02 MARCH 2007 1 Device Inspection The present invention r6|ah9§4hﬁcﬁ%hﬁ9ds
of inspection useable in the manufacture of devices by |ithographic

techni ques and to device inspection apparatus. 5 In a nmanufacturing process
using a lithographic projection apparatus, a pattern (e.g. in a mask) is

i mged onto a substrate that is at |least partially covered by a | ayer of

radi ati on-sensitive material (resist). Prior to this imaging step, the
substrate may undergo various proceBeviesInspeationas prining, resist coating
and a soft bake. After exposure, the 10 substrate may be subjected to ot her
procedures, such as a post-exposure bake (PEB), developnent, a hard bake
and i nspection of the inmaged features. This array of procedures is used as
a basis to pattern an individual |ayer of a device, e.g. an IC. Such a
patterned | ayeThe present ventionlfslges toanéthods of ispesiphussabldinithe aiantifaogire
ion-inplantation (doping), netainzation, oxidation, chem cal-nmechani cal

pol i shi ngof devises by Hthographisetgchniqyes and ko daviceanspeation apPatatipual | ayer. | f
several |ayers are required, then the whol e procedure, or a variant

thereof, will have to be repeated for each new | ayer. Eventually, an array
of devices wll be present on the substrate (wafer). These devices are then
separated fromone another by a technique such as dicing or saw ng, whence
t he idi vi dual devices can be nmounted on a carrier, connected to pins, etc.
Further information reqatdin such, pr f sseg.can. be 20 obtained, for

exanpl e, rom PHIREUCIRE POCA HSIogR  BRFHRIE RIS APRAERIERA Aee.¢.
Sem dugct : LG AT b | t Hill
publ | ohi i a0 BIGER Puig ¢ GG Righ S pabalt A 0¥ g S anel L e e ence.

The i nspegdiation-sémfriveihaterislvessisop Reiot toakhis irheging step the substrae! ay @idergoed to as

metrol ogy, serves two purposes. Firstly, it is desirable to detect any
target areaipuspeceduress suchmasRrimiagnrepist ¢ogungianda spfbbakecAftst exposyrgithey . | f a

suf fi gy ent ,nunber I e e f i f the
oot t elthoo e flay B sphiEcediCohBHnblequtdl oubR oD oL BERIE bRPRREY |10
the faul tddglophiea)h hnd ke rayd ispeétioncof PiediaREed fdatives. Thik arty ofipedtedites It a

faulty pattern. Secondly, the nmeasurenents may allow errors in the
| i t hogr apisied anppasistopatiem an individrl ke axsyice, @gian I6rSueh 2 patteraed fayeys or

exposure rtniay ieh u;[u?erlgoc? vgﬁe(;[uescl}rg(gesgeg%u&logsre?c%ggq i(ganmﬁ%gt%ﬁgﬁl f}c{](}ping),

metaiiization, oxidation, chemical-mechanical polishing, etc., ail intended to fimsh oft an

15 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 inspection step after development of the resist, commonly referred to as

metrology, serves two purposes. Firstly, it is desirable to detect any target areas where the

25  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, €.g. an etch, with a faulty

pattern. Secondly, the measurements may allow errors in the lithographic apparatus, e.g. in



exposures. A netrol ogy neasurenment may be used to determ ne tipe MXREH2D07
error between two |ayers of a wafer, or may be used to determ ne focus
errors or the critical dinension (CD) 5 of features of a particular |ayer
of the wafer (usually the uppernost |ayer). There are a variety of ways in
whi ch the netrol ogy neasurenent may be obt4i ned. Typical ly, these are
performed_in an, apparatus which js separate fromthe |ithographic apparatus.
Measur emeHiusnipationSetEgsion e@%%&?%ﬁsetoﬁ?ﬁgfe&f%?sa“ (COITESS IsPbseg¥editr ed to as
of f-1ine. eﬁos@eggl e off-1ine apparatus may be used to perform nmetrol ogy
measur enent’s 1t or wafers 10 produced by several |ithographic apparatus. One
known of f - | i neArmétielog@neasupérnért weay beasel foadetersny the oVerldytetTor bethass Gwopon

i magi ng of boxes printed on the wafer, a first box bei r_lga;)_r_i nted on a first
| ayer andlayersofa svader oxmok be ysedrtp determing fecus egorsdr|the eniticaldimenaiop4E us  may

al so be us to asure .focus rors. . The_.apparatus i S C nly referred to
s boxs | nobeaties ot A TP pEe Valers upL R R HPRRos fof e TBEAHE box

appar at USyA e Ma%giﬁ WHAEHRm ‘idcg’g%ﬁ shﬁxdehm?% B6afHea S Tyically ki8S atéPON
single line I'mage detection. A secon nown off~l1ne netrolbogy “appar at us

conpr i sespafcmedin ag apparatus whichris sapameofpem (RHithographis apparaivdes very hi gh
resol ution neasurenents of the surface of a wafer, and is used for CD
measur emeMegsurgments ReFFarmesda aseparse appasus arecemmonly ferred toas offokipe. 2y and

expensive.. A t kit Q4 ] B% ' a
scatt er ongt QF’ .owfhr?esmpr ovslorh£ s&n'ggggﬁ é%rrgén o?%%y %lrr élgsl}g??%a?%ﬁ a
scattmonpfogﬁaed\ﬁg:igeeeﬂai Mbgﬂaphieqf)ﬂ@@mgd by periodic structures in the
devel oped resist "and the resulting reflection spectrumat a given angle

det ect ed. The ©ne knewn effding mefrologieapparatuseuseditp seasurp oyprda is based sipon
reconstruct ed . 25.using .Ri ou upl.ed- V\ay nal ysi or by
conpar i soH“igbﬂgao%lg)&FﬁpvntS‘fl 08 Héec‘?%r’ a?gé%ﬁ:vgaeg&g %}M%R ?ﬁﬁ‘%&&@@ , the
reconst r Ugdehfdthéd béihgpﬁﬁfea ©h @sBcdnd 15RAPThiR lapPAtatuk Ynay\u®do/bd dke RSinégsufdrd t he
techni que can suffer Tromlow sensitivity and poor repeatability. It is an

obj ect of fdcheerpores &he apparans iseomneonty refértkd td @y box-in-hey ¢ert frane-inkfratme). A
overcones at_ | east pone.of .the above dj sadvant ages. 30 Accordi to the
U nventd ondissivaaiage ob {he poxciRrbx ARRAIHS isrthatdloiBeRetAR s BracY i limiterSecaBierib g
conpri si ng.; Gl lisn.mar ker on a device to be inspected, the
form 02 I\/%&g-l@éz(d&g%ﬁg%ﬁﬂe ﬁﬁa@@ﬂa&h&n

A second known off-line metrology apparatus comprises a scanning electron
microscope (SEM). This provides very high resolution measurements of the surface of a
wafer, and is used for CD measurements. A disadvantage of this apparatus is that it is slow

20 and expensive.

A third known off-line metrology apparatus is known as a scatterometer. This
provides measurement of CD and/or overlay. In a scatterometer, white light is reflected by
periodic structures in the developed resist and the resulting reflection spectrum at a given
angle detected. The structure giving rise to the reflection spectrum is reconstructed, e.g.

25  using Rigorous Coupled-Wave Analysis (RCWA) or by comparison to a library of spectra
derived by simulation. However, the reconstruction of the structure is computationally
very intensive and the technique can suffer from low sensitivity and poor repeatability.

It is an object of the present invention to provide device inspection which
overcomes at least one of the above disadvantages.

30 According to the invention there is provided a method of device inspection, the

method comprising providing an asymmetric marker on a device to be inspected, the form



of asymretry of the marker being dependent upon the paraneter g2 MRRCH 2007

i nspected, directing |ight at the marker, obtaining a first neasurenent of
the position of the marker via detection of diffracted Iight of a

particul ar wavel ength or diffraction angle, obtaining a second nmeasurenent
of the position of the marker via detectioR of diffracted i ght=of a 5

di fferent vel ength.or diffraction | e d conpari the first and
second medk anEume e he maker beig deperie i iondht paramRar o epested: FeecBg ce of
asymmet ry éigfn it ﬁafﬂeﬁ,rqbtamﬁ%B'fﬁﬁtm@ae&e&eﬁpmhpgagiﬁérp& HEARHCE VRN S mRY
conprise détection of diffracted light having different diffraction angles
but the sdsrctiavef diffgicked 1ight of apirtivdbywatdiength osdiffraetion argleubtgimiag i on
measurenents may conprise detection of diffracted |ight having the 10 sane

di f fract i eecond measyrgment 9fithe pepitionefdhe mgrkes via detectipn pf diffracied bghtaf ave, the

first and . d t ise d t] f diffracted
[ ght hav e Ehet GRRaReH Sl SOhafiElh: Py R Sablieforid . The
mar ker My GABRY toRtePMEned shife ilichtivé bAfHel deBred oR héyndetd/ ¢k thdfatlel.f ract i on

angl es may conprise diffraction orders. 15 The marker “may conprise a first
di ffraction gr dhefigstandséaded positian frieasiremente mayfcomipeise ditedtion of diffracted econd
diffractign gratin rovided in a second | ayer of the vice, .the first
diffracti bigh aamgrfﬁffpawat i’lg ctigp aRgleyy ?‘f‘g%lé@%%wa‘éfrl%l‘tﬁﬁhg‘gﬁ%{wﬁﬁ&l%ﬁ%ﬁ é’é?ﬁe

peri od an ' Fe)VA [ [

e R e A G S L

mar ke10 mayarfe diffracivonaanglertat diffekdnt aavelengths.aln afurtheoaltesientive thefitstanad | ayer of

the device, and a second diffraction grating provided in a second | ower
| ayer of ®¢rendpositian mepwrements may comprse desectipnzafidififactad lighthayimgghierent

diffracti ratin J I riods each selected to give rise to
strong di ﬁf%g%qqnoaﬁ]%}ﬁg%%{ipggg‘g{%t a&?@&%@%’ti on orders, such that a neasurenent
of the positi omhemadrke nidy'cenptisé bhe6t mofe diffedcting grAinps ad Wedifcaaasur i ng
one 25 diffraction order and a measurenent of the position of the second

di f fract i engles may eempese ditfepgtioeardsis. neasuring the other diffraction order,

the shift indigating the overla f th .Lrst .and secqnd | [S. e term
Strohb di 11 adB BiRker SravRpEiry e et el Bap AR e R 40 p 0N o of the

suf fi ci enfibyice, 2hd @86 diffrabRASEHEEEL pRVHdSn Bisedchdakley obthe ABGIRE, the fivst
diffraction fromboth of the 30 diffraction gratings in conbination. The

mar ker nmadiftrectoni gatingandshasasond fitiragitancgragmgandving e samepetiadandgeing e t he 02

MARCH 2OOZ)rovided one over the other such that the light is diffracted by both of the diffraction

gratings in combination.

20 The marker may comprise a first diffraction grating provided in a first layer of the
device, and a second diffraction grating provided in a second lower layer of the device, the
first diffraction grating and the second diffraction grating having different periods each
selected to give rise to strong diffraction at different diffraction orders, such that a
measurement of the position of the first diffraction grating is provided by measuring one

25  diffraction order and a measurement of the position of the second diffraction grating is
provided by measuring the other diffraction order, the shift indicating the overlay of the
first and second layers.

The term ‘strong diffraction’ is intended to mean that the diffraction is sufficiently
strong to be measured, and is preferably stronger than diffraction from both of the

30 diffraction gratings in combination.

The marker may comprise one phase diffraction grating arranged to measure the



4 focus accuracy of a lithographic projection apparatus, the WwtNMRfcH 2007
conprising providing on a mask of the lithographic projection apparatus a
phase diffraction grating having a substructure which includes a step in
optical path length of substantially 4 , the step being 1in opposite
directions for adjacent lines of the diffrdction grating, the period of the
5 substructure being sel ected such that a focus error will cause the phase
di f f r act i fgugyncguragy of a fthographiofreiectioronparatus, detmethodcorepnisieg prpviding on

| it hographic a rat.us dj acent |ines of the ase diffraction grating
bei ng_shi 1 gk PG S RreB Rt ERton At a5t BRRI o St Wb on' s
measured by the shift. The marker may conprise one diffracjion grating
arranged substrectsiervehichhincludes a stap in oticdl path &sngth offsubstatiallyrr , theptapdutingy a
wafer in the |ithographic projection apparatus, the net hot conpri sing

i magi ng ont waf-er. i . i | i S . with a
peri od atlJ?5 og)lp Bgﬁlﬁegngx}sg’gg L%?&h% ﬁgesﬁfﬁné @%@h@%&?‘ghmg%gg§éy%? bei ng

i mged bysibsgucthretbBingrselebied spstothacs foets enpraviditoatse thé phasesffravgénigratibgi ng
arranged to forman additional line of the diffraction grating whic

render s ttosshift whemprojestedginta theglexics birshe lithographie geparyns,adiace lines of hg

di mensi on_nodifyi ng the. ef.fective refl ect.jvity.of the substructure thereby
modi T yi ngPhaoh SRS FiPE HPTTe shitfed i opBEtscinsHiahs £ViRg BT Tt SDWEY, y bel ng
det ect ed @fichhemessitddtby théshifthvention al so provides a device inspection
apparatus, the apparatus conprising a light source arranged to direct I|ight
at an asymmet r The markkemap comprisedorerdiffragtion grating a2angtdite oteasura theaorgiedl t o

detect light diffracted fromthe nmarker with a particul ar wavel ength or
di ff Wt | Seasign of # RREID SXRIEY PRI A T TRBRNBAPHIC BIONGON ABRMEMS 6t ¢ he

mar ker , : LRt G o e
mar ker vm??lﬁﬁga g?‘?‘?ﬂ?&%ﬁ %‘ﬁ?@gg 'gﬁﬁgi ngﬁ%‘?@gé éto hggg\gear s?%é?ﬂ%{#%%?di ng a
second neggiodesenbf tle driéer of,the tritical diménséonmpitsie of beinglimagadebyi then neans

arranged to conpare the neasured positions tQ determ ne_a shift, 25 The
i nvent i onliiPgraPiF BIRieRoN APPRIGIE.ShE Substueiusbeapg,Fangsd o form anAdditionglline
conprisin } | ; [.ght ggl g{g L ction
grating p‘?fot\l}?gigggégfr?n}?%{er@ﬁ%@?ﬁ géhgglgtdéég?gfrr&g%b ndgte & eFSJd]'? ﬁﬁgghy 2

di f f rigct eghitfoabdindehsion hrdlifyidiglthe effédtivs réflattivitgof the dubshiomes therdy Tkedifying
arranged to obtain inspection information using the detected diffracted

l'i ght . 30thasasymanetRy effhe diffracticas & plaine &mpdibed pumametyy beingdetegicd potikhe use of
t he apparatys according to the invention in the manufacture of 1GCs, it
shoul d begﬂﬁ‘pl icitly understood that

The invention also provides a device inspection apparatus, the apparatus comprising

a light source arranged to direct light at an asymmetric marker provided on a device, a

20  detector arranged to detect light diffracted from the marker with a particular wavelength or
diffraction angle thereby providing a measurement of the position of the marker, a second
detector arranged to detect light diffracted from the marker with a different wavelength or
diffraction angle thereby providing a second measurement of the position of the marker,
and comparison means arranged to compare the measured positions to determine a shift.

25 The invention also provides a device inspection apparatus, the apparatus comprising
a light source arranged to direct light at a phase diffraction grating provided on a device, a
detector arranged to detect light diffracted from the phase diffraction grating, and
processing means arranged to obtain inspection information using the detected diffracted
light.

30 Although specific reference may be made in this text to the use of the apparatus

according to the invention in the manufacture of ICs, it should be explicitly understood that



02 MARCH 2007 5 such an apparatus has many ot her possi bl e appkMakeéangg7 For
exanple, it may be enployed in the manufacture of integrated optical
systens, gui dance and detection patterns for nmagnetic domain nenori es,

l'i quid-crystal display panels, thin-filmnpgnetic heads, etc. The skilled
artisan will appreciate that, in the context of such alternative
applicationg, any 5 use of the ter "reticle" "wafery qr "die" in this
Coxt snoustiia bt dank et RoTToie cichs, ForiiBample. ety
"mask”, " gHie i ALfactBB Of irtédrat8d optdal bydfems, bRiARRE ahd Akketion PatiehR fBF esent
docunent, the ternms "light™, "radiati'on" and "beant are used to enconpass

al | types magnetioadoimamagmadries, liquild-atyswahdisplay parts) thinHfilmawagneti¢ heald) eat.i on
(e.g. with a wavel ength of 365, 248, 193, 157 or_ 126 tun) and EUV (extreme
ul t r a- vi olTee skilled agtisam Wilk appreciatg that,in the coniexy of fich @kematiydapplisa@sAmY0 nnj |
as well as icl "o naSul: e Enbodi nment s
of the i nuendh i e AT Bk BF i En VS Wi Show E LSRRI R Ping " ¢
refer enPerép%cTeJi‘BY AscatRAgEEraDtesifl eBdk" C'sObshate Gfd "ﬂﬁrgﬁlgéﬂﬁbnﬁlr&p%@ivkl Jepicts
schematically a Tithographic projection apparatus which nay be  used in the
manut act ur e of Infheipresent dasumenty thegernss ight e fradéation” and “beavs’rare vsed t6i gure 2
is a flow diagram of a |ithographi c process i.ch .he used ip the

rmnut act uPEFopbaaRAll BB ot if-thaiHenets AEpaGR dacthuRR y NIt 1o BRon fr g 3t gur s
3 and 4 dgniatngf BEISS, 238! 198, 151 bRl Bm ) Rid BUVRE GRS st ddRRGR <H.Nd  to
the present 1 nvention; Figure 5 depicts schematically a nmetrol ogy

di ffra@ti havigg awianglengthdn the rangesi-20 dm),aas ovallisipgrticte béaesp suecheastion beaarstaron;
Figures 6 depicts schematically a nmetrology diffraction grating used in an
25 al t er nglesen basMiod according to the present invention; Figure 7
schematically illustrates coupling between diffraction gratings; Figure 8
depicts schematically a netrology diffraction grating used in an alternative
met hod according to the present invention; Figures 9 and 10 depi ct
schematically a nmetrology diffraction grating used in an 30 alternative

net hod accor di Embpdimanss ¢frthe ipyention, wHi noyn be desgribed; by wayrpf examplel apdy, mithe

schenpd i call v, a oetod L ehy B eREd 385k i 3 i@RCH 2007

Figure 1 depicts schematically a lithographic projection apparatus which may be

used in the manutacture of devices tnat may be inspected using the invention;
Figure 2 is a flow diagram of a lithographic process which may be used in the
manufacture of devices that may be inspected using the invention;
20 Figures 3 and 4 depict schematically metrology units which may be used according
to the present invention;
Figure 5 depicts schematically a metrology diffraction grating used in a method
according to the present invention;
Figures 6 depicts schematically a metrology diffraction grating used in an
25 alternative method according to the present invention;
Figure 7 schematically illustrates coupling between diffraction gratings;
Figure 8 depicts schematically a metrology diffraction grating used in an alternative
method according to the present invention;
Figures 9 and 10 depict schematically a metrology diffraction grating used in an
30 alternative method according to the present invention;

Figures 11 and 12 illustrate schematically a method which may be used in



6 conmbination with the present invention to reduce neasurenen)2 MARES 2007
Figures 13 and 14 depict schematically a netrology diffraction grating used
in an alternative nmethod according to the present invention, together with
a schematic illustration of the effect of the netrology diffraction
grating; 5 Figures 15 to 18 depi ct schemat?cally a netrology diffraction
grating used in ernative nethod (ﬁ%cor di nrg to the present invention,

.an_.al
t oget her ﬁ?rph‘n?té%rhmtgt HPISPGIL HIVERHQTO TRqYep MAasYIFIERS GEOTSy - ot i ng: Fi gures 19
and 20 depi ct Fﬂﬁ?éﬁﬂ &l ﬂﬂdeﬁic??éh%ﬁﬂaﬁéﬁﬁﬂ &E&&%&* Hﬁfr%t%'g?&h@riﬂed fifd ol ogy
unit used in an alternative nethod according to the present Invention; 10
Fi gur es 2alteanativéZmethpd atcosdihgtoethe prelsént imventidn,abgaberdvitt a schematic ghustratiom used
in an alternative nethod according to the present invention; Figure 23
depi cts sehdgetfeetnfithe metralogr diffagtion gitingsl ogy unit which nmay be used

according to the inv 1,QN;. Fi gures.. tqQ 26 i chematically an

al i gnment and Eﬁ"ﬁ?l I?gr% lﬁeqeﬁfgg&%i@?%%glgﬁﬁ %tbol?& 9'%%“?‘35&5. ."5 jse(g%oanF! gure 27
shows schggehitial rhethb@¥edohding MAE biedéht TRMnt6n,| DR tRTBkIER st dhRathed wsfigd
diffraction gratings. In the Figures, corresponding reference synbols

i ndi cat e tat difsasiodignafingarts. 20 Lithographic Projection Apparatus Figure 1
schematically depicts a ljthographic.projectiaqon a ratus useabl.e in

met hods accord ’rgg‘retso@taﬁél 4%{‘}8&{ §Cgﬁmaq%gf§ﬂag?§p§gﬁf3&mg§mg§nﬂadi ation
system Ex o @64 inethol a{rggﬂ' L 29 . DW

radi ati onsn,e&%)iggﬁﬂﬁr? tﬂ?‘sﬁp%r%ﬂacu% ar 8a§gwe§@§q{):o r?%g{s acé adi ati on source
LA; 280 a fir st Fighyea! dndiX2alepicaschematitatly aviietpology difffastiontgratingased imdmder f or
holding a mask MA (e.g. a reticle), and connected to first positioning
means f or altgrpativeeqthod accordingte; theypiepent I¥SRLIGN: h respect to item PL; a second
obj ect table (subst . IOV} W r &t for

hol ding a subsfﬁggfeei%\{}%é&g@hghﬁ %@ta?lc%tgﬁlgg‘o%l |c})°?§&vz‘$té€}§] 81 %%{{iggg%eﬁlect ed to
second 30aqeefdihig @thethvertog for accurately positioning the substrate with

respect to itemPL; a projection system("lens") PL (e.g. a refractive lens
system) for i nHighrg 24rio@6 depicyhomatically an alignment and metrology method

15  according to the invention; and

=

Figure 27 shows schematically how the invention may be implemented without
using diffraction gratings.

In the Figures, corresponding reference symbols indicate corresponding parts.

