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15  off an individual 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
carrier, connected to pins, etc. Further information regarding such processes can be

20  obtained, for example, from the book "Microchip Fabrication: A Practical Guide to
Semiconductor Processing", Third Edition, by Peter van Zant, McGraw Hill Publishing
Co., 1997, ISBN 0-07-067250-4, incorporated herein by reference.

The measurement and inspection step after development of the resist, referred to
as in-line because it is carried out in the normal course of processing production wafers,

25  serves two purposes. Firstly, it is desirable to detect any target areas where the pattern in
the developed resist is faulty. If a sufficient number of dies are faulty, the wafer can be
stripped of the patterned resist and re-exposed, hopefully correctly, rather than making the
fault permanent by carrying out a process step, e.g. an etch, with a faulty pattern. Secondly,
the measurements may allow errors in the lithographic apparatus, e.g. illumination settings

30  or exposure times, to be detected and corrected for subsequent exposures. However, many
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Pattern asymmetry is an error that can have a number of sources in the
20  lithographic apparatus, including aberrations in the projection system, non-aberration
projection lens artifacts, the reticle and the resist processing. Existing techniques for
measuring pattern asymmetry are difficult, off-line and do not directly measure the effects
in resist so that it is not guaranteed that measures taken to minimize the problem will have
the desired effect in the finished product.
25

It is an object of the present invention to provide an in-line method of measuring
pattern asymmetry during manufacture of devices using lithographic techniques.
This and other objects are achieved according to the invention in an inspection
30 method comprising the steps of:
using a lithographic apparatus to print onto a substrate a test pattern having at least
one degree of symmetry, said pattern being sensitive to at least one type of aberration that

may be present in said lithographic apparatus;
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is carried out, if the aberration is severe enough to result in a defective device, the resist can

be stripped and the substrate put back into the process for re-imaging.

20 In a preferred method of the invention, the test pattern comprises a two-bar grating
and the reflectance spectrum measured by the scatterometer is used to reconstruct the
grating with the inner and outer ‘duty ratios as parameters. Deviations in the reconstructed
duty ratios from the expected values are indicative of comatic aberration in the lithographic
apparatus.

25 In another preferred method, the test pattern comprises a hexagonal array of dots
and the reflectance spectrum measured by the scatterometer is used to reconstruct the
diameters of the spots. Differences in the diameters of the first, third and fifth dots in each
unit cell compared to the second, fourth and sixth dots, are indicative of 3-wave
aberrations.

30 Of course, other test patterns sensitive to other aberrations may be used and
multiple test patterns of the same or different types may printed on the same substrate.

In a further preferred method, the test pattern comprises first, second and third

structures of the same basic form, said first and second structures having equal, but
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Preferably, the scatterometry step(s) is (are) carried out using normal incidence,
white light scatterometry.
According to a further aspect of the invention there is provided a device
manufacturing method comprising the steps of:
20 providing a substrate that is at least partially covered by a layer of radiation-
sensitive material;
providing a projection beam of radiation using a radiation system;
using patterning means to endow the projection beam with a pattern in its cross-
section;
25 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 and a test pattern
having at least one degree of symmetry, said test pattern being sensitive to at least one
30  other type of aberration that may be present in said lithographic apparatus; and by the
further steps of:
using a scatterometer to measure the reflection spectrum of said test pattern; and

deriving from the reflection spectrum information indicative of the amount of said
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the context of such alternative applications, any use of the terns "wafer"
or "di%®" bystams, guidance and detection patterns for magnetic domain memories, liquid-crystal
displays (LCDs), thin-film magnetic heads, etc. The skilled artisan will appreciate that, in
the context of such alternative applications, any use of the terms “wafer” or “die” herein
may be considered as synonymous with the more general terms “substrate” or “target
portion”, respectively. The substrate referred to herein may be processed, before or after
20  exposure, in for example a track (a tool that typically applies a layer of resist to a substrate
and develops the exposed resist) or a metrology or inspection tool. Where applicable, the
disclosure herein may be applied to such and other substrate processing tools. Further, the
substrate may be processed more than once, for example in order to create a multi-layer IC,
so that the term substrate used herein may also refer to a substrate that already contains
25  multiple processed layers.
The terms “radiation” and “beam” used herein encompass all types of
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
30 electron beams.
The term “patterning means” used herein should be broadly interpreted as

referring to 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
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that the QaRbhRhIROVARALSPeS oBprofeclEs syskeh, RRthdih@rofrat@Ve optical systems,
reflective optical systems, and catadioptric optical systems, as appropriate for example for
the exposure radiation being used, or for other factors such as the use of an immersion fluid
20  or the use of a vacuum. Any use of the term “lens” herein may be considered as
synonymous with the more general term “projection system”.

