P- 0365. 010 -1 Inspection Method and Device Manufacturing Method The present
I nvention net hods of inspection useable in the manufacture of devices by

| i t hographi c techni ques and to nethods of manufacturing devices using

l'i t hogr aphigesogghni ques. 5 In a manufagturing process using a |ithographic
projection apparatus, a pattern (e.g. in a mask) is imged onto a
substrate that is at least partially covered by a | ayer of

radi ati on-sensitive faspctiah Metbod anyl Devidedvianwfatturing Mathady step, the
substrate may undergo various procedures, such as primng, resist coating
and a soft bake. After exposure, the 10 substrate may be subjected to other
procedures, such as a post-exposure bake (PEB), developnent, a hard bake
and nmeasurenent/inspection of the inaged features. This array of
procedures is udhbdpeases itrasition tethuals b€ imspetioh Msdabledinahe mayefactafe ¢f ddeicese,
e.g. an IC. Such a, patterned |ayer may. then undergo_ various processes such
as get chi ngy lﬁﬁaﬂmnigﬂ srniguesand tymstheds of manwpetuning deyices gsing dithagsaphic

cheno- nechaqpical polishing, etc., all intended to finish 15 off an

i ndi vi dual pg@%rﬁ I f several l|layers are required, then the whol e procedure,
or a variant thereof, will have to be repeated for each new | ayer.
Eventual ly, an array of devices will be present on the substrate (wafer).
These ¥evices are then separated from one another by a technique such as
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faulty pattern. Secondly, the neasurenents nmay allow errors in the

| i t hogr apkdaping)pmetatlizstion oyidatiph, shematrnenhasicaltpotighing, etc., all intended to finish

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



30 or exposure tinmes, to be detected and corrected for subsequent
exposures. However, many P-0365.010 -2 errors in the |ithographi c apparatus
cannot easily be detected or quantified fromthe patterns printed in
exposures A]B%é‘ﬁ ion of a fault does not always lead directly to its cause.
Thus, a bAP idof of f-1ine procedures‘zf'or detecting and neasuring errors
In the lithographi c apparatus are known. These may invol ve replacing the
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di mension (CD) is known as " scatteronetry". Methods of scatteronetry are
descr i bed S§tHnglayHsh @tichinesfechniges take tispg ofen a cprsidertplaampuntodyringswhigh the

Optical S N i B 15 ng. 2. 361-368 1997
and N ofPs 0L EEbY be ust f9ogidion el 6lics Theiort o R il 3885 oy
SPI E, Vol whdh/ian btQ8&iedlont dSing 6eatites Sies tinde ayproliction®poduses, &rl RedaAg bY
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have the desired effect in the finished product. I's an object of the
presehl i seattatdnaetryt whe dightde reflected -byipedodie stroctuet imtha slavéloped resist andrthe
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reflection spectrum is reconstructed, e.g. using Rigorous Coupled-Wave Analysis (RCWA)

or by comparison to a library of patterns derived by simulation.
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;



30 nmethod conprising the steps of: using a |ithographic apparatus to print
onto a substrate a test pattern having at |east one degree of symetry,
said pattern being sensitive to at |east one type of aberration that may
be presen (Jgsﬁgid | it hographi c apparatuys; P-0365.010 -3 using a
scat t er omBtBP>PY measure a reflection s%éctrun1of said test pattern; and
deriving fromthe reflection spectruminformation indicative of the anount
of said at | easisifpg staRforRéterBMidadlire AeM Bidf RpectrinSat Hid &&rﬁﬁ&éﬁgﬁﬁ&
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provi ded f¥amplein & spIts lansnedee dieor gthes ypussd arsaof theswbpiraje, withaug requiring
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en. 1_gh y, De
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before a process step is carried out, if the aberration I's severe enough
to resul t wWafers, Alemetivele ifdbeymeasuredaberraiomsis sufiiviently sevare, shelithaguphice
substrate_put back jintp th rocess for re-i.maging. 20 In.g preferr.ed

met hod of PR AT taken o1 oF pRECHon (Or porreetiVe mattiinaes Sigigh Ay S and
the refl eghradeinBdRe6f defRdtiVRAPES drdProditRdscat teroneter is used to
reconstruct the grating with the inner and outer -duty ratios as
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array of gotsried out before development. Because the aberration is detected before a process step