20 Lithographic Projection Apparatus
Figuré 1 schematically depicts a lithographic projection apparatus useable in
methods according to the invention. The apparatus comprises:
aradiation system EXx, for supplying a projection beam PB of radiation (e.g.
DUV radiation), which in this particular case also comprises a radiation source LA;

25 . 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
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

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

a projection system (“lens”) PL (e.g. a refractive lens system) for imaging an



7 irradiated portion of the mask MA onto a target portion C (82YARCHPOOBI Ng
one or nore dies) of the substrate W As here depicted, the apparatus is of
a transm ssive type (e.g. has a transm ssive mask). However, in general, it
may al so be of a reflective type, for exanple (e.g. with a 5 reflective
mask). Alternatively, the apparat us may enpl oy anot her kind of patterning
means, such as rr rr f e as .referred to above.
The sour camadiatedpBredsof IEmaE Ml o Uik bofict (2R EafBrsaant BT mk™ Thi <
beami s ﬁﬁg bf'the sabtralel WM nati on system (illumnator) IL, either directly
or after haV| ng traversed conditioning neans, such as a beam expander Ex,
for exanple. T lierd dapicied, thie dpparatus 1&6fmtrmpmms&vagipm(:zetg thgs artramssnisdiwe or
setting the outer and/or inner radjal extent (comonly referred to as

E) Y- out er 81EK)a Homeaer, iny ws@btlt mey lpo e of pgetlegtivgype, f%ﬁ’@mﬂl%(ftg Hitha t he
ot ab Rt Mok Aty 6 o TR LBtk A R0 OFfarERRE N oL

i Mpi ngi NgnfAnd, @@cm%rwgrahﬁﬁab@e ﬁlﬁﬁbrr?@ﬂr of BitfpRra¥iréf¥réded dbovensi ty
distribution in its cross-section t should be noted with regard to

Figure | that flhesewoeba (k-4 amexcirgenasen) prodagss aibcarsuo:ﬁgadmatlonlhEMSlbpMQs aphi c
proj ection appara us s oft en the so e LAis a nercury
. 1 or TedaRlrppeo umigafion séetn (Thaymipd & tiee el of ahiue taNegPdpni o

Pr 0] €ct | Opo@RRGHiA Hitans! ARG 12 QRARRAEANF Brdrhplo! ARLAGRIARIE hf | nt o

t he apparat us (l . the ard of suitable directing mrrors);

| at t e10 scesaptise adgusuhg meanhAM:ﬁseeMgmeZﬁlterlmd&mumerddm lextenn(cemmcmky I aser.
The current invention and C ai ns enconpass both of these scenarios. The

beam PB s(ﬂé@éﬁiﬁ@r@ﬁl%‘l‘f\ﬁ@ﬂ@ﬁﬁ@r » respectiiely) i the inteasity cﬁstﬂibu@orbw the haasm Inapl e
MI. Ha P PL,
o et R85 S TR A B SRR PR BRARS ks B kP o8

the aid of cbhtRnS@TO.dn s Wﬂglthé BEd PR RMSgin@ Al tHethak MAGHS desirégeas ur i ng
nmeans |IF), the substrate table WI can be noved accurately, e.g. so as to

posi tion umfdran@rﬂndtlmgﬁew q&ﬁlbﬁtlﬂﬂsm@lslcfps@ﬁéﬂpm h of the beam PB. Simlarly,
t he f st p05| ne an b ur at el OSI on th mask MA
W t h spect t H%ﬁt’lﬂ?gfw‘ﬁh@%@éﬂ?& itlba(i?léefs[ogll;ce tb&iY “'br‘% S eval of
the mask h&lsnf%'&fﬂl@llﬂi@%#piu'clf)i‘@]ééhonocfppﬂ#ﬁdsr(gs R o the dale %e&ml soufgeveAnt  of
t he object tables Mr be realized with the aid of a |ong-stroke

modul e ( cauresairy tasng, ﬁmxngplmt thas itonay &lse bk emave traineth¢ llth@grqum ti oni ng),

whi char epr%_?éctlgl)l( g{){')a(xz‘:!lt;[lé, edr% {a%igg geallmn Wﬁ{lglult produceH%emgeled into thehapparatus

(e.g. with the aid of suitable directing mirrors); this latter scenario is often the case when
20  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
focuses the beam PB onto a target portion C of the substrate W. With the aid of the second
25  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
from a mask library, or during a scan. In general, movement of the object tables MT, WT
30  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



02 MARCH 2007 8 case of a wafer stepper (as opposed to a stef2MaRciEa007
apparatus) the mask table MI may just be connected to a short stroke
actuator, or may be fixed. The depicted apparatus can be used in two
different nodes: In step node, the mask tag)le Ml is kept essentially
stationary, and an entire mask 5 inmage is projected in one go (i.e. a

ingle "flash" ' : | (s th
Shi Tt od | FRpmEh b dhrep (el Sppbith i 8 ek apd ReantabR Rk the b Bt Rk B 01"
can be i pfspeé sdectel té AShdiarslRBetubibr iy Rededessential |y the sane
scenari o applies, except that a given targét portion Cis not exposed in a

single "flash". | nstlhadepicted apparktus aim be Wded irstwodifferent modas: 10 gi ven
direction (the_so-called "sc irection", e.qg. the y direction) with a
speed Vv, S0 thénstﬁmew&f:otfleeta?grﬁwlp_geﬁtseé%aﬁ%l&aste@%ﬁn JRFOGrEMASK | nage;
concurgen . . r ﬁi%g sane or
opposite E]‘{n%%eé% pgoﬁédzg‘?égl cgfg?géf%bi , ?%hs}vﬁ%h?ﬁé}?%ﬁoﬁav% %Lllrﬂts:ﬁé ‘?on of
the | ens Ribld Wibis¢len shiftdd in tHe ¥ and/ofy Bjrections §dhat adififessnt tagetpettédn @ely | ar ge
target portion C can be exposed, w thout having to conprom se on 15

resol ut i ohe irrdiptedebythedeamtBBs\w di agram of a |ithographic process of which
the present inyention . may formpart. Prior to.the exp@sure. st , which
my be carri edloen dNdspeen B B P el sRPlcs S EHERRLA EyB Beeu above
Wi th rel ahbeidncOis ot kpdsdd infa SHEE HNALE, InStesl, tife madK tabIRMTaE RlovablEdes goes a
primng step S 1, spin coating Step S2 to coat it wth a layer of 20 resi st
and al@of givenKireE®dnt(thersormalled Sswan direction? ong . tthey dizedtion) withtasspeedk posuhat, t he

waf er under goes.a post-exposurge bake S5, a devel opnent step,S6 during which
e expostis R EaBEs Rl toRRaTovm Ab B CHBLTIERY S St

positive IeaaL | i ; Sy i \0 2 ection
step S8. (13 I ns%giéﬁlgdgégﬁsﬁ%ﬂégéﬁ ﬁgﬂ %gae"é@@;&ipgﬁg@ ducsﬁzy?g?{eﬁ%péﬁga;mu%vpmﬁﬁt s and
i nspect i onhichrM isthe onagnifgcation bhtheilensdt (typicallyc Mird &8t ar 125). frethisinanpersd ep
described further below If the w%f er passes inﬁpecti on, a process step S9
is carri Edatygly largsitasptReTtion bicg be £X sﬁé Wifhoug Pavag te COMRIOBIEAT at e not
cover g bYesBﬁﬁB t, deposition of a product l|ayer, netallisation, ion

i npl antation, etc. After the process step S9 the remmining resist is
stripped S 10 PRipdre {siafiow idiugpean of alitidglaphivarodesslobwhicheh©p@séiiénveption €s s
resunes for another |ayer. In case a substrate fails an inspection at S8, it
may be 30MgY ferat Pt gYHQIAP RE eXPOBUIe step % WhIChmady bs carriedoutisli8fer attenpt to

print t heliﬁ]%g”l%pﬂi%%%ﬁﬁ'ﬁtuls N8 as described above with relation to Figure 1, a substrate, e.g. a

silicon wafer, undergoes a priming step S1, spin coating step S2 to coat it with a layer of

20 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 inspections and according to the invention includes a

25 metrology 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, metallisation, ion implantation, etc. After the process step S9
the remaining resist is stripped S10 and a final inspection S11 carried out before the
process resumes for another layer. In case a substrate fails an inspection at S8, it may be

30 directed directly to a stripping step S10 and another attempt to print the same process layer

made. Although it is preferred that the inspection step be performed after the hard bake S7,



made. Although it is preferred that the inspection step be pef2 MamcH 200%r
the hard bake S7, 02 MARCH 2007 9 in sone instances it nmay be perforned
after the post-exposure bake S5 or even directly after exposure S4. The
manner in which this may be done is described further below In the

i nspection step a netrology unit of the type shown in Figure 3 is used. The

nmetrol ogy.unit corresponds, with a prior.art alignnme it, for.exanple as
foscri bauin SPgdnsBnGaRaaBYe Porfmind ALt e Bow SraRBeF P prisyes BiitBnce.
Referring ' , : : j [ ' a
diffracti (‘?:l)itrtlé}g'::Ji f:%lﬁ?\g,Sg'dgﬁ%?ggﬁgllﬁk%ﬁdﬁﬁﬂgtﬂn@n%@g%qﬁ%ﬁ%q%édﬁg&%?@'mveI engt h
A incident on Inthe dndpbetion stena gieadlogyunis oShe itgpeshowntiv FigureiBriarsedf Theib-
beans extending at different angles z, (not |abeled) to the normal on the

di f fract i BetrolpgxuniiGorraEpoads With a@sionars aligFnens ynib, for prample ahdescribediatWen

grati f : Since" = nl . [ dj ffracti on .0 r nunber
and P hggéf?’y‘%@a&}‘?%%nls é‘fcg)fl_? orli@te%g?{g B‘G‘% %r?ent%ﬁ'eﬁf: %’?‘? %{ro I%Jlgggijngtsws@g%ocunent a
di ffracti gRrgisakdvided i tHefdrRest AdiffacS g@ﬁgg),fdehd)t@@ﬂ.aﬁﬂ illdRirkAak Béam bn an
intensity diffraction grating the |lines and spaces have a different

ref | ecti vhaving a elavelbngth sl ihcidemtgnshddiffiration ghdting gsisplit mpfihtect nuntey ofisub- al |
bj aees having substantially equal reflectivity. Wien a radiation beamw th

f1 at hmreW&Mﬂ%ﬁW&ﬁjé‘éﬁ@?ﬁﬁﬁgeﬁﬂemﬂ%beleé} !Olft e 8oTRH ofrthe diﬁ@aqtig_e intensity
Meaves t nEePBOTicE AU S pRRedEyBG kel dfR AR B (e’ | Thes and

spacefy 20 have substantially the same reflectivity, but they have different
refractive indices and/or different heights. Wen a radiation beamwth
flat wavefronts irrpisr.(}ﬁ?s__@ a phase diffraction grating the phase at the
lines and spaces is"diftferent in the plane where the radiation |eaves the
diffraction grating. The path of the sub-beans reflected by the diffraction
grating incorporates a lens 25 system L, which converts the different
directions_ of the syph-beans jnto different sitions. u" of these sub-beans
' o pl anghergn g e fiaSuagordsr pimben and ok ddRECUorCB BBk PRI or 1 ur t her
separ at i ngot e nlinkf GEeSRithS 4B RRATE. diffdcfon MARtEis%dfified as a series of lines and

15  spaces. In an intensity diffraction grating the lines and spaces have a different reflectivity,

all lines'having substantially equal reflectivity and ail spaces having suvsiantiaily equal -
reflectivity. When a radiation beam with flat wavefronts impinges on an intensity
diffraction grating the intensity at the lines and spaces is different in the plane where the
radiation leaves the diffraction grating. In a phase diffraction grating the lines and spaces
20 have substantially the same reflectivity, but they have different refractive indices and/or
different heights. When a radiation beam with flat wavefronts impinges on a phase
diffraction grating the phase at the lines and spaces is different in the plane where the
radiation leaves the diffraction grating.
The path of the sub-beams reflected by the diffraction grating incorporates a lens
25  system L; which converts the different directions of the sub-beams into different positions

u, of these sub-beams in a plane 73:

30 In this plane means are provided for further separating the different sub-beams. To



10 this end, a plate may be arranged in this plane, which is p2MARed 2007 h
deflection elenents in the formof, for exanple, wedges. In Figure 3 the
wedge plate is denoted by WEP. The wedges are provided on, for exanple the
rear side of the plate. A prism72 can then be provided on the front side
of the plate, with which an incident beamcom ng fromthe 5 radi ati on source

70, for exanple a He-Ne.laser, can .be coupl.ed.inta.the.netrology,sensor.
Thi's' pri SHRCERS 2l g s anged 6 s lane Febistbrint i B BeAFos BRI ot or s
(the O-or oRF6 amplt wellgs! 15 gkt 3 BR Welse pldK )dendiee by WIEPT THE
wedges co?f%lgg%g 'to thep r’lur‘?‘oge:S of lsgt?}btz beans i%ch I'S ?o beyused. I'n the
enbodi nenivedgeswire ptdvided omy for skample digerear gide ofttherplagd. ok ppbm<2aran ¢hien teo t hat

t he sub-beans can be used up to and including the 7 s 10 order. Al wedges

ha\t/) eba di pr_royi@gmﬁea &@nbﬁgq of the, PfaFFaﬁ”i%W]?iﬁb ARrificideabbgam Faping fromhte i L ferent
o1 o oS o BHSBURE T, rSEEHAC IR TR B be oA INE P BP0

pl at e. ystem nmag ane re ate
RGP. In tigisdpmpnm o provenfdEombrdud, beah from Reachipthe d6tedtorsihe DUs@EF NPOSEd
in the reference plane. Since the different sub-beans 15 through the wedge

pl at e ar esubebdaacisaubt desixgidfaf thealatectons)l dde nuimber ofawesiges cormsgonyds to be sub- beans
reach different positions in.the reference plane. These positions X! are

gi ven by: MUIRbeRrof SuB RS WhIGBHS P besed. Infhg emogrinignt dipwn. disse pz iy wedges
def | ect edpdilnBiiSRHRS oRleR! & thA it §SBeatBahitRMed P IRARNAG A i on
gratings %&edl%?%\}%gg{ erggeparﬁtEe %ﬁect or ahibg aer:ra}ﬁige be }lnggfggez? of the
r ef er ENceordief.f AHGtddges pvatai differentfedge uhgletsothay aaloptifnabsephratide bethieor i s

dependent _ufpon the extent to which the inmage of the substrate diffraction
grating differest peb-Beamsysohtaingd- r el evant reference diffraction grating. The

period of each,d] I . | j t e Of f the
associ at ed subégslgééﬁ{(?%%él etr?ﬁp 13%%%& gg(%’ ?genls lgtreatﬁ?’ F\sgle Hiéys{éﬁfgﬂg{%gr
nunber i ngeeRERYP, il e platirefdrenee pPRASRGP. Fh therabsehcs bOWR wedge pladd, allysubini t,  of

the type shown in Figure 3, arranged to use two wavelengths. In figure 4
the ref erbenms wauld baisupssipasebinde sefprsnes plang. i Hincesba slifferont sybbaamsplitter.

Thi s am,splitier receives i ISt havi af t el engt,h X1, for
30 extip! tegh e et o Aol ol ARRRYR AN} 10 e} Bt 55 B GNP ¢

pol ar i sat hQihs3BsLHRARERNA pdsitichs e i@ rkfRrdnde pRinb.S TheseositioB XE aie givekby?1.

I nci dent on this beam sp?ltter is also a 82 MARCH 2007 11

Xn = fz?’n

20 in which y is the angle at which a sub-beam is deflected by the wedge plate.

At these positions, reference diffraction gratings are provided. A separate detector
is arranged behind each of the reference diffraction gratings. The output signal of each
detector is dependent upon the extent to which the image of the substrate diffraction grating
P, coincides with the relevant reference diffraction grating. The period of each diffraction

25  grating is adapted to the order number of the associated sub-beam incident on that
diffraction grating. As the order number increases, the period decreases.

Figure 4 shows a metrology unit, of the type shown in Figure 3, arranged to use two
wavelengths. In figure 4 the reference numeral 160 denotes a polarisation sensitive beam
splitter. This beam splitter receives a first beam b having a first wavelength A,, for

30 example 633 nm, from a He-Ne laser, and having a first direction of polarisation and passes

this beam to the substrate alignment mark P;. Incident on this beam splitter is also a



second al i gnment beam b5, which has a second wavel ength AZ, fopMXRET12007
532nm and cones froma YAG | aser preceding a frequency doubl er. The beam b5
has a direction of polarisation which is perpendicular to that of the beam

b so that the beamb5 is reflected to the substrate mark Pi. It has been
ensured that the chief rays of the beans blland b5 are 5 made to coincide by
the beamsplitter so that these beans will be passed as one beamto the

mark Pl . sgcopd alignmentibeam bsyWhisk hasa kecopdwapelength b, derexemple 33208 and agai n by
the b litter. oA te unit. 170, 180, i t, f h.of th
bears. Eagfngt oRALYAG RS bRecReE = freabmaoy iblplel BT padbh adiid of (o
beam spl i Eﬁ%gsatfoﬂewlﬁmi%&dféﬁla} ettt &f BE 884m bdb tak Afelteam BifRIRCcEA™ NY

fromthe trate mark. I'n each of these units, imges of the 10 substrate
mar k ar e thersubstrabeinmirk Perlehis beeh ensamedthdt the chief rays ofjtha beargs b and bywareh

di fferent sub- beans, as has been descripbped with reference to Figure 3. To
this ehd, made o ¢pingide by B}ega?a@éaﬁtteﬁ forfhaf t @ﬁé’e@vw&ﬁipessz as e 'aegmztoﬁ,le a

d | at P : ' ' .act i i RGP
(R )P aek B, ARE Tsheoronil AhE R, Ud faFisa iR by e ol By etieafid® R
(70") whoggitkean de?mﬁ&uﬁﬁteldoi M3 Wistpiesehtyfor €46h\0f thede Bedmi. | Evghf itissde GRitd 72" ) .

15 A netrology unit of the type shown in Figure 3 or in Figure 4 is
conveni entinjts ah incideatibeasn and weeeives, Viathe heam splistey, thosubebesmst afithedifferent one

ook oar AirbecingrospdS ehieTton i wBSrlE biafe BPoe o e grifs est Seg oo (°
devel pps Y@ mark AR BHEQLE EhffckéHt efbonb O Rfiofl imES BTG d¥tent KPOSUT @

baki ng and devel opi ng, such that patterns exposed in the resist |ayer are
cl early 2beamssabhas been dbseribed withireferamceta Eignit3. vEd thisgdndneachamitas ptdvided

metrology unit is locate djacent to, and_] cted to, the track.

Waf ers pa¥ithileps Styﬁ'émca]f'lagkaﬂoa[ﬁ eal‘?@figﬁpg&d‘d&}ﬁ (ngﬁs’ aaﬁ@te With IRISTERCe: o t he
track fol ' R [ q P96 sHd'd i

convent i o?n%‘%%tn %iﬁﬁ%rt, gﬁl%ﬂ?’ga ﬁ@?gﬁe dﬁ%\?\{n'?gst? eg6mt%f ggoysat%- \eé‘lx‘%gi?h‘?‘é baki ng
and devefqupteTI0 (700) whdserbeir s edupdadniato the sysigrh eiseantoupling ptikra 726029 ogy uni t
is provided in a 25 separate apparatus that is not_connected to the track,

i .e. BYf-1ine. ATneirolagy Bribefthe fYpe shayn in Figure o5 indiigursd is comyeatsmtlyi ¢ hi n t he

l'i t hogr apji ' t.0 | ForkdZR! ﬁyﬁ.&t- ' j [ Lurther
bel ow) . [J}r“fr“ﬁgE°g’f’lg°§'&§:’t)?%%ﬁ??5@w?°n&f g%rll‘g% a mar erl cl)ér]rg?l}%?onlg&?ﬁé ?%ﬁ%{% ion
grating i thegudutas univis docatedah anradki(a wackvanjiesovafens to hndlfreinceofaggtandés ont o
the wafer. The diffraction grating 30 may be | ocated in a specific

desi gnat eadditien bakss ard develops V@ferﬁaayﬂwénf%@a%wir is logateddownstream qfjposth
separate %@%@%Wh@ Yl YEGeTopird SulfREral pheteriFepbSREH thP RERA9G P LRERF Sed-

The 02 MA
20 visible to the unit. In an alternative implementation the metrology unit is located adjacent

to, and is connected to, the track. Wafers pass from the track to the metrology unit and are
returned to the track following measurement. The connection to the track is via a
conventional output port, and is located downstream of post-exposure baking and
developing. In a further alternative implementation the metrology unit is provided in a
25  separate apparatus that is not connected to the track, i.e. off-line. The metrology unit may
alternatively be provided within the lithographic projection apparatus (this implementation
is described further below).
During production (i.e. in-line) a marker comprising a diffraction grating is exposed
onto a wafer during projection of device features onto the wafer. The diffraction grating
30 may be located in a specific designated non-product area, or may be located in scribe lines

which separate product structures. The wafer is developed, baked and processed. The



12 diffraction grating nmay be used during inspection for focu92MEARCHQOY7 as
described further below, or for critical dinension netrology. |Inspection
may occur at any convenient time as indicated above in relation to Figure
2. \Were overlay netrology is required, processing of the diffraction
grating and 5 product features is conpletel so that they are permanently
held on the wafer. A layer of resist is spun onto the wafer, and a

subsequendifftagéon gratipg may be usesdusinggnspsctionfes tagupmetology, asesaibedifogkerher
with a second diffractio ratin The second diffraction grating j.s | ocated
above t he BEIoPs O sl firpehsion tergloey  BFEGEiop Blaviorgial Ay Comvspient timepye, |
Measur emenf fcat abdve iPRIatldnd0 Fighre bhe first and second diffraction gratings
conpri si ng t%e mar ker (for 10 exanple detected individually or as a

conposi t e di f f Mdhdre omeripyahetngpgiaiseequantd, procassing of fhiealiffraction gfatiagtandn or der s

or wavel engths of the netrol ogy unit. These neasur nts are used to
det er nP ne Prosiichigaturesys complsied Sa thal dhayeare Pmapently heleon thervafie Andgyeret

conprises _a.fi i QN j i i I guﬁ r,.of a
waf er, ana&égtée%oﬁﬁh%{@? ?gg%i %Igif%%dg I u&f@#{%%b&?ﬁg@%ﬁg@ 1§ ré_%(li gﬁ{tslﬂg:yer of
the waf er wafér, @peher with hisétond diffraltiéi grating. STHEseveid diffPdctiva pRatiig i9 TocRREeen
the diffraction gratings 10, 11, for exanple due to an oxide |ayer 12

| ocat ed owboevetthefirst diftraction groting, themebysforning adiasymmetmisrmarkery r Measuzenpénts t he
sane period P as.the S diffractio rating 10, althouygh egch line of the
second di Pf MernEPLF b AP airactiR Mgt S PR R BT G051 ng | o
del i bggat %%Mnﬁb%@deé{éﬁ%di@ihﬁﬁlly/& dsQ dohobitd ditfrabtibh Afink BreGhate dthg 20 by a
shift D. The two diffraction gratings can be considered as one narker

conpr i si ndifferent diffrasti¢reorderfsfor acvelengths ef tha gnepioldgyainge (Thesemesswrerhénts irape.

The conposite dj ffractjon rating includes an asymmetry caused by the

del i ber at 8sesHpdetepniiethea¥ftile irst and second diffraction gratings.

