P-0367.010 - 1 |Inspection Method and Devi ce Manufacturing Method The
present invention relates to nethods of inspection useable in the 5
manuf act ure of devices by |ithographic techniques and to nethods of
manuf act uri ng devices wusing |ithographic techniques. A lithographic
apparatus is a machine that applies a desired pattern onto a target 10
portion oflgaﬁH%§¢rate. Li t hographi ¢ apparatus can be used, for exanple, in

t he manuf actUre™o integrated circuits ([Cs). In that circunstance, a
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can be imaged onto a target portion (e.g. conprising part of, one or
several dies) on a substrate (e.g. a silicon wafer) that has a | ayer of
radi ati on-sensitive material (resist). In 15 general, a single substrate
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target portion,i and so-called scanners, in which each target
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portion islPP§§3F§F@§wg?m§@5Wning the pattern through the projection beam
in a given direction (the "scanning"-direction) while synchronously 20
scanning the substrate parallel or anti-parallel to this direction. In a
manuf acturi ng process using a |lithographic projection apparatus, a pattern
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such as dicing_or saw ng, whence the individual devices can be nmounted on a
so-called scanners, in which each target portion is irradiated by scanning the pattern through
the projection beam in a given direction (the “scanning”-direction) while synchronously
20  scanning the substrate paralle! or anti-parallel to this direction.
In a manufacturing process using a lithographic projection apparatus, a pattern (e.g.
in a mask) is imaged onto a substrate that is at least partially covered by a layer of
radiation-sensitive material (resist). Prior to this imaging step, the substrate may undergo
various procedures, such as priming, resist coating and a soft bake. After exposure, the
25  substrate may be subjected to other procedures, such as a post-exposure bake (PEB),
development, a hard bake and measurement/inspection of the imaged features. This array of
procedures is used as a basis to pattern an individual layer of a device, e.g. an IC. Such a
patterned layer may then undergo various processes such as etching, ion-implantation
(doping), metallization, oxidation, chemo-mechanical polishing, etc., all intended to finish off
30  anindividual layer. If several layers are required, then the whole procedure, or a variant
thereof, will have to be repeated for each new layer. Eventually, an array of devices will be

present on the substrate (wafer). These devices are then separated from one another by a

technique such as dicing or sawing, whence the individual devices can be mounted on a



P-0367.010 -2 carrier, connected to pins, etc. Further information

regardi ng such processes can be obtained, for exanple, fromthe book

"M crochip Fabrication: A Practical Guide to Sem conductor Processing",

Third Edition, by Peter van Zant, McGaw Hi |l Publishing Co., 1997, |SBN

0-07-067250-4, incorporated herein by reference. 5 The nmeasurenent and
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measurenents of linewidth, pitch and critical dinension i's known as
"scat t er omeeghiiques\aketiyae ofen & eepsidatablgwmoyntagusing which the apparatus cannot be used

for production exposures. Therefore, in-line techniques, that is ones which can be carried out

20  using or at the same time as production exposures, for detecting and measuring errors in the
lithographic apparatus are preferred.

To measure dimensional errors, such as overlay and left-right dimensional
differences caused by comatic aberration, image-based tools, such as box-in-box (or frame-in-
frame) for overlay and scanning electron microscopes (SEM) to measure critical dimensions

25  (CD) for coma, are used at present. These techniques, as well as being off-line, have the
disadvantage that they make localized measurements which do not necessarily accurately
reflect the projection system or process behavior over the full die or target area.

One in-line technique used in device manufacturing for measurements of linewidth,
pitch and critical dimension (CD) is known as "scatterometry”. Methods of scatterometry are

30  described in Raymond et a/ "Multiparameter Grating Metrology Using Optical
Scatterometry”, J. Vac. Sci. Tech. B, Vol.15 no0.2 361-368 1997 and Niu et al "Specular
Spectroscopic Scatterometry in DUV Lithography”, SPIE, Vol. 3677, 1999. In scatterometry,

white light is reflected by periodic structures in the developed resist and the resulting



30 described in Raynond et al "Miltiparanmeter Gating Metrol ogy Using
Optical Scatteronetry", J. Vac. Sci. Tech. B, Vol.15 no.2 361-368 1997 and
Niu et al "Specular Spectroscopic Scatteronetry in DUV Lithography”, SPIE,
Vol . 3677, 1999. In scatteronetry, white light is reflected by periodic
structures in the devel oped resist and the resulting P-0367.010 -3
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conmponent being 25°different fromsai d Second pattern conponent: Using a
| i t hogri@phineeasyrpments framidiffqsent gratingrtin theamatrisubstrate first and second
reference patterns corresponding respectively to said first and second
pattern conmponents;

