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BACKGROUND OF THE I NVENTION Field of thetInvention (Technical Field): The
present invention relates to netrology and process control in manufacturing
of sem conductor and other thin filmmedia, including hard drive nedia,
and nore particular to nodel patterns of undercut rnulti-Ilayer, including
bilayer, diffracting structures. 15 Background Art: Note that the foll ow ng
di scussion refers to a nunber of publlcatlons by author(s) and year of
publication, and tSeatterometriciMeasurament.ofdndercut Multi-Laxer iffracling SIrUctlies|  cat i ons
are not to be considered as prior art vis-a-vis the present i nvention.
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Note that the following discussion refers to a number of publications by author(s) and year of
publication, and that due to recent publication dates certain publications are not to be considered as
prior art vis-a-vis the present invention. Discussion of such publications herein is given for more
complete background and is not to be construed as an admission that such publications are prior art

20  for patentability determination purposes.

Lithography is used to manufacture semiconductor devices, such as integrated circuits
created on wafers, as well as flat-pane! displays, disk read heads and the like. For example,
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

25  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 lithography.

In one form of lithography used in the semiconductor industry a wafer stepper is employed,
which typically includes a reduction lens and illuminator, an excimer laser light source, a wafer
stage, a reticle stage, wafer cassettes and an operator workstation. Modern stepper devices employ

30  both positive and negative resist methods, and utilize either the original step-and-repeat format or a



-2 step-and-scan format, or both. In sem conductor wafer processing, the
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vacuum cha s rela sl'ow I n operation an flcu
aut omat e. Oplebting theresiied spoip@sionscan be enpl oyed, but do not have the
required resol vi ng power for sub-mcron structures. One tool which infers
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irect measurement tools are typified by scanning electron microscopes (SEM), atomic force
microscopes, other electron microscopes, optical microscopes and similar devices. However, while
20  SEM metrology can resolve features below 0.1 microns, the process is costly, requires a high
vacuum chamber, is relatively slow in operation and is difficult to automate. Optical microscopes
can be employed, but do not have the required resolving power for sub-micron structures.
One tool which infers the measurement is an optical scatterometer. Other inferential
measurement tools include ellipsometers, reflectometers, and, in general, any speciroscopic
25  diffraction-based technique employing any form of electromagnetic radiation. A variety of
scatterometer and related devices and measurements can be used to characterize 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 CDS200

30  Scatterometer, made and sold by Accent Optical Technologies, Inc. is a fully automated



the range of tens of mcrons to |l ess than one-tenth mcron. For exanple,
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20  optics 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.
25  Utilizing any of these various devices, and combinations or permutations thereof, it is possible and
known to obtain a diffraction signature for a periodic structure.
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 periodic structure, with the light captured by a

30 detector. These other devices include ellipsometers and reflectometers. It is further known that



known to obtain a diffraction signature for a periodic structure. Besides
scatteroneter devices, there are other devices and net hods capabl e of

det er mi niwg 03008assgli f fracti on signatures at the Oth order @cThisghex136
diffraction orders using a |ight-based source that can be reflected off of
or transmtted through a periodic structure, with the light captured by a
30 detector. These other devices include ellipsoneters and refl ectoneters.
It is further known that WO 03/089888 PCI{-US03/12136 -4 non-Iight-based
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m nimzing the Tiean square error (NMSE) root nmean square error (RVBE),
are usedsf odisirete mrati’oys ﬁgaﬂoh%gretlnesersmet@@ SHﬁtQ?MS thickeespandairevidth sf tegforating
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taken to be'the Neasured sl ghature
Appl i cat i onisRbdwn e@atsigamur’émbrara.omeéraa&i:é% sigaturd\is theasuckd,Jioik adntpared ag&tnst i cal
of a library to find the closest match. Standard Euclidean distance measures, such as minimizing the
mean square error (MSE) or root mean square error (RMSE), are used for identifying the closest
20 match. The parameters of the modeled signature that agrees most closely with the measured
signature are taken to be the parameters of this measured signature.
U.S. Patent Application Publication No. 2002/0035455, to Niu and Jakatdar, is typical of a
model based system employed to generate a library of simulated diffraction signals of a periodic
structure. In the general method, a library is generated based on an assumed theoretical profile of a
25  periodic structure, optionally taking into account parameters such as characterization of the film
stack of the periodic structure, the optical properties of materials used in forming the periodic
structure, assumed ranges of hypothetical parameters, resolution used to generate the library

constituent members, and the like. However, the method of U.S. Patent Application Publication No.

2002/0035455, typical of the prior art, begins the process by assuming the shape and other



nodel based system enpl oyed to generate a library of sinulated diffraction
signals of a periodic structure. In the general nethod, a library is
gener at edwbagesbsssy an assuned theoretical profile of a 25Pp@risodixa3e
structure, optionally taking into account paraneters such as
characterization of the film stack of the periodic structure, the optical
properties of materials used in formng the periodic structure, assuned
ranges of hypothetical paraneters, resol uion used to generate the library
constituent nmenbers, and the |ike. However, the nethod of U. S. Patent
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10 an i nference 0 'grfahgu'act emin the anal ysi s
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the material of which each shape 1s nade. In this manner, a 15 conpl ex
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the steppi ngVilFd FesPieieness: difggkor moge! %‘85’55 depaey heﬁiﬁ‘ﬁ‘?ﬂ“@ Spﬁ%éﬁﬁ‘f’w Sttern
set is detegiapharhhy clardgb bEREYanile, AREEAgIS Sfetifditty Qitith and height. To create a model
pattern set, the user can enter a range of widths and heights as well as the stepping within the
ranges.
20 Once a model pattern or model pattern set is determined, a library of model diffraction
signals may be derived therefrom. A model signal library is constructed based on simulation of the
model patterns utilizing Maxwell’s equations. The simulation may be complex, and include factors
such as CD, relevant pitches, focus, exposure, resist type, resist thickness, temperature, numerical
aperture, substrate composition, material composition and the like.
25 If a single model pattern is submitted, then the analysis employed usually incorporates some
type of error minimization algorithm. The error is the difference between the measured siénal and a
model signal. The model signal is derived from the model pattern such that if the model pattern and
measured pattern are the same, then the model signal and measured signal are the same.
Minimizing the error is usually an iterative process in which the analysis algorithm calculates the

30 error and then uses the error, as well as previous error calculations, to generate a new model



signals may be derived therefrom A nodel signal library is constructed
based on sinulation of the nodel patterns utilizing Maxwell's equati ons.
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material, a}?]%t ?E,rsﬁtlsuﬁgggte%d aanM@{l}:@é ér{a{ fned %ﬂlquer IIBIg oAl TREGD QhteRlegt | ayer

is patterne quently t ayer ry-etched. The top
patt er nesl 1ﬁwo|:mmstsdayesisstcotnalyﬁlon with thmbqttgmayerdn iomma fhvick bprmmstetwmtweﬁmt laggrer to
forma thick co osite hor esi anot

t bllayer
structures G&# B‘?ﬁ’?‘? yeﬁgﬁrtgagﬁs de?ﬁ?&?d P héﬁ Shvedieda rea ﬁs recf] heads
exanpl e, bi #&Bé@d'mp‘ﬁat bildGdr dinRBiredlaR Edaatfhg %rmaﬁ@'aéttlilﬂg Bﬁﬁh@ﬁa&tddléﬁvﬁ(y\ﬂm)fand

magnet o- 1 esglglgr;[t Im\;gnegol\l/gmstleg (C(iBMR) heads for hard disk drives. In a particular step of the process, a lift-
off resist (LOR) is typically deposited on a multi-layer thin film stack on top of a substrate such as

20  NiFe. After the LOR is prebaked, the structure is coated with imaging resist with the resist being
subsequently prebaked. The imaging and lift-off resist is exposed. During the development
process, the imaging resist is developed, and depending on the lift-off resist's properties it may also
be developed or else etched in a separate processing step. The resulting structure has the imaging
resist layer with a larger CD than the lift-off resist layer.

25 It is known that the etch step, in which material is removed fl:'0m a surface via chemical
reactions and/or ion bombardment, produces different results with different materials. That is,
different materials on the wafer surface will experience different etch rates and/or different etch
profiles, resulting in an undercut. Additionally, parameters such as temperature, material, gas flow

rate, gas composition, output power of power supply, power supply modulation, level of vacuum in

