t 19 MARCH 2007 ALI GNVENT SYSTEM AND METHODS FOR LI THOGRAPHI C SYSTEMS USI NG
AT LEAST TWO WAVELENGTHS BACKGROUND OF THE I NVENTION 1. Field of Invention
[0001] This invention relates to an ali ginment systemfor a [|ithogsapARén 2007
apparatus, and a lithographic apparatus thaving such an alignnent system
and nore particularly to an alignnent systemthat can detect the position
of an alignnent mark using at |east two separate wavel ength signals. 2.

Di scussion of Related Art [0002] Lithographic apparatuses are essenti al
conponents for the manufacture of integrated circuits and/or other

m cro-devices. Wth the aid of such an apparatus, different mask patterns
are successi vel ALIGNMENTS ¥STEMEANDEMEEHODSFOREITHOGRAPHIE substrate
such as a semi conductor wafer or an_ LCD panel. The substrate may undergo

physi cal and cheni cBYSTEMRUSINGA LdIpAS Tl W WAYELENGEYSs t hat have been

aligned with each other. The substrate is renoved fromthe apparatus after.
It has been exposed with ' f mask pattern, and,
after it has undergone thgmgzelgl}re pr%%@m he substrate is placed
back in order to expose it with an image of a further nask pattern, and so
forth, while it nmust be ensured that the inmages of the further mask pattern
and the subselquentFigiﬁgkmhﬁgﬁ ns are positioned accurately with respect to
t heat | east one already exposed i mage on the substrate. To this end, the

| i t hographic apparatus is provided with an alignnent systemw th which

al i gnment mar ks orf060d substTmat mventéonadelaigsad anwligtmet speen fooa al i gnnent

mar ks on the sk. [.0003] A lithographi¢c apparatus, may not only be used for
the manuf actlgﬁ%grﬂ?&“r‘ﬁﬂ’ S’&P‘iﬁ?‘?‘&g?ﬂm‘: 3Ying Yeh ap AUFNIRETL ¢t ur es
having 19 MARCH. 20844 mére particularly to an alignment system that can detect the

position of an alignment mark using at least two separate wavelength signals.

2. Discussion of Related Art

[0002] Lithographic apparatuses are essential components for
the manufacture of integrated circuits and/or other micro-devices. With the aid
of such an apparatus, different mask patterns are successively imaged at a
precisely aligned position onto a substrate such as a semiconductor wafer or an
LCD panel. The substrate may undergo physical and chemical changes
between the successive images that have been aligned with each other. The
substrate is removed from the apparatus after it has been exposed with the
image of a at least one mask pattern, and, after it has undergone the desired
process steps, the substrate is placed back in order to expose it with an image
of a further mask pattern, and so forth, while it must be ensured that the
images of the further mask pattern and the subsequent mask patterns are
positioned accurately with respect to theat least one already exposed image on
the substrate. To this end, the lithographic apparatus is provided with an
alignment system with which alignment marks on the substrate are aligned
with respect to alignment marks on the mask.

[0003] A lithographic apparatus may not only be used for the
manufacture of ICs but also for the manufacture of other structures having



“detailed dinensions of the order of 1 microneter, or smaller. Exanples are
structures of integrated, or plenary, optical systens or guiding and
detection patterns of nagnetic donmain nenories, mcro-electrone '
systems (MEMB), and structures of |iqufd crystal display panelsabi?égéhﬁow7
the manufacture of these structures, inmages of mask patterns nust be
aligned very accurately with respect to i mages al ready exposed onto the
substrate. [0004] The lithographic apparatus nay be a stepping apparatus or
a step-and-scan apparatus. In a stepping apparatus, the nask pattern is
I maged in one shot on an exposure area of the substrate. Subsequently, the

substrat e i sdepailéddintérstons &$ frRairdéroftingichdtdter, or Shigller a8 lehat a subsequent
exposure area Will be situated under the mask pattern and the projection

| ens  syst erPTIAYTAsIRE iniagmRiego@n RiptRry.OPtif#lFasiemh of Heidingiad dasatioRxposur e ar ea.
This  pr Oceﬁt&:ﬁxs Bﬁﬁgagﬁ&ﬁ dYdid nﬁHon%F,%i%i‘U—?leﬁf h%icﬁl@ist%ﬂl strate are
a o maskepatt

provi ded wt ernimage. I'n a step-and-scan apparatus, the

above- ment i qMEMS} tagd piro@uies of Hquideryssal dispiryfpahélovweldo ibthie t he mask pattern
Is not imaged in one _shot, but via scanni nE novenent. During imaging of the
mask pat t er fnanuicture of thepe staichuresimagesf mrask paeras Jush healigred ek wi t h

respect to tga&g?{e@h‘gﬁﬁ h% cﬁé/iﬁ}aﬁg%@g%g&nglﬁ%@%@g@%%%&bgﬁw taking the

magni fi cation profection Series of juxtaposed
partial inmages off0o®]secut iTl lithogupiais agpapaus maphbe bRepphglappatatier n i s i naged
I n an exposure area. After the mask pattern has been_conpletely inmaged in

an exposur e %RsEP-3ndsycan appraraiit eln & Yeppiag RpParis, thedRpkeHB ea. A possi bl e

Seanni Ng b QREGMIS it SRR ot e diddibliie. SO 1 Ot cal

Li t hogr aphy™ magazi ne em con nternati onal "
of May 1986,supgtratelis tTadwéd wiftDe8dct td3hSataskin Suich43ydydhath subsepeat an opti cal

the  manaf acarurofres vl Ba puste vleh i ma el o BOECHm oS axi s
S| goment kbl o AN iy ARSEOYE 8 LBREK SBUAAD TRRECE Lo (1
al i gnment urprocebois repeated until all exposure areas of the substrate are provided witha -

mask pattern image. In a step-and-scan apparatus, the above-mentioned

stepping procedure is also followed, but the mask pattern is not imaged in one

shot, but via scanning movement. During imaging of the mask pattern, the

substrate is moved synchronously with the mask with respect to the projection

system and the projection beam, taking the magnification of the projection

system into account. A series of juxtaposed partial images of consecutively

exposed parts of the mask pattern is imaged in an exposure area. After the

mask pattern has been completely imaged in an exposure area, a step is made

to a subsequent exposure area. A possible scanning procedure is described in

the article: "Sub-micron 1:1 Optical Lithography" by D.A. Markle in the

magazine "Semiconductors International” of May 1986, pp. 137-142.

[0005] US Patent 5,243,195 discloses an optical lithographic

apparatus provided with an alignment system and intended for the

manufacture of ICs. This alignment system comprises an off-axis alignment

unit for aligning a substrate alignment mark with respect to this alignment

unit. In addition, this alignment system comprises a second alignment unit for

aligning a substrate mark with respect to a mask mark via the projection lens



aligning a substrate mark with respect to a mask mark via the projection
lens 3 19 MARCH 2007 (TTL). Alignnent via the projection |lens (on-axis
alignment) is frequently used in many current generation of optl ? R 007
| i t hographi c appal ithographic apparatuses and provi des the advantage ﬂila%
the substrate and the mask can be aligned directly with respect to each
other. Wien the off-axis alignnment nethod is used, the baseline offset as
described in US Patent 5,243,195 nust be taken into account. However, with
the continued decrease in the size of conponents on ICs and the increase in
conplexity, on-axis alignnent systens have proven to be difficult to

i mprove suf faignial nﬁﬁb'tlié@o}ebﬁoﬂféﬁy(dneﬁus ﬂig?@ﬂeﬁ't)qgﬁ%ﬂ@en%l‘icuracy [ 0006]
I n connection with tthe increasing nunber of electronic conponents per unit
of surface atsed mmmﬁmmgcnqateorwfcpmhd lithegraphie appstigtidgeaphiali nensi ons of

t hese conponents stricte ui rrepent s ed on the

accuracy W t PP g@y%g@eadwﬁ?ge thﬁtrtge W‘H’dg‘g g%hep’ﬁ‘g?ktn‘}% wher e the
successive rmx‘glﬁédaﬁ&:tlyrwm@desﬁétt&&@acﬁ%rmfenrm%ff-akt&edl%hﬁfeﬁt be fixed nmore
.and nore accurately. I'n the manufacture of newgeneration ICs with smaller

line w dt hs, methed i usgdrtbebaseline pizsy apilescrihed/m US Batent 5,243,689 mustr , i n ot her
wor ds, ssb detect..shal | er viationg so that the

resol vi ng m&%&%@cgﬁqg egw%(ﬁ?w&nusgﬁecfrﬁ%spé%&@ lzed?at he ot her
hand, S”'“&fmﬂdﬁ@ﬁt&bﬁﬂ@@hﬁdﬂ%iﬁcré&s&%&ﬁnlmﬁﬁ%ali@ﬁxeﬂ?}s&%ﬁss of the
substrate due to the required higher nunerical aperture ( of the

proj ection |laye ps;wgnéwrbf: diffipdt mwr@wre syéfacientlyi tn@cmen@ﬂwrdqmsed The depth of
focus of this s 1ster‘rsii greases as the NA increases. Since sone inage field
curvature odCirsd ﬁ%"ﬁ‘L\é’rred relatively large image field of the
projection |ens @peslem t hEfnhéctidavittyths Mcré Ry duditer bpéletti@iienness of the
substrate. To obtain the desired flatness of the substrate, it has been
proposed to gsaRROBRAts per unjtpiurfaceansy obthesubtrats andetbe zasibiant spellesshi ng (CVP)
process et URRRAR of B GHbHEnE RASHEATy Wiblh: Shh8ReRs sk patterns in
imposed on the accuracy with which integrated circuits are made. The

positions where the successive masks are imaged on the substrate must
therefore be fixed more and more accurately. In the manufacture of
new-generation ICs with smaller line widths, the alignment accuracy will have
to be improved or, in other words, it must be possible to detect smaller
deviations so that the resolving power of the alignment system must be
increased. On the other hand, stricter requirements must also be imposed on
the flatness of the substrate due to the required higher numerical aperture (NA)
of the projection lens system in the case of decreasing line widths. The depth
of focus of this system decreases as the NA increases. Since some image field
curvature occurs at the desired relatively large image field of the projection
lens system, there is hardly any room left for unevenness of the substrate. To
obtain the desired flatness of the substrate, it has been proposed to polish the
substrate by a chemical mechanical polishing (CMP) process between two
consecutive exposures with different mask patterns in the lihographic
apparatus. However, this polishing process affects the accuracy of the on-axis
alignment method. In this method, a grating is used as a substrate alignment
mark and the sub-beams diffracted in the first order by this grating are used for



apparatus. However, this polishing process affects the accuracy of the
on-axis alignnent nethod. In this nethod, a grating is used as a substrate
alignment mark and the sub-beans diffracted in the first order ByMARGH 2007
grating are used for 4 19 MARCH 2007 imaging the substrate nmark on the mask
mark. In this process, it is assuned that the substrate is aligned correctly
wth respect to the mask when the point of gravity of the substrate grating
mark is aligned with respect to the point of gravity of the mask alignnent
mark. In that case it has been assuned that the point of gravity for each

grating mark cojncjdeg with the geonetrical center of _the grating. However,
The CVP pr ocBEgiEdheiamstate dnaruthomaskmans 1§ Tha PRocoess it BsRPedl g0 t hat
hi i . : e .

i's al i gnmepl; eliiRdateSs Mere gﬁgﬁgi@%sﬁ?% ké‘aft?q{i’dsk'»&}{bn thigaﬁm}’ arious

processing steps contribute to c gnhnent mar I ncl udi ng
i nt r oduci ng ofgyawmigtofitbssubauiate Igeatipganark i digned mathtrespecdtephdipaifit othe grooves

of the substrat.e tin rks. Since the signal strength nochromati c

i ght  of | ocER¥iOTtghe T ﬁgg”ﬁ’i‘?é’é&‘ -a{fﬁﬁﬁat%ag%@ésﬁf‘eﬁﬁaé&%“élo‘;l?tg%th t he

depth of th ot i ' AL det ect abl e
p mgcrém? fbﬁe&h%fg Rk CBMCIRE HAth (BE gt%drﬂ&n{:@ cKter &

I n sonme cas de onl ak signal in oth cases. This leads to a
decr ease i n thégratinpudlomeser, dfe CMP prd¢egnromders shyestubntrata gtdtmg markr e are cases

when an expected alignnment detection cannot be nade.dye (o a.loss of signal
St rongth THRLEEIG SO URLU FETIPGLTEORIS T RErGRHaE. T eiion 11 o veak
signal is u }: A Sutd ' R k. One
approach toﬁgriﬁgﬁgﬁeﬁﬁgﬁ%ﬁ? em i&sté ?%hﬂgé%éspﬁm@ésggar at ;em\;\!gé\%el engths to

i |l um nat e andudiagentroducmgmegintrietiesahd changes imtheeffectiverdepthofithe substr at e.

Ho . th £ 1ight i h systens that in the visibl
region ' of (HESEIEEAPEAlG eranng s, e WF SR SRBR Fosul ts in

situations wWiskhtdiBatici g ddffecRll R SucheMsa8glalifg FhfeiRAbdichiiy's | eading to
problems with robustness and precision of deTectrTon of the allgnnent nmarks
on the substwith the dspiiire gio00es7 thelpro¢essing gan rendertgreting markshe present

i nvention rovi
ention to et%ctag

2 if Some cases or provide only a weak signal in other cases. This
leads to a decrease in the robustness of the alignment system in that there are
cases when an expected alignment detection cannot be made due to a loss of
signal strength. This can also lead to a decrease in alignment precision if a
weak signal is used to determine the position of the alignment mark. One
approach to alleviate this problem is to use two separate wavelengths to
illuminate and detect the position of the alignment mark on the substrate.
However, the use of light sources in such systems that are in the visible region
of the spectrum, e.g., ared and a green laser, results in situations where the
signals at both wavelengths are weak, thus leading to problems with

robustness and precision of detection of the alignment marks on the substrate.

SUMMARY

[0007] It is thus an object of the present invention to provide an
alignment system for a lithographic apparatus that has improved alignment
accuracy and/or robustness.

[0008] In order to achieve this and other objectives of this
invention an alignment system for a lithographic apparatus is provided with a



al i gnment systemfor a |ithographic apparatus that has inproved alignnent
accuracy and/or robustness. [0008] In order to achieve this and ot her
objectives of this invention an alignnent systemfor a |ithograph
apparatus is provided with a 5 19 MARCH52007 source of alignnenfﬂvgépg?1gw7
~at a first wavel ength and a second wavel ength; a detection systemthat has a
first wavel ength channel arranged to receive alignnent radiation froman
alignment mark at the first wavelength and a second wavel ength channel
arranged to receive alignnent radiation fromthe alignment nmark at the
second wavel ength; and a position determning unit in comunication with

the detectio u?ééséﬁ%nﬁ R@stidA &% S8t §hveIEH 4§ 56 élf%h.iapformation
fromthe fi rgsbt wave ngteﬁrcﬁannef{ or tﬁe seég(?g?iﬂmme\?g engtil channel or the
first and sedaedionaysttmribritthas b fimstetavelengthobatmeh atranged torateiver m ne a position
of the alignnment mark.on g first._object relative to a reference position on
a second obj RFSRE 13&9“%?@% tmaﬂf%tﬁiﬁrﬁwa@e%ﬁapﬁ@ t o anot her
aspect of thisa,i 1k ﬁ’an%éltzﬂ% ' e e of

i1 1um nati onéerégﬁgl??%n%csu strat gégﬁya%%aaggﬁﬁtg@?&éﬁae | Eﬁa radi ati on
pat h of il ualignatenbmarkoatiths second wavelemgthi andlapositiphideterminingenit m reti cl e

stage assenbly ar r_agt%}ed In saré d r.adi ati on_pat h  of ‘iai d.i]lumnation
radiation bEITHEEHCE nwith (e AetRetip] Y Sty eg?ﬁjtl%.ederggglggﬁlg{te st age
assenbly; a pRrQkeChiRRafYtiem B HR9RIRALNRAMRRLIMESLdonie St age assembly
and said substrate stage assenbly; and an al il gnhnent system arranged

proxi mat e at whedarigth dreanelfordbe firss absecandwavdengtiaskannbtlsyn and said reticle

stage assenbly. . The alignnment system.contains a squrce_of alignment :
adr at | onat CHIIRAIAR O feFERDR GRPSE of A EAmeRbPaTkRA Arst 8P ect | on syst em
that has a fidge té!‘@YéfEx%ﬁ&%é‘bsﬁﬂfﬁ%Pi s&Bﬁ@B@@& Haled &Pﬁb%@mﬁiﬂg&“”ﬁm radi ation
froman alignment mark at the first wavel ength and a second wavel ength

channel arr aimfigchation. r ecei ve al i gnnent radiation fromthe alignnent nmark at

the second \Aﬁ\éceolrgi?lgttg another aspect of this invention, a lithographic apparatus has a

source of illumination radiation; a substrate stage assembly arranged in a
radiation path of illumination radiation from said illumination source; a reticle
stage assembly arranged in said radiation path of said illumination radiation
between said illumination source and said substrate stage assembly; a
projection system arranged between said reticle stage assembly and said
substrate stage assembly; and an alignment system arranged proximate at least
one of said substrate stage assembly and said reticle stage assembly. The
alignment system contains a source of alignment radiation at a first
wavelength and a second wavelength; a detection system that has a first
wavelength channel arranged to receive alignment radiation from an alignment
mark at the first wavelength and a second wavelength channel arranged to
receive alignment radiation from the alignment mark at the second wavelength
channel; and a position determining unit in communication with the detection
system. The position determining unit processes information from the first
and second wavelength channels in combination to determine a position of the
alignment mark on a first object relative to a reference position on a second
object based on the combined information. The alignment system may be

located away from said radiation path of illumination radiation. All that is



~channel ; and a position deternining unit in comunication W th the detection

system The position determ ning unit processes information fromthe first
and second wavel ength channels in conbination to determ ne a posi,i
alignment mark on a first object relatige to a reference positi or}ng‘QEEBJOB?
second object based on the conbined information. The alignnment system may
be located away fromsaid radiation path of illumnation radiation. All

that is 6 19 MARCH 2007 required is that alignment radiation fromthe
alignnment systemis able to reach the substrate stage assenbly. Anot her
aspect of this invention provides a nethod of detecting an alignment mark

on a substrate . i -udes . il ] i i t pth a beam of
illum nati onl%ralé&l a% fﬂélﬂﬁ{lﬁ at- téésdlgtgqﬂ 11?@%8@9 ﬁ%ﬁlﬁlﬂ# %Yg’{réémﬁ{g albﬁatlr?ﬁle#gti on

wavel engt hs; thé eilitaahiersgagelaksefibipt Aasdther apeatof ¢iis fovemtidthgodidegament nark at a
first wavelength of the at least two different illum nation wavel engths and
out put ti ng amethpd of deicwing Agratigamgntamark onet wibstrate that inghdgat i on radi ati on from
the alignnen : o j fferent

il lum nati onlilmu%%g&%@nmgﬂgrgu puﬁ‘?%&g ogielkﬁat\?\ggvﬂgﬁgﬁé?%?ggnal ; and

det er m ni ng 4 1¢estwo diffeeht llenin@tiononaveldngthey detdrtiag dlaninatien f i r st and second
wavel engt h signals. BRI EF DESCRI PT] ON OF THE DRAW NGS £0009] Fig 1

| i hogr aphi c Tapiatiemfrom the plignmeny mark gbyfiesh wavelengih of the leasidiodi ng to an

enbodi nent of; j j on: i § | .of a
substrate aI4%@%{11%%1??%%%%%?5&ggméﬁglgg@?\@?%g%%ﬁien of a double
al i gnment  undetectibg illihingtiorgdiatiol Stonhklalighderst markat 4 sécdndar kK Wi t h respect

to each other; [0012] Fi glg 4 is a schematic illustration of a |ithographic
appar at us t haevelgngthyof the atlgast fwo diffeseniduminotionwaylergthi 3¢ t o an enbodi nent

of this invenlhfing h3bik walBlength SR 2A8 SR AT PosRlonTt L T - a1 S

al i gnnment

alignment mark based on the first and second wavelength signals.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] Fig. 1 lihographic apparatus depicts a lithographic

apparatus according to an embodiment of the invention;

[0010] Fig. 2 shows an embodiment of a substrate alignment

mark;

[0011] Fig. 3 shows an embodiment of a double alignment unit

for aligning a mask mark and a substrate mark with respect to each other;

[00121 Fig. 4 is a schematic illustration of a lithographic
apparatus that has an off-axial alignment system according to an embodiment
of this invention;

[0013] Fig. 5 shows an embodiment of an off-axis alignment

unit according to the invention;

[0014] Fig. 6 shows a plate with reference gratings used in an

embodiment of the invention;



“unit according to the invention; [0014] Fig. 6 shows a plate with reference
gratings used in an enbodi nent of the invention; 19 MARCH 2007 [0015] Fig.
7 shows the deflection by the wedge el enents in an enbodi nent of

invention; [0016] Fig. 8 shows an arrangenent of the first and séggﬁ%‘z?g%gm
systens in the alignment unit according to an enbodi nent of the invention,
[0017] Fig. 9 shows a series of wedge-shaped plates to be used as the
structure of deflection elenents in a second enbodi rent of the alignnent
unit; [0018] Fig. 10 illustrates how this series of wedge-shaped plates
defl ects a sub-beam [0019] Fig. 11 shows the positions of the sub-beans in
the plane of suqhoesjwedge-Ehapgidwaltad Gefledtionbe Mer@ntd MQnal | gnnent
unit in which alignnent radration with two wavel engths is used; [0020] Fig.
12 shows an estiodimens of thefinvension! i gnment unit in  which two wavel engths are
used; [0021] Fig. 13 shows a preferred beamsplitter for use in this

enbodi nent; [002 hg. 14 L] t i it with
respect to the pih?@éti on |F@‘E@’@‘ﬁ%ﬁﬁ%@?ﬁ%%%ﬁé%%@%&hows an
exanpl e’ of %bf&t@ﬂﬁﬁfﬁmhe&iigﬂmbnt&inﬁm%ﬂingasaﬁefﬂb@ﬂﬁahdixlﬂ obfher@veatiggpt h for red
(633 run) and green (532 nm alignnment radiation; [0024] Fig. 16 shows

shift in aligned Bosition of an asymmetric. mark versus mark depth al ong

with Alignment SIIBOET strerdger? shoyisieserieyph sedasoihnpeshplaten inbe used Al i gnnent
Signal  Strengt. YarhRPbEadtfiabE ngﬁlgnts%f‘aggéynﬁ%m%gﬁfn?&? Offe

alignment unit;

[0018] | Fig. 10 illustrates how this series of wedge-shaped

plates deflects a sub-beam;

[0019] Fig. 11 shows the positions of the sub-beams in the
plane of such a wedge-shaped plate in an embodiment of the alignment unit in
which alignment radiation with two wavelengths is used;

[0020] Fig. 12 shows an embodiment of the alignment unit in

which two wavelengths are used;

[0021] Fig. 13 shows a preferred beam splitter for use in this
embodiment;
[0022] Fig. 14 shows the position of the alignment unit with

respect to the projection lens and the substrate,

[0023] Fig. 15 shows an example of alignment signal strength
as a function of mark depth for red (633 nm) and green (532 nm) alignment
radiation;

[0024] - Fig. 16 shows shift in aligned position of an asymmetric

mark versus mark depth along with Alignment Signal Strength Digital
Wavelength Switching and Alignment Signal Strength Variable Wavelength
Switching approaches;



i S AR

8 19 MARCH 2007 [0025] Fig. 17 shows Alignnent Signal Strength Variable
Wavel ength Switching weight factors for several values of the MRT factor
(selectable threshold). DETAILED DESCRI PTI ON [ 0026] Methods and dgyMa8&CH 2007
according to this invention will now b8 described with reference to
particul ar enbodi nents by way of exanple. The broad concepts of this
invention are not limted to only these specifically described enbodi nents.
The invention will be described with reference to an alignnent systemfor a
| i hography system that includes both an on-axis (also referred to as
"axial") and an off-axis ("off-axial") alignment systemthat can be used in

combi nati on to ob{@as]t he ulRig MEtsBo*k iAJizARRAt Siknal StieRsth WirlaBle espect to a
substrate ("V\Dari‘tléigl)l ece”). The axial ali %nment system nmy have a separate

source of radVarelength dwitchingiwright fagtprgarseverahyalues of it faqtor

t hr ough-t he- | ens T r. £ hrough-the-reticle (TTR) systens, or it may

enpl oy the Séﬂeo}a&kﬁ?sgﬂldzs t he exposure radiation. The foll ow ng exanpl e
will describe a TTL systemin conbination with an off-axial system (OAS) as
an enbodi ment of this invention. Furthernore, the invention envisions
application to |lihography systens that have refraction projection systens as
well as to other types of Iitg%&ra hﬁrs stens that use shorter wavel engt hs
of electromagnetic radiation ELy P @mﬁ%‘foyed, systens whi ch use
reflective and/or diffraction inmaging optics, and/or systenms which use other
types of radiatio h as - j ; -hon beans or
ion beans that a?a I Taged vq\\ﬁtf ‘?h&fr?gaélﬁgef’iggg gﬁcggd?]?%tr(r)atgﬁgﬂ’eg?‘bgﬁéyor

el ect r ost at i aowibeadgseripedpriticreferénceo PiRCH a2 &RBodinRAR Hy Wity sfow descri be an
| it hographi c appara hat has an,  on-axis ali gnmf,nt, nit and ot her

s, t
measuri ng sy§1“§ﬂ%le_a &R _éﬁﬁ?e@ts_cﬁftglsﬂl‘éetngﬂ?w %S?Hit?\(%%lb’é’é‘?sﬁte an
embodi ment  ofd AN He@Hbel RiBBEINYUAts. The invention will be described with

reference to an alignment system for a lihography system that includes both an

on-axis (also referred to as “axial”’) and an off-axis (“off-axial) alignment
system that can be used in combination to obtain the ultimate alignment of a
mask with respect to a substrate (“workpiece”). The axial alignment system
may have a separate source of radiation to illuminate alignment marks, such as
in through-the-lens (TTL) or through-the-reticle (TTR) systems, or it may
employ the same radiation as the exposure radiation. The following example
will describe a TTL system in combination with an off-axial system (OAS) as
an embodiment of this invention. Furthermore, the invention envisions
application to lihography systems that have refraction projection systems as
well as to other types of lithography systems that use shorter wavelengths of
electromagnetic radiation than currently employed, systems which use
reflective and/or diffraction imaging optics, and/or systems which use other
types of radiation such as charged-particle beams, e.g., electron beams or ion
beams that are imaged with magnetic, electromagnetic, and/or electrostatic

imaging optics.



[0028] Fig. 1 shows diagrammatically the optical elenments of an enbodi nent
of such an apparatus for step-and-scan inmagi ng a mask pattern on a
substrate. This apparatus conprises, ag its main conponent, a prb] MAR@H2007
colum incorporating a projection systemPL. Situated on one side of the
projection systemis a mask holder MH for a mask MA in which the mask
pattern Cto be imged is provided. The nask holder is part of a mask stage
MI. A substrate stage WI is arranged on the other side of the projection

|l ens system PL. This stage conprises a substrate holder WH for a substrate

W provided with ot oseRgLti er.. ..[The mask_patter nust be i maged a
nunber of tines i[ﬁoﬁe pho?’gggh‘)séﬁf%%é)elwg??grg@g?9‘9321{%5@ﬁﬁéascﬁ]fferent ar ea,
a substr at @nakealdmentenisatisdthdedsalth€systeniiPaé ek amplet dfa sfsted Y
directions so that, after imaging the mask pattern in a first substrate

area, a subdkaymaytincarpireteragtesnbadinentof theaingtaat inventied. under the nmask pattern.
[ 0029] The apparatus further conprises an illumnation system which is

provided with a radje.ati on rC o 1 - Fl uoride Excimer
| aser or a ner curléﬁsirrp, a%ﬁ ‘&SS%S%tdégr%?@)ég@yﬁP%?Mggﬁleﬁts%gondenser | ens
CO. The pr ojafehibodinkeeof fiBhaupppiraths Bor sjrand-Sdafiinaginga makpheemi | | uni nat es

the mask pattern C. This pattern is inmaged by the projection |ens systemPL
on an subst ra@substease. oFhis AEPasABS EQTHPIASSPy asTHHENAIp COIPERINGR Prejestiey st em has,

for exanpl e, | £l cat] = I cal e NA = 0.6 and a
di ffracti on-cf’ﬁ‘r%ﬂf%g‘gr&’tr’r‘é‘é aégiq’é%“bﬂl’{ﬁ%mgﬁ‘d‘%@ afed g 0%g%{‘fr%‘wtwbnfﬁte‘t)030] The

appar at us i préjestionaystpindy beedk older MH feremaski MAMBAashIch the skt ens, nanely a
system for aligning the mask MA and the substrate Wwi th respect to each

other in t h@atm} ke imagedq istnsp Yided nEkemasiohqlderds parbolya mesk 98¢ em f or
det er m ni ng I\;ﬁ'eApsngk& tggtf\gé“av'ﬂs'a‘?ﬁh@%iegga%fotﬁé?%id%%?%%g%o?%g?&%hq@r{s and hence

of the substrate, an cus error I'on system ermning a
system PL. This stage comprises a substrate holder WH for a substrate W

provided with a photosensitive layer. The mask pattern C must be imaged a

* number of times in the photosensitive layer, every time in a different area, a
substrate area Wq. The substrate table is movable in the X and Y directions so
that, after imaging the mask pattern in a first substrate area, a subsequent

substrate area can be positioned under the mask pattern.

[0029] The apparatus further comprises an illumination system
which is provided with a radiation source LA, for example a Krypton-Fluoride
Excimer laser or a mercury lamp, a lens system LS, a mirror RE and a
condenser lens CO. The projection beam PB supplied by the illumination
system illuminates the mask pattern C. This pattern is imaged by the
projection lens system PL on an substrate area of the substrate W. The
projection lens system has, for example, a magnification M = 1/4, a numerical
aperture NA = 0.6 and a diffraction-limited image field with a diameter of 22

mm.

[0030] | The apparatus is further provided with a number of
measuring systems, namely a system for aligning the mask MA and the

substrate W with respect to each other in the XY plane, an interferometer



s i R AR

di fference between the focal or inmage plane of the projection | ens system PL
and the surface of the substrate W These neasuring systens are parts of
servosystens which conprise electronic signal-processing and conio ARCH 2007
circuits and drivers, or actuators, w&h which the position and orientation
of the substrate and the focusing can be corrected with reference to the
signals supplied by the neasuring systens. [0031] The alignnent system
makes use of two alignnent marks M and M2 in the nmask MA shown in the top
right part of Fig. 1. As is shown in Fig. 2, these marks may be diffraction
gratings, but may alternatively be other marks such as squares or strips
whi ch are gepsemlfbydaahiiniagltye pabitsin anguwreheatof obHtmetshbstratesholderandi ngs. The

al i gnnment mar ks b two-dj nensional, i.e. they extend,in two nutually
per pendi cul é#en?ﬁgéé? §l§qqg§tef@}da-0ﬁgqgrﬁgéle§qqgog(sy§ ﬁmdieFeéE‘tl%&é in Fig. 1, or
may be used jg; | | | : . | tually

per pendi cul éirlﬂ%ﬂ&?%c#?‘g%ég C{H? gérctar(r)fsl'gH gggglaﬁ?%g&&tpgwg&@gg?ge tsfe\gﬁlsaﬁuThe

substrat e Wanflthe saxfaopoftha sstestiateOWd UitHess messuhiag spdtams ePpasts of east two

al i gnment marks, which nay be two-dinensional diffraction gratings, two of
whi ch, Pl arf@rvesystamsWhigh AmpHsy-slgetronic sigpalproqessingpnd,cptioh CHERtss 't yat ed

out si de_{ he o486 XrRRualits, Wit FHRAEAIGRiAbh HRricfitaBbh BEafEar ks P! and PZ
are preferably 1 nplemented as phase gratings and the grating marks M and
M2 are pref enbdttage amighe foentiag cars baoqpirectadiwitly refi¢rencesto thekiprals t ypes of

al i gnnment margé, réﬁqygtgepprovj ded al ong scribe |lines between adjacent
circuits. [CHRRYedrYfhe Peaing sYsteWsci al enbodi ment of an on-axis alignnent
unit, nanely a double alignnment unit in which two alignnent beans b and
Ware used for alvgaomr]g t he jdhi] bﬁtﬁlsﬂeﬁfmgsug@bmf’@am dig mask

al i gnment mark , and for aligniing the substrate alignnment mark Pl on the
mask al i gnmemdarksivt land/M; indbpmask M showihia thetomrighit pant of Figeleds by a

el ecting Mo b 2 ngiﬁ?rﬁ'g S5 Ve difftaction g3HAEE bt BayalidrRhtively 2" 45 the

reflecting
be other marks such as squares or strips which are generally optically

distinguished from their surroundings. The alignment marks may be
two-dimensional, i.e. they extend in two mutually perpendicular directions, for
instance the X and Y directions in Fig. 1, or may be used in conjunction with
other marks to extend in two mutually perpendicular directions, for instance
the X and Y directions. The substrate W, for example a semiconductor
substrate, has at least two alignment marks, which may be two-dimensional
diffraction gratings, two of which, P; and P;, are shown in Fig. 1. The marks
P; and P, are situated outside the device areas on the substrate W. The
grating marks P; and P, are preferably implemented as phase gratings and the
grating marks M; and M, are preferably implemented as amplitude gratings.
Other types of alignment marks may be provided along scribe lines between

adjacent circuits.