The illumination system may also encompass various types of optical components,
including refractive, reflective, and catadioptric optical components for directing, shaping,
or controlling the projection beam of radiation, and such components may also be referred

25  to below, collectively or singularly, as a “lens”.

The lithographic apparatus may be of a type having two (dual stage) or more
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.

30 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 final element of the projection system and the substrate. Immersion

liquids may also be applied to other spaces in the lithographic apparatus, for example,
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t he litho%@e%pbﬁ' apparatus, for exanple, 09 JANUARY 2007 -7 between the
mask and the Tirst elenment of the projection system |nmersion techniques
are well known Figuré Welepicts o g@atingsattefisused it & €rst tivetiddeetord s tb Whieprefent
projection systens. Enbodinents of the invention will now be described, by
way of examysngognly, 5 with reference to the acconpanying schematic draw ngs
in which: Figure.1l icl I s LG ' i hat, may be
used to perfor m%l%gﬁglgélcgsca rl?lgglggg%gtte 0 g“%\\géecﬁﬁ‘iﬁ gﬁgoﬁ%ﬁg(gfttggf)}ses%tf | ow

di agr gm ofin@ntibh:@d@r aphi ¢ process according to an enbodi nent of the

invention; 10 Figure 3 d_ePi cts a scatterometer useable in nmethods according
to the present Figure 6 depicts three grating patterns used in a third method according to the

present invention.

In the Figures, corresponding reference symbols indicate corresponding parts.

20

Lithographic Projection Apparatus

Figure 1 schematically depicts a lithographic projection apparatus useable in
25  methods according to the invention. The apparatus comprises:
a radiation system Ex, IL, for supplying a projection beam PB of radiation (e.g.
DUV radiation), which in this particular case also comprises a radiation source LA;
a first object table (mask table) MT provided with a mask holder for holding a
mask MA (e.g. a reticle), and connected to first positioning means for accurately
30  positioning the mask with respect to item PL;
a second object table (substrate table) WT provided with a substrate holder for
holding a substrate W (e.g. a resist-coated silicon wafer), and connected to second

positioning means for accurately positioning the substrate with respect to item PL;



invention; Figure 4 depicts a grating pattern used in a fir pghn
according to the present invention; Figure 5 depicts a gr a't%lltgngj‘ paq}q(ezror97used

in a second enbodi nent of the present 15 invention; and Figure 6 depicts
three grating patterns used in a third-gethod according to the present
invention. In the Figures, corresponding reference synbols indicate

di ts.. 20 Lit i c Projecti Fi 1
COh e esPOndl 19 Ra Seuo R LA b PR bR T fRRER S BRI S o
net hods agGafatididrich §MBe MAYEMA Bhto altheARRAGRATYS. oCOSMPpristfSoncfor skt i on

system Ex, IL, for supplying a projection beam PB of radiation (e.g. DUW
r adi at i ondies)wifithstsubstrathMs parti cul ar case al so conprises a radiation source

LA, a first object table sk.table) MI provided with a mask hol der for
o1 di g 2> HESKeRElang SPEATRER [t &) T SHTSIEG MRELE Eaod FABESpS SRk bni ng

MBans sf OrAGEH: 8h&kera0itRRS) d15PBY %&h@ctf@%ﬁpe},"f&r@xéﬁ?l&?@% Wih hbEMdave 2

second object tabl’e (substrate table) W' provided wth a substrate hol der
for hol diag)aAberhativest, eheiipperatns rmay @spley anmbdrddndof pattonivgiear)s, swwhds

connected to seco posi ti oning neans_for accurately positioning the
subst r at é* egRMBY e BYTerATaYAfapype 3de R IFRAPCYB07 -8 a projection system