Al t hough each ki Wl Wole¥ ' heian gl ' . is
narrower than t Q&f‘l%gc%d?ﬁf fract}ng%\Ifltig(inzt'[ﬁ|e ng, e?tg.:&l&lgﬂ%g?‘ ess%llg??éaqogt %t{nét hi s

i s the cageprdVidedtihatpr@duct kayerefid wefdr,iaad tisedont ldéffiaeiemgratdng fl i pedvided igraat i ng
together with sonme portion of the first diffraction grating is visible to
the md8 r oresisylayen of the wiafes,asshpwn 1 figyre) . nkhegs issame vetical separation detwsgngr at i ng
may be wi der .. t.he n i i J ond

i Fracti O dipleh BRERRST0 1 R ERaREIe ho BFLLARHEALS Rl 9pSE "

resul t of ptdiaceayer@he yedohe diffipetiani | patng hasthe sandparsod £ds e filge et r ol ogy
30 unit OF Figures 3 and 4, of the conposite diffraction grating is shifted.

Thi s shi f diffrastiomerating 1 glthenghieach line ohibe senond diffrackarogTating s RO The
diffracti SetoRl gﬁfra&ion%r@t%?g & %@liﬁ&hﬁfefy di§placed relative to the first diffraction grating,

20 by ashift D. The two diffraction gratings can be considered as one marker comprising a

composite diffraction grating with a certain overall shape. The composite diffraction
grating includes an asymmetry caused by the deliberate shift D between the first and second
diffraction gratings. Although each line of the second diffraction grating shown in Figure 5
is narrower than the first diffraction grating, it is not essential that this is the case. All that
25  isrequired is that the second diffraction grating together with some portion of the first
diffraction grating is visible to the metrology unit (for example, each line of the first
diffraction grating may be wider than those of the second diffraction grating, the second
diffraction grating being visible due to the deliberate shift D).
As a result of the asymmetry the apparent position, as measured by the metrology

30  unit of Figures 3 and 4, of the composite diffraction grating is shifted. This shift x5 is

dependent upon the detected wavelength (1) and diffraction order n. Since the shift is



02 MARCH 2007 13 wavel ength and diffraction order dependent, 02 MARGH RGO
information regarding the shift to be obtained by conparing positions
measured for different wavel engths and diffraction orders. Were the shift
i ncludes the deliberate shift D and a shif}, caused by inaccuracies of the
| i t hographi c projection apparatus (e.qg. v]éirlay errors), the size and sign

f th hi f . db h
shi f 1w ¢ b HEaARRSibehc PR et S Gt e RAPHa parey BRI 87 7
measur eme Bt §p@inell by ORIpAF bbsﬂi‘bﬂs'm&ﬂu&ﬁ BoredhiffeleBtwaldiétattishad dftiabesat € shift

D is one of many ways |n an asynmetry may be introduced between the
first andosdeso rWhelnefthc shufti 1miu@psahe dejiberate shifll € artdon shaftt ichusediby inaneuracies of

nmet rol ogy . neasurenents. Alternatlve ways of introducing the asy try are
descri bedtheithegzAphIO PEIFCHAN 2PRATANS ?&é)vr%@emrfef i AT R LS b r at o

s Scagnegzlgrlgs&!lEih;fcms%’lﬁ&?escgﬁbémegﬂx ) Sompdringlichds SRt BRRBEGUeRbEhe! NAL tNe

substrate Wi th tor exarrp nce ion gr %t i ngs

(RGP in Figf! ghi) provides tn-Iiké melroigyy Hidhduréifémgottiawagst, Iewill bd dpptecidted equi r ed
is that there is reI ative novenent between the substrate and the reference

15 di f f r adtat the dgliberategsbift Pris ose efmary waysinwdrielean asymmstnyi mayxchd iptroducedhe
| f di f.fract has. the effect fhat, f th
di frract i b gSrnd heediellibnRiod BaHnes iorfeste ERTale o GBI ng RUP
ttt G ) tﬂﬁﬁﬁ?éh%&ﬁﬁlem%hﬁﬂv@wﬁy%ﬁﬂir&ﬁia tﬁé‘ﬁéynﬁhetbhé‘re de&4®6d RirfhePO0- 96

(90'-96") I nusoi dal signal is recorded as f'unction of the position
of th@ sbeletvrate, the centre of the dlffractlon grating Pt being determ ned

as the position at 20 whi ch the sinusoidal nals from each t he
detectors passD® ﬁpgé&fnﬁgglpegyﬂgesgﬁ?{p%ﬂeﬁsupﬁ%aq fsapngddelativeathe ed by
scanni ng a W aﬁ*btf strate
table wl ?n@gggh{:té&tgwgﬁn% @p %ﬁ%%gﬂptggﬁﬁsg%%ewr or st agef% % t he
subst r at erdférohe?. diffedctiog geatings) (RGP in Figure 3raf dhic metwologg usic being s@mhai: allet ect ed
metrol ogy signal as a function of time t can be witten as:

I (n, A t) —thapisaequiredyin that therens selative mpvement between the snbstrate ancbthemsrfeéwﬁ is the
d f f 31
o R PR eradhas ThaScalY BfRBtsl o fhe Ui BoPOEERRES Bibe et 77, |

and the agfatifg, a8 haotetefreot wht dnitnage b thediffratabn gratifi@ P, passed svegeauhCy errors

t he substrate tabl e P05| tion error
reference diffraction grating RGrY (KGP’) tnerepy generating a sinusoidal signai at the

detectors 90-96 (90°-96°). The sinusoidal signal is recorded as a function of the position of
the substrate, the centre of the diffraction grating P; being determined as the position at
20  which the sinusoidal signals from each of the detectors pass through peaks.
Scanning of the substrate is achieved by scanning the substrate table (WT in Figure
1). Movement of the substrate table will introduce a small unknown position error

(¢) of the substrate table. Taking account of this error, during scanning the detected

:tage
metrology signal as a function of time # can be written as:

25

I(n A t)— a +bcosl:4;m Vi Axmge (t)+ X shift ('MLD)}
9 /by - A P

where n is the diffraction order, 4 is the wavelength, a and b are constants, and Ax,,, () is

the difference between the intended location vt of the substrate table and the actual

30 location of the substrate table. For low-frequency errors the substrate table position error



02 MARCH 2007 14 shows up as a position error in the nmeasure@2mskEH2007
Curve fitting, for exanple using a |east squares fit, yields the follow ng
measured positions: xmeasured (n, A t, D) = dYsnge (t) + xshil t (n, A D)
5 Measuring the difference in neasured position between any order/col or
yields a Shift-between-Orders Sba | | d¥Qmn,.1.1,.12,t1,t2,D) =
xmeaswed(m -1,,t1, D)-xmeoswed (n, X1.2,t2,D) = xshii_t (m A, D)- xshi (n,
.12 , D ) shossspgas  posjtian esgos iy themeasyred pesition. \Curyg fitting, forexamplei ysingct i on

cauat 1 on. e BPRAC SRR TRl BRI Bosigelh | 7S 05 2710 i ffor ence i

nmeasured position which arises when different diffraction orders are
nmeasured or when different wavel engths are neasured for the sane
diffraction oragy,ond,f,D=eht,  @hve|e0giiB) are neasured for different
diffraction orders. For ease of termnology the term does not specifically
refer so diffeMeaturvathe diffprdice ifessurad pusitionrbeewebnding ordepbler gieldsy  poi nt
in this docunent that differences in measured positions arising from

di f f er ent Shift-beivesn=Qidars d@sur ement s are excl uded. Both position

measur enent s e n t. t same tgd . nlhe stage,err now cancel
out in ShO m??éof’é‘dggy%’?U’zsz’g(‘mwm)c,”ﬂﬁvslo?kgmhﬁ?"m@’|’1’, _xshift(n, 22, D)
so that SbO i s=ix}g§(pehld9r)t-xg,1}(n,bl§rﬂ)hhdx:§g,ég)&Axsyag(@) 20 In anot her

enbodi ment the selected orders and wavel engths and neasurenent tines t are
kept fixed so tvhaie rhiard Bliddicae difframioniovdersyrangt A9fand heindichteatvavelenpths. t 0 t he
symetry of the se_tuE& SbQ(D) . = -SbO(-‘[%_In order to neasure overlay two
conposi t eAgindi¢ated indhe aboyeieauationy the e ishift-ptmgen-oxders) (¥ k1efess oot s D + S
and. - . I < - ehi fi. & i fis
caus eHPbydlﬁ%e@\é\g rﬁ{'fg'lﬂgsu kégﬁot%ﬁ}éﬁﬁl?ﬁ}g%%aeg ﬁ‘{hg}’ g}fg%}%%tﬁfgﬂ%g%%pg@gﬁsﬁag% %sug'gds e of

perfect gvwhérpdifferent Wavdlehgdtlars tivadired fue tidange difftdctoberdee bpdifftfens yi el ds a
sinple overlay netrology nmeasurenent, which indicates when, to the

resol ut i owavslengtls are megsised fou differentsliffragtiompnders; Fos case ok tarminology e terar | ay
I's perf ©Choes lﬁ'%%'\‘sapvcglrﬁcail)tr re\?ltiarI tl) d?tlfe@lﬁtwaﬁf%fe%ﬂhrs].l Bf’hgels B&qn%%d%%p?yogpany
point in this document that differences in measured positions arising from different
15 wavelength measurements are excluded.
Both position measurements may be done at the same time ¢. The stage errors now
cancel out in SbO which reduces to
§bO(m,n, 4y, A, D) = x4, (m, A, D)~ x,y,,(n, A,, D)
so that SbO is independent of time and stage errors.
20 In another embodiment the selected orders and wavelengths and measurement times
t are kept fixed so that the SbO is a function only of the offset D.
Due to the symmetry of the setup:
SbO(D) = -SbO(-D)
In order to measure overlay two composite diffraction gratings are printed with

25  opposite offsets D+6 and —D+ 46 , where D indicates a deliberate shift and ¢ indicates

shifts caused by inaccuracies of the lithographic projection apparatus. In case of perfect

overlay & =0 and the sum of the SbO’s would be zero. This yields a simple overlay

metrology measurement, which indicates when, to the resolution of the metrology unit (for

example less than 1nm), the overlay is perfect. However, it will almost certainly be the



15 case that the overlay is not perfect, whereupon the overl|l ap2eMARCHI2007
quantified to provide a useful netrol ogy neasurenent. The overlay error is
quantified by conparing the error with a known small offset. Taking the
overlay error OV as 20V = 28, OV can be expressed as follows: 5 SbhQ(t"t2, D+S
)+SbQ(t 3, t4, - (D+S)) 20V 15
dSaQ( 0) +axsi ngeg‘;ﬁi)-&stage(tz +Oxsi nge(t3)-Axtage(t4) s If pairs of
posi ti on AesedlatdhfeoNeslay isngl Pexfest ywhergupanhe qvariay errakis quantifieddtpipseddadove,
then t, = t2 and = hat the stage errors Axs,age(t) errors cancel

I n 0}‘83&% T%%ééﬁ?‘le%sér%%éﬁ'

out . overlay error it is necessary to determ ne
how rapi dly t hgnhSBRRr¥dldrnRe is fanfifi®d by EARPARES thdlerk& with ARRowa? small offsetdS a
function of the overlay error. This sensitivity is measured with a third

di f fract i @akigg stei ovgriapetron @Vas 20V e 241 ,tOV earslhd dxtprddsed at fobowhiere d is a snal |
known offset. Assumng linearity, which is the case for overlay errors
obserwved in practice, the sensitivity of the ShO for snmall displacenents is

gi ven by: dSbO 6?}) ”j) D+ _dx d+S3-S, stage (t6) - /stage
(t6) + 'singe (gg, ,,_Q(,szga* g%é@%’"d@éﬁé{f The stage errors may again be
cancel l ed out as._.i|ash@@ ed abgve. ,The value of d is determ ned by
conflicting re&QVr_eant s?"%nagéhb—%nd(’h)t“gﬁ@t&ﬁé4"34’;(56)t o0 justify
approximating d +S =d and to m ninm ze noise but on the other hand it nust

be 20 suf ffifairebf positstBinkasufeniints 8 pedotmadan td same Tinid, agtibstribed vl ghehe t he
sane size, or slightly larger, than the largest overlay error that it is

desired t q=agambt;e t§ 50 thatitha stage toorseoagpHemdrs capadldub elngirderite quantify thf

hundr eds of panoneters. Qther suitable val ues e used. The. overl ay
fol  ows 1 PYSHEY REOT il B RgOHe SEtrrmie oIl e b OavagieR far small Shapgesin ngs:

2ol A s Bt B TR T PR e on

diffraction grating that is printed with a shift D +d +6 where d is a small known offset.

Assuming linearity, which is the case for overlay errors observed in practice, the sensitivity

of the ShO for small displacements is given by:

dsbo _ SboD+d +5 )-SbO\D +5 ),

15 dx d+0d,-9,
Axstagz (t 5 ) - Axsmgz (t 6) + Axstage (t 1 ) - Axstage (t2)
d+3d,-9,

The stage errors may again be cancelled out as indicated above. The value of d is
determined by conflicting requirements: on one hand it must be large to justify
approximating d +J =d and to minimize noise but on the other hand it must be

20 sufficiently small to guarantee linearity. Typically, d should be the same size, or slightly
larger, than the largest overlay error that it is desired to be able to measure, for example d
could be of the order of hundreds of nanometers. Other suitable values may be used. The

overlay follows from the following measurement on the three diffraction gratings:

_d _SbO(D) + SbO(-D)

oV =
25 2 SbO(D) - SbO(D +d)

This measurement can be done for many order/wavelength pairs, although in



practice only the order/wavel ength pair with the highest sensighinhky¥u?9ed be
used. Each diffraction grating nay have a size of a few tens of square

m crons. There my be an excl usion zone of a few m crons around each
diffraction grating. The diffraction gratings nay be provided in a scribe

| ane adj acent to a corner of a die. It mayltbe desired to 5 perform netrol ogy
measurenents in nore than one corner of the die. One manner in which this
may be dorpeactise tmly phoeidei/ wgveléngth paiewithlitlhe iglst samsigivity neefsbé wsedach corner in

[ red. Alternatively, to reduce the nunb of

whi ch
G raction oEath ABERCgrabE PRLBIEG ARl fPY T SRar GBS, THR e
di 11 13t | g 2RO oREof PEQVRAS RS @0 RV ITREE B arkife, At AfFhcRBH Y

singl e di fiPaction gratings provi I'n ot cor ner
nMeasur enengkfings May Qﬁlpl‘cb\&dec( in. a&cnbéllﬁné adjacent td Heorgerdfiane. perasﬁb‘éife)ured toverl ay
measured using the single diffraction grating is quantified using the

sensi t fvi pyrfomeastrology meagiyeaienisdn Morqan pue ¢ATREre dhﬁf dlﬁa&ﬁecmangmm ngs. This

t akes advant of t fact, that.th nsitd vit e surenent does
ot vary Sttt st PSaorRih b hRBiibg efRE ikl Shudedin AT, whor e
al | det ectygfsh hedsiteindhe isteh@red?! AREndtRed), tARISRANOnbMAbE SWiffradtion the signal
intensity signal in that detector plane’is the convolution C(;.Xx,Y) between

t he Four igeatings, alreséloy fredingspake Firothér eteimentse thoeer diffdiction |ggamigs afaytbee
di ffraction gratln W t Fourier tra rrratlon of an intensity
function Provided e&w qumr&hq dip apd e%laﬁtngiqf@ fractips geatings Bm&eé)m St

f f
the. 230 poSoNtPREPER e beh (Rl AINE (8 ot hifFRR sl farfert "L, o

the diffr @uietleymeisuédgsingthe single difffdction graim@w quahfified Wing ﬂﬂ:lseﬁ:ilﬁﬁlt)t he
spatial extent of the diffraction grating, i.e ﬁ')" ,Y) =1 on the
di f f r act i oraguremenipbigipedysing\the three éltffr@ﬁtwergrqsmée is talfes advantage of the fact

I p(x.Y) . E(x i i cul ar
or der | athep e sy B ptAEk et e dokE RS ) giiR ity o Benlconiies BARY' 2
proportiogjeof a different order i being det ect ed by that detector, ther eby
introducing an error into the signal detected for the order j. This is
expre$Sed mat hénasituationywhere atl detectory formya deteqtar plane(e.® s shewn in Bigure 3),
intuitivel b consi deri that, due to the finite length qf the diffraction
orating, EPTSHY Signaldn 4ot dptegior plang 157h8 GOV F ek REFARS i al | y

br oad enough that its edg are incident upon the 02 MARCH 2Q07 17 detector
i nt ended fFovrigtiasformation Sf .5,y Of the periodic signal of the diffraction grating with the

Fourier transformation of an intensity function I, , (the indices i represent the different
orders). The intensity function I, ,, is the product of an intensity profile Ip, , of the
20  beam incident on the diffraction grating with the existence E, ,, of the diffraction grating

at that position (where E . indicates the spatial extent of the diffraction grating, i.e.

(x,y

E,_., =1on the diffraction grating and E, , =0 at other places):

(xy) (x,y)

Iy =Py Ery

A given detector is intended to detect a only one particular order j at (x;,y;). However,
25  the convolution C;;, ,, may lead to a proportion of a different order i being detected by that

detector, thereby introducing an error into the signal detected for the order j. This is

expressed mathematically as C;,  , #0. This can be understood intuitively by

(ixj,y;
considering that due to the finite length of the diffraction grating, the image of the order i at

the detector plane may be spatially broad enough that its edges are incident upon the



As wi Il be apparent to a person skilled in the art, there aregs®ygkéh 260PWn
solutions to this problem An exanple is that the intensity profile Ip(x.y)
can be chosen so that Cc, X .y) is not significant conpared to C(,.Xx YY)

Anot her exanple is that the period of the 5 diffraction grating nay be
chosen so that F(i,x,y ) is so small that 1 ,x .y) is not significant
conpared to C(i.x,y ). F(,x,, ) can be kept small either because the

separ at i odeteetominéended fier grderijt i ons of maxi num signal fromorder i and j is
far apart or because F(,,,. has a local mninumat (x,,.y,) . Ln addition
to occurring fé VY@&%?&’B@’@“&?CP?B%“%%&%W* qremégy?fgbﬁﬁwolqt}p@s 10
probl em o ver | i | : . f e | 0 he

i nventi on{q ﬁ%&prgﬁlgm. (IjAglseé(lra?%Z“'ldl§ tt)ﬁeﬁ%éhv‘\”fih%ﬁsél%p rgf\;ﬂee };Jéﬂ”mrfr%gﬁés%ndé%ﬁ%%{hﬁépl ied for
t hese enbadi nents., I.n.a variation of,the erbadi nent .of the. inventi a pair
of di 11 adtipn 1pat FAYBCARORBEBR L guos, o AR FRAMRIG it AU R B Bige
measurenent, instead of three diffraction gratings. This is advantageous
becaus® | diftactiopi grating maybeshosem smthabFsopilheo F‘Bg'é thet &, i NAtignaficast i on
to,two.diffraction gratings is possible due to the realisation that the
sensi ti vi tympareditdt T} j,.caf.i dy . of f cantbeckepsmilkeither beqaosethe depanatindieeva t he

del i berate offsets D,"-D. In general terns the detected shift between orders

may be CofiRigigiiofs bPmaginfimysigal fRom ariedt ket is fif pait'oEBECalfE FYL f f tAski on
gratings and a scaling factor k whi ch depends upon the " deptf”’of the

diffracti . | d eir separation ("z' in Figure 5). This can be 20
expr essedﬁgxsi: 'g’gggg%qaﬁﬁ%?é t he gffset is(a conbi na'?i on 012 a deliberate
ffset D and : \ = i ' At i

ortse and. ag, M@ &Eﬁﬂhﬁ%thﬁ@%@(@&éﬂg celieﬁg)gginflélﬁ QF{HeQHv&h@%tlﬂgﬁ are

used then this provi two s et ween or nmeasur enent s,

provi fes problent bEoveriapping Sizgnale mdyalsl doour foh embodimenisafhe inakntécn that aréV t o be
determ ned (the deliberate offset Dis _known fromthe design of the nmask

from whi described balewy dbe abevegiolttions may be appligddor these embesimeptsp +ov )

quant 11 cat | oni Taiog o8 fh chpolfihingc? SRS SIGREL gl oA Ich By iRRAY '

measur emegg ud tb BBtainthe @vérdyaittrs16gWmehsunghient, instead of three diffraction gratings.

This is advantageous because it occupies a lesser amount of scribe lane area. The
15 reduction to two. diffraction gratines is nossible due to the realisation that the sensitivity
quantification offset 4 may be incorporated into one of the deliberate offsets D, -D.

In general terms the detected shift between orders may be considered to be caused
by an offset Ax between the diffraction gratings and a scaling factor k which depends upon
the ‘depth’ of the diffraction gratings and their separation (‘z’ in Figure 5). This can be

20 expressed as:
SbO = kAx
where the offset is a combination of a deliberate offset D and an overlay error OV:
Ax=D+0V
If two diffraction gratings are used then this provides two shift between order
25 measurements, which provides sufficient information to allow the two unknown values %,
OV to be determined (the deliberate offset D is known from the design of the mask from
which the diffraction gratings are projected):
SbO, =k(D +0V)

SbO, =k(D - OV)



OV =D ShQ2 + SbOL 2 SbOlL - SbO2 The above description rel at g8 MOrEH 2007
enbodi nent of the invention in which a 5 conposite diffraction grating i1s
formed using two overlapping diffraction gratings having the sanme periods.
Resi st and product diffraction gratings of equal periods, however, yield a
strong coupling between the diffraction grl&ings. Due to this coupling, the
shift between orders is not only a function of overlay it is also affected
by vertical di Thisdseqeinalgntde malingsbe sensitivity quantificationyoffset Bequaldo é+Rngt h, and
diffracti grating.s e. For this reason 10 cali ti.on based upon two or
tor e conpeDy - ShepYRIAoTHs BB pe e of s TEioR eBRREY  ve

enmbodi nent of the iRv i he shift between orders is neasured for a
mar ker conpri simﬁm gratings which are not coupled (strictly

speaking all diffractaGm $atings are coupled to a greater or |esser
extent; the term'not coupled is intended to nean that the size of the
signal arising &ﬁ#' I L t: -arising

i ndi vidual l'y fﬁ%%%‘xgﬂﬁal ?gg%l?tg%&g%ﬁgg; . L’ﬁ!ﬁ{fstﬁé;@?%étﬁ)gtlp\%m@{ odinent is
based $n saaposit diffeaticngptingistfomheisiig twarslerlagsing diffraicivhi gatings dbvings Wi t h
different periods of (PIN and (P /M. P may be of the order of tens of

m crons. thessme peripdrd Registand psodust Gsioperatingp of eqnabperiads, bawever.oigldani t
reference diffractio ratin i ch have eriods of . P1(1,2,....7). It wll
be. appr ecTiEFoRRLRe Beited HEFTEHM A, IR0 IS cfirbbche iy thiedh asur e
shift bet yReR iQhotEdmly h FurittibR 6f bverRly Qe hisbAfRtted By V¥RichiAiffraafien BRkiag 2
calibration with nultiple markers is no | onger necessary. Overlay errors
make the sepakation (zonfbigursi Ngwavetength, andidiffractiogrgratingeshaps Fontltis feasonand it i s
this asymretry that js nmeasured wusing.thg. shift between orders (i.e. the
i 1 ohbncEbHR iRl SRAaH o5 i ESTpy e ALITREHIon GRADEIGESIuSE The
alternative enog] JIRAardt ehBBAinACOH e TVehtibiR RANHPOA wELPOlBRlS hidlured
diffraction froma diffraction grating of a given period, e.g. P/6 wll be
det ect ed f&ir aangketr comprisng difftacodrogratings which fasr et ceupled {stracttyi spealgngiallng whi ch
has the sane period, Diffraction froma _diffraction grating of a different

period, ediffragtion gratings ges couPlsd tQ 4 gEsates AF lepses £XteRt thastef | RfwOuRlRd ISy ef er ence
diffracti i (e te: j j e bt o sl ble to
30 det ect MAie td Bfar Bafthe 398 of 12 w1t iing ABimAETATng e futh s Ui

resi st5 | agher artgnindividuatly floneedeR dififfaciior? §afing)1 This/altermanive @mbiodiment iy | ooki ng

at different diffraction orders. The difference between the
based on spatial frequency multiplexing, and uses diffraction gratings with different

periods of (P/N) and (P/M). P may be of the order of tens of microns. These periods are
selected to be compatible with metrology unit reference diffraction gratings which have
periods of P/(1,2...7). It will be appreciated that any other suitable periods may be used.