It is an object of the present invention to provide an in-line method of making
measurements during manufacture of devices using lithographic techniques that has improved
20  accuracy, sensitivity and/or repeatability.
This and other objects are achieved according to the invention in an inspection
method comprising:
using a lithographic apparatus to print onto a substrate a test pattemn comprising a
combination of first and second pattern components, said first pattern component being
25  different from said second pattern component;
using a lithographic apparatus to print onto said substrate first and second reference
patterns corresponding respectively to said first and second pattern components;
using a scatterometer to measure first, second and third reflection spectra of said test
pattern and said first and second reference patterns; and
30 deriving from said first, second and third reflection spectra information indicative of
a parameter of said test pattern on said substrate.
By this method, a rapid, accurate and repeatable measurement of a parameter of the

test pattern as printed on the subsirate can be made. The test and reference patterns can be



using a scatteroneter to neasure first, second and third reflection spectra
of said test pattern and said first and second reference patterns; and 30
deriving fromsaid first, second and third reflection spectra infornmation
indicative of a paranmeter of said test pattern on said substrate. By this
met hod, a rapid, accurate and repeatabl e neasurenent of a paraneter of the
test pattern ?@ E I nted on the substrate,can be nade. The test and
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reconstruction of the test pattern. In one pre enbodf nent of the
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markers printed in the first and second process layers respectively, but not overlaid. This
embodiment enables an accurate and sensitive measurement of overlay by using the
20  scatterometry signals from the reference alignment marks to enhance the scatterometry signal
from the test pattern prior to processing to determine the overlay error. The scatterometry
signal from the test pattern is affected by distortions of the alignment markers due to the
process steps used to form them and carried out in between and by the process layers between
the layers carrying the alignment markers, as well as by the overlay error which it is desired to
25 measure. The reference patterns enable these effects to be separated from the effect of
overlay.
In another preferred embodiment of the invention, the first and second pattern
components comprise single bar gratings having different pitches which are combined into a
test pattern comprising a two-bar grating pattern having an inner pitch and an outer pitch. The
30  first and second reference patterns comprise respectively a single bar grating having a pitch
equal to the inner pitch and a single bar grating having a pitch equal to the outer pitch, The

scatterometry signals from the reference gratings contain information as to the form of the two



the layers carrying the alignnent markers, as well as by the overlay error
which it is desired to 25 neasure. The reference patterns enabl e these
effects to be separated fromthe effect of overlay. In another preferred
enbodi nent of the invention, the first and second pattern conponents
conprise single bar gratings having different pitches which are conbi ned
into a tesy patigern conprising a tmn-ba%agrating pattern having an inner

pitch and anouter pitch. The 30 first and second reference patterns
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According to a further aspect of the invention there is provided a device
manuf ackluri ng nmetAsoetding tpa fusthergpspect pf theyindémtign hesaib ptovaded atlbrdte i s at | east
partially %&¥%ﬁ$gu£¥n% lﬁé%& o&nnadiation-sensitive material; - providing
a projectionlbean1o rgﬁl PPBN d%ing a radiation system 15 - using
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section; - projecting the patterned beam of radiation onto a target portion
of the layer of Me&Rkiion-sensitive material, characterized in that: 20
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P 15 - using patterning means to endow the projection beam with a pattern in its cross-

section;

- projecting the patterned beam of radiation onto a target portion of the layer of
radiation-sensitive material,

characterized in that:

20 said pattern comprises: a pattern representing a process layer; a test pattern
comprising a combination of first and second pattern components, said first pattern
component being different from said second pattern component; and first and second
reference patterns corresponding respectively to said first and second pattern components; and
by:

25 using a scatterometer to measure first, second and third reflection spectra of said test
pattern and said first and second reference patterns; and

deriving from said first, second and third reflection spectra information indicative of
a parameter of said test pattern on said substrate.
Preferably, the test pattern is printed in an area adjacent the pattern of the production

30  layer, such as a scribe lane. In this way, no unnecessary space is taken up on the substrate and
a maximum area remains for production of devices.