[0032] Fig. 1 shows a special embodiment of an on-axis
alignment unit, namely a double alignment unit in which two alignment beams
b and b’ are used for aligning the substrate alignment mark P, on the mask
alignment mark M,, and for aligning the substrate alignment mark P; on the
mask alignment mark M, respectively. The beam b is reflected by a reflecting



26. The surface 27 reflects the beamb towards the substrate alignment mark
P2 which sends a part of the radiation as beambl to the associ ated nmask
mark M where an image of the mark P2 is forned. A reflecting elﬁ&ﬁﬂ%&%&zmn
for exanple a prism directs the radibtion that passes by the nar

towards a radiation-sensitive detector 13. [0033] The second alignnment beam
b' is reflected by a mrror 31 towards a reflector 29 in the projection

|l ens system PL. This reflector sends the beamb' to a second reflecting
surface 28 of the prism 26, which surface directs the beamb' onto the
substrate alignment mark P1. This mark reflects a part of the radiation of

the beans \Wagerh&30Pfot ekAmploa niemk, toﬁbidﬁlﬂiﬁiﬂﬂedfﬁffl%uf\f&cmbﬁaﬁﬂsm mage of the
mark Pl is formed. The radiation of the beamb'1l passing through the nmark

ML is directZd By surfpes 2 Ereflgets the bespd tpsvards the gubstraisralisament mgk det ect or

subst rate neicl sétaR e b MEARAIET ks Sapie Ue ARG plS BT 5,01, &

grating mayMostiesd i imddgefodidic SutkOPAb fotged PA réflecBhglentRht 11,8660 P1, d, two of
which, P1,,, and, Pl,d, serve for_alignment in the X direction and the two
ot her ones, eEpmpleprigm, diregts theradigtion fhaypasses by thempark Mtomardsiaon. The two

sub-grati ng%aﬁ%ﬁ%—@éﬁgid:vé’dﬁtf@%\‘%. a grating period of, for exanple 16 pm and
,a an ,

t he subgratings have a grating period of, for exanple 17.6
pm Each sub-grating may have a dinension of, for exanple 200 x 200 m An
al i gnnment accur aqg03g}i ch, iThe qecomtaligintment beagbili$ esfletted byQ. rhirfoin can be
achieved with this grating nark and_ a  suitable gptical system By choosing

di fferent grHttowardsarelietor 398 theprojrction fenp gestem Blnellys 1eflsai®nt unit can be
| d. Thi | Sy f . L.~ e3 th tical
eénl arge Nefiad tﬁ@gﬁatxﬂ%} to r?%?:ﬁ%,ﬁlagfnf%suﬁg&e i&gg@@k Ipﬁkr% 263whitgs the optica

el ements of a, slig nent [ reater detail. The
doubl e al i grsuefiate dirdcts the bagm b3aso thusubstrme ali gnnaend masle Bt.i Thik naark gnment

systens AS1 apd AS2 whjich 12 19 2007 re positioned symetrically
wi th respectfcHerty ‘hBaIBBk &’Gé?‘%égﬁ%wwstmés beam b1 to the mas

alignment mark M; where an image of the mark P, is formed. The radiation of

the beam b’; passing through the mark M, is directed by a reflector 11° towards

a radiation sensitive detector 13°.

[0034] Fig. 2 shows an embodiment of one of the two identical
substrate marks, in the form of phase gratings, on a larger scale. Such a grating
may consist of four subgratings Py s, P1, P1c and Py 4, two of which, P;p and
P, 4, serve for alignment in the X direction and the two other ones, P; , and P; .
serve for alignment in the Y direction. The two sub-gratings P;, and P, have
a grating period of, for example 16 um and the subgratings P; , and P; s have a
grating period of, for example 17.6 pm. Each sub-grating may have a
dimension of, for example 200 x 200 um. An alignment accuracy which, in
principle, is smaller than 0.1 pum can be achieved with this grating mark and a
suitable optical system. By choosing different grating periods, the capture

range of the alignment unit can be enlarged. This range is, for example 44 um.

[0035] Fig. 3 shows the optical elements of a, slightly
modified, alignment unit in greater detail. The double alignment unit
comprises two separate and identical alignment systems AS; and AS; which



projection |l ens system PL. The alignnment systemAS, is associated wth the -
mask alignnment mark M2 and the alignnment system AS2 is associated with the
mask alignment mark M. The corresponding el ements of the two alj H
systens are denoted by the sane referekike nunerals, those of the system 33@5
being prinmed so as to distinguish themfromthose of the systemAS,. [0036]
The structure of the systemAS, will now be described, as well as the way
in which the nutual position of the mask mark M2 and, for exanple, the
substrate mark P2 is determned with this system [0037] The alignnent
system AS, conprises a radiation source 1, for exanple a Helium Neon |aser
em tting anaRldogitidRed syedskially With r&padito ke dpRichiesieAAt 6F thbe substrate Wby
a beamsplitter 2. Thé beamsplitter may consist of a sem -transparent
mrror or apwgestiondenspustemtPLpThe alipumentsystpmeiSariabispcistedsyitit theed by a

pol ari zation-sensitive splifti rism?2 precedi.ng a AJ4 plate 3, in which
Ais the m%?&ﬂ&%‘%‘?n}aﬂé%éﬁﬁ\%ﬁ%%eﬁ JS.%E{ gSﬁ%!agﬁ%cfﬁ%gg,&tﬁ %L focuses

the beam b jrasieal$ghidhdnt brddlt B, | qlne%aﬁ&sp‘e{ndihg\eldf&n& @m@ﬂi@en&he order of 1
mm on the substrate W This substrate reflects a part of the beam as beam

bl towards systeoneark dpmotedbyethgsame seferenas numerals; hospohibesystem ASzens syst em
PL, which system.i es the radiatjon.spot, V on.the mas Bef ore t he
substrate i e‘ﬁgP&W&ggoﬁE‘{‘ﬁgu}%ﬂﬁgﬁ*‘%ﬁﬁ% é‘ﬁﬁ%?ﬂtpﬁ&“?l{l@s been pre-aligned
in a pre-alignnment station coupled to the apparatus, for exanple the

station descri bepyo3g)] EP Patraettriidireiof did systeth ASAwilbhow bedbscribad, t he
radi ation spot Vis located on the substrate mark P2. This mark is then

i maged on ahwelrastheyayidin vhigh the meuted position ofyhetmaskanark i 4ndg fari on M of t he
projection Len Vsl € ' ken, | . di mensi on of the mask
mark M is & @ﬁgﬁsﬁgﬂf'}%{k?ﬁ@ %eﬁ%}s“t??ezdf‘gﬁyng]rlis)b%%’s'o that the inmage of the

mar k P2 coincides accurately with the mark M2 when the two marks are
mut ual |y positi of837¢or r ecThy aligne® sPdrIA S QO pris€BBHia6on sbwrepat h to and

fromthe substrate W the beans b L . .
1, for example a Helium-Neon laser emitting an alignment beam b. This beam

is reflected to the substrate W by a beam splitter 2. The beam splitter may
consist of a semi-transparent mirror or a semitransparent prism but is
preferably constituted by a polarization-sensitive splitting prism 2 preceding a
M4 plate 3, in which A is the wavelength of the beam b. The projection lens
system PL focuses the beam b in a small radiation spot V, having a diameter
of the order of 1 mm, on the substrate W. This substrate reflects a part of the
beam as beam b; towards the mask MA. The beam b; traverses the projection
lens system PL, which system images the radiation spot V on the mask.
Before the substrate is arranged in the lihographic apparatus, it has been
pre-aligned in a pre-alignment station coupled to the apparatus, for example
the station described in EP Patent Application 0 164 165, such that the

- radiation spot V is located on the substrate mark P,. This mark is then imaged
on the mask mark M, by the beam b;. With the magnification M of the
projection lens system being taken into account, the dimension of the mask -
mark M, is adapted to that of the substrate mark P, so that the image of the
mark P, coincides accurately with the mark M, when the two marks are

mutually positioned correctly.



and bl have traversed the Al4 plate 3 twi ce, whose. optical axis is at an
angle of 45 to the direction of polarization of the linearly polarized beam
b coming fromthe source 1. The beam bjj passing through the Al4 1MABRGHRGT
has a direction of polarization which is rotated 90 with respect to the
beam b so that the beambl is passed by the polarization splitting prism
The use of the polarization splitting prismin conbination with the ?J4

pl ate provides the advantage of a mnimal radiation | oss when coupling the
alignment beaminto the radiation path of the alignnent system [0039] The
beam bi passed by al i gnpent rk Is reflected b prism 11 and
directed, for exa%’gg] by a 559[8%?‘1?0&%55&@%% ?%%%‘T@%&?‘s a

radi ati on-sepsd b ! [ | .01 ; @HPJ:@ conposite
phot odi ode h%%\b@?gr%{’g%@n%leﬁ%g? ngg&’g‘ﬁé&r@gglﬁgatliagﬁ}gény ti %/ég areas in
conform ty wof45%th¢hedirdstion of paladizagioataf thslirsladyupolarizéd bean?b cdinéng out put
signal s of the detector ai,ﬁag are a neasure of g\? n]éi d&nc of the mark M
with the i maJemife sepcs i dhe Beam fppassipg thrppght the 'JbH fsthen s processed

el ectroni cal litedfofl owgsenm{onrwmbm rtot&edwkyﬁ{lfksg]t%t&gﬁ@%mtbeso%&h respect
to each other by means of driving systens (not own), such that the inmge
of the mar kthe beairig iidpassad byhthe ipelamzation\dplitmgoprisardhieaisabf thenent systemi s
thus obtained. .[0040]..A beamsplitter .14 i.n the fqormof, for exanple a
bar L1 al Tyt 1 BNGHEROASPERg 2rS b combgason st b Lo eveyidentis Cae bearn b2
may be ar_raﬁg%tégéb%%ﬁnﬁﬁh@r&ﬁétﬁmléés@ﬁ%édﬁ?hﬂ@ﬁﬁ(‘aﬂi &t behRfinkP! I t beamis
I'ncident via, for exanple two | enses 15 and 16 ©on a tel evision canera 17

whi ch i s coufliegddiatorapathof theralignmentstysiem) on whi ch the ali gnment nmarks P2
and M2 are visible to an operator of the |ihographic apparatus. This

t th tai th th ' [ . d th
oObstrate W by iR of ' nrmbHFA B hdife by B RaRef AR MEiske « 0 coi nes de.
14 19 MARCH 2Zéfeéted by Qs phmbdittted, b6t cilamplel HiarfuRaeeicnbain mishor the marks

12 towards a radiation-sensitive detector 13. This detector is, for example a

composite photodiode having, for example four separate radiation-sensitive
areas in conformity with the number of sub-gratings shown in Fig. 2. The
output signals of the detector areas are a measure of coincidence of the mark
M; with the image of the substrate mark P,. These signals can be processed
electronically and used for moving the mask and the substrate with respect to
each other by means of driving systems (not shown), such that the image of
the mark P coincides with the mark M. An automatic alignment system is thus
obtained.

[0040] A beam splitter 14 in the form of, for example a
partially transparent prism splitting a portion of the beam b; as beam b; may
be arranged between the prism 11 and the detector 13. The split beam is
incident via, for example two lenses 15 and 16 on a television camera 17
which is coupled to a monitor (not shown) on which the alignment marks P,
and M are visible to an operator of the lihographic apparatus. This operator
can then ascertain whether the two marks coincide and move the substrate W

by means of manipulators so as to cause the marks to coincide.



M2 and P2, the marks ML and P2 and the marks ML and P1 can be aligned with
respect to each other. The alignnment system AS2 is used for the

| ast - mentioned two alignments. [0042] Fgr further particul ars abd8MAREH 2007
construction and the alignnment procedure of the double alignnment unit,
reference is made to US Patent 4,778,275, which is incorporated herein by
reference. [0043] The enbodi nent of the on-axis alignnment unit shown in

Fig. 1 is particularly suitable for an apparatus in which a projection beam
PB having a short wavel ength, for exanple 248 nm and an alignnent beam

[004a] Since t e E08fkcr o ARESLELE eSSBSt G R Bl DS n o

the proj ect i o ah@RiRBmaks M LRI R,AMmIABE tarkeM add P Scat e alighdd with S used for
i magi ng the alignment marks P1, P2 and ML and M2 on each other by neans of
t he al i gnnmentespsehin earl pthexaFie aignmeat syskes Ade &8 used §miBdit marks will not be

situated in the plan he pattern in which the mask alignnment nmarks
are situat edl,aablagm%n%lg{l)%%%e ‘at a given distance therefrom which

di stance depends on the difference between the wavel ength of the projection
beam and the al i gf@o#2¥ beanF&Rirthérepatiidul @5 s thecdons@ttion@nd tef r act i ve

i ndices of the material_ of the projection |lens elements for the two
wavel engt hs. alignmentpioeesuee of b doubigakigrment yaifcieéuenas ivmade g1 USxanpl e 248 nm

and the ali ty 'P’%%hﬁﬁiﬁg J%?l\éﬁﬁ’t%ﬁg‘%‘.{“?‘?&n%f{ggﬁp@n&-hi s distance may be 2

mm Moreover, due’to’sai ere a Substrate alignment mark
Is imaged on a nmask alignnment mark with a magnification which differs from
t he desired nagnif0043) i on aThe embodiawasofuhd bn-axis ialigimestiungt shawaliengt h -
di fference. [0045] To (fo[yr ect. for said differences, the projection |ens
system PL i né8r bby yly sutebls fpreasapparatysip dhichyy proggetion bsam AR correction

19 NARCH 2()(:)Raviﬁ'g'sa short wavelength, for example 248 nm, and an alignment beam

having a considerably larger wavelength, for example 633 nm, are used.

[0044] Since the projection lens system is designed for the
wavelength of the projection beam PB, differences occur when this system PL
is used for imaging the alignment marks P;, P, and M; and M, on each other
by means of the alignment beam. For example, the substrate alignment marks
will not be situated in the plane of the mask pattern in which the mask
alignment marks are situated, but will be imaged at a given distance therefrom,
which distance depends on the difference between the wavelength of the
projection beam and the alignment beam and the difference between the
refractive indices of the material of the projection lens elements for the two
wavelengths. If the projection beam has a wavelength of, for example 248 nm
and the alignment beam has a wavelength of 633 nm, this distance may be 2
mm. Moreover, due to said wavelength difference, a substrate alignment mark
is imaged on a mask alignment mark with a magnification which differs from
the desired magnification and increases with an increasing wavelength

difference.

[0045] To correct for said differences, the projection lens

system PL incorporates an extra lens, a correction lens, 25. The correction



|l ens is arranged at such a height in the projection lens that, on the one
hand, in the plane of the correction | ens the sub-beans of the different
diffraction orders of the alignnent beam which sub-beans origi

and are also generated by the diffraction at, a substrate alignﬁgﬁﬁR%%?%E7
are sufficiently separated to be able to influence these sub-beans
separately and, on the other hand, this correction |ens has a negligible

i nfluence on the projection beam and the nask pattern image forned with it.
The correction lens is preferably situated in the Fourier plane of the
projection lens system If, as is shown in Fig. 3, the correction lens 25

i s situated léns iaphmped at suchiy ledfight irethe prajéctioayiensothat, bh ehednedran@ih beans b and
b' intersect each other, then this Iens can be used for correcting both

al i gnment bdkglang elthe porrectigadensdhe sub-bramsof dhe diffgrent diffractionef | ect i on

el enent su I.f: [ e . ' ath of the
al i gnnment %g%e?ff%@g%%@r%‘@é’g@%’ gﬁﬁp%-%{&@pﬁé%@géﬂ %deef | ection
el ement, notgenabedyithe diffgactidn agla sybsteand alégninens niadls wkd sufficibitdym uni nt ent i onal

phase differences within the selected alignment beam portjons received by
the detect §¢pafajed fo hesabledn infuencedhcss subrbedips sepagskely andyionthe athees may occur

el 2 398 STy LRI IS s 7

substrate Ignment mark I's not p e, so that

fal se refl eahd drsmaskpattencinmagafornied with . Phatearectiond¢dsdspreférablpi t provi ded
with such a deflection elenent js described in EP Patent Application O 467
445, [0047] S#H“%ESH’«!WEH“E@RIW of | thaprioJeg PR Ieng sYstemy @ans ShAWDED  shown in

Fig. 1, whigk : hE NI L ' ] espect to
the sk, r orey o OERctalef 20 (il FBiahk & SHRE e e o o ovi ded
with furt hehe digngrenebéamsely krl léntedectieach athewq tiem this 163 cah bgmsehch devi ce
area separgtely wi.th respect tqQ the nask pattern. The nmask may al so

conpri se Precqr??ﬁﬂngmfg&ﬁgﬁﬂﬁ%t AW&r ks in which the further alignment marks
may be wused, for exanple to neasure the rotation of the nask about the Z

axis so that thijgode)t ati ons gevikeRSa WeddeStlafifferent deflection element
~ such as a diffraction element may be arranged in the path of the alignment

beam(s) proximate to an alignment mark. With such a deflection element, not
shown in Fig. 3, alignment errofs resulting from unintentional phase
differences within the selected alignment beam portions received by the
detector 13 or 13’ may be prevented, which phase differences may occur if the
axis of symmetry of the alignment beam portions coming from a substrate
alignment mark is not perpendicular to the mask plate, so that false reflections
may occur within this plate. An alignment unit provided with such a deflection
element is described in EP Patent Application 0 467 445.

[0047] In addition to the global alignment marks P; and P,,
shown in Fig. 1, which are used for aligning the entire substrate with respect to
the mask, referred to as global alignment, the substrate may be provided with
further aligﬁment marks per device area so as to align each device area
separately with respect to the mask pattern. The mask may also comprise
more than two alignment marks in which the further alignment marks may be
used, for example to measure the rotation of the mask about the Z axis so that

this rotation can be corrected.



16 19 MARCH 2007 [0048] The |ihographic apparatus further conprises a focus
error detection systemfor determ ning a deviation between the focal pl ane
of the projection |ens system PL and the surface of the substrat?eMHARCEH2007
that this deviation can be corrected, for exanple by noving the projection
| ens system along its axis, the Z axis. This system may be constituted by
the elenments 40, 41, 42, 43, 44, 45 and 46 which are arranged in a hol der
(not shown) which is fixedly connected to the projection | ens system The
reference nuneral 40 denotes a radiation source, for exanple a diode |aser,

which emts a fo kg be : [ lsFudli . at |1 angle onto
the substrate byc[gmgr]ef I ecﬂ%ﬁﬁéﬁ%&ﬁﬁﬁﬁ% ea%%%(r&érﬁ) (§,ctae%cg§at he substrate
i s directed drndedstion sysei for déleainiig aldevistidntetweenshe fodal plage 6l enent 44

reflects the beamin itself so_ that the beam (b3) once again traverses the

same pat h vithe projgctienilenssygemdteand he syrfacg of thesubirate Wase Mt AHY t he prism

42. [0049] The:. L LSR% .2t Qn- |t ' system 46
via a partia I%Vlla(ragg?lg%?ng %%Zgﬁ%ﬁg'gégggﬂ% rgﬁeeég%{ﬁﬁtg&telﬁg%%ﬁ&%S Thi s
det ecti on sysdémpnitscaxis itlsd B axib., Thislsystemmayebacqstiutédby e pragattdddet ect or, or
of two separate detectors. The position of the radiation spot formed by the

beam b3 on 413 By ¢t qud AbepRinkararngedin ahaldaneleharnt hidhés f ocal pl ane
of the pr OJfﬁfehl\}g&gkelg&éd fYdb ﬁmgcfgc%{oﬁgéngggst%t r’[h%b@fg@n@@ﬁmﬁgrai hg substrate W

For an extensi SCriptio us error detection system reference
is made to ddbotesh eadiationIobrcddfdr ekl0h diwde lages,uwhick emitsl@tfecugingi ng t he X and
Y positions of the substrate holder, a stepping |ithographic apparatus is
provi ded vvitt}‘?aﬁlbm{ﬁh!sibeé%lédFﬁ‘EtE‘iIFteﬂf%“’é’c@}gl%%tPg'FﬁS str%abxﬁt 4,251, 160

describes a éﬁé&ﬁg}pﬁs{xﬁlz MR JERASEfLARG ?(ﬂl% sﬁﬂgﬁaﬁ@e&?& téaldd a 283

descri bes a syste three nmeasuring axes. such an
i nt er f er onetretroreflsdtend4 by tegyisandfatTieadléypentddaefledty thebaan initsélfieo el enent s

50, 51, 52 and 53, while only one neasurin axis, the X axis, is shown. A
beam b4 enit %Idh‘b’}eaén Ftaﬁpa'fq %/ﬁ?l%%‘feésésg@ %agletl??@ via retlections on the
prism 43, the substrate W and the prism 42.

[0049] The beam b;’ reaches a radiation-sensitive detection
system 46 via a partially reflecting element 41 and a reflecting element 45.
This detection system consists of, for example a position-dependent detector,
or of two separate detectors. The position of the radiation spot formed by the
beam b;’ on this system is dependent on the extent to which the focal plane of
the projection lens system coincides with the plane of the substrate W. For an
extensive description of the focus error detection system, reference is made to
US Patent 4,356,392.

[0050] For accurately determining the X and Y positions of the
substrate holder, a stepping lithographic apparatus is provided with a
multi-axis interferometer system. US Patent 4,251,160 describes a system with
two measuring axes and US Patent 4,737,283 describes a system with three
measuring axes. In Fig. 1, such an interferometer system is diagrammatically
shown by means of the elements 50, 51, 52 and 53, while only one measuring
axis, the X axis, is shown. A beam b4 emitted by a radiation source 50 in the

form of a laser is split by a beam splitter 51 into a measuring beam by, and a



formof a laser is split by a beamsplitter 51 into a neasuring beam b4, ,
and a 17 19 MARCH 2007 reference beam b4,,. The nmeasuring beamreaches a
reflecting side face 54 of the substrate holder WH and the refl egd@drcH 2007
measuring beamis combined by the beahlsplitter 51 with the reference beam
reflected by a stationary retroreflector, for exanple a corner cube. The

i ntensity of the conbined beam is neasured with a detector 53, and the

di spl acenent, in this case in the X direction, of the substrate hol der WH
can be derived fromthe output signal of this detector, and al so an

I nst ant aneous position of this holder can be determ ned. [0051] As is

di agr ammat i aefetence beatmn bi n1The measuringltbeamiredohes refleeting sidé ficalsd of r epr esent ed

for the sake of sinplicjt y e sjgnal] 553, and the signals S13 and S' 13
of the doublthe sHbsEairbAlderW gl &leaaﬁw%i)m@@uang e agn & combidey g unit SPU,

for exanple | SHRGHTRV S ' b?aai | s to control
signal s SAc b?%‘rwsgﬁeé;rct uat o%&%@tﬁ%&%ﬁgﬁ&t%%g u sg?tgda hol der is noved in
the XY pl aneewoéreflédier, forlexbmplea doaddreubd.. ThORbedkity\bf the @bmbitiedbeamonet er

system which has not only the__X neasuring axis shown in Fig. | but also a
Y neasur i ng ihmeasussthwith adetsripr 43, ang %idﬁﬁlég"dm‘r%gnél%%?setlﬂéhf‘pgsi tions of, and
t he nutual gy ' q%qg- , M2 can be
fixed in a ?ﬁ%@%§?%§g¥%&a¥%§&‘ggéﬁe %/W?%fergélttg%%ﬁgtr %Ellgar]ltlxgr feroneter
syst em dur i nhistdetectoniantdalsp aarinsgdrminsdons paditignofithis holder ban bask and t he
Substrate wif{h resaect to each other. This interferonmeter systemis al so
used for noACKENASE: substrate table very accurately, which is necessary for
a stepping |lihographic apparatus so as to be able to step very accurately

froma first IC o651t 0 a saceash G@allx[sﬂgviﬁhnﬁf 18@eshown in Fig. 1, the
st ep-

| i thographic apparatus is a and-scan apparatds,’in which the mask and
t he subst r atieterfamimelbsr signalsdrepeegentbd fordbes $ake ofi sinpdicith by pne sizotl 85, of t he nask

o R o PR T3 B e g1 o rect o
signal-processing unit SPU, for example a microcomputer, which processes
said signals to control signals Sac for an actuator AC with which the substrate
holder is moved in the XY plane via the substrate table WT.

[0052] With an interferometer system, which has not only the
X measuring axis shown in Fig. 1 but also a Y measuring axis and possibly a
third measuring axis, the positions of, and the mutual distances between, the
alignment marks Py, P, and M;, M; can be fixed in a system of coordinates
defined by the stétionary interferometer system during the initial, or global,
alignment of the mask and the substrate with respect to each other. This
interferometer system is also used for moving the substrate table very
accurately, which is necessary for a stepping lihographic apparatus so as to be

able to step very accurately from a first IC area to a second IC area.

[0053] If, as shown in Fig. 1, the lithographic apparatus is a
step-and-scan apparatus, in which the mask and the substrate must be moved
synchronously during the projection of the mask pattern in an device area, the
mask must also be moved in one direction, the scanning direction. With the

magnification M of the projection lens system being taken into account, this



magni fication Mof the projection |lens system being taken into account, this
19 MARCH 2007 novenent nust be synchronous with the correspondi ng novenent
of the substrate. Then, the mask and the substrate nust stand stjidiafNcH2007
respect to each other during projecti bh and both nmust be noved with respect
to the projection |ens systemand the projection beam To neasure the
novenment of the mask, the apparatus nust be provided with a second
interferoneter system This interferoneter system conprises the el enents
60, 61, 62, 63 and 64 which have a simlar function as the el enents 50,
51,,52, 53 and 54. The signals fromthe mask interferonmeter system
represent ed thVemémmkbeanchﬁinwdwnhthcdmyre@cmkiglgahomdtnfﬁeg 1, are
applied to the si gnal -processing unit SPU in ch these si gznal s are

conpar ed wi t ¥bstERSE.c bheth dhromatkag %s‘-bilﬁ&sga@ﬂ&}ﬁs@fias@hﬂgb%?@“ Pt er f er onet er
system It c substrate

nut ual 'y hav%&?h{eh%gg@%le%ﬁg%gl?h?%%b% Jg%en%l\léged@ﬁlé gﬁc}h?ﬁ [0054] If the

posi tions i nprbjeetion RAsisysteth ard theqnsjectiont beamirelkmeauee uhemmm&he@f by Xr, Yr
and those of the supstrate by X, Y. and the rotation _about the Z axis by

rpr,r and (pthemask, ﬁ@ﬁaﬁw&%mumerﬁowé%m drscopddnterferometI FYstgMen t he nask

[0055] - N et Bpbft SEgmLpROR.H ACFmihG Bl CEBESS AREFT" ot = 0 (3

[ 0058] i n whwhich bhvesa sihdlambgriibn asithe@tentdntst 30 Spy 62,653 amlb4. €Mt system |t has
been assuned .t hat _the mask and_t he substrate nove |nh§l§p05|te directions.

If these el eHEnAlsTE e mas Wéeréf‘a%efaf system. gepresented fonthe sake®f  preceding Min
the above c ﬁﬂppamgﬁ%dﬁﬁ i%@%pﬁﬁ%d@oﬁiavﬁl gfbcegs%]gjxﬂuNA‘RCH 2007

[ 0059] To asce her cond I ons n net
SPU in which these signals are compared with the corresponding signals from

the substrate interferometer system. It can then be ascertained whether the
mask and the substrate mutually have the correct position and/or move

synchronously.

[0054] If the positions in the X and Y directions of the mask
are represented by X;, Y; and those of the substrate by Xy, Y and the rotation
about the Z axis by ¢, and ¢, , then the following conditions are satisfied

when the mask and the substrate are correctly positioned with respect to each

other:
~ [0055] Xw-MX. =0 (1)
[0056] Yp-M Y, =0 (2)
[0057] Dow—Par= 0 (3)
[0058] in which M is the magnification of the projection lens

system. It has been assumed that the mask and the substrate move in opposite
directions. If these elements move in the same direction, the minus sign

preceding M in the above conditions should be replaced by a plus sign.



is sufficient that both the interferometer systemfor the substrate and that
for the mask have three neasuring axes. [0060] However, the substrate
interferometer systempreferably neasures not only Xw, Y. and (pg %H?@%
| px,wand i.e. it is able to neasure the tilts about the X axis ané

axis. [0061] Anal ogue to the substrate interferoneter systemthe mask
interferonmeter systemnmay also not only neasure Xr, Yr and (pzr but also
nmeasure (pz, and cpy, To be able to nmeasure such tilts of the mask, a
five-raxis mask interferometer system may be used, or a conbination of a
three-axis interferoneter systemfor determining Xr, Yr and | pzr and ot her
sensors such as [00§%3citi v&ossoatais whethet these(qonditioanbavpyheen meastir enent s.

[0062] |f Xw, C nd rpyw and X n n .r and, with
the aid of Mﬂﬁ@@r@g} X’Gﬁ@%‘?ﬁoﬂ}‘?%%it@ﬁ]forﬁ é'ﬁlﬁfg%e, %é.%aw?%e posi tions
al ong the ZyaxhskHavk igesHeadurmpaxa)d the mask can be neasured, it can be
ascertai ned whether not only the conditions (1), (2) and (3) are net, but

‘also the conditions: [0063] M2. Zw - Zr 0 (4) [0064] M 9zw (Ox.r= 0 (5)
[0065] Al (py,w {0Q68Y, r = Glqvever, [tlmr@]strarhmt@rﬁerame@r wstgn rpmfcrab}yl

described with referen f or, nmut ual | al| mask ali gnnent
mark and a SFBFLPYO é‘? gxﬁ?gdﬂﬁ‘rl? U RIS Py tli oy g her has been

found to ben%%tﬁ@'ﬂiéﬂlts%ﬂoﬁ%@(iﬁéan@&’é"[&:&@pp' ng and step and- scan
l'i hographi c apparatuses with which images having Be widths up to a given.

m ni mal value are formed. However, it is expected that the use of novel

technol ogi es in {8RSHIC mandnalague to thesubgratoinkasferpmetensystesietheeasi ng | i ne
widths in the J ad to proble as_far,as, accur nd
el | api |11y Mk e RBler sy R mlaf iR OB R Eashn o S5 e BHtaBeCi ng ¢ e
l'ine width, nidasuralyl 0RA® R} ToGRWHROY tesStreRbcleAROOICEE mavheniwsiig said COWP
mask interferometer system may be used, or a combination of a three-axis
interferometer system for determining X;, Y and ¢,, and other sensors such as

capacitive sensors for the ¢,, and ¢, , measurements.