30 the processing chamber, reaction products from the etch process, processing duration and the like



gi ant magneto-resistive (GW) heads for hard disk drives. In a particular
step of the process, a |lift- off resist (LOR) is typically deposited on a
mul ti-| aywo oslosesss i | m stack on top of a substrate such asP2O/U8@3/124B4 er t he
LOR is prebaked, the structure is coated with imging resist with the

resi st being subsequently prebaked. The imaging and lift-off resist is
exposed. During the devel opnent process, the inmaging resist is devel oped,
and depending on the lift-off resist's pr@perties it may also be devel oped
or else etched in a separate processing step. The resulting structure has
the i magi ng yf. r f t layer.
25 |t |S kng&%&%?'ﬁg%ct%ﬁé@i%r%tsg '|Zlu4 ﬁmgﬂ 9:2}]&”2&3&@0 relsiﬂ]:se l'ratg remg\?é*gom a
surface via n@tﬁem cad the r@dtstof smhseqa&mdsétmstepe rwubarmardtﬂmant mat@iaBaitbedfaknk f er ent
results wt rent materials on the

waf er surf a(ﬁ;a & -f']us Sveﬁé‘??“gﬂ‘@é’reﬁ'is? ?V(?Baé(ﬁl?e r@?”&'ﬂg ?tﬁ‘fﬁﬁ? A GPUInelEsT ene 2 et ch

profiles, resifokt wia, dudh airdt REEEEral hAAEH Widt® B ahd cord Hya REEIhadMdtR B,
tenperature, material, gas flow rate, gas conposition, output power of

pover suppl erﬁ@\ﬁeq’eaé%ﬂ‘ﬁl‘? Fipigellveibs tgprmostdayenor @Vervﬂﬁb%alwtmeqtﬂ@apiw@%s| ng
chanber, reagid i LY eGRGIH I & processing duration and
the Ii ke WO 83/ 0898%8 PCT/ ﬁgog}\?@f%:rllg%fﬁﬁr{é@m%;fbﬁﬁgfso affect the etch process.
Thus in nul t| - zfylefrartomodbls Useﬂ@rg@eraia@h‘fwc@s sigheurestiage P]‘ﬁpldiyedir'ﬁiMﬁlb stfctures,

mat eri al s, sut f guent strip steps, vary for

di fferent malf gl’l s Ses iR 'HZK% f: iﬁt e L@Fé’ﬂ?t eﬁﬂfggsé’\‘)%%' %?Eﬂﬁaﬁtfmﬁtf‘@m se
overlay the1s, GB'U'i(I"IpB@loEéd’dﬂl(‘sbwere mysméth%t&%&pleﬁm%e% RO8npidyed, E@h s Wi dt h,
such as first la er mat erial having width a and second | ayer naterial

havi ng WP dt KaRszo %@Pfétrbd‘i'r%%ﬂ%al?eiaosdtﬁ@ﬁﬁ’OaSUbFVﬁP d@prityapezoid updspsuhost | ayer
or layers Wil ]cRame142 14 GHboridh G@guggtraie%nvdhﬁé/@me ﬁ%ﬁrn%delpﬁa& aNaGangei vabl e
geometric configuration is possible. Prior art fodel s used 6 gener at e

di f f r act i onfimitgjekaeasraadintexwerekamptonoy dlos sndepleath $ierstictuie, @s discldecin Uas Pitias e

shown in FIGS. nd 3. G 1 depicts the sjnplest npdel, rectangular
structure ',6’4%65%)’ %ﬁe rﬁ%jglllgthfvg r?g%?%%%ﬂ@swgﬁ’%} cPRVenieHRhSIAIE {2V srrciEna YAt ex
nodel s ar e ertbayiad stredleds. as 10 trapezoi dal overcut structure 12, 12', 12"

p05|t|on d on suypstr te 16 or tr ezoi dal —undercut structure 14, 14 14"
posi ti ongd on SEE g uéaf%ed LR Egé'ﬁf’epeﬂ?q Icructyre ofRiaer & MhilaYerHEIBRr ed t he

filmthi cknesieh raptesentteerangdf of p&kibia s cRifes @ktudil biBindbRASINGRE hlay E@enﬁ}ld’ Leour e,
as disclosed in U S. Patent No. 6, 483,580, these nmodel s have nonet hel ess

only enpl oy@are@eiyAit mesishauchsstelires-| ayer rectangul ar or trapezoi dal
structures.

SUMMARY OF THE INVENTION (DISCLOSURE OF THE INVENTION)

20 In one embodiment, the inventioh provides a method of making a library of simulated
diffraction signals of an undercut multi-layer diffracting structure fabricated on a semiconductor
substrate for use in semiconductor metrology. In the method the following steps are employed:

specifying at least one first layer model structure with at least one second
tayer model structure positioned thereon and extending beyond the first layer model

25 structure in at least one dimension to define a first undercut model pattern of a

diffracting structure;
specifying at least one second undercut model pattern of a diffracting
structure by varying at least one parameter associated with the first layer model

structure or the second layer model structure;



15 There is thus a need for nodels of the periodic structure of bilayer or
mul ti-layer structures which represent the range of possible structures
act ual | y wbtoaiosesks e, and whi ch may be enployed to nore a®ecunsv@iaieoodel
such structures. SUMVARY OF THE | NVENTI ON ( DI SCLOSURE OF THE | NVENTI ON) 20
I n one enbodinent, the invention provides a method of making a library of
simulated diffraction signals of an undercut multi-layer diffracting
structure fabricated on a sem conductor .gsubstrate for use in sem conductor
Imstr;)l ogy.f_l n thle met hoddt he follow ng steps are enployed: specifying at
east one first layer nodel structure with at |least o second | ayer nodel
structure positi oneéeﬁef?éF%%”'%{?fbd‘fgﬂ'@Tﬁﬁq”ﬁUeBh%H‘Sm%’?{%gfﬁri‘erusnﬁerfugyerym)del 25
structure in at m# 5o MI06r 1l MBNSIPBraingSfuciie; @ first undercut nodel
pattern of a diffracting structure; specifying at |east one second

under cut nodel pat t ebtainiod a giffidétioh pignatura) theglifiraginaFecByovar yi ng at | east one
paranmeter associated wth the first |ayer nodel structure or the second

| ayer nodel sprﬁ?&"iﬁ’t“%ﬂ%bf?f%g 88 PCT/ US03/ 12136 -8 generating simul ated
di '{Iraf%l on 3! ?Pat UlcerBipakindiie amatien sigrafurd diheudiffcietingstructurdiddie pat t erns of the
mul ti-layer diffracting structure; obtaini adiffraction signature of the
diffracting str E@H'E‘P%d'g'ﬁd‘@“ S'Q@H"??c?ﬁ@ﬁ’&‘?%srdg%b@??%‘{ 'é'f"ﬁ%ﬁ%f "@d%o?rpari ng the
diffraction si gpabnes hf aid@ngibi@ct ing structure to the simulated

di ffraction signatures of nenbers of the undercut nulti-I|ayer nodel
patterns of thenthisfriatredtthegprametaicasaeciatedwith g Fiode! patteHRICdUsAEA §iose AR er s

associated with a. | . i . i
i faéeﬁ%kfﬁm% o% ng;ﬁgtt r% %gn ol(aggﬂfggta%u%la%ﬁer%%e%hnat&' rﬁ@(‘lhl%ﬁ‘&‘n.

diffracti orff™g & modi etermne a better or best natch
model p@ttern. Inhd pkrorhéree pighd etmsine diffradtion signatea 4f e diftactifosiyciEg ¢vh

signature of the diffractin tructur ) ] ;
i ncl ude us&®BFCRUH GRS SERTHAR &8 Ogggaggp%]%f),ér %agg&ggcégaf ?ﬁ?ﬁtssgﬂ%ge?agased

tool . The lyagHatiosh Othe Gght bR hasea®ol @amciudeinttideanaserisaentrod, aseptictheam

source, an optical system focusing the | ;
some range %eeri‘ fﬁ’(f‘:liSé:I@;th){e lagafreas an%%rgrgng 1ol fer, peam.and, scauning, through

detector for detecting the resulting diffraction signature over the resulting measurement angles.

15  Thus in one embodiment the light source-based tool is an angle-resolved scatterometer. In another
embodiment, the light source-based tool includes a plurality of laser beam sources. The light
source-based tool can further include 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 this

20 method, the light source-based tool can also include an incident light source, 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.

The step of obtaining a diffraction signature of the diffracting structure on a semiconductor

25  substrate can include 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 ®. Alternatively, it can
phase measurement by means of a single wavelength radiation source-based tool source, operating
at a fixed angle, a variable angle © or a variabie angle ®. It can also include phase measurement
by means of a multiple discrete wavelength radiation source-based tool source, or in yet another

30 alternative can obtaining a reflective diffraction signature or obtaining a transmissive diffraction



detector for detecting the resulting diffraction signature over the
resul ti ng nmeasurenent angles. 15 Thus in one enbodi nent the |ight

sour ce- bawoed3wemsBs i s an angl e-resol ved scatteroneter. |n 2001U$63/12136

enbodi ment, the |ight source-based tool includes a plurality of |aser beam
sources. The light source-based tool can further include an incident broad
spectral light source, an optical system focusing the |Iight and

illum nating through sone range of incidegnt wavel engths, and a detector for
detecting the resulting diffraction signature over the resulting

measur enent wavel engths. In this_ 20 netho the ligh - tool can
al so i ncl ud8naiyie:| H’@%ﬁféarﬁ"’"lsfg@ﬁ‘ﬂre gfotﬁer%ﬁ,g&'ﬁ%%fb’gﬁrgﬁ?%be?aosﬁ’e&\%ggégﬁg@ e

anpl i tude RARRESEIPE: rli® dfaafd sBhapeé.ar i zati ons, an optical system
focusing the light and illum nating over sonme range of incident phases,
and a det ect or Thestepletgendrating sinhleteg tifieetion ignatuees of membars ¢f uliiiayeTeRde on
signature. The st of obtaiping a diffracti i iLffracting
structure (ﬁ’ﬁﬁe&‘ssoéﬁgg'gﬁ*?&t%f%%aﬁcggng(éersgéne"s%ééﬁg? ?16(5r %{l%é“% %géahi}gpg%'rrenent by
means ofs a \BkeRGbpsRRnwtein raditdrt Rficsaiot®r kased by e kemoompeer. oper ati ng at
a fixed angle, a variable angle O or a variable an?PI e (eD. Al t?rn%i vely, it
can phase neaduprathenemingimeptam@ethed of delprriing ahigaRt PSR IPLRAE A G " 21