20 The measured shift between orders is directly proportional to overlay, and hence a
calibration with multiple markers is no longer necessary. Overlay errors make the marker
comprising the diffraction gratings asymmetric, and it is this asymmetry that is measured
using the shift between orders (i.e. the difference in the positions of the diffraction
gratings).

25 The alternative embodiment of the invention is based upon the fact that diffraction
from a diffraction grating of a given period, e.g. P/6 will be detected strongly at the
metrology unit reference diffraction grating which has the same period. Diffraction from a
diffraction grating of a different period, e.g. P/7 will be detected strongly at the metrology
unit reference diffraction grating which has that period. This means that it is possible to

30  detect separately diffraction gratings in the product layer and the resist layer even if they lie



measured positions, the SbO indicates directly the overlay o02tMgRrRCH 2007
diffraction gratings. It wll be appreciated that this enbodi nent of the
invention may use different wavel engths of illumnation instead of
different diffraction orders (all that is required is that the diffracted 5
light fromdifferent diffraction gratings1Ps strongl y detected by different
nmetrology unit reference diffraction gratings A diffraction grating
runni ng i ever gae anqthereby japkingst ésff%@é@ﬂ%n@nm@éergs dbe diffarence bgtwesn therhe

I f diff f bei h
br oduct " inegsufed repisiogt Ak SBP, BRlelRiretsbE oI SRR Rn BB Rone of
the fol | oytilge a epbreéated thét aﬂ@emd?ﬁlemtdfehefmeﬁudnﬁnwmsﬂereﬁma@eﬁgmsfz«fftl on

grating is cov d wth a resist film The reflected field prior-to
exposure ﬂhxmlmmwxpst%bcefcﬂlﬁs'cntliﬁffrap)m{l Erdém( (allybdt is reqeireriis shoat itht diffrdcredli cat es
the periodicity o is the average conp] ex value of the reflected

P
fieldJt hbglgéroeamf@&‘«% d%ﬁ‘é‘%‘}n EratNgs AL SHNE %Fﬁ?ﬂt?ql%‘@gefﬁm psHolgREPIt or der s 15

follow fr %;@ sition of FN. The resist is then exposed with a
hi gher - or%err&cg rag{é?lggﬁaggsztl ng with period PIM where Mis one of the

follow ng: 1,24 diffraétiéiVilling fidintng iRtRSIkARSctionli§ EXpodey BhPPiTEEssed on thRST St
diffraction gratlng on top of the product diffraction grating as shown in

Fi gure 6 wafier. FThp mesuléing Hfixed difflactiongrating ds referraghtatierein hnbeing prthe produét P/ 6
(1.e. resist..di fract has erl d.of PL7

7y 0o T e adfraian et bt Eesion b e it oo & e LotwiBE Leled byt ne
pr Odum dBéfoeatﬁé Waker 19680t th1§81fTQéHon' gratisy leﬁaowewemhlarfesl&%ﬁi Mee form

i ndi cat ed above. Assum ng an overl ay error of xo between the product

di f f r act i eflegedifieldgrian b ¢xposuresas be difressad bs:on grating, the reflected field
may be expresseg SJT- he followng form E(x, y) =[F + FN(x, y)]. [G +GM
(x- xO y)] = EG¥FW hFN @ 2)IFGM (x- xO Y)+FEN (x, AGM (x- x0, Y) 25 In
order to provide a_graphical explanation of these_terns, they are shown in
Figure 7 for Theosubbarps N indicatss therrerigdicity of BPhanchgds rheaa’faraeeﬁpm e vatuer ent

per i 0ds ofe hL Aol LRRRRCL ALY 0LaaN FH SBRBL U AR AHIOAL fESs2r © Used

in place Vt ion I on atl ng s ase of ron). The
termik . Lfollﬁwafrdiﬂﬁ%ﬁﬁ&ﬁiecbﬂhﬁﬁﬁﬁbﬁ 6ﬁE~ thd'Teaarsdls Gaen?dipaml With Ghigleedrdep!
overlay netrol ogy are GEN (x, and FG M (x - Theterm02 MARCH

2007 20 diffraction grating with perlod /M, where M is one of the follo)\/»?mg 1,2,....7 (M#N). This
produces, after development, a resist diffraction grating on top of the product diffraction
grating as shown in Figure 6. In Figure 6 the product diffraction grating has a period of
P/6 (i.e. N=6), and the resist diffraction grating has a period of P/7 (i.e. M=7).

20 The resist diffraction grating perturbs the field reflected by the product diffraction
grating, so that it is no longer in the simple form indicated above. Assuming an overlay
error of xp between the product diffraction grating and the resist diffraction grating, the
reflected field may be expressed in the following form:

E(x,y)= [F+FN (x, )G +Gar (x-x0, )]
=FG +GFy(x,y)+FGp (x—x0, )+ Fy (x, y)Gp (x—x0,y)

25 In order to provide a graphical explanation of these terms, they are shown in Figure
7 for two transmission diffraction gratings F' and G with different periods of N and M
respectively (transmission diffraction gratings are used in place of reflection diffraction
gratings for ease of illustration).

The term F.G is a zero order transmitted by F and G.

30 The terms used for overlay metrology are GFy (x,y) and FG,, (x— x,,y). The term



FN (x, y)GM (x - xo0, y) which conprises orders that have beengdMAiké&gteg7 by
both diffraction , gratings, is not used for netrology in this enbodi nent.
These ternms have each been diffracted by only one diffraction grating, the
diffraction grating F and the diffraction_ grating G respectively. The
position of the product diffraction gratiﬂQ is neasured by the 5 term GFN
(x, y) and the position of the resist_diffraction grating i s neasured by the
term FGQWFEk »)Gudx-*gy) Whigh eomprascs ardersibatiaus be lmtwavysh%elffmm ons
indicating the overlay error. In other words, the SbO of GFN (x, y) and FGM
(x-x0, y) glatings, isseqtiusedfpy aetiolpgy e thiperabedimentrhEhese:terivs baye aaah asures the

position Qf.the product diffraction gratj. nmoni tori diffraction
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and the product |ayer. The alternative enbodi nent of the invention nay be
consi der eF@s(xa- XAH) ik dififerencelbetweeaqheemaymeasutddyositions indidaing €isd Gerlapd
product diffraction gratings can be rreasur_gd 15 separately by the metrol ogy
uni t si NC&rdh e oflRY ¥ofdsf {HRISHT ofSBRY (x8Y) zfnﬁ?l«‘l@g'(&'—%%; y )T 13QUireb®Y EqlaP@ytheini t ;s
able to neasure G . 3t Ya at~ly since’it is arranged to dire,x differe u

di f fract i gverlay.d¥hé nietrolighfumitandasiies aetpdkision a§ tHkqmedide Aifraltinegrating B ation to
Figure 3. It will be %E_pr eciated that diffraction gratings having periods

ot her t hamomitgringoonlypifiragtionigratings davingy pstipd abP4, pad thenl sulspquentlysed, with
the proviso that, N and M are no ual ,..and that they.are. sel ected such
tat T i FEebEeRE oM o0 PRt aRednrsir iy PR tarnB LR oRd si gnal
(Mire si gﬂaﬁb%s Wividg 4 PRicasre/ 1. BEeneS bdwebiIRIpodilibhisiof e dft@cdsd by the
nmetrol ogy unit. For exanple, N=2 and M4 is not recomended since the m xed
si gnal wi gratingstindicates theiavierlayheraribghedenfthoresishiayerandube prbdfiétrlayeri on grati ng

(this woul d work, . but. woul d provi l.esser accyracy)... 25 Periods. may be
Chosen ahi ch b aliRadvE SenbogIBeRs pb e dmiepon B dalodsrsaat & Forhor Patel oo
termFN ( B . i i acted by
both di f??%u%%l%(]g [pé(%&?nngglsfﬂe(lt‘:cﬁl S |d§ﬁ§%%mgﬁg20t%@?%%%%§t€ H.t)cg%&&gia n Figure

7). 115 i ssepaxatelyebly the metralogy et ditive theyimviedifférentrspatial foeguenciesayltgener at e
spatial frequency conponents at fhe measurenent. frequencies M.and N For
exanpl e, FARUEPGY PRI 40prato) IB‘W@\“WU%‘%‘“UW%I“I‘“‘SG‘ S FFrARgfitia “éfﬁ“ggigpﬁ‘rwi nt o
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It will be appreciated that diffraction gratings having periods other than P/(N or M)

may be used. Any suitable period may be used, with the proviso that N and M are not

20  equal, and that they are selected such that mixing between diffraction orders will not lead
to a combined signal (Moiré signal) with the same frequency as a signal which is detected
by the metrology unit. For example, N=2 and M=4 is not recommended since the mixed
signal will interfere with the signal from the product diffraction grating (this would work,
but would provide lesser accuracy).

25 Periods may be chosen which will not lead to a problematic combined signal: the
coupled term Fy (x, y)Gy (x—x¢,y) comprises orders that have been diffracted by both
diffraction gratings (this is shown as the lowermost beam in Figure 7). It is desired to
minimise the coupling term, since it may generate spatial frequency components at the
measurement frequencies M and N. For example, in Figure 7 the lowermost beam will

30 introduce an error into measurement of the uppermost beam, since both beams have the



21 sane spatial frequency. The periods are chosen such that N02MARCH2007 no
common divisor (for exanple N=6 and M=7). Wien this is done a first

conbi ned signal folds back to the detected order Mand the a second

conmbi ned signal solutions folds back to th detected order N. So again 5
assumng N=6 and M7, n=7 and me [-5,-7] “Told back to detected order M and
m=6 and n ES&Q@‘S - fold back to detected order N. The fol ded back signal
will be vsé'ﬂ? é‘ﬂ G the hi gh values of mand n. The fol ded back signal

caused by the pRUprRMls Ry dRo¥éd duch tHat MEdM Qi fidikdintdn dfvaddr QB Exarhple NSt
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overl ap etween’ t uct ffraction grating and the resi’st action

grati ngs.mg'mgﬁ\;mslypm afdhi.eved by displacing the resist diffraction grating
so that it lies adjacent the product diffraction grating, as shown in

Fi gure 8. The Thesfoddeddiatk signalicawused battherepupted temme will,dfithetabovk fule isct i on
grating haye different. periods as_shown.. Since.the di.ffracti.on gratings do
ot 20 ovalipue wgnetindaice2h bR o bt e iyl ol i§adicfanR” ne

di ffrgeti : ' . i Aol i fi f ' 3t Lhn the

e di 1155 | SRS LRGN 1 oy Y thRloBY IRt R R gt U Dot veen
t he posi tfrajusndyeim at smal inreenplitedel isyhatrduerto processimpchfahet avgferahe forimadfetie wi t h
the diffraction grating arrangenent shown in Figure 8. is that if the x-axis
of the wediEFactign GFAUNGS BCPSET (04 3iNg WAV a pquars Waye thegby sHpprassinghighsr 25
unit, thwg&ggi ng of the diffraction gratings during netrol ogy nmeasurenent
will lead 10 an error. This is because the nmetrology unit will, due to the

rotati on nmeasur degired, dupling betshiebi tieadiffeiotion giatingscanshenainiised inf 4 fdthien t he X
direction and the other diffraction grati ng as being shifted in the -x

di r ediSi orpltemstive embgdimeahobibe inyeaton Byersyring thab thets sineppatidd Qvesldp pair  of
diffracti,g rati L it . LEf:ract i ngs have
been swaptffgﬁ&??%h%@g)r%}l 5%@5@%@?83 gnégwgq? ﬂ?ﬁg lﬁagﬁgl?g#%?& t?@gé’%&g’% measur ed
by the neichiRvedby displacing therpiesdiffeactiog geaingle tisa Mdwsladfhcentithd produéthe

measur enent .

diffraction grating, as shown in Figure 8. The resist diffraction grating and the product
diffraction grating have different periods as shown. Since the diffraction gratings do not

20  overlap, to a first approximation there is no coupling between the diffraction gratings. The
position of each diffraction grating in the x-direction is determined using the metrology
unit, the difference between the positions indicating the overlay error.

A disadvantage associated with the diffraction grating arrangement shown in Figure

8 is that if the x-axis of the wafer is not exactly parallel with the x-axis of the metrology

25  unit, then scanning of the diffraction gratings during metrology measurement will lead to
an error. This is because the metrology unit will, due to the rotation measure one of the
diffraction gratings as being shifted in the x direction and the other diffraction grating as
being shifted in the —x direction. This error can be cancelled out by providing a second pair
of diffraction gratings in which the positions of the diffraction gratings have been swapped

30 over. The swapping means that the sign of the error measured by the metrology unit is

opposite and can be cancelled out from the measurement.



02 MARCH 2007 22 An alternative way of solving the problem ofp2rMhabL2d07

i nduced error is to split the resist diffraction grating and the product

diffraction grating into non-overlapping parts as shown in Figure 9.

Advant ageously this enbodi nent of the invention in addition allows

detection of large overlay errors in a peRgendicul ar direction, as described

below in relation 5 to Figures 9 and 10. Referring to Figure 9, a product

di ffraction grémahgmangshp&&@ﬂng theroblemeof getatien indnepd errards tosyplitither r act i on
so that they do

d h
ot over | B Rratuan ekt Bl Fonks alibaebi il FufhdPaiFPRaaithe [ ok
diffracti Q{waﬁh%%d}e 92 rAﬁivlaﬁtra q\m’% ehibodRint ofithe ehtibi it ARlittorPAlgRt | on

whi ch bisects both diffracti on gratings. This configuration elimnates
rotation detettioacdf argeoserlajleerort inagicipendichlamdasutioapesdesaibeditelove i elatigy uni t,
i.e. the direction in which the wafer is scanned during nmeasurenment, is
i ndi ca edtodégwemamiégre 9 (this is conventional notation). The pr oduct

rating has o Releftf WiFigt Sy LBioals dtrhoudlf BRAE o BarkR b ek ASHIE L o,
in the plapgisoiffEictiongraviigds saﬁaratéu info W& peRd Taw Iparts 4r abriaRgeli soaRatithey Of

measurenment is indicated as y in Figure 9. The separation of each
di f f r act i dnngfroxerlagwithreach mh@eTbepmda@tehffmcugn grating and tlmrcsmtrcbffrapn@uuct

diff t t d th t _di.f ti th

Bl 8 S B e "

phas %-Ta&ﬁ% as]‘h%s!'ébm gufitiofr eBRYifited rofatiBk dub& fgduct diffraction grating
er

and t di ffractl on grating are 20 spatially separated, there is
virtual 'y no coliediregtibrbiumeasutdmsn phthe madtiolagygmte i.efthe dzeationlin whiclptheng nay

remain). The positign of the resist, di fra on ratln 'S nmeasured using
the et r&pfsHip Sﬁ?‘ﬂan dyHRg Measyseraent; igAn Fat? ’iﬂ“(ﬁ i$ psonveptiomak i ng i s

separat el y %Eﬁﬁﬁ uirhd rdﬂﬁb@fffa@?oﬁrgltaﬁﬂ f9Ya Jd of B)%, \gﬁe{géd%rtﬁg'féasls't HlfﬂQ&%otn' ons

i ndi cati ng overl ay error Vi ou stat ed the nmeasurenent
per f or medgrating has wpedlodexfﬁﬁnmls oﬂ&ne‘ﬂneeruﬁemomctom) diteadissictionin the fplaneaifi on

grati ngs as shown .in gure 9 has_the advagntage that, rotation induced
errorld artge éﬁﬁfﬁfd\QHCh !StPeFP&§dIFH]ér fqthe Hgﬁctmémﬂg'éremmlsluedwam B ingdiguret | on

of large @verl ?e%a&ﬁf)ﬁ’ 5 edcﬂ d%%cﬁ%péﬁﬁgéln?@thrm BrafBar@id Sfchdis the an

al i gnment”’error corrrmn ca tu e error. ere a phase

di ffractigmedgts atﬂra@lorﬁgmmwtnmsist UBTTHERM, grithig &t padddiv ethehyadicayn.de
alignment is sinusoidal. Assuming that 30 in a pre-alignnment operation the

al i gnmentTheyrlave ﬁle;semetnemée by theyeremupually | 188degseqsiphase-shifted as shown in
Figure 9. Since the product diffraction grating and the resist diffraction grating are

20  spatially separated, there is virtually no coupling between them (a small degree of residual
coupling may remain). The position of the resist diffraction grating is measured using the
metrology unit, and the position of the product diffraction grating is separately measured
using the metrology unit, the difference in positions indicating the overlay error (as
previously stated the measurement is performed in the x-direction).

25 The use of two dimensional diffraction gratings as shown in Figure 9 has the
advantage that rotation induced errors are avoided. It has the further advantage that it
allows detection of large overlay errors in the y-direction, which may arise due to an
alignment error commonly referred to as a capture error. Where a phase diffraction grating
alignment mark is used, the signal used to provide alignment is sinusoidal. Assuming that

30 in a pre-alignment operation the alignment mark is positioned sufficiently close to its

intended position, an alignment unit will see a portion of the sinusoidal signal which



intended position, an alignnent unit will see a portion of thg)afRRERLYGY
signal which 02 MARCH 2007 23 conprises the peak which allows correct

al i gnnent. However, if the pre-alignnent operation is not perforned
correctly, the alignment unit may see a portion of the sinusoidal signal
whi ch conprises an adjacent peak. Alignmer23to this adjacent peak will then
occur, causing an error. The size of the error is dependent upon the

separ at i owomprisesjthe peak whigh sll@vpeorrashalignmenti Hawewirgifi e presalignmenty pi cal | y
around 10 m cr.ons. means

The .t di i l.. diff ti ti. vi d
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bet ween t diffraction gr.ati i e coupled termof, the diffraction
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wi |l be seen 1RefestingtmFighee 1@af ibrthe absemcegnf atdaptyse ernanthe prodiectgliffeactionDa,
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equal to diffraétivnrglatirigs i$ dtectedby tneditordyy coupling between tHe diffvetion gratipgstie.
overlap of the two diffraction gratings if a 20Q capture error occurs. The

di ffracti 81 corpled tym fithediffractiongignal glesesiisd ipeeyioushio rplatian tq Figaret - and t wo

resi st pa . W d i r y be
used, 1 ho B PoPiph show? ip BPRUREIPHGE rkiineS il EAFIE adiIftP adlolcEmdTy OF
symetry  idetblgyxniti(thedtdqaendyfis | NavId).i Ameigligibbeldwelevelrof catlirigovibiebeaseon ded.

This neans that the m ni mum nunmber of parts is 25 two product parts and one

resi si5 pabetwsen theelitfeastion gratipgssshoma i hégyse 40a, cherghyy indicating thaba eants SIeRal

01 2L O3 e G S P R R AR RS 5L 7

nmay be sebgrsef 5 overldy srvhelaitiadRAlgr&ingab ootiran i preskn€é b4 Saptiiré eklde ubove
description it is noted that a negligi blly | ow | evel of coupling will be
period Q must be properly chosen. For example a period Q which is equal to one third of

the expected capture error will give a complete overlap of the two diffraction gratings if a
20  capture error occurs.

The diffraction gratings shown in Figure 9 comprise three product parts and two
resist parts. It will be appreciated that different numbers of parts may be used, the only
constraint being that both parts must have the same axis of symmetry in the x-direction if
rotation induced errors are to be avoided. This means that the minimum number of parts is

25  two product parts and one resist part or two resist parts and one product part.

The two dimensional diffraction gratings shown in Figure 10 provide easy and
robust detection of capture errors. It will be appreciated that the period in the y-direction
may be selected to provide detection of other sized errors.

In the above description it is noted that a negligibly low level of coupling will be

30 seen between the diffraction gratings shown in Figure 10a. The reason why the coupling is

not zero is explained in relation to Figure 11, which is a cross-sectional side view of the



30 seen between the diffraction gratings shown in Figure 1 GCag2M&rER290M
why the coupling is not zero is explained in relation to Figure 11, which
is a cross-sectional side view of the 02 MARCH 2007 24 diffraction gratings
shown in Figure 10a. FromFigure 11 it can be seen that there is a
significant separation in the z-directi on24etween the product diffraction
grating and the resist diffraction grating. This is may be because there is
a | ayer ofiffsadtive gratings shown py Biguret 1 0ad Fram Fegurohl i can beisgendhat thgre s due to
several ot.her. product. .|l ayers bei l.ocat ed, over, the..5 product diffraction

or ot ng. HEUAERY SERST T Dh 7 e atn e pa et GRS ne SIS ogy
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shifts AY_of the dj ' ' ' - i j t hi
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=;r the Ng' order of the shifted diffraction gratings is in anti-phase with

the 15 unshi f Kétisdesifedtotavoid the eauphing skwvn indtigured 04 simplednedificationvadni sh,

t hereby el i m nat.i the coupling. Thig, all high diffraction orders to be
el i mi nat cHeSesis ALfraptian erating ey PR mage dbe mpddatiomahow i Bawre . e

det ec{/prs Rl I: AREE : { . tao L4k nat i on of

t he dM)f r%og{lll)é)sﬁselgr at Pﬁggg?{esﬂgdflﬁ Sht-l-l}r?élac, s@%%ﬁ%%ﬂ\@?%w@sm%%kﬁdg% ‘e in
pract i ce. Wien s diffractidvegrating ¢dnfiguaikion ¢ wed ahs NOforddrof gesshifteidiffractibe waf er
stage AS.., are cancelled out by the neasurement performed using the

met r ol ogygratings.experaences 3 phasgshiftofa  second error which may reduce the
accuracy of the metrolﬁﬂ,y nmeasurenent. The second error is referred to as

the sensor errap,E=QacretAxres this is referred to in the art as the tool
i nduced shift) . Wilsl6the wafer stage position error Astage is caused by

bl | oved Wichadpy  fieNeohsor B Bihe winieud] BAGS I 8 Bieofin b ™

of 1 h meteBisf e giRhgs B GerlBE NCBRIGE S (pABR hEEPL ORI R pR I, 10 s

nmeasur ed &yupAng.f Thistallews aphdirtaktibheraeiitd @k eguntiéd so thatvaty 8% a6t infodlr same
as the position of the diffraction )
measurement errors at the detectors of the metrology unit. The method requires that

illumination of the diffraction gratings is symmetric, something which is achievable in
practice.