[0062] If Xw, Yw, @xw @y,wand @y and X, Yo, @zn @xn @yr
and, with the aid of the focus error detection system, Z,, and Z,, i.e. the
positions along the Z axis of the substrate and the mask can be measured, it
can be ascertained whether not only the conditions (1), (2) and (3) are met, but

also the conditions:

[0063] | M~ Z,-Z =0 4)
[0064] M ¢xw-¢:,=0 &)
[0065] M. @y - pyr=0 (6)
[0066] The on-axis alignment unit, described with reference to

Fig. 3, for mhtually aligning a mask alignment mark and a substrate alignment
mark with respect to each other has been found to be eminently suitable for
both stepping and step-and-scan lihographic apparatuses with which images
having line widths up to a given minimal value are formed. However, it is

expected that the use of novel technologies in the IC manufacture and



process, asymretries are introduced in the substrate grating mark so that
the alignnment procedure in which the first-order sub-beans are used becones
unrel i able. Moreover, when using an al ig?:mant beam havi ng one wavi® MAKGH 2007
strict requirenents nmust be inposed on the depth of the grating grooves of
the alignnment mark, which requirements can only be net with increasing
difficulty. [0067] Al of these problens can be sol ved by maki ng use of an
of f-axis alignnent unit for aligning the substrate mark and by using

hi gher - order sub-beans, i.e. sub-beans having a diffraction order which is

hi gher than 1, in the alignment. .Here it ,wijl understood that references
to” the. sub- Hieairas e TRE i R the kS sl e gy epR &l i 858 s o

i nstances i ngldueigabilitg of tie R Balidhident @E0AE Chn@mvdd Wheterediding aet i on or der
(for exanple -and order and -5 s order). Since the alignment of the
substrat e narlioervidits theealignmgrieaccpragy awshboenianeade Whe) using said CMR system
there will be _greater free 1 use . e b- bea rtigularly

hi gher - or der Y %qs%.eag}zr%l_ne _e%%{ég ’tn%gd‘flceegéﬁlw\&l[en%lgs a&/\érraﬁgg nfaﬁl%soa P t%ﬁent uni t

i ncreases W tdlgamehsro6atute e wWiHiek theTitbérdeOfubt ams Sibude@ d8Bomdshe accuracy of
the alignnment can be enhanced considerably. Since notably the higher-order
sub- beans ar eungeliablari Mereowsr, when using en akignment bearp dayiag engwavélengthar k and, as

conpared with, the center. of .grati.ng,., t hese does. are | ess.jinfluenced by
o v pr octed FeiBi sy BE PRE Bl nd PR of RE KRB e grating.
the probl em ofligafm¢itmarky whithtrbguifhents @nGalKbd Set With afreasilgi N nat ed.
Moreover, it is also possible to use alignnent radiation wth nore than one

wavel engt h sdliffiealtyt he requirements inposed on the depth of the grating
grooves can be alleviated considerably. [0068] As will be el ucidated

hereinafter, the dj acti on,@r a er by
optical elenents ﬁ%bﬁ]e ali gAnfr?rgg?{eu%P@B%fﬁ%gﬁbg@eéégﬁaig%rg ?ng to the
i nvention. Conmseffiueisalignmeérit unit focdlighingahe aubstrate makadd dy skiggal anpl it udes

but the phase neasurenents which are nore conventiqgnal jn these
higher-order sub-beams, i.e. sub-beams having a diffraction order which is

=

higher than 1, in the alignment. Here it will be understood that references to
the sub-beams with a diffraction order higher than 1 may in some instances
include the sub-beams with respective negative diffraction order (for example
-3" order and -5 order). Since the alignment of the substrate mark no longer
takes place through the projection lens system, there will be greater freedom to
use more sub-beams, particularly higher-order sub-beams. Since the resolving
power of the alignment unit increases with an increasing order number of the
sub-beams, the accuracy of the alignment can be enhanced considerably.
Since notably the higher-order sub-beams are determined by the edges of the
substrate grating mark and, as compared with the center of the grating, these
edges are less influenced by said CMP process and other measures affecting
the symmetry of the grating, the problem of asymmetry in the grating mark is
largely eliminated. Moreover, it is also possible to use alignment radiation
with more than one wavelength so that the requirements imposed on the depth

of the grating grooves can be alleviated considerably.

[0068] As will be elucidated hereinafter, the diffraction orders

are separated from each other by optical elements in the alignment unit



ki nds of techniques can be used. [0069] Fig. 4 is a schematic illustration
of a lithographic systemthat has an off-axis alignment system The

of f-axis alignment system has two sources of radiation 70 for i{oNRREF 3 g
alignment marks at two different wavePkngths, for exanple a red | aser an
green |laser. Both lasers illumnate an alignnment mark substantially
sinmultaneously and reflected light is directed to separate detector
channels (e.g., a red channel and a green channel). O course if one were
to toggl e between wavel engths, especially at high frequencies, one would
achi eve substantially the same effect. Such a nodification is considered
within the saccqrdingftothd iavémiz)aanmmquﬁ’tlgnillissndt meeeasdry tomedduee signalwavel engt h
channel s are t Bg substantially .in parall el Qsition

det er i ni ng agm elp ast?d?ﬁﬁﬁ?ﬁee’&ﬂsd%" I{“?{ECB%Y%‘HE’%‘?H@{}}?%‘E i ncl ude at

| east one %%%Jﬂn@&@ﬂ%b&% dthe at least two different wavel engths,
e.g., at least one re annel and at | east one green channel. The position
det er mi ni ng unit PDU may be a hard-w red special purpose device performng
particul ar functil6869]or it Higy isaccheipatic iﬁinsigaﬁmmﬁlallidmgmmm er that is
programed to C}{)ti?rmthe esired functions r}{addl Jon, it may be a

separ at e unlsﬁ' tiys agff-axy lepment.aysiem- Fly o ignmERt sysfey| enent ed

through sof tyaggo kdhréé%%f%no-ﬁhﬂ) ﬂ%?ﬂl&rﬁﬁﬁku&ke&l%hfﬂeﬁiﬁﬁrk%% twdDU processes
signals fromone or the other of the two wavel'ength channels, or both

signal s t oghfifé¢rent, wa\@lemgﬂmrfor meampie apc@lasemdmfgredmlasdn @oﬂe}a‘sersrar k being
det ect ed. 5is as tIC IIustratl n of Xi S
al i gnment uHH\‘m!i’@ Bt%{ﬁr Sl‘B‘f‘ltaPﬁP'és ﬁ?‘le dthﬁﬁtny structural

features of 1§Hiréﬁﬂéﬂat'8tse Mﬁk%@ﬁcﬂf%ﬁiﬂrﬁﬁQe?era‘%e@E@anﬁélrﬁddaargr@én the sane as
those described in U. Patent No. 6 , the entire content of which

i s i ncor por aheshehe (@ coutsg lf@ieewenéetogzlaeb%wb@twa\teéengﬁxskesmaﬂhet formof a
grating, i oted by P1. a ' nt ng a wavel engt h
X i nci dent }iglig ?Bﬁ?VOﬁl)cﬁ cfnfﬁvg SB‘P%‘?‘ maée e% ﬁb@"r‘f‘lthc? a number of
sub- beanms exh&hfltdtidnas cotisidefddeRithin the scope of thlS invention. Signals in each

of the two wavelength channels are thus obtained substantially in parallel. A

—

position determining unit PDU is in communication with the detectors that
include at least one wavelength channel for the at least two different
wavelengths, e.g., at least one red channel and at least one green channel. The
position determining unit PDU may be a hard-wired special purpose device
performing particular functions or it may include a programmable computer
that is programmed to perform the desired functions. In addition, it may be a
separate unit from the SPU illustrated in Fig. 1 or it may be implemented
through software in the SPU. The position determining unit PDU processes
signals from one or the other of the two wavelength channels, or both signals
together, to determine the position of the alignment mark being detected.

[0070] Fig. 5 is a schematic illustration of an off-axis
alignment unit according to an embodiment of this invention. Many structural
features of alignment systems described here are similar or the same as those
described in U.S. Patent No. 6,297,876, the entire content of which is

- incorporated herein by reference. The substrate mark, in the form of a grating,

is denoted by P;. A parallel alignment beam b having a wavelength A incident



angl es an (not shown) to the normal on the grating, which angles are defined

by the known grating formula: [0071] Sinan = NA (7) P [0072] wherein Nis
the diffraction order nunber and P the grating period. [0073] Thg

t he sub-beans reflected by the grating22incorporates a |ens systgnpﬁﬁhgﬁﬁ@ﬁ7
converts the different directions of the sub-beans at angles an into
different positions un of these sub-beans in a plane 73 : [0074] un = fl

an (8) [0075] where fl is the focal length of |ens systemLlI. [0076] In
this plane, nmeans are provided for further separating the different
sub-beanms. To this end, a plate may be arranged in this plane, which is

provi ded W tén g grehdgd BRpRl §nhﬂﬂbéﬂlﬂsﬁl§lbeatﬁ§ extéflin@¥@difeRnt Wedges. | n
Fig. 5 the vvedge Iate |s enot ed VEP. The wedges are provided on, for

exanpl e the angéﬁsom(e@ sbpwnh@tbme@namnphqgmu@vdmhmé%mdefpredvu ded on the
front side ich an alignnent beamcomng fromthe

radi ati on sggr%lg%}‘g%vﬂ%r g(%#%% a He-Ne | aser can be coupled into the
alignnment unit. This prismcan al so prevent the 0-order sub-beamfrom

reachi ng the det ef@0%1}s. TheSiwmugbev.iof wedges corresponds {g the nunber of
sub- beanms which is to be used. In_the enbodi mrent shown, there are six

wedges per di nension for the pl usPorders so that the sub-beams can be used
up to and including the 7-order for the alignment. Al wedges have a
different 23 19 2007 ' aration of the
di fferent sub-bea I's obt al ﬁ@%&%?gg’?%ﬁﬁcé%ﬁ i\ﬁér;%é?iﬁngu is arranged
behi nd the wadgeg pgiadt e. This | ens systeminmages the mark Pl in the plane of
reference plate ‘

[0073] The path of the sub-beams reflected by the grating
incorporates a lens system L; which converts the different directions of the

sub-beams at angles o, into different positions u, of these sub-beams in a

plane 73 :
[0074] u =1 . ap (®
[0075] where f; is the focal length of lens system L.
[0076] In this plane, means are provided for further separating

the different sub-beams. To this end, a plate may be arranged in this plane,
which is provided with deflection elements in the form of, for example
wedges. In Fig. 5, the wedge plate is denoted by WEP. The wedges are
provided on, for example the rear side of the plate. A prism 72 can then be
provided on the front side of the plate, with which an alignment beam coming
from the radiation source 70, for example a He-Ne laser can be coupled into
the alignment unit. This prism can also prevent the 0-order sub-beam from
reaching the detectors. The number of wedges corresponds to the number of
sub-beams which is to be used. In the embodiment shown, there are six
wedges per dimension for the plus orders so that the sub-beams can be used up

to and including the 7-order for the alignment. All wedges have a different



RGP. In the absence of the wedge plate, all sub-beans woul d be superinposed

in the reference plane. Since the different sub-beans through the wedge
plate are deflected at different angles, the inmages formed by tyegRRIPLRIFE
reach different positions in the refe?&nce plane. These positions X are
given by [0078] X =f2 Y. (9) [0079] in which y" is the angle at which a
sub-beamis deflected by the wedge plate. [0080] At these positions,
reference gratings &0 - (NP6 can be provided, as is shown in Fig. 6. A
separate detector 90-96 is arranged behind each of these reference
gratings. The output signal of each detector is dependent on the extent to
whi ch the i medge aiglé hethathsoptana sepaitionpfithe differone sutebeanistis t he rel evant
reference gratjing. Hence, the extent of alignnent of the substrate grating,
and thus of oPRWedypstrate, can be measured with each detector 90-96.
However, the accuracy with which the neasurenent takes place is dependent

on the order nu f the p ; 4rfin lw&% is larger,
the accuracy is grgg?er. I?#B&%&%ﬁﬁ%ggeen gesds)ggngﬁdd?]gr t é sake of
sinplicity plasd. Thid lenedysteennmaggs tieinrgk PeiiDthe pliiie df aeferenbeplaene grat i ng

period. Actually, however, the gratin erjod of each grating is adapted to
the order ﬁg%i?tb&ra ?Péegggﬁ&%{géﬂ’laé%lﬁﬁﬁé amg WoRld by syperimpessdr i s | ar ger,

the gratin ri i |d: : éﬂg‘h_ ﬂh.ﬁﬂgﬁ n be

det ect ed. Z%@grﬁ%&hfg%g% §'ﬁ§0tgél]?lfﬁrt erlé géa(??ﬁy 0 eqé%t%%g%?‘?fracti on
orders has breedleflectnd atdifferbnt fgléss tHerimapes farmed by getsubtbegmatdaoy f orns, in
addition to .1, +2,. . +3 ﬁtﬁcﬁgrder slub- ans, al so%ea of diffraction
orders -1, - Siffesentpositiopginthe pelergneeplage dpese pegitions \ rs sub-beams
can be used to formthe grating inage, i.e. a first imge of the grating
mark is fornmed by the + 1 and -1 order sub-beans jointly, a second inmage is
formed by the +2 and -2 order sub-beans jointly, and so forth. For the + 1
order and the -1 order sub-beans no wedges need to be used, but

pl ane-paral | el pl@X78% whi ch conpensate foXn=f2.7a ©))
[0079] in which v, is the angle at which a sub-beam is deflected
by the wedge plate.
[0080] At these positions, reference gratings Ggo ~ Ggg can be

provided, as is shown in Fig. 6. A separate detector 90-96 is arranged behind
each of these reference gratings. The output signal of each detector is
dependent on the extent to which the image of the substrate grating P;
coincides with the relevant reference grating. Hence, the extent of alignment
of the substrate grating, and thus of the substrate, can be measured with each
detector 90-96. However, the accuracy with which the measurement takes
place is dependent on the order number of the sub-beam used; as this order
number is larger, the accuracy is greater. In Fig. 6, it has been assumed for the
sake of simplicity that all reference gratings Goo — Gos have the same grating
period. Actually, however, the grating period of each grating is adapted to the
order number of the associated sub-beam. As the order number is larger, the

grating period is smaller and a smaller alignment error can be detected.



pat h-1ength differences can be provided at the positions of these sub-beans
in the plane of the wedge plate. Thus six wedges, both for the plus orders
and for the minus orders, are required,for the orders 2-7. [0082]9 MARCH2007
illustrates nore clearly the functioning of the wedges of the enbodi nent of
Fig. 5. In the nore schematic Fig. 6, the first Ilens systemLl and the
second |l ens system L2 are represented by wavy |lines. For clearness sake
only the sub-beans of the first orders b(+1) and b(-1), the sub-beans of
the seventh order b(+7) and b(-7) and the sub-beans of another order b(+i)

and b(-i), for ex the fifth order, are . As . Fig. 7 illustrates,
the wedge angl es, a[:aB%ﬁ the amget %ﬂﬁ‘ﬁ?éofal%ﬁ%\grbé’ﬂqr%%ﬂﬁbefﬂe wedge nakes
wi th the pl an@n§iHedac ased kiden, WekiSRcRbREANEFormR! inlda8intad89S], +|§9 and 80" are

such that the sub-beans b(+7) and b(-7) are deflected in parallel
di recti ons aneB etonuder gabéams, hlso sule-berind efidiffaagtior orders -dn@d.-3 efcer ence grati ng

6. A th -b b( +i d.b(-i def | ected by, t i at ed
wedges 32 andPab e bion gt ant B M osdec b Getnsan DeSEHodRER R or ance
rati ng CO1. ghing ik, 2 6ot ithp GFARE giifhe ilkrc HelobifEd B9 NP - ponver ged

by the second | ens systemon one refe grating 3. By using both the
pl us order amwdertshb-beams gointly]@rseeinddmage i fofmedtby the +Grapdr-2 arderut hf ul i nage

gr at i ng and ACOHREANHHBEETES i Tor (8 Tapdeates R Beh 10 WaRCH
2007 [ 0083] Ay Wedgds BEW® behBed bt ﬁhﬁ@ﬂaxﬁﬁ@liﬁlit@@@hicﬁ‘gg)ﬂlpéﬁs%&eﬁ} to the plane

of the mark Pn and the reference grating plate RGP, he | ens systens LI
and L2 and t imath-tength differgnérs caf be prevedddeat shespasitioms of tigse $ubrleamgdnem has a

focal length flI and i S stem .S _ar.ranged at di,stance f1 framthe pl ane
of “the mark ¢ pliangt (RS BB Thu HaareEes Bt IRl gt sn e oubl beas
in directiongfe Ramal dr8érs,!Re tRIEPEIreRd or@¥is2-PO' . The di stance between the

first lens systemand the second | ens systemis equal to fl + f2 whereby f2

is the focal Ieng[th of the second | ens system The reference grating plate
is arranged at a [0082] Fig. 7 illustrates more clearly the functioning of the

wedges of the embodiment of Fig. 5. In the more schematic Fig. 6, the first
lens system L; and the second lens system L, are represented by wavy lines.
For clearness sake only the sub-beams of the first orders b(+1) and b(-1), the
sub-beams of the seventh order b(+7) and b(-7) and the sub-beams of another
order b(+i) and b(-i), for example the fifth order, are shown. As Fig. 7
illustrates, the wedge angles, i.e. the angle which the inclined face of the
wedge makes with the plane surface of the wedge plate WEP, of the wedges
80 and 80’ are such that the sub-beams b(+7) and b(-7) are deflected in parallel
directions and converged by the second lens system on one reference grating
Gos. Also the sub-beams b(+i) and b(-i) are deflected by the associated
wedges 82 and 82’ in parallel directions and converged on one reference
grating Go;. The first order sub-beams are not deflected and are converged by
the second lens system on one reference grating Gos. By using both the plus
order and the minus order of each diffraction order a truthful image of the
substrate grating mark P; is formed on the associated reference grating and a

maximum use is made of the available radiation.



di stance f2 fromthe second |l ens system As in the path between the two | ens
systens the chief rays of the sub-beans are parallel to the optical axis 00,
the position of the wedge plate is nof _critical. [0084] In orderd MARCH 2007
t he enbodi nent of Fig. 5 the plus- and2> i nus order sub-beans of the sane
diffraction order are deflected such that they can be correctly superposed
by the second | ens systemon the associated reference grating, stringent
requirenents are to be set to the nutual quality of the two associated
wedges. These quality requirenents relate to the quality of the inclined

faces of the wedg d to the dge angl es. [0085] To.lessen said

requi rements and ﬁoq%il ease%‘&@mﬁp%ﬁéh%%egﬁm%lﬁ@mawlﬁﬁﬁﬁ}%ttGrﬂ’% ,
preferably u ' f ' shown in

B g, o 1 st dgeDf Tlfarkp, i utl ltibite Britng AL RER, bPhe IV RRS I (01
exanpl e t hr ed,; andiigenpthatfesal 1n@ths DI tHe3e Jenshoystdms. flee lenssystent hasad | sub- beans,

are used. Fiq. sh a,perspectjve view and Fig. .9 a side view of the
wedge pl at es%oepi@nﬁ%én%ﬁ’éﬁl steqm i arjagge @%S%?%@W theplage gEther ace and
t he | ower fa‘fqaéggbaméﬁh?sys}é?ﬁLPh@l?&tsltﬁﬁ gﬁilt@irrazgg{: e sheh if he face 192a

and the face , are difterent for t e plates. e of the plates,
for exanpl e pirattéont parallbkte the optibgbaxin QIO8. The distanee bgiweai the firstdenshose of t he
ot her plates. The plates arge provided wth nynber of_  openings 200, only a
few of whi ch SstemaRd ¢ serond lgns %’.Ste?h@seé“%lﬁégﬁ ﬁgst]éﬁI%by fais g’ﬁg@@?at posi ti ons
wher e sub- be b RS e I aw 2007
However, not %@é@%@?ggﬁ%gg S{ti&gh ng r%%%ﬁ%%gﬂaﬁggglragegé%. aasub- beamis

i nci dent on dlistanpe fij fngmithe secphdileas systen.| As irothe lpathdtsdtwesnt thel thy ldnki s pl at e.

[0086] On its way through th | afes a sub-b w |l .encounter, zero, one
or two openi ﬁ&g‘?%ﬁiﬁef?‘lqiéaylsiq?él% W&’MG&%&&&O @ﬁ@BHF?rt]é‘?“:? é@rg‘eopeni_ngs

and is not d?%ki?@ﬁ@fjth@)(weﬂ ¥oiie 56t &liddags.- In Fig. 9 the path through the
pl ates of one of the sub- egm; I's shown. This sub-beamis deflected to the

right by the first plate 190. Subsequently this sub-beamis
[0084] In order that in the embodiment of Fig. S the plus- and

" minus order sub-beams of the same diffraction order are deflected such that

they can be correctly superposed by the second lens system on the associated
reference grating, stringent requirements are to be set to the mutual quality of
the two associated wedges. These quality requirements relate to the quality of

the inclined faces of the wedges and to the wedge angles.

[0085] To lessen said requirements and to release the
tolerances of the alignment unit, prefefably use is made of the structure of
deflection elements shown in Fig. 9. Instead of one discrete wedge for each
sub-beam a number of, for example three, wedge plates 190,191,192, which
are common to all sub-beams, are used. Fig. 9 shows a perspective view and
Fig. 9 a side view of the wedge plates. The wedge angle, i.e. the angle
between the upper face and the lower face of a plate, for plate 192 the angle
between the face 192a and the face 192b , are different for the three plates.
One of the plates, for example plate 190, has a wedge angle which is opposite
to those of the other plates. The plates are provided with a number of
openings 200, only a few of which are shown in Fig. 8. These openings are

arranged at positions where sub-beams are incident on the relevant plate.



defl ected over a smaller angle to the left. Finally this sub-beam passes

t hrough an opening 200 in the plate 192 so that no further deflection
occurs. For each of the sub-beans the ggnber of openings and t helHVAKRCEH2007
the plate in which such opening is present is different fromthose of the
ot her sub-beans, so that the sub-beans are all deflected in different
directions. It will be clear that with a conbination of three plates 23 = 8
different deflection directions can be realized. As a pair of sub-beans of
the sane diffraction order is deflected by the sane wedge plates, the risk

t hat these sufh-beans are not eflected in.parallel 'reclg'ons.is m ni m zed.
[0087] In th %%vg&iquﬁfevgfy PIYPOSKEION 4 ogenily |5 BieseRls Na S 'bﬁambsr der nunber

of 1 to 7 arensiaet o%(hntcfp%hjng%@pla{t@ft(%\l‘iﬂ'ih@ﬁbe%e’ﬂeht&ﬁ%y@i@piaté396 are - necessary
for the alignment in the X direction. For the alignient in the Y direction,

seven sub-beans mcaiy al so be used together with seven further reference
gratings (98 - GLAQ08¢ks i s sBBWE way timoygh the plateex sibdbeasr wdk of twel ve

wedges is then ar e | at.e 4 Y. di.rection in the

enbodi nent of?nﬁ?'ﬁ{.t&g.gerghgﬁ&erqgl_ﬁ\tﬁg&ﬁ%ﬁtéﬁ @B}Spgfd r%“ebéoef?ﬂ’sseri es of three
wedge pl ates dngolull€r z8fo GPeR@s bid isht Befldetedibyt dag of ke pleREBIEE0g e or behi nd
the first series of wedge plates, which second series of plates deflect the

sub- beans i n the gathdbronglhthe plates ef anetof shesubehermads shown: Bbisisubibeamdswn in  Fi g.
2 h f O, ' | . i.be |i . F
Che tirac. or denoglh (Rt By therIBAE 100 ML AE Ul SHENSER s e w eh four

grating portidfiscted 00ertf soidlieg Bnglavethe 1€ AFinflfy 6y dubcbeatn gasfesm while the two
27 19 MARCH 2007 other grating portions have a period of 8.8 pmas is shown

in Fig. 6. THarayghap opening 2AQ in e alatn L sethat norfugthendeflgetion epgurser i od whi ch

e to t . : ! L o
Sberiod of tonsaof &k S5 Blard e ARbLAT Befies &g 4R BF WIHIREM P77
associ at ed wi which kchgspehingds presér¢ iFtliffefenffrom tRodesoftthesthemdubtimamed. [ 0088] I n

t he enmbodi nent of Figs. 5 and 6, the sub-beans . .
so that the Sub-beams are all deflected in different directions. It will be clear

that with a combination of three plates 2° = 8 different deflection directions
can be realized. As a pair of sub-beams of the same diffraction order is
deflected by the same wedge plates, the risk that these sub-beams are not

deflected in parallel directions is minimized.

[0087] In the embodiment of Figs. S and 6, sub-beams with an
order number of 1 to 7 are used so that seven reference gratings Ggo — Gog are
necessary for the alignment in the X direction. For the alignment in the Y
direction, seven sub-beams may also be used together with seven further
reference gratings Gog — Gigs, as is shown in Fig. 6. A second series of twelve
wedges is then arranged on the wedge plate in the Y direction in the
embodiment of Fig. 5. In the embodiment of Fig. 9 a second series of three
wedge plates is then arranged in the path of the sub-beams before or behind
the first series of wedge plates, which second series of plates deflect the
sub-beams in Y-directions. The substrate mark may be the mark shown in
Fig. 2 or other types of marks, e.g., marks provided along the scribe lines. For
the first-order sub-beams, a similar reference grating may be used with four

grating portions, two of which have a grating period of 8.0 um, while the two



havi ng the hi ghest order nunber are deflected by the deflection elenents

t hrough the | argest angle. However, this is not necessary. Under sone
circunstances, this order may be nodifjed, for exanple for nini nd%M4ARCH 2007
optical aberrations in the grating i mages. That nay al so be the reason why
the sub-beans with an ascendi ng order nunber are deflected by the wedges
alternately at a positive angle and a negative angle, as is shown in Fig. 6.
[ 0089] The m ni mum nunber of diffraction orders which has to be detected to
be able to align in a sufficiently accurate way at a given asymmetry of the

bst r at k_Pi be deternined, b of : ' tions. Such
il 2t ons SER SRR IR § B ob FERLR S ShGTHBHIE &r TRTOBF 150 nm -
whi ch remai nefeydiRB ghatini§ ﬁéw%ﬁbn@ﬁﬁ%%%%ﬁ@whﬁ%ﬁ@pﬁ@@oﬁ& toftgguced to 20 nm

when a fifth-order 'sub-beamis used. 0] I'n principle, the maxi mum nunber
of orders whtlewant sltffrapiéondendenefabe gratidg pertions swithtayperiod ofil Gipmuof that ensi ty

whi ch can sti]l be detegt and by the neri cal. aper. e of. the lens
oystem L1, 1905t pBRe Bt b GBturp Yangr of A 15t airia @R B bhS eftipto by o
di ffracti on g4Rlp, BYFPDGKINéD AREHEMSES W th an increase of the order nunber
~of this sub-beam the intensity of a sub-beamis inversely proportional to

the square of the order nunber of this sub-beam For a seventh-order

sub-beam the intl@088)y is Intasembedimentaftiigs 5 andothsfsubfpgamef a first- order
sub- beam TRe intensi |l oss. due to reflections nder gone an al i gnnent
beam when t \\;gﬂgstﬁ%%gglgséo ‘fef pg#gﬁgr Af Fﬁﬁ?@#byy%etdeﬂﬁfon%g%ﬂ , _consi derably
snal | er t hanhmgh tiel latgeg\u@pRe However) tiX isndtlneedisdn! Usledfdnd ARCH 2007 unit.
In the |ast-nmentioned unit, the alignnment beam nmeets, for exanple

appr oxi mat elojrcamstaneasdihéscorderrmaybes modifigd; fon example der mimimigsngeptical occur and
in the first L1 on unit . et for on nty of these
sur f aces. Ia?)g%ﬁrﬁoﬁ 5& g}e gr} %¢9%@ag§sn f%aé & alysa?sg)a@;tilgaefas@'wﬁmme in the off-axis
al i gnnent  undub-behdhs with-adradesndilg (roeraiimtey brelR AR @ By ity RedfesMUch i ntensity
as a l-order alignnent beamin the on-axis alignment unit,

alternafely at a positive angle and a negative angle, as is shown in Fig. 6.

[0089] The minimum number of diffraction orders which has to

be detected to be able to align in a sufficiently accurate way at a given

asymmetry of the substrate mark P, can be determined by means of computer

simulations. Such simulations have proved that, for example an alignment

error of 150 nm which remains when a first-order sub-beam is used can be

reduced to 20 nm when a fifth-order sub-beam is used.

[0090] In principle, the maximum number of orders which can
be detected is determined by the minimum intensity which can still be detected
and by the numerical aperture of the lens system L;, L,. As is known, the
intensity of the sub-beam formed by a diffraction grating quickly decreases
with an increase of the order number of this sub-beam; the intensity of a
sub-beam is inversely proportional to the square of the order number of this
sub-beam. For a seventh-order sub-beam, the intensity is thus approximately
1/50 of that of a first-order sub-beam. The intensity loss due to reflections
undergone by an alignment beam when traversing the off-axis alignment unit

is, however, considerably smaller than when it traverses an on-axis alignment



[0091] The nunerical aperture NA. which the optical system L1, L2 nust have

to pass a sub-beamw th a diffraction order of Nis given by: [0092]
NA"=sin (N,. J (10) P [0093] For a 7-order sub-beam and a substmwaigrgteioong
mark wth a grating period p = 16 m afl a wavel ength), = 544 nm the
desired nunerical aperture is approximately 0.24, which is a very

accept abl e nunber. [0094] To guarantee a suffici ently stable system the
different reference gratings are provided on a single plate RGP which
preferably consists of quartz, as is shown in the enbodi ment of Fig. 6. The
di nrensions of this plate, hence the image field of the second | ens system
are det er m nemit. bip the -m&n@md@mtdme@hgmmatrbeamnmfgmamp@s and their

tual dist d2. This  dist d f le, both 0.2
S0 that ¢ RO o GRS R RS Sy SERERE (e pi at o

RGP are 2.8 prméfiebtinkeatiof@Bidieid neeq! fbr@kﬁgﬁﬁ%hlg t%zeﬂ%ﬂﬁés@%ﬁﬁhééﬁ mm [ 0095]

The di screte wedges of the enbodi nment o be made of gl ass or

quartz and flfmtot&brﬁleqnamlcés plaaﬁaetormfmfostrmt%a@ﬁjms slignmengunihithhr degr ee of

stability. dge sQ be eof transparent 29 19 MARCH 2007
synt heti c rra?é’F‘%(ggflﬂ é&%hﬁ anglt sitg Eor H that case it is
preferred tog e@w@mmgbﬁax{sqm@ﬁmgﬂqunovm per se in optics, to print
the whole wedge structure by neans of a nould in one runin a thin | ayer of

this material, which layer is applied to, for exanple aﬁﬁﬂuartz substrate.
As al r eady remaerHl] i nsteﬁhﬁ@ﬂ%@éﬂﬁ@@@@gé@l@@ﬁ@ﬁ yystemge pl at es

Ot ner def 1 ect 4 T e AP Pl SR beafL AR et B o S e B T o Fon

gratings of which onIy one order is used. Further rmre |t is possible to use
defl ection structures constituted by patterns of refractive index
variations in the material of a plate, which patterns are provided, for

exampl e by means lhgjon Imlantation. L g

p

[0093] For a 7-order sub-beam and a substrate grating mark
with a grating period p = 16 um and a wavelength A = 544 nm, the desired

numerical aperture is approximately 0.24, which is a very acceptable number.

[0094] To guarantee a sufficiently stable system, the different
reference gratings are provided on a single plate RGP which preferably
consists of quartz, as is shown in the embodiment of Fig. 6. The dimensions of
this plate, hence the image field of the second lens system, are determined by
the dimension d; of the reference gratings and their mutual distance d,. This
distance and dimension are, for example, both 0.2 mm so that the dimensions
dy and dy in the X and Y directions of the plate RGP are 2.8 mm and the

desired field diameter is approximately 3 mm.