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



and the refl ectance spectrum neasured by the scatteronmeter is used to
reconstruct the dianmeters of the spots. Differences in the dianeters of
the first, third and fifth dots in each wunit cell conpared to the second,
fourth and sixth dots, are indicative of 3-wave aberrations. 30 O course,
ot her tesP‘%ﬁ?-PEQ ns sensitive to other dberrations may be used and
multiple test patterns of the sanme or different types nmay printed on the
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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 beamn 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



providing a projection beamof radiation using a radiation systen using
patterni ng neans to endow the projection beamwth a pattern in its cross
section; 25 projecting the patterned beam of radiation onto a target
portion oi,(}gs olfyer of radiation-sensitive material, characterized in
that: said pattern conprises a pattern |5epresent| ng a process layer and a
test pattern having at |east one degree of symmetry, said test pattern

bei ng senat leastent oypatof hbasdtion peesedAn ehil dithdgysphicodppaketust at i on t hat nmay be
present in said I|thograph|c apparatus; and by the further steps of: using

a scatt er onet er Preeraply st dest paitera 9 radsdyin @ﬁ&?tqdiﬁ?ﬁ@fth%ﬁ@t@m ekthepat t er n;
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area adj acent the pattern of the production |ayer, such as a scribe |ane.
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the lithographic apparatus after which a further substrate is provided and
sai d st epgrayidinga pudjelitiog beapy ufingpateming mepnsmidpgojpetingehe patternebiesng ac:

proj ecti n? the patterned beam are repeated. 10 In this way, the results
of scatt ef &R y measurenents taken on one substrate can be used to adjust
the |jghographi g &Wﬁﬁ%&ﬂtst&%at&%ﬁ&ﬂ#&ﬁ%u%%%‘t% GH ne s‘fﬁBEtPéf@gan

Al t hough specific reference may be made i'n this text to the use of
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artisan W'déslcribpd)haemanmy havatother appltdamms;) sﬂohxis tlef mamdhctadetodimagnated optical

applications, use of c{he terns fer" "di e" herein
systems guldance and detection patterns for magnetlc domaln 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
¢lectromagnetic 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-

sectton such as to create a pattern in a target portion of the substrate. It should be noted that



may be considered as synonynous with the nore general terns "substrate" or

"target portion", respectively. The substrate referred to herein may be

processed, before or after 20 exposure, in for exanple a track (a tool that

typically %i a layer of resist to substrate and devel ops the
BRI,

exposed r a netrol ogy or inspetfion tool. Were applicable, the
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mrror arrays, and programmabl e LCD panels. Masks are well known in
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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 1n a liquid having a relatively high refractive index, e.g. water, so asto 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,



exanple with respect to the projection system Any use of the terns
"reticle" or "mask" 15 herein may be consi dered synonynous with the nore
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now be degpihfisf. by way of exanple only, 5 with reference to the
acconpanyi ng schematic drawi ngs in which: Figure 1 depicts a |ithographic

proj ecti on appaFijuuss degitts apyating patiesh Used fied §e@oid embodin@at fahopdtsdt@ to the
i nvention; Figure 2 is a flow diagramof a |ithographic process according
to anl&mbs¥iendei andf the invention; 10 Figure 3 depicts a scatteroneter

useable in met h?%ﬁn@g 89;;191]3 Bited &a&igg phttR S 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.
DUYV 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;



I nvention; Figure 4 depicts a grating pattern used in a first nethod
according to the present invention; Figure 5 depicts a grating pattern
used in a second enbodi ment of the present 15 invention; and Figure 6
depicts t%&@ﬁ ggﬁtlng patterns used in 2%th|rd met hod according to the

pr esent ? In the Figures, corr@&Sponding reference synbols indicate
correspondi ng parts. 20 Lithographic Projection Apparatus Figure 1
schematical |y dgprgjbdtion systbRqokaPhHipe, (B Pﬁ?%li}l

met hods accordlng(?o theklnvgntloﬁ % §O%§%%$g?hgﬂgo§prlses é%ﬂeulon
syst em Exirradiated pertionpfthei maskMprantes targa poomm ¢g. picompsiagionn of moge DUV

radi ati on particul ar case al so conprises a radiation source
LA, a fir sﬁ@tﬁgﬁu@sgﬁ{] &( mask table) MI provided with a mask hol der for