In a preferred embodiment of this aspect of the invention, said information indicative

of a parameter is used to adjust a parameter of the lithographic apparatus or process after



conprising a conbination of first and second pattern conponents, said first
pattern conponent being different fromsaid second pattern conponent; and
first and second reference patterns corresponding respectively to said
first and second pattern conmponents; and by: 25 using a scatteroneter to
measure first, second and third reflection spectra of said test pattern and
sai d firstlgﬁ%7§%§ond reference patterns; and deriving fromsaid first,

second and third reflection spectra inf E)?r'ration i ndicative of a paraneter
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creat e a msubstrateansed hdréin nmp alsh adferttb e satatrare that already contains multiple processed
layers.
The terms *“radiation” and “beam™ used herein encompass all types of
20  electromagnetic radiation, including ultraviolet (UV) radiation (e.g. having a wavelength of
365, 248, 193, 157 or 126 nm) and extreme ultra-violet (EUV) radiation (e.g. having a
wavelength in the range of 5-20 nm), as well as particle beams, such as ion beams or electron
beams.
The term “patterning means” used herein should be broadly interpreted as referring to
25 means that can be used to impart a projection beam with a pattern in its cross-section such as
to create a pattern in a target portion of the substrate. It should be noted that the pattern
imparted to the projection beam may not exactly correspond to the desired pattern in the
target portion of the substrate. Generally, the pattern imparted to the projection beam will
correspond to a particular functional layer in a device being created in the target portion, such
30  as an integrated circuit.
Patterning means may be transmissive or reflective. Examples of patterning means
include masks, programmable mirror arrays, and programmable LCD panels. Masks are well

known in lithography, and include mask types such as binary, alternating phase-shift, and



substrate used herein may also refer to a substrate that already contains
mul tiple processed |ayers. The terns "radi ation" and "beam' used herein
enconpass all types of 20 el ectromagnetic radiation, including ultraviolet
(W) radiation (e.g. having a wavel ength of 365, 248, 193, 157 or 126 nm
and extrenme ultra-violet (EUV) radiation (e.g. having a wavelength in the
range of 5-p2fhemlo as well as particle bgans, such as ion beans or electron
beans. The term "patterni ng neans” used herein should be broadly
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radi ation bein _ust%d, or for other factors such as the use of an i mersion
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below, collectively or singularly, as a “lens”.

The lithographic apparatus may be of a type having two (dual stage) or more
20 substrate tables (and/or two or more mask tables). In such “multiple stage” machines the
additional tables may be used in parallel, or preparatory steps may be carried out on one or
more tables while one or more other tables are being used for exposure.
The lithographic apparatus may also be of a type wherein the substrate is immersed
in a liquid having a relatively high refractive index, e.g. water, so as to fill a space between the
25  final element of the projection system and the substrate. Immersion liquids may also be
applied to other spaces in the lithographic apparatus, for example, between the mask and the
first element of the projection system. Immersion techniques are well known in the art for

increasing the numerical aperture of projection systems.

30

Embodiments of the invention will now be described, by way of example only, with

reference to the accompanying schematic drawings in which:



use of a vacuum Any use of the term"lens" herein nmay be considered as
synonynous with the nore general term "projection systenf. 15 The

illum nation system nay al so enconpass various types of optical conponents,
including refractive, reflective, and catadioptric optical conponents for
directing, shaping, or controlling the projection beamof radiation, and
such conmponemss oy al so be referred to_gbel ow, collectively or singularly,
as a "lens". The lithographic apparatus nmay be of a type having tw (dual
stage) or nore 2@ : : es). In
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spaces in tikgntibt;hogr aphi ¢ apparatus, for exanple, between the mask and the
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Enbodi nment f j Lop. W ll now.be described, by way of exanple only,
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i nvention; 5 Fi g_errgﬂreBsq@ma%ﬁctat&t:ﬁénteﬁmﬁ%&&and&e&{alrefefeﬂc Hgﬁs&%grdl ng
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present inventi og: 4E I, & ay. S ver |l ay
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i nvention; and
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Lithographic Projection Apparatus
Figure 1 schematically depicts a lithographic apparatus according to a particular

embodiment of the invention. The apparatus comprises:

20 - an illumination system (illuminator) IL for providing a projection beam PB of
radiation (e.g. UV radiation or DUV radiation).
- a first support structure (¢.g. a mask table) MT for supporting patterning means (e.g.
a mask) MA and connected to first positioning means PM for accurately positioning the
patterning means with respect to item PL;

25 - a substrate table (e.g. a wafer table) WT for holding a substrate (e.g. a resist-coated

wafer) W and connected to second positioning means PW for accurately positioning the
substrate with respect to item PL; and
- a projection system (e.g. a refractive projection lens) PL for imaging a pattern
imparted to the projection beam PB by patterning means MA onto a target portion C (e.g.
30  comprising one or more dies) of the substrate W.
As here depicted, the apparatus is of a transmissive type (e.g. employing a
transmissive mask). Alternatively, the apparatus may be of a reflective type (e.g. employing a

programmable mirror array of a type as referred to above).