[0095] The discrete wedges of the embodiment of Fig. 5 may
be made of glass or quartz and fixed to a quartz plate. This structure shows a
high degree of stability. The wedges may also be made of a transparent



[0096] In order that not too stringent requirenents have to be inposed on
the groove depth of the substrate nark, alignnent radiation havi @

wavel engt hs, for exanple 633 nmand 532g'm is preferably used. MABQHNW
made of the fact that the angles at which the alignment grating deflects

t he sub-beans and the positions which these beans occupy in the rear focal

pl ane of the |l ens system Ll is dependent on the wavel ength, as is apparent
fromthe expressions (7) and (8). In principle, the orders for the different
wavel engt hs can be di stingui shed from each ot her. Wthout further neasures,
however, a gi f I Jirst wavel ength
(633 nrr) may iﬁﬂ %ﬂ?{mg%lh%reﬁﬁﬁéﬁr}p@g%ﬁs&g%éﬁgqgn&h ¢ gletiglorders of the
second wavel greeted fodide amgplicaiorspluighe; khovwn pedkeria opﬁcsr, bepdidther ent

wavel engt hs better from each other, it can be ensured that the beans with
the diff er entholvedserifuprirebrmesns ofarmould injpre mindn e thindayes obthis he substrat e
grating P1. e t he
situation asn&:a% atl%gﬁ&%m%é egﬁphfg)ﬁ%g%eé\?%(ﬁu?ﬁz %ﬁg&ra%a%%?w@dpl ane of

t he | ens systemarkdd, indiead, oftdiserete wedgesfprefeiabbr wedpepiatpepropidetiavith of positions
'110-137 for the different. orders, of the first wavel ength and a second

cr oss- shaped OpERIRgs 3¢ ysed, Pistaad 9f discretgmwadass pp e grapl aﬁeﬁpaeéﬁ? %tgBr s of the

secand vave, eiidi 9 boARRRNR R ARR aP ik Il MR SE M g e center
ot her, whi ch ons ottt istused. Farttiefohare éns pessible s wk defledtibanst@cirest he al i gnnment

beans with the dlfferent wave| engt hs., These angl es, shoul d be nmaintained as
mi ni mal as p&eRStited By Paiteras,o P@@@%ﬂe igfexgrareHensep the aseial pha plgte due to

def ocusi ng eu%%%“e%%%g@gg%g{fgge@ﬂ?hw%%s of 138 il t’%&t th deflection

el ements nust ourse e’situation as 1s shown in Fig. 11,
whi ch neans, inter alia, that instead of 24 discrete wedges 48 wedges nust
be used, or that i[009%6¢ad of Iﬁion@dgmshapedtripgatteeqlﬁmmhﬁvesmbh pl at es

must be used, [0097] A better ol Lepnative for,the allgnmpnt with two

two wavelengths, for example 633 nm and 532 nm, is preferably used. Use

;.J

s

can be made of the fact that the angles at which the alignment grating deflects
the sub-beams and the positions which these beams occupy in the rear focal
plane of the lens system L, is dependent on the wavelength, as is apparent
from the expressions (7) and (8). In principle, the orders for the different
wavelengths can be distinguished from each other. Without further measures,
howeyver, a given order, for example the second order of the first wavelength
(633 nm) may come between, for example the second and third orders of the
second wavelength (532 nm). To separate the orders of the different
wavelengths better from each other, it can be ensured that the beams with the
different wavelengths are incident at different angles on the substrate grating
P;. For the case where seven diffraction orders are used, the situation as
shown in Fig. 11 is then created in the rear focal plane of the lens system L;.
Now, there is a first cross-shaped pattern of positions 110-137 for the different
orders of the first wavelength and a second cross-shaped pattern of positions
138-165 for the different orders of the second wavelength. As is shown by

* means of the double arrow in the center of Fig. 7, these patterns are offset with



wavel engths is illustrated in Fig. 12. In this Fig., the reference nuneral
160 denotes a polarization-sensitive beamsplitter. This beamsplitter
receives a first alignment beamb having a first wavel ength X1, thajiaR&ATALE
633 nm from a He-Ne laser, and havingVYa first direction of polarization
and passes this beam to the substrate alignment mark P1l. Incident on this
beam splitter is also a second alignnent beam b5 whi ch has a second

wavel ength a.2, for exanple 532 nm and cones froma YAG | aser preceding a
frequency doubl er. The beam b5 has a direction of polarization which is
perpendi cular to that of the beamb so that the beamb5 is reflected to the
substrat e narkspedt tolehcthather) ediichein due exthe differedthaglehofincideyee offthé he beans b

and b5 are made to coincid y the beam splitte so that these beans w ||
be passed as 3EBMBRILAFRRS WIMﬁé%fﬁerm.ww{eegth&r ¢S@@pgk9ﬁ§mmh¢e mark, the

beans b and : It agal : ' ‘ flife @l | gnnent
unit 170, 18 ?@{ag}eggg#@wbgg%ﬁg%%Zg?:%ggﬂ%?ﬁbgghér%i?%%eseguni ts emts
an al i gnnment dneaordefodusirreffects , Whemudihg twewavelgigthy, dre plathavithsub- beans of t he

different diffraction orders caomng fromthe substrate nark. I.n each of
these units, defggon ?m?lﬁ%mé‘é‘t&f{gfjﬁgs@bﬁﬁ ?Pt‘éff@tﬂ%ﬁlﬁ?@%ﬁséﬁs@é’?‘éﬁt ref erence

gratings and pajt | SHp- ; L ogd, ref erence
to Fig. 5. To 'hlpéwg%égs{lg%%hﬁ%iagg’iqgﬁﬁ?%%dgjg?l\?\? s?ﬁetgﬁzl%g%éss syséfl%%pu, L2,
(L1, L2'"), anwseedgeasqu, at thal/ihktead\6FS Wedgestiapgd platssntwalve of swch pliites wedge- shaped
plates, a plate with reference gratings RGP (RG” ), a nunber of 31 19 MARCH
2007 det ect dP‘éStngll *(90'-96) and a radiation source 70 (70) whose beamis
coupled into the systemvia a coupling prism72 (72). [0098] Fig. 13 shows
part of an enbodi r[g@gqof theA%&&rmgﬂ{aﬁV%fgrtthém et RithRge! @l and preferred
ki nd of beansplitter 160 is used. This eansplitter conprises a

pol ari zat i on-wavekingthsas Blastmatedpin Figi 1y Jorthis KR 1the referepoanumeraltde pl ate 211
and a reflectpr 212. The beans .hl o, and hit havi di f.f erent. wavel ength and
coning from é%ﬂ?tf%g Powat%%ﬁs‘a&? Beql?lﬁﬁtﬂgfff'eﬁl\{‘ﬁ?’%mpﬁpgﬂerl TPHAECSEnd t he beans
reflected by glyeghmlehibaliPh kavidg RYirdt Watelehft83\,, fbP€xample 633 nm, from

a He-Ne laser, and having a first direction of polarization and passes this beam |

to the substrate alignment mark P,. Incident on this beam splitter is also a
second alignment beam bs which has a second wavelength A, for example 532
nm and comes from a YAG laser preceding a frequency doubler. The beam bs
has a direction of polarization which is perpendicular to that of the beam b so
that the beam bs is reflected to the substrate mark P;. It has been ensured that
the chief rays of the beams b and bs are made to coincide by the beam splitter
- so that these beams will be passed as one beam to the mark P,. After
reflection by the mark, the beams b and bs are split again by the beam splitter.
A separate alignment unit 170, 180 is present for each of these beams. Each
of these units emits an alignment beam and receives, via the beam splitter, the
sub-beams of the different diffraction orders coming from the substrate mark.
In each of these units, images of the substrate mark are formed on different
reference gratings and with different sub-beams, as has been described with
reference to Fig. 5. To this end, each unit is provided with a lens system L,
Lo, Ly, Ly’), a wedge plate WEP (WEP") and Fig. 9 or a series of
wedge-shaped plates, a plate with reference gratings RGP (RGP'), a number of



beans blo and bit have the sane polarization direction. The first beamblo
Is reflected by a reflector 215 towards the polarization-sensitive
beamsplitting layer 213 in the prism 210. This |ayer reflects @@p% o]
towards the grating mark P1. The radidtion reflected by the gr;?pﬁéﬁnar(ﬁ;
and split up in sub-beans of different diffraction orders is represented by
one single beamray bl5. The beam bl5 is reflected by the | ayer 213 towards
the associated structure of deflection elenents and detectors which are not
shown in Fig. 13. [0099] The second beam bll is reflected by the reflector
216 towards the beamsplitting |layer 213 which reflects the beamtowards
the quart er gaR¥@rs $0-96 02987 ad 4 PAdidtitA sBRRETDLI0WMEoRARARAst hi s plate it is
reflected by the reflective |ayer 212 at the backside of this plate, so
that it passeeplédintethesystan via i aeuplingguigm 120@2D) ate 211. The beam b12

| eaving the plate 211 has a polarization direction which is rotated over 90

wWth respect to olarizati.gn, direction of t.he ordginal beam bll. The
beam b12 can pasiw beam%aé%llgts{l?‘ﬁgpaﬁ%aetﬁ&%fhg’ﬁato? _e"g%ahﬁ%e rating mark
P1. The radiyaitivierdifhlspedif dndYrefétvdd KBA bf béasnsplifi@r 160dk Gsededrhpy a singl e beam
ray bl6. This beam passes first the beamsplitting |ayer 213, then

traverses t heamspliter eemprises apalasizgfion-sengitive heain splithiag pristn@1Pgd | ect ed by t he

| ayer 213 towards the,as iated stru re, of wedges nd detectors, not
shown i 0 guaawiEEETF o) SferHan e g bl ing BN BaGRE TS L he "
reflected b@ﬂ‘f&e&lﬁav@&@lg&%d%bﬁﬁﬂ%ﬂéﬁ%@ﬁk@@! ndbsHoat, lard ihdicae@ayat ed beams; in
32 19 MARCH 2007 practice these beans coincide. The sane holds for the

‘beans bl o amhick linessandithe-besansireflestedby theeratinginmk Pibychindines.nThére enbodi ment s

of Figs. 12.and 13 fi I em k1 i.s preferabl rranged between
t he beam sp!b?%[fl%l}“’f%}g%&r}{é(’?#g sgﬁx%tgoﬁ%l‘%%@é:eﬁﬁna;{ﬁgﬁﬁﬁﬁe#%ﬂ ¥.713. This
has the addiréfleefsl byedireflataoz] 3 tb&iard%ﬂhé’pélﬁﬂzatﬁﬂ%@néiﬁ%b&ﬁﬁgﬂ{ﬂiﬁgS needed for
the two beans of different wavel engths. For the reflected beans separate

second | ens layes 2tdin the prisrsi21QnHip layar reflgets the beaprhr towasde e Saating
mark Py. The radiation reflected by the grating mark and split up in

sub-beams of different diffraction orders is represented by one single beam ray
bys. The beam bys is reflected by the layer 213 towards the associated

structure of deflection elements and detectors which are not shown in Fig. 13.

[0099] The second beam by is reflected by the reflector 216 towards
the beam-splitting layer 213 which reflects the beam towards the quarter-wave
plate 212. After the beam b;; has passed this plate it is reflected by the
reflective layer 212 at the backside of this plate, so that it passes for a second
time through the plate 211. The beam by, leaving the plate 211 has a
polarization direction which is rotated over 90° with respect to the polarization
direction of the original beam b;;. The beam b, can pass the beam splitting
layer 213 and reach the grating mark P;,. The radiation reflected by this mark
is also indicated by a single beam ray bjs. This beam passes first the
beam-splitting layer 213, then traverses twice the quarter-wave plate 211 and
finally is reflected by the layer 213 towards the associated structure of wedges
and detectors, not shown in Fig. 13. It is only for clearness sake that in Fig. 13

the reflected beams by and by7 are represented as spatially separated beams; in



[00101] In the different enbodi nents descri bed above the detectors are
arranged directly behind the reference gratings. In practice however,
behind the reference gratings a bundle of imging fibers may be

whi ch i mage each of reference gratings32and the superposed i mage gﬁﬁ%@ﬁ%ﬁﬁm7
substrate grating mark at a detector at a renote |ocation, which is nore
convenient with respect to the design of the whole apparatus and with
respect to the performance of this apparatus. For exanple, cross-talk
between the inmages fornmed by the sub-beans of the different diffraction
orders can be decreased and heat generated by signal anplifiers and

el ectroni ¢ pprac@eIRése beds céifciePThe Ve héla§Tdr e Wat@bEad Bjphtthand the
apparatus. Also the radiation sources nmay be arranged at positions renote
fromthe alippsitiancofishe markdhd t heir radi ation can al so be guided to the unit
by an illum nation bundle of fibers. In this way the heat generated by the

radi ati on sources be kept,, a fro alkan it. and the
| i hogr aphi c appar[a(l)tﬁggb] [ 001 eﬁﬁ?@%’%‘@h@%ﬁﬁ i%gﬁﬁﬁghﬁﬁfwgn%econd | ens

system L2 f@&isteaE; Bipréfbbliearmgbd betdeen tht-beamd sphfiéri 216land thegatthg t i ng
reflector may be arranged to split-off a portion of this beamtowards a

camer a whi chnakdyethdownip fig. 4 3ndiis kas theypaditionabadyapiage diat pplygmeof t he

substrate ma r r 007 00103
There are di #“?Bﬁ%ﬁ?p%%gglg g‘%ﬁ%ﬂl?gersthéps%g?o g ﬁdéﬁ%rg&t?\g%wgele%gﬁg:éf Si g%al S. L
start may betherefecwdibeaink sepakdte Betond 1diy shRtams 1.9 ot fiowd in'Eig - 13, der sub- beans
by processing the signals of the detectors associated wth these sub-beans.
Subsequent | yremageneCesail- s of t he detectors associated wth the second-order
sub- beans may be used for finer alignnment, then the signals of the
detectors associ ith t ferd- Or = sed for even
finer alignnent, a@ﬁgogo forﬁ%éaﬁfege%gﬁ’@g%ﬁg&g%b ongg‘gghlét he sub-beans
used still hdstectonwhifd atanged diddotlybehindtthe heferdndeaghitiitpsi @n praceéd abl e  nmanner.

however, behind the reference gratings a bundie of imaging fibers may be

arranged which image each of reference gratings and the superposed image of
the substrate grating mark at a detector at a remote location, which is more
convenient with respect to the design of the whole apparatus and with respect
to the performance of this apparatus. For example, cross-talk between the
images formed by the sub-beams of the different diffraction orders can be
decreased and heat generated by signal amplifiers and electronic processors
can be kept away from the alignment unit and the apparatus. Also the
radiation sources may be arranged at positions remote from the alignment unit
and their radiation can also be guided to the unit by an illumination bundle of
fibers. In this way the heat generated by the radiation sources can be kept
away from the alignment unit and the lihographic apparatus.

[00102] Between the prism 216 and the second lens system 1.2
for one of the beams b;s and by7 a partially transmitting reflector may be
arranged to split-off a portion of this beam towards a camera which, together
with a monitor, provides a visual image of the substrate mark to an operator of

the apparatus.



[ 00104] Another possibility is based on the recognition that the intensity
of certain diffraction orders is increased at the expense of other
diffraction orders when given process | ayers are provided on thgoyRrtERI087
In that case, a direct choice of the pteferred orders may be made for the
al i gnment. Under circunstances, said possibilities may al so be conbi ned.

[ 00105] Hitherto, only the alignnment of the substrate with respect to an
apparatus reference in the formof reference gratings has been described.
Wth the sanme alignnent unit also the position of the substrate. holder or
table can be determ ned. To that end this holder or table is provided wth

an al i gnnent mar kjopi03] ar t YhérdQresdibRichtpsdsMilithks OB GingBickvariopee, €.9., the
fiducial mark illustrated schematically Tn Fig. 4) The position of the

substrate hddteptor signals. wh startmeaypeemadewith theraligamentcy inganstad the | gnnent uni t
Is determned. The positiqgn of the substrat I ith respect to the
substrate hoﬁ%@?r#ﬁﬁla)'ﬁ%mﬁy&{oﬁﬁg’%ﬁﬁe{%gﬁs ifbtggd%%ggﬂsﬁs?%éﬁ tual position
of the mask Wik tiRse s@tBednhie slm%t{a%ﬁﬁy,%e dghdld bBE dBRASH RBRIMted S Necessary,
nanely that of the position of he mask pattern with respect to the

substrat e howilk thegreconghprger subrbaamisgngyibe used forrfines alignment, themtheon- axi s

al i gnnment uni.t describhed with referer to. Figs. 1. .2 and may, be used,

o b i ch B tog 48elOt el PR The BirdiePBer bk Pam By BeNRRL Lot 1 o
hol der. Not gpkverd figerddhnentahddidonh. ThistmASconfigusad Bnfiadthed3 34 19 MARCH
2007 but also a single alignnment unit as described in US Patent 4,251, 160

may be used. subdmaosusahsilhesvesulisignt intensityo be defested)in aeeligblek pattern with
respect to the substrate table is the use of the i mage sensor unit descri bed
in, for eanB?Iéer'US Pat ent 4,540,277. In such a unit, a mask alignnent mark
I's ‘imaged by neans of projection radiation on a correspondi ng and

transm ssive ref@ttdle mar Knothet psidilltg iswised omthe@ecdghitidnl thatithdl €, a
detector may be arranged _behind the reference nmark for converting the
radi ati on padtasithgf ¢eriain diffsactinn erdegpisingreased atthe pepanse ef athgfhal . I'n t he

first i nstanggy, 4{8h 3rdeBHfiers giel ﬁro%@é.stla};és are provided on the substrate. In

that case, a direct choice of the preferred orders may be made for the

alignment. Under circumstances, said possibilities may also be combined.

[00105] Hitherto, only the alignment of the substrate with
respect to an apparatus reference in the form of reference gratings has been
described. With the same alignment unit also the position of the substrate
holder or table can be determined. To that end this holder or table is provided
with an alignmeﬁt mark similar to the substrate alignment mark. (See, e.g., the
fiducial mark illustrated schematically in Fig. 4) The position of the substrate
holder mark with respect to the reference in the alignment unit is determined.
The position of the substrate mark with respect to the substrate holder mark is
then known. To be able to fix the mutual position of the mask pattern and the
substrate, a further measurement is necessary, namely that of the position of
the mask paftern with respect to the substrate holder or table. For this further
measurement, the on-axis alignment unit described with reference to Figs. 1, 2
and 3 may be used, with which mask marks are aligned with respect to marks

of the substrate holder. Not only the double alignment unit as shown in Fig. 3



I ntended for, for exanple calibrating an on-axis alignnment unit which
operates wth alignnent radiation having a wavel ength which is considerably
different fromthat of the projection radiation, or for checki nfh MARCHDER
quality of the image forned by the préffection | ens systemand for measuring
di stortions and aberrations which may occur, but it is also emnently
suitable for aligning the nmask pattern with respect to the substrate table.
I nstead of the transm ssion inage sensor unit described in US Patent

4,540, 277, an inmge sensor unit operating in reflection my be
alternatively used for aligning a mask mark w th respect to a substrate
tabl e mark. Buodsca Higle alighineht ink #Wesibe@sh UB Fdfnt RA5EN60 tnaybé. 363,

operates with a reflective nark on the table and conprises a” relatively

| ar ge nunber usgd. det ect ors whi ch observe the mark at different angles and
whi ch, together with the associated optical systens, are provided in a

sensor plate whi chd rran t . ' 1.0 e S em and t he
substrate table. %deﬁ)g_ff - ax?\gn%gfeﬁgﬁﬁ%@qnw&&giaﬁgg%ggﬁredyﬁg Ragtﬁph%ﬁé nvention nust
al so be prov téiﬁ@l:t itdn tHeSuBstfutatBle if tHeuse Bf thelihGfe Bsar U @ReriRd ifi] 0se as
possible to the center of the substrate table and requires a building space

which is coftrezpmplet S BateaphbptQ2E. on suelpp uaitaipptk digemenhmprkist i ce, the
|l ength of the Y .sli fethe strate table roxi mat el y. _corresponds to
the radius of g Dyalifed orbi R TR HEPTFrOBPLE B BtriRiehoe been
desi gned, f OrefepsatePmerk ihQRe sABsErate tble. Sini this Matfie)dsdetétt® mSoObd &pdngdier e is
little roomfor building in the 19 MARCH 2007 35 allgnment uni't in this

di recti on. Thehind thejrgtereice mpsk fqrivonyegting thepdiatien p the refegncexanpl e 25

nm | onger th | de,.: t ' (r%][é} |t |.ch. .can handl e an
8-inch substra ﬁe{hg%%lglgbp aséélgl'alpq%e%g@é{nagg ’0 E%Q%%eﬁ?%ﬁnﬂpﬁge optical axis
of the proj egitérafed|fér) Sorexainple calibfating an Shawny alighiedi \agr whichoperalesy in Fi g.
14 which shows a _ part of the quj ection lens system PL and Its optical axis

00'. A porti Sithpdispment radiatipn apdeg 2 Biavelengih shicheincapederably diffesent ate i s a
space whi ch %, PRGHEY ﬁgpwechgﬁ Rl SiC bt 7 cﬂ@&iﬂg A8 ﬂn&ékequality of the

image formed by the projection lens system and for measuring distortions and

aberrations which may occur, but it is also eminently suitable for aligning the
mask pattern with respect to the substrate table. Instead of the transmission
image sensor unit described in US Patent 4,540,277, an image sensor unit
operating in reflection may be alternatively used for aligning a mask mark
with respect to a substrate table mark. Such a unit, which is described in US
Patent 5,144,363, operates with a reflective mark on the table and comprises a
relatively large number of detectors which observe the mark at different angles
and which, together with the associated optical systems, are provided in a
sensor plate which is arranged between the projection lens system and the
substrate table. The off-axis alignment unit according to the invention must

~ also be provided in this space. This unit must be arranged as close as possible
to the center of the substrate table and requires a building space which is
conical with an aperture of, for example 0.3. In practice, the length of the Y
slide of the substrate table approximately corresponds to the radius of the
substrate for which the lihographic apparatus has been designed, for example
102 mm for an 8-inch substrate, so that there is little room for building in the



T

arrows marked b indicate sub-beans of the alignnent radiation. The
al i gnnent beamis incident on the substrate at a distance dx fromthe axis
00" which distance is thus, for exanple 25 nm The reference CS148)0R€H 206F
critical position for the availabl e bui¥ding space. At this position, the

di ameter of the cone within which the sub-beans with the different
diffraction orders are situated is equal to the distance to the substrate,
multiplied by twice the value of the nunerical aperture. For a nunerical
aperture of 0.25 and a value of 32 mmfor said distance, said dianeter,
hence the required vertical space at the location of CS, is 16 nm This is
a reasonabl e atigaentamitin this dipeationi The X slidowf ¢hie subbtrste wabld isclidwespace may not
be conpletely available. In that case, .two off-axis alignment units may be
used which af@ SR Qﬁﬁ%rrthé‘h?hﬁx sligle; po thatyualignmentaRihWhiher and can
each cover & ahhndil ah BSnGHABLEAL Ean DA A MBS 08 pfl 00 BED Lhe
off-axis alignnent unit 1s arranged I e projection columm, conprising

t he mask hol dgticaltakiz gfitleg grofettion leay sysesim.alhls tihshoswbwdry at e hol der, of the

| it hographi c apparatus. Wth the .increasing demand_ for |arger 1C s having

smal | er det aidiagrammaticallydn Eigyd fivdichyshonsrapagh G the preiection IgRS SEHEE, t he

al i gnnment pr egedur; Fe . e ' roughput of
t hese appar a’?ﬁ‘s@g 1&@;?%@??{% eh(fg%telgl S@?%é&stg@%&?%gﬁwﬁgﬂ’%%rﬁ a%lrgasures
taken. It hashedubstaaty isxespacewhiphde dedupieddsy the projection dearapperthe us a separate

measuring station. In fhis statiqn the position in, for_exanple the X-,Y-
and Z- di r ect i3HRWS Markedsh gidicate subrheams 9f gpwept@diatipnsThéfer is brought in
the projecti : ' ' [ QN 3; %%,2007
measuring stgp g’(&)ﬁ&g{%&??g%%{%f sihggﬁﬁ%%rtéa%%gdﬁée%n%}t&hﬁ%?%ec1 o al i gnment
mar ks on t he véhidisdistahee s dhwdefor examhple28. mf The reférenceu@S tiemites, the oget her with

the hol der has heen placed in the prqjection system, onl . mask al i gnnment
mrk needs ¢BUEY paﬁlitl_@ﬂgertgﬁ ﬁmaglgrbé%lﬁmtgdpm A sstpp_amenﬁﬁF digmessdr k. whi ch
takes only  rafiQiche Wiflen whRththe &bChARRAYIM %&é M&%Ldiﬁzﬁ@ﬁo@oﬁ%féar ate

measuring station and projection station, during the illumnation of a
first subst r atesituatedhigeqrabjcetbe distance to the substrate, multiplied by twice the

value of the numerical aperture. For a numerical aperture of 0.25 and a value
of 32 mm for said distance, said diameter, hence the required vertical space at
the location of CS, is 16 mm. This is a reasonable requirement in practice.
However, this vertical space may not be completely available. In that case,
two off-axis alignment units may be used which are arranged diametrically

with respect to each other and can each cover a part of the substrate.

[00107] As hitherto described the off-axis alignment unit is
arranged in the projection column, comprising the mask holder, the projection
system and the substrate holdér, of the lithographic apparatus. With the
increasing demand for larger IC’s having smaller details, and thus comprising
more electronic components, the alignment procedure becomes more and more
time-consuming. The throughput of these apparatuses therefore tends to
decrease without further measures taken. It has already been proposed to add
to such an apparatus a separate measuring station. In this station the position
in, for example the X-,Y- and Z-direction, of a substrate is measured before

this wafer is brought in the projection column, or projection station. In the



station a second substrate is being neasured in the neasurenent station, the
t hroughput of this apparatus is considerably larger than in an apparatus

wi thout a separate nmeasurenent station. The alignnment unit used iy§wMA€CH 2007
measuring station for aligning a substP&e mark with respect to a subsfrate
hol der mark is preferably an off-axis alignnment system as described herein.

[ 00108] According to this invention, the position of an alignnment mark can
be determined utilizing information fromtwo wavel ength channels in a
detection system As noted above, alignnent of a substrate during

manuf acture is often perfornmed by determ ning positions of alignnment marks

which are of {RAGRINGREAHBA sPhst@FORNRS cAPPORSEe vAth REpech® dighmbn@t €. For
exanple, the alignment nmark may be a phase gratingin which alignnent |ight

refl ected frorksom tbersywtratedoddepbor table. ghltenthe sibairate sogetherewith fieer ence wi t h
respect to light reflected fr to ortions of the grpoves due to the

opt | oal  pat HoRErRe pitsd Rl RAEERSITER By b B FEEHE G, Ch ' an

al i gnment  nmahkedsWhBEARRE vallARIRSt BUthé BtbsRARIRRR! RfiriefwHibIPtlleydMe On the
substrate. Such processing may result in changes in the effective depth of

t he phase gr atsherytimedds in theppperatusi eemprivhga separatagedvEing stition adéposi ti on of
| ayers of material over the ing. .JThe.intensity of light fromsuch a
mark has a mpFﬂJ?‘%HP\Rﬁéﬂn’ ‘{“ﬁ‘é‘g%ﬁ“ﬁ“@?&‘{?ﬂé’fﬁlB%‘\PBb“?%eg“hﬁgﬂl‘iﬁuémof one- hal f
the effectivenneygka0ad Sulsirate'i€ Béifk mehblired FPthe nRAMrbmbR statloaStheor degradi ng
of an alignnment signal for a given alignnent mark at certain stages of

processi ng déwpeghput clribisapparetustis cangidersblyelarger thaprinph epparatuso i | | uni nate t he
alignment mark.on the substrate with. alignment |jght that has at |east two
havel engt he Paibau $BarbtibdGiemel iiof! T TRneal ARLuSIT RS 00 | RO nave
an al i gnment pigagdfingstdion foredlignamed subb@ite RSk Fithaw, nehlubdtrdes33 ri mand a

green |aser having a wavel ength of 532 nm [00109] Fig. 15 il]ustrates
al i gnnent si 4akder makdp graferablyan off;axis plignregnt aystem jag AeasribedrbeRindept h for such
red and green | aser wavel engths. Note that there are regions in which the

signal strength atO(ﬁBﬁ] V\’aveLA%Q&Jdﬁngi tS this invention, the position of an

alignment mark can be determined utilizing information from two wavelength

channels in a detection system. As noted above, alignment of a substrate
during manufacture is often performed by determining positions of alignment
marks which are often a series of grooves formed in or on the substrate. For
example, the alignment mark may be a phase grating in which alignment light
reflected from bottom portions of the grooves have a phase difference with
respect to light reflected from top portions of the grooves due to the optical
path length difference between the two optical paths. Such an alignment mark
undergoes changes during processing of the device on the substrate. Such
processing may result in changes in the effective depth of the phase gratings
due to processing steps such as CMP and/or deposition of layers of material
over the grating. The intensity of light from such a mark has a minimum when
the depth of the grooves is a multiple of one-half the effective wavelength in
resist. This may result in a loss or degrading of an alignment signal for a
given alignment mark at certain stages of processing devices. One approach
to solve this problem is to illuminate the alignment mark on the substrate with

alignment light that has at least two wavelengths (see Fig. 12). For example,



substantially stronger than the signal strength at the other wavel ength. For
exanple, the red signal strength at around 150 rim or slightly less, is
relatively strong conpared to the grepn signal strength. In corfMARCH:2¢87
green signal strength at about 210 to 220 nmm is strong relative to the red
signal strength. In one approach, one may base the alignnent process on
whi chever signal strength is stronger. This approach of switching froma

signal corresponding to one illumnating wavelength to another illum nating
wavel ength will be referred to as Alignnent Signal Strength Digital
Wavel ength Switching or ASSDWS . In an enbodinment, this is inplemented in

t he SPU and/ae mrysilpminate meelignment mgriunith aired laserthatdas pwavelgagthy and 4

above. Ali g'rw%?r%rﬁ@ mugreéi fagé}%at}u@ag\bé llenﬁﬂvraﬁgq’tﬂb Switching leads to

i nproved align resurt’s over signitica es 'of mark depths. In this
enbodi nent the signal strength is the relative signal strength with respect

to a reference. \00109) t he Eigprﬁeﬂmgtratémmmegigﬂ@guéﬂgﬁaggnal strength can
al so be the absolute signal strength or the nodulation depth of the signal

or the physifungtionsfanaligement mak depdar such sed-andgrern lesertwavelengthent i on,

further inpry ' | . r precisj -be obtai ned by
conbining in %t??%ﬁllhgeﬁé #}Fg%glg%q?flgﬁgﬂgss@ ﬁ%ggthta\;éﬁ%?&}]a?éigﬁt{ Rvavel engt hs.

Al t hough Fi gubstantiallly $&bhigdr &ant the signalnletigthfat the dtlndvaveleggth. iFok um nat i on
wavel engt hs from cgonveniently avail able | asers, the broad concept of thi‘s

i nvention i $xa@Pple, theired signy shgpgth @t prgpnd, hhQem, orrslighdy Iase.ds eslgfively [ 00110]

Fig. 16 ill it LN all t ' 2 tric alignnent
marks as a 1Eé %égkgﬁp%@&{i@%géeﬁb %1%4;31 ﬁyeﬂggﬂ' %%ﬁ%ﬁsekér) .ee&%gﬁgsynnetry can
be i ntroducetrehgthwailsut PIO ee2X) g isstdhgasladio the rad sighal sttt Inspi nni ng,

STI. Alignment Signal Strength Digital Wavel ength 38 19 MARCH 2007
Swi t chi ng oronASRPIARCH: QRE S@Y%@éf‘dmp@il%?»@@rweﬁﬁowb%qhevqﬁwabet ween 150 and

Ao o SRR gl SO TR AR 200 o
a negative noonerillonviadting wavelengtisoambiber illusninatingdeavebdngtigeill b¢ g. 16 al so
 referred to as Alignment Signal Strength Digital Wavelength Switching or

ASSDWS . In an embodiment, this is implemented in the SPU and/or Position

Determining Unit illustrated in Figs. 1 and 4 above. Alignment Signal
Strength Digital Wavelength Switching leads to improved alignment results
over significant ranges of mark depths. In this embodiment the signal strength
is the relative signal strength with respect to a reference. Within the scope of
this invention the signal strength can also be the absolute signal strength or the
modulation depth of the signal or the physical amplitude of the signal.
According to this invention, further improvements in alignment accuracy and
precision may be obtained by combining information from both signals at the
two different wavelengths. Although Fig. 15 illustrates the example of red and
green illumination wavelengths from conveniently available lasers, the broad

concept of this invention is not limited to particular values of the wavelengths.

[00110]  Fig. 16 illustrates the shift in alignment position of
asymmetric alignment marks as a function of the depth of the alignment mark.
The asymmetry can be introduced by wafer processing such as CMP, etching,
resist spinning, STI. Alignment Signal Strength Digital Wavelength



Il lustrates an enbodi nent in which the signals fromboth wavel engths are
used together to determ ne the position of the alignment nmark. To enhance
the alignment performnce and accuragﬁifor asymretric marks w t§o yyAREERRHY
varyi ng between 150 and 200 nmthe information fromboth signals at the two
di fferent wavel engths are conbined. The signal strength can be used as a

wei ght factor to reduce the range in shift in aligned positions, but this

al so incorporates the use of a portion of the aligned position information
of a wavelength with virtually no signal strength, having a significant
contribution to the inaccuracy of the conbined aligned position. To be able

to combine iisichiitASHISicahBE UL ©F nlanks ARUANR Hhu@etidfil3g per f or mance

wi thout losing p ormance I n accuracy, an extra paraneter is used in the
cal cul at i on.and Q00 fid] bitrtbereiigadiscontmuity retetmediale béteeem i S0and=23hghhs may be
conmbined in,ma JM.thion the scope of this invention, Generally, the
posi tion deibHCH thySTifiih ABEURETY RP UMK EP TR A AN GHA ROSHIE AR two
wavel engt h %EQH tﬁ/e_nﬁiﬁiﬁ%ha%ﬂﬂﬁéfh?%is%dtﬂlub?s,@é‘&d%'n'cﬁhngse'. i, igrents of this
i nvention, the position determning unit also uses a Selettable paraneter.
In  sone caslbstratehen smpndingent m which Weesgmbgfromdognwevelenpghsere desdned
unreliable or inacgurat.e relatjve ﬁ@t he ot her hwgel so that the system
gl

sel ects to (QEethsniqdetenping heposition of fhe alignmgat m AGEdAGl . I n ot her
cases, the gj; ' t ' { ' ' of the
ses 2k éﬁ_ﬁﬁ%rﬂ?ﬁnce%ﬁﬂ?éd[ﬁg%f lfg,j &Pfﬁﬂhéiﬁc ﬁmg%i ﬁ% Qth

position of the alignment mark. n an enb tthe i nvention,
t he wei ght fvagtimg betweenr 1 Hbarkd 200mgn theanformatidrs fram Hottesiguals athekwengt hs ar e

taken to be functiop of the as d signal strength ‘the first
wavel engt h SHEEROVHERSEMs areagiiined. Ih¢ sigail P snsitican De deANEvel engt h. | n
addi ti on, tQ@eig}ﬁ'f%rtB@@J&E%@:ﬁﬁ%éﬂ'sﬂ&tfﬂ%igfx@%Eo%ﬁ@ﬁdbﬁﬁﬂi%af&B the invention,

that will be referred to as A ighnment Sign 9 19 MARCH 2007 Strength
Vari abl e Wamdogprgates heiuse bf agomion af8vdabigned positiapiafietmatiomofaxi num Rel ati ve

Threshol d MRT factor whi.ch be sel ect by the user. In.this enbodi nent,
Che wer ght | npvpced el yRtalEo SEmfRberuR hatpas Senfich sopoblon

to the inaccuracy of the combined aligned position. To be able to combine the

positional information for improved positioning performance without losing

performance in accuracy, an extra parameter is used in the calculation.