sour ce- bas %ﬁdetr&?% Iﬁ-%?%%ﬁfrac%%fnﬁidr@@bricQtEd 6h 4 drRAnR0B} KRibstdteVSgroviiel,avhangl e O
or a variable angre . I't can al so include phase neasurenent by neans of
a mul ti pl e netitred ineldeswizafdlowing sthpst adi at i on sour ce- based tool source, or in

yet another 30 alternative. can obtainin A I ion sighature
or obtaining a transsﬁ?céfg?%%agf’?er%%t'aly%rrﬁ\%%SB%}J(B%g@.'B%Eﬁ%%Jj%@P12136 -9

si gnat ufge. The diyéfiR6lstr@iurép@naiet hereof artdratesdifd tepeitiitegrssyenabdst e can be a
specul ar order diffraction signature or a higher order diffraction

si gnature. The strushireip ageastengrinegsiay ndeiag %’H“”ﬂ?rﬂl‘tr"%‘?'ip% MY 8nat ures of
menmbers of mul tigd ayshidmpe!l patterns of the diffracting structure can

i ncl ude submission t0 a renote conputer on a conputer 5 network,

optional |y wherein rgeserhting asimslated diffiagtipp gigfiatuserires the adgropigerdshpatieix r enot e
conputer. In anoi‘tper gﬂbO%&Lﬁmm st TE hod of determ ning at |east one

par amet er associPAPeFUWHH LRISEE LUt nul ti-1ayer diffracting structure
fabricaised on a senidpemfhatitfactinlghatat ef thedifrading shedprewhiach  net hod i ncl udes
the follow ng steps: specifying at |east one first |layer nodel structure
with at |east oReMeFEHHY subBlalfayer nodel structure positioned thereon and

extendi ng beyond th ecornipérﬁlb tHe AHBIctidNRRBAture of the diffracting structure to the

simulated diffraction signature of the undercut multi-layer model pattern of the

diffracting structure;

20 utilizing regression analysis to vary at least one parameter associated with
the first layer model structure or the second layer model structure of the undercut

multi-layer model pattern to obtain a best match model pattern.

A primary object of the present invention is to provide libraries of diffraction signatures or
other inferred electromagnetic measuring parameters relating to an undercut multi-layer diffracting
25  structure utilizing an undercut multi-layer pattern or patterns, optimally based on the fabrication
parameters of the multi-layer diffraction structure.
Another object of the present invention is to provide a method for construction of a library of
diffraction signatures or other inferred electromagnetic measuring parameters utilizing a graphic

user interface to create one or more undercut multi-fayer structure patterns.



structure in at |least one dimension to define an undercut nodel pattern of
a diffracting structure; generating a sinulated diffraction signature from
t he underwotosjognges pattern of the multi-layer diffractingcsusogiase; 15
obtaining a diffraction signature of the diffracting structure on a

sem conductor substrate; conparing the diffraction signature of the
diffracting structure to the sinulated diffraction signature of the
undercut nulti-layer nodel pattern of the- diffracting structure; 20

u_tltlhl 2|t Rg ][_egrteslsi on anal yisi s to vary at | east one paraneter associated

W e firs er. structure. I o ;

of the underc!JtA”Otﬁ%/fIQE”ie&F’g\ﬁ%Pre?%ﬁréﬁentﬁ?gfsﬁ ép%ﬁ?ef@%ﬁ%ﬁ%r dg&éﬁ'ggw&% ?:%Mr%gfarre
pattern. A RbingBik Yelsthj ®Gh ubderdulfrgititgsstradture Dilieing & tnary sodeedpn owkidkyer i brari es
of diffraction signatures or other inferred el ectromagnetic nmeasuring

par anet er s diffeiciigisigrtu®s- an undercut nulti-layer diffracting 25 structure

utilizing an UngeseueBdt b phdhPhieRthib prodl PALEIBelcARINT R eysubzsed on
the fabrication paraneters of the nulti-layer diffraction structure.

Anot her 50bjpeainetefs réldtieg prapsiadercut difragtind syctirs utiliging feaktimgaedsessign #nslysis g the
construction of a lihbrary of . diffr pon signatures or other inferred

el ect ronngﬁ’@fj?'?:d W@%fg‘ﬁm”haayﬁradr'fg%? Srtrg&llijr T1i zi ng a graphic wuser interface to
create one or MyoMeldhREdEtht pratint inventies to ploritked metsodrat deermising DAY IABI888

PCT/ US03/ 12136 -10 Anot her object of the present invention is to provid
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di ffracting, Sthuchddes Wrgétibrzéid?wgtu% bR Yt (PR rérdctivel bittlandnfiysRe angle-
diffracting structures. Another object of the present invention is to

prgvi de10adrmstoh@cﬂvsiriabled/e‘temngth,rvianfﬁyle@hamsﬁh*q Relgrizaopyiate predEaPe ofaP? ng to an
undercut diffracting structpre utiligi 2t ] g,ﬁqj- IS on
the nodel éderqj) ?i’e?rgagntom%‘ﬂ#?’?tﬁ rg?/#é?fthgiof f F%g{u?aﬁéﬁia{(:t@ﬁg{dﬁ%s' Eﬂ%toﬂ%?é’ %@j ect of
the presentcoinpaHBEH df @@ réssitd tRergby Obthided tola Nearh oxdddieairondedeeruhinuli-lager diffrapiisasur i ng
parameters associated with a lithography device by obtaining a diffraction
si gnat ur e AH4T9S- ng any

Anocther object of the present invention is to provide a method for determining or measuring
15 parameters associated with a lithography device by obtaining a diffraction signature utilizing any
method to create a diffraction signature, including but not limited to reflective or transmissive angle-
resolved, variable wavelength, variable phase, variable polarization state or variable orientation
diffraction, or a combination thereof, of the o™ or specular diffraction order or any higher orders, and
thereafter utilizing real-time regression analysis based on modeled undercut muiti-layer diffracting
20  structures.

Another object of the present invention is to provide a method and device for determining or
measuring parameters associated with a lithography device as a function of focus, dose or other
process parameters by means of a library modeled on undercut multi-layer diffracting structures.

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

25 parameteré associated with a lithography device, including undercut multi-layer structures, by
means of any order of diffraction signature of diffracting structures, including the 0" or specular
order or any higher order diffraction, either positive or negative.

A primary advantage of the present invention is that it permits measuring parameters relating

to undercut multi-layer structures without the use of optical, SEM or similar microscopy metrology

30 tools.



method to create a diffraction signature, including but not limted to
reflective or transm ssive angle 10 resol ved, variable wavel ength, variable
phase, vawpDablogspol ari zati on state or variabl e orientati oRCTAISD$/12486 | On, or
a conbination thereof, of the Oth or specular diffraction order or any

hi gher orders, and conparison of the results thereby obtained to a |ibrary
nodel ed on undercut nulti-layer diffracting structures. Another object of
the present invention is to provide a nmeifiod for determ ning or measuring
15 paraneters associated with a |ithography device by obtaining a
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dose or ot e thegeenmparying dratfes @psn G7EME PPRETeN IR NgR iR " under cut
mul ti-1ayer, Hzt(oﬁ‘Sﬁthé{}Ello%a%Hé{? ﬁ'@learm%Iﬂ%ﬁtlcgbftﬁ‘&lhvéﬂfont ree hjee@@nd i nventi on
is to provi de'a meth determ ning or neasuring 25 paraneters
associ at ed agiantages d»frtltehvgmtap hogy roedlized and gidined i geans QEPe fetrumsntelities alder
structures, ion signature of diffracting
structures, COI"ﬁ'E?tl‘iB‘? W&'Ci’ Flré/ pﬁﬁ?gor stB% lﬁ’?g&;eg EIg]r S'er or any hi gher order
diffracgyjon, either positive or negative. A primary advantage of the
present i nventi onis that it erm tsrreasurl ters relating to
undercut mul ti-|ayer struct8REEDRPEREHONGLTH 8Btical, SEMor simlar
m croscopy et r ol 0omp3fyidg@dwings W%c@%/e%gl%%teﬁ)%au@% 434dB& the- 11 Anot her
advant age of the present” invention is that it provides a nethod that
permts gespecnﬁ:ailqngllt&trdlte brrecar yrotsfembediments At &1 PeeENt NHREUINANA SRN IG"] i brary
of resultin fraction
i 11 act i gt e OB s’ BF PEEET R0 HORR] GVt e pirasetr
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FIG. 1 is a prior art model rectangular structure 10, 10°, 10" positioned on substrate 16;

FIG. 2 is a prior art model trapezoidal overcut structure 12, 12', 12" positioned on substrate
16;
20 FIG. 3 is a prior art model trapezoidal undercut structure 14, 14', 14" positioned on substrate
16’
FIG. 4 is a graphic representation of an undercut bilayer model rectangular structure

positioned on a two-layer substrate;

FIG. 5 is a graphic representation of an undercut bilayer model trapezoidal and rectangular

25  structure positioned on a substrate;