hol di ng aAsmRRKd téaeﬂge afafils'i€ bed rafdif] P ni ng

means for gccura% E S|at|c§n%)ng t he ?rask &{%rhégaier?tﬁélgggf lﬁ

second5 obHesteverm @w.tall,bsmlanabo tbalof e yeflaktipe ype, (fademﬂ;ﬂc . i 4 aflectie der
a resi t coated silicon wafer), and

f hol di bstrate W ( :

connect edhﬁg]()séi'gﬂé“g‘g ohe ?Bﬁ?ﬁr s gy faplayangiher Fiag of PaliRsaing AR Guehhes
bstr at arﬁﬂm% a projection system

?'I'JI Zn;?) © gt} . gl%(rhtélfntoact |€gf{§’ﬁe%%§%§%%9 O&i magl nJg anI | I’I’g.dl at ed

portion of the ffhskody@e bAt(egaaﬁa(cgﬁérlasur}plﬁm@sé@e@nofﬁnﬂ[tioﬁl TBis®8&mQ§ nore
di es) of the substrat ere depicted, the apparatus is of a

transni ssfefd W@‘@tloﬁﬂs@nt@é‘ﬁﬁm@@ illceithandiyect]s oralienhaying tfﬂ"g@ﬁ‘ér al, it
may aj§o P cﬁﬁ?rﬁn\éﬁl Bﬁsg%ﬁc‘ﬁeastayﬂi JxBEmfei‘ %pro? e:ﬁa?n e {l}:%g{aﬁr IE er i ng

mask) . erna e appara enpl oy a Fhet

means, S ucdsmpﬁse aljusting mmﬁathdﬂséﬂnﬁg t}ﬁ:rdlﬁaf aall/of idnéPadas ekRhelcb@hdndy above.
The source LA (e.g. an exciner |aser) produces a beamof radiation. This
beamis faferredogsamonter andi qrinrien mesppetivels) ©f teuntiensityodijtributioreintthe beatnrloct | y
or after

Q&‘d‘lﬁ&% 1{ méli/genera‘illy 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 condi tioning neans, such as a beam expander Ex, for exanple. The
illumnator IL nay conprise adjusting neans AM for setting the outer and/or
i nner radial extent (commonly referred to as a-outer and a-inner,
respectivelgsks@fpthe intensity distribuigon in the beam In addition, it
will generally conprise various other conponents, such as an integrator IN
and a condenser CO. In this way, the beam PB i npingi ng on the mask MA has
a desi redjtmﬁbummmcueﬂtg/aahuititrdketastiuhﬁprdirsﬂayibmﬁ:dedn inits cross-section. It

shoul d be noted_wth regard to ure t hat. t he source LA may be within
the housing of T%Q‘*WF‘F&G@?%F se€ i 5 P&Pﬂgef(%m%esoften the case

when the SOUr Cerf-fep hode, HPHEN bl anki Mo GHSHRE bleht ds al so
be renote fromt | t hogr aphi proj ecti on appara us tfﬁe r aetlon beam
which it pmtdumrgswiit magednedpattetmlmlbwtedpqoﬂjeqﬁqsctﬂﬁ t(eamgs prdjédied dieto aitakger
swtag%]e di recting mrrofr:n;% this latter Qﬁ_ﬁal‘lo Is often the case when
the sour cBOMAN(SINEEO fret Single shatic exposuis)-[hssubsitatsiapis W4 g then ghifisd in

ts th
sk A R ndr Yo CPAR § Bifrcht gl BORICH © URPRABDNAd 1 ALFRERR' D0’ "
t he beam BR madamm ik ofhb exprsuledivld Rinits Wy sike @’:‘thé exe pertioneC hegivdMBaont o a

target portion C of the substrate W Wth the aid of the second
posi t i oni FgelestAtis exppIre. nterferonetri c measuring neans |IF), the substrate

tabl e WI' gan be n.different target
portions int pat%ﬁO eam lerI;!gB‘F"“ngm ar ?te%% f?rressf:%gl tioning
mansl@ansﬁﬁhﬂﬁﬁdsly@m@p’aﬁbﬁﬂ 1mpﬁﬁ§didtﬁ6pid“&t16ﬁ%5a% projectedoRsPL flrgdt0 t he
path of the beam PB, e. after mechanical retrieval of t he mask I\i\ 30 from

a rrask | i B@Iamy C gre- asng Y&WP%W@@@@V%iPCl%\ﬁé@ﬁﬂmwf thp subsitiatectableabl es
rggtl\;eetgltl#]ezr%gs%rﬂ bId NP &‘%9 ok t?ln ae-f ag(‘;n%icnPgng%fngourse

p05| t i oni n t and oke ni ng are not

expli citl yevdgal eagsbtdriztitd Gthe projecionsydém PLnInt $8n nfods &h® aiierh Qize VFARPET
(as opposed to a_step-and-scan apparatus) the nmask tabl e MT may P-0365.010