[00111] The signal from the two different wavelengths may be
combined in many ways within the scope of this invention. Generally, the -
position determining unit uses information from signals from the two
wavelength channels, taken substantially in parallel. In embodiments of this
invention, the position determining unit also uses a selectable parameter. In
some cases, the signals in one wavelength channel may be deemed unreliable
or inaccurate relative to the other channel so that the system selects to use only
the most reliable or most accurate signal. In other cases, the signals may be

combined to provide a determination of the position of the alignment mark.

[00112] In an embodiment of the invention, the weight factors
for combining the signals at the two wavelengths are taken to be a function of
the measured signal strength at the first wavelength and the measured signal
strength at the second wavelength. In addition, the weight factors according to
this embodiment of the invention, that will be referred to as Alignment Signal



—+s expressed by the following formula: (MRT+1) SSceCn -1 WG ght FaCt OTG een
SSGrcai + SSRed MRT-1 [00113] (11) (MRT+1) SS,ed -1 WBlght FaCt OTRed
SSGreen +SSRed MRT-1 |In an extension to this enbodi ment the sigMaRCH 2007
strength is corrected for the (relativ®) reflectivity of the materials on
the wafer surface to ensure an optinmal conbination of the wavel ength
channels, as is expressed by the following fornula: (MRT+1l) WRG een
SSGreen Wi ghi Fact orckeR WRGreen SSG een +WR d SSRed ) = MRT-1 (12)
WRRed S' SRed Wei ght Factor = (MRT+1) (WRGre. . SSG&K. +WR~d SSR d Id MRT-1
[00114] In addition, the weight factors are nodified in the cases when they

exceed a val of, L. .| ey, ex d.a.valu h are set equal to 1.
I n addition, gﬁ?{g%gﬁaﬂéle@%v%gpg&ﬁ%u%g ?)re‘g‘ﬁrﬁ’}\ésd 438%%8 %egat ive. In

ot her wor ds, Makin@irh Relative THFSshOIAMIRT fastc afticH MhpBe §dedied beme usetan 0 from
equation 11, it is set to be equal to 0. In equation 11 or 12, the Maxi mum

Rel ati ve Thrbxsthisieanboditaent, theweiahying aciers den eagh pftheired andegre¢ngignals 1) . The
vari abl e SSvi'S e&ﬁre&&%b%litﬁg'f’olllo%ﬂgefbg}nﬂlzﬁ or the green signal and SSA is the

MRT +1) [ss SST?S )'1
WeightFactory,,,, = Green Red
MRT -1
[00113] an
(MRT + 1)'[ss sz 55 J’l
WeightF. actorg,, = Green Red
MRT -1

In an extension to this embodiment the signal strength is corrected for the
(relative) reflectivity of the materials on the wafer surface to ensure an optimal

combination of the wavelength channels, as is expressed by the following

formula:
(MRT + 1) [WR ‘ggGreen +S;(;een = J_l
WeightFactor,,,, = Green Green Red Red
MRT -1
(12)
(MRT + 1).(WR ;‘;RRed ;S;l;d S ]_1
WeightFactory,, = Green V) Green Red ' OORed
MRT -1

[00114] In addition, the weight factors are modified in the cases

when they exceed a value of 1. If they exceed a value of 1, they are set equal
to 1. In addition, the weight factors are not permitted to become negative. In
other words, if either weight factor is calculated to be less than 0 from
equation 11, it is set to be equal to 0. In equation 11 or 12, the Maximum
Relative Threshold factor MRT may be selected by the user (MRT > 1). The
variable SSgreen is the signal strength for the green signal and SSyq is the
signal strength for the red signal. The variable WRgee, is the relative wafer



signal strength for the red signal. The variable WRg.R is the rel ative wafer
40 19 MARCH 2007 reflectivity for the green wavelength with respect to a
reference and WR ed is the relative wafgy reflectivity for the retd MARCH2007
wavel ength with respect to a reference. [00115] Fig. 17 illustrates the

wei ght factors according to this enbodinment of the invention for several

di fferent values of the Maxi mum Relative Threshold factor MRT. Notice that
when the wei ght factor of one wavel ength channel reaches a value of 1, only
that wavelengths is used to determne the position of the alignment mark,
as the corresponding weight factor for the other wavelength is 0. In the
case wher e t heflretivitnfer thelgaeanavelmngswish espet tor referesca andi WRenit y, bot h

wavel engt hs . ) A t.he al i gnment

mar k. mmve?@gF%%HWﬁﬁg%@g%@%f@%ﬁ{e{p ﬁ@%@%ﬁ%%rg{he\%m_ﬁm eshol d factor,
there are regiefénden Which a signal at only one of the wavel engths is used
to determne the alignnment mark and regions in which only the other of the

signals is used to determ ne_the position of the alignment mark. In
addition, there ar@0lkler nedFigt &7 Hbyirates therweight dactors jageraflingite gis bot h

wavel engths a | ' r ) Lt f the
al i gnnment miriﬁb@%@?&%&v%&%fpggﬂgﬁaﬁggﬁ%ﬁ v%'gllg §f§‘ﬁ¥£{i‘§‘ e maxi num
val ue al | onedRélative Tieresitild faceir MRE. Ndtida khas wWhen Gielwdipiitadtbeof orvel engt h

channel with the highest signal strength to the other signal strength to
use the conbi Wayslenglnshapaelieaghorn aplye Rf drepinthat wayeleagids iy wedide position

of the align [ |.£:.: th:Q ] e HﬁJ t hreshol d),

t he channel W@%@]ﬁ%ﬁegg&gkﬂ@%ﬁ%&#g@gﬁIgérggésrthgg&réﬁﬁg?e gfe %htgradual _
transition befaseeforttheohecaavdiaigth BA. Mnchaone wety the MaxiimamRdlgvear ea where
only one channel is used to determne the position of the alignnent mark.

Notice from e&ergshobdhfactorgres toppnisy, bods wavelengths agpalwayeBsedi@i ght factors is
| | : iy - i O ehi
case ont s tnetSerbuipE e HRABH EPURIReinchfink Ievel FE MR > (0 (1S

the Maximum Relative Threshold factor, there are regions in which a signal at

only one of the wavelengths is used to determine the alignment mark and
regions in which only the other of the signals is used to determine the position
of the alignment mark. In addition, there are intermediate regions in which
signals from both wavelengths are combined in order to determine the position
of the alignment mark. The Maximum Relative Threshold factor MRT is the
maximum value allowed for the ratio of the signal strength from the
wavelength channel with the highest signal strength to the other signal
strength to use the combination of both wavelength channels to determine the
position of the alignment mark. If the ratio is larger than the MRT (a
threshold), the channel with the lowest signal is disregarded. There is a
gradual transition between the area where both channels are used and the area
where only one channel is used to determine the position of the alignment
mark. Notice from equation 11 that the sum of the red and green weight
factors is always equal to 1, except when one of the signal strengths is zero, in
this case only the wavelength with the highest signal strength is used. One
may also compare the ratio of the signal strengths to the MRT factor to

identify the cases in which only one of the two wavelength channels is used



may al so conpare the ratio of the signal strengths to the MRT factor to
identify the cases in which only one of the two wavel ength channels is used
41 19 MARCH 2007 in determ ning the p05|t|on of the alignnment MBnsAROE W0E
cal cul ation of the weight factors withtlformula 11. For exanple, when the
signal strength of the red signal divided by the signal strength of the
green signal is greater than or equal to the MRT factor, then the weight
factor for the red signal is chosen to be equal to 1 (one) and the wei ght
factor for the green signal is chosen to be equal to zero. Simlarly, when
t he signal strength of the green signal divided by the signal strength of
the red sign érggﬂlg I then the wei ght
factor for t red si trttlgﬁlr cfsgﬁ)ehdggllﬁe? ee%gmg{]kebéﬁlecﬁ&ﬁ%tﬂfn%fatgfor for the
green signal vwesghefp.ctdrs wajhfonmulaills Possiahipte, when the sagnaébtsmigﬂl ef thehr eshol d

i nstead of the dis st(@g thatlv thrg{ﬁ ﬁld but rred to use an
absol ute thr %1?138 sfFRgih o g’er%‘?eé’tsnlg}‘@ltsl‘ﬁr ?f %P?’ror i ncr eased
security on agmemrﬂaaowttéhmewet@tt&%r'ftst]&lxre&tgﬁag f | ow

reflectivity the relative signal strength of e wave srray still be
within the b«pequaﬂ toeﬂ(dm)(ammtﬂmR@hgtmfmr‘lfbr&)stgmmi,signai 1stcﬂ|eseaatt9dnbute si gnal

strength of t_ wavel i | stren I ndi cat e
that the ali§ 0%%1 §1n§ifxﬂaf W&‘ﬁ'?ih ﬁ’%ﬁﬁ@?nﬁlﬁgﬁlrﬁlg‘agﬁbl e and
unfit to usepffie didifal gﬂi‘éﬁﬂéré@é‘mpﬁ tatanhﬁ%leéqﬁwetmemtomwl Fig. 16
il lustrates an exa he shift in aligned position as a function of

the ali gnrrenfactmrﬂheni&:ptwlelghtrfadtbr @mﬁBﬁBnggaﬂab eqlfsﬂ teergyo and/thei wdiglt \\avel engt h
Swi t chi ng based (%nt}lhis enbodj .nent E‘n‘ |on ascntrasted with a
Al i gnment Sigaﬁ 1T 1% (PR BHCA S lﬁgﬂu @P?FSl Q‘Eﬁuaﬁj‘ 8% in which only
an_abr upt Chﬁﬂ&%ofdﬁ&b&&‘@ftﬁéﬁﬂ@ﬁssé’d remﬁve tHRMRIE A [t id prefded@blise signal at
t he ot her wavel enﬂmt: occurs. Notice the reduced range in shift in aligned

posi tion foramabsy ﬂlresspbhalcoabtr@ﬁgn Wlth\lhft redasive thmlmléfrguncxevaedchu ng as
conpared to the ase Stre Wavel engt h
Swi Fehi ng. andeeHE o dtkagtent SRERTTGNoM RhraTiis g ekt Hidhow

reﬂect1v1ty the relative s1gnal strength of the wavelengths may still be within

the specified Maximum Relative Threshold, but the absolute signal strength of
the wavelength with the lowest signal strength may indicate that the aligned
position of this wavelength channel is unreliable and unfit to use for the

alignment mark position determination.

[00116] Fig. 16 illustrates an example of the shift in aligned
position as a function of the alignment mark depth for Alignment Signal
Strength Variable Wavelength Switching based on this embodiment of the
invention as contrasted with a Alignment Signal Strength Digital Wavelength
Switching case in which only an abrupt change from one signal at one
wavelength to the other signal at the other wavelength occurs. Notice the
reduced range in shift in aligned position for Alignment Signal Strength
Variable Wavelength Switching as compared to the case of Alignment Signal
Strength Digital Wavelength Switching and the graded transition in the region
intermediate between 150 and 200 nm in the example illustrated in Fig. 16.
Notice that the unreliable position of the wavelength channel with signal
strength (almost) O is never used to determine the position of the alignment



I nternmedi ate between 150 and 200 nmin the exanple illustrated in Fig. 16.
Notice that the unreliable position of the wavel ength channel wth signal
strength (alnmost) O is never used to dejgrm ne the position of th%”gﬁg§ﬁﬁﬁﬂv
42 19 MARCH 2007 mark. Alignnment Signal Strength Variabl e Wavel engt h

Sw tching gives good results for asymmetric alignment marks, but its use is
not limted to that. Inproved performance is also noticeable on symetric
alignment marks with varying mark depth. This is because of the efficient
way of ASSVWB to use a larger anount of reliable information as conpared to
the case of ASSDWS, = whil e not using the unreliable information. The use of

| arger ampunt Blagt. Algnmens|Signahrenath Varalle WavelengitnS wisehinggiveegedd t . [ 00117]
In case any off g;m . L 0Si 11 ] . . i rst wavel ength
channel and t{%&lg%%r? Pon detar %%u?]g% I%Afg%]’ﬁg?ggg%gﬁgﬁgtv&a%‘et?&eﬁgtp%tchannel

exi sts, possi bhpyroeedp&tbritaney isfalsoGlotitéidles@Simetdic aliphdemuhakewedl i br ati on
or in any other way, ASSVWS provides a gradual transition, while ASSDWS
shows an unwarE¥gsnaH«ePiby ihisis dacaisg otthe sificient yrayci AMBIWSdagshat o anot her

wavel ength. [ . . i ' f Ve & a gradual
position t ran%?é%%lnm te(?lfr}gifl\nﬁﬁ%Hﬁé%&glgg\%gé%m%}?@?o;ﬁlg%ﬁeeg‘%%%ﬁﬁgéhannel s, the
frequency of wailehenginy heuhfiliablg informaitnc elhe U’ 6f Rrgdr@iotthR@fa nore stable
use of the detectiaon systemwhile switching capabilities are still possible.
This is espetdlighleynipsaatien gigesa stafissicaldwnelt. adapt to sl ow changes in the IC
manuf act ure process, such as aging of conponents or tuning of |ayer

thickness. In one flﬂiign' ment ﬁa[%@g off@s%@éﬁ&gy@ﬁ%ﬁﬁﬁféﬁgﬁlﬁ? the

preferred wavel eng switchin 0 ano rwav I's onfy”al l owed if
the ratio of thedirst wnelengthr chagihdl aad tHelwsitiohaletenmurlddiyghdisasond respect to the
signal strength of the preferred wavel ength exceeds the Relative Switch
Threshol d Rat Wé"‘ﬂ@ﬂé}c | existe possbly cansrd\py dedtofthe sensRE0E| engt h t he

preferred vavglengid caftaiseHtndh SR wah CASSVHES Blovidis a\gsffuaief i ned RSTR

transition, while ASSDWS shows an unwanted sudden jump when switching

from one wavelength to another wavelength.

[00118] In another embodiment, instead of providing a gradual
position transition when switching between multiple wavelength channels, the
frequency of wavelength switching is reduced, hence providing a more stable
use of the detection system while switching capabilities are still possible. This
is especially useful to automatically adapt to slow changes in the IC
manufacture process, such as aging of components or tuning of layer
thickness. In one embodiment, one of the wavelengths is marked as the
preferred wavelength and switching to another wavelength is only allowed if
the ratio of the signal strength of the other wavelength with respect to the
signal strength of the preferred wavelength exceeds the Relative Switch
Threshold Ratio RSTR. This embodiment always keeps one wavelength the
preferred wavelength and, depending on the value of the user defined RSTR,
most or virtually all of the aligned positions are determined with the preferred
wavelength. In an extension to this embodiment hysteresis is introduced so

that the preferred first wavelength is used until the ratio of the signal strength



—most or virtually all of the aligned positions are determned with the
preferred wavelength. In an extension to this enbodi mnent hysteresis is
introduced so that the preferred first wavelength is used until &b
of the signal strength 43 19 MARCH 20093 of the second wavel ength 1\?&]{1 b7
respect to the signal strength of the preferred first wavel ength exceeds the
Rel ative Switch Threshold Ratio RSTR. At that nonent the preference is
transferred fromthe first wavelength to the second wavel ength, naking the
second wavel ength the preferred wavel ength. This reduces the probability of
switching back to the first wavelength in the next alignnent, thus
hysteresis Y G P8t 3 ey ¢ en further.
The prefere@etﬂig{r? g‘llljsg %ee: %ﬂ?gﬁ%i}[fgrﬁ{eg@%f rong%zﬁgg\%\%/ﬂzpfeﬁ%?ﬁ ter(g@d’t he ot her
wavel engt h dfirspwhedlenptivexvdeds the RelxisaSivitch Thedhald RatistRETR a\lt thtt a. [ 00119]
Al t hough the weight factor in the ASS V W5 enbodi ment. i s_gi ven by equati ons
|1 and 12 SREMERthe BEETSTEPGedR ansieried ofhthe, SISLWAYAIength Fha SEORAmIm val ue. of

, the b InSd | L1 fed l'y that
zero, tne r%&éﬁ%ﬁg?&ﬁ@ﬁﬁe §&ofd W&‘é@l@ﬁ%.’ﬁm %Fed%ﬂ%a‘vhfépgtgh § on'y tha

enbodi nment . envi si ons conbi ni i nform romthe
plurality ofredwoes klengbbabilityof ewiiching dackatoitkd firsofvavelgisgth infthe negé ght i ng
factors in equations 11 and 1 gglgend on the signal strength .and include a

sel ect abl e MHSPHGAY RIS wstgtests ‘Eﬂ"t?iffgafé?é\‘mb_ 4 Wargleagthewtichesi ght i ng
factors whi chefSRAM. OfhetrliErenBEARUIEDELMNARIdI AR ok bARUEneifigPAr Li NG From
the scope of this iInvention. e preferred wavel engt enbodi nent al so
depends on tthe othegwaleletgtle og bthen grbundg lfordexamplesisdsed bmbistorickedatd.i ve Swit ch
Threshold Ratio. One may select transition requirenents which depend on

ot her neasurabl e ities without departing from ope of this

i nvention. _[00120[]%%_ exan%]\l%uggﬁée d%%ga}ﬁffa%grﬁgﬁh?ﬁggﬁﬁr ameters, such as
o, Nl doadiment i L8Ry budiohs €1 bl 19 4nd iBiBA R hSRARSanimud] Inal

envel ope", “"focus", "Tilt"] "order channels position offset”, "wavel ength
channel s posvaueoof 1 afdfamidimuthstalfe: oftretoutienbroadjpencepts ofithds mveritoomar se- f i ne

osition deviatiaon" . - . . . .
P aré not limited to only that embodiment. This invention envisions combining

information from the plurality of wavelength channels in a variety of ways.
The weighting factors in equations 11 and 12 depend on the signal strength
and include a selectable Maximum Relative Threshold factor. One may select
weighting factors which depend on other measurable quantities without
departing from the scope of this invention. The preferred wavelength
embodiment also depends on the signal strength and includes a selectable
Relative Switch Threshold Ratio. One may select transition requirements
which depend on other measurable quantities without departing from the scope

of this invention.

[00120] For example, the use of other input parameters, such as

LA 11 &6 9 &¢

“mec”, “minirepro”, “signal to noise ratio”, “signal shape”, “signal envelope”,
“focus”, “tilt”, “order channels position offset”, “wavelength channels position
offset”, “shift between segments™ and/or “coarse-fine position deviation”,
possibly in combination with user input parameters, can enhance the

performance.



possi bly in conbination with user input paraneters, can enhance the
performance. 44 19 MARCH 2007 [00121] Many of these paraneters are rel ated
to the accuracy of the aligned position determ nation. The parangd8ARCAR007
is the multiple correlation coefficiedAf indicating how well the neasured
signal resenbles the signal expected for a perfect alignment mark; the
"mnirepro” is the standard deviation of the aligned position of different
sections or portions of an alignnment neasurenent, indicating the accuracy
of the aligned position; the "signal to noise ratio” is the fitted signal
divided by the relative |level of noise across the spectrum of the neasured
signal, while thegigpal shg oftﬁeslte'b%:a:ﬂe%r? e"r@lareﬂvts eOaIccﬁraEﬂ%d' screte
frequencies in thi's spectrum denerall’y at multiples of the base frequency;
the "signal elnevaignpéposido detemmaationf Theparamgteal‘mest isaixgtmbltiple i ng t he
measurenent; the "focus! is the offset in wafer height durjng.the

measur ement ; CPRglatien feotiicientipdicating how, we earurel il LAEmBlearE t he

det ect or angl IBGed | e ‘ L8 ko offset" is
t he neasured Si()ﬁn?tfvgexrengeﬁ?n Eai I gne pogf ?]lglcr)kdrilﬁ{)ef %pﬁg%ar fsggéhc ‘gdrill(rllel s of one
wavel engt h; tdeeiatiovnofthe aljgiredgivaitionlof differerttisoctiont bspértionsof &re neasur ed
difference in_aligned position Qf the various el.engt h channel s; the

"shift bet m@ggn@gg,%q@gnemegt,%c%gé}gﬁ%u@pyf) Tb\é é“?‘f@%ﬂ‘ﬁ‘hgﬁ posi tion of
the various .« "éﬂzﬁ%hﬁis@@ tﬁ).”q}’{hk'ﬁ,téﬂgf@ﬁf c‘ﬁ%d?{j 'b? 'ﬁ(@@fa%i@@ﬁé%l ide
'S e diffe

"coarse-fine position deviation ence between e position of
t he al i gnmentacrossthiespeatrunief the neeaplrad eignalf While tedsignhlshhpei is tlexpect ed

position based on . alignnent nmark_neasurements in the coarse phase. [00122]
The ali gnmantrgét)‘/‘éeclémlé’g@gg‘ﬁi@?ﬁrqt%ﬁf'%nﬁl‘}? iethes speciimy geasraliit be i npl enent ed

in a variety ; ISF‘HBE'%@P&? I RS € | fJatiafetdmhEsichdl My be
I mpl enent ed in%fl?ﬂgé al i gnrr%nt ggétyé%?eis‘lsf%{sa%%gfe gi nS a|9:1i gs. 35%@*@ 12 and
13. In this exength duringhtheahéagunement; thes'tfeensh asthe offsatiin wafer hdegher mi ni ng uni t.

In general, t si tion determ pi ni t be either. a
g dhuremg the measurement; the “titf"4s the angreel}/etween the wafer angle and

the detector angle during the measurement; “‘order channels position offset” is

the measured difference in aligned position of the various channels of one
wavelength; the “wavelength channels position offset” is the measured
difference in aligned position of the various wavelength channels; the “shift
between segments” is the measured difference in aligned position of the
various segments of a multi segmented alignment mark; and the “coarse-fine
position deviation” is the difference between the position of the alignment
marks in the fine phase with respect to their expected position based on

alignment mark measurements in the coarse phase.

[00122] The alignment system according to the current
invention may be implemented in a variety of alignment apparatuses. In a
specific example, it may be implemented in the alignment system illustrated in
Figs. 3, 5,7, 12 and 13. In this example, the alignment system has a position
determining unit. In general, the position determining unit may be either a
hardwired special purpose component or may be a programmable component.
In a programmable unit, the position determining unit comprises a CPU,

memory and data storage area. In addition, the position determining unit will



hardwi r ed speci al purpose conponent or may be a programmabl e conponent. In
a programmmabl e unit, the position determ ning unit conprises a CPU, mem)r&/
and data storage area. |n addition, thgsposition deternining uni® ¥ARCH2007
MARCH 2007 45 have I/O ports for comrunicating with other equi pnent and/or
interfacing wth users. [00123] In this enbodi nent, signals for seven
diffraction orders nmay be detected for each of the X and Y positions and
for each of the two wavel engths of the alignnment radiation. The infornmation
fromsignals of the same order but different wavel engt hs may be conbi ned
according to this invention and either a single order or nultiple orders
used to makebaved/@ pads for sgmmunigatins with athes epwipment andéoraterfacipg cases using
mul tiple ord e weight factors can best be determ ned per order
separately. F’BBEJF The position of the alignment nmark may be determ ned on
a mark-by-mark basis as the neasurenents are perfornmed, resulting in one

al i gned position [00123] i gnninthisenibodirAéntedigadls foesyveni difftictipoflBt ers such as
t he above noted_ i nput paraneters may be obtained for all alignment nmarks on

the wafer an®ay hefdetepted &oncack gf the2aand ¥ pesiiopranddior sachedf the tWbut cal cul ati ng

an aligned pgsidil i Eﬁgﬂ@ k. B W f?'f‘]t"ﬂ er data from
a plurality g’?b%%%%ﬂ?@% S s%)a t 15)'[5' tT?]ﬁg @8@{@\%@@3 sotq?%ehngt h, or
ot her i nput sgnas eudet i différedtwesreletigfhl eragrte cdhibjnedeattondiigts this t he waf er can

be taken into account. The .aligned positions are weighted in the grid
cal cul ati on nygntonAndieitber-asingle ordsy oy mulfinle prdsesaised tq makeedmahosi ti on nore

accurately -3l j r | | | : t re
accurately ﬁ%éﬁérﬂe an at{v@i(g?il%éggg%bp{e gsg.l\lll @lﬂlﬁiﬁlpﬁéeﬁg% @ecaﬁ?%ul ation. The
grid cal cul afactinscancbestise dgpenfinedped ofder sepaditsliiydual wavel engt hs or a
conbi nati on of wavel engths. The weight factor is determned by the relative

signal strengtf Sl e bR of L ABhSL: ok USSR leket g @1 onmen

on a mark-by-mark basis as the measurements are performed, resulting in one

aligned position per alignment mark. Alternatively, input parameters such as
the above noted input parameters may be obtained for all alignment marks on
the wafer and then the grid calculation may be performed without calculating
an aligned position per alignment mark. This permits one to gather data from
a plurality of alignment marks so that the relative signal strength, or other
input parameters, between different alignment marks on the wafer can be
taken into account. The aligned positions are weighted in the grid calculation
so that the calculated grid represents thé wafer position more accurately as
alignment marks with higher signal strength are more accurately measured and
weighted more heavily in the grid calculation. The grid calculations can be
performed for individual wavelengths or a combination of wavelengths. The
weight factor is determined by the relative signal strength, or any other input

parameter, between different alignment marks on the wafer.

[00125] Extra input parameters can be used in the grid

2 <<

calculation, such as “grid residuals,” “non-orthogonality,” “X-Y expansion
difference” and “wafer expansion.” All these parameters give an indication of

the accuracy of the aligned position determination and are therefore valuable



[00125] Extra input paraneters can be used in the grid calculation, such as
"grid residuals,” "non-orthogonality ," "X-Y expansion difference" and
"waf er expansion." All these paraneters give an indication of thewMEREHADYT
of the aligned position deternmination #id are therefore valuable 40 19 MARCH
2007 input paraneters for the weight factor in the grid calculations. Gid
residuals are the deviations fromthe neasured alignment nmark positions to
the fitted wafer grid, thus being a neasure for the accuracy of the
alignment mark position determ nation; non-orthogonality and X-Y expansion
difference are both nmeasures of the deformation of the wafer, but can, |ike

grid, residughsutifirany@d f@Sthé weBas BictorfiR thel S1Rl @dGdtRmY. Ghidir8dd@dld gnment  mar k
position determnation as these deformations are generally nuch |ess than

t he al i gnnerare therdeviations from the wieasureshalignanent wafleposiigrans therfitted a neasur es
of the expansion and thecrefore of the tenperature of the water, this
temperature i% %%ﬁ“ﬁ%‘b%e%w&a%%@ﬁ%ﬁa& g?lf’ﬁ&‘e\ﬁ&gﬁﬁne%g#si on can be
used as a ”Eéb%dftﬂmfdéfermlﬂhﬁoﬁ,fxfdﬂﬂ&ﬁibggﬁaﬁt?ﬁn@bﬂ-ﬁ%ﬂ{sidipdiﬁe&ﬁéé hreon

a

determ nation. In addition, this pproach permts one to cal culate an

opti mum gri d hoth measuwsescqf the deformationaifshe wafendut han, ilikd igid dgsilduals bgned

posi tions per_alignnent r offering.nore flexibility in conbining the
various i npu;usﬁgﬁgﬁﬂe@‘ggg?r%%%cc%glﬁ’?glfﬂmﬂ%ﬁ’?‘ R‘Pﬁ}t{%‘ on the wafer and
the extra grightdafimiiidhes thed®féfoiAibnd Y Eenel9 1e&dh 1k& tAMh @¥t ension to this

embodiment it is useful to determne an optifumgrid per wafer, the
vari ati on of alignmenpmarkposiiontdsvitipas; and watarespansioarik a anredsurheof thput

paraneters per. waf.er c be us s extra input aranmeters., The use of
P Stori o dat ©ghoueh ai esfoutof oy WmBerhfe b B vt B Bbbdhwg el ng
temporary fl ugélyasntned ahd thekeTort thewater eLphsiontan ba bl dsA medsureSfoe
paraneters within a batch is data typically stored on current |ithography

appar at uses, Whitaranytafihe dignmeahmady pesiticprdetarininpsionb fapdditiomitkin a |ink to
an automatic

ro n | P phat - B St or can be stored
for Cindivi duaPreach Rt et chielle ARRIRAI g lﬂmééeeﬁtéeﬁgﬁﬁéﬁ
calculating the individual aligned positions per alignment mark, offering more
flexibility in combining the various input parameters of the measured

alignment marks on the wafer and the extra grid parameters mentioned above.

[00126] In an extension to this embodiment it is useful to
determine an optimum grid per wafer, the variation of the input parameters per
alignment mark and the input parameters per wafer can be used as extra input
parameters. The use of historic data gives an indication of variations in
processing being temporary fluctuations or a long term trend. The variation of
such parameters within a batch is data typically stored on current lithography
apparatuses, while batch to batch variation may be obtained with a link to an
automatic process control (APC) apparatus. Historic data can be stored for

" individual wavelengths or a combination of wavelengths.

[00127] Since the numerous systems described above use
coherent alignment radiation sources, the phase modulation techniques
described in U.S. Patent No. 6,384,899 may also be used in combination with
the systems described herein. The entire content of the U.S. Patent No.

6,384,899 is hereby incorporated herein by reference in its entirety. The



[00127] Since the nunerous systens descri bed above use coherent alignnent
radi ati on sources, the phase nodul ati on techni ques described in U S. Patent
No. 6,384,899 nay al so be used in corrbjl ation with the systens WHARGEA07
herein. The entire content of the U S "Patent No. 6,384,899 is hereby

i ncorporated herein by reference in its entirety. The 47 19 MARCH 2007
invention is described with reference to its use in apparatus for

st ep-and-scan i magi ng of a nask pattern on a substrate for manufacturing

| Cs, but this does not nean that it is limted thereto. The invention may
be alternatively used in such an apparatus for manufacturing integrated, or
pl enary, opt iipu¢ntiopds dessribedywith zeferenesie ittarse in apparaies foe stap-andiscamgnet i ¢

once. nens. davebBlor A ban el S A B AREE R MR B bean ©
optical appargitiseanithat b Gihifed therétb OITAE invefiti L AAY b aRerB8BlPhsed in

el ectromagnetic radiation and the projection systemis an optical
proj ecti on | evush enepparptus far manséachwinggptegretads of plepary coptichlesysigmsj ect i on beam

is a charged-particle am such as.an el ectron beam an ion .beam or an
ray beam 1 HadeE ria faadiohsaleRS fmfuElt sRRepRBhe AR i “an

el ectron Ien%@Mﬂﬂiﬁ%{:ﬁ@ fels, ERinerilal mignetio Biehdyy MENIS Meliys, BR. ugRd i n

i magi ng systens with ich images having very small details nust be formad.