20 As described further above errors of the position of the wafer stage Ag,ge are
cancelled out by the measurement performed using the metrology unit. There is however a
second error which may reduce the accuracy of the metrology measurement. The second
error is referred to as the sensor error € (sometimes this is referred to in the art as the tool
induced shift) . Whilst the wafer stage position error Agu.ge is caused by the wafer stage not

25  being located at the precise location that it is believed to occupy, the sensor error € is
caused by the fact that the optics of the metrology unit are not perfect. Imperfections of the
optics of the metrology unit mean that the position of a diffraction grating as measured by a
first detector of the metrology unit is not exactly the same as the position of the diffraction
grating as measured by a second detector of the metrology unit, the optics having slightly

30 displaced the diffraction patterns generated by the diffraction grating.



grating as neasured by a second detector of the netrol ogy uni f; h6es
having slightly 30 displaced the diffraction patterns gener apééﬁ‘ggcﬁﬁgw
diffraction grating. 02 MARCH 2007 25 Where netrology is being perforned
based upon two diffraction gratings havi n% di fferent periods (described
above), the sensor error a in the SbO cal ZBration of the sensor can be
elimnated by printing two pairs of diffraction gratings. The first pair has
the MO  or der Wihgre metrplegy istbeingperformed based npen Byqidiffraction geatings having | ayer .
The overl‘%ﬁqerreasure air he second

pai r, the®fFFt B?ff‘?(gr{wﬁ%cgp?q?ﬂ’t?%fg%l %P@F%ﬂﬁ%éﬁée gﬁg ! r-:'gf"lagf CSERIPT ¢ Ee
ovor hay | S tAEyInAERE] phhind 63 AR dPuitiadivd fafidhs! The FRATHERal BRI TEC

by: OVl ordéMa tibfesistlayer?aniinhe NEtohded iretherprodhice liysre The bvertayancasared withhe
calibration of the netrology unit. Were netrology is being perforned based
upon Hwo WisfAAlE8t i on gratings having the same period (described further
above), the sepsor grror a in the SbO calibration of the 15 sensor can be
ehm ,.nated b@ pﬂ‘ﬁf‘?mﬂ*ﬁ‘i‘m' nairs of diffraction gratings together with a
single., diffraction gra_ti ng.. Each pair of diffraction g&gti ngs conprises a
di ffraction grlathesecond pais the diffraction| gadtings aredintereliangqada the Mnoxslerisinghd n t he

aver (i ceaprandifi BN dliioh B8 B ¥ bt BAPLIR R Bl 'D, Ot

| ayer). The fip$t pagppof diffraction gratings includes a deliberate shift D
in the x-direcfidn 20 bfween the diffraction gratings, and the second pair
of dijffractio ratj N . L te shift -Din the x-direction.
Threelfoshift bgp\%e%%f%Qféét%gﬁzggdﬁﬁ%&%eﬁrﬁ@ygre made, vyielding the

foll owi ng: SbA =k( OVvidy+egysh2 =k(OV -D)+e SbO3 = e where OV is the
overlay and k $&0Og, & . “that relates the shift between orders to the 25
overlay. The third neasufenent yields the sensor error a directly, since if

there was No The method eliminates sensor errors € in the calibration of the metrology unit.

Where metrology is being performed based upon two diffraction gratings having the
same period (described further above), the sensor error € in the SbO calibration of the
15  sensor can he.eliminated by printing two pairs of diffraction gratings together with a single..
diffraction grating. Each pair of diffraction gratings comprises a diffraction grating in the
product layer and a diffraction grating in the resist layer. The single diffraction grating is
provided in the resist layer (it will be appreciated that it could be provided in the product
layer). The first pair of diffraction gratings includes a deliberate shift D in the x-direction
20  between the diffraction gratings, and the second pair of diffraction gratings includes a
deliberate shift —D in the x-direction. Three shift between order SbO measurements are
made, yielding the following:
SbO, =k(OV +D)+¢€
SbO, =k(OV —-D)+&
ShO, =€
where OV is the overlay and £ is a constant that relates the shift between orders to the
25 overlay. The third measurement yields the sensor error € directly, since if there was no
error the shift between order would be zero (only one position is being measured). The two
remaining unknowns k and OV can be determined using the first and second measurements,

on the assumption that there is a linear relationship between the shift between orders and



error the shift between order would be zero (only one positiogingaR€i12607
nmeasured). The two remaining unknowns k and OV can be determ ned using the
first and second neasurenents, on the assunption that there is a linear
rel ati onship between the shift between orders and 02 MARCH 2007 26 the
overlay over the range of neasured values26in a further alternative

enbodi nent of the invention an asymmetric marker is provided conprising a
di f f r act i tha oyerdetyi owgr the rangerafdueasuredyeluesand a diffraction grating in a

resi st |ayer |crg1 S qffse.t d%'?’ é_o ove]{]éay, as descri bed further above,
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seen in Ficgufatly feflects #ovdilhy bhddviewfegtutdsi ng i s provided with a diffraction
grating substructure. The substructure of the product |ayer diffraction
grating 100 i sRefemingrogigure ipm wdieh isisrospaeatiopal; p fisstdiffragtion grating 40@is | ayer

di ffracti f] i nel ' i j |
appr ec atBvRRG {eddch F bR S oGRS THEACASE AR 1L s rbliopd Bl o1
grating registiens opthetwier, EBiréd pétidds o eddhadiffeiicBbn Beting hReshbS. dRgIREoRPase

junp conprises a line 103 of the substructure i ch has double the | ength
of otler ik itheesamedar bgth diffractiisgratingsur e. The 180 degree phase junp has the

ffect that, relatiye to t .od | di ffract.i ] 25 ri Si
cdge of the s RSEIT parEnel SpRURF BEfne ARG alife.indPafl B aBtn S becore
a fal l'i ngyited8foxeh iihas Skt MuahgiBePbethilth Figaresi3bl 2WedanPelsbérpft Figiredr at i ng.

In the absence of an overlay error the product diffraction grating and the
resi st diF3breach diffraggioatgratingds provydndevith a ddfractionsgrating substructure. The

substructure of the product layer diffraction grating 100 is continuous, whereas the

20 substructure of the resist layer diffraction grating 101 includes a 180 degree phase jump (it
will be appreciated that the phase jump may be provided in the product diffraction grating
instead of the resist diffraction grating). The 180 degree phase jump comprises a line 103
of the substructure which has double the length of other lines 104 of the substructure. The
180 degree phase jump has the effect that, relative to the product layer diffraction grating, a

25 rising edge of the substructure of the resist layer diffraction grating will become a falling
edge of the substructure of the resist layer diffraction grating. In the absence of an overlay
error the product diffraction grating and the resist diffraction grating are symmetric about a
line of symmetry s, as shown in Figure 13b. |

The period g of the substructure, shown in Figure 13b, of the diffraction gratings is

30 chosen to be near to the limit of resolution of the lithographic projection apparatus

(typically of the order of hundreds of nanometers). It will be appreciated that this number



line of symmetry s, as shown in Figure 13b. The period g of tp2 MarcH 2007
substructure, shown in Figure 13b, of the diffraction gratings is 30 chosen
to be near to the limt of resolution of the Iithographic projection
apparatus (typically of the order of hundreds of nanoneters). It will be
appreci ated that this nunber 02 MARCH 200727 27 may in the future be
significantly smaller as the resolution of |ithographic projection

appar at us maypn thedyturg ke significantiy-smaller as the gesolytion af lithqgranhic prejestioRe to t he

| o oPE SRS SUD S s ; _
bot veent ABEPbRRIoV Sy RN ARliel SlrnGERE) 1l HGAN R ARABIERRRBE AR, |, .
is sufficifphiniticnht ditfiatioh e hld pobhgiesletienlife ProditIhyer ﬁﬁ&ﬂﬂﬁés‘istn ot

seen by the detectors of the metrology unit (for exanple because the

di f fract i tayer. sHoweerythe gubstaugtereain ghfficiently lsmall thatshe diffcaction fiwm thel | ect ed by
the lens LI (see Figures 3 and 4)). Since diffractjon fromthe supstructure
ei t her?d doé‘ébsgﬂﬂ?t“’é?c‘é G?’t geniby %‘ijete‘)ééféﬁ,?ﬂ{eﬁ'@e%‘?gyo‘% TP l?"éé‘ﬁe\ﬁg‘? y sees

t he subst . ' j : ' oy .10 The
compt o r SHERIcR 185t TLeh Bpe AL AHERBRNAand i SEhR BOBEIREIANGed - 1%, fe
resi st an@igaraaduaid 4)RySincs diffradtiontfrone she substeuceurt aithdrslopetfidtactur driienott he
conplex reflection coefficient of the left side substructure of Figure 13b
will be t besnsthemeseolegycunitgiiectyely sess|the subswuctersias mirrerst Wish a complekght si de
subst ructgerf% tof Fi gHrig t1r3b. This is represented schematically in the centre
of Fi gur e™HUUhTER" Vs the anplitude i mediately above the 15

subst jgict ur e ofpd bahiplek @éflREibA dodffieiRhEAEpeRdAonfthd RPatiepoitiehs of e (t he

region inredi ately above the substructure is referred to here as the near
field). |fesistasbpodve layeesubsyrueturesr If avselay s perfeet, thendhe ewnplex reflestion s shut ea

toth ight, th h I fl L ffjcient he left sid
ooet s et B ROt B SRl oF e ATl () e as BSlen t s,
Thi s aSY—@EIf%ah eéasekﬁcziaﬁ JFR figR sRIE saBstAlRnATBE Fighftel 32 thiPR3emsedidd’ er ence in

t he near 0 shown Tn Figure 14. The detectors of the netrol ogy
unit, as sdhematicallyfinghe eentr8 ofifiggude 14 rwehitlstwvesdhaamglisiie iromediately Abavmthdre

Che 15 Pl S on! et By b o B e EROR e BT ncor
field I ghe th@m%kﬁﬁaplg Oié gégélr&f‘t%%%}e idtnt H@arrffcg{g. gf?h%a\i% sy&mgtem then the

Fourier transformis a synmetric, 1.e. etected signal does not
i ncl ude ao&duid, i.c. thé resist idyer vtsheeaha i ngie, themipk icompiex(rariectphaveliicaent onot

symetric in the near field, the_? t he Fougi er. transformjs not .
the left side substructure will be different than that of the right side substructure. This

asymmetry will be manifested as an amplitude (and phase) difference in the near field, as
20  shown in Figure 14.

The detectors of the metrology unit, as shown in figures 3 and 4, are located a
distance away from the diffraction gratings. The location of the detectors, referred to here
as the far field, is such that they detect the Fourier transform of the near field. If the
amplitude (and phase) in the near field is symmetric then the Fourier transform is also

25  symmetric, i.e. the detected signal does not include a shift. If on the other hand the
amplitude (and phase) are not symmetric in the near field, then the Fourier transform is not
symmetric, and has an asymmetry that depends upon the diffraction order (or wavelength).

By determining the difference between positions measured for different diffraction orders
(or wavelengths) at the detectors, the overlay of the resist layer and the product layer can be
30 determined. The detected shift is much greater than the overlay error, and this means that

very small overlay errors may be detected using the metrology unit.



symmetric, and has an asymmetry that depends upon the diffrac02MARCHROOT Or
wavel ength). By determning the difference between positions neasured for
different diffraction orders (or wavel engths) at the detectors, the overlay
of the resist |ayer and the product |ayer can be 30 determ ned. The detected
shift is much greater than the overlay errdr, and this nmeans that very

smal |l overlay errors may be detected usj n(g,the nmetrol ogy unit. 02 MARCH 2007
28 Since the aSineidhe JsyEuBeiry seen Hthe far freld(ig. ¢tjthedetegtorshanses fiom bes) ari ses

consi st ent PP Fasefob EEReRaf 8 sish iR alvs SR e Bl WEMEof, (e

ef fect of fHehReAnpedrotict ure can be expressed as follows: In the 5 case of a
smal | overlay error the reflection coefficient of the left and right halves
will vary dif Matlkematically thereffeqofitbe sybsfructurercan bOexpressed b fplitows: iIl0he ATE (9

or der <5 #H8 CEa D0 Py SR ke oe gt ot edeRAnd SEN DU YA t no

subst ruct Hfff‘ereﬁﬁf?"ia%@oﬂdﬁl o: 10 fraction of a micron. This neans that an
overlay error greater than the substructure will be incorrectly neasured by
t he netrol ogy u,g}i:t:roilz\el(s)lbstructure is calibrated using two pairs of
diffraction gratings and 3 single diffraction grating to determ ne the

val ues of: SbOIrTgk(de&'iéx Sbh2 = k(OvV - D + e SbhOB8=e 15 in sane manner as
descri bed further above. The calibrati Qﬂ will also provi &gqgt he sign of the

overlay error. Iharespisilplrightasymmetnyyilliseedss & measEeple Sl RetYREROrERTS1 r act i on
A e e e e T

be done i8S erm ne ant ween orders

t 0 t heo ovgadtin oftymicesrn MEhis tehhshat mcovetiaperraf gredter then dielsabstture evidfbet he
product |ayer diffraction grati nlg 100 and the resist layer diffraction
grating loeoyrretlygnerspeeddyithe msBAlogRaNkybst ruct ure). The reconstruction is

e harrs rondfe lRirbthurd 8 chfitalel ubihe RR6 bairt OFuiffAAYS rat BES bnd'h LhERS! ' O
diffraction grating to determine the values of:

SbO, =k(OV +D)+¢€
SbO, =k(OV —D)+¢€
- SbO; =€
15  in same manner as described further above. The calibration will also provide the sign of
the overlay error.
In some instances it may be preferred to use less diffraction gratings in order to
calibrate the substructure. One way in which this can be done is to determine the constant
k that links the shift between orders to the overlay, by reconstructing the shape of the
20  substructure of the product layer diffraction grating 100 and the resist layer diffraction
grating 101 (k is dependent upon the substructure). The reconstruction is performed in two
parts. In the first part, the product layer diffraction grating is measured before the resist
layer diffraction grating has been imaged into the resist. The measurement is made using
the metrology unit shown in Figures 3 and 4, or alternatively using the metrology unit
25  described below in relation to Figure 23. The measurement is performed for a plurality of
wavelengths (additional wavelength channels may be added to the metrology unit shown in
Figures 3 and 4 for this purpose). The results of the measurement are used to reconstruct

the shape of the substructure of the product layer diffraction grating using known ‘inverse



layer diffraction grating has been imaged into the resist. TheiRaREBLHOFRH!
is made using the netrology unit shown in Figures 3 and 4, or alternatively
using the nmetrol ogy unit 25 described belowin relation to Figure 23. The
measurenent is performed for a plurality of wavel engths (additional

wavel engt h channel s may be added to the magrol ogy unit shown in Figures 3
and 4 for this purpose). The results of the neasurenent are used to

reconst r ugdatteting ts&ﬁmxeebuﬁaﬁlyamb@trratnicurcﬁnﬂﬁslbﬂn scafteroietdy. ISayable dineigeact i on
grating using known "1 nverse 02 07 29 scattering' techniques

curr ent | yseastering teCBRiquescase d@ﬁCﬁ’e«?dsdenS §éé§{584 arb s\, 55§Lﬁ%bl e inverse

scattering tec ues .ar ibed in US 6, 563 559, 924. The
second part of tf?'ﬁge ggﬁlgf)gﬁ’ftrF%’Hsﬂcqof} 1srté)cxg%o§1[s%<§4hq 5@\3 F?St{uﬁglre
substruct Y @e r&fistl rﬂffﬁh@tfonlg%fﬁf& Aitefrésast 4 r?@f‘dﬂﬁi’étioﬂ at1 s itabuttd baye"
diffraction gratind is nmeasured using 5 orie of the a ment 1 oned

met r ol Hgyonsoft the hbsveangaitioned nejrololgy waitefor agluralityf dvalvhlengths,mhﬂ sheatesultssed to
reconstruct the shape of the substructure of the resist |layer diffraction
grating esiused tq«r@e%se'uetcth% shape pEthesubstrugties of the gestst |aysedifsastion gaatings st

have a netingiPRe dFatisPe ecRfful O RLAY el it i A eI AP 1,
robust. |fpdite F)hﬂiﬁct RyérQifffhction mtlﬁg)mﬁawaaﬁ@gﬁgm@mcebﬁ SHcSrecori@ictidh, @

second resist layer diffraction grating (with identical substructure rray be
i maged auhiabingthe reqenstiuction fobusts If oveylay isdionnd @otmr@ducgnmm«?gtablﬁremrs

substyucture of thi t|on structed vmthout
over | ) of pespB st S dirtition greuie S Baonibm sdBoraRRBE e B4 Eaefh i ng the
substruct 18P airah tsuB YRR

an atom c%gﬁe?gth%h%é?tggsé%pgﬁp15ﬁ0§ldﬁ?ﬁtﬁg§m§t$ u%ﬁgggg%ﬂlfﬁlgﬁ pr odt%?a Iayer
di ffracti can l@rratomsguetad whtlheutrcafsrlsy efrarg beingdntfdduaed.i An agemauvq;mhﬂmé ofeen

reconstructed, these re used together with know edge arg sep ration of
the | ayer detergniping “"t‘%red%% S8 AtSCRATate MgAsHrameny SF a¥é ‘fsb‘?&md

using a k ﬂgx;&ﬁ dc solver, for exanple GSoI ver or Terrpest Once
k has bee%%gm?éefo%{]e t gﬁoverl ay can be calculated using the shift between
orderss An adveontate sobst@oturdseftiecproduct layer diffrbamcgrating dndahe cesistbdytod i s
that it requires less diffraction gra |ngs than, the calihration nethod

descr i beddiffigation graiingaye beraTeeansIracisd. RRESarecuse segsthes witykknowledgeofithe r es. A
further gewps%f eafef@}{ege&g,l pra?é ARG | 'ng cafagfanoﬁ ;rrg.g%g: recﬁﬁ&{lst ructs

the subs ures o ractiron grating
nmeasur enegisg kndwie elettrérhagletic SolvEN foreRample G-Solver or Tempest. Once k has been

determined the overlay can be calculated using the shift between orders. An advantage of

20 the reconstruction based calibration method is that it requires less diffraction gratings than
the calibration method described further above, thereby leaving more space for other
structures. A further advantage of the calibration method is that, since it reconstructs the
substructures of the diffraction gratings, it yields directly measurements of the critical
dimension.

25 In a further alternative embodiment of the invention an asymmetry is provided in a
marker comprising a single diffraction grating by including on the diffraction grating

bearing mask (MA in Figure 1) substructures each provided with a step in optical path

length of —ii, for example as shown in Figure 15. Referring to Figure 15, three lines of a

diffraction grating 110 on a mask 111 are shown. A first line 110a of the diffraction
30 grating is provided with substructures each of which comprises a non-transmissive portion

112, and first and second transmissive portions 113, 114. A step 115 is located between



25 In a further alternative enbodi ment of the invention an asYy YWMuR¥u 207
provided in a marker conprising a single diffraction grating by including
on the diffraction grating bearing nask (MA in Figure 1) substructures each
provided with a step in optical path length of A, for exanple as shown in
Figure 15. Referring to Figure 15, three |I8hes of a diffraction grating 110
on a mask 111 are shown. A first line 110a of the diffraction 30 grating is
provi ded the firsstrdrstuissivep@sor dthand thelsecond ¢ranpmissies partionri14r Thestepds ve
portion 112, and first and second transm ssive portions 113, 114. ﬁ\step
115 is lo W fol 1 S8 rdion 113
and t he sgg%lﬁgatﬁﬁgﬁgﬁ’% igle port0 ?gggtl“ilﬂgh Ef%gess%oghpgﬁeaf%@]&?h%? l:%)ﬁ)e4opti cal

path length of |ight which ft;l?lasses t hrough the first portion 113 is 4
great er t igeaater thandpe opasal pathHengtin gf hghstw lclgmsswmggﬁwe@ondmm@hl%e

d i 114, . dJdine.110b of the diff i i i
e o Al top e RO RSl BB AP BB st
porti of 1lfhictAdighprisetnoAFanSAERRE Por@disT6S and/ BrsPAid de@Bifd trankhissivedor@diar at ed

by a step 119. The step is opposite in phase conpared with the step 115 of
t he first 117,nid 8 képavatedbytatstepdi 1 rBhetstapris gppdsitadn phase sompaed withahe sthp 109t i cal

path length of_ |ight which sses through the first portiqn 117 i | ess
than the Opthedist IH&HOP@F’{&FHH%{““P’P gratingn TBis meas that theaptigsl na?%blewﬁ&gd
portion 118. 10 Subsequent lines of the diffraction grating are provided
with the sighewhkicl passestimowgh the firshiporiondrlias i-nipsptianeheoptithbpath length aff t he 4
steps is that, at the wafer surface, each | i4he of the diffraction grating

i s displacged .if. i t j i;gqnot correctly focussed (this
effect i s?’lg@"evvs%?llIl g%ﬁ% Inl&%@otbg%géqhgﬁ%nllﬁgor porated herein by reference).
The digpl acenegbieguds lihepentie diffraphsh gragnglhre@edvidst with thessafiieanbstilthiesreans
that adjacent lines of the diffraction grating are displaced in opposite

di r ect i ondn aisalternasing|pattem. def ocus. The effect of the substructures on a
wafer is shown schematicall,y in Figure 16. For ease of illustration the

di mensi ons of (he effedtiof aled ﬁogtepuiaman,gat@me Wwafgrisiafate, «cuoh tias ppihe diffrattien
di mensions of the diffraction grating of Figure 15; however in practice the

di mensi ons _of 20.the di.tfr e} rat.ing of Fi 16 wJl. be. one quarter
those of | Frage 5 dipisced it Ineftra@Rof bk g forchPill Sg et Ghis PBediEm T
Cr 0Ss- seclbRRbédinf/S2002/0621434) ‘in&“_r;?érﬁ@@ thefin By AiférBAce)2Thé dispREéAchtfs Whi ch i's
of the order of 10 mcrons. The diffraction grating conprises |lines 121
15  dependent upon the direction of the step. This means that adjacent lines of the diffraction
grating are displaced in opposite directions as a result of defocus.
The effect of the substructures on a wafer is shown schematically in Figure 16. For
ease of illustration the dimensions of the diffraction grating of Figure 16 correspond to the
dimensions of the diffraction grating of Figure 15; however in practice the dimensions of
20 the diffraction grating of Figure 16 will be one quarter those of Figure 15. Three lines of a
diffraction grating are shown in cross-section in Figure 16. The diffraction grating has a

period P which is of the order of 10 microns. The diffraction grating comprises lines 121

that have been imaged through a mask having a positive phase shift of % , alternating with

lines 120 that have been imaged through a mask having a negative phase shift of %— In the

25  example shown in figure 16, defocusing will cause one line 120 to move to the right
whereas the lines 121 on either side will move to the left.