FIG. 6 is a graphic representation of an undercut bilayer model structure with a trapezoid top

layer with additional profile features on a rectangular second layer positioned on a three-layer

substrate;



with the acconpanying draw ngs, and in part will become apparent to those
skilled in the art upon exam nation of the followi ng, or may be |earned by
practice Wb oshssssivention. The objects and advantages of PCHaSOsIVaBE i on nay
be realized and attained by nmeans of the instrumentalities and

conbi nations particularly pointed out in the appended clains. 10 BRI EF
DESCRI PTI ON OF THE DRAW NGS The acconpanying draw ngs, which are
incorporated into and forma part of thei2-specification, illustrate one or
nore enbodi nents of the present invention and, together with the

description, serve to explain the principles of t I nvent. o e.drawi ngs
are only for tHé&Sddt i)%f%@“c_df’prﬁ%mlaﬁ"’ln8@?'}@9%?@%'8%% "}?psﬁ%urcérep“r"!gfa g'}aP%glg 18 °
embodi ment g, 0fyith B&uitloRH Brakik RAwAB dnddditieHal intbfachg mogdNied srtedctagulal sedintii ng t he
invention. I'n the drawngs: FIG 1 is a prior art nodel rectangular
st;u?:ture IeQer pogitioned @r'a thigedayprepstialon substrate 16; FIG 2 is a prior art
nodel trapezoi ave ! PRI 7 rdct NG ate
16; 20 FIG 3 14 B E DGt BhEAAGHRS) dtunadu et mAASCRES oAy o
14" posist i eedvittaddtiohs prodi eeatufes 'on kte@langliar secandjav@phiihcadditiqrenefecampdsindof  an
under cut bil ayer rmdﬁl rectan utl.ar structure positioned on a two-I|ayer
substrat e; Pp§itgnedson; adhrge-fayey SWisEaiPianr esent ati on of an undercut bil ayer nodel
trapezoi dal andqg et RBasHicEpresatafidn’dist WHasrc Bfdlyérinpaedirafuiréwisidishealdep FI G 6
is a graphic representation of an undercut bilayer nodel structure with a
trapezoi d taypr wihagdtongliptofile fstirasiaphadditipnabipterfacing gigdefipg en eomRlerghidPshqul ar
second | ayer LLioned on a three.layerqgsubstrate; WO 03/089888

PCT/ US03/ 1?3?@8%#{58#—}%% anl s$ g{}grglés I da?epresent ation of an undercut

bi | ayerionodel skIGLIOtLE eampietdiffraatidnrsigpatane retpenepfronh ehaegesia GMofdbdiottdrolagdr inpr of i | e

features and additional interfacing nodeling opn a rectangular second |ayer
posi ti oned RN EHYIRE! Pl ‘gri?ﬁest%‘? gq“ée; pq%?ﬁsg%gu[;yegp ogn?eagﬁlgltg:rlzrgtg&aggetﬁt ati o%
of an undergufclnl ARl nodel structure with a trapezoid top

DESCRIPTION OF THE PREFERRED EMBODIMENTS

15 (BEST MODES FOR CARRYING OUT THE INVENTION)

As described in this application, methods and devices are provided whereby scatterometry,
and by extension other radiation source-based tools as described herein, can be employed to
determine and quantify critical dimensions of the lower-most layers in undercut multi-layer devices.
This has particular application for measuring parameters relating to undercut bilayer devices. The

20  invention further provides for model undercut structures based on the actual structure presumptively
made, such as an undercut multi-layer model structure for an undercut multi-layer device or an
undercut bilayer model siructure for an undercut bilayer device.

The invention is of particular use in bilayer devices, that is, devices in which there are two
discrete layers, such that a given structure has two such components. However, the invention is

25  also applicable to devices that include two or more layers, such as multi-layer devices, it being
understood that a bilayer is a type of multi-layer.

In the practice of the invention, a measured diffraction signature is obtained. The measured
diffraction signature is compared to a simulated or theoretically generated diffraction signature
based upon a simulation or simulations of the model structure or stack as provided herein. From

30 this, the structure or stack’s profile can be determined.



5 layer with additional profile features on a rectangular second layer with
addi tional interface nodeling positioned on a three-layer substrate; FIG
9 is a graptisosssepresentation of an undercut bilayer nodelPCstusa®iaise with a
trapezoid top Ilayer with additional profile features and additional
interfacing nodeling on a conpl ex-shaped second |ayer positioned on a
two-|l ayer substrate; and 10 FIG 10 is a sanple diffraction signature
response fromchanges in CD of the bottom|ayer in an undercut bil ayer
structure, where the figure plotted is angul ar response, S polarization, at
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det er mi ned.paiNd1 B3O BYRBYY TR/ Usgles Prisihus inclugleseavestionglaefical fPRPRY 'St ack or
structure, E\Q?rggistm%b%ﬂgibqu% EtbAS e thdtndas biTrog@@ty. RPnotREstf actured in a

periodic ararszfy ormn raction grating and Suitable for obtaining
di f f r actg onithography, also called photolithography, optical methods are used to transfer circuit patterns from

master images, called masks or reticles, to wafers. In this process, one or more specialized
materials called resists are coated on the wafers on which the circuits are to be made. A resist coat
is applied as required, and as required the wafer is further processed, such as by a softbake. Either
positive or negative photoresist materials may be employed. Positive resists are normally insoluble
20  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 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
25  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 cirquit 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



signatures. Each structure can be designed to mmc the final process
stack. The radiation passes through the stack and underlying thin filns
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critical to the disk storage industry, waere control of the undercut
process duri ngI di sk head manufacturing is critical. FIGS. 4 to 9 bel ow
present several potential nodels used t cterize nd
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the resist o graphy devices referenced in this invention
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cassettes and an operator wor kstation. St eppers enpl oy WO 03/ 089888
PCT/ US03/ 1 2ir8@ion.- Qiffraction gratings thus include photoresist gratings, etched film stack gratings, metal
gratings and other gratings known in the art. The width and pitch of the periodic structure can be
20 any feasible size, depending in large part on the resolution of the lithographic device.
In the practice of this invention, a periodic structure is used to generate a diffraction
signature. A diffraction signature can be generated by any of a number of instruments, such as
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
25  radiation source-based tool, such as a light source-based tool, is employed, but the radiation source
may be other than visible radiation, and thus may be any form of electromagnetic radiation, including
radiation such as that obtained with 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 diffraction

signature may be generated by means of an angle-resolved scatterometer, wherein a single known

30 wave-length source is used, and the incident angle © is varied over a determined continuous range.
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radi ation, @pdebhdsiosmy be any form of el ectromagnetic radiation, including
radi ati on such as that obtained with an X-ray source. |n one enbpodi nment,
the diffracti oninoheerakodimentof the inventipre @ walpr ig PIOERqdR iR isisaRsed AFEERP' t he

b gener ai oy F LR DY e o e B i g e
known 20 lithographic device, such as a stepper. In a step-and-repeat system, the entire area of the mask or

reticle to be exposed is illuminated when the shutter is opened, thereby simultaneously 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 is produced, the diffraction grating

25  set being composed of a series of different, optionally different focus, diffraction gratings, wherein

the gratings are multi-layer, such as a bilayer structure. It is also possible that the diffraction grating

set is composed of a series of the same diffraction gratings, or is composed of a series of diffraction

gratings varying by one or more process parameters, such as focus, dose or the like. ltis also

possible that from die to die on a wafer, one or more process parameters, such as dose range or

30 focus setting range or both, may vary. Conventionally, the dose or focus is varied in constant
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20  optionally the substrate material, such as other films, on which such resist layer is placed.

In the methods and devices of this invention, the actual diffraction grating may be exposed
but not developed, or may alternatively be developed. Similarly, while the foregoing generally
describes a conventional method of generating a diffraction grating or other periodic structure, any
process method step may be employed, including use of phase shift masks, any of a variety of

25  sources of radiation, including electron beam exposure, and the like. It may readily be seen that for
any process method step it is only necessary to model such step, as described herein.

In one embodiment of the invention, a theoretical library of undercut multi-layer diffraction
structures and corresponding simulated or theoretical diffraction signals, such as diffraction
signatures, is generated, with theoretical diffraction signatures based on the theoretical undercut

30  multi-fayer diffraction structures compared to the measured diffraction signature. This may be done
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the diffraction structure and illuminating radiation is numerically simulated to calculate a predicted
20 diffraction signature. Any of a variety of fitting optimization algorithms may be employed to adjust
the diffraction structure parameter values, with the process iteratively repeated to minimize
discrepancy between the measured and predicted diffraction signature, thereby obtaining the best
match. U.S. Published Patent Application No. US 2002/0046008 discloses one database method
for structure identification, while U.S. Published Patent Application No. US 2002/0038196 discloses
25  another method. Similarly, U.S. Published Patent Application No. US 2002/0135783 discloses a
variety of theoretical library approaches, as does U.S. Published Patent Application No. US
2002/0038196.
Generation of libraries from a model pattern is well known in the art, as disclosed in a
number of references, such as U.S. Patent Application Publication Nos. 2002/0035455,
30  2002/0112966, 2002/0131040, 2002/0131055 and 2002/0165636, among others. Early references



process nethod step may be enpl oyed, including use of phase shift masks,
any of a variety of 25 sources of radiation, including electron beam
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theoretical diffraction signatures based on the theoretical undercut 30
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si gnat ur e. A& "ﬁ&&?ésd%d”(ﬂ'STﬁé'H &6%595"8@9@%8’ E%‘W@g%gﬁlﬁ%% r@l% t()zyJ any nunber
of differemtr MatHNSel DlffactunercapuesEatetralngyat Eidadd Silicthr Gratjngef O8héwmwet i cal
output signals are generated, based on_assigned para or..vari abl es.
This libr awetfﬁéfe%’cﬂ%ﬁtalgga(‘%ﬂt'?abwctefy °fé@?rﬁgzlﬁ??5'ggﬂ}‘ geré:ﬁ%g%b o2& ffraction
si gnature gp, DRV RekGERMRIiEdodr 2nd) RNIRARH SWakr EXBhmBioRGnd bftical DRRAsIGE
diffraction signature to a theoretical diffraction signature. Thus as used
herein & 5 EsinetioretsingaicatierdgirLiphty” Mashine Wieien Anplidations inGharaeior Resaaivian ay