("lens”) PL (€. fe sﬁmf\%&f%@fet. é.\éﬁ exEifer %élf) ?)ngut:%‘r a(iééﬁg%ﬂgdi%ﬁon.!flﬁéigéaﬂ{ gd

portion of the nas nto a target portion conprising one or nore
di es) of fieiéntsubsiiuminetidi sydtenh@Hemohemircl ¢ dithdr kidreathpar dtenhavisg ohvased

transm ssive type (e.g. has a transm ssive nmask). 5 However, in general, it
may allso gwdironpemEeangsuch as p Ppam expndentambprexample. The \ﬁﬁinalnaf@f lemayye

oAl . ' s .
Toans. surEEEE alftkling b SOM oA Y oD Ao AL 8Ky RorkBbRST 100
The sour cRfdrRd(t6 afo-cuferaxé ichiher, ASpdcively Peliae mténsie dsuutioadh aid eam. Thi s

beamis fed into an illumnation system (illumnator) IL, either directly
or after ddslitiongittwitl\eeneraldy comprise various other components, such as an integrator IN and
a condenser CO. In this way, the beam PB impinging on the mask MA has a desired
15  uniformity and intensity distribution in its cross-section.
It should be noted with regard to Figure 1 that the source LA may be within the
housing of the lithographic projection apparatus (as is often the case when the source LA is
a mercury lamp, for example), but that it may also be remote from the lithographic
projection apparatus, the radiation beam which it produces being led into the apparatus
20  (e.g. with the aid of suitable directing mirrors); this latter scenario is often the case when
the source LA is an excimer laser. The current invention and Claims encompass both of
these scenarios.
The beam PB subsequently intercepts the mask MA, which is held on a mask table
MT. Having traversed the mask MA, the beam PB passes through the lens PL, which
25  focuses the beam PB onto a target portion C of the substrate W. With the aid of the second
positioning means (and interferometric measuring means IF), the substrate 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 can be used to accurately position the mask MA
with respect to the path of the beam PB, e.g. after mechanical retrieval of the mask MA
30 from a mask library, or during a scan. In general, movement of the object tables MT, WT
will be realized with the aid of a long-stroke module (course positioning) and a short-stroke
module (fine positioning), which are not explicitly depicted in Figure 1. However, in the

case of a wafer stepper (as opposed to a step-and-scan apparatus) the mask table MT may



10 conditioning neans, such as a beam expander Ex, for exanxq?eJA IPA%IYZOO
illumnator IL may conprise adjusting neans AM for setting tne YHARY and/ or
inner radial extent (commonly referred to as (7-outer and a-inner,
respectively) of the intensity distribuPion in the beam In addition, it
will generally conprise various other conponents, such as an integrator IN

and. 2 CORUBIRnEa 1) 4B URY e BRI BB AR N0l g on the sk WA has a

desired 15 unitformty and 1 ntensi ution in its cross-section. It
shoul d be not edTh¢ ddpidtedappardtas dandiersedlintthatolloéng prefeeredlndodesy be within the
housi ng of the lithographic projection apparatus (as is often the _case when

the sourck LA ik step made thempgnfableMF apd Hiesubstratgyigbley Watare kentggsentially pe

renote from t [ r i r.ojl : h Lati whi ch
[ pr oducod il g EGH AR LB ALY RAnBBRRALHSearh Aepic B RERT T
di r ecty ngpdkibA Oid)one ighi(Be. ladirgdd staienaob@re). Thobiitefrateligble AT isdhen shiftb@irs our ce
LA is an exciner laser. The current invention and C ai ne8 enconpass both of

t hese scethari and/orThdimpetion sorhatash Herigatiarapt pertien Eeqenderchposedsia star magd.ch i s
held on a mask.tabl e Havi n versed the sk he beam PB passes
Chr ough ¢ 18 TreHo TR o it SRR PRI B sl e BB dreblportiS O BRERIR Fon & o
the subst gagle sMtic Wkpdsufne aid of the second positioning neans (and
interferonetric neasuring nmeans |F), the substrate table WI' can be noved
accurat el 3, e. gln san awde.chpoesk fable Milfand theubstaate tablepWrli arosean@ed n t he pat h

f the b PB. Simlarly, the first i tioni : b d t
Sccur Ot oty sbioReyh WS & phtseh PR (REpisk o BATE Hhaier o0 PRD S Pa,
e.g. aftef, Bk Rk CasingieldvhaNRlexpbsutd) TR oW 2Bl direQBrPoTRS Kublsirte: llrl)Ie or

during a scan. In general, novenent of the object tables MI, WI w be
real i zed WT teldtive taithe odskdablo Ml sstdetdrmineddhylthe (deouragrifiseirt arshimegy and a