The substructures on the mask 111 are imaged as substructure on the lines 120, 121



t hat have been imaged through a nmask having a positive phase fMiNhreH 2007
alternating with 1lines 120 that have been inmaged through a mask having a
negati ve phase shift of 4 . In the 25 exanple shown in figure 16, defocusing
will cause one line 120 to nove to the right whereas the lines 121 on
either side will nmove to the left. The suBdtructures on the mask 111 are
i maged as substructure on the lines 120, 121 02 MARCH 2007 31 of the
di f f r act i ofithgdifractipn gloting: ckloweves, the bihstructtes gsnegan enht zerodiffractionerders
diffraction orders. and irst order can therefor e apptoxi ngted as
though-t ho3! BERshABAeIEERR BeTefots, i arpBimgied s L0 oo Peate B BIAT6 FUGEEP 1 | ci ent.
The asy HE&fbnbe nretrology unit by conparing the

bl RS HEARmbciler

di spl acenen ocusing for different orders of diffraction

and/or for diffes ﬁymmsmmhed by @& meéteologusliybyeuhparingdhe digplacmsent of
term noI ogy this shift is referred to as the shift between orders or SbO).

Wt hout desusesiiey thadefncyping éandifferent-arders osglfﬁaféwg@né/pr fertditfersng wavelengths and

t he dlffr ction erfec t zer ft between
orders  (@eEnsliabERtonsd BELAE O it hShile A e Sl ana o1
bei ng di Sﬂét@ rHE‘rstP SB@B’OWﬁlﬁu@'ﬂéféﬁs'tﬁé‘&sﬂ‘é&Vm&t @!hu"sE&B‘}ﬁle@ﬁbsﬁﬁmt&e@ﬁyH“Et ry
shows up as a Ift between orders that can be neasured with the netrol ogy

unit as dmc,ranbelmb dhﬂrmmn'gtmngempcrfecﬂyisymnfenimglvﬁmg:mzernmhrftﬁemggemdel‘se t uned
using the width of t | i nes , 121 of th ractio raf.i ng, ..ndicated
as W and(Sh0)-Hapaer quQ‘P%PS Ijtgo Eesﬂﬁmﬁlefrﬁa ?IEE% 0 ang; ftzylrll?g?g ciﬂg’qg‘"ﬁéﬁa‘nvery
arge @l Sl BRLEBnObye G ét&eﬁﬂﬁ&s&@ R ' HbRS ufhs A Beerdcbn e

repr esent as a CO I nation of an avera renti a part W

=W +AW Fi @it ¢an bé nsdmmdtﬁmmahﬁub&iggdunﬁaaﬂemwedyel()w e. the ratio of the
measured shift to the _real shift) as a function of Aw for the Is° and 3rd

or der. For smalhe sgasitixiy of mA\f@‘t‘%ﬁé"?%’é@Yr‘@ﬂ berinned usingibe widh of the lings 20y
| ar ge. @a%fzéé glﬁtégct{“ fe%rgtﬁu a3 o W ez{n% WDQ’C écﬂv &p?tslégﬁov%@?t I ons,

whi ch inc WeeR ork ers urt (arbltrary

uni ts) then§iawkey édnbd Madevryhagelatithé exjrbte @frsﬂgm stedigth. TPhe Witkd Whahdwgn

orders becones therefore zero. This is not surprising since this case

cor r efponeim begeprbsentsidiaggtdonbindtion of an avarpgeepartiand sdifiereatipkpari: vel y vani shed,
so that the entlreﬁ g‘?ffractlon grating remains synmmetric in the presence of
defocus. 25 At fF_sT ight it may seemtenpting to choose small val ues of
AW However, tWgre 74W

Figure 17 shows the calculated sensitivity (i.e. the ratio of the measured shift to the
real shift) as a function of AW for the 1% and 3™ order.
For small values of AW the measured shift between orders is very large. Moreover,

20 the 1¥ and 3™ orders move in opposite directions, which increases the shift between orders
even further. For AW=4 (arbitrary units) the sensitivity becomes 1 for both orders and the
shift between orders becomes therefore zero. This is not surprising since this case
corresponds to the situation where the lines 121 have effectively vanished, so that the entire
diffraction grating remains symmetric in the presence of defocus.

25 At first sight it may seem tempting to choose small values of AW. However, there is
a price to pay: the strength of the detected signal decreases as AW is reduced. Figure 18
shows the normalized detected signal strength as a function of AW for the 1% and 3™
diffraction order. Here the signal strength has been normalized. At the same time, when the
signal strength becomes very small, reticle write errors and surface roughness may limit the

30 accuracy. The fact that the signal strength rapidly decreases for small values of AW is



a price to pay: the strength of the detected signal decreases @VARCES007
reduced. Figure 18 shows the normalized detected signal strength as a
function of AWfor the Is and 3rd diffraction order. Here the signal
strength has been normalized. At the sanme time, when the signal strength
beconmes very small, reticle wite errors &2 surface roughness may limt the
30 accuracy. The fact that the signal strength rapidly decreases for snall
val ues of intfitivelyQddetsRagHalde ince $Ben AWistsmadlithe difiiation gratnlg seartsito behaveen AW

B e A SRR o P ek o &
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t he phasepgibhpafshicdbyhaing @sedf ded Redel dYRarfadngdyo K¢ diffractiontgthting f Of
exanple if it 1s assuned that a signal loss of a factor of 10 is acceptable
(nor med i sdetestigpnused by thenmetnology yinit, Ifor exanipleif itzip pssumied thead atskgmal loss ofsa not

0 grating is provided with the

necessary .t hat er erjod of the diffracti

above des@cfﬁé’(ﬁé%é‘i‘*‘gﬂehﬁg’é : ailﬁ?d oAl Sﬁrgngﬂé%lﬂ)r ed is sufficient anounts
of substructur : f fot . rgg@gi -with a
desired 10 ac gmlggo;.egp #géeﬁ%a?éra?th §t2¢ %enro?ﬁﬁ;@g&g%?{a?@\%g% é}led{r%leo(%rr er gﬁ ?églow

i nsensi t i yraitihg ispravided wiithtthaabtbvetdeseribed isbssaticmres. $di thit is reqtitedds sufficient
particularly useful for low quality scanning stages. In a further enbodi nent
of the i ndmAwRtyAf alhsﬁm@feslt%gl;!ﬁ%me&@m hettvgern prdsestanbe mepsured sith; adesized i ¢ ve
to th criatci ?%I di nensi on (CD) of patterns exposed on a wafer (critical 15
di menst on?f8f%&?s to the resol ution of features exposed on the wafer). The

asymetry is  1Te@ystiopderlitt BBifEbdiwEdINsHdR SEMseH3RIVedo BREE atif@id BRgkKer Whi ch
conprises three different regions, shown in Figure 19. The regions are an
unexpos edvibrations sathismethodiepartiew]ady usefid, forlow quglitihscanning gtagessubst r uct ur e

151, and d (i, . . ion 152 The, th i
Loget hor £ or m BrariEt RbefieRr a3l iBRRE o mat? B pfited M Ay afmstdsa 50
whi ch hasggt ReEhPGverb tHECritiae Bitndsion (D) 0f PattdrAEéxpdied bt s Vager (critidl

substructure 151 has a period which is conparablée to the limt of
r esol 16 i odimehnsioh eefeisttn thp eptldopelbieatrdsexposedparthe water). nTherdsymmety is hi s i s

T el e R ot FRBR H ShR P BRRSC
wi dth of ?egio ShB&heh Figige 80lairRe fe@i s QHY £h diRxpbRR@ (HL.this@k tine re@icA 15002
provi ded can be seen to be
region having a substructure 151, and an exposed (i.e. recessed, space) region 152. The
three regions together form one period of an asymmetric phase diffraction grating 154
20  which has a period of 4P (where P is of the order of microns). The substructure 151 has a
period which is comparable to the limit of resolution of the lithographic projection
apparatus; in this case this is set at P/5 for ease of illustration. The unexposed region 150
and exposed region 152 both have a width of P, whereas the substructure region 151 has a
width of 2P.
25 Referring again to Figure 19, the diffraction grating provided can be seen to be
asymmetric. Furthermore, the asymmetry of the diffraction grating changes as a function
of CD. The asymmetry is accurately detected as a shift between orders (as previously
discussed this may be a shift between diffraction: orders and/or between wavelengths) by
the metrology unit of Figures 3 and 4, thereby providing a measurement of the CD.
30 The effect of a change of CD can be understood intuitively with reference to Figure

19. If the CD were to improve to for example P/12.5 (ACD= -P/50), then the width of each
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It should be noted that the configuration of the diffraction grating 154 shown in

20  Figures 19 and 20 is just an example. In practice, many different configurations are
possible, as will be apparent to the skilled reader. The sign of the asymmetry introduced by
the substructure is dependent upon whether positive resist or negative resist is used. The
example shown in Figure 20 is for a positive resist.

In a further embodiment of the invention, a shift between orders is used to measure

25 an asymmetry which is sensitive to the effect of processing on patterns imaged on a wafer.
The method, which relies on clearing part of a marker from process effects, is shown
schematically in Figure 21. A marker comprising two diffraction gratings 180, 181 is
exposed in a resist layer of a wafer (the marks are viewed from above in Figure 21). The
first diffraction grating has a first period (P/N), and the second diffraction grating has a

30 second period (P/M). The wafer is processed in the conventional manner. Subsequently,

the processing is cleared from the second diffraction grating. This is done by applying a
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An alternative metrology unit that may be used to measure asymmetry, and hence
20 critical dimension or other properties is shown in Figure 23. A broadband coherent light
source 200 (e.g. a broadband laser) generates a collimated beam of light which passes
through an opening in a 45 degree mirror 201, and is focussed by a lens 202 onto a
diffraction grating 203 (the diffraction grating is of the type shown in Figures 19 and 20).
Light diffracted by the diffraction grating 203 is collimated by the lens 202, reflected by the
25 45 degree mirror and focused by a second lens 204 onto a set of scanning transmissive
reference diffraction gratings 205. Light which passes through the transmissive reference
diffraction gratings 205 is collimated by a third lens 206 onto a spectrometer diffraction
grating 207. The spectrometer diffraction grating 207 diffracts the light at angles
determined by the wavelength of the light. The diffracted light is focussed by a fourth lens
30 208 onto a detector array 209. In a preferred embodiment, as shown, the metrology unit

further comprises conventional reflectometer hardware 210 and a polariser 211 used to
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imaging of a subsequent layer onto the wafer. The alignment unit may comprise the same

apparatus as the metrology unit, for example as shown in figures 3 and 4, the manner in
20  which the detected signal is used being different (the terms alignment unit and metrology
unit are interchangeable in this part of the description).

The subsequently imaged layer includes two diffraction gratings 251 of a second
period (P/M) located on either side of the first diffraction grating. These second diffraction
gratings are arranged to be preferentially detected by a different particular detector (or

25  detectors) of the metrology unit than is used to detect the first diffraction grating. The three
diffraction gratings 250, 251 in combination form an asymmetric marker (assuming that
overlay is not perfect), which can be used to measure overlay as described above in relation
to Figures 7 to 12.

Following processing of the layer having the second diffraction gratings, the second

30 diffraction gratings may be used to determine the aligned position for imaging of a further

layer onto the wafer.
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» processing may be calibrated in advance using wafers which undergo processing having

different asymmetries, and stored to quantify the asymmetry which gives rise to a particular

20 shift between orders. The target may comprise additional diffraction gratings which may
be used to increase the accuracy to which the asymmetry can be quantified, for example by
generating several shift between order measurements which may be compared with stored
calibration data.

The embodiment described in relation to Figure 25 may be combined with the

25 embodiment described in relation to Figure 24, as shown in Figure 26. In this embodiment
a first target comprises a central portion comprising a diffraction grating 260 having a first
period (P/N) sandwiched between second portions comprising diffraction gratings 261
having a second longer period (P/M). The diffraction gratings 260, 261 are located in a
process layer, and may be used to measure processing asymmetry as described above. Also

30 in the process layer, an additional diffraction grating 262 having the first period (P/N) is

located adjacent to the first target. Diffraction gratings are subsequently imaged into a
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projection unit and used to obtain _
may be used to obtain overlay metrology measurements at other stages of the lithographic

process cycle, and that the metrology unit may have an alternative location. For example,

20 the metrology unit may be located within the lithographic projection unit and used to obtain
metrology measurements, for example overlay measurements for two previously processed
product layers, or for a product layer and a resist layer bearing latent images (the metrology
unit may be the same unit that is used to measure alignment).

In order to obtain metrology measurements for two previously processed product

25 layers, i.e. after etching and/or processing, the two layers are for example provided with
diffraction gratings provided with some form of asymmetry (the asymmetry may be in any
of the forms described above). A layer of resist is applied to the wafer in the conventional
way, to allow exposure of a new layer, and the wafer passes to the lithographic projection
apparatus. Prior to exposure of the new layer the metrology unit is used to obtain

30 metrology measurements via the asymmetry present in the diffraction gratings, using one or

more of the methods described above. It will be appreciated that the metrology
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Using the method in this way is advantageous because it allows overlay metrology
20 measurements to be performed for every wafer, thereby minimizing the possibility that a
non-yielding wafer or die is not detected. This is favorable compared to conventional
arrangements in which overlay metrology measurements are performed for only a
representative sample of wafers. The overlay metrology data provided may be used to
provide an estimation of corrections to be applied to subsequent wafers of a batch for a
25 given resist layer n (feedback). In addition, in instances where processing steps are
comparable, the metrology data may be used to provide an estimation of corrections to be
applied to subsequent layers (feedforward).
Overlay metrology which embodies the invention may be performed for latent
images. The latent images may be images which have been exposed in resist, i.e. without

30 post exposure bake. However, in some instances it may not be possible to resolve such

images, in which case a post exposure bake may be used.
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be used, descri bed above, to provide focus netrology, critical dinension
met r ol ogy ¥f ot her nmetrol ogy. Where this is done the measurement nay be
performed for g gRhE®h floth aaera&q%%tslsln%vséce@arﬁorﬁeé K Qlffraftich grafid dlorli@yer -

The netrol ogy neasurenents may be perfornmed for |atent | nagés before or 5
after posto ehtpmahffmchek.eleﬁlaetmrﬂhay)b@glytamaﬂ by dixgcting illumaragion bntoleesuitaklgt i ons

nmenti oned above. is known fr mth art. that i S not necessar to use a
di ffract i Gimeisianed, gmighf fertyesr (tyRigh ]dlS]Pea eAtugg isif gmre?f of the wayelengtyo

bt d
oat s ( SouTpfh o ke aifBeR AiRRs Rl ety A of HEORRGES | ?gt he 10
i11um nat !pménarfoﬁtﬂeateseribeuabibpddnmaﬂ thaﬁdzeﬁwdd(wercaus‘éhaewpxevmk sdbiig r act i on
gratings is preferred for the described enbodinents of the invention
because t diffragtionsignalss tHeweyer.dt will a%@nnsw@mbwat the ipyspEior mayibe implamested
appr eci at §§1Ptgg%}1§etrr?%hic%"a%‘ﬁ& d.i'ffpﬁﬁor?grah ’é&%ﬁ le, CansHidl ke?ﬁb%g}’iﬂ gh are

not diffr at'i ngs or exa
i nvent i on of@RGAVEREEN idBsciBb@in RMhtiof t6 figures. ahemﬂkaedhb% c® eSPUPLhges four
lines 15 of a product diffraction grating and four lines of a resist

di f fr &%t i ofia graductrdffraction gratiag land Eayir dies efatesiat diffraction gratingatlf teeedings pénoved
fromthe mark he marker 0 ell e in.the resist
| ayer | o Sdefibinshion Bebg s ertRed tromBE BREASE dnéh ug bkt wiil Smistded ot
the mar kegnpiel iinel3f ufdl fedisaigye? doddvedi dver ABIkRNinebh tegiroict Mylef.r Bight @ecisader s

and/ or

at the marker will be diffracted by the marker. Different diffraction orders and/or
wavelengths will be detected by the metrology unit. Differences in the position of the

20  marker as measured for different diffraction orders and/or wavelengths may be used to
measure overlay, in the manner described further above.

It will be appreciated that other embodiments of the invention which have been
described in relation to diffraction gratings may also be implemented using single features
or other suitably dimensioned markers.

25 What is needed in order for the invention to function correctly is markers which
include some degree of asymmetry. If a marker is entirely symmetric then it will not
provide metrology according to the invention. The following is a mathematical
explanation of why the asymmetry is required:

Consider an isolated feature marker that is symmetric around a position xp and is

30 illuminated with a light beam that is also symmetric around xy. By virtue of symmetry

considerations, the near-field that is created by this configuration must also show the same



wavel engths will be detected by the netrology unit. D fferenced@ MARGHE2007
position of the 20 marker as neasured for different diffraction orders
and/ or wavel engths may be used to nmneasure overlay, in the manner descri bed
further above. It will be appreciated that other enbodi nents of the

i nventi on whi ch have been described in refhtion to diffraction gratings may
al so be inplenented using single features or other suitably dinmensioned

mar kers. Xpe/pfSyMIREtYedd ¥on or der for the invention to function correctly
i's markers which, i nclude degnee of asymmetry. If a marker is entirely
symmetric then %&fwﬁ‘FW2§6F§QE§BV% metrol ogy according to the invention.
The following i s a mat hematical . expl anation of why the asymmetry i

i's
required: Consilife theflepepdencyatl the aearficld,an thewavslengthot is iFlyémg“ra&i’ﬂd a

posi tion and i i un . | ' . |. symmetric
around xO. oéﬁl_%ﬁhfﬁﬁggg?f élfl%’%lt% ﬁgﬁqégﬁ‘és;h&gerdab ?Qa%ls&?%ﬁlgkgggrd}’?’fzgﬁl anost hat is
creat eq byholRier, &4 ¢asly b a8 ThéPropdsaforbGNe HBR dARBd o vWhBEYE tROWAve 40 type
of symretry around xo:” E("f ) (x-xO0; /§): E("} )I-x-x0;A) Here the dependency,
of the neaquitioalfdr bomogeneorsraediagite rasulting fiedd idistiibutionithatiic werg dar awayfrom
sinmplicity only 1 dinensjon i.s nsi dered, .but ,an extension to 2,

di mensi onghe sFaReRRE AT e&&ﬁauésﬁ\)hr—;arbﬁaﬂzf&@ﬁwg B, VA APA ROk o s whiee _
def | ned alioyer GRBdARIAR; IiSauctichdY Folid? Gftcs! R4S iR il rar Fkfa {53! 1 N
field distrPbution that’1s very far away Trom the scattering nmarker 1s

cal | ed t h&ohfier ttdansfadm dftthé seas fieldn Aigainvyriinusoft syximding Ksis fun-field mustidd§oect

[e.g. J.W CGoodnan; Introduction to Fourier Optics; McGawH |Il;] that this
far-fil@l d PossesheymmeIhti er transform of the near field. Again by virtue of

symmetry, this far-field nust als ORSE$Sy. try: r' 1 r Ee(e;
A, x0)=Ee( 0;A x0) rr~ 11 r IEe(B?%,{&dl’g%%[sﬁl%?(’%?&WrFxp[-2njsm 9) x0] =I Ee(- O,

A d ~e(-0; i£Nn| Bi 0 | km(d)9; |A, j .9; E =] Ee(-0O;
£ 3o e o A AR o Sttt et Bt
-fi : = Si i S [ u
frequency. The 2"d glid?iésosl?"a 94 ?M@]?’I‘E{‘é’ﬁfmﬁﬁ?%éh@ﬂé) E%(’e‘?;éﬁkﬂp[j’?gfuses thg
Fourier shift theorem A shift in the space domain results in a |linear phase

shift in the frequency donmain. In other words, a symmetric marker always has
a symetri

where the subscript ‘e’ denotes an even function of the far-field angle 6. and & = 2zsin(8)/4

is called the spatial angular frequency. The 2" expression in the equations above merely

15  uses the Fourier shift theorem: A shift in the space domain results in a linear phase shift in
the frequency domain. In other words, a symmetric marker always has a symmetric
amplitude of the far-field. Moreover, the phase @, of the far-field is also symmetric and the
only anti-symmetric component that can exist is a linear phase shift that is introduced by a
displacement of the marker.