-9 just bexpashredialé limits the width {mélnerwca@mu&ﬂm:ctw@) Ofﬁhly taggetirioxizan inphe

deplc ratus. can be used d nodes step
rode. 1€ he BRI R M S e Qo Bl utis b Flofioh BEis R EEE by,
stati onar yin m@gdmgdﬁe@ﬁd[gopg{ett@g (E;omﬁ{ted to the projection beamis
projected onto a target portion I n one (i.e. asingle static

exposur e) 3- The étumln&!tf@deaﬁlle anaglf table Mrleis ksm efssqmally]stamnary holding a

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 C can be
exposed. In step node, the nmaxi num size of the exposure field limts the
size of the target portion Cimged in a single static exposure. 2. In
scan node ¢33§Wsk table MI and the substrate table WI are scanned 10
synchronoﬁé le a pattern inparted™t¢ the projection beamis projected
onto a target portion C (i.e. a single dynam c exposure). The velocity and
di rect i onhafd Bake SR8 bR inspidtn sWh 9821 Bl iMpebod $16p SBHENROVEE 1 S
determ ned by the (de-)magnification and inmage reversal characteristics of
t he proj eédiffesentsyessersmpnts and inspegiions ded acchelimgtei theinventien influtleea exposur e
field imts the width,(int on-scanfin Lrectian) of the target
portion i ﬁcaiteﬁ%neéfyrﬁgﬁpedeg%nléﬁnﬁng?B’SEC{W‘2& t@%_@%@ﬁ%ﬁ”ﬁ‘ﬁe‘“%@ﬁﬁ?‘h ad:‘rochqgstgg anni ng
mot i on dekengEdasd bie H By invbive eidhneSha ARAOSF Mk s@8staR Not eévér&ﬁ} RSHE!
portion. 3. In another node, the mask table Ml is kept essentially

st at i ohar yepusitaind agrogucod tayanmeidl bzatian; ien mpgntatemsetc. affter the peuchsstatat e
table WI' i,s . ooved. ar scanned.while a .pattern inparted to.the projection
boam i s pPOECIBHITNE Gt At SYPAnSR Teal rpechi Sho GuTied oughhe b y o

pul sed r adiRbisGBs ELarothe? TRPY Rt ad g QR t ' ans
S updatg asS r%qw red é’fﬂ%ep@gacﬁ m)ve%%Hr%tﬁatgfagh%qg%%gﬁ?lg?egsgggﬁwor I n
bet ween directeddirectlyrtadisaipping gey SHsarmdianotigr attespstno prihi the smde pricessfayent i on
can be readily applied to naskless |ithography that utilizes programuable
pat t er ni n@laﬁ%ans, such as a progranmmable mrror array of a type as
refergged to abo i ' L at i s escri bed
m)desigf use orYIgtrlllFi rg%mﬁ%ggﬁf&%gé}g@% ch%%h%@egk%@&eai%ﬁgged

Figure 2 useda THeavatchirageter ®tomprisel b bgradpiido(whitedight) radiatidli ©hurdehd Whickent
i nvention may formpart. Prigor to the exposure step S4, which may be

carried odirecisradiation via 3 heamsphHeic! e a deststrusturp TSonthe pafasdd- dbeve with

rel ation ' . S | ] es a
pri i ng ‘s sl édiarton 3 RIS BhcrrByller 3 Wit oG Wbl OERIRER £,
and a sof furktike o53atelenggiinfehs gevalat kftdiediddiione Frarh thidlite) thexpadiree, the
waf er under goes a post-exposure bake S5, a devel opnent step S6 during