19 MARCH 2007lihogsaphie apiparaims may et oaly bpareontical/apperatdsoin which theogr aphi ¢

tus, i sing: a | i t i atipn havi first
navel angt h andBiseaet et iaRtoidieront g R et RO BrARiPri ng o 111 st
wavel engt h chgisfed] isahopige prdjectiondenswgsted, b IR n dppdiadls iR WHickPike an

alignment mark at - said first wavel ength and a second wavel ength channel
arranged to riFeigctien bganyispethargeddlagidlobeant shehggiag elacirgmbheant, aRdeR at  sai d

second wavel e@e%}nhér a‘%p)g-ray beam, in which an associated projection system, for example
an electron lens system is used. Generally, the invention may be used in

imaging systems with which images having very small details must be formed.



a position determning unit in comunication with said detection system
wherein said position determning unit processes information froam]&i 60$7t
and second wavel ength channels in conbination to determ ne a po £
said alignment mark based on one of information fromsaid first wavel ength
channel, information from said second vel engt h channel and conbi ned
information fromsaid first and second wavel ength channels according to a
relative strength of said alignnent radiation detected at said first

wavel ength%@tht radi ation detected at said second wavel ength. 2. An
al i gnnment systenraccording to claiml1l, wherein said position determ ning
unit is constructed to process said information fromsaid first and second
wavel engt h channgha]igmmis@féﬂlmaf1itn@@-a@mp§g@aﬁgco$ﬁ}gﬂa{gs fromsaid first
and second wavel ength channels with factors that depend on a relative
strength of sai dsqusesaf aligyment radiationihgvins e disd wagplgngih anda sgend)| | gnment syst em
according to cl.aidp 2, wherein the weight factor for said second wavel ength
channel is set t© zero when a strength of said first signal relative to

sai d second si gnddtemivaapdem aopprded e first wadelérptlectaahel arrdngefno adceyament syst em
according to claimi,. rein said source af _alignnment radiation conprises
ST T ot aclEi it ing B e PG B SSAAE: Py QTR SHGOR and o
second | as %vtena%fhgﬁﬂﬁlm@%gé@w r8d iR b1 BhmERir &l SRMORCn WA &li SAd mahat MARCH
2007 49 5. An alignnment system according to claim11, wherein said position
det er ni ni ngaidga¢andiwavelsngthyangt ed to assi gn wei ght factors to said first and
second wavel eng =han - . gde S| |, .qtar said first
and second vvaveglrl E%sgt c{s&?%%gflégﬁ%t ﬁiﬁﬁgﬁngﬁﬁé%ﬁﬂg%l élﬁmégtg‘gc‘gsﬁ’é‘i%&g to claiml,
wher ei n sai d fi whéreinaid pesitivh detetmininglunitfpraessds thfdramtion frosysaidefinscandr esponds

to a first diffractjon oyrder, sub-beamat said first wavel ength, said second
wavel engt h SefpRAfavelsrath shapnglsin eombinatignde drterwins a opYers °f %‘“{;gﬁn}”&“

di ffracti onngk 88ded SHRNO 8PN aBEH Hoﬁ%ﬁﬂ%st%%ieﬁ%{ﬂtchanréﬂ GnfdAhAioR Fint | ON
determning unit determ nes said position of said alignment mark
said second wavelength channel and combined information from said first and second
wavelength channels according to a relative strength of said alignment radiation detected

at said first wavelength to alignment radiation detected at said second wavelength.

2. An alignment system according to claim 1, wherein said position determining
unit is constructed to process said information from said first and second wavelength
channels by weighting first and second signals from said first and second wavelength

channels with factors that depend on a relative strength of said first signal to said second

signal.

3. An alignment system according to claim 2, wherein the weight factor for
said second wavelength channel is set to zero when a strength of said first signal

relative to said second signal exceeds a predetermined threshold.

4. An alignment system according to claim 1, wherein said source of alignment
radiation comprises a first laser that generates radiation at said first wavelength and a

second laser that generates radiation at said second wavelength.



based on said first and second wavel ength signals wwth a first precision. 7.
An alignnent system according to claim1, wherein said detection

further conprises a third signal channel at said first wavel engt Iﬁﬁ%ﬁ?ﬂzom
second diffraction order sub-beamat said first wavelength, and a fourth
signal channel at said second wavel engtg and a second diffraction order
sub- beam at sai d second wavel ength, and said position determning unit
determ nes said position of said alignnent mark based on said first and
second wavel engt j i b Sd . I eci se than
said first preci gr%fnéi&@lé %gygqgfngaﬁ%eﬁﬁggg%g% @?nﬁ’g@geg?“é?%g pp %ﬁ%@%tgﬁr@{uggher ein
sai d first waviskcemsgubted ehamsipalweight faitads thesaricfinstoand sycind wavelengh phamisist 0 a
first diffraction prder sub-beam.at said  first wayel ength, a value of said
diffracti ont%Gfr BFNASQTLS Bk R et é’ifaa‘ﬁa'IF%?H@\%F\?@F‘LW@YqYang’eﬁqﬁﬁ‘kdynam cally

sel ect ed based on processing said substrate had undergone, and said second
wavel engt h channel of said detection systemcorresponds to a first

di ffracti on or def Analighmant systemaicebrding dmelainal.ovleengn kaid dirstatavelengthsai d
diffractionorder . suh- m i.d second vel.engt h bein nam cal |l y
el ectod badluid Rt O EBERTSLeR Tore BRI A 1R AR Sl RERRG 2007
50 9. An al saihfistvaeigein according to claim 2, wherein said position

determining unit, processes said inforpatjon fromsaid first, and _second
wavel engt h chanri@l escgpdwemgﬂl%@%ﬂ@%@@%&%@mﬁﬁ%mﬁf% conbi ne
i nf or mat i ongikQebs 8iddr fibsdanfil daid S6CRA G aNSIenghh signals. 10. An alignnent
system according to claim9, wherein said selectable paraneter elimnates

i nformation fromagkpaditionrdstermining writgletermings sdid pesinersed sdidedighmentrmark

determ nati}I())n whendfai d first vvavil E%%th fi gnal fgi |s. 10 satisfy a

sel ect abl e PRELPD Fpd PIrsf prdsecoyd wavelengilsienals i, sk prebision - c or ding to clai m
9, wherein said selectable paraneter elimnates information fromsaid first

wavel ength signal fromsaid position determnation  when _said first
wavel engt h si gnal- 4B;alignmgntssysiesy pocerdipg de olgimel.| whapmosaidy dgteptigrppystery A

al i gnment  syshenN ArREa Bird Qoih BhdBndl at WAL W AR HgBEna Gl 8B ARRAG! e

order sub-beam at said first wavelength, and a fourth signal channel at said second

wavelength and a second diffraction order sub-beam at said second wavelength, and
said position determining unit determines said position of said alignment
mark based on said first and second wavelength signals with a second precision that

is more precise than said first precision.

8. An alignment system according to claim 1, wherein said first wavelength
channel of said detection system corresponds to a first diffraction order sub-beam at said
first wavelength, a value of said diffraction order sub-beam at said first wavelength
being dynamically selected based on processing said substrate had undergone, and

said second wavelength channel of said detection system corresponds to a first
diffraction order sub-beam at said second wavélength, a value of said diffraction order
sub-beam at said second wavelength being dynamically selected based on processing said

substrate had undergone.



o i,

is determned prior to said assigning said weights. 13. An alignnment system
according to claim9, wherein said selectable paraneter is determ ned after
to said assigning said weights. 14. An alignnment system accordi ngp MARCGHROO7
2, wherein said weighting factors assigned to said first and second

wavel ength signals that depend on said first and second signal strengths
further depend on a selectable threshols® val ue, said weighting factors
bei ng constrained to be within a range fromzero to one, inclusive. 15. An
al i gnment system according to claim14, wherein said weighting factors

assi gned to sai 9 A flphnatsyseadidordmyged elagh b, whaeialssidipbatioslegemdniap said
first and second signal strengths further depend on a reflectivity of said
substrat e BRit Brogespesysai nfgrmatignofrom s3d firsh ed spcordiwpvebmetushgnpsly 8t and second

wavel engt hﬂ:r%&ﬁasgi@ﬁig@'aisglia&gﬁk g%ﬁﬁﬁ%ﬂo@%ﬂ%ﬁg 1?2);{(:%&1(3’{ @bx{ps}iﬂzﬁrm&?flei n said

sel ectabl e thres value is a relative th relative to a sel ected
val ue of asebpgthahved¢ngdnggrals. 19 MARCH 2007 51 17. An alignnent system
according to claim 14, wherein said selectable threshold value is an
absol ute threshold. 18. An alignnent system according to claim 16, wherein

sai d wei ghting f@amEnmesygBRGcéRdiagidlclhint Stwikidn 588 odlet 1y pirenath signal s
that depend on said first and second signal strengths further depend on a

sel ect abl eclipatesindonmatian framesaidafingewavetengiysigipl Gormeaid peyisior AetaEmpationng t o
claim 2, REELE i i i - ' i 4.4 st and second
mavelengtﬁgéég%% gégggw%% Ig%%%l%ﬁ%h?%ﬁg?@%%k%ﬂ?@#é&l§€%gg%g gth signal is
preferred over said second wavel ength signal. 20. An alignnent system

according to clgim19, wherein said.weighting factors,k of id first and
Second wavel engl h A BFE RO R R S L YT S PSSR0 EErRRUE engl h
signal is piRheks fformatbn Bdhthald fist wiRKREARYNI $6HR&U potRsLasteRtindtRnsal d
second wavel ength signal dom nating over said first wavel ength signal when

sai d wei ghwhemysaidfitsbvavalngth signad{ails issafisfyaselgatebledenchof pracisioni d fi rst
wavel engt h signal was preferred over said second wavelength signal, |eading
to a hysteresis effect.

12. An alignment system according to claim 9, wherein said selectable parameter

is determined prior to said assigning said weights.

13. An alignment system according to claim 9, wherein said selectable parameter

is determined after to said assigning said weights.

14. An alignment system according to claim 2, wherein said weighting factors
assigned to said first and second wavelength signals that depend on said first and second
signal strengths further depend on a selectable threshold value, said weighting factors

being constrained to be within a range from zero to one, inclusive.

15. An alignment system according to claim 14, wherein said weighting factors
assigned to said first and second wavelength signals that depend on said first and second
signal strengths further depend on a reflectivity of said substrate or a material on said

substrate at each of said first and second wavelengths.

16. An alignment system according to claim 14, wherein said selectable threshold

value is a relative threshold, relative to a selected value of a signal strength.



21. An alignment system according to claim19, wherein said weighting
factors assigned to said first and second wavel ength signals are reass&gned
such that said second wavel ength signal is preferred over said 19 ARCH 2007
wavel engt h signal based on predetermned criteria. 19 MARCH 2007 52 22. An
al i gnment system according to claim1l, wherein said position determning
unit is constructed to process said infélmation fromsaid first and second
wavel ength channels by weighting first and second signals fromsaid first
and second wavel ength channels with factors that depend on at |east one
measurabl e quantity selected fromthe set of neasurable quantities
consisting of M@, ARNykAAN Sy gm}diﬁ%forb%ﬁﬁ 4 Fhiin SldMafkiapRhape, signal
envel ope, focus, tilt, order  channels position offset, wavel ength channels
posi ti on ofthsshqld sélué s dnebvdate tiweshwbht s and coarse-fine position deviation,
wherein the paraneter ncc is a nultiple correlation coefficient indicating
how wel | the neasured signal resenbles the signal expected for a perfect

al i gnment nark, 138 AhhEphMertSystén S¢RRERE & MM 13! WabreRf sald\ReightingTeéoROSI ti on

of different sections or portions of an alignnent neasurenent, indicating

t he accur acdpsighed;tpsaigifirgjaad serond wavelength ¢aeals that depereon yaid finst 4ngl seepndf i t ¢ ed
signal divi i I spectrum of the
measur ed si%ﬁ%fgxﬁkﬁggg eg8§¥§%gﬁggﬂg%éﬂ?g&ﬁﬁggﬁéggﬁﬁ&gﬁféveI of a few _
discrete frequencies in this spectrum generally at multiples of the base

frequency; the sjignal .envelope is variance of the sigpal. strength during
the measurement !’ A8 figapent isgﬁ‘?’ﬂ éCCBF‘E’%%EO ‘i?%m\%af”(i‘f“e“h&%gwpgg?ﬁ% %g}g‘%She

measur em?_ntassi?ﬁ@ thishill fir§t ahdSecRRPWAVAGIHNREPnaIN e WRI S 3G tRataRM firfte  detector
angl e during the neasurenent, order channels position offset is the measured

di f f er ence Wavekdngtyrseghabie praferond wfer sadsegond waslengtrsigialk of one wavel engt h,

t he wavel ength channels position offset is the neasured difference in

al i gned position of the various wavel ength channels, the shift between
segnents is the Joeasuligieélitkigere acrding vl dgned, whasint saldweghtinpeastadsiofus
segnents of a pulti, segnented alignment mark, and the coarse- fine position
devi ati on i %14 fifst adsseeqnd rayelspginaignale A rpsiensdonchthat saad sieppdivarrlensdy ks i n

?rgre kf i ne phasa) Wik dleh &ERRE taid Brdt RALEPIPGERE duthesleh RRafias&shdqvalchghment
signal dominating over said first wavelength signal when said weighting factors were
previously assigned such that said first wavelength signal was preferred over said second

wavelength signal, leading to a hysteresis effect.

21. An alignment system according to claim 19, wherein said weighting factors
assigned to said first and second wavelength signals are reassigned such that said
second wavelength signal is preferred over said first wavelength signal based on

predetermined criteria.



measurenents in the coarse phase. 23. An alignnment system according to claim
2, wherein said weighting factors assigned to said first and sec

wavel ength signals are selected in accordance with a diffractioﬂggiﬂgfjﬁyﬁﬂ
is detected. 19 MARCH 2007 53 24, A lithographic apparatus, conprising: an
illum nation system a substrate stage zsenbly arranged in a radiation path
of illumnation radiation fromsaid ilFumnation system a reticle stage
assenbly arranged in said radiation path of said illumnation radiation
between said illum nation system and_said substrate stage assenbly; a

proj ection syst &m ARRHAYBEN SR @pcosding o daime} - avherein said Bewlien Jeterntiniag d

substrate SiA%E RESARRIY ROCs@Bid ihBRIRRN SR eI Al SROSLoRA Wl iRl en at

| east one of said substrate stage assenbly and said reticle stage assenbly,
wher ei n saidhasrielsgbyrmeightipg fiesh and epedndessgnals Gomarseid st amd sgenpditwaveldngihh i on

havi first | th | t h '
corpr s ng oY TR HErE A fodnd RRa far e e Dol SOk R AR ™
radi ation feepbT alRasukdbld) fRAHitIBRESnsalting AF thck] mSdirepy/ elgaabiobhoddratlo, Sgond

wavel engt h channel arranged to receive aliannent radi ati on fromsaid
al i gnnent  rfRARe: siEnalgnyelops dfensndilte PsH enadia RaElion affeetawprsdengtioshageeler mi ni ng

unit in co o6 3FA QN i ShEGH Sl Rk WhAeY;gi ), sai d position
deterniningn%ﬁPt g%%g%?%ggwﬁﬁ1%?ﬁﬁtﬁondg%gﬁl§§ﬁ§H¥?rs§wg% ’ second
wavel engt h wleagin¢hesparameterrincnat & onltifde detrdatimnneeffiqios iitdicatingfhosawell dei gnnent
mar k based on one of informatjon froms i velen?th channe

i f )
T ot ot ornfsOT sl Tt e ara agps edrtat i b feeh AT A PAPBERALS on

a standard deviation of the aligned position of different sections or portions of an
alignment measurement, indicating the accuracy of the aligned position, signal to noise
ratio is the fitted signal divided by the relative level of noise across the spectrum of the
measured signal, while the signal shape is the relative level of a few discrete frequencies
in this spectrum, generally at multiples of the base frequency; the signal envelope is
variance of the signal strength during the measurement, the focus is the offset in wafer
height during the measurement, the tilt is the angle between the wafer angle and the
detector angle during the measurement, order channels position offset is the measured
difference in aligned position of the various channels of one wavelength, the wavelength
channels position offset is the measured difference in aligned position of the Vaﬁous
wavelength channels, the shift between segments is the measured difference in aligned
position of the various segments of a multi segmented alignment mark, and the coarse-
fine position deviation is the difference between the position of the alignment marks in
the fine phase with respect to their expected position based on alignment mark

measurements in the coarse phase.

23. An alignment system according to claim 2, wherein said weighting factors
assigned to said first and second wavelength signals are selected in accordance with a

diffraction order that is detected.



fromsaid first and second wavel ength channels according to a relative
strength of said alignnent radiation detected at said first wavel ength to
al i gnment radi ation detected at said second wavel ength. 19 MARCHIMERCH407
25. A lithographic apparatus according to claim24, wherein said position
determining unit is constructed to process said information fromsaid first
and second wavel ength channels by weigh?ing first and second signals from
said first and second wavel ength channels with factors that depend on the
relative strength of said first signal to said second signal. 26. A

| i t hogr aphi ¢ appdr atlubogaaphaor appagtusocanipaismg25, wherein the wei ght factor for
sai d second channe{ i S get to zero when a strength of said first signal
relative to saf&lgﬂggﬁanﬁﬁﬁﬁg¥ exceeds a predeterm ned threshold. 27. A

l'i thographi c appauBsttse A6&ksHny drfangbdin rddiatinhgdtRbhilsaiithtdaur ce of
alignment radiation conprises a first laser that generates radiation at a
first wavel'adigton fremgaid idwpinalon ¥§%€M; t hat generates radi ation at a second

wavel ength. 28 , fciel 430 8RRE ARABLARUSGIEAALM Ath §%af Rl Mdflon Wher ei n sai d

position determning Unit 1s °constructed to assign welg actors to said
first and sedietich betweasl seitgtihmotatiom systent dradtsaidespbsichtantagsiagseaiblgt r engt hs  of
said first and second. wavel ength signals...29. A |lithographi par at us
Secor di ng to ol & MBsHon K Po R Aaei P b Soid et St <ML saB " ea
detection syBitRie gacr8spMMendo a first diffraction order sub-beamat said
first wavel ength, said second wavel ength channel of said detection system
corresponds to anfajigament gysterp arangsa perdntc gilbash epholzaidsmbsiraietieged

mayelength%mggﬂﬁigkﬂmgﬂ%hgggagg§£§£€$ning unit determ nes said position of
sai d al i gnnment r ased on-sal tst and second wavel ength signals wth
a first precisi ovherci® sdh\RCGEMnZM0 systenbecomprises:
a source of alignment radiation having a first wavelength and a second
wavelength;
a detection system comprising a first wavelength channel arranged to
receive alignment radiation from an alignment mark at said first wavelength and a
second wavelength channel arranged to receive alignment radiation from said
alignment mark at said second wavelength channel; and
a position determining unit in communication with said detection
system,
wherein said position determining unit processes information from said first and
second wavelength channels in combination to determine a position of said alignment
mark based on one of information from said first wavelength
channel, information from said second wavelength channel and combined information
from said first and second wavelength channels according to a relative strength of said
alignment radiation detected at said first wavelength to alignment radiation detected at

said second wavelength.



30. A lithographic apparatus according to claim 24, wherein said detection
system further conprises a third signal channel at said first wavel ength
and a second diffraction order sub-beamat said first wavel engt 9 MRCH 2007
fourth signal channel at said second wavelength and a second diffraction
order sub-beam at said second wavel ength, and said position determ ning unit
deternmines said position of said alignmht mark based on said first and
second wavel ength signals with a second precision that is nore precise than
said first precision. 31. A lithographic apparatus according to claim 24,
wherein sai d fi 28t Alishagraphipt appargivaaeeirding tosdaith Hie wheteiroseidgesitiom cor r esponds
to a first dhahractionsghaeh oib: BEam ol Aldhabh Bk wRVELenOlB. g val ue of
sai d di ffraction ofder subbeam atPsard tirs vvaveFengSth €i ng ynam cal | y
sel ect ed bassdleagthphatekdyveigiaing fBithad sabrd Sigehluficarsgdist saddec®aidd second
wavel engt h chanpnel of sai d,mdgtfecti on system corresponds to a first

di ffracti onvavgleagh chypelsenith Betosthef depeiidhng hatrlativg grenstinohsaid firsirgnahi ¢

di ffraction,Qfideicondbipzhgam at said second wavel ength being dynam cally
sel ect ed based on procCessing said substrate had undergone. 32. A
| i t hographi c apparatus according to claim25, wherein said position

determ ning unit,.p esses.said information f.r said.first.an econd

wavel engthe charfon SRS Rt bl e iThe Bhah D Mt (5Pl BetF o Combi ne
i nf or mat i onfof $a@Resndichabihel $4 settotkese®hdith Wavgthf 6dib figdt gipakiselaBe toA

| i t hogr aphi c, apparatus  according to claim32, wherein said selectable

par anet er eridiespadsignehrsesdsrinsrdeteramed Sireshelds st wavel ength signal fromsaid
position determ nation when said first wavelength signal fails to satisfy a
selectable level of reliability. 34. A lithographic apparatus according to
cl ai m 32, wher ei2d. Aditltbgsaphéctpphrat:s aparding toerlaigl 24ywhategssaiddomraratfi on from

said first vel engt.h. signal. from sai d position eterm nati on when said
FEr ot vy el DRYTHT i PRPrisey o Eare e B B e St e S avart BrveleBBie; of on.
19 MARCH 2Qfd a s&nd laser that generates radiation at a second wavelength.

28. A lithographic apparatus according to claim 24, wherein said position
determining unit is constructed to assign weight factors to said first and second
wavelength channels that depend on signal strengths of said first and second
wavelength signals.

29. A lithographic apparatus according to claim 24, wherein said first wavelength
channel of said detection system corresponds to a first diffraction order sub-beam at said
first wavelength,

said second wavelength channel of said detection system corresponds to a first
diffraction order sub-beam at said second wavelength, and

said position determining unit determines said position of said alignment mark

based on said first and second wavelength signals with a first precision.



35. A lithographic apparatus according to claim 32, wherein said selectable
paraneter is determned prior to said assigning said weights. 36. A

| i t hographi ¢ apparatus according to claim 32, wherein said sel ectlAiN&aRCH 2007
paranmeter is determned after to said assigning said weights. 37. A

| i t hographi c apparatus according to claim25, wherein said weighting

factors assigned to said first and secossl wavel ength signals that depend on
said first and second signal strengths further depend on a sel ectable
threshol d value, said weighting factors being constrained to be within a

range from zer o 300AQRogriphid Apphritus adSbrdifg td diaIARNefiRRRRdatdonagRaR di ng to
claim37, wherein said weighting factors assigned to said first and second

wavel engt h &rthergpaprisean thisdeigee! shangsg) af said figyt wanelengih anthe secpphdifiragtioangt hs
o therdy Al . ; b
urther depgad sgﬁ-bg?rﬁ &f éagﬂﬁﬂsw&%l&l thS Bhda fg}dﬁﬁ tsfgﬁﬁelﬁ:aﬁng?atg%fdeskkﬁd on sal

Substrate at eac sal Irst and second wav t hogr aphi c
appar at us aeoeledgthgnd o sedoaid difiactionvedaisnb-beandatseldeset @ldl veavelehgtbsddl d val ue i s

a relative threshold,.relative to.a selected. val.ue of a signal strength.
20 *A1 1t hoor apr et e e S S GrE Sharhrbn Sbari BiiTeH g sl ct bl o

threshol d viaAdé®aded oARaidTRE aull @edond Rab@kskth Ginaldwith b RaDhapRicHiaNRAr at us
according to claim39, wherein said weighting factors assigned to said

first and seswrdPrariseibanspit fisst gregisiont hat depend on said first and second
signal strengths further depend on a sel ectabl e absolute threshold val ue.
42. A lithographi c apparatus according to claim25, wherein said weighting
fact ors assi gnesll.tA lifmigthphicrapparatud as@edingl toralwial 2 gtieran gaidl fastawevelengingned
such that said  first wavelength signal .is ptef ed over said secony

vavel engt h Qrdishpl S den 5dum comsepams & S EShOGREAR o iep o ST @eKor di ng
to clai m 42GsMg fefinBthS & ivalubR 908 ldittacti R @ SuBeadtd Railil s wARRNSHAR

wavel ength signals are reassigned such that said second wavel ength signal

i s preferretynavisallsseleftedbaged araresassing seidsupstadte babwwdgigone, and sai d second
wavel engt h sjgnal m.pating over.sai d fj.rst velentg i gRa .;Hnen sai d
wei ght i ng S?”ac * gornéi c{’é?\/\‘a}éf r %n%tbé:\g?nél i s?glsagisdsjﬁteﬁ{ﬁ%%syssﬁé%hcot T 5|°0ag ﬁs# LR engt h
si gnal was qrdefsel-besn ansaid second wavelength, a value of said diffraction order sub-beam at

said second wavelength being dynamically selected based on processing said substrate

had undergone.

32. A lithographic apparatus according to claim 25, wherein said position
determining unit processes said information from said first and second wavelength
channels by further assigning a selectable parameter to combine information from said

first and second wavelength signals.

33. A lithographic apparatus according to claim 32, wherein said selectable
parameter eliminates information from said first wavelength signal from said position
determination when said first wavelength signal fails to satisfy a selectable level of

reliability.

34. A lithographic apparatus according to claim 32, wherein said selectable
parameter eliminates information from said first wavelength signal from said position
determination when said first wavelength signal fails to satisfy a selectable level of

precision.



sai d second wavel ength signal, leading to a hysteresis effect. 44. A
| it hographi c apparatus according to claim42, wherein said weighting
factors assigned to said first and second wavel ength signal s ar el ¥MARGH MY
such that said second wavelength signal is preferred over said first

wavel engt h signal based on predetermned criteria. 45. A lithographic
apparatus according to clai m?24, wherei¥® said position determning unit is
constructed to assign weight factors to said first and second wavel ength
channel s that depend on at | east one neasurable quantity selected fromthe
set of neasurabB® Aglitngiaphie epravatss adcpragngdb clairg 32 mvidreiseid selsétgblal - t 0- noi se
rati o, signal tsha%%e s{n nalrioetn\ée.l ope .fomiquW .t'hl t, order channels position
of f set, vvaV%rfnélﬁéfﬁ el nne?g rp(gsf“tdi SHEYPY e Btt bet ween segnents and
coarse-fnme position deviation, wherein the paraneter ncc is a nmultiple
correlation coefficjient indicating how wel] the neasured signal resenbles
the signal expet® @ylithggraphip appagatys apepiifpep claip sk, Whersinispidgelgctaklea st andard
devi ation of,h0Rr Alde@RAfhePRLIh Ald Afsidhidd GlERLigRECt i ons or portions of an
al i gnnent asurenent, indicating the accuracy of the aligned position,
signal to noise ratiois the fitted signal divided by the relative |evel of

[ th t of t d si | .. while the.si | sh [
The-relative | ovbrt BROEPRG AR P eo R B Pas bAcrrg gl ©

general |y adctoidhskighb®® safd firtandas@nli RgenSY sighd18that @pahd o SI@FRPEnd S

vari ance of the .aﬁgnal strength during the nmeasurenent, the focus is the

of f set i nsekarepignsgengthsfurthey deprad paasglestapls thresheld Yalpg, said wejghtipggl e
between th - I ﬂ?f‘ e i : nmeasur enent ,

or der chan(rf;aeC S %%gg{t?%ﬁalo geb:enﬁ?s t%ga%%rggrgﬁ&g%? Og)lﬂg’flg‘rgg%gg in aligned
position of the various channels of one wavel ength, the wavel ength channels

position offset.is, Lhe sured difference jn i gned positiqn of the
various wavel e?ﬁ%ﬁfl@‘ﬂ%nﬁ@%?patrﬁgs %cﬁf’rldfngbtgdﬂggghs‘g%‘élﬁﬂl i“ée_lé‘rﬁlé‘gneasur ed

di ff er ence ficthrodssgReHto ki dVRRGHI 28D Ad wadelBRish siigRdls Bt ddpend/ 8f AU Erss ggrent s of
a nmulti segnmented alignnent mark, and the coarse- fine position deviation is

the dif f er estord Higmaksieengthsdurtensidepand opfa refhestizity ghsidhtubsteat or 4 matetipleorf i ne
phase wit hs£i§§190%ﬁ£teta{)eatcﬁ%¥Eai&ﬁps‘?Qﬁf&cgfdsdvéde%ﬂgt%‘.sed on alignment mark

39. A lithographic apparatus according to claim 37, wherein said selectable

threshold value is a relative threshold, relative to a selected value of a signal strength.

40. A lithographic apparatus according to claim 37, wherein said selectable

threshold value is an absolute threshold.

41. A lithographic apparatus according to claim 39, wherein said weighting
factors assigned to said first and second wavelength signals that depend on said first and

second signal strengths further depend on a selectable absolute threshold value.

42. A lithographic apparatus according to claim 25, wherein said weighting
factors assigned to said first and second wavelength signals are assigned such that said

first wavelength signal is preferred over said second wavelength signal.



measurenents in the coarse phase. 46. A |lithographic apparatus according to
claim?25, wherein said weighting factors assigned to said first and second
wavel ength signals are selected in accordance with a diffracti oA ¥ARCH2ZAX
is detected. 47. A nethod of detecting an alignnent mark on a substrate,

conprising: irradiating said alignment mark with alignnment radiation that
has at least two different illum nati o wavel engths; detecting radiation
fromsaid alignnment mark at a first wavel ength of said at |east two
different illum nation wavel engths and outputting a first wavel ength signal;

det ecti ng radi a#3.dnlithogrpkisiappahtugaverdingtarckiaid2 awkeciosdidwaigiteggt h of sai d
at | east t\fmtdi

wavel engt h |°é?1£ol1ifs?“r fgr%td"lmlgle@gg %?F{V(ﬁ)%“éﬁ\é‘(e&é?e‘? ?%Egac?%%g%fuggﬁ?t%%ﬁ%ﬁ%s (r:(lzngased

on one of savéeddt signal Wepreferodbliershid it wavaleflgth eipgancdubavedR fgsdd scgmpl and a
conbi nation of said first and second wavel eng{t h signals according to a
rel ative stva¥elegnath ggna dparinafipg pveRayid|fes gravelength signaliwhes spid waghding wavel engt h

i gnal . ' i di
st gna 48%o&r$ﬁ%{%ﬁ;‘i’e\%us§§}sl &%&é@cﬁ&aﬁéﬁ&ﬁﬁ?@gvéf‘?{gﬁ QEna?w%’s'Px%Hnaeh%v ofding

c
to claim4 er corrpr etermning a frrst-signal strength of
sai d first sad giwahd wandergptht sipmal leatbng @ adgstoresis sifgetal strength of said second
signal, wherein said determning a position of said alignnment mark based on
said first and second wavel ength signals conprises assigning wei ghting

factors to sai d4f.iA fthogfaphic apsRMds mmln%nemirﬁMg,n@héeihha’w@mmg on said
first and second signal strengths. 49. met hod of detecting an alignnent
mark on a $agkess assigaedioceiddirpipnd seeond iwavalength signiRar reggigneds@chvhet wiih sai d
detecting radjati I i t . o BE AN el engt h of
cai o at ) Saape g P LR bR SRR R Al B bR 000 g &
first diffpardétemfineddrttesia.sub- beam at said first wavel ength,

45. A lithographic apparatus according to claim 24, wherein said position
determining unit is constructed to assign weight factors to said first and second
wavelength channels that depend on at least one measurable quantity selected from the
set of measurable quantities consisting of mcc, minirepro, signal-to-noise ratio, signal
shape, signal envelope, focus, tilt, order channels position offset, wavelength channels
position offset, shift between segments and coarse-fme position deviation,

wherein the parameter mcc is a multiple correlation coefficient indicating how
well the measured signal resembles the signal expected for a perfect alignment mark,
minirepro is a standard deviation of the aligned position of different sections or portions
of an alignment measurement, indicating the accuracy of the aligned position, signal to
noise ratio is the fitted signal divided by the relative level of noise across the spectrum of
the measured signal, while the signal shape is the relative level of a few discrete
frequencies in this spectrum, generally at multiples of the base frequency; the signal
envelope is variance of the signal strength during the measurement, the focus is the offset
in wafer height during the measurement, the tilt is the angle between the wafer angle and
the detector angle during the measurement, order channels position offset is the measured
difference in aligned position of the various channels of one wavelength, the wavelength
channels position offset is the measured difference in aligned position of the various

wavelength channels, the shift between segments is the measured difference in aligned



said detecting radiation fromsaid alignment mark at said second wavel engt h
of said at least two different illum nation wavel engths conpri se i

a first diffraction order sub-beam at said second wavel engt h, an@ @gﬁzgciltio%g
determ ning said position of said alignnment mark based on said first and
second wavel ength signals conprises determ ning said position wwth a first
precision. 50. A nethod of detecting andal i gnnment mark on a substrate
according to claim49, wherein said detecting radiation fromsaid alignnent
mark at said first wavelength of said at least two different illum nation
wavel engt hspostiep of S satetseegmarys af sBelnswemented plignmephmarks and tglgodseeam at sai d

first wavel - S al t I Iat. i Ii-gggg k at said
second V\/avetﬁ[e%ﬁ)tg??ﬁog? b‘qgtg(?ldlgg}%e *g%%?&tb%})‘b%?ﬁ%ﬁ%ﬂioﬁ%ﬁh a |1§){tﬁm{m¥gs\rllgll engt hs
conpri ses db¢ ot phege avitheespad to thefrfexpatddovsivion dased wh-abg@anemimaslai d second
wavel ength, and said.determ ning said position of said alignnment mark based
on said fi rIE?aSEFﬁH‘eméé‘bﬁ’ﬁﬁo%é?/%}F figt h signal s conprises determ ning said
position with a second precision that is nore precise than said first
precision. 5 1. A nethod of detecting an alignnment mark on a substrate
according to cl 46.m lihpgraphie appasatymipagordéngeio clamm 26 avhatingaidiweaghtingi d al i gnnent
mark at sai I st i I different illum nation
wavel engt hstg%é}snﬁg%lgaegg\{ggﬁggwﬁg& Sffcgll?# ??‘%@ﬁnigghﬁg 8?5\(;%? Seéeuc qdb"elam at said first
wavel engt h,acaordadcaevithfa diffradtion dfdenihhi iodetocteker sub- beam at said first

wavel engt h bei ng dynam cally sel ected based on processing said substrate had
undergone, and said detecting radiation fromsaid alignnent mark at said
second wavel engif Phettiddiof ddkctlgaf blifRert hfaHES LNt ubsirh i EoRPrisAR: Wavel engt hs
conprises detecting a diffraction order sub-beam at said second wavel engt h,
a val ue of sai dirdidfatingezidl ehgronaé magutith elignnent sdiatios 8wbhat atdeastitengt h bei ng
dynam cal | yd.gsel eﬁt ed bhased egn g@rgpcessi ng said substrate had undergone. 19
MARCH 2007 VBB URIRHOTH AV S e St ect i ng an alignnent mark on a substrate

according to cl atedting radiation from said alignment mark at a first wavelength of said at

least two different illumination wavelengths and outputting a first wavelength signal;
detecting radiation from said alignment mark at a second wavelength of said at
least two different illumination wavelengths and outputting a second wavelength signal;
and
determining a position of said alignment mark based on one of said first
wavelength signal, said second wavelength signal and a combination of said first and
second wavelength signals according to a relative strength of said first wavelength

signal to said second wavelength signal.