Figures 8 to 10 depict a test pattern and first and second reference
patterns used in a second nmethod according to the present invention. In
the Figures, corresponding reference synbols indicate correspondi ng parts.
15 Lithographic Projection Apparatus Figure 1 schematically depicts a

| it hographi c apparatus according to a particular enbodinment of the

I nvention. pls7appar at us conprises: 20 -gan illum nation system
(illumnator) IL for providing a projection beam PB of radiation (e.g. W

radi ation or DUVThéfiuafihs®)IL réteived SheamtiTRQNitiof okl fdBRtiérEsotlree 3OTRRK tabl e)
Ml for supporting patterning nmeans (e.g. a mask) MA and connected to first
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posi t i oni ngpparatns afdAh¢ pudiadior beaat ie pysspber tlenbuge §Qao the dihshinabelDWitththe espect

to it PL; . |.ecti tem (e. a refractive projection |ens) PL
For 1 madt nd SO e B R bR e b e el o S SR b T BEFRPng
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the substrate W As here depicted, the ap&gratus_ is of a transm ssive type
(e.g. enpl dYeRhesOuRE Srpshereury anmd bk youres SQuandhe laminatar He tegsther withshemay be

of a refl eqlehyQefivpf qqp(% ' m array of a type
as referred to gbovegﬁt%%%%m. u%éa’?%@ﬁég%ﬁﬁjﬁg%ggg%uﬁgi%%néi ves a beam of
radi ati on from aThadiuatnater Ik oay cemSBBe adiustingsuaanc AMVafodadjirtings ittehangulap hi ¢

appar at us e ;separate..entiti for exanple when the soyrce is an

exci merllél ag%%sp%q 1s§r§o(1:1 10%3%@ f’eaf‘hg’%g%ﬁ}fycé‘qffpﬁSPm&w?Pa&Péamﬂﬁf?’%% part of
the |ithograghienly egigreddab usc-d0@r iddes-nael, AkpeeiivddpdMteSnBRss aiuituasm ihe
source SOto the ilJumnpator IL with the 5 aid of a beam delivery system BD

conpri si ng PUBH PBRg plthe illugyinatesican by sdiustednly adilitipm the illpmingtor I ganemHly expander .
[N Other Ca8RprlddGas ol ipdAE, s 3h ifkoh S BRAGRS i of
exanple when the source Is mercury | anp. e source and the
i | | um nat orillyrhinatooprevides a eeintlitionduebea @l mdihtibn, refeyredstp st dmpBijedtion beauPBed, nmay
be ref Gfs" eqla;[ri(r)lg Faedrel %Qiifgr;niit?( Ind Xl?etn%@ distribution in its cross-section.
The projection beam PB is incident on the mask MA, which is held on the mask table
MT. Having traversed the mask MA, the projection beam PB passes through the lens PL,
which focuses the beam onto a target portion C of the substrate W. With the aid of the second
positioning means PW and position sensor IF (e.g. an interferometric device), the substrate
20 table WT can be moved accurately, e.g. so as to position different target portions C in the path
of the beam PB. Similarly, the first positioning means PM and another position sensor (which
is not explicitly depicted in Figure 1) can be used to accurately position the mask MA with
respect to the path of the beam PB, e.g. after mechanical retrieval from a mask library, or
during a scan. In general, movement of the object tables MT and WT will be realized with the
25  aid of a long-stroke module (coarse positioning) and a short-stroke module (fine positioning),
which form part of the positioning means PM and PW. However, in the case of a stepper (as
opposed to a scanner) the mask table MT may be connected to a short stroke actuator only, or
may be fixed. Mask MA and substrate W may be aligned using mask alignment marks M1,
M2 and substrate alignment marks P1, P2,
30 The depicted apparatus can be used in the following preferred modes:
1. In step mode, the mask table MT and the substrate table WT are kept essentially

stationary, while an entire pattern imparted to the projection beam is projected onto a target

portion C in one go (i.e. a single static exposure). The substrate table WT is then shifted in the




The illum nator IL nmay conprise adjusting neans AM for adjusting the
angular 10 intensity distribution of the beam Cenerally, at |east the
outer and/or inner radial extent (comonly referred to as a-outer and
a-inner, respectively) of the intensity distribution in a pupil plane of
the illum nator can be adjusted. In addition, the illumnator IL generally
conpri ses vRAag3IceUs0 ot her conponents, suchgpas an integrator IN and a
condenser CO. The illum nator provides a conditioned beam of radiation,
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W are s Caniﬂe@raphy that utilizes programmable patterning means, such as a programmable mirror

array of a type as referred to above.
20 Combinations and/or variations on the above described modes of use or entirely
different modes of use may also be employed.