i ndependen of,%Ee measured diffr e ' NGorft dalf R Ic¥indiener at ed
based on atld . etr“ﬁ%@@r'Bﬁ@géﬁ&%@ﬂ¥ﬁ%hg%@%§%§§%'ﬂjfhgggneaéuﬁéd

under cut Mgdidrs, PRy @PIES 1660 pBee3gaboeRl cul ation of the resulting theoretical

diffraction signature, with iterative coggari son to changed .pqrglerret er
structures to deEPERPRIPAShes tpEEichingsineitding reghiine fegiesiian 2RAYPBEY RGN ¥ be pruned

by renovi n%nﬂo%f&al'rﬁesre BiholiBYe BRWARGHY AL £ldYnal 8PERSGRE Riedaineldrbestiiter pol at i on
fromother sighals in the reference set. An index of the library can

sim | arfoy bieoretjeshdiffrattionisitngl, sush eed diffieelign signekires bapaé PuMedehp RUtEHee SBEM 3%or e
i ndexi ng functigns,_an

dth g . i nd itude of
t he correl ézﬂnﬁlﬁ%o%ﬁgyr}dﬁ%@nmuﬂil I%F %@%cetlb{"%nuctbr@. E%Ter{g%ﬁﬂué)&nérgl@ dﬁ!_&%ﬂdtag € o

ion ion o arires of 'this type, and
net hods f oritc@eirétrdsdibh, @Re brivtierfylaten dffrautidr sidontoren adecormnipeeedde & megsuredne

approach, a rigorous, theoretical nodel based on Naxwel|l's Lons is
enpl oyed t dlifashienpiopptwedhesphyreatingd dsfstenceat ey " Wwﬁgm‘@ﬁé?"%@g&%?@%n of the

di ffracti on St MeleHeuRiGhd BsndaR8 tdthd héRGkd Bfftagiof Bigiair&, ThRpragessinct i on of
diffraction structure paraneters. In this process, a set of trial values

of the i f fremeeteil oritestaduotl theerprds rassed waich i§ to sgpregiepsed. ©© TRRATICHELEIOBh t hese
val ues a Con%m ef iferai 4 r%%esns%% Pl n%n-%gPJa%rQJsioB,%icq Hca{' btiohdiPBe serbitiel hh;a@real-

including it ho&? errals an onetry, is constructed. T
el ect r onagngiet 6 “brithen o mifeedneedtive redressibh Bigordiots, familigitte thosapkideddmtie
illumnating radiation is nunerical %% sinul at e gdi cted 20

di ffracti orPismgRearpied topigrrisfation §f ApFsdEey dgpctn Pigi‘ %e%tﬁf'fﬁ%' Dbl gori t his
may be enpl &Xﬁgeoto@ffr&g&l-%natures based on model structure profiles.

20 in addition to the parameters associated with undercut multi-layer patterns, other diffraction
structure parameters that may be utilized in a theoretical library include any parameter that may be
modeled, including factors such as the period of a grating; materials parameters of the structure,
including parameters of various layers thereof; materials parameters of the substrate on which a
structure is placed, such as film thickness and index of refraction of films underneath the structure;

25  and various weighted or average values, such as CD at a specified location, values weighted by
relative contributions of the structure and substrates, or the like.

FIG. 4 presents a simple case model structure for use in this invention. In FIG. 4, substrate
16 is, for example, a wafer substrate, on which is deposited thin film 18, such as Al,0s. The bilayer
structure depicted is composed of two layers, first layer 22, 22", 22", such as PMGI-based lift-off

30 resist, on which is positioned second layer 24, 24", 24", such as an imaging resist. In this instance,



the diffraction structure paraneter values, with the process iteratively
repeated to mnimze discrepancy between the neasured and predicted

di ffractiwoogiogassg ure, thereby obtaining the best natch. POT&iSofu21Bé shed
Pat ent Application No. US 2002/0046008 di scl oses one dat abase nethod for
structure identification, while U S. Published Patent Application No. US
2002/ 0038196 di scl oses 25 another nethod. Simlarly, U S. Published Patent
Application No. US 2002/0135783 di scloses1ia variety of theoretical library
approaches, as does U.S. Published Patent Application No. US 2002/ 0038196.

Cenerati on C)Jothl ffrslp I'é% h? §2: fipﬂ'u}i @ed@@l@@er E@tzk ef4n alle$eéf%b&larlﬁm3¥a sbéﬁoﬁ Olﬁh RE t, as

disclosed in a erences, such U S "Patent Application

Publ i cati on wWids (CMWt@OW%,,243% Zﬁmﬁblmfm@ﬁ@r,ea@Gf)aft@ﬂ\Blﬂm&OfrstE@@ZB(EI.Z?»1055
and 2002/ 0165636, ot her Earl referenc 03/089888. .
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J.R McNei |, 2b: b2 tohttabsikBsond | IaMrZleﬂﬂM)OKneSGVHﬂa rdAgddetdriimbd to bdlpysebleDh dchast i on
Techni ques for Metrol ogy of Etched Silicon Gatin " OSA Annual Meeting
Techni cal® D'@Cé@mentsrégg'z deshse FOd%ﬂV'dsﬁl?lné'feﬁs%Wm%?PéPPibg“es\hﬁ YRR YAUateY @€, 1992)

Vol 23, p. ﬁeﬂca@&ﬁra&or‘ﬂ KUK RE as Mol BGRRfes, R d ForRsudNriiRbilstructue er.

Exam nati on an Critica mension 5 Estimation Using Scattered Light,
Machi ne Vi S|S)mllaﬂqoqbb hagtt picash of hotChralrlayet 2% ZR@e@gﬂwemrumayam 24,24 Ui be gdried

St har | ETPGEee R pedb. SR & 52 Aas, A4 b TRANTRRES O

mat chi ng, i nal aeli2pcsitiggy vernedmgarreigelﬁﬁmcmmemaé 3ppiopriatdray simlarly be
enpl oyed. These nethods are known in the art, and may be enpl oyed to
det erni n® a " beskIGf§ presentsraperpie pespiciayer 28 281280 ?qstyPPeglO@F?&Ha”g%@ﬁt layer 26

diffraction s ?@%H{o%ed 5P2B%raRN s MREE kool IMh &id o S0P AbsBite BRI PG b4 ON 1N

an undercut milti-lTayer diffracting structure. In the technique generally
descri bed as*ath ofeadntqf firet layegzﬁes%lmhandoa@nd)laqu&! @8's28ghralteadrigdi. fHoweret, then
signatures ar ctl sipgnat t here
creating a d?t? 2P gﬁ%séor@f"gg"eq%‘?ezga%ﬁ%pe ogsef%’d% G ger}r8 g?w a?°%”8”?d; ?ué:E:(tl on
si gnat ur e t hed teahdpelopthe fapasl i€ carp@bwela faﬁgdd&&errﬂiﬁaﬂblbélﬁbsﬁlbléf raction
S|gnature This process is 15 repeated or iterated until the error is
reduced, "hi ch i éGt %pfgso?ytslp@@?ré%tse@elwdtsecoad BIRECH PR VAN BR30tAR PTG hod of

iterative r %tﬁ@ %c%glné l%uﬁb%@Tch c&ﬁé’r@ p'bgﬂfngtﬁ(ﬂ rQ&anngFsﬁ‘la?@%O %Bt 3@“@‘&:‘)’ be

performed in a "real - "on-t he-f erent iterative
regressi on adogitioned bmthin fi f haim \rvh"fahrls pqsltlol‘reds’ethmlﬂnh 18& ghichis tnHern positioned on substrate

16. As in the case of FIG. 5, the width and height, both absolute and by way of ratio, of each of first
layer 30, 30, 30" and second layer 32, 32', 32" can be varied, as can the internal angles forming

20  the trapezoidal shape of second layer 32, 32', 32". However, the rounded top corners of second
layer 32, 32', 32" can further also be varied, such that the corners can be rounded as the arc of a
circle, the arc of an ellipse or another geometric shape, and similarly the radius of the circle, ellipse
or other geometric shape can be varied, such that the curvature varies, again over a range
determined to be possible and relevant to the generation of simulated or theoretical diffraction

25  signals, such as diffraction signatures, derived from such model structure.