20 Note that this treatment is valid for diffraction gratings and isolated objects. It is
basically a mathematical formulation of an optical alignment sensor concept. Basically,
existing optical alignment sensors compare the phase difference between a selected range

of negative spatial frequencies |-k, -~ k2] and a corresponding range of positive spatial
frequencies [k, -k, |. This phase difference is only a function of x, and independent of the

25  even phase difference ¢,. This measurement is suitable for alignment, but does not

provide metrology measurement.
The embodiments of the invention rely on the fact that the metrology unit measures

the apparent position of an asymmetric (composite) diffraction grating for different



anplitude of the far-field. Mreover, the phase 9e of the far-(f2MARCH2007S0
symmetric and the only anti-symetric conponent that can exist is a |linear
phase shift that is introduced by a displacenment of the nmarker. 20 Note
that this treatnent is valid for diffraction gratings and isol ated objects.
It is basically a mathematical formul ati ofl of an optical alignnment sensor
concept. Basically, existing optical alignnent sensors conpare the phase
di f f er encerdeey/oaders. A cosiraen Eagtar amthese erhbadaments isthe fast that the difftactieri greting k 1

- k2 f and a correspondi,ng range. of .nositive spatial . frequencgies Lk2 ...k,
3. Thi's pRSSRmEY 5o Cepdinten drion of He meteal Oyt PaRmeler thit et b fpesstiedhe 25
even phas iffe §&nsWWerrdttinS, . JEasurenent is suitable for alignnment, but
does not %%9%ﬁydgﬁrl?et rso oréy néasrjﬁrenent. The enbodi nents of the invention
rely on the fadhetneart fi¢ldereassdrbyl angigymimetricmaker & positibe xgis Renaally glesi t i on of

an asymmetric (conposite) diffraction grating for different 02 MARCH 2007
41 or d&r sasyshmoetsic. Mathematisallya searaniahways dseorapase thisaear dielsintagynimei¥ic t hat t he

diffraction grati symetry is a (non-Jinear) function of the netrol ogy
par anet er ?’—feﬁ'gf') ﬂ@;%‘sa‘ﬁ‘(sg%%mﬁ%‘kﬁwcl?a“&t‘%?éﬂ?-ay, CD, lens aberration,...). The
near field creat@y by .gn g&ypmets) )ker_ at;,)position xo is generally al so
5 asymmetric. %{at ﬂ’én%?’??a 1y@§c\;\ex[)b§ﬁgg{ %;/sx%’cﬁlcorrpose this near field in a
symetric (=e . iz i = : :E‘}ﬂ (x_x0;
4=E(f) (- x-x0; 2}@@@;&?@&@%ﬁgﬁﬁ%ﬁ%@@ﬂag{)gv&eﬁﬁgﬁg 0 fl enot e,
respect i v@inetiogy®ithalgprogertyonpl ex functions with the property: 10
fe(x)=fe( fo(x}E:-fo(-xi Fourier transformng this near field, and using the
linearjty of a Ghrifdrxlransform results in a far field that also consists
of a $Ymmetric ﬁx_zgyo);_ Ed an anti-symetric (=odd) part: E(Q A xO) =Ee(e;

A, xo0) +Eo(-0; A, ef | 2 rr? )r.,1 Ece:t.OL..T,~E .(P;d, O-exp~j m (Aal ~+~g

($:1, G exphc’ . g8yperAfatBorthirlg this near fleld, and using the linearity of a Fourier transform

results in a far field that also consists of a symmetric (=even) and an anti-symmetric (=odd)

part:
E6;A,xy)=E,(0;:4,x) ]+ E, (- 6: 4. x,)

Elo:2.0)= {E. (6; 20Jexplim (8 2\ |E_(8: 1,0)explio, (6; 2 )}exp['znj sin(6) x]
S fa y < i ¢ L o

A
E(6; 2,0)= {Ee 6 }.,01 exp[j(oe @ A)]+ |Eo ©; /1,01 exp[i¢ o ©; }.)}exp[jkxo ]
15 According to the above-mentioned property of odd complex functions the phase

and amplitude terms obey:

E _(6; /1,01 =

€,0

0,06:1)=9,(-6;4)
0, ©:2)=0,(-6;4)+n

E,,(-6:20)

Before proceeding with a practical interpretation of this rather abstract analysis, it is
worthwhile to emphasize that this analysis is valid for any marker. Moreover, the even and
20 odd phase terms ¢, and @, are a function of the spatial frequency (=far-field angle 8) and
the wavelength A (i.e. differences between the terms will be seen by measuring a shift
between orders).
Figure 27 shows a graphical interpretation for the situation when xp=0 (i.e. the
object is at its defined location). In that case the complex amplitudes of the symmetric part

25  of the diffracted fields at 2 far-field angles & and -8 are equal but depend on the chosen



E(9; 2,0) _ 1Ee (9;.1,01 exp[jce (8; 2) J+ IEo (9; 2,01 exp[] @2 MRRCH 2007
2)}exp[jkxO0 ] 15 According to the above-nentioned property of odd conpl ex
functions the phase and anplitude terns obey: JEe.o (0;,1,0 1 =1 Ee.o (-
9; A01 9, (0; A =09e (- B, A q, (9;2)=90(-O A) +s Before proceeding with
a practical interpretation of this rather ®bstract analysis, it is
worthwhil e to enphasize that this analysis is valid for any marker.

Mor eover , angle and the wiakglength. dbiel apthawamewicraomphex faglds arp elsarshowin inyHigurendy of t he

a1 er encadd Hethautiveges spd phise 1 ~E 1o B8, Prrbasc pergo 4ndhe fo-Felianglin
orders). Ej @wWs a graphical interpretation for the situation when
x0=0 (i .egh(?%e‘v%%jle@g%'i s at its defined location). In that case the conpl ex
anpl i tudes of tThe nsauolayinit dods hot A&tinghish betwbieh farsquaireeid arl dhsantit 2 far-fiel d
angl eﬁéo and -0 ag&;&ggl@ﬁ%u}@%d on tgg g;lcifsf%& g\ézhé\l/TAR%é 20(3(;%42 angl e
and t wayminentyt i Aicasugesipe totalfliced, Baeiy 18 thy ves SRmi n

Fi gure 27 nd thei({ {;1 l.i.t ydes .a(ri;d Lﬁh% arelative to thel even part al so
depend onof g even anq ez phovniniale 2 dpaenstgliemsr e MERFIBBE Y ini ¢ does
Far- 1 ol dreppre e PHESRAEHE ek FigRg 2 T oVlon mirRorT et liRicheily < 0 of
the even adqelvalently: ifaltfikid ahgles). The Fecgitiabcanétruétiorpeeatyashotve thas this kéll met r ol ogy
unit neasures the phase differen,cepygsegsee Figure 27) between mrrored

spati al f@@lﬁ!ﬁé@éi%m@@lmd@ﬁa}‘]‘y@i@ﬂfl _ lafﬂ\eieelpla%@q s of the SPEET¥R; al
ot at 19, SRAEELTRL inE B bl ot Bt s SRS e GeMARLIMRE A

change i nHelTar AL ENan@e is Wavalehghe/favidll afifle dgpendbst, #hivh radulksqald parts of
the far field. This change is wavelength /far-field angle dependent, which
resul ts i measurgideposiidiie position: xm(k,d)=xp+W.d)1 2 k Here the subscript
"m indicates that it CoREgyNs @ “nmeasured' position which 15 consists of 2
ternms: the "trug(k,pbsdotﬂ—egi-l? and the asymmetry offset. The true position is

Here the suliécript ‘m’ indicates that it concerns a ‘measured’ position which
15  consists of 2 terms: the “true” position xp and the asymmetry offset. The true position is
- independent of wavelsngth and spatial frequency so we can eliminate this unknown term
by measuring the position for 2 different colors and/or spatial frequencies (*“diffraction
orders” in case of diffraction gratings):

Axlle, Ky A, Ay )= W(’;Zf ) w(’;i,:z)

20 Note that the vectorial construction shows that the contrast (i.e. the amplitude
difference) could also be used. This, however, is not preferred since the asymmetry effects

are generally quite small which leads to contrasts that deviate only slightly from unity.



i ndependent :nf w axel;.ngth and.spatiat frequency so we can @ORINMARa@HRO0DMi s
unknown term by neasuring the position for 2 different colors and/or
spatial frequencies ("diffraction orders" in case of diffraction gratings):
"k1' kV 12/ =W 2k~ _ W2k'a2 1 2 20 Note that the vectorial construction
shows that the contrast (i.e. the anplitud® difference) could al so be used.
This, however, is not preferred since the asymmetry effects are generally
quite small which leads to contrasts t@aimsieviate only slightly fromunity.
02 MARCH 2007 43 Clainms 1. A method of device inspection, the method
conprising providing an asymmetric marker on a device to be inspected, the
formof asymmetry of the marker being dependent upon the paraneter to be

i nspected, directing light at the marker, obtaining a first nmeasurenent of

the positijon ofp fBolRSIKevice imdpsbeibRCthe afetidd coflipkisin@ ¢k @dding Ahtashmetric
particul ar wavel ength or diffraction angle, obtaining a secon measur enment

of the positi omagfertdne dexidedo be inspeksed the formof asjinfithetgcofcttie magker beinga
di fferent wavel ength or diffraction angle, and.conpaing the first and
second  measur EPIIERLHPGRLIG BATRREIER 19 branspecifilsdirecHbg LEt BePakRe. dogr ee of
asymmetry of t . i { in the
first and secoﬂgtab’g?s?é %?ﬁnﬁgg@aﬁﬁ%@?g@ﬁé@gﬁr?gg %gﬁéggggg%tegwg?ffract ed

| i ght havi ng dufffractedlighti dffarpaetidubar veavgleagthlow diffiaetiorsangie, vhtaglisngtdtond. A
met hod according to claim1, wherein the first and second position

measurenents BApHEEent Rl thecpasiipnsi thy markse viadetecten ohdiffraried hight obae _
diffraction anﬁ#{%{%ﬂ avgfeéétﬂro?@ffﬁﬁ@ﬁ’(ﬂ %@fg 054 céin é%ir#‘siﬁpﬁgt %&9&%@9 to claim

1, wherein the an cond posi reasure conprise tection of

diffracted |i ghfeadin¥d pesitibrisite deletmitt fshFcindRativet the degite oﬂ%ﬁﬁﬂi@@tof the
wavel engths. 5. A nethod according to any preceding claim erein the first

and second posimarkem. neasurenents are perforned sinultaneously 6. A nethod
according to any preceding claim wherein the marker conprises one or

2. A method according to claim 1, wherein the first and second position measurements
comprise detection of diffracted light having different diffraction angles but the

same wavelength.

3. A method accdrding to claim 1, wherein the first and second position measurements
comprise detection of diffracted light having the same diffraction angle but

different wavelengths.

4. A method according to claim 1, wherein the first and second position measurements
comprise detection of diffracted light having different diffraction angles and

different wavelengths.

S. A method according to any preceding claim, wherein the first and second position

measurements are performed simultaneously

6. A method according to any preceding claim, wherein the marker comprises one or

more diffraction gratings.

7. A method according to claim 6, wherein the one or more diffraction gratings are

phase diffraction gratings.



nore diffraction gratings. 7. A nmethod according to claim6, W2MeRaH2007one
or nore diffraction gratings are phase diffraction gratings. 02 MARCH 2007
44 8. A nethod according to claim6 or claim7, wherein the marker conprises
a first diffraction grating provided in a first |layer of the device, and a
second diffraction grating provided in a 4econd | ayer of the device, the
first diffraction grating and the second diffraction grating having the
sane peri 8d ané rae&wg ageQding e clgia 65y shaime WheteHtthe anasker CREPTISSS fishht | s

di ffracted by h ' : | ' L. ; [ (el red
asymmetry bet m@gﬁa‘ftﬁ%’ %Jlg i???@%ﬂ%ﬁ%??fﬁ%@s& ?ﬁtﬁféﬁ\{l}:ﬁ%ﬂ@g@%@ﬁ?ﬁgﬁ e first
and second | ay gfaging ProVAdeEiniOR cafdiayétoff ehe devide 2dh@ st \WikBratich éﬂaﬁggaﬁ thehe
first diffractron grating are narrower than |1 nes of the second diffraction

grating. 10. Aseventdiffracuer ghating having tiesaBe periad aidnbedng provided on¢ beerdhe ft i s

accor ding to oPRERIEd hghiae LEh i Fichees PhGOm St i G AR BB g ¢ hi rd  and
fourth diffracklon:. grati F’,nqlﬁ i I :

respectively, E(%Iﬁgmtgﬁla{rl’d anlclfg?gyrt g‘é*??‘?‘@g‘% fﬂgrﬁﬁfgag{t}&n%gﬁg@ﬁgﬁ%@ i ded

adj acent the fbv&layafdhsficsomit sedoid lagaki or, grn inge. 12. A met hod according

to claim11l, wherein an overlay offset of a first signis provided between

the first and second diffraction gratings, and an_overl|ay offset of an
opposite 8i gn Admethedperaidipg tawelaim Bdherdin linespfthe Srat diffraction gratingae gr at i ngs.
13. A nmethod a i | gi I3 . magni tudes of the offsets
are of the org‘rgr?&g#ﬂgﬁiﬁ?%rogélg@[geg%%l rg%gdg\gg%?%?@aheasur enent. 14. A nmethod
according to claim 13, wherein the offsets are of the order of 100nm 15. A
met hod acggr di Agnéthodaycopding k@tlatin 8 br chirh4, whbrireths shifieis aval toaiétegmiriebr at i on
is used to calibrate overlay neasurenents obtai ned using further

di ffraction grteiavgsay ef thefisdtand second daysrson t he device. 16. A met hod
according to any of clainms 11 to 15, wherein in addition to the first,
second, third [ ' ' .' AR J ' di ffraction
gratings Ei'e g‘;}g?fﬂi@g&%bﬁ‘% %g%? G,a\gﬂd& élgggén%v{daagté{csﬁr% g%%!atﬁ Ps\}g# é'fur he
fifth and sixt indfoutthaiffiadion gratings provided in the first and second layers respectively,

the third and fourth diffraction gratings being provided adjacent the first and second

diffraction.gratings.

12. A method according to claim 11, wherein an overlay offset of a first sign is
provided between the first and second diffraction gratings, and an overlay offset of

an opposite sign is provided between the third and fourth diffraction gratings.

13. A method according to claim 12, wherein the magnitudes of the offsets are of the

order of the largest desired overlay measurement.
14. A method according to claim 13, wherein the offsets are of the order of 100nm.

15. A method according to any of claims 11 to 14, wherein the overlay calibration is
used to calibrate overlay measurements obtained using further diffraction gratings

at other locations on the device.

16. A method according to any of claims 11 to 15, wherein in addition to the first,
second, third and fourth diffraction gratings, fifth and sixth diffraction gratings are

provided in the first and second layers respectively, the fifth and sixth diffraction



02 MARCH 2007 45 gratings having a different offset used to 02MERSRE 2007
cali bration accuracy of the overlay neasurenent. 17. A nethod according to
any of clainms 11 to 16, wherein a further diffraction grating is provided
adj acent the other diffraction gratings, either in the first |layer or the
second | ayer, the nethod further conprisi M nmeasuring the shift for the
further diffraction grating to determ ne a sensor error of the neasured
shift. 18. A mgratings having aidpterens offisct used ol inereaseghe ealibratiopraeeurney eftthe f i r st
and second di ffricti on qratings are provided with a substructure, the
substructure of VI BFAFRE"MYi ffraction gratings including a phase junp such
that asymmetry arises in the diffracted |ight as a function of the relative
posi tions 19f t REMBIHRAALLGHIAG ®S any HEC1aifRaT Y6 €6, @ﬁéf@i?ﬂf‘atﬂxﬁhérflﬁfffaéﬁbﬁ‘%aﬁagr | ay

of the first and second layers. "19. A nmethod according to claim 18, erein
t he feature siisprofidetadmcdns theuntherrdiffiastiaf gratihgs, eitlebe in the firstdayer ot theof
resolution of a |ithographic prqjection apparatus, used ft, project the

di ffracti on gr &82Gongdayshithe method &ustheg comprising ﬁ@@%@ga%ﬂvﬁifwgth@ rtheni m 18 or

arge o ati ve lmer R GETH TR ok bl OE e SRR MIAT T T Pt on

gratings that diffraction fromthe substructures occurs and propagates

bet ween t g, fi Msiethay accordidg tdranysefatdinhs Bay a7, whettintthefifseaidiseeond ze of the
substructure is sufficiently small that diffraction fromthe substructure

i s not det ect ediffragtiongeratings ate Rieuided with a sybpteaatye, the swrstnetyra of aepf ghe cl ai ns
18 to 20, whereip the first .and..second .diffraction agratinas_ ar rovi ded
with an over | agiiprtiTeraids ifHGREEBie iing bt Pa BBty dPBe e act | on
gratings havi ngiffri@e® f5R 84WTahdtivalof iR RIaBve peMiiGRbS thé Subsictueyahé ay of f set
of an opposite sign, the offsets being used to calibrate the overlay

measur ement . 2meajuredasyouneincodigating evsrley af the first andseesind layersaddi t i onal
further diffraction grating is provided adjacent the other diffraction

Compr 1 9 niFmoatuprigh tiesh e A 1o plelf o BRER v Wi s fpiteggor 11!

the order of the limit of resolution of a lithographic projection apparatus used to

project the diffraction gratings onto the device.

20 A mefhod éccdrding to claim 18 or ciaim 19, wherein the feature size of the
substructure is sufficiently large relative to the wavelength of the light directed at
the diffraction gratings that diffraction from the substructures occurs and propagates
between the first layer and the second layer, but the feature size of the substructure
is sufficiently small that diffraction from the substructure is not detected during

measurement.

21. A method according to any of claims 18 to 20, wherein the first and second
diffraction gratings are provided with an overlay offset of a first sign, and third and
fourth diffraction gratings having the same substructure are provided, with an
overlay offset of an opposite sign, the offsets being used to calibrate the overlay

measurement.

22. A method according to claim 21, wherein an additional further diffraction grating is
provided adjacent the other diffraction gratings, either in the first layer or the

second layer, the method further comprising measuring the shift for the additional



diffraction grating to determ ne a sensor error of the nmeasur 2 MARCH2003. A
nmet hod according to any of clains 18 to 20, wherein neasurenents of the
substructure are used to reconstruct the substructure shape and thereby
relate the measured shift to overlay. 24. A method according to claim®6,
wherein the marker conprises a first diffr4étion grating provided in a

| ayer of the device, and a second diffraction %r ating provided in a second
| ayer of the dediffeaction geatingte determipe asensonemeralithgymgargredshiftecond
diffraction grating having different periods each selected to give rise to

strong diffracfio different diffractd rder r vel en , the
Zsyrmatry Bt ¢ e motaRkac ot & Mo B HalrRY 1 0k Rl Plep Rt aiE L, | anc
second |ayers, d¢Bgrudiat @B reeOmsuceih SubtBastifd dhipé AR dekby ke e t he
first diffraction grating by nmeasuring one diffraction order”or wavel ength

and neasuri ng treaspoglishifoto wkrlahe second diffraction grating by measuring
the other diffraction order or wavel ength, the shift between the neasured
positions jndicati he met T, f the rker and the qver] of the
Pirst and Hocor el ascosite 1A chio hseian i ey kers CEIEEISH 2 H1St QHBREIR ¢ he
periods of the fi i 1id hadsRas h that
T aht i 11 act APE BOrRedFeRer ifhe Gice, AR S5opARTA fordfrafi B0k

conbi ned si gnalinhaecond layee of drrlelicesthe figst diffraetiomgrasng sl the kédoadt i on or der.
26. A nethod according to claim?24 or claim25, wherein the first and second
di ffraction graliffragion eeating baving diffarent poreds eqeh selered topgive pseersHioBE accor di ng
to claim 24 or i . b fi d I i gratings
are spatially _sde%%garc g{)égt dlgél.%ag&%%cﬂlga o{%é:%%)?@%{ﬁ%%f glle%s%{n%%é)f@!en t he
first diffractifikers Ring@epefddn®6atiRtoveddy af @B firithad seconddayiis, theact i on
grating as a diffraction grating pair. 29. A nethod according to claim 28,
wher ei n rot at i onedsugmest eoraprising weaaring thepasitioni of ghe first difbactionigratingdyi on

ti ir, 1t hird di ff ti ' havi the 0 RCH
2007 47 came FoTRE % fotatibh stienor PPt 6] R P e
diffraction gratédid difitchien gxtatlﬁ§ 5? WRaRfRiriglfe Bthet Biffrhdtiontor@éridr MakkleRgth,
grating, the second pair berng laterally  displaced relative to the first

di ffracti on grah¢ stuftppaiweenithe meaburesipasisions inghcatiog slkee asymmetry of the marker

and the overlay of the first and second layers.

25. A method according to claim 24, wherein the periods of the first and second
diffraction gratings are selected such that light diffracted by both diffraction
gratings will not yield a strong combined signal having the same frequency as a

measured diffraction order.

26. A method according to claim 24 or claim 25, wherein the first and second

diffraction gratings are provided one over the other.

217. A method according to claim 24 or claim 25, wherein the first and second

diffraction gratings are spatially separated.

28. A method according to claim 27, wherein the first diffraction grating is located

adjacent the second diffraction grating as a diffraction grating pair.

29. A method according to claim 28, wherein rotational errors are avoided by providing

a second diffraction grating pair, comprising a third diffraction grating having the



lines of the diffraction gratings. 30. A nethod according to d2dViArZ®,2007
wherein one diffraction grating is divided into two rows which lie either
side of the other diffraction grating, the division being along an axis
transverse to the direction of lines of the diffraction gratings. 31. A

met hod according to claim30, wherein both4lhe first diffraction grating and
the second diffraction grating are divided into two or nore alternating
rows. 32. A netsanmd pedodasiihegetandaliffiractiGd gratuhg amd anfauith diffrastiordgriafinghaving

grating and the second  diffractiqn. grating, have a coqmmpn axis of symetry
Which Ti es t r arbe sBEParipdashe fist fracsionaEatingnthe seron pair e e ateralisn

e arranged + QTR BEEThE ol Bef A dipalt, AL WERRERENST " T

separation of tfies 6P -diffrhctidh gﬂaﬁh@d according to claim 33, wherein the

met hod further conprises nonitoring the strength of a beat frequency caused
by coupling between light diffracted by the first diffraction grating and
|i ght di f f30act e msfhadrascerdingria cliim29awheigin epealiffragtion gratipg épdivided into two

i ndi cation of overl in t.he diregctio rallel to.th riod.defined by the
separation of t"HES rw%‘/g’. 1?%%&%“9%9#?%’8 o@&eggﬁiaﬁbon[%atgrga?l}ﬁp@}ﬂmmpg aﬁ‘_"{%e
separation of tey{Q¥hsiersSR RS HRELHOHOR lindd Gith@BifR¥GIonYatfighOr ari sing due
to a capture error wll give rise to strong coupling. 6. A net hod

according to any of clainms 30 to 32, wherein an offset is introduced into
one of theldi f fA aethodracgordingrigslaire|38f whereindbath thedirbtatiffdictibn gratingangthet i ng,

the size of the offset bheing .selected to mnimse coupling between |ight
1T acted by SR Gtaction BUIEEpEhvgrd AL RANE At 6 by t e
second diffraction grating. 37. A nethod according to any of clains 24 to

36, whereizy the H}%&H&%é&af b clafr ! WhERindak ﬁEdﬁdfth&io’iﬁ%ﬁﬁﬁg &id @k s@nd
providing in the tirst |ayer of the device a 02 MARCH 2007 48 third

di ffracti on gr aliffragtitragrating hine ascomempe axio df signmbtey whivhrbs diah$veasettop e
grating, and pr,ovi,dnir&‘a,in %'h?, cond | ayer of the device a fourth

di ffraction gr&itepdPHhlngg o thed OhgAMBE-as the first diffraction
grating, the sensor error being elimnated by conparing the neasured shift

for the Tigsst antheRRa%RLordinkho Bfilrh 31 & cRlhBASwABI HE rowdlide Grrdfitkd BY5 il

di ffraction gratings. . t according to claim6, wherelrnh the marker
conpri ses a di fafdiffractiomgmyting hagng a period defined by the separation of the rows.
34. A method according to claim 33, wherein the method further comprises monitoring
the strength of a beat frequency caused by coupling between light diffracted by the
first diffraction grating and light diffracted by the second diffraction grating, to
provide an indication of overlay in the direction parallel to the period defined by the

separation of the rows.

35. A method according to claim 34, wherein the separation of the rows is selected such

that an overlay error arising due to a capture error will give rise to strong coupling.

36. A method according to any of claims 30 to 32, wherein an offset is introduced into
one of the diffraction gratings relative to the other diffraction grating, the size of the
offset being selected to minimise coupling between light diffracted by the first
diffraction grating and light diffracted by the second diffraction grating.