Figure 2 is a flow diagram of a lithographic process of which the present invention
may form part. Prior to the exposure step S4, which may be carried out using a lithographic
apparatus such as described above with relation to Figure 1, a substrate, e.g. a silicon wafer,

25  undergoes a priming step S1, spin coating step S2 to coat it with a layer of resist and a soft
bake S3 to remove solvents from the resist. After exposure, the wafer undergoes a post-
exposure bake S5, a development step S6 during which the exposed or unexposed resist
(depending on whether the resist is positive or negative) is removed and a hard bake S7, prior
to an inspection step S8. The inspection step S8 includes various different measurements and

30 inspections and according to the invention includes a scatterometry step described further
below. If the wafer passes inspection, a process step S9 is carried out. This may involve
etching the areas of the substrate not covered by resist, deposition of a product layer,

metallization, 1on implantation, etc. After the process step S9 the remaining resist is stripped



5 synchronously while a pattern inparted to the projection beamis
projected onto a target portion C (i.e. a single dynam c exposure). The
velocity and direction of the substrate table W relative to the mask
table MI is determined by the (de-)magnification and i nage reversal
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20 Embodiment 1

According to a first method of the invention, which is used to measure overlay, the
test structure printed on the substrate W comprises a first mark, or first pattern component, G1
printed in an upper process layer TL and a second mark, or second pattern component, G2
printed in a lower process layer BL. The marks G1 and G2 may take any convenient form,

25  such as gratings, checkerboards, boxes, frames, chevrons, etc.. The form of the marks is
chosen for ease of reconstruction, in particular the use of gratings allows rapid reconstruction
techniques to be used. The mark type can also be chosen to improve sensitivity. The two
marks G1 and G2 should be, if printed perfectly and unaffected by subsequent processes,
identical and in the absence of overlay error, exactly aligned. Though identical in form, the

30 first and second marks (pattern components) are different in their location in the process
layers on the substrate. When the test pattern comprising marks G1, G2 is illuminated with
normally incident polarized light the reflected TE, TM or phase signal contains information

about the relative position of the two gratings. However, due to internal reflections in the



S10 and a final inspection S11 carried out before the process resunes for
another layer. In case a substrate fails an inspection at S8, it may be
directed directly to a stripping step S 10 and another attenpt to print
the sane process |ayer nmade. In the inspection step S8, a scatteroneter
such as depicted in Figure 3 may be used. 5 OQther inspections and/or
measur enentis03eEwi@l so be made using other-tools. The scatteroneter 10
conprises a broadband (white light) radiation source 11 which directs
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and a secon érn conponent, “over
process | ayffiectBl in thé enmmdysby(ﬁhy diatbrtisns irbgie pxarhexg@mceﬁwﬂ vaReEh subfdqitnt25 such

as gratings, checkerho boxe evrons, etc.. The formof the
marks is CROESTPS Ré&?é‘”ﬂ? tl’?‘&é@‘ﬁ'é?‘ﬂg& ﬂ’ﬁﬁ"‘?‘ﬁlyﬁ%ﬁaﬂ’ﬁ% thebsepate use of

gratings alstauwsonichiiribab@ERARE Eda®eitdh@n, Willolitrsd@k. t 0 be used. The mark type
can al so be chosen to inprove sensitivity. The two marks GL and 02 shoul d

be, if printed pdYieadiyngingpdiinihefamestayds By testprsiem tetrefprencanatierss RGldent i cal
d th tical
and in e3%k?§?r@ﬁ&e% Seccln‘gﬁlgﬁﬁlé 35, s(s%ﬁ‘&téo}ﬂtaﬁl lhﬂ,%gnonc{a %ed;ﬂgn ical in

form the st an pattern conponents) “are ferent in
t hei r | ocatrespractive grdfhlegip rﬁme%terdnazyrelstgndmsz 158 cautisth batwed t&¥W@matiteathé est
pattern Congrl{c%n? ré?g?naﬁS 1(%1 prov1de 'an ehlllalnger;ril scz?i%erometry spgnal Sl-e. An example of this
20  is shown in Figure 7 from which it can be seen that the enhanced signal S1-e has a much
higher amplitude but retains the same phase position fingerprint of the original signal. The
signal-to-noise ratio is effectively improved. The enhanced overlay signal is derived from
three specular spectroscopic signals. The first is the "raw" overlay signal generated by the two
overlying gratings. The second and third are the signal generated by the bottom and top
25  reference gratings. The enhanced overlay signal is then derived by dividing the raw overlay
signal by the signal from the top reference grating minus the signal from the bottom reference

grating.

