is a mninmal difference between the diffraction
signatures of adjacent focus setting diffraction gratings; and adjusting
the focus setting of the lithograpMpP device to the determ ned center of
focus. 22. The nethod of claim 21 wherein adjusting the focus setting of
the |ithography device conprises a conmputer-based control system 23. The

method Af ¢l AinfBidd oNHI8ERS Bordi tbhSdehtdBoriites InditHeSragif delibd] cBhpisitg | 1t hography
device conprises an autofocus control systemy wherein at | east one input
to t he BREEHRUs control system conprises a paraneter relating to the

di fferences betwagsviditye ij;étfdi@&irﬂpﬂ_é]n%é BI0RIitY bedfrackiBn grifiysiRiaBods of claim 1,
2 or 20 wherein the plurality of diffraction gratings conprise % gl urality
of | at efitZNoHRyENrarhY decedhe éFFé‘P‘Y Rigiftrachisn arefngs cRPPISEG d8ferest KIPHY 'P°U% or 20
wher ei reettings;pl ural ity of diffraction gratings conprise a plurality of
| atent image diffraction gratings that, hayve been bjected. t
post - exposur e bakcc%?er'ﬁ‘g'.”g?%ﬁ&f%? W@EB? foﬁgtiefaﬁﬁ%ee E]stg? Llﬂ'@h%ﬂfecﬁrg?%o? he
pl ur al igrsgting$ bydnédns ats radiatigr abica@sseddoghr i se  diffraction gratings that have
been devel oped. measuring the differences between the diffraction signatures between adjacent focus
setting diffraction gratings;

determining the center of focus as the focus sefting wherein there is a minimal
difference between the diffraction signatures of adjacent focus setting diffraction gratings; and

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

22. The method of claim 21 wherein adjusting the focus setting of the lithography device

comprises a computer-based controf system.

23. The method of claim 21 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 diffraction signatures.

24, The methods of claim 1, 2 or 20 wherein the plurality of diffraction gratings comprise a

plurality of [atent image diffraction gratings.

25. The methods of claim 1, 2 or 20 wherein the plurality of diffraction gratings comprise a

plurality of latent image diffraction gratings that have been subjected to a post-exposure bake.

26. The methods of claim 1, 2 or 20 wherein the plurality of diffraction gratings comprise
diffraction gratings that have been developed.