whi chli hegisibaedoshe dey elguIp adyde reepmsaveiedh §- o by Wigarpes Coypded B&vet i s
iti ' j o P-0365. 010,10 har.d bake S7 i
o an 1 s foaBFEAM Yk e SRR GO0 Rpipali g ity AN pln P

general, for the reconstruction the general 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 neasurenents and inspections and according to the invention
includes a scatteronetry step described further below |f the wafer passes
i nspection, a process step S9 is carried out. This may involve etching the
areas of phpgsypptrate not covered by repist, 5 deposition of a product

| ayer, netallization, ion inplantation, etc. After the process step S9 the
remaining resist is stripped S 10 and a final inspection S 11 carried out
bef or e t haill praptfest shemssives én & variatiootin tre frayet grating cftbe imes ambowtat dutf ai | s an
i nspection at S8 .t .be irected directly to a stripping.step. S 10 and
anot her afa[t'é’ﬁ*;gf’%t"@‘)ﬁﬂrﬂ%%‘ ifad ‘i‘?‘@" r 6Eeyding Scﬁ%ﬁﬁ%mquﬁﬁ‘tﬁofﬁﬁﬂ%%ction
step S8, cat t | ot i i : , e
Scat tor o e Rl PO P Sy ™ EE e EB o o]

whi ch  di rezonstructidn ptdcess. Vihe othep @arasjeiers ofthe gi@ingduoh as tisswiddtsrand shapes,TS on
the wafer W .The reflected radiation s pass to spectroneter, 13 which
measurds BAYBEORYY tHedpeaRsisionroress GimikngH sses G5 eFERGpR cB and e ther
specul ar teflrm&d gradisdlsi on. Fromthis data, the structure 15 giving rise
to the detected spectrum may be reconstructed, e.g. by Ri gorous Coupled
Wave Anal ysis and non-linear regression or by conmparison with a library of
si mul at ed sEe(&tra. In general, for the reconstruction the general form of
the struc f#own and some paraneters are assunmed from know edge of

t he process by Wl i : ters
of the structur ‘g‘%rgﬂ%éeﬁlj;&ﬁgé anér?gg%fs}é\%@ndt e %%%ﬁttﬁg}s%er@r%%t?@&e?B%gste%p%@ﬁe

i 11 usl0 at Eigurd e Thsgrateematiare isa tavonlimandieriah giatdap edthaClexhgomirahie cell

However th sd’;\ma é)r'hnci | e.may be @p led using inclined incidence,

scat t er omBfith dayat paghcermsy of beapitgp nﬂlﬂsyattﬂnme@ﬁlhfvﬁ@ rWaYS Zheration
range of : ' f ' t a
singl e angjlhgéhg‘?ﬂgéaygenglg ﬂéﬂ{&m‘gﬂeﬁgﬁ%@oé gi %%%é%ﬁﬁge%%%ow@gd@?%s ed.
Enbodi menfThd radmoadithi digmieterssoff the blackrdots oal thefwhitead otawanriei recuvetdddrdm stie
structure printed on the substrate Wconprises a repeating two-bar grating
as depi ct SREWMSY A2 4. The grating 20 30 conprises a pair of bars 21, 22
repeajed a large nunber of tines. The grating is printed such that after
devel opnment, the bars are fornmed of solid resist lines. This pattern is
sensi t i veEmbodonaiti3c aberrations in the |ithographic projection apparatus,

articularly the ) ) . ) X
P y In a third method according to the present invention, three test grating structures

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

$—-5,=0 1)



projection systemPL, and illum nation asymmetry and the presence of such
aberrations P-0365.010 -11 wll manifest thenselves in a variation in the
printed grating of the inner and outer duty ratios Pi, Po fromtheir
i nt ended g@d%%m Accordi ngly, the scattf%omstry data of the printed

|

grating 2 s used to reconstruct the grating with the duty ratios P;, Po
as paraneters of the reconstruction process. The other paraneters of the
grating, $iumiwexsr 4 smathbaibins cfrdmatiaptestatibn isgptedeat, itieidealtlimetvidths wy and w»
reconstruct,ﬁog process fraom kpow edge of the printing step and/or other
scat t er on@fill Fhasies dr eppasite diraciipns By Al amEURLAW ANt r uct ure used in a second
nmet hod of the present invention is depicted in 10 Figure 5. This grating
structure is a two-dinensional grating with a hexagonal unit cell wth a
dot at each cormgr=wf+tAwe unit cell. This pattern is sensitive to