Embodiment 2

30 A grating structure used in a second method of the present invention is depicted in
Figures 8 to 10. The second method of the present invention measures differential
dimensional asymmetry due to comatic aberration in the lithographic apparatus, particularly
the projection system PL, or the process applied to the substrate.



normal Iy incident polarized Iight the reflected TE, TM or phase signal
contains information about the relative position of the two gratings.
However, due to internal reflections in the P-0367.010 -12 intervening
process layers |IL between the upper and |ower |ayers TL, BL containing the
gratings GL, & and interference, the anplitude of the total reflected

si gnal contmby7mgooverlay information ig.very weak and has a | ow

signal -to-noise ratio. Further noise is introduced by distortions in the
marks Gl, G2 duriAsghewi fitFigge 8)tHe tebtipatiditt Caadprids ol th-taP¥efind Miving @R indey t he
5 processes .tR@tw[Aave being carried out since it was_printed. According to
the presentPRvediagRuiet Bitshhyr defERRIGTE BRI compaisesA singlgbar grasmgoénce
mar ks RGL, e@la€tdhd i j . nAar . of the
t est patteﬂrﬂ% ef er e%g%ﬁ%ﬁ;éﬂ%%&ﬂﬁﬁdggﬁﬁﬁﬁé |F1 Y%ér&?‘{)%ﬁlg%%%f@%nd
cor r espondscang) te He opier pitch. Fhe kwarfereRet aratingscR GERER areREEwn ; Figwres Yadl in t he

bottom lay - : 10 cond _al i,gnnent rk. &. The

r ef erencsgl S%l'fl 'I? @%@&@?&%Q&gﬁg lgp%a?l'{?%%fpéﬁc}?)gbm? § Sgnﬁlggang%ﬁﬁﬁg?‘t from
each ot her and t He in detfirpatctiexdnthe eapraitem (Garel ré fgreaengatteme RG 1IGRG2' 2. The
reference .markers. RG2 and the test pattern should be close enough

t oget her pﬁgﬁn{nﬁéé 1‘%&@”%8" lﬂla‘("??c@%’f E‘blaril??dlhggt' ifﬁﬁéeswag}g E&‘gle%{ﬂvcavgcffaﬁh ons in
the printi gy, B3omats QforGatitheloling YR RHAHA MimeRiofNAaSy B LEESas villl 4l same
time, they should be sufficiently far apart that separate 15 scatteronetry
measur enent¥tehbierprofithx gratings Thepformatensabanteny gifterentipl dimpnsianebhsymmetne iss ane
way as fohe dofained ’ i i '

sont tor oot Py iel B HERoothilf of et KPR BB ARG Sl he BORRUEE, 53
respect i ve agntain infpsmatitinabew she gatinge theyselvegn lssn B2 firSetwd, thbeflettenagsed t o

normal i ze t attero I.anal 1.to pravige an enhance .

scat t er omet’ §°“§‘?‘3n§? ?@é@ﬁ%@%g}lﬁpﬁ%ﬁcgfle‘? %F%szﬂ foPreids ! ??—‘?"éﬂ?lgg7 from
whi ch it canfoheatRaei tHehixhershaalenpamnervRh gnalpréved signdlas-ndiserid. hi gher
anplitude but retains the same phase position fingerprint of the original
signal. The signal-to-noise ratio is effectively inproved. The enhanced
over | ayissi gnal i svidRf dpe@itlc EnBEBimbAE SBhS MO&HoR hawtlRES QSGRRIow ARAl e The
first is the "raw' overlay signal generated by the two overlying gratings.
The second 2BRGCgtEd that the dnvepldonsnayihs praséipes etheswisp fhan peddseribed nTherd¢serippior &
reference Qfo%itéﬁﬁédto-mﬁt@l?%@&?o‘ﬁ_ overlay signal is then derived by dividing
the raw overlay signa y the signal fromthe top reference grating m nus
the signal fromthe bottomreference grating.