FIG. 7 describes a model structure as in FIG. 6, with additional interface modeling between
first layer 34, 34', 34" and second layer 36, 36", 36". FIG. 8 descrlbes another model structure
again as in FIG. 6, with additional interface modeling between first layer 38, 38, 38" and second
layer 40, 40, 40". In each instance all of the parameters discussed above can be varied, and the

30  additional interface modeling can be varied over similar parameters. FIG. 9 discloses a model



art, may be applied to interpretation of neasured diffraction signatures
through conparison with simlated diffraction signatures based on nodel
struct ur ewproofsdses. 20 In addition to the paraneters asso®Catusd3/wish
undercut nulti-layer patterns, other diffraction structure paraneters that

may be utilized in a theoretical library include any paraneter that nay be
nodel ed, including factors such as the period of a grating; materials
paraneters of the structure, including p&Paneters of various |ayers

thereof; materials paraneters of the substrate on which a structure is

pl aced, suchst@gurkiab MA®ieCHRDBERiINGAR fiinE0 XgaPfwith 88ditRRS i mddelngBetwBgGheat h
the structure; 25 and vari ous vveiAght ed or average val ues, such as CD at a

speci fied | Jevst #2 A2 423 PRAsecandiaypitdd b #4", feaultin inaecopplax shiapeiefifishlayen 2, HRe
structure angwsubstrates, or the like. FIG 4 presents a sinple case nodel
structure for use in this invention. In FIG 4, substrate 16 is, for
exanpl e, a vvaferFl§ub19ttepattseimumtedwfﬁacitoniSLgnadieqz)ms;imm# (;rbh}tma dhbriglmmmder@ufngaf
A1203. The bi.l st r ure de opposed of two | ayers irs
Cayer 22,5 20 e BEGhr mBHHGAHE By SRRy e BT RO P grnifprevish iRl s

posi tioned sesepdifitaiyfevadmodd resultd fh'a diffekébEl iASimaBtel BRALLIRE sih9f feSfonsdsMhetdli S

i nstance, WD 03/089888 PCT/US03/12136 -19 both first layer 22, 22", 22 and

second | ayersimuatedrheorstipal diffractionsignalHiguesapnses such gwbmere preriomandipaurete he  wi dt h
(CD) of SeCQﬁ'ﬁchle@&’aﬁlrbe %énera@edd 1n ﬁézi;ol?'@%ir?@ror%h&[}bﬂd cﬁi‘%P&rlly in Wa?aaén %M%m& hP

width of first |ayer el 1 ng purposes, rary can be
conposed, sdmﬁrttlivaer (suck as fat éxemplk fingli ldleR2022",122' oFtF1Q. d)ievari2d,, suchzaz for e%pteo t hat

of secong | 24, 24’ 24" vy a range determ ned to be p055| bl e,
in such g)s gp{lan"(‘:or“gf Hdgrogids v dacf@%? q’fge "{%mb’PtB\?ﬂﬂ‘ge"ELﬁémﬁé S BVPeRRbh
capabi | i ti esndieisé aithjaOthe fédaid ehhs) destructivl RBIdgY €dhnidlied hdraiéibre Afliz&d, ARARS, such
as diffraction s%ﬁnatures derived fromsuch model structure. Simlarl y

t he hei ght ¥oSEsRHAGIEMHPrusqdiabepm, dpalizhanggsin CDphihe prflersaidist Wyar dyeresgiy
24", 24" canpn Q&uf\‘ﬁ{thﬁgenc@y ﬁrtheadlfﬁé%ﬁ&%lgqgts%gﬂs'}ﬁéjdlﬁrg th‘F‘SI&gtﬁﬁa‘ grldet‘%%Q Eé he

ratio of first | ayer 22, to that secon ayer 4"
simlarly vaniplegd Iagairqipgvnfrsultelhyerstwpfewents as appropriate. 10 FIG 5

resent S, trapez i a oned on _rectangul ar
1? irst |ayer 26, % gbé %%@ 'fhacyg'}s'g@ﬁ%ras Gofil p@ﬁar?safﬁﬁ?'égukbresqqé?e SPEYIZEYoR 3hfdt h
and hei ght, obat4r abent aHgR. alﬂﬂe\bb( sy reBfiits chridbd dbtain@ll r&A 6tRerPdievahtnsdinobfyrer 26,
26', 26" and secaond | ayer , 28 28" can be varied. However, the

i nternal and’F@gn"f“Eﬂarﬁ"ﬁﬂat?%%f ”iePEib@%ffrﬁ%{P“ sdgralesigatuse bekding g efangm o' | 28"
can al so be sH@dfrbl?éhnat@ﬁJ&Jﬂrce tb}ak%tj t&f&%ué@%ﬂ&atﬂ& aleHied 43RE7 R ihid %g%gdrgd over a

range determned to be possib
variable angle @, a reflective dlffractlon signature, a transmissive diffraction signature, a specular

20  order diffraction signature or a higher order diffraction signature.

The methods of this invention may be employed with any undercut multi-layer diffracting
structure, including any undercut bilayer diffracting structure. In one embodiment, the method is
employed for metrology of hard disk read heads. Such heads typically employ at least a bilayer
structure deposited on a substrate layer, the substrate typically being metal, with resist of the top

25  layer and bottom layer of the bilayer differentially removed, such that the top layer has a larger CD in
at least one dimension than the CD of the bottom layer, thereby defining an undercut. Typically the
resulting structure is employed as a mask for subsequent metal deposition, with the remaining resist
removed after metal deposition, leaving a metal structure with a “stair-step” configuration. The
methods described herein can be employed for metrology of the developed resist structures. Thus

30  the method may be employed with any applicable type of read head geometry, including without



15 FIG 6 presents presents trapezoid second |layer 32, 32', 32" with an
additional profile feature, including rounded top corners, positioned on
rect angulwo oBiossss | ayer 30, 30", 30", in turn positionedPom/tushd/mibé | m 20,
which is positioned on thin film18, which is in turn positioned on
substrate 16. As in the case of FIG 5, the wdth and hei ght, both absolute
and by way of ratio, of each of first layer 30, 30', 30" and second | ayer
32, 32', 32" can be varied, as can the iaaternal angles formng 20 the
trapezoi dal shape of second Iayer 32 32', 32". However, the rounded top
corners of second | aye ur the als d, such that
t he corner s"’%‘é?P“t‘fé”C}“gMﬁd%cﬁma%gefﬁéc R@:?mmnne"n? KAF v?eh%gt‘ré@E{g an el lipse
or anot her ggpRBLiéd, Suck BsR6se eﬂ‘l’b@yéiilféﬁnbr&ﬁdgyet’bbﬁm&@dmm mefal dohposite readl Bgadel | i pse
or other geonetric shape can be varied, such that the curvature varies,

again over a rarhpf@other@[f@PWﬁ‘édhetfﬁﬁ”!?és dielospcieseingpay Rease/n MErGagY Phe
generation gf § FERCLIRRs Arontel @Raditsd orsaiCh as
diffracti onq15| gna uflérg% elersr ve%ﬁﬁr%k%ﬂ@@ﬁlg% m)t del struct ur?ﬂ Il:I GC: 7 descri bes
a nodel st r subbitte suh ab pladsloBquaby, awd with taedibstiatersalpsequenibrradiely eipberawakg bet ween

first layer 34, 34 ndIa ' bes
alnot her , o d ESSUIEN, N A YR eéc“tggé‘?rﬁ % n" E{ed bOGSr%'rn't J?ﬂ”?ﬁ’hg%a h'ﬁ??taggr g::e

nmodel i ng beFeYiﬁ@srbnTploFlﬁﬁdero@V@r{xctﬁgs witbthe po?rlﬁ)ns M%W’@Wﬂdder&tﬂ?@jﬂerﬂl@ex%‘tm 40"
I n each instance al t he paraneters di scussed_above hed and

the 30 addi taneminglor frenuenioy deublingrgeaciaiag witihe Mess syt JH“S&U%WetE?dﬁFF%l?Se% Felfret er s.
FIG 9 discl|g BT IO 3t ohiddBRy thea? Such biswikes sthffoyds i N
FIG 6, but o’?ngetlfsgd %P@ﬁl'tr%y@”ﬁ?"é&%%gg’gl n v(\en t h%adldl ti gnal |cnt erface@om)del i ng
bet ween 10i r ait unde@yteilaydiZyr mifi-lgyerkBlictaed second | ayer 44, 44’ resul ting
it fr ot on s grie e LLTU R SR ha st r%tw?ﬁaé%rﬁ?%sﬁ" 55 ot
bi | ayer nodglefesbd dteodirRnts et Smibises cdnlaChievd ttterarlﬁé fasulS, Vataoamsagd how
conparatively small changes in a specifically-relevant m)(cjieg resu({ts in a
|

di fference madifdatians af teelprasentinvgation Wi bs PRiiryp torthasp Siffled b the prtand itisiinigndeg oy o
theoreti cal Shad t. "o A& Bsds@ed &ean and
accurate nat:%}ﬁe@[h%%hbeggeog&energté g‘% nﬁoiéﬂ@ag&%%ﬁd eq%%é%n% CD2 and CD3 differ only
in that 1a crdférereed, aghilicationss eatentsf andtphigicdtionssdited abpesrarg Raretty 'fagfpt’fétﬁd Rkanpl e first
| ayer 22, 22', 22" of FIG 4) is varied, such as for exanple 10 the anount
of undercut r‘?%re’tfﬁrled Thus different anmounts of undercut, for exanple, can
be readily nodel ed, without the need to enploy destructive netrol ogy

t echni ques heretofore utilized, such as



cross-section SEM or focused ion beam Snmall changes in CD of the undercut
first layer thus result in significant differences in the diffraction
signal, swol3agosshe diffraction signature, and thus may b@cTarsps/@ied in
metrol ogy of nulti-layer structures. 15 In FIG 10, the diffraction
signatures are plotted as an angul ar response, S polarization, at a 00 to
47 incident angle. However, simlar results can be obtained from other

rel evant nethods of determning a sinula&ked or theoretical diffraction
signal or signature, including use of any formof spectral radiation