o e e RO Rl L Bl bbbt e B
st ep- and- SERBRIRA BhHS el WRHTES thelrdBl@atind®YecHOn JANRYs e 8 on-if élj ust be

connected to a short stroke actuator, or may be fixed. The depicte
appar H ussiogla dysamisedposurd, tvéhefeas thpiemgih pf 8k scanmthgrodesn ddernlinessthe peigbde, t he

resk {201 ¢ ML and b, Subsl te Lable i are kept essentially stationary.
E :[)lggt V\7I'5‘|?’ .20[ L'eﬁlrhsn%iﬂ#e? g%ﬁi@, ntﬁé’m(abk BibleAMT D RS eSdeRlidlfy SHRRSH KIdind3e Substrate
programmable patterning means, and the substrate table WT is moved or scanned while a
pattern imparted to the projection beam is projected onto a target portion C. In this mode,
20  generally a pulsed radiation source is employed and the programmable patterning means is
updated as required after each movement of the substrate table WT or in between
successive radiation pulses during a scan. This mode of operation can be readily applied to
maskless lithography that utilizes programmable patterning means, such as a programmable
mirror array of a type as referred to above.
25 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
30 silicon wafer, 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



the X and/or Y direction so that a different target portion ﬁ%ﬁan be ’
exposed. In step node, the nmaxi mum size of the exposure fie AVHARY PRE
size of the target portion Cimged in a single static exposure. 2. In scan
node, the nmask table MI and the substrat@ table WI are scanned 10
synchronously while a pattern inparted to the projection beamis projected

onto ata t tion.C (i.e, S| 1.G.. e ocity and
direction%%%lPﬁggZd%ggf%PéupggﬁﬁnS&%q$§(§¥?§§%@3nfﬁ§§%%gﬁhF%gﬁgx is

det er m nedifiyedthgab@iem:nm and inspadtions aghsbcorigeto theurestddn ipbladecs eri stics of
the projection systemPL. In scan node, the maxi num size of the exposure
field |imseasterdmetn sterrdesembadiartherrhelovantiithegwafer Bassesongpestion BTG EED por t i on
in a 15 si,nal e dynam ¢, exposure, Where the | t f the scanpin tion
det or m neSOuhEEd B T AT HBbe i RehiEe b PO b b SiSRTbh st on .
I n anot hegepMaton Jhagro@mek 1dyeh nfotdYlizdtidn kSR impRERMAbA M. YA RbAthe pRREY Q) di ng a
progranmmabl e patterning neans, and the substrate table WI is noved or
scanned wSPItke mmapeEng wsist isrsppred $ 10 and hdinpkioprestipm 1 bearried sutdredpredhed onto a
target portion C. In this node, 2 ener al .pul sed radi ation source is
el oyed BIRETHESRBPEHTAET sic Pernt pg it P e R Ea ot er
each noveRBtie@llirddlS t6 YREIPPM EstdPO] PanWanBihet AtIHME BAnt BHSHRS pio¢BssiIafrat i on
pul ses during a scan. This node of operation can be readily applied to

maskl ess Imadhography that utilizes programuabl e patterni ng means, such as a
progr bl e irror._array of type as referred ta above. 25 Conbi nations
o of0yar ati olsteinpreonSonShebiiaint fmich 8 rensBl o Fian s 80y e 1 or ent
nodes of i ioShi i f .

7 hogr aphre: pris CaSRoRech I L oHRes s bR (IR s O MALAGL AT LI o1 10
t he exposdirects iaiintis4, viavnbedmsphiytehE @eo nitesd stowcture iSnan the wafdrWgTaphi ¢

appar atus such as_ descri bed above with rﬁ$a ion to Figure 1, a substrate,
e.g. a 30THaciedsadigiqrets Pagiedde g SRSTamBIeY w@n TBFPSEES ASPPHUEbERIAY St S2
to coat ity ibh oRwhPNELtRY of theSiethlaPRHe e@fgdﬁatﬁﬁk@rcﬁ‘g thi® dhERY SraQlieent s
fromthe resist. After exposure, the wafer undergoes a post-exposure bake
S5, alfleveivipgrese tosheget&bedspectmgmwirydie reéomsenqed eq. by RigmrexypOegded B&ivst

(dependi ng op whether the resist i ositive or negative) is renmoved and a
09 JANUARMISHSH 20d 16N HRFR TBEIEESaor by/GogIPaispiaiith ﬁi%m Pﬁﬁngfaéiﬁ PgelFhi

i nspect i O%ef?érﬁpfo‘?%hei Ilg%ﬂé%étidﬁaﬁlle %H%eral form of the structure is known and some

parameters are assumed from knowledge of the process by which the structure was made,

leaving only a few parameters of the structure to be determined from the scatterometry
20  data.