Enbodi ment 2 30 A grating structure used in a second nethod of the present
invention is depicted in Figures 8 to 10. The second nethod of the present
i nvention nmeasures differential dinensional asymmetry due to conmatic
aberration in the lithographic apparatus, particularly the projection
system PL, or the process applied to the substrate. P-0367.010 - 13 As
shown in FigesseoBy the test pattern G comprises a two-bar grating having an
inner pitch Pi and an outer pitch PO. The first pattern conmponent

conpri ses aIsAmMB:e-bar grating of pitch equal to the inner pitch and the
second pattern conponent to a single-bar grating of pitch equal to the
outer pitch. The two reference gratings RG1', R&' are shown in Figures 9
and 10 5 and conprihpectiof HMd ¥RbMsiRe:S Pl e grating of pitch Pi and a
sinmple grating of pitch Po. As inthe first method, the test pattern G and
reference patter ngnRdithogmRetfc apparatusitd printiontmtasuibitaitert tes phttern vortprissneecul ar

polarized |jght. .Th sulting reflectance. spectr i, S2', S3' contain
i nfor mat% i on Og{t}gﬁ 1onanﬁfyf{mi ?%ercgﬁq Pagﬁemcﬁmrzrl@ﬂ%einbsh%lgégg??%ﬂqog’goﬁ?t P4 as the
act ual f or rdiff@énttfiom @iddetdgpattdrh@ompdrefitrat i on about any differenti al

di mensi onal asymeiry js 10 contained in the reflectance spectra Si' from
the dual pitch grilgadithographic sppasatusiepriptontpsaid systrate it and seqond sfprargeon

about the ghalhdasresRRARRErU4pEtvAS td Bid M8t dnl’s nﬁrgﬁtﬂﬁgcoxﬁe&caﬁel{tgf I ectance

spectra S2", S3' are used to enhance the reflectance spectra S 1' to

provi de a si gnal ueinh sdarierameter fofnarasie i sedond had irdeaflsctomapecimyodnad togt wi t h

an i nprave i =k I i i peci fic enbodi nents of the

i nvent i@n ﬂjg@%erg%@‘ie?lag(gg{sgg%nﬁﬂ%g%ﬂgE%%rg&%ipw%ﬂhis’%‘mf)e appreci ated that the

i nvention nmay bed@ivaes fraedaid fibe sedoaé andihird atlecmaspedradnfotheiod &slidatipé 6ON i S

not intended to |im.t cﬁ he inventian. P-0367.010 -14 CLAIMS: 1. An

i nspection ar?é'fai’i‘%%er?g% fet e q8 53 subsie-hogr aphi ¢ apparatus to print onto

a substrate a test pattern conprising a 5 conbination of first and second

pattern conponents, said first pattern conponent being different fromsaid
second pat tlern cépeaRestion meshodgeeording togdpimph wherainsaid i gnd secprd prttetint o sai d

substr gtse chﬁﬁBne%&Qiiﬁ&%’ﬁﬁmf eference patterns correspondi ng respectively
to said first and second pattern conponents;

3. An mspection method according to claim 1 wherein said first and second pattern
components differ in their position amongst a plurality of process layers provided on said
substrate.

20
4. An inspection method according to claim 3 wherein said test pattern comprises first
and second alignment markers printed on top of one another in first and second process layers
and said first and second reference patterns comprise corresponding reference alignment
markers printed in the first and second process layers respectively, but not overlaid.

25
5. An inspection method according to claim 2 wherein said test pattern comprises a
two-bar grating pattern having an inner pitch and an outer pitch and said first and second
reference patterns comprise respectively a single bar grating having a pitch equal to the inner
pitch and a single bar grating having a pitch equal to the outer pitch.

30
6. An inspection method according to any one of the preceding claims wherein said

scatterometer is a normal incidence scatterometer,



using a scatteroneter to neasure first, second and third reflection spectra
of said test 10 pattern and said first and second reference patterns; and
deriving fromsaid first, second and third reflection spectra infornmation
indicative of a paraneter of said test pattern on said substrate. 2. An

i nspection nethod according to claim1, wherein said first and second
pattern 15.gzgmwoements differ in form 335 An inspection nethod according to
claiml1 wherein said first and second pattern conponents differ in their

posi tion amngst A ipdpectitnithathol ackdr@RE ESany ANEbEhPPpRVSHIRLIAMs $Akdin 1R at e.
20 4. An msfpect_l on nethod according to claim3 wherein said test pattern