48. A method of detecting an alignment mark on a substrate according to claim 47,
further comprising:

determining a first signal strength of said first signal; and determining

a second signal strength of said second signal,

wherein said determining a position of said alignment mark based on said first
and second wavelength signals comprises assigning weighting factors to said first and

second wavelength signals that depend on said first and second signal strengths.

49. A method of detecting an alignment mark on a substrate according to claim 47,



48, wherein said determning a position of said alignnment mark based on said
first and second wavel ength signals further conprises assigning a

sel ectabl e paraneter to conbine information fromsaid first andl2¥EAJHcH 2007
wavel ength signals. 53. A nethod of detecting an alignnent mark on a
substrate according to claim 52, wherein said sel ectabl e paraneter
elimnates information fromsaid first %bvelength signal from said position
determ nati on when said first wavel ength signal fails to satisfy a
selectable | evel of reliability. 54. A nethod of detecting an alignnent mark
on a subst Waewineidodetictine tadiationifrem @i alignment markat shid 6tse vaudiengtipofr aivet er

elimnates j | .sal i Vv t i | .f aid position
det o m nat FUR O ARGyl ISR o BEhHPRITRR Qe R B SRR,
sel ect abl eotdewaib-lehmpit edd firvavBlbngthy, met hod of detecting an alignment mark

on a substrate acgcording to claim 52, wherein said selectable paraneter is
det erni ned pri o?al‘fgetg‘%ﬁ’ing raa‘g%tioé‘%%saé‘i?%nbﬁﬁg‘.at .S‘Sé.sec/&ngré‘taﬁﬁ)‘_ﬂn%ho_ etecting
an al i gnmegliq MLt A SRS IRALIRRA GRVALAghd OnrRédleatinyBghgl n sai d

sel ectabl e paraneter is determ ned after said assigning said weights. 57. A
met hod of ddfreaioneideasutabéagmatesaid saeank vavelangloedr at e according to claim 48,

wherein said weighting.factors assigned to said fjrst .and gnd .wavel engt h
Slgnal s chat oEoneegnBE G P AR RaRE ik bed PP HITRE M | her
depend on gecofid @ateldtgth sifhul conrides/dtdtmini bR Yt wiftga fiae pReRidaei ng
constrained to be within a range fromzero to one, inclusive. 58. A nethod
of detecting an alignnment mark on a substrate according to claim 57,

wher ein sai d web@i{ ol 3PHALAASA EBRRH MaRBhrh Liokolie 0M:ARERNGuiRV ! ength

signals that depend on sal second signal strengths turther
depend on 49,referen baid detyctofly ridiatidaRBhin 240 dligbidens aiack Ashidtfirsttveavelengthwéit er i al

on said substrate at h of said first and second vel engt hs 59. A
method of  dot aoerh g o fiErrEE R Y s B P SR CRE R 98 o el ai m 57,
wher ei n saygfra®iog otdP keb-bhaheaheiddirvaldielechgha rel ative threshold, relative to
a selected value of a signal strength.
said detecting radiation from said alignment mark at said second wavelength of
said at least two different illumination wavelengths comprises detecting a second
diffraction order sub-beam at said second wavelength, and
said determining said position of said alignment mark based on said first and

second wavelength signals comprises determining said position with a second precision

that is more precise than said first precision.

51. A method of detecting an alignment mark on a substrate according to claim
47, wherein said detecting radiation from said alignment mark at said first wavelength of
said at least two different illumination wavelengths comprises detecting a diffraction
order sub-beam at said first wavelength, a value of said diffraction order sub-beam at said
first wavelength being dynamically selected based on processing said substrate had
undergone, and

said detecting radiation from said alignment mark at said second wavelength of
said at least two different illumination wavelengths comprises detecting a diffraction
order sub-beam at said second wavelength, a value of

said diffraction order sub-beam at said second wavelength being dynamically

selected based on processing said substrate had undergone.



60. A nethod of detecting an alignnent mark on a substrate accordihgwf5¢
claim 57, wherein said selectable threshold value is an absol ute threshol d.
61. A nethod of detecting an alignment mark on a substrate accorddP MARGH 2007
claim 59, wherein said weighting factors assigned to said first and second
wavel ength signals that depend on said first and second signal strengths
further depend on a selectable absolut@® threshold value. 62. A nethod of
detecting an alignment nmark on a substrate according to claim 48, wherein
sai d assigning weighting factors to said first and second wavel ength signals
are assigned such that said first wavelength signal is preferred over said
second wavel eng signal.. .63. A nethod of detecting an alignnment mark on a
substrate accoré?r‘l@"gg‘oélogaﬁf:‘ft%,an g?@?‘ﬁ"?é‘f%f_‘%\é‘;{@m‘tf’ﬁ&q‘geg B)r‘gf“f’b sai d
first and ggcondeinayiglieRehiiny HR1RDnIN Said LIEAIRNOREH &0t Haf Asedd second
wavel ength signal is preferred over said fiTst wavel ength signal subsequent
to said seconodd wavadenptiysipnals fpmthkr aomrisest dssigniog e selsdilie pammictenvahdirgt h

si gnal when sai d wei ghti actars were previously assigned such that said
first wav qtélﬁng%glﬁ%\g’iogfh%f‘{]ﬁgganpdrS@f%’fdr%ad'egs%tﬁ S@Ei&"& second wavel ength signal,

|l eading to a hysteresis effect. 64. A nethod of detecting an alignnment mark
on a substrate accordina to claim 62, wherein said assigning weighting
factors to sai d>¥i4 Bethea@f deteHig apaVSIBeN ks oy sybstratg pecordipg 4 @#idd such
that sai d secondeineyekaodile phameler bismh@l RigRd: jfirkd vel engt h
si gnal baseg’on %re&egernin%g c&ifér?g{ ?é N%E%ﬁﬁ%gggﬁﬁégh%g&akkm t hod of
det ect i ng aignalfrogmsaedpositennkd etermanasioh sthemsaed ficse wrdkilength sigidl &ilntd Fatisfyfaur t her
conpri si ng: .determ ni a first signal strength of said first signal; and
deterninin@dﬁggg%G%acggaﬁgp“%trength of said second signal, wherein said
determning a position of said alignnent mark based on said first and

second wavel ength signals conprises assigning weighting factors to said
first and 54. A method of detecting an alignment mark on a substrate according to claim

52, wherein said selectable parameter eliminates information from said first wavelength
signal from said position determination when said first wavelength signal fails to satisfy a

selectable level of precision.

55. A method of detecting an alignment mark on a substrate according to claim

52, wherein said selectable parameter is determined prior to said assigning said weights.

56. A method of detecting an alignment mark on a substrate according to claim

52, wherein said selectable parameter is determined after said assigning said weights.

57. A method of detecting an alignment mark on a substrate according to claim
48, wherein said weighting factors assigned to said first and second wavelength signals
that depend on said first and second signal strengths further depend on a selectable
threshold value, said weighting factors being constrained to be within a range from zero

to one, inclusive.

58. A method of detecting an alignment mark on a substrate according to claim
57, wherein said weighting factors assigned to said first and second wavelength signals

that depend on said first and second signal strengths further depend on a reflectivity of



second wavel ength signals that depend on at | east one neasurable quantity
selected fromthe set of neasurable quantities consisting of ,

m nirepro, signal-to-noise ratio, signal shape, signal envel ope,1%MAREH 2007
tilt, order channels position offset, wavel ength channels position offset,
shift between segnents and coarse-fine position deviation, wherein the
paraneter ncc is a multiple correlationboefficient indicating how well the
measured signal resenbles the signal expected for a perfect alignment nark,
mnirepro is a standard deviation of the aligned position of different

secti ons or sagbsubbtoats ond materialain givhwhstrateatsacherfeaid, firstradid sedond gvavblengibc ur acy

of the aligned position, signal to noise ratio is the fitted signal divided
by the relative | evel of noise across the spectrum of the measured signal,

whi | e the si gnal 5% hanethos of dectial ah hNgneav@hrk®n Bsubsyvitélh@erdigtofclaguenci es
in this spectrum generally at nultiples of the base frequency; the signal

envel ope i s37-VAereihwid fectable thregheld value ismgelativetresgoldnislaea &t eshestd, t he

focus is thgf§Selodalsi@b@r height during the neasurement, the tilt is the
angl e between tCLe V\%!faesr a%glle and the detector angle during the

measur enent, order channels position offset is the neasured difference in
al i gned position_of th arious. channel s of one wayel ength, .the vel ength
channel s positi oif- éflflgtg?al?rrsée??@n%%@fﬁr‘!ﬁng’in? P, Stfaﬁe q"P’EﬁW&J‘Oﬁ tion of
the vari ouss7 WwaéRieHed elchdn@tdshold Relus i dntabbitbtesiaesieepNENt s is the neasured
difference in aligned position of the various segnents of a nmulti segnented

al i gnnment mark, and the coarse- fine position deviation is the difference

petween the posi 4l AlinGhod BRyddAR IR MertiRnkBaddbn o 185ifd L5 BRARAUAA T eSpect

to their expected position base I'gnnen nmeasur e t n the
coar se phasg9, whereinisaire tvhightingf factetseassipmgl tasaid ffirg and sdcondhwkvedength spradd r at e

according to c]ai 48, erein said ightin actors assigned.to said
first and s@‘& Heﬁwa%égha‘?i sﬁﬁ%%s“ V\f%‘%%t}’% g ‘5%6%%? #iPli th a
di ffracti onaiRERR thieBiddid valuglet ect ed. 19 MARCH 2007 63 67. A nethod of

determning an alignnent grid on a substrate, conprising: irradiating a
plurality of alignnment marks with alignnment radiation that has at | east

62. A method of detecting an alignment mark on a substrate according to claim
48, wherein said assigning weighting factors to said first and second wavelength signals
are assigned such that said first wavelength signal is preferred over said second

wavelength signal.

63. A method of detecting an alignment mark on a substrate according to claim
62, wherein said weighting factors to said first and second wavelength signals are
reassigned such that said second wavelength signal is preferred over said first wavelength
signal subsequent to said second wavelength signal dominating over said first wavelength
signal when said weighting factors were previously assigned such that said first
wavelength signal was preferred over said second wavelength signal, leading to a

hysteresis effect.

64. A method of detecting an alignment mark on a substrate according to claim
62, wherein said assigning weighting factors to said first and second wavelength signals
are reassigned such that said second wavelength signal is preferred over said first

wavelength signal based on predetermined criteria.



two different wavel engths; detecting radiation fromeach of said plurality
of alignnment marks at a first wavelength of said at |east two different

i I1unination wavel engths; detecting radiation fromeach of said gPPUMMARCH2087
alignment marks at a second wavelength of said at |east two different
illum nation wavel engths; and determ ning said alignnment grid based on
information fromsaid detecting at sai@4first and second illumi nation
wavel engt hs; determning a first signal strength of said first signal; and
determ ning a second signal strength of said second signal; wherein said
det ecti ng c@onpvmetbed dedetestinggn pligiinzeni warkf anonsubstrasé aqgardeng toredaita 47y om sai d
plurality Otfu ﬁleric%pnmagitn marks at a first wavelength of said at |east two
different ITURCRRITER wavel engt hs and outputting a first wavel ength

si gnal ; detecti nigtehméiing a fifdt sihd) Mrsmpitidofdaldivsisignalang at a second wavel engt h
of said at least two different . illum nation wavel engths and outputting a
second wavel engtdstesmynng 2 sesard signad sirsngtinef s2id seepidetialyr i d par anet ers based

on at |east sai %ﬁéréiﬁfsaiaagteﬁﬁﬁ YRy Bh SR EHid addranat ﬁl?rmged yhekLfif sai d

determ ning alignment grid parammeters based on said first and second
wavel engt h smidgeaind veorlength epnals sompiiseg assegngigt waightingdaaors to spid fistlarid r st and

second wavel ength signpals t depend aid first and cond, si gnal
Strengt he. Esoy kel hels 6 RERERG LReSRnE sty MR BCa R Lo ci ai m
67, wher ei nfrorf #ethetl6f BedsiBlelqaathtaies @bnsistipbERbel ndthirgRoRMnalB - Koigdrati@i d first

wavel ength of said at least two different illum nation wavel engths
conpri ses dugnatshang signpl enyeloge.fpeusctilt. ordes chranels ppsitipipaffsehtwaysleagthi r st

wavel engt h, oaghah, ARIRANG LARHaLER LM sak doALL BB GIRIliaRby S21 d second

wavel engt h aid at least two I'um nation wavel engt’hs
conpri ses dehaeinitingpagarhétershee idiafnfuldglt comelatictievefiznbmdivatitg sew oed éleond
wavel engt h, and gai d determ nj ng sai d al i.gnnent [9ri.d aranmet ers.based on

said first BRIVSESIHRY Tty expegted A RIS RY, Tk Rt RIR S
det er m ni ng, §MddrPddviitioR Bt tHe'aliPnddodBh 6 &iffdtehhsedtibds ctportions of an

alignment measurement, indicating the accuracy of the aligned position, signal to noise
ratio is the fitted signal divided by the relative level of noise across the spectrum of the
measured signal, while the signal shape is the relative level of a few discrete frequencies
in this spectrum, generally at multiples of the base frequency; the signal envelope is
variance of the signal strength during the measurement, the focus is the offset in wafer
height during the measurement, the tilt is the angle between the wafer angle and the
detector angle during the measurement, order channels position offset is the measured
difference in aligned position of the various channels of one wavelength, the wavelength
channels position offset is the measured difference in aligned position of the various
wavelength channels, the shift between segments is the measured difference in aligned
position of the various segments of a multi segmented alignment mark, and the coarse-
fme position deviation is the difference between the position of the alignment marks in
the fme phase with respect to their expected position based on alignment mark

measurements in the coarse phase.

66. A method of detecting an alignment mark on a substrate according to claim
48, wherein said weighting factors assigned to said first and second wavelength signals

are selected in accordance with a diffraction order that is detected.



precision. 69. A nethod of determ ning an alignment grid according to claim
68, wherein said detecting radiation fromsaid alignment mark at said first
wavel ength of said at least two different illum nation wavel engtH3TARCH 2007
conprises detecting a second diffraction order sub-beamat said first

wavel ength, said detecting radiation fromsaid alignnment mark at said second
wavel ength of said at |east two di ffer&ht illunination wavel engt hs
conprises detecting a second diffraction order sub-beam at said second
wavel ength, and said determ ning said alignment grid paraneters based on
said first and second wavelength signals conprises determ ning said
alignnent grid r i . SeCon: Ci.Sl is nore precise than
said first prec!%Zi%ﬁett%.SOf e%eﬁpﬁbnf a%fallg%?gét%nﬁioﬁg%ghgaﬁ’gnnent grid

accordi ng tcomphisingas 67, wherein said detecting radiation fromsaid alignnent
mark at said first wavel ength of said at least ~two different illumnation
wavel engt hs corrﬂ)‘Ffi‘dé%@gd‘éﬁ‘érg{‘ierg aligrynent ey Picamentsadiairnihat igs aklersy £ r st

wavel engt h,twadﬁ?éraﬁ“gt,e@g%tgs;di ffraction order sub-beamat said first
wavel engt h bei ng dynam cally sel ected based on processing said substrate had
under gone, and dalectingrdigtivmomazdétacf seid Murolity o4 pligraneng madkstat afirst at sai d

second wavel engt h, of. .said | east different, il]um nation wavel engths
conpri ses d‘éatvglgpé}}ﬁé)%%al%?‘flﬁsgh? %n ere(l)li@@lplgaﬁIBQWég%eréﬁtﬁssai d second wavel ength,

a val ue of sai ddefettingaatiafich 066 @bctsoli3aidgiriaty of shgithenemafld anavebadgt h bei ng
dynam cally sel ected hased on processing . said substrate had undergone. 71.
A net hod ofvayeleasthiohsad atdrashiwqdidtsrant Bluminagien sradelaegtes aed aj m 67, wherein

sai d det e mi ni nGeolh AOIR0L AhHAYRATRLAH RRRHIANTGA LI llaimeand second

wavel ength signa onprises assigning a selectable paraneter to
conbi ne i nfapsawhfirsband seoond illamihation staveegtisecond wavel ength signals. | 19
MARCH 2007 65 determining a first signal strength of said first signal; and

determining a second signal strength of said second signal;

wherein said detecting comprises detecting radiation from an alignment mark from said
plurality of alignment marks at a first wavelength of said at least two different
illumination wavelengths and outputting a first wavelength signal; detecting radiation
from said alignment mark at a second wavelength of said at least two different
illumination wavelengths and outputting a second wavelength signal; and determining
alignment grid parameters based on at least said first and second wavelength signals; and
wherein said determining alignment grid parameters based on said first and second

wavelength signals comprises assigning weighting factors to said first and second

wavelength signals that depend on said first and second signal strengths.

68. A method of determining an alignment grid according to claim 67, wherein
said detecting radiation from said alignment mark at said first wavelength of said at least
two different illumination wavelengths comprises detecting a first diffraction order sub-
beam at said first wavelength,

said detecting radiation from said alignment mark at said second wavelength of
said at least two different illumination wavelengths comprises detecting a first
diffraction order sub-beam at said second wavelength, and

said determining said alignment grid parameters based on said first and second



72. A nethod of determ ning an alignnment grid according to claim71, wherein
said selectable paraneter elimnates information fromsaid first wavel ength
signal from said determination of said alignnent grid paraneter§aﬁﬂéﬁ‘ 1497
first wavelength signal fails to satisfy a selectable level of reliability.
73. A nethod of determ ning an alignnment grid according to claim71, wherein
sai d sel ectabl e paranmeter elimnates infdrmation fromsaid first wavel ength
signal from said determination of said alignnent grid paraneters when said
first wavelength signal fails to satisfy a selectable |evel of precision.
74. A net howavdengtht sgnalsonpriaes dekdrgmirgisaidyligdmenicgyiddiangmaters sdithianfirgtl, wher ei n
sai d selectaqu par anet er is determned prior to said assigning said

wei ght s. 75 A8t hod of determ ning an alignment grid according to claim
71, wherein said selectable paraneter is determ ned after said assigning
said weights. 76, A nethod_ of determning an alignment grid according to
claim 67, wherei- AsraF%ORCﬁ@f ‘gqﬁ?rpwgng ap plgmientaidprserding tgalaanﬁgﬂgheraﬁd second

wavel engt h &l ga@dsing %ﬁatgﬁwsai@aig%ﬁiel t bk st Grs? Qﬁ%\}gngﬁlih gnald st rengt hs

further depend on a selectable threshold value, sai iIghting tactors

bei ng const leadt twel diftsrdné ilintihationavavalength$ caomprises det¢atingaseconddiffrs¢tiom. 77. A
nmet hod of deteranqu n.@%ignneqtzﬁgid according to claim76, wherein said
wei ghting f¥8FGHL-b5e Pgﬁ% THNERTdEr st and second wavel ength signal s that
depend on said daid &htecaing riegoAdron GRPdlightiefNgiR St §4id §d26hd FEREHEIIOSF

reflectivity of said substrate or a material on said substrate at each of
said first wihetdesbie difvsniaHymination gavelenghsirompgpesdistcsting a54§6ndn al i gnnent

grid accor d CgiPIag}d@} bzlsseam"m%iﬁis&opéWadﬂé@gﬁ%@bl e threshold value is a

relative thres , relative to a selecte ue of a signal strength. 79.
A net hod of sajlbd@ermimng epid aligimeypn prd pargmetedrsdasmroghi sagl first apldaeennd6, wherein 19
MARCH 2007 66,saj,d.selectable threshold.value is an absqlute t hreshol d. 80.
A et hod of VHET R T¥H Ca?H‘ng?sgcf?FFéWEm‘b?r i SEBEIER BY RGBT BB e i

sai d wei ght piegisibaela®lssmére pr@ne thdnQaRidirst grédisién. and second wavel ength signal s

t hat depend

70. A method of determining an alignment grid according to claim 67, wherein
said detecting radiation from said alignment mark at said first wavelength of said at least
two different illumination wavelengths comprises detecting a diffraction order sub-beam
at said first wavelength, a value of said diffraction order sub-beam at said first
wavelength being dynamically selected based on processing said substrate had
undergone, and

said detecting radiation from said alignment mark at said second wavelength of
said at least two different illumination wavelengths comprises detecting a diffraction
order sub-beam at said second wavelength, a value of said diffraction order sub-beam at
said second wavelength being dynamically selected based on processing said substrate

had undergone.

71. A method of determining an alignment grid according to claim 67, wherein
said determining alignment grid parameters based on said first and second wavelength
signals further comprises assigning a selectable parameter to combine information from

said first and second wavelength signals.



on said first and second signal strengths further depend on a sel ectable
absolute threshold value. 81. A nethod of determining an alignnent grid
according to claim67, wherein said assigning weighting factors 93%%91'12007
first and second wavel ength signals are assigned such that said first

wavel ength signal is preferred over said second wavel ength signal. 82. A

nmet hod of determining an alignnent grid @xcor di ng to claim8l, wherein said
wei ghting factors to said first and second wavel ength signals are reassi gned
such that said second wavel ength signal is preferred over said first

wavel engt h si gnall2shBstpdeidetegniniigiag alj eeroend guid vedording e deigndl, wherwimat i ng
over said fi: I I i ' r

previ ously gé@}sé\é@%ﬁé g%ﬁﬁl’? ﬁg%lg{s}%%ﬁ%?r S ﬁ\tf\gsrgﬁgﬁgﬁgs{;\?a%gﬁ%%zgn \Msf;r(g?er red
over said segidddtenaiveti@nefishidsligmatnt grid pdiangterowhernyasd Bisewhwel@igiledgnal 83. A

met hod of det.erm nj an alignnment grid according to claim8l, wherein said
assi gni ng ‘i‘lgﬁ?F‘Wé%?aaiﬂ??ﬂ%’ﬁetgl@o&é#&?ﬁ”ﬁg‘r and second wavel ength signals are
reassi gned such that said second wavel ength signal is preferred over said

first wavel ength signal based on predetermined criteria. 84. A nethod of
deterni ni ng an af3.ghmsthodef deteapiomgdnnygnroent Bad aseming torddin 71, sbersii si ng:

det er m ni ng i ignal. sike h.of said.first. signal, and.defgrmning a
second si gneslﬁdss 1?@%%?3%8’%‘3?5?]3" {sﬁg%%hn O%I?aﬁﬁ%Fr?m lélrfzrlS%N%vé:ll eélgélestl%lra fn"igrl(r)lrlnng

al i gnment  graid dpefminetiar o shidatign@ent$aid pafaniesss wheh sagkionaawstergtesigiah si gnal s
conpri ses ass_'lfgni ng. wei ghting factors to said first and second wavel ength

signal s t hatfigdpaathohselgctableleyel ghrrerisio8ur abl e quantity sel ected fromthe

set of neasurable quantities consisting of ncc, mnirepro, signal-to-noise
ratio, signal shape, 19 MARCH 2007 67 signal envel ope, focus, tilt, order
channel s posi ti oi. &frhetbed ofideterngming in digamest gidowsordingrio okafrg @1, wisdngifit bet ween

il 1ipl 6 cortGraR i sarrRER AR HiEl Mottt fid REgRRr aTELer e e @

75. A method of determining an alignment grid according to claim 71, wherein

said selectable parameter is determined after said assigning said weights.

76. A method of determining an alignment grid according to claim 67, wherein
said weighting factors assigned to said first and second wavelength signals that depend
on said first and second signal strengths further depend on a selectable threshold value,

said weighting factors being constrained to be within a range from zero to one, inclusive.

77. A method of determining an alignment grid according to claim 76, wherein
said weighting factors assigned to said first and second wavelength signals that depend
on said first and second signal strengths further depend on a reflectivity of said substrate

or a material on said substrate at each of said first and second wavelengths.
78. A method of determining an alignment grid according to claim 76, wherein
said selectable threshold value is a relative threshold, relative to a selected value of a

signal strength.

79. A method of determining an alignment grid according to claim 76, wherein



wel | "the measured signal resenbles the signal expected for a perfect
alignnment mark, mnirepro is a standard devi ation of the aligned pasition
of different sections or portions of an alignnment measurenent, ilr?pd\légﬁwm
the accuracy of the aligned position, signal to noise ratiois the fitted
signal divided by the relative |evel of 6goi se across the spectrumof the
nmeasured signal, while the signal shape™s the relative |level of a few
discrete frequencies in this spectrum generally at multiples of the base
frequency; the signal_ envel ope is variance of the signal strength during

t he measur e??%fe?ec?*}]?ge tf‘E?é]Efggi"gluFFﬁeand‘PF@E‘Fth‘FWOWaf er height during the
nmeasurenent, the tilt is the angle between the wafer angle and the detector
angl e during the measurenent, order channels position offset is the nmeasured
di fference in al3Qrenietbod pf determafing healignmeotgridcivaomdaigdo ofairo 78, whereinengt h,

t he wavel engt channel s positiaon offset is the neasured difference in

a1 gned postid BRERRERSoERRst B 20 GFEingd FbREMRERG I gl L RRE o
segnents i Son &ed filssnd Rebrd figral &remeths furtet @épRAd o0Si tion of the various
segnents of a _nulti segnented alignnment mark, and the coarse- fine position
devi ati on i %seleréablg Fheeluteibreshold xelé t he position of the alignnment marks in
he fine phase with respect to their expected position based on alignnent
mar k measurenents in the coarse phase. 85. A nethod of determ ning an

al i gnment grid aklcdvuethgd phdetéraiimmSan aligmercel grid maomdinggd ghim 6, Whartior s
assigned to said. first.gnd second wavel engt h signals are. sel ected i

ccor dance S HOEHENS ELEESIFCGr e Pt R S e R Sey SR G RS AR ROE

det er m ni ngsiRA tial L0 AR tvaQélbrbtRSIERA1 i Mefeted Sbé‘lsﬁH@ZoanWaFvBl%ﬁ%zhﬁfgﬂml sing
using at |east one of grid residuals, non-orthogonality, an X-Y expansion

di fference and wafer expansion in the said determ nation of said alignnment
grid, wherein grgq,resi . Lati t al i gnment
mark position t%ﬂ%@%ﬁ??ﬁ%t%?xgw%} Q?ﬁh%%{né}gﬁcﬁérgom atFi%lagﬁ %?ftj%%?ﬁexpansi on
di f f er ence saidweightity factassito esid dirsttahé satefdwardéngth Gfnaldwee watsgned anch thatf er
expansion is.a neasure of .the 19 2007 .,68 expansion of the wafer. 87.
A Mot hod of SHLIEPH HRVHETa Sl AP TG P i DR AR R L S EPatt Pner

said second wavelength signal dominating over said first wavelength signal when said

weighting factors were previously assigned such that said first wavelength signal was

preferred over said second wavelength signal, leading to a hysteresis effect.

83. A method of determining an alignment grid according to claim 81, wherein
said assigning weighting factors to said first and second wavelength signals are
reassigned such that said second wavelength signal is preferred over said first wavelength

signal based on predetermined criteria.

84. A method of determining an alignment grid according to claim 67, further
comprising:

determining a first signal strength of said first signal; and determining

a second signal strength of said second signal,

wherein said determining alignment grid parameters based on said first and
second wavelength signals comprises assigning weighting factors to said first and second
wavelength signals that depend on at least one measurable quantity selected from the set

of measurable quantities consisting of mcc, minirepro, signal-to-noise ratio, signal shape,



conprising shoring information fromsaid alignnment grid paraneters obtained
for a first substrate. 88. A nethod of determ ning an alignnment grid
according to claim87, further conprising retrieving said i nforrI'gtM%I?tCI{r@m
said alignnent grid paraneters obtained for a first substrate in said
determ ning alignment grid paranmeters for a second substrate. 89. An

ali gnnent systemfor a |ithographic app& atus, conprising: a source of

al i gnnment radiation having a first wavel ength and a second wavel ength; a
detection systemconprising a first wavel ength channel arranged to receive
al i gnnment raghabenvwshoperfoamsanltairdgnnent mark position at said first wavel ength

d d I h I d . i .ali iati
' om sal - FORRRE o ke ar sl BB o iR S RO M. o i on

det er m ni NGandRoirsé-fin€ PEitivH deatation, Wi t h sai d detection system wherein said
position determ ning unit processes information fromsaid first and second
wavel engt h chaniW8F&I the pyAREITaICe i & BuliplecrreiddonsreifiGigi imdicatigehgWhased on

at | east afe LLan. MBS i vgl & 8 l....4 Nformation
fromsaid O\IsIgI:onecIIl(I\/I/I’fl‘\%ré3 e%@he{:eﬁ%nrﬁe?é Sg%‘IIgI %%%T%Iége(g i nIg%r r?a??@%ﬁfr?aé%ﬁ sai d
first and seminepro inastehdand tiévighmrmichesal@oabpaditiog of differens settiousorgiorgngt h of
said alignnent radiation detected. at said firs vel engt.h to.aljgnnment

;o at | on GO EY "ML AT HGERCY Sohe RHE R Sy bFom
accordi ng tige rafidNsqb fitedledi @iaNdisaied b @l rklafive 100 hHlsOhddssUnd §petBum of
constructed to process said information fromsaid first and second

wavel engt h bhasasired signahayldlethagjgral phape dfhe sdatyadevs] ofrrafey discsete sai d first

and second . I i . n ative
o rengt h or TARAEEIA LS GREARR GerbaliDal AELBIS o 08 ba SIREHEBNBIBNGT YEo o1
An al i gnnengnvelppé Bmatameodilegignal gieagtinddfing ihle ecasurebrg, thve ifgriat i the bffset f or

sai d second wavel ength chapnel is set to.zero wh a strength of said first
signal  relBtTald h@tggg%ralgégwﬁaw&%a|thee%&§élafsa ?%%wmﬁwaga anglg #hol d.

the detector angle during the measurement, order channels position offset is the measured
difference in aligned position of the various channels of one wavelength, the wavelength
channels position offset is the measured difference in aligned position of the various
wavelength channels, the shift between segments is the measured difference in aligned
position of the various segments of a multi segmented alignment mark, and the coarse-
fme position deviation is the difference between the position of the alignment marks in he
fme phase with respect to their expected position based on alignment mark measurements

in the coarse phase.

85. A method of determining an alignment grid according to claim 67, wherein
said weighting factors assigned to said first and second wavelength signals are selected in

accordance with a diffraction order that is detected.