sour ce-based tool source, operating at.g,fdxed angle, a variable angle a or
a variable angle 4), areflective dif ion sighature, a transm ssive
diffraction signature, a specular 20 order diffraction signature or a

hi gher order diffraction signature. The nethods of this invention may be
enpl oyed wi WhatdnsRimetier cut nulti-layer diffracting structure, including
any undercut bilayer diffracting structure. In one enbodinent, the method
is enployed for nmetrol ogy of hard di sk read heads. Such heads typically
enpl oy a6 | east 1a bi Rastod of§p¢qumgﬂﬂem@%%§lwt'-@defm?d9! pattppsefedifecingyer . t he
Substrate t ally bein t and bottom
| ayer of th\étplﬁf I'ea{ Aise 1n.sg gﬁn%r efr oI&;P tFneecﬂfrg lnggtr %@%ﬁ% ?eq?lﬁrgat%%%leelr ayer has a

larger CD i @emu@dnddcﬁﬁSdbs@dﬁ@erﬁbldwgsnuiﬁﬁgréphﬁlprobdme tiEDnethod dompisigt om | ayer,
thereby defining an undercut. Typically the resulting structure is
enpl oyed as a rréB?&'fY"@ra@ﬂ%@d‘lﬁ’éﬂﬁ“‘r‘%{’%ﬁnddepom tion, with the remaining

reS| st renoved ?éc]if Gihg %Eﬁlonéjégﬁﬁ'léybrchﬁbdel's@@d’dré\ﬁbsﬁior{&'foﬂbnﬂxfeﬂ&ﬁdﬂe@oﬁ&tﬁd‘l a
"stair-step"” configuration. The methods described herein can be enpl oyed

for metrol o@yt layfer inbde! sheivtoledpat thastond dimensiop ipgrresuessan unprigt Bodel prite@f Hed nay be

enpl oyed w i cabl e type of read head geonetry, including wthout
WD 03/ 089888 Hﬁ%fég%fﬁﬂ% -21 limtation various MR technol ogi es, such

as GWR or tunneling MR, as well as alternative technologies, such as those
enpl oyed for nonmagnetic sem conduct or - net al conmp ﬁ%/te re

I
anot her embodi nént, HRetheE PHBINI disiated dffrartion Sl9A™ FER) B g@ﬂlprﬁerrretrolnogy

of phot Oms%ﬁfracfngrstrm!)rﬁ:&ed 684 $eidandiBB Kb QAR MY mBthBRdoplprisistiCh as chrone,
deposited on a substrate, such as glass or quartz, and with the

substr at1é subsecmmﬁylhwaﬁraﬂewramdyl ssvgyrd away, resulting in an undercut
bi I'ayer structur e%cggn%%tleas oﬁé e%on%g%%prh&%%ﬁruﬁ&g 659|U§edQn§ﬁ§ex§Jﬁhlﬁé b%ﬁkl% and

reticles enploy Y uet tions overlaying the
under cut fr gk hpdeexthiclietin 4thast odaﬂmermg)nwdefmmuedmwt dlodshbatteny; adsoci at ed
with the phase Sgglnérgtlng-!a-gllflnsulagerc}%lffggt?ogggﬁal g omt e undeercurI mod%, pattern of the diffracting
structure.
20
3. A method of making a library of simulated diffraction signals of an undercut multi-
layer diffracting structure fabricated on a semiconductor substrate for use in semiconductor
metrology, the method comprising:
specifying at least one first layer model structure with at least one second layer model
25  structure positioned on the first layer model structure and extending beyond the first layer model
structure in at least one dimension to define a first undercut model pattern of a diffracting structure;
specifying at least one second undercut model pattern of a diffracting structure by varying at

least one parameter associated with the first layer model structure or the second layer model

structure; and



may be used for quality control testing of a mask or reticle, provided only
that such devices enploys 10 an undercut bilayer or nulti-layer structure.
Al t hough wba3siosesesit i on has been described in detail wth partisosizase
reference to these preferred enbodi nents, other enbodi nents can achieve
the sanme results. Variations and nodifications of the present invention

w Il be obvious to those skilled in the art and it is intended to cover in
t he appended clains all such nodification#-and equival ents. The entire
di sclosures of all 15 references, applications, patents, and publications

cited above are ' . H D&9888rns of th
PCT/ US03/ 12136 4&%‘3@@%@5 aﬁ%'?%ﬁg'gc szaff°?r“ee'g&ﬁb§gc°§thimﬁgnergﬁo§’ of "speci fyi ng
an under cut muitHayer ditrgaing stckede. pattern of a diffracting structure for use

in sem conductor netrology, the diffracting structure to be fabricated on a
sem conductor substrate enploying a |ithographic process, the nmethod

conprising: specifyi ndmanduiof Shkidg@ViSraryBP&hRliated dittedtion SgnaRidearipestdiiung at
| east one second | ayer nodel structure positioned on and extendi ng beyond
the 10 fi r davel difffgtingyeture Sbriqated qp a serpjcorelucas gubstradpier Use iRESSBicONUE' pr oduce an

under cut no ~diffracting structure. 2. A nmethod of naking
a sinul at edq'gﬁl”f"?@;a{é‘tgf“%‘r'?%sf°g gmgbf an undercut nulti-layer diffracting

structure fabri capeeiinga lastoaafistonelrodder straailys ittadt dsastiohe seveidiadr maiepr i si ng:
15 specifying a first | ayer node| structure; ecifying at .| east one second
| ayer model SEYYRPATHRMeHSEren BWeWeBﬁngatf‘?&ongﬂeéﬁgféﬁed ”Béei}Sﬂﬁ%W%atq?alStrog? | ayer
nodel st r uctgmedsibitodbfink 8@t urdBBut ¢Hobd Paiefbr b aifideing BeucRe; under cut  nodel
pattern; and generating a sinulated diffraction signal fromthe undercut

nmodel patdt er n of spediiingptfidaptane pasgnd upgereit faded pattpry oBa dilifating RIBIVESDY FBIMNHY a
| ibrary of SLEH8hadndbldiatich Rl fib fOAhS: lacAlhudg B fiblooiiidbrmdady el
diffracting structure fabricated on a sem conductor substrate for use in
sem conduct Gtructure;
generating simulated diffraction signatures from members of the undercut model patterns of
the multi-layer diffracting structure;
15 obtaining a diffraction signature of the diffracting structure on a semiconductor substrate; and

comparing the diffraction signature of the diffracting structure to the simulated diffraction

signatures of members of the undercut multi-layer model patterns of the diffracting structure.

5. The method of claim 4 further comprising the step of modifying parameters

20  associated with a model pattern producing a close match simulated diffraction signal.

6. The method of claim 4 wherein obtaining a diffraction signature of the diffracting

structure on a semiconductor substrate comprises use of a radiation source-based tool.

25 7. The method of claim 6, wherein the radiation source-based tool comprises a light

source-based tool,

8. The method of claim 7, 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



met rol ogy, the nmethod conprising: specifying at |east one first |ayer nodel
structure with at | east one second | ayer nodel 25 structure positioned on
t he firstwbag®sissodel structure and extendi ng beyond the fPCratSos/syes nodel
structure in at |east one dinmension to define a first undercut nodel
pattern of a diffracting structure; specifying at | east one second undercut
nodel pattern of a diffracting structure by varying at |east one paraneter
associated with the first |layer nodel str2eeture or the second | ayer nodel
structure; and WO 03/089888 PCT/US03/12136 -23 generating simulated
diffraction, r%ld?r?%&esf Jngryd%&gﬁSr%e@&lnb 91% rééﬂ@r?d’ o‘?ﬂ‘r'écﬂ&@{ngtur@%%r%{en&uﬁﬂg the

mul ti-Iayer racting structure. 4. hod ing a library of

si mul at ed dinfebswantentamgiss.gnal s of an undercut multi- 5 layer diffracting
structure fabricated on a sem conductor substrate for use in sem conductor
met rol ogy, the nmethod conprising: specifying at |east one first |ayer nodel
structure with a | easé meh&d & egiElwhadi®the ightl§durce-Shded tdoLdompiises bt argrred

t hereon and extendi ng beyond the first |ayer nodel structure in at |east
one di ménsirgsaivedscalierqmeiera first undercut nodel pattern of a diffracting
structure; 10 specifying at |east one second undercut nodel pattern of a
diffracting structure by varying at |east one paraneter associated with
the first |ayer t9ndelThstnethed aicleimot, whdrein the Gahh sbutcaypesed tastiemprises a pluality ef;
generating ?inqﬁated di ffraction signatures from nmenbers of the undercut
nodel patterti§ B PN E nul ti-1ayer diffracting structure; 15 obtaining a
diffraction signature of the diffracting structure on a sem conductor

substrate; and conparing the diffraction signature of the diffracting
structur® to thellsi mihamelods PR hespin the fight Squiredesedoohompetes ayipcidank

under cut mulfiq Is@e\é 4l Ilgiﬁﬁgo% ce %tobtﬁ:gl@'?stm fot:tlfkfﬁg @Hefnfgﬁt%ﬁ& ||Id?ﬂ"|a§rtid tHolidh'sBme Rangel N€

nmet hod of claim4 conprising the step of fying paraneters 20
associ ated wf ihhdmt wdlemgttpaartderdntegprddwsiectgg thecdsolting qmcmw sidnatylegve dhe
diffraction si of claim4 wherein obtaining a

U re nl? rT?e hﬁﬁ d
di ffracti on " W%Tﬁ?% BF" MRE QP racting structure on a seni conduct or

substrate conprises use of a radiation source-based t ool
15 12. The method of claim 7, wherein the light source-based tool comprises an incident
light source, 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 13. The method of claim 4, wherein obtaining a diffraction signature of the diffracting
structure on a semiconductor substrate 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 .