t hree-wave aberration which will cause the diameter of the black dots 31
to chahge rel at e Wo-®e white dots 32. The ratio of the diaf@lers of the
bl ack dots to the white dots can be recovered fromthe scatteronetry data.
15 Enbodinent 3 In a third nmethod according to the present invention, three
test grat iARGurAing WAt Wiekattérbmett§ 8ignhlds RS ¥6 e e iriti GRS He i fr@ascen t hout
the need to reconstruct the grating structures which is conputationally

i nt ensi vebefigen e tiosgiterposey picrals will thenbagben band 20 t hi ckness of the
underlying layers is not known. Figure 6 depicts the three gratings d, &
and G3 which are used in one exanple of this nethod of the present
invention. As depicted igsFigure 6, gratings GL, & and G3 each conprise
repeal?ng two- ban — St Fudtured¥ Gratings GL and G2 are nmirror sy@hetric with
bars of width w, and \/\2.“‘55 Conpared to a two-bar structure with equal line
wi dths, GL and & have equal, but opposite asymmetries. If these gratings
are printed perfectly, with no comatic aberration, then using a normal

i nci dence scat t dhedemeative d8/dwis mgaguied gsingithd thiyd geatiag &33 whichiigsimilar to

ST o bRt G PRGBSl Sl Wik AR o T

with no c
Comparing the scatterometry S; from grating G3 with S; from grating G2 yields:

15
das (§,-8
B _Gam5) @
dw d
Substituting into equation (3), yields the linewidth change Aw caused by comatic
aberration:
20
Aw = 5 -8 % 4 (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. In the 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



30 S1 -S 2 =0 (1) P-0365.010 -12 If however a small anount of comatic
aberration is present, the ideal linewdths w, and w2 w1l change in
opposite directions by an anount Aw giving: W' =W+AW 5 W' =\2- Aw ( 2)
Assum ng bt E ﬂ? scatteronetry signal i_ | inear for small aberrations, the
di fferencé "between the two scatteronet i signals wll then be given by: 10
S, -S2 =2dSxAw (3) The derivative dS/dw is nmeasured using the third grating
G3 whi ch beapprotihed thay the ineermpaonsy @rphdticed Gthebuibe thas agdekfided. Twal smal |
asymmetry d in the Ilnemndth Cbnparlng the scatteronetry S3 fromgrating
&R with séeacrlawrgﬁaqqtﬁge dye Emitthe myeplon S3 - S2 ) dw d (4) Substituting
into equation (3), yields the Ilnemndth change Aw caused by conmatic
aberration: 20 Aw S1 -S2 X d S3 _S2) 2 (5) The values Sl1, S2 and S3 can be
taken directly fromthe scatteronetry data for a variety of wavelengths to
enabl e sinple cal culation of the error introduced by any comatic 25
aberration. In the event that the scatteroneter response is not |inear,
this can be accounted for by additional gratings simlar to G3 but with
different values of d. This technique can al so be applied to the hexagon
array used to nmeasure 3-wave



aberrations. 30 Wil st specific enbodinents of the invention have been

descri bed above, it will P-0365.010 -13 be appreciated that the invention

may be practiced otherwi se than as described. The description is not

I nt ended ﬁ?pgf?}'lﬁé% the invention. P-0365,010 -14 CLAIMS: 1. An inspection
I"5i

met hod co the steps of: using 61 7t hographi c apparatus to print
onto a substrate a test pattern having at |east one degree of symetry,

sai d patt @AINES:Ng sensitive to at | east one type of aberration that my
be present in said |lithographic apparatus; using a scatteronmeter to neasure
a reflection spectrumof said test pattern; and deriving fromthe
reflection spectrum.i n{.orma I gn i ndi .cahiﬁvs? of .the ambunt of said at |east

one type Af abefs’rna{fl?p(?ﬁ l?ﬂglg “PRPLE ft"P(§g§)tf:aphi c apparatus. 2. An

i nspection met hggingaiRich _'é&ppﬁfa;@ﬁsrfb:brﬂﬁ'@ﬂtﬁia%uﬁﬁaﬁ5ﬁ§ttpd?@ﬁflﬁvﬁhg\cﬂﬁ%{Ses
a two-bar grating. 3. An inspection frethod according to claim?2 erein