86. A method of determining an alignment grid according to claim 67, further
comprising using at least one of grid residuals, non-orthogonality, an X-Y expansion
difference and wafer expansion in the said determination of said alignment grid,

wherein grid residuals are the deviations from the measured alignment mark
position to the fitted wafer grid, non-orthogonality and X-Y expansion difference are

both measures of the deformation of the wafer, and wafer expansion is a measure of the



92. An alignment system according to claim89, wherein said source of
alignnent radiation conprises a first |aser that generates radiation at said
first wavel ength and a second |aser that generates radiation at 13MARGH28M
wavel ength. 93. An alignnent system according to claim89, wherein said
position determning unit is constructed to assign weight factors to said
first and second wavel ength channel s t bt depend on signal strengths of
said first and second wavel ength signals. 94. An alignment system according
to claim89, wherein said first wavel ength channel of said detection system
cor r espondsxpansigniof thetwadérf f r acti on order sub-beam at said first wavel ength,
sai d second wavel ength channel of said detection system corresponds to a
first diffraction order sub-beam at said second wavel ength, and said

posi tion deter nBNi Aghethvidtof defeAnifiingas atigimteralghi@ actRding td daibeGk durchier sai d fi r st

and second wavel ength signals with a first precjsion. 95 An aligpnent
syst em acc&PEPHYNE Oemgilr%f)%@%ﬂowf@né? %léanaleabgr@oﬁair%etgrﬁgb@medffefrat fret
conprises Quhdphfed Signal channel at said first wavel ength and a second
diffraction order sub-beamat said first wavel ength, and a fourth signal
channel at said second wavel ength and a second diffraction order sub-beam

at said second el e h nd.sai d position.determning.unit t erm nes
said alignnent %Wam%tﬁg‘i&f %eﬁergjérflﬁg #t &ginme%%“ saegﬁ%rqulga&\(igfnéﬁZ’t%gg Tgnal's wi th
a second prempasifreiding sidRfEmpli@ciea siilangmadnd gfid hslamefRiLsbtghafor 96. An
al i gnment system according to claim89, wherein said first wavel ength
channel of a§astéum@@dpisaﬁ%évgv@mg@él@@grﬁcgﬁéwtaale@@rﬁ for gecone prbpeicon or der
sub- beam at said 19 MARCH 2007 70 first wavel ength, a value of said

diffraction order subbeam at said first wavel ength being dynamcally
sel ect ed based 8nApratigessntsgsteaifar slithsgratcappactusncengoime; and sai d second

wavel ength channel of .said detection s st?.m corresponds to a first
di ffraction or cl"'eﬁouécﬁtﬁ’-fﬁlgﬂ}weé’?rag%“&n 2’3%‘\6%3 %V@V@ﬁbﬁ%?n 2¥E5PRL of said
di ffracti oRvaQeEldgdth;
a detection system comprising a first wavelength channel arranged to receive
alignment radiation from an alignment mark position at said first wavelength and a
second wavelength channel arranged to receive alignment radiation from said alignment
mark position at said second wavelength; and
a position determining unit in communication with said detection system,
wherein said position determining unit processes information from said first and
second wavelength channels in combination to determine an alignment grid based on at
least one of information from said first wavelength channel, information from said
second wavelength channel and combined information from said first and second
wavelength channels according to a relative strength of said alignment radiation detected

at said first wavelength to alignment radiation detected at said second wavelength.

90. An alignment system according to claim 89, wherein said position
determining unit is constructed to process said information from said first and second
wavelength channels by weighting first and second signals from said first and second
wavelength channels with factors that depend on a relative strength of said first signal to

said second signal.



sub- beam at said second wavel ength being dynam cally sel ected based on
processing said substrate had undergone. 97. An alignnment system accordin
to claim90, wherein said position determining unit processes sd?dMARCH 2007
information fromsaid first and second wavel ength channels by further
assigning a selectable paraneter to conbine information fromsaid first and
second wavel ength signals. 98. An alignfnt system according to claim 97,
wherein said selectable paraneter elimnates information from said first
wavel ength signal from said position determnation when said first

wavel engt h si gnéil- Aaialignmentspsi¢n pgcozdingloedaimifiOle whese thofveighefactabfari ty. 99.

An al | 9””‘9”§ald3§é§6 %%ﬂ%?eﬁg%'c ?n&e?lscs'etaﬂo Terd e}‘\’% s'Er%h hoF a‘i’d ﬁf#%g}-.;ﬁb' €

parameter e I‘MRates n on from sai rst Ignal fromsaid
position delaeveiosaid smonﬂ‘eegﬁmm{odedslar;ﬁédevmeieélﬂgbéhohi gnal fails to satisfy a
sel ectable | evel of precision. 100. An alignnment systemaccording to claim
97, wherein said selectable paraneter is determned prior to said assigning

said wei ghts. 1Qpb. Aﬁ%h@ﬁﬂx&ﬁ@?ﬂém%&’c%&cﬁﬂ%%Qﬁé?ﬁlcﬂwgzh&%rps]aﬁi BuborWherei n said
sel ectable paranmeter I's determned after to said assigning said weights.

102. An al i grgmennt redigtienscanuisesid firgt laserdhatigencgdes mﬂuen@latsgdl fastwei ght i ng
factors aSSI‘% ed to,said first V\ave hat depend on

d al
s frrst SpaEreRd SRS eRliaPRE AR FPita T RSt abi &

t hreshol d val ue, said weighting factors 19 MARCH 2007 71 bei ng constrai ned
to be within a ran%e fromzero to one, inclusive, 103. An alignnment system
according to clal P(?i}gnmrslé‘it‘?m§%ﬁ°6dl%¥°g}lﬂlmr’?§s Wélérleﬁlr%ld%%’@ned to said

first and SEAGRANELE| BROkIn Sl RELSI A FRRRN AR PR Anlsbahaand second

signal stren pen ectivity of sal Strate or a
mat eri al onwsmeeﬂeuhgtlmhbmteﬂsahet @pemlacufmgxfal steangthf bf sid Arstaskeoord waneldngthgt hs.
104. An al isqgnrgiesnt system according to claim 102, wherein said selectable

94. An alignment system according to claim 89, wherein said first wavelength
channel of said detection system corresponds to a first diffraction order sub-beam at
said first wavelength,

said second wavelength channel of said detection system corresponds to a first
diffraction order sub-beam at said second wavelength, and

said position determining unit determines said alignment grid based on said first

and second wavelength signals with a first precision.

95. An alignment system according to claim 89, wherein said detection system
further comprises a third signal channel at said first wavelength and a second diffraction
order sub-beam at said first wavelength, and a fourth signal channel at said second
wavelength and a second diffraction order sub-beam at said second wavelength, and

said position determining unit determines said alignment grid based on said first
and second wavelength signals with a second precision that is more precise than said first

precision.

96. An alignment system according to claim 89, wherein said first wavelength

channel of said detection system corresponds to a first diffraction order sub-beam at said



threshold value is a relative threshold, relative to a selected value of a
signal strength. 105. An alignnment system according to claim 102, wherein
said selectable threshold value is an absolute threshold. 106. AAMARGHR2801
system according to claim104, wherein said weighting factors assigned to
said first and second wavel ength signals that depend on said first and
second signal strengths further depend’®n a sel ectabl e absol ute threshold
val ue. 107. An alignnment system according to claim 90, wherein said

wei ghting factors assigned to said first and second wavel ength signals are
assi gned suus$t wavelengthi aivalde ofshidwbffetiongirdersubireai 4t saip fieftevaveldngtk beingai d

second wavel engt h, si gnal.. 108. An al.i gnment system according to claim107,
wher ei n sai%éin F%M%°%§%PQE%°§r° pr%ﬁesséléqgst?ﬁﬁui’%tf%%ﬁadl ?@8’@88‘3’\% el ength signals
are reassigned $ii@Redoi@ivaSélbshtis SleAél of Wad dbeftinkystb@ialredpdndl wfa6Arsied over

said first wavel ength s{gnal subsequent to said second wavel ength signal
domi nat i ng diffrastioggrderispp-beamatssidessger wavgleasthwherueof gid@dffgstipmerder act or s

were previ 3 [ - [ - -

retorrod ouzpnf SSAUEh el ph LR b S RUEL AR BB

ef fect. 108ubsfmtediad gndarpdnesyst em according to claim 107, wherein said

wei ghting factors assigned to said first and second wavel ength signals are
reassi gned such that said second wavel ength signal is preferred over said

first wavel engt b7 si@mRinnias 8dtcalackOrdpREH2R 07, wiedeiRsAH@bGIiSA Ned criteria.
110. An alignnent system according to claim89, wherein said position
det er ni ni ngeigrnininggingpredessge said informntion &om sei farst andoeerndiveavelengtn sai d first

and second I - i ght | i . A ignals from
ai d rirer BT EORRE SR AEAG kSR ISR SRR O
| east one Heaand sdebed guaditngilysigssd.ected fromthe set of neasurable

quantities consisting of ncc, mnirepro, signal- to-noise ratio, signal
shape, signal envel ope, focus, tilt, order channels position offset,

wavelt engt 3 C_hatn 08! £n POSitdnPRsRH £85rdirhb blaih 87 WoRR:i8 §AIRALSaRd coar se-fine
position deviatl on,
parameter eliminates information from said first wavelength signal from said position
determination when said first wavelength signal fails to satisfy a selectable level of

reliability.

99. An alignment system according to claim 98, wherein said selectable
parameter eliminates information from said first wavelength signal from said position
determination when said first wavelength signal fails to satisfy a selectable level of

precision.

100. An alignment system according to claim 97, wherein said selectable

parameter is determined prior to said assigning said weights.

101. An alignment system according to claim 97, wherein said selectable

parameter is determined after to said assigning said weights.

102. An alignment system according to claim 90, wherein said weighting factors
assigned to said first and second wavelength signals that depend on said first and second

signal strengths further depend on a selectable threshold value, said weighting factors



wherein the paraneter ncc is a nultiple correlation coefficient indicating
how well the neasured signal resenbles the signal expected for a perfect
alignment mark, mnirepro is a standard deviation of the ali gned?P$4RCH®{07
of different sections or portions of an alignnment measurenent, indicating

t he accuracy of the aligned position, signal to noise ratio is the fitted
signal divided by the relative |level of 7hoise across the spectrumof the
nmeasured signal, while the signal shape is the relative level of a few
discrete frequencies in this spectrum generally at nmultiples of the base
frequency; hdinrg congfreated te e eithpea fagge Apiaardo ohe,tildustvegnal strength during
the nmeasurenent, the focus is the offset in wafer height during the
measurenent, the tilt is the angle between the wafer angle and the detector
angl e during thelO3eASs dligiment systentl @ccottivguoelasmi03) whedéin hill sedightiag fdveorsreasur ed
difference in aljgned position of the various channe]s of gne wavel ength,
the wavel en‘ljﬁ‘ﬁ“edlctg éﬂﬂéﬁ%} aﬁ@é?cml Waﬁ‘;]?%ﬁ sigzaly et ‘%B%é‘{ﬁréﬁl%ﬁ?sf &deiseRnd;

al i gned ppséi%dapﬁréﬂgthfs REGHERALRUE on WRMRIBRYE 4F s6ANP&EH R orlalBatsiiloh skt ween
segnents is the neasured difference in aligned position of the various
segnent s ofsubstratd aticageefrreil fodt andisgeomd wavetandths. and t he coarse- fine position
deviation is the difference between the position of the alignnment marks in
the fine phase with respect to their expected position based on alignnent
mark - measur enentog. Af alifiend®aysken pdtafiing thtlaimA02 abhageinemt sslgshigen accor di ng
to claim90, wherein sald weightin factors assigned to said first and
second waveheshale valpg i r§1a§?"ég7§%5fn { Bptive to ygelestedantus ofasignal diengthact i on
order that is detected. 19 MARCH 2007 73 112. A lithographi c apparatus,
conprising: an illum nation system a substrate stage assenbly arranged in a
radi ati on path of05Ssandligronent eystdm adcbidimg toatairor 02 adhertin caifd selectettlecl e st age
assenbly arta i.-n said,radi atiqgn. path of said source of illum nation
radi ation H%F&gg&V§BFHf@&ﬁﬁggw3W88§%fd substrate stage assenbly; a

proj ection system arranged between said reticle stage assenbly and said

substrate stage assenbly; and _ _ S
106. An alignment system according to claim 104, wherein said weighting factors

assigned to said first and second wavelength signals that depend on said first and second

signal strengths further depend on a selectable absolute threshold value.

107. An alignment system according to claim 90, wherein said weighting
factors assigned to said first and second wavelength signals are assigned such that said

first wavelength signal is preferred over said second wavelength signal.

108. An alignment system according to claim 107, wherein said weighting factors
of said first and second wavelength signals are reassigned such that said second
wavelength signal is preferred over said first wavelength signal subsequent to said second
wavelength signal dominating over said first wavelength signal when said weighting
factors were previously assigned such that said first wavelength signal was preferred over

said second wavelength signal, leading to a hysteresis effect.

109. An alignment system according to claim 107, wherein said weighting
factors assigned to said first and second wavelength signals are reassigned such that said

second wavelength signal is preferred over said first wavelength signal based on



< e e e . e s a2 st

an alignnment system arranged adjacent to said projection system and

proxi mate said substrate stage assenbly, wherein said alignnent system
conprises: a source of alignnment radiation having a first wavel edétl‘ﬂAﬁﬁa'%{m
second wavel ength; a detection systemconprising a first wavel ength channel
arranged to receive alignnment radiation froman alignnent mark at said
first wavel ength and a second wavel engf’h channel arranged to receive
alignnment radiation fromsaid alignnent mark at said second wavel engt h
channel ; and a position determning unit in conmunication with said

det ecti on sydtemnedivategian sai d position determ ning unit processes
information fromsaid first and second wavel ength channels in conbination
to determine an alignnent grid based on one of information fromsaid first
wavel engt h channgb, Ah afiginteat byatent 5026 dwe 19 clag 8O/ Wheteivighidp@kifioghannel and
conbined information fromsaid first and _second wavel ength channels

accor di ng tdsteamindngunitis cepstiagigd fo process syd Mfpupatien drophwidiisbandssead: ed  at
said first ' t hatd : t j nd

wavel engt h.w%gekgﬁgb}lﬁn%%g@a%ﬁgc gpf‘ﬁ%t%g? Sésd"g‘?;]%‘g‘?ﬂ?%&% Sﬁcf?rgtlad%qu%?ﬂv\her ein
sai d posi t i waveledgthehanmreisngithufactors thatdzpatd ancdt ésist anepnaaswesisle gaardity nf or mat i on
fromsaid fifrst .and secaon wavel engt h .channels hy weighting first and
second Si grrqﬁ[egtefi%?fﬁ @15?‘3 fpeayur ‘Elqgaé‘%?ﬁcfon%%‘gﬁ@‘ichmg‘ﬂﬁ?ﬁ%ﬁ@"%th factors
that dependogiist Rgid, SikAdlisM&esS g ehvel e, oohdtift] draér hbARN posftnsai d second
signal . 19 MARCH 2007 74 114. A lithographic apparatus according to claim
113, wher ei offsehavay@lpnrgth chahpels pesifien offst, ghifidebyren segmendd aridscogrse-fing zer o when
a strength of.said fi.rst signal relative to said second signal exceeds a
pr edet er m npg)éltlt%ﬁrdg\él % . 115. A li t hogr aphi ¢ apparatus according to claim

112, wher ei n saiwhesgn iizgatdmetal m@rise rtultipdele @tel @ioncoefficieariadating Isiw | aser

t hat generates radiati at a fjrst vel engt h .
g wel?the measure sr}gna resem{)Ires thevg?gnal expgcted for a perfect alignment mark,

minirepro is a standard deviation of the aligned position of different sections or portions
of an alignment measurement, indicating the accuracy of the aligned position, signal to
noise ratio is the fitted signal divided by the relative level of noise across the spectrum of
the measured signal, while the signal shape is the relative level of a few discrete
frequencies in this spectrum, generally at multiples of the base frequency; the signal
envelope is variance of the signal strength during the measurement, the focus is the offset
in wafer height during the measurement, the tilt is the angle between the wafer angle and
the detector angle during the measurement, order channels position offset is the measured
difference in aligned position of the various channels of one wavelength, the wavelength
channels position offset is the measured difference in aligned position of the various
wavelength channels, the shift between segments is the measured difference in aligned
position of the various segments of a multi segmented alignment mark, and the coarse-
fine position deviation is the difference between the position of the alignment marks in
the fine phase with respect to their expected position based on alignment mark

measurements in the coarse phase.

I11. An alignment system according to claim 90, wherein said weighting
factors assigned to said first and second wavelength signals are selected in

accordance with a diffraction order that is detected.



and a second | aser that generates radiation at a second wavel ength. 116. A

| it hographi c apparatus according to claim 112, wherein said position
determning unit is constructed to assign weight factors to sai d PiMARCH 07
second wavel ength channels that depend on signal strengths of said first
and second wavelength signals. 117. A Lithographic apparatus according to
claim 112, wherein said first mavelenggﬁ channel of said detection system
corresponds to a first diffraction order sub-beamat said first wavel ength,
sai d second wavel engt h channel of said detection system corresponds to a
first diffraction order sub-beam at said second wavel ength, and said

posi ti on determ,n i t . nes i.d.al i t.qri sed on said first
and second vvavel12%@;&11{&&%%@%5&%%%%300 I Pgltngbdrnggl{@lihgﬁ.% ﬁ)%éel%A | it hographic
appar at us accor di ngatsabsth@ismgt A&embhyesrangedsaiadadigiongiattost saklyssuemof ur t her
conprises a third signal channel i@t sai.d first wavel ength and a second

diffracti on order sub-beam at sailfVPielen @HAUPRNGt h, and a fourth signal

channel at said secqngjleuesERShb13Bdarised REQNTiafibl pah bPRi@LslREe sub- beam
at said second wavel ength, and said position determ ning unit determ nes

sai d al i gnndnmingtipiradiesied beiwesmpald sourgt andspid substratecstagaveeteabdi; h si gnals with
a second precision thato.i SidRL e I%ra%c}lse% tgvaen g%i dtfciler %{ o 2RLE ilsi n. 19 MARCH
2007 75 119. A Iith&d’rrdﬁ?"n C gf)ﬁar NG é’gcofal nSf?b ] HIR LYY ferein said
first wavehrhgbfirsthanelsadblgand detection system corresponds to a first
diffraction order sub- beamat said first _ wavel ength, a value of said
diffracti on order sulBNBHERNER SyHsTY afranesd adlméﬁoéﬁ%ltmolﬁéﬁl%gsyéfﬁmﬁﬁﬁcal |y

sel ected baﬁﬁﬂnﬁ&ﬁf@&ﬁéﬁ&@%aﬁs?@n’?&ws”ate had undergone, and said second
a ete

wavel engt h ‘channel of said ction system corresponds to a first
di ffraction order subwhseamsad asgintbns stendcongriséengt h, a val ue of said
diffraction order a source of alignment radiation having a first wavelength and a second
wavelength;
a detection system comprising a first wavelength channel arranged to
receive alignment radiation from an alignment mark at said first wavelength and a
second wavelength channel arranged to receive alignment radiation from said
alignment mark at said second wavelength channel; and
a position determining unit in communication with said detection
system,
wherein said position determining unit processes information from said
first and second wavelength channels in combination to determine an alignment grid
based on one of information from said first wavelength channel, information from said
second wavelength channel and combined information from said first and second

wavelength channels according to a relative strength of said alignment radiation detected

at said first wavelength to alignment radiation detected at said second wavelength.

113. A lithographic apparatus according to claim 112, wherein said position
determining unit is constructed to process said information from said first and second
wavelength channels by weighting first and second signals from said first and second
wavelength channels with factors that depend on the relative strength of said first signal

to said second signal.



sub- beam at said second wavel ength being dynam cally sel ected based on
processi ng said substrate had undergone. 120. A |ithographi c apparatus
according to claim113, wherein said position deternining unit p?YARGHZ2007
said information fromsaid first and second wavel ength channels by further
assigning a selectable paraneter to conbine information fromsaid first and
second wavel ength signals. 121. A |itholraphic apparatus according to claim
120, wherein said selectable paraneter elimnates information from said
first wavel ength signal fromsaid position determ nation when said first
wavel ength signal fails to satisfy a selectable level of reliability. 122.

A lithographic aratus according to claim.120,. ein said sel.ectable
paraneter elim ﬁg‘?eéa]i“ﬁ?%rfl t i%BRA" f)rﬁcgoa{?lagftf’ rcg‘il"ﬁ%l‘gﬁedflﬁ ngﬁeéghqf rom sai d
det er m nat ifRfforGbr &id Sbcahd GARRELs 8 kdlzerh @Med abEedgtl St saltiefyel Spgl Relaiven) fails
to satisfy a selectable |evel of precision. 12(%. A lithographic apparatus
accordi ng tosaq sgopnd signal greseds hrredsterminqddbregilé  paraneter is determ ned
prior to said assigning said weights. 124. A |lithographic apparatus
according to claim 120, wherein said selectable paraneter is determ ned
after to said ads’.gnlithggrsphid aprghd sccorlithgvibRIGHN 202, Avheréin $418 sowdcd off hogr aphi ¢
apparatus agcording.to claim 11 erein said wejghtin factars assigned
o oard T AP B RiA N GoRBRE A THTHGT DHsDoR s pBANt G 82 erst et and
second Si gaall a SécoRd BBt bchdietes HEREBH a0 sedortBl AelcAline t hreshol d val ue, said
wei ghting factors being constrained to be within a range fromzero to one,

i nclusive. 126. A lithographi c apparatus according to claim125, wherein
sai d wei ghting c I igd.firs e . signal s
t hat depend on slg?ad‘& 19 gtg(g;pglﬁcgggﬁéé&égsn g?iél]; FO élfi f}gﬂé ’hgﬁgglrn\t,\%\éfbgg%geﬁd on a
refl ectivi dgteahing@i dnis Ubbhaiuetedr toaassipheweight fietors ab saiRlifisdt r akleseabneach of

sald f11st g necond vavelengLiog 125l | SLhOR! A"LSe RRIR VRcgRpor o0

wavelength signals.

117. A lithographic apparatus according to claim 112, wherein said first
wavelength channel of said detection system corresponds to a first diffraction order
sub-beam at said first wavelength,

said second wavelength channel of said detection system corresponds to a first
diffraction order sub-beam at said second wavelength, and

said position determining unit determines said alignment grid based on said first

and second wavelength signals with a first precision.

118. A lithographic apparatus according to claim 112, wherein said detection
system further comprises a third signal channel at said first wavelength and a second
diffraction order sub-beam at said first wavelength, and a fourth signal channel at said
second wavelength and a second diffraction order sub-beam at said second wavelength,
and

said position determining unit determines said alignment grid based on said first
and second wavelength signals with a second precision that is more precise than said first

precision.



threshold value is a relative threshold, relative to a sel ected vaI ue of a
signal strength. 128. A |lithographic apparatus according to claim 125,
wherein said selectable threshold value is an absol ute threshol 9 MAIECH 2007
| i t hographi c apparatus according to claim 127, wherein said weighting
factors assigned to said first and second wavel ength signals that depend on
said first and second signal strengths7further depend on a sel ectable

absol ute threshold value. 130. A lithographic apparatus according to claim
113, wherein said weighting factors assigned to said first and second

wavel engt h si gnal$ Aligogashig apshraucdecbiaais (6 dlathn 112,valerdddyal gagt h signal is
preferred over.  saijd second wavel ength signal. 131. A I|th09raph| C apparatus

accor di ng M@Veragtinrhespel afjsaid detgction asmcgﬁﬁmgds toadirsrdiffpeiionpidersubst and
second wav LRt BiPHANILRIAES, § SRS bEDRFFERLA Datr SBL6LR0A A fryiavel enath

signal is preferred over irst mave engt si gha sequent to said
second wavevdmpgthbsing dplandeatiyrselettad based pn proicessingrssid substmkesingt h si gnal when
said wei ghtl? factors were previously assigned such that said first

wavel engt h'8 % preferred over said second wavel ength signal, |eading

to a hysteresi Ssaﬁlf s%@&ﬁd wakBlelVRRCharda0dT sailildededion €ystelnt EREAEFRAL €0 ARRAT At US

according to claim 130, wherein said weighting factors assigned to said
first and §efér@¢1wnwa%|5%§@arm 81 sgitsieeondrweavielsagthi yvrder efiseid diffeactiomprder second

wavel engt h o5 G0al ol iR EE AT RGN beRBl g%a{nlgaa;{xpsw@hmh%n gk baged. on

pr edet er m Red criteria tho aratus acco aim
112, wher eisubstrafechagposdergame. determning unit i s constructed to assign wei ght
factors to said first and second wavel engt h channel s that depend on at

| east one neasurable quantity selected fromthe set of neasurable

quantities consisg, 'A[‘Eth@éraﬁﬁi@ ap;S’QraRhsf &lé&ﬁmgstb Gﬁﬁh 1§ 9 RESE seﬁ@bbé?tlorﬁ i gnal
shape, signal envel ope, focus, tilt, order channel's position offset,

wavel engt h dgqqamn@ggmltFpgmesse@sal@mf@@tatlog friomt saislefirgiesnd ss@gldmwsleagtu coarse-fine
posi tion d%l\{an% s%g ’fm)Mé? %ses\lggv\:ﬁhalesefeﬁ{agfmr%rame%go combnalj: 1n|f o) art‘rl‘BP gr(érrn{ ﬁ%léda tion

coefficient ting asured” si'gn si gnal
expect ed f(ﬁlrstancp&fcf)ﬁbtvaéﬁletr@mgﬁalmrk, mnirepro is

121. A lithographic apparatus according to claim 120, wherein said selectable
parameter eliminates information from said first wavelength signal from said position
determination when said first wavelength signal fails to satisfy a selectable level of

reliability.

122. A lithographic apparatus according to claim 120, wherein said selectable
parameter eliminates information from said first wavelength signal from said
determination of said alignment grid when said first wavelength sign) fails to satisfy a

selectable level of precision.

123. A lithographic apparatus according to claim 120, wherein said selectable

parameter is determined prior to said assigning said weights.

124. A lithographic apparatus according to claim 120, wherein said selectable

parameter is determined after to said assigning said weights.



a standard deviation of the aligned position of different sections or
portions of an alignnment neasurenent, indicating the accuracy of the aligned
position, signal to noise ratiois the fitted signal divided byl? NARCH 2007
relative | evel of noise across the spectrumof the neasured signal, while
the signal shape is the relative level of a few discrete frequencies in
this spectrum generally at nultiples of6 the base frequency; the signal

envel ope is variance of the signal strength during the neasurenent, the
focus is the offset in wafer height during the neasurenent, the tilt is the
angl e between t h25.vafithogmplgt eppanatug deorditettectaom 1ahghlterdusaid gveighting

measur enen order channe osition offset . is th asured .difference in
o oned podieitoisigned RakibRe s aer s sheti el RaRgt A seRgushEl engt h
channel s peédohdl eignAlfsireithd MirthétlcpBRIoH LlediableahRBtitd mué}lshiawgmgi tion of
the various wavel ength channels, the shift between segnents is the neasured
di f f er ence factrabeing eenstrpiged to kewighin g engg Aiomoisso WPseRERS¥E. a nulti segnent ed
al i gnnment mark, and the coarse- fine position deviation is the difference
bet ween the position of the alignment nmarks in the fine phase with respect
to their expect é2b.gokthbgraphibapmatonacabidgrpte alaimdlk whoeds saié meighsingn t he

coar se phaie. 134, A Iitgg rgﬁgi C a%par us accglrging to,cl ai.g1f113, wher ei n
sai d wei ght39ys 2sigeediossabilistandpeeqrdaugvglepsth signals fal Bensad opsdid fzsigid si gnal s
are sel ect ggbohd si@ﬁa@frdn?%g&efukﬁerl\daﬁ?éﬂd AP flectBitWot Sidsubsfrhte 3¢ h hpker@r gler t hat'

is detected. 135. Alit o%r aphi ¢ apparatus, conprising: an illumnation
system a studsubstraie as casheof aaid éindhlapd srsoedisheclangthaeen a radi ation path of
illumnation radiation fromsaid illum nation system and a neasurenent

| ocation; a reticle stage assenbly arranged in said radiation path of said
ilTum nation r a2l & lithoglaphivappursad stcoldingto DRI AD5 Sylskdnssid delsaatde subst r at e

stage assenbly; a projection system arranged between said reticle stage
assenbl y o el Eivatus b a relae thee d,aégféww;selaﬁaggﬂugp agﬂ%aiﬁtrw&-em | ocat ed
in said neasurenment |ocation so as to be proxinmate

128. A lithographic apparatus according to claim 125, wherein said selectable

threshold value is an absolute threshold.

129. A lithographic apparatus according to claim 127, wherein said weighting
factors assigned to said first and second wavelength signals that depend on said first and

second signal strengths further depend on a selectable absolute threshold value.

130. A lithographic apparatus according to claim 113, wherein said weighting
factors assigned to said first and second wavelength signals are assigned such that said

first wavelength signal is preferred over said second wavelength signal.

131. A lithographic apparatus according to claim 130, wherein said weighting
factors of said first and second wavelength signals are reassigned such that said second
wavelength signal is preferred over said first wavelength signal subsequent to said second
wavelength signal dominating over said first wavelength signal when said weighting
factors were previously assigned such that said first wavelength signal was preferred over

said second wavelength signal, leading to a hysteresis effect.



sai d substrate stage assenbly when said substrate stage assenbly is in said
measurenment |ocation, wherein said alignnment system conprises: a source of
ali gnment radiation having a first wavelength and a second wavel®NARCHZ007
detection systemconprising a first wavel ength channel arranged to receive
alignment radiation froman alignment mark at said first wavel ength and a
second wavel ength channel arranged to r&ceive alignment radiation from said
alignnment mark at said second wavel ength channel; and a position determ ning
unit in comrunication with said detection system wherein said position

det er m ni ng uni 3% rAokibegreshir apraratas acoprdingdenckih d30,fwhestin said weighting

wavel engt h .channel s i p coybi pati gn t.o deterimne .a position, of
8& b GRS g‘rsgnalg

. factars ass1 d. second wavelerigt alJR3ssig0id Qich Tk (sjai?
al i gnnent Nar K> Dased on-one ot Gint or mat T one Ficd*1% 88y Wave efgt h
channel , isedoad mavélenpth signal seoprefesred ovd swid\Rstengtlength aigneal basstcorc onbi ned
information fromsaid, first and second wavel ength channel s according to a
rel ative sPFrIRSIANE] &8Ny al i gnnent  radi ati on detected at said first
wavel ength to alignment radiation detected at said second wavel ength.

133. A lithographic apparatus according to claim 112, wherein said position
determining unit is constructed to assign weight factors to said first and second
wavelength channels that depend on at least one measurable quantity selected from the
set of measurable quantities consisting of mcc, minirepro, signal-to-noise ratio, signal
shape, signal envelope, focus, tilt, order channels position offset, wavelength channels
position offset, shift between segments and coarse-fine position deviation,

wherein the parameter mcc is a multiple correlation coefficient indicating how well the
measured signal resembles the signal expected for a perfect alignment mark, minirepro is

a standard deviation of the aligned position of different sections or portions of an

alignment measurement, indicating the accuracy of the aligned position, signal to noise

ratio is the fitted signal divided by the relative level of noise across the spectrum of the
measured signal, while the signal shape is the relative level of a few discrete frequencies
in this spectrum, generally at multiples of the base frequency; the signal envelope is
variance of the signal strength during the measurement, the focus is the offset in wafer
height during the measurement, the tilt is the angle between the wafer angle and the
detector angle during the measurement, order channels position offset is the measured
difference in aligned position of the various channels of one wavelength, the wavelength
channels position offset is the measured difference in aligned position of the various
wavelength channels, the shift between segments is the measured difference in aligned
position of the various segments of a multi segmented alignment mark, and the coarse-
fine position deviation is the difference between the position of the alignment marks in
the fine phase with respect to their expected position based on alignment mark

measurements in the coarse phase.

134. A lithographic apparatus according to claim 113, wherein said weighting

factors assigned to said first and second wavelength signals are selected in accordance



19 MARCH 2007
78

with a diffraction order that is detected.

135. A lithographic épparatus, comprising:
an illumination system;
a substrate stage assembly moveable between a radiation path of illumination
radiation from said illumination system and a measurement location;
a reticle stage assembly arranged in said radiation path of said illumination
radiation between said illumination system and said substrate stage assembly;
a projection system arranged between said reticle stage assembly and said
substrate stage assembly; and
an alignment system located in said measurement location so as to be proximate
said substrate stage assembly when said substrate stage assembly is in said measurement
location,
wherein said alignment system comprises:
a source of alignment radiation having a first wavelength and a second
wavelength;
a detection system comprising a first wavelength channel arranged to
receive alignment radiation from an alignment mark at said first wavelength and a
second wavelength channel arranged to receive alignment radiation from said
alignment mark at said second wavelength channel; and
a position determining unit in communication with said detection
system,
wherein said position determining unit processes information from said
first and second wavelength channels in combination to determine a position of said
alignment mark based on one of information from said first wavelength channel,
information from said second wavelength channel and combined information from said
first and second wavelength channels according to a relative strength of said alignment
radiation detected at said first wavelength to alignment radiation detected at said second

wavelength.