As illustrated, the scatterometer is a normal-incidence scatterometer.. However
the same principle may be applied using inclined incidence scatterometry. Variants of
scatterometry in which the reflection at a range of angles of a single wavelength, rather
than the reflection at a single angle of a range of wavelengths, is measured may also be

25  used.

Embodiment 1
According to a first method of the invention, the test structure printed on the
substrate W comprises a repeating two-bar grating as depicted in Figure 4. The grating 20
30  comprises a pair of bars 21, 22 repeated a large number of times. The grating is printed
such that after development, the bars are formed of solid resist lines. This pattern is
sensitive to comatic aberrations in the lithographic projection apparatus, particularly the

projection system PL, and illumination asymmetry and the presence of such aberrations



di fferent nmeasurenents and inspections and according to the jnvention
includes a scatteronetry step described further below. |f t9EJANYARY 200% e
i nspection, a process step S9 is carried out. This may involve etching the
areas of the substrate not covered by rébkist, 5 deposition of a product

| ayer, netallization, ion inplantation, etc. After the process step S9 the
remai ni ng_r.esi ste 1.S, St I . in L n Lon S 1 arried out
before thé" ﬁrl}ira(r)l%:fgéstzher 5y L\%gglg? gerl&%r?%? ﬂg% 4%1}%#5&?1?%0%;&81% TRt dg l(};[%rtc{euw ails an
i nspect i ofatidk PSP, fioin eyt ilendedi vab ek e d cebridilyl, YhelsQatbersintirP Bata @ f HeqRintedl0 and
another attenpt to print the same process |layer made. 10 In the inspection
step S8, drating2fay viedite recongifichthegagiingveith the detygaties B, Beds mssameters @f thehe
scatteroneter 10 .conprises~wa broadban ite |ight), radiatign squrce 11
o che o FeegrmRGR AResR: ViR oied BanBRfert Pt Bt ot 5§ BhafR B ShERes o
the waf er A bERSput t&THe@EdRBtriicdnFhrbRBs fr§mn@§wa]gé of memﬁh%@ﬂaphﬁa/oﬂ&hw ch
nmeasures a spectrum (intensity as a function of wavel ength) of the specul ar
ref | ect edseatidroamétorpro¢assan t hi s data, the structure 15 giving rise to the
detected spectrum may be reconstructed, e.g. by Ri gorous Coupled Wave

Anal ysi s and non-1linear regression or by conparison with a library of

si mul at edpgpRalhént 2! N general, for the reconstruction the general form of
the structure 1s known and sone paraneters are assuned from know edge of
the process by whdreting steictire usadine seemidmaetkod of thapienent amvoptian isedeppdedaimet er s

of the structure to be.determned fromthe scatt.eronetry 20 data,

11 usT? at BUEUTY e TER AL BEGHOTER Be HOHBPHEN P e Gk Sa NP Bh L el However
the same Rith a2 lafedBR¥oRfRr BPMLAH U] THispAtirh REEnLiRGE ALME&-waRl JREAIEE Y-
Variants o scatteronetry in which the reflection at a range of angles of a
si ngl e wawdlichngilhcauseathh diametéran thehiddackeddtedt toorhange @lagivagd theantgtesdodd 322 r ange
of wavel engths, is asur ed I be 25 used. Enhodi nent |_. According to
2 first mibRGod hhEamsiaEnet B Pﬁfﬁaot@é%{heswm%éﬁ@n TR ATy fram dhe
substratesgﬁggﬂﬁﬁ' a repeating two-bar grating as depicted in Figure 4.
The grating 20 30 conprises a pair of bars 21, 22 repeated a | arge nunber
of timks. The grating is printed such that after devel opnent, the bars are

formed of sqlid resist lines. This pattern is sensitive to comatic
aberratioﬁ@ﬁﬁﬂﬂﬁﬁg—lithographic proj ection apparatus, particularly the

proj ection systgm fid A8l hiddriRatd @8 pASUTTRehtoR Rkt it PaBRE BC&tREs SUCh

aberrations
are used to measure comatic aberrations without the need to reconstruct the grating

structures which is computationally intensive and not always possible if the number and

20  thickness of the underlying layers is not known.