sai d st epooé defred of syqmétny, saidpuitan beingpensitbe tp atlzasttone typered abéreationahitar

grating with.the inner out er. dut rati os as paraneters so as to derive
i nf or mat i GRYiAFESHS ’\‘?é‘a@fr]ﬂbmei’r‘%a%él?sat ion in the Iithographic

appar atus. 4. Ausihgageﬁe}aﬂet%nﬂ&s&%%ﬂwﬁnfsg?&gg{t gfrsLidt%s attSn; YET €1 N

the test pattern cConprises a hexagonal array 5. A I nspection

met hod accor di ndetivng fraimthd reflectien spestring infoematidn idichtiverof the afonntadfisard
conprises reconstructi.ng the dianeters, of the spots, differences in the

di anet er sabliea‘gﬁli? Wﬁfégwtﬁﬁipfesﬂtllp Sﬁ)‘fl?‘ﬁwgﬁppﬁ@% i ndi cative of
3-wave aberrations in the |ithographic apparatus. 6. An inspection nethod
according to claim1 wherein said test pattern conprises first, second and
t hi rd strdct ur ednahspehors method as¢ording morethin ¢ Wherein saiditadt pattesh canpriss@aond
structures having.equal but opposite asymetric deviations fromsaid basic
symret ri c™WeGr#aE sai d third structure having an additional asymetric
deviation as conpared to

3. An inspection method according to claim 2 wherein said step of deriving
information comprises reconstructing the two-bar grating with the inner and outer duty
ratios as parameters so as to derive information indicative of comatic aberration in the

lithographic apparatus.

4, An inspection method according to claim 1, 2 or 3, wherein the test pattern

comprises a hexagonal array of dots.

5. An inspection method according to claim 4 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

the lithographic apparatus.

6. An inspection method according to claim 1 wherein said test pattern comprises
first, second and third structures of the same basic symmetric form, said first and second
structures having equal but opposite asymmetric deviations from said basic symmetric
form and said third structure having an additional asymmetric deviation as compared to

said second structure.

7. An inspection method according to claim 6 wherein said step of deriving



sai d second structure. 7. An inspection nethod according to claim6 wherein
said step of deriving P-0365.010 -15 information conprises dividing the
di fference between scatteronetry signals obtained from said first and
second st pugkyhes by the difference bet_gg:_en scatteronetry signals obtained

fromsaid third and second structures. An inspection method according to
claim7 or 8, wherein said first, second and third structures are two-bar
gr at i ngs, infhemdtionsomprrisescdividéng the difterérae baiveieh scatterametryv@gnahesttained from
greater than w2, the second structure bei a mrror inmage, of the first

9L 1 uct ur e Sag 3P dSoRA USRS bY G ISR H RPN ACERHOMTEY giedhld oRiRFduher o d
is |less tam WidWard 2ad s&ébndiea&etdsOn et hod according to any one of the
preceding clains wherein said scatteronmeter is a nornmal incidence
scatteroneter. 10. A device manufacturing method conprising the steps of

providing_a substrate that i s at least partially covered by a | ayer of
radi at i on$: sensiflipEpeptienmethod agrasdingto,glagn 05 Bewhergin beeqondiant i on

using a 1 gl Al RRrYEt BI0- DS L R A HEHIRANY i Coaf 85 W) Gnd Wolwiehd ON

beamwith a pattern in its crossS Section; projec e patterné eam of
radi at i onwqiid greatet thag e, thesédond strficttuecbelrpyemiredr imagelbfithe dinst SOt 08d
material, characterized jn that; said pattern conprises a pattern

r epr esent Hsghid siractetehayingar widthsweedkandour-d shere digJessdhan wi-®ast  one degr ee
of symetry, said test pattern being sensitive to at | east one other type
of aberration that may be present in said |ithographic apparatus; and by
the furtRer steépsinsfectioisimethod aseading toa®t @e dfehdpreceding ¢lhits wihidreiatshian
spectrum of said test pattern; and deriving fromthe reflection spectrum

i nf or mat i S¢AMEFIMSteR 1 p@oppalipadecs srattesmele d  at | east one type of
aberration present in said |ithographic apparatus.

10. A device manufacturing method comprising the steps of:

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;

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
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

at least one type of aberration present in said lithographic apparatus.