25 14. The method of claim 4, wherein obtaining a diffraction signature of the diffracting
structure on a semiconductor substrate 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 ®.



25 7. The nmethod of claim®6, wherein the radiation source-based tool
conprises a light source-based tool. 8. The nethod of claim7, wherein the
| i ght souwoe3lsssesl t ool conprises an incident |aser beamPEBUISO#]1213hM
optical systemfocusing the | aser beam and scanni ng t hrough sone range of
WO 03/089888 PCT/ US03/12136 -24 incident angles, and a detector for
detecting the resulting diffraction signature over the resulting

measur enent angles. 9. The nethod of cl ai-#38, wherein the |ight
sour ce- based tool conprises an angle- 5 resolved scatteroneter. 10. The

nmet hod of claim s Wk &efhod brRialn £ hersiA WbtGiRn®28HEctbO AhnaGANF EHeSPFachng
plurality of |aser beam sources. 10 11. The nmethod of claim7, wherein the
| i ght sour celBgigeen 2 eRAlCORBIFIOr subeEpteAeMpPifes elapt Meastiementsyweans&f a 'I"P'Eﬂ'ﬂ sour ce,
an optical systemfa ﬁ]'rgcgatlép?ou b 90t eq @ oldch UM nati ng through some range

of i1ncident wavel engtfis, etector tor detecting the resulting
diffraction signature over the resultlng nmeasur enment mavelengths 15 12.

The net had of cl |m7 vvh inth ht sourc i ses an
e dent B it Bty doe MeERT ekt S vy o0 s SRgoa Am e A L I B o of
the S and P qaodas bi@&dn%ﬁduc@ﬂsub&&td Sombrissy it d Drettsivaiftdagonlsigadidre and
illum nating over sonme range of incident phases, and a detector for

detecting the phase of the resulting diffraction signature. 20 13. The
met hod of clai m g, WAGE GleMo@Bcints, WeerBin btk B%&&.ﬁ%&.oﬁku R G e hatch'g

diffracting structure on a sem conductor substrate c rrprlses pha

measur enent dvyctire ans sepficopdustooautistragmmprisas ohtaiinge trapsmissive difeactimsigdattre.ol

sour ce, 1i)goerati ng at a fixed angle, a variable angle O or a variable angle
4p. 25 1 The nethod of claim4, wherein obtaining a diffraction signature

of the diffractifg stk ueihbd & cRif £ whEEh 6RUIGHECIMIsighatiAs bi td @rE@INPiuaes iPhase
measurenent by nmeans of a single wavelength radiation source-based tool

source, operaiPpegr aiderdiffaclionsiogdBe, a variable angle O or a variable angle
cl. WD 03/089888 PCT/ US03/ 12136

19. The method of claim 4, wherein the diffraction signature of the diffracting structure is

15  a higher order diffraction signature.

20. The method of claim 4, wherein generating simulated diffraction signatures of
members of multi-layer model patterns of the diffracting structure comprises submission to a remote
computer on a computer network.

20
21. The method of claim 20, wherein results of the step are retrieved from or returned by

the remote computer.



-25 15. The nethod of claim4, wherein obtaining a diffraction signature of
the diffracting structure on a sem conductor substrate conprises phase
measur enewo oBgseseans of a nultiple discrete wavel ength ra&dratsSoymi3e

sour ce-based tool source. 5 16. The nethod of claim4, wherein obtaining a
diffraction signature of the diffracting structure on a sem conductor
substrate conprises obtaining a reflective diffraction signature. 17. The
met hod of claim4, wherein obtaining a di®$raction signature of the
diffracting structure on a sem conductor substrate conprises obtaining a
transnmi ssive di f5sactd QB §B&EH at 168t I parkRBeFRLONith G éude?cépmuvther ein
the diffraction signature of the diffracting structure is a specular order
di ffraction lsyegﬁ@mlm@strumre fapneatevienin Redmigdndedterismhsitate, witvanathad cor@isidg:f f r act i on
signature of the di uct ur er order dif ractlon

21 gnat ure. 8uiyioh Rt Dol B0 et NG arebOR ot fuef o

di ffraction ﬁmgmabwtbﬁedofﬁereoﬁﬁﬁd)eﬁéhdlﬁj beJbidtthe fira Je@ér mivasletrudnad hafigst s t he
diffracting structure conprises subm ssion to a renote conputer on a

conput er et YBFRIoN Blefing anppherqypedstpaim efaiffiacsey stifigPei n results of the

step are retri eVé‘éAerfaﬁrgrQs@ﬁuldi&tdrﬁr&ﬁ&\ atun%lﬂ'gmﬁlﬁ%rﬁﬂ&é?cu?ﬂm%aﬁgm o A 089888
PCT/ US03/ 12136 - 26 A nethod of determ ning at |east one paraneter

associ at ed vipyehditfiactinmelictogt mJI t| - ayer diffracting structure fabricated

d bs th i |
one tirat ayer Sasblo SR AT PR B bR oo bl "

structure positi @neerigherdraricthnenicant figadiny sndutehetht simSktel ayiattiorndel
structure in at |east one 5 dinmension to define an undercut nodel pattern
of a dif 1% act9AyeSt Perrdgrer:muyfidaver Bpdeheptter of thefifiediao sfuettieact i on si gnat ure

from the under cugismOedreRRih biddiydis @HvaFyQ@leé@t' bifd parahR¥PEssOlididd AR e hbt Sy uct ur e;

obtaining a diffraction signature of the diffracting structure on a
seni conduct orodsighgdtyre erdhe second layer model structure of the undercut multi-layer model pattern to

obtain a best match model pattern.



conparing the diffraction signature of the diffracting structure to the
sinmulated diffraction 10 signature of the undercut nulti-|ayer nodel
pattern oWotobesasBs f racting structure; utilizing regressi oRCINBOYEI136t 0 vary
at | east one paraneter associated with the first layer nodel structure or
the second | ayer nodel structure of the undercut multi-layer nodel pattern
to obtain a best match nodel pattern. WO 03/089888 PCT/US03/12136 -27 23.
A nethod of inferentially measuring at | ed56t one paraneter associated wth
an undercut nulti-layer diffracting structure fabricated on a

sem conduct or SuﬂﬁtrQ&ﬁetpyd%@e%h@l@m@asuﬁr%t@gétgﬁbﬂ%%ﬁ r bQBLiated R 2fTBL O
conprising: specifying at |east one first |ayer tructure wth at

| east one sedderelt malidayenvifitstindstrgtiure Ebiinated pog sdnianddior bstetrbyarenesfaendi ng
beyond the f] del structure in at |east one dinension to define
a first under?‘(g‘luﬂté)n La"’%ﬂoomﬂ eetrhf’f§ PR i ffracting structure; specifying at

| east one secondspadigiag attléasmmda&st PRt hedeNst@bturd wilh £tfida8iConk Betokd IBJeEnbde® DY
varying at |east one paraneter associated with the first |ayer nodel

structur e orSpgige E‘?E'B’l’ﬁﬂ' trf%’i?@?”%%?@l""g kaypngdirairsd laver noge! sisclrg ingt ledshaneat ed

di ffraction fhaeeh lafela rf%ﬂﬁ@r@&%oﬁel‘ﬂ&ﬂe‘rhﬁa‘dﬁ%@ﬁnﬁ#ﬁ del patterns of the
mul ti-layer diffracting structure; obtaining a diffraction signature of the

mul ti-1ayer di ff$Pa@fleg“QﬂSYnglsenoed undergut el Qaitedmta diffractin stsitctug by vhrymgmtans of
di ati di ff t
mul i1 ayer OTEEANANHY SRARRA e B Re R aET e S Fer Btk

si gnatures ofudineercut nulti-layer nmodel patterns of the diffracting

structure, and selecting a close nmatch sinmulated diffraction signature;
and deri ¥ ng at Q’eé%{%tf”géﬁé"af?grdﬁff?éﬁoérs'gaa:f"é’%’tff"&tré%imwst‘%ﬁth?H@defﬁm mqde] pgfjesps of

di ffracting ved hiseiger Qird¥ing SRREdat i on of the nodel pattern generating a
cl ose match sinul ated di f?ractl on signature. 20 24. The nethod of claim23

further conpri siopininge difirastioncfignatongiof thé myjti-emer difracingrskuctyawrenesminosduates oci at ed

with a nodelg I n cl mat ch simul ated diffraction
si gnat ur e, %ﬁ&é% Q?%ﬁgp%%de'a%n%aﬁeg%@g diffraction signature thereof to the

diffraction si gnatnpdgriag @ik diffeeticahi sighatae bi thRgmulf-layed GifftdEiRg structure to the simulated
15 diffraction signatures of undercut multi-layer model patterns of the diffracting structure, and selecting
a close match simulated diffraction signature; and
deriving at least one parameter associated with the multi-layer diffracting structure by

examination of the model pattern generating a close match simulated diffraction signature.

20 24. The method of claim 23 further comprising the step of modifying one or more
parameters associated with a model pattern producing a close match simulated diffraction signature,

and comparing the simulated diffraction signature thereof to the diffraction signature of the diffracting

structure.