conprises f9 @FVIH%H@@@E%@%QSWWFU‘WHP&@%ﬁl_iﬁ'rﬂlﬁtswnéﬁef?fé’@ﬁemfatt@n% anot her
in first aﬂﬂin%%ﬁigr]ﬂstrﬂﬁ@&%&?d JeAYRILR ?pe@EQarﬁﬁlsﬁlgftﬁer r%&on%té?lﬁ'gf%{"E{c ?a:;rtt%fén &€

patterns conprise corresponding reference alignnment narkers pr in the
first and geewstuchpadd esipalterper s respectively, but not overlaid. 25 5. An
i nspection nmethod according to claim2 wherein said test pattern conprises.
a two-bar grating pattern having an inner pitch and an outer pitch and

said first @and secdngectiodfmgstifoicRcqding &y oﬁ@ﬁmﬂzﬁﬁ@lrt@SMQIteinVlﬁ'sti@te bngl e
bar grating, having. a pitch equal to _the inner. pitch and a single bar
grating haAH§n% Sg“ldtl %ﬂgﬁl?&lls? aipgdirsgibetromn said petlecttpnespecis, wilkgyéct i on et hod
accor di ng tecoabivuchibg ofhe tdpaRtE@cedi Nng clai ms wherein said scatteroneter is
a normal incidence scatteroneter. P-0367.010 - 15 7. An inspection nethod
according to any one of the preceding clains wherein said step of deriving

i nformafg oy conpry &Sﬁfﬁ?ﬁm&w& éo%g?ﬁsigig[tl?%ﬁéi‘)ggfrsecond ref erence

patterns using sal econd’r péctra and using the

reconstruct-ed repevitinga pbstrats thst it at leasepaotsly cotiredti Majee of rapatibeidnsitiPe 8. An
i nspection net hod ?c.cFrdi ng to any one of clains 1 to 6 wherein in said
step of derivinf*%€4rd information is obtained directly from said

reflection -spect pwidihgd ifection beam of radiation using a radiation system;
- using patterning means to endow the projection beam with a pattern in its cross-
15 section;
- projecting the patterned beam of radiation onto a target portion of the layer of
radiation-sensitive material,
characterized in that:
said pattern comprises: a pattern representing a process layer; a test pattern
20  comprising a combination of first and second pattern components, said first pattern
component being different from said second pattern component; and first and second
reference patterns corresponding respectively to said first and second pattern components; and
by:
using a scatterometer to measure first, second and third reflection spectra of said test
25  patten and said first and second reference patterns; and
deriving from said first, second and third reflection spectra information indicative of

a parameter of said test pattern on said substrate.

10. A device manufacturing method according to claim 9 wherein said test pattern is

30  printed in an area adjacent the pattern of the production layer, such as a scribe lane.

11. A device manufacturing method according to claim 9 or 10 wherein said information

indicative of a parameter is used to adjust a parameter of the lithographic apparatus or process




reconstruction of the test pattern. 10 9. A device manufacturing nethod
conprising the steps of - providing a substrate that is at |east partially
covered by a layer of radiation-sensitive nmaterial; - providing a

proj ection beam of radiation using a radiation systenm - using patterning
means to endow the projection beamwth a pattern in its cross- 15 section;
- projectingpihgipatterned beam of radiglion onto a target portion of the

| ayer of radiation-sensitive material, characterized in that: said pattern
conprises: cPahihh RurftRPEBSEI is DebviieBaRE SIPstbR%E provilid ooty dhe,
conprising a conbination of tirst and seconé pattern &o Jnents, Sardfirst
pattern caapenmgmedsns ang paojédting ehetpafteroed eaingars eapeatel. pat t er n conponent ; and
first and second reference patterns corresponding respectively to said
first and second pattern conmponents; and by: using a scatteroneter to
measure first, second and third reflection spectra of said test 25 pattern
and said first and second reference patterns; and deriving fromsaid first,
second and third reflection spectra information indicative of a paraneter
of said test pattern on said substrate. 10. A device manufacturing nethod
according to claim9 wherein said test patternis 30 printed in an area
adj acent the pattern of the production |layer, such as a scribe lane. 11. A
devi ce manufacturing nethod according to claim9 or 10 wherein said
information indicative of a paraneter is used to adjust a paraneter of the
| i t hographi c apparatus or process P-0367.010 -16 after which a further
substrate is provided and said steps of providing a projection beam using
patterni ng neans and projecting the patterned beam are repeated. 5