Figure 6 depicts the three gratings G1, G2 and G3 which are used in one example
of this method of the present invention.

As depicted in Figure 6, gratings G1, G2 and G3 each comprise repeating two-bar
structures. Gratings G1 and G2 are mirror symmetric with bars of width w; and w.

25  Compared to a two-bar structure with equal line widths, G1 and G2 have equal, but
opposite asymmetries. If these gratings are printed perfectly, with no comatic aberration,
then using a normal incidence scatterometer the two gratings will generate identical
scatterometry signals S; and S, because they are mirror symmetric. Thus, with no comatic
aberration we have:

30

S, - S , = 0 4]



09 JANUARY 2007 -11 will nanifest thenselves in a variation é\? t he grw ed
grating of the inner and outer duty ratios P;, Po from thei? JAVEARE

val ues. Accordingly, the scatteronetry data of the printed grating 20 is
used to reconstruct the grating with thd2duty ratios P;, P. as paraneters of
the reconstruction process. The other paraneters of the grating, such as

i new dth nd. sh i . T h tiion. cess,.from
nowl edge P EHE pray g TRy oS ulalP dhersfich e CRUAL LA BT 6E 30 .

Embodi mentwifl chagfedh opfositerdirettid® bys@dnioineAwesving: met hod of the present
invention is depicted in 10 Figure 5. This grating structure is a

t wo- di nensi onal grating with a hexagonal unit cell wth a dot at each coner
of the unit cell_, Thi S pattern is sensitive to three-wave aberration which
will cause the dl'an®ter™0f the black dots 31 to change relative to the white
dots 33. The rafjiowgf Avhe dianeters of the black dots to the V\@'{)te dots can
be recovered fromthe scatteronetry data. 15 Enbodinent 3 In a third nethod
according to the present invention, three test grating structures are used

to neasure, conati errations without. t he need, t.0 reconstr t he grating
Struct ur e anale e B Teia PRI Aty hEH USSP eratony MeyUTHsbE ble | f ¢ he
nunber an%e%@eehnh&mes%:ﬁn&tmiet}?S@Q@wimm He@ RSyt s not known. Figure 6
depicts the three gratings Q] and G3 which are used in one exanple of
this method of the present invention. As depicted in Figure 6, gratings G,
& and G3 each conpri se rgpeati ng two-bar structures. Gatings Gl and &
are mppror Symmegrig wib ny of width wli and w2. 25 Conpared @39 a two-bar
structure with equal “li néwwi dths, Gl and & have equal, but opposite
asymmetries. |If these gratings are printed perfectly, with no comatic
aberration, then using a normal incidence scatteroneter the two gratings
will generate i dgRijk@tiveISAIW R BERUFM Sing R ﬁix@_g%atﬁfgchﬁ%h%%kﬁﬁﬁlarr ey are
mrror symretric. Thus, with no comatic aberration we have: 30

the second grating G2 but has an additional small asymmetry d in the linewidth.

Comparing the scatterometry S; from grating G3 with S, from grating G2 yields:

15
as (S,-S
= _ ( 3 2) ( 4)
dw d
Substituting into equation (3), yields the linewidth change Aw caused by comatic
aberration:
20
Aw = Si-5 % d 5)
S, -8, 2

The values S, S, and S3 can be taken directly from the scatterometry data for a
variety of wavelengths to enable simple calculation of the error introduced by any comatic
25  aberration. Inthe event that the scatterometer response is not linear, this can be accounted
for by additional gratings similar to G3 but with different values of d.
This technique can also be applied to the hexagon array used to measure 3-wave

aberrations.

30 Whilst specific embodiments of the invention have been described above, it will



S- SZ =0 (1) 09 JANUARY 2007 -12 If however a small anou f C i
aberration is present, the ideal linewidths w, and w2 VMIIIE%4%§H§§2§dd%
w2 - Aw (2)