37. A method according to any of claims 24 to 36, wherein the method further

comprises determining sensor error by providing in the first layer of the device a



arranged to neasure the focus accuracy of a |ithographic proj @2MarcH 2007
apparatus, the nethod conprising providing on a mask of the |ithographic
projection apparatus a diffraction grating having a substructure which
includes a step in optical path length, the step being of opposite sign for
adj acent lines of the diffraction grati ng,48the step being selected such
that during projectigon by the |ljithographic projection apparatus of the
diffraction gr a{nrqh diffactéon gratipghaving thy S%faw%frqsdhe fhcond didfractionggating; oj ect ed
diffraction grati el [.S ' i '

gaHl E)go%lglln gn g'lless%*;(ﬁﬁiel er%ghx%cﬁ%{)ith g fi & fr&&ﬁn%@l\ﬁq} 991

diffraction gr aced’ 1 n opposl Irections, nga re

se to
an asymetry Whe §diné periibUhefrsbiliffri®iodRrdting, he sedSofBirbO6LiRE Slftiihated byO
claim 38, wherein the step in optical path length is such that it

i ntroduces a plaswating the measuredishifUfes therfirbtndyseeond dijffeactien gratinghandihoel engt h
of light used to proLect the diffraction grating onto the device. 40. A

met hod accor di fjT¢ 8“@*%‘%%‘358"%3@6%%9, wherein the relative widths of the
adj acent lines of the diffraction grating are selected to be different such
that the sasymMlieyhddf ackO@iy tBickih ] wikfeld € i LRerToRtpriiss 4 diffatioh Grfig! Y

| arge to t?g' rremaxgured at():y t%\ sr?i ft. 41. eA met hod acg{g?ldi ng 1to cl afg?ng{g

wher ei n t he nmaakangabtopneasere the fiich§ acatacy of glidtographiceprojenenlagparanesy sher e t he

critical dinmension of a lithographic projection apparatus, .the nethod
conpri si ng pr ovicthodyCURPTsiee poyiding op ymask afcthe dithagraphicproestiom apparatus a

substructure w . ' . : j.mt.. sol ution
of the 1lit hogrdgip a?‘é&géféﬁg%p%‘%ﬂggﬁ‘g%ﬁép‘ﬁée%@ﬁfé Hg%%et%?&(t:é u@é’bggﬁhﬁé&ar ranged
to extend |inegerpth, théisteplbéihp af bppwsit@kigh ferqrdideentelines oe tadiffrgtion grating,

diffraction grating asymmetric, changes of the critical dinension nodifying
the effective thefsterbeipg sgleged such thatslyripg projecsion by rdithogaplic projegtiasr eby
nodi fyi ng the asymmetry..of .. diffr. i t.1.ng, € di.f i symetry
bei ng nmeasur ed? '?W% oghl}eﬂlffrgiggﬁ gatgﬁg hgt%'llécgé%rléepﬁéo{% € aiwrlel &&%\?\Ali@er ein the
mar ker conpri s@gyjécted Hiffraétionf gravig tobe diphicedhdfdeentathed df Begrbjestedond
diffraction grating, the first diffraction grating and the second

di ffraction gr diffragtiomgrating Heihg displacedimrappdsiteedirggtiony, gitingirisatoginve rise to
strong diffraction at different di‘;grﬂ]ﬁh‘ orders, such that a measurenent
of the positi @WBRCERBGhI§megsyred by fhe s (}gr ating i s provided by neasuring

one diffraction
39. A method according to claim 38, wherein the step in optical path length is such that

it introduces a phase difference of substantially one quarter of the wavelength of

light used to project the diffraction grating onto the device.

40. A method according to claim 38 or claim 39, wherein the relative widths of the
adjacent lines of the diffraction grating are selected to be different such that the
asymmetry of the projected diffraction grating is sufficiently large to be measured
by the shift.

41. A method according to claim 6, wherein the marker comprises a diffraction grating
arranged to measure the critical dimension of a lithographic projection apparatus,
the method comprising providing on the device a diffraction grating having a
substructure with a period at, or of the order of, the limit of resolution of the
lithographic projection apparatus, the substructure being arranged to extend lines of
the diffraction grating thereby rendering the diffraction grating asymmetric, changes

of the critical dimension modifying the effective reflectivity of the substructure



order and a neasurenent of the position of the second diffract02oMARCH20{ i s
provi ded by nmeasuring the other diffraction order, the nethod conpri sing
processing the first and second diffraction gratings so that the marker
includes an asymmetry arising fromprocessing effects, and neasuring the
shift between the first and second positi48ns to determine the effect of
processing on the marker. 43. A nethod according to claim42, wherein the
processi ng ef f Bwrebydnefifving the esyrpmetry ofba dif&reetiasf gratig, the medified h pr evi ousl y
measured shifts det&r n%ned for k O\A@@ﬁ ﬁ.rocessi ng asymetries. 44. A nethod
according to c PR EY TP e nSrI 43y élg'n the processing is cleared from
the second diffraction grating prior to nmeasurenent of the positions of the
first andzsecandetfbd héRedin®to @bidt b6NBereifIne MafkRt b@Hpaks QrfbinGfiaetiéd ai m 44,
wherein the marker further conprises a third diffraction grating and a
fourth diffracgfating gndien adja¢eat sevgne diffractiongnatolg, therfirstgdifragtion grating and r st and
second diffract,ion grat.j respecti vel t he nethod furthe conpri sing
processi ng thegqeﬁﬁ?‘g‘déi\'ﬁagﬁﬁ‘? W%Bg Yl%ﬁf@ﬁergpﬁ?? ﬁcgﬁﬂegfiﬁ)rglﬁeggscto
processing frog s hedirdX88s 4 difgrdnl@iRAtiohiopikss, AlicH Mt 4 Mehdirafthilbotet h
diffraction gratings to determne the shift between the neasured positions.
And usi ng the pdstiar of the firs kiffiactian gratingstprevidat sy maasuheg she ftffragmaur ed f or

the first and second, diffraction gratjngs.. 46. A od accordi.ng to any of
clainms 24 to 39Mdefad amyaturement od ficpqgition of thy seer lgéqtlaﬂ giRgithgs are used
to measure progRSS| aﬁﬁ‘ﬁﬁ r | h i ﬁﬂf“ ond
diffraction grgtl néeg%g/gﬁ%/ at %ﬁlg%ae?ggﬁg?tﬁj&rlggéeré&grﬁgéi&n%mt yS? MARCH 2007
50 ari sing froprageessasthe figst ahd ebad didfidctionagatinigs go that tiehhbikebclvdenart he
first and second positions to determne the effect. of processing on the
marker. 47. A ABEHBNAYENLATAY Precessiye effects, andaneasuring theshififbstveseR thy i or to
the overl ay girst, diffr I 1.0g: .1 S det erm ne
an aligned porsr?l ?s ?é@lgﬁgﬁd Bgsg?ge%stt?gﬁgg %[ngq}?%ée&%tegf@%c%? -0 n:{rﬁr%glea} 1?%chl udi ng
the second diffraction grating. 48. A nmethod according to claim47, wherein
fol | owi ng4she oviaethay asaditg eElaim B evhaeia dncbrdidskingetfeeris guaitifieg bys used to

determ ne an aligned position for projection onto the device of a :
subsequent i nagemparison of the shift with previously measured shifts determined for known

processing asymmetries.

44. A method according to claim 42 or claim 43, wherein the processing is cleared
from the second diffraction grating prior to measurement of the positions of the first

and second diffraction gratings.

45. A method according to claim 44, wherein the marker further comprises a third
diffraction grating and a fourth diffraction grating having periods which correspond
to the first and second diffractioﬁ gratings respectively, the method further
comprising processing the third and fourth diffraction gratings and clearing
processing from them, measuring the positions of the third and fourth diffraction
gratings to determine the shift between the measured positions. And using the
determined shift to correct errors in the shift measured for the first and second

diffraction gratings.

46. A method according to any of claims 24 to 37, wherein the first and second
diffraction gratings are used to measure processing asymmetry by processing the

first and second diffraction gratings so that the marker includes an asymmetry



49. A nethod according to claim47, wherein the projected i na@ Magcu@ddd7an
additional diffraction grating having a different period fromthe second
diffraction grating, the nmethod further conprising using the additional
diffraction grating to determne an aligned position for projection onto

t he device of a subsequent inmage. 50. A md0hod according to any preceding
claim wherein the inspection nethod is perforned directly after exposure
of the marker wominghEonigrocesingeffects, apd hsdsuaimgdshaishify betwesnyhofirstbd ns 1 to
49, wherein the inspectio t hod i.s erforned .after. exposure and post
exposur e bake %?FOTCEEOSI%WZ? qgtﬁn?’ﬂgﬂt?e‘?f&(‘féqpprgcfmﬁgHﬂtt%eoﬁg%g{:or ding to any of
clains 1 to 49, wherein the inspection nethod is perforned after exposure
and hard ppke Afmdthed IRbkERg RManytE cREHS 2810 DB whtrdiBbROtoARE BVHayg to any of
claims 1 to 49, wherein the inspection nethod is perforned aftér exposure
and processi ngmeéisutdmeentéirekianst difirachion gmafing és ud to detemninodn abgmaddiosigiono any of

clainms 1 to 49, wherejn the inspectjon nethod j.s erfor after .

appl i cati on of 19 Prg§etion gntq theideyice @%ea@g@%gg ée%pgﬁ&'aé?ﬁﬁgﬁ@g' of
that resist, the marker being provided in one or nore processed |ayers of
the devige. Sa.mAnSRIRBHIALHUARY, Wil FROREREHHRGVEHR Measth&h&it thel he

nmethod is perfornmed for a device located within a |ithographic projection
appar at us, t hesegposd diffvactoh gritegnansedrto d2teaiRElan 20 PiTed pobitlvai fogpregeton o
provide alignment information for |ithographic projection.in addition to

provi di ng i nsp@¥Pitrdeyceaf@ shbsfduent 15aee- A devi ce i nspection apparatus, the
apparatus conprising a |light source arranged to direct |ight at an

asymmet 11 gy v Keho@i PUIARAOM dailfd], Giherdh HRYEGEOR BhEANIEAGELn detect 1 ght

diffracted fromt mar ker a particular el engt action
angl e thereby aiditvordi dfractioagsatingrfaningef diffarenpeesiodi feom die dehendwdiffketion a
second detector arranged to detect light diffracted framthe marker with a
different wavSpREnRgithe Bethed didhes camprising pang thsasiditianabdiffracion gaetigd ur enent

of the positio - : [ oeies RAf | S - arf g re the
measured posi ¢ pasiing & et HoruBR briPRAdEf, FRIR AR Aoy SR
asymmetry of the marker. 57. A device inspection apparatus according to
cl ai m 56, 5Gvher gimethbdaappingtomyipsecetlimgalainl, whedeintha inspedtagrmpthod ispr oj ect i on
appar at us.
PP performed directly after exposure of the marker on the device.
51. A method according to any of claims 1 to 49, wherein the inspection method is

performed after exposure and post exposure bake of the marker on the device.

52. A method according to any of claims 1 to 49, wherein the inspection method is

performed after exposure and hard bake of the marker on the device.

53. A method according to any of claims 1 to 49, wherein the inspection method is

performed after exposure and processing of the marker on the device.

54. A method according to any of claims 1 to 49, wherein the inspection method is
performed after application of a layer of resist onto the device and before exposure
of that resist, the marker being provided in one or more processed layers of the

device.

55. A method according to any preceding claim, wherein the method is performed for a

device located within a lithographic projection apparatus, the position of the marker



58. A device inspection apparatus according to claimb56, wher&2MaReH 2007
apparatus is located within a track connected to a projection apparatus.
59. A device inspection apparatus according to claimb56, wherein the
apparatus is provided in a housing which is separated fromthe |ithographic
projection apparatus. 60. A device inspestion apparatus according to any of
clains 56 to 59 and configured to performthe nethod according to any of
clainms 1 to 55beifig used topravidegignment infermatios forditio doapiac pejettion ghaddstdarr ce
configured to direct_ light at a rker on a device to be inspected, a
transl at abl e c@rHPEAingdBsneRioef thede¥icone reference grating, a spectroneter
diffraction grating configured to separate the light into different

wavel engt s, a odet i 864 4§ R aheedbf f Er ent
wavel engt hs, tﬁ?e@rrlectg r oﬁ%@ nu%ﬁ)%aglg?{ngqgg%%}%g?ﬂ@g%u%ﬁ 1? agtolu?l"lr%l usegci I ght
diffracted by dipet limlitae an asyrhmetriderirker praddabord hdevige) atdeeectir atraagd tone
reference grating and via the spectroneter diffraction grating to. the

det ect or ar r aydetedi dight @iffeacssicizony the magkepwith @ particydar ytavgleagher difiactiptper i odi ¢
signal is dete . s r 62. met r ol ogy
uni t accordi ngg‘igg Ezhl%galb%gg%v,l&%g%&ﬁ“@ﬁé%eﬂ@%?%ﬁﬁ Qﬁj Gr ’earécglgdrrpri ses a
reflectoneter asteanoathnged tedddst lightahifraotiddon therbirker with baff@entf rom t he
mar ker. 63. A method of device inspection, the nmethod conprising providing
on a device towbeclengils peangdeiordar theiehrpravidingrastcond srepreicniPidhe pesstion
diffraction gra{t:hn in a first layer of thedtc:}evi ce, atﬁd a sec(fnd..
diffraction gr?i 'ﬁg"aiﬂﬁeraa@ecc?&{’&nf AFAPRE IR\ ER 44 e AT Y PEHY¥act i on
grating and thg &egRmek dififtiaatdRe o@ﬂ@tde@&ewumgnetgyom%d@%ﬂ od and being
provi ded one over the other such that the light" is diffracted by both of the
diffraction gratings in conbination, the asymmetry of the marker being
dependent 57.upoA delisednspettion appetatusfaceartlingriol ckan dhawhergimrtbe apparaius isng | i ght
at the marker ob@ai.{lg]:i ng .g@fir t measurenent of the position of the marker
tegoe Ay g rap i

via detection BF2 PIYECON AP ar wavel ength or diffraction

angl e, obtaining a second neasurenent of the position of the marker via
det ecti onsof dAfcfeR/i%@ti@éﬂ)eétﬁcﬁprtp@lfat@ ac@érﬁfng'w Blaitd@% Sl BASInthe bppshirdths ACt i on
angl e, and conparing the first and secon

located within a track connected to a projection apparatus.

59. A device inspection apparatus according to claim 56, wherein the apparatus is
provided in a housing which is separated from the lithographic projection

apparatus.

60. A device inspection apparatus according to any of claims 56 to 59 and configured to

perform the method according to any of claims 1 to 55.

61. A metrology unit comprising a broadband light source configured to direct light at a
marker on a device to be inspected, a translatable carrier bearing at least one
reference grating, a spectrometer diffraction grating configured to separate the light
into different wavelengths, and a detector array arranged to detect the light at
different wavelengths, the metrology unit being configured such that in use light
diffracted by the marker on the device passes through the at least one reference
grating and via the spectrometer diffraction grating to the detector array, the
reference grating being translated such that a periodic signal is detected at the

detector array.



measured positions to determne a shift indicative of the degri2eViaRcH 2007
asymmetry of the marker. 64. A nethod of device inspection, the nethod
conprising providing on a device to be inspected an asynmetric narker
conprising a first diffraction grating in a first layer of the device, and
a second diffraction grating in a second bayer of the device, the first
diffraction grating and the second diffraction grating having different

peri ods €ach Aeheuntlegy ot gricveling weltim §t,rvogeiditlid matcology unit fuditfef er ent

diffraction orders.or at. different vel] en s, ,the asymetr f the marker
bei o dependantorsieh Feeiamg S Srmerboderet it isaas 59t Hom Met nod
further corrpriﬁliaﬂ&r.di recting light at the mnarker, obtaining a first

nmeasur enent of the position of the marker via detection of diffracted |ight
of a particular wavelength or diffraction order, obtaining a second

measur ene6d. of Atrhethgdesf ddvose in§pettien, e iethod camphesing providing onlafdeviaetodtst | i ght

of a different wavel ength or diffraction order, and conparing the first and
second measur B8PSR AN B GRRECHFQTBPTASIRE] SESt AHEpean SFalRg mtathrSHéxﬁree of

asymmetry of t ifne HBYiKEandA4eddha AMBLLGY gfaﬁrég Pﬁac {dcbed lag&dot%ﬁ&?’élgcé, gyers. 65.

A nmet hod of device Inspgection to neasure-t us accuracy o
| i t hographi ¢ OfrsVAiREhttidAQFatirplandrtbd sebhddife@pianafating Harihgnteé bante pe@ivdr | Si ng
provi ding on a mask of the |ithographic projection apparatus a diffraction

grating havi ngand kaimgsprogided oae amerche othaiciugh gt thedighs is ¢iffsastadda bogmetthe engt h,

the step being osi.te sign for.adj,acen in of the diffraction
grating, usi ngdi?%aec(%{l%gtgﬁaotglrgablhl o plr%%ﬁloélckh?eoaﬁyéglﬁgya?? Ehse T%Ikﬁ?%ﬁlrégc{lepeﬁ#él?
di ffraction gragdnttle 8hértayidiBcdRitiaag secdell d5RRL dirddtidg 1ight ithiBe PlafidepCt ed

diffraction grating being displaced in opposite directions to form an
asymret ri ¢ mar Rgainghgen fitst mehsuremery of distpmisition @f thefharker viadsigeteoreofi of t he

ition of the marker via detection of diffracted |ight of ti cul
avel engt h or GHFRSELETET arar e oo Ber R oL BRLRE sohatt Pkl Hepnd e
posi tion of thgeaRkdfEnt VF thedRisRiohi P thedthalted ¥ih @6fefitbr daditfrRieddightlbf 4 er ent

wavel ength or diffraction angle, and conparing the first and second
measur ed posi t diffesent waseleregthion diffragttunfangienatidcanipaging the fist areleeendf

asynmmetry of the ker.and qf the focus error. 66. A method of deyice
i nspection to M QSHISNS o fptemmingp SRR PSR of The @%g@%%%mmw&}(mi on

apparatus, the,ppipod conprising providing on a device to be inspected

64. A method of device inspection, the method comprising providing on a device to be
inspected an asymmetric marker comprising a first diffraction grating in a first layer
of the device, and a second diffraction grating in a second layer of the device, the
first diffraction grating and the second diffraction grating having different periods
each selected to give rise to strong diffraction at different diffraction orders or at
different wavelengths, the asymmetry of the marker being dependant on the overlay
of the first and second layers, the method further comprising directing light at the
marker, obtaining a first measurement of the position of the marker via detection of
diffracted light of a particular wavelength or diffraction order, obtaining a second
measurement of the position of the marker via detection of diffracted light of a
different wavelength or diffraction order, and comparing the first and second
measured positions to determine a shift indicative of the degree of asymmetry of the

marker and the overlay of the first and second layers.

65. A method of device inspection to measure the focus accuracy of a lithographic



an asymretric marker conprising a diffraction grating having 82MRREQRODDI €
wth a period at, or of the order of, the limt of resolution of the

| i t hographi c projection apparatus, the substructure being arranged to
extend lines of the diffraction grating thereby rendering the diffraction
grating asymmetric, changes of the criticaB dinension nodifying the
effective reflectivity of the substructure thereby nodifying the asymretry
of the diffracpriogaetign appanays, themathbd odmpusihg provodbngon 8 mmegk dif thect i ng | i ght

at the marker, obtaining .a first msasu({gl ment of ,thg osition of thﬁ' rker
via detecti onlli§PE@PRIe PRYELIPT BPRRRANS R 'efﬁ‘ﬁ??rf g3hag GOQU%F‘@WEL“WCWWW I°fr act i on
angle, obtainj 41 of Vi a
detection of f(‘illeglfi fgsa?:tg g‘gﬂfjﬁ"gﬁ? ﬁ%ﬁtﬁa% g%hf %rsg%?o e%%i%ﬁdé’ﬁg%‘ﬁé%é’%r?ﬁagﬁ‘i on

angl e, and conjmssiofthd diéfractibn gtatiapdustepctha dithogephicgstojeoson agpasathtogedjectm ne a
shift indicative of the degree of asymetry of the marker and of .the
critical di mendedifigetiqmerafing e thepdavecepadipisat lings of shayproiacted difraction net hod
of device ins ] - ri:sd i di o ardevd e

i nspected an g@%%???% Bﬁgggée&rﬁ%g&g%s(}%ﬁﬂgm%%wgﬁ g r ac?‘flgﬁlﬂégegtdﬁlgé&)i n a
first layer ofhetstep, Staxiniify a ARtimaashesod ofitefposicioh @f tigrairkegvia detdctidosd

| ayer of the device, the 02 MARCH 2007 54 first diffraction grating and the
second di f f r ac€ifisertest laght ofa passiclgr wiavdlengher ¢gidlacign anglgcpbtai@ingct sgondb gi ve
rise to strong diffracti at different diffraction S, Q. di fferent
wavel engt hs. " CResEGber hepostin of R rotin BEbR AL BBt ialt et 1 oy “of
the first and geeRMEwadNEigh of SR8 gleUiid@mfaBiap iheSfifbakf REQRS! Ng t he
first and second diffraction gratings So that the marker includes an

asynmmet ry ar i sinegpurdd mositpme tedgemynef flméitisdicdiveadthandegréegdftaspmnmehy ofitheker

obtaining a first rrea%fUéﬁngnt of the position of the marker via detection
of diffracted T OLIh 1oQUS EPLr  wavel ength or diffraction order,

obtai ning a second neasurenent of the position of the marker via detection

of diffragged hiffho®bf d’ev@’éeﬁﬁﬁfe@ﬁ‘én 1004 1 BRARE crficall binhdrRfohl AT lit%giiﬁyf]hic% ?”d

conparing the first and second neasured positions to determ ne a shi

i ndi cative of plogectieyrpmrafs,alsymathbd gomprisihg proaidieg onadevice tebd mspected

processing on arE Qs?,fmnn?ertrﬁg gn'arker comprising a diffraction grating having a substructure with a
period at, or of the order of, the limit of resolution of the lithographic projection
apparatus, the substructure being arranged to extend lines of the diffraction grating
thereby rendering the diffraction grating asymmetric, changes of the critical
dimension modifying the effective reflectivity of the substructure thereby modifying
the asymmetry of the diffraction grating, the method further comprising directing
light at the marker, obtaining a first measurement of the position of the marker via
detection of diffracted light of a particular wavelength or diffraction angle,
obtaining a second measurement of the position of the marker via detection of
diffracted light of a different wavelength or diffraction angle, and comparing the
first and second measured positions to determine a shift indicative of the degree of

asymmetry of the marker and of the critical dimension of the lithographic projection

apparatus.

67. A method of device inspection, the method comprising providing on a device to be
inspected an asymmetric marker comprising a first diffraction grating in a first layer

of the device, and a second diffraction grating in a second layer of the device, the
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first diffraction grating and the second diffraction grating having different periods
each selected to give rise to strong diffraction at different diffraction orders or at
different wavelengths, the asymmetry of the marker being dependant on the overlay
of the first and second layers, the method further comprising processing the first
and second diffraction gratings so that the marker includes an asymmetry arising
from processing effects, directing light at the marker, obtaining a first measurement
of the position of the marker via detection of diffracted light of a particular
wavelength or diffraction order, obtaining a second measurement of the position of
the marker via detection of diffracted light of a different wavelength or diffraction
order, and comparing the first and second measured positions to determine a shift
indicative of the degree of asymmetry of the marker and the effect of processing on

the marker.