opposite directions by an amount Aw giving: w,'=w, +Aw 5 w2' =
Assuming that the scatteronetry signal -i3s linear for small aberrations, the
difference between the two scatteronetry signals will then be given by: 10
S1 -S2 =2dS The. I i i ed using the third
grating Cge %@f@&étéih@ttr%lglngr%htléér?h}taﬁ%egggccg#g Ogtrl%g?sﬁeéh@asoi Sc‘%%eél' ihe addi ti onal
smal | asyde¥ediftiondis nbt infkddéd REwhidthe invéaispari ng the scatteronetry S3 from
grating G3 wwth S2 fromgrating & yields: 15 dS (S3 - S2) (4) dwd
Substituting into equation (3), yields the |inew dth change Aw caused by
comatic aberration: 20 Aw = Si -S2) x d (5 S3 _S2 2 The values Si, S2 and
S3 can be taken directly fromthe scatteronetry data for a variety of

wavel engths to enable sinple calculation of the error introduced by any
comatic 25 aberration. In the event that the scatteroneter response i s not
linear, this can be accounted for by additional gratings simlar to G3 but
with different values of d. This technique can also be applied to the
hexagon array used to neasure 3-wave aberrations. 30 Whilst specific

enbodi nents of the invention have been described above, it wll 09 JANUARY
2007 -13 be appreciated that the invention nmay be practiced ot herw se than
as described. The



description is not intended to limt the invention. 09 JANUARY 2007 -14
CLAIMS: 1. An inspection method conprising the steps of: udlSANUARY 2007

| it hographi c apparatus to print onto a,substrate a test pattern having at

| east one degree of symmetry, said pat't1 Tn being sensitive to at | east one
type of aberration that may be present in said |ithographic apparatus;
using a ClAIMSoneter to neasure a reflection spectrumof said test pattern;
and deriving fromthe reflection spectruminformation indicative of the
amount ofl- sai d Amminspestier msthodicppwrismedbestert ¢fon present in said |ithographic
appar atus, wherej 1 i | hird
rTuctures of tRIeeIRhophAnt sy Pid b Uhla &aReit Brest PAERRHAARE AL,

st ruct ur @cashand degrexmfalymbistry0sid pattetn beiyigRedsitive td @vicadtions syperafabematibn basi c
symmetric formand said third structure having an additional asymetric

devi at i othaignaychsaseatiin sgidlithgeraplis aapayatusict ure. 2. An inspection met hod
according to cl aim. i i e f riVi knf: i .conprises

di vidi ng the di'P i raesﬁ%ggélgf fv%/regoﬁfng%sglg agrreglﬁ%t Or%yép\é?tglﬁglog Q% E%Fﬁéet%%f’rag sai d
first and secon®risingein iRsefdction8pelitiuheinEstafitibe indeeifive eftHent 6fsakd gnal s
obtained fromsaid third and second structures. 3. An inspection nethod
accor di ngt tegstangitypelofmbenratiqinpresan insspidilithpgraphic appaaiys.amereinispiddesit r uct ur es

w1 s or dake Dl sf Rec o Bkt Fnbhfr Ay bt ShlRcai B0 o 07T ©

first strstand@ecchddtrutbingestaiing eghilusut bpposhadiynen&at dovidlibss éndaignd wl-d
where d is |ess than wl-w2. 4. An inspection nethod according to claim]l,

wher ei n dabid sywanetres fomitaad spid third sleratere haviep e additional psmaeeicaleviagon A

i nspection rrePt%e@c%d accor didngut orecl aim1l, wherein the test pattern conprises a
hexagonalCO gpaig sreondstuny i'nspection nmethod according to claim5
wherein said step of deriving information conprises reconstructing the

di aneters of the spots, differences in the dianeters of spots in each unit

cel | of the ar ryinspictign imethaskacconding to3laimlewhéreinrsaid stepsofi derivinge
|1 thogr apurllfo(r:matall(?rp 90rrr%ryssé's dividing the difference between scatterometry signals obtained from

said first and second structures by the difference between scatterometry signals obtained

from said third and second structures.

3, An inspection method according to claim 1 or 2, wherein said first, second and
third structures are two-bar gratings, the first structure having bar widths w; and w, where
w1 is greater than w, the second structure being a mirror image of the first structure, and

the third structure having bar widths w,+d and w;-d where d is less than wi-wy.

4. An inspection method according to claim 1, wherein said scatterometer is a

normal incidence scatterometer.

5. An inspection method according to claim 1, wherein the test pattern comprises a

hexagonal array of dots.

6. An inspection method according to claim 5 wherein said step of deriving
information comprises reconstructing the diameters of the spots, differences in the
diameters of spots in each unit cell of the array being indicative of 3-wave aberrations in

rhe lithographic. apparatus.





